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Abstract 

Background: People diagnosed with severe mental illness (SMI) have poorer 

physical health and higher mortality than those without SMI. In this thesis I 

investigate the physical health and planned and emergency physical health 

hospital use of people with SMI compared to people without SMI. 

Methods: I conducted a meta-analysis to quantify excess hospital use for non-

mental health causes in people with SMI and five physical long-term conditions 

(LTCs). I used primary care records to investigate the prevalence of 24 LTCs in 

those with and without SMI, to identify patterns of multimorbidity, and to 

investigate cancer incidence and mortality. I then linked primary and secondary 

care records to investigate planned and emergency physical health hospital 

admissions in people with SMI.  

Results: Patients with SMI had higher prevalence of 19 of 24 physical LTCs, and 

of multimorbidity (odds ratio:1.84, 95%CI:1.80-1.88) than those without SMI, with 

13 LTCs elevated at or before SMI diagnosis. However, clusters of LTCs were 

similar between those with and without SMI. Patients with schizophrenia had a 

lower risk of cancer diagnosis (hazard ratio[HR]:0.83, 95%CI:0.78-0.89) but were 

at greater risk of cancer mortality (HR:1.93, 95%CI:1.54-2.41) and had fewer 

planned physical health admissions (incidence rate ratio [IRR]:0.80, 95%CI:0.72-

0.90) than those without SMI. Patients with SMI had more emergency physical 

health admissions, particularly avoidable admissions (IRR:2.88, 95%CI:2.60-

3.19).  

Conclusions: Interventions to improve physical health should focus on similar 

groups of conditions as for the general population, but at a younger age, and 

early in the course of SMI. The low incidence of cancer and of planned physical 

health admissions in people with schizophrenia suggest a need for interventions 

to improve access to preventative and planned services. The high rate of 

avoidable admissions in those with SMI suggests interventions are required to 

improve the management of existing physical LTCs. 
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Impact statement 

My research has improved the understanding of physical health and hospital use 

in people with severe mental illness (SMI). While we knew that people with SMI 

often suffered more physical long-term conditions (LTCs) than the general 

population, there was a lack of evidence regarding multimorbidity in this 

population, and few robust studies on physical health hospital use. Linking 

primary and secondary care data, and using a range of analytical techniques, I 

studied the physical health and hospital use of people with SMI compared to a 

similar group of patients without SMI.  

My thesis provides new insight into the physical health of people with SMI. I hope 

that through further dissemination, these findings can be used to design targeted 

physical health interventions. My analysis of multimorbidity in people with SMI 

was the first to compare clustering between people with and without SMI, and 

furthers the understanding of multimorbidity in this population, while the 

investigation of the prevalence of physical LTCs before and after SMI diagnosis 

is key to determining the optimum timing of interventions. I found that physical 

LTCs cluster similarly in people with and without SMI, but those with SMI develop 

multimorbidity at a younger age, and the risk of some physical LTCs is elevated 

before SMI diagnosis. These findings suggest physical health checks need to 

start early in the course of SMI and need to consider pre-existing physical LTCs 

and younger-age multimorbidity.  

Building on the understanding of physical health in those with SMI, I investigated 

hospital admissions in this population. The findings of my meta-analysis suggest 

that the high prevalence of physical LTCs is not the sole driver of high rates of 

admissions in this population and using electronic health records (EHRs) I found 

that people with SMI had high rates of emergency physical health admissions, 

even when adjusting for underlying physical health. This overutilisation of 

emergency care results in excess cost to the NHS and poorer health outcomes 

and lower quality of life for people with SMI. Furthermore, I found that many of 

these admissions were avoidable, suggesting that improved management of 

physical LTCs in primary care could reduce admissions in this population. 

A key theme throughout this thesis is the importance of stratifying analyses by 

SMI subtype. I found that while those with schizophrenia had higher cancer 
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mortality rates than the general population, cancer incidence was lower. 

Importantly, this does not appear to be due to premature mortality, as has been 

previously hypothesised. In combination with my finding of fewer planned 

physical health admissions, this suggests a need for interventions to improve 

planned and preventative care access in this population. This compliments and 

informs work by the Office for Health Improvement and Disparities (OHID) to 

investigate and improve cancer screening in this group. 

I have published findings from all five analytical chapters as peer-reviewed journal 

articles and presented the findings to senior analysts at OHID and to lived-

experience groups. I presented findings from Chapter 4 at the EPA Section of 

Epidemiology and Social Psychiatry 20th Biennial Congress.  
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Chapter 1 Background 

1.1 Summary 

People with severe mental illness (SMI) have poorer physical health than people 

without SMI. Sociodemographic, behavioural, and clinical risk factors for poor 

physical health, combined with social stigma and barriers to accessing 

appropriate and timely healthcare mean those with SMI die earlier than the 

general population. The aim of my thesis is to better understand the role of 

individual physical long-term conditions (LTCs) in hospital use, and to 

characterise the physical health and physical health hospital use of people with 

SMI. To contextualise these aims, in this chapter I review the current literature. 

First, I review the definition and diagnosis of SMI. Given the non-specific nature 

of diagnosing SMI, and different definitions found in the literature, this is key to 

understanding the approaches I use in this thesis. I then briefly describe the 

epidemiology of SMI, and factors which may affect the relationship between SMI, 

physical health, and hospital use. I review the existing literature regarding the 

physical health of people with SMI, including drivers of poor physical health, the 

burden of specific physical LTCs and the field of multimorbidity research. I then 

examine non-mental health hospital use in people with SMI, and the factors that 

influence admission rates. Finally, I provide a summary of knowledge gaps and 

set out the aims and objectives of my thesis. 

1.2 Defining and diagnosing severe mental illness 

Severe or serious mental illness (SMI) is a pragmatic grouping of long-term 

mental health conditions which are severe in their nature, both in terms of 

symptoms and impact on daily functioning, particularly in the absence of 

treatment. However, the individual diagnoses included in the definition of SMI are 

not consistent in research or policy. While most definitions include schizophrenia, 

bipolar disorder, and other non-organic psychotic disorders, some also include 

conditions such as major depression, personality disorder, eating disorders, or 

substance use disorder. Furthermore, while some studies rely on diagnostic 

criteria alone, others include duration of symptoms, or presentation at mental 

health services as defining features (Martinez-Martinez et al., 2020).  

In the UK, the Quality and Outcomes Framework (QOF) has provided financial 

reward for primary care practices meeting a range of clinical and public health 
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indicators. QOF is currently implemented in England and Northern Ireland, and 

was operational in Scotland between 2004 and 2016, and in Wales until 2019 

(Department of Health NI, 2022, NHS Digital, 2019c, Public Health Scotland, 

2020, Welsh Government, 2022). Since 2004, QOF has incentivised primary care 

practices to maintain an “SMI register”, which lists those registered at the practice 

with a diagnosis of schizophrenia, bipolar disorder, or other psychoses (NHS 

Digital, 2021b). While this definition of SMI is not exhaustive, the incentivisation 

of recording of these conditions in UK primary care means these diagnoses are 

likely well captured in electronic health records (EHRs). As such, this is the 

definition of SMI I have used throughout this thesis.  

In the UK, psychiatrists in secondary care use the International statistical 

classification of disease and health related problems (ICD) criteria to make 

diagnoses of bipolar disorder, schizophrenia, and other non-organic psychotic 

disorders (WHO, 1993). The ICD is one of two main classification systems for the 

diagnosis of mental and behavioural problems, the other being the Diagnostic 

and Statistical Manual of Mental Disorders, now in its fifth edition (DSM-5) (APA, 

2013). While WHO released the eleventh revision of the ICD in 2019 (Angst et 

al., 2020), the data I use in this thesis predates this, and as such ICD-10 is the 

most pertinent to this thesis. In both the DSM-5 and ICD-10, key features of 

schizophrenia and other psychoses include delusions, hallucinations, 

disorganised thinking, and abnormal motor behaviour, as well as and negative 

symptoms, such as diminished emotional expression. The degree to which these 

features are present, and their persistence, is key in differentiating between 

schizophrenia and other psychotic disorders (Table 1-1).  

In contrast to schizophrenia and other psychoses, bipolar disorder is 

characterised by alternating manic or hypomanic and depressive episodes (Table 

1-1). While ICD-10 presents one grouping for bipolar disorder, both the DSM-5 

and ICD-11 present two subtypes: bipolar type I characterised by manic or mixed 

episodes with or without depressive episodes, and type II characterised by 

hypomanic episodes and depressive episodes.  
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Table 1-1 Diagnostic characteristics of SMI diagnoses according to ICD-10 (WHO, 1993)  

Despite their differing clinical definitions, schizophrenia and bipolar disorder have 

overlapping symptoms and clinical courses. People with bipolar disorder may 

experience psychotic symptoms during episodes of mania or depression, while 

those with schizophrenia and other psychoses may experience depressive or 

manic symptoms (Cosgrove and Suppes, 2013, Pearlson, 2015). Furthermore, 

patients may receive differing SMI diagnoses over the course of their illness. 

While schizophrenia and bipolar disorder are relatively diagnostically stable, this 

is less true for other psychoses (Schwartz et al., 2000, Hardoon et al., 2013, 

Kingston et al., 2013). Diagnosis of schizophrenia may be delayed, either 

intentionally in those presenting to early intervention in psychosis (EIP) services 

(McGorry et al., 2008), or due to the more stringent definition for schizophrenia 

resulting in lower diagnostic sensitivity (Malla and Payne, 2005). This means 

patients may first receive a diagnosis of other psychoses, and then receive a 

diagnosis of schizophrenia at a later date. 

The clinical and genetic overlap of schizophrenia and bipolar disorder has led 

some to consider them as points on a continuum of SMI (Pearlson, 2015). 

Disorder ICD-10 code Symptoms 

Schizophrenia F20 Distortion of perception and thinking, 
inappropriate or blunted affect. 

Schizotypal disorder F21 Eccentric behaviour and anomalies of thinking 
which resemble schizophrenia but to a lesser 
extent 

Persistent delusional 
disorder 

F22 Presence of delusions in the absence of other 
symptoms  

Acute/transient 
psychotic disorder 

F23 Acute onset of psychotic symptoms, which 
resolve within a few months 

Induced delusional 
disorder 

F24 A delusional disorder shared between two or 
more people, where only one suffers from a 
genuine psychotic disorder 

Schizoaffective 
disorder 

F25 Episodic disorders with prominent symptoms of 
both schizophrenia and depressive or manic 
disorders. 

Other psychotic 
disorders  

F28/F29  

Manic episode F30 Elevated mood, increased energy and activity, 
pressured speech, decreased need for sleep, 
distractibility, inflated self-esteem, loss of 
inhibitions. May be accompanied by psychosis. 
For hypomania, psychotic symptoms are absent 
and other symptoms are reduced.  

Bipolar affective 
disorder 

F31 Two or more episodes in which mood/activity 
levels are significantly disturbed. Some 
occasions of mania/hypomania and some of 
depression. 
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However, whether this is evidence of a continuum, or imperfect clinical diagnosis 

and phenotyping of two distinct clinical entities is unclear (Cosgrove and Suppes, 

2013, Pearlson, 2015, Grunze and Cetkovich-Bakmas, 2021). Despite these 

overlaps, schizophrenia has been associated with poorer psychosocial 

functioning, and disease course and outcomes compared to bipolar disorder 

(Jarbin et al., 2003, Ahti et al., 2022). Given these differences in functioning and 

outcomes, I have stratified analyses by SMI subtype (schizophrenia, bipolar 

disorder, or other psychoses) throughout this thesis, while acknowledging that 

diagnostic categories may be imperfect and may change over time in the clinical 

setting and in the data available in EHRs. 

1.3 The epidemiology of SMI 

1.3.1 The burden of SMI 

The point prevalence of SMI (defined as schizophrenia, bipolar disorder or other 

psychoses) as recorded in primary care in England is around 1% (NHS Digital, 

2021b), while the Global Burden of Disease Study estimated that the age-

standardised prevalence in England was 1.12% (95% confidence interval [CI]: 

0.94-1.31) for bipolar disorder and 0.24% (95%CI: 0.21-0.28) for schizophrenia 

using Bayesian meta-regression (G.B.D. Mental Disorders Collaborators, 2022). 

While SMI are not common disorders, their burden is large and wide-reaching. 

People with SMI have poorer physical health than the general population (Reilly 

et al., 2015, PHE, 2018, Firth et al., 2019, Bahorik et al., 2017, Baughman et al., 

2016), experience social exclusion, and stigma (Best and Bowie, 2022, Richter 

and Hoffmann, 2019), are more likely to experience unemployment (Holm et al., 

2021), have reduced social functioning or withdrawal (Velthorst et al., 2017), and 

report a reduced quality of life (Evans et al., 2007). 

People with SMI also have elevated mortality rates compared to the general 

population. However, determining the burden of disease at a population level in 

terms of years of life lost is complex for SMI and other mental health conditions, 

as deaths are often attributed to physical health causes rather than underlying 

mental illness (G.B.D. Mental Disorders Collaborators, 2022). Instead, estimates 

from cohort studies have found that people with SMI have double to three times 

the risk of mortality of people without SMI, and have up to 15 years lower life 

expectancy (Hayes et al., 2017, Crump et al., 2013, Olfson et al., 2015, Plana-
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Ripoll et al., 2019, John et al., 2018). Several studies comparing mortality in 

people with and without SMI have found that mortality rates in people with SMI 

are most elevated in younger age groups (Hayes et al., 2017, Crump et al., 2013). 

A report by the Office for Health Improvement and Disparities (OHID) found that 

in people under the age of 75, those in contact with secondary mental health 

services were 4.5 times more likely to die (OHID, 2022), while a study in the US 

found a standardised mortality ratio of 3.7 in people with schizophrenia aged 20 

to 65 (Olfson et al., 2015). Importantly, many of the deaths in those under 75 may 

be avoidable or preventable (Hoang et al., 2013).  

1.3.2 The incidence of SMI 

A study of UK data found an incidence of 8.2 per 100,000 person-years ([PY], 

95%CI: 7.9-8.6) for schizophrenia, 13.6/100,000PY (95%CI: 13.1-14.0) for 

bipolar disorder and 23.1/100,000PY (95%CI: 22.5-23.7) for other psychoses 

(Hardoon et al., 2013). However, the incidence of SMI varies by study design, 

location, and depending on the definitions used (Jongsma et al., 2019). Incidence 

also varies by ethnicity, age, sex, and socio-economic factors. Throughout this 

thesis, I consider age, sex, ethnicity, and deprivation as key variables which may 

confound the relationship between SMI, physical health, and hospital use. 

Onset of SMI is typically in early adulthood, with peak incidence at this time. 

However, several studies have observed a second peak in incidence of 

schizophrenia in women of older age (Riecher-Rossler et al., 2018, Hardoon et 

al., 2013, Kirkbride et al., 2012). This may be particularly notable in studies using 

a broad definition of schizophrenia-type illnesses, as diagnoses of other 

psychoses appear most frequent in women over 75 (Hardoon et al., 2013). While 

schizophrenia is more commonly diagnosed in men than women, the opposite is 

true for bipolar disorder, particularly for disease courses characterised by bipolar 

II, hypomania or mixed episodes (Hardoon et al., 2013, Jongsma et al., 2019). 

Rates of SMI are highest in areas of high deprivation, high population density and 

urbanicity (Grigoroglou et al., 2020b, Lee et al., 2020, Maxwell et al., 2021), 

though whether socio-economic and environmental factors are causal factor in 

the development of SMI, or whether having a diagnosis of SMI leads to 

deprivation and poor living environments is still debated (Lee et al., 2020, Kwok, 

2014, Solmi et al., 2020a). Furthermore, factors at an individual level such as 
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genetic or familial liability to SMI may also determine socio-economic situation, 

confounding the relationship between deprivation and development of SMI 

(Sariaslan et al., 2016, Maxwell et al., 2021, Sariaslan et al., 2015). 

The link between social inequality, environmental adversity and structural racism 

is likely, at least in part, to be responsible for higher rates of psychotic disorders 

in ethnic minorities and migrants (Jongsma et al., 2021, Varchmin et al., 2021, 

Dykxhoorn et al., 2019, Selten et al., 2020, Kirkbride et al., 2008). Exposure to 

adversity (Bentall et al., 2014), a lack of cultural understanding, and a tendency 

to miss mood symptoms in ethnic minorities may result in over-diagnosis of 

psychotic disorders in these populations (Gara et al., 2019). In contrast, rates of 

bipolar disorder do not appear raised in ethnic minorities or migrants (Dykxhoorn 

et al., 2019, Chrishon et al., 2012), perhaps due to missed mood symptoms, or 

differences in disease presentation and access to care (Haeri et al., 2011, Gara 

et al., 2019). 

1.4 The physical health of people with SMI 

A key focus of my thesis is the physical health of people with SMI, as recorded in 

primary care. People with SMI are at a higher risk of a range of physical LTCs 

than those without SMI (Reilly et al., 2015, PHE, 2018, Firth et al., 2019, Bahorik 

et al., 2017, Baughman et al., 2016, Woodhead et al., 2014, Bendayan et al., 

2022). The interplay of SMI and physical LTCs is of international concern, and 

while much of the literature is from high income countries, it is recognised that 

the burden of excess mortality is greater in low and middle income countries 

(WHO, 2018).  

A 2018 report by Public Health England found that those with SMI had a higher 

prevalence of chronic obstructive pulmonary disease (COPD), diabetes, obesity, 

stroke, heart failure, asthma, and coronary heart disease than the general 

population; with marked differences by age, sex, and deprivation (PHE, 2018). It 

has been estimated that over half of those with SMI have at least two comorbid 

conditions (Lee et al., 2016a, Sprah et al., 2017).  

Physical LTCs in people with SMI represent a huge healthcare resource burden 

(Lee et al., 2016a, Lee et al., 2016b), have been associated with a reduced quality 

of life (Barnes et al., 2012), and potentially result in poor control of mental health 
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diagnoses (Filipcic et al., 2017). People with SMI are more likely to die from 

natural causes than those without SMI, many of which are preventable physical 

LTCs (John et al., 2018, Crump et al., 2013, Plana-Ripoll et al., 2019). A 

commission by Lancet Psychiatry in 2019 on the physical health of people with 

SMI called for a focus not only “adding years to life” but “adding life to years” 

(Firth et al., 2019), emphasising the need to focus on improving quality of life 

alongside gains in life expectancy in this population.  

In the UK, QOF has incentivised primary care practices to perform annual 

screening of physical health in patients with SMI since 2004. In 2004 the 

incentivisation was for an annual review of physical health, while from 2011 only 

individual physical health indicators were incentivised. These individual indicators 

have varied, but have included recording of alcohol consumption, blood pressure, 

lipid profile, body mass index (BMI), cholesterol and glucose monitoring, and 

cervical screening (NHS Digital, 2005, NHS Digital, 2012, NHS Digital, 2022b, 

NHS Digital, 2015, NHS Digital, 2020). From 2018, primary care practices are 

requested to report the number of patients on an SMI register receiving a physical 

health check to NHS England (NHS England, 2022d). As well as incentivisation 

in primary care, physical health screening is also included in best practice 

guidelines for EIP services (Royal College Psychiatrists, 2022). 

However, despite physical health checks, people with SMI continue to experience 

more physical LTCs than people without SMI. To reduce the burden of physical 

LTCs, it is important to understand which physical LTCs should be the focus of 

interventions aimed at disease prevention and control, whether interventions are 

best targeted in primary care or mental health services, and whether interventions 

aimed at reducing the burden of multimorbidity in the general population are 

appropriate in those with SMI. Reducing this burden is important to improve the 

quality of life of people with SMI, and to reduce emergency hospital admissions 

and premature mortality in this population. 

1.4.1 Drivers of poor physical health in people with SMI 

Throughout this thesis I consider lifestyle risk factors, such as smoking, obesity, 

and substance misuse as potential factors on the causal pathway to the 

development of poor physical health in people with SMI. However, the high 

burden of physical LTCs in people with SMI is driven by a syndemic of risk factors, 
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at the patient level, at the health provider or health system level, and at the wider 

societal level (Viron and Stern, 2010, Liu et al., 2017). While many of these 

factors are beyond the scope of this thesis, and difficult or impossible to capture 

using EHRs, it is important to understand these in order to put the findings of this 

thesis into context and determine appropriate interventions for improving the 

physical health of people with SMI. 

At an individual level, poor diet and sedentary lifestyle in people with SMI 

contribute to high rates of obesity in this population (Vancampfort et al., 2017, 

Osborn et al., 2007b, Dipasquale et al., 2013, Afzal et al., 2021), increasing the 

risk of diseases such as diabetes and cardiovascular disease. This is 

exacerbated by the obesogenic nature of some antipsychotic medication (Osborn 

et al., 2018b, Pillinger et al., 2020). People with mental health conditions have 

reported a lack of regular routine impacting their diet, as well as a feeling of 

inevitability when taking medications known to result in weight gain (Cimo and 

Dewa, 2018, Mulligan et al., 2018).  

Smoking and substance misuse, including alcohol use disorder, are also more 

prevalent in people with SMI than the general population (Toftdahl et al., 2016, 

Bowden et al., 2011, Di Florio et al., 2014, Koskinen et al., 2009). Smoking has 

long been associated with a higher risk of a range of physical LTCs, and also 

increases severity or reduces control of existing diseases such as COPD (Anand 

et al., 2008, Anthonisen et al., 1994, Ambrose and Barua, 2004). Smoking has 

been estimated to be responsible for 4% of all hospital admissions in the general 

population in England, and 16% of all deaths (NHS Digital, 2019d). A recent study 

by Dregen et al. estimated that 46% of all deaths in people with schizophrenia 

and 22% in bipolar disorder were from smoking-related conditions (Dregan et al., 

2020). Likewise, substance misuse affects the ability to manage both existing 

physical and mental health conditions. Alcohol dependency has been associated 

with the development of at least 60 diseases (Rocco et al., 2014), while 

substance misuse has been found to account for much of the increased risk of 

blood-borne viruses in people with SMI (Bauer-Staeb et al., 2017).  

Side effects of medications for SMI may also increase the risk of physical LTCs. 

First- and second-generation antipsychotics and lithium are, for example, 
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associated with a range of physical side effects, such as arrythmias, pulmonary 

embolisms and abnormal liver function (Solmi et al., 2017, McKnight et al., 2012).  

As well as higher prevalence of risk factors for poor physical health, people with 

SMI also report significant barriers to self-management of existing physical LTCs 

and self-care in general. People with mental health conditions describe a lack of 

regular routine, issues with medication adherence and appointment attendance, 

and low health-literacy as barriers to effective self-management of their physical 

health (Cimo and Dewa, 2018, Mulligan et al., 2018, Balogun-Katung et al., 

2021). The presence of multiple conditions also hinders self-management, as do 

factors related to mental health conditions such as stress, stigma or isolation, and 

a lack of support (Blixen et al., 2016, Balogun-Katung et al., 2021). The ability to 

self-manage existing conditions results in poor control of existing physical LTCs. 

However, despite reported lower ability to self-manage conditions, and higher 

prevalence of complex medicine regimens and polypharmacy in people with SMI, 

a systematic review and meta-analysis found that people with schizophrenia and 

diabetes are more likely to be adherent to diabetes medication than those with 

diabetes alone (Gorczynski et al., 2017).  

At a health provider or health systems level, people with SMI are more likely to 

experience sub-optimal management and treatment of existing diseases 

(Woodhead et al., 2016a, Mitchell and Lord, 2010). Healthcare professionals 

have reported a lack of training, unclear roles and responsibilities, and data 

transfer problems as barriers to managing patients with both mental and physical 

health diagnoses in a fragmented healthcare system (Kohn et al., 2021). Pre-

existing beliefs or lack of knowledge regarding SMI can lead to sub-optimal 

physical healthcare (Molloy et al., 2021), while diagnostic overshadowing, where 

physical symptoms are attributed to a patient’s mental health condition, may lead 

to delayed or missed diagnoses of physical LTCs (Jones et al., 2008, Molloy et 

al., 2021). At a systems level, the fragmented and siloed healthcare system, in 

the UK and elsewhere, may be hard to navigate for those with both physical and 

mental health conditions leading to poor access to care. This, combined with low 

health-literacy, low lack of support, and financial constraints (Melamed et al., 

2019), means that uptake of preventative healthcare such as cancer screening 

programmes is often below that seen in the general population (Murphy et al., 

2021). 
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These patient and provider level factors are compounded by social risk factors 

for poor physical health, such as increased levels of deprivation, reduced access 

to healthcare, higher rates of unemployment, more social exclusion, and living in 

areas with high levels of environmental pollution (Price et al., 2018).  

1.4.2 SMI and comorbid physical long-term conditions 

To provide context to the research in this thesis, below I consider the existing 

literature on the prevalence, outcomes, and treatment of common physical LTCs 

in people with SMI. This informs Chapter 4 and Chapter 5, where I examine the 

prevalence, trajectories, and clustering of 24 physical LTCs in those with and 

without SMI, and Chapter 6, where I investigate the relative incidence of cancer 

and subsequent mortality in people with SMI. It also informs the choice of physical 

LTCs investigated in Chapter 3, in which I conduct a systematic review and meta-

analysis to understand the existing literature on non-mental health hospital use 

in people with SMI and physical LTCs.  

1.4.2.1 Cardiovascular disease 

Cardiovascular disease (CVD) is the most common cause of death in both the 

general population and those with SMI (John et al., 2018, G.B.D. Injuries 

Collaborators, 2020, Crump et al., 2013). A large meta-analysis found that 9.9% 

(95%CI: 4.4-13.3) of people with SMI also have CVD, and the prevalence and 

incidence of a range of cardiovascular diseases are elevated in people with SMI 

compared to those without SMI (Correll et al., 2017). Furthermore, people with 

SMI are more likely to die of CVD than the general population (Correll et al., 2017, 

Westman et al., 2018, Osborn et al., 2007a). 

People with SMI and CVD are more likely to experience major adverse cardiac 

events and strokes, and are more likely to die than those with CVD and no SMI 

(Attar et al., 2019, Chang et al., 2020, Hannoodee et al., 2021, Jorgensen et al., 

2017). Furthermore, people with SMI may be prescribed cholesterol lowering and 

anti-hypertensive medications less frequently, may receive sub-optimal stroke 

care (Kapral et al., 2021), and may receive revascularisation or invasive cardiac 

procedures less often than those without SMI (Smith et al., 2013b, Kisely et al., 

2009, Chang et al., 2020, Woodhead et al., 2016a, Mitchell and Lord, 2010, 

Jorgensen et al., 2017, Shao et al., 2020, Mohamed et al., 2019, Laursen et al., 

2009, Swildens et al., 2016, Bresee et al., 2012).  
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1.4.2.2 Diabetes 

A meta-analysis by Vancampfort et al. found that people with SMI had a pooled 

prevalence of diabetes of 10.2% (95%CI: 9.1-11.4), though this estimate included 

those with major depressive disorder. Compared to people without SMI, they 

found a relative risk of 2.0 (95%CI: 1.7-2.5) in people with schizophrenia and 1.9 

(95%CI: 1.3-2.8) in those with bipolar disorder (Vancampfort et al., 2016). People 

with diabetes and SMI have a higher risk of diabetes complications and all-cause, 

CVD and diabetes related mortality compared to those with diabetes alone (Chan 

et al., 2021, Scheuer et al., 2022b, Mai et al., 2011b, Ribe et al., 2014, Han et al., 

2021).  

The rate of diabetes screening and the level of diabetes control in those with SMI 

is likely context specific. While some studies have found higher screening rates 

and better diabetes control in those with SMI compared to those without SMI 

(Mangurian et al., 2020, Han et al., 2021, Scheuer et al., 2022a), others have 

found low rates of screening (Kurdyak et al., 2017, Mai et al., 2011b), or poor 

glycaemic control in certain population groups diagnosed with SMI (Das-Munshi 

et al., 2021). A recent study using data from Denmark, found that those with 

diabetes and SMI were more likely to suffer diabetes-related complications, 

particularly in younger age groups (Scheuer et al., 2022b). 

1.4.2.3 Respiratory disease 

COPD accounts for around 12% of preventable hospital admissions in England 

(Blunt, 2013), and was the 3rd most common cause of death globally in 2019 

(G.B.D. Injuries Collaborators, 2020). A meta-analysis of prevalence studies by 

Zareifopoulos et al. found a pooled odds ratio (OR) of 1.6 for both people with 

schizophrenia (95%CI: 1.4-1.7) and bipolar disorder (95%CI: 1.5-1.7) 

(Zareifopoulos et al., 2018), and a study in the US found that those with 

schizophrenia had a standardised mortality rate ratio of 9.9 (95%CI: 9.6-10.2) for 

COPD deaths (Olfson et al., 2015). A Danish nationwide study found higher 

mortality rate following COPD exacerbations in people with SMI, and lower rates 

of guidelines-recommended treatment than in those without SMI (Jorgensen et 

al., 2018).  

However, despite the large burden of disease in people with SMI and COPD, 

there have been few studies of COPD interventions in those with SMI. The Lancet 
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Psychiatry Commission blueprint for protecting physical health in people with 

mental illness highlighted COPD as an area where research is lacking (Firth et 

al., 2019), and there is even less evidence available for other respiratory 

illnesses. In England, 17% of the general population has ever received a 

diagnosis of asthma, and 9% of men and 11% of women have current asthma 

(Scholes and Mindell, 2019). Despite evidence that asthma is one of the most 

prevalent physical LTCs in people with SMI (Patel et al., 2018, Bendayan et al., 

2022, Schoepf and Heun, 2014, Schoepf et al., 2014), there is limited evidence 

on the burden, severity, management or control of asthma in this population 

(Suetani et al., 2021).  

1.4.2.4 Cancer 

Many studies have shown an increased risk of mortality from cancer in people 

with SMI (Ribe et al., 2016, Manderbacka et al., 2018), and the mortality gap 

between those with and without SMI due to cancer may be increasing 

(Tanskanen et al., 2018). However, findings of incidence studies have differed by 

SMI diagnosis and site-specific cancer type. A recent meta-analysis of cohort 

studies investigating the incidence of cancer in people with SMI found no 

evidence of a difference in cancer incidence in those with bipolar disorder, but an 

overall lower incidence in those with schizophrenia compared to the general 

population (Li et al., 2018). It has been suggested that premature aging and death 

in those with schizophrenia may contribute to lower incidence of cancers of old-

age in this population (Lin et al., 2013, Lichtermann et al., 2001), or that 

schizophrenia confers some genetic protection against cancer (Ibanez et al., 

2014). An alternative hypothesis is that low rates of screening (Eriksson et al., 

2019, Hwong et al., 2020, Murphy et al., 2021, Solmi et al., 2020b), poor access 

to healthcare, and diagnostic overshaddowing, result in late diagnoses and 

treatment delays, which artificially lower the recorded incidence of cancer in this 

population.  

Late diagnoses and treatment delays may also contribute to the higher cancer 

mortality rates in those with SMI compared to the general population. This is likely 

compounded by decreased access to cancer treatments, less guideline-

recommended treatment, treatment challenges posed by comorbidities, drug-

drug interactions, and issues with patient compliance (Howard et al., 2010, Kisely 

et al., 2013, Mahar et al., 2020). 
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1.4.2.5 Liver disease 

People with SMI have a higher incidence of all-cause liver disease than the 

general population (Braude et al., 2021, Fuller et al., 2011). Non-alcoholic fatty 

liver disease (NAFLD) is associated with increased risk of liver fibrosis, CVD, and 

diabetes. The global prevalence of NAFLD is estimated to be 25.2% (95%CI: 

22.1-28.7) in the general population (Younossi et al., 2016), and the risk of 

NAFLD is elevated in those with SMI (Galiano Rus et al., 2022).  

As well as NAFLD, the high prevalence of alcohol use disorder increases the risk 

of alcoholic liver disease (Di Florio et al., 2014, Koskinen et al., 2009), while the 

prevalence of hepatitis B (2.7%, 95%CI: 1.8-3.9) and C (4.9%, 95%CI: 3.0-7.9) 

(Hughes et al., 2016), are also far higher than has been estimated for the general 

population of Europe (0.9 and 1.1% respectively) (ECDC, 2016). While there is a 

lack of evidence regarding mortality due to liver disease in those with SMI, a 

recent meta-analysis found the pooled results of two studies suggested those 

with SMI were twice as likely to die due to liver disease (risk ratio: 1.96; 95%CI: 

1.90-2.03) (Correll et al., 2022), and a study of primary care and hospital records 

in Wales found a standardised mortality ratio of 2.5 (95%CI: 2.0-3.2) (John et al., 

2018). Furthermore, PHE have reported that in England people in contact with 

secondary care mental health services are five time as likely to die due to liver 

disease than those who have not had this contact (PHE, 2018).  

1.4.2.6 Other health conditions 

People with SMI have elevated prevalence of a range of other physical LTCs, 

including human immunodeficiency virus (HIV) (Bauer-Staeb et al., 2017), 

chronic kidney (Iwagami et al., 2018) disease and neurological conditions such 

as epilepsy or multiple sclerosis (Mula et al., 2021, Joseph et al., 2021).  

1.4.3 Multimorbidity and severe mental illness 

The elevated prevalence of physical LTCs drives higher prevalence of 

multimorbidity in this population (Rodrigues et al., 2021, Smith et al., 2013a, 

Smith et al., 2013b). In Chapter 4 and Chapter 5, I investigate prevalence and 

trajectories of multimorbidity, as well as how physical LTCs cluster in people with 

and without SMI. While comorbidity is conceptualised as an additional, distinct 

diagnosis occurring in a patient with an index disease (Valderas et al., 2009, 

Feinstein, 1970), multimorbidity is defined as multiple diseases within an 
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individual, giving equal weight to all diseases (Academy of Medical Sciences, 

2018, van den Akker et al., 2001). Multimorbidity, is a major driver of high 

healthcare costs and poor outcomes in the general population (Jani et al., 2019, 

Zhu et al., 2020, Soley-Bori et al., 2021). As the prevalence of multimorbidity is 

strongly correlated with age (Barnett et al., 2012), in our aging population the 

burden of multimorbidity is set to increase.  

There is a lack of consistency in the definition of multimorbidity. The World Health 

Organization, Academy of Medical Science, the National Institute for Health Care 

and Excellence (NICE) in England all define multimorbidity as two or more 

conditions (NICE, 2016, Academy of Medical Sciences, 2018, World Health 

Organization, 2016). However, others have suggested the focus should be on 

three or more conditions (Fortin et al., 2012), or “complex multimorbidity”, 

counting whether diseases occur across body systems (Harrison et al., 2014). 

There is also heterogeneity in the number and type of conditions included in the 

definition of multimorbidity. The Academy of Medical Science has put forward a 

definition which includes physical LTCs, infectious diseases of long duration and 

mental health conditions (Academy of Medical Sciences, 2018), while NICE also 

includes substance misuse, sensory impairments, and learning disabilities (NICE, 

2016). Furthermore, while a recent systematic review of 566 multimorbidity 

studies found a median of seven conditions included in the definition of 

multimorbidity (interquartile range [IQR]: 11-23) (Ho et al., 2021), some studies 

focus on a small number of highly prevalent conditions, while others use more 

expansive lists, such as that created by Kuan et al. which includes 308 conditions 

for use in multimorbidity research using EHRs (Kuan et al., 2019).  

As well as differing definitions and scope of multimorbidity, studies in the general 

population have used a variety of approaches to describe multimorbidity. 

Common approaches including simple or weighted disease counts, disease pairs 

and the use of unsupervised learning techniques to identify clusters of disease or 

patient profiles (Lefevre et al., 2014, Busija et al., 2019, Hassaine et al., 2020, 

Stirland et al., 2020, Ng et al., 2018). While looking at common combinations of 

diseases has a place, basing action on prevalence alone may miss high-cost, 

vulnerable patients with multiple conditions. A recent study of 28 conditions, 

identified 63,124 unique profiles of multimorbidity, only seven of which 
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contributed over 1% of secondary care costs, highlighting the complex nature of 

describing multimorbidity (Stokes et al., 2021).  

Given the increased prevalence of individual comorbidities in people with SMI, it 

is unsurprising that people with SMI have a higher count of physical LTCs. A 

meta-analysis of 14 studies found that people with psychotic disorders had 1.7 

times the risk (95%CI: 1.4-2.1) the risk of multimorbidity compared to those 

without psychotic disorders, though the range of conditions used led to varying 

prevalence estimates (Rodrigues et al., 2021). Drivers of increased prevalence 

of single diseases, such as obesity, smoking, and social deprivation, likely act to 

increase the prevalence of multimorbidity in those with SMI. In particular social 

determinants of poor physical health are associated with both SMI (Grigoroglou 

et al., 2020b, Lee et al., 2020, Maxwell et al., 2021), and with the development of 

multimorbidity (Khanolkar et al., 2021, Barnett et al., 2012).  

The challenges associated with the increased complexity of managing the health 

of patients with multimorbidity (Zhu et al., 2020, Cassell et al., 2018, Aubert et al., 

2020, Forslund et al., 2021), may disproportionally affect those with SMI, further 

increasing inequality in health and health outcomes (De Hert et al., 2011a, Bjork 

Bramberg et al., 2018). Furthermore, people with multiple conditions, spanning 

both mental and physical health, have to navigate complicated and siloed health 

systems and may be harder to manage in primary care (Mercer et al., 2012). This 

increases both psychiatric and physical health service use (Sprah et al., 2017, 

Gaulin et al., 2019) and leads to poor physical and mental health outcomes. For 

example, in people with schizophrenia, those with multimorbidity are at greater 

risk of mortality than those with single physical LTCs, and compared to people 

without SMI but with the same number of physical LTCs (Kugathasan et al., 

2019). However, despite the burden of multimorbidity in those with SMI there is 

limited research on how multimorbidity presents in this population, beyond 

counting of conditions.  

1.5 Physical health hospital admissions in people with SMI 

The poor underlying physical health of people with SMI likely results in high rates 

of physical health hospital admissions in those with SMI. Understanding 

emergency hospital use for physical LTCs in people with SMI is important as high 

rates of emergency admissions may represent an underlying high prevalence of 



38 
 

poor physical health, or more severe or poorly controlled physical LTCs. For 

planned physical health admissions, high utilisation may represent an appropriate 

use of services, while low utilisation is an important marker of barriers to 

accessing care. Understanding the rate and type of physical health admissions 

in people with SMI in the UK is therefore a first step in quantifying the need for 

interventions to improve the healthcare access, management, and treatment of 

physical LTCs, and to reduce mortality in people with SMI. In Chapter 3, I 

undertake a systematic review and meta-analysis of non-mental health hospital 

use in people with SMI and one of five underlying physical LTCs compared to 

people with either the physical LTC or SMI alone. Following this, in Chapter 7, I 

link primary and secondary care data to investigate both planned and emergency 

admissions for non-mental health causes in people with SMI.  

1.5.1 Non-mental health admissions in people with SMI 

The combined burden of physical and mental health diagnoses makes people 

with SMI potential high utilisers of both primary and secondary care. Those with 

psychiatric illnesses have been identified as frequent users of emergency 

departments (Ondler et al., 2014), with higher rates of potentially preventable 

admissions (Mai et al., 2011a, Lin et al., 2011), and longer stays (Ronaldson et 

al., 2020). In contrast, a descriptive analysis of NHS data found planned 

admissions for people with SMI were lower than the general population (Dorning 

et al., 2015).  

The relationship between physical and mental health and health service use is 

likely complex. Admission rates for physical health in people with SMI depend on 

the number and type of physical comorbidities, as well as the course and severity 

of both the mental and physical health diagnoses. While multimorbidity is a driver 

of high admission rates in the general population, a study by Zulman et al. found 

that within the 5% highest cost patients, those with schizophrenia were less likely 

to have two or more comorbidities than other patients (Zulman et al., 2015).  

There is evidence that people with SMI have increased admissions for a range of 

physical health conditions compared to the general population (Jayatilleke et al., 

2018, Lin et al., 2011, Dorning et al., 2015, Germack et al., 2018). However, 

without reliable data on underlying physical comorbidities, it is not clear whether 

the high prevalence of physical LTCs is the sole driver of increased hospital use; 
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or whether issues related to SMI, such as barriers to disease management or to 

accessing timely primary care, may be responsible. A recent meta-analysis of 

non-mental health healthcare use found that in studies adjusting for physical 

LTCs there were more admissions, emergency department visits and longer 

length of hospital stays in people with SMI compared to those without SMI 

(Ronaldson et al., 2020), suggesting increased prevalence of disease is not the 

only driver. 

Several studies have investigated hospital use in the UK for those with both 

physical and mental illnesses, all of which found increased utilisation in people 

with mental health diagnoses. A large cohort study of Scottish patients found that 

people with mental health conditions had an increased risk of emergency 

admissions in a one year period (OR: 2.01, 95%CI: 1.92-2.09), and that this was 

particularly true for people with at least four physical LTCs and high 

socioeconomic deprivation (OR: 18.3, 95%CI: 16.4-20.5) (Payne et al., 2013). 

Similarly, an ecological study by Woodhead et al. found that those in contact with 

mental health services had 4.2 times greater age and sex standardised rate of 

area-level mean avoidable admissions than those without contact (Woodhead et 

al., 2022). While neither of these studies focused on SMI, they provide evidence 

of increased admissions in people with mental health conditions more generally.  

Focusing on SMI, Jayatilleke et al. found elevated standardised admission ratios 

for a range of non-mental health causes in patients with SMI in London, UK, 

compared to the general population, but fewer cancer admissions (Jayatilleke et 

al., 2018). Two descriptive studies have also investigated hospital use in people 

with SMI in England. The first found that those in the top 5% of hospital attenders 

for avoidable admissions were 3.6 times more likely to have a schizophrenia or 

bipolar disorder diagnosis than the remaining 95% (Dreyer et al., 2019). A second 

study found that those with a hospital contact for SMI between 2007 and 2014 

had more A&E visits (incidence rate ratio [IRR]: 3.3), emergency admissions 

(IRR: 6.7) and outpatient appointments (IRR: 2.6), but fewer planned admissions 

(IRR: 0.9) in 2013/2014 than those with hospital contact but no mental health 

diagnosis (Dorning et al., 2015).  
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1.5.2 Who is at risk of admissions? 

While my thesis does not aim to predict who within the SMI population is at risk 

of admissions, considering potential drivers of hospital use in this population 

informs the choice of variables included in Chapter 7, and provides context for 

future interventions aimed at improving physical health in people with SMI.  

Identifying those at risk of future emergency admissions allows the design and 

implementation of targeted approaches to reduce emergency admissions, 

improve patient outcomes and improve quality of life. There are a plethora of tools 

to predict admissions or readmissions in the general population, from simple 

scoring systems to complex models (Wallace et al., 2014, Billings et al., 2013, 

Snooks et al., 2019, Kharrazi et al., 2017, Hippisley-Cox and Coupland, 2013, 

NHS Wales, 2008, Vuik et al., 2016, Bottle et al., 2006, Sieck et al., 2019, Schwab 

et al., 2019, El Morr et al., 2017, Low et al., 2016, Cooksley et al., 2016, Aubert 

et al., 2016, Gruneir et al., 2011, Chandra et al., 2011, Billings et al., 2006, 

Khanna et al., 2019, Rea et al., 2019, Sharma et al., 2018, Snooks et al., 2018, 

Duenas-Espin et al., 2016, NHS Scotland and ISD Scotland, 2011, Zhou et al., 

2016). However, identifying those most at risk and intervening to reduce 

admissions has proven to be complex (Grossman Liu et al., 2021). 

The population at highest risk of admissions in the UK varies, with people moving 

between risk categories based on their changing physical and mental health, 

socio-economic and life status (NHS England, 2015b). However, there is 

evidence that people with mental health conditions may be persistent high-cost 

users (de Oliveira et al., 2020), and one of the strongest predictors of future 

hospital use in the general population is previous hospital use (Donnan et al., 

2008, Billings et al., 2006). 

While less is known regarding the risk factors for high admission rates in people 

with SMI, factors associated with frequent admissions in the general population 

may affect those with SMI to a greater degree. For example, patient risk factors 

for emergency admissions and prolonged length of hospital stay in the general 

population include deprivation (Cournane et al., 2015, Duffy et al., 2002), chronic 

disease and multimorbidity (Huntley et al., 2014), poor medication adherence, 

polypharmacy, and complex medication regimens (Wimmer et al., 2016). Primary 

care practice level factors such as continuity of care, ease of access, and 
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satisfaction with care also impact admission rates (Huntley et al., 2014, Tammes 

et al., 2017, Whittaker et al., 2016), while proximity to healthcare services 

influences how patients use that care (Huntley et al., 2014), with higher average 

rates of emergency department visits in primary care practices located closer to 

hospitals (Busby et al., 2017a). Appropriate prescribing of key medications may 

reduce emergency admissions in the general population (Bobrovitz et al., 2018), 

and is an area of concern for people with SMI, who are less likely to receive 

appropriate prescribing for physical LTCs such as CVD and COPD (Smith et al., 

2013b, Kisely et al., 2009, Chang et al., 2020, Woodhead et al., 2016a, Mitchell 

and Lord, 2010, Jorgensen et al., 2017, Jorgensen et al., 2018). Finally, a 

qualitative study by Rubin et al. identified poor health literacy, lack of support, an 

inability to attend medical appointments due to cost or transport, and a perceived 

loss of control over their illness as drivers of 30-day readmissions for diabetes 

(Rubin et al., 2014), all of which may be pertinent to reducing readmissions in 

people with SMI. 

Studies in people with SMI have identified older age, White ethnic group and 

physical health multimorbidity as drivers of high cost non-mental health hospital 

use (Ride et al., 2020), and good continuity of primary care, and provision of a 

care plan as factors associated with lower risk of emergency admissions (Ride et 

al., 2018, Ride et al., 2019). Interestingly, despite their incentivisation through 

QOF, physical health checks do not appear to decrease emergency admissions 

in people with SMI in England (Ride et al., 2018).  

Adherence to antipsychotics in people with SMI also appears to be associated 

with lower emergency physical health admissions (Farley et al., 2012, Egglefield 

et al., 2020). This may be because good antipsychotic adherence is associated 

with better ability to self-manage physical LTCs, including better adherence to 

physical LTC medications, or because those adherent to antipsychotics have 

better healthcare access or quality of care. 

1.5.3 Reducing emergency admissions: avoidable admissions and impactibility 

There has been a shift in focus away from identifying only those at highest risk of 

admissions, to a focus on “impactibility”, i.e. identifying populations and causes 

of admission which are amenable to interventions to reduce emergency 

admissions (NHS England, 2017).  
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In the general population, interventions aimed only at those at highest risk of 

admissions have failed to reduce admissions (Imison et al., 2017, Purdy et al., 

2012, NHS England, 2015a, Purdey and Huntley, 2013, Wallace et al., 2016, 

Lugo-Palacios et al., 2019, Stokes et al., 2015, Mahmoudi et al., 2020, Orlowski 

et al., 2021, Snooks et al., 2019). In part, this may be because those at highest 

risk are less “impactible” or amenable to change. High rates of frailty in the 

highest risk population means that there may be more capacity to prevent 

emergency admissions in those at lower risk. Furthermore, acting early on 

segments of the population who will become at risk later in life may be more 

effective in achieving the triple aim of improving individual patient experience, 

population health and reducing cost (Berwick et al., 2008). In addition, admissions 

are subject to a “prevention paradox” (John, 2011), i.e. the small proportion of 

people included in the highest risk strata means the impact of preventing 

admissions in this group may be less effective than interventions aimed at larger 

groups of people who are at moderate risk (Roland and Abel, 2012, Wallace et 

al., 2016, NHS England, 2017).  

The focus on impactibility, however, has ethical concerns if it leads to a lack of 

interventions in those who are at highest risk, or are considered “unimpactible”. 

This is a particular concern in research in vulnerable populations such as those 

with SMI. Impactibility research therefore needs to remain inclusive, finding areas 

where interventions and investment can improve outcomes at a population level, 

while still targeting individuals with greatest need. Methodologies for this include 

gap analysis – finding areas where care is sub-optimal; choosing interventions 

that allow the most impact, based on individual patient characteristics and 

preferences; and focusing on conditions for which interventions are known to be 

effective (NHS England, 2017, Steventon and Billings, 2017).  

Avoidable admissions or admissions for ambulatory care sensitive conditions 

(ACSC) are a common measure of impactible admissions in the general 

population (Orlowski et al., 2021, Purdy et al., 2009). These conditions are 

deemed to be impactible by actions carried out in primary care and include 

chronic conditions such as diabetes and heart failure as well as acute and 

infectious diseases (Hodgson et al., 2019).  
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In Chapter 7, I analyse the rates of emergency admissions for ACSC in people 

with SMI compared to those without SMI. While previous research has shown 

that those with SMI are at an increased risk of admissions for ACSC, by 

comparing these to other types of admissions I aim to determine whether high 

hospital rates in those with SMI are likely to be impactible by interventions aimed 

at primary care. 

1.6 Summary of knowledge gaps and priorities for research regarding the 

physical health and non-mental health hospital use of people with SMI 

There is well established evidence that people with SMI experience poorer 

physical health, more barriers to care, and suboptimal treatment, and have an 

increased risk of all-cause hospital admissions and mortality than people without 

SMI. While the reduction of premature mortality, and improving access to health 

screening in people with SMI were key targets in the NHS Five Year Forward 

View for mental health (Mental Health Taskforce, 2016), to meet these targets 

there is a need to better characterise the profile of physical health in people with 

SMI compared to the general population, to optimise the provision of physical 

health services.  

While we know that people with SMI are at increased risk of a range of physical 

LTCs, there is little information regarding the temporal relationship between 

physical LTC diagnoses and SMI diagnoses. A better understanding of this 

relationship would allow for timely interventions to be implemented. Furthermore, 

differences in functioning, disease progression, treatment, and mental health 

outcomes in people diagnosed with bipolar disorder and schizophrenia may result 

in differing profiles of physical LTCs. There is therefore a need for more research 

of physical health outcomes, stratified by SMI subtype. As an example, previous 

research has found that people with schizophrenia may have a reduced incidence 

of cancer, but most studies do not find the same for bipolar disorder. The 

incidence of cancer in people with SMI remains an area requiring further 

research, and in particular the role of premature mortality in reducing cancer rates 

in the population with SMI requires further investigation.  

In 2018 the Academy of Medical Science stated that a key evidence gap in the 

general population was identifying common clusters of conditions in subgroups 

of the general population. This report also highlighted a lack of research on 
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mental-physical health multimorbidity, and a need to define which mental health 

conditions are associated with which physical health conditions (Academy of 

Medical Sciences, 2018). However, despite the high prevalence of multimorbidity 

in those with SMI, and use of clustering techniques to study multimorbidity in the 

general population, there is limited research on how multimorbidity presents in 

this population, beyond counting of conditions. The use of these clustering 

techniques to compare profiles of multimorbidity in both those with and without 

SMI would further strengthen our understanding of physical health in this 

population, and potentially identify clusters of physical LTCs with similar causal 

pathways therefore informing the development of interventions to better manage 

multiple physical LTCs in people with SMI.  

Studies have found that those with SMI have more non-mental health hospital 

admissions than those without SMI when adjusting for underlying physical health, 

however, it is less clear how individual physical or mental health diagnoses 

impact the risk of hospital use. While individual studies have found increased 

rates of emergency admissions or readmissions in people with COPD or diabetes 

and an SMI diagnosis compared to those with COPD or diabetes alone, 

synthesising these data would allow the identification of physical health and SMI 

combinations which particularly increase hospital use. Quantifying the level of 

evidence available for different physical LTCs in relation to SMI and hospital use 

would also allow the identification of research gaps. For example, COPD and liver 

disease are under-researched in terms of burden of disease and disease 

outcomes in people with SMI, and therefore it is important to understand if this is 

the same for hospital outcomes. 

While there is evidence that people with mental health diagnoses have high rates 

of physical health hospital admissions, there is a lack of robust studies focusing 

on people with SMI in the UK. The current evidence for the UK is largely 

descriptive or ecological, with most considering a broad range of mental health 

diagnoses, and few considering planned and emergency admissions. Even 

internationally, most existing studies are small in scale and few use both primary 

and secondary care data. For many, the outcome of interest is re-admission rate, 

and robust longitudinal evidence of longer-term hospital use is lacking. 
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To better understand hospital use in people with SMI in the UK, it is therefore 

important to investigate the long-term patterns of healthcare use, linking both 

primary and secondary care data and investigating both emergency and planned 

admissions. Investigating avoidable admissions in the context of other admission 

types would provide information regarding the impactibility of high admission 

rates, while stratifying results by SMI subtype is important given the known 

differences in functioning and outcomes between those with bipolar disorder and 

schizophrenia. This characterisation of hospital use would inform specific 

interventions to improve access to appropriate and timely healthcare in people 

with SMI. It would also inform future work to identify those with SMI at particularly 

high risk of emergency hospital use or experiencing barriers to using planned 

hospital care.  

1.7 Aims and objectives of this thesis 

In this thesis I aim to use a large, linked data set of routinely collected EHRs to 

better characterise the physical health and non-mental health hospital use of 

people with SMI in the UK, comparing them to people without SMI. In Chapter 3, 

I conduct a systematic review and meta-analysis with the aim of clarifying the 

impact of having a comorbid physical LTC and SMI diagnosis on hospital use. In 

Chapter 4 and Chapter 5, I aim to characterise the physical health of people with 

SMI compared to those without SMI in order to identify clusters of physical LTCs, 

periods of time, and groups of individuals for which targeting interventions to 

improve physical health would be beneficial. I investigate which physical LTCs 

are most prevalent in people with SMI, and which are most elevated or reduced 

compared to those without SMI (Chapter 4). This provides important evidence for 

the prioritisation of physical health screening and interventions in primary care. I 

also examine how physical LTCs cluster in those with SMI compared to those 

without SMI (Chapter 4), with an aim to inform the development of interventions 

focused on multimorbidity in those with SMI. I then consider the timing of physical 

LTC diagnoses in relation to SMI diagnosis (Chapter 5) to understand the pre-

existing burden of physical LTCs at the time of SMI diagnosis and subsequent 

disease acquisition and to identify periods where interventions to reduce physical 

LTCs are most required.  

In Chapter 6, I investigate the incidence of cancer and mortality following cancer 

in people with SMI. I aim to better understand differences in recorded diagnoses 
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of cancer between those with and without SMI, and between different SMI 

subtypes, and to determine whether premature mortality accounts for these 

differences. 

Finally, using the understanding of physical health developed in Chapter 4 to 

Chapter 6, in Chapter 7 I investigate physical health hospital admissions in people 

with SMI in the England. The aim of this chapter is to inform the targeting of 

interventions to reduce admissions in those with SMI by identifying types of 

admissions where the inequality between those with and without SMI is greatest 

and to better describe hospital use in the population with SMI.  

My objectives for this thesis are as follows: 

Chapter 3:  

1. Summarise the existing evidence regarding the association of SMI and 

non-mental health hospital use in people with one of five physical LTCs. 

2. Summarise the existing evidence regarding the association of one of five 

physical LTCs and non-mental health hospital use in people with a 

diagnosis of SMI.  

3. Identify combinations of physical LTC and SMI subtypes which lead to 

elevated risk of hospital use. 

4. Quantify and evaluate the evidence regarding non-mental health hospital 

use in people with SMI and comorbid physical LTCs to identify knowledge 

gaps in this area. 
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Chapter 4:  

1. Determine the cumulative prevalence of 24 physical LTCs and physical 

health multimorbidity in people with SMI compared to those without SMI 

and investigate differences by SMI subtype. 

2. Identify and compare clusters of physical LTCs in people with and without 

SMI, to investigate whether there are novel clusters of physical LTCs in 

people with SMI and to what extent the same conditions co-occur in both 

populations.  

3. Investigate the prevalence of risk factors for poor physical health in people 

with SMI and their impact on both individual and clusters of physical LTCs. 

Chapter 5:  

1. investigate the cumulative prevalence of 24 physical LTCs and of 

multimorbidity in people with SMI compared to matched people without 

SMI from five years before to five years after SMI diagnosis. 

Chapter 6:  

1. Investigate the incidence of cancer diagnoses and mortality following 

cancer in people with SMI compared to those without SMI, stratified by 

SMI subtype. 

2. Validate the results of Chapter 4 and Chapter 5, where I found a lower-

than-expected cumulative prevalence of cancer in people with 

schizophrenia, using a longitudinal study design.  

3. Use analytical techniques that account for premature mortality to 

investigate the hypothesis that premature mortality in those with SMI is 

driving the previously identified low incidence of cancer in this population. 

Chapter 7:  

1. Estimate the rates of planned and emergency physical health admissions 

in people with SMI in England compared to the general population, 

accounting for underlying physical LTCs. 
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2. Determine whether emergency and planned admission rates differ by SMI 

subtype. 

3. Determine the rates of avoidable admissions as compared to other 

admission types to quantify whether admissions in people with SMI may 

be amenable to reductions if interventions were implemented. 

  



49 
 

Chapter 2 Methods 

In this chapter, I outline the key methodological considerations pertinent to this 

thesis, as well as strengths and limitations in using EHRs for epidemiological 

research.  

2.1 The use of electronic health records and CPRD for epidemiological 

research 

The UK was an early adopter of EHRs in primary care (de Lusignan and Chan, 

2008), and the widespread access to primary care services through a “free at the 

point of use” system, makes the UK primary care a rich source of health data.  

While the widespread digitisation of patient health records in healthcare systems 

has brought with it improvements in patient care and efficiencies in practice 

management, it also offers a wealth of opportunity for epidemiological, public 

health, and health service research. The use of routinely collected EHRs for 

health research is a growing area, and has been identified by the UK Government 

as a key area for future resources (HM Government, 2021).  

By 2011, 99% of patients in England were registered with a primary care practice 

which was contributing to QOF electronically (Kontopantelis et al., 2013). QOF is 

a pay-for-performance system rewarding primary care practitioners for reaching 

health screening, prevention and treatment targets (Sutcliffe et al., 2012). Its 

introduction in 2004 functioned as a major incentive for primary care practices to 

use computer systems to collect routine clinical data. Indeed, analyses of primary 

care EHRs in the UK have noted major improvement in a range of variables, and 

changes in the codes used to describe clinical diagnoses, at or around the time 

of the introduction of QOF (Kendrick et al., 2015, Quint et al., 2014, Petersen et 

al., 2019, Mathur et al., 2014, Hardoon et al., 2016, Hardoon et al., 2013).  

The Clinical Research Datalink (CPRD) GOLD was launched in 2012, building on 

previous versions of EHR databases dating back to 1987, and containing 

information from practices in the UK using Vision systems (Herrett et al., 2015). 

In October 2017 a second CPRD database was launched, CPRD Aurum, 

containing additional records from practices using EMIS (Wolf et al., 2019).  

These databases hold individual level, pseudonymised data on patient 

demographics, medical histories, prescriptions, and referrals at participating 
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practices, subject to patients not opting out of the process. Practices registered 

with CPRD provide updates on a daily basis, and snapshots of these data are 

made available to researchers, following protocol approval (Herrett et al., 2015, 

Wolf et al., 2019).  

Patient records in both CPRD GOLD and CPRD Aurum are similar to the general 

UK population, in terms of age and sex, while CPRD GOLD has been shown to 

be representative in terms of ethnicity and BMI (Herrett et al., 2015), and CPRD 

Aurum in terms of deprivation (Wolf et al., 2019). While these data are 

representative of the UK population, the geographic distribution of patients do 

differ between the databases. For example, until 2019 CPRD Aurum only 

included primary care practices in England, while CPRD GOLD covers the whole 

of the UK. Furthermore, despite being broadly representative, within England 

both databases contain a higher proportion of patients residing in London (GOLD: 

13.6%, Aurum: 18.8%) and the North West (GOLD: 11.1%, Aurum: 15.3%) than 

in the North East (GOLD: 1.6%, Aurum: 3.8%, Yorkshire and The Humber 

(GOLD: 3.9%, Aurum: 3.7%) or the East Midlands (GOLD: 4%, Aurum: 2.9%) 

(Herrett et al., 2015, Wolf et al., 2019). 

Combined, these databases contain data from over 2,000 primary care practices 

and 60 million patients (CPRD, 2021a). While some of these patients will be 

historical records and no longer active, in September 2018, CPRD Aurum 

contained data for 7 million active patients, or 13% of the population of England, 

while CPRD GOLD contained 4.4 million active patients in July 2013, or 6.9% of 

the population of the UK (Herrett et al., 2015, Wolf et al., 2019). As of 2019 there 

were 22.7 million patients in Aurum and 16.7 million in GOLD who had a period 

of active follow-up between January 2000 and December 2018 [CPRD 

documentation provided with the data used in this thesis]. 

The longitudinal nature of primary care EHRs, representativeness of the 

population, and detail of the data, makes CPRD a rich source of information. 

Linkage to other data sources can then provide information such as cause of 

death or hospital use. EHRs provided by CPRD have been used for observational 

research for over 30 years (Herrett et al., 2015, Wolf et al., 2019), and have been 

used to study both physical LTCs and SMI diagnoses previously. Of note for this 

thesis, previous studies have used CPRD to assess the physical health and 
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multimorbidity in the general population (Zhu et al., 2020, Metcalfe et al., 2019), 

and to investigate primary care consultation rates (Kontopantelis et al., 2015), the 

effect of primary care quality on hospital use (Ride et al., 2018), and type II 

diabetes healthcare use and outcomes (Han et al., 2021), in people with SMI. 

2.2 Key considerations for the use of electronic health records to study 

SMI 

Despite its many advantages, caution is required when analysing records from 

CPRD. Primary care physicians and other practice staff record information in 

EHRs for the primary purpose of patient care and administration, and therefore 

missing data, and differences in recording practices over time and between 

primary care practices, may introduce bias in results. The structure of the 

databases that CPRD receive data from may act to determine the manner in 

which information about a given patient is coded, and changes in external 

pressures, such as QOF, may result in spurious temporal trends.  

2.2.1 Defining SMI using electronic health records 

For the analyses of EHR in Chapter 4 to Chapter 7, I define SMI as a diagnostic 

code for schizophrenia, bipolar disorder or other non-organic, non-affective, 

psychotic disorders (termed other psychoses), as recorded in primary care. 

These diagnoses are usually made by psychiatrists in secondary care using ICD-

10 criteria (WHO, 1993), and communicated to primary care where they are 

recorded using Read codes (Appendix 1). Diagnosis in primary care is therefore 

likely well recorded, due to the QOF incentivisation and because primary care 

practitioners are responsible for long-term prescribing and physical health 

monitoring (Reilly et al., 2012). 

QOF incentivises primary care practices in the UK to maintain an EHR-based 

“SMI register”, listing those registered at the practice with a diagnosis of 

schizophrenia, bipolar disorder or other psychoses (NHS Digital, 2021b). This 

therefore provides a robustly recorded definition for use in EHR research. This 

incentivisation was in use from 2004 until the end of the data used in this thesis 

(December 2018) for records from England, Wales and Northern Ireland and until 

March 2016 for records in Scotland (NHS Digital, 2022b, Public Health Scotland, 

2020, Department of Health NI, 2022, Welsh Government, 2022).  
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As discussed in Chapter 1, a person’s specific SMI diagnosis may change over 

time. In a study of primary care data in the UK, while over 98% of patients with a 

diagnosis of schizophrenia or bipolar disorder showed no change in diagnosis 

over a 10 year period, for other psychoses over 10% received a different 

diagnosis at a later date (Hardoon et al., 2013). To counter this, while I define the 

date of SMI diagnosis as the date of first diagnosis of any SMI, I define the specific 

SMI subtype as the most recently recorded, as it is likely to be the most accurate 

diagnosis given a more complete clinical history.  

The definition of schizophrenia I use in this thesis has high specificity, including 

only those patients with a diagnostic code for schizophrenia. In contrast, those 

diagnosed with “other psychoses” constitute a clinically diverse group of 

psychotic disorders (Table 2-1).  

Table 2-1 Definitions of SMI used in this thesis 

2.2.2 Data linkage and linkage bias 

As well as primary care data, CPRD offers linkages to other data sources. In this 

thesis I use linked data from Office for National Statistics (ONS) for mortality data 

(Chapter 6), Hospital Episode Statistics (HES) for admissions data, and ONS 

English Lower Layer Super Output Area (LSOA) data for the English Index of 

Multiple Deprivation (IMD, Chapter 7). For all data linkages, CPRD use a 

hierarchical, deterministic approach, based on NHS number, date of birth, sex, 

and postcode (Padmanabhan et al., 2019). Patients may be ineligible for linkage 

at the practice level because their practice does not participate in the linkage 

scheme, or at the patient level due to missing identifiers or patient opt-out. The 

CPRD Aurum data release used in this thesis had particularly low levels of 

patients eligible for data linkage. CPRD Aurum was rapidly growing at the time of 

Disorder ICD-10 code Diagnostic groups for this thesis 

Schizophrenia F20 Schizophrenia 

Schizotypal disorder F21 Other psychoses 

Persistent delusional disorder F22 Other psychoses 

Acute/transient psychotic disorder F23 Other psychoses 

Induced delusional disorder F24 Other psychoses 

Schizoaffective disorder F25 Other psychoses 

Other psychotic disorders  F28/F29 Other psychoses 

Manic episode F30 Bipolar disorder 

Bipolar affective disorder F31 Bipolar disorder 
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the data release, and the process of linking data sets for new practices introduces 

a lag between the practice joining and linkage data being available. More recent 

data releases from CPRD Aurum therefore have more complete data linkages 

(CPRD, 2022b). 

The requirement of a presence of a common identifier (NHS number, or sex, date 

of birth and postcode with no conflict in NHS number) for linkage, means the 

probability of linkage error through false matches is low (Padmanabhan et al., 

2019, Gilbert et al., 2018). However, linkage error through missed matches may 

occur, where NHS numbers are missing or incomplete. Exclusion of patients 

ineligible for linkage may introduce selection bias (Doidge and Harron, 2019), and 

I therefore compare key patient characteristics in those eligible and ineligible for 

linkage prior to analysis to assess this. 

2.2.3 Duplicate patients 

While almost all research using CPRD treats patients as individuals, when a 

patient moves primary care practice, they do not retain their CPRD identifier and 

are instead treated as a new patient. These duplications can be identified when 

patients are linked to other data sources, such as HES, where each unique NHS 

number relates to one unique identifier. A recent study of patients with atrial 

fibrillation found that of patients eligible for HES linkage, 5.2% had multiple CPRD 

identifiers (Sammon et al., 2020). They assessed six methods of dealing with 

duplicates: four methods of selecting one patient from a set of duplicate patients 

for inclusion, plus ignoring the duplication and including all patients, or removing 

all patients that they identified as duplicates. While they observed small changes 

to the effect size of the outcome, they did not find any clinically significance 

differences, nor any differences that changed their conclusions when using any 

of the six methods. While the younger age range and more mobile nature of the 

SMI population may result in more duplicate patients in the cohort that I have 

used in this thesis, the results of the study by Sammon et al. suggest that this is 

unlikely to affect my findings. In this thesis I treat patients with unique CPRD 

identifiers as unique individuals in Chapter 4 to Chapter 6, in line with the majority 

of studies using CPRD. In Chapter 7, where I link CPRD data to HES, where 

duplicates are identified I retain the record with the earliest diagnosis of SMI, as 

this likely reflects a more accurate date of diagnosis.  



54 
 

2.2.4 Clinical coding 

Prior to 2018, Read codes were used to record clinical and demographic 

variables in CPRD. Developed in England, Read codes they have been used in 

primary care in the NHS since the early 1990s (Chisholm, 1990). Using a single 

hierarchy of four or five digit alpha-numeric codes, Read codes cover diseases, 

procedures, history and symptoms, occupations, examinations and signs, 

prevention, administration and drugs (Benson, 2011). The simplicity of the coding 

system, however, means care is required when creating code lists to define a 

specific clinical diagnosis. Multiple terms for the same concept may occur in 

different parts of the hierarchy; and concepts related to a lack of disease fall under 

broader terms for the disease itself (Benson, 2011). 

In April 2018, the NHS began the transition from use of Read codes to a 

structured clinical vocabulary called “Systematised Nomenclature of Medicine 

Clinical Terms” (SNOMED-CT) in primary care. The implementation of SNOMED-

CT codes began in 2018, though both Vision and EMIS employed dual coding, 

and stored patient data as Read codes, for the duration of 2018 (Vision, 2019, 

EMIS Health, 2019). As the data sets I use in this thesis end on 31 December 

2018, I do not use SMOMED-CT codes. 

2.2.5 Combining CPRD GOLD and Aurum 

While combining CPRD GOLD and CPRD Aurum results in a larger data set, it is 

important to consider differences in the way the databases are structured and 

coded. Practices using EMIS, reporting to CPRD Aurum, have the option to use 

EMIS-specific codes not present in CPRD GOLD (CPRD, 2022a). To counter this, 

when defining variables, I search for key terms in the CPRD Aurum dictionary file 

and include EMIS-specific codes as well as Read codes where applicable.  

Another key difference is the greater opportunity to code free text in EMIS than 

in Vision (CPRD, 2022a). CPRD do not provide free text fields due to the potential 

for them to contain identifiable information. Therefore, there is concern that CPRD 

Aurum may under-report coded information, if primary care physicians favour 

writing in free text fields. Without the free text available it is not possible to assess 

this problem, however, a number of studies have shown that the prevalence of 

conditions is similar between CPRD GOLD and Aurum (Gulliford et al., 2020, 

Davidson et al., 2021, Bauernfreund et al., 2022). Furthermore, reporting to 
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schemes such as QOF probably drive the need for coding of conditions rather 

than relying on free text fields. To ensure similar capture of variables in the two 

data sets, and to investigate reporting differences, I stratify all basic demographic 

and clinical variables by data set prior to analysis.  

Finally, practices moving from using Vision software to EMIS software may 

appear in both CPRD GOLD and CPRD Aurum. To counter this, CPRD removed 

these practices from the CPRD GOLD data set prior to providing the data. 

2.2.6 Missing data 

Missing data is a recognised issue in EHR research. Common methods for 

dealing with missing data include complete case analysis, including only those 

patients with complete data for the variables of interest; single imputation, such 

as coding all patients missing smoking data as “non-smokers”; or multiple 

imputation, using known variables to predict the value of missing variables 

(Pedersen et al., 2017). While multiple imputation offers many advantages, many 

models assume that data are missing at random (MAR). This assumption is often 

violated in research using EHRs where the clinical need of the patient, 

incentivisation schemes such as QOF, the frequency by which a patient is seen, 

and other factors in the patient-provider relationship drive what information is 

recorded. Primary care physicians may see patients with chronic conditions more 

frequently than healthy patients and therefore have more chance of having 

smoking status or BMI recorded in their notes, while those with substantial 

barriers to receiving care may have little information recorded. This also results 

in those with missing values for one variable, often having missing values for 

other variables too. 

For most clinical variables and outcomes, I assume missingness represents an 

absence of the condition or variable of interest. For example, I assume patients 

without medical codes for asthma do not have asthma. However, for other 

variables, such as BMI, smoking status, or ethnicity, the reason for missingness 

is harder to determine. A study by Marston et al. in 2010 found substantial 

missingness in the recording of BMI, smoking status, and alcohol consumption in 

The Health Improvement Network (THIN), another UK primary care records 

database (Marston et al., 2010). Incentivisation through QOF has led to 

improvements in many of these variables since 2004 (Petersen et al., 2019, 
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Mathur et al., 2014), however, it has also likely led to differences in recording 

between patient groups. For example, in the year from April 2018-March 2019, 

74.5% of all patients in practices reporting to QOF had their smoking status 

recorded in primary care in the previous 12-months, compared to 94.2% of 

patients with congestive heart disease, peripheral artery disease, stroke, 

hypertension, diabetes, COPD, chronic kidney disease, asthma, or SMI (NHS 

Digital, 2019a, NHS Digital, 2019c). This is in line with studies finding more 

complete recording of BMI in patients with underlying physical LTCs in CPRD 

(Bhaskaran et al., 2013), and of BMI, smoking status, alcohol consumption, and 

blood pressure measurement in patients with underlying physical LTCs in THIN 

(Marston et al., 2010, Petersen et al., 2019). Recording of these variables also 

differs by age and sex (Petersen et al., 2019), and for smoking status and weight 

measurement, by deprivation (Taggar et al., 2012, Nicholson et al., 2019). 

Given the variation in missing data over time, and by key characteristics, it is clear 

that they are not missing completely at random (MCAR). It also seems likely that 

they are not MAR – missing based on information that we know. A study 

investigating the use of multiple imputation for health indicator variables in THIN 

found that while estimates for weight appeared in line with those found in the 

Health Survey for England, multiple imputation of smoking status resulted in a 

higher proportion of current smokers than expected (Marston et al., 2010). 

While there appears to be limitations in the use of multiple imputation for variables 

such as smoking status and ethnicity, performing complete case analysis would 

limit the cohort and likely introduce selection bias. Including a missing category 

is also sub-optimal, as it can bias effect sizes and hinders interpretation (Knol et 

al., 2010). While deep machine learning techniques such as neural networks do 

not assume MAR (Haliduola et al., 2022, Samad et al., 2022), many of these are 

still experimental and the complexities of these approaches are beyond the remit 

of this thesis. An alternative approach is the use of single imputation at the 

expected or average value of a variable. Previous research has suggested that 

primary care physicians are less likely to record values perceived to be within the 

normal range (Hippisley-Cox and Coupland, 2013, Marston et al., 2014b). For 

ethnicity, one study found more than 93% of individuals without ethnicity recorded 

were from a White ethnic group (Hippisley-Cox et al., 2008), while Pham et al. 

found little difference in outcomes (odds of having diabetes) when using single 
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imputation as White or standard multiple imputation (Pham et al., 2019b). They 

found that using a new method of multiple imputation calibrated to the ethnic 

structure of their cohort (i.e., under the assumptions that data is missing not at 

random [MNAR]) did not produce differing effect sizes in analyses where ethnicity 

was adjusted for, and only had an effect in analyses stratified by ethnicity.  

Based on these findings, I assume missingness represents an absence of clinical 

conditions, and for smoking status, BMI category, and ethnicity, I impute missing 

as never-smoker, normal range BMI, or White ethnicity, respectively. However, a 

limitation of single imputation is that it treats the imputed values as known values, 

and therefore decreases the standard error of the population sample (Donders et 

al., 2006).  In Chapter 4, I perform multiple imputation of missing ethnicity as a 

sensitivity analysis to validate my approach, assessing the impact of using 

multiply imputed values rather than singly imputed values on the effect size for 

risk of physical LTCs, and the standard errors of these results.  

2.2.7 Dates of diagnoses 

As well as missing data, dates of diagnoses or observations are also subject to 

error in primary care EHRs. Variables such as BMI and smoking, for example 

may be more readily recorded when a patient is newly registered (Petersen et al., 

2019). There is also an increased incidence of a wide range of clinical conditions 

around the time of registration, particularly in the first three months (Lewis et al., 

2005). This may be because patients are more likely to join a practice at a time 

of ill health, or that primary care practices are more likely to provide a general 

health check at this time. Alternatively, a patient may receive a new diagnosis 

date for existing diagnoses when they join a practice. To avoid this, studies where 

date of diagnosis is crucial, or where it is necessary to determine incident rather 

than prevalent cases often apply a washout period, excluding patients with dates 

of diagnosis close to the date they register with a practice. However, in doing so, 

this limits the number of eligible patients in the cohort, particularly for studies of 

rare disease or where follow-up may be short. Furthermore, it also results in the 

exclusion of truly incident cases who do develop diseases of interest around the 

time of registration.  

Given that the timing of SMI diagnosis is uncertain, with many patients 

experiencing a period of prodrome or period of undiagnosed illness, I do not apply 
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a washout period for SMI diagnosis in this thesis. I also do not apply wash out 

periods for physical LTCs given the large number of conditions under study. I 

discuss the impact of this decision in the relevant chapters (Chapter 5 and 

Chapter 7).  

2.2.8 Statistical error 

As is common in many studies using EHRs, throughout this thesis I investigate 

multiple exposures and outcomes within the same study. I therefore consider the 

appropriateness of adjusting for multiple testing using a Bonferroni adjustment. 

However, the use of such a correction is controversial (Rothman, 1990, Perneger, 

1998). While adjusting the significance level for multiple testing may reduce the 

risk of finding a significant association by chance (type-I error), it also increases 

the risk of not finding a significant association where one exists (type-II error). 

Furthermore, while it might hold that multiple testing increases the chance of 

finding spurious association, corrections apply to all associations and cannot 

therefore determine which association may be erroneous. Finally, when using 

large data sets, traditional p-value testing requires careful consideration as the 

large sample size can lead to statistical significance in the absence of clinical 

significance. I therefore do not correct for multiple testing, relying instead on a 

priori hypotheses and careful interpretation of effect sizes and confidence 

intervals. 

Given the structure of the data, it is likely that patients from a given primary care 

practice have lower variance in their outcomes than would be expected, artificially 

lowering the standard errors, and therefore narrowing confidence intervals of 

estimates. Throughout, I adjust analyses for this clustering by primary care 

practice. In Chapter 4, Chapter 5, and Chapter 7, logistic and negative binomial 

regression models use sandwich standard errors to account for potential 

clustering of outcomes by primary care practice. In Chapter 6, I include primary 

care practice as a clustering term in Cox proportional hazard models.  

2.3 Ethics and study design 

All four observational studies (Chapter 4 to Chapter 7) in this thesis use CPRD 

data from the same extract (Protocol number: 18_288). Ethical approval for these 

studies was obtained from the Independent Scientific Advisory Committee of 
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CPRD. Informed consent was waived because data are anonymised for research 

purposes. 

All analyses in this thesis had an a priori hypothesis and analysis plan. I 

registered the protocol for the systematic review and meta-analysis in Chapter 3 

with Prospero (CRD42020176251) and used the Preferred Reporting Items for 

Systematic Reviews and Meta-analyses (PRISMA) checklist when writing the 

original manuscript. I wrote the original manuscripts for Chapter 4 to Chapter 7. 

using the Strengthening the Reporting Of Observational Studies in Epidemiology 

(STROBE) checklist (von Elm et al., 2007). I performed all data set creation, data 

cleaning and variable generation in R (R Core Team, 2018) and RStudio (RStudio 

Team, 2015). Data analyses and visualisations were also performed in R and 

RStudio, with the exception of Chapter 6 where I used Stata 17 (StataCorp, 

2019). In all graphs, error bars or shading represents 95%CI unless otherwise 

stated.  
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Chapter 3 The impact of severe mental illness and common 

physical health comorbidities on non-mental 

health hospital use: a systematic review and meta-

analysis 

A modified version of this chapter has been published in PLOS One (Launders et 

al., 2022a). 

3.1 Introduction 

As described in Chapter 1, people with SMI are at an increased risk of a range of 

physical LTCs. This, plus their underlying mental health condition makes them 

high utilisers of hospital care. Barriers to care at both the personal and systems 

level may lead to inappropriate use of hosptial care for both physical and mental 

health needs. 

A systematic review by Jansen et al. found that people with comorbid psychiatric 

illness and physical LTCs had more readmissions than those without psychiatric 

diagnoses (Jansen et al., 2018). While they did not limit their systematic review 

to SMI, they identified several published studies of hospital use in people with 

SMI, all of which found increased readmissions in those with SMI compared to 

those without.  

Two systematic reviews and meta-analyses have investigated the link between 

SMI and non-mental health hospital use. A review by Germack et al. in 2018 

found that people with SMI were at increased risk of medical-surgical 30-day 

readmissions (pooled unadjusted OR: 1.38, 95%CI: 1.23-1.55) (Germack et al., 

2018). The meta-analysis included nine studies, of which five studied general 

readmissions following an admission for a non-psychiatric cause and four studied 

specific diseases. The meta-analysis found high heterogeneity, and an 

inconsistency in the way that studies defined SMI. In 2020, a meta-analysis by 

Ronaldson et al. found that those with SMI were at an increased risk of hospital 

admission and emergency department (ED) attendances when including only 

those studies which adjusted estimates for underlying physical health (Ronaldson 

et al., 2020).  

While both these reviews found that there is evidence of greater non-mental 

health hospital use in people with SMI compared to those without SMI, the high 

heterogeneity may suggest different rates of hospital use depending on the 
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number and type of underlying mental and physical LTCs under study. 

Furthermore, while the review by Ronaldson et al. included only studies which 

adjusted analyses to account for physical health, adjusting for counts of physical 

LTCs may not remove residual confounding (Moller et al., 2021, Ronaldson et al., 

2020). Therefore, selecting studies based in cohorts with the same physical LTC 

will provide a more specific estimate of the impact of SMI on hospital use in those 

with underlying physical LTCs. Previous systematic reviews have also not 

compared the combined impact of SMI and specific physical LTCs.  

In this chapter, I address these evidence gaps by focusing on admission rates in 

people with SMI and five physical LTCs: cardiovascular disease (CVD), COPD, 

cancer, diabetes and liver disease, because they have a high burden of disease 

internationally and in people with SMI (PHE, 2018, G.B.D. Injuries Collaborators, 

2020). I aim to identify combinations of physical and mental health conditions 

which increase the risk of non-mental health hospital use in order to inform the 

development of interventions to reduce these, and to highlight disease 

combinations where further evidence is required. This chapter has the following 

objectives: 

1. Determine the association between SMI and non-mental health hospital 

use in people with an underlying physical LTC.  

2. Determine the association of having an underlying physical LTC and non-

mental health hospital use in people with a diagnosis of SMI.  

3. Identify combinations of physical LTC and SMI subtypes which lead to 

elevated risk of hospital use. 

4. Quantify and evaluate the evidence regarding non-mental health hospital 

use in people with SMI and comorbid physical LTCs to identify knowledge 

gaps in this area. 

3.2 Methods 

3.2.1 Search strategy 

I searched PubMed and Web of Science directly, and Embase, PsychInfo, 

PsychExtra, and Health Management Information Centre via the Ovid database. 

I created search strategies for each database containing terms for SMI, the 
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physical LTC of interest, and hospital use (Appendix 2). I performed the main 

search on 24 March 2020, and supplementary searches on 17 December 2020 

and 17 March 2022 using the same terms. I performed forward and backward 

citation searches of all included studies, and of reviews and editorials, and 

searched for related peer-reviewed articles of any conference abstracts I 

identified. 

3.2.2 Outcomes 

I investigated planned or emergency inpatient hospital admissions for all causes, 

all physical health causes, causes specific to the physical LTC under study, or 

avoidable admissions (defined as ACSC as described in Chapter 1, Section 

1.5.3) as primary outcomes. Secondary outcomes were non-mental health 

readmissions and attendance at emergency departments (ED) or other acute 

outpatient care. To fully capture the bi-directional association between SMI and 

physical LTCs, I included observational studies using any effect measure to 

compare people with comorbid SMI and the physical LTC of interest to a 

comparison group of either those with only SMI, or those with only the physical 

LTC of interest.  

3.2.3 Inclusion and exclusion criteria 

I included observational studies of adults under the age of 75, managed in the 

community, and diagnosed with SMI and at least one of the physical LTCs of 

interest (CVD, COPD, cancer, diabetes, and liver disease).  

I only excluded studies based on age if all participants were less than 18 or over 

75 years of age. Where studies did not report the age of participants, I included 

the study provided the condition of interest was likely to occur in adults in this age 

range. I defined patients with SMI as those with a diagnosis of either 

schizophrenia, bipolar disorder or other non-organic, non-affective psychotic 

disorders (termed other psychoses), in line with the QOF definition used by the 

NHS in England (NHS Digital, 2021b). I therefore excluded studies that included 

major depression in their definition of SMI and did not provide results stratified by 

SMI subtype (schizophrenia, bipolar disorder, or other psychoses). 

As I was interested in the comparison between those with and without SMI and 

with and without physical LTCs, I excluded studies without a comparator group 
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of either patients with SMI in the absence of the physical LTC of interest or 

patients with the physical LTC of interest in the absence of SMI. I also excluded 

interventional studies as the focus was observational research, and reviews as 

they did not present original research. I excluded studies in populations not 

managed in the community as the pathways and barriers to hospital use are likely 

to be different in those residing in sheltered accommodation or inpatient mental 

health facilities compared to those residing in the general community. Finally, to 

limit the scope of the review, I applied several exclusions to the outcomes. I 

excluded studies focused on planned outpatient care and preventative services 

such as cancer screening. I also excluded studies where the outcome was 

hospital use for a specific condition unrelated to the physical LTC of interest, for 

example myocardial infarction admissions in patients with diabetes, or 

readmissions for specific procedures, such as readmission for coronary artery 

bypass graft following myocardial infarction.  

I excluded conference abstracts from the final analysis, though I included those 

with available data in a sensitivity analysis, as some systematic reviews have 

found that including them may alter estimated effect sizes (Scherer and 

Saldanha, 2019). 

3.2.4 Data screening and extraction 

I collated the results of the literature searches using EndNote X9 (Clarivate 

Analytics, PA, USA), removed duplicates and exported the results into Microsoft 

Access. I screened titles and abstracts of the main search against inclusion and 

exclusion criteria in Microsoft Access, and a second researcher screened these 

independently. We resolved disagreements through discussion, and I calculated 

the Kappa statistic for inter-rater agreement. For the two additional searches, only 

I screened the titles and abstracts. I performed full-text screening of identified 

articles, and the second researcher screened a 20% sample. I then extracted 

data from included studies using a standardised form in Microsoft Excel, which I 

piloted on a sub-set of articles prior to finalisation. This form included variables 

describing the study topic (exposure, outcome, study population, location); 

design (methodology, effect measure and size, matching or adjusting variables, 

follow-up time, study period), and publication (publication year). Where a study 

only reported the effect sizes graphically, I extracted these using ImageJ 

software: https://imagej.nih.gov/ij/. 

https://imagej.nih.gov/ij/


64 
 

3.2.5 Analysis 

I analysed the data both as a narrative synthesis, and as meta-analyses stratified 

by physical LTCs. I conducted meta-analyses for each separate effect measure 

and physical LTC, where the number of retrieved publications allowed. I used 

random-effects meta-analysis because of hypothesised differences in study 

design, outcome measures and populations. I assessed in-study bias and study 

quality using the Newcastle-Ottawa scale (NOS) assessment for observational 

studies. To assess publication bias, I scrutinised funnel plots of effect size against 

standard error, and, if I identified 10 or more studies, I performed Egger’s tests. I 

measured study heterogeneity using the I2 statistic (Higgins et al., 2003). I 

undertook subgroup analysis to account for SMI subtype and outcome measures. 

Where I found differences between groups in subgroup analysis, I performed 

meta-regression to investigate the impact of adjusting for these variables on 

heterogeneity.  

Many of the studies examined multiple outcomes, multiple exposures, or multiple 

effect measures and therefore I included some populations more than once in a 

meta-analysis. This dependence may have reduced variability between effect 

sizes. I therefore performed three-level hierarchical meta-analysis as a sensitivity 

analysis to determine whether including multiple dependent effect sizes from the 

same study impacted the results. While this methods assumes that outcomes 

from the same study are measured in independent populations, estimates appear 

to remain valid when this is not the case (Van den Noortgate et al., 2013).  

3.3 Results 

Following deduplication, I identified 2,548 articles in the initial search performed 

in March 2020, and a further 1,098 in subsequent searches in December 2020 

and March 2022. Inter-rater agreement of title and abstract screening by the two 

researchers was 91.4%, with a Kappa statistic of 0.57. Following screening 

(Figure 3-1), I included 50 studies investigating admissions, readmissions, or ED 

attendances in the narrative synthesis (Table 3-1). ED attendance was the only 

acute outpatient care outcome identified, and I did not identify any studies of 

planned inpatient admissions. 
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Figure 3-1 PRISMA Flow chart detailing the identification and screening of studies for inclusion in 
the systematic review 

*WoS: Web of Science; HMIC: Health Management Information Centre 

3.3.1 Study characteristics 

I identified studies published between 2006 and 2022, of which 60% (30/50) were 

published since 2017. Two-thirds of studies investigated patients in the US 

(33/50). Forty-five studies analysed hospital use at the person-level (median 

population size: 53,343 patients, IQR: 23,856-185,981), five analysed the number 

of admissions or ED attendances that resulted in readmissions (median number 

of admissions/ED attendances per study: 184,898 admissions, IQR: 132,604-

581,469). The majority of studies (n=38) included adults with an age range of 20 
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to 65 or wider, seven focused on patients over 65, three on those over the age of 

30 or 40, and two on those under 50 or under 35.  

Of the 50 included studies, 27 examined multiple exposures, outcomes, or effect 

measures, or analysed multiple populations, for example derivation and 

validation cohorts in studies predicting risk of hospital use. These were stratified 

into 104 unique analyses (Table 3-2), of which 59 analyses investigated 

admissions over at least a one-year period (median follow-up: 5 years, IQR: 2-14 

years), 27 investigated admissions limited to a 28- to 31-day period following an 

index admission (termed 30-day readmissions) and 12 investigated ED 

attendances (median follow-up: 2 years, IQR: 2-5 years). The remaining analyses 

investigated 7-day (n=2) or 90-day readmissions (n=2), admissions and ED 

attendances combined (n=1), or admission in those attending an ED (n=1, Table 

3-2).  

3.3.2 Study quality 

Most studies had a NOS of 6 or more (n=43/50), and 19 had a score of 8 or 9. 

However, despite receiving high scores, many studies had limitations. The 

majority of studies were in unmatched populations (n=42), and 11 did not provide 

adjusted effect sizes. Ten studies were limited to a single region of a country, and 

two to single hospitals (Table 3-1). While most studies focused on SMI, 11 

included a broad range of risk factors for admission, of which SMI was one, and 

two included SMI as a covariate for a different exposure of interest. The majority 

of studies utilised hospital records only (n=31), with only eight studies utilising 

primary care records or national registers.  
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Table 3-1 Description of studies included in the systematic review 

Authors Study 
design 

Exposure Outcome Population Study 
period 

Follow-
up  

Populat
-ion 
size 

Area Age Matched 

Studies of diabetes and SMI 

(Egglefield et 
al., 2020) 

Cross 
sectional 

Antipsychotic 
adherence 

Preventable 
diabetes 
admissions 

Medicaid patients 
with diabetes 

2012 1 year 191,521 
patients 

US – One 
region 

18-64 No 

(Helmer et al., 
2020) 

Cohort SMI and other 
MH conditions 

Any, acute and 
chronic ACSC 
admissions 

Veterans Affairs 
patients with 
diabetes 

2010 1 year 151,614 
patients 

US - 
National 

>66 No 

(Stockbridge 
et al., 2019) 

Cross 
sectional 

Schizophrenia, 
bipolar disorder, 
and other MH 
conditions 

Diabetes 
admissions 

Insured patients 
with diabetes 

2011-
2013 

3 years 229,039 
patients 

US - 
National 

20-64 No 

(Tsai et al., 
2019) 

Cohort Bipolar disorder Hyperglycaemia 
admissions 

Patients with 
diabetes 

1999-
2013 

Up to 11 
years 

30,477 
patients 

Taiwan - 
National 

Adults Yes 

(Goueslard et 
al., 2018) 

Cohort Schizophrenia Acute diabetes 
complications 
long-term 
readmissions 

Patients with type I 
diabetes 

2009-
2012 

3 years 45,655 
patients 

France - 
National 

15-35 No 

(Edwards et 
al., 2014) 

Cohort Home-Based 
Primary Care 

ACSC admissions Veterans Affairs 
patients with 
diabetes 

2006-
2010 

Up to 5 
years 

56,608 
patients 

US - 
National 

>67 No 

(Druss et al., 
2012) 

Cross 
sectional 

Schizophrenia, 
bipolar disorder, 
and other MH 
conditions 

ACSC admissions Medicaid patients 
with diabetes 

2003-
2004 

2 years 657,628 
patients 

US - 
National 

<=65 No 

(Leung et al., 
2011) 

Cohort Schizophrenia, 
bipolar disorder, 
and other MH 
conditions 

Diabetes 
admissions 

Medicaid or 
Medicare patients 
with type II diabetes 

2005 1 year 106,174 
patients 

US - One 
region 

>18 No 
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Authors Study 
design 

Exposure Outcome Population Study 
period 

Follow-
up  

Populat
-ion 
size 

Area Age Matched 

(Mai et al., 
2011b) 

Cohort Schizophrenia, 
affective 
psychosis, other 
psychoses, and 
other MH 
conditions 

Diabetes 
admissions 

Patients with 
diabetes 

1990-
2006 

Up to 
15.5 
years 

43,671 
patients 

Australia 
– One 
region 

>18 Yes 

(Cramer et al., 
2010) 

Cross 
sectional 

Risk factors and 
comorbidities 

More than one all-
cause long-term 
readmission 

Medicaid patients 
with diabetes 

2005 1 year 695 
patients 

US – 
National 

Adults No 

(Yan et al., 
2019) 

Cohort Risk factors and 
comorbidities 

All-cause 
admissions 

Patients with 
antipsychotic-
treated 
schizophrenia, 
bipolar 1 disorder 
or major depressive 
disorder 

2013-
2016 

1 year 38,195 
patients 

US – 
Multiple 
region 

>18 No 

(Chen et al., 
2012) 

Cohort Outpatient 
quality of care 

All-cause 30-day 
readmissions 

Commercially 
insured patients 
with diabetes 

2010 30 days 30,139 
patients 

US – 
National 

>19 No 

(Guerrero 
Fernandez de 
Alba et al., 
2020) 

Cohort Schizophrenia, 
and other MH 
conditions 

All-cause and 
diabetes 
admissions and 
ED attendances 

Patients with type II 
diabetes 

2012 1 year 63,365 
patients 

Spain – 
One 
region 

>18 No 

(Chwastiak et 
al., 2014) 

Cohort SMI All-cause 30-day 
and long-term 
readmissions 

Patients with 
diabetes 

2010-
2011 

30 days 
/ up to 2 
years 

82,060 
patients 

US – One 
region 

>18 No 

(Becker and 
Hux, 2011) 

Cohort Schizophrenia Hyperglycaemia 
or hypoglycaemia 
admissions or ED 
attendances 

Patients with 
diabetes 

1996 -
2006 

1-10 
years 

5,033 
patients 

Canada – 
One 
region 

18-50 Yes 
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Authors Study 
design 

Exposure Outcome Population Study 
period 

Follow-
up  

Populat
-ion 
size 

Area Age Matched 

(Krein et al., 
2006) 

Cross 
sectional 

SMI All-cause 
admissions 

Veterans Affairs 
patients with 
diabetes 

1997-
1998 

1 year 36,546 
patients 

US - 
National 

Mean 
58 

Yes 

(Kurdyak et 
al., 2017) 

Cohort Schizophrenia Diabetes and all-
cause admissions 
and ED 
attendances 

Patients with 
diabetes 

2011-
2013 

2 years 1,131,3
75 
patients 

Canada – 
One 
region 

19-105 No 

(Shim et al., 
2014) 

Cohort Schizophrenia 
or diabetes 

Diabetes and all-
cause ED 
attendances 

Medicaid patients 
with diabetes 
and/or 
schizophrenia 

2006-
2007 

2 years 432,112 
patients 

US – 
Multiple 
regions 

18-64 No 

(Sullivan et 
al., 2006) 

Cross 
sectional 

Bipolar disorder, 
and other MH 
conditions 

Admissions in 
those attending 
ED for diabetes 

Patients with 
diabetes 

1994-
1998 

4.5 
years 

4,275 
attenda-
nces 

US – 
Single 
site 

>18 No 

(Wang et al., 
2022) 

Cohort SMI All-cause 
admissions 

Patients with 
diabetes 

2000-
2016 

6.4 
years 

6,383 
patients 

UK - 
England 

>18 Yes 

(Huang et al., 
2022) 

Cohort Schizophrenia All-cause 
admissions 

Patients with 
diabetes 

2002-
2013 

11 10,604 
patients 

Taiwan - 
National 

Not 
given 

Yes 

Studies of CVD and SMI 

(Attar et al., 
2020) 

Cohort Schizophrenia Major adverse 
cardiac event 
long-term 
readmissions 

Patients with acute 
myocardial 
infarction 

2000-
2018 

5 years 286,333 
patients 

Sweden – 
National 

>18 No 

(Chamberlain 
et al., 2017) 

Cohort Multimorbidity 
including 
schizophrenia 

All-cause long-
term 
readmissions 

Patients with atrial 
fibrillation 

2000-
2014 

Up to 14 
years 

2,860 
patients 

US – One 
region 

>18 No 

(Sayers et al., 
2007) 

Cross 
sectional 

Psychosis, 
bipolar 
disorders, and 
other MH 
conditions 

All-cause long-
term 
readmissions 

Medicare patient 
with congestive 
heart failure 

1999 1 year 21,429 
patients 

US – 
National 

65+ No 
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Authors Study 
design 

Exposure Outcome Population Study 
period 

Follow-
up  

Populat
-ion 
size 

Area Age Matched 

(Shah et al., 
2018a)  

Cross 
sectional 

Risk factors and 
comorbidities 
including 
psychoss 

All-cause 30-day 
readmissions 

Patients with non-
acute myocardial 
infarction 
cardiogenic shock 

2013-
2014 

30 days 24,665 
patients 

US – 
Multiple 
regions 

>16 No 

(Pham et al., 
2019a) 

Cross 
sectional 

Risk factors and 
comorbidities 
including 
psychosis 

All-cause and 
heart failure 7- 
and 30-day 
readmissions 

Medicare patient 
with heart failure 

2014 30 days 234,298 
admissi
ons 

US – 
Multiple 
region 

>65 No 

(Chamberlain 
et al., 2018) 

Cross 
sectional 

Risk factors and 
comorbidities 
including 
psychosis 

Heart failure 30-
day readmissions 

Patients with heart 
failure 

2006-
2011 

30 days 1,007,8
07 
patients 

US – 
Multiple 
region 

Not 
given 

No 

(Shah et al., 
2018c) 

Cross 
sectional 

Risk factors and 
comorbidities 
including 
psychosis 

All-cause 31-day 
readmissions 

Patients with 
Takotsubo 
cardiomyopathy 

2013-
2014 

31 days 5,997 
patients 

US – 
Multiple 
region 

>18 No 

(Shah et al., 
2018b) 

Cross 
sectional 

Risk factors and 
comorbidities  
including 
psychosis 

All-cause 30-day 
readmissions 

Patients with acute 
myocardial 
infarction and 
cardiogenic shock 

2013-
2014 

30 days 26,016 
patients 

US – 
Multiple 
region 

>16 No 

(Jorgensen et 
al., 2017) 

Cohort Schizophrenia All-cause 28-day 
readmissions 

Patients with heart 
failure 

2004-
2013 

28 days 36,718 
patients 

Denmark 
- National 

>18 No 

(Ahmedani et 
al., 2015) 

Cohort Bipolar 
disorders, 
schizophrenia-
spectrum 
disorders, other 
psychoses, and 
other MH 
conditions 

All-cause 30-day 
readmissions 

Patients with heart 
failure or 
myocardial 
infarction 

2009-
2011 

30 days 123,921 
admissi-
ons 

US – 
Multiple 
region 

>18 No 

(Coffey et al., 
2012) 

Cross 
sectional 

Risk factors and 
comorbidities 

Congestive heart 
failure 30-day 
readmissions 

Patients with 
congestive heart 
failure 

2006 30 days 
 

US – 
Multiple 
region 

>18 No 
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Authors Study 
design 

Exposure Outcome Population Study 
period 

Follow-
up  

Populat
-ion 
size 

Area Age Matched 

including 
psychosis 

(Lu et al., 
2017) 

Cohort Schizophrenia, 
bipolar mood 
disorder, and 
other MH 
conditions 

Heart failure 30-
day and long-term 
readmissions 

African American 
patients with heart 
failure 

2010-
2013 

30 days 
/ 
average 
of 3.2 
years 

611 
patients 

US – 
Single 
site 

>20 No 

(Kallio et al., 
2022) 

Cohort Schizophrenia Stroke and 
myocardial 
infarction long-
term 
readmissions 

Patients with 
coronary artery 
disease who 
underwent coronary 
artery bypass 
grafting surgery 

2004-
2018 

Up to 10 
years 

29,220 
patients 

Finland – 
Multiple 
sites 

Not 
given 

Yes 

(Fleetwood et 
al., 2021) 

Cohort Schizophrenia 
and bipolar 
disorder 

Stroke and 
myocardial 
infarction long-
term 
readmissions 

Patients with 
myocardial 
infarction 

1999-
2018 

Up to 20 
years 

184,134 
patients 

UK - 
Scotland 

>18 No 

(Ghani et al., 
2021) 

Cohort SMI All-cause 30-day 
emergency 
readmissions 

Patients who 
underwent vascular 
surgery 

2007-
2018 

30 days 8,973 
patients 

UK – One 
region 

>18 No 

(Fleetwood et 
al., 2022) 

Cohort Schizophrenia 
and bipolar 
disorder 

Stroke and 
myocardial 
infarction long-
term 
readmissions 

Patients with stroke 1991-
2018 

Up to 28 
years 

169,923 
patients 

UK - 
Scotland 

>18 No 

(Paredes et 
al., 2020) 

Cohort SMI All-cause 30-day 
readmissions 

Medicare patients 
who underwent 
coronary artery 
bypass grafting 
surgery 

2013-
2017 

30 days 118,837 
patients 

US – 
National 

>65 No 
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Authors Study 
design 

Exposure Outcome Population Study 
period 

Follow-
up  

Populat
-ion 
size 

Area Age Matched 

(Sreenivasan 
et al., 2022) 

Cohort Bipolar disorder 
and 
schizophrenia or 
other psychoses 

All-cause 30-day 
readmissions 

Patients with 
myocardial 
infarction 

2016-
2017 

30 days 904,575 
patients 

US – 
National 

>18 No 

(Andres et al., 
2012) 

Cross 
sectional 

Schizophrenia Long-term 
readmission for 
myocardial 
infarction 

Patients with 
myocardial 
infarction 

2000-
2007 

8 years 19,016 
patients 

Spain – 
One 
region 

>15 No 

Studies of COPD and SMI 

(Buhr et al., 
2019) 

Cross 
sectional 

Charlson and 
Elixhauser 
indices including 
psychosis 

All-cause 30-day 
readmissions 

Patients with COPD 2010-
2016 

30 days 1,622,9
83 
admissi-
ons 

US – 
National 

>40 No 

(Jorgensen et 
al., 2018) 

Cohort Schizophrenia All-cause 30-day 
readmissions 

Patients with COPD 2008-
2013 

30 days 211,868 
patients 

Denmark >30 No 

(Lau et al., 
2017) 

Cross 
sectional 

Risk factors and 
comorbidities 
including 
psychosis 

COPD 30-day 
readmissions 

Patients with COPD 2006-
2011 

30 days 597,502 
patients 

US – 
Multiple 
region 

>40 No 

(Singh et al., 
2016) 

Cohort Psychosis, and 
other MH 
conditions 

All-cause 30-day 
readmissions 

Medicare patients 
with COPD 

2001-
2011 

30 days 135,498 
admissi-
ons 

US - 
National 

>66 No 

Studies of cancer, liver disease or multiple diseases and SMI 

(Basta et al., 
2016) 

Cohort Risk factors and 
comorbidities 
including 
psychosis 

Complicated 
lymphoedema 
long-term 
readmissions 

Women who had 
undergone breast 
cancer related 
mastectomy 
/lumpectomy 

2007-
2012 

2 years 56,075 
patients 

US – 
Multiple 
region 

>18 No 
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*ED: emergency department; MH: mental health; ACSC: ambulatory care sensitive condition

Authors Study 
design 

Exposure Outcome Population Study 
period 

Follow-
up  

Populat
-ion 
size 

Area Age Matched 

(Kashyap et 
al., 2021) 

Cohort Bipolar and 
psychoses 

All-cause 30-day 
ED attendance 

Medicare patients 
with gastrointestinal 
malignancies in the 
last 30 days of life  

2004-
2014 

30 days 110,325 
patients 

US - 
National 

>66 No 

(Ratcliff et al., 
2021) 

Cohort Bipolar disorder 
and psychoses 

All-cause 90-day 
readmissions 

Veterans Affairs 
patients who 
underwent surgery 
for colorectal 
cancer 

Not 
given 

90 days 50,611 
patients 

US - 
National 

Not 
given 

No 

(Huckans et 
al., 2010) 

Cohort Schizophrenia All-cause 
readmissions 
during anti-viral 
therapy 

Veterans Affairs 
patients with 
hepatitis C 

1998-
2006 

During 
antiviral 
therapy 

60 
patients 

US – 
Multiple 
region 

Mean 
50 

Yes 

(Davydow et 
al., 2016) 

Cohort SMI ACSC admissions General population 1999-
2013 

14 years 5,945,5
40 
patients 

Denmark 
– National 

>18 No 

(Guo et al., 
2008) 

Cohort Risk factors and 
comorbidities 
including 
diabetes, 
COPD, and 
heart disease 

All-cause 
admissions and 
ED attendances 

Commercially 
insured patients 
with bipolar 
disorder 

1998-
2002 

Up to 5 
years 

67,862 
patients 

US – 
Multiple 
regions 

Mean 
37.1 

No 
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Table 3-2 Key features of analyses included in the systematic review, by conditions studied 

Authors Baseline 
condition 

Exposure Hospital 
use 

Hospital 
use type 

NOS Adjusts for: Effect 
meas- 
ure 

Effect 
size 

95%CI 
or  
p-value 

In meta-
analysis Age 

and 
sex 

Physi-
cal 
LTCs 

Prior 
hospital 
use 

Hospital use in patients with SMI and diabetes compared to patients with SMI without diabetes 

(Yan et al., 
2019) 

Schizophrenia Diabetes type 
II 

Inpatient All-cause 9 Yes Yes Yes aOR 1.19 1.05-
1.36 

NA 

(Shim et al., 
2014) 

Schizophrenia Diabetes type I 
and II 

ED All-cause 4 No No No OR 1.46 1.41-
1.51 

NA 

(Yan et al., 
2019) 

Bipolar disorder Diabetes type 
II 

Inpatient All-cause 9 Yes Yes Yes aOR 1.23 1.13-
1.34 

NA 

(Guo et al., 
2008) 

Bipolar disorder Diabetes type I 
and II 

Inpatient All-cause 6 Yes Yes No aIRR 1.44 1.36-
1.52 

NA 

(Guo et al., 
2008) 

Bipolar disorder Diabetes type I 
and II 

ED All-cause 6 Yes Yes No aIRR 1.17 1.08-
1.25 

NA 

Hospital use in patients with SMI and CVD compared to patients with SMI without CVD 

(Guo et al., 
2008) 

Bipolar disorder Ischemic heart 
disease 

Inpatient All-cause 6 Yes Yes No aIRR 1.89 1.78-
2.02 

NA 

(Guo et al., 
2008) 

Bipolar disorder Ischemic heart 
disease 

ED All-cause 6 Yes Yes No aIRR 1.67 1.53-
1.81 

NA 

Hospital use in patients with SMI and COPD compared to patients with SMI without COPD 

(Guo et al., 
2008) 

Bipolar disorder COPD Inpatient All-cause 6 Yes Yes No aIRR 1.94 1.81-
2.06 

NA 

(Guo et al., 
2008) 

Bipolar disorder COPD ED All-cause 6 Yes Yes No aIRR 1.61 1.47-
1.76 

NA 

Hospital use in patients with SMI and diabetes compared to patients with diabetes without SMI 

(Stockbridge 
et al., 2019) 

Diabetes type I 
and II 

Bipolar 
disorder 

Inpatient Diabetes 7 Yes Yes No aOR 0.99 0.78-
1.25 

Yes 

(Druss et al., 
2012) 

Diabetes type I 
and II 

Bipolar 
disorder 

Inpatient ACSC 7 Yes Yes No aOR 1.03 0.98-
1.09 

Yes 

(Leung et al., 
2011) 

Diabetes type II Bipolar 
disorder 

Inpatient Diabetes 7 Yes No Yes aOR 1.07 0.91-
1.26 

Yes 
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Authors Baseline 
condition 

Exposure Hospital 
use 

Hospital 
use type 

NOS Adjusts for: Effect 
meas- 
ure 

Effect 
size 

95%CI 
or  
p-value 

In meta-
analysis Age 

and 
sex 

Physi-
cal 
LTCs 

Prior 
hospital 
use 

(Chen et al., 
2012) 

Diabetes type I 
and II 

Psychosis 30-day All-cause 8 Yes Yes Yes aOR 1.15 1.03-
1.29 

Yes 

(Stockbridge 
et al., 2019) 

Diabetes type I 
and II 

Schizophrenia Inpatient Diabetes 7 Yes Yes No aOR 1.61 1.29-
2.01 

Yes 

(Goueslard et 
al., 2018) 

Diabetes type I Schizophrenia Inpatient Diabetes 6 Yes Yes No aOR 2.21 1.69-
2.88 

Yes 

(Druss et al., 
2012) 

Diabetes type I 
and II 

Schizophrenia Inpatient ACSC 7 Yes Yes No aOR 1.26 1.21-
1.30 

Yes 

(Leung et al., 
2011) 

Diabetes type II Schizophrenia Inpatient Diabetes 7 Yes No Yes aOR 0.75 0.63-
0.89 

Yes 

(Guerrero 
Fernandez de 
Alba et al., 
2020) 

Diabetes type II Schizophrenia Inpatient All-cause 6 Yes Yes No aOR 1.40 1.18-
1.66 

Yes 

(Guerrero 
Fernandez de 
Alba et al., 
2020) 

Diabetes type II Schizophrenia Inpatient Diabetes 6 Yes Yes No aOR 1.25 0.55-
2.82 

Yes 

(Guerrero 
Fernandez de 
Alba et al., 
2020) 

Diabetes type II Schizophrenia ED All-cause 6 Yes Yes No aOR 1.28 1.11-
1.47 

Yes 

(Kurdyak et 
al., 2017) 

Diabetes type I 
and II 

Schizophrenia ED Diabetes 6 Yes Yes No aOR 1.34 1.28-
1.41 

Yes 

(Kurdyak et 
al., 2017) 

Diabetes type I 
and II 

Schizophrenia ED All-causea 6 Yes Yes No aOR 1.72 1.68-
1.77 

Yes 

(Kurdyak et 
al., 2017) 

Diabetes type I 
and II 

Schizophrenia Inpatient Diabetes 6 Yes Yes No aOR 1.36 1.28-
1.43 

Yes 

(Kurdyak et 
al., 2017) 

Diabetes type I 
and II 

Schizophrenia Inpatient All-causea 6 Yes Yes No aOR 1.85 1.79-
1.92 

Yes 
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Authors Baseline 
condition 

Exposure Hospital 
use 

Hospital 
use type 

NOS Adjusts for: Effect 
meas- 
ure 

Effect 
size 

95%CI 
or  
p-value 

In meta-
analysis Age 

and 
sex 

Physi-
cal 
LTCs 

Prior 
hospital 
use 

(Helmer et 
al., 2020) 

Diabetes type I 
and II 

SMI Inpatient ACSC 7 Yes Yes No aOR 1.00 0.94-
1.07 

Yes 

(Chwastiak et 
al., 2014) 

Diabetes type I 
and II 

SMI 30-day All-causea 8 Yes Yes Yes aOR 1.24 1.07-
1.44 

Yes 

(Wang et al., 
2022) 

Diabetes type II SMI Inpatient All-causea 9 Yes Yes Yes aOR 1.36 1.13-
1.65 

Yes 

(Cramer et 
al., 2010) 

Diabetes type I 
and II 

Psychosis Inpatient All-cause 5 No Yes No aOR 2.15 1.18-
3.92 

Yes* 

(Helmer et 
al., 2020) 

Diabetes type I 
and II 

SMI Inpatient Chronic 
ACSC 

7 Yes Yes No aOR 0.88 0.82-
0.96 

No: subset 
of all ACSC 

(Helmer et 
al., 2020) 

Diabetes type I 
and II 

SMI Inpatient Acute 
ACSC 

7 Yes Yes No aOR 1.21 1.11-
1.31 

No: subset 
of all ACSC 

(Egglefield et 
al., 2020) 

Diabetes type I 
and II 

Schizophrenia Inpatient Diabetes 4 No No No ORd 1.69 1.54-
1.86 

No: 
unadjusted 

(Krein et al., 
2006) 

Diabetes type I 
and II 

SMI Inpatient All-cause 4 No No No OR 2.80 2.67-
2.94 

No: 
unadjusted 

(Shim et al., 
2014) 

Diabetes type I 
and II 

Schizophrenia ED Diabetes 4 No No No OR 1.17 1.12-
1.21 

No: 
unadjusted 

(Shim et al., 
2014) 

Diabetes type I 
and II 

Schizophrenia ED All-causea 4 No No No ORd 1.30 1.25-
1.34 

No: 
unadjusted 

(Tsai et al., 
2019) 

Diabetes type I 
and II 

Bipolar 
disorder 

Inpatient Diabetes 8 Yes Yes No aHR 1.41 1.15-
1.71 

Yes 

(Mai et al., 
2011b) 

Diabetes type I 
and II 

Affective 
psychosis 

Inpatient Diabetes 8 Yes Yes No aHRe 1.22 1.15-
1.30 

Yes 

(Edwards et 
al., 2014) 

Diabetes type I 
and II 

Psychosis Inpatient ACSC 6 Yes Yes No aHR 1.01 0.98-
1.04 

Yes 

(Mai et al., 
2011b) 

Diabetes type I 
and II 

Other 
psychoses 

Inpatient Diabetes 8 Yes Yes No aHRe 1.18 1.10-
1.27 

Yes 

(Mai et al., 
2011b) 

Diabetes type I 
and II 

Schizophrenia Inpatient Diabetes 8 Yes Yes No aHRe 1.06 0.94-
1.20 

Yes 
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Authors Baseline 
condition 

Exposure Hospital 
use 

Hospital 
use type 

NOS Adjusts for: Effect 
meas- 
ure 

Effect 
size 

95%CI 
or  
p-value 

In meta-
analysis Age 

and 
sex 

Physi-
cal 
LTCs 

Prior 
hospital 
use 

(Becker and 
Hux, 2011) 

Diabetes type I 
and II 

Schizophrenia Inpatient or 
ED 

Diabetes 8 Yes Yes Yes aHR 1.68 1.34-
2.10 

Yes 

(Chwastiak et 
al., 2014) 

Diabetes type I 
and II 

SMI Inpatient All-causea 7 Yes Yes Yes aHR 1.14 1.05-
1.23 

Yes 

(Goueslard et 
al., 2018) 

Diabetes type I Schizophrenia Inpatient Diabetes 6 Yes Yes No aHR 2.13 1.69-
2.69 

Yes* 

(Stockbridge 
et al., 2019) 

Diabetes type I 
and II 

Bipolar 
disorder 

Inpatient Diabetes 7 Yes Yes No aIRR 1.34 0.78-
2.31 

No: IRR 

(Stockbridge 
et al., 2019) 

Diabetes type I 
and II 

Schizophrenia Inpatient Diabetes 7 Yes Yes No aIRR 1.41 0.94-
2.12 

No: IRR 

(Huang et al., 
2022) 

Diabetes type II Schizophrenia Inpatient All-causea 7 No No No Averag
e 
numbe
r of 
admiss
ions 

1.09 
vs 
0.92 

p=0.001 No: 
Average 
utilisation 

(Sullivan et 
al., 2006) 

Diabetes type I 
and II 

SMI Admission 
ratio 

Diabetes 6 Yes No No aOR 0.77 0.45-
1.33 

No: 
Admission 
ratio 

Hospital use in patients with SMI and CVD compared to patients with CVD without SMI 

(Shah et al., 
2018a) 

Cardiogenic 
shock (no AMI) 

Psychosis 30-day All-cause 8 Yes Yes No aOR 0.90 0.78-
1.05 

Yes 

(Pham et al., 
2019a) 

Heart failure Psychosis 30-day All-cause 7 Yes Yes No aOR 1.11 1.04-
1.18 

Yes 

(Pham et al., 
2019a) 

Heart failure Psychosis 30-day CVD 7 Yes Yes No aOR 1.02 0.93-
1.13 

Yes 

(Chamberlain 
et al., 2018) 

Congestive 
heart failure 

Psychosis 30-day CVD 8 Yes Yes No aOR 1.07 1.01-
1.12 

Yes 

(Chamberlain 
et al., 2018) 

Congestive 
heart failure 

Psychosis 30-day CVD 8 Yes Yes No aOR 1.08 1.00-
1.16 

Yes 
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Authors Baseline 
condition 

Exposure Hospital 
use 

Hospital 
use type 

NOS Adjusts for: Effect 
meas- 
ure 

Effect 
size 

95%CI 
or  
p-value 

In meta-
analysis Age 

and 
sex 

Physi-
cal 
LTCs 

Prior 
hospital 
use 

(Shah et al., 
2018c) 

Takotsubo 
cardiomyopathy 

Psychosis 30-day All-cause 8 Yes Yes No aOR 1.90 1.36-
2.66 

Yes 

(Shah et al., 
2018b) 

Cardiogenic 
shock (with MI) 

Psychosis 30-day All-cause 8 Yes Yes No aOR 1.14 0.97-
1.35 

Yes 

(Coffey et al., 
2012) 

Congestive 
heart failure 

Psychosis 30-day CVD 7 Yes Yes No aOR 1.16 p<0.001 Yes 

(Jorgensen 
et al., 2017) 

Heart failure Schizophrenia 30-day All-causea 9 Yes Yes No aOR 1.77 0.79-
3.92 

Yes 

(Ghani et al., 
2021) 

Vascular 
surgery 

SMI 30-day All-causec 6 Yes No Yes aOR 2.02 1.10-
3.70 

Yes 

(Paredes et 
al., 2020) 

CABG surgery SMI 30-day All-cause 7 Yes Yes No aORe 2.28 2.10-
2.46 

Yes 

(Pham et al., 
2019a) 

Heart failure Psychosis 7-day All-cause 7 Yes Yes No aOR 1.10 1.00-
1.22 

No: 7-day 
re-
admission 

(Pham et al., 
2019a) 

Heart failure Psychosis 7-day CVD 7 Yes Yes No aOR 1.04 0.87-
1.23 

No: 7-day 
re-
admission 

(Ahmedani et 
al., 2015) 

Heart failure Schizophrenia 30-day All-cause 6 No No No ORd 1.06 0.78-
1.44 

No: 
unadjusted 

(Ahmedani et 
al., 2015) 

MI Schizophrenia 30-day All-cause 6 No No No ORd 1.55 0.69-
3.45 

No: 
unadjusted 

(Ahmedani et 
al., 2015) 

Heart failure Bipolar 
disorder 

30-day All-cause 6 No No No ORd 1.25 1.05-
1.50 

No: 
unadjusted 

(Ahmedani et 
al., 2015) 

MI Bipolar 
disorder 

30-day All-cause 6 No No No ORd 0.98 0.61-
1.58 

No: 
unadjusted 

(Ahmedani et 
al., 2015) 

Heart failure Other 
psychoses 

30-day All-cause 6 No No No ORd 1.70 1.40-
2.07 

No: 
unadjusted 

(Andres et 
al., 2012) 

MI Schizophrenia Inpatient MI 6 No No No ORd 0.83 0.25-
2.81 

No: 
unadjusted 
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Authors Baseline 
condition 

Exposure Hospital 
use 

Hospital 
use type 

NOS Adjusts for: Effect 
meas- 
ure 

Effect 
size 

95%CI 
or  
p-value 

In meta-
analysis Age 

and 
sex 

Physi-
cal 
LTCs 

Prior 
hospital 
use 

(Fleetwood et 
al., 2021) 

MI Bipolar 
disorder 

Inpatient MI or 
stroke 

8 Yes No No aHR 1.40 1.20-
1.62 

Yes 

(Fleetwood et 
al., 2022) 

Stroke Bipolar 
disorder 

Inpatient MI or 
stroke 

8 Yes No No aHR 1.14 1.01-
1.28 

Yes 

(Sreenivasan 
et al., 2022) 

MI Bipolar 
disorder 

30-day All-cause 8 Yes Yes No aHR 1.32 1.19-
1.45 

Yes 

(Sreenivasan 
et al., 2022) 

MI Psychosis 30-day All-cause 8 Yes Yes No aHR 1.56 1.43-
1.69 

Yes 

(Attar et al., 
2020) 

MI Schizophrenia Inpatient Re-
infarction 

8 Yes Yes Yes aHR 1.29 0.77-
2.13 

Yes 

(Chamberlain 
et al., 2017) 

Atrial fibrillation Schizophrenia Inpatient All-cause 7 Yes Yes No aHR 1.22 0.98-
1.52 

Yes 

(Fleetwood et 
al., 2021) 

MI Schizophrenia Inpatient MI or 
stroke 

8 Yes No No aHR 1.46 1.29-
1.65 

Yes 

(Fleetwood et 
al., 2022) 

Stroke Schizophrenia Inpatient MI or 
stroke 

8 Yes No No aHR 1.21 1.10-
1.34 

Yes 

(Lu et al., 
2017) 

Heart failure Bipolar 
disorder 

Inpatient CVD 6 Yes Yes No aHR 2.08 1.05-
4.11 

Yes* 

(Lu et al., 
2017) 

Heart failure Bipolar 
disorder 

30-day CVD 7 Yes Yes No aHR 3.44 1.19-
10.00 

Yes* 

(Lu et al., 
2017) 

Heart failure Schizophrenia Inpatient CVD 6 Yes Yes No aHR 2.33 1.51-
3.61 

Yes* 

(Lu et al., 
2017) 

Heart failure Schizophrenia 30-day CVD 7 Yes Yes No aHR 4.92 2.49-
9.71 

Yes* 

(Fleetwood et 
al., 2021) 

MI Schizophrenia Inpatient MI 8 Yes No No aHR 1.42 1.24-
1.63 

No: 
Population 
included in 
another 
outcome 

(Fleetwood et 
al., 2021) 

MI Bipolar 
disorder 

Inpatient MI 8 Yes No No aHR 1.34 1.13-
1.58 

No: 
Population 
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Authors Baseline 
condition 

Exposure Hospital 
use 

Hospital 
use type 

NOS Adjusts for: Effect 
meas- 
ure 

Effect 
size 

95%CI 
or  
p-value 

In meta-
analysis Age 

and 
sex 

Physi-
cal 
LTCs 

Prior 
hospital 
use 

included in 
another 
outcome 

(Fleetwood et 
al., 2022) 

Stroke Schizophrenia Inpatient Stroke 8 Yes No No aHR 1.24 1.11-
1.38 

No: 
Population 
included in 
another 
outcome 

(Fleetwood et 
al., 2022) 

Stroke Bipolar 
disorder 

Inpatient Stroke 8 Yes No No aHR 1.17 1.03-
1.32 

No: 
Population 
included in 
another 
outcome 

(Attar et al., 
2020) 

MI Schizophrenia Inpatient Stroke 8 Yes Yes Yes aHR 1.72 1.00-
2.98 

No: 
Population 
included in 
another 
outcome 

(Attar et al., 
2020) 

MI Schizophrenia Inpatient Heart 
failure 

8 Yes Yes Yes aHR 1.39 1.04-
1.86 

No: 
Population 
included in 
another 
outcome 

(Kallio et al., 
2022) 

Coronary artery 
disease and 
CABG 

Schizophrenia Inpatient MI 6 No No No HR 1.86 1.25-
2.78 

No: 
unadjusted 

(Kallio et al., 
2022) 

Coronary artery 
disease and 
CABG 

Schizophrenia Inpatient Stroke 6 No No No HR 0.91 0.50-
1.66 

No: 
unadjusted 

(Sayers et al., 
2007) 

Heart failure Psychosis Inpatient All-cause 7 Yes Yes No Predict
ed 

0.30 p<0.001 No: 
predicted 
increase 
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Authors Baseline 
condition 

Exposure Hospital 
use 

Hospital 
use type 

NOS Adjusts for: Effect 
meas- 
ure 

Effect 
size 

95%CI 
or  
p-value 

In meta-
analysis Age 

and 
sex 

Physi-
cal 
LTCs 

Prior 
hospital 
use 

increa
se 

(Sayers et al., 
2007) 

Heart failure Bipolar 
disorder 

Inpatient All-cause 7 Yes Yes No Predict
ed 
increa
se 

0.38 p=0.001 No: 
predicted 
increase 

(Davydow et 
al., 2016) 

MI SMI Inpatient ACSC 5 No No No ORd 1.41 1.36-
1.47 

No: 
unadjusted 

(Davydow et 
al., 2016) 

CHF SMI Inpatient ACSC 5 No No No ORd 1.19 1.15-
1.22 

No: 
unadjusted 

(Davydow et 
al., 2016) 

Cerebrovascular 
disease 

SMI Inpatient ACSC 5 No No No ORd 1.47 1.43-
1.52 

No: 
unadjusted 

Hospital use in patients with SMI and COPD compared to patients with COPD without SMI 

(Lau et al., 
2017) 

COPD Psychosis 30-day COPD 8 Yes Yes No aOR 1.19 1.13-
1.25 

Yes 

(Lau et al., 
2017) 

COPD Psychosis 30-day COPD 8 Yes Yes No aOR 1.16 1.08-
1.24 

Yes 

(Singh et al., 
2016) 

COPD Psychosis 30-day All-cause 6 Yes No No aOR 1.18 1.10-
1.27 

Yes 

(Jorgensen 
et al., 2018) 

COPD Schizophrenia 30-day All-cause 8 Yes Yes No aOR 1.08 0.92-
1.28 

Yes 

(Buhr et al., 
2019) 

COPD Psychosis 30-day All-cause 5 No No No ORd 1.27 1.25-
1.29 

No: 
unadjusted 

Hospital use in patients with SMI and liver disease compared to patients with liver disease without SMI  

(Huckans et 
al., 2010) 

HCV Schizophrenia Inpatient All-causea 5 No No No OR 4.46 1.57-
12.66 

No: 
unadjusted 

(Huckans et 
al., 2010) 

HCV Schizophrenia ED All-causea 5 No No No OR 3.27 1.51-
7.08 

No: 
unadjusted 

(Davydow et 
al., 2016) 

Liver disease SMI Inpatient ACSC 5 No No No ORd 1.53 1.45-
1.61 

No: 
unadjusted 
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a: Excluded psychiatric hospital use; b: Adjusted for age and only included females so scored as if adjusted for age and sex, c: emergency admissions; d: calculated 
from raw data; e: extracted from figure using ImageJ: https://imagej.nih.gov/ij/; *Included in meta-analysis but results also presented with this study excluded due to 
being an outlier/poor quality. 
CVD: cardiovascular disease; NOS: Newcastle-Ottawa Score; ED: Emergency Department; HCV: hepatitis C virus; CABG: coronary artery bypass graft; MI: 
myocardial infarction; CHF: congestive heart failure; ACSC: ambulatory care sensitive condition 

Authors Baseline 
condition 

Exposure Hospital 
use 

Hospital 
use type 

NOS Adjusts for: Effect 
meas- 
ure 

Effect 
size 

95%CI 
or  
p-value 

In meta-
analysis Age 

and 
sex 

Physi-
cal 
LTCs 

Prior 
hospital 
use 

Hospital use in patients with SMI and cancer compared to patients with cancer without SMI 

(Basta et al., 
2016) 

Breast cancer 
related 
mastectomy/ 
lumpectomy 

Psychosis Inpatient Cancer 8 Nob Yes No aOR 2.15 1.51-
3.06 

No: limited 
comparison 

(Kashyap et 
al., 2021) 

Gastrointestinal 
malignancies 

Bipolar 
disorder 

ED All-cause 
end of life 

8 Yes Yes No aOR 1.12 1.01-
1.24 

No: limited 
comparison 

(Kashyap et 
al., 2021) 

Gastrointestinal 
malignancies 

Psychosis ED All-cause 
end of life 

8 Yes Yes No aOR 0.98 0.85-
1.12 

No: limited 
comparison 

(Davydow et 
al., 2016) 

Cancer SMI Inpatient ACSC 5 No No No ORd 1.54 1.48-
1.60 

No: 
unadjusted 

(Ratcliff et 
al., 2021) 

Surgery for 
colorectal 
cancer 

Bipolar 
disorder 

90-day All-cause 6 No No No ORd 1.24 1.04-
1.47 

No: 
unadjusted 

(Ratcliff et 
al., 2021) 

Surgery for 
colorectal 
cancer 

Psychosis 90-day All-cause 6 No No No ORd 1.25 1.03-
1.52 

No: 
unadjusted 

https://imagej.nih.gov/ij/
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3.3.3 Publication bias 

Funnel plots and Egger’s tests for analyses reporting odds ratios (ORs) (n=65, 

Egger’s test: p=0.2527; Figure 3-2) and incidence rate ratios (IRRs; n=8, Egger’s 

test not performed due to small numbers; Figure 3-3) were not suggestive of 

publication bias, though those studies reporting hazard ratios (HRs) did show 

asymmetry (n=28, Egger’s test: p<0.0001; Figure 3-4). 

Figure 3-2 Funnel plot for studies reporting adjusted or unadjusted odds ratios, n=65 
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Figure 3-3 Funnel plot for studies reporting adjusted or unadjusted incidence rate ratios, n=8 

 

Figure 3-4 Funnel plot for studies reporting adjusted or unadjusted hazard ratios, n=28 
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3.3.4 Hospital use in patient with SMI, comparing patients with and without 

physical LTCs 

Nine analyses from three studies investigated all-cause hospital use in patients 

with SMI and a physical LTC, compared to patients with SMI alone. All three 

studies analysed all-cause hospital use in patients with SMI and diabetes 

compared to patients with SMI without diabetes, while one study also provided 

analyses of both hospital admissions and ED attendances in patients with SMI 

with COPD or ischemic heart disease compared to patients with SMI alone. All 

analyses were based in the US, and all found higher admissions or ED 

attendances in patients with SMI and physical LTCs than those with SMI alone 

(Table 3-2). The small number of analyses and heterogenous characteristics of 

the studies meant that these analyses were unsuitable for meta-analysis.  

3.3.5 Hospital use in patients with physical LTCs, comparing patients with and 

without SMI 

Ninety-five analyses from 48 studies investigated the association between SMI 

diagnosis and hospital use in a patient population with diagnoses of diabetes (37 

analyses from 20 studies), CVD (44 analyses from 20 studies), COPD (five 

analyses from four studies), liver disease (three analyses from two studies) or 

cancer (six analyses from four studies). Eighty-four analyses (88.42%) found an 

effect size greater than one, when comparing hospital use in patients with SMI to 

those without, 63 (60.56%) of which found the 95%CIs were also above one. 

3.3.5.1 Hospital use in patients with diabetes, with and without SMI 

Of the 37 analyses investigating hospital use in patients with diabetes and SMI 

compared to diabetes alone, 33 found an effect size greater than one, of which 

25 had 95%CIs above one. Most analyses included both patients with type I or II 

diabetes mellitus or didn’t specify (n=28; Table 3-2), while seven included type II 

diabetes only and two included only type I. Eight analyses reported adjusted HRs, 

22 reported adjusted ORs, and four reported unadjusted ORs. Two analyses from 

one study presented IRRs. I performed meta-analyses for studies reporting 

adjusted ORs or HRs. As only one study reported IRRs, I was not able to examine 

this effect measure in meta-analysis. Reasons for exclusion from the meta-

analyses are detailed in Table 3-2.  
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The meta-analysis of studies reporting ORs of hospital use in patients with 

diabetes and SMI compared to diabetes alone included 19 analyses from 14 

studies (Figure 3-5). The funnel plot showed no evidence of asymmetry (Egger’s 

test: p=0.0738; Figure 3-6). Patients with diabetes and SMI had a pooled OR for 

hospital use of 1.30 (95%CI: 1.16-1.45) compared to those without an SMI 

diagnosis, however heterogeneity was high (I2=97.82%). Schizophrenia was the 

most frequent exposure (11 analyses), and the most frequent outcome was 

admissions (14 analyses; Table 3-2). When I removed one study which did not 

adjust for age (Cramer et al., 2010), the pooled OR was reduced slightly (OR: 

1.28, 95%CI: 1.15-1.44, I2=97.94%; Figure 3-7).  

Figure 3-5 Forest plot of studies reporting adjusted odds ratios of hospital use in patients with 
diabetes, with SMI compared to without SMI 
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Figure 3-6 Funnel plot of studies reporting adjusted odds ratios of hospital use in patients with 
diabetes, with SMI compared to without SMI 

 

Figure 3-7 Pooled effects of SMI on hospital use for studies of patients with underlying diabetes, 
CVD, or COPD, with outliers removed: SMI vs no SMI 
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Eight analyses from six studies of populations with underlying diabetes presented 

HRs of hospital use in patients with SMI compared to those without SMI. Seven 

of these investigated admissions, while one investigated admissions or ED 

attendance combined (Table 3-2). I identified one outlier (Goueslard et al., 2018), 

with a large HR (Figure 3-8). When I removed this outlier, the pooled HR was 

reduced from 1.26 (95%CI: 1.13-1.41, I2=92.75%; Figure 3-9) to 1.19 (95%CI: 

1.08-1.31, I2=90.60%; Figure 3-7).  

Figure 3-8 Funnel plot of studies reporting adjusted hazard ratios of hospital use in patients with 
diabetes, with SMI compared to without SMI 

In subgroup analysis, the pooled OR was highest for patients with schizophrenia 

(OR: 1.42, 95%CI: 1.25-1.60), whereas the pooled HRs were similar across SMI 

subtypes (Table 3-3). Studies of all-cause hospital use had a higher pooled OR 

(1.43, 95%CI: 1.28-1.60) than those investigating avoidable (ACSC) or diabetes-

specific hospital use. For studies reporting HRs, analyses of diabetes hospital 

use had the highest pooled HR (1.25, 95%CI: 1.13-1.37). The pooled OR for 

analyses of 30-day readmissions was lower than admissions or ED attendances, 

though 95%CIs of all outcome types overlapped. It was not possible to investigate 

differences in admission type for studies reporting HRs as all analyses included 

admissions. 
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Figure 3-9 Forest plot of studies reporting adjusted hazard ratios of hospital use in patients with 
diabetes, with SMI compared to without SMI 

 

Table 3-3 Subgroup analyses of studies of hospital use in patients with diabetes, CVD, or COPD: 
comparing those with and without SMI, with outliers removed 

 
Studies, n Pooled effect 

size (95%CI)  
I2 (%) p-value  

The effect of SMI on hospital use in patients with diabetes (OR, n=18) 

SMI subtype <0.0001 

Bipolar disorder 3 1.03 (0.98-1.08) 0 
 

Psychosis 1 1.15 (1.03-1.29) -- 
 

Schizophrenia 11 1.42 (1.25-1.60) 97.7 
 

SMI 3 1.17 (0.96-1.44) 85.9 
 

Outcome: service 0.2015 

30-day readmission 2 1.18 (1.08-1.29) 0 
 

ED attendance 3 1.44 (1.18-1.77) 97.8 
 

Inpatient admissions 13 1.26 (1.08-1.47) 97.9 
 

Outcome: Cause 0.0225 

All-cause 7 1.43 (1.28-1.60) 94.7 
 

Diabetes 8 1.25 (1.08-1.44) 90.3 
 

Avoidable (ACSC) 3 1.09 (0.93-1.28) 96.6 
 

Country of study <0.0001 

US 9 1.10 (0.99-1.22) 91.6 
 

Canada 4 1.55 (1.34-1.80) 98.2 
 

France 1 2.21 (1.69-2.89) -- 
 

Spain 3 1.33 (1.19-1.48) 0 
 

UK 1 1.36 (1.13-1.65) --  

The effect of SMI on hospital use in patients with diabetes (HR, n=7) 

SMI subtype 0.3654 

Bipolar disorder 2 1.27 (1.12-1.44) 46.2 
 

Psychosis 2 1.09 (0.93-1.27) 93.2 
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Studies, n Pooled effect 

size (95%CI)  
I2 (%) p-value  

Schizophrenia 2 1.32 (0.85-2.07) 91.8 
 

SMI 1 1.14 (1.05-1.23) -- 
 

Outcome: Cause <0.0001 

All-cause 1 1.14 (1.05-1.23) -- 
 

Diabetes 5 1.25 (1.13-1.37) 73.5 
 

Avoidable (ACSC) 1 1.01 (0.98-1.04) -- 
 

Country of study 0.0016 

US 2 1.07 (0.95-1.20) 87.3 
 

Canada 1 1.68 (1.34-2.10) -- 
 

Australia 3 1.17 (1.10-1.25) 46.5 
 

Taiwan 1 1.41 (1.16-1.72) -- 
 

The effect of SMI on hospital use in patients with CVD (OR, n=11) 

SMI subtype <0.0001 

Psychosis 8 1.09 (1.02-1.16) 66.4 
 

Schizophrenia 1 1.77 (0.79-3.94) -- 
 

SMI 2 2.28 (2.11-2.46) 0  

Outcome: Cause 0.0861 

All-cause 7 1.46 (1.03-2.08) 97.5 
 

CVD 4 1.07 (1.04-1.11) 0 
 

Country of study 0.2259 

US 9 1.22 (1.01-1.48) 97.5 
 

Denmark 1 1.77 (0.79-3.94) -- 
 

UK 1 2.02 (1.10-3.70) --  

The effect of SMI on hospital use in patients with CVD (HR, n=8) 

SMI subtype 0.0056 

Bipolar disorder 3 1.28 (1.13-1.43) 62.9  

Psychosis 1 1.56 (1.44-1.67) --  

Schizophrenia 4 1.30 (1.15-1.46) 47.8  

Outcome: Service 0.2218 

30-day readmission 2 1.44 (1.22-1.69) 53.7  

Inpatient admissions 6 1.28 (1.17-1.40) 84.4  

Outcome: Cause 0.4218 

All-cause 3 1.39 (1.20-1.60) 77.0  

CVD 5 1.29 (1.16-1.43) 62.5  

Country of study 0.7365 

Sweden 1 1.29 (0.78-2.14) --  

UK 4 1.29 (1.15-1.44) 71.8  

US 3 1.39 (1.20-1.60) 77.0  

The effect of SMI on hospital use in patients with COPD (OR, n=4) 

SMI subtype 0.3059 

Psychosis 3 1.18 (1.14-1.22) 0 
 

Schizophrenia 1 1.08 (0.92-1.27) -- 
 

Outcome: Cause 0.7298 

All-cause 2 1.16 (1.09-1.24) 0 
 

COPD 2 1.18 (1.13-1.23) 0 
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Studies performed in the US had a lower pooled OR and HR than studies in other 

countries (OR: 1.10, 95%CI: 0.99-1.22; HR: 1.07, 95%CI: 0.95-1.20; Table 3-3). 

For studies in the US, there was evidence that pooled effect sizes of hospital use 

in patients with SMI were lower in studies of patients registered in Veteran’s 

Affairs, Medicare, or Medicaid, compared to studies of commercially insured 

patients or studies including both state-insured and commercially insured 

individuals (Table 3-4). 

Adjusting analyses for SMI subtype, country, and type of hospital use in meta-

regression of studies reporting ORs reduced residual heterogeneity (I2=82.82%), 

as did adjusting for country and type of hospital use in studies reporting HRs 

(I2=46.48%). 

Table 3-4 Subgroup analyses of studies of hospital use in the US in patients with underlying 
diabetes: comparing those with and without SMI 

3.3.5.2 Hospital use in patients with CVD, with and without SMI 

Forty-four analyses from 20 studies were based in populations with CVD, the 

most common of which was heart failure (18/44). The majority (29/44) of analyses 

found that those with SMI and CVD had a higher risk of hospital use than those 

with CVD alone, and a further nine found a positive effect size, but with 95%CIs 

 
Studies, n Pooled effect 

size (95%CI)  
I2 (%) p-value  

Country of study 0.3059 

US 3 1.18 (1.14-1.22) 0 
 

Denmark 1 1.08 (0.92-1.27) -- 
 

 
Studies, n Pooled effect 

size (95%CI)  
I2 (%) p-value  

The effect of SMI on hospital use in patients with diabetes (OR, n=8) 

Study population 0.0365 

Medicaid/Medicare 4 1.03 (0.86-
1.22) 

95.4 
 

Veterans’ health 1 1.00 (0.94-
1.07) 

-- 
 

Insured 3 1.22 (0.96-
1.56) 

80.1 
 

Complete 1 1.24 (1.07-
1.44) 

-- 
 

The effect of SMI on hospital use in patients with diabetes (HR, n=2) 

Study population 0.005 

Veterans’ health 1 1.01 (0.98-
1.04) 

-- 
 

Insured 1 1.14 (1.05-
1.23) 

-- 
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including one. Of 13 analyses reporting adjusted ORs and nine reporting 

unadjusted ORs, 16 investigated 30-day readmissions, four reported admissions 

and two reported 7-day readmissions. In contrast, of the 18 analyses reporting 

adjusted HRs and two reporting unadjusted HRs, four investigated 30-day 

readmissions and the remaining analyses investigated admissions. Finally, two 

analyses reported predicted increase utilisation. I did not retrieve any studies 

reporting IRR. 

I included 23 analyses (11 reporting adjusted ORs and 12 reporting adjusted 

HRs) from 15 studies in the meta-analyses. The pooled OR for hospital use in 

patients with CVD and SMI compared to CVD alone was 1.27 (95%CI: 1.06-1.53, 

I2=96.92%; Figure 3-10), and the pooled HR was 1.43 (95%CI: 1.28-1.60, 

I2=78.42%; Figure 3-11). 

Figure 3-10 Forest plot of studies reporting adjusted odds ratios of hospital use in patients with 
CVD, with SMI compared to without SMI 
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Figure 3-11 Forest plot of studies reporting adjusted hazard ratios of hospital use in patients with 
CVD, with SMI compared to without SMI 

The funnel plots for these analyses did not show asymmetry (meta-analysis of 

ORs: Egger’s test: p=0.6751; Figure 3-12; meta-analysis of HRs: Egger’s test: 

p=0.1535; Figure 3-13), and for analyses reporting ORs did not show any outliers. 

For the analyses reporting HRs, I identified a small single-site study of African 

American patients in the US, contributing four analyses, as an outlier (Lu et al., 

2017). When I removed this study, the pooled HR was 1.33 (95%CI: 1.21-1.46, 

I2=73.97%; Figure 3-7).  

In subgroup analysis, pooled ORs and HRs were similar across different types of 

hospital use and countries of study but did differ by SMI subtype (Table 3-3). In 

patients with underlying CVD, the pooled OR was highest for those with “any SMI” 

diagnosis, whereas patients with a diagnosis of psychosis had the highest pooled 

HR (Table 3-3). For analyses reporting HRs, there was no difference between 

analyses of 30-day readmissions and admissions, while all included analyses 

reporting ORs investigated 30-day readmissions only. Those with SMI as the 

main exposure variable had greater pooled OR (n=8, OR: 2.27, 95%CI: 2.10-

2.46) than those which examined SMI as one of a broad range of risk factors for 

hospital use (n=3, OR: 1.09, 95%CI: 1.02-1.16). Adjusting for SMI subtype and 

whether SMI was the main exposure variable in meta-regression reduced the 

heterogeneity of studies reporting ORs (I2=61.91%). Adjusting for SMI subtype 

reduced the heterogeneity of studies reporting HRs (I2=55.13%). 
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Figure 3-12 Funnel plot of studies reporting adjusted odds ratios of hospital use in patients with 
CVD, with SMI compared to without SMI 

 

Figure 3-13 Funnel plot of studies reporting adjusted hazard ratios of hospital use in patients with 
CVD, with SMI compared to without SMI 
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3.3.5.3 Hospital use in patients with COPD, with and without SMI 

Five analyses from four studies were in populations with underlying COPD. All 

five presented ORs for 30-day readmissions in patients with SMI compared to 

those without SMI, of which four presented adjusted ORs. The pooled OR for 

hospital use in patients with a diagnosis of any SMI was 1.18 (95%CI: 1.14-1.22, 

I2=0; Figure 3-14). The funnel plot of these analyses did not show asymmetry or 

outliers (Figure 3-15). In subgroup analysis, pooled ORs were similar across 

different causes of readmissions, countries of study and SMI subtypes (Table 

3-3). 

Figure 3-14 Forest plot of studies reporting adjusted odds ratios of hospital use in patients with 
COPD, with SMI compared to without SMI 

 

Figure 3-15 Funnel plot of studies reporting adjusted odds ratios of hospital use in patients with 
COPD, with SMI compared to without SMI 
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3.3.5.4 Hospital use in patients with cancer, with and without SMI 

Four studies investigated the impact of SMI on hospital use in patients with 

cancer. Basta et al. studied readmissions for lymphoedema in the two years after 

breast cancer diagnosis in women (Basta et al., 2016). They included a range of 

exposures and found that a diagnosis of psychosis was associated with a higher 

risk of readmission (OR: 2.15, 95%CI: 1.51-3.06). Kashyap et al. focused on the 

impact of a range of mental health conditions on end-of life care in patients with 

gastrointestinal malignancies, and found that those with bipolar disorder were 

more likely to have at least one ED attendance than people without a mental 

health condition (OR: 1.12, 95%CI: 1.01-1.24), but that those with psychotic 

disorders were not (OR: 0.98, 95%CI: 0.85-1.12) (Kashyap et al., 2021). Two 

studies presented unadjusted analyses: Ratcliff et al. found higher risk of 90-day 

readmissions after surgery for colorectal cancer in those with SMI, while Davydow 

et al. found higher risk of ACSC admissions in those with cancer and SMI 

compared to those with cancer alone (Ratcliff et al., 2021, Davydow et al., 2016) 

(Table 3-2). 

3.3.5.5 Hospital use in patients with liver disease, with and without SMI 

I identified two studies which investigated the association between SMI and 

hospital use in patients with underlying liver disease. Neither of these studies 

presented adjusted analyses, and both were low quality for the exposures and 

outcomes included in this synthesis (NOS score=5). Huckans et al. found that 

that patients with schizophrenia were more likely to attend ED and have 

admissions during hepatitis C treatment than those without schizophrenia, though 

due to the small population size (n=60) 95%CIs were wide and included one 

(Huckans et al., 2010). Davydow et al. found higher ACSC admissions in those 

with liver disease and SMI compared to those with liver disease alone (Table 3-2) 

(Davydow et al., 2016).  

3.3.6 Sensitivity analyses 

Re-running the analysis as a three-level hierarchical model did not result in 

improved model fit, nor substantial change the pooled OR (1.26, 95%CI: 1.10-

1.45) or HR (1.23, 95%CI: 1.01-1.50) for studies in patients with diabetes and 

SMI, or the pooled OR (1.34, 95%CI: 1.07-1.69) or HR (1.47. 95%CI: 1.16-1.85) 

for patients with CVD and SMI. I did not evaluate the use of a three-level 
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hierarchical model for studies of COPD, as the two analyses from one study 

included in the meta-analysis were from different populations.  

I identified three conference abstracts providing adjusted analyses for hospital 

use in patients with SMI and one of the physical LTCs of interest, none of which 

provided enough information for inclusion in the meta-analyses. The first was a 

study of risk factors for 30- and 90-day readmissions following radical cystectomy 

for bladder cancer. The authors found that patients with psychosis had an 

elevated HR for readmission (HR: 1.82, p<0.05) (Nepple et al., 2012). The 

second was a small study of 373 patients with diabetes, which found that those 

with two or more admissions were more likely to have a diagnosis of 

schizophrenia (OR: 4.99, p<0.05) than those with only one admission (Duquette 

et al., 2020). Finally, a study of all-cause 30-day readmissions in patients with 

acute ischaemic stroke, found those with SMI were at higher risk than those 

without SMI (OR: 1.24, 95%CI: 1.20-1.27) (Salih et al., 2021).  

3.4 Discussion 

My systematic review and meta-analysis demonstrate that people with SMI and 

one of five physical LTCs have consistently higher hospital use than either people 

with SMI alone or with that physical LTC alone. This is the first systematic review 

to investigate the impact of having SMI and a specific physical LTC on hospital 

use, furthering the understanding of the impact of SMI on hospital use.  

I found strong evidence to suggest that for people with underlying CVD, COPD 

or diabetes, people with a diagnosis of SMI have a higher risk of hospital use than 

those without SMI. The same appeared to be true for people with cancer and liver 

disease, though I identified no analyses reporting adjusted analyses in people 

with liver disease, and for cancer, adjusted analyses were limited to one study of 

breast cancer complications, and one of end of life emergency department use in 

people with gastrointestinal malignancies (Kashyap et al., 2021, Basta et al., 

2016).  

The results of this chapter build on previous systematic reviews and meta-

analyses which found that those with SMI use more hospital resources than those 

without SMI (Ronaldson et al., 2020, Germack et al., 2018). The findings also 

compliment the finding by Sprah et al. that people with SMI and underlying 



98 
 

physical health comorbidities use more psychiatric hospital care (Sprah et al., 

2017), suggesting the combined burden of physical and mental health conditions 

are increasing both physical and mental health hospital use in this population.  

A key strength of this chapter was the ability to investigate the impact of having 

SMI on hospital use specific to an underlying physical LTC. For people with 

underlying diabetes, CVD, and COPD, I found that those who also had an SMI 

diagnosis were 1.2 to 1.3 times more likely to use hospitals for that physical LTC. 

This suggests that the higher hospital use in people with SMI is not simply due to 

higher prevalence of that physical LTC in the SMI population. Furthermore, the 

similarity in effect size suggests that rather than issues specific to a physical LTC, 

general issues related to having SMI may be driving high rates of hospital use in 

this population. These include barriers to treatment and access to care, risk 

factors for more severe disease, sociodemographic factors, behavioural 

preferences, and prior experiences of the healthcare system as discussed in 

Chapter 1, Section 1.5.  

For both COPD and CVD, the studies reporting ORs were solely 30-day 

readmission studies. For studies in populations with underlying COPD, I found 

little difference between studies of all-cause or COPD-specific 30-day 

readmissions. It is likely over this short time period, that the majority of all-cause 

readmissions are COPD related, and that the factors driving the higher 

readmissions in those with SMI are similar for both all-cause and COPD-specific 

readmissions. However, for CVD, the pooled OR was highest for all-cause 

readmissions, though the 95%CIs were wide and overlapped with the pooled 

estimate for cardiovascular-specific readmissions.  

For studies examining hospital use for populations with underlying diabetes, I 

found that while people with SMI had a higher pooled OR of diabetes-specific 

hospital use than those without SMI, the greatest difference was in all-cause 

admissions. This was also true in studies investigating both all-cause and 

diabetes admissions in the same study (Guerrero Fernandez de Alba et al., 2020, 

Kurdyak et al., 2017). These findings suggest that while a higher risk of diabetes 

admissions and sub-optimal management and treatment of diabetes account for 

some of the higher hospital use in people with SMI (Mai et al., 2011b, Druss et 

al., 2012, Kurdyak et al., 2017), there are other factors involved. A study of people 
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with underlying diabetes found high rates of all-cause admissions in people with 

SMI, even once acute psychiatric admissions were excluded from the outcome 

(Kurdyak et al., 2017), suggesting that higher rates of multimorbidity, and 

therefore higher physical health admissions, as well as higher risk of trauma and 

infectious disease admissions (Jayatilleke et al., 2018), may be adding to the 

burden of admissions in these people. While I did not find the same in the 

subgroup analysis of diabetes studies reporting HRs, only one study investigated 

all-cause admissions and the total number of available studies was small, limiting 

interpretation.  

I also found evidence that specific populations with SMI may have particularly 

elevated risk of hospital use. I found a high risk of hospital use in people with SMI 

in studies of readmissions during hepatitis C treatment (Huckans et al., 2010), 

cardiovascular hospital use in African American patients with heart failure (Lu et 

al., 2017), diabetes readmissions in patients under the age of 35 with type I 

diabetes (Goueslard et al., 2018), and readmissions following breast cancer 

surgery (Basta et al., 2016).  

For diabetes, people with schizophrenia appeared to be at higher risk of hospital 

use compared to other SMI subtypes in studies reporting ORs. This has been 

reported elsewhere (Ronaldson et al., 2020), and is in line with other studies that 

have found people with schizophrenia suffer more ill-health, greater all-cause 

mortality and poorer physical health and treatment outcomes than people with 

other SMI subtypes (Heiberg et al., 2019, Hoang et al., 2013, Mai et al., 2011b, 

Druss et al., 2012, Schulman-Marcus et al., 2016). However, for studies of people 

with underlying diabetes or CVD reporting adjusted HRs, there was little 

difference between diagnoses of bipolar disorder and schizophrenia. It is possible 

that people with schizophrenia are at higher risk of 30-day readmissions than 

those with bipolar disorder, with less of a difference in hospitalisation rates over 

a longer period, though further research is required to test this hypothesis. Of the 

seven studies I identified which investigated the association of schizophrenia with 

hospital use alongside other SMI subtypes, two found people with schizophrenia 

were more likely to be hospitalised than other SMI subtypes (Stockbridge et al., 

2019, Druss et al., 2012), one found that those with schizophrenia were less likely 

to be hospitalised (Leung et al., 2011), and four found no significant difference 
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(Lu et al., 2017, Mai et al., 2011b, Fleetwood et al., 2021, Fleetwood et al., 2022), 

suggesting that differences could be context specific.  

I also found marked differences by country. For patients with underlying diabetes 

patients with SMI had elevated risk of hospitalisation in studies in all countries 

except the US, where 95%CIs included one, suggesting little difference between 

those with SMI and those without diabetes. While lower effect sizes in studies in 

the US have been documented before (Ronaldson et al., 2020), the reason for 

this is unclear. I found differences in effect size based on the healthcare system 

under investigation for studies based in the US, and therefore people with SMI 

may face different barriers and drivers to hospital use across payers in the US 

healthcare system. There was less evidence for this effect in studies investigating 

COPD or CVD, though the smaller number of studies made comparisons difficult.  

Finally, I only identified three studies which investigated the association of one of 

the five physical LTCs and hospital use in a population with underlying SMI. In 

these studies, people with a physical LTC diagnosis had a higher risk of hospital 

use than those with SMI alone.  

3.4.1 Knowledge gaps and future research 

One aim of this chapter was to identify knowledge gaps and areas for future 

research. For diabetes and CVD, I identified a number of studies investigating 

long-term admission risk, but few using robust longitudinal techniques. Despite 

being based in longitudinal populations, under half of studies performed a time-

to-event analysis. Where studies did use these techniques, very few accounted 

for multiple admissions or attendances, or included time-varying covariates. Only 

one study used negative binomial regression, to account for the over-dispersion 

present in most hospital data (Stockbridge et al., 2019).  

I also identified limitations in existing studies which suggest further research is 

needed. Few studies utilised matched cohorts of patients, and most did not 

evaluate the impact of previous healthcare use, despite this being a known 

predictor of hospital use in the general population (Wallace et al., 2014). Most 

studies included only patients who had accessed secondary care, both to define 

SMI and physical LTCs. Without access to primary care records, these studies 

exclude those patients who are managed solely in primary care or attend 
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secondary care very infrequently. These excluded patients may provide valuable 

information on protective factors that reduce hospital use.  

I found large differences in effect size depending on the country of the healthcare 

system under study. This, and predominance of studies performed in the US, 

highlights the need for further research based in a UK population. I also found 

differences by SMI subtype, and between all-cause, cause-specific, and 

avoidable admissions. For many studies of all-cause admissions, I was unable to 

determine whether authors had specifically excluded non-mental health 

admissions. Likewise, while some studies considered emergency admissions 

specifically, for many it was unclear whether planned admissions were also 

included. There is therefore a need for longitudinal research into planned and 

emergency hospital use in people with SMI in the UK, stratified by SMI type, and 

specifically investigating non-mental health admissions. 

For COPD, while I identified studies of 30-day readmissions in people with SMI, 

there were no studies on the long-term risk of hospital use. The Lancet Psychiatry 

Commission “blueprint for protecting physical health in people with mental illness” 

highlighted a lack of research regarding COPD outcomes in people with mental 

illness (Firth et al., 2019), and the results of my review confirm further research 

is needed regarding hospital use in people with COPD and comorbid SMI.  

Few studies investigated the association of SMI diagnoses and hospital use in 

people with cancer or liver disease. People with SMI have a higher risk of many 

different types of liver disease (PHE, 2018, Braude et al., 2021, Fuller et al., 

2011), and a higher risk of mortality following cancer diagnosis. There is also 

evidence of sub-optimal cancer screening and late cancer diagnoses (Solmi et 

al., 2020b). It is therefore important to understand hospital use in this population.  

Finally, there was also a lack of studies investigating hospital use in people with 

SMI, comparing hospital use in those with or without physical LTC. Given that 

people with SMI are at a higher risk of many physical LTCs, further research is 

required to identify the drivers of physical health admissions and attendances at 

EDs in people with SMI, and subsets of this population at higher risk.  
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3.4.2 Strengths and limitations 

This chapter provides new evidence on the relationship between SMI and 

physical health hospital use and highlights key evidence gaps in the current 

literature. The focus on hospital use in populations with specific underlying 

physical LTCs allows for a better understanding of the hospital use for people 

with SMI and comorbid physical LTCs, in comparison to those without SMI. The 

search strategy was thorough, identifying over 3,500 articles, and the large 

number of final studies included in the review (n=50) allowed for detailed sub-

analyses, providing insight into different types and causes of hospital use.  

Despite the thorough search strategy, I may have missed studies which include 

SMI as one of many risk factors for elevated healthcare use, but which do not 

include terms for SMI in the title or abstract. These studies are unlikely to have 

SMI as their main exposure variable and given that SMI is not common in the 

general population are less likely to provide well powered estimations. They may 

also be subject to bias or confounding, often labelled the “table 2 fallacy” 

(Westreich and Greenland, 2013), whereby a study includes estimates for 

variables other than the main exposure, and for which the analysis was not 

designed. I identified 11 studies for which SMI was not the exposure variable, 

and while inclusion of these studies provides further evidence, caution is needed 

due to the aforementioned potential for bias or confounding. Furthermore, in the 

meta-analysis of studies reporting ORs of hospital use in people with underlying 

CVD, I found that whether or not SMI was the main exposure variable contributed 

to the heterogeneity of the meta-analysis.  

While overall agreement regarding the inclusion of screened abstracts was high 

between researchers (91%), the inter-rater reliability as measured by the Kappa 

statistic was moderate (0.57). This is in part due to the large number of studies 

screened and the rarity of relevant studies (Viera and Garrett, 2005), but also the 

complexity of multiple exposures and outcomes. To ensure accuracy and 

consistency, I discussed all disagreements with the second researcher.  

The pooling of multiple exposures and outcomes resulted in high heterogeneity, 

limiting the interpretation of results, particularly for diabetes. Other systematic 

reviews and meta-analyses of hospital use in people with SMI, have also found 

high heterogeneity, likely due variable SMI definitions, multiple hospital 
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outcomes, and differences in healthcare systems and study designs (Ronaldson 

et al., 2020, Germack et al., 2018). While meta-regression suggested that the 

definitions of SMI, physical LTCs and outcome measures accounted for some of 

this heterogeneity, residual heterogeneity remained high. The varying study 

designs meant that it was not possible to adjust for factors that may modify the 

relationship between SMI diagnosis and hospital use, such as other underlying 

physical LTCs, ethnicity, age, and sociodemographic factors.  

In contrast to other systematic reviews of hospital use in SMI, I pooled estimates 

for 30-day readmissions, ED attendances and admissions. While this may have 

increased heterogeneity, I observed similar effect sizes when comparing studies 

of 30-day readmissions, admissions, and ED attendances in sub-group analysis 

and this is in line with the systematic review by Ronaldson et al., which found that 

while studies of admissions were higher, the 95%CIs of pooled estimates 

overlapped with those from 30-day readmission studies (Ronaldson et al., 2020).  

Finally, while most studies I identified were of fair or good quality, there were 

limitations to many of them which may have affected the pooled estimates 

generated in meta-analysis. 

3.4.3 Conclusions 

My systematic review and meta-analysis found that people with SMI and 

underlying physical LTCs are at a higher risk of hospital use for that condition, 

and for other causes. Further research is warranted into the impact of different 

physical LTCs and SMI subtypes on hospital use, particularly over longer time 

periods, and of pathways and drivers of hospital use in those with SMI. This will 

allow targeted interventions aimed at reducing inappropriate hospital use and 

improving disease management and outcomes in people with SMI.  

In Chapter 4 to Chapter 6, I use longitudinal primary care EHRs to characterise 

the physical health of people with SMI. This then informs Chapter 7, where I link 

these data to hospital EHRs to better understand hospital use for physical health 

in people with SMI in England.  

In Chapter 7, I address key evidence gaps and methodological weaknesses 

highlighted in my systematic review and meta-analysis. For example, I use linked 

primary and secondary care EHRs to allow better capture of underlying physical 
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health and SMI, and to capture those who do not attend hospital in the study 

period. I also differentiate planned and emergency admissions, as well as 

potentially avoidable admissions, to allow a robust comparison of distinct types 

of hospital use across SMI subtypes. The aim of this is to provide a clearer picture 

of physical health hospital use in people with SMI to inform interventions and 

healthcare planning.  
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Chapter 4 Physical long-term conditions and multimorbidity 

in people with severe mental illness 

A modified version of this chapter has been published in PLOS Medicine 

(Launders et al., 2021). 

4.1 Introduction 

People with SMI have a higher prevalence of risk factors for poor physical health, 

such as smoking and obesity than the general population (Bowden et al., 2011, 

Afzal et al., 2021). They also experience more barriers to care, stigma and 

diagnostic overshadowing, and have higher rates of deprivation, and social 

exclusion (Price et al., 2018). Given the combined effect of these factors, it is not 

surprising that studies have found that people with SMI are at high risk of a range 

of physical LTCs (Reilly et al., 2015, PHE, 2018, Firth et al., 2019, Bahorik et al., 

2017, Baughman et al., 2016, Woodhead et al., 2014, Bendayan et al., 2022). In 

Chapter 3, I found that those with SMI and underlying CVD, COPD and diabetes 

were at increased risk of hospital use than those without SMI. However, to 

investigate physical health hospital use further it is important to characterise the 

physical health of those with SMI and compare it to those without SMI. 

Furthermore, by exploring the physical health of those with SMI, and identifying 

areas for intervention, it may be possible to reduce the burden of both emergency 

admissions and mortality in this population. 

Despite growing research into multimorbidity in the general population, there is a 

lack of evidence regarding the clustering of physical LTCs in individuals with SMI, 

and how these compare to the general population. There is a need to investigate 

multimorbidity in people with SMI, moving beyond pairs or counts of conditions, 

and studying the way in which conditions and risk factors cluster within 

individuals. The underlying prevalence of conditions strongly affects which 

conditions co-occur, with the most common conditions more likely to occur 

together through chance. In contrast, determining how physical LTCs cluster 

together, and how individuals fall into clusters of disease, better describes the 

complex relationship between physical LTCs, and can identify conditions with 

shared causal pathways. This approach is crucial for improving patient outcomes 

through prevention and early intervention, timely and accurate diagnosis and 

treatment, and optimum healthcare service access and provision (Whitty and 

Watt, 2020, Whitty et al., 2020). It is therefore particularly needed in people with 
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SMI given the burden of physical LTCs, poorer health outcomes, and higher 

mortality rate in this population (Reilly et al., 2015, Brink et al., 2019, Woodhead 

et al., 2016a, De Hert et al., 2011b, Bjork Bramberg et al., 2018).  

To inform future interventions it is important to consider clusters of physical LTCs 

alongside overall prevalence of individual LTCs in SMI and to identify disparities 

in physical health compared to people without SMI. Furthermore, determining 

whether novel clusters of physical LTCs exist in the population with SMI 

compared to those without SMI would help determine whether interventions to 

reduce multimorbidity in the general population are also applicable to those with 

SMI.  

The aim of this chapter is to better characterise the physical health of people with 

SMI, to identify diseases that are highly prevalent or elevated compared to those 

without SMI, and clusters of disease which may be amenable to intervention. The 

objectives of this chapter are to: 

1. Determine the cumulative prevalence of physical LTCs and multimorbidity 

in people with SMI compared to those without SMI and investigate 

differences by SMI subtype. 

2. Identify and compare clusters of physical LTCs in people with and without 

SMI, to investigate whether there are novel clusters of physical LTCs in 

people with SMI and to what extent the same conditions co-occur in both 

populations.  

3. Investigate the prevalence of risk factors for poor physical health in people 

with SMI and their impact on both individual and clusters of physical LTCs. 

Additionally, the results of this chapter provide the foundation for investigating 

physical health hospital use in Chapter 7, and generated further study questions 

which I then investigate in Chapter 5 and Chapter 6. 

4.2 Methods 

I used primary care data from CPRD to investigate the prevalence and clustering 

of 24 physical LTCs ever diagnosed in patients with SMI compared to a matched 

cohort of patients without SMI. After ensuring unique patient and primary care 

practice identifiers and mapping variables between the CPRD GOLD and CPRD 
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Aurum data sets, I combined them to create a large cohort of patients with SMI, 

and matched patients without SMI.  

4.2.1 Initial cleaning and inclusion and exclusion criteria common to all EHR 

analyses in this thesis 

I included patients who were actively registered with their primary care practice 

at any point between 1 January 2000 and 31 December 2018, and who had their 

first ever diagnosis of schizophrenia, bipolar disorder, or other non-organic, non-

affective psychotic disorders (termed other psychoses) during this period, and 

who remained registered at this practice for at least one year. CPRD matched 

each patient with SMI to between one and four patients without a diagnosis of 

schizophrenia, bipolar disorder, other psychoses, post-traumatic stress disorder, 

eating disorders or personality disorders. CPRD performed the matching prior to 

data provision, based on 5-year age band, sex, year of registration at primary 

care practice and primary care practice. Patients without SMI were required to be 

registered with the primary care practice at the time their matched patient 

received their SMI diagnosis, with at least one year of follow-up after this date. 

As SMI is usually diagnosed in adulthood, I focused solely on the adult population 

and excluded patients who were under 18 years of age when they exited the 

cohort (31 December 2018, end of registration, or death). I also excluded those 

who were over 100 years of age when they entered the cohort (1 January 2000 

or start of registration) as many of these appeared to represent coding errors. I 

also excluded those with no valid follow-up period between the years 2000 and 

2018, patients who received their SMI diagnosis before 2000 or after 2018, or 

patient records which did not provide a geographic region. In a final cleaning step, 

I removed any patients who I could no longer matched at least 1:1. 

4.2.2 Specific inclusion/exclusion criteria for this chapter 

Patients entered the study cohort at the latest of registration with the primary care 

practice, age 18, or 1 January 2000 and exited the study cohort at the earliest of 

end of registration, age 100, death, or 31 December 2018. For this chapter, I 

required patients to have at least one year of follow-up between entering and 

exiting the study cohort, as those with less follow-up may be less likely to have 

complete EHRs. 
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4.2.3 Data validity and linkage availability 

Since this was my first analysis using this cohort, I compared key variables 

between CPRD GOLD and CPRD Aurum to assess the suitability of combining 

these data sets, investigated linkage to other data sources, and compared 

prevalence of key variables to the prevalence reported in the Health Survey for 

England, an annual survey of the health of around 8,000 randomly selected adults 

(NHS Digital, 2022a). I also compared the prevalence of White ethnicity in this 

cohort to ONS census data from 2001 and 2011 (ONS, 2022), using different 

methods of dealing with missing ethnicity. 

4.2.4 Exposure: SMI 

The exposure for all analyses was a diagnosis of SMI as recorded in CPRD using 

Read and EMIS codes (Appendix 1, as described in Chapter 2), and stratified by 

SMI subtype: schizophrenia, bipolar disorder and other psychoses. 

4.2.5 Outcomes: Physical LTCs and multimorbidity 

The primary outcomes were cumulative prevalence of 24 ever-diagnosed 

physical LTCs in patients with SMI compared to those without SMI, and presence 

of physical health multimorbidity, defined as two or more of the studied conditions. 

I measured all outcomes at the end of follow-up. 

I generated a list of physical LTCs defined using both the Charlson and 

Elixhauser comorbidity indices. These two indices have been used extensively in 

health research to either characterise or adjust analyses for comorbidity, or to 

predict mortality and hospital use, in people with SMI and in other populations 

(Bouza, 2010, Goldman et al., 2020, Goueslard et al., 2018, Low et al., 2016, 

Charlson et al., 1987, Elixhauser et al., 1998). A recent study using data from 

Taiwan found that patients with SMI had a higher risk of mortality from all 

conditions in both the Charlson and Elixhauser comorbidity indices compared to 

those without SMI (Tsai et al., 2020). While some studies have included 

conditions such as chronic pain, hearing loss, and irritable bowel syndrome 

(Barnett et al., 2012, Cassell et al., 2018), I focused on conditions previously 

shown to be predictive of hospital admissions in the general population.  

I used previously published Read code lists for the Charlson and Elixhauser 

comorbidity indices (Metcalfe et al., 2019). As these code lists contained only 
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Read codes and were based on the CPRD GOLD database, I supplemented 

them EMIS-specific codes identified through searches of the CPRD Aurum 

dictionary file.  

I then made modifications to these comorbidity indices. To reduce complexity of 

the conditions studied, I collapsed different severity levels of the same condition 

into one variable (e.g., I coded “uncomplicated diabetes” and “diabetes with 

complications” as diabetes). This reduced the Charlson Comorbidity Index from 

17 conditions to 14, and the Elixhauser index from 31 to 27. I removed weight 

loss from the Elixhauser index as, while unintended weight loss is a symptom of 

many physical LTCs, it is not a physical LTC diagnosis itself and is hard to define 

in EHRs. I also removed obesity, alcohol misuse and drug misuse from the 

Elixhauser index as these may be on the causal pathway between SMI diagnosis 

and poor physical health. I therefore investigated the impact of these factors, 

along with smoking status, on physical LTCs rather than including them within the 

list of physical LTCs. 

I also excluded psychoses and depression from the Elixhauser index, and 

dementia from the Charlson Comorbidity Index, as has been done previously 

(Woodhead et al., 2014). The focus of this thesis is physical health, and the very 

high rates of these conditions hindered the comparison between those with and 

without SMI in terms of their physical health. Finally, I included COPD and asthma 

as separate conditions, rather than combined as chronic pulmonary disease due 

to their importance in people with SMI.  

I combined the two comorbidity indices into one list of 24 physical LTCs (12 

present in both lists, 10 unique to the Elixhauser index and two unique to the 

Charlson Comorbidity Index): asthma, COPD, cardiac arrhythmia, congestive 

heart failure, myocardial infarction, cerebrovascular disease, neurological 

disorders (including epilepsy, multiple sclerosis, Parkinson’s disease and 

seizures but excluding cerebrovascular disease as this is accounted for 

separately, and excluding dementia), cancer, diabetes (type I or II), 

hypothyroidism, liver disease, renal disease, peptic ulcers, rheumatic and 

collagen disease, paresis or paralysis, HIV, hypertension, peripheral vascular 

disease, pulmonary circulation disorders, valvular disease, deficiency anaemia, 

blood loss anaemia, coagulopathy, and fluid or electrolyte disorders. Code lists 
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for these conditions are available in the published version of this chapter 

(Launders et al., 2021).  

4.2.6 Other variables included in the analysis 

Due to known differences in the prevalence of both physical and mental health 

conditions by age, sex, ethnicity, and region, I included these variables as a 

minimum set to adjust for in analysis of prevalence of physical LTCs. I defined 

age as the age at the end of follow-up based on year of birth. I analysed age as 

a continuous variable for adjustment purposes, and in 10-year or 20-year age 

groups where I stratified results by age. CPRD provided only individuals with 

“male” or “female” recorded as their sex, and I defined sex as recorded in CPRD. 

Ethnicity was as recorded in patient EHRs and grouped as “Asian”, “Black”, 

“Mixed”, “White” or “Other”, in line with UK 2011 Census Ethnic Group categories 

(ONS, 2014). Where multiple ethnicities existed for an individual, I selected the 

most frequent, and where frequencies were equal, the most recent. CPRD 

assigned the region of a patient based on primary care practice postcode and 

defined as the English Strategic Health Authorities (as were in place 2006-2013, 

(NHS England, 2022c)), plus Scotland, Wales, and Northern Ireland. 

I investigated the effect of adjusting for alcohol misuse, drug misuse, smoking, 

and BMI category, as health risk factors for the development of physical LTCs. 

These factors may be on the causal pathway between a diagnosis of SMI and 

development of physical LTCs and so adjusting for them may represent an over-

adjustment if investigating the relative burden of physical LTCs between those 

with and without SMI. However, including them allowed me to identify physical 

LTCs which are particularly driven by these factors.  

I defined alcohol and drug misuse using the code lists for the Elixhauser 

comorbidity index (Metcalfe et al., 2019). These codes do not fully capture those 

with alcohol use disorder, as primary care practitioners may also enter the 

number of units of alcohol consumed weekly. However, it is thought that when a 

primary care physician is aware of a patient with alcohol dependency, they are 

likely to receive a Read code denoting this (Thompson et al., 2017). The list used 

was wide in scope, including terms such as “heavy drinking” and “non-dependent 

alcohol abuse” which may not necessarily denote alcohol use disorder, but of 

high levels of alcohol consumption. Other multimorbidity and clustering studies 
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have used this broad definition of alcohol misuse (Payne et al., 2020, Zhu et al., 

2020). 

To investigate obesity, I used the heaviest BMI measurement recorded during 

follow-up, categorised as obese (BMI≥30), overweight (BMI 25-29.9), within 

normal range (BMI 18.5-24.9) or underweight (BMI<18.5). I derived BMI 

measures from medical code lists for obesity, recorded BMI or BMI category, and 

BMI calculated from weight and height recording. BMI has been criticised a crude 

way to measure obesity, not necessarily correlating well with body fat, and with 

differing accuracy by age, sex, and ethnicity (Rothman, 2008, Flegal et al., 2009). 

However, it is well recorded in primary care and high BMI is associated with 

poorer health outcomes at a population level (Bhaskaran et al., 2018). I included 

BMI as a categorical variable because only a subset of patients had BMI recorded 

as a continuous variable. Categorising continuous variables can introduce error, 

particularly Type-I error (finding associations when none exist), due to insufficient 

controlling of confounders (Barnwell-Menard et al., 2015). However, BMI is often 

categorised for clinical purposes and in studies focused on BMI, as well as those 

which include it as a confounder (Flegal et al., 2013).  

I categorised smoking status as never-smoker, ex-smoker, or current smoker 

using medical code lists, and recorded any non-smokers with a historical code 

for smoking as ex-smokers. Current smoking recording in CPRD and THIN has 

been found to be similar to that reported in the Health Survey for England (Booth 

et al., 2013, Marston et al., 2014a). However, both Booth et al. and Marston et al. 

found that ex-smokers may potentially be under-reported in the data. Under-

reporting of ex-smokers may either be a result of not capturing historical smoking 

status of patients that present as non-smokers, or not classifying smokers as ex-

smokers once they have stopped. However, this misclassification is likely to apply 

to both those with and without SMI, and so is unlikely to adversely affect the main 

outcomes of this chapter. 

4.2.7 Missing data 

I imputed missing data for smoking status and BMI category as never-smoker or 

within normal range respectively, in line with previous research which has 

suggested that primary care physicians are less likely to record values perceived 

to be within the normal range (Hippisley-Cox and Coupland, 2013, Marston et al., 
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2014b). For ethnicity, I imputed missing values as White ethnicity as has been 

done previously (Hippisley-Cox et al., 2008). As discussed in Chapter 2, previous 

studies have found that for smoking multiple imputation may not provide accurate 

smoking prevalence (Marston et al., 2010), and for ethnicity standard multiple 

imputation and complete case analysis may not perform any better than single 

imputation (Pham et al., 2019b). I performed a sensitivity analysis to assess the 

effect of using multiple imputation to estimate missing ethnicity on the relative 

prevalence of physical LTCs. I used multiple imputation by chained equations 

(MICE), producing five iterations of five imputed data sets, which I then pooled 

using Rubin’s rules. Multiple imputation of ethnicity was based on age, sex, 

primary care practice, SMI diagnosis, region, smoking status, alcohol or drug 

misuse, BMI and physical LTCs.  

4.2.8 Analysis 

I determined the prevalence of individual physical LTCs and pairs of physical 

LTCs (e.g., hypertension and diabetes) stratified by SMI diagnosis and subtype, 

and by age and sex. I used logistic regression to investigate the relative 

prevalence of each physical LTC, first adjusting for age, sex, ethnicity, and region 

and then for these variables plus health risk factors: smoking status, BMI 

category, alcohol misuse, and drug misuse. I applied sandwich standard errors 

to account for potential clustering by primary care practice.  

As discussed in Chapter 1, section 1.4.3, a wide range of techniques have been 

utilised to examine multimorbidity clusters in the general population, including 

factor analysis and multiple correspondence analysis (MCA), hierarchical and 

non-hierarchical cluster analysis, and more recently, latent class analysis. There 

is no current consensus as to which method produces the most reliable results, 

and studies have found that even when using the same analytical method, results 

vary depending on the conditions studied and the methods and cut-offs used for 

defining clusters or classes (Ng et al., 2018, Busija et al., 2019). 

Factor analysis and MCA define the relationship between each variable and all 

others, while cluster analysis is a descriptive technique, which separates entities 

into unique clusters based on their dissimilarity without causal assumption. In 

contrast, Latent Class Analysis is probabilistic, providing the probability of a 

patient belonging to a certain class. Each class is representative of an unknown 
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process underlying the data, and it has been suggested that this method is best 

suited when research is aiming to identify causally related processes for disease 

clusters (Busija et al., 2019). For my analysis, I was interested in describing and 

characterising the patterns of physical LTCs in people with SMI compared to 

those without SMI. I therefore chose to use MCA and K-means cluster analysis, 

focusing on the descriptive similarities and differences between the two cohorts 

rather than causal processes of disease acquisition.  

In MCA, the relationship between variable is described by an n-dimensional 

matrix of categorical variables, while seeking to reduce the dimensions to 

underlying common factors. In doing so, it transforms the binary physical LTC 

variables into continuous variables, or points along these axes of underlying 

factors. MCA describes the relationship of one condition to all others, and some 

authors have used it to describe dimensions of multimorbidity within a population 

(Dartigues et al., 2022). However, it does not assign patients to clusters, and 

several studies have gone on to use the coordinates of MCA in hierarchical or K-

means clustering to achieve this (Bisquera et al., 2021, Violan et al., 2018, 

Guisado-Clavero et al., 2019). A major advantage of using both MCA and cluster 

analysis is the ability to describe both the way physical LTCs are related to one 

another, and to cluster patients together into similar groupings of multimorbidity.  

While hierarchical cluster analysis has the advantage of determining the number 

of clusters based on the data structure, it is computationally intensive. K-means 

cluster analysis therefore offers a fast clustering algorithm for large data sets, but 

with the caveat that the optimum number of clusters needs to be determined in 

advance. I therefore used the MCA dimensions for physical LTCs in K-means 

cluster analysis.  

I performed K-means cluster analysis using 100 random initial cluster centres, for 

maximum of 100 iterations until the optimum solution (minimum sum of squares) 

was found. I evaluated clustering algorithms using between two and 10 clusters 

and determined the optimum number of clusters by visual inspection of elbow 

plots, and plots of silhouette and Calinski-Harabasz coefficients (Caliński and 

Harabasz, 1974, Rousseeuw, 1987). Elbow plots can be used to find the point at 

which the average distance between the centre of a cluster and the other data 

points is minimised, while the silhouette coefficient and Calinski-Harabasz index 
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measure the cohesion of a cluster, compared to other clusters. However, these 

are heuristic measures, which often produce conflicting results and therefore 

some judgement is required. 

Allocating patients to clusters means that each patient belongs to only one 

cluster, but individual conditions may appear in multiple clusters, though the 

prevalence of conditions will likely be different. While there aren’t consistent cut-

offs for describing clusters, previous multimorbidity studies have described 

clusters based on physical LTCs with an observed/expected ratio of more than 

1:1.2 or for which more than 70% of patients with that physical LTC were 

contained within the cluster (Busija et al., 2019). I therefore used this approach, 

and named clusters based on the most prevalent or elevated physical LTCs in 

each cluster.  

I determined the prevalence of health risk factors, sex, median age, and median 

number of physical LTCs for patients in the resulting clusters. Finally, I re-ran the 

MCA and cluster analysis with health risk factors included in the clustering 

algorithm, in order to investigate the role of these factors in the clustering of 

physical LTCs. 

4.3 Results 

4.3.1 Description of cohort common to all EHR analyses in this thesis 

The data received from CPRD consisted of 70,855 patients with SMI diagnosed 

between 1 January 2000 and 31 December 2018, matched to 283,398 patients 

without a diagnosis of SMI (Table 4-1). The majority of patients were matched at 

a ratio of 1:4 (99.99%). After I applied initial inclusion and exclusion criteria, 

343,914 patients remained in the cohort (Figure 4-1).  
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Table 4-1 Population sizes for the data sets used in this thesis 

 

 

 

Figure 4-1 Flow chart of exclusions common to all EHR analyses in this thesis 

 

 Denominator 
population 

SMI cohort Matched cohort 
without SMI 

Total 

CPRD GOLD 16.7 million 22,852 91,392 114,244 

CPRD Aurum 22.7 million 48,003 192,006 240,009 

Combined 39.4 million 70,855 283,398 354,253 
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4.3.2 Description of the cohort used in this chapter 

I excluded 355 patients without one year’s follow-up and a further 92 because 

they were no longer matched at least 1:1. Of the 343,467 patients included in the 

analysis, 68,783 patients had a diagnosis of SMI. Only 391 patients with SMI 

(0.57%) were matched less than 1:4 to patients without SMI. Of those diagnosed 

with SMI, 42.65% had a diagnosis of other psychoses; 35.50% had a diagnosis 

of bipolar disorder and 21.85% had a diagnosis of schizophrenia.  

The data set from CPRD Aurum was larger (232,547 patients) than that of CPRD 

GOLD (110,920 patients), though the two data sets were similar in terms of age 

and sex distribution, the prevalence of SMI subtypes, obesity, alcohol or drug 

misuse, smoking, and the number of recorded physical LTCs (Table 4-2).  

Ethnicity was more often missing in CPRD GOLD compared to the CPRD Aurum, 

and a lower proportion of patients were recorded as Asian ethnicity. There were 

also systematic differences in the geographic distribution of patients in the two 

data sets. This extract of CPRD Aurum only included patients in England, 

whereas 39.14% of patients in the CPRD GOLD data set were located in Wales, 

Scotland or Northern Ireland (Table 4-2).  

Table 4-2 Key patient characteristics by data source, n=343,467 

 
CPRD Aurum CPRD GOLD 

n, (%) 232,547 (67.71) 110,920 (32.29) 

SMI subtype, n (%) 

None 185,967 (79.97) 88,717 (79.98) 

Schizophrenia 10,005 (4.30) 5,023 (4.53) 

Bipolar disorder 16,563 (7.12) 7,857 (7.08) 

Other psychoses 20,012 (8.61) 9,323 (8.41) 

Age at SMI diagnosis, median [IQR] 40.75 [29.32-55.88] 41.34 [29.90-56.48] 

Sex, n (%) 

Male 118,218 (50.84) 56,756 (51.17) 

Female 114,329 (49.16) 54,164 (48.83) 

Ethnicity, n (%) 

Asian 14,270 (6.14) 2,386 (2.15) 

Black 10,528 (4.53) 1,420 (1.28) 

Mixed 2,797 (1.20) 381 (0.34) 

Other 4,741 (2.04) 2,620 (2.36) 

White 121,792 (52.37) 38,889 (35.06) 

Missing (coded as white for future 
analyses) 

78,419 (33.72) 65,224 (58.80) 

Region, n (%) 
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Within England, the geographic distribution of patients was also different between 

the two data sets (Table 4-3). For patients in England, linkage to HES, death 

certificate data and postcode-linked data were more complete in CPRD GOLD 

than Aurum (Table 4-3). This is expected given that the data from CPRD Aurum 

used in this thesis are based on an early data release, when many new practices 

 
CPRD Aurum CPRD GOLD 

East Midlands 3,993 (1.72) 2,974 (2.68) 

East of England 9,908 (4.26) 8,225 (7.42) 

London 52,117 (22.41) 9,805 (8.84) 

North East 10,536 (4.53) 2,033 (1.83) 

North West 44,674 (19.21) 9,798 (8.83) 

Northern Ireland 0 (0.00) 6,321 (5.70) 

Scotland 0 (0.00) 18,994 (17.12) 

South Central 24,448 (10.51) 7,689 (6.93) 

South East Coast 15,588 (6.70) 8,396 (7.57) 

South West 26,083 (11.22) 8,761 (7.90) 

Wales 0 (0.00) 18,098 (16.32) 

West Midlands 37,252 (16.02) 6,457 (5.82) 

Yorkshire And The Humber 7,948 (3.42) 3,369 (3.04) 

Heaviest recorded BMI category, n (%) 

Underweight 3,803 (1.64) 1,284 (1.16) 

Within normal range 63,006 (27.09) 28,302 (25.52) 

Overweight 63,645 (27.37) 30,252 (27.27) 

Obese 63,420 (27.27) 31,204 (28.13) 

Missing (coded as normal range for 
future analyses) 

38,673 (16.63) 19,878 (17.92) 

Smoking category at end of follow-up, n (%) 

Current smoker 75,193 (32.33) 32,442 (29.25) 

Ex-smoker 71,354 (30.68) 34,419 (31.03) 

Never-smoker 71,246 (30.64) 37,846 (34.12) 

Missing (coded as never-smoker for 
future analyses) 

14,754 (6.34) 6,213 (5.60) 

Drug misuse, n (%) 9,755 (4.19) 4,799 (4.33) 

Alcohol misuse, n (%) 13,206 (5.68) 6,119 (5.52) 

Number of physical LTCs, n (%) 

None, n (%) 113,066 (48.62) 53,275 (48.03) 

One, n (%) 55,956 (24.06) 27,755 (25.02) 

More than one, n (%) 63,525 (27.32) 29,890 (26.95) 

Died during follow-up, n (%) 18,340 (7.89) 8,777 (7.91) 

Age at death, median [IQR] 81.25 [68.60-88.54] 81.33 [68.75-88.77] 

Years from first consultation to end of 
follow-up, median [IQR] 

28.88 [18.85-41.42] 28.78 [19.65-41.28] 

Years from current registration to end 
of follow-up, median [IQR] 

14.56 [6.58-24.98] 17.07 [8.38-27.20] 

Years from start of cohort to end of 
follow-up, median [IQR] 

10.57 [5.34-17.69] 11.08 [6.17-16.23] 
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were joining, and there is a reported lag between practices joining the database 

and the linkage data being available. 

Table 4-3 Linkage eligibility and region for patients in England, n=300,054 

When I amalgamated the CPRD GOLD and Aurum data sets, and stratified the 

data by SMI diagnosis and subtype, patients with a diagnosis of SMI had a higher 

prevalence of obesity, drug and alcohol misuse, and were more likely to be 

current smokers and to have more than one physical LTC than those without SMI 

(Table 4-4). A higher proportion of patients with SMI died during follow-up than 

patients without SMI, and median age of death was particularly early in those with 

schizophrenia. A higher proportion of patients with SMI were of Black ethnicity 

compared to patients without SMI, particularly those diagnosed with 

schizophrenia. A higher proportion of patients with schizophrenia were males 

compared to other SMI subtypes (Table 4-4).  

Patients without SMI had a slightly lower prevalence of obesity (24.91%) than 

found in the 2018 Health Survey for England, which estimated between 26 and 

29% of adults were obese (Conolly and Craig, 2019). This is likely driven by the 

lower prevalence of obesity in younger adults, and a younger age profile of this 

cohort compared to that of the Health Survey for England (Conolly and Craig, 

2019).  

 CPRD Aurum CPRD GOLD 

n, (%) 232,547 (77.50) 67,507 (22.50) 

Eligibility, n (%) 

Hospital Episode Statistics linkage 63,852 (27.46) 51,085 (75.67) 

Death certificate data 63,852 (27.46) 51,085 (75.67) 

Postcode-linked data 63,774 (27.42) 51,265 (75.94) 

Region, n (%) 

East Midlands 3,993 (1.72) 2,974 (4.41) 

East of England 9,908 (4.26) 8,225 (12.18) 

London 52,117 (22.41) 9,805 (14.52) 

North East 10,536 (4.53) 2,033 (3.01) 

North West 44,674 (19.21) 9,798 (14.51) 

South Central 24,448 (10.51) 7,689 (11.39) 

South East Coast 15,588 (6.70) 8,396 (12.44) 

South West 26,083 (11.22) 8,761 (12.98) 

West Midlands 37,252 (16.02) 6,457 (9.56) 

Yorkshire And The Humber 7,948 (3.42) 3,369 (4.99) 
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The prevalence of smoking in patients without SMI was also elevated compared 

to the 2018 Health Survey for England estimate of 17% (NHS Digital, 2019b), 

though in line with other estimates using primary care data (Marston et al., 

2014a). The Health Survey for England found marked variation by age group, 

region and deprivation which may account for at least some of the differences.  

Table 4-4 Key patient characteristics by SMI diagnosis and subtype, n=343,467 

 
No SMI SMI Schizophr-

enia 
Bipolar 
disorder 

Other 
psychoses 

n 274,684 68,783 15,028 24,420 29,335 

Age at SMI 
diagnosis, median 
[IQR]a 

40.93 
[29.49, 
56.05] 

40.92 
[29.47, 
56.06] 

38.15 
[27.89, 
51.36] 

41.78 
[31.17, 
54.70] 

41.75 
[29.00, 
60.99] 

Age at end of follow-
up, median [IQR] 

48.00 
[35.02-
63.14] 

47.69 
[34.44-
63.96] 

45.44 
[34.43-
59.00] 

49.00 
[36.85-
62.00] 

48.10 
[34.17-
67.83] 

Sex, n (%) 

Male 139,939 
(50.95) 

35,035 
(50.94) 

9,684 
(64.44) 

9,970 
(40.83) 

15,381 
(52.43) 

Female 134,745 
(49.05) 

33,748 
(49.06) 

5,344 
(35.56) 

14,450 
(59.17) 

13,954 
(47.57) 

Ethnicity, n (%) 

Asian 13,522 
(4.92) 

3,134 
(4.56) 

1,030 
(6.85) 

749  
(3.07) 

1,355 
(4.62) 

Black 8,559 
(3.12) 

3,389 
(4.93) 

1,359 
(9.04) 

486  
(1.99) 

1,544 
(5.26) 

Mixed 2,265 
(0.82) 

913  
(1.33) 

277  
(1.84) 

243  
(1.00) 

393  
(1.34) 

Other 5,877 
(2.14) 

1,484 
(2.16) 

330  
(2.20) 

502  
(2.06) 

652  
(2.22) 

Whiteb 244,461 
(89.00) 

59,863 
(87.03) 

12,032 
(80.06) 

22,440 
(91.89) 

25,391 
(86.56) 

Heaviest recorded BMI category, n (%) 

Underweight 4,283 
(1.56) 

804  
(1.17) 

199  
(1.32) 

169  
(0.69) 

436  
(1.49) 

Within normal 
ranged 

127,237 
(46.32) 

22,622 
(32.89) 

4,871 
(32.41) 

6,790 
(27.81) 

10,961 
(37.36) 

 Overweight 74,737 
(27.21) 

19,160 
(27.86) 

3,922 
(26.10) 

7,038 
(28.82) 

8,200 
(27.95) 

Obese 68,427 
(24.91) 

26,197 
(38.09) 

6,036 
(40.17) 

10,423 
(42.68) 

9,738 
(33.20) 

Smoking category at end of follow-up, n (%) 

Current smoker 75,940 
(27.65) 

31,695 
(46.08) 

8,077 
(53.75) 

10,383 
(42.52) 

13,235 
(45.12) 

Ex-smoker 85,208 
(31.02) 

20,565 
(29.90) 

3,596 
(23.93) 

8,304 
(34.00) 

8,665 
(29.54) 

Never-smokerc 113,536 
(41.33) 

16,523 
(24.02) 

3,355 
(22.32) 

5,733 
(23.48) 

7,435 
(25.35) 

Drug misuse, n (%) 5,725 
(2.08) 

8,829 
(12.84) 

2,168 
(14.43) 

2,354 
(9.64) 

4,307 
(14.68) 

Alcohol misuse, n 
(%) 

10,060 
(3.66) 

9,265 
(13.47) 

1,875 
(12.48) 

3,251 
(13.31) 

4,139 
(14.11) 

Number of physical LTCs, n (%) 
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a: For those without SMI, this is the age of the individual at the time of diagnosis for the 
corresponding case; b: Missing ethnicity set to White (SMI=24,636, 35.82%; No SMI: 119,007, 
43.33%), c: missing smoking status set to never-smoker (SMI: 1,622, 2.36%; No SMI: 19,345, 
7.04%); c: missing BMI category set to normal range (SMI: 6,758, 9.83%; No SMI: 51,793, 
18.86%). 

While patients with SMI were matched on age group to those without SMI, there 

were differences in age profile by specific SMI subtypes. A higher proportion of 

patients with schizophrenia were under the age of 30 at the start of follow-up 

(38.34%) than those with bipolar disorder (32.79%), while more patients with 

other psychoses were aged over 80 (age 80-89: 5.07%) than either patients with 

schizophrenia (1.64%), bipolar disorder (1.37%) or without SMI (2.70%). Age at 

SMI diagnosis had a similar distribution (Figure 4-2). 

  

 
No SMI SMI Schizophr-

enia 
Bipolar 
disorder 

Other 
psychoses 

None, n (%) 139,312 
(50.72) 

27,029 
(39.30) 

6,766 
(45.02) 

8,928 
(36.56) 

11,335 
(38.64) 

One, n (%) 65,339 
(23.79) 

18,372 
(26.71) 

3,980 
(26.48) 

6,872 
(28.14) 

7,520 
(25.63) 

More than one, n 
(%) 

70,033 
(25.50) 

23,382 
(33.99) 

4,282 
(28.49) 

8,620 
(35.30) 

10,480 
(35.73) 

Died during follow-
up, n (%) 

19,536 
(7.11) 

7,581 
(11.02) 

1,617 
(10.76) 

2,158 
(8.84) 

3,806 
(12.97) 

Age at death, median 
[IQR] 

82.67 
[72.21-
89.32] 

75.75 
[59.52-
86.04] 

68.18 
[52.50-
81.15] 

72.87 
[59.64-
82.84] 

80.92 
[63.06-
88.98] 

Years from first 
consultation to end 
of follow-up, median 
[IQR] 

28.83 
[19.09-
41.50] 
 

28.93 
[19.21-
41.00] 

24.98 
[13.38-
36.00] 

30.74 
[21.38-
42.58] 

29.35 
[20.43-
42.13] 

Years from current 
registration to end of 
follow-up, median 
[IQR] 

15.94 
[7.43-
26.24] 
 

13.31 
[5.90-
23.47] 
 

11.66 
[4.90-
21.38] 

13.56 
[6.21-
23.47] 

13.95 
[6.27-
24.46] 

Years from start of 
cohort to end of 
follow-up, median  
[IQR] 

11.00 
[5.77-
17.32] 

9.98  
[5.07-
16.05] 

9.05  
[4.41-
15.38] 

10.80 
[5.54-
16.90] 

9.75  
[5.11-
15.84] 
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Figure 4-2 Age distribution of the cohort by SMI subtype 

A greater proportion of patients without SMI had missing information for ethnicity 

(43.33% vs. 35.82%), smoking status (7.04% vs. 2.36%) and BMI category 

(18.86% vs. 9.83%) than those with SMI. The completeness of ethnicity recording 

improved considerably over time (Figure 4-3). Compared to ONS census data in 

2001 and 2011 (ONS, 2022), using a missing category or performing complete 

case analysis under-estimated the proportion of patients of White ethnicity in both 

those with and without SMI (Figure 4-4). While coding ethnicity as White over-

estimated the proportion of white patients in earlier years, for patient records 

ending after 2006 (n=308,949, 89.95%) the proportion of white patients was 

similar to that of the ONS census data. The use of multiple imputation led to a 

more consistent proportion of White patients but underestimated White ethnicity 

prevalence.   
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Figure 4-3 Completeness of ethnicity recording by year that records end 

 

Figure 4-4 Comparison of the use of different methods for dealing with missing ethnicity on 
prevalence of white ethnicity 

 

*MICE: Multiple imputation by chained equation 
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4.3.3 Prevalence of physical LTCs 

The most common physical LTCs were hypertension, asthma and diabetes for 

both patients with and without SMI, and when stratified by SMI subtype and sex 

(Figure 4-5, Table 4-5).  

Figure 4-5 Unadjusted prevalence of physical LTCs by SMI diagnosis, SMI subtype, and sex 

CHF: congestive heart failure; Rheumatic disease: rheumatic and collagen disease; Paralysis: 

paresis and paralysis  
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Table 4-5 Unadjusted prevalence of physical LTCs 

  

Physical LTC, 
n (%) 

No SMI  SMI  Schizophr-
enia  

Bipolar 
disorder  

Other 
psychoses 

Asthma 41,817 
(15.22) 

12,759 
(18.55) 

2,352 
(15.65) 

5,131 
(21.01) 

5,276 
(17.99) 

COPD 10,187 
(3.71) 

3,795  
(5.52) 

781  
(5.20) 

1,426  
(5.84) 

1,588  
(5.41) 

Cardiac 
arrythmia 

14,465 
(5.27) 

3,666  
(5.33) 

546  
(3.63) 

1,177  
(4.82) 

1,943  
(6.62) 

Congestive 
heart failure 

7,073  
(2.57) 

1,894  
(2.75) 

291  
(1.94) 

585  
(2.40) 

1,018  
(3.47) 

Myocardial 
infarction 

6,237  
(2.27) 

1,593  
(2.32) 

254  
(1.69) 

461 (1.89) 878  
(2.99) 

Cerebrovascular 
disease 

12,049 
(4.39) 

4,071  
(5.92) 

597  
(3.97) 

1,364  
(5.59) 

2,110  
(7.19) 

Neurological 
disease 

8,071  
(2.94) 

5,509 
(8.01) 

1,079  
(7.18) 

1,765  
(7.23) 

2,665  
(9.08) 

Cancer 23,994 
(8.74) 

5,488  
(7.98) 

841  
(5.60) 

2,069  
(8.79) 

2,578  
(8.79) 

Diabetes 29,836 
(10.86) 

12,028 
(17.49) 

2,942 
(19.58) 

4,289 
(17.56) 

4,797 
(16.35) 

Hypothyroidism 13,229 
(4.82) 

5,468  
(7.95) 

794  
(5.28) 

2,667 
(10.92) 

2,007  
(6.84) 

Liver disease 4,061  
(1.48) 

1,973  
(2.87) 

460  
(3.06) 

588  
(2.41) 

925  
(3.15) 

Renal disease 18,357 
(6.68) 

5,351  
(7.78) 

893  
(5.94) 

1,949  
(7.98) 

2,509  
(8.55) 

Peptic ulcer  5,758  
(2.09) 

1,721  
(2.50) 

249  
(1.66) 

582  
(2.38) 

890  
(3.03) 

Rheumatic / 
collagen 
diseases 

7,562  
(2.75) 

1,835  
(2.67) 

231  
(1.54) 

708  
(2.90) 

896  
(3.05) 

Paresis/ 
paralysis 

1,246  
(0.45) 

608  
(0.88) 

92  
(0.61) 

221  
(0.90) 

295  
(1.01) 

HIV 1,769  
(0.64) 

752  
(1.09) 

117  
(0.78) 

299  
(1.22) 

336  
(1.15) 

Hypertension 56,327 
(20.51) 

13,954 
(20.29) 

2,494 
(16.60) 

5,040 
(20.64) 

6,420 
(21.89) 

Peripheral 
vascular 
disease 

5,502  
(2.00) 

1,473  
(2.14) 

224  
(1.49) 

503  
(2.06) 

746  
(2.54) 

Pulmonary 
circulation 
disorders 

2,842  
(1.03) 

1,050  
(1.53) 

172  
(1.14) 

383  
(1.57) 

495  
(1.69) 

Valvular disease 4,908  
(1.79) 

1,130  
(1.64) 

153  
(1.02) 

381  
(1.56) 

596  
(2.03) 

Deficiency 
anaemia 

14,320 
(5.21) 

4,786  
(6.96) 

891  
(5.93) 

1,693  
(6.93) 

2,202  
(7.51) 

Blood loss 
anaemia 

185  
(0.07) 

43  
(0.06) 

11  
(0.07) 

14  
(0.06) 

18  
(0.06) 

Coagulopathy 1,795  
(0.65) 

614  
(0.89) 

100  
(0.67) 

224  
(0.92) 

290  
(0.99) 

Fluid and 
electrolyte 
disorders 

5,341  
(1.94) 

2,309  
(3.36) 

355  
(2.36) 

863  
(3.53) 

1,091  
(3.72) 
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However, the prevalence of conditions varied by age group (Figure 4-6). In those 

aged 18-40 the most common conditions were asthma, diabetes, and 

neurological disease in those with SMI and asthma, diabetes, and deficiency 

anaemia in those without. In subsequent age groups the most prevalent 

conditions were the same in those with and without SMI. The most prevalent 

conditions were diabetes, asthma, and hypertension in those aged 41-60; 

hypertension, diabetes, and cancer in those aged 61-80; and hypertension, renal 

disease, and cancer in those aged over 80. When stratified by SMI subtype the 

most prevalent physical LTCs were the same as in the overall SMI cohort for 

patients with bipolar disorder and other psychoses. However, the most prevalent 

conditions in patients with schizophrenia were hypertension, renal disease, and 

diabetes in 61-80 and over 80 age groups, rather than cancer (Figure 4-6). 
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Figure 4-6 Unadjusted prevalence of physical LTCs by SMI diagnosis, SMI subtype, and 20 year 
age group 
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When adjusting for age, sex, ethnicity, and region, patients with SMI had higher 

odds of receiving a diagnostic code for 19 out of 24 physical LTCs than patients 

without SMI (Table 4-6). Odds ratios (ORs) were particularly high for neurological 

disease (OR: 2.92, 95%CI: 2.82-3.03), paralysis or paresis (OR: 1.97, 95%CI: 

1.78-2.17) and liver disease (OR: 1.95, 95%CI: 1.83-2.08), for diabetes in those 

with schizophrenia (OR: 2.12, 95%CI: 2.02-2.22) or bipolar disorder (OR: 2.06, 

95%CI: 1.97-2.14), and hypothyroidism (OR: 2.58, 95%CI: 2.46-2.71) and fluid 

and electrolyte disorders (OR: 2.28, 95%CI: 2.11-2.46) in those with bipolar 

disorder. Patients with schizophrenia had lower odds of having a recorded 

diagnosis of cardiac arrythmia, cancer, valvular disease, rheumatic and collagen 

disease, or hypertension than the those without SMI (Table 4-6, Figure 4-7).  

Patients with SMI were more likely to have health risk factors recorded than those 

without SMI (Table 4-4). Obesity was particularly prevalent in those with a 

diagnosis of bipolar disorder (42.68%), while smoking was most prevalent in 

those with schizophrenia (53.75%), and alcohol and drug misuse most prevalent 

in those with a diagnosis of other psychoses (14.11% and 14.68% respectively). 

Additionally adjusting for these risk factors resulted in lower ORs for all physical 

LTCs; and particularly for liver disease, HIV, COPD, diabetes and neurological 

disease for all SMI subtypes, and asthma for those with schizophrenia (Table 4-6, 

Figure 4-7). In sensitivity analysis, using multiple imputation to estimate missing 

ethnicity made little difference to the ORs for physical LTCs (Table 4-7). While 

the use of single imputation often leads to an underestimation of variance 

(Donders et al., 2006), I found the effect of multiple imputation on both effect size 

and 95% CI was small.  
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Table 4-6 Odds ratios for 24 physical LTCs by SMI diagnosis and subtype, compared to those 
without SMI 

Physical LTC, OR (95%CI) SMI  Schizophr-
enia  

Bipolar 
disorder  

Other 
psychoses 

Asthma 

Unadjusted 1.27  
(1.24-1.30) 

1.03  
(0.99-1.08) 

1.48  
(1.43-1.53) 

1.22  
(1.18-1.26) 

Adjusted: age, sex, region, and 
ethnicity 

1.28  
(1.25-1.31) 

1.07  
(1.02-1.12) 

1.44  
(1.40-1.49) 

1.24  
(1.20-1.28) 

Adjusted: additionally for BMI, 
smoking, drug, and alcohol misuse 

1.06  
(1.03-1.08) 

0.87  
(0.83-0.91) 

1.17  
(1.13-1.21) 

1.06  
(1.02-1.09) 

COPD 

Unadjusted 1.52  
(1.46-1.58) 

1.42  
(1.32-1.54) 

1.61  
(1.52-1.71) 

1.49  
(1.4-1.57) 

Adjusted: age, sex, region, and 
ethnicity 

1.61  
(1.54-1.68) 

1.81  
(1.67-1.97) 

1.90  
(1.78-2.02) 

1.34  
(1.26-1.43) 

Adjusted: additionally for BMI, 
smoking, drug, and alcohol misuse 

1.21  
(1.16-1.26) 

1.27  
(1.17-1.38) 

1.36  
(1.28-1.45) 

1.07  
(1.01-1.14) 

Cardiac arrythmia 

Unadjusted 1.01  
(0.98-1.05) 

0.68  
(0.62-0.74) 

0.91  
(0.85-0.97) 

1.28  
(1.22-1.34) 

Adjusted: age, sex, region, and 
ethnicity 

1.06  
(1.02-1.10) 

0.91  
(0.82-1.00) 

1.11  
(1.04-1.19) 

1.09  
(1.03-1.15) 

Adjusted: additionally for BMI, 
smoking, drug, and alcohol misuse 

1.00 
(0.96-1.04) 

0.86  
(0.78-0.94) 

0.99  
(0.92-1.05) 

1.06  
(1.00-1.12) 

Congestive heart failure 

Unadjusted 1.07  
(1.02-1.13) 

0.75  
(0.66-0.84) 

0.93  
(0.85-1.01) 

1.36  
(1.27-1.45) 

Adjusted: age, sex, region, and 
ethnicity 

1.14  
(1.08-1.21) 

1.06  
(0.93-1.20) 

1.27  
(1.16-1.38) 

1.10  
(1.02-1.19) 

Adjusted: additionally for BMI, 
smoking, drug, and alcohol misuse 

1.07  
(1.01-1.13) 

0.99  
(0.87-1.12) 

1.11  
(1.01-1.21) 

1.08  
(1.00-1.16) 

Myocardial infarction 

Unadjusted 1.02  
(0.97-1.08) 

0.74  
(0.65-0.84) 

0.83  
(0.75-0.91) 

1.33  
(1.24-1.43) 

Adjusted: age, sex, region, and 
ethnicity 

1.07  
(1.01-1.14) 

0.96  
(0.84-1.10) 

1.02  
(0.92-1.12) 

1.15  
(1.06-1.24) 

Adjusted: additionally for BMI, 
smoking, drug, and alcohol misuse 

1.00  
(0.94-1.06) 

0.87  
(0.76-0.99) 

0.89  
(0.8-0.98) 

1.12  
(1.04-1.21) 

Cerebrovascular disease 

Unadjusted 1.37  
(1.33-1.42) 

0.90  
(0.83-0.98) 

1.29  
(1.22-1.37) 

1.69  
(1.61-1.77) 

Adjusted: age, sex, region, and 
ethnicity 

1.51  
(1.45-1.57) 

1.26  
(1.15-1.39) 

1.70  
(1.60-1.81) 

1.47  
(1.40-1.56) 

Adjusted: additionally for BMI, 
smoking, drug, and alcohol misuse 

1.40  
(1.35-1.46) 

1.16  
(1.06-1.28) 

1.52  
(1.43-1.63) 

1.41  
(1.34-1.49) 

Neurological disease 

Unadjusted 2.88  
(2.77-2.98) 

2.56  
(2.38-2.74) 

2.57  
(2.43-2.72) 

3.30  
(3.15-3.46) 

Adjusted: age, sex, region, and 
ethnicity 

2.92  
(2.82-3.03) 

2.80  
(2.61-3.01) 

2.62  
(2.48-2.77) 

3.22  
(3.08-3.38) 

Adjusted: additionally for BMI, 
smoking, drug, and alcohol misuse 

2.63  
(2.53-2.74) 

2.53  
(2.35-2.72) 

2.34  
(2.21-2.49) 

2.92  
(2.78-3.07) 

Cancer 

Unadjusted 0.91  
(0.88-0.93) 

0.62  
(0.58-0.67) 

0.97  
(0.92-1.02) 

1.01  
(0.97-1.05) 

Adjusted: age, sex, region, and 
ethnicity 

0.92  
(0.89-0.95) 

0.80  
(0.74-0.86) 

1.10  
(1.05-1.16) 

0.85  
(0.81-0.89) 
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Physical LTC, OR (95%CI) SMI  Schizophr-
enia  

Bipolar 
disorder  

Other 
psychoses 

Adjusted: additionally for BMI, 
smoking, drug, and alcohol misuse 

0.89  
(0.86-0.92) 

0.77  
(0.71-0.83) 

1.03  
(0.98-1.08) 

0.83  
(0.79-0.87) 

Diabetes 

Unadjusted 1.74  
(1.69-1.79) 

2.00  
(1.90-2.10) 

1.75  
(1.68-1.82) 

1.60  
(1.55-1.67) 

Adjusted: age, sex, region, and 
ethnicity 

1.81  
(1.76-1.87) 

2.12  
(2.02-2.22) 

2.06  
(1.97-2.14) 

1.51  
(1.45-1.57) 

Adjusted: additionally for BMI, 
smoking, drug, and alcohol misuse 

1.47  
(1.43-1.51) 

1.67  
(1.59-1.75) 

1.51  
(1.44-1.58) 

1.35  
(1.29-1.40) 

Hypothyroidism 

Unadjusted 1.71  
(1.65-1.77) 

1.10  
(1.02-1.19) 

2.42  
(2.31-2.54) 

1.45  
(1.38-1.52) 

Adjusted: age, sex, region, and 
ethnicity 

1.80  
(1.74-1.87) 

1.50  
(1.38-1.63) 

2.58  
(2.46-2.71) 

1.35  
(1.28-1.42) 

Adjusted: additionally for BMI, 
smoking, drug, and alcohol misuse 

1.68 
(1.62-1.74) 

1.39  
(1.28-1.51) 

2.28  
(2.17-2.39) 

1.32  
(1.25-1.39) 

Liver disease 

Unadjusted 1.97  
(1.85-2.1) 

2.10  
(1.89-2.34) 

1.64  
(1.50-1.80) 

2.17  
(1.99-2.36) 

Adjusted: age, sex, region, and 
ethnicity 

1.95  
(1.83-2.08) 

1.98  
(1.79-2.21) 

1.74  
(1.59-1.91) 

2.09  
(1.92-2.28) 

Adjusted: additionally for BMI, 
smoking, drug, and alcohol misuse 

1.07  
(1.00-1.14) 

1.10  
(0.99-1.22) 

0.98  
(0.89-1.09) 

1.12  
(1.03-1.22) 

Renal disease 

Unadjusted 1.18  
(1.14-1.21) 

0.88  
(0.82-0.95) 

1.21  
(1.15-1.27) 

1.31  
(1.25-1.36) 

Adjusted: age, sex, region, and 
ethnicity 

1.27  
(1.23-1.32) 

1.23  
(1.14-1.34) 

1.63  
(1.54-1.73) 

1.08  
(1.02-1.13) 

Adjusted: additionally for BMI, 
smoking, drug, and alcohol misuse 

1.20  
(1.16-1.25) 

1.17  
(1.08-1.27) 

1.42  
(1.34-1.50) 

1.07  
(1.02-1.13) 

Peptic ulcer  

Unadjusted 1.20  
(1.14-1.27) 

0.79  
(0.70-0.90) 

1.15  
(1.05-1.25) 

1.47  
(1.37-1.58) 

Adjusted: age, sex, region, and 
ethnicity 

1.24  
(1.17-1.31) 

0.89  
(0.79-1.02) 

1.32  
(1.21-1.45) 

1.32  
(1.23-1.43) 

Adjusted: additionally for BMI, 
smoking, drug, and alcohol misuse 

1.05  
(0.99-1.12) 

0.74  
(0.65-0.84) 

1.10  
(1.01-1.20) 

1.16  
(1.07-1.25) 

Rheumatic /collagen diseases 

Unadjusted 0.97  
(0.92-1.02) 

0.55  
(0.48-0.63) 

1.05  
(0.97-1.14) 

1.11  
(1.04-1.19) 

Adjusted: age, sex, region, and 
ethnicity 

0.98  
(0.93-1.04) 

0.70  
(0.62-0.80) 

1.15  
(1.06-1.25) 

0.97  
(0.90-1.05) 

Adjusted: additionally for BMI, 
smoking, drug, and alcohol misuse 

0.94  
(0.89-0.99) 

0.67  
(0.59-0.76) 

1.05  
(0.97-1.14) 

0.96  
(0.89-1.03) 

Paresis/Paralysis 

Unadjusted 1.96  
(1.77-2.16) 

1.35  
(1.10-1.66) 

2.00  
(1.73-2.32) 

2.23  
(1.96-2.54) 

Adjusted: age, sex, region, and 
ethnicity 

1.97  
(1.78-2.17) 

1.43  
(1.16-1.76) 

2.04  
(1.76-2.36) 

2.16  
(1.90-2.46) 

Adjusted: additionally for BMI, 
smoking, drug, and alcohol misuse 

1.91  
(1.72-2.14) 

1.38 
(1.11-1.72) 

1.96  
(1.69-2.27) 

2.13  
(1.85-2.44) 

HIV 

Unadjusted 1.71  
(1.53-1.90) 

1.21  
(0.96-1.52) 

1.91  
(1.68-2.17) 

1.79  
(1.52-2.10) 

Adjusted: age, sex, region, and 
ethnicity 

1.66  
(1.49-1.85) 

1.15  
(0.92-1.43) 

1.83  
(1.59-2.1) 

1.80  
(1.54-2.10) 
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Physical LTC, OR (95%CI) SMI  Schizophr-
enia  

Bipolar 
disorder  

Other 
psychoses 

Adjusted: additionally for BMI, 
smoking, drug, and alcohol misuse 

1.25  
(1.13-1.38) 

0.85  
(0.70-1.04) 

1.38  
(1.19-1.61) 

1.35  
(1.18-1.54) 

Hypertension 

Unadjusted 0.99  
(0.97-1.01) 

0.77  
(0.73-0.81) 

1.01  
(0.97-1.04) 

1.09  
(1.06-1.12) 

Adjusted: age, sex, region, and 
ethnicity 

0.99  
(0.96-1.02) 

0.88  
(0.83-0.93) 

1.17  
(1.12-1.22) 

0.90  
(0.87-0.94) 

Adjusted: additionally for BMI, 
smoking, drug, and alcohol misuse 

0.80  
(0.78-0.82) 

0.70  
(0.66-0.74) 

0.85  
(0.82-0.89) 

0.80  
(0.77-0.84) 

Peripheral vascular disease 

Unadjusted 1.07  
(1.01-1.13) 

0.74  
(0.64-0.85) 

1.03  
(0.94-1.13) 

1.28 
(1.19-1.38) 

Adjusted: age, sex, region, and 
ethnicity 

1.13  
(1.06-1.20) 

0.96  
(0.83-1.12) 

1.29  
(1.17-1.42) 

1.09  
(1.01-1.18) 

Adjusted: additionally for BMI, 
smoking, drug, and alcohol misuse 

0.98  
(0.92-1.04) 

0.80  
(0.69-0.92) 

1.07  
(0.97-1.18) 

1.00  
(0.92-1.08) 

Pulmonary circulation disorders 

Unadjusted 1.48  
(1.38-1.59) 

1.11  
(0.95-1.30) 

1.52  
(1.36-1.70) 

1.64  
(1.49-1.81) 

Adjusted: age, sex, region, and 
ethnicity 

1.52  
(1.41-1.63) 

1.39  
(1.18-1.63) 

1.70  
(1.52-1.90) 

1.45  
(1.31-1.60) 

Adjusted: additionally for BMI, 
smoking, drug, and alcohol misuse 

1.32  
(1.22-1.42) 

1.19  
(1.01-1.39) 

1.38  
(1.23-1.54) 

1.33  
(1.20-1.46) 

Valvular disease 

Unadjusted 0.92  
(0.86-0.98) 

0.57  
(0.48-0.66) 

0.87  
(0.78-0.97) 

1.14  
(1.05-1.24) 

Adjusted: age, sex, region, and 
ethnicity 

0.94  
(0.88-1.01) 

0.73  
(0.62-0.85) 

1.03  
(0.93-1.14) 

0.97  
(0.89-1.05) 

Adjusted: additionally for BMI, 
smoking, drug, and alcohol misuse 

0.91  
(0.85-0.97) 

0.70  
(0.60-0.82) 

0.95  
(0.85-1.05) 

0.95  
(0.87-1.04) 

Deficiency anaemia 

Unadjusted 1.36  
(1.31-1.41) 

1.15  
(1.07-1.23) 

1.35  
(1.28-1.43) 

1.48  
(1.41-1.55) 

Adjusted: age, sex, region, and 
ethnicity 

1.37  
(1.32-1.42) 

1.34  
(1.24-1.44) 

1.38  
(1.31-1.46) 

1.37 
(1.30-1.44) 

Adjusted: additionally for BMI, 
smoking, drug, and alcohol misuse 

1.30  
(1.25-1.35) 

1.27  
(1.18-1.37) 

1.27  
(1.20-1.35) 

1.33  
(1.26-1.40) 

Blood loss anaemia 

Unadjusted 0.93  
(0.67-1.28) 

1.09  
(0.61-1.94) 

0.85  
(0.50-1.45) 

0.91  
(0.55-1.50) 

Adjusted: age, sex, region, and 
ethnicity 

0.90  
(0.65-1.25) 

1.19  
(0.66-2.14) 

0.88  
(0.51-1.50) 

0.80  
(0.49-1.32) 

Adjusted: additionally for BMI, 
smoking, drug, and alcohol misuse 

0.87  
(0.63-1.21) 

1.13  
(0.62-2.06) 

0.82  
(0.48-1.42) 

0.80  
(0.49-1.30) 

Coagulopathy 

Unadjusted 1.37  
(1.24-1.51) 

1.02  
(0.83-1.25) 

1.41  
(1.21-1.63) 

1.52  
(1.34-1.72) 

Adjusted: age, sex, region, and 
ethnicity 

1.37  
(1.25-1.51) 

1.07  
(0.87-1.32) 

1.47  
(1.27-1.71) 

1.43  
(1.26-1.62) 

Adjusted: additionally for BMI, 
smoking, drug, and alcohol misuse 

1.16  
(1.06-1.28) 

0.91  
(0.74-1.12) 

1.21  
(1.04-1.4) 

1.25  
(1.1-1.41) 

Fluid and electrolyte disorders 

Unadjusted 1.75  
(1.67-1.84) 

1.22  
(1.09-1.37) 

1.85  
(1.72-1.99) 

1.95  
(1.83-2.08) 

Adjusted: age, sex, region, and 
ethnicity 

1.85  
(1.76-1.95) 

1.59  
(1.41-1.79) 

2.28  
(2.11-2.46) 

1.68  
(1.57-1.80) 
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Figure 4-7 Odds ratios of physical LTCs by SMI subtype, compared to those without SMI 

Physical LTC, OR (95%CI) SMI  Schizophr-
enia  

Bipolar 
disorder  

Other 
psychoses 

Adjusted: additionally for BMI, 
smoking, drug, and alcohol misuse 

1.63  
(1.54-1.72) 

1.39  
(1.24-1.56) 

1.89  
(1.75-2.05) 

1.54  
(1.44-1.65) 
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Table 4-7 Sensitivity analysis: Comparison of results with missing ethnicity estimated by multiple 
imputation vs. imputed as White; logistic regression adjusted for age, sex, region, and ethnicity. 

Physical LTC, OR (95%CI) Schizophrenia  Bipolar 
disorder  

Other 
psychoses 

Asthma,  

Multiple imputation 1.09  
(1.04-1.14) 

1.42  
(1.37-1.47) 

1.24  
(1.20-1.28) 

Imputed as white 1.07  
(1.02-1.12) 

1.44  
(1.40-1.49) 

1.24  
(1.20-1.28) 

COPD 

Multiple imputation 1.84  
(1.70-2.01) 

1.86  
(1.75-1.97) 

1.34  
(1.26-1.43) 

Imputed as white 1.81  
(1.67-1.97) 

1.90  
(1.78-2.02) 

1.34  
(1.26-1.43) 

Cardiac arrythmia 

Multiple imputation 0.92 
(0.84-1.02) 

1.10 
(1.02-1.17) 

1.09  
(1.03-1.15) 

Imputed as white 0.91  
(0.82-1.00) 

1.11  
(1.04-1.19) 

1.09  
(1.03-1.15) 

Congestive heart failure 

Multiple imputation 1.07  
(0.94-1.21) 

1.27  
(1.16-1.38) 

1.10  
(1.02-1.19) 

Imputed as white 1.06  
(0.93-1.20) 

1.27  
(1.16-1.38) 

1.10  
(1.02-1.19) 

Myocardial infarction 

Multiple imputation 0.97  
(0.85-1.11) 

1.02  
(0.92-1.12) 

1.15  
(1.07-1.24) 

Imputed as white 0.96  
(0.84-1.10) 

1.02  
(0.92-1.12) 

1.15  
(1.06-1.24) 

Cerebrovascular disease 

Multiple imputation 1.28  
(1.16-1.40) 

1.69  
(1.59-1.80) 

1.48  
(1.40-1.56) 

Imputed as white 1.26  
(1.15-1.39) 

1.70  
(1.60-1.81) 

1.47  
(1.40-1.56) 

Neurological disease 

Multiple imputation 2.86  
(2.66-3.07) 

2.58  
(2.44-2.72) 

3.23  
(3.08-3.38) 

Imputed as white 2.80  
(2.61-3.01) 

2.62  
(2.48-2.77) 

3.22  
(3.08-3.38) 

Cancer 

Multiple imputation 0.81  
(0.75-0.87) 

1.08  
(1.03-1.14) 

0.85  
(0.81-0.89) 

Imputed as white 0.80  
(0.74-0.86) 

1.10  
(1.05-1.16) 

0.85  
(0.81-0.89) 

Diabetes 

Multiple imputation 2.15  
(2.05-2.25) 

2.08  
(2.00-2.17) 

1.52  
(1.46-1.59) 

Imputed as white 2.12  
(2.02-2.22) 

2.06  
(1.97-2.14) 

1.51  
(1.45-1.57) 

Hypothyroidism 

Multiple imputation 1.54  
(1.42-1.66) 

2.55  
(2.43-2.68) 

1.36  
(1.29-1.43) 

Imputed as white 1.50  
(1.38-1.63) 

2.58  
(2.46-2.71) 

1.35  
(1.28-1.42) 

Liver disease 

Multiple imputation 1.99  
(1.79-2.21) 

1.75  
(1.60-1.91) 

2.10 
(1.92-2.29) 
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Physical LTC, OR (95%CI) Schizophrenia  Bipolar 
disorder  

Other 
psychoses 

Imputed as white 1.98  
(1.79-2.21) 

1.74  
(1.59-1.91) 

2.09  
(1.92-2.28) 

Renal disease 

Multiple imputation 1.24  
(1.14-1.35) 

1.64  
(1.54-1.73) 

1.08  
(1.02-1.13) 

Imputed as white 1.23  
(1.14-1.34) 

1.63  
(1.54-1.73) 

1.08  
(1.02-1.13) 

Peptic ulcer  

Multiple imputation 0.90 
(0.79-1.02) 

1.32  
(1.21-1.44) 

1.32  
(1.23-1.43) 

Imputed as white 0.89  
(0.79-1.02) 

1.32  
(1.21-1.45) 

1.32  
(1.23-1.43) 

Rheumatic /collagen diseases 

Multiple imputation 0.71  
(0.63-0.81) 

1.14  
(1.05-1.24) 

0.98  
(0.91-1.05) 

Imputed as white 0.70  
(0.62-0.80) 

1.15  
(1.06-1.25) 

0.97  
(0.90-1.05) 

Paresis/Paralysis 

Multiple imputation 1.43  
(1.16-1.76) 

2.02  
(1.75-2.34) 

2.16  
(1.90-2.46) 

Imputed as white 1.43  
(1.16-1.76) 

2.04  
(1.76-2.36) 

2.16  
(1.90-2.46) 

HIV 

Multiple imputation 1.17  
(0.93-1.46) 

1.83  
(1.60-2.10) 

1.84  
(1.57-2.15) 

Imputed as white 1.15  
(0.92-1.43) 

1.83  
(1.59-2.10) 

1.80  
(1.54-2.10) 

Hypertension 

Multiple imputation 0.88  
(0.83-0.94) 

1.18  
(1.13-1.22) 

0.91  
(0.87-0.94) 

Imputed as white 0.88  
(0.83-0.93) 

1.17  
(1.12-1.22) 

0.90  
(0.87-0.94) 

Peripheral vascular disease 

Multiple imputation 0.97  
(0.83-1.12) 

1.29 
(1.17-1.42) 

1.09  
(1.01-1.18) 

Imputed as white 0.96  
(0.83-1.12) 

1.29  
(1.17-1.42) 

1.09  
(1.01-1.18) 

Pulmonary circulation disorders 

Multiple imputation 1.39  
(1.19-1.64) 

1.69 
(1.52-1.89) 

1.45 
(1.31-1.60) 

Imputed as white 1.39  
(1.18-1.63) 

1.70  
(1.52-1.90) 

1.45  
(1.31-1.60) 

Valvular disease 

Multiple imputation 0.73  
(0.62-0.85) 

1.03  
(0.92-1.14) 

0.97  
(0.89-1.05) 

Imputed as white 0.73  
(0.62-0.85) 

1.03  
(0.93-1.14) 

0.97  
(0.89-1.05) 

Deficiency anaemia 

Multiple imputation 1.34  
(1.25-1.44) 

1.41  
(1.34-1.49) 

1.38  
(1.31-1.45) 

Imputed as white 1.34  
(1.24-1.44) 

1.38  
(1.31-1.46) 

1.37 
(1.30-1.44) 

Blood loss anaemia 

Multiple imputation 1.22  
(0.68-2.18) 

0.89  
(0.52-1.52) 

0.82  
(0.50-1.34) 

Imputed as white 1.19  0.88  0.80  
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4.3.4 Counts of physical LTCs and prevalence of multimorbidity 

The median number of physical LTCs was one (IQR: 0-2) for patients with SMI 

and zero for patients without (IQR: 0-2). A total of 23,382 (33.99%) patients with 

SMI and 70,003 (25.50%) without SMI had two or more physical LTCs, i.e., 

physical health multimorbidity. In both patients with and without SMI, the 

prevalence of physical health multimorbidity was highest in females and in older 

age (Figure 4-8).  

Patients with SMI were more likely to have one or more physical LTC (OR: 1.76, 

95%CI: 1.71-1.80) and multimorbidity (OR: 1.84, 95%CI: 1.79-1.88) when 

adjusting for age, sex, region, and ethnicity. While the prevalence of 

multimorbidity was highest in older age groups (Figure 4-8), when adjusting for 

ethnicity and region the greatest difference between those with and without SMI 

were at younger age groups: aged 18-29 in females (OR: 2.69, 95%CI: 2.37-3.06) 

and 30-39 in males (OR: 2.49, 95%CI: 2.27-2.74; Figure 4-8). In contrast, in those 

age 80 and over the prevalence of multimorbidity was similar in patients with and 

without SMI (Table 4-8). In patients aged 80 and over, patients with schizophrenia 

appeared at lower risk of multimorbidity compared to those without SMI (Males: 

OR: 0.39, 95%CI: 0.30-0.51, Females: OR: 0.71, 95%CI: 0.60-0.85). 

Additionally adjusting for smoking status, BMI category, alcohol misuse, and drug 

misuse reduced the OR of having at least one physical LTC (OR: 1.35, 95%CI: 

1.33-1.38) and of multimorbidity (OR: 1.40, 95%CI: 1.37-1.44) in patients with 

SMI, though both were still higher than in those without SMI. When adjusting for 

these health risk factors, the greatest difference in prevalence of multimorbidity 

between those with and without SMI was in those aged 18-29 (Males: OR: 1.76, 

95%CI: 1.52-2.05; Females: OR: 2.17, 95%CI: 1.89-2.50).   

Physical LTC, OR (95%CI) Schizophrenia  Bipolar 
disorder  

Other 
psychoses 

(0.66-2.14) (0.51-1.50) (0.49-1.32) 

Coagulopathy 

Multiple imputation 1.08  
(0.88-1.32) 

1.47  
(1.27-1.70) 

1.44  
(1.27-1.63) 

Imputed as white 1.07  
(0.87-1.32) 

1.47  
(1.27-1.71) 

1.43  
(1.26-1.62) 

Fluid and electrolyte disorders 

Multiple imputation 1.60  
(1.42-1.80) 

2.29  
(2.12-2.47) 

1.69  
(1.57-1.81) 

Imputed as white 1.59  
(1.41-1.79) 

2.28  
(2.11-2.46) 

1.68  
(1.57-1.80) 
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Figure 4-8 Unadjusted prevalence and adjusted odds ratios of multimorbidity in patients with SMI 
compared to without SMI, stratified by age and sex 
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Table 4-8 Odds ratios of physical multimorbidity*, stratified by age at end of follow-up and sex, 
and adjusted for ethnicity and region 

*Defined as two or more physical LTCs.  

Sex and 
age, OR 
(95%CI) 

SMI  Schizophrenia  Bipolar disorder  Other 
psychoses  

Males 

18-29 2.30  
(2.02-2.63) 

2.05  
(1.66-2.53) 

2.48  
(1.95-3.16) 

2.37  
(2.01-2.79) 

30-39 2.49  
(2.27-2.74) 

2.52  
(2.18-2.91) 

2.27  
(1.91-2.68) 

2.60  
(2.3-2.94) 

40-49 2.47  
(2.31-2.65) 

2.33  
(2.09-2.59) 

2.56  
(2.29-2.86) 

2.53  
(2.29-2.79) 

50-59 2.04  
(1.91-2.17) 

1.91  
(1.71-2.14) 

2.01  
(1.82-2.23) 

2.15  
(1.96-2.36) 

60-69 1.63  
(1.51-1.76) 

1.20  
(1.05-1.37) 

1.82  
(1.63-2.04) 

1.79  
(1.58-2.01) 

70-79 1.29  
(1.17-1.43) 

0.87  
(0.71-1.07) 

1.57  
(1.35-1.83) 

1.33  
(1.15-1.54) 

80+ 0.92  
(0.8-1.05) 

0.39  
(0.30-0.51) 

1.17  
(0.91-1.51) 

1.07  
(0.90-1.27) 

Females, OR (95%CI) 

18-29 2.69  
(2.37-3.06) 

2.91  
(2.19-3.88) 

2.47  
(2.09-2.93) 

2.88  
(2.41-3.43) 

30-39 2.37  
(2.17-2.59) 

2.36  
(1.99-2.80) 

2.21  
(1.97-2.49) 

2.61  
(2.28-2.99) 

40-49 2.20  
(2.05-2.36) 

2.01  
(1.74-2.32) 

2.38  
(2.18-2.60) 

2.04 
(1.83-2.27) 

50-59 2.13  
(2.00-2.27) 

2.04  
(1.78-2.33) 

2.30  
(2.12-2.49) 

1.97  
(1.79-2.16) 

60-69 1.76  
(1.64-1.89) 

1.41  
(1.21-1.64) 

2.02  
(1.83-2.24) 

1.68  
(1.51-1.87) 

70-79 1.32  
(1.21-1.43) 

0.97  
(0.82-1.16) 

1.64  
(1.44-1.88) 

1.24  
(1.10-1.39) 

80+ 0.92  
(0.86-0.99) 

0.71  
(0.60-0.85) 

1.10  
(0.95-1.28) 

0.92  
(0.84-1.00) 
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4.3.5 Clustering of physical LTCs 

The most common pairs of physical LTCs were the same in patients with and 

without SMI: hypertension and diabetes (SMI: 7.41%; no SMI: 6.09%) followed 

by hypertension and renal disease (SMI: 4.71%; no SMI: 4.95%; Figure 4-9). In 

patients with multimorbidity, 21.68% (5,069) of patients with SMI and 23.8% 

(16,668) of patient without SMI had hypertension and diabetes, while 13.7% 

(3,219) of patients with SMI and 19.35% (13,553) without SMI had hypertension 

and renal disease.  

In MCA of physical LTCs in the cohort of patients with multimorbidity (SMI 

n=23,382, no SMI n=70,003), I identified 16 dimensions that accounted for 70% 

of the variance in physical LTCs in both those with and without SMI. The first 

dimension accounted for 7.74% and 7.89% of variance in those with SMI and 

without SMI respectively, while the second dimension accounted for 5.72% and 

5.82% respectively. In both cohorts, the first dimension was characterised by the 

presence of CVD (congestive heart failure, valvular disease, cardiac arrythmia 

and myocardial infarction) at one extreme; and HIV, liver disease and asthma at 

the other. The second dimension was characterised by COPD and pulmonary 

circulatory disorder at one extreme and diabetes, hypertension and renal disease 

at the other in both cohorts (Figure 4-10). 

I inspected elbow plots, and plots of the Calinski-Harabasz and silhouette 

coefficients for clustering solutions of between two and 10 clusters. These 

methods give a measure of how distinct clusters are from one another, and 

therefore provide information on the optimal number of clusters to include. 

However, elbow plots did not show good discrimination in terms of a preferred 

solution, and the plots of the Calinski-Harabasz and silhouette coefficients were 

not consistent (Figure 4-11). Plots of Calinski-Harabasz and silhouette 

coefficients suggested the optimum number of clusters lay between five and nine 

clusters for both those with and without SMI. Following visual inspection of the 

clustering results, I determined that seven clusters provided the optimum level of 

information, as clustering solutions over this produced small clusters dominated 

by single conditions. 
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 Figure 4-9 Unadjusted prevalence of physical LTC pairs in patients with and without SMI 
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Figure 4-10 First two dimensions of physical LTCs derived from Multiple Correspondence 
Analysis 
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Figure 4-11 Calinski-Harabasz and Silhouette values for the assessment of optimum number of 
clusters for multimorbidity in patients with and without SMI 

 

The largest cluster in both cohorts consisted of patients with varied multimorbidity 

(56.06% of patients with SMI, 47.99% of those without, Figure 4-12, Table 4-9). 

This cluster was characterised by a mixed pattern of physical LTCs. There were 

no physical LTCs at higher-than-expected prevalence in the SMI cluster, and only 

slightly raised prevalence of hypothyroidism, renal disease, and hypertension in 

the cluster without SMI. Both clusters had a lower-than-expected prevalence of 

patients under the age of 40, and of drug misuse. The median age of those with 

SMI was lower (67.63, IQR: 54.75-80.51) than those without (74.27, IQR: 61.89-

85.00).  

The second largest cluster consisted of patients with respiratory disease and HIV 

in both cohorts (26.72% in those with SMI, 28.45% in those without), associated 

with younger age and a high prevalence of smoking or substance misuse. In the 

cohort without SMI, patients in this cluster also had higher than expected 

prevalence of neurological disease, liver disease and paralysis or paresis, 

whereas for SMI, these conditions fell into different clusters.  

The third largest cluster in patients with SMI (7.36%) consisted of CVD, including 

congestive heart failure, myocardial infarction, valvular disease, cardiac 
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arrythmia, pulmonary circulation disorders and peripheral vascular disease. This 

cluster had a median age of 80 (IQR: 68.92-87.28), and other conditions 

associated with older age, such as cerebrovascular disease and COPD were also 

more prevalent than expected. 

For the cohort without SMI, CVD fell into three distinct clusters: “valvular disease” 

(5.78%), “pulmonary circulation disorders” (3.55%) and “myocardial infarctions 

and peripheral vascular disease” (12.03%). These clusters all had high 

prevalence of congestive heart failure and cardiac arrythmia, and when combined 

had a similar profile to the CVD cluster in the cohort with SMI (Figure 4-12). All 

three CVD clusters were characterised by older age and a low prevalence of 

health risk factors.  

I identified two small clusters of patients with blood loss anaemia and 

coagulopathy in both the cohort with and without SMI. Additionally, there were 

two small clusters unique to the SMI cohort, comprising 7.61% (n=1,779) of the 

multimorbid patients in total. The larger of the two was a cluster of patients with 

peptic ulcer disease, and the other paresis or paralysis (Table 4-9).  
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Figure 4-12 Unadjusted prevalence of physical LTCs, health risk factors and patient 
characteristics for the three most common multimorbidity clusters in those with and without SMI 

 

 

*CVD in the cohort without SMI is the pooled prevalence across three CVD clusters. 
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Table 4-9 Profiles of physical multimorbidity identified in K-means cluster analysis, with only physical LTCs included in the clustering algorithm, n=93,385 

This table describes the seven clusters found in those with and without SMI. The title of each cluster is highlighted in grey. The observed in cluster/expected 

column provides a list of physical LTCs, health risk factors and demographic variables for which the observed prevalence was either greater than 1.2 or less 

than 0.8 times that of the SMI or No SMI cohort overall. The high frequency column details whether there are conditions for which 70% of those diagnosed 

with that condition in the cohort are contained within the cluster, and whether there are conditions with 70% or more prevalence within the cluster. 

SMI (n=23,382) No SMI  (n=70,003) 

Cluster 
description 

Observed in cluster/Expected* > 1.2 or 
<0.8 

High frequency 
variables, n (%) 

Cluster 
description 

Observed in cluster/Expected* > 1.2 
or <0.8 

High 
frequency 
variables, n 
(%)  

Varied multimorbidity 

n (%): 
13,107 
(56.06) 
Median 
(IQR) 
Conditions:  
3 (2-3) 
Age: 67.63 
(54.75-80.51) 

Physical LTC 
High: None 
Low: Congestive heart failure (0.0), peptic 
ulcer (0.0), Blood loss anaemia (0.0), 
paresis/paralysis (0.0), coagulopathy 
(0.0), asthma (0.01), COPD (0.65) 
Health risk factors and demographics 
High: None 
Low: Age 18-39 (0.57), drug misuse 
(0.76) 
SMI: None 

Contains >=70% 
of all patients 
with this 
variable:  
None 
>=70% 
prevalence in 
this cluster: 
None 

n (%): 
33,610 
(47.99) 
Median 
(IQR) 
Conditions:  
3 (2-4) 
Age: 74.27 
(61.89-85.00) 

Physical LTC 
High: Hypothyroidism (1.24), renal 
disease (1.24), Hypertension (1.21) 
Low: Myocardial infarction (0.0), blood 
loss anaemia (0.0), coagulopathy (0.0), 
peripheral vascular disease (0.0), 
pulmonary circulatory disorder (0.0), 
valvular disease (0.0), HIV (0.03), 
asthma (0.08), COPD (0.35), liver 
disease (0.42), neurological disease 
(0.44), paresis/paralysis (0.66), 
Congestive heart failure (0.77) 
Health risk factors and demographics 
High: None 
Low: Age 18-39 (0.40), drug misuse 
(0.67), underweight (0.73), alcohol 
misuse (0.77) 

Contains 
>=70% of all 
patients with 
this variable:  
None 
>=70% 
prevalence in 
this cluster: 
Hypertension 
(76.61) 

Respiratory disease and HIV 

n (%): 6,248 
(26.72) 
Median 
(IQR) 
Conditions:  
3 (2-4) 

Physical LTC 
High: Asthma (3.19), COPD (1.59), HIV 
(1.38) 
Low: Blood loss anaemia (0.0), 
coagulopathy (0.0), paresis/paralysis 
(0.0), peptic ulcer (0.0), congestive heart 

Contains >=70% 
of all patients 
with this 
variable:  
Asthma (85.20) 

n (%): 
19,921 
(28.45) 
Median 
(IQR)  
Conditions:  

Physical LTC 
High: HIV (3.16), Asthma (2.80), 
neurological disease (2.13), liver 
disease (2.11), COPD (1.93), 
paresis/paralysis (1.80) 

Cluster 
contains 
>=70% of all 
patients with 
this variable: 
HIV (89.89), 
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SMI (n=23,382) No SMI  (n=70,003) 

Cluster 
description 

Observed in cluster/Expected* > 1.2 or 
<0.8 

High frequency 
variables, n (%) 

Cluster 
description 

Observed in cluster/Expected* > 1.2 
or <0.8 

High 
frequency 
variables, n 
(%)  

Age: 52.92 
(41.20-65.00) 

failure (0.0), myocardial infarction (0.43), 
cerebrovascular disease (0.47), valvular 
disease (0.47), renal disease (0.49), 
peripheral vascular disease (0.54), 
cardiac arrythmia (0.56), cancer (0.59), 
fluid and electrolyte disorders (0.61), 
hypertension (0.67) 
Health risk factors and demographics 
High: Age 18-39 (2.15), drug misuse 
(1.58), age 40-59 (1.35), current smoker 
(1.26), age 41-64 (1.25), alcohol misuse 
(1.22) 
Low: Age 80+ (0.39), never smoked 
(0.70), age 60-79 (0.71), underweight 
(0.80) 
SMI: None 

>=70% 
prevalence in 
this cluster: 
Asthma (99.87) 

2 (2-3) 
Age: 59.00 
(47.00-73.00) 

Low: Blood loss anaemia (0.0), 
coagulopathy (0.0), valvular disease 
(0.0), pulmonary circulation disorders 
(0.0), myocardial infarction (0.02), 
peripheral vascular disease (0.04), 
congestive heart failure (0.33), renal 
disease (0.36), cardiac arrythmia (0.42), 
fluid and electrolyte disorders (0.47), 
cerebrovascular disease (0.49), 
hypertension (0.61), cancer (0.62), 
rheumatic/collagen disease (0.64), 
peptic ulcer (0.68), diabetes (0.69), 
hypothyroidism (0.72) 
Health risk factors and demographics 
High: Age 18-39 (2.49), drug misuse 
(1.69), age 40-59 (1.58), underweight 
(1.46), alcohol misuse (1.42), current 
smoker (1.24) 
Low: Age 80+ (0.44) 

asthma 
(79.59), age 
18-39 (70.73) 
>=70% 
prevalence in 
this cluster: 
Asthma 
(76.90) 
 
 

CVD  

General CVD Valvular disease 

n (%): 1,720 
(7.36) 
Median 
(IQR) 
Conditions:  
5 (4-7) 
Age: 80.01 
(68.92-87.28) 

Physical LTC 
High: Congestive heart failure (12.50), 
myocardial infarction (3.86), valvular 
disease (3.58), cardiac arrythmia (3.21), 
pulmonary circulation disorders (2.01), 
peripheral vascular disease (1.91), renal 
disease (1.82), cerebrovascular disease 
(1.61), COPD (1.52), fluid and electrolyte 
disorders (1.47), hypertension (1.24), 
rheumatic/collagen disease (1.22)  
Low: Blood loss anaemia (0.0), 
coagulopathy (0.0), paresis/paralysis 

Cluster contains 
>=70% of all 
patients with 
this variable:  
Congestive heart 
failure (91.93),  
>=70% 
prevalence in 
this cluster: 
Congestive heart 
failure (98.66)   

n (%): 4,049 
(5.78) 
Median 
(IQR) 
Conditions:  
5 (3-6) 
Age: 80.93 
(69.95-88.00) 

Physical LTC 
High: Valvular disease (15.54), 
congestive heart failure (3.13), cardiac 
arrythmia (2.46), fluid and electrolyte 
disorders (1.53), peripheral vascular 
disease (1.48), renal disease (1.45), 
cerebrovascular disease (1.41), 
myocardial infarction (1.41) 
Low: Blood loss anaemia (0.0), 
coagulopathy (0.0), pulmonary 
circulation disorders (0.0), HIV (0.39), 
paresis/paralysis (0.54), liver disease 

Cluster 
contains 
>=70% of all 
patients with 
this variable:  
Valvular 
disease 
(89.86) 
>=70% 
prevalence in 
this cluster: 
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SMI (n=23,382) No SMI  (n=70,003) 

Cluster 
description 

Observed in cluster/Expected* > 1.2 or 
<0.8 

High frequency 
variables, n (%) 

Cluster 
description 

Observed in cluster/Expected* > 1.2 
or <0.8 

High 
frequency 
variables, n 
(%)  

(0.0), HIV (0.20), peptic ulcer (0.56), liver 
disease (0.62), neurological disease 
(0.78), asthma (0.80)  
Health risk factors and demographics 
High: Age 80+ (2.21)  
Low: Age 18-39 (0.20), age 40-59 (0.38), 
drug misuse (0.56), alcohol misuse (0.65), 
current smoker (0.70) 
SMI: None 

(0.67), asthma (0.73), neurological 
disease (0.74) 
Health risk factors and demographics 
High: Age 80+ (1.59) 
Low: Age 40-59 (0.49), age 18-39 
(0.57), drug misuse (0.69), alcohol 
misuse (0.71), current smoker (0.78) 

Valvular 
disease 
(100.00) 

Pulmonary circulatory disorders 

n (%): 2,485 
(3.55) 
Median 
(IQR) 
Conditions:  
4 (3-6) 
Age: 77.59 
(65.00-86.00) 

Physical LTC 
High: Pulmonary circulation disorders 
(27.44), congestive heart failure (2.08), 
valvular disease (1.91), COPD (1.56), 
cardiac arrythmia (1.43), peripheral 
vascular disease (1.37), fluid and 
electrolyte disorders (1.34), cancer 
(1.29), myocardial infarction (1.28), renal 
disease (1.23), cerebrovascular disease 
(1.23), paresis/paralysis (1.23), 
rheumatic/collagen disease (1.21) 
Low: Blood loss anaemia (0.0), 
coagulopathy (0.0), HIV (0.30) 
Health risk factors and demographics 
High: Age 80+ (1.31) 
Low: Age 18-39 (0.61), age 40-59 (0.67) 

Cluster 
contains 
>=70% of all 
patients with 
this variable:  
Pulmonary 
circulation 
disorders 
(97.37) 
>=70% 
prevalence in 
this cluster: 
Pulmonary 
circulation 
disorders 
(100.00) 

Myocardial infarctions and peripheral vascular disease 

n (%): 8,424 
(12.03) 
Median 
(IQR) 
Conditions:  
4 (3-6) 
Age: 79.00 
(68.83-86.73) 

Physical LTC 
High: Myocardial infarction (7.06), 
peripheral vascular disease (6.91), 
congestive heart failure (2.14), 
cerebrovascular disease (1.48), renal 
disease (1.35), cardiac arrythmia (1.33), 
peptic ulcer (1.30), COPD (1.29), fluid 
and electrolyte disorders (1.20),  

Cluster 
contains 
>=70% of all 
patients with 
this variable:  
Myocardial 
infarction 
(84.97), 
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SMI (n=23,382) No SMI  (n=70,003) 

Cluster 
description 

Observed in cluster/Expected* > 1.2 or 
<0.8 

High frequency 
variables, n (%) 

Cluster 
description 

Observed in cluster/Expected* > 1.2 
or <0.8 

High 
frequency 
variables, n 
(%)  

Low: Blood loss anaemia (0.0), 
coagulopathy (0.0), pulmonary 
circulation disorders (0.0), valvular 
disease (0.05), HIV (0.12), liver disease 
(0.56), asthma (0.60), paresis/paralysis 
(0.68), neurological disease (0.71) 
Health risk factors and demographics 
High: Age 80+ (1.43), male (1.39), 
current smoker (1.23) 
Low: Age 18-39 (0.09), age 40-59 
(0.46), never smoker (0.65), drug 
misuse (0.65), female (0.76) 

peripheral 
vascular 
disease 
(83.11) 
>=70% 
prevalence in 
this cluster: 
None 

Blood loss anaemia 

n (%): 35 
(0.15) 
Median 
(IQR)  
Conditions:  
4 (3-5.5) 
Age: 66.00 
(55.00-80.37) 

Physical LTC 
High: Blood loss anaemia (668.06), 
deficiency anaemia (3.14), coagulopathy 
(2.62), pulmonary circulation disorders 
(2.15), peripheral vascular disease (1.94), 
cancer (1.45), paresis/paralysis (1.42), 
peptic ulcer (1.40), rheumatic/collagen 
disease (1.26), fluid and electrolyte 
disorders (1.25), renal disease (1.22) 
Low: HIV (0.0), myocardial infarction 
(0.44), liver disease (0.48), age 18-39 
(0.53), COPD (0.58), valvular disease 
(0.63), congestive heart failure (0.72), 
asthma (0.73)  
Health risk factors and demographics 
High: Underweight (8.20), ex-smoker 
(1.55), female (1.20) 
Low: Age 18-40 (0.49), never smoked 
(0.50), drug misuse (0.57), alcohol misuse 

>=70% 
prevalence in 
this cluster: 
Blood loss 
anaemia (100.00) 
>=70% 
prevalence in 
this cluster: 
Blood loss 
anaemia (100.00) 
 
 

n (%): 153 
(0.22) 
Median 
(IQR)  
Conditions:  
4 (2-5) 
Age: 63.00 
(52.37-83.72) 

Physical LTC 
High: Blood loss anaemia (457.73), 
coagulopathy (2.94), deficiency anaemia 
(2.75), valvular disease (2.13), HIV 
(1.63), peptic ulcer (1.59) 
Low: Paresis/paralysis (0.0), COPD 
(0.44), hypothyroidism (0.65), cardiac 
arrythmia (0.66), neurological disease 
(0.74), cancer (0.75), diabetes (0.78), 
cerebrovascular disease (0.78), 
hypertension (0.79) 
Health risk factors and demographics 
High: Age 40-59 (1.59), female (1.40) 
Low: Underweight (0.0), alcohol misuse 
(0.25), male (0.37), age 60-79 (0.69) 
 

>=70% 
prevalence in 
this cluster: 
Blood loss 
anaemia 
(100.00) 
>=70% 
prevalence in 
this cluster: 
Blood loss 
anaemia 
(100.00), 
female (85.62) 
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SMI (n=23,382) No SMI  (n=70,003) 

Cluster 
description 

Observed in cluster/Expected* > 1.2 or 
<0.8 

High frequency 
variables, n (%) 

Cluster 
description 

Observed in cluster/Expected* > 1.2 
or <0.8 

High 
frequency 
variables, n 
(%)  

(0.59), current smoker (0.70), male (0.71), 
normal range BMI (0.73) 
SMI: High: Schizophrenia (1.25) 

Coagulopathy 

n (%): 493 
(2.11) 
Median 
(IQR)  
Conditions:  
4 (2-5) 
Age: 59.00 
(47.59-74.00) 

Physical LTC 
High: Coagulopathy (45.94), liver disease 
(2.41), HIV (1.49), fluid and electrolyte 
disorders (1.49), rheumatic/collagen 
disease (1.28), myocardial infarction 
(1.25), valvular disease (1.25), 
neurological disease (1.24), peripheral 
vascular disease (1.24), pulmonary 
circulation disorders (1.22) 
Low: Blood loss anaemia (0.0), 
hypothyroidism (0.75) 
Health risk factors and demographics 
High: Alcohol misuse (1.59), drug misuse 
(1.51), age 18-39 (1.33) 
Low: Age 80+ (0.60) 
SMI: None 

>=70% 
prevalence in 
this cluster: 
Coagulopathy 
(96.86) 
>=70% 
prevalence in 
this cluster: 
Coagulopathy 
(100.00) 

n (%): 1,391 
(1.99) 
Median 
(IQR)  
Conditions:  
4 (2-5) 
Age: 68.00 
(52.68-81.94) 

Physical LTC 
High: Coagulopathy (50.02), liver 
disease (2.83), HIV (1.74), fluid and 
electrolyte disorders (1.46), deficiency 
anaemia (1.24), pulmonary circulation 
disorders (1.22) 
Low: Blood loss anaemia (0.0), COPD 
(0.74), paresis/paralysis (0.79), 
myocardial infarction (0.80) 
Health risk factors and demographics 
High: Drug misuse (1.83), age 18-40 
(1.72), alcohol misuse (1.62) 
Low: None 

>=70% 
prevalence in 
this cluster: 
Coagulopathy 
(99.36) 
>=70% 
prevalence in 
this cluster: 
Coagulopathy 
(100.00) 

Clusters specific to SMI 

Peptic ulcer disease 

n (%): 1,313 
(5.62) 
Median 
(IQR)  
Conditions:  
4 (3-5) 
Age: 70.00 
(57.97-82.00) 

Physical LTC 
High: Peptic ulcer (16.32), peripheral 
vascular disease (1.54), liver disease 
(1.25) 
Low: Paresis/paralysis (0.0), blood loss 
anaemia (0.0), coagulopathy (0.0), HIV 
(0.30), hypothyroidism (0.65), congestive 
heart failure (0.76), diabetes (0.79), 
asthma (0.80) 
Health risk factors and demographics 

>=70% 
prevalence in 
this cluster: 
Peptic ulcer 
(91.63) 
>=70% 
prevalence in 
this cluster:  
Peptic ulcer 
(100.00) 
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SMI (n=23,382) No SMI  (n=70,003) 

Cluster 
description 

Observed in cluster/Expected* > 1.2 or 
<0.8 

High frequency 
variables, n (%) 

Cluster 
description 

Observed in cluster/Expected* > 1.2 
or <0.8 

High 
frequency 
variables, n 
(%)  

High: Underweight (2.19), alcohol misuse 
(1.56), male (1.30), age 80+ (1.27), age 
60-79 (1.22) 
Low: Age 18-39 (0.39), never smoked 
(0.76), age 40-59 (0.78), female (0.80) 
SMI: Low: Schizophrenia (0.79) 

Paresis/paralysis 

n (%): 466 
(1.99) 
Median 
(IQR)  
Conditions:  
3 (2-4) 
Age: 54.93 
(47.59-74.00) 

Physical LTC 
High: Paresis/paralysis (49.54), 
neurological disease (2.32), 
cerebrovascular disease (1.44), 
coagulopathy (1.38) 
Low: Blood loss anaemia (0.0), peripheral 
vascular disease (0.51), hypothyroidism 
(0.53), cardiac arrhythmia (0.57), 
rheumatic/collagen disease (0.57), COPD 
(0.59), hypertension (0.60), diabetes 
(0.64), liver disease (0.65), renal disease 
(0.65), valvular disease (0.66), congestive 
heart failure (0.71), HIV (0.74) 
Health risk factors and demographics 
High: Age 18-39 (1.89), never smoked 
(1.40), normal range BMI (1.36), male 
(1.27), age 40-59 (1.23) 
Low: Age 80+ (0.54), underweight (0.62), 
ex-smoker (0.80) 
SMI: Low: Schizophrenia (0.75) 

>=70% 
prevalence in 
this cluster: 
Paresis/paralysis 
(98.72) 
>=70% 
prevalence in 
this cluster:  
Paresis/paralysis 
(100.00) 
 



150 
 

When I included smoking, alcohol and drug misuse, and BMI category in the clustering 

algorithm, six of the seven identified clusters were common to both those with and 

without SMI (Table 4-10). Clusters of varied multimorbidity, CVD and coagulopathy 

were similar to the clusters identified based on physical LTCs alone. However, the 

varied multimorbidity cluster was much more common in those without SMI (70.03%). 

I identified a paralysis and paresis cluster in both cohorts, whereas using the previous 

approach this cluster was only present in the cohort with SMI. In contrast, I only 

identified a cluster of blood loss anaemia in those with SMI when I included health risk 

factors, whereas it was present in both cohorts when clustering was based solely on 

physical LTCs.  

While I identified a cluster with a high prevalence of respiratory disease in those with 

and without SMI using both approaches, when I included health risk factors the most 

prominent feature of this cluster was alcohol misuse, drug misuse and liver disease. 

This cluster accounted for 17.02% of the SMI cohort, but only 4.87% of the cohort 

without SMI. The median age of this cluster was 53.18 (IQR: 44.48-62.55) in patients 

with SMI and 62.86 (IQR: 53.00-72.00) in those without. 

When including health risk factors, I also identified a small cluster of patients (SMI: 

1.99%; no SMI: 1.20%) characterised by HIV, liver disease and substance misuse. 

Again, this cluster was characterised by younger age (SMI: median age: 59.00, IQR: 

47.59-74.00; no SMI: median age: 43.16, IQR: 36-52). Finally, there was a cluster of 

patients with rheumatic and collagen disease and valvular disease identified only in 

those without SMI (11.11%).  
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Table 4-10 Profiles of physical multimorbidity identified in K-means cluster analysis, with physical LTCs and physical health risk factors included in the clustering 
algorithm, n=93,385 

SMI (n=23,382) No SMI  (n=70,003) 

Cluster 
description 

Observed in cluster/Expected* > 1.2 or 
<0.8 

High frequency 
variables, n (%) 

Cluster 
description 

Observed in cluster/Expected* > 1.2 or 
<0.8 

High frequency 
variables, n (%)  

Varied multimorbidity 

n (%): 
13,258 
(56.70) 
Median 
(IQR)  
Conditions:  
2 (2-3) 
Age: 64.00 
(51.66-77.87) 

Physical LTC 
High: None 
Low: Blood loss anaemia (0.0), cardiac 
arrhythmia (0.0), coagulopathy (0.0), 
congestive heart failure (0.0), HIV (0.0), 
paresis/paralysis (0.0), myocardial 
infarction (0.14), valvular disease (0.24), 
liver disease (0.35), peripheral vascular 
disease (0.75), pulmonary circulatory 
disorders (0.79) 
Health risk factors and demographics 
High: None 
Low: Alcohol misuse (0.03), drug misuse 
(0.08) 
SMI: None 

Cluster 
contains 
>=70% of all 
patients with 
this variable:  
None 
>=70% 
prevalence in 
this cluster: 
None 

n (%): 
49,231 
(70.30) 
Median 
(IQR) 
Conditions:  
3 (2-3) 
Age: 70.00 
(56.54-82. 
15) 

Physical LTC 
High: None 
Low: congestive heart failure (0.0), 
rheumatic and collagen disease (0.0), 
paresis/paralysis (0.0), HIV (0.0), valvular 
disease (0.0), coagulopathy (0.0), 
myocardial infarction (0.76), cardiac 
arrythmia (0.77) 
Health risk factors and demographics 
High: None 
Low: Alcohol misuse (0.0), drug misuse 
(0.74) 

Cluster 
contains 
>=70% of all 
patients with 
this variable:  
Age 40-59 
(74.97), age 18-
39 (74.17), 
asthma (74.08), 
diabetes 
(73.66), 
Hypothyroidism 
(73.51), age 60-
79 (72.68), 
cancer (72.61), 
never smoker 
(71.84), 
hypertension 
(71.64), obese 
(71.64), male 
(70.75), ex-
smoker (70.37), 
overweight 
(70.35),  
>=70% 
prevalence in 
this cluster: 
None 

CVD  
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SMI (n=23,382) No SMI  (n=70,003) 

Cluster 
description 

Observed in cluster/Expected* > 1.2 or 
<0.8 

High frequency 
variables, n (%) 

Cluster 
description 

Observed in cluster/Expected* > 1.2 or 
<0.8 

High frequency 
variables, n (%)  

n (%): 4,697 
(20.09) 
Median 
(IQR) 
Conditions:  
4 (3-6) 
Age: 79.73 
(68.00-87.00) 

Physical LTC 
High: Congestive heart failure (4.53), 
cardiac arrythmia (4.38), myocardial 
infarction (3.95), valvular disease (3.71), 
peripheral vascular disease (1.77), 
cerebrovascular disease (1.66), renal 
disease (1.59), pulmonary circulation 
disorders (1.55), rheumatic and collagen 
disease (1.26), hypertension (1.24), fluid 
and electrolyte disorders (1.24), cancer 
(1.22) 
Low: Blood loss anaemia (0.0), 
coagulopathy (0.0), HIV (0.0), 
paresis/paralysis (0.0), liver disease 
(0.35), asthma (0.65), neurological 
disease (0.74) 
Health risk factors and demographics 
High: Age 80+ (2.15), ex-smoker (1.21), 
never smoker (1.20) 
Low: Age 18-39 (0.25), drug misuse 
(0.26), alcohol misuse (0.31), age 40-59 
(0.39), current smoker (0.64) 
SMI: Other psychoses (1.21) 

Cluster 
contains 
>=70% of all 
patients with 
this variable:  
Cardiac 
arrythmia 
(87.94), 
congestive heart 
failure (90.90), 
myocardial 
infarction 
(79.39), valvular 
disease (74.53) 
>=70% 
prevalence in 
this cluster: 
None  

n (%): 6,455 
(9.22) 
Median 
(IQR) 
Conditions:  
5 (4-7) 
Age: 84.08 
(75.85-89.92) 

Physical LTC 
High: Congestive heart failure (9.94), 
myocardial infarction (3.35), valvular 
disease (3.22), cardiac arrythmia (2.82), 
pulmonary circulation disorders (2.19), 
peripheral vascular disease (2.01), fluid 
and electrolyte disorders (1.83), renal 
disease (1.82), cerebrovascular disease 
(1.64), COPD (1.61) 
Low:  
Health risk factors and demographics 
High: Age 80+ (1.97) 
Low:  

Cluster 
contains 
>=70% of all 
patients with 
this variable:  
Congestive 
heart failure 
(91.58) 
>=70% 
prevalence in 
this cluster: 
Congestive 
heart failure 
(98.54)  

Substance misuse 

n (%): 3,979 
(17.02) 
Median 
(IQR) 
Conditions:  
2 (2-3) 
Age: 53.18 
(44.48-62.55) 

Physical LTC 
High: Liver disease (3.50), COPD (1.57), 
asthma (1.42), peptic ulcer (1.37), 
neurological disease (1.23) 
Low: Blood loss anaemia (0.0), 
coagulopathy (0.0), paresis/paralysis 
(0.0), HIV (0.0), congestive heart failure 
(0.28), renal disease (0.38), valvular 
disease (0.42) 
myocardial infarction (0.46), cardiac 
arrythmia (0.47), cerebrovascular disease 

Cluster 
contains 
>=70% of all 
patients with 
this variable:  
Alcohol misuse 
(83.70), drug 
misuse (79.31),  
>=70% 
prevalence in 
this cluster: 

n (%): 3,409 
(4.87) 
Median 
(IQR)  
Conditions:  
3 (2-4) 
Age: 62.86 
(53.00-72.00) 

Physical LTC 
High: Liver disease (4.00), neurological 
disease (1.76), COPD (1.73), Peptic ulcer 
(1.60) 
Low: HIV (0.0), paresis/paralysis (0.0), 
coagulopathy (0.0), blood loss anaemia 
(0.13), rheumatic and collagen disease 
(0.58), hypothyroidism (0.59), renal 
disease (0.60), valvular disease (0.63), 
congestive heart failure (0.69), deficiency 

Cluster 
contains 
>=70% of all 
patients with 
this variable:  
Alcohol misuse 
(92.81) 
>=70% 
prevalence in 
this cluster: 
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SMI (n=23,382) No SMI  (n=70,003) 

Cluster 
description 

Observed in cluster/Expected* > 1.2 or 
<0.8 

High frequency 
variables, n (%) 

Cluster 
description 

Observed in cluster/Expected* > 1.2 or 
<0.8 

High frequency 
variables, n (%)  

(0.55), rheumatic and collagen disease 
(0.60), hypothyroidism (0.64), cancer 
(0.69), hypertension (0.73), deficiency 
anaemia (0.74) 
Health risk factors and demographics 
High: Alcohol misuse (4.92), drug misuse 
(4.66), Current smoker (1.86), Age 40-59 
(1.65), Age 18-39 (1.52). Male (1.45) 
Low: age 80+ (0.13), never-smoker 
(0.22), ex-smoker (0.65), female (0.70), 
age 60-79 (0.80) 
SMI: None 

Alcohol misuse 
(71.50)  

anaemia (0.73), myocardial infarction 
(0.77), cancer (0.77) 
Health risk factors and demographics 
High: Alcohol misuse (19.07), drug 
misuse (5.47), current smoker (2.11), 
male (1.68), age 40-59 (1.66), 
underweight (1.57), age 60-79 (1.22),  
Low: Age 80+ (0.31), never smoker 
(0.39), female (0.57), ex-smoker (0.79) 

Alcohol misuse 
(99.97) 
 
 

Coagulopathy 

n (%): 483 
(2.07) 
Median 
(IQR)  
Conditions:  
4 (2-5) 
Age: 59.56 
(48.17-74.00) 

Physical LTC 
High: Coagulopathy (45.94), liver disease 
(2.32), fluid and electrolyte disorders 
(1.52), rheumatic and collagen disease 
(1.31), myocardial infarction (1.28), 
valvular disease (1.28), peripheral 
vascular disease (1.27), neurological 
disease (1.25)  
Low: Blood loss anaemia (0.0), 
paresis/paralysis (0.51), HIV (0.51), 
hypothyroidism (0.75), hypertension 
(0.75) 
Health risk factors and demographics 
High: Alcohol misuse (1.57), drug misuse 
(1.52), age 18-39 (1.30) 
Low: Age 80+ (0.61) 
SMI: None 

>=70% 
prevalence in 
this cluster: 
Coagulopathy 
(94.89) 
>=70% 
prevalence in 
this cluster:  
Coagulopathy 
(100.00) 
 

n (%): 1,356 
(1.94) 
Median 
(IQR)  
Conditions:  
4 (2-5) 
Age: 68.93 
(53.64-82.00) 

Physical LTC 
High: Coagulopathy (50.02), blood loss 
anaemia (3.04), liver disease (2.83), fluid 
and electrolyte disorders (1.48), 
deficiency anaemia (1.25), pulmonary 
circulation disorders (1.21) 
Low: HIV (0.0), paresis/paralysis (0.0), 
COPD (0.74) 
Health risk factors and demographics 
High: Drug misuse (1.82), alcohol misuse 
(1.62), age 18-39 (1.66) 
Low:  

>=70% 
prevalence in 
this cluster: 
Coagulopathy 
(96.86) 
>=70% 
prevalence in 
this cluster: 
Coagulopathy 
(100.00) 

HIV 

n (%): 466 
(1.99) 

Physical LTC 
High: HIV (49.12), liver disease (3.76), 
asthma (1.21) 

>=70% 
prevalence in 
this cluster: 

n (%): 841 
(1.20) 

Physical LTC >=70% 
prevalence in 
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SMI (n=23,382) No SMI  (n=70,003) 

Cluster 
description 

Observed in cluster/Expected* > 1.2 or 
<0.8 

High frequency 
variables, n (%) 

Cluster 
description 

Observed in cluster/Expected* > 1.2 or 
<0.8 

High frequency 
variables, n (%)  

Median 
(IQR)  
Conditions:  
3 (2-3) 
Age: 59.00 
(47.59-74.00) 

Low: Blood loss anaemia (0.0), 
paresis/paralysis (0.21), congestive heart 
failure (0.22), cerebrovascular disease 
(0.24), peripheral vascular disease (0.26), 
myocardial infarction (0.27), peptic ulcer 
(0.32), valvular disease (0.33), renal 
disease (0.34), rheumatic and collagen 
disease (0.38), cardiac arrythmia (0.39), 
cancer (0.40), hypertension (0.43), fluid 
and electrolyte disorder (0.45), 
hypothyroidism (0.45), diabetes (0.72), 
neurological disease (0.59), COPD (0.66) 
Health risk factors and demographics 
High: Age 18-39 (3.57), drug misuse 
(3.10), age 40-59 (1.72), alcohol misuse 
(1.59), current smoker (1.56),  
Normal range BMI (1.21) 
Low: Age 80+ (0.02), age 60-79 (0.17), 
never smoker (0.52), underweight (0.62), 
ex-smoker (0.76)  
SMI: None 

HIV (97.90) 
>=70% 
prevalence in 
this cluster:  
HIV (100.00) 

Median 
(IQR)  
Conditions:  
2 (2-3) 
Age: 43.16 
(36-52) 

High: HIV (83.27), liver disease (3.36), 
coagulopathy (1.72), blood loss anaemia 
(1.63), asthma (1.32) 
Low: congestive heart failure (0.14), 
myocardial infarction (0.16), peripheral 
vascular disease (0.16), renal disease 
(0.19), cerebrovascular disease (0.21), 
cardiac arrythmia (0.22), paresis/paralysis 
(0.26), rheumatic and collagen disease 
(0.28), pulmonary circulation disorders 
(0.29), hypertension (0.32), fluid and 
electrolyte disorders (0.33), peptic ulcer 
(0.36), cancer (0.36), valvular disease 
(0.37), COPD (0.40), hypothyroidism 
(0.41), diabetes (0.59),  
Health risk factors and demographics 
High: Age 18-39 (6.13), drug misuse 
(3.41), age  
40-59 (2.25), normal range BMI (1.42), 
current smoker (1.36), alcohol misuse 
(1.25) 
Low: Age 80+ (0.02), age 60-79 (0.22), 
ex-smoker (0.71), obese (0.73) 

this cluster: 
HIV (100) 
>=70% 
prevalence in 
this cluster: 
HIV (100.00) 

Paresis and paralysis 

n (%): 464 
(1.98) 
Median 
(IQR)  
Conditions:  
3 (2-4) 
Age: 55.00 
(43.00-68.86) 

Physical LTC 
High: Paresis/paralysis (49.54), 
neurological disease (2.33), 
cerebrovascular disease (1.45), 
coagulopathy (1.39) 
Low: Blood loss anaemia (0.0), vascular 
disease (0.51), hypothyroidism (0.53), HIV 
(0.53), cardiac arrythmia (0.57), rheumatic 
and collagen disease (0.57), COPD 
(0.59), hypertension (0.60), liver disease 
(0.65), renal disease (0.65), diabetes 

>=70% 
prevalence in 
this cluster: 
Paresis/paralysi
s (98.31)  
 
>=70% 
prevalence in 
this cluster:  
Paresis/paralysi
s (100.00) 

n (%): 957 
(1.37) 
Median 
(IQR)  
Conditions:  
3 (2-5) 
Age: 62.00 
(46.71-78.00) 

Physical LTC 
High: Paresis/paralysis (72.95), 
neurological disease (3.68), 
cerebrovascular disease (1.89), 
pulmonary circulation disorders (1.26) 
Low: Blood loss anaemia (0.0), COPD 
(0.56), renal disease (0.56), valvular 
disease (0.57), myocardial infarction 
(0.58), hypothyroidism (0.58), diabetes 
(0.66), cardiac arrythmia (0.67), rheumatic 
and collagen disease (0.68), congestive 

>=70% 
prevalence in 
this cluster: 
Paresis/paralysi
s (99.69)  
 
>=70% 
prevalence in 
this cluster:  
Paresis/paralysi
s (100.00) 
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SMI (n=23,382) No SMI  (n=70,003) 

Cluster 
description 

Observed in cluster/Expected* > 1.2 or 
<0.8 

High frequency 
variables, n (%) 

Cluster 
description 

Observed in cluster/Expected* > 1.2 or 
<0.8 

High frequency 
variables, n (%)  

(0.65), valvular disease (0.67), myocardial 
infarction (0.70), congestive heart failure 
(0.71), cancer (0.71) 
Health risk factors and demographics 
High: Age 18-39 (1.88), never smoker 
(1.41), normal range BMI (1.35), male 
(1.27), age 40-59 (1.23) 
Low: Age 80+ (0.54), underweight (0.62), 
ex-smoker (0.80) 
SMI: Low: Schizophrenia (0.75) 
 

 heart failure (0.73), cancer (0.73), 
hypertension (0.77), coagulopathy (0.78) 
Health risk factors and demographics 
High: Underweight (2.65), age 18-39 
(2.59), normal range BMI (1.50), age 40-
59 (1.30), male (1.28), never smoker 
(1.27), drug misuse (1.22) 
Low: Age 80+ (0.67), overweight (0.80) 

 

Blood loss anaemia Rheumatic and collagen disease 

n (%): 35 
(0.15) 
Median 
(IQR)  
Conditions:  
4 (3-5) 
Age: 66.00 
(55.00-80.37) 

Physical LTC 
High: Blood loss anaemia (668.06), 
deficiency anaemia (3.14), coagulopathy 
(2.62), pulmonary circulation disorders 
(2.15), peripheral vascular disease (1.94), 
cancer (1.45), paresis/paralysis (1.42), 
peptic ulcer (1.40), rheumatic disease 
(1.26), fluid and electrolyte disorders 
(1.25), renal disease (1.22) 
Low: HIV (0.0), myocardial infarction 
(0.44), liver disease (0.48), COPD (0.58), 
valvular disease (0.63), congestive heart 
failure (0.72), asthma (0.73) 
Health risk factors and demographics 
High: Underweight (8.20), ex-smoker 
(1.55), female (1.20) 
Low: Never smoker (0.50), age 18-39 
(0.53), drug misuse (0.57), alcohol misuse 
(0.59), current smoker (0.70), male (0.71), 
overweight (0.73) 
SMI: High: Schizophrenia (1.25)  

>=70% 
prevalence in 
this cluster: 
Blood loss 
anaemia (100) 
>=70% 
prevalence in 
this cluster:  
Blood loss 
anaemia (100) 
 

n (%): 7,784 
(11.11) 
Median 
(IQR)  
Conditions:  
4 (3-5) 
Age: 77.00 
(63.99-86.00) 

Physical LTC 
High: Rheumatic and collagen disease 
(7.68), valvular disease (5.75), blood loss 
anaemia (1.35) 
Low: Paresis/paralysis (0.0), HIV (0.0), 
coagulopathy (0.0), congestive heart 
failure (0.15), liver disease (0.61), 
neurological disease (0.63), asthma 
(0.77), diabetes (0.77),  
Health risk factors and demographics 
High: Age 80+ (1.28) 
Low: Alcohol misuse (0.02), drug misuse 
(0.56), age 18-39 (0.60), age 40-59 
(0.72), female (0.72), current smoker 
(0.80) 
 

>=70% 
prevalence in 
this cluster:  
Rheumatic and 
collagen 
disease (85.37) 
>=70% 
prevalence in 
this cluster:  
None 
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4.4 Discussion 

In this chapter, I investigated physical LTCs and physical health multimorbidity in 

a large cohort of patients with SMI compared to a matched cohort without SMI. 

Clustering of physical LTCs in people with multimorbidity was not dramatically 

different between those with and without SMI, despite higher prevalence of many 

physical LTCs in the SMI cohort. This suggests that interventions to reduce 

multimorbidity in people with SMI should consider similar combinations of 

physical LTCs to the general population. However, while the prevalence of 

multimorbidity was highest in older age groups in both cohorts, the prevalence of 

multimorbidity in people with SMI was most elevated compared to those without 

SMI in the younger age groups. This, and the greater prevalence of health risk 

factors in those with SMI, suggests that targeting of preventative approaches at 

younger-age multimorbidity, and risk factors for poor physical health, are required 

to reduce the burden of physical LTCs in people with SMI. The finding that people 

with schizophrenia had a reduced prevalence of some physical LTCs requires 

further research. 

4.4.1 Similarities in physical LTC patterns in those with and without SMI 

While the prevalence of 19 out of 24 physical LTCs were elevated in those with 

SMI, the most prevalent conditions and pairs of conditions were the same in both 

cohorts. I found that hypertension, asthma, and diabetes were the most common 

conditions in people with SMI, and several studies have found the same 

(Bendayan et al., 2022, Woodhead et al., 2014). Two previous studies have found 

similarity in ranking the most frequently diagnosed physical LTCs and pairs of 

LTCs between those with and without SMI (Woodhead et al., 2014, Reilly et al., 

2015).  

As well as similarities in physical LTC profiles in individual and condition-pair 

ranking, I also found similar profiles of physical LTCs in MCA and K-means 

cluster analysis. A study of self-reported physical LTCs in 1060 psychiatric 

inpatients and 837 members of the general population found similar profiles of 

physical LTCs between the two cohorts using Latent Class Analysis (Filipcic et 

al., 2018). However, this study was relatively small, was not restricted to patients 

with SMI, and did not focus on multimorbidity. My work is the first to use a large 
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representative sample to determine patterns of multimorbidity in those with and 

without SMI. 

The absence of large novel clusters of physical LTCs in those with SMI suggests 

that the same drivers of physical LTCs are at play in both those with and without 

SMI, and therefore research and service provision for people with SMI should 

focus on the same groups of physical LTCs as in the general population. The 

most common cluster in both those with and without SMI was characterised by 

varied multimorbidity, in both the analysis including and excluding health risk 

factors. This demonstrates the wide range of possible combinations of physical 

LTCs and highlights the need for patient focused, individualised multimorbidity 

interventions.  

Comparisons to other multimorbidity studies is complicated by the differing 

definitions of multimorbidity, as well as the variety of conditions included and 

methods used (Ho et al., 2022, Busija et al., 2019). However, a review by Busija 

et al. found that CVD and respiratory disease clusters are often present in studies 

of multimorbidity in the general population (Busija et al., 2019), and both were 

present in those with and without SMI in my analysis. Furthermore, while clusters 

of multimorbidity in people with SMI are not well studied, a recent study by Ma et 

al. using latent class analysis identified a substance misuse, CVD, and varied 

multimorbidity cluster in line with my findings (Ma et al., 2022). While they 

identified two other clusters not identified in my analysis, an “atopic” cluster, and 

“affective” cluster, these consisted predominantly of conditions not included in my 

analysis.  

4.4.2 Elevated prevalence of multimorbidity in people with SMI, and at a younger 

age 

Despite the similarities in clusters of physical LTCs in those with and without SMI, 

I found that people with SMI were over 1.5 times more likely to have at least one 

physical LTCs than those without SMI, and similar ORs have been found 

previously (Gabilondo et al., 2017). A systematic review and meta-analysis found 

that people with psychosis were at least 60% more likely to develop 

multimorbidity than those without psychosis (Rodrigues et al., 2021), however 

variation in both the definition of psychosis and multimorbidity hampered 

comparisons between studies. 
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In line with other studies (Gabilondo et al., 2017, Patel et al., 2018, Smith et al., 

2013a, Simunovic Filipcic et al., 2020), I found a higher prevalence of 

multimorbidity in women in both those with and without SMI. Higher prevalence 

of multimorbidity with increasing age is well described in the general population 

(Barnett et al., 2012, Forslund et al., 2021), but I found the largest differences 

between those with and without SMI in the younger age groups, suggesting that 

people with SMI develop multimorbidity earlier than the general population. 

Previous studies have found this to be the case for people with psychosis and 

schizophrenia (Stubbs et al., 2016, Simunovic Filipcic et al., 2020). Interestingly, 

this effect may not be limited to those with SMI, as in the general population the 

greatest inequality in multimorbidity between people residing in the most deprived 

areas and others is also in younger age groups (Head et al., 2021). 

I found that by age 80, the prevalence of multimorbidity was similar between 

those with and without SMI, and a study by Brink et al. found no difference in the 

prevalence of a range of physical LTCs in people with schizophrenia aged 70 and 

over, compared to those without SMI (Brink et al., 2017). This could be due to the 

high background prevalence of multimorbidity in the general population at that 

age. Alternatively, the finding may have been the result of survival bias, whereby 

the high mortality rate due to physical LTCs in people with SMI means that those 

with SMI that do survive older age are healthier than those without SMI.  

Despite not including age in the clustering algorithm, clusters had distinct age 

profiles. In the cluster analysis of physical LTCs only, I found clusters of CVD and 

older age, and respiratory disease, HIV, and younger age in both those with and 

without SMI. This suggests there may be distinct profiles of multimorbidity in 

different age groups, and studies in the general population have found 

multimorbidity profiles differ or become more complex with increasing age 

(Ioakeim-Skoufa et al., 2020, Prados-Torres et al., 2012). 

4.4.3 Importance of health risk factors in people with SMI 

I found a higher prevalence of obesity, smoking, drug misuse, and alcohol misuse 

in people with SMI. When I added these health risk factors to the clustering 

algorithm, the clusters remained similar between those with and without SMI. 

However, a key difference was the large proportion of people in the SMI cohort 
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in a cluster characterised by substance misuse, with higher-than-expected 

prevalence of liver disease, COPD, and neurological disease. This highlights the 

importance of health risk factors such as substance misuse in this population. 

This is further demonstrated by my finding that adjusting for health risk factors 

decreased the ORs of physical LTCs between those with and without SMI, and 

particularly for liver disease, HIV, COPD, asthma, diabetes, and neurological 

disease. Health risk factors therefore likely explain some of the higher risk of 

physical LTCs and multimorbidity in people with SMI. This suggests that a focus 

on modifiable risk factor reduction would reduce the incidence of physical LTCs 

in those with SMI. Interventions to modify these risk factors, for example via 

smoking or alcohol cessation support (Gilbody et al., 2019, McDonell et al., 2017), 

have been shown to be effective in people with SMI and need to be more widely 

available. 

4.4.4 Under-ascertainment of physical LTCs in people with schizophrenia 

I identified lower prevalence of cardiac arrythmia, cancer, valvular disease, 

rheumatic and collagen disease, and hypertension in people with schizophrenia. 

This is surprising given the observed high prevalence of smoking, obesity, and 

alcohol and drug misuse, and known side effects of antipsychotic medication (De 

Hert et al., 2011a).  

Lower prevalence of CVD, hypertension, cancer, and rheumatoid arthritis have 

been reported in other studies using routine primary care data (Gabilondo et al., 

2017, Smith et al., 2013a, Smith et al., 2013b, Benros et al., 2014), and meta-

analyses of both cancer and rheumatoid arthritis have found that the effect 

remains when pooling across multiple studies (Li et al., 2018, Euesden et al., 

2015). This chapter corroborates this finding using a matched comparator cohort 

and adjusting for both demographic variables and health risk factors. Annual 

physical health monitoring has been incentivised in UK primary care for people 

with SMI since 2004, and so those with SMI should be in contact with primary 

care physicians. Uptake is sub-optimal, however, with only 43% of patients on 

the SMI register receiving a full physical health checks in 2021-2022 (NHS 

England, 2022d), consisting of blood glucose, blood lipid and blood pressure 

recording, BMI or weight recording, and questions regarding alcohol consumption 

and smoking. As well as early identification of metabolic disease, these physical 

health checks include questions on alcohol consumption, BMI and smoking. 
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Given that I found that adjusting for these factors reduced the odds ratios of 

physical LTCs in those with SMI compared to those without SMI improved uptake 

of these could reduce the burden of physical LTCs in this population. Whether 

uptake of physical health checks differs by SMI subtype, and whether lack of 

contact is the cause of the lower rate of diagnosis of some physical LTCs in 

people with schizophrenia requires further research.  

While it has been suggested that people with a diagnosis of schizophrenia may 

have genetic protection against cancer (Ibanez et al., 2014), the varied physical 

LTCs identified as lower prevalence in this chapter makes a biological 

mechanism of protection unlikely. However, low cancer prevalence could be due 

to missed or delayed diagnoses due to barriers in access to secondary care or 

screening programs (Solmi et al., 2020b), delayed presentations or lower 

awareness of symptoms, or diagnostic overshadowing which is more common in 

people with schizophrenia (Jones et al., 2008). Another hypothesis is that people 

with SMI die before the age where cancer is common. While I observed 

differences in the age profile and survival of those with and without SMI in this 

cohort, the design of the study in this chapter is not well placed to test this 

hypothesis. I therefore investigate cancer incidence in this cohort in more detail 

in Chapter 6. 

Despite hypertension being the most prevalent physical LTC in both those with 

and without SMI, I found a lower prevalence of hypertension in people with 

schizophrenia or other psychoses than in those without SMI. Furthermore, while 

people with bipolar disorder had an elevated prevalence of hypertension, the risk 

was lower than in those without SMI after adjusting for BMI category and other 

health risk factors. The recording of blood pressure measurements in primary 

care in the UK are incentivised for people with SMI (NHS Digital, 2022b), and it 

may be that people with SMI are more likely to have blood pressure measurement 

recorded than a clinical code for hypertension. Furthermore, with the 

responsibility for physical health checks is split between primary and secondary 

mental health care (NICE, 2014b), monitoring of blood pressure may have been 

performed in secondary care and not reported to primary care.  

In cluster analysis, people with SMI were less likely to be allocated to the CVD 

cluster than those without SMI. Furthermore, those with schizophrenia were at a 
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lower risk of cardiac arrythmias and valvular disease, and while those with bipolar 

disorder or other psychoses had higher risk of these outcomes, the prevalence 

was only sightly raised compared to people without SMI. A previous study found 

that while prevalence of ischaemic heart disease was low in those with 

schizophrenia, mortality and hospitalisation rates specific to CVD were elevated 

compared to people without SMI (Gur et al., 2018). A study of people with 

schizophrenia aged 18-35 found they were more likely to suffer sudden cardiac 

death (Risgaard et al., 2015), and others have found that those with SMI were 

more likely to have undiagnosed CVD at the time of death (Heiberg et al., 2019, 

Brink et al., 2019, Crump et al., 2013). Interestingly, Heiberg et al. found that 

when people did have CVD recorded prior to death, those with schizophrenia 

were less likely to have a CVD diagnosis recorded in primary care EHRs, and 

more likely to have it recorded only in specialist outpatient EHRs than those 

without SMI (Heiberg et al., 2019). This suggests that for CVD, people with 

schizophrenia may have less well coordinated care, poorer recording of 

diagnoses and more missed diagnoses than people without SMI.  

4.4.5 The use of CPRD GOLD and Aurum to study severe mental illness 

While a plethora of studies have used CPRD GOLD, fewer have used CPRD 

Aurum, or combined the two. In studies that have combined both CPRD Aurum 

and GOLD, results appear similar in terms of antibiotic prescriptions (Gulliford et 

al., 2020), acute respiratory infections (Davidson et al., 2021), and delirium 

(Bauernfreund et al., 2022). Furthermore, a recent study of COPD found a similar 

age and sex profile and disease severity between the two data sets (Requena et 

al., 2021). My results found similar prevalence of SMI diagnosis and other key 

variables across the two data sets, suggesting combining CPRD Aurum and 

GOLD into one data set is a valid approach for research comparing patients with 

and without SMI.  

4.4.6 Strengths and limitations 

To my knowledge the analyses in this chapter are the largest investigation of 

multimorbidity and clustering of physical LTCs in people with SMI, and the first to 

compare clustering of people with and without SMI in a large, representative data 

set (Herrett et al., 2015, Wolf et al., 2019).  



162 
 

A key strength of this chapter was the use of clustering techniques, alongside 

prevalence estimates, to better understand the physical health of people with SMI 

compared to those without SMI. The size of this cohort allowed me to investigate 

a comprehensive list of LTCs, including less common physical LTCs in both those 

with and without SMI. There is no consistent list of conditions used, in the UK or 

globally, to define multimorbidity (Ho et al., 2021). Perhaps the most referenced 

multimorbidity study in the UK used a list of 40 conditions to describe the 

epidemiology of multimorbidity in primary care in Scotland (Barnett et al., 2012), 

and was later updated to 36 conditions (Cassell et al., 2018). While these lists 

are broadly similar to that used in my research, I utilised two existing comorbidity 

indices, known to predict hospital use and mortality in the general population 

(Charlson et al., 1987, Elixhauser et al., 1998, Payne et al., 2020). I also limited 

the list of conditions to physical LTCs, in line with other research (Woodhead et 

al., 2014, Smith et al., 2013a, Kugathasan et al., 2019, Gabilondo et al., 2017, 

Filipcic et al., 2018). A recent study by Ma et al. found 80.5% of patients with SMI 

also had a recording of depression or anxiety (Ma et al., 2022) and it is hard to 

disentangle whether these are part of, or separate from, the SMI diagnosis. While 

other comorbid mental health diagnoses, such as anxiety and depression, may 

increase polypharmacy, multimorbidity burden and the complexity of treatment of 

both physical and mental health, these were outside the scope of this thesis. 

As with previous research into the physical health of people with mental health 

conditions, my definition of physical LTCs includes neurological diseases such as 

epilepsy, multiple sclerosis, and Parkinson’s disease (Bendayan et al., 2022, 

Woodhead et al., 2014, Reilly et al., 2015, Baughman et al., 2016). Psychiatric 

symptoms are well recognised in patients with these conditions (Mula et al., 2021, 

Joseph et al., 2021) and they had the highest relative prevalence (OR: 2.92, 

95%CI: 2.82-3.03) of the physical LTCs considered in my analysis. There is 

evidence that some psychiatric symptoms in people with neurological disease 

may be part of the neurological disease process, or due to shared underlying 

genetic or pathological mechanisms (Menculini et al., 2021, Hesdorffer, 2016, 

Ahangari et al., 2022). This overlap between psychiatric and neurological 

conditions highlights the issues in categorising conditions as belonging to either 

physical or mental health. However, while neuropsychiatric services do exist in 

the UK, neurological diseases are often managed separately to non-organic 
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psychiatric conditions, and therefore patients with both likely face the same 

issues of navigating siloed healthcare systems, and diagnostic overshadowing, 

as those with psychiatric conditions and other physical LTCs. 

The use of primary care data meant I was able to adjust for smoking, BMI 

category, alcohol misuse, and drug misuse as risk factors for the development of 

physical LTCs, enabling me to determine their impact on prevalence estimates 

for individual conditions and on how physical LTCs cluster together. By matching 

patients with SMI to patients without SMI at the same primary care practice, I was 

able to account for practice level variations such as coding behaviours, patients 

access and referrals, and prescribing habits, and to control for broad geographic 

variation. I also used sandwich standard errors to account for clustering by 

practice in the analysis. 

While techniques such as cluster analysis are frequently used to investigate 

multimorbidity in the general population, they do have limitations. I found the 

optimum number of clusters to include in my cluster analysis was not definitive, 

with overlap between individual clusters in all solutions. This overlap between 

clusters and the large proportion of patients falling into a cluster of varied 

multimorbidity hinders interpretation of clinically meaningful clusters, though 

highlights the complexity and variability of multimorbidity. Furthermore, while 

clusters of varied multimorbidity, respiratory disease, and CVD were relatively 

stable, the definition of smaller clusters varied depending on the number of 

clusters selected and whether risk factors were included. Despite these 

limitations, cluster analysis can help to identify clusters of physical LTCs that are 

likely to co-occur, or that are likely to share causal pathways.  

As with all studies using EHRs, potential biases in recording variables and study 

design represent limitations of this work. I compared patients with SMI to patients 

from the same primary care practice without SMI, matched by age, sex and year 

of registration, ensuring the cohorts were similar in terms of these key variables. 

While this will have made comparisons between the two cohorts more robust, the 

cohort without SMI are likely not representative of the general population, as they 

share the age, sex, and area of residence distributions with the SMI cohort. The 

similarities between these cohorts may have diminished differences in the 

prevalence of physical LTCs, meaning the excess morbidity due to physical LTCs 
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in people with SMI compared to the general population may be greater than 

reported here. 

Key differences between those with and without SMI could have introduced bias. 

For example, people with long-term conditions such as SMI may have more 

regular contact with the healthcare system, affording more opportunities for 

physical LTCs and other variables to be recorded. This surveillance bias may 

have resulted in higher disease detection in people with SMI.  

The known high mortality rate in people with SMI, particularly due to somatic 

causes (Kugathasan et al., 2019), means that retrospective, cross-sectional 

studies in patients with SMI are prone to survival bias (Brink et al., 2017). Patients 

with SMI may have been more likely to die during follow-up than those without 

SMI, and therefore less likely to receive physical health diagnoses. This could 

have lowered the prevalence of physical LTCs at the end of follow-up and may 

be the reason for the lower-than-expected prevalence of multimorbidity in people 

with SMI in older age that I found in this chapter. Furthermore, the requirement 

for patients to have a complete year of EHRs could also have introduced survival 

bias. If those with SMI and physical LTCs were more likely to die in the first year 

after SMI diagnosis, then the cohort of patients with SMI could be healthier than 

those without SMI. While this is a limitation, including only those with at least one 

year of EHRs lessens the number of duplicate patients, and those who are very 

transient, who are less likely to have good recording of medical data. While 

survival bias could also have resulted in the under reporting of conditions for 

people with schizophrenia, given that people with bipolar disorder also have an 

elevated mortality rate compared to those without SMI, survival bias unlikely to 

be the cause of this finding.  

I did not adjust analyses for deprivation as linkage to postcode data were only 

available for 33% of patients in the cohort, and therefore using postcode derived 

variables would have limited patient numbers. Patients with SMI are more often 

located in areas of high deprivation, and the prevalence of most physical LTCs 

are highest in areas of deprivation (Reilly et al., 2015, Head et al., 2021). While 

patients were matched on primary care practice and therefore from a broadly 

comparable geographic area, if those without SMI reside in areas of lower 
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deprivation and therefore have fewer physical LTCs, confounding by deprivation 

may have resulted in inflated ORs between those with and without SMI.  

Throughout, I have interpreted the absence of recording as the absence of 

disease. However, the complexity of code lists for a single condition means that 

sensitivity and specificity of code lists vary, and some diagnoses of physical LTCs 

may be missed. Furthermore, for some patients a measurement (for example 

blood pressure in the case of hypertension) or medication (for example insulin 

prescriptions in the case of diabetes) may be the only indication that a patient has 

a condition meaning the reliance on diagnostic codes could have resulted in 

under-diagnosis of some conditions. For example, while studies have found good 

recording of diagnostic codes for COPD and diabetes, likely driven by QOF 

incentivisation, Persson et al. found suboptimal recording for anaemia (Quint et 

al., 2014, Gayle et al., 2022, Persson et al., 2020). However, in most cases, the 

use of diagnostic codes is likely to be similar between those with and without SMI 

and so should not impact comparisons between the two groups.  

As discussed in Chapter 2, I did not use SNOMED codes in defining the cohort 

of patients with SMI as at the time SNOMED was not fully implemented in primary 

care practices in the UK. While this is unlikely to affect my results, it is possible 

that some diagnoses of either SMI or physical LTCs were recorded solely using 

SNOMED codes in 2018, when SNOMED codes began to be introduced. 

However, this would have only affected the CPRD Aurum data set, and there 

were not notable differences in terms of disease prevalence between this and the 

CPRD GOLD data set. 

It is possible that physical LTC diagnoses usually made in secondary care, such 

as myocardial infarction, may not have been recorded in primary care EHRs, and 

therefore would be missing from this analysis. However, many conditions 

diagnosed in secondary care required ongoing management or treatment in 

primary care, and concordance of diagnoses between HES and CPRD is 

generally good. A recent study found that pulmonary embolism was well recorded 

in CPRD Aurum, when compared to events recorded in hospital EHRs (Jick et 

al., 2020). For stroke events captured in either CPRD GOLD or HES, 72.6% were 

captured in CPRD and 67.4% captured in HES (Morgan et al., 2021). For 

myocardial infarction, 78% of events recorded in HES were also present in CPRD 
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Aurum (Persson et al., 2021), while for cancer, over 80% of cancer diagnoses in 

HES were also recorded in CPRD GOLD or Aurum (Trafford et al., 2021). While 

this suggests linkage with hospital EHRs may improve recording of hospital 

events, the small numbers eligible for linkage in this cohort makes this infeasible. 

It is unlikely that recording of hospital events in primary care differs in those who 

have an SMI diagnosis and those who have not, and so effects are likely to be 

non-differential when comparing between those with and without SMI. However, 

as discussed previously, for conditions such as CVD, patients with SMI may be 

more likely to receive their diagnosis in secondary care, highlighting the need for 

coordinated reporting of results. 

I also did not include remission or resolution codes when determining presence 

of physical LTCs. While a study of multimorbidity in a cohort of patients in London, 

UK, found that the use of remissions or resolution codes reduced the recorded 

prevalence of multimorbidity, and particularly of asthma (Ledwaba-Chapman et 

al., 2021), remission of disease can be hard to define. Furthermore, patients may 

continue to be at risk of reactivation or long-term sequelae. For example, patients 

with asthma may see asthma symptoms resolve without improvement of airway 

impairment (Thomas et al., 2022), while those surviving childhood or young-adult 

cancers have a greater risk of serious diseases and mortality in later life than the 

general population (Suh et al., 2020). The impact of not using remission or 

resolution codes is unlikely to differ based on SMI diagnosis and so should have 

non-differential effects. 

I replaced missing values for smoking status and BMI category in line with other 

primary care studies (Hippisley-Cox and Coupland, 2013, Marston et al., 2014b), 

while patients without a diagnostic code for alcohol or drug misuse were assumed 

not to have these conditions. It is possible that this missing data may have reduce 

the effect of these variables in the analyses that adjusted for health risk factors.  

Patients with missing ethnicity were coded as White ethnicity in line with other 

primary care studies (Hippisley-Cox et al., 2008). Sensitivity analyses performed 

for ethnicity found little difference in effect sizes when multiple imputation was 

employed instead, suggesting this approach has validity when ethnicity is not the 

main exposure variable. 
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I was only able to include broad categories of BMI as some patients had BMI 

category recorded rather than a value. BMI itself is an indirect measure of obesity, 

and its accuracy varies with age, sex, and ethnicity. This may have introduced 

biases into the analysis (Rothman, 2008). Similarly for alcohol misuse, recording 

was based on medical code lists and did not account for the level of alcohol 

consumption, nor include patients that had consumption recorded without an 

accompanying alcohol misuse code. This may have resulted in incomplete 

capture of alcohol misuse in the cohort. For drug misuse, only diagnostic codes 

were considered and therefore those receiving pharmaceutical intervention, such 

as methadone therapy, may have been missed. However, the limitations of 

defining alcohol misuse, drug misuse, and BMI likely affect both those with and 

without SMI similarly, and therefore should not affect comparisons between them. 

The recording of smoking status, alcohol misuse, and drug misuse, is heavily 

dependent on the primary care physician observation and patient disclosure, and 

therefore likely represents an under-estimate of the true prevalence.  

Finally, while the apparent under-recording of a range of physical LTCs in those 

with schizophrenia is a clinically important finding, it limits the interpretation of the 

prevalence of physical LTCs and multimorbidity clusters in this population. This 

may mean I underestimated the true prevalence of the conditions studied. 

However, identifying these gaps in recording of physical LTCs is important if we 

are to improve the physical health of people with SMI.  

4.4.7 Clinical, policy and research implications 

I found that physical LTCs cluster in people with SMI in a comparable manner to 

those without SMI. This suggests existing interventions to prevent and treat 

multimorbidity in the general population may also be suitable for those with SMI. 

However, I found a higher prevalence of physical LTCs, physical health 

multimorbidity, and risk factors for poor physical health in those with SMI. 

Furthermore, I found that those with SMI may develop multimorbidity at a younger 

age. This suggests a need to target those with SMI specifically, focusing on 

diseases of younger age, younger-age multimorbidity and of reduction of risk 

factors for poor physical health. Furthermore, while in the general population 

guidelines for identifying people with multimorbidity focus on older age and frailty 

(NICE, 2016), there is a need to identify people with SMI and physical 

multimorbidity at a younger age.  
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The results of this chapter highlighted avenues for further research, several of 

which I have addressed in the subsequent chapters of this thesis. In this chapter, 

I focused on physical LTCs ever diagnosed, which limits the study of temporality 

of diagnoses of SMI and physical LTCs. In Chapter 5, I investigate the temporality 

of SMI and physical LTC diagnoses, and trajectories of multimorbidity before and 

after SMI diagnosis in this population. The low prevalence of some physical LTCs 

in the schizophrenia cohort also requires further investigation, to elucidate the 

reasons for this finding and, in Chapter 6, I investigate the incidence of cancer 

and subsequent mortality in this cohort in more detail.  

The finding that combinations of conditions are similar between those with and 

without SMI is useful to inform analytical strategies when adjustment for physical 

health is required, and in Chapter 7, I use the 24 physical LTCs described in this 

chapter to adjust for physical LTCs in the analysis of physical health hospital 

admissions.  

The early development of physical multimorbidity, how physical LTCs cluster in 

different age strata, and the accumulation of physical LTCs in those developing 

multimorbidity early are key areas for further research. In the general population, 

stratification by age has shown different multimorbidity clusters in each age profile 

(Zhu et al., 2020), and investigating multimorbidity clusters stratified by age would 

provide further insight into the drivers of early multimorbidity in those with SMI 

and the effect that this has on further disease accumulation and outcomes such 

as hospital use and mortality. The relevance of clusters of physical LTCs to 

outcomes such as hospital use and mortality, both in people with and without 

SMI, is also an area for future research.  

4.4.8 Conclusions 

I found that physical LTCs cluster in people with SMI in a comparable manner to 

those without SMI, though those with SMI develop physical health multimorbidity 

at an earlier age. There is a higher prevalence of physical LTCs, physical health 

multimorbidity, and risk factors for poor physical health in those with SMI. 

Therefore, while interventions aimed at the general population should also be 

applicable to those with SMI, there is a need for a greater focus on diseases of 

younger age, younger-age multimorbidity and of reduction of risk factors for poor 

physical health.  
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Chapter 5 The temporal relationship between diagnoses of 

severe mental illness and physical long-term 

conditions 

A modified version of this chapter has been published in Lancet Psychiatry 

(Launders et al., 2022c) 

5.1 Introduction 

In Chapter 4, I found that people with SMI were at elevated risk of 19 out of 24 

physical LTCs. However, this analysis was based on the prevalence of conditions 

accumulated at the end of patient follow-up within CPRD. While this cross-

sectional view provides information on overall burden of physical LTCs in people 

with SMI, it does not give information on the timing of development of physical 

LTCs in relation to SMI diagnosis. 

It is crucial to understand the timing of the development of physical LTCs to target 

preventative interventions at time points when they will have the most impact, 

and target resources for disease screening and management at time points 

where risk is highest. In the UK, most physical LTCs are managed in primary care 

and so knowing which physical LTCs are likely to occur following SMI diagnosis 

being recorded in primary care can inform the content of physical health 

screening and management interventions in this population.  

Elucidating the temporal relationship between physical LTCs and SMI diagnosis 

would also provide information on the approach to disease prevention. Physical 

LTCs which are common prior to SMI diagnosis are unlikely to be prevented 

through physical health checks in primary care, and therefore interventions to 

prevent these conditions may be better placed in EIP services. The timing of 

physical LTCs may also provide information on the types of interventions 

required. For example, diseases that are prevalent before or at the time of SMI 

diagnosis may be due to higher prevalence of risk factors for poor physical health, 

such as smoking or obesity, in the period before SMI diagnosis, or wider 

determinants of poor health such as deprivation. In contrast, those occurring after 

SMI diagnosis, may be driven by a further increase in risk factors, or by factors 

specific to the SMI disease course or treatment (McKnight et al., 2012, Solmi et 

al., 2017). Ensuring the right approach to disease prevention at the right time in 

relation to SMI diagnosis is crucial to developing interventions to reduce the 
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burden of poor physical health and poor physical health outcomes in those with 

SMI. 

A number of studies have determined the prevalence of physical LTCs following 

the diagnosis of SMI (Woodhead et al., 2014, Reilly et al., 2015, Baughman et 

al., 2016, Bahorik et al., 2017, PHE, 2018, Firth et al., 2019, Bendayan et al., 

2022), however fewer studies focus on defined periods before and after SMI. Two 

studies have investigated the development of physical LTCs in the one year 

before schizophrenia and bipolar disorder respectively (Chen et al., 2021, Chen 

et al., 2020), while Wallace et al. provided unadjusted measures of the 

prevalence of physical LTCs in people with schizophrenia compared to matched 

comparators for the five years before SMI diagnosis (Wallace et al., 2020). There 

is therefore a lack of studies covering the period before and after SMI diagnosis, 

adjusting for confounders and stratifying by SMI subtypes.  

The objective of this chapter is to investigate the cumulative prevalence of 24 

physical LTCs and of multimorbidity in people with SMI compared to matched 

people without SMI from five years before to five years after SMI diagnosis, with 

an aim of identifying time periods where interventions would be most appropriate.  

5.2 Methods 

5.2.1 Population and follow-up 

In this chapter, I used the cohort data from CPRD, as described in Chapter 4, 

consisting of patients with SMI diagnosed between 1 January 2000 and 31 

December 2018, and matched patients without SMI. The initial inclusion criteria 

detailed in Chapter 4, section 4.2.1 were also applied here (SMI diagnosis within 

study period; active registration for one year; age between 18 and 100; region of 

practice lists; able to be matched at least 1:1). As in Chapter 4, patients entered 

the cohort at the latest of registration with the primary care practice, age 18 or 1 

January 2000 and exited the cohort at the earliest of end of registration, age 100, 

death or 31 December 2018. I additionally excluded patients who were not active 

in the data set at the time of their SMI diagnosis to ensure all patients could have 

had physical LTC diagnoses recorded at this time.  
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5.2.2 Exposure: SMI 

As per Chapter 4, the exposure for all analyses was a diagnosis of SMI as 

recorded in CPRD using Read and EMIS codes (Appendix 1, as described in 

Chapter 2), and stratified by SMI subtype (schizophrenia, bipolar disorder and 

other psychoses). 

5.2.3 Outcomes: Physical LTCs and multimorbidity 

The primary outcome was the cumulative prevalence of 24 physical LTCs, 

examined cross-sectionally at five, three, and one years before SMI diagnosis 

was recorded in primary care, at the point of SMI diagnosis, and one, three, and 

five years after SMI diagnosis. I also examined cumulative counts of physical 

LTCs over the same period. I compared the prevalence of physical LTCs in those 

with SMI to matched patients without a diagnosis of SMI. For those without SMI, 

I calculated the prevalence of physical LTCs at the same time points, based on 

the date of SMI diagnosis in the SMI patient to whom they were matched. 

I used the 24 physical LTCs previously described in Chapter 4, derived from the 

Elixhauser and Charlson comorbidity indices and adapted for studying physical 

health in people with SMI. The final list of physical LTCs consisted of: asthma, 

COPD, cardiac arrhythmia, congestive heart failure, myocardial infarction, 

cerebrovascular disease, neurological disorders (including epilepsy, multiple 

sclerosis, Parkinson’s disease and seizures but excluding cerebrovascular 

disease and dementia), cancer, diabetes (type I or II), hypothyroidism, liver 

disease, renal disease, peptic ulcers, rheumatic and collagen disease, paresis or 

paralysis, HIV, hypertension, peripheral vascular disease, pulmonary circulation 

disorders, valvular disease, deficiency anaemia, blood loss anaemia, 

coagulopathy, and fluid or electrolyte disorders.  

5.2.4 Other variables included in the analysis 

As in Chapter 4, I adjusted analyses for age, sex, ethnicity, and region. I 

additionally adjusted analyses for calendar year of SMI diagnosis to account for 

trends in diagnoses over time. I determined this list of covariates a priori due to 

their likelihood to confound the relationship between SMI and prevalence of 

physical LTCs. I defined sex as it was recorded in the primary care EHR, region 

based on the region of the primary care practice, and ethnicity as recorded in 

primary care, and described using UK 2011 Census Ethnic Group categories. I 
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included age at SMI diagnosis (or for those without SMI, the age of the patient at 

the time the matched patient received an SMI diagnosis) as a continuous variable 

calculated using year of birth. I derived smoking status, BMI category, drug 

misuse and alcohol misuse from EHRs as described in Chapter 4. I defined 

smoking status based on the most recent recording at the time of SMI diagnosis 

and categorised as: never-smoker, ex-smoker, or current smoker. I defined BMI 

category as the most recent BMI recording at the time of SMI diagnosis, 

categorised as obese (BMI≥30), overweight (BMI 25 to 29.9), within normal range 

(BMI 18.5 to 24.9) or underweight (BMI<18.5). I included smoking status, BMI 

category, and alcohol and drug misuse in the descriptive analysis of the cohort 

but did not adjust for them in models of physical LTC prevalence. In Chapter 4, I 

found that adjusting for these reduced odds ratios (ORs) of all physical LTCs, 

though this may be an over-adjustment if these factors are on the causal pathway 

between SMI and the development of physical LTCs. Furthermore, the timing of 

the development of these risk factors are hard to determine accurately from 

EHRs, limiting the ability to adjust for the presence or absence of these at the 

specific time points in this analysis. 

5.2.5 Missing data 

In Chapter 4, I investigated the effect of using multiple imputation to estimate 

ethnicity for patients without ethnicity recorded in their EHRs. I found that using 

multiple imputation appeared to under-estimate White ethnicity compared to ONS 

estimates. I also found that estimates of cumulative prevalence of physical LTCs 

were similar whether estimating missing ethnicity through multiple imputation or 

imputing it as White. Based on these findings, and those of other researchers 

(Pham et al., 2019b, Hippisley-Cox et al., 2008), I imputed missing ethnicity as 

White for this chapter.  

5.2.6 Analysis 

I calculated the prevalence of individual physical LTCs and of physical health 

multimorbidity (two or more physical LTCs) at five, three, and one years before 

SMI diagnosis, at the point of SMI diagnosis and one, three, and five years after 

SMI diagnosis. I used logistic regression to compare the prevalence of physical 

LTCs in patients with SMI to matched patients without SMI, adjusting for age, 

sex, ethnicity, region, and calendar year at these time points. I stratified results 
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by SMI subtype at the given time points. I applied sandwich standard errors to 

account for potential clustering by primary care practice.  

5.3 Results 

5.3.1 Description of the cohort used in this chapter 

Of the 343,914 patients available for analysis after initial cleaning presented in 

Chapter 4 (Figure 4-1), I excluded 269 patients who did not receive their SMI 

diagnosis while active in the cohort and 29 because they could not be matched 

at least 1:1. 343,616 patients were included in the study cohort for this chapter, 

of which 68,789 patients had a diagnosis of SMI. As in Chapter 4, over 99% 

(n=68,483) of patients with SMI were matched 1:4 to patients without SMI. The 

distributions of SMI subtypes and other key variables were as reported in Chapter 

4. Patients with SMI were more likely to be a current smoker or have alcohol or 

drug misuse recorded in their EHR at the time of SMI diagnosis than those without 

SMI (Table 5-1). Those with SMI were also more likely to be obese, particularly 

those with a diagnosis of bipolar disorder. 

5.3.2 Counts of physical LTCs in patients with and without SMI over time 

At five years before SMI diagnosis, 30.97% (n=21,306) of patients with SMI had 

at least one physical LTC compared to 28.50% (n=78,315) of those without SMI, 

at the same time point (based on the date of SMI diagnosis in the SMI patient to 

whom they were matched). At the time of SMI diagnosis this increased to 43.04% 

(n=29,812) in those with SMI and 38.15% (n=105,247) in those without. By five 

years post-diagnosis, 56.75% (n=21,726/38,285) of patients with SMI and 

47.43% (n=71,489/150,733) without had at least one physical LTC (Figure 5-1).  

Similarly, the proportion of patients with physical health multimorbidity (two or 

more physical LTCs) increased in patients with SMI from 9.50% (n=6,535) at five 

years before SMI diagnosis, to 17.92% (n=12,329) at the time of first SMI 

diagnosis and 28.41% (n=10,876/38,285) at five years post-SMI diagnosis. For 

patients without SMI, multimorbidity was 8.69% (n=23,884), 15.12% (n=41,563) 

and 22.45% (n=33,839/150,733) at the same time points (Figure 5-1).  
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Table 5-1 Key patient characteristics by SMI diagnosis and subtype, n=343,616 

 
No SMI SMI Schizophr-

enia 
Bipolar 
disorder 

Other 
psychoses 

n 274,827 68,789 15,034 24,423 29,332 

Age at SMI 
diagnosis, median 
[IQR]a 

40.90  
[29.46-
56.00] 

40.92  
[29.47-
56.05] 

38.15  
[27.90- 
51.37] 

41.78  
[31.17-
54.70] 

41.74  
[29.00-
60.95] 

Sex, n (%) 

Male 140,087 
(50.97) 

35,051 
(50.95) 

9,691 
(64.46) 

9,973 
(40.83) 

15,387 
(52.46) 

Female 134,740 
(49.03) 

33,738 
(49.05)  

5,343 
(35.54) 

14,450 
(59.17) 

13,945 
(47.54) 

Ethnicity, n (%) 

Asian 13,536 
(4.93) 

3,134 
(4.56) 

1,030 
(6.85) 

749  
(3.07) 

1,355 
(4.62) 

Black 8,566 
(3.12) 

3,389 
(4.93) 

1,359 
(9.04) 

486  
(1.99) 

1,544 
(5.26) 

Mixed 2,271 
(0.83) 

913 (1.33) 277 (1.84) 243  
(0.99) 

393 (1.34) 

Other 5,888 
(2.14) 

1,486 
(2.16) 

331 (2.20) 502  
(2.06) 

653 (2.23) 

Whiteb 244,566 
(88.99) 

59,867 
(87.03) 

12,037 
(80.07) 

2,2443 
(91.89) 

25,387 
(86.55) 

BMI category recorded closest to SMI diagnosis, n (%)a 

Underweight 6,042 
(2.20) 

2449 (3.56) 558 (3.71) 634 (2.60) 1257 (4.29) 

Normal range 88,782 
(32.30) 

22492 
(32.70) 

4289 
(28.53) 

8062 
(33.01) 

10141 
(34.57) 

Overweight 64,338 
(23.41) 

15095 
(21.94) 

2851 
(18.96) 

5996 
(24.55) 

6248 
(21.30) 

Obese 41,145 
(14.97) 

11490 
(16.70) 

2344 
(15.59) 

4892 
(20.03) 

4254 
(14.50) 

Missing 74,520 
(27.11) 

17263 
(25.10) 

4992 
(33.20) 

4839 
(19.81) 

7432 
(25.34) 

Smoking status at SMI diagnosis, n (%)a 

Current smoker 80,123 
(29.15) 

30,188 
(43.88) 

6,988 
(46.48) 

10,655 
(43.63) 

12,545 
(42.77) 

Ex-smoker 56,729 
(20.64) 

12,242 
(17.80) 

1,783 
(11.86) 

4,970 
(20.35) 

5,489 
(18.81) 

Never smoked 99,824 
(36.32) 

18,065 
(26.26) 

3,362 
(22.36) 

6,577 
(26.93) 

8,126 
(27.70) 

Missing 38,151 
(13.88) 

8,294 
(12.06) 

2,901 
(19.30) 

2,221 
(9.09) 

3,172 
(10.81) 

Drug misuse at SMI 
diagnosis, n (%)a 

3,992 
(1.45) 

5,162 
(7.50) 

1,155 
(7.68) 

1,354 
(5.54) 

2,653 
(9.04) 

Alcohol misuse at 
SMI diagnosis, n (%)a 

6,273 
(2.28) 

5,774 
(8.39) 

1,013 
(6.74) 

2,051 
(8.40) 

2,710 
(9.24) 

Died during follow-
up, n (%) 

19,385 
(7.05) 

7,599 
(11.05) 

1,622 
(10.79) 

2,163 
(8.86) 

3,814 
(13.00) 

Age at death, median 
[IQR] 

82.67  
[72.24-
89.34] 

75.71  
[59.46-
86.04] 

68.15  
[52.50- 
81.15] 

72.87  
[59.63-
82.87] 

80.91  
[62.95-
88.98] 

Died in the 5 years 
following SMI 
diagnosis, n (%)a 

11,206 
(4.08) 

4,524 
(6.58) 

851  
(5.66) 

1,143 
(4.68) 

2,530 
(8.63) 

Years from SMI 
diagnosis to end of 
follow-up, median 
[IQR]a 

4.58  
[2.10-8.93] 

4.60  
[2.39-8.71] 

5.21  
[2.64-9.93] 

5.06  
[2.63- 9.12] 

4.01  
[2.15-7.68] 
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a: For cohort without SMI, this is the age of the individual at the time of SMI diagnosis for the 
corresponding case b: Missing ethnicity coded as white: SMI: 24,639 (35.82%), No SMI: 
119,048 (43.32%) 

Figure 5-1 Counts of physical LTCs at time points between 5 years before and 5 years after SMI 
diagnosis 

 

*- denotes the years before SMI diagnosis and + the years following SMI diagnosis. 

5.3.3 Prevalence of individual physical LTCs before and after SMI diagnosis 

Consistent with the findings of Chapter 4, the most prevalent physical LTCs in 

both patients with and without SMI at the time of SMI diagnosis were: asthma 

(SMI: 15.38%, n=10,581; no SMI: 13.28%, n=36,497), hypertension (SMI: 

12.64%, n=8,696; no SMI: 13.91%, n=38,218) and diabetes (SMI: 7.12%, 

n=4,897; no SMI: 5.67%, n=15,572; Figure 5-2). These were the most prevalent 

physical LTCs in patients with and without SMI at all time points following SMI 

diagnosis, and in the three years before SMI diagnosis. The exception was at five 

years before SMI diagnosis where patients with SMI had a higher prevalence of 

neurological disease (3.38%, n=2,326) than diabetes (3.28%, n=2,255; Table 

5-2).  
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Figure 5-2 Unadjusted prevalence of the five most prevalent physical LTCs at the end of follow-
up, in the 5 years before and after SMI diagnosis 

 

 

*- denotes the years before SMI diagnosis and + the years following SMI diagnosis. 

 



178 
 

Table 5-2 Unadjusted prevalence of physical LTCs before and after SMI diagnosis 

Prevalence, n (% 
of active) 

5 years 
before SMI 
diagnosis 

3 years 
before SMI 
diagnosis 

1 year before 
SMI 
diagnosis  

At SMI 
diagnosis  

1 year after SMI 
diagnosis 

3 years after 
SMI diagnosis 

5 years after 
SMI diagnosis 

Proportion active 

SMI 68,789 (100) 68,789 (100) 68,789 (100) 68,789 (100) 68,788 (>99.99) 55,647 (80.90) 38,285 (55.66) 

No SMI 274,827 (100) 274,827 (100) 274,827 (100) 274,827 (100) 274,731 (99.97) 209,541 (76.24) 150,733 (54.85) 

Asthma 

SMI 8,444 (12.28) 9,176 (13.34) 10,002 (14.54) 10,581 (15.38) 11,224 (16.32) 9,642 (17.33) 6,920 (18.07) 

No SMI 29,733 (10.82) 32,206 (11.72) 34,993 (12.73) 36,497 (13.28) 37,551 (13.67) 29,931 (14.28) 21,875 (14.51) 

COPD 

SMI 684 (0.99) 959 (1.39) 1,322 (1.92) 1,563 (2.27) 1,917 (2.79) 1,852 (3.33) 1,491 (3.89) 

No SMI 2,346 (0.85) 3,141 (1.14) 4,189 (1.52) 4,852 (1.77) 5,554 (2.02) 5,055 (2.41) 4,293 (2.85) 

Cardiac arrythmia 

SMI 894 (1.30) 1,150 (1.67) 1,535 (2.23) 1,832 (2.66) 2,188 (3.18) 1,940 (3.49) 1,339 (3.50) 

No SMI 3,636 (1.32) 4,753 (1.73) 6,154 (2.24) 7,020 (2.55) 7,924 (2.88) 7,137 (3.41) 5,889 (3.91) 

Congestive heart failure 

SMI 340 (0.49) 471 (0.68) 666 (0.97) 826 (1.20) 1,023 (1.49) 921 (1.66) 640 (1.67) 

No SMI 1,432 (0.52) 1,943 (0.71) 2,659 (0.97) 3,116 (1.13) 3,636 (1.32) 3,167 (1.51) 2,432 (1.61) 

Myocardial infarction 

SMI 552 (0.80) 666 (0.97) 820 (1.19) 930 (1.35) 1,047 (1.52) 905 (1.63) 644 (1.68) 

No SMI 2,539 (0.92) 2,987 (1.09) 3,489 (1.27) 3,816 (1.39) 4,143 (1.51) 3,525 (1.68) 2,837 (1.88) 

Cerebrovascular disease 

SMI 990 (1.44) 1,293 (1.88) 1,715 (2.49) 2,105 (3.06) 2,509 (3.65) 2,283 (4.10) 1,669 (4.36) 

No SMI 3,456 (1.26) 4,442 (1.62) 5,643 (2.05) 6,358 (2.31) 7,121 (2.59) 6,089 (2.91) 4,788 (3.18) 

Neurological disease 

SMI 2326 (3.38) 2,672 (3.88) 3,087 (4.49) 3,484 (5.06) 4,113 (5.98) 3,742 (6.72) 2,738 (7.15) 

No SMI 4,435 (1.61) 4,967 (1.81) 5,647 (2.05) 6,021 (2.19) 6,362 (2.32) 5,186 (2.47) 3,863 (2.56) 
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Prevalence, n (% 
of active) 

5 years 
before SMI 
diagnosis 

3 years 
before SMI 
diagnosis 

1 year before 
SMI 
diagnosis  

At SMI 
diagnosis  

1 year after SMI 
diagnosis 

3 years after 
SMI diagnosis 

5 years after 
SMI diagnosis 

Cancer 

SMI 1,696 (2.47) 2,040 (2.97) 2,511 (3.65) 2,863 (4.16) 3,246 (4.72) 2,980 (5.36) 2,225 (5.81) 

No SMI 7,437 (2.71) 9,091 (3.31) 11,101 (4.04) 12,423 (4.52) 13,848 (5.04) 12,398 (5.92) 10,293 (6.83) 

Diabetes 

SMI 2,255 (3.28) 2,931 (4.26) 3,994 (5.81) 4,897 (7.12) 6,259 (9.10) 6,404 (11.51) 5,312 (13.87) 

No SMI 8,121 (2.95) 10,413 (3.79) 13,583 (4.94) 15,572 (5.67) 17,405 (6.34) 16,110 (7.69) 13,226 (8.77) 

Hypothyroidism 

SMI 1,611 (2.34) 1,975 (2.87) 2,483 (3.61) 2,871 (4.17) 3,556 (5.17) 3,545 (6.37) 2,932 (7.66) 

No SMI 5,348 (1.95) 6,535 (2.38) 7,905 (2.88) 8,707 (3.17) 9,394 (3.42) 8,512 (4.06) 6,989 (4.64) 

Liver disease 

SMI 726 (1.06) 871 (1.27) 1,087 (1.58) 1,223 (1.78) 1,413 (2.05) 1,257 (2.26) 867 (2.26) 

No SMI 2,005 (0.73) 2,327 (0.85) 2,711 (0.99) 2,959 (1.08) 3,148 (1.15) 2,544 (1.21) 1,969 (1.31) 

Renal disease 

SMI 767 (1.12) 1,144 (1.66) 1,665 (2.42) 2,046 (2.97) 2,574 (3.74) 2,745 (4.93) 2,429 (6.34) 

No SMI 3,157 (1.15) 4,724 (1.72) 6,728 (2.45) 7,975 (2.90) 9,305 (3.39) 9,203 (4.39) 8,276 (5.49) 

Peptic ulcer 

SMI 1,006 (1.46) 1,083 (1.57) 1,232 (1.79) 1,317 (1.91) 1,423 (2.07) 1,209 (2.17) 854 (2.23) 

No SMI 3,673 (1.34) 3,975 (1.45) 4,323 (1.57) 4,520 (1.64) 4,704 (1.71) 3,991 (1.90) 3,086 (2.05) 

Rheumatic and collagen disease 

SMI 834 (1.21) 990 (1.44) 1,159 (1.68) 1,290 (1.88) 1,400 (2.04) 1,215 (2.18) 907 (2.37) 

No SMI 3,270 (1.19) 3,880 (1.41) 4,581 (1.67) 4,983 (1.81) 5,336 (1.94) 4,745 (2.26) 3,941 (2.61) 

Paresis or paralysis 

SMI 360 (0.52) 385 (0.56) 417 (0.61) 452 (0.66) 491 (0.71) 442 (0.79) 306 (0.80) 

No SMI 747 (0.27) 825 (0.30) 893 (0.32) 935 (0.34) 989 (0.36) 828 (0.40) 634 (0.42) 

HIV 

SMI 161 (0.23) 244 (0.35) 339 (0.49) 436 (0.63) 540 (0.79) 506 (0.91) 348 (0.91) 
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Prevalence, n (% 
of active) 

5 years 
before SMI 
diagnosis 

3 years 
before SMI 
diagnosis 

1 year before 
SMI 
diagnosis  

At SMI 
diagnosis  

1 year after SMI 
diagnosis 

3 years after 
SMI diagnosis 

5 years after 
SMI diagnosis 

No SMI 415 (0.15) 602 (0.22) 889 (0.32) 1,093 (0.40) 1,272 (0.46) 1,055 (0.50) 779 (0.52) 

Hypertension 

SMI 5,388 (7.83) 6,510 (9.46) 7,794 (11.33) 8,696 (12.64) 9,801 (14.25) 8,884 (15.96) 6,891 (18.00) 

No SMI 24,638 (8.96) 29,476 (10.73) 35,044 (12.75) 38,218 (13.91) 40,882 (14.88) 36,627 (17.48) 30,010 (19.91) 

Peripheral vascular disease 

SMI 393 (0.57) 513 (0.75) 677 (0.98) 778 (1.13) 902 (1.31) 835 (1.50) 593 (1.55) 

No SMI 1,645 (0.60) 2,081 (0.76) 2,626 (0.96) 2,940 (1.07) 3,295 (1.20) 2,883 (1.38) 2,419 (1.60) 

Pulmonary circulation disorders 

SMI 243 (0.35) 307 (0.45) 410 (0.60) 486 (0.71) 580 (0.84) 571 (1.03) 415 (1.08) 

No SMI 878 (0.32) 1,029 (0.37) 1,228 (0.45) 1,378 (0.50) 1,560 (0.57) 1,384 (0.66) 1,146 (0.76) 

Valvular disease 

SMI 378 (0.55) 458 (0.67) 574 (0.83) 643 (0.93) 754 (1.10) 647 (1.16) 459 (1.20) 

No SMI 1,536 (0.56) 1,888 (0.69) 2,342 (0.85) 2,598 (0.95) 2,912 (1.06) 2,620 (1.25) 2,149 (1.43) 

Deficiency anaemia 

SMI 1,330 (1.93) 1,673 (2.43) 2,159 (3.14) 2,510 (3.65) 2,948 (4.29) 2,777 (4.99) 2,133 (5.57) 

No SMI 4,742 (1.73) 5,865 (2.13) 7,388 (2.69) 8,316 (3.03) 9,225 (3.36) 8,393 (4.01) 6,739 (4.47) 

Blood loss anaemia 

SMI 14 (0.02) 18 (0.03) 29 (0.04) 31 (0.05) 34 (0.05) 27 (0.05) 21 (0.05) 

No SMI 71 (0.03) 88 (0.03) 106 (0.04) 119 (0.04) 128 (0.05) 123 (0.06) 121 (0.08) 

Coagulopathy 

SMI 199 (0.29) 232 (0.34) 270 (0.39) 308 (0.45) 372 (0.54) 359 (0.65) 293 (0.77) 

No SMI 681 (0.25) 830 (0.30) 1,006 (0.37) 1,111 (0.40) 1,218 (0.44) 1,072 (0.51) 859 (0.57) 

Fluid & electrolyte disorders 

SMI 261 (0.38) 370 (0.54) 574 (0.83) 778 (1.13) 1,081 (1.57) 1,105 (1.99) 884 (2.31) 

No SMI 858 (0.31) 1,224 (0.45) 1,716 (0.62) 2,067 (0.75) 2,473 (0.90) 2,343 (1.12) 2,010 (1.33) 
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5.3.4 Prevalence of physical LTCs before SMI diagnosis 

At five years before SMI diagnosis, patients with SMI had higher odds of liver 

disease, paralysis or paresis and neurological disease compared to those without 

SMI in adjusted analyses (Table 5-3). These were the only physical LTCs with 

elevated odds for patients with schizophrenia, while patients with bipolar disorder 

had higher odds of an additional nine physical LTCs, and those with a diagnosis 

of other psychoses had higher odds of an additional eight (Figure 5-3). Patients 

with schizophrenia had lower odds of 10 physical LTCs compared to those 

without SMI, while patients with bipolar disorder and other psychoses had lower 

odds of three and two conditions respectively at five years before SMI diagnosis 

(Figure 5-3). 

Figure 5-3 Odds ratios for 24 physical LTCs at 5 years before SMI diagnosis by SMI subtype, 
compared to those without SMI; adjusted for age, sex, ethnicity, region, and calendar year 
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Table 5-3 Odds ratios for 24 physical LTCs by SMI diagnosis and subtype, compared to those without SMI: adjusted for age, sex, ethnicity, region, and calendar year 

Physical LTCs, OR 
(95%CI) 

5 years before 
SMI diagnosis 

3 years before 
SMI diagnosis 

1 year before 
SMI diagnosis 

At SMI 
diagnosis 

1 year after SMI 
diagnosis 

3 years after 
SMI diagnosis 

5 years after 
SMI diagnosis 

Asthma 

SMI 1.16 (1.13-1.20) 1.17 (1.14-1.20) 1.18 (1.15-1.21) 1.20 (1.17-1.23) 1.24 (1.21-1.27) 1.26 (1.22-1.29) 1.29 (1.25-1.33) 

Schizophrenia 0.97 (0.91-1.03) 0.95 (0.90-1.01) 0.94 (0.89-0.99) 0.96 (0.91-1.02) 1.03 (0.98-1.08) 1.06 (1.00-1.11) 1.10 (1.04-1.17) 

Bipolar disorder 1.27 (1.22-1.32) 1.28 (1.23-1.33) 1.30 (1.25-1.35) 1.33 (1.28-1.37) 1.39 (1.34-1.43) 1.40 (1.35-1.45) 1.44 (1.37-1.50) 

Other psychoses 1.17 (1.13-1.22) 1.18 (1.14-1.22) 1.19 (1.15-1.23) 1.20 (1.16-1.25) 1.22 (1.18-1.27) 1.24 (1.19-1.29) 1.25 (1.20-1.31) 

COPD 

SMI 1.17 (1.07-1.28) 1.23 (1.14-1.33) 1.28 (1.20-1.37) 1.31 (1.24-1.40) 1.42 (1.34-1.50) 1.50 (1.42-1.59) 1.60 (1.50-1.70) 

Schizophrenia 1.09 (0.88-1.34) 1.22 (1.03-1.45) 1.29 (1.11-1.50) 1.32 (1.16-1.51) 1.57 (1.40-1.75) 1.56 (1.40-1.75) 1.66 (1.46-1.89) 

Bipolar disorder 1.23 (1.06-1.43) 1.33 (1.17-1.51) 1.47 (1.33-1.63) 1.55 (1.41-1.70) 1.69 (1.55-1.84) 1.74 (1.60-1.89) 1.86 (1.70-2.03) 

Other psychoses 1.17 (1.04-1.31) 1.19 (1.08-1.32) 1.18 (1.08-1.29) 1.18 (1.09-1.29) 1.23 (1.13-1.33) 1.33 (1.22-1.44) 1.35 (1.23-1.49) 

Cardiac arrythmia 

SMI 0.98 (0.91-1.06) 0.96 (0.90-1.03) 0.99 (0.93-1.06) 1.05 (0.99-1.11) 1.12 (1.06-1.18) 1.10 (1.04-1.16) 1.03 (0.97-1.10) 

Schizophrenia 0.69 (0.56-0.85) 0.68 (0.56-0.83) 0.73 (0.62-0.86) 0.76 (0.66-0.88) 0.87 (0.76-0.99) 0.86 (0.75-0.99) 0.83 (0.72-0.97) 

Bipolar disorder 0.94 (0.82-1.08) 0.94 (0.84-1.06) 1.00 (0.91-1.11) 1.06 (0.96-1.17) 1.13 (1.03-1.23) 1.14 (1.04-1.24) 1.06 (0.96-1.17) 

Other psychoses 1.08 (0.98-1.18) 1.05 (0.97-1.14) 1.06 (0.99-1.15) 1.12 (1.05-1.20) 1.18 (1.11-1.26) 1.16 (1.08-1.24) 1.09 (1.00-1.19) 

Congestive heart failure 

All SMI 0.93 (0.82-1.05) 0.95 (0.86-1.06) 0.99 (0.90-1.08) 1.05 (0.97-1.14) 1.12 (1.04-1.21) 1.18 (1.08-1.27) 1.25 (1.13-1.38) 

Schizophrenia 0.62 (0.43-0.88) 0.70 (0.52-0.95) 0.76 (0.60-0.97) 0.82 (0.67-1.02) 0.99 (0.82-1.18) 1.02 (0.84-1.22) 1.08 (0.87-1.34) 

Bipolar disorder 0.80 (0.63-1.03) 0.85 (0.69-1.03) 0.97 (0.82-1.14) 1.10 (0.95-1.27) 1.21 (1.06-1.39) 1.30 (1.14-1.48) 1.37 (1.19-1.59) 

Other psychoses 1.05 (0.91-1.22) 1.05 (0.93-1.20) 1.05 (0.94-1.16) 1.09 (0.98-1.20) 1.12 (1.02-1.22) 1.16 (1.05-1.29) 1.22 (1.07-1.40) 

Myocardial infarction 

SMI 0.85 (0.78-0.94) 0.88 (0.80-0.96) 0.93 (0.86-1.00) 0.96 (0.90-1.04) 1.00 (0.93-1.08) 1.03 (0.95-1.12) 1.04 (0.95-1.14) 

Schizophrenia 0.58 (0.45-0.75) 0.63 (0.50-0.79) 0.68 (0.56-0.83) 0.75 (0.62-0.89) 0.83 (0.70-0.98) 0.97 (0.82-1.15) 1.10 (0.92-1.33) 

Bipolar disorder 0.81 (0.68-0.97) 0.83 (0.71-0.97) 0.88 (0.77-1.02) 0.91 (0.80-1.04) 0.98 (0.87-1.12) 1.02 (0.89-1.16) 0.98 (0.85-1.14) 

Other psychoses 0.95 (0.85-1.07) 0.97 (0.88-1.08) 1.02 (0.93-1.13) 1.06 (0.96-1.16) 1.07 (0.97-1.17) 1.06 (0.95-1.17) 1.06 (0.93-1.21) 

Cerebrovascular disease 

SMI 1.15 (1.06-1.24) 1.17 (1.09-1.25) 1.23 (1.16-1.31) 1.36 (1.29-1.44) 1.47 (1.40-1.55) 1.59 (1.51-1.68) 1.70 (1.60-1.81) 

Schizophrenia 0.90 (0.75-1.09) 0.91 (0.77-1.07) 0.92 (0.80-1.07) 0.98 (0.86-1.12) 1.15 (1.02-1.30) 1.23 (1.08-1.39) 1.39 (1.21-1.59) 

Bipolar disorder 1.08 (0.95-1.24) 1.14 (1.02-1.28) 1.33 (1.21-1.46) 1.48 (1.36-1.61) 1.64 (1.51-1.78) 1.81 (1.67-1.97) 1.81 (1.65-1.98) 

Other psychoses 1.24 (1.13-1.36) 1.26 (1.16-1.36) 1.28 (1.18-1.37) 1.42 (1.33-1.52) 1.49 (1.39-1.59) 1.58 (1.47-1.70) 1.74 (1.60-1.90) 
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Physical LTCs, OR 
(95%CI) 

5 years before 
SMI diagnosis 

3 years before 
SMI diagnosis 

1 year before 
SMI diagnosis 

At SMI 
diagnosis 

1 year after SMI 
diagnosis 

3 years after 
SMI diagnosis 

5 years after 
SMI diagnosis 

Neurological disease 

SMI 2.15 (2.05-2.26) 2.21 (2.11-2.32) 2.26 (2.16-2.36) 2.40 (2.30-2.51) 2.71 (2.60-2.82) 2.92 (2.79-3.05) 3.04 (2.89-3.21) 

Schizophrenia 1.87 (1.68-2.08) 1.96 (1.77-2.16) 1.97 (1.79-2.16) 2.12 (1.94-2.32) 2.57 (2.37-2.79) 2.78 (2.56-3.02) 2.89 (2.63-3.16) 

Bipolar disorder 1.70 (1.57-1.84) 1.74 (1.61-1.88) 1.86 (1.73-2.00) 1.99 (1.85-2.13) 2.26 (2.12-2.41) 2.44 (2.28-2.61) 2.58 (2.39-2.79) 

Other psychoses 2.64 (2.49-2.81) 2.71 (2.55-2.88) 2.71 (2.56-2.87) 2.86 (2.71-3.02) 3.13 (2.97-3.30) 3.41 (3.23-3.61) 3.60 (3.36-3.86) 

Cancer 

SMI 0.90 (0.85-0.95) 0.88 (0.84-0.93) 0.89 (0.85-0.93) 0.91 (0.87-0.95) 0.92 (0.89-0.96) 0.95 (0.91-0.99) 0.95 (0.90-1.00) 

Schizophrenia 0.62 (0.53-0.72) 0.62 (0.54-0.71) 0.62 (0.54-0.70) 0.65 (0.58-0.73) 0.73 (0.66-0.81) 0.74 (0.66-0.82) 0.78 (0.69-0.88) 

Bipolar disorder 1.06 (0.96-1.16) 1.04 (0.95-1.12) 1.06 (0.98-1.14) 1.05 (0.98-1.13) 1.08 (1.01-1.15) 1.10 (1.03-1.18) 1.10 (1.03-1.18) 

Other psychoses 0.90 (0.84-0.97) 0.88 (0.82-0.94) 0.88 (0.82-0.94) 0.90 (0.85-0.96) 0.90 (0.84-0.95) 0.91 (0.86-0.97) 0.89 (0.83-0.96) 

Diabetes 

SMI 1.10 (1.05-1.16) 1.12 (1.07-1.17) 1.18 (1.14-1.23) 1.28 (1.24-1.33) 1.51 (1.46-1.56) 1.66 (1.60-1.72) 1.86 (1.79-1.93) 

Schizophrenia 0.95 (0.85-1.07) 1.03 (0.93-1.14) 1.11 (1.02-1.22) 1.27 (1.18-1.38) 1.70 (1.59-1.82) 1.84 (1.73-1.97) 2.10 (1.96-2.26) 

Bipolar disorder 1.27 (1.18-1.38) 1.31 (1.22-1.40) 1.41 (1.33-1.49) 1.50 (1.42-1.58) 1.72 (1.63-1.81) 1.87 (1.78-1.97) 2.04 (1.93-2.15) 

Other psychoses 1.06 (0.99-1.13) 1.05 (0.99-1.11) 1.07 (1.02-1.13) 1.15 (1.09-1.21) 1.30 (1.24-1.37) 1.43 (1.35-1.50) 1.58 (1.49-1.67) 

Hypothyroidism 

SMI 1.23 (1.15-1.30) 1.23 (1.17-1.30) 1.29 (1.23-1.35) 1.36 (1.30-1.43) 1.59 (1.53-1.66) 1.73 (1.65-1.81) 1.91 (1.82-2.01) 

Schizophrenia 1.03 (0.89-1.20) 1.01 (0.88-1.15) 1.03 (0.91-1.16) 1.09 (0.97-1.22) 1.33 (1.21-1.47) 1.37 (1.24-1.51) 1.41 (1.26-1.58) 

Bipolar disorder 1.53 (1.40-1.67) 1.58 (1.47-1.71) 1.66 (1.55-1.78) 1.75 (1.64-1.87) 2.17 (2.05-2.30) 2.42 (2.28-2.56) 2.68 (2.52-2.85) 

Other psychoses 1.09 (1.01-1.19) 1.07 (1.00-1.16) 1.12 (1.04-1.20) 1.18 (1.11-1.26) 1.28 (1.20-1.36) 1.32 (1.24-1.41) 1.41 (1.31-1.52) 

Liver disease 

SMI 1.45 (1.32-1.59) 1.49 (1.37-1.63) 1.60 (1.47-1.74) 1.65 (1.52-1.78) 1.79 (1.67-1.93) 1.88 (1.74-2.03) 1.77 (1.62-1.93) 

Schizophrenia 1.32 (1.11-1.58) 1.35 (1.14-1.59) 1.49 (1.28-1.73) 1.58 (1.38-1.81) 1.84 (1.62-2.08) 1.94 (1.70-2.22) 1.80 (1.55-2.10) 

Bipolar disorder 1.44 (1.26-1.65) 1.43 (1.26-1.62) 1.43 (1.27-1.60) 1.43 (1.28-1.59) 1.55 (1.40-1.72) 1.67 (1.50-1.86) 1.56 (1.37-1.78) 

Other psychoses 1.51 (1.33-1.71) 1.61 (1.43-1.81) 1.78 (1.59-1.98) 1.85 (1.67-2.05) 1.95 (1.77-2.15) 2.02 (1.82-2.25) 1.93 (1.72-2.17) 

Renal disease 

SMI 0.96 (0.88-1.04) 0.95 (0.89-1.02) 0.98 (0.92-1.03) 1.02 (0.96-1.08) 1.12 (1.06-1.17) 1.23 (1.17-1.29) 1.42 (1.35-1.50) 

Schizophrenia 0.71 (0.56-0.88) 0.79 (0.66-0.94) 0.81 (0.69-0.94) 0.83 (0.72-0.96) 1.00 (0.89-1.13) 1.16 (1.04-1.30) 1.37 (1.22-1.53) 

Bipolar disorder 0.85 (0.72-0.99) 0.88 (0.77-1.00) 0.98 (0.88-1.09) 1.12 (1.02-1.23) 1.28 (1.18-1.40) 1.46 (1.36-1.58) 1.65 (1.53-1.78) 

Other psychoses 1.08 (0.98-1.19) 1.03 (0.95-1.12) 1.02 (0.95-1.09) 1.02 (0.95-1.09) 1.07 (1.00-1.14) 1.11 (1.04-1.19) 1.26 (1.17-1.35) 

Peptic ulcer 

SMI 1.09 (1.01-1.17) 1.08 (1.01-1.16) 1.14 (1.06-1.22) 1.16 (1.09-1.24) 1.21 (1.14-1.29) 1.20 (1.12-1.28) 1.21 (1.11-1.31) 
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Physical LTCs, OR 
(95%CI) 

5 years before 
SMI diagnosis 

3 years before 
SMI diagnosis 

1 year before 
SMI diagnosis 

At SMI 
diagnosis 

1 year after SMI 
diagnosis 

3 years after 
SMI diagnosis 

5 years after 
SMI diagnosis 

Schizophrenia 0.72 (0.60-0.86) 0.72 (0.61-0.85) 0.72 (0.61-0.85) 0.74 (0.64-0.86) 0.79 (0.68-0.92) 0.79 (0.68-0.92) 0.83 (0.69-0.99) 

Bipolar disorder 1.16 (1.04-1.31) 1.15 (1.03-1.29) 1.23 (1.11-1.37) 1.27 (1.15-1.41) 1.32 (1.20-1.45) 1.30 (1.17-1.44) 1.31 (1.17-1.47) 

Other psychoses 1.19 (1.08-1.31) 1.19 (1.08-1.30) 1.24 (1.14-1.36) 1.27 (1.16-1.38) 1.31 (1.21-1.43) 1.31 (1.20-1.43) 1.32 (1.18-1.46) 

Rheumatic and collagen disease 

SMI 1.02 (0.94-1.10) 1.02 (0.95-1.09) 1.01 (0.94-1.07) 1.03 (0.97-1.10) 1.05 (0.98-1.11) 1.00 (0.94-1.07) 0.99 (0.92-1.07) 

Schizophrenia 0.71 (0.57-0.87) 0.66 (0.55-0.80) 0.66 (0.55-0.79) 0.70 (0.60-0.83) 0.75 (0.65-0.88) 0.73 (0.62-0.85) 0.76 (0.63-0.90) 

Bipolar disorder 1.09 (0.96-1.24) 1.07 (0.95-1.20) 1.07 (0.97-1.19) 1.11 (1.00-1.22) 1.13 (1.03-1.25) 1.10 (0.99-1.21) 1.11 (0.99-1.24) 

Other psychoses 1.07 (0.97-1.18) 1.10 (1.00-1.21) 1.08 (0.99-1.18) 1.09 (1.01-1.19) 1.09 (1.00-1.18) 1.04 (0.95-1.14) 0.99 (0.89-1.10) 

Paresis or paralysis 

SMI 1.94 (1.70-2.21) 1.88 (1.65-2.13) 1.87 (1.66-2.12) 1.94 (1.73-2.18) 2.00 (1.78-2.23) 2.05 (1.82-2.31) 1.95 (1.69-2.25) 

Schizophrenia 1.41 (1.06-1.86) 1.36 (1.04-1.79) 1.40 (1.09-1.80) 1.44 (1.13-1.84) 1.49 (1.18-1.88) 1.44 (1.13-1.85) 1.41 (1.05-1.89) 

Bipolar disorder 1.93 (1.60-2.33) 1.91 (1.59-2.28) 1.87 (1.57-2.23) 1.90 (1.61-2.25) 1.97 (1.67-2.32) 2.07 (1.74-2.45) 1.92 (1.58-2.33) 

Other psychoses 2.19 (1.85-2.60) 2.09 (1.76-2.47) 2.10 (1.78-2.47) 2.21 (1.89-2.57) 2.25 (1.94-2.61) 2.35 (2.02-2.73) 2.30 (1.91-2.77) 

HIV 

SMI 1.48 (1.24-1.77) 1.56 (1.35-1.80) 1.47 (1.30-1.66) 1.54 (1.37-1.73) 1.65 (1.46-1.86) 1.70 (1.47-1.96) 1.58 (1.37-1.82) 

Schizophrenia 0.88 (0.55-1.42) 0.82 (0.54-1.24) 0.82 (0.59-1.16) 1.02 (0.76-1.37) 1.04 (0.79-1.37) 1.30 (0.98-1.72) 1.40 (1.08-1.83) 

Bipolar disorder 1.64 (1.26-2.13) 1.60 (1.29-1.98) 1.54 (1.29-1.84) 1.56 (1.32-1.83) 1.72 (1.48-2.01) 1.78 (1.50-2.12) 1.60 (1.32-1.93) 

Other psychoses 1.58 (1.24-2.01) 1.81 (1.48-2.22) 1.67 (1.40-2.00) 1.75 (1.47-2.08) 1.84 (1.55-2.20) 1.81 (1.48-2.22) 1.66 (1.35-2.05) 

Hypertension 

SMI 0.81 (0.78-0.84) 0.81 (0.78-0.84) 0.82 (0.79-0.84) 0.84 (0.82-0.87) 0.91 (0.89-0.94) 0.92 (0.89-0.95) 0.98 (0.95-1.02) 

Schizophrenia 0.53 (0.48-0.58) 0.54 (0.50-0.59) 0.54 (0.50-0.59) 0.57 (0.53-0.62) 0.73 (0.68-0.78) 0.76 (0.71-0.82) 0.84 (0.77-0.90) 

Bipolar disorder 0.90 (0.85-0.95) 0.93 (0.89-0.98) 0.96 (0.91-1.01) 1.01 (0.96-1.06) 1.09 (1.05-1.14) 1.08 (1.03-1.13) 1.13 (1.07-1.19) 

Other psychoses 0.85 (0.82-0.90) 0.84 (0.80-0.88) 0.83 (0.80-0.87) 0.85 (0.81-0.88) 0.87 (0.83-0.90) 0.86 (0.82-0.90) 0.92 (0.87-0.97) 

Peripheral vascular disease 

SMI 0.95 (0.85-1.06) 0.98 (0.89-1.08) 1.02 (0.94-1.11) 1.05 (0.97-1.14) 1.09 (1.01-1.18) 1.17 (1.08-1.27) 1.13 (1.03-1.24) 

Schizophrenia 0.63 (0.46-0.85) 0.69 (0.53-0.91) 0.74 (0.59-0.94) 0.77 (0.63-0.96) 0.88 (0.73-1.06) 0.95 (0.79-1.14) 1.07 (0.86-1.32) 

Bipolar disorder 0.96 (0.78-1.18) 1.03 (0.86-1.22) 1.08 (0.92-1.26) 1.12 (0.96-1.30) 1.17 (1.02-1.34) 1.36 (1.19-1.54) 1.30 (1.13-1.50) 

Other psychoses 1.02 (0.89-1.17) 1.03 (0.91-1.16) 1.08 (0.97-1.20) 1.10 (1.00-1.22) 1.11 (1.01-1.23) 1.13 (1.02-1.26) 1.02 (0.89-1.16) 

Pulmonary circulation disorders 

SMI 1.10 (0.95-1.27) 1.19 (1.05-1.35) 1.33 (1.19-1.49) 1.41 (1.27-1.57) 1.49 (1.35-1.64) 1.63 (1.48-1.81) 1.58 (1.41-1.78) 

Schizophrenia 0.66 (0.44-0.99) 0.88 (0.62-1.24) 1.04 (0.78-1.38) 1.17 (0.91-1.51) 1.25 (0.99-1.58) 1.45 (1.15-1.82) 1.58 (1.23-2.03) 

Bipolar disorder 1.43 (1.16-1.77) 1.47 (1.21-1.78) 1.57 (1.32-1.87) 1.62 (1.38-1.89) 1.72 (1.49-1.99) 1.77 (1.53-2.06) 1.74 (1.47-2.05) 
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Physical LTCs, OR 
(95%CI) 

5 years before 
SMI diagnosis 

3 years before 
SMI diagnosis 

1 year before 
SMI diagnosis 

At SMI 
diagnosis 

1 year after SMI 
diagnosis 

3 years after 
SMI diagnosis 

5 years after 
SMI diagnosis 

Other psychoses 1.04 (0.86-1.26) 1.12 (0.94-1.33) 1.28 (1.11-1.49) 1.36 (1.19-1.57) 1.42 (1.26-1.61) 1.60 (1.40-1.82) 1.45 (1.22-1.73) 

Valvular disease 

SMI 0.98 (0.88-1.09) 0.97 (0.88-1.07) 0.97 (0.89-1.07) 0.98 (0.90-1.07) 1.03 (0.95-1.12) 0.97 (0.89-1.06) 0.94 (0.85-1.04) 

Schizophrenia 0.79 (0.60-1.04) 0.80 (0.62-1.02) 0.76 (0.60-0.95) 0.73 (0.58-0.90) 0.80 (0.66-0.98) 0.79 (0.65-0.97) 0.72 (0.56-0.92) 

Bipolar disorder 0.99 (0.82-1.18) 0.97 (0.82-1.14) 0.99 (0.86-1.15) 0.99 (0.86-1.15) 1.07 (0.94-1.23) 1.01 (0.88-1.16) 0.95 (0.81-1.11) 

Other psychoses 1.04 (0.90-1.20) 1.02 (0.89-1.16) 1.03 (0.92-1.16) 1.06 (0.95-1.18) 1.08 (0.97-1.19) 1.01 (0.91-1.13) 1.02 (0.89-1.18) 

Deficiency anaemia 

SMI 1.12 (1.05-1.19) 1.14 (1.07-1.20) 1.17 (1.11-1.23) 1.21 (1.15-1.27) 1.29 (1.23-1.35) 1.27 (1.22-1.33) 1.29 (1.23-1.36) 

Schizophrenia 0.96 (0.82-1.11) 0.94 (0.82-1.08) 1.00 (0.89-1.12) 1.02 (0.92-1.14) 1.15 (1.05-1.27) 1.16 (1.05-1.28) 1.23 (1.11-1.37) 

Bipolar disorder 1.07 (0.96-1.18) 1.10 (1.01-1.21) 1.12 (1.03-1.21) 1.15 (1.06-1.24) 1.22 (1.13-1.30) 1.22 (1.14-1.31) 1.26 (1.17-1.36) 

Other psychoses 1.21 (1.11-1.32) 1.23 (1.14-1.33) 1.26 (1.18-1.35) 1.33 (1.24-1.41) 1.39 (1.31-1.48) 1.37 (1.28-1.46) 1.36 (1.25-1.47) 

Blood loss anaemia 

SMI 0.77 (0.45-1.33) 0.79 (0.49-1.28) 1.05 (0.70-1.57) 1.00 (0.69-1.46) 1.02 (0.70-1.48) 0.80 (0.52-1.22) 0.66 (0.42-1.05) 

Schizophrenia 0.98 (0.32-2.99) 1.25 (0.52-2.98) 1.52 (0.76-3.03) 1.68 (0.90-3.12) 1.55 (0.84-2.88) 0.87 (0.38-1.98) 0.59 (0.22-1.60) 

Bipolar disorder 0.32 (0.08-1.31) 0.52 (0.19-1.42) 0.87 (0.42-1.79) 0.78 (0.38-1.58) 0.82 (0.42-1.59) 0.56 (0.27-1.19) 0.65 (0.32-1.30) 

Other psychoses 1.02 (0.51-2.04) 0.82 (0.41-1.61) 1.00 (0.56-1.77) 0.88 (0.50-1.55) 0.95 (0.55-1.64) 0.96 (0.54-1.70) 0.71 (0.36-1.37) 

Coagulopathy 

SMI 1.17 (0.99-1.38) 1.12 (0.96-1.30) 1.07 (0.93-1.23) 1.11 (0.97-1.26) 1.22 (1.08-1.38) 1.28 (1.13-1.46) 1.39 (1.21-1.59) 

Schizophrenia 0.76 (0.51-1.13) 0.74 (0.51-1.07) 0.75 (0.53-1.06) 0.75 (0.54-1.04) 0.85 (0.64-1.14) 1.07 (0.81-1.40) 1.11 (0.83-1.49) 

Bipolar disorder 1.30 (1.02-1.64) 1.25 (1.00-1.56) 1.22 (0.99-1.50) 1.21 (1.00-1.47) 1.30 (1.08-1.57) 1.35 (1.11-1.64) 1.42 (1.16-1.73) 

Other psychoses 1.24 (1.00-1.53) 1.16 (0.95-1.42) 1.09 (0.91-1.31) 1.18 (1.00-1.39) 1.31 (1.12-1.53) 1.33 (1.12-1.57) 1.50 (1.25-1.80) 

Fluids and electrolyte disorders 

SMI 1.22 (1.05-1.41) 1.21 (1.07-1.37) 1.34 (1.21-1.49) 1.52 (1.39-1.66) 1.79 (1.66-1.93) 1.92 (1.78-2.07) 2.01 (1.86-2.18) 

Schizophrenia 0.86 (0.57-1.30) 0.93 (0.67-1.29) 0.96 (0.73-1.26) 1.00 (0.79-1.28) 1.24 (1.02-1.52) 1.50 (1.26-1.79) 1.53 (1.27-1.85) 

Bipolar disorder 1.51 (1.21-1.90) 1.42 (1.17-1.73) 1.66 (1.42-1.94) 1.84 (1.60-2.11) 2.24 (1.99-2.51) 2.25 (2.02-2.51) 2.29 (2.04-2.58) 

Other psychoses 1.17 (0.97-1.41) 1.18 (1.01-1.38) 1.29 (1.14-1.47) 1.51 (1.35-1.69) 1.71 (1.56-1.88) 1.86 (1.69-2.05) 1.99 (1.78-2.22) 
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5.3.5 Prevalence of physical LTCs at the time of SMI diagnosis 

At the time of SMI diagnosis, odds of liver disease, paralysis and paresis and 

neurological disease remained elevated in patients with schizophrenia, bipolar 

disorder or other psychoses compared to those without SMI. Odds of diabetes 

and COPD were also elevated for all three SMI subtypes, while patients with 

bipolar disorder or other psychoses had raised odds of an additional 10 physical 

LTCs (Figure 5-4). While patients with schizophrenia had lower odds of nine 

physical LTCs compared to those without SMI, patients with other psychoses only 

had lower odds of cancer and hypertension, while those with bipolar disorder 

were not at reduced risk of any physical LTC. 

Figure 5-4 Odds ratios for 24 physical LTCs at the time of SMI diagnosis by SMI subtype, 
compared to those without SMI; adjusted for age, sex, ethnicity, region, and calendar year  
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5.3.6 Prevalence of physical LTCs five years after SMI diagnosis 

At five years after SMI diagnosis, odds of liver disease, paralysis and paresis, 

neurological disease, COPD, and diabetes remained elevated in patients with 

schizophrenia, bipolar disorder or other psychoses compared to those without 

SMI. The odds of asthma, cerebrovascular disease, hypothyroidism, renal 

disease, HIV, pulmonary circulation disease, deficiency anaemia and fluid and 

electrolyte disorder were also higher in all SMI subtypes than in those without 

SMI (13 conditions in total). Patients with bipolar disorder had a higher risk of an 

additional six physical LTCs while those with other psychoses had a higher risk 

of two additional physical LTCs (Figure 5-5). Patients with other psychoses or 

schizophrenia had lower odds of cancer and hypertension, while those with 

schizophrenia also had lower odds of cardiac arrhythmias, peptic ulcer, rheumatic 

and collagen disease, and valvular disease. 

The physical LTCs with most elevated ORs by five years after schizophrenia 

diagnosis were: neurological disease (OR: 2.89, 95%CI: 2.63-3.16), diabetes 

(OR: 2.10, 95%CI: 1.96-2.26) and liver disease (OR: 1.80, 95%CI: 1.55-2.10); at 

five years after bipolar disorder diagnosis were hypothyroidism (OR: 2.68, 95%CI: 

2.52-2.85), neurological disease (OR: 2.58, 95%CI: 2.39-2.79) and fluid and 

electrolyte disorders (OR: 2.29, 95%CI: 2.04-2.58); and at five years after other 

psychoses diagnosis were neurological disease (OR: 3.60, 95%CI: 3.36-3.86), 

paresis or paralysis (OR: 2.30, 95%CI: 1.91-2.77) and fluid and electrolyte 

disorders (OR: 1.99, 95%CI: 1.78-2.22; Figure 5-5).  
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Figure 5-5 Odds ratios for 24 physical LTCs at five years after SMI diagnosis by SMI subtype, 
compared to those without SMI; adjusted for age, sex, ethnicity, region, and calendar year  
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5.3.7 Time trends for specific physical LTCs 

Patients with SMI had higher recorded prevalence of liver disease, paralysis and 

paresis and neurological disease than those without SMI at all time points, and 

of COPD from three years before SMI diagnosis to five years after. Neurological 

disease was particularly elevated in patients with a diagnosis of other psychoses. 

Patients with bipolar disorder were more likely to receive a diabetes diagnosis 

than those without SMI at five years before SMI diagnosis, while in contrast, those 

with schizophrenia had similar prevalence of diabetes to those without SMI before 

SMI diagnosis, with a substantial increase in diabetes diagnoses in the year 

following SMI diagnosis. Patients with SMI had a lower odd of hypertension 

diagnosis before SMI diagnosis than those without SMI. For those with bipolar 

disorder, odds of hypertension were higher than those without SMI by one year 

after SMI diagnosis. Patients with schizophrenia were less likely to be diagnosed 

with hypertension throughout follow-up, though the odds ratio increased sharply 

in the year following SMI diagnosis (Table 5-3, Figure 5-6). 

Patients with bipolar disorder had notably higher prevalence of hypothyroidism, 

asthma, peptic ulcer and fluid and electrolyte disorders compared to those without 

SMI and those with schizophrenia at all time points. For cancer, while the odds 

of receiving a cancer diagnosis were similar or slightly higher in those with bipolar 

disorder compared to those without SMI at all time points, those with 

schizophrenia had lower odds at all time points. Similarly, for cardiac arrythmias, 

valvular disease and rheumatic and collagen disease the odds of receiving a 

diagnosis of these conditions were similar in patients with bipolar disorder and 

patients without SMI at most time points, but lower at all time points for those with 

schizophrenia.  

Patients with schizophrenia had lower odds of having a recording of pulmonary 

circulatory disease or renal disease before SMI diagnosis than those without SMI, 

though prevalence increased above that of those without SMI by the end of 

follow-up. Similarly, for congestive heart failure peripheral vascular disease and 

myocardial infarction, recording was lower than those without SMI before SMI 

diagnosis but increased to a similar prevalence by the end of follow-up.  
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Figure 5-6 Odds ratios for physical LTCs at 5, 3, and 1 years before SMI diagnosis, at the time of 
SMI diagnosis and at 1, 3, and 5 years following SMI diagnosis by SMI subtype, compared to 
those without SMI; adjusted for age, sex, ethnicity, region, and calendar year 
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Note: I did not present results for blood loss anaemia graphically due to small numbers and 
wide 95%CI. 
*Time: - denotes the years before SMI diagnosis and + the years following SMI diagnosis 
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5.4 Discussion 

This chapter builds on the findings of Chapter 4, and demonstrates an increasing 

burden of a range of physical LTCs and multimorbidity in the period from five 

years before to five years after SMI diagnosis as recorded in primary care. A key 

finding is that some physical LTCs are elevated as early as five years before SMI 

diagnosis, and many are elevated by the time SMI diagnosis is recorded in 

primary care. These findings have important implications for the targeting of 

physical health screening in people with SMI. 

5.4.1 Increasing burden of physical LTCs over time 

At the time of SMI diagnosis, people with schizophrenia had elevated prevalence 

of five physical LTCs and those with other psychoses and bipolar disorder had 

elevated prevalence of 15 compared to those without SMI. This increased to 13, 

16 and 19 physical LTCs respectively at five years after SMI diagnosis. The ORs 

of all physical LTCs increased over time, indicating that those with SMI 

accumulate physical LTCs at a faster rate than those without SMI. Furthermore, 

while multimorbidity was more common in people with SMI at all time points 

compared to those without SMI, the difference between those with and without 

SMI increased over the follow-up period. This increasing burden of disease over 

time highlights the need to provide thorough physical health checks early and 

regularly so that newly developing physical LTCs are identified and to ensure 

effective management of existing physical LTCs in people with SMI.  

The prevalence of many physical LTCs increased rapidly following SMI 

diagnosis. Mechanisms driving this increase include the cumulative impact of risk 

factors for poor physical health such as smoking over time, the initiation of 

antipsychotics with associated side effects (Solmi et al., 2017), and a potential 

increase in healthcare use and therefore opportunities to identify physical LTCs 

in this period. For example, the observed increase in prevalence of hypertension 

and diabetes may suggest increased blood pressure and blood glucose 

screening at this time point, both of which have been included in SMI physical 

health checks in the UK (NHS Digital, 2012).  

At five years after SMI diagnosis, 18% of people with SMI had received a 

diagnosis of asthma, 18% had hypertension, 14% had diabetes, 8% had 

hypothyroidism and 7% had neurological disease. Those with SMI were almost 
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twice as likely to receive a diagnosis of diabetes, three times as likely receive a 

diagnosis of neurological disease, and for those with bipolar disorder 2.5 times 

as likely to be diagnosed with hypothyroidism compared to people without SMI. 

This combination of high prevalence and high burden of physical LTCs relative to 

people without SMI, just five years after SMI diagnosis, highlights the need to 

focus on disease prevention and management early in the period after SMI 

diagnosis is recorded in primary care.  

Despite NICE recommendations for the monitoring of the physical health of 

people diagnosed with SMI (2014b, NICE, 2014a), and incentivisation of physical 

health screening through QOF, data from NHS England suggests that from April 

2021 to March 2022, only around 43% of patients on the SMI register received a 

complete annual health check in primary care (NHS England, 2022d).  

As well as sub-optimal uptake, physical health checks in primary care are focused 

on metabolic health and screening for risk factors for future disease. These may 

not be broad enough given the range of physical LTCs which increased over the 

follow-up period and the varied multimorbidity found in Chapter 4. While current 

guidance for primary care stresses the importance of including general physical 

health enquiry, national screening programmes and medication reconciliation as 

well as proactive engagement to ensure those with SMI access checks (NHS 

England, 2018), further policy work is required to ensure guidelines and 

recommendations explicitly deal with the management of a wide range of pre-

existing physical LTCs and multimorbidity.  

5.4.2 Physical LTCs develop early in people with SMI 

While the prevalence of many physical LTCs increased during the follow-up 

period, some physical LTCs were already more prevalent in people with SMI than 

those without in the period before recording of SMI diagnosis in primary care. At 

five years before SMI diagnosis the prevalence of neurological disease, liver 

disease, and paralysis and paresis were elevated in people who went on to 

receive a diagnosis of SMI, while COPD, asthma, diabetes, hypothyroidism, 

peptic ulcers, HIV, pulmonary circulatory disorders, coagulopathy, and fluid and 

electrolyte disorders were also elevated in those who went on to receive a bipolar 

disorder diagnosis. By the time that SMI diagnosis was recorded in primary care, 
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people with schizophrenia had elevated prevalence of five physical LTCs, while 

those with bipolar disorder or other psychoses had elevated prevalence of 15. 

Patients may experience a prodromal period prior to receiving a formal SMI 

diagnosis, and there may be delays in accessing healthcare, and between 

receiving a diagnosis and it being recorded in primary care. While this means the 

date of SMI diagnosis in primary care may not represent the beginning of 

symptoms of SMI, until a diagnosis of SMI is recorded a patient will not have 

access to any primary care-based interventions aimed at those with SMI. 

Therefore, the findings of this chapter suggests that interventions to improve 

physical health may be required in the UK before a patient is added to a primary 

care SMI register.  

Even when considering potential inaccuracies in the date of SMI diagnosis, the 

elevated prevalence of some physical LTCs five years before SMI diagnosis 

suggests that these may not be solely driven by factors that occur after SMI 

diagnosis, such as psychotropic medication. The elevated rates of some physical 

LTCs before SMI diagnosis could be due to high prevalence of risk factors for 

poor physical health, such as inactivity, obesity, and smoking, in the period before 

SMI diagnosis.  

I found that smoking was elevated at the point of SMI diagnosis, and previous 

studies have found a high prevalence of smoking in the period before SMI 

diagnosis (Gogos et al., 2019). This, and the elevated prevalence of conditions 

such as COPD and asthma in the period before bipolar disorder diagnosis 

suggests that interventions to reduce smoking, and smoking-related disease, 

need to occur early in the course of SMI, and perhaps before SMI being recorded 

in primary care.  

I also found that people with SMI were more likely to have obesity recorded at 

the time of SMI diagnosis than those without SMI, particularly those who later 

received a diagnosis of bipolar disorder. People with bipolar disorder also had an 

elevated prevalence of diabetes at five years before SMI diagnosis. Taken 

together these findings suggest that metabolic dysregulation may be present, in 

at least some people with SMI, before the initiation of psychotropic medication.  



197 
 

Finally, while metabolic dysfunction associated fatty liver disease have previously 

been attributed to the adverse effects of psychotropic medication (Braude et al., 

2021), my results suggest that liver disease is already elevated before SMI 

diagnosis. While some patients may be prescribed psychotropic medication prior 

to their SMI diagnosis being recorded in primary care, this is unlikely at five years 

before diagnosis. Liver disease in the period before SMI diagnosis may be driven 

by a combination of metabolic dysfunction, high rates of alcohol misuse 

increasing the risk of alcoholic liver disease, or drug misuse, and other risky 

behaviours, increasing the risk of viral hepatitis. I found that alcohol and drug 

misuse was more prevalent in those with SMI at the time of SMI diagnosis, and 

others have found them to be elevated in the year before to SMI diagnosis 

(Wallace et al., 2020, Chen et al., 2019).  

Two previous studies using data from Taiwan found that hypertension, CVD, 

cerebrovascular disease, COPD and asthma were elevated in the year before 

schizophrenia or bipolar disorder diagnosis (Chen et al., 2021, Chen et al., 2020), 

while a cohort study of Danish EHRs found that patients hospitalised for a wide 

range of physical LTCs were more likely to go on to develop schizophrenia, 

though they noted that the direction of causation was unclear (Sorensen et al., 

2015). While several studies have suggested that COPD or asthma could be a 

risk factor for the development of SMI (Tsai et al., 2016, Chen et al., 2020, Wang 

et al., 2017, Wu et al., 2019), and genetic liability has also been suggested as a 

mechanism for observed high rates of hypothyroidism in people with bipolar 

disorder (Vonk et al., 2007), the presence of a prodrome or delays in the 

diagnosis of SMI, and high prevalence of smoking and other risk factors for poor 

physical health before SMI diagnosis, makes any causal relationship between 

SMI and physical LTCs hard to determine.  

Regardless of the direction of causation, the high prevalence of physical LTCs in 

the period before SMI diagnosis and at the point of SMI diagnosis as recorded in 

primary care is of concern. In England, NICE guidelines focus on physical health 

management in primary care (NICE, 2014b, NICE, 2014a). However, the early 

development of physical LTCs as demonstrated in this chapter suggests that 

interventions to prevent physical LTCs need to occur early for people with SMI. 

Physical health screening is included in EIP services (EIPN, 2021), however, the 

National Clinical Audit of Psychosis have found only modest improvements in the 
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health of individuals under the care of EIP services (Williams et al., 2022). Studies 

of lifestyle interventions to improve the physical health in people experiencing first 

episode psychosis have generally been small in scale, and focus on outcomes 

such as BMI, weight circumference or smoking cessation. A recent narrative 

review found that all identified studies reported improvement in physical health 

following interventions, and highlights first episode psychosis as a critically 

important point to intervene (Fouhy et al., 2021). Given the wide range of physical 

LTCs elevated at the time of, or before, SMI diagnosis and my previous findings 

in Chapter 4, that those with SMI develop multimorbidity at a younger age, early 

intervention is likely key in reducing the physical health burden and reducing 

premature mortality in those with SMI.  

5.4.3 Low prevalence of some physical LTCs in people with schizophrenia 

In Chapter 4, I found a lower prevalence of cardiac arrythmia, cancer, valvular 

disease, rheumatic and collagen disease, and hypertension at the end of follow-

up in those with schizophrenia compared to people without SMI. In this chapter, 

I found that these physical LTCs are also lower than expected from five years 

before to five years after schizophrenia diagnosis. As discussed in Chapter 4, 

missed or late diagnoses, diagnostic overshadowing, or poor access to 

healthcare and screening may be driving the low prevalence of these physical 

LTCs in those with schizophrenia. For other physical LTCs which were elevated 

in people with schizophrenia at the end of follow-up in Chapter 4, such as 

cerebrovascular disease, asthma, pulmonary circulatory disorders, fluids and 

electrolyte disorders and HIV, I found that it was only at time points after SMI 

diagnosis that this was the case, whereas for people with bipolar disorder or other 

psychoses these were elevated at all time points. This suggests that differences 

in receipt of healthcare due to factors such as diagnostic overshadowing or 

barriers to healthcare access may occur before diagnosis of schizophrenia and 

is an area for further research. Previous studies have found more healthcare use 

in people with schizophrenia in the five years before SMI diagnosis (Wallace et 

al., 2020, Norgaard et al., 2019), however I found that BMI and smoking status 

were more often missing for those with schizophrenia than other SMI subtypes, 

suggesting barriers to care may exist or that these variables are not being 

recorded during consultations. 
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5.4.4 Strengths and limitations 

To my knowledge, this is the first large scale analysis of multiple physical LTCs 

considering the period five years before to five years after SMI diagnosis. As 

discussed in Chapter 4, the large size of this cohort allowed the study of rare 

conditions, and the representative nature of the data set is a major strength.  

Many of the limitations discussed in Chapter 4 apply to this chapter. For example, 

the comparator cohort are likely to be less representative of the general 

population as they are matched on key variables to those with SMI. They are 

likely to be less healthy than the general population, as their high rate of morbidity 

and mortality demonstrates (at the date of the matched patients’ SMI diagnosis 

38% have one or more physical LTC). Coding of physical LTCs was the same as 

in Chapter 4, and so limitations in terms of assuming absence of recording 

represents absence of disease, the reliance of diagnostic codes and transfer of 

patient information between secondary and primary care remain. Missing data for 

ethnicity could have resulted in residual confounding, though I investigated the 

effect of using multiple imputation to estimate missing ethnicity in Chapter 4, and 

found the impact on physical LTC prevalence in those with compared to without 

SMI to be minimal.  

As in Chapter 4, people with SMI may have been more likely to die during follow-

up and before receiving a physical LTC diagnosis, resulting in a healthier cohort 

of people with SMI remaining towards the end of the follow-up period. However, 

this survival bias is unlikely to explain the lower prevalence of physical LTCs in 

those with schizophrenia, as people with bipolar disorder also have high mortality 

rates. Furthermore, the low prevalence of physical LTCs in people with 

schizophrenia is present before SMI diagnosis, when all patients in the analysis 

were required to be living, and therefore a period when results are not susceptible 

to survival bias. 

I did not adjust for factors such as deprivation due to the low number of patients 

(33%) eligible for linkage, as discussed in Chapter 4. This may have resulted in 

unmeasured confounding, but as patients were matched on primary care 

practice, they will reside in the same geographical area. I also did not account for 

factors such as smoking status or BMI category as these are likely on the causal 

pathway of many physical LTCs, however the effects of this on accumulated 
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disease prevalence are examined in Chapter 4. Adjusting for these factors 

sufficiently at the multiple time points in this analysis would have been hard due 

to inaccuracies in the dates that patients move between smoking or BMI 

categories.  

While my descriptive findings in Chapter 4 suggest prevalence of physical LTCs 

differ by sex and age, and there are likely differences by ethnicity, deprivation, 

and other variables, I did not stratify results by these variables. Further research 

is warranted to identify those at highest risk of specific physical LTCs within the 

SMI population.  

In this cohort, the median age at which SMI diagnosis was entered in primary 

care EHRs was 38 for those with a diagnosis of schizophrenia, and 42 for both 

bipolar disorder and other psychoses. This is older than the age at first contact 

with services (30 years) (Kirkbride et al., 2006), but similar to the age of SMI 

diagnosis reported in other studies using electronic medical records in the UK 

(Das-Munshi et al., 2019, Wang et al., 2022, John et al., 2018). The older age in 

this cohort is likely due to the presence of a prodromal stage of disease and 

delays between first contact with services and receiving a diagnosis of SMI in 

primary care. These delays may explain some of the elevated risk of physical 

LTCs in the period before SMI diagnosis. While some physical LTCs have defined 

diagnostic pathways, it is possible that there are also delays in recording physical 

LTCs in primary care EHRs, particularly for diagnoses made in secondary care. 

Furthermore, the potential of prodromal stage or period of undiagnosed illness 

for both SMI and physical LTCs, further complicates the study of temporal 

association between SMI and physical LTCs. While these are limitations for 

determining the exact timing of the development of physical and mental health 

conditions, using the date that SMI diagnosis is recorded in primary care provides 

crucial information for the planning and implementing interventions to improve 

physical health.  

Another source of inaccuracy in the recorded date of diagnosis for both SMI and 

physical LTCs is the process of updating patient EHRs when a patient joins a 

new primary care practice. For the majority of patients, records are transferred 

from previous primary care practices upon joining a new practice and any pre-

existing diagnoses retain their original date of diagnosis. However, an increase 
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in the incidence of a range of conditions is observed in the first three to six months 

following registration at a primary care practice (Lewis et al., 2005), with some 

patients receive a new date of diagnosis for pre-existing conditions when they 

join a new practice. Alternatively, this increase may also be partly driven by 

patients with new conditions diagnosed around the time of joining a practice due 

to initial patient screening and increased patient contact at this time.  

I did not apply a washout period in this analysis due to the difficulty in determining 

the reason for a patient having a specific date of SMI or physical LTC diagnosis, 

the cross-sectional nature of this analysis at time periods before and after SMI 

diagnosis, and the number of conditions under study. This means that I may have 

mis-classified some prevalent diagnoses of either SMI or physical LTCs as 

incident diagnoses. Assuming patients who receive a new date of SMI diagnosis 

on joining a new primary care practice are equally likely to receive a new date of 

all other pre-existing conditions, this may lower the prevalence of physical LTCs 

before the SMI diagnosis date and artificially elevate the prevalence of physical 

LTCs around the time of SMI diagnosis.  

5.4.5 Clinical, policy and research implications 

The combined findings of this chapter and Chapter 4 suggest physical health 

interventions need to start early in those with SMI, given they develop 

multimorbidity at a younger age than the general population and have elevated 

risk of a range of physical LTCs in the five years before SMI diagnosis. In Chapter 

4, I found evidence that smoking, alcohol misuse, drug misuse, and obesity affect 

the risk of physical LTCs in people with SMI and that physical LTCs associated 

with these risk factors, such as COPD and liver disease, cluster together. In this 

chapter, COPD and liver disease were both elevated before SMI diagnosis in this 

population, suggesting further work is required to develop interventions aimed at 

risk reduction, such as smoking cessation, diet and exercise interventions, and 

therapy for alcohol dependency, early in the course of SMI if not before. Targeting 

of interventions before SMI diagnosis would require interventions to be targeted 

in high-risk or prodromal patients or rolled out at a population level, with 

consideration given to improving access for those at high risk of SMI. While the 

feasibility of intervening prior to diagnosis requires further research, physical 

health checks are already recommended in EIP services, and strengthening this 
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may therefore offer an opportunity to intervene to improve the physical health of 

people with SMI early in their illness.  

“The Lancet Psychiatry Commission: a blueprint for protecting physical health in 

people with mental illness” reported 70% of research on physical health 

disparities in people with mental health conditions focuses on cardio-metabolic 

conditions, and identified a lack of meta-analyses on COPD prevalence, and 

infectious diseases such as hepatitis B and C and HIV (Firth et al., 2019). I found 

similar in my systematic review and meta-analysis of hospital use in people with 

SMI and underlying physical comorbidities presented in Chapter 3 – the majority 

of studies focused on CVD or diabetes, with only a few short-term studies focused 

on COPD or liver disease. Cardiometabolic conditions are common in people with 

SMI, with 18% of those with SMI receiving a diagnosis of hypertension by the end 

of follow-up in this cohort and 14% with a recorded diagnosis of diabetes. They 

also represent a major burden of disease, particularly in older age, and are a 

major cause of mortality in this population (John et al., 2018). However, the 

findings of this chapter suggest that less common conditions also represent a 

substantial burden, and often at a higher prevalence than the general population. 

This suggests that to improve the health of those with SMI, interventions should 

consider a wider range of physical LTCs. To inform these interventions, further 

research is required on the outcomes of people with SMI, on the effectiveness of 

interventions for a wide range of physical LTCs, and across the life course and at 

differing time points before and after the diagnosis of SMI.  

As well as considering a wider range of physical LTCs at an earlier time point, 

further work is required to improve existing physical health checks in England. 

More detailed guidance on the composition of a comprehensive physical health 

check is needed, along with a clarity on the roles of EIP services, and primary 

and secondary care, to ensure physical health checks are carried out at the most 

appropriate times, to remove barriers to access, and to ensure results 

communicated between those involved in the care of people with SMI. Given that 

many may already have developed physical LTCs at the point of entering a 

primary care SMI register, a focus on disease monitoring and management and 

the management of multimorbidity in primary care is required to reduce avoidable 

emergency hospital admissions, morbidity, and mortality in this population. 
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For some physical LTCs that I considered in this analysis further research is 

required into the timing and relationship between SMI and development of the 

physical LTC. For example, it is unclear whether the high prevalence of 

respiratory disease prior to SMI is solely driven by high prevalence of risk factors 

for physical LTCs at that time. For neurological disease, there is a need to further 

investigate the timings of distinct neurological and psychiatric diagnoses, 

alongside further research into the genetic and pathobiological basis of the 

relationship (Menculini et al., 2021, Ahangari et al., 2022).  

Finally, the low prevalence of some physical LTCs in people with schizophrenia 

in the five years before and after SMI diagnosis requires further investigation. It 

seems likely that for many of these physical LTCs the true disease burden is 

higher than found in this chapter. If these diagnoses are not recorded in primary 

care, it will negatively affect their management and control in this population 

leading to poorer outcomes. Further research is therefore required both to 

determine the causes of this under-reporting for specific diseases and to ensure 

people with schizophrenia have access to timely healthcare. Having found a low 

prevalence of cancer in people with SMI in this chapter and in Chapter 4, in 

Chapter 6, I investigate the incidence of and mortality from cancer in those with 

SMI using survival analysis techniques. Following that, in Chapter 7, I investigate 

planned and emergency physical health hospital admissions in people with SMI 

to better characterise the healthcare use of this population. In both chapters, I 

stratify results by SMI subtype to further investigate the differences by SMI 

subtype found in this chapter and Chapter 4. 

5.4.6 Conclusions 

In this chapter, I have demonstrated that by the time diagnosis of SMI is recorded 

in primary care people with SMI are at an elevated risk of a range of physical 

LTCs, and the burden of disease increases from five years before to five years 

after SMI diagnosis. This finding has major implications for the planning of 

interventions aimed at preventing and managing physical LTCs in people with 

SMI. While the period after the diagnosis of SMI represents a crucial time for 

physical health interventions and monitoring in primary care, the high prevalence 

of pre-existing physical LTCs at the time of SMI diagnosis suggests that 

interventions are required in the time period before SMI diagnosis is recorded in 

primary care. To achieve this, preventative interventions need to be implemented 
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in EIP services, and in primary care, for patients at high risk of psychosis or 

experiencing psychotic symptoms prior to formal diagnosis. Acting early to reduce 

health risk factors such as smoking, obesity and substance misuse may work to 

reduce the burden of poor physical health in this population.  
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Chapter 6 Relative incidence rates of cancer and mortality 

following cancer in people with severe mental 

illness in UK primary care 

A modified version of this chapter has been published in Schizophrenia Research 

(Launders et al., 2022d). 

6.1 Introduction 

As described in Chapter 1, people with SMI are at higher risk of a range of 

physical LTCs. To better characterise the profile of physical LTCs in people with 

SMI, in Chapter 4, I investigated the prevalence and clustering of 24 physical 

LTCs in people with and without SMI, as accumulated over the course of follow-

up. In Chapter 5, I then investigated the prevalence of these physical LTCs in the 

five years before and after SMI diagnosis. In both these chapters, I found that 

while people with SMI were at a higher risk of a range of physical LTCs, those 

with schizophrenia had a lower prevalence of cardiac arrythmia, hypertension, 

rheumatic and collagen disease, valvular disease, and cancer recorded in 

primary care than people without SMI.  

The finding that people with schizophrenia have lower prevalence of cancer is 

surprising given the high prevalence of risk factors for poor physical health, such 

as smoking and obesity, in this population. However, studies have reported a low 

incidence of cancer in people with SMI since the 1970s (Ananth and Burnstein, 

1977, Fox and Howell, 1974). More recently, the findings of studies on the 

incidence of cancer have been inconsistent, with some finding higher and others 

finding lower cancer incidence in people with SMI compared to those without SMI. 

The heterogeneity of existing studies in terms of the cancer type, definition of SMI 

and the inclusion of covariates makes comparisons across studies difficult (Zhuo 

et al., 2019).  

A meta-analysis by Li et al. (Li et al., 2018) found lower incidence of all-site cancer 

in people with schizophrenia, and particularly for prostate and colorectal cancers, 

but found similar rates of breast, liver, lung, and stomach cancer. Meta-analyses 

of site-specific cancers have found lower incidence of prostate cancer (Ge et al., 

2022), but similar incidence of lung cancer (Zhuo et al., 2019), and higher 

incidence of breast cancer in people with schizophrenia compared to those 
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without schizophrenia (Zhuo and Triplett, 2018, Xiping et al., 2019). While less 

emphasis has been given to cancer incidence in people with bipolar disorder, a 

recent meta-analysis has found elevated rates of cancer diagnoses, particularly 

breast cancer (Anmella et al., 2021).  

Some studies have suggested that SMI, and in particular schizophrenia, may 

confer protection against the development of cancer, potentially due to effects of 

medication (Dalton et al., 2006, Chen et al., 2022), or through a genetic 

mechanism (Ibanez et al., 2014). Several studies have found lower than expected 

cancer rates in relatives of those with schizophrenia (Ji et al., 2013, Lichtermann 

et al., 2001) which perhaps lends weight to this theory. However, others have 

suggested that premature mortality in those with SMI may contribute to the finding 

of lower incidence of cancer, as fewer people with SMI reach an age where 

cancer is common (Lichtermann et al., 2001, Lin et al., 2013).  

While the incidence of cancer in people with SMI is uncertain, studies of mortality 

following cancer diagnosis consistently find high all-cause and cancer-specific 

mortality rates in people with SMI (Zhuo et al., 2017, Ni et al., 2019, Grassi and 

Riba, 2020). It is hypothesised that this may be due to late-stage diagnoses, 

poorer access to cancer treatments, diagnostic overshadowing, or treatment 

challenges posed by co-morbidities, drug-drug interactions, and patient 

compliance (Howard et al., 2010).  

The aims of this chapter are to investigate the findings of Chapter 4 and Chapter 

5 further, using a longitudinal design to investigate incidence of cancer diagnoses 

and mortality following cancer in order to better understand the recording of 

physical LTCs in primary care, and potential differences by SMI subtype. The 

objectives of this chapter are to: 

1. Investigate the incidence of cancer diagnoses and mortality following 

cancer in people with SMI compared to those without SMI, stratified by 

SMI subtype. 
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2. Validate the results of Chapter 4 and Chapter 5, where I found a lower-

than-expected cumulative prevalence of cancer in people with 

schizophrenia, using a longitudinal study design  

3. Use analytical techniques that account for premature mortality to 

investigate the hypothesis that premature mortality in those with SMI is 

driving the previously identified low incidence of cancer in this population. 

6.2 Methods 

6.2.1 Population and follow-up 

In this chapter, I used the same cohort of patients from CPRD as described in 

Chapter 4, consisting of patients with a first diagnosis of SMI between January 

2000 and December 2018, matched to patients without an SMI diagnosis. I 

applied the same initial inclusion and exclusion criteria as detailed in Chapter 4 

(SMI diagnosis within study period; active registration for one year; age between 

18 and 100; region of practice lists; able to be matched at least 1:1). For the 

analysis of cancer incidence, patients entered the cohort at age 18 and left at the 

first of cancer diagnosis, death, end of EHR, age 100 or 31 December 2018. For 

analysis of cancer mortality, patients entered the cohort at cancer diagnosis and 

left at the first of death, end of EHR, age 100 or last date of data availability (31 

December 2018 for all-cause deaths; 31 January 2018 for cancer-specific 

deaths). I required patients to have one year of active follow-up between 1 

January 2000 and 31 December 2018 to allow time for key demographic and 

clinical variables to be recorded in their EHR. 

6.2.2 Linking primary care EHRs to death certificate data 

I linked data from CPRD to death certificate data provided by ONS for a subset 

of patients in England to determine cancer-specific deaths in patients with SMI 

and matched patients without SMI. While a recent study comparing CPRD GOLD 

to ONS death data concluded that CPRD death date is adequate for censoring 

follow-up or calculating mortality rates (Gallagher et al., 2019), CPRD does not 

include data on the cause of death. I therefore analysed all-cause death in the 

full cohort, and cancer-specific death in the smaller cohort eligible for linkage to 

the ONS death registry. I checked for linkage bias between those eligible and 

ineligible for linkage. ONS death data were available from the beginning of the 
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follow-up period (1 January 2000) until 13 February 2018, and so I ended follow-

up for cancer-specific mortality on 31 January 2018.  

6.2.3 Exposure: SMI 

As with previous chapters, the exposure for all analyses was a diagnosis of SMI 

as recorded in CPRD using Read codes (Appendix 1, as described in Chapter 2), 

and stratified by SMI subtype (schizophrenia, bipolar disorder and other 

psychoses). 

6.2.4 Outcomes: Cancer incidence, all-cause mortality, and cancer-specific 

mortality 

The primary outcomes were incidence rate of adult cancer diagnosis as recorded 

in primary care, and all-cause mortality rate following cancer diagnosis as 

recorded in primary care. A secondary outcome was cancer-specific mortality, 

calculated in the cohort of patients eligible for linkage with ONS death certificate 

data. I investigated the incidence of and mortality from “any cancer” and 

specifically from the four most common site-specific cancers in the UK population: 

bowel, lung, breast and prostate cancer (Caul and Broggio, 2019). I limited 

analyses of breast cancer to females as there were no reported cases in males 

in the data set, and limited analyses of prostate cancer to males. 

I determined cancer diagnoses recoded in CPRD using a Read code list 

(Appendix 3), created by searching CPRD dictionary files for relevant terms. I 

included cancer diagnoses made during active follow-up, and those recorded 

historically in patient EHRs. For patients with multiple cancer codes, I took the 

earliest cancer diagnosis. I defined all-cause mortality as any death following 

cancer diagnosis, and defined cancer-specific mortality as ICD-9 codes 140-239 

or ICD-10 codes C00-D48 recorded as a cause of death in death certificate 

records. I included patients with dates of death (n=98) or cancer diagnosis (n=7) 

in the six months following transfer out of the practice as deaths and cancer 

diagnoses respectively, to account for delays in reporting. I included cancer 

diagnoses recorded in the six months after death as cancer diagnoses at the time 

of death (n=131). 

For the analysis of cancer-specific deaths, I included patients with cancer 

diagnosis in primary care, or those with an active primary care EHR and evidence 

of a cancer-specific death in linked death certificate data. For patients with a 
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cancer-specific death without cancer in their primary care EHR, I assumed cancer 

diagnosis was at the time of death. Given that the death certificate data 

represents the official record of death, where there was disagreement between 

CPRD and death certificate data, I considered death certificate data the more 

accurate. 

6.2.5 Other variables included in the analysis 

I adjusted analyses for age, sex, ethnicity, smoking status, BMI category, and 

calendar year. Cancer rates and outcomes are known to vary by both sex and 

ethnicity (Cook et al., 2009, Bassily et al., 2010, Delon et al., 2022), while smoking 

and obesity are known risk factors for cancer (Anand et al., 2008). Sex, smoking 

status, BMI category and ethnicity were derived as described in Chapter 4, with 

BMI categorised as the heaviest ever recorded of obese (BMI≥30), overweight 

(BMI 25-29.9), within normal range (BMI 18.5-24.9), or underweight (BMI<18.5); 

and smoking status as the most recent at the end of follow-up of never-smoker, 

ex-smoker, or current smoker. 

Calendar year was included as a time varying covariate to account for changes 

in cancer incidence and mortality over time and age was included in models of 

cancer mortality as a time varying covariate from the time of cancer diagnosis, in 

5-year age bands as cancer survival is known to vary by age (Bassily et al., 2010). 

I included primary care practice as a stratifying term in all models, to account for 

practice-level differences.  

6.2.6 Missing data 

As with Chapter 4, I imputed missing data for smoking status and BMI category 

as never-smoker or within normal range respectively, in line with previous 

research (Hippisley-Cox and Coupland, 2013, Marston et al., 2014b). For 

ethnicity, I imputed missing as White ethnicity for individuals without ethnicity 

recorded in line with my findings in Chapter 4, and other previous research 

(Hippisley-Cox et al., 2008, Pham et al., 2019b). 

6.2.7 Analysis 

6.2.7.1 Cox proportional hazards regression 

I used Cox proportional hazards regression to investigate the time from age 18 

to first cancer diagnosis recorded in primary care and time from cancer diagnosis 
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to all-cause and cancer-specific death in patients with SMI compared to those 

without SMI.  

The Cox proportional hazards model is often used in survival analysis, allowing 

the estimation of hazards of an event in the presence of covariates. The main 

assumption of the method is that hazards are proportional between exposure 

groups over the follow-up period, however, this is often not the case for medical 

studies (Stensrud and Hernan, 2020). Where hazards are non-proportional, the 

Cox proportional hazard model still may be the most appropriate model for the 

data, though caution is required as the hazard ratio (HR) may change over the 

follow-up period. I checked for proportional hazards using Schoenfeld residuals, 

and where these were violated interpreted the HR as a weighted average over 

the whole follow-up period, as has been done elsewhere (Sariaslan et al., 2022). 

For cancer incidence, I adjusted analyses for sex, ethnicity, and calendar year, 

with baseline hazards stratified by primary care practice. The analysis time was 

time since age 18. For all-cause and cancer-specific mortality, I additionally 

adjusted for age as a time varying covariate. The analysis time was time since 

cancer diagnosis. For all outcomes, I reran the model adjusting additionally for 

BMI category and smoking status.  

6.2.7.2 Competing risks survival analysis 

A second assumption of the Cox proportional hazards model is censoring is 

independent of the exposure groups. For my analyses, this assumes that a 

patient with SMI has the same risk of being censored as those without SMI. 

However, previous research has shown that people with SMI die earlier than the 

general population (Hayes et al., 2017), and others have hypothesised that this 

may be a cause of previous findings of lower cancer incidence in this population 

compared to those without SMI (Lichtermann et al., 2001, Lin et al., 2013).  

To investigate this I used competing risk survival analysis based on a 

subdistribution hazard (Lambert, 2017). This method accounts for the fact that an 

individual may experience an event that renders them unable to experience the 

outcome of interest and gives a more accurate estimation of the cumulative 

incidence of each exposure group (Schuster et al., 2020). I used a flexible 

parametric survival model, a modification of the Fine and Gray subdistribution 
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hazard model, as described by Lambert et al (Lambert, 2017), to generate the 

cause-specific cumulative incidence functions for cancer incidence in the 

presence of the competing risk of death and for cancer mortality in the presence 

of the competing risk of mortality from other causes. 

The competing risk analyses adjusted for sex, ethnicity, calendar year, and for 

the analysis of mortality additionally for age. Due to the computational complexity 

of this model, I coded ethnicity as White or non-White and did not stratify baseline 

hazards by primary care practice. I presented the results of the competing risk 

analysis as predictive cumulative incidence function curves, plotted at average 

values of covariates. 

6.2.8 Sensitivity analyses 

I investigated the possibility of an interaction between sex and SMI diagnosis and 

sex and SMI subtype as an a priori sensitivity analyses, as previous studies have 

found effect modification (Ji et al., 2013). Following assessment of proportional 

hazards, I conducted a post-hoc analysis to determine the risk of all-cause 

mortality in the five years after cancer diagnosis, to investigate shorter term 

trends in mortality. 

6.3 Results 

6.3.1 Description of the cohort used in this chapter 

Following the initial data cleaning steps presented in Chapter 4 (Figure 4-1), there 

were 343,914 patients included in the cohort. A further 355 patients were 

excluded as they did not have one year of follow-up, 373 were diagnosed with 

cancer under the age of 18, 31 had an uncertain date of cancer diagnosis, and 

424 were not able to be matched at least 1:1. The final cohort consisted of 68,697 

patients with SMI and 274,034 patients without SMI; 99.21% of whom 

(n=340,025) were matched 1:4. A total of 32,440 patients had a diagnosis of 

cancer as an adult, of which 6,170 had a diagnosis of SMI and 26,270 did not.  

Prevalence of demographic and clinical variables between those with and without 

SMI were similar to those reported in Chapter 4 and Chapter 5, with patients with 

SMI more likely to be obese and be current smokers. Those with SMI were less 

likely to have a diagnosis of cancer, and more likely to die during follow-up (Table 

6-1). Of the whole cohort, 114,656 patients (33.45%) were eligible for linkage to 



212 
 

ONS death certificate data. There was no evidence of systematic differences 

between those eligible and ineligible for linkage for most key variables, though 

the proportion of cases eligible for linkage varied by region and data source 

(Table 6-2). Of the 32,440 patients with a cancer diagnosis, 11,135 were eligible 

for linkage with ONS death certificate data (Figure 6-1). 

Table 6-1 Key patient characteristics by SMI diagnosis and subtype, n=342,731 

 No SMI SMI Schizophr-
enia 

Bipolar 
disorder 

Other 
psychoses 

n 274,034 68,697 15,013 24,384 29,300 

Age at end of follow-
up, median [IQR] 

47.74 
[34.49-
64.00] 

47.69 
[34.44-
63.96] 

45.45 
[34.49-
59.00] 

49.00 
[36.89-
62.00] 

48.16 
[34.20-
67.89] 

Sex, n (%) 

Male 139,602 
(50.94) 

34,997 
(50.94) 

9,679 
(64.47) 

9,956 
(40.83) 

15,326 
(52.43) 

Female 134,432 
(49.06) 

33,700 
(49.06) 

5,334 
(35.53) 

14,428 
(59.17) 

13,938 
(47.57) 

Ethnicity, n (%) 

Asian 13,495 
(4.92) 

3,130 
(4.56) 

1,028 
(6.85) 

747  
(3.06) 

1,355 
(4.62) 

Black 8,546 
(3.12) 

3,385 
(4.93) 

1,358 
(9.05) 

484  
(1.98) 

1,543 
(5.27) 

Mixed 2,255 
(0.82) 

912  
(1.33) 

277  
(1.85) 

243  
(1.00) 

392  
(1.34) 

Other 5,869 
(2.14) 

1,483 
(2.16) 

329  
(2.19) 

502  
(2.06) 

652  
(2.23) 

Whitea 243,869 
(88.99) 

59,787 
(87.03) 

12,021 
(80.07) 

22,408 
(91.90) 

25,358 
(86.55) 

Heaviest recorded BMI category, n (%) 

Underweight 4,271 
(1.56) 

803  
(1.17) 

199  
(1.33) 

168  
(0.69) 

436  
(1.49) 

Normal rangeb 126,882 
(46.30) 

22,597 
(32.89) 

4,868 
(32.43) 

6,781 
(27.81) 

10,948 
(37.37) 

Overweight 74,592 
(27.22) 

19,133 
(27.85) 

3,916 
(26.08) 

7,029 
(28.83) 

8,188 
(27.95) 

Obese 68,289 
(24.92) 

26,164 
(38.09) 

6,030 
(40.17) 

10,406 
(42.68) 

9,728 
(33.20) 

Smoking status at end of follow-up, n (%) 

Current smoker 75,767 
(27.65) 

31,664 
(46.09) 

8,070 
(53.75) 

10,374 
(42.54) 

13,220 
(45.12) 

Ex-smoker 85,005 
(31.02) 

20,538 
(29.90) 

3,591 
(23.92) 

8,290 
(34.00) 

8,657 
(29.55) 

Never smokerc 113,262 
(41.33) 

16,495 
(24.01) 

3,352 
(22.33) 

5,720 
(23.46) 

7,423 
(25.33) 

All cancer 
diagnoses, n (%) 

26,270 
(9.59) 

6,170 
(8.98) 

911 (6.07) 2,346 
(9.62) 

2,913 
(9.94) 

Age at cancer 
diagnosis, median 
(IQR) 

64.80 
(51.55-
75.99) 

63.00 
(50.00-
74.00) 

60.73 
(49.33-
71.73) 

60.29 
(47.87-
70.69) 

66.43 
(52.00-
77.61) 

Cancer diagnosis 
before 50y, n (%) 

5,885 
(22.40) 

1,536 
(25.89) 

241  
(26.45) 

675  
(28.77) 

620  
(21.28) 

All-cause deaths (as 
registered in CPRD), 
n (%) 

19,873 
(7.25) 

7,681 
(11.18) 

1,623 
(10.81) 

2,166 
(8.88) 

3,892 
(13.28) 
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a: Missing ethnicity set to White (SMI: 24,604, 35.82%; No SMI: 118,742, 43.33%), b: missing 
BMI category set to normal range (SMI: 6,752, 9.83%; No SMI: 51,650, 18.85%); c: missing 
smoking status set to never-smoker (SMI: 1,618, 2.36%; No SMI: 19,305, 7.04%). 

Table 6-2 Assessment of linkage bias: comparison of key patient characteristics in those eligible 
and ineligible for linkage to death certificate data, n=342,731 

 
Not eligible for 
linkage 

Eligible for linkage 

n (%) 228,075 (66.55) 114,656 (33.45) 

Data source, n (%) 

CPRD GOLD 59,715 (26.18) 50,967 (44.45) 

CPRD Aurum 168,360 (73.82) 63,689 (55.55) 

SMI subtype, n (%) 

None 182,647 (80.08) 91,387 (79.71) 

Schizophrenia 10,009 (4.39) 5,004 (4.36) 

Bipolar disorder 16,060 (7.04) 8,324 (7.26) 

Other psychoses 19,359 (8.49) 9,941 (8.67) 

Age at SMI diagnosis, median [IQR] 41.01 [29.71-55.94] 40.80 [29.11-56.40] 

Sex, n (%) 

Male 116,030 (50.87) 58,569 (51.08) 

Female 112,045 (49.13) 56,087 (48.92) 

Region (%) 

England 

East Midlands 3,253 (1.43) 3,684 (3.21) 

East of England 8,884 (3.90) 9,191 (8.02) 

London 38,602 (16.93) 23,198 (20.23) 

North East 10,407 (4.56) 2,114 (1.84) 

North West 39,047 (17.12) 15,318 (13.36) 

South Central 16,174 (7.09) 15,886 (13.86) 

South East Coast 12,608 (5.53) 11,337 (9.89) 

South West 18,641 (8.17) 16,138 (14.08) 

West Midlands 30,039 (13.17) 13,575 (11.84) 

Yorkshire And The Humber 7,083 (3.11) 4,215 (3.68) 

Northern Ireland, Scotland, Wales 

Northern Ireland 6,300 (2.76) 0 (0.00) 

Scotland 18,974 (8.32) 0 (0.00) 

Wales 18,063 (7.92) 0 (0.00) 

Ethnicity (%) 

Asian 9,976 (4.37) 6,649 (5.80) 

Black 7,805 (3.42) 4,126 (3.60) 

Mixed 2,128 (0.93) 1,039 (0.91) 

Other 4,557 (2.00) 2,795 (2.44) 

White 107,893 (47.31) 52,417 (45.72) 

Missing 95,716 (41.97) 47,630 (41.54) 

Heaviest recorded BMI category, n (%) 

Underweight 3,326 (1.46) 1,748 (1.52) 

Normal range 59,402 (26.04) 31,675 (27.63) 
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Figure 6-1 Flow diagram of the cohorts used to investigate cancer incidence all-cause and cause-
specific mortality  

 

  

 
Not eligible for 
linkage 

Eligible for linkage 

Overweight 61,836 (27.11) 31,889 (27.81) 

Obese 63,896 (28.02) 30,557 (26.65) 

Missing 39,615 (17.37) 18,787 (16.39) 

Smoking status at end of follow-up, n (%) 

Current smoker 72,066 (31.60) 35,365 (30.84) 

Ex-smoker 70,028 (30.70) 35,515 (30.98) 

Never smoker 70,931 (31.10) 37,903 (33.06) 

Missing 15,050 (6.60) 5,873 (5.12) 

Cancer diagnoses, n (%) 21,313 (9.34) 11,127 (9.70) 

Deaths, n (%) 18,534 (8.13) 9,020 (7.87) 

Age at death, median [IQR] 81.00 [68.00-88.00] 82.00 [70.00-89.00] 

Active follow-up time, median [IQR] 11.15 [5.79-17.97] 10.06 [5.30-15.64] 

Time from age 18 to end of follow-up, 
median [IQR] 

30.00 [17.00-45.87] 29.04 [16.00-45.79] 



215 
 

6.3.2 Incidence of cancer diagnoses recorded in primary care 

Patients with SMI had a similar overall incidence of cancer diagnoses recorded 

in primary care (28.16 cases per 10,000 person-years [PY], 95%CI: 27.47-28.87) 

to patients without SMI (30.20/10,000 PY, 95%CI: 29.84-30.57). However, when 

stratified by SMI subtype, while cancer incidence was similar in those with bipolar 

disorder, other psychoses and those without SMI, incidence was markedly lower 

in patients with schizophrenia (20.36/10,000 PY, 95%CI: 19.08-21.72; Table 6-3). 

In the analysis comparing patients with SMI to those without SMI, tests of 

Schoenfeld residuals showed non-proportionality in the hazard of cancer 

diagnosis during follow-up in unadjusted analysis (Figure 6-2, p=0.0002) and 

when adjusting for year, sex, and ethnicity (p=0.0083). Kaplan-Meier plots 

showed patients with SMI had fewer cancer diagnoses at a later age than those 

without SMI. When additionally adjusting for BMI category and smoking status, 

there was no evidence of non-proportional hazards. In analyses stratified by SMI 

subtype, there was evidence of non-proportionality for patients with other 

psychoses in the unadjusted analysis (Figure 6-3, p=0.0043), but no evidence of 

non-proportionality in any of the adjusted analyses.  

Figure 6-2 Unadjusted Kaplan-Meier survival estimates for cancer incidence by SMI diagnosis 

 

*Note: no cancer diagnoses could occur before the age of 18 years   
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Figure 6-3 Unadjusted Kaplan-Meier survival estimates for cancer incidence by SMI subtype 

  

*Note: no cancer diagnoses could occur before the age of 18 years 

When adjusting for calendar year, sex, and ethnicity, patients with SMI had a 

similar risk of receiving any cancer diagnosis to those without SMI (HR: 0.97, 

95%CI: 0.95-1.00). When stratified by SMI subtype, patients with bipolar disorder 

had an elevated risk of cancer diagnosis (HR: 1.10, 95%CI: 1.06-1.15), while 

those with schizophrenia (HR: 0.83, 95%CI: 0.78-0.89) or other psychoses (HR: 

0.93, 95%CI: 0.90-0.97) had lower risk than those without SMI. This remained 

true when additionally adjusting for smoking status and BMI category, with little 

difference in effect size between the two models (Table 6-3). 

For site-specific cancer diagnoses, patients with schizophrenia and other 

psychoses had lower incidence of bowel and prostate cancer than those without 

SMI in both models, while those with bipolar disorder had similar incidence to 

those without SMI (Table 6-3). In contrast, only patients with schizophrenia had 

an elevated HR for lung cancer (HR: 1.38, 95%CI: 1.10-1.75), though adjusting 

for smoking status and BMI category reduced the HR (1.14, 95%CI: 0.98-1.45). 

Patients with a diagnosis of other psychoses had a lower incidence of breast 

cancer than those without SMI (HR: 0.89, 95%CI: 0.81-0.98), while those with 

schizophrenia or bipolar disorder had similar risk (Table 6-3).  
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Table 6-3 Incidence and hazard ratios of cancer diagnosis by SMI diagnosis and subtype, 
n=342,731 

*Adjusted for calendar year, sex (except for breast and prostate cancer), and ethnicity.  
**Additionally adjusted for smoking status and BMI category 

  

 No SMI SMI Schizophr-
enia 

Bipolar 
disorder 

Other 
psychoses 

All-cancer 

Cancer, n 26,270 6,170 911 2,346 2,913 

PY 8,698,501.6 2,191,012.7 447,538.43 773,133.98 970,340.31 

Rate/10,000 
PY 
(95% CI) 

30.20  
(29.84-
30.57) 

28.16  
(27.47-
28.87) 

20.36  
(19.08-
21.72) 

30.34  
(29.14-
31.60) 

30.02  
(28.95-
31.13) 

HR  
(95%CI)* 

1 [reference] 0.97  
(0.95-0.999) 

0.83  
(0.78-0.89) 

1.10  
(1.06-1.15) 

0.93  
(0.90-0.97) 

HR  
(95%CI)** 

1 [reference] 0.95  
(0.93-0.98) 

0.81  
(0.76-0.87) 

1.07  
(1.02-1.11) 

0.92 
(0.89-0.96) 

Bowel cancer 

Cancer, n 1,843 375 52 151 172 

PY 8,929,287.8 2,243,168.1 4,453,752.12 792,654.37 996,761.62 

Rate/10,000 
PY 
(95% CI) 

2.06  
(1.97-2.16) 

1.67  
(1.51-1.85) 

1.15  
(0.87-1.50) 

1.90  
(1.62-2.23) 

1.73  
(1.49-2.00) 

HR  
(95%CI)* 

1 [reference] 0.86  
(0.77-0.96) 

0.73  
(0.55-0.97) 

1.08  
(0.91-1.27) 

0.76  
(0.65-0.89) 

HR  
(95%CI)** 

1 [reference] 0.85  
(0.76-0.95) 

0.73  
(0.55-0.96) 

1.06  
(0.90-1.25) 

0.76  
(0.65-0.89) 

Lung cancer 

Cancer, n 1,402 337 77 119 141 

PY 8,940,496.20 2,244,996.2 453,859.93 793,370.90 997,765.42 

Rate/10,000 
PY 
(95% CI) 

1.57  
(1.49-1.65) 

1.50  
(1.35-1.67) 

1.68  
(1.35-2.10) 

1.50  
(1.25-1.79) 

1.39  
(1.17-1.64) 

HR  
(95%CI)* 

1 [reference] 1.07  
(0.95-1.21) 

1.38  
(1.10-1.75) 

1.10  
(0.91-1.32) 

0.94  
(0.79-1.12) 

HR  
(95%CI)** 

1 [reference] 0.97  
(0.87-1.10) 

1.14 
(0.91-1.45) 

1.01 
(0.84-1.22) 

0.88  
(0.74-1.04) 

Breast cancer (females only, n=168,132) 

Cancer, n 4,280 1,003 145 387 471 

PY 4,886,708.8 1,228,223.8 194,583.01 467,352.19 566,288.59 

Rate/10,000 
PY 
(95% CI) 

8.76  
(8.50-9.02) 

8.17  
(7.68-8.69) 

7.45  
(6.33-8.77) 

8.28  
(7.50-9.15) 

8.32  
(7.60-9.10) 

HR  
(95% CI)* 

1 [reference] 0.96  
(0.90-1.03) 

0.94  
(0.80-1.11) 

1.09  
(0.98-1.21) 

0.89  
(0.81-0.98) 

HR  
(95% CI)** 

1 [reference] 0.96  
(0.90-1.03) 

0.94  
(0.79-1.11) 

1.07 
(0.96-1.19) 

0.89 
(0.81-0.98) 

Prostate cancer (males only, n=174,599) 

Cancer, n 1,882 369 51 148 170 

PY 3,999,852.9 1,004,540.1 257,802.08 321,359.43 425,378.57 

Rate/10,000 
PY 
(95% CI) 

4.71  
(4.49-4.92) 

3.67  
(3.32-4.08) 

1.98  
(1.50-2.60) 

4.61  
(3.92-5.41) 

4.00  
(3.44-4.67) 

HR  
(95% CI)* 

1 [reference] 0.86  
(0.77-0.95) 

0.62  
(0.47-0.82) 

0.99  
(0.84-1.18) 

0.84  
(0.72-0.99) 

HR  
(95% CI)** 

1 [reference] 0.86  
(0.77-0.96) 

0.64  
(0.49-0.85) 

0.99  
(0.84-1.17) 

0.85  
(0.73-0.99) 
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When accounting for the competing risk of all-cause death, the incidence of 

cancer diagnosis in patients with schizophrenia and other psychoses was 

consistently lower than in patients with bipolar disorder or no SMI (Figure 6-4). At 

50 years old patients with schizophrenia had a 1.97 fewer cancer diagnoses per 

100 patients than those without SMI after accounting for premature mortality (no 

SMI cumulative incidence: 5.58%, 95%CI: 5.48-5.68% vs schizophrenia 

cumulative incidence: 3.61%, 95%CI: 3.38-3.85%). By age 80 those with 

schizophrenia had a 11.65 fewer cancer diagnoses per 100 patients (no SMI 

cumulative incidence: 38.11%, 95%CI: 37.42-38.82% vs schizophrenia 

cumulative incidence: 26.47%, 95%CI: 24.99-28.01%). 

Figure 6-4 Cumulative incidence of cancer diagnosis in the presence of the competing risk of 
death, adjusted for sex, ethnicity, and calendar year 

 

6.3.3 Cancer mortality 

6.3.3.1 All-cause mortality following cancer diagnosis 

All-cause mortality after any cancer diagnosis was 373.31 deaths per 10,000PY 

(95%CI: 357.45-389.86) in those with SMI, compared to 328.43/10,000PY 

(95%CI: 321.33-335.68) in those without.  
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For the unadjusted analysis of all-cause mortality following any cancer diagnosis, 

tests of Schoenfeld residuals suggested non-proportional hazards between 

patients with and without SMI (Figure 6-5, p=0.0116), which remained in adjusted 

analyses (adjusted for age, sex, calendar year and ethnicity: p=0.0069; 

additionally adjusted for BMI and smoking: p=0.003). In unadjusted analyses 

stratified by SMI subtype, hazards were non-proportional for both bipolar disorder 

(p=0.0084) and other psychoses (p=0.0284) compared to those without SMI 

(Figure 6-6), which remained after adjusting for age, sex, calendar year and 

ethnicity (bipolar disorder: p=0.0021; other psychoses: p=0.0415) and when 

additionally adjusting for BMI category and smoking status (bipolar disorder: 

p=0.0009; other psychoses: p=0.0313).  

In analyses by SMI subtype, the risk of all-cause death in those with bipolar 

disorder deviated from those without SMI after 20 years post-cancer diagnosis 

(Figure 6-6). When I limited follow-up to the five years after cancer diagnosis, 

hazards were only non-proportional between other psychoses and those without 

SMI.  

Figure 6-5 Unadjusted Kaplan-Meier survival estimates for all-cause mortality by SMI diagnosis 
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Figure 6-6 Unadjusted Kaplan-Meier survival estimates for all-cause mortality by SMI subtype 

 

Patients with SMI were at an increased risk of all-cause mortality following cancer 

diagnosis in both the model adjusted for calendar year, age, sex, and ethnicity 

(HR: 1.20, 95%CI: 1.14-1.26), and when additionally adjusting for smoking status 

and BMI category (HR: 1.17, 95%CI: 1.11-1.23). The risk of all-cause mortality 

was elevated for all SMI subtypes (Table 6-4), and particularly for those with 

schizophrenia when adjusting for calendar year, age, sex and ethnicity (HR: 1.63, 

95%CI: 1.43-1.85). When I limited the cohort to those diagnosed with cancer 

during follow-up and the outcome to five years post cancer diagnosis, only those 

with schizophrenia had a higher risk of all-cause mortality (Table 6-5). 
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Table 6-4 Incidence and hazard ratios of all-cause mortality following cancer diagnosis by SMI 
diagnosis and subtype, n=32,440 

*Adjusted for calendar year, age, sex (except for breast and prostate cancer), and ethnicity 
**Additionally adjusted for smoking status and BMI category 

 No SMI SMI Schizophr-
enia 

Bipolar 
disorder 

Other 
psychoses 

Any cancer 
diagnosis 

26,270 6,170 911 2,346 2,913 

Deaths 8,040 2,040 312 675 1,053 

PY 244,803.41 54,646.97 6,443.98 20,463.63 27,739.36 

Rate/10,000 
PY 
(95% CI) 

328.43  
(321.33-
335.68) 

373.31 
(357.45-
389.86) 

484.17 
(433.32-
540.99) 

329.85 
(305.89-
355.70) 

379.60 
(357.36-
403.24) 

HR  
(95% CI)* 

1 [reference] 1.20  
(1.14-1.26) 

1.63  
(1.43-1.85) 

1.23  
(1.14-1.34) 

1.09  
(1.02-1.16) 

HR  
(95% CI)** 

1 [reference] 1.17  
(1.11-1.23) 

1.55  
(1.36-1.76) 

1.20  
(1.10-1.30) 

1.07  
(1.00-1.15) 

Bowel cancer  1,843 375 52 151 172 

Deaths 782 190 25 77 88 

PY 14,017.32 2,491.58 230.28 943.25 1318.05 

Rate/10,000 
PY 
(95% CI) 

557.88  
(520.12-
598.39) 

762.57  
(661.49-
879.09) 

1,085.63 
(733.57-
1606.66) 

816.32 
(652.92-
1020.62) 

667.66 
(541.77-
822.79) 

HR  
(95% CI)* 

1 [reference] 1.36  
(1.06-1.73) 

2.27  
(1.23-4.19) 

1.67  
(1.13-2.48) 

0.97  
(0.69-1.39) 

HR  
(95% CI)** 

1 [reference] 1.22  
(0.95-1.58) 

2.31  
(1.27-4.22) 

1.49  
(1.01-2.21) 

0.83  
(0.58-1.20) 

Lung cancer  1,402 337 77 119 141 

Deaths 1,059 224 53 82 89 

PY 2,808.74 663.44 122.47 226.72 314.25 

Rate/10,000 
PY 
(95% CI) 

3,770.4 
(3,550.0-
4,004.4) 

3,376.3 
(2,961.9-
3,848.8) 

4,327.5 
(3,306.1-
5,664.5) 

3,616.9 
(2,912.9-
4,490.9) 

2,832.1 
(2,300.8-
3,486.1) 

HR  
(95% CI)* 

1 [reference] 0.99  
(0.80-1.21) 

1.69 
(1.19-2.40) 

0.76  
(0.55-1.05) 

0.92  
(0.69-1.23) 

HR  
(95% CI)** 

1 [reference] 0.92  
(0.75-1.13) 

1.54  
(1.08-2.17) 

0.71  
(0.51-0.97) 

0.87  
(0.65-1.17) 

Breast cancer 4,280 1,003 145 387 471 

Deaths 1,103 340 59 112 169 

PY 4,784.62 10,453.83 1,136.94 3,893.75 5,243.14 

Rate/10,000 
PY 
(95% CI) 

246.53 
(232.40-
261.51) 

326.25  
(293.35-
362.84) 

454.55 
(352.94-
585.43) 

288.13 
(239.42-
346.75) 

322.19 
(276.98-
374.79) 

HR  
(95% CI)* 

1 [reference] 1.44  
(1.21-1.71) 

2.60  
(1.78-3.81) 

1.44  
(1.12-1.85) 

1.19  
(0.93-1.50) 

HR  
(95% CI)** 

1 [reference] 1.42  
(1.19-1.68) 

2.52  
(1.70-3.73) 

1.41  
(1.09-1.86) 

1.18  
(0.93-1.50) 

Prostate 
cancer 

1,882 369 51 148 170 

Deaths 551 121 16 38 67 

PY 3,841.96 731.18 66.23 269.32 395.63 

Rate/10,000 
PY 
(95% CI) 

460.75  
(423.84-
500.87) 

495.50  
(414.63-
592.14) 

570.68 
(349.62-
931.52) 

382.97  
(278.66-
526.31) 

572.96 
(450.96-
727.97) 

HR  
(95% CI)* 

1 [reference] 1.35  
(1.02-1.80) 

4.45  
(1.80-11.01) 

0.97 
(0.58-1.63) 

1.33  
(0.91-1.93) 

HR  
(95% CI)** 

1 [reference] 1.36  
(1.01-1.83) 

4.85  
(1.84-12.76) 

0.99  
(0.58-1.69) 

1.32  
(0.90-1.95) 



222 
 

Patients with SMI had a higher all-cause mortality rate following breast (HR: 1.44, 

95%CI: 1.21-1.71), bowel (HR: 1.36, 95%CI: 1.06-1.73) and prostate cancer (HR: 

1.35, 95%CI: 1.02-1.80), than those without SMI. When stratified by SMI subtype, 

patients with schizophrenia had the highest effect size for all-cause mortality 

following diagnosis of all four site-specific cancer types. Patients with 

schizophrenia and bipolar disorder had higher mortality rates following breast or 

bowel cancer compared to patients without SMI (Table 6-4), and only patients 

with schizophrenia had elevated mortality rates of lung (HR: 1.69, 95%CI: 1.19-

2.40) and prostate cancer (HR: 4.45, 95%CI: 1.80-11.01). For all analyses, the 

addition of smoking status and BMI category to the model had little effect (Table 

6-4).  

When I limited the analysis to five years follow-up to investigated shorter term 

outcomes, all-cause cancer mortality following bowel, breast and lung cancer 

diagnoses remained elevated in patients with schizophrenia. For prostate cancer, 

small numbers of patients with schizophrenia and prostate cancer (n=44) led to 

wide 95%CI, which contained one. For bipolar disorder, 5-year mortality was only 

elevated following bowel cancer (Table 6-5). 
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Table 6-5 Incidence and hazard ratios of all-cause mortality in the 5 years following cancer 
diagnosis in those with a cancer diagnosis during follow-up by SMI diagnosis and subtype, 
n=24,042 

* Adjusted for calendar year, age, sex (except for breast and prostate cancer), and ethnicity 
**Additionally adjusted for smoking status and BMI category 

 No SMI SMI Schizophr-
enia 

Bipolar 
disorder 

Other 
psychoses 

Any cancer 
diagnosis 

19,544 4,498 719 1,780 1,999 

Deaths 4,398 1,045 203 353 489 

PY 65,130.52 14,519.68 2,029.35 6,001.19 6,489.13 

Rate/10,000 
PY 
(95% CI) 

675.26 
(655.59-
695.51) 

719.71 
(677.37-
764.70) 

1,000.32 
(871.76-
1147.84) 

588.22 
(529.95-
652.89) 

753.57 
(689.65-
823.41) 

HR  
(95% CI)* 

1 
[reference] 

1.12  
(1.05-1.20) 

1.71  
(1.47-2.00) 

1.07  
(0.96-1.19) 

1.02  
(0.93-1.12) 

HR  
(95% CI)** 

1 
[reference] 

1.10  
(1.02-1.17) 

1.61  
(1.38-1.87) 

1.03  
(0.92-1.15) 

1.01  
(0.92-1.11) 

Bowel cancer  1,473 308 47 131 130 

Deaths 496 117 21 50 46 

PY 4,513.19 889.25 110.35 388.48 390.42 

Rate/10,000 
PY 
(95% CI) 

1,099.0 
(1,006.4-
1,200.1) 

1,315.7 
(1,097.7-
1,577.1) 

1,903.06 
(1,240.81-
2,918.78) 

1,287.06 
(975.48-
1,698.15) 

1,178.21 
(882.51-
1,572.99) 

HR  
(95% CI)* 

1 
[reference] 

1.51  
(1.15-2.00) 

2.41  
(1.29-4.51) 

1.64  
(1.06-2.56) 

1.13  
(0.76-1.67) 

HR  
(95% CI)** 

1 
[reference] 

1.39  
(1.04-1.85) 

2.44  
(1.31-4.55) 

1.50  
(0.97-2.29) 

0.98  
(0.64-1.49) 

Lung cancer 1,356 329 74 118 137 

Deaths 996 209 52 75 82 

PY 1,691.42 451.90 81.42 163.62 206.87 

Rate/10,000 
PY 
(95% CI) 

5,888.5 
(5,534.0-
6,265.8) 

4,624.9 
(4,038.5-
5,296.4) 

6,386.8 
(4,866.8-
8,381.6) 

4,583.8 
(3,655.4-
5,747.9) 

3,963.9 
(3,192.4-
4921.8) 

HR  
(95% CI)* 

1 
[reference] 

1.00  
(0.81-1.23) 

1.80  
(1.26-2.57) 

0.75  
(0.54-1.04) 

0.93  
(0.69-1.24) 

HR  
(95% CI)** 

1 
[reference] 

0.93  
(0.75-1.14) 

1.64  
(1.15-2.34) 

0.70  
(0.50-0.97) 

0.87  
(0.64-1.18) 

Breast cancer 2,984 664 97 273 294 

Deaths 393 123 25 30 68 

PY 11,204.86 2,436.84 320.06 1,049.47 1,067.31 

Rate/10,000 
PY 
(95% CI) 

350.74 
(317.72-
387.19) 

504.75 
(422.99-
602.32) 

781.09 
(527.79-
1,155.96) 

285.86 
(199.87-
408.85) 

637.11 
(502.34-
808.05) 

HR  
(95% CI)* 

1 
[reference] 

1.57  
(1.21-2.03) 

3.20  
(1.83-5.60) 

1.15  
(0.76-1.76) 

1.49  
(1.05-2.10) 

HR  
(95% CI)** 

1 
[reference] 

1.59  
(1.22-2.07) 

3.20  
(1.78-5.75) 

1.19  
(0.77-1.85) 

1.47  
(1.04-2.07) 

Prostate 
cancer 

1,677 303 44 131 128 

Deaths 269 56 9 20 27 

PY 5,920.49 1,056.34 140.75 482.27 433.32 

Rate/10,000 
PY 
(95% CI) 

454.35 
(403.18-
512.03) 

530.13 
(407.98-
688.86) 

639.42 
(332.70-
1,228.91) 

414.71 
(267.55-
642.80) 

623.10 
(427.31-
908.59) 

HR  
(95% CI)* 

1 
[reference] 

1.52  
(1.02-2.27) 

3.15  
(0.96-10.35) 

1.08  
(0.59-2.00) 

1.70  
(0.98-2.94) 

HR  
(95% CI)** 

1 
[reference] 

1.57  
(1.04-2.38) 

3.91  
(1.16-13.28) 

1.13  
(0.59-2.17) 

1.67  
(0.95-2.92) 
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6.3.3.2 Cancer-specific mortality following cancer diagnosis 

Of the 114,656 patients eligible for linkage with death certificate data, 11,127 

(9.70%) had a cancer diagnosis recorded in their primary care EHR, and a further 

325 had evidence of a cancer-specific death during follow-up, with no primary 

care diagnosis.  

I found no evidence of non-proportional hazards of cancer-specific mortality 

between those with SMI compared to no SMI or stratified by SMI subtype (Figure 

6-7, Figure 6-8). 

Figure 6-7 Unadjusted Kaplan-Meier survival estimates for cancer-specific mortality by SMI 
diagnosis 
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Figure 6-8 Unadjusted Kaplan-Meier survival estimates for cancer-specific mortality by SMI 
subtype 

 

Following any cancer diagnosis, only those with schizophrenia were at higher risk 

of cancer-specific mortality than those without SMI (HR: 1.93, 95%CI: 1.54-2.41; 

Table 6-6). I was unable to stratify results by SMI subtype for site-specific cancers 

due to low numbers. This was particularly true for schizophrenia, where only nine 

patients with schizophrenia and linked data had bowel cancer, 12 had prostate 

cancer, 18 had lung cancer and 38 had breast cancer.  
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Table 6-6 Incidence and hazard ratios of cancer-specific mortality in patients with a diagnosis of 
cancer and linked death certificate data by SMI diagnosis and subtype, n=11,135 

* Adjusted for calendar year, age, sex (except for breast and prostate cancer), and ethnicity 
**Additionally adjusted for smoking status and BMI category 

 

 No SMI SMI Schizophr-
enia 

Bipolar 
disorder 

Other 
psychoses 

Any cancer 
diagnosis 

9,044 2,091 289 808 994 

Deaths 2,252 513 96 170 247 

PY 81,773.48 17,802.27 1,855.12 6,812.28 9,134.86 

Rate/10,000 
PY 
(95% CI) 

275.39  
(264.25-
287.01) 

288.17  
(264.28-
314.21) 

517.49  
(423.67-
632.08) 

249.55  
(214.72-
290.03) 

270.39  
(238.69-
306.31) 

HR  
(95% CI)* 

1 
[reference] 

1.10  
(0.99-1.21) 

1.93  
(1.54-2.41) 

1.01  
(0.86-1.18) 

0.99  
(0.86-1.13) 

HR  
(95% CI)** 

1 
[reference] 

1.09  
(0.99-1.20) 

1.93  
(1.55-2.42) 

1.01  
(0.87-1.18) 

0.98  
(0.85-1.12) 

Bowel cancer 663 151 9 37 43 

Deaths 227 60 4 13 17 

PY 4,895.74 1,080.48 53.70 393.26 633.52 

Rate/10,000 
PY  
(95% CI) 

463.67  
(407.11-
528.09) 

555.31  
(431.17-
715.19) 

1,015.29  
(381.06-
2705.14) 

513.49  
(298.16-
884.32) 

402.79  
(250.40-
647.93) 

HR  
(95% CI)* 

1 
[reference] 

1.45  
(0.88-2.39) 

   

HR  
(95% CI)** 

1 
[reference] 

1.43  
(0.84-2.43) 

   

Lung cancer  404 87 18 33 36 

Deaths 333 56 10 24 22 

PY 682.82 171.62 36.09 52.17 83.36 

Rate/10,000 
PY  
(95% CI) 

4,876.8  
(4,380.2-
5429.8) 

3,263.0  
(2,511.2-
4240.0) 

2,770.6  
(1,490.7-
5,149.3) 

4,600  
(3083.5-
6863.5) 

2,639.3  
(1,737.8-
4008.3) 

HR  
(95% CI)* 

1 
[reference] 

0.75 
(0.47-1.19) 

   

HR  
(95% CI)** 

1 
[reference] 

0.79 
(0.50-1.27) 

   

Breast cancer  1,437 301 38 132 131 

Deaths 301 75 14 30 31 

PY 14,900.35 3,318.38 372.86 1,396.02 1,549.50 

Rate/10,000 
PY 
(95% CI) 

202.00  
(180.42-
226.16) 

231.53  
(184.91-
289.90) 

375.48 
(222.38-
633.98) 

214.90  
(150.25-
307.35) 

200.06  
(140.70-
284.48) 

HR  
(95% CI)* 

1 
[reference] 

1.04  
(0.74-1.48) 

   

HR  
(95% CI)** 

1 
[reference] 

1.04  
(0.72-1.50) 

   

Prostate cancer 614 112 12 47 53 

Deaths 168 36 3 12 21 

PY 3,841.96 731.18 66.23 269.32 395.63 

Rate/10,000 
PY 
(95% CI) 

437.28  
(375.91-
508.66) 

492.35 
(355.15-
682.56) 

452.94 
(146.08-
1,404.37) 

445.57  
(253.04-
784.57) 

530.80  
(346.08-
814.10) 

HR  
(95% CI)* 

1 
[reference] 

1.34  
(0.75-2.41) 

   

HR  
(95% CI)** 

1 
[reference] 

1.49  
(0.76-2.88) 
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In competing risks analysis, patients with schizophrenia had a greater risk of 

cancer-specific mortality at all time points compared to patients without SMI, 

when accounting for deaths from other causes (Figure 6-9). At one year after 

cancer diagnosis, there were 6.08 more deaths per 100 patients than those 

without SMI (schizophrenia cumulative incidence: 14.87%, 95%CI: 12.29-17.93% 

vs no SMI cumulative incidence: 8.79%, 95%CI: 8.27-9.34) when adjusted for 

age, sex, ethnicity, and year of SMI diagnosis. At five years after cancer 

diagnosis, those with schizophrenia had 10.31 excess deaths per 100 patients 

(schizophrenia cumulative incidence: 26.33%, 95%CI: 22.09-31.20% vs no SMI 

cumulative incidence: 16.02%, 95%CI: 15.28-16.78%), increasing to a 16.58 per 

100 patients at 20 years (schizophrenia cumulative incidence: 47.04%, 95%CI: 

40.53-54.04% vs no SMI cumulative incidence: 30.46%, 95%CI: 29.18-31.77%). 

In contrast, I found no evidence of a difference in cancer-specific mortality 

between patients with bipolar disorder or other psychoses and patients without 

SMI.  

Figure 6-9 Cumulative incidence of cancer-specific death in the presence of the competing risk 
of death from other causes, adjusted for age, sex, ethnicity, and calendar year 
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6.3.4 Sensitivity analyses 

When analysing the risk of diagnosis with any cancer, I found an interaction effect 

between sex and bipolar disorder diagnosis. The HR for males with bipolar 

disorder was 1.00 (95%CI: 0.94-1.07), while for females it was 1.11 (95%CI: 1.05-

1.17). I also found an interaction between sex and schizophrenia in the bowel 

cancer model; the HR for males with schizophrenia was 0.51 (95%CI: 0.32-0.81), 

while for females it was 0.94 (95%CI: 0.66-1.34). While there was no significant 

interaction between sex and schizophrenia for mortality following bowel cancer, 

males with schizophrenia had a particularly elevated HR (HR: 4.80, 95%CI: 1.12-

14.25; compared to females: HR: 1.61, 95%CI: 0.72-3.59). There were no 

interactions between sex and SMI diagnosis for other models.  

6.4 Discussion 

I found that people with schizophrenia had a lower-than-expected incidence of 

cancer at all age points after 18, even when accounting for premature death from 

other causes. Conversely, people with schizophrenia had elevated all-cause and 

cancer-specific mortality. While I did not observe the same effect for people with 

bipolar disorder and other psychoses, elevated mortality in the five years 

following bowel cancer in those with bipolar disorder and breast cancer in those 

with other psychoses suggests there may be inequalities in early presentation, 

and screening or treatment services, for those specific cancers in people with 

SMI more generally.  

The findings of this chapter have important implications for the planning of 

interventions to improve cancer screening uptake and cancer knowledge in those 

with SMI. The large cohort allowed me to stratify by SMI subtype and site-specific 

cancer type to better describe the associations between SMI and cancer, and the 

results highlights the need to investigate outcomes for schizophrenia and bipolar 

disorder separately. 

6.4.1 Incidence of cancer and mortality following cancer diagnosis 

I found that people with schizophrenia had almost 20% lower incidence of cancer 

than those without SMI. Importantly, cancer incidence remained lower even after 

accounting for premature death using competing risks analysis and was lower at 

all ages after 18. In contrast, people with bipolar disorder appeared at higher risk 

of cancer using Cox survival analysis, but similar risk when I accounted for the 
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competing risk of all-cause death. While people with bipolar disorder appeared at 

a similar risk as people without SMI for the four specific types of cancer studied, 

people with schizophrenia had a particularly low incidence of bowel and prostate 

cancer. The results for people with other psychoses are harder to interpret given 

the non-specific nature of this diagnostic grouping, though they had a lower 

incidence of cancer than those without SMI, but not as low as those with 

schizophrenia in most analyses. 

Worryingly, despite the lower incidence of cancer in people with schizophrenia, 

when diagnosed with cancer, all-cause and cancer-specific mortality was highest 

in this population. My results reiterate the paradox that people with schizophrenia 

are less likely to receive a cancer diagnosis, despite having more exposure to 

cancer risk factors. The findings of the competing risk analysis suggest that this 

is not due to premature mortality in those with schizophrenia. Importantly, my 

findings suggest this issue is limited to those with schizophrenia and possibly 

other psychotic disorders, at least in the context of healthcare in the United 

Kingdom in recent decades.  

However, other recent studies have found conflicting results. A recent analysis of 

data from Sweden found no significant difference in cancer incidence between 

those with schizophrenia and the general population (Pettersson et al., 2020). 

The comparison group for this analysis was the total population of Sweden, and 

therefore unmeasured confounding may have played a role. Furthermore, 

country specific cancer screening and diagnostic practices may lead to differing 

rates between my analysis and theirs.  

Given the high prevalence of risk factors for cancer in people with schizophrenia, 

it seems likely that the true incidence of cancer in this population is higher than 

that found in my, and other, analyses of routine data. Delayed or missed cancer 

diagnoses not yet recorded in primary care EHRs could be artificially lowering the 

incidence of cancer in people with schizophrenia. A meta-analysis by Solmi et al. 

found that cancer screening was particularly low in people with schizophrenia and 

other psychoses (Solmi et al., 2020b). This low uptake of screening, combined 

with barriers to healthcare more generally, low awareness of symptoms, and 

potential prioritisation of other physical or mental health concerns by the 

healthcare provider (Murphy et al., 2021, Grassi et al., 2021), likely leads to 
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delayed diagnosis of cancer in those with SMI, and particularly those with 

schizophrenia. 

Previous studies have found that people with schizophrenia are less likely to 

receive their cancer diagnosis through referral from primary care, and more likely 

to receive a diagnosis through emergency hospital admissions (Virgilsen et al., 

2022), or at the time of death (Brink et al., 2019, Crump et al., 2013), than people 

without SMI, highlighting the delays in diagnosis in this population. Furthermore, 

while cancer diagnoses are usually communicated to, and recorded in, primary 

care, those made outside of the referral process or at the time of death can be 

subject to delayed or missed recordings, which could further lower the incidence 

of cancer recording in primary care in those with schizophrenia.  

Others have suggested a biological basis for the low incidence of cancer in 

people with SMI, either in terms of a genetic protection (Ibanez et al., 2014), or 

due to the effects of antipsychotic medication (Dalton et al., 2006, Chen et al., 

2022). A 2019 systematic review of genome wide association studies in people 

with schizophrenia or bipolar disorder highlighted genes that were overexpressed 

in schizophrenia (Prata et al., 2019), several of which are known to play a role in 

tumorigenesis (Cianfanelli et al., 2015). However, if schizophrenia offers a 

selective advantage against cancer, it is concerning that following cancer 

diagnosis, people with schizophrenia have almost double the cancer-specific 

mortality rate than those without SMI.  

In line with previous research, I found people with schizophrenia had higher all-

cause and cancer-specific mortality (Zhuo et al., 2017, Ni et al., 2019, Grassi and 

Riba, 2020). I also found that cancer-specific mortality remained elevated after 

accounting for deaths from other causes. It seems likely that late cancer 

diagnosis is driving some of the excess mortality from cancer in people with 

schizophrenia. In addition to late diagnosis, there is evidence that people with 

SMI may have less access to cancer care, with fewer surgical procedures and 

worse outcomes from cancer surgery, and receive less chemotherapy and 

recommended treatment (Kisely et al., 2013, Mahar et al., 2020, Dalton et al., 

2018, Konishi et al., 2021), all of which may impact mortality rates in this 

population. However, several studies have found that those with SMI are still at 

higher risk of cancer mortality after adjusting for stage and presentation and 
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cancer treatment (Arffman et al., 2019, Chang et al., 2014, Manderbacka et al., 

2017, Ishikawa et al., 2016), and therefore further research is required to 

elucidate the causes of this elevated mortality. 

For people with bipolar disorder or other psychoses, while I found a higher risk of 

all-cause mortality following cancer, this was not the case when limited to five-

year all-cause mortality or to cancer-specific mortality. For people with bipolar 

disorder or other psychoses, it may be that mortality from other causes drives the 

disparity in long term mortality following cancer between those with and without 

SMI. In the general population, mortality from CVD has been shown to overtake 

that of cancer in the long term in people over 60 (Strongman et al., 2022), and 

therefore high rates of CVD in those with SMI, could be driving the difference in 

longer term all-cause mortality rates.  

6.4.2 Bowel, breast, lung, and prostate cancer 

In this chapter, I found that people with schizophrenia had a lower incidence of 

bowel cancer than those without SMI, in line with a meta-analysis of cancer 

incidence in people with schizophrenia (Li et al., 2018). Of concern, I also found 

that people with schizophrenia were twice as likely to die following a diagnosis of 

bowel cancer than those without SMI.  

There is a national bowel cancer screening programme for people over the age 

of 60 in the UK. However, Public Health England (PHE) found a lower proportion 

of people with SMI in England had received bowel cancer screening than those 

without SMI (PHE, 2021), and results in the literature appear to support this 

finding (Jorgensen et al., 2022). The results of this chapter suggest that 

interventions are required to improve bowel cancer screening uptake in people 

with schizophrenia. Qualitative studies suggest that there are barriers to cancer 

screening at the patient, provider and health service level for people with SMI 

(Clifton et al., 2016, Murphy et al., 2021), as described by a framework developed 

by Irwin et al. in 2014 (Irwin et al., 2014). While PHE released guidance on 

improving access to screening services in people with SMI in September 2021 

(PHE, 2021), there is a lack of evidence as to what measure would increase 

bowel cancer screening in people with SMI. A small randomised controlled trial 

in Japan, found that cancer-specific case management was effective in 

increasing colorectal screening in people with schizophrenia. The intervention 
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consisted of education, coupled with support with decision making and 

appointment (Fujiwara et al., 2021). However, others have found that enhanced 

primary care provision, focusing on support of people with schizophrenia, is not 

enough (Grove et al., 2021). A recent study in Sweden found the risk of colon 

cancer in people with schizophrenia was only lower than those without SMI in 

people over 65 (Pettersson et al., 2020), and further work is required to determine 

whether the same is true in the UK, so that interventions to improve cancer 

screening uptake and to improve symptom awareness and rates of diagnosis can 

be targeted at the population most in need.  

While the incidence of bowel cancer was similar in those with bipolar disorder 

and those without SMI, those with bipolar disorder had elevated cancer-specific 

mortality, suggesting diagnostic delays or sub-optimal treatment may also affect 

those with bipolar disorder. A study of people who had been treated as inpatients 

for SMI or major depression found higher mortality from colorectal cancer, less 

surgical intervention, and less adjuvant treatment than the general population 

(Mahar et al., 2020), and the reasons for this need further investigation in order 

to improve bowel cancer outcomes. 

In contrast to the findings for bowel cancer, only people with schizophrenia had 

elevated mortality following lung cancer diagnosis compared to people without 

SMI. Furthermore, while the incidence of lung cancer was similar between those 

with bipolar disorder or other psychoses and those without SMI, people with 

schizophrenia had a higher risk. Two meta-analyses have found similar rates of 

lung cancer in people with schizophrenia and those without (Li et al., 2018, Zhuo 

et al., 2019), and I found the same when adjusting for smoking status and BMI 

category. This suggests that these risk factors may account for a substantial 

portion of the elevated risk in those with schizophrenia, and therefore 

interventions to control these risk factors may be successful in reducing the 

incidence of lung cancer in this population. Interestingly, people with bipolar 

disorder or other psychoses did not have elevated risk of lung cancer in either 

analysis. Given the high prevalence of smoking in this population, this may 

suggest that underdiagnosis of lung cancer in people with SMI is being masked 

by the high smoking rates. Given that smoking cessation interventions can be 

effective in those with SMI (Gilbody et al., 2019), further support to increase the 



233 
 

availability and uptake of these is required, to help reduce the incidence of lung 

cancer, and physical LTCs more generally, in those with SMI. 

I found a similar incidence of breast cancer in people with bipolar disorder and 

schizophrenia compared to people without SMI, and slightly elevated rates in 

those with other psychoses. There appears to be large variability between studies 

of breast cancer incidence in people with schizophrenia, and while the meta-

analysis by Li et al. found similar rates in people with schizophrenia and those 

without SMI (Li et al., 2018), two meta-analyses have found elevated incidence 

in this population (Xiping et al., 2019, Zhuo and Triplett, 2018). What is clear is 

that people with schizophrenia are at an elevated risk of mortality following breast 

cancer diagnosis (Dalton et al., 2018, Ni et al., 2019), and in my analysis people 

with schizophrenia were three times more likely to die in the five years after 

receiving a breast cancer diagnosis than those without SMI. Previous studies 

have found, less guideline recommended treatment, less breast cancer surgery, 

and worse outcomes following breast cancer surgery in people with 

schizophrenia (Dalton et al., 2018, Konishi et al., 2021, Kisely et al., 2013). While 

I didn’t find a lower incidence of breast cancer in people with SMI, a study of 

people with psychiatric diagnoses found higher rates of metastatic breast cancer 

on presentation (Kisely et al., 2013), and breast cancer screening uptake both 

globally (Solmi et al., 2020b, Murphy et al., 2021, Hwong et al., 2020, Mitchell et 

al., 2014), and in England (PHE, 2021, Woodhead et al., 2016b), has been 

identified as under-utilised by those with SMI. 

Finally, I found particularly low incidence of prostate cancer in people with 

schizophrenia, though similar incidence in people with bipolar disorder, other 

psychoses, or no SMI. While much of the evidence for cancer in people with 

schizophrenia appears to be mixed, for prostate cancer there is a body of 

evidence showing that those with schizophrenia have lower rates of prostate 

cancer diagnoses than those without SMI (Li et al., 2018, Ge et al., 2022). 

Conversely, while numbers were small, I found the most elevated all-cause 

mortality rates in those with schizophrenia and prostate cancer (HR: 4.45, 95%CI: 

1.80-11.01). There is currently no screening programme for prostate cancer in 

the UK, with prostate antigen screening available for those over 50 who request 

it or exhibit symptoms. A study in Australia, which also does not have a screening 

program, found people with SMI were less likely to have had prostate specific-
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antigen testing than those without SMI (Tuesley et al., 2019), suggesting potential 

barriers to requesting this in people with SMI. With lower cancer awareness or 

knowledge in those with SMI (Grassi et al., 2021), prostate cancer may be going 

undiagnosed in this population. 

6.4.3 Strengths and limitations 

A key finding of my analysis is that people with schizophrenia dying before getting 

to an age when cancer in common does not appear to explain the lower incidence 

of cancer in those with schizophrenia. The use of competing risk models in 

addition to Cox proportional hazards models is therefore a major strength of this 

chapter. People with SMI are known to die early compared to the general 

population (Hayes et al., 2017, John et al., 2018, Olfson et al., 2015, OHID, 2022), 

and it has been suggested that this may interfere with the development of cancer 

(Lichtermann et al., 2001, Lin et al., 2013), a disease of older age. However, I 

found that people with schizophrenia still had a lower incidence of cancer when I 

accounted for the competing risk of all-cause death. A recent study investigating 

incidence of tobacco-related cancers in people with psychiatric disorders also 

used competing risks models to investigate cancer incidence. However, the small 

numbers of patients with SMI (n=2,726) and small number of cancer diagnoses 

within this cohort (n=66) limited the ability to draw conclusions on the incidence 

of cancer in those with SMI (Olson et al., 2021). In comparison, the large 

population size of the cohort in my analysis allowed more precise estimation of 

cancer incidence in people with SMI and allows for the stratification by both SMI 

subtype and site-specific cancer type.  

This stratification is an important strength of my analysis. I found markedly 

different effect sizes for cancer incidence and mortality in people with bipolar 

disorder compared to those with schizophrenia. This suggests that studies that 

include people with SMI as a homogenous group for cancer outcomes are likely 

to miss crucial differences and highlights the importance of exploring results 

separately for specific groups of people with a diagnosis of SMI. The different 

screening programmes, biological mechanisms, risk factors, symptoms, 

treatment, and awareness mean stratifying by cancer type is also important to 

understand differences in the pattern of incidence and mortality in people with 

SMI.  
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Using primary care EHRs allows for the longitudinal study of cancer incidence 

and mortality over a long follow-up in a large population of patients with SMI, and 

for the capture of a range of clinical and demographic variables.  

Analysing both incidence of and mortality from cancer allows the direct 

comparison of the two and highlights the paradox of low cancer diagnoses and 

high cancer-specific mortality in those with SMI. I was also able to account for the 

higher prevalence of smoking and obesity in people with SMI, two important 

drivers of cancers. The adjustment for smoking status was particularly important 

for lung cancer, given that around 80% of lung cancer mortality attributable to 

tobacco smoking (Anand et al., 2008) and, as detailed in Chapter 4, people with 

SMI have a high prevalence of smoking. The finding that those with schizophrenia 

only had elevated incidence of lung cancer incidence prior to adjusting for 

smoking, highlights the importance of investigating contributory health risk 

factors. However, despite the adjustment for smoking and BMI category, one 

limitation of my analysis was that I determined these at the end of follow-up rather 

than as time varying covariates. As discussed in previous chapters, the timing of 

smoking initiation or cessation, or of changes to BMI are unlikely to be well 

captured in primary care records, which limits the ability to adjust for these factors 

in a time varying manner. 

Trends by site-specific cancer types have proved hard to study longitudinally in 

people with SMI due to the small number of people developing each cancer type 

with underlying SMI, and many studies appear under-powered to identify 

differences (Hippisley-Cox et al., 2007, Olson et al., 2021, Li et al., 2018). The 

sample size in this chapter meant I was able to stratify by site-specific cancer 

type for both incidence and mortality studies, however, as only 33% of patients 

had linked death certificate records, I could not stratify analyses of cancer-specific 

mortality by SMI subtype for site-specific cancers. 

Although the use of primary care EHRs offers numerous advantages, it does have 

limitations for the study of cancer. Cancer should be well recorded in UK primary 

care EHRs, as, like with SMI, the maintenance of a cancer register of all patients 

who have received a cancer diagnosis since April 2003 is incentivised through 

QOF (NHS Digital, 2019c). However, a comparison of records between CPRD, 

cancer registry and HES has found discrepancies in the recording of cancer. 
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Cancer registry data was found to contain more diagnoses of cancer than either 

CPRD or HES, while HES had more diagnoses from patients diagnosed through 

emergency routes (Arhi et al., 2018). If recording cancer diagnoses in CPRD is 

sub-optimal, and this differs between those with and without SMI then this may 

account for some of the reduced incidence of cancer in those with schizophrenia. 

If this is the case, however, it suggests that actions are required to improve 

primary care recording of cancer diagnoses in this population so that they have 

access to the necessary support.  

Arhi et al. also found that the date of diagnosis was later in CPRD records than 

in cancer registry data, and CPRD records do not include cancer-specific 

information, such as cancer stage at the time of diagnosis or details of cancer 

treatment. Therefore, there is a need for linkage between CPRD, HES and cancer 

registry data to better elucidate the patterns of cancer diagnosis, treatment and 

mortality in people with SMI. However, while linkage to cancer registries is 

possible, the low number of patients eligible for linkage in this extract of CPRD 

means that numbers would be too low to draw reliable conclusions. As data 

linkage improves across the NHS, the linkage of primary and secondary care data 

sets to cancer registry data would allow for more detailed analysis of cancer 

pathways in those with SMI.  

In my analysis of cancer incidence and mortality, SMI diagnosis could have 

occurred at any time point during follow-up, the assumption being that SMI acts 

throughout adulthood, and that many of the risk factors for cancer, such as 

obesity and smoking and alcohol misuse, are already highly prevalent at the time 

of SMI diagnosis, and before (Chapter 5), (Wallace et al., 2020, Chen et al., 2019, 

Gogos et al., 2019). Furthermore, my analysis of the prevalence of physical LTCs 

before and after SMI diagnosis, in Chapter 5, found that those with schizophrenia 

had a lower prevalence of cancer in the five years before and after SMI diagnosis, 

suggesting that the lower cancer incidence is present both before and after SMI 

diagnosis.  

Study designs that allow exposures to occur at any time are open to issues of 

immortal time bias, whereby those in the exposed group must survive longer to 

experience the outcome of interest (in this case death following cancer) (Suissa, 

2008). However, in this analysis while those with a diagnosis of cancer before 
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their diagnosis of SMI must survive until the time of SMI diagnosis, therefore 

inflating survival in that population, the same is true of those without SMI who 

also had to survive until the same date. Immortal time bias is therefore unlikely to 

be an issue, though an alternative approach would have been to limit the cohort 

to those developing cancer in the time following SMI diagnosis. While this study 

design would be less open to bias, the reduction in numbers would reduce the 

ability to examine different cancers and SMI subtypes, particularly for cause-

specific mortality, where I used linked data. As the size of primary care data sets, 

and availability of linked data improve, it may be possible to corroborate these 

findings in a larger linked data set. 

As with previous chapters, there may be important limitations in terms of missing 

information, in particular with regards to BMI category and smoking status, which 

may have resulted in residual confounding. However, the likely impact of this 

would be to make patients with and without SMI more similar. While I adjusted 

for smoking status and BMI category as two risk factors for the development of 

cancers, I did not adjust for alcohol or substance misuse, for physical inactivity or 

poor diet, or other underlying physical LTCs, all of which may increase the risk of 

cancer. However, given most of these are more common in those with SMI, the 

likely effect of adjusting for them would be to reduce the hazard ratio for cancer 

incidence even further in those with SMI.  

Furthermore, the incidence of cancer varies by socioeconomic status, which I 

was unable to account for due to the small number of patients with linkage to 

postcode-level data. However, patients were matched on primary care practice 

and so were likely to be from broadly similar geographic areas. While patients 

included in the analyses of cancer incidence were matched at least 1:1, mortality 

analyses included only those patients with a diagnosis of cancer, and so while 

nested in the matched cohort, individuals in this analysis were unmatched. This 

could have led to unmeasured confounding. However, I aimed to describe the 

cancer incidence and mortality at a population level, rather than explain between-

group differences. As such, I did not explore the role of specific factors, such as 

use of psychotropic medication or adherence to cancer screening programmes. 

These factors introduce complexity beyond the scope of this chapter and should 

be explored in depth in separate studies.  



238 
 

Finally, I found departure from the proportional hazards assumption for some 

analyses in this chapter. This may introduce inaccuracy in the effect sizes, 

although it can be interpreted as an average HR over the follow-up period 

(Sariaslan et al., 2022). Many medical outcomes have non-proportional hazards 

(Stensrud and Hernan, 2020), and often the Cox proportional hazards model is 

still the most appropriate analytical tool. Importantly, for the exposures of interest 

(i.e., SMI and SMI subtypes) the direction of association did not change for any 

outcomes over the follow-up period.  

6.4.4 Clinical, policy, and research implications 

Further research is required to clarify whether low cancer incidence in people with 

schizophrenia truly reflects missed or late diagnoses. The use of linked primary 

care, hospital and cancer records could further elucidate the pattern of healthcare 

use, route of cancer diagnosis, cancer stage, and treatment in people with SMI. 

However, my analysis highlights both the importance of stratifying results by SMI 

subtype, and the large sample size needed to do so when considering site-

specific cancers. 

I identified a clear excess mortality due to cancer in people with schizophrenia, 

at least part of which is likely due to low screening rates and late detection in this 

population. It is imperative to identify the drivers for poor attendance at cancer 

screening, and the populations most affected to better target resources. To date 

there is a lack of research to evaluate interventions aimed at increasing cancer 

screening in people with SMI. While PHE have published guidelines for improving 

uptake of screening in people with SMI for commissioners and screening 

providers (PHE, 2021), primary care physicians also play a key role. People with 

SMI in the UK are offered an annual review in primary care, making this an ideal 

setting to introduce simple interventions such as support to access existing 

cancer screening services, screening for red-flag symptoms and improving 

cancer-symptom awareness. I found particularly low prevalence of prostate 

cancer in people with schizophrenia, combined with the most elevated mortality 

rates following prostate cancer diagnosis. While there is no screening programme 

for prostate cancer in the UK, further research is required to determine whether 

there are barriers to presenting to primary care with early symptoms of prostate 

cancer in the UK, or for receiving prostate specific antigen testing.  
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Additionally, given the high prevalence of smoking, substance misuse and 

obesity in people with SMI, and the role these have on the development of 

cancers, interventions to reduce health behaviours are required. While a joint 

report from the Academy of Medical Royal Colleges and the Royal Colleges of 

General Practitioners, Nursing, Pathologists, Psychiatrists, Physicians, the Royal 

Pharmaceutical Society and Public Health England outlined key methods of 

disease prevention and risk factor reduction for people with SMI in 2016 (Working 

Group for Improving the Physical Health of People with SMI, 2016); and smoking 

or alcohol cessation support (Gilbody et al., 2019, McDonell et al., 2017), and 

nicotine replacement therapy (Peckham et al., 2017), have been shown to be 

effective in people with SMI, these services need to be more widely available. 

It is important to understand discrepancies in the reporting of physical LTCs to 

better understand the burden of these in people with SMI. The analyses in this 

chapter have corroborated the findings of Chapter 4 and Chapter 5, that people 

with schizophrenia have fewer diagnoses of cancer in their primary care records 

than those without SMI using longitudinal methods. However, in Chapter 4 and 

Chapter 5, I also found lower prevalence of hypertension, cardiac arrythmias, 

valvular disease and rheumatic and collagen disease in those with schizophrenia 

and further research is required to investigate the causes of this.  

In Chapter 3, I found few studies which considered the risk of emergency hospital 

use for cancer in those with SMI. Given the potentially late diagnoses and poorer 

treatment outcomes for cancer, those with SMI may be high utilisers of 

emergency hospital care for cancer. In Chapter 7, I investigate the rate of planned 

and emergency admissions in people with schizophrenia, bipolar disorders and 

other psychoses compared to those without SMI and identify the most common 

causes of admissions in this population.  

6.4.5 Conclusions 

In this large cohort of people with and without SMI I found that people with 

schizophrenia had a lower incidence of cancer, and particularly bowel and 

prostate cancer than people without SMI. However, those with schizophrenia 

suffered the highest all-cause and cancer-specific mortality once diagnosed. 

Importantly, this effect remained even when accounting for premature death from 

other causes. Further research and policy implementation is required to ensure 
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people with SMI, and in particular schizophrenia, are accessing screening, are 

aware of the symptoms of cancer, and receive prompt diagnosis and treatment.   
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Chapter 7 The incidence rate of planned and emergency 

physical health hospital admissions in people with 

SMI 

A modified version of this chapter has been published in Psychological Medicine 

(Launders et al., 2022b). 

7.1 Introduction 

In Chapter 4 and Chapter 5, I found that people with SMI were at increased risk 

of a range of physical LTCs and of multimorbidity. The high prevalence of a range 

of physical LTCs in people with SMI results in higher hospital use in this 

population. Furthermore, in Chapter 6, I found that people with schizophrenia had 

a lower-than-expected incidence of cancer, but higher mortality rates once 

diagnosed. This suggests those with SMI may have higher rates of emergency 

cancer admissions due to diagnoses as an emergency presentation, or due to 

poorer outcomes and admissions during palliative care.  

A recent meta-analysis found elevated rates of non-mental health admissions in 

people with SMI, even in studies which adjusted for underlying physical health 

(Ronaldson et al., 2020). This suggests that high prevalence of physical LTCs is 

not the only driver of elevated non-mental health admissions in those with SMI. 

Furthermore, in my meta-analysis in Chapter 3, I found that people with SMI who 

had COPD, CVD or diabetes were more likely to be hospitalised for these 

conditions than those with these conditions alone, though evidence was lacking 

for people with liver disease or cancer. Increased hospital use in those with SMI 

may be due to later diagnosis, poorer disease management, and barriers to 

accessing timely, appropriate care (Woodhead et al., 2016a, Molloy et al., 2021, 

Melamed et al., 2019).  

A subset of emergency admissions are thought to be avoidable if appropriate 

disease management services are in place (Purdy et al., 2009). In the general 

population, analyses of these admissions have been used to identify subsets of 

patients for whom interventions in primary care may impact their emergency 

hospital use (Orlowski et al., 2021). Previous studies have found elevated rates 

of avoidable admissions in people with SMI (Lin et al., 2011, Davydow et al., 

2016), but few if any have put this in context of emergency admissions for other 

causes. To design targeted interventions to improve the physical health of people 
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with SMI, there is therefore a need to investigate the contribution of physical 

health admissions, and avoidable admissions separately from other non-mental 

health admissions such as those due to accidents and injuries. 

In Chapter 4 and Chapter 5, I found that people with schizophrenia had a lower 

prevalence of some physical LTCs, and in Chapter 6, I found a lower incidence 

of cancer in people with schizophrenia. This suggests that barriers to care may 

exist. However, while previous studies have focused on emergency admissions, 

there is a paucity of evidence regarding the impact of SMI on the use of planned 

inpatient care. 

There is also a lack of evidence based in the English healthcare system for 

emergency and planned hospital use in people with SMI. In Chapter 3, I found 

marked differences by country of study, highlighting the need for UK specific 

estimates of hospital use in people with SMI. Understanding how healthcare is 

utilised by this population would inform interventions to providing accessible 

physical health services and reduce premature mortality for people living with 

SMI, as set out in the “Five Year Forward View For Mental Health” as part of the 

NHS England Five Year Forward View (Mental Health Taskforce, 2016), and now 

a commitment in the NHS Long Term Plan (NHS England, 2019). 

In this chapter, I aim to identify types of hospital use where the inequality between 

those with and without SMI is greatest, and to better describe hospital use in the 

population with SMI to inform the targeting of interventions to reduce hospital 

admissions in this population.  

The objectives of this chapter are to: 

1. Estimate the rates of planned and emergency physical health admissions 

in people with SMI in England compared to the general population, 

accounting for underlying physical LTCs. 

2. Determine whether admission rates differ by SMI subtype. 

3. Determine the rates of avoidable admissions as compared to other 

admission types to quantify whether admissions in people with SMI may 

be amenable to reductions if interventions were implemented. 
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7.2 Methods 

7.2.1 Population and follow-up 

In this chapter, I used the cohort of patients in CPRD described in Chapter 4, 

consisting of patients with SMI diagnosed between 1 January 2000 and 31 

December 2018. I linked patients in CPRD to both Hospital Episode Statistics – 

Admitted Patient Care (HES-APC) and ONS English Lower Layer Super Output 

Area (LSOA) data. The initial inclusion criteria detailed in Chapter 4 were also 

applied to CPRD data in this chapter (SMI diagnosis within study period; active 

registration for one year; age between 18 and 100; region of practice lists; able 

to be matched at least 1:1). As HES only covers England, I limited these analyses 

to patients in England, and limited follow-up to the period for which the HES data 

set was available (1 April 2000 until 31 March 2017). I included patients with a 

first diagnosis of SMI in CPRD between 1 April 2000 and 31 March 2016, to allow 

for at least one year’s follow-up. I excluded patients with less than one year of 

active follow-up after SMI diagnosis (for those without SMI, SMI diagnosis was 

the date that the patient they were matched with received their diagnosis in 

primary care). For the cohort of patients with SMI, follow-up began the day 

following the first diagnosis of SMI received in primary care. For the cohort without 

SMI, I used the same start date as their matched case. Follow-up ended when a 

patient’s EHR ended, at age 100, or at the end of HES data; 31 March 2017. 

7.2.2 Linking primary care EHRs to hospital and postcode-based data 

I checked for differences in key demographic and clinical variables between 

patients in CPRD who were eligible versus ineligible for linkage with other data 

sources.  

7.2.2.1 Hospital Episode Statistics (HES) 

HES-APC contains details of admissions to NHS hospitals, or admissions to other 

hospitals funded by the NHS, while HES Accident and Emergency (A&E) 

provides data on emergency department visits to NHS hospitals. I derived all 

outcomes in this chapter from linked data in HES-APC. I also explored the 

feasibility of using HES A&E as another marker of hospital use in patients with 

SMI. 

The main purpose of HES is to inform service provision and to manage financial 

reimbursements within the NHS system (Herbert et al., 2017). Therefore, unlike 
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CPRD which contains longitudinal patient-based EHRs, in HES-APC a record 

represents an episode of consultant-led care within a hospital admission. This 

results in the potential to have multiple episodes per admission and multiple 

admissions per patient. As HES is maintained for reimbursement, it is based on 

financial years. Admissions spanning the end of one financial year and beginning 

of the next are modelled as two separate admissions. I examined the number of 

admissions that ended on 31 March each year to evaluate this issue.  

Another issue with linkage between CPRD and HES, as discussed in Chapter 2, 

is that in CPRD a patient moving between practices may generate a new patient 

number in CPRD. While for most studies researchers model these separate 

patient numbers as individual patients, when CPRD is linked to HES, one HES 

record may link to multiple CPRD records. A previous study has suggested this 

may happen for around 5% of patients, but found that the different methods for 

dealing with this duplication did not substantially alter their findings (Sammon et 

al., 2020). In my analyses, the first patient record in CPRD is likely to represent 

the earliest diagnosis of SMI, and subsequent duplicate patients likely to 

representing later periods of care. As such I kept the earliest record and removed 

subsequent records. 

7.2.2.2 Postcode-based data 

Given most patients eligible for linkage to HES were also eligible for linkage to 

ONS English LSOA data, I used this data source to determine the 2015 Index of 

Multiple Deprivation (IMD) quintiles for patients. This measure combines seven 

weighted measures of deprivation: “income”, “employment”, “education, skills, 

and training”, “health and disability”, “crime”, “barriers to housing and services” 

and “living environment” (Smith et al., 2015). These are assessed over a small 

geographic area (LSOA, which contained a median of 1,597 people in 2015 

[minimum=523, maximum=9,551] (ONS, 2021)). Areas are ranked according to 

their combined IMD score, and then the decile and quintile an area falls into is 

calculated.  

7.2.3 Exposure: SMI 

As with previous chapters, the exposure for all analyses was a diagnosis of SMI 

as recorded in CPRD using Read codes (Appendix 1, as described in Chapter 2), 
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and SMI diagnosis stratified into schizophrenia, bipolar disorder and other 

psychoses. 

7.2.4 Outcomes: Non-mental health admissions 

I investigated planned and emergency inpatient hospital admissions for physical 

health causes from the day after SMI diagnosis (and that of the matched patients 

for those without SMI) until end of follow-up as primary outcomes, and avoidable 

admissions as a secondary outcome to determine how many admissions were 

amenable to change. Finally, I investigated emergency admissions for accidents, 

injuries, and substance misuse, as a secondary outcome to contextualise the 

impact of physical health admissions in this population. 

HES consists of spells of hospitalisations, with the potential for multiple 

consultant-led episodes of care per spell. The reason for an episode of 

consultant-led care is recorded using ICD-10 codes, with up to 10 diagnostic 

codes available for each episode of care. The cause or reason for admission can 

therefore be difficult to determine as a patient may have multiple diagnoses listed 

per episode and multiple episodes per spell of hospitalisation. 

I defined admissions as spells of continuous hospitalisation in a single hospital. 

Where patients were transferred between hospitals, I included only the admission 

to the first hospital, and excluded spells where a patient was transferred from 

another hospital or where the source of the spell was not available.  

I defined the cause of the admission as the primary diagnosis of the first episode 

of care within a spell, as has been done previously (Grigoroglou et al., 2020a, 

Hogan et al., 2019, Busby et al., 2017c, Ride et al., 2018). As the main focus of 

this chapter was physical health, I excluded spells where the primary diagnosis 

of the first episode was related to mental health, or due to maternity or congenital 

conditions. I also excluded spells that were regular repeat attendances, such as 

for cancer chemotherapy or renal dialysis, as these likely have different barriers 

and drivers than emergency and planned admissions that occur with less 

regularity.  

I then further divided these spells into planned and emergency admissions, based 

on their method of admission, and as due to “physical health”, “accident, injury, 

and substance misuse”, or “other cause” based on the primary diagnosis of the 



246 
 

first episode of care (Appendix 4). For emergency admissions I investigated 

avoidable admissions using a definition commonly used in the NHS (ambulatory 

care sensitive conditions (ACSC) (Purdy et al., 2009), (Appendix 5)). This list of 

conditions includes chronic conditions (asthma, congestive heart failure, COPD, 

angina, iron deficiency anaemia, hypertension, convulsions and epilepsy, and 

diabetes complications), acute conditions (nutritional deficiencies, dehydration 

and gastroenteritis, pyelonephritis, perforated or bleeding ulcers, cellulitis, pelvic 

inflammatory disease, ear, nose and throat infections, dental conditions, and 

gangrene), and vaccine preventable diseases (influenza, tetanus, diphtheria, 

pertussis, poliomyelitis, measles, rubella, mumps, hepatitis B, haemophilus 

meningitis, and some bacterial pneumonias). 

7.2.5 Other variables included in the analysis 

I derived all other variables from primary care and LSOA data. While using HES 

to derive variables such as ethnicity may improve completeness (Mathur et al., 

2014), these data would only be available for patients with admissions. I therefore 

did not use HES to determine any variables other than admissions, so as not to 

preferentially improve covariates for patients with admissions.  

I included age, sex, ethnicity, region, and IMD as potential confounders based on 

previous literature (Cournane et al., 2015, Huntley et al., 2014, Petersen et al., 

2022, Busby et al., 2017b). I defined age as the age at SMI diagnosis and 

included it as a continuous variable. I defined sex, ethnicity, and region, as 

detailed in Chapter 4. IMD was based on patient postcode and, where this was 

missing, the primary care practice postcode. I also included calendar year of SMI 

diagnosis to account for trends in admissions over time. 

I investigated physical LTCs, substance misuse, smoking, and obesity as 

variables on the pathway between SMI and physical health admissions. 

Underlying physical LTCs and multimorbidity are key drivers of admissions, while 

substance misuse, obesity, and smoking may increase severity or result in poor 

self-management of physical LTCs or drive the development of physical LTCs. I 

included a count of 24 physical LTCs diagnosed before or at the time of SMI 

diagnosis (or for those without SMI, the date of SMI diagnosis for their matched 

patient). These were defined from code lists for the Elixhauser and Charlson 

comorbidity indicies (Metcalfe et al., 2019), modified for investigating the physical 
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health of people with SMI as described in Chapter 4. For investigating avoidable 

admissions, I ran an extra model adjusting for the individual chronic conditions 

included in the ACSC definition. All conditions other than angina were included in 

the list of 24 physical LTCs used throughout this thesis. I defined angina using 

the Caliber code list: 

(https://phenotypes.healthdatagateway.org/phenotypes/?search=angina&collect

ion_ids=21). 

I defined alcohol and drug misuse historically and up to the date of SMI diagnosis, 

using the code lists for the Elixhauser comorbidity index (Metcalfe et al., 2019). I 

defined smoking status as the most recent of never-smoker, ex-smoker, or 

current smoker as described in Chapter 4, taken at the time of SMI diagnosis. I 

defined BMI category as the most recent BMI recording at the time of SMI 

diagnosis, categorised as obese (BMI≥30), overweight (BMI 25 to 29.9), within 

normal range (BMI 18.5 to 24.9) or underweight (BMI<18.5) and derived as 

described in Chapter 4. 

7.2.6 Missing data 

As with Chapter 4, I imputed missing data for smoking and BMI as never-smoker 

or within normal range respectively, in line with previous research (Hippisley-Cox 

and Coupland, 2013, Marston et al., 2014b). For ethnicity, I imputed missing as 

White ethnicity for individuals without ethnicity recorded, based on my findings in 

Chapter 4, and previous research (Hippisley-Cox et al., 2008, Pham et al., 

2019b). 

7.2.7 Analysis 

There are many methods of modelling admissions. The simplest studies may 

assess the odds of any admission in a given period in an exposed and unexposed 

cohort. These studies often focus on short periods of time, for example 30-day 

readmissions, and this method is less well suited to longer follow-up periods as it 

fails to capture the burden of multiple admissions per patient. Studies using Cox 

survival analysis to assess the time to first admission also have the same issue. 

To account for recurrent events, survival methods such as the Andersen-Gill 

models, or count-based models such as Poisson or negative binomial models 

can be used. 

https://phenotypes.healthdatagateway.org/phenotypes/?search=angina&collection_ids=21
https://phenotypes.healthdatagateway.org/phenotypes/?search=angina&collection_ids=21


248 
 

There are several features of admissions that require consideration for model 

choice. Firstly, admissions do not occur evenly across the population, with 

variability in admission rates at the patient level. While standard Poisson models 

assume similar rates across the population, negative binomial models allow for 

this over dispersion in the data, and several studies have found that negative 

binomial models provide a better model fit than Poisson models for admissions 

data (Thomsen and Parner, 2006, Weaver et al., 2015, Glynn et al., 1993).  

Admissions data may also be zero-inflated, whereby zero-values are 

overrepresented. Modelling approaches to overcome this include the zero-

inflated Poisson or negative binomial models as well as hurdle models. These 

two-part models provide an estimate of the probability of non-zero admissions 

and of the count of admissions, and appear to perform similarly in many situations 

(Feng, 2021). I compared model fit of standard and zero-inflated versions of the 

Poisson and negative binomial models, based on Akaike Information Criteria 

(AIC), Bayesian Information Criteria (BIC) and Vuong test, while using caution in 

the interpretation of the Vuong test as it may not always be appropriate (Young 

et al., 2020). I applied sandwich standard errors to account for potential clustering 

by primary care practice. 

I calculated the unadjusted incidence rate of all hospital outcomes, and of specific 

causes of admission as defined by ICD-10 code, stratified by SMI subtype 

(schizophrenia, bipolar disorder, other psychoses, no SMI). I calculated 

unadjusted incidence rate ratios (IRRs) of all hospital outcomes in patients with 

SMI compared to those without SMI and stratified by SMI subtype. I then ran four 

models, the first adjusting for age, sex, ethnicity, region, IMD quintile and 

calendar year; the second adjusting for variables in the first model plus BMI 

category, smoking status, alcohol misuse and drug misuse; the third adjusting for 

variables in the first model and a count of physical LTCs as recorded in primary 

care, and the final adjusting for all covariates. 

For the analysis of avoidable admissions, I additionally adjusted for diagnosis of 

each separate chronic condition in the ACSC definition (angina, asthma, COPD, 

congestive heart failure, deficiency anaemia, hypertension, diabetes, and 

neurological disease) as recorded in primary care and a count of the remaining 

physical LTCs not included in the ACSC definition.  
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7.2.8 Sensitivity analyses 

I conducted five sensitivity analyses which I defined a priori. 1) I limited the follow-

up to the first year following SMI diagnosis, to investigate potentially different 

healthcare use due to increased physical health monitoring or less stable mental 

health during this time. 2) To account for potential increased capture of physical 

LTCs around the time of SMI diagnosis I start of follow-up at one-year post-

diagnosis and adjusted for covariates updated at one-year post-diagnosis. 3) To 

investigate the impact of possible incomplete data capture prior to SMI diagnosis, 

I limited the cohort to those with at least one year of active EHRs prior to SMI 

diagnosis. 4) Using those patients with at least one year of EHRs prior to SMI 

diagnosis, I reran the main analysis to account for the use of primary care (as 

defined in Appendix 6), and the presence of planned and emergency non-mental 

health admissions in the year before SMI diagnosis (excluding the day of 

diagnosis itself). 5) To investigate potential residual confounding introduced by 

using a count of physical LTCs (Moller et al., 2021), I reran the main analysis and 

adjusted for presence of each individual physical LTC, rather than a count of 

physical LTCs. I performed a final post-hoc sensitivity analysis to assess the 

impact of using a zero-inflated negative binomial model for the primary outcomes. 

7.3 Results 

7.3.1 Description of the cohort used in this chapter 

Of the 343,914 patients described in Chapter 4 and Figure 4-1, a further 43,440 

patients were excluded as they were not in England and therefore had no HES 

record. The study period used in this chapter was shorter than in previous 

chapters due to the availability of HES data and ran from 1 April 2000 and to 31 

March 2017. This resulted in a further 52,011 patient exclusions as they did not 

have one year’s follow-up after SMI diagnosis, and 4,163 because their SMI 

diagnosis was recorded before 1 April 2000. Two patients without SMI were 

excluded as they were under the age of 18 at the time of their matched SMI 

patient’s diagnosis and 1,608 could not be matched at least 1:1. The final cohort 

consisted of 242,618 patients (SMI: 52,667; no SMI: 189,951; Table 7-1).  

I linked the cohort of patients in CPRD to HES. Of the 242,618 patients in the 

cohort, 94,300 were eligible for linkage, of which 92,320 could be matched at 

least 1:1. Of these, 107 patient records in HES linked to 215 patients records in 

CPRD. I kept the CPRD patient record with the earliest registration date for each 
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HES patient and removed 108 duplicate records. I excluded a further 263 patients 

as they could no longer be matched 1:1. The final cohort therefore consisted of 

91,949 patients, of which 20,568 had SMI and 71,381 did not. A total of 67.58% 

of patients were matched 1:4, 25.79% 1:3, 5.49% 1:2 and 1.14% 1:1.  

Table 7-1 Exclusions applied to the original data set for this chapter 

*I used this cohort to assess linkage bias, with the same exclusions applied to the cohort 
ineligible for linkage 

7.3.2 Data linkage 

Patients eligible for HES linkage were similar in respect to SMI diagnosis and 

subtype, age at start of follow-up, sex, BMI category, smoking status and 

multimorbidity to those who were not eligible, however there were systematic 

differences in the regional distribution between the two groups (Table 7-2). A 

higher proportion of patients eligible for linkage had missing ethnicity (42.21%) 

compared to those who were ineligible for linkage (36.21%). However, the 

proportion with missing ethnicity in those eligible for linkage in this chapter was 

comparable to both patients eligible (41.54%) and ineligible (41.97%) for linkage 

in Chapter 6. This suggests the exclusions applied in this chapter, such as limiting 

the cohort to England, have differentially improved ethnicity completeness in 

those not eligible for linkage.  

  

Exclusions Number 
excluded 

Total 
cohort 

SMI 
cohort 

No SMI 
cohort 

Original cohort NA 343,914 68,806 275,108 

In England 43,440 300,474 60,117 240,357 

With one year follow-up after SMI 
diagnosis 

52,011 248,463 53,612 194,851 

Diagnosed on or after 1 April 2000 4,163 244,300 52,774 191,526 

Within age range at SMI diagnosis 2 244,298 52,774 191,524 

Matched at least 1:1 1,680 242,618 52,667 189,951 

Eligible for HES linkage 148,318 94,300 20,471 73,559 

Matched at least 1:1* 1,980 92,320 20,646 71,674 

Unique patients linked to HES 108 92,212 20,569 71,643 

Matched at least 1:1 263 91,949 20,568 71,381 
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Table 7-2 Assessment of linkage bias: comparison of key patient characteristics in those eligible 
and ineligible for linkage to HES data, n=273,173 

 
Not eligible for 
linkage 

Eligible for linkage 

n (%) 144,853 (61.07) 92,320 (38.93) 

Data source, n (%)   

CPRD GOLD 13,052 (9.01) 43,583 (47.21) 

CPRD Aurum 131,801 (91.00) 48,737 (52.79) 

SMI subtype, n (%) 
  

None 113,269 (78.20) 71,674 (77.64) 

Schizophrenia 7,314 (5.05) 4,581 (4.96) 

Bipolar disorder 11,385 (7.86) 7,480 (8.10) 

Other psychoses 12,885 (8.90) 8,585 (9.30) 

Age at SMI diagnosis, median [IQR] 41.63 [30.13-56.46] 41.62 [29.72-56.94] 

Sex, n (%) 

Male 73,375 (50.65) 47,305 (51.24 

Female 71,478 (49.35) 45,015 (48.76) 

Region, n (%) 

East Midlands 2,732 (1.89) 3,084 (3.34) 

East of England 7,206 (4.97) 8,015 (8.68) 

London 29,060 (20.06) 18,086 (19.59) 

North East 8,415 (5.81) 1,878 (2.03) 

North West 31,046 (21.43) 12,219 (13.24) 

South Central 12,735 (8.79) 12,663 (13.72) 

South East Coast 10,013 (6.91) 9,008 (9.76) 

South West 13,899 (9.60) 12,929 (14.00) 

West Midlands 23,832 (16.45) 10,921 (11.83) 

Yorkshire And The Humber 5,915 (4.08) 3,517 (3.81) 

Patient-level IMD quintile, n (%) 

1 – least deprived 2 (0.00) 16,830 (18.23) 

2 3 (0.00) 17,265 (18.70) 

3 2 (0.00) 17,886 (19.37) 

4 3 (0.00) 20,537 (22.25) 

5 – most deprived 1 (0.00) 19,655 (21.29) 

Missing 144,842 (99.99) 147 (0.16) 

Ethnicity, n (%) 

Asian 7,258 (5.01) 5,016 (5.43) 

Black 5,816 (4.02) 3,157 (3.42) 

Mixed 1,552 (1.07) 755 (0.82) 

Other 2,500 (1.73) 2,259 (2.45) 

White 75,270 (51.96) 42,163 (45.67) 

Missing 52,457 (36.21) 38,970 (42.21) 

Heaviest recorded BMI category, n (%) 

Underweight 2,053 (1.42) 1,278 (1.38) 

Normal range 37,753 (26.06) 24,854 (26.92) 

Overweight 40,345 (27.85) 26,216 (28.40) 
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After exclusions, the 91,949 patients in the CPRD cohort had a total of 138,488 

admissions recorded in HES APC during follow-up (Table 7-3). Only 23 records 

ended on the 31 March of any year, and so I did not adjust records for those 

spanning the end of one financial year and beginning of the next. 

Table 7-3 Exclusions applied to HES data to determine admissions of interest 

The availability and quality of HES A&E data were limited. This data set was 

available from 2007 to 2017, however in 2007 it only captured around 60% of 

emergency visits (CPRD, 2021b). Of the 55,736 A&E visits identified during 

 
Not eligible for 
linkage 

Eligible for linkage 

Obese 41,798 (28.86) 25,862 (28.01) 

Missing 22,904 (15.81) 14,110 (15.28) 

Smoking status at end of follow-up, n (%) 
 

Current smoker 47,009 (32.45) 28,467 (30.84) 

Ex-smoker 46,671 (32.22) 29,864 (32.35) 

Never smoker 42,659 (29.45) 29,784 (32.26) 

Missing 8,514 (5.88) 4,205 (4.55) 

Alcohol misuse, n (%) 8,514 (5.88) 4,679 (5.07) 

Drug misuse, n (%) 6,246 (4.31) 3,437 (3.72) 

Physical LTCs (%) 

None 67,754 (46.77) 43,223 (46.82) 

One 35,276 (24.35) 22,929 (24.84) 

More than one 41,823 (28.87) 26,168 (28.34) 

Deaths (%) 10,587 (7.31) 6,648 (7.20) 

Age at death, median [IQR] 80.91 [67.96-88.27] 82.11 [69.76-89.12] 

Follow-up time, median [IQR] 4.90 [2.53-9.05] 4.74 [2.49-8.50] 

Active time before SMI diagnosis, median 
[IQR] 

8.37 [2.51-18.09] 8.07 [2.35-18.00] 

Exclusions Number 
excluded 

Admissions in 
follow-up 

Original number of admissions  177,671 

Maternity admission 8,108 169,563 

First episode is regular day attendance 12,902 156,661 

First episode is regular night attendance 121 156,540 

First episode is birth 54 156,486 

Planned hospital transfers 2,732 153,754 

Emergency hospital transfers 47 153,707 

Transfer from MH hospitals 2 153,705 

Unclassified admission 217 151,488 

Primary diagnosis of first episode is maternity 1,877 151,611 

Primary diagnosis of first episode is congenital disorder 213 151,398 

Primary diagnosis of first episode is mental health 12,910 138,488 
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follow-up for this cohort; 9,389 (16.85%) had cause of visit as “diagnosis not 

classifiable”, 1,414 (2.53%) as “nothing abnormal detected”, and 12,849 

(23.05%) had an invalid code. I therefore did not include HES A&E data in this 

chapter. 

7.3.3 Demographic and clinical variables 

As found in previous chapters, a higher proportion of patients with SMI were of 

Black ethnicity, and those with SMI had a higher prevalence of physical LTCs, 

multimorbidity, obesity, current smoking, and substance misuse recorded in their 

primary care EHR at the time of SMI diagnosis compared to those without SMI 

(Table 7-4). Additionally, those with SMI were more likely to reside in areas within 

the most deprived IMD quintile (26.50% vs. 19.90%) compared to those without 

SMI. Patients with schizophrenia were less likely to have physical health 

multimorbidity (two or more physical LTCs) recorded in their primary care EHR at 

the time of diagnosis and had less time of active EHRs before SMI diagnosis. 

Table 7-4 Key patient characteristics by SMI diagnosis and subtype, n=91,949 

 
No SMI SMI Schizophr-

enia 
Bipolar 
disorder 

Other 
psychoses 

n 71,381 20,568 4,553 7,455 8,560 

Age at SMI 
diagnosisa, median 
[IQR] 

41.79  
[29.82-
57.02] 

41.04  
[29.36-
56.59] 

37.70 
[27.93-
51.25] 

42.03 
[31.08-
55.10] 

41.97 
[28.86-
62.23] 

Sex, n (%) 

Male 36,620 
(51.30) 

10,508 
(51.09) 

2,966 
(65.14) 

3,101 
(41.60) 

4,441 
(51.88) 

Female 34,761 
(48.70) 

10,060 
(48.91) 

1,587 
(34.86) 

4,354 
(58.40) 

4,119 
(48.12) 

Ethnicityb, n (%) 

Asian 3,925 
(5.50) 

1,077 
(5.24) 

367  
(8.06) 

248  
(3.33) 

462  
(5.40) 

Black 2,143 
(3.00) 

998  
(4.85) 

418  
(9.18) 

162  
(2.17) 

418  
(4.88) 

Mixed 514 (0.72) 237 (1.15) 66 (1.45) 68 (0.91) 103 (1.20) 

Other 1,741 
(2.44) 

507  
(2.46) 

118  
(2.59) 

196  
(2.63) 

193  
(2.25) 

White 63,058 
(88.34) 

17,749 
(86.29) 

3,584 
(78.72) 

6,781 
(90.96) 

7,384 
(86.26) 

Patient level IMD quintilec, n (%) 

1 – least deprived 13,637 
(19.10) 

3,057 
(14.86) 

435  
(9.55) 

1,441 
(19.33) 

1,181 
(13.80) 

2 13,891 
(19.46) 

3,337 
(16.22) 

537  
(11.79) 

1,453 
(19.49) 

1,347 
(15.74) 

3 13,973 
(19.58) 

3,877 
(18.85) 

812  
(17.83) 

1,462 
(19.61) 

1,603 
(18.73) 

4 15,676 
(21.96) 

4,847 
(23.57) 

1,182 
(25.96) 

1,606 
(21.54) 

2,059 
(24.05) 
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a: For cohort without SMI, this is the age of the individual at the time of SMI diagnosis for the 
corresponding case; b: Ethnicity: missing coded as white (SMI: 7,886 (38.34%); no SMI: 30,922 
(43.32%)), c: Index of multiple deprivation: missing patient IMD coded as primary care practice 
IMD (SMI: 44 (0.21%); no SMI: 102 (0.14%)), d: BMI: missing coded as normal range (SMI: 
5,216 (25.36%); no SMI: 18,178 (25.47%)), e: Smoking: missing coded as never smoker (SMI: 
2,467 (11.99%); no SMI: 9,233 (12.93%)) 
 

7.3.4 Model selection 

All hospital outcomes were highly over dispersed, with a large number of patients 

with no admissions during the follow-up period (Figure 7-1). Zero-counts of 

emergency physical health admissions were highest in those with no SMI 

(n=57,692, 80.82%), while zero-counts of planned physical health admissions 

were highest in patients with a diagnosis of schizophrenia (n=3,562, 78.23%). 

 
No SMI SMI Schizophr-

enia 
Bipolar 
disorder 

Other 
psychoses 

5 – most deprived 14,204 
(19.90) 

5,450 
(26.50) 

1,587 
(34.86) 

1,493 
(20.03) 

2,370 
(27.69) 

BMI category at SMI diagnosisa,d, n (%) 

Underweight 1,596 
(2.24) 

758 
(3.69) 

173  
(3.80) 

212  
(2.84) 

373  
(4.36) 

Normal range 42,004 
(58.84) 

11,992 
(58.30) 

2,833 
(62.22) 

4,001 
(53.67) 

5,158 
(60.26) 

Overweight 17,279 
(24.21) 

4,510 
(21.93) 

856  
(18.80) 

1,817 
(24.37) 

1,837 
(21.46) 

Obese 10,502 
(14.71) 

3,308 
(16.08) 

691  
(15.18) 

1,425 
(19.11) 

1,192 
(13.93) 

Smoking status at SMI diagnosisa,e, n (%) 

Current smoker 20,750 
(29.07) 

8,937 
(43.45) 

2,129 
(46.76) 

3,237 
(43.42) 

3,571 
(41.72) 

Ex-smoker 14,746 
(20.66) 

3,495 
(16.99) 

514  
(11.29) 

1,429 
(19.17) 

1,552 
(18.13) 

Never smoker 35,885 
(50.27) 

8,136 
(39.56) 

1,910 
(41.95) 

2,789 
(37.41) 

3,437 
(40.15) 

Drug misuse at SMI 
diagnosisa, n (%) 

742  
(1.04) 

1,440 
(7.00) 

340  
(7.47) 

392  
(5.26) 

708  
(8.27) 

Alcohol misuse at 
SMI diagnosisa, n (%) 

1306 (1.83) 1618 (7.87) 293 (6.44) 583 (7.82) 742 (8.67) 

Physical LTCs at SMI diagnosisa, n (%) 

None 43,480 
(60.91) 

11,579 
(56.30) 

3,009 
(66.09) 

4,117 
(55.22) 

4,453 
(52.02) 

One 17,082 
(23.93) 

5,308 
(25.81) 

1,045 
(22.95) 

2,033 
(27.27) 

2,230 
(26.05) 

More than one 10,819 
(15.16) 

3,681 
(17.90) 

499  
(10.96) 

1,305 
(17.51) 

1,877 
(21.93) 

Deaths (%) 4,534 
(6.35) 

2,089 
(10.16) 

415  
(9.11) 

623  
(8.36) 

1,051 
(12.28) 

Age at death, median 
[IQR] 

83.42 
[73.06-
89.97] 

77.91 
[62.89-
87.03] 

68.12 
[54.12-
81.02] 

74.47 
[62.12-
83.93] 

82.60 
[68.87-
89.94] 

Follow-up time, 
median [IQR] 

4.86  
[2.55-8.66] 

4.34  
[2.30-7.94] 

4.80  
[2.45-8.73] 

4.66 
[2.47-8.23] 

3.88 
 [2.12-7.24] 

Active time before 
SMI diagnosis, 
median [IQR] 

8.87  
[2.86-
18.63] 

5.45  
[0.91-
15.18] 

2.71  
[0.20-
11.47] 

5.69  
[1.03-
14.70] 

6.94  
[1.49-
17.21] 
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Figure 7-1 Distribution of counts of admissions by SMI subtype for planned and emergency 
admissions (truncated at 20 admissions) 

 

Negative binomial models performed better than Poisson models for all outcomes 

in both unadjusted and adjusted models, in terms of minimising the BIC and AIC, 

and the Vuong test. When I compared negative binomial models to ZINB models, 

negative binomial models performed better for unadjusted analyses of planned 

physical health admissions and emergency accident and injury admissions and 

similarly to ZINB models for unadjusted analyses of emergency admissions 

(Table 7-5).  

For adjusted analyses, zero-inflated models failed to converge when I included 

year of SMI diagnosis and age as a continuous variable. Even a reduced model 

did not converge for models examining avoidable and accident, injury, and 

substance misuse outcomes. Given these issues of convergence, and the easily 

interpretable nature of the effect measures produced by negative binomial 

models I used this to model all unadjusted and adjusted admission rates.  
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Table 7-5 Model selection for analysing admissions in patients with SMI 

AIC: Akaike Information Criterion; BIC: Bayesian Information Criterion 

*Due to issues with convergence in the zero-inflated models, I included age as a categorical 

variable and did not include calendar year. Even this reduced model did not converge for the 

adjusted models of avoidable and accident, injury, and substance misuse outcomes. 

Admission 
type 

Test Poisson 
(P) 

Zero-
inflated 
Poisson 
(ZIP) 

Negative binomial 
(NB) 

Zero-inflated 
negative binomial 
(ZIB) 

Unadjusted model for SMI vs no SMI, with time as an offset 

Planned 
physical 
health 

AIC 304681.5 263160.5 192737.4 192741.5 

BIC 304700.4 263198.2 192765.7 192788.6 

Vuong 
test  

-- ZIP 
superior 
to P 
p<0.0001 

NB superior to ZIP 
p<0.0001 

NB superior to ZIB 
p<0.0001 

Emergency 
physical 
health 

AIC 213707 179206.1 152588.1 152577.6 

BIC 213725.8 179243.8 152616.4 152624.8 

Vuong 
test 

-- ZIP 
superior 
to P  
p<0.0001 

NB superior to ZIP  
p<0.0001 

ZIB superior to NB: 
Raw: p=0.04 
NB similar to ZIB: 
AIC-corrected: 
p=0.10 BIC-
corrected: p=0.16 

Emergency 
accidents, 
injuries, 
and 
substance 
misuse 

AIC 69100.69 63086.65 58294.71 58192.38 

BIC 69119.55 63124.37 58323 58239.52 

Vuong 
test 

-- ZIP 
superior 
to P  
p<0.0001 

NB superior to ZIP 
p<0.0001 

NB superior to ZIB 
p <0.001 

Avoidable  AIC 67698.94 56744.68 51433.03 51368.12 

BIC 67717.8 56782.4 51461.32 51415.27 

Vuong 
test 

-- ZIP 
superior 
to P  
p<0.0001 

NB superior to ZIP  
p<0.0001 

ZIB superior to NB 
P<0.01 

Adjusted model for SMI vs no SMI, with time as an offset (adjusted for age, sex, IMD, 
ethnicity, and region)* 

Planned 
physical 

AIC 281689.1 2498765 186327.7 186171.2 

BIC 281896.5 250291.3 186544.6 186595.5 

Vuong 
test  

 ZIP 
superior 
to P  
p<0.0001 

NB superior to ZIP 
p<0.0001 

ZINB superior to NB 
p<0.0001 

Emergency 
physical 
health 

AIC 190831.3 166454.2 144372.6 143925.2 

BIC 191038.7 166869.1 144589.5 144349.5 

Vuong 
test 

 ZIP 
superior 
to P  
p<0.0001 

NB superior to ZIP 
p<0.0001 

ZINB superior to 
NB: 
p<0.0001 
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7.3.5 Unadjusted incidence of admissions in patient with SMI 

Of the 138,488 non-mental health admissions identified during follow-up, 79,358 

were planned and 59,130 were emergency admissions. Patients with SMI had 

more emergency admissions than planned admissions, while those without SMI 

had more planned admissions. In both cohorts, physical health admissions 

accounted for the majority of planned and emergency admissions (Table 7-6).  

Table 7-6 Unadjusted incidence of non-mental health admissions by SMI diagnosis and subtype 

The unadjusted incidence of emergency physical health admissions was higher 

than emergency admissions for accident, injuries and substance misuse or other 

non-mental health admissions, for patients with and without a diagnosis of SMI 

(Figure 7-2, Table 7-6). Admissions were higher in patients with SMI than those 

without SMI for all emergency admission outcomes, whereas only patients with 

bipolar disorder had elevated risk of planned physical health admissions. Patients 

with schizophrenia had fewer planned admission for physical health than those 

 No SMI SMI Schizophr
-enia 

Bipolar 
disorder 

Other 
psychoses 

Person-years 
(PY) of follow-up 

427,101.69 
 

114,427.02 
 

27,148.23 43,111.44 44,167.35 

Planned physical health 

Admissions, n  59,508 15,173 2,199 7,072 5,902 

Incidence per 
1,000 PY 
(95%CI) 

137.83  
(132.07-
143.85) 

133.54  
(126.68-
140.78) 

83.83  
(75.19-
93.48) 

163.36 
(151.91-
175.67) 

134.01  
(124.06-
144.75) 

Other planned 

Admissions, n  3,166 1,511 326 611 574 

Incidence per 
1,000 PY 
(95%CI) 

7.34  
(6.89-7.82) 

14.00 
(12.49-
15.69) 

13.41 
(11.35-
15.86) 

14.68 
(12.42-
17.35) 

13.71 
(11.67-
16.12) 

Emergency physical health 

Admissions, n  29,797 15,555 2,945 5,704 6,906 

Incidence per 
1,000 PY 
(95%CI) 

77.28  
(74.42-
80.24) 

159.36  
(152.05-
167.01) 

129.12  
(116.6-
142.99) 

144.5  
(134.38-
155.37) 

190.07  
(179.13-
201.68) 

Emergency accidents, injuries, and substance misuse 

Admissions, n  4,910 5,423 1,195 1,949 2,279 

Incidence per 
1,000 PY 
(95%CI) 

12.05  
(11.49-
12.63) 

52.38  
(48.39-
56.7) 

47.57  
(37.14-
60.93) 

48.73  
(43.99-
53.99) 

58.20  
(53.76-
63.01) 

Other emergency 

Admissions, n  1,400 2,045 559 704 782 

Incidence per 
1,000 PY 
(95%CI) 

3.51  
(3.18-3.87) 

19.40 
(17.90-
21.03) 

22.86 
(19.77-
26.45) 

17.26 
(15.35-
19.40) 

19.42 
(17.60-
21.42) 

All non-mental health 

Admissions, n  98,781 39,707 7,224 16,040 16,443 

Incidence per 
1,000 PY 
(95%CI) 

240.53 
(232.22-
249.13) 

384.62 
(370.51-
399.27) 

302.27 
(277.33-
329.45) 

392.21 
(371.49-
414.10) 

423.40 
(403.94-
443.80) 
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without SMI. Furthermore, for physical health admissions, while patients with a 

diagnosis of schizophrenia and other psychoses had more emergency 

admissions than planned admissions, those with bipolar disorder or no SMI 

diagnosis had more planned admissions (Figure 7-2, Table 7-6).  

Figure 7-2 Unadjusted incidence of admissions by SMI subtype 

 

Of the 59,130 emergency admissions, 9,101 (15.39%) were avoidable 

admissions, of which 5,640 (61.97%) were due to chronic conditions (Table 7-7). 

Patients with SMI had an elevated unadjusted incidence of avoidable admissions 

compared to those without. 

7.3.5.1 Causes of emergency and planned physical health admissions 

Compared to patients without SMI, patients with bipolar disorder or other 

psychoses had higher unadjusted incidence of 11 out of 12 of the most common 

causes of emergency physical health admissions and similar incidence of 

emergency cancer admissions. However, for patients with schizophrenia the 

incidence emergency admissions due to circulatory conditions were similar to 

those without SMI, despite admissions for circulatory or respiratory symptoms 

being higher. The incidence of musculoskeletal conditions was similar in those 
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with schizophrenia and those without SMI, while the incidence of emergency 

cancer admissions was lower (Figure 7-3).  

Table 7-7 Unadjusted incidence of emergency admissions classified as avoidable by SMI 
diagnosis and subtype 

7.3.5.2 Causes of planned physical health admissions 

Patients with bipolar disorder had similar rates of most causes of planned 

admissions, and elevated rates of planned admissions for digestive conditions 

and symptoms, musculoskeletal conditions, and genitourinary conditions. In 

contrast, those with schizophrenia had lower rates of most causes of planned 

physical health admissions (Figure 7-4). 

 

 No SMI SMI Schizophr-
enia 

Bipolar 
disorder 

Other 
psychoses 

Person-years 
(PY) of follow-up 

427,101.69 
 

114,427.02 
 

27,148.23 43,111.44 44,167.35 

Chronic avoidable admissions 

Admissions, n  3,367 2,273 447 867 959 

Incidence per 
1,000 PY 
(95%CI) 

8.83  
(8.25-9.46) 

23.06 
(20.67-
25.73) 

20.85 
(16.69-
26.03) 

21.25 
(17.87-
25.28) 

26.06 
(21.89-
31.02) 

Acute avoidable admissions 

Admissions, n  1,319 722 144 295 283 

Incidence per 
1,000 PY 
(95%CI) 

3.18  
(2.96-3.41) 

6.66  
(6.09-7.28) 

5.82  
(4.7-7.19) 

7.12  
(6.11-8.28) 

6.65  
(5.85-7.56) 

Vaccine preventable avoidable admissions 

Admissions, n  910 510 97 169 244 

Incidence per 
1,000 PY 
(95%CI) 

2.23  
(2.05-2.42) 

4.79  
(4.32-5.31) 

3.94  
(3.08-5.03) 

4.00  
(3.37-4.74) 

6.17  
(5.3-7.18) 

All avoidable admissions 

Admissions, n  5,596 3,505 688 1,331 1,486 

Incidence per 
1,000 PY 
(95%CI) 

14.42  
(13.66-
15.23) 

35.01  
(32.4-
37.84) 

31.19  
(26.44-
36.78) 

32.52  
(28.57-
37.01) 

39.54  
(35.13-
44.49) 
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Figure 7-3 Unadjusted incidence of 12 most common causes of emergency physical health admissions by SMI subtype 
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Figure 7-4 Unadjusted incidence of 12 most common causes of planned physical health admissions by SMI subtype 
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7.3.6 Emergency physical health admissions in patients with SMI compared to 

those without SMI 

After adjusting for age, sex, region, ethnicity, IMD, and year of SMI diagnosis, 

patients with SMI had 2.33 times more admissions than those without SMI (IRR: 

2.33, 95%CI: 2.22-2.46). Additionally adjusting analyses for physical LTCs 

increased the IRR for those with schizophrenia slightly while it decreased it for 

those with bipolar disorder and other psychoses. In contrast, adjusting for BMI 

category, smoking status, alcohol misuse, drug misuse resulted in slightly 

reduced IRR for all SMI subtypes (Table 7-8). Adjusting for all covariates did not 

alter the findings (IRR: 2.07, 95%CI: 1.97-2.18; Table 7-8). When stratified by 

SMI subtype, there was little difference in adjusted IRRs across SMI groups 

(Table 7-8; Figure 7-5).  

Table 7-8 Incidence rate ratio of emergency and planned physical health admissions by SMI 
diagnosis and subtype, compared to those without SMI 

Adjusted 1: Age, sex, ethnicity, region, calendar year, IMD 
Adjusted 2: Adjusted as per 1, plus for a count of physical LTCs 
Adjusted 3: Adjusted as per 1, plus for smoking, alcohol misuse, drug misuse and BMI category 
Adjusted 4: Adjusted as per 3; plus for a count of physical LTCs 
  

Model SMI Schizophrenia Bipolar 
disorder 

Other 
psychoses 

Emergency physical health, IRR (95%CI) 

Unadjusted  2.08  
(2.00-2.17) 

1.68  
(1.52-1.85) 

1.89  
(1.76-2.03) 

2.49  
(2.34-2.64) 

Adjusted – 1 2.33  
(2.22-2.46) 

2.15  
(1.90-2.43) 

2.35  
(2.17-2.55) 

2.41  
(2.25-2.58) 

Adjusted – 2 2.26  
(2.15-2.38) 

2.22  
(1.96-2.51) 

2.26  
(2.09-2.43) 

2.28  
(2.14-2.44) 

Adjusted – 3 2.12  
(2.02-2.24) 

1.96  
(1.75-2.20) 

2.13  
(1.96-2.32) 

2.20  
(2.06-2.35) 

Adjusted – 4 2.07  
(1.97-2.18) 

2.03  
(1.80-2.28) 

2.07  
(1.91-2.23) 

2.09  
(1.96-2.23) 

Planned physical health, IRR (95%CI) 

Unadjusted  0.97  
(0.91-1.03) 

0.61  
(0.54-0.68) 

1.18  
(1.10-1.28) 

0.97  
(0.89-1.06) 

Adjusted – 1 1.08  
(1.02-1.15) 

0.80 
(0.72-0.90) 

1.33  
(1.24-1.43) 

1.01  
(0.92-1.10) 

Adjusted – 2 1.06  
(1.00-1.12) 

0.81  
(0.73-0.90) 

1.31  
(1.22-1.40) 

0.96  
(0.88-1.05) 

Adjusted – 3 1.05  
(0.99-1.12) 

0.79  
(0.70-0.88) 

1.27  
(1.18-1.37) 

0.99  
(0.91-1.08) 

Adjusted – 4 1.03  
(0.98-1.09) 

0.79  
(0.71-0.88) 

1.26  
(1.17-1.35) 

0.95  
(0.87-1.04) 
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Figure 7-5 Incidence rate ratio for admission outcomes by SMI subtype, compared to patients 
without SMI 

 

*Adjusted for age, sex, region, ethnicity, IMD and year of SMI diagnosis 

7.3.7 Planned physical health admissions 

The incidence of planned physical health admissions was slightly elevated in 

patients with SMI compared to those without, when adjusting for age, sex, region, 

IMD and year of SMI diagnosis (IRR: 1.08, 95%CI: 1.02-1.15). However, when 

stratified by SMI subtype, patients with schizophrenia had fewer planned 

admissions compared to those without SMI (IRR: 0.80, 95%CI: 0.72-0.90), while 

those with bipolar disorder had more (IRR: 1.33, 95%CI: 1.24-1.43; Table 7-8, 

Figure 7-5). As with the emergency physical health admissions, additionally 

adjusting for physical LTCs resulted in a lower IRR for patients with bipolar 

disorder and other psychoses; but higher IRR for patients with schizophrenia, 

though the effects were small. Adjusting for health risk factors (BMI category, 

smoking status, alcohol, and drug misuse) reduced the IRR slightly for all SMI 

subtypes and adjusting for all covariates did not alter the findings.  



264 
 

7.3.8 Other outcomes 

7.3.8.1 Avoidable admissions 

Patients with SMI had a higher incidence of emergency avoidable admissions 

than those without SMI (IRR: 2.88, 95%CI: 2.60-3.19). This remained, even after 

adjusting for prior diagnosis of individual physical LTCs included in the ACSC 

definition and a count of other physical LTCs (IRR: 2.39, 95%CI: 2.17-2.64); and 

was higher than for emergency physical health admissions not defined as 

avoidable (Table 7-9). When stratified by type of avoidable admission, the IRR 

was highest for admissions due to chronic conditions (IRR: 3.46, 95%CI: 2.97-

4.02; Table 7-9). Admissions for 10 of the 19 conditions defined as avoidable 

were the cause of at least one admission for each SMI subtype. Of these, the 

unadjusted incidence of admissions for COPD, influenza and pneumonia, 

convulsions and epilepsy, cellulitis, diabetes, asthma, and dehydration and 

gastroenteritis were higher in all SMI subtypes than in patients without SMI. 

Admissions for congestive heart failure and angina were elevated in patients with 

other psychoses, but similar in those with schizophrenia, bipolar disorder, or no 

SMI, while admissions for ENT infections were similar in patients with 

schizophrenia or no SMI, but slightly elevated in those with other psychoses or 

bipolar disorder (Figure 7-6). 
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Table 7-9 Incidence rate ratio of emergency avoidable admissions by SMI diagnosis and subtype, 
compared to those without SMI 

Adjusted 1: Age, sex, ethnicity, region, calendar year, IMD 
Adjusted 2: Adjusted as per 1, plus for a count of physical LTCs 
Adjusted 3: Adjusted as per 1, plus for smoking, alcohol misuse, drug misuse, BMI category 
Adjusted 4: Adjusted as per 3, plus for a count of physical LTCs 
Adjusted 5: Adjusted as per 3, plus for a diagnosis of each separate chronic condition in the 
ACSC definition (angina, asthma, COPD, congestive heart failure, deficiency anaemia, 
hypertension, diabetes, and neurological disease) and a count of the remaining physical LTCs 
not included in the ACSC definition.  

Model SMI Schizophrenia Bipolar 
disorder 

Other 
psychoses 

All avoidable, IRR (95%CI) 

Unadjusted  2.47  
(2.26-2.69) 

2.18  
(1.84-2.59) 

2.28  
(2.00-2.60) 

2.80  
(2.47-3.18) 

Adjusted – 1 2.88  
(2.60-3.19) 

2.72  
(2.29-3.24) 

2.95  
(2.49-3.50) 

2.89  
(2.49-3.37) 

Adjusted – 2 2.82  
(2.55-3.11) 

2.94  
(2.51-3.44) 

2.79  
(2.35-3.31) 

2.78  
(2.43-3.18) 

Adjusted – 3 2.59  
(2.33-2.88) 

2.48  
(2.08-2.97) 

2.69  
(2.26-3.20) 

2.56  
(2.22-2.96) 

Adjusted – 4 2.55  
(2.30-2.82) 

2.65  
(2.25-3.12) 

2.57  
(2.16-3.06) 

2.48  
(2.17-2.83) 

Adjusted – 5 2.47  
(2.26-2.69) 

2.18  
(1.84-2.59) 

2.28  
(2.00-2.60) 

2.80  
(2.47-3.18) 

Non avoidable emergency physical health, IRR (95%CI) 

Unadjusted 1.99  
(1.90-2.08) 

1.55  
(1.40-1.72) 

1.80  
(1.68-1.93) 

2.41  
(2.26-2.56) 

Adjusted – 1 2.19  
(2.07-2.31) 

2.00  
(1.74-2.30) 

2.21  
(2.03-2.40) 

2.26  
(2.11-2.43) 

Adjusted – 2 2.12  
(2.01-2.24) 

2.04  
(1.77-2.35) 

2.13  
(1.98-2.31) 

2.16  
(2.01-2.32) 

Adjusted – 3 2.00  
(1.90-2.11) 

1.84  
(1.62-2.08) 

2.00  
(1.84-2.17) 

2.09  
(1.96-2.24) 

Adjusted – 4 1.92  
(1.82-2.03) 

1.88  
(1.65-2.14) 

1.96  
(1.81-2.11) 

2.00  
(1.87-2.14) 

Adjusted – 5 1.92  
(1.82-2.02) 

1.85  
(1.62-2.11) 

1.92  
(1.78-2.08) 

1.96  
(1.83-2.09) 

Chronic avoidable, IRR (95%CI) 

Unadjusted 2.65  
(2.35-3.00) 

2.38  
(1.89-3.00) 

2.44  
(2.03-2.93) 

3.01  
(2.50-3.62) 

Adjusted – 1 3.46  
(2.97-4.02) 

3.22  
(2.53-4.09) 

3.48  
(2.71-4.46) 

3.56  
(2.85-4.45) 

Adjusted – 2 2.72  
(2.34-3.16) 

2.82  
(2.28-3.49) 

2.85  
(2.22-3.67) 

2.55  
(2.13-3.07) 

Acute avoidable, IRR (95%CI) 

Unadjusted 2.11  
(1.90-2.34) 

1.85  
(1.47-2.31) 

2.24  
(1.92-2.61) 

2.13  
(1.84-2.47) 

Adjusted – 1 2.13  
(1.91-2.37) 

2.10  
(1.66-2.65) 

2.31  
(1.98-2.69) 

1.98  
(1.71-2.29) 

Adjusted – 2 1.91  
(1.71-2.14) 

1.91  
(1.51-2.40) 

2.04  
(1.74-2.39) 

1.79  
(1.54-2.09) 

Vaccine preventable avoidable, IRR (95%CI) 

Unadjusted 2.20  
(1.96-2.47) 

1.78  
(1.38-2.29) 

1.82  
(1.52-2.18) 

2.83  
(2.41-3.31) 

Adjusted – 1 2.33  
(2.08-2.62) 

2.33  
(1.81-2.99) 

2.27  
(1.89-2.72) 

2.38 
(2.03-2.80) 

Adjusted – 2 2.08  
(1.85-2.34) 

2.26  
(1.75-2.92) 

1.99  
(1.67-2.38) 

2.07  
(1.78-2.42) 
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Figure 7-6 Unadjusted incidence of causes of avoidable admissions (where all SMI subtypes had at least one admission of that cause) by SMI subtype 
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7.3.8.2 Emergency accident, injury, and substance misuse admissions 

Rates of emergency accident, injury and substance misuse admissions were 

lower than emergency physical health admissions for both those with and without 

SMI (Figure 7-1), however patients with a diagnosis of SMI had markedly 

elevated rates of emergency accident, injury and substance misuse admissions 

compared to the non-SMI cohort (IRR: 4.84, 95%CI: 4.48-5.22; Table 7-10). 

There was little difference in incidence by SMI subtype (Figure 7-5).  

Table 7-10 Incidence rate ratio of emergency accident, injury and substance use admissions by 
SMI diagnosis and subtype, compared to those without SMI 

Adjusted 1: Age, sex, ethnicity, region, calendar year, IMD 
Adjusted 2: Adjusted as per 1, plus for a count of physical LTCs 
Adjusted 3: Adjusted as per 1, plus for smoking, alcohol misuse, drug misuse and BMI category 
Adjusted 4: Adjusted as per 3, plus for a count of physical LTCs 

7.3.9 Sensitivity analyses 

Limiting the outcome period to the first year following SMI diagnosis increased 

the unadjusted and adjusted IRRs for all outcomes, particularly for emergency 

admissions for accidents, injuries, and substance misuse (sensitivity: IRR: 6.18, 

95%CI: 5.46-6.98; main model: IRR: 4.84, 95%CI: 4.48-5.22; Table 7-11).  

Despite evidence of more complete reporting of BMI category and smoking 

status, and of more recording of drug and alcohol misuse and physical LTCs 

following SMI diagnosis (Table 7-12), updating physical LTC and risk factor 

covariates to account for better capture in the year following SMI diagnosis did 

not change the findings (Table 7-13). I did find lower IRRs for all outcomes, 

though this is likely due to the exclusion of the first year of high utilisation. 

Model SMI Schizophrenia Bipolar 
disorder 

Other 
psychoses 

Emergency accidents, injuries and substance misuse, IRR (95%CI) 

Unadjusted 4.37  
(4.05-4.72) 

3.93  
(3.05-5.05) 

4.07  
(3.67-4.53) 

4.91  
(4.51-5.35) 

Adjusted – 1 4.84  
(4.48-5.22) 
 

4.77  
(3.75-6.08) 

4.57  
(4.14-5.05) 

5.11  
(4.69-5.57) 

Adjusted – 2 4.76  
(4.41-5.14) 
 

4.81  
(3.77-6.15) 

4.51  
(4.09-4.98) 

4.95  
(4.56-5.38) 

Adjusted – 3 4.11 
(3.80-4.45) 
 

4.06  
(3.11-5.29) 

4.03  
(3.64-4.46) 

4.22  
(3.87-4.60) 

Adjusted – 4 4.07  
(3.75-4.41) 
 

4.12  
(3.13-5.42) 

4.00  
(3.62-4.42) 

4.10  
(3.77-4.46) 
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Excluding those patients with less than one year’s active EHR prior to SMI 

diagnosis did not alter the findings (Table 7-14). Patients with SMI using primary 

care more frequently in the year before and following SMI diagnosis than those 

without SMI (Table 7-15) and adjusting for the number of primary care 

consultations and emergency and planned non-mental health admissions in the 

year before SMI diagnosis attenuated the main findings for all outcomes. 

However, the incidence of emergency physical (IRR: 1.52, 95%CI: 1.44-1.59), 

avoidable admissions (IRR: 1.85, 95%CI: 1.67-2.04) and emergency accident, 

injury, and substance misuse admissions (IRR: 3.06, 95%CI: 2.87-3.27) 

remained elevated (Table 7-14).  

Table 7-11 Sensitivity analysis 1: Incidence rate ratios when limiting follow-up to 1 year post-
diagnosis 

Adjusted 1: Age, sex, ethnicity, region, calendar year, IMD 
Adjusted 4: Adjusted as per 1, plus for smoking, alcohol misuse, drug misuse and BMI category 
and a count of physical LTCs 

  

 SMI Schizophrenia Bipolar 
disorder 

Other 
psychoses 

Planned physical health, IRR (95% CI) 

Unadjusted 1.06  
(0.98-1.16) 

0.73  
(0.60-0.89) 

1.21  
(1.08-1.35) 

1.12  
(0.99-1.26) 

Adjusted – 1 1.13  
(1.04-1.23) 

0.94  
(0.77-1.15) 

1.30  
(1.17-1.45) 

1.07  
(0.94-1.21) 

Adjusted – 4 1.08  
(0.99-1.18) 

0.93  
(0.76-1.14) 

1.23  
(1.10-1.37) 

1.03  
(0.91-1.17) 

Emergency physical health, IRR (95% CI) 

Unadjusted 2.58  
(2.39-2.77) 

2.05  
(1.81-2.34) 

2.24  
(2.01-2.51) 

3.14  
(2.86-3.45) 

Adjusted – 1 2.63  
(2.44-2.84) 

2.40  
(2.10-2.74) 

2.49  
(2.23-2.79) 

2.85  
(2.58-3.15) 

Adjusted – 4 2.38  
(2.20-2.58) 

2.31  
(2.02-2.66) 

2.26  
(2.01-2.54) 

2.51  
(2.27-2.77) 

Emergency accidents, injuries and substance misuse, IRR (95% CI) 

Unadjusted 6.25  
(5.53-7.07) 

5.62  
(4.09-7.72) 

5.97  
(5.05-7.05) 

6.83  
(6.06-7.70) 

Adjusted – 1 6.18  
(5.46-6.98) 

5.81  
(4.27-7.91) 

5.83  
(4.96-6.85) 

6.65  
(5.87-7.54) 

Adjusted – 4 5.19  
(4.57-5.89) 

4.94  
(3.58-6.81) 

5.06  
(4.31-5.95) 

5.41  
(4.75-6.16) 

Avoidable, IRR (95% CI) 

Unadjusted 2.86  
(2.46-3.33) 

2.66  
(2.05-3.46) 

2.26  
(1.81-2.81) 

3.50  
(2.80-4.36) 

Adjusted – 1 2.93  
(2.51-3.43) 

3.15  
(2.38-4.16) 

2.45  
(1.97-3.05) 

3.23  
(2.54-4.10) 

Adjusted – 4 2.60  
(2.23-3.03) 

3.11  
(2.33-4.17) 

2.23  
(1.76-2.82) 

2.68  
(2.18-3.30) 
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Table 7-12 Sensitivity analysis 2: Completeness of recording of key patient characteristics prior 
to SMI diagnosis, in the year following SMI diagnosis, and ever 

  

 At SMI diagnosis 1 year post SMI 
diagnosis 

Ever 

 SMI No SMI SMI No SMI SMI No SMI 

BMI category, n(%) 

Missing 5,216 
(25.36) 

18,178 
(25.47) 

3,833 
(18.64) 

16,744 
(23.46) 

2,088 
(10.15) 

12,301 
(17.23) 

Underweight 758 
(3.69) 

1,596 
(2.24) 

677 
(3.29) 

1,636 
(2.29) 

662 
(3.22) 

1,974 
(2.77) 

Normal range 6,776 
(32.94) 

23,826 
(33.38) 

6,929 
(33.69) 

24,141 
(33.82) 

6,419 
(31.21) 

23,966 
(33.57) 

Overweight 4,510 
(21.93) 

17,279 
(24.21) 

5,132 
(24.95) 

17,688 
(24.78) 

5,758 
(27.99) 

19,467 
(27.27) 

Obese 3,308 
(16.08) 

10,502 
(14.71) 

3,997 
(19.43) 

11,172 
(15.65) 

5,641 
(27.43) 

13,673 
(19.15) 

Smoking status, n(%) 

Missing 2,467 
(11.99) 

9,233 
(12.93) 

1,481 
(7.20) 

7,509 
(10.52) 

474 
(2.30) 

3,715 
(5.20) 

Current smoker 8,937 
(43.45) 

20,750 
(29.07) 

9,537 
(46.37) 

20,902 
(29.28) 

9,229 
(44.87) 

19,131 
(26.80) 

Ex-smoker 3,495 
(16.99) 

14,746 
(20.66) 

4,010 
(19.50) 

16,219 
(22.72) 

6,161 
(29.95) 

23,579 
(33.03) 

Never smoker 5,669 
(27.56) 

26,652 
(37.34) 

5,540 
(26.94) 

26,751 
(37.48) 

4,704 
(22.87) 

24,956 
(34.96) 

Drug misuse, n 
(%) 

1,440 
(7.00) 

742 
(1.04) 

1,726 
(8.39) 

800 
(1.12) 

2,336 
(11.36) 

1,092 
(1.53) 

Alcohol misuse, 
n (%) 

1,618 
(7.87) 

1,306 
(1.83) 

1,812 
(8.81) 

1,422 
(1.99) 

2,454 
(11.93) 

2,202 
(3.08) 

Physical LTCs, n(%) 

None 11,579 
(56.30) 

43,480 
(60.91) 

10,820 
(52.61) 

42,090 
(58.97) 

8,272 
(40.22) 

34,762 
(48.70) 

One 5,308 
(25.81) 

17,082 
(23.93) 

5,495 
(26.72) 

17,353 
(24.31) 

5,435 
(26.42) 

17,399 
(24.37) 

More than one 3,681 
(17.90) 

10,819 
(15.16) 

4,253 
(20.68) 

11,938 
(16.72) 

6,861 
(33.36) 

19,220 
(26.93) 
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Table 7-13 Sensitivity analysis 2: Incidence rate ratios when starting follow-up at one year post 
SMI diagnosis and updating covariates accordingly 

Adjusted 1: Age, sex, ethnicity, region, calendar year, IMD 
Adjusted 4: Adjusted as per 1, plus for smoking, alcohol misuse, drug misuse and BMI category 
and a count of physical LTCs 

  

 SMI Schizophrenia Bipolar 
disorder 

Other 
psychoses 

Planned physical health, IRR (95% CI) 

Unadjusted 0.94  
(0.89-1.01) 

0.58  
(0.52-0.65) 

1.16  
(1.08-1.26) 

0.94 
(0.86-1.03) 

Adjusted – 1 1.07  
(1.00-1.13) 

0.78  
(0.70-0.87) 

1.31  
(1.22-1.41) 

0.99  
(0.90-1.09) 

Adjusted – 4 0.98  
(0.93-1.04) 

0.74  
(0.66-0.82) 

1.21  
(1.12-1.30) 

0.90  
(0.82-0.98) 

Emergency physical health, IRR (95% CI) 

Unadjusted 1.98  
(1.89-2.08) 

1.60  
(1.44-1.78) 

1.80  
(1.68-1.94) 

2.38  
(2.24-2.54) 

Adjusted – 1 2.27  
(2.15-2.40) 

2.13  
(1.87-2.44) 

2.31  
(2.12-2.52) 

2.31  
(2.15-2.49) 

Adjusted – 4 1.93  
(1.83-2.04) 

1.90  
(1.67-2.16) 

1.95  
(1.79-2.12) 

1.94  
(1.81-2.07) 

Emergency accidents, injuries and substance misuse, IRR (95% CI) 

Unadjusted 3.94  
(3.61-4.28) 

3.58  
(2.72-4.70) 

3.66  
(3.27-4.09) 

4.43  
(4.00-4.91) 

Adjusted – 1 4.48 ( 
4.12-4.88) 

4.58  
(3.51-5.97) 

4.21  
(3.79-4.68) 

4.68  
(4.24-5.18) 

Adjusted – 4 3.64  
(3.33-3.97) 

3.81  
(2.83-5.14) 

3.56  
(3.20-3.96) 

3.61  
(3.28-3.97) 

Avoidable, IRR (95% CI) 

Unadjusted 2.38  
(2.18-2.59) 

2.09  
(1.75-2.48) 

2.30  
(2.01-2.63) 

2.61  
(2.33-2.94) 

Adjusted – 1 2.84  
(2.56-3.16) 

2.64  
(2.22-3.13) 

3.09  
(2.58-3.70) 

2.73  
(2.37-3.16) 

Adjusted – 4 2.42  
(2.18-2.70) 

2.40  
(2.04-2.81) 

2.56 
(2.13-3.07) 

2.31  
(2.03-2.62) 
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Table 7-14 Sensitivity analysis 3&4: Incidence rate ratios when limiting the cohort to those with at 
least one year of EHR before SMI diagnosis. (n=79,080, 86.00%; SMI: 15,235, 74.07%; no SMI: 
63,845, 89.02%), and when adjusting for healthcare use in the year before SMI diagnosis 

Adjusted 4: Adjusted for age, sex, ethnicity, region, calendar year, IMD, smoking, alcohol 
misuse, drug misuse and BMI category and a count of physical LTCs 

  

 SMI Schizophrenia Bipolar 
disorder 

Other 
psychoses 

Planned physical health, IRR (95% CI) 

Adjusted – 4 1.02  
(0.96-1.08) 

0.79  
(0.69-0.89) 

1.21  
(1.12-1.30) 

0.95  
(0.87-1.04) 

Adjusted – 4, plus 

primary care 

0.84  
(0.79-0.89) 

0.67  
(0.58-0.76) 

0.97  
(0.90-1.04) 

0.80  
(0.74-0.87) 

Adjusted – 4, plus 

secondary care 

0.99  
(0.94-1.05) 

0.80  
(0.70-0.90) 

1.19  
(1.11-1.28) 

0.90  
(0.83-0.98) 

Adjusted – 4, plus 

primary and 
secondary care 

0.84  
(0.79-0.89) 

0.69 
(0.61-0.78) 

0.98  
(0.91-1.05) 

0.78  
(0.72-0.85) 

Emergency physical health, IRR (95% CI) 

Adjusted – 4 1.98  
(1.87-2.09) 

1.76  
(1.60-1.94) 

2.00  
(1.83-2.18) 

2.05  
(1.91-2.20) 

Adjusted – 4, plus 

primary care 

1.69  
(1.60-1.78) 

1.54  
(1.41-1.69) 

1.63  
(1.50-1.77) 

1.79  
(1.67-1.93) 

Adjusted – 4, plus 

secondary care 

1.74  
(1.66-1.83) 

1.62  
(1.48-1.78) 

1.77  
(1.65-1.91) 

1.76  
(1.65-1.88) 

Adjusted – 4, plus 

primary and 
secondary care 

1.52  
(1.44-1.59) 

1.45  
(1.32-1.59) 

1.49  
(1.38-1.61) 

1.56  
(1.47-1.67) 

Emergency accidents, injuries and substance misuse, IRR (95% CI) 

Adjusted – 4 3.88  
(3.61-4.17) 

3.53  
(2.94-4.24) 

3.99  
(3.59-4.43) 

3.92  
(3.58-4.30) 

Adjusted – 4, plus 

primary care 

3.44  
(3.21-3.68) 

3.13  
(2.64-3.71) 

3.45 
(3.10-3.83) 

3.55  
(3.25-3.89) 

Adjusted – 4, plus 

secondary care 

3.39  
(3.16-3.63) 

3.08  
(2.53-3.76) 

3.55  
(3.22-3.92) 

3.38  
(3.11-3.67) 

Adjusted – 4, plus 

primary and 
secondary care 

3.06  
(2.87-3.27) 

2.80  
(2.33-3.37) 

3.14  
(2.84-3.46) 

3.11  
(2.86-3.38) 

Avoidable, IRR (95% CI) 

Adjusted – 4 2.42  
(2.16-2.71) 

2.16  
(1.81-2.58) 

2.54  
(2.11-3.04) 

2.43  
(2.11-2.79) 

Adjusted – 4, plus 

primary care 

2.13 
(1.90-2.38) 

1.96  
(1.64-2.35) 

2.16  
(1.79-2.60) 

2.17  
(1.90-2.47) 

Adjusted – 4, plus 

secondary care 

2.07  
(1.87-2.28) 

1.93  
(1.62-2.30) 

2.11  
(1.83-2.44) 

2.08  
(1.81-2.39) 

Adjusted – 4, plus 

primary and 
secondary care 

1.85  
(1.67-2.04) 

1.78  
(1.48-2.13) 

1.85  
(1.58-2.15) 

1.88  
(1.65-2.14) 
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Table 7-15 Primary care consultations in the year before and year after SMI diagnosis 

 No SMI SMI Schizophr-
enia 

Bipolar 
disorder 

Other 

Consultations in the 1 year before SMI diagnosis, n (%) 

Do not have 1 
year before SMI 
diagnosis 

7,829 
(10.97) 

5,333 
(25.93) 

1,741 
(38.24) 

1,842 
(24.71) 

1,750 
(20.44) 

None 20,835 
(32.78) 

2,614 
(17.16) 

607  
(21.59) 

804  
(14.32) 

1,203 
(17.67) 

1-5 25,587 
(40.26) 

4,642 
(30.47) 

1,064 
(37.84) 

1,396 
(24.87) 

2,182 
(32.04) 

6-10  9,816 
(15.45) 

3,311 
(21.73) 

504  
(17.92) 

1,304 
(23.23) 

1,503 
(22.07) 

11-20 5,668 
(8.92) 

3,198 
(20.99) 

453  
(16.11) 

1,441 
(25.67) 

1,304 
(19.15) 

>20 1,646 
(2.59) 

1,470 
(9.65) 

184  
(6.54) 

668  
(11.90) 

618  
(9.07) 

Median (IQR) 2 (0-6) 6 (2-12) 4 (1-9.25) 8 (3-14) 6 (2-12) 

Max 118 176 74 96 176 

Consultations in the 1 year after SMI diagnosis, n (%) 

None 23,474 
(32.89) 

2,8810 
(13.66) 

760  
(16.69) 

836  
(11.21) 

1,214 
(14.18) 

1-5 28,661 
(40.15) 

5,919 
(28.78) 

1,562 
(34.31) 

1,789 
(24.00) 

2,568 
(30.00) 

6-10  10,856 
(15.21) 

4,765 
(23.17) 

983  
(21.59) 

1,781 
(23.89) 

2,001 
(23.38) 

11-20 6,450  
(9.04) 

4,745 
(23.07) 

841  
(18.47) 

2,030 
(27.23) 

1,874 
(21.89) 

>20 1,940  
(2.72) 

2,329 
(11.32) 

407  
(8.94) 

1,019 
(13.67) 

903  
(10.55) 

Median (IQR) 2 (0-6) 7 (2-13) 5 (2-11) 8 (4-15) 7 (2-13) 

Max 156 179 93 179 146 

 

Adjusting for individual physical LTCs rather than a count of physical LTCs did 

not alter the findings, with little change in effect size (Table 7-16). Using zero-

inflated negative binomial regression resulted in a lower IRR for emergency and 

planned physical health admissions, though the effect sizes had overlapping 

95%CI with those of the negative binomial model, and it did not alter the findings 

(Table 7-17).  
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Table 7-16 Sensitivity analysis 5: Incidence rate ratios when adjusting for individual physical LTCs 

Adjusted 3: Adjusted for age, sex, ethnicity, region, calendar year, IMD, smoking, alcohol 
misuse, drug misuse and BMI category 

Table 7-17 Post-hoc sensitivity analysis to investigate the effect of using a zero-inflated negative 
binomial model 

Adjusted 1: Age, sex, ethnicity, region, calendar year, IMD 
*Note, I categorised age into three age groups, and did not adjust for calendar year of SMI 
diagnosis date due to lack of model convergency for the zero-inflated negative binomial model. 

 

 SMI Schizophrenia Bipolar 
disorder 

Other 
psychoses 

Planned physical health, IRR (95% CI) 

Adjusted – 3 plus 

count of physical 
LTCs 

1.03  
(0.98-1.09) 

0.79  
(0.71-0.88) 

1.26  
(1.17-1.35) 

0.95  
(0.87-1.04) 

Adjusted – 3 plus 

individual LTCs 

1.03  
(0.97-1.08) 

0.79 
(0.71-0.88) 

1.25  
(1.17-1.34) 

0.94  
(0.87-1.02) 

Emergency physical health, IRR (95% CI) 

Adjusted – 3 plus 

count of physical 
LTCs 

2.07  
(1.97-2.18) 

2.03  
(1.80-2.28) 

2.07  
(1.91-2.23) 

2.09  
(1.96-2.23) 

Adjusted – 3 plus 

individual LTCs 

2.01  
(1.91-2.12) 

1.98  
(1.76-2.22) 

2.01  
(1.87-2.17) 

2.03  
(1.91-2.17) 

Emergency accidents, injuries and substance misuse, IRR (95% CI) 

Adjusted – 3 plus 

count of physical 
LTCs 

4.07  
(3.75-4.41) 

4.12  
(3.13-5.42) 

4.00  
(3.62-4.42) 

4.10  
(3.77-4.46) 

Adjusted – 3 plus 

individual LTCs 

4.03  
(3.72-4.37) 

4.08  
(3.11-5.36) 

3.99  
(3.61-4.40) 

4.05  
(3.73-4.39) 

Avoidable, IRR (95% CI) 

Adjusted – 3 plus 

count of physical 
LTCs 

2.55  
(2.30-2.82) 

2.65  
(2.25-3.12) 

2.57  
(2.16-3.06) 

2.48  
(2.17-2.83) 

Adjusted – 3 plus 

individual LTCs 

2.39  
(2.17-2.64) 

2.45  
(2.10-2.86) 

2.44  
(2.06-2.88) 

2.32  
(2.05-2.62) 

  SMI Schizophr
-enia 

Bipolar 
disorder 

Other 
psychoses 

Planned physical health, effect (95% CI) 

Zero 
inflated 
model 

Adjusted - 1 (OR of 
certain zero admissions) 

0.44  
(0.23-0.84) 

0.09  
(0.00-2.19) 

0.50  
(0.23-1.09) 

0.33  
(0.10-1.08) 

Adjusted - 1 (IRR of 
admissions)  

1.04  
(0.97-1.11) 

0.73  
(0.64-0.83) 

1.24  
(1.15-1.34) 

0.98  
(0.89-1.08) 

Negative 
binomial 
model 

Adjusted - 1 (IRR of 
admissions)  

1.07  
(1.00-1.13) 

0.78  
(0.70-0.87) 

1.28  
(1.19-1.37) 

1.02  
(0.93-1.12) 

Emergency physical health, effect (95% CI) 

Zero 
inflated 
model 

Adjusted - 1 (OR of 
certain zero admissions) 

0.67  
(0.52-0.86) 

0.60  
(0.39-0.95) 

0.49  
(0.31-0.80) 

0.83  
(0.59-1.17) 

Adjusted - 1 (IRR of 
admissions)  

2.14  
(2.02-2.28) 

1.93  
(1.69-2.20) 

2.11  
(1.91-2.33) 

2.27  
(2.09-2.47) 

Negative 
binomial 
model 

Adjusted - 1 (IRR of 
admissions)  

2.31  
(2.20-2.43) 

2.09  
(1.86-2.33) 

2.34  
(2.17-2.54) 

2.39  
(2.23-2.57) 
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7.4 Discussion 

7.4.1 Emergency physical health admissions 

In this chapter, I found that people with SMI were over twice as likely to have 

emergency physical health admissions than those without SMI, even when 

adjusting for underlying physical LTCs and health risk factors such as smoking 

and substance misuse. Excess emergency admissions reduce the quality and 

length of life for those with SMI and represent a cost-burden to the NHS. Using a 

prevalence of SMI in 2015/2016 of 0.89% (Grigoroglou et al., 2020b), and a 

population of 43.8 million people aged 18 or over in 2017 in England; this 

suggests an excess of between 35,000 to 45,000 admissions per year, likely to 

cost in excess of £55 million (using an average emergency admission cost of 

£1,603 in 2017/2018) (NHS Improvement, 2019). Modelling by NHS England 

suggested savings from improving the physical health of people with SMI, leading 

to reduced attendances to emergency departments and reduced emergency 

admissions, could be as much as £108 million per year (NHS England, 2016). 

Importantly, I found similar emergency admission rates between SMI subtypes, 

however, I found people with schizophrenia had a similar rate of admissions for 

musculoskeletal and circulatory conditions to those without SMI and lower rates 

of cancer admissions. This echoes the findings of Chapter 4 and Chapter 5, 

where I found lower prevalence of CVD, rheumatic and collagen disease, and 

cancer diagnoses, and Chapter 6, where I found lower incidence of cancer 

recorded in primary care in those with schizophrenia.  

While low rates of emergency admissions is usually deemed to be a sign of good 

preventative and primary care, the lower than expected admission rate for cancer 

in people with schizophrenia is concerning in the context of known barriers to 

cancer screening in this populations (Solmi et al., 2020b), and my findings of low 

incidence but high mortality rates in Chapter 6. A recent study of Danish data 

found that people with psychiatric diagnoses were more likely to receive cancer 

diagnoses through emergency admissions than those without SMI and less likely 

to receive them through standard cancer pathways (Virgilsen et al., 2022). It is 

possible therefore that people with schizophrenia are presenting to secondary 

care with undiagnosed cancers. These are unlikely to be recorded as the primary 

cause of an admission if the diagnosis is not known at the time of admission. 
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Likewise, while I found similar admission rates for circulatory conditions in those 

with schizophrenia compared to those without SMI, I found higher rates of 

admissions for circulatory and respiratory symptoms. It may be that people with 

schizophrenia are more likely to be admitted for circulatory symptoms, than 

confirmed diagnoses of circulatory conditions, however the inclusion of 

circulatory and respiratory conditions as one group hinders the interpretation. 

While confirming this was beyond the scope of this analysis, further research to 

investigate emergency admissions for circulatory conditions and symptoms in 

those with schizophrenia compared to those without, and the prevalence of 

underlying diagnoses of circulatory disease as recorded in primary care would 

help elucidate the reasons for this finding.  

A study of admissions in London, UK, used standardised admission ratios and 

found those with SMI had lower rates of admissions for musculoskeletal and 

cancer admissions and similar rates for circulatory admissions (Jayatilleke et al., 

2018). However, my results suggested that for emergency care this may be 

limited to, or more pronounced, in those with schizophrenia.  

In this chapter, physical health admissions were the most frequent non-mental 

health reason for admission in both people with and without SMI, meaning the 

excess emergency admissions in those with SMI represent a high burden. In the 

long-term, a preventative approach reducing the disparity in the incidence of 

physical LTCs between people with SMI and the general population would reduce 

emergency hospital use in this population. This includes early interventions to 

reduce modifiable health risk factors, such as smoking, alcohol use or obesity, 

and improved access to and uptake of health screening. However, the fact that 

excess admissions remain even after adjusting for underlying physical LTCs, 

combined with the observed elevated incidence of avoidable admissions 

suggests interventions to better manage existing physical LTCs are also required 

in those with SMI. 

Previous cross sectional studies in the US and France have found elevated 

avoidable admissions in people with SMI (Cahoon et al., 2013, Gandre and 

Coldefy, 2020), and longitudinal studies in Canada, Australia and Denmark have 

found similarly elevated risk (Lin et al., 2011, Mai et al., 2011a, Davydow et al., 

2016). However, the size of my cohort allows for stratification by SMI subtype and 
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investigation of causes other than avoidable admissions, furthering the 

understanding of the differences in hospital use in people with SMI.  

I found that avoidable admissions were more elevated than emergency 

admissions for physical LTCs not deemed to be avoidable in people with SMI. 

Avoidable admissions for chronic conditions were particularly elevated, with 

almost three and a half times the admission rate in people with SMI compared to 

those without SMI. This is perhaps not surprising as, in Chapter 4 and Chapter 5, 

I found that those with SMI had higher prevalence of almost all conditions 

included in the avoidable admissions (elevated prevalence of asthma, diabetes, 

neurological disease, COPD, elevated prevalence of CHF for those with bipolar 

disorder and other psychoses and elevated prevalence of hypertension in those 

with bipolar disorder). However, I adjusted for these conditions in the analysis, 

suggesting the high prevalence is not the only driver. This is further strengthened 

by the findings of my systematic review and meta-analysis (Chapter 3), where in 

a population with underlying physical LTCs, those with SMI were more likely to 

have admissions specific to the physical LTC than those with physical LTCs 

alone.  

The evidence of this thesis therefore suggests that as well as high prevalence of 

physical LTCs, severity or control of pre-existing physical LTCs also leads to high 

emergency physical health admissions, many of which may be avoidable. High 

prevalence of modifiable risk factors (Chapter 4) may increase severity or affect 

the management of physical LTCs. This, combined with barriers to self-

management such as low health literacy (Cimo and Dewa, 2018, Mulligan et al., 

2018, Balogun-Katung et al., 2021) and barriers to accessing routine health 

appointments, such as financial constraints, lack of support, and a siloed 

healthcare system (Melamed et al., 2019), may mean people with SMI have less 

well controlled physical LTCs. 

There may also be differences in the pathway of healthcare use between people 

with SMI and without SMI. From a health system perspective, there may be 

differing rates of hospital referrals from primary care for both planned and 

emergency admissions, and differences in the admission threshold (the 

proportion of emergency department attendances resulting in an admission) 

between those with and without SMI.  
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At a patient level, behavioural factors such as delaying treatment, lack of support 

networks, or lack of adaptions to improve access to primary care, may increase 

hospital use (Decoux, 2005, Mitchell et al., 2022). Several studies of healthcare 

use in people with SMI have identified concerns with diagnostic overshadowing. 

People with SMI report delaying seeking treatment until a point where they felt 

their symptoms could not be denied by medical professionals, resulting in late 

presentation and the use of secondary care emergency services, rather than 

accessing primary care at an earlier stage (Decoux, 2005, Mitchell et al., 2022).  

7.4.2 Planned physical health admissions 

I found that people with schizophrenia had a reduced rate of planned physical 

health admissions overall, and for a wide range of causes, compared to those 

without SMI. Furthermore, despite there being more planned admissions 

recorded annually in England than emergency admissions (NHS Digital, 2021a), 

I found that people with schizophrenia or other psychoses had a higher incidence 

of emergency physical health admissions than planned physical health 

admissions. While people with bipolar disorder had elevated risk of planned 

admissions overall, unadjusted analysis of the cause of admissions suggests 

patterns of utilisation may be heavily dependent on disease.  

While there is evidence that people with schizophrenia are less likely to have 

specialist cardiology visits, or receive surgical treatment for underlying cancer or 

CVD (Bresee et al., 2012, Kisely et al., 2013, Mahar et al., 2020, Dalton et al., 

2018, Solmi et al., 2020b, Shao et al., 2020, Mohamed et al., 2019, Laursen et 

al., 2009, Swildens et al., 2016, Kisely et al., 2009), there was a lack of evidence 

regarding planned inpatient care in general for people with SMI, particularly in the 

context of the English healthcare system. A descriptive study of NHS data found 

an unadjusted IRR of 0.9 for non-mental health planned admissions in people 

with SMI compared to those without a mental health diagnosis (Dorning et al., 

2015). My findings have strengthened the evidence that some people with SMI 

have fewer planned physical health admissions and suggests that the rate is 

lowest in those with schizophrenia. 

The low utilisation of planned hospital care for physical health in patient with 

schizophrenia, suggests potential barriers to access of planned inpatient care 

specific to those with a diagnosis of schizophrenia. However, while research 
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exists into barriers to attending screening, disease-specific specialist services 

(Melamed et al., 2019, Murphy et al., 2021, Bjork Bramberg et al., 2018), and 

primary care (Decoux, 2005, Mitchell et al., 2022, Bjork Bramberg et al., 2018, 

Kohn et al., 2021), there is less information on barriers to planned admissions. 

Those with schizophrenia may be experiencing barriers to care due to the 

presence of negative symptoms or poorer functioning, but also due to broader 

issues such as social isolation and lack of support. The specific barriers to 

planned physical health admissions needs further exploration in people with SMI. 

7.4.3 Other non-mental health admissions 

Finally, as has been found previously, I found that people with SMI had an 

elevated rate of admissions for accidents, injuries and substance misuse 

(Jayatilleke et al., 2018). These admissions were most elevated in the year 

following SMI diagnosis, when those with SMI were over five times as likely to be 

admitted, even when adjusting for previously diagnosed substance misuse 

disorders. This suggests that targeted interventions to reduce these admissions 

are required around the time of SMI diagnosis.  

7.4.4 Strengths and limitations 

To my knowledge this is the first analysis to investigate both planned and 

emergency admissions in people with SMI, and the first longitudinal analysis 

based in England investigating admissions in people with SMI compared to a 

matched cohort of individuals without SMI.  

A major strength of this chapter is the population size used, and the ability to 

stratify results by SMI subtype. I found similar emergency admission rates 

between SMI subtypes, but that pooling results for all SMI subtypes potentially 

masks differences in planned healthcare use, and patterns of both emergency 

and planned hospital use for specific causes. 

The use of linked primary and secondary care EHRs is also a strength, and while 

the proportion of patients from the CPRD cohort that were eligible for linkage with 

HES was relatively low, I did not find evidence of linkage bias. Many studies of 

admissions use only hospital data and are therefore limited to patients who attend 

hospital during a baseline period, in contrast using primary care EHRs allows the 

inclusion of patients who never have admissions, therefore giving a more 
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accurate measure of hospital use in the general population. Identifying a 

population with SMI based on primary care records also provides a patient group 

more reflective of the general population with SMI, than studies using general 

hospital EHRs alone.  

The longitudinal nature of primary care EHRs in England, and richness of data 

they contain, allows for a more complete capture of demographic and clinical data 

than is generally available in hospital records. I was able to adjust for known 

causes of variation in hospital use at the patient level, such as age, sex, ethnicity, 

and deprivation (Busby et al., 2017a). Patients with SMI were matched to patients 

without SMI in the same primary care practice, reducing variation introduced by 

the differing admission rates between practices, and regionally in England (Busby 

et al., 2017b).  

I also adjusted analyses for 24 physical LTCs, derived from the Elxihauser and 

Charlson comorbidity indicies, both of which show good ability to predict hospital 

use in the general population, and have been used in studies of both hospital use 

and mortality in those with SMI (Bouza, 2010, Goldman et al., 2020, Goueslard 

et al., 2018, Tsai et al., 2020). Combining these scores has been found to improve 

the discrimination of prediction models for 30-day readmissions in the general 

population (Sun et al., 2017), while adjusting for both and their interactions has 

been shown to improve prediction of mortality (Pritchard et al., 2021). Despite 

these measures of comorbidity having good predictive value for hospital 

admissions, adjusting for pre-existing physical LTCs, as a count or individually, 

did not alter my findings, suggesting that the number of underlying physical LTCs 

that a patient has recorded in primary care is not the only driver of the high rate 

of physical health admissions in people with SMI. A previous study of Danish data 

also found that though adjusting for physical LTCs reduced the risk, those with 

SMI remained at higher risk of avoidable admissions than those without SMI after 

adjusting for physical LTCs (Davydow et al., 2016). In my analyses, adjusting for 

pre-existing physical LTCs did not reduce the IRR of any of the hospital outcomes 

for people with schizophrenia, possibly due to the under-ascertainment of 

physical LTCs in this population found in Chapter 4 and Chapter 5. 

In the general population, hospital use in the year before outcome period may be 

the strongest predictor of subsequent admissions (Hippisley-Cox and Coupland, 
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2013, Donnan et al., 2008), and therefore useful for predicting which individuals 

will be admitted. However, in models comparing admissions between groups it 

may represent over-adjustment, since the same causal factors driving 

admissions may be present before and after SMI diagnosis date, particularly in 

the year before SMI diagnosis, where healthcare use in general may be elevated 

(Wallace et al., 2020, Norgaard et al., 2019). In this chapter, including these 

variables attenuated all effect sizes but did not alter the main findings. 

Limitations in the capture of physical LTCs and other covariates in primary care 

may have introduced bias. Patients who attend primary care more often having 

more opportunity to have physical LTCs recorded, and in this chapter patients 

with SMI had higher primary care consultations than those without SMI. However, 

for key variables such as BMI category and smoking, I found similar prevalence 

of missing data in those with SMI, suggesting the increased primary care use was 

not increasing the capture of these.  

I discussed the effects of missing data for physical LTCs and other covariates in 

detail in Chapter 4, and these limitations also apply here. In particular, missing 

data for BMI category and smoking status was higher in this chapter than in 

Chapter 4 and Chapter 6, as it was taken at the point of SMI diagnosis. In 

particular, patients with schizophrenia had fewer years of active EHRs prior to 

SMI diagnosis than other SMI subtypes, which may have resulted in low data 

capture at this point. However, existing diagnoses should travel with a patient to 

a new practice, and therefore the effect of this is likely to be small.  

I found improvement of data capture for BMI category and smoking status in the 

year following SMI diagnosis, particularly in those with SMI. Furthermore, in 

Chapter 5, I found that people with SMI developed multimorbidity more quickly 

following SMI diagnosis than those without SMI did in the same period. Despite 

the improved capture one year after SMI diagnosis, limiting the analysis to one-

year post-diagnosis and updating all covariates at that point did not alter the 

findings, suggesting the impact of this was small. 

Despite this, these trends in disease acquisition and data capture do mean that 

not treating covariates as time varying is a limitation of this analysis and may 

have resulted in residual confounding. However, treating all 24 physical LTCs as 
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time varying would result in a large data set with high computational demands, 

and complex models outside the scope of this thesis. For variables such as 

smoking status it is unlikely that the date recorded in primary care represents the 

true date of moving between risk states, and therefore including these as time 

varying covariates may also introduce biases. 

As with Chapter 5, some of those who received an SMI diagnosis soon after 

registration may not truly be incident cases, instead having a pre-existing SMI 

diagnosis recorded at the time of joining the practice (Lewis et al., 2005). Given 

that the first year after SMI diagnosis appears to be a time of high healthcare use 

in those with SMI, including those who have pre-existing illness may have under-

estimated the risk of admissions in the first year. However, it is unlikely to affect 

findings over a longer time period and in sensitivity analysis limiting the cohort to 

those with at least one year of active EHRs before SMI diagnosis, thereby 

ensuring SMI diagnosis occurred at least a year after registration, did not alter 

the findings. 

As this chapter focuses on the period after SMI diagnosis, this represents a 

relatively young cohort (median age at SMI diagnosis: 41, IQR: 30-57) in terms 

of the development of physical LTCs and multimorbidity, which are more 

prevalent in older age groups. Studies focused on SMI at older age have found 

similar rates of physical health admissions in those with and without 

schizophrenia when underlying physical LTCs were adjusted for (Brink et al., 

2017, Hendrie et al., 2014), suggesting higher rates of admissions in people with 

SMI may be limited to those at a younger age, or recent SMI diagnosis. 

Despite the young cohort, as discussed in Chapter 5, the median age of SMI 

diagnosis is older than has previously reported median age at first presentation 

to services (Kirkbride et al., 2006). This is likely due to delays in receiving a 

diagnosis of SMI. I did not study admissions in the period before SMI diagnosis, 

but it is possible that elevated risk of admissions is present before SMI diagnosis 

in primary care, as well as after. 

When analysing cause of admission, I used ICD-10 codes recorded as the 

primary diagnosis of an admission. While this approach has often been used 

(Grigoroglou et al., 2020a, Hogan et al., 2019, Busby et al., 2017c, Ride et al., 
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2018), it is possible that limiting the cause of admission to the primary diagnosis 

misses the true cause of more complex presentations. However, subsidiary 

diagnoses recorded in HES often represent ongoing comorbidities, and for those 

with SMI may include their mental health diagnosis. Therefore, determining 

whether an admission is for mental or physical health based on ICD-10 codes 

other than the primary diagnosis may introduce conflict and overlap between the 

two categories. While this is representative of real life, where the cause of an 

admission is often multi-factorial, it complicated the comparison between those 

with and without SMI. 

Finally, there may be differences in the way that people with SMI use hospitals, 

which impact on estimates of admission rates. For example, people with SMI are 

known to have longer general hospital stays than people without SMI (Ronaldson 

et al., 2020), and are also more likely to have psychiatric admissions, neither of 

which I accounted for in this analysis. While this is a common approach in the 

literature, it may have resulted in people with SMI having more periods of time 

when they are unable to be hospitalised, potentially reducing the admission rate 

in those with SMI. Also, there may be differences in the admission threshold 

between those with and without SMI, or between hospitals. For example, a study 

using HES data found that there was regional variation regarding whether 

patients presenting to emergency departments for self-harm are admitted (Polling 

et al., 2019). 

7.4.5 Policy and research implications 

To reduce excess emergency admissions in people with SMI, further research is 

required to determine the drivers for hospital admissions. These are well studied 

in the general population, and many of the factors, such as deprivation, 

multimorbidity and polypharmacy are likely crucial drivers of admissions in those 

with SMI as well. However, there may be issues more specific to SMI, such as 

SMI disease severity, cognitive functioning, antipsychotic prescription, and 

adherence to medications which determines who within the population of people 

with SMI are most at risk. While identifying those at risk allows interventions to 

be targeted, it should be noted that risk stratification in the general population has 

been of mixed success. In the general population focus has therefore shifted to 

identifying populations or individuals for whom their hospital use is amenable to 

reduction, or who are “impactible” (NHS England, 2017). The high incidence of 
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avoidable admissions in people with SMI, as well as identified barriers to good 

care, suggests that excess admissions in this population could be impactible, if 

effective interventions were available.  

At a broad level, reducing the burden of physical LTCs in people with SMI will 

likely reduce admissions, and reduce the mortality gap between those with and 

without SMI. Therefore, interventions are required to reduce modifiable risk 

factors, combined with accessible physical health screening. As avoidable 

admissions are thought to be preventable or reduced by actions in primary care 

or community settings, the excess burden of avoidable admissions in people with 

SMI suggests that targeted approaches to improving physical health screening, 

and the monitoring and treatment of physical LTCs in community settings are 

needed. In England, continuity of care in primary care has been shown to result 

in lower rates of emergency department use and of avoidable admissions in those 

with SMI (Ride et al., 2019), while physical health checks, though incentivised in 

primary care, have not (Ride et al., 2018). A qualitative study of 32 participants 

with SMI in the US found that mattering, being perceived as capable and credible, 

and working together were key motivational factors in attending primary care 

(Galon and Graor, 2012). These factors are likely more achievable when 

continuity of care is good, and it may be that prescriptive physical health checks 

with healthcare providers with whom they do not have a relationship are less 

effective than personalised care with a known provider. Furthermore, several 

studies have found that enhanced primary care, with an emphasis on 

individualised care, can reduce admissions in both people with SMI (Grove et al., 

2021), and the general population (Abel et al., 2018). Interventions therefore need 

to focus on improving continuity of care and patient access and providing support 

to attend appointments and to navigate complex care systems.  

Further work to define the pathways of care for those with SMI would allow a 

better understanding of the true burden of emergency admissions in those with 

SMI. For example, we know that 30-day readmissions are elevated in people with 

SMI and that they are more likely to experience complications following surgery 

(Liao et al., 2013, Germack et al., 2018, Ronaldson et al., 2020). Determining to 

what extent elevated admissions are due to acute events following discharge 

from an initial admission, compared to underlying poor physical health, issues of 
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access and care preferences, and primary care provision would allow for an 

informed and targeted strategy to reduce emergency admissions.  

The elevated rate of planned admissions in people with bipolar disorder likely 

represents the more complex needs of this population. It is therefore surprising 

that I did not find the same for people with schizophrenia. Comparing the patterns 

of hospital use in people with bipolar disorder and schizophrenia may help to 

identify determinants of using planned inpatient care in those with SMI, while 

qualitative work to identify barriers to planned inpatient care is also required. 

While the work in this chapter regarding specific causes of emergency and 

planned physical health admissions was descriptive, further work to elucidate the 

admission rates and drivers for individual physical LTCs is warranted. In 

particular, further research regarding the incidence of CVD and cancer in people 

with SMI, linked to admissions for these conditions and symptoms of these 

conditions may help elucidate the reasons for lower-than-expected diagnoses 

found in Chapter 4 to Chapter 6, and lower planned admissions in those with 

schizophrenia found in this chapter.  

I found that while COPD was the leading cause of avoidable admissions in both 

those with and without SMI, it was highest in those with SMI. Despite this, my 

systematic review and meta-analysis (Chapter 3) found a lack of studies 

evaluating COPD admissions in those with SMI. Given the high prevalence of 

COPD, the large burden of admissions and the ability importance of smoking in 

both the development, disease course and control of COPD, further research to 

inform interventions to improve the management of COPD in SMI are urgently 

needed. Likewise, I found that convulsions and epilepsy were a leading cause of 

avoidable admissions in people with SMI and, in Chapter 4 and Chapter 5, I found 

that people with SMI are twice as likely to have a diagnosis of neurological 

disease than those without SMI. Further work to determine the rate of emergency 

admission for convulsions and epilepsy in a population with both epilepsy and 

SMI compared to epilepsy alone would provide a better estimate of excess 

avoidable admissions due to this in those with SMI.  
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7.4.6 Conclusions 

I found that people with SMI have a markedly elevated rate of emergency physical 

health admissions compared to people without SMI. I also identified an under-

utilisation of planned physical health hospital services in those with 

schizophrenia. To reduce emergency admissions, there is a need to focus on 

reducing modifiable risk factors and physical LTCs. The findings of Chapter 5 

suggest these need to happen before or at the time of SMI diagnosis, and the 

finding in this chapter that the first year after SMI diagnosis is a time of increased 

physical health admissions supports this.  

As well as improving the underlying physical health of people with SMI, to reduce 

avoidable admissions, targeted interventions are required in community and 

psychiatric services, aimed at improving access to appropriate care and 

supporting self-management of physical LTCs. Further research is required to 

inform these interventions to ensure that people with SMI are using physical 

health services effectively, to identify segments of the population with SMI who 

are high-frequency hospital users, and to identify potential barriers to optimal use 

of physical healthcare services, and in particular planned inpatient care, in this 

population.  
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Chapter 8 Discussion 

8.1 Summary  

In this thesis I aimed to address knowledge gaps in our understanding of the 

physical health of people with SMI and the impact of long-term physical health 

conditions on both planned and emergency physical health admissions. I used 

primary care EHRs, linked to hospital EHRs, death certificate records and 

postcode data to explore physical LTCs and hospital use in people with SMI 

compared to a matched cohort without SMI. In this chapter, I first discuss key 

findings of the thesis, then outline the key strengths and limitations of the use of 

linked electronic health records for answering these questions, followed by the 

clinical, policy, and research implications of my findings.  

8.2 Novelty of research and key findings 

8.2.1 Prevalence and patterns of physical LTCs in people with SMI compared to 

people without SMI 

In Chapter 4 and Chapter 5, I used primary care data from almost 70,000 patients 

with a diagnosis of SMI to compare the physical health of people with SMI to 

those without SMI. I used a comprehensive list of 24 physical LTCs to investigate 

the prevalence of individual conditions, and of physical multimorbidity at the end 

of follow-up, (Chapter 4) and in the five years before and after SMI diagnosis 

(Chapter 5).  

In Chapter 4, I presented, to my knowledge, the first comparison of multimorbidity 

clustering in people with and without SMI. I found that clusters of physical LTCs 

constituting multimorbidity are similar in those with and without SMI, with the most 

common clusters consisting of varied multimorbidity, CVD and respiratory 

disease in both populations. This novel finding suggests that the drivers of 

multimorbidity are likely similar in those with and without SMI. In line with previous 

research, I also found the most prevalent physical LTCs and pairs of LTCs were 

the same in both populations. These findings therefore suggest that interventions 

designed for the general population might be suitable for those with SMI. 

However, I found a higher prevalence of multimorbidity in people with SMI, 

particularly at a younger age, and the increased prevalence of smoking, obesity, 

and substance misuse. This suggests that further work is required to determine 

whether interventions in the general population would be effective in those with 
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SMI, and how best to target and reach the younger population of people with SMI 

and physical multimorbidity. 

While previous research has considered individual physical LTCs in the period 

one year before or after SMI diagnosis, in Chapter 5, I investigated the prevalence 

of 24 individual physical LTCs and multimorbidity over the 10-year period from 

five years before to five years after diagnosis. This provides a better 

understanding of the progression of physical LTCs and multimorbidity before, at 

the time and after SMI diagnosis is recorded in primary care.  

The findings of Chapter 4 and Chapter 5 combined indicate that people with SMI 

develop physical LTCs at a young age, and early in the clinical course of SMI. I 

found that people with SMI had elevated cumulative prevalence of 19 out of 24 

physical LTCs compared to people without SMI by the end of follow-up, 13 of 

which were already elevated at the time that SMI diagnosis was recorded in 

primary care. Many of the conditions with the greatest excess burden in those 

with SMI had recognisable risk factors, and adjusting analyses for smoking 

status, BMI category, alcohol and drug misuse reduced the difference in 

prevalence between those with and without SMI. 

At the time of SMI diagnosis, 43% of people with an SMI diagnosis had at least 

one physical LTC recorded in primary care, and 18% had physical multimorbidity. 

The greatest inequality in multimorbidity was in the younger age groups, with 

people with SMI under the age of 60 twice as likely to have two or more conditions 

compared to those without SMI. Multimorbidity also increased at a faster rate 

after SMI diagnosis in those with SMI compared to those without SMI over the 

same period.  

The novel findings of these chapters suggest that interventions aimed at reducing 

the development of new physical LTCs need to focus on known risk factors for 

poor physical health and need to be targeted prior to SMI diagnosis in primary 

care, either through interventions in EIP services, or in primary care for individuals 

at high risk of psychosis. Complementing this, interventions in primary care for 

people with an SMI diagnosis have a key role in the management of existing 

physical LTCs in this population. Multimorbidity should be a key consideration in 

physical health checks in primary care for people with SMI, and interventions 
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aimed at preventing or managing multimorbidity in this population need to be 

account for younger-age multimorbidity. 

8.2.2 Emergency healthcare use in people with SMI 

The high prevalence of physical LTCs in people with SMI likely increases physical 

health admissions. In Chapter 3, I conducted a large systematic review and meta-

analysis of hospital use in people with SMI and one of five underlying physical 

LTCs. While a previous meta-analysis investigated admissions in those with SMI, 

focusing on specific physical LTCs allowed me to investigate whether excess 

hospital use was due to increased prevalence of disease or other factors 

associated with having a diagnosis of SMI. I found that those with SMI and 

underlying COPD, CVD or diabetes were more likely to have all-cause 

admissions and admissions specific to that underlying disease than those without 

SMI. While the studies I identified in this meta-analysis had limitations, this 

suggests that high prevalence of physical LTCs is not the only driver of physical 

health admissions in people with SMI.  

I also identified key evidence gaps, and particularly a lack of high-quality 

longitudinal studies of hospital use in people with SMI based in the UK. In Chapter 

7, I used primary care data linked to hospital admissions data to investigate 

emergency and planned physical health hospital use in people with SMI in 

England. This is, to my knowledge, the first study of non-mental health 

admissions in people with SMI to investigate both emergency and planned 

physical health admissions and to present avoidable admissions alongside these. 

I found that people with SMI had an increased risk of emergency physical health 

admissions, and particularly of avoidable admissions compared to people without 

SMI. The finding that the highest risk was for chronic avoidable admissions 

highlights the need for interventions that effectively manage the physical health 

of people with SMI and remove barriers to accessing timely and appropriate care.  

8.2.3 The impact of a diagnosis of schizophrenia on physical health and hospital 

use 

A common theme throughout the work of this thesis has been the differences 

observed in outcomes by SMI subtype. The size of my patient cohort allowed me 

to stratify analyses by SMI subtype, investigating outcomes for people with 

diagnoses of schizophrenia, bipolar disorder, and other psychoses separately. 
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This is a major strength over studies of physical health or hospital use which 

consider either SMI as a homogenous group or consider only one SMI diagnosis.  

In both Chapter 4 and Chapter 5, I found differing prevalence of physical LTCs 

by SMI subtype. In particular, people with schizophrenia had a lower cumulative 

prevalence of cardiac arrythmia, cancer, valvular disease, rheumatic and 

collagen disease, and hypertension than those without SMI. Reduced prevalence 

of these conditions in those with schizophrenia is surprising given the high 

prevalence of risk factors in this population.  

In Chapter 6, I found that people with schizophrenia had a 20% lower incidence 

of cancer diagnoses recorded in primary care than those without SMI, while 

people with bipolar disorder and other psychoses had similar incidence rates to 

those without SMI. While previous studies have also found a lower incidence of 

cancer in people with schizophrenia, I was able to account for premature deaths 

in those with SMI, showing that the observed difference was not because those 

with schizophrenia die before reaching an age where cancer is common. This is 

an important finding, suggesting the difference in cancer diagnoses is due to 

other factors, such as under-reporting or missed diagnoses. This hypothesis is 

strengthened by my finding that people with schizophrenia who did receive a 

diagnosis of cancer were at an elevated risk of cancer-specific mortality 

compared to those without SMI, while other SMI subtypes were not. This disparity 

suggests an urgent need to ensure people with schizophrenia have access to 

cancer screening programs and good primary care in general, and also suggests 

a need for interventions to improve health literacy and awareness of the 

symptoms of cancer. 

Finally, in Chapter 7, I found that people with schizophrenia had lower rates of 

planned physical health admissions than those without SMI or other subtypes. 

This is a novel finding, and there is a lack of research into planned admissions, 

and barriers and facilitators to access, in those with SMI. Further research is 

therefore warranted to ensure evidence-based interventions are implemented to 

improve healthcare access in this population.  
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8.3 Using routine data to investigate the physical health and hospital use 

of people with schizophrenia, bipolar disorder, and other psychoses 

In Chapter 4 to Chapter 7, I used routinely collected EHRs to analyse the physical 

health of people with SMI and their hospital use for physical health causes. EHRs 

are a convenient source of patient data and are well suited to non-interventional, 

observational epidemiology. The number of included patients and length of 

follow-up time was far greater than could be achieved through recruitment to a 

prospective longitudinal study, while the diagnoses recorded in EHRs are made 

by a physician and are therefore not subject to the inaccuracies and recall bias 

that can afflict studies of self-reported illness. 

My research used the long-term longitudinal records of almost 70,000 patients 

with SMI, and this large sample size is a key strength of the analyses in this 

thesis. I was able to stratify results by SMI subtype, an approach which elucidated 

differences in prevalence of physical LTCs, the incidence and mortality of cancer 

and in the use of planned physical health hospital use between those with 

schizophrenia and other SMI subtypes.  

8.3.1 Representativeness of CPRD and data linkages 

A major strength of this work was the use of primary care data, and ability to link 

this to other sources. Many studies of physical health and of hospital use in those 

with SMI are hospital-based studies. These do not provide information on the 

wider population who are not hospitalised in a given period, and therefore are not 

representative of the population generally. In contrast, CPRD data is 

representative of the general population of the UK (Herrett et al., 2015, Wolf et 

al., 2019). Furthermore, in combining both CPRD Aurum and CPRD GOLD data 

sets I created a large cohort, suitable for even relatively rare exposures such as 

SMI, and the results of Chapter 4 suggest that combining the data sets in this 

way is appropriate for investigating outcomes in people with SMI.  

Linking primary and secondary care data to investigate hospital use resulted in 

better capture of both mental and physical health diagnoses and other covariates 

than if I had used HES in isolation. However, the low percentage of patients 

eligible for linkage (33%) resulted in reduced cohort sizes when I used linked 

data. This was particularly a problem for Chapter 6, where the low proportion of 

patients with linkage to ONS death certificate data meant it was not possible for 
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me to stratify cause-specific mortality results by both SMI subtype and site-

specific cancer type, limiting the conclusions of this part of the analysis. 

Furthermore, in Chapter 7, a larger cohort would have allowed me to better 

elucidate the cause-specific patterns of hospitalisation. The other risk of limiting 

the population to those eligible for linkage is the introduction of linkage bias, if 

there are differences between the characteristics of those who are and are not 

eligible for linkage. While I checked for differences in each of the chapters that 

used data linkages, differences in unmeasured variables could have introduced 

bias into the analyses.  

In Chapter 4, Chapter 5, and Chapter 6, the low number of patients eligible for 

linkage meant I chose not to link to postcode data to retrieve patient-level 

measures of deprivation. This decision meant that the cohort was a suitable size 

for analysing less common outcomes, but may have led to unmeasured 

confounding as deprivation is a major driver of both poor physical health and 

hospital use (Cournane et al., 2015, Price et al., 2018), and is also associated 

with SMI (Grigoroglou et al., 2020b, Lee et al., 2020, Maxwell et al., 2021). While 

matching patients with and without SMI based on primary care practice will have 

meant patients were from broadly similar geographic areas, the results of Chapter 

7 where postcode data was used, suggest that even after this matching, patients 

with SMI were more likely to reside in areas within the most deprived IMD quintile 

than those without SMI.  

Finally, while the large sample size of this cohort, and representativeness of data 

from CPRD, suggests the results of this thesis are generalisable to the UK 

population with SMI, the population without SMI are likely not representative of 

the general population without SMI as a whole. Patients with SMI were matched 

to those without SMI based on age, sex, and area of residence. The patients 

without SMI therefore have the same distribution of these characteristics as those 

with SMI. These similarities may have diminished differences in outcomes 

between the two cohorts, making those without SMI more similar to those with 

SMI than the general population. This can be seen by the relatively high smoking 

rate in those without SMI in the cohort used throughout this thesis (almost 30%) 

compared to the to the 2018 Health Survey for England estimate of 17% (NHS 

Digital, 2019b).  
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8.3.2 Using CPRD to study people with severe mental illness 

As discussed in the introduction to this thesis, SMI is a group of heterogenous 

but overlapping conditions without a definitive diagnostic test. My findings 

suggest that there are key differences in the prevalence of physical LTCs, 

incidence of and mortality from cancer, and planned physical health admissions 

in people with schizophrenia. However, the interpretation of results by SMI 

subtype needs to be contextualised. In particular, the other psychoses group of 

patients in my analyses represent a group of mixed diagnoses, which hinders 

interpretation. While the definition of schizophrenia used throughout my thesis is 

more specific, further research is required to identify the drivers behind a patient 

receiving a diagnosis of schizophrenia, and the characteristics of those who are 

diagnosed with schizophrenia, which led to the differing physical health and 

hospital use findings compared to those diagnosed with bipolar disorder or other 

psychoses. 

While QOF incentivisation of the recording of SMI diagnoses in primary care 

means that SMI diagnoses recorded in CPRD are likely accurate, the lack of data 

beyond the diagnosis and treatment occurring in primary care meant I was unable 

to consider severity of illness, mental health admissions, or contact with EIP 

services, mental health outpatient services, or community care. While linkage to 

the NHS Mental Health Services Data Set (MHSDS) is available for CPRD and 

would have provided some of this information, I did not include this in the 

analyses in this thesis as it would have reduced the cohort size. Furthermore, the 

focus of this thesis was the comparison of physical health and hospital use 

between those with and without SMI, rather than identifying specific risk or 

protective factors of these in people with SMI.  

While the recording of SMI in CPRD is likely good, without linkage to other 

sources I was reliant on the date of SMI diagnosis as recorded in primary care. 

The date of SMI diagnosis may be later than the first contact with services due to 

the presence of a prodromal period before a formal diagnosis, delays in 

accessing healthcare, and delays between receiving a diagnosis and it being 

recorded in primary care. Using this date of SMI diagnosis resulted in an older 

age at SMI diagnosis than has been reported in studies using the first date of 

contact with mental health services (Kirkbride et al., 2006, Hafner, 2019). 

However, the median age of first SMI diagnosis in my cohort was similar to other 



293 
 

studies using routinely collected data in the UK (Das-Munshi et al., 2019, Wang 

et al., 2022, John et al., 2018).  

The inaccuracy of the date of SMI diagnosis in primary care had implications for 

study design. In the analysis of cumulative disease prevalence (Chapter 4) and 

of cancer incidence and mortality (Chapter 6), SMI could have occurred at any 

point during follow-up, the assumption being that the negative effects of having 

an SMI diagnosis, and associated risk factors for poor physical health, act upon 

the whole of the adult life time. In studies looking to infer causation, any period of 

time before the exposure would either be excluded or defined as unexposed time, 

to avoid the potential for immortal time bias (Suissa, 2008), and to ensure 

temporality between the exposure and outcome of interest. However, in both 

Chapter 4 and Chapter 6, I sought to describe patterns of physical health 

outcomes in those with and without SMI, rather than determine causality and 

therefore temporality was less of a concern. The only analysis potentially open to 

immortal time bias would be the analysis of mortality following cancer diagnosis 

in Chapter 6, but as discussed in that chapter, this was negated by the 

requirement for patients with and without SMI to survive until the date of SMI 

diagnosis. While a cohort followed-up from SMI diagnosis to cancer diagnosis 

and then death may be more robust and less open to bias, the reduction in sample 

size would result in the inability to stratify results by site-specific cancer and SMI 

subtype.  

For the analysis of physical LTCs before and after SMI diagnosis (Chapter 5) and 

of hospital admissions (Chapter 7) I used the date of SMI diagnosis to define the 

follow-up period. In both analyses it is therefore important to consider that while 

the date of SMI diagnosis represents the first recording in primary care and 

therefore the first point a primary care physician is aware of the diagnosis, it may 

not have been the true date of SMI onset.  

Furthermore, I did not exclude patients with an SMI diagnosis close to the date 

of joining the practice. While the absence of a washout period means that some 

patients with SMI may have had a pre-existing SMI diagnosis, including a 

washout period may have excluded patients for whom the presence of SMI drives 

registration with a primary care practice, or those who receive a diagnosis close 

to their registration date by chance. Furthermore, in Chapter 5, washout periods 
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would also need to be applied to the 24 physical LTCs, making such an approach 

difficult to implement.  

Finally, given the known higher mortality rate in people with SMI compared to the 

general population, survival bias is a consideration throughout this thesis. In 

Chapter 4, the increased mortality rate in people with SMI during follow-up, may 

have resulted in people with SMI dying before receiving physical health 

diagnoses, making them appear healthier than those without SMI. However, 

while increased mortality during follow-up for people with schizophrenia could 

have resulted in lower than expected prevalence of physical LTCs as found in 

Chapter 4, in Chapter 5, I found that lower disease prevalence of these physical 

LTCs are apparent before SMI diagnosis, a period not subject to survival bias. 

Furthermore, in Chapter 6, I found the lower incidence of cancer in people with 

schizophrenia remains after accounting for premature death using competing 

risks survival analysis.  

While the use of an incident cohort of people with SMI reduces the potential for 

survival bias to affect results, it does mean the results are limited to people who 

had received their SMI diagnosis relatively recently, and therefore the cohort is 

younger than would be expected if all patients who had ever received a diagnosis 

of SMI were included. Further research is therefore required to elucidate 

trajectories of physical health and hospital use in people with SMI over the life 

course. 

8.3.3 Missing data, and residual or unmeasured confounding 

As mentioned throughout the thesis, missing data is a major issue for research 

using EHRs and can introduce bias or residual confounding into analyses using 

this data. For example, differences in healthcare use may introduce surveillance 

bias whereby those accessing healthcare more regularly for long-term conditions 

have more chance of being monitored and diagnosed with further conditions or 

having more complete demographic and clinical data (Marston et al., 2010, 

Petersen et al., 2019). People with SMI are potentially seen more regularly in 

primary care and should receive physical health checks, meaning that measures 

of BMI, blood pressure and other key variables may be better recorded in this 

population. Conversely, some people with SMI may experience barriers to 

receiving timely primary care and therefore have fewer chances for these 
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variables to be recorded. As well as varying by patient, recording practices may 

differ by primary care physician or at a practice level. While I adjusted the 

standard errors of analyses to account for clustering at a practice level, 

differences in recording practices may have introduced bias. 

I considered absence of recording to indicate absence of disease for the 24 

physical LTCs I studied. However, in light of these variable recording practices 

and presence of missing data, the calculated prevalence of disease represents 

the risk of receiving a diagnosis as recorded in primary care, rather than the risk 

of developing the disease. While this is an important metric for improving the 

health of people with SMI, it is important to consider the reasons for the difference 

between this and the true underlying prevalence of disease. For example, in 

Chapter 4, I found a lower prevalence of cardiac arrythmia, cancer, valvular 

disease, rheumatic and collagen disease, and hypertension in those with 

schizophrenia. While this may be a true finding, it seems unlikely given the 

knowledge that people with schizophrenia are at increased risk of CVD and have 

a higher prevalence of many known risk factors for physical health. As well as 

surveillance bias, other issues may have resulted in these findings, such as 

barriers to screening, diagnostic overshadowing, changes to incentivisation of 

disease reporting, and recording of values rather than a diagnoses. 

For variables such as BMI and smoking, absence of reporting is more 

complicated to interpret. The underlying surveillance bias, and trends in reporting 

over time, means that they may not be missing at random. Given this, and the 

finding that physicians are less likely to record values perceived to be within the 

normal range (Hippisley-Cox and Coupland, 2013, Marston et al., 2014b), I 

imputed missing BMI category as within normal range and missing smoking 

status as non-smoker.  

For ethnicity, previous research suggests that those with ethnicity not recorded 

are most likely to be from a White ethnic group (Hippisley-Cox et al., 2008), while 

others have found that using single imputation (i.e. recording missing ethnicity as 

White) does not alter effect sizes compared to using multiple imputation when 

ethnicity is not an exposure of interest (Pham et al., 2019b). Based on this prior 

research I imputed missing ethnicity as White ethnicity. However, in Chapter 4, I 

conducted sensitivity analyses to validate this approach. Like previous authors, I 
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found that the use of multiple imputation to define ethnicity produced similar effect 

sizes to imputing missing ethnicity as White. Furthermore, I found that while 

imputing ethnicity as White over-estimated the prevalence of White ethnicity for 

patients with EHRs ending early in the cohort, the prevalence was similar to that 

of the 2011 census for patients with EHRs ending in the later years of follow-up. 

In contrast, using multiple imputation appeared to under-estimate the proportion 

of individuals of White ethnicity in the cohort. 

While missing data is unavoidable in EHR research, incomplete capture of 

variables may have resulted in residual confounding in the analyses in this thesis. 

In particular, in Chapter 7, the under-reporting of physical LTCs in people with 

schizophrenia may mean that the adjustment for physical LTCs is incomplete. 

However, while this could artificially inflate admissions in this group compared to 

other SMI subtypes, this does not appear to be the case. The inclusion of physical 

LTCs in the model did not substantially change the effect sizes of any hospital 

outcomes for any of the SMI subtypes. 

For BMI, I was unable to include BMI as a continuous variable due to lack of data, 

and therefore included it as a categorical variable. Furthermore, in Chapter 7, I 

adjusted for underlying physical LTCs using a count of conditions. While 

categorisation or pooling of variables can lead to residual confounding, this was 

unavoidable for BMI, and for physical LTCs, a sensitivity analysis adjusting for 

individual conditions did not alter my findings. 

Finally, due to uncertainties regarding the timing of the development of physical 

LTCs and other clinical or risk factor variables I adjusted for these variables using 

their measurement at a set time point, rather than in a time varying manner. This 

may have led to residual confounding as changes in these variables during follow-

up were not accounted for. However, it is unlikely that changes in variables such 

a smoking status or BMI are captured in a timely manner in primary care records, 

and the effects of smoking or obesity may still be present after smoking cessation 

or weight loss.  

As well as residual confounding, my results may also have suffered from 

unmeasured confounding. For example, variables capturing the wider 

determinants of health such as deprivation, employment, social support, and 
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living conditions are not available within CPRD. These factors are known to be 

associated with both poor physical and mental health and with hospital use 

(Grigoroglou et al., 2020b, Lee et al., 2020, Maxwell et al., 2021, Price et al., 

2018, Cournane et al., 2015, Duffy et al., 2002), and therefore may confound or 

mediate the relationship between SMI, physical LTCs and hospital use. While I 

was able to determine the Index of Multiple Deprivation quintile for a subset of 

patients, due to the low proportion of patients eligible for linkage in the data set I 

did not utilise this, except in the analysis of hospital use (Chapter 7) where the 

cohort was already limited to those eligible for linkage. To do so in the other 

chapters would limit the size of the cohort and therefore impact on the ability to 

perform stratified analyses.  

Due to the low proportion of patients eligible for linkage I also did not use hospital 

data to determine physical LTCs. Had linked data been available for most of the 

cohort, using linked primary and secondary care data may have given a more 

accurate measure of the burden of physical LTCs in people with SMI, however, 

given physical health is most often managed in primary care, the prevalence of 

physical LTCs as recorded in primary care is an important measure to inform 

interventions to improve the health of people with SMI.  

Finally, as with SMI diagnoses, I did not consider severity of physical LTCs or 

medications. Severity of physical LTCs is a potential driver of the increased 

physical health admissions found in Chapter 7, and is an important consideration 

for future research into the reasons for increased emergency physical health 

admissions in people with SMI. However, determining severity of a wide range of 

physical LTCs is a complex process, and therefore may require a focus on 

hospitalisations for one specific disease, or a small group of diseases. In Chapter 

7, I found that emergency avoidable admissions for chronic physical LTCs were 

particularly elevated in people with SMI, suggesting a focus on the conditions that 

are responsible for these admissions would be warranted (asthma, congestive 

heart failure, COPD, angina, iron deficiency anaemia, hypertension, convulsions 

and epilepsy, and diabetes complications). 

8.3.4 Causal methods in EHR research 

In this thesis I did not attempt to infer causality, rather, I aimed to describe key 

differences between those with and without SMI in terms of their physical health 
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and physical health admissions. The causal relationship between a diagnosis of 

SMI and physical health or hospital use is likely complex, with many distal drivers 

contributing to the observed results. Further work is therefore required to 

determine the drivers of poor physical health and excess emergency hospital use 

in people with SMI, as well as barriers to care in this population using a causal 

framework. 

While I did not seek to infer causality, I did take a causal approach to determining 

the variables I included in the analytical models throughout the thesis. I first 

determined what was available in the data set, and then which of these variables 

may act upon the relationship between exposure and outcome. I considered 

variables such as smoking and BMI category as potentially on the causal pathway 

between SMI and the development of physical LTCs. However, given that I 

observed elevated prevalence of smoking in people with SMI at the time of 

diagnosis, whether smoking is on the causal pathway between SMI and physical 

LTCs or confounds the relationship between the two is not clear. I therefore 

performed analyses both with and without these risk factors. While adjusting for 

variables on the causal pathway between exposure and outcome may be an over-

adjustment, doing so enabled me to determine the impact they have on the 

development of physical LTCs.  

8.3.5 Timeliness of the results of this thesis 

A final consideration in the use of EHRs is the timeliness of the data. There is a 

delay between receipt of data by CPRD and the data being available for research. 

Following this, formatting, cleaning, and analysing the data takes time. Therefore, 

while I conducted this research during the COVID-19 pandemic, the results of my 

thesis pre-date the pandemic period.  

COVID-19 has impacted the way that many people use healthcare and worsened 

existing health and social inequalities. We know that the pandemic adversely 

affected people with SMI (Mork et al., 2022, Penington et al., 2022). In the general 

population, a study in the US found a reduction in rates of breast cancer 

screening during 2020 (Fedewa et al., 2022), while a scoping review found the 

pandemic has led to changes both in how primary care is delivered and accessed 

(Lim et al., 2021). It is also likely that COVID-19 has exacerbated the known 
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issues of deprivation, social isolation, and barriers to care for people with SMI 

and therefore reduced access to planned and preventative services.  

Despite this, the results of this thesis provide useful information on the physical 

health of people with SMI, and hospital use in the period prior to the COVID-19 

pandemic, and likely are generalisable to the post-pandemic period. Furthermore, 

the abnormal health service use during this period requires specific focus, and 

means these years are not well suited to analyses such as mine, where follow-

up occurs over a long period of time. 

Recently a protocol has been published which considers the impact of COVID-19 

on mental health services and excess mortality in people with SMI (Impara et al., 

2022). There is, however, still a need for research into the impact of COVID-19 

on physical health healthcare use for people with SMI, and how the effects of the 

COVID-19 pandemic impact these outcomes in the post-pandemic period.  

8.4 Clinical, public health and policy implications: A comprehensive 

approach to physical healthcare across the health system 

8.4.1 Interventions to improve physical health in early intervention in psychosis 

services 

I found that people with SMI developed physical LTCs and multimorbidity early in 

their SMI disease course, with almost 43% already suffering from at least one 

physical LTC at the time that their SMI diagnosis was recorded in primary care. 

If we are to reduce this burden in the long-term, reduce emergency physical 

health admissions, and improve life expectancy, then a greater focus on disease 

prevention is required (Ilyas et al., 2017). My findings suggest that physical health 

screening needs to occur early in the disease course of SMI, and that screening 

should start before an SMI diagnosis is recorded in primary care. To achieve this, 

interventions are either required at the population level, in those at high risk of 

psychosis or in a prodromal stage or based in EIP services. 

A report by the Kings Fund entitled “Bringing Together Physical and Mental 

Health” argued that mental health and physical health needed to be included in 

an integrated approach to population health, giving priorities to interventions such 

as physical activity, reduction of alcohol use, improving social cohesion and 

reducing isolation, which may act on both physical and mental health wellbeing 

(Naylor et al., 2016). While interventions at the population level would need to 
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focus on ensuring accessibility to the most vulnerable, they have the possibility 

to act on some of the drivers of poor physical health and multimorbidity in people 

who are yet to receive a diagnosis of SMI. 

Given that by the time people have a diagnosis of SMI recorded in primary care 

they are likely to have experienced poor mental health for some time, another 

approach to improve physical health in this population would be targeted 

preventative interventions in patients at high risk of psychosis, or with first 

episode psychosis. A recent narrative review of physical health interventions in 

first episode psychosis, highlights this time period as a critically important point 

to intervene (Fouhy et al., 2021). Interventions in this population would likely need 

to span both primary care and EIP services and be inclusive and holistic in nature. 

Physical health screening is already incorporated into best practice guidelines in 

EIP services in England, and uptake appears to be high, with 64% of patients 

with at least smoking status, alcohol and substance misuse, BMI, blood pressure, 

glucose and cholesterol recorded in 2018/19 increasing to 80% in 2021/22 (EIPN, 

2021, Royal College Psychiatrists, 2022). However, improvements in the physical 

health of individuals under the care of EIP services has been modest (Williams 

et al., 2022). The national audit found marked variation by NHS Trust, and only 

71% had been offered relevant interventions where physical health checks had 

identified a risk (Royal College Psychiatrists, 2022). This highlights that physical 

health checks alone are not sufficient, and that there is a need to ensure 

interventions are put in place following identification of health risks. By ensuring 

physical health screening occurs early in the course of SMI, and implementing 

targeted interventions to reduce health risk factors, the burden of physical LTCs 

and emergency physical health admissions could be reduced, which would act to 

improve the quality of life and reduce mortality from physical health causes in 

those with SMI. 

8.4.2 Coordinated care between mental health and primary care services 

For diseases such as diabetes or CVD, screening to identify individuals most at 

risk of developing these conditions allows the implementation of targeted risk 

reduction inteventions (Osborn et al., 2018a). However, previous studies of 

primary care data have found lower cardiovascular screening rates in those with 

SMI (Osborn et al., 2011), and there is evidence that people with SMI are more 
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likely to receive CVD diagnoses at the time of death (Heiberg et al., 2019, Brink 

et al., 2019, Crump et al., 2013). In line with these findings, in this thesis, I 

identified low prevalence of hypertension and cardiac arrythmias in those with 

schizophrenia, potentially indicating under-diagnosis and barriers to screening 

and healthcare access in this population.  

While the focus of physical health checks falls in primary care, NICE suggest that 

mental health care providers should offer weight, physical activity and smoking 

interventions and should routinely monitor cardio-metabolic indicators until such 

time as monitoring of physical health is transferred to primary care (NICE, 2014b). 

Furthermore, in 2016 a joint report from the Academy of Medical Royal Colleges 

and Public Health England stated that clear expectations were needed for 

managing physical health in mental health settings so that “people with SMI are 

not disadvantaged in their ability to access physical health services compared to 

the general population” (Academy of Medical Royal Colleges et al., 2016).  

Uncertainty about where the responsibility for physical health of people with SMI 

lies (Butler et al., 2020, Lawrence and Kisely, 2010, Rodgers et al., 2018), and 

lack of coordination between services may result in missed opportunities to 

diagnose physical LTCs or reporting delays. In a review of the evidence of 

integrated physical healthcare for people with SMI, Rodgers et al. highlighted the 

need for integrated information systems to allow the ready transfer of information 

about the physical health of an individual to the various healthcare providers 

involved in their care (Rodgers et al., 2018). Poor communication of the results 

of physical health screening between mental health services and primary care 

may therefore be one driver for the low recorded prevalence of some physical 

LTCs in primary care in people with schizophrenia found in this thesis.  

While communication with primary care was included in an indicator regarding 

cardio-metabolic physical health screening for mental healthcare providers 

through the Commissioning for Quality and Innovation (CQUIN) scheme (NHS 

England, 2022a), this indicator was short-lived (2017-2019). If the results of 

physical health screening are not communicated to primary care, where the 

management of most physical LTCs takes place, this may result in poor 

management of these conditions, leading to high rates of avoidable admissions, 

reduced quality of life and higher chance of mortality. My finding that people with 
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SMI were almost 3.5 times as likely to have a potentially avoidable emergency 

admission for a chronic physical LTC than those without SMI, suggests that 

physical LTCs are not optimally managed in this population and highlights the 

need for well-coordinated care across both physical and mental health services. 

Integrated care is now embedded within the Health and Care Act in England (HM 

Government, 2022), though few integrated care models have been fully 

evaluated in people with SMI (Rodgers et al., 2018, Richardson et al., 2020). 

Given the clear need for a better integrated and more coordinated system of care 

for people with SMI, new models of care need to consider the coordination of 

physical and mental health services, with a renewed effort to improve 

coordination of physical health screening and management and communication 

of physical health diagnoses between services.   

8.4.3 Implementing interventions to reduce modifiable risk factors 

In line with previous research, I found that people with SMI are more likely to 

smoke, be obese, and have alcohol or drug misuse recorded in their EHRs than 

those without SMI. Adjusting analyses for these factors reduced the odds ratios 

of all physical LTCs, highlighting their importance in the determination of physical 

health in people with SMI, and the need to act to reduce the burden of modifiable 

risk factors in this population. Furthermore, when I included modifiable risk factors 

in the cluster analysis a higher proportion of people with SMI belonged to clusters 

where these risk factors were prevalent. 

I found similar clusters of physical LTCs in those with and without SMI, suggesting 

the pathways to disease are similar in both populations. However, while the same 

modifiable risk factors may be appropriate targets for risk reduction interventions 

in those with and without SMI, additional support may be required to make 

behaviour changes and maintain adherence to longer-term interventions for 

people with SMI. As an example, one study found that people with SMI were less 

likely to stop smoking following smoking cessation advice (Kalkhoran et al., 

2019). However, when tailored to those with SMI, existing interventions to reduce 

modifiable risk factors have been shown to be effective (Gilbody et al., 2019, 

McDonell et al., 2017, Mucheru et al., 2019, Peckham et al., 2017). Dregan et al. 

estimated that current interventions for smoking, sedentary behaviour, diet, 

obesity, substance misuse, and metabolic syndrome have the potential to 
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improve life expectancy by almost six years in those with schizophrenia and four 

in those with bipolar disorder, acting to reduce the mortality gap in those with SMI 

(Dregan et al., 2020). It is therefore essential that interventions targeting 

modifiable risk factors are implemented in a systematic coordinated manner 

across the healthcare system, ensuring access to the most vulnerable.  

While embedding interventions to reduce modifiable risk factors in EIP services 

allows a preventative approach early on in the disease, primary care may be best 

placed to provide ongoing support. A review of interventions in EIP services 

suggested that long-term improvements in modifiable risk factors were only 

achieved if patient support was maintained (Fouhy et al., 2021), while a smaller 

survey of mental health trusts in England found variation in the provision of 

lifestyle interventions offered (Swaby et al., 2017). This suggests EIP services 

require a standardised approach to providing interventions in people with 

evidence of modifiable risk factors, in coordination with primary care, and with 

careful thought as to the longevity of these interventions. 

Annual physical health checks are incentivised in primary care and include 

screening for modifiable risk factors such as smoking, obesity, and alcohol 

misuse. Furthermore, the NHS Five Year Forward View for Mental Health aimed 

to be providing 280,000 annual physical health checks by 2020/2021, with 

financial support to ensure primary care practitioners feel able to support those 

with SMI (NHS England, 2016). The NHS Long-term Plan aims for 390,000 

people will be receiving these annual physical health checks by 2024 (NHS 

England, 2019). 

This should make primary care well placed to identify modifiable risk factors in 

people with SMI. However, only around 43% of patients on the primary care SMI 

register received blood glucose, blood lipid and blood pressure recording, BMI or 

weight recording, and questions regarding alcohol consumption and smoking in 

2021-2022 (NHS England, 2022d). This low uptake of physical health screening, 

combined with high prevalence of modifiable risk factors at the time that SMI 

diagnosis is recorded in primary care, suggests novel interventions to reduce 

modifiable risk factors are required in both mental health and primary care 

services.  
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8.4.4 Individualised support for the management of pre-existing physical LTCs 

and multimorbidity in primary care 

I found that people with SMI had elevated cumulative prevalence of 19 out of 24 

physical LTCs compared to people without SMI by the end of follow-up, and the 

disparity in prevalence of multimorbidity was greatest in younger age groups. 

This suggests that while primary prevention of physical LTCs is a preferable 

approach in the long-term, to address the current burden of disease, reduce 

avoidable admissions, and close the mortality gap in this population, it is also 

essential that existing physical LTCs and multimorbidity are well managed in 

people with SMI. 

I also found that people with SMI are over twice as likely to have an emergency 

admission for physical health causes and 3.5 time more likely to have an 

avoidable admission due to a physical LTC, suggesting these conditions are not 

well managed in primary care. Furthermore, in Chapter 3, I found that in people 

with a diagnosis of COPD, diabetes, or CVD, those with comorbid SMI were at a 

higher risk of hospitalisation for that disease than those without.  

While guidelines for physical health in primary care in England do stress the 

importance of a general physical health enquiry, cardio-metabolic risk 

assessment and relevant national screening programmes (NHS England, 2018), 

it is the cardio-metabolic measurements and smoking cessation which are 

incentivised through QOF. Annual physical health checks in primary care have 

not been shown to improve the rate of avoidable admissions in people with SMI 

(Ride et al., 2018), whereas support and continuity of care at a primary care level 

and a documented care plan for existing physical LTCs have (Ride et al., 2019, 

Ride et al., 2018). A focus on support to manage existing physical LTCs in 

primary care, including reducing modifiable risk factors such as smoking, regular 

medication consolidation and review, ensuring optimal treatment, and providing 

support to self-manage conditions may therefore act to reduce avoidable 

admissions, and subsequently excess mortality, in this population.  

A recent narrative review found the doctor-patient relationship, shared decision 

making, support for self-management and integrated care as important drivers to 

advance the management of multimorbidity in primary care (Aramrat et al., 2022), 

issues echoed in the NICE guidelines for managing multimorbidity. These 
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guidelines suggest an approach to care which takes account of multimorbidity, 

including discussion of individual needs and preferences, discussions of reducing 

treatment burden and optimising care, a focus on coordinating care, and an 

agreed management plan (NICE, 2016). Furthermore, patients appear to value 

an individualised approach, rather than a “tick box” exercise (Small et al., 2017).  

8.4.5 A broad range of physical LTCs and varied multimorbidity 

For diseases such as neurological disease, respiratory disease, and diabetes, I 

found not only an increased risk of disease, but an increased risk of emergency 

avoidable admissions for these causes even once I adjusted for underlying 

physical LTCs. This suggests that both preventative and disease management 

interventions are required for a wide range of conditions. This is further supported 

by the finding that in people with SMI and without SMI the most common cluster 

of multimorbidity is marked by a varied collection of physical LTCs. This highlights 

the complexity of multimorbidity and the need to provide broad physical health 

checks and individualised support and care.  

8.4.6 Focusing on multimorbidity 

My results suggest a need to focus on multimorbidity in people with SMI. While 

the lack of novel clusters of disease suggests similar pathways to disease are 

acting on people with and without SMI, and that clusters of complex or varied 

multimorbidity, CVD, and respiratory disease are important in both populations, 

the approaches to managing multimorbidity in the general population may need 

refocusing for those with SMI.  

The results from thesis suggest that people with SMI have elevated prevalence 

of multimorbidity and modifiable risk factors for poor physical health and may 

develop multimorbidity at a younger age. Given this younger age profile and that 

we do not known whether current tools used in the NHS to identify multimorbidity 

(NICE, 2016) work for those with SMI, multimorbidity should be reviewed as part 

of the physical health check on an individual basis. 

8.4.7 Cancer screening and diagnosis 

While coordinated care across mental and physical health services may improve 

support to access physical health screening, the results of Chapter 6 suggest 

targeted action is required to reduce the mortality gap in people with 
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schizophrenia and cancer. We know people with SMI attend screening for cancer 

less often than the general population (Eriksson et al., 2019, Hwong et al., 2020, 

Murphy et al., 2021, Solmi et al., 2020b), while Virgilsen et al. found that in 

Denmark, those with SMI and cancer were less likely to have been referred 

through primary care and more likely to have been diagnosed following an 

emergency admission (Virgilsen et al., 2022). 

My results suggest the effect of these poor screening rates and low cancer 

referrals in primary care is that those with schizophrenia are 20% less likely to 

receive a cancer diagnosis than those without SMI, but if they are diagnosed, 

they are 60% more likely to die. Given that cancer is a leading cause of death in 

both people with and without SMI, interventions to improve case detection and 

reduce cancer mortality in people with SMI are desperately needed. A 

randomised controlled trial of case management and support for people with 

schizophrenia in receiving colorectal cancer screening found uptake improved 

compared to mail invitations (Fujiwara et al., 2021), while a meta-analysis of 

interventions to improve cancer care in margnialised groups found that providing 

personal guidance through the healthcare system improved uptake of colorectal, 

breast and cervical cancer screening (Nelson et al., 2020).  

In 2021, Public Health England produced advice for both healthcare 

commissioners and screening providers regarding the provision of population 

health screening in people with SMI (PHE, 2021). The report highlighted the need 

for coordinated care between health screening providers and mental health 

providers, and for establishing referral pathways and reasonable adjustments 

within screening services for those with SMI. The extent to which these activities 

are undertaken and the effect that it has on uptake of screening and cancer 

referrals is an area for further research.  

Finally, as well as a focus on improving screening, interventions are also required 

that improve the detection of cancers for which screening does not currently exist. 

These need to a focus on ensuring people with SMI have access to primary care, 

screening for red flag cancer symptoms in physical health checks, improving 

health literacy, and reducing diagnostic overshadowing.  
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8.4.8 Reducing emergency hospital admissions in people with SMI 

I found that people with SMI were at increased risk of emergency physical health 

admissions, suggesting that people with SMI should be considered in population-

level approaches interventions to reduce emergency admissions in the general 

population.  

I found admission rates for chronic avoidable admissions, such as COPD, 

epilepsy, CVD, diabetes, and asthma, were particularly elevated in people with 

SMI. However, while interventions to reduce the incidence of physical LTCs may 

reduce emergency physical health admissions in people with SMI in the long 

term, the elevated risk remained even after adjusting for the underlying 

prevalence of these physical LTCs. Furthermore, in Chapter 3, I found that for 

three conditions included in the definition of avoidable admissions (COPD, CVD 

and diabetes), additionally having a diagnosis of SMI increased the risk of both 

all-cause admissions and admissions related to the physical LTC diagnosis.  

This suggests that urgent intervention is required to facilitate better control of pre-

existing physical LTCs in people with SMI. However, despite evidence of an 

elevated risk of emergency admission for physical health causes in people with 

SMI, there is a lack of evidence regarding interventions to specifically reduce 

admissions in people with SMI. People with mental illness, substance misuse and 

those living in the most deprived areas have sometimes been excluded from 

interventions due to the belief that their admissions are not amenable to change 

(Lewis, 2010), however interventions to improve the management of physical 

LTCs would likely reduce avoidable admissions in this population. One study of 

enhanced primary care in the US found that only after a number of years did 

emergency department use decrease (Belson et al., 2020), and therefore in 

evaluating any intervention long-term outcomes are required. 

It is worth bearing in mind that interventions to reduce admissions in the general 

population have shown mixed success. While risk models may identify those at 

risk of an admission, interventions to prevent future admissions such as case 

management interventions, medication reviews in hospital, and telemedicine do 

not always reduce admissions and readmissions (Purdey and Huntley, 2013). 

Interventions to identify and target those at risk of hospitalisation may identify 

unmet need, increasing healthcare use. However, if this is the case, while it may 



308 
 

not reduce the burden of admissions in people with SMI, it may improve quality 

of life.  

In contrast to the findings of more general interventions, disease specific 

interventions such as specialist heart failure clinics, pulmonary rehabilitation for 

those with COPD and some self-management interventions have shown more 

promise (Purdey and Huntley, 2013). Disease-specific interventions perhaps 

perform better because of the targeted nature of both the intervention and the 

outcome. However, given people with SMI already have to navigate both mental 

and physical health care systems, and high levels of multimorbidity in this 

population, it may not be feasible, efficient, or effective to have disease-specific 

interventions. 

8.4.9 Barriers to care, diagnosis, and treatment specific to those with 

schizophrenia 

While much of the previous research on the physical health of people with SMI 

has focused on people with SMI as a homogenous group, or investigated people 

with one SMI subtype, the results of my thesis have suggested clear differences 

in the physical LTCs recorded in primary care in people with schizophrenia 

compared to bipolar disorder, in cancer incidence and mortality and in planned 

admissions for physical LTCs.  

Despite the fact that specific SMI diagnostic subtype given to an individual may 

change over time, and the symptoms of schizophrenia, bipolar disorder and other 

psychoses may overlap, the specific diagnosis as recorded in primary care 

appears to identify distinct groups of individuals. A study by Crump et al. in 2013 

found lower hazard ratios of hypertension and cancer in people with 

schizophrenia compared to those without SMI, using both outpatient and inpatient 

EHRs, while Tan et al. found similar in primary care data from Singapore (Tan et 

al., 2021, Crump et al., 2013). This phenomenon therefore does not appear to be 

limited to the UK.  

Primary care physicians should therefore be aware that people with a diagnosis 

of schizophrenia may experience more barriers to accessing care for their 

physical health, and therefore may be at greater risk of undiagnosed illness than 

people with a diagnosis of bipolar disorder or other psychoses recorded in 

primary care. Furthermore, they may be less likely to use planned physical health 
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secondary care and therefore may need support and follow-up to ensure access 

to these services. 

8.5 Implications for future research 

8.5.1 The impact of a diagnosis of schizophrenia on physical health and 

healthcare access 

I found those with schizophrenia had a 20% lower planned admission rate than 

those without SMI, however I also identified a lack of research regarding planned 

admissions in people with SMI and barriers to accessing care. Further research 

is therefore required to determine the barriers to accessing planned physical 

health inpatient care in people with SMI, and in particular schizophrenia, and to 

determine risk factors that predict poor access to planned physical health care. 

Mapping pathways to planned care in terms of referrals, bookings, and failures to 

attend, may elucidate patterns of care so effective interventions can be put in 

place.  

Throughout the analyses in this thesis, I have found key differences by SMI 

subtype. This highlights the need for future research to stratify results by SMI 

diagnostic groups where possible. It also suggests further research is required to 

determine what it is about receiving a diagnosis of schizophrenia in primary care 

that results in fewer recordings of some physical LTCs, low planned admissions, 

low recorded incidence of cancer, but elevated cancer mortality.  

For the analyses of cancer incidence and mortality following cancer, further 

research linking data to cancer registries to retrieve stage of cancer at diagnosis 

and other treatment variables, and route to diagnosis, may help elucidate the 

reasons for the low incidence but high mortality observed in this thesis. 

Furthermore, in my systematic review I highlighted a lack of data on hospital use 

for cancer in people with SMI, while in my unadjusted analysis of cause of 

admissions I found reduced rates of both emergency and planned admissions for 

cancer in people with SMI. Further investigating both planned and emergency 

hospital use for people with cancer may therefore improve the understanding of 

this phenomenon. Combined this research may clarify whether low cancer 

incidence in people with schizophrenia truly reflects missed diagnoses.  



310 
 

8.5.2 Drivers of excess emergency physical health hospital use in people with 

SMI 

While the findings of this thesis suggest that emergency physical health 

admissions are elevated in people with SMI, there is a need to study the drivers 

of elevated avoidable admissions in people with SMI. Determining to what extent 

elevated admissions are due to underlying disease prevalence, disease 

management or severity, access and behaviour, and primary care provision 

would allow for an informed and targeted strategy to reduce emergency 

admissions. There is also a need to quantify how many avoidable admissions are 

due to short-term treatment failures or inappropriate discharge following an initial 

admission and how many are due to more long-term issues of disease 

management. With improved linkage between CPRD and HES, more thorough 

mapping of the hospital use in people with SMI should now be possible. 

For emergency admissions in general there is a need to quantify the impact of 

barriers to planned physical healthcare and preventative care on the use of 

emergency care in people with SMI. While I found that at a population level 

people with schizophrenia had fewer planned and more emergency physical 

health admissions than people without SMI, further analysis is required to 

determine whether this is true on an individual level, and whether low planned 

admissions are a driver of high emergency admissions.  

Risk prediction models have frequently been applied to predict emergency or 

avoidable admissions in the general population, however, this has not been done 

in the population with SMI. Little is known of how the findings and lessons learnt 

from risk prediction in the general population may apply to hospitalisation risk in 

people with SMI and physical health comorbidities. It is likely that within the 

population of people with SMI there are groups of individuals at greater risk of 

emergency physical health admissions. These groups may be missed in models 

generated for the general population. Identifying segments of the population with 

SMI where admissions are amenable to change would help reduce the burden of 

avoidable admissions to the NHS and improve the quality of life for those with 

SMI.  

For example, despite findings from the UK suggest patients with SMI receive a 

similar or better level of diabetes care than those without mental illness (Scheuer 
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et al., 2022a, Han et al., 2021), people with SMI appear at increased risk of 

experiencing diabetes complications (Scheuer et al., 2022b, Chan et al., 2021, 

Guerrero Fernandez de Alba et al., 2020). This perhaps suggests that while 

diabetes care is good at a population level, there are certain segments of the 

population with comorbid diabetes and SMI for whom their diabetes is not well 

managed, and who therefore experience high rates of emergency admissions. 

One study found elevated diabetes related admissions in people with SMI who 

are not adherent to antipsychotics (Egglefield et al., 2020), while another found 

differences in glycaemic control depending on a patient’s ethnicity, 

socioeconomic status and whether they were deemed exempt from QOF 

incentivisation measures (Das-Munshi et al., 2021).  

While much of the research on cause-specific hospitalisation in people with SMI 

has focused on diabetes, segmentation, and prioritisation of those at high risk of 

emergency admissions for a range of physical LTCs may identify the groups 

within the population with SMI where interventions would be most effective. 

Recently, Orlowski et al. have argued that models should identify not only those 

at high-risk of admissions, but those who are likely to be amenable to change 

(Orlowski et al., 2021). By using rich EHRs it may be possible to identify which 

patients would be most likely to respond to a certain intervention. For example, 

population groups with high rates of smoking and obesity may see most benefit 

in interventions targeting health risk factors, interventions may need to be tailored 

to age or socioeconomic status, and interventions aimed at those with multiple 

chronic conditions may be different to those with only one.  

My systematic review highlighted readmissions after hepatitis C treatment, 

diabetes readmissions in people under 35 years, hospital use in African 

Americans with heart failure and readmissions following breast cancer surgery as 

particularly elevated in people with SMI (Huckans et al., 2010, Lu et al., 2017, 

Goueslard et al., 2018, Basta et al., 2016). While these studies were not based 

in the UK, it is further evidence that there may be segments of the population, 

and specific combinations of SMI subtypes, sociodemographic profiles, and 

underlying physical LTCs which result in high numbers of emergency physical 

health admissions. 
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Finally, there is a need to investigate the impact of COVID-19 on physical health 

healthcare use. 

8.5.3 The link between physical LTCs, hospitalisation and mortality 

While I have characterised the physical health of people with SMI, with the 

exception of cancer, the impact of these findings on mortality is not known. 

Further research on the impact of clusters of physical LTCs on mortality would 

strengthen the rationale for interventions. Furthermore, to better evaluate 

interventions to reduce emergency physical health admissions, the link between 

emergency admissions, avoidable admissions, and mortality in people with SMI 

needs more research. Finally, for people with schizophrenia, the impact of low 

rates of planned physical health admissions needs to be investigated in terms of 

not only emergency admissions, but also mortality. 

8.5.4 Further work on the timing of physical and mental health diagnoses 

I found multimorbidity was most elevated compared to those without SMI in 

younger age groups. Further work to investigate the drivers of physical 

multimorbidity at an early age, and the order of acquisition of both physical and 

mental health diagnoses would inform the development of interventions aimed at 

preventing multimorbidity in people with SMI. Furthermore, investigating the 

timing of risk factors for poor physical health and physical health diagnoses 

across the life course in people with SMI would allow the identification of time 

periods of heightened risk, and the targeting of interventions to improve physical 

health.  

8.5.5 Integrated care and multimorbidity 

While the Kings Fund report on integrating mental and physical health called for 

integration of mental and physical health in population level interventions to 

improve healthy living, and for specific public health interventions tailored to those 

with SMI (Naylor et al., 2016), research is lacking.  

I found that people with SMI have higher prevalence of physical health 

multimorbidity and develop multimorbidity earlier than those without SMI. There 

has been a strong focus on multimorbidity in the general population, and in 2016 

NICE developed guidelines specifically for the management of people with 

multimorbidity (NICE, 2016). However, further research is required into the 
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applicability of these, and of multimorbidity interventions in those with SMI. The 

NICE guidelines suggest the targeting of multimorbidity-focused care in those 

identified using validated tools such as the electronic frailty index, which identifies 

frailty in those over 65, or tools to predict future emergency admissions such as 

PEONY or QAdmissions (NHS England, 2022b, Donnan et al., 2008, Hippisley-

Cox and Coupland, 2013). However, given the differing age profile of 

multimorbidity in people with SMI, whether these tools are sufficient to identify 

people with SMI and multimorbidity is not clear. Furthermore, while several large 

RCTs have investigated multimorbidity interventions in the general population, 

these tend include many older adults, and those with SMI often did not meet 

inclusion criteria or were deemed to not be suitable by the primary care physician 

(Chaplin et al., 2018, Mercer et al., 2016). There is therefore a real need to study 

interventions for identifying and managing multimorbidity in patients with SMI in 

primary care, particularly in younger adults. 

8.5.6 Under-researched physical LTCs in people with SMI 

While cardio-metabolic conditions are prevalent in those with SMI, and are a 

major cause of avoidable admissions, I also found lesser researched diseases 

such as COPD, asthma, and neurological disease, had either high prevalence or 

high relative prevalence, combined with high avoidable admissions. Given my 

finding of elevated rates of emergency avoidable admissions in people with SMI, 

further research is warranted beyond cardio-metabolic conditions, regarding 

interventions which may better manage these conditions in primary care and the 

effect that this may have on reducing avoidable admissions.  

In my systematic review and meta-analysis in Chapter 3, I highlighted a lack of 

good quality longitudinal studies quantifying admissions for COPD, liver disease 

and cancer in those with and without SMI. The lack of data regarding COPD in 

people with SMI has been highlighted previously (Firth et al., 2019), and is 

surprising given the high prevalence found in Chapter 4 in people with SMI, the 

fact that COPD is a leading cause of avoidable admissions in the general 

population, and the finding from Chapter 7, that it was the leading cause of 

avoidable admission in those with SMI.  

In the general population, frequent COPD exacerbations requiring hospital 

treatment is associated with progression of disease and poor health in general, 
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as well as reduced quality of life, high prevalence of readmissions and higher 

mortality (Wedzicha and Seemungal, 2007, Katzenberg et al., 2021). It has been 

estimated that 15% of severe COPD exacerbations result in death, and 1-year 

survival following an exacerbation is as low as 33% in the general population 

(Hoogendoorn et al., 2011). It is therefore imperative that further research is 

conducted regarding COPD in those with SMI. A range of interventions in the 

general population have been shown to reduce COPD readmissions (Katzenberg 

et al., 2021), and these should be evaluated independently for use in a population 

with SMI. Further research is therefore required to identify barriers to good COPD 

control and drivers for emergency COPD admissions. 

8.6 Dissemination 

The results of Chapter 3 to Chapter 7 have been published as peer reviewed 

publications (Launders et al., 2022a, Launders et al., 2022b, Launders et al., 

2021, Launders et al., 2022c, Launders et al., 2022d). I have also presented the 

results of Chapter 4, investigating the prevalence and clustering of physical LTCs, 

at the 20th Biennial Congress of the European Psychiatric Association Section of 

Epidemiology and Social Psychiatry in September 2022.  

Early in my PhD I conducted an information gathering exercise regarding the 

priorities for research regarding the physical health and hospital use of people 

with SMI. I held virtual meetings with individuals involved in policy work regarding 

those with SMI, including representatives from PHE, NHS England, and the 

Centre For Mental Health. I plan to follow up with these individuals with the 

findings of my thesis for further dissemination. The results of Chapter 4 and 

Chapter 5 have also been shared with Rethink Mental Illness, a UK charity, to 

inform future collaborations between them and physical health charities. 

I have presented results of the work detailed in Chapter 4, Chapter 6, and Chapter 

7 to patient and public involvement groups, and the works of Chapter 4 and 

Chapter 7 to public health analysts and others at PHE (now OHID) and within the 

NHS. I shared the results of Chapter 6, investigating the incidence of and 

mortality from cancer in those with SMI, with analysts in PHE involved in 

evaluating cancer screening in this population. I also discussed the results of my 

work with the National Lead for Mental Health and Wellbeing at PHE, focusing on 
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the policy implications of my work and how to successfully disseminate research 

findings to make policy impact.  

Throughout my PhD I have worked closely with PHE/OHID and have been 

involved in a project investigating excess all-cause mortality in people with SMI 

during the COVID-19 pandemic as well as contributing to the OHID National 

Mental Health Intelligence Network SMI/PD steering group, and in particular 

commenting on their work to develop local SMI prevalence estimates to support 

local service development and commissioning. 

Through my links with OHID, I hope to further disseminate the findings of my 

research. My research builds on reports by PHE/OHID assessing physical health 

inequalities, cancer screening and premature mortality in people with SMI in 

England (PHE, 2018, OHID, 2022, PHE, 2021). A key recommendation of the 

PHE report on physical health inequalities was the further investigation of 

physical health and hospital use in people with SMI, using large data sources 

such as CPRD (PHE, 2018). My work meets this aim, providing key information 

on the development of physical LTCs, the impact of risk factors for poor physical 

health, and the rate of planned and emergency physical health admissions in 

people with and without SMI. The findings of this thesis have identified key policy 

implications for which OHID is well placed to provide further guidance, such as 

the need to ensure preventative actions for physical health occur early in the 

course of SMI, a required focus on multimorbidity and the management of pre-

existing physical LTCs in primary care physical health checks, and the need for 

targeted interventions to improve access to physical health services for people 

with schizophrenia.  

I presented the work of Chapter 4 to a physical and mental health multimorbidity 

journal club, a group of PhD students and Early Career Researchers working in 

the field of multimorbidity and have been an active member of this during my 

thesis. In 2021, my project was adopted by the NIHR ARC North Thames 

(https://www.arc-nt.nihr.ac.uk/research/projects/physical-health-and-

multimorbidity-in-people-with-severe-mental-illness/) and I have presented the 

results of Chapter 3, Chapter 4, and Chapter 6, and preliminary results from 

Chapter 7 to this group. 

https://www.arc-nt.nihr.ac.uk/research/projects/physical-health-and-multimorbidity-in-people-with-severe-mental-illness/
https://www.arc-nt.nihr.ac.uk/research/projects/physical-health-and-multimorbidity-in-people-with-severe-mental-illness/
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I presented the results of Chapter 4 in the context of data science to the R-project 

showcase as part of UCL festival of code in 2021, where I won first prize in the 

PhD/Early Career Researchers category. I also presented the on-going work of 

my thesis at the Public Health England/UK Health Security Agency PhD Student 

Day, winning second prize in 2021 and first prize in 2022. 

8.7 Conclusions 

In this thesis I aimed to characterise the physical health and non-mental health 

hospital use of people with SMI in the UK, compared to people without SMI. The 

results of this thesis provide crucial information for the targeting of interventions 

to improve the health of people with SMI. I found that people with SMI were at an 

increased risk of a range of physical LTCs, and that many of these were already 

present at the time that SMI diagnosis was recorded in primary care, suggesting 

a need to act early in a coordinated healthcare system to reduce burden of 

physical LTCs in this population. The high prevalence of smoking, obesity and 

substance misuse identified throughout this thesis suggest early preventative 

measures focused on these factors would improve the physical health of people 

with SMI. However, while people with SMI had an increased burden of disease, 

multimorbidity presented in a similar way and so the focuses of multimorbidity in 

the general population is likely appropriate for those with SMI. What is less clear 

is whether current methods of identifying people with multimorbidity in primary 

care are suitable for those with SMI, given they appear to develop multimorbidity 

at a younger age.  

A common theme of this thesis are the differences by SMI subtype. While there 

is diagnostic overlap between schizophrenia, bipolar disorder, and other 

psychoses, it is clear from these results that healthcare access or provision differs 

in those with schizophrenia compared to other SMI subtypes. People with 

schizophrenia have lower incidence of cancer diagnoses recorded in primary 

care and lower planned admissions compared to people with other SMI subtypes 

and people without SMI. This suggests under reporting and barriers to care are 

more prevalent in people receiving a diagnosis of schizophrenia. Furthermore, 

people with schizophrenia appear to have the worst outcomes following cancer, 

suggesting the impact of fewer diagnoses of cancer directly impacts their 

mortality. To reduce the mortality gap in people with schizophrenia, and SMI 
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generally, it is therefore necessary to ensure access to timely and thorough 

physical health screening. 

Finally, I found that people with SMI were at an increased risk of emergency 

physical health admissions, and particularly of avoidable admissions due to 

chronic physical conditions, and this was not explained by high prevalence of 

underlying physical LTC alone. This suggests interventions to improve disease 

management in primary care may reduce these admissions. Taken together, the 

findings of my thesis suggest in order to reduce the burden of emergency 

hospitalisations for physical health in those with SMI, and therefore improve 

quality of life and reduce mortality, there is a need for early preventative strategies 

to reduce risk factors for poor physical health, coordinated care across the 

healthcare system to ensure access to physical health screening, and a focus on 

multimorbidity and management of pre-existing physical LTCs in primary care.  

   



318 
 

References 

ABEL, J., KINGSTON, H., SCALLY, A., HARTNOLL, J., HANNAM, G., 
THOMSON-MOORE, A. & KELLEHEAR, A. 2018. Reducing emergency 
hospital admissions: a population health complex intervention of an 
enhanced model of primary care and compassionate communities. Br J 
Gen Pract, 68, e803-e810. 

ACADEMY OF MEDICAL ROYAL COLLEGES, ROYAL COLLEGE OF 
GENERAL PRACTITIONERS, ROYAL COLLEGES OF NURSING, 
ROYAL COLLEGES OF PATHOLOGISTS, ROYAL COLLEGES OF 
PSYCHIATRISTS, ROYAL COLLEGES OF PHYSICIANS, ROYAL 
PHARMACEUTICAL SOCIETY & PUBLIC HEALTH ENGLAND. 2016. 
Improving the physical health of adults with severe mental illness: 
essential actions. Academy of Medical Royal Colleges. Available: 
http://www.aomrc.org.uk/wp-content/uploads/2016/10/Improving_-
physical_health_adults_with_SMI_essential_actions_251016-2.pdf. 

ACADEMY OF MEDICAL SCIENCES. 2018. Multimorbidity: a priority for global 
health research. Academy of Medical Sciences. Available: 
https://acmedsci.ac.uk/file-download/82222577. 

AFZAL, M., SIDDIQI, N., AHMAD, B., AFSHEEN, N., ASLAM, F., ALI, A., 
AYESHA, R., BRYANT, M., HOLT, R., KHALID, H., ISHAQ, K., KOLY, K. 
N., RAJAN, S., SABA, J., TIRBHOWAN, N. & ZAVALA, G. A. 2021. 
Prevalence of Overweight and Obesity in People With Severe Mental 
Illness: Systematic Review and Meta-Analysis. Front Endocrinol 
(Lausanne), 12, 769309. 

AHANGARI, M., EVEREST, E., NGUYEN, T. H., VERRELLI, B. C., WEBB, B. 
T., BACANU, S. A., TAHIR TURANLI, E. & RILEY, B. P. 2022. Genome-
wide analysis of schizophrenia and multiple sclerosis identifies shared 
genomic loci with mixed direction of effects. Brain Behav Immun, 104, 
183-190. 

AHMEDANI, B. K., SOLBERG, L. I., COPELAND, L. A., FANG, Y., STEWART, 
C., HU, J., NERENZ, D. R., WILLIAMS, L. K., CASSIDY-BUSHROW, A. 
E., WAXMONSKY, J., LU, C. Y., WAITZFELDER, B. E., OWEN-SMITH, 
A. A., COLEMAN, K. J., LYNCH, F. L., AHMED, A. T., BECK, A. L., 
ROSSOM, R. C. & SIMON, G. E. 2015. Psychiatric comorbidity and 30-
day readmissions after hospitalization for heart failure; AMI; and 
pneumonia. Psychiatr Serv, 66, 134-40. 

AHTI, J., KIESEPPA, T., SUVISAARI, J., SUOKAS, K., HOLM, M., WEGELIUS, 
A., AHOLA-OLLI, A., HAKKINEN, K., KAMPMAN, O., LAHTEENVUO, 
M., PAUNIO, T., TIIHONEN, J., TUULIO-HENRIKSSON, A., ISOMETSA, 
E. & ACKNOWLEDGEMENTS, S. R. L. I. T. 2022. Differences in 
psychosocial functioning between psychotic disorders in the Finnish 
SUPER study. Schizophr Res, 244, 10-17. 

AMBROSE, J. A. & BARUA, R. S. 2004. The pathophysiology of cigarette 
smoking and cardiovascular disease: an update. J Am Coll Cardiol, 43, 
1731-7. 

ANAND, P., KUNNUMAKKARA, A. B., SUNDARAM, C., HARIKUMAR, K. B., 
THARAKAN, S. T., LAI, O. S., SUNG, B. & AGGARWAL, B. B. 2008. 
Cancer is a preventable disease that requires major lifestyle changes. 
Pharm Res, 25, 2097-116. 

ANANTH, J. & BURNSTEIN, M. 1977. Cancer: less common in psychiatric 
patients? Psychosomatics, 18, 44-6. 

http://www.aomrc.org.uk/wp-content/uploads/2016/10/Improving_-physical_health_adults_with_SMI_essential_actions_251016-2.pdf
http://www.aomrc.org.uk/wp-content/uploads/2016/10/Improving_-physical_health_adults_with_SMI_essential_actions_251016-2.pdf
https://acmedsci.ac.uk/file-download/82222577


319 
 

ANDRES, E., GARCIA-CAMPAYO, J., MAGAN, P., BARREDO, E., CORDERO, 
A., LEON, M., BOTAYA, R. M., GARCIA-ORTIZ, L., GOMEZ, M., 
ALEGRIA, E. & CASASNOVAS, J. A. 2012. Psychiatric morbidity as a 
risk factor for hospital readmission for acute myocardial infarction: an 8-
year follow-up study in Spain. Int J Psychiatry Med, 44, 63-75. 

ANGST, J., AJDACIC-GROSS, V. & ROSSLER, W. 2020. Bipolar disorders in 
ICD-11: current status and strengths. Int J Bipolar Disord, 8, 3. 

ANMELLA, G., FICO, G., LOTFALIANY, M., HIDALGO-MAZZEI, D., SOTO-
ANGONA, O., GIMENEZ-PALOMO, A., AMORETTI, S., MURRU, A., 
RADUA, J., SOLANES, A., PACCHIAROTTI, I., VERDOLINI, N., 
COWDERY, S., DODD, S., WILLIAMS, L. J., MOHEBBI, M., 
CARVALHO, A. F., KESSING, L. V., VIETA, E. & BERK, M. 2021. Risk 
of cancer in bipolar disorder and the potential role of lithium: International 
collaborative systematic review and meta-analyses. Neurosci Biobehav 
Rev, 126, 529-541. 

ANTHONISEN, N. R., CONNETT, J. E., KILEY, J. P., ALTOSE, M. D., BAILEY, 
W. C., BUIST, A. S., CONWAY, W. A., JR., ENRIGHT, P. L., KANNER, 
R. E., O'HARA, P. & ET AL. 1994. Effects of smoking intervention and 
the use of an inhaled anticholinergic bronchodilator on the rate of decline 
of FEV1. The Lung Health Study. JAMA, 272, 1497-505. 

APA 2013. Diagnostic and statistical manual of mental disorders, Arlington, 
American Psychiatric Association. 

ARAMRAT, C., CHOKSOMNGAM, Y., JIRAPORNCHAROEN, W., 
WIWATKUNUPAKARN, N., PINYOPORNPANISH, K., MALLINSON, P. 
A. C., KINRA, S. & ANGKURAWARANON, C. 2022. Advancing 
multimorbidity management in primary care: a narrative review. Prim 
Health Care Res Dev, 23, e36. 

ARFFMAN, M., MANDERBACKA, K., SUVISAARI, J., KOIVUNEN, J., LUMME, 
S., KESKIMAKI, I., AHLGREN-RIMPILAINEN, A. & PUKKALA, E. 2019. 
The impact of severe mental illness on lung cancer mortality of patients 
with lung cancer in Finland in 1990-2013: a register-based cohort study. 
Eur J Cancer, 118, 105-111. 

ARHI, C. S., BOTTLE, A., BURNS, E. M., CLARKE, J. M., AYLIN, P., ZIPRIN, 
P. & DARZI, A. 2018. Comparison of cancer diagnosis recording 
between the Clinical Practice Research Datalink, Cancer Registry and 
Hospital Episodes Statistics. Cancer Epidemiol, 57, 148-157. 

ATTAR, R., VALENTIN, J. B., FREEMAN, P., ANDELL, P., AAGAARD, J. & 
JENSEN, S. E. 2019. The effect of schizophrenia on major adverse 
cardiac events, length of hospital stay, and prevalence of somatic 
comorbidities following acute coronary syndrome. Eur Heart J Qual Care 
Clin Outcomes, 5, 121-126. 

ATTAR, R., WESTER, A., KOUL, S., EGGERT, S., POLCWIARTEK, C., 
JERNBERG, T., ERLINGE, D. & ANDELL, P. 2020. Higher risk of major 
adverse cardiac events after acute myocardial infarction in patients with 
schizophrenia. Open Heart, 7. 

AUBERT, C. E., FOLLY, A., MANCINETTI, M., HAYOZ, D. & DONZE, J. 2016. 
Prospective validation and adaptation of the HOSPITAL score to predict 
high risk of unplanned readmission of medical patients. Swiss Med Wkly, 
146, w14335. 

AUBERT, C. E., SCHNIPPER, J. L., FANKHAUSER, N., MARQUES-VIDAL, P., 
STIRNEMANN, J., AUERBACH, A. D., ZIMLICHMAN, E., KRIPALANI, 
S., VASILEVSKIS, E. E., ROBINSON, E., METLAY, J., FLETCHER, G. 



320 
 

S., LIMACHER, A. & DONZE, J. 2020. Association of patterns of 
multimorbidity with length of stay: A multinational observational study. 
Medicine (Baltimore), 99, e21650. 

BAHORIK, A. L., SATRE, D. D., KLINE-SIMON, A. H., WEISNER, C. M. & 
CAMPBELL, C. I. 2017. Serious mental illness and medical 
comorbidities: Findings from an integrated health care system. J 
Psychosom Res, 100, 35-45. 

BALOGUN-KATUNG, A., CARSWELL, C., BROWN, J. V. E., COVENTRY, P., 
AJJAN, R., ALDERSON, S., BELLASS, S., BOEHNKE, J. R., HOLT, R., 
JACOBS, R., KELLAR, I., KITCHEN, C., LISTER, J., PECKHAM, E., 
SHIERS, D., SIDDIQI, N., WRIGHT, J., YOUNG, B., TAYLOR, J. & 
TEAM, D. R. 2021. Exploring the facilitators, barriers, and strategies for 
self-management in adults living with severe mental illness, with and 
without long-term conditions: A qualitative evidence synthesis. PLoS 
One, 16, e0258937. 

BARNES, A. L., MURPHY, M. E., FOWLER, C. A. & REMPFER, M. V. 2012. 
Health-related quality of life and overall life satisfaction in people with 
serious mental illness. Schizophr Res Treatment, 2012, 245103. 

BARNETT, K., MERCER, S. W., NORBURY, M., WATT, G., WYKE, S. & 
GUTHRIE, B. 2012. Epidemiology of multimorbidity and implications for 
health care, research, and medical education: a cross-sectional study. 
Lancet, 380, 37-43. 

BARNWELL-MENARD, J. L., LI, Q. & COHEN, A. A. 2015. Effects of 
categorization method, regression type, and variable distribution on the 
inflation of Type-I error rate when categorizing a confounding variable. 
Stat Med, 34, 936-49. 

BASSILY, M. N., WILSON, R., POMPEI, F. & BURMISTROV, D. 2010. Cancer 
survival as a function of age at diagnosis: a study of the Surveillance, 
Epidemiology and End Results database. Cancer Epidemiol, 34, 667-81. 

BASTA, M. N., FOX, J. P., KANCHWALA, S. K., WU, L. C., SERLETTI, J. M., 
KOVACH, S. J., FOSNOT, J. & FISCHER, J. P. 2016. Complicated 
breast cancer-related lymphedema: evaluating health care resource 
utilization and associated costs of management. Am J Surg, 211, 133-41. 

BAUER-STAEB, C., JORGENSEN, L., LEWIS, G., DALMAN, C., OSBORN, D. 
P. J. & HAYES, J. F. 2017. Prevalence and risk factors for HIV, hepatitis 
B, and hepatitis C in people with severe mental illness: a total population 
study of Sweden. Lancet Psychiatry, 4, 685-693. 

BAUERNFREUND, Y., LAUNDERS, N., FAVARATO, G., HAYES, J. F., 
OSBORN, D. & SAMPSON, E. L. 2022. Incidence and associations of 
hospital delirium diagnoses in 85979 people with severe mental illness: a 
data linkage study. Acta Psychiatr Scand. 

BAUGHMAN, K. R., BONFINE, N., DUGAN, S. E., ADAMS, R., GALLAGHER, 
M., OLDS, R. S., PIATT, E. & RITTER, C. 2016. Disease Burden Among 
Individuals with Severe Mental Illness in a Community Setting. 
Community Ment Health J, 52, 424-32. 

BECKER, T. & HUX, J. 2011. Risk of acute complications of diabetes among 
people with schizophrenia in Ontario, Canada. Diabetes Care, 34, 398-
402. 

BELSON, C., SHEITMAN, B. & STEINER, B. 2020. The Effects of an Enhanced 
Primary Care Model for Patients with Serious Mental Illness on 
Emergency Department Utilization. Community Ment Health J, 56, 1311-
1317. 



321 
 

BENDAYAN, R., KRALJEVIC, Z., SHAARI, S., DAS-MUNSHI, J., LEIPOLD, L., 
CHATURVEDI, J., MIRZA, L., ALDELEMI, S., SEARLE, T., CHANCE, 
N., MASCIO, A., SKIADA, N., WANG, T., ROBERTS, A., STEWART, R., 
BEAN, D. & DOBSON, R. 2022. Mapping multimorbidity in individuals 
with schizophrenia and bipolar disorders: evidence from the South 
London and Maudsley NHS Foundation Trust Biomedical Research 
Centre (SLAM BRC) case register. BMJ Open, 12, e054414. 

BENROS, M. E., PEDERSEN, M. G., RASMUSSEN, H., EATON, W. W., 
NORDENTOFT, M. & MORTENSEN, P. B. 2014. A nationwide study on 
the risk of autoimmune diseases in individuals with a personal or a family 
history of schizophrenia and related psychosis. Am J Psychiatry, 171, 
218-26. 

BENSON, T. 2011. The history of the Read Codes: the inaugural James Read 
Memorial Lecture 2011. Inform Prim Care, 19, 173-82. 

BENTALL, R. P., DE SOUSA, P., VARESE, F., WICKHAM, S., SITKO, K., 
HAARMANS, M. & READ, J. 2014. From adversity to psychosis: 
pathways and mechanisms from specific adversities to specific 
symptoms. Soc Psychiatry Psychiatr Epidemiol, 49, 1011-22. 

BERWICK, D. M., NOLAN, T. W. & WHITTINGTON, J. 2008. The triple aim: 
care, health, and cost. Health Aff (Millwood), 27, 759-69. 

BEST, M. W. & BOWIE, C. R. 2022. Social exclusion in psychotic disorders: An 
interactional processing model. Schizophr Res, 244, 91-100. 

BHASKARAN, K., DOS-SANTOS-SILVA, I., LEON, D. A., DOUGLAS, I. J. & 
SMEETH, L. 2018. Association of BMI with overall and cause-specific 
mortality: a population-based cohort study of 3.6 million adults in the UK. 
Lancet Diabetes Endocrinol, 6, 944-953. 

BHASKARAN, K., FORBES, H. J., DOUGLAS, I., LEON, D. A. & SMEETH, L. 
2013. Representativeness and optimal use of body mass index (BMI) in 
the UK Clinical Practice Research Datalink (CPRD). BMJ Open, 3, 
e003389. 

BILLINGS, J., DIXON, J., MIJANOVICH, T. & WENNBERG, D. 2006. Case 
finding for patients at risk of readmission to hospital: development of 
algorithm to identify high risk patients. BMJ, 333, 327. 

BILLINGS, J., GEORGHIOU, T., BLUNT, I. & BARDSLEY, M. 2013. Choosing a 
model to predict hospital admission: an observational study of new 
variants of predictive models for case finding. BMJ Open, 3, e003352. 

BISQUERA, A., GULLIFORD, M., DODHIA, H., LEDWABA-CHAPMAN, L., 
DURBABA, S., SOLEY-BORI, M., FOX-RUSHBY, J., ASHWORTH, M. & 
WANG, Y. 2021. Identifying longitudinal clusters of multimorbidity in an 
urban setting: A population-based cross-sectional study. Lancet Reg 
Health Eur, 3, 100047. 

BJORK BRAMBERG, E., TORGERSON, J., NORMAN KJELLSTROM, A., 
WELIN, P. & RUSNER, M. 2018. Access to primary and specialized 
somatic health care for persons with severe mental illness: a qualitative 
study of perceived barriers and facilitators in Swedish health care. BMC 
Fam Pract, 19, 12. 

BLIXEN, C. E., KANUCH, S., PERZYNSKI, A. T., THOMAS, C., DAWSON, N. 
V. & SAJATOVIC, M. 2016. Barriers to Self-management of Serious 
Mental Illness and Diabetes. Am J Health Behav, 40, 194-204. 

BLUNT, I. 2013. Focus on Preventable Admissions: Trends in emergency 
admissions for ambulatory care sensitive conditions, 2001 to 2013 The 
Health Foundation and Nuffield Trust. Available: 



322 
 

https://www.health.org.uk/sites/default/files/QualityWatch_FocusOnPreve
ntableAdmissions.pdf. 

BOBROVITZ, N., HENEGHAN, C., ONAKPOYA, I., FLETCHER, B., COLLINS, 
D., TOMPSON, A., LEE, J., NUNAN, D., FISHER, R., SCOTT, B., 
O'SULLIVAN, J., VAN HECKE, O., NICHOLSON, B. D., STEVENS, S., 
ROBERTS, N. & MAHTANI, K. R. 2018. Medications that reduce 
emergency hospital admissions: an overview of systematic reviews and 
prioritisation of treatments. BMC Med, 16, 115. 

BOOTH, H. P., PREVOST, A. T. & GULLIFORD, M. C. 2013. Validity of 
smoking prevalence estimates from primary care electronic health 
records compared with national population survey data for England, 2007 
to 2011. Pharmacoepidemiol Drug Saf, 22, 1357-61. 

BOTTLE, A., AYLIN, P. & MAJEED, A. 2006. Identifying patients at high risk of 
emergency hospital admissions: a logistic regression analysis. J R Soc 
Med, 99, 406-14. 

BOUZA, C., LOPEZ-CUADRADO, T.,AMATE, J. M. 2010. Hospital admissions 
due to physical disease in people with schizophrenia: a national 
population-based study. Gen Hosp Psychiatry, 32, 156-63. 

BOWDEN, J. A., MILLER, C. L. & HILLER, J. E. 2011. Smoking and mental 
illness: a population study in South Australia. Aust N Z J Psychiatry, 45, 
325-31. 

BRAUDE, M. R., CON, D., LUBEL, J., BIDWAI, A., NGUYEN, H. T., 
SHARMAMIGLANI, S., CLARKE, D., DEV, A. & SIEVERT, W. 2021. 
Liver disease prevalence and severity in people with serious mental 
illness: a cross-sectional analysis using non-invasive diagnostic tools. 
Hepatol Int, 15, 812-820. 

BRESEE, L. C., MAJUMDAR, S. R., PATTEN, S. B. & JOHNSON, J. A. 2012. 
Utilization of general and specialized cardiac care by people with 
schizophrenia. Psychiatric Services, 63, 237-242. 

BRINK, M., GREEN, A., BOJESEN, A. B., LAMBERTI, J. S., CONWELL, Y. & 
ANDERSEN, K. 2017. Physical Health, Medication, and Healthcare 
Utilization among 70-Year-Old People with Schizophrenia: A Nationwide 
Danish Register Study. American Journal of Geriatric Psychiatry, 25, 
500-509. 

BRINK, M., GREEN, A., BOJESEN, A. B., LAMBERTI, J. S., CONWELL, Y. & 
ANDERSEN, K. 2019. Excess medical comorbidity and mortality across 
the lifespan in schizophrenia.: A nationwide Danish register study. 
Schizophr Res, 206, 347-354. 

BUHR, R. G., JACKSON, N. J., KOMINSKI, G. F., DUBINETT, S. M., ONG, M. 
K. & MANGIONE, C. M. 2019. Comorbidity and thirty-day hospital 
readmission odds in chronic obstructive pulmonary disease: a 
comparison of the Charlson and Elixhauser comorbidity indices. BMC 
Health Serv Res, 19, 701. 

BUSBY, J., PURDY, S. & HOLLINGWORTH, W. 2017a. How do population, 
general practice and hospital factors influence ambulatory care sensitive 
admissions: a cross sectional study. BMC Fam Pract, 18, 67. 

BUSBY, J., PURDY, S. & HOLLINGWORTH, W. 2017b. Opportunities for 
primary care to reduce hospital admissions: a cross-sectional study of 
geographical variation. Br J Gen Pract, 67, e20-e28. 

BUSBY, J., PURDY, S. & HOLLINGWORTH, W. 2017c. Using geographic 
variation in unplanned ambulatory care sensitive condition admission 

https://www.health.org.uk/sites/default/files/QualityWatch_FocusOnPreventableAdmissions.pdf
https://www.health.org.uk/sites/default/files/QualityWatch_FocusOnPreventableAdmissions.pdf


323 
 

rates to identify commissioning priorities: an analysis of routine data from 
England. J Health Serv Res Policy, 22, 20-27. 

BUSIJA, L., LIM, K., SZOEKE, C., SANDERS, K. M. & MCCABE, M. P. 2019. 
Do replicable profiles of multimorbidity exist? Systematic review and 
synthesis. Eur J Epidemiol, 34, 1025-1053. 

BUTLER, J., DE CASSAN, S., TURNER, P., LENNOX, B., HAYWARD, G. & 
GLOGOWSKA, M. 2020. Attitudes to physical healthcare in severe 
mental illness; a patient and mental health clinician qualitative interview 
study. BMC Fam Pract, 21, 243. 

CAHOON, E. K., MCGINTY, E. E., FORD, D. E. & DAUMIT, G. L. 2013. 
Schizophrenia and potentially preventable hospitalizations in the United 
States: A retrospective cross-sectional study. BMC Psychiatry, 13 (no 
pagination). 

CALIŃSKI, T. & HARABASZ, J. 1974. A dendrite method for cluster analysis. 
Communications in Statistics, 3, 1-27. 

CASSELL, A., EDWARDS, D., HARSHFIELD, A., RHODES, K., BRIMICOMBE, 
J., PAYNE, R. & GRIFFIN, S. 2018. The epidemiology of multimorbidity 
in primary care: a retrospective cohort study. Br J Gen Pract, 68, e245-
e251. 

CAUL, S. & BROGGIO, J. 2019. Cancer registration statistics, England 2017. 
Office for National Statistics. Available: 
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialc
are/conditionsanddiseases/bulletins/cancerregistrationstatisticsengland/2
017. 

CHAMBERLAIN, A. M., ALONSO, A., GERSH, B. J., MANEMANN, S. M., 
KILLIAN, J. M., WESTON, S. A., BYRNE, M. & ROGER, V. L. 2017. 
Multimorbidity and the risk of hospitalization and death in atrial fibrillation: 
A population-based study. Am Heart J, 185, 74-84. 

CHAMBERLAIN, R. S., SOND, J., MAHENDRARAJ, K., LAU, C. S. & 
SIRACUSE, B. L. 2018. Determining 30-day readmission risk for heart 
failure patients: the Readmission After Heart Failure scale. Int J Gen 
Med, 11, 127-141. 

CHAN, J. K. N., WONG, C. S. M., OR, P. C. F., CHEN, E. Y. H. & CHANG, W. 
C. 2021. Diabetes complication burden and patterns and risk of mortality 
in people with schizophrenia and diabetes: A population-based cohort 
study with 16-year follow-up. Eur Neuropsychopharmacol, 53, 79-88. 

CHANDRA, S., AGARWAL, D., HANSON, A., FARMER, J. C., PICKERING, B. 
W., GAJIC, O. & HERASEVICH, V. 2011. The use of an electronic 
medical record based automatic calculation tool to quantify risk of 
unplanned readmission to the intensive care unit: a validation study. J 
Crit Care, 26, 634 e9-634 e15. 

CHANG, C. K., HAYES, R. D., BROADBENT, M. T., HOTOPF, M., DAVIES, E., 
MOLLER, H. & STEWART, R. 2014. A cohort study on mental disorders, 
stage of cancer at diagnosis and subsequent survival. BMJ Open, 4, 
e004295. 

CHANG, W. C., CHAN, J. K. N., WONG, C. S. M., HAI, J. S. H., OR, P. C. F. & 
CHEN, E. Y. H. 2020. Mortality, Revascularization, and Cardioprotective 
Pharmacotherapy After Acute Coronary Syndrome in Patients With 
Psychotic Disorders: A Population-Based Cohort Study. Schizophr Bull, 
46, 774-784. 

CHAPLIN, K., BOWER, P., MAN, M. S., BROOKES, S. T., GAUNT, D., 
GUTHRIE, B., MANN, C., MERCER, S. W., RAFI, I., SHAW, A. R. G. & 

https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/cancerregistrationstatisticsengland/2017
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/cancerregistrationstatisticsengland/2017
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/cancerregistrationstatisticsengland/2017


324 
 

SALISBURY, C. 2018. Understanding usual care for patients with 
multimorbidity: baseline data from a cluster-randomised trial of the 3D 
intervention in primary care. BMJ Open, 8, e019845. 

CHARLSON, M. E., POMPEI, P., ALES, K. L. & MACKENZIE, C. R. 1987. A 
new method of classifying prognostic comorbidity in longitudinal studies: 
development and validation. J Chronic Dis, 40, 373-83. 

CHEN, J. Y., MA, Q., CHEN, H. & YERMILOV, I. 2012. New bundled world: 
quality of care and readmission in diabetes patients. J Diabetes Sci 
Technol, 6, 563-71. 

CHEN, P. H., TSAI, S. Y., PAN, C. H., CHEN, Y. L., CHANG, H. M., SU, S. S., 
CHEN, C. C. & KUO, C. J. 2021. High Risk and Trajectories of Physical 
Illnesses before the Diagnosis of Bipolar Disorder. J Affect Disord, 281, 
99-108. 

CHEN, V. C., HSU, T. C., LIN, C. F., HUANG, J. Y., CHEN, Y. L., TZANG, B. S. 
& MCINTYRE, R. S. 2022. Association of Risperidone With Gastric 
Cancer: Triangulation Method From Cell Study, Animal Study, and 
Cohort Study. Front Pharmacol, 13, 846455. 

CHEN, Y., FAROOQ, S., EDWARDS, J., CHEW-GRAHAM, C. A., SHIERS, D., 
FRISHER, M., HAYWARD, R., SUMATHIPALA, A. & JORDAN, K. P. 
2019. Patterns of symptoms before a diagnosis of first episode 
psychosis: a latent class analysis of UK primary care electronic health 
records. BMC Med, 17, 227. 

CHEN, Y. L., PAN, C. H., CHANG, C. K., CHEN, P. H., CHANG, H. M., TAI, M. 
H., SU, S. S., TSAI, S. Y., CHEN, C. C. & KUO, C. J. 2020. Physical 
Illnesses Before Diagnosed as Schizophrenia: A Nationwide Case-
Control Study. Schizophr Bull, 46, 785-794. 

CHISHOLM, J. 1990. The Read clinical classification. BMJ, 300, 1092. 
CHRISHON, K., ANDERSON, D., ARORA, G. & BAILEY, T. K. 2012. Race and 

psychiatric diagnostic patterns: understanding the influence of hospital 
characteristics in the National Hospital Discharge Survey. J Natl Med 
Assoc, 104, 505-9. 

CHWASTIAK, L. A., DAVYDOW, D. S., MCKIBBIN, C. L., SCHUR, E., 
BURLEY, M., MCDONELL, M. G., ROLL, J. & DARATHA, K. B. 2014. 
The effect of serious mental illness on the risk of rehospitalization among 
patients with diabetes. Psychosomatics, 55, 134-43. 

CIANFANELLI, V., FUOCO, C., LORENTE, M., SALAZAR, M., 
QUONDAMATTEO, F., GHERARDINI, P. F., DE ZIO, D., NAZIO, F., 
ANTONIOLI, M., D'ORAZIO, M., SKOBO, T., BORDI, M., ROHDE, M., 
DALLA VALLE, L., HELMER-CITTERICH, M., GRETZMEIER, C., 
DENGJEL, J., FIMIA, G. M., PIACENTINI, M., DI BARTOLOMEO, S., 
VELASCO, G. & CECCONI, F. 2015. AMBRA1 links autophagy to cell 
proliferation and tumorigenesis by promoting c-Myc dephosphorylation 
and degradation. Nat Cell Biol, 17, 20-30. 

CIMO, A. & DEWA, C. S. 2018. Symptoms of Mental Illness and Their Impact 
on Managing Type 2 Diabetes in Adults. Can J Diabetes, 42, 372-381. 

CLIFTON, A., BURGESS, C., CLEMENT, S., OHLSEN, R., RAMLUGGUN, P., 
STURT, J., WALTERS, P. & BARLEY, E. A. 2016. Influences on uptake 
of cancer screening in mental health service users: a qualitative study. 
BMC Health Serv Res, 16, 257. 

COFFEY, R. M., MISRA, A., BARRETT, M., ANDREWS, R. M., MUTTER, R. & 
MOY, E. 2012. Congestive heart failure: who is likely to be readmitted? 
Med Care Res Rev, 69, 602-16. 



325 
 

CONOLLY, A. & CRAIG, S. 2019. Health Survey For England 2018: Overweight 
and Obesity in adults and children. NHS Digital. Available: 
https://files.digital.nhs.uk/52/FD7E18/HSE18-Adult-Child-Obesity-rep.pdf. 

COOK, M. B., DAWSEY, S. M., FREEDMAN, N. D., INSKIP, P. D., WICHNER, 
S. M., QURAISHI, S. M., DEVESA, S. S. & MCGLYNN, K. A. 2009. Sex 
disparities in cancer incidence by period and age. Cancer Epidemiol 
Biomarkers Prev, 18, 1174-82. 

COOKSLEY, T., NANAYAKKARA, P. W., NICKEL, C. H., SUBBE, C. P., 
KELLETT, J., KIDNEY, R., MERTEN, H., VAN GALEN, L., HENRIKSEN, 
D. P., LASSEN, A. T., BRABRAND, M. & SAFER@HOME, C. 2016. 
Readmissions of medical patients: an external validation of two existing 
prediction scores. QJM, 109, 245-8. 

CORRELL, C. U., SOLMI, M., CROATTO, G., SCHNEIDER, L. K., ROHANI-
MONTEZ, S. C., FAIRLEY, L., SMITH, N., BITTER, I., GORWOOD, P., 
TAIPALE, H. & TIIHONEN, J. 2022. Mortality in people with 
schizophrenia: a systematic review and meta-analysis of relative risk and 
aggravating or attenuating factors. World Psychiatry, 21, 248-271. 

CORRELL, C. U., SOLMI, M., VERONESE, N., BORTOLATO, B., ROSSON, 
S., SANTONASTASO, P., THAPA-CHHETRI, N., FORNARO, M., 
GALLICCHIO, D., COLLANTONI, E., PIGATO, G., FAVARO, A., 
MONACO, F., KOHLER, C., VANCAMPFORT, D., WARD, P. B., 
GAUGHRAN, F., CARVALHO, A. F. & STUBBS, B. 2017. Prevalence, 
incidence and mortality from cardiovascular disease in patients with 
pooled and specific severe mental illness: a large-scale meta-analysis of 
3,211,768 patients and 113,383,368 controls. World Psychiatry, 16, 163-
180. 

COSGROVE, V. E. & SUPPES, T. 2013. Informing DSM-5: biological 
boundaries between bipolar I disorder, schizoaffective disorder, and 
schizophrenia. BMC Med, 11, 127. 

COURNANE, S., BYRNE, D., CONWAY, R., O'RIORDAN, D., COVENEY, S. & 
SILKE, B. 2015. Social deprivation and hospital admission rates, length 
of stay and readmissions in emergency medical admissions. Eur J Intern 
Med, 26, 766-71. 

CPRD. 2021a. CPRD: Data [Online]. Available: https://www.cprd.com/Data 
[Accessed 29/09/22 2021]. 

CPRD. 2021b. Hospital Episode Statistics (HES) Accident and Emergency and 
CPRD primary care data documentation (set 21). Clinical Practice 
Research Datalink. Available: https://cprd.com/sites/default/files/2022-
02/Documentation_HES_AE_set21.pdf. 

CPRD. 2022a. CPRD Aurum Frequently Asked Questions (FAQs), Version 2.3 
[Online]. Available: https://cprd.com/primary-care-data-public-health-
research [Accessed 30/09/2022]. 

CPRD. 2022b. CPRD Aurum March 2022 (Version 2022.03.001) [Data set]. 
Clinical Practice Research Datalink,. Available: 
https://doi.org/10.48329/MY9S-4X08. 

CRAMER, S., CHAPA, G., KOTSOS, T. & JENICH, H. 2010. Assessing multiple 
hospitalizations for health-plan-managed Medicaid diabetic members. J 
Healthc Qual, 32, 7-14. 

CRUMP, C., WINKLEBY, M. A., SUNDQUIST, K. & SUNDQUIST, J. 2013. 
Comorbidities and mortality in persons with schizophrenia: a Swedish 
national cohort study. Am J Psychiatry, 170, 324-33. 

https://files.digital.nhs.uk/52/FD7E18/HSE18-Adult-Child-Obesity-rep.pdf
https://www.cprd.com/Data
https://cprd.com/sites/default/files/2022-02/Documentation_HES_AE_set21.pdf
https://cprd.com/sites/default/files/2022-02/Documentation_HES_AE_set21.pdf
https://cprd.com/primary-care-data-public-health-research
https://cprd.com/primary-care-data-public-health-research
https://doi.org/10.48329/MY9S-4X08


326 
 

DALTON, S. O., JOHANSEN, C., POULSEN, A. H., NORGAARD, M., 
SORENSEN, H. T., MCLAUGHLIN, J. K., MORTENSEN, P. B. & FRIIS, 
S. 2006. Cancer risk among users of neuroleptic medication: a 
population-based cohort study. Br J Cancer, 95, 934-9. 

DALTON, S. O., SUPPLI, N. P., EWERTZ, M., KROMAN, N., GRASSI, L. & 
JOHANSEN, C. 2018. Impact of schizophrenia and related disorders on 
mortality from breast cancer: A population-based cohort study in 
Denmark, 1995-2011. Breast, 40, 170-176. 

DARTIGUES, J. F., LE BOURDONNEC, K., TABUE-TEGUO, M., LE GOFF, M., 
HELMER, C., AVILA-FUNES, J. A., COUREAU, G., FEART, C., PERES, 
K., GENUER, R., LETENNEUR, L., AMIEVA, H. & PROUST-LIMA, C. 
2022. Co-Occurrence of Geriatric Syndromes and Diseases in the 
General Population: Assessment of the Dimensions of Aging. J Nutr 
Health Aging, 26, 37-45. 

DAS-MUNSHI, J., SCHOFIELD, P., ASHWORTH, M., GAUGHRAN, F., HULL, 
S., ISMAIL, K., ROBSON, J., STEWART, R. & MATHUR, R. 2021. 
Inequalities in glycemic management in people living with type 2 diabetes 
mellitus and severe mental illnesses: cohort study from the UK over 10 
years. BMJ Open Diabetes Res Care, 9. 

DAS-MUNSHI, J., SCHOFIELD, P., BHAVSAR, V., CHANG, C. K., DEWEY, M. 
E., MORGAN, C., STEWART, R., THORNICROFT, G. & PRINCE, M. J. 
2019. Ethnic density and other neighbourhood associations for mortality 
in severe mental illness: a retrospective cohort study with multi-level 
analysis from an urbanised and ethnically diverse location in the UK. 
Lancet Psychiatry, 6, 506-517. 

DAVIDSON, J. A., BANERJEE, A., SMEETH, L., MCDONALD, H. I., GRINT, D., 
HERRETT, E., FORBES, H., PEBODY, R. & WARREN-GASH, C. 2021. 
Risk of acute respiratory infection and acute cardiovascular events 
following acute respiratory infection among adults with increased 
cardiovascular risk in England between 2008 and 2018: a retrospective, 
population-based cohort study. Lancet Digit Health, 3, e773-e783. 

DAVYDOW, D. S., RIBE, A. R., PEDERSEN, H. S., FENGER-GRØN, M., 
CERIMELE, J. M., VEDSTED, P. & VESTERGAARD, M. 2016. Serious 
Mental Illness and Risk for Hospitalizations and Rehospitalizations for 
Ambulatory Care-sensitive Conditions in Denmark: A Nationwide 
Population-based Cohort Study. Med Care, 54, 90-7. 

DE HERT, M., COHEN, D., BOBES, J., CETKOVICH-BAKMAS, M., LEUCHT, 
S., NDETEI, D. M., NEWCOMER, J. W., UWAKWE, R., ASAI, I., 
MOLLER, H. J., GAUTAM, S., DETRAUX, J. & CORRELL, C. U. 2011a. 
Physical illness in patients with severe mental disorders. II. Barriers to 
care, monitoring and treatment guidelines, plus recommendations at the 
system and individual level. World Psychiatry, 10, 138-51. 

DE HERT, M., CORRELL, C. U., BOBES, J., CETKOVICH-BAKMAS, M., 
COHEN, D., ASAI, I., DETRAUX, J., GAUTAM, S., MOLLER, H. J., 
NDETEI, D. M., NEWCOMER, J. W., UWAKWE, R. & LEUCHT, S. 
2011b. Physical illness in patients with severe mental disorders. I. 
Prevalence, impact of medications and disparities in health care. World 
Psychiatry, 10, 52-77. 

DE LUSIGNAN, S. & CHAN, T. 2008. The development of primary care 
information technology in the United kingdom. J Ambul Care Manage, 
31, 201-10. 



327 
 

DE OLIVEIRA, C., MASON, J. & KURDYAK, P. 2020. Characteristics of 
patients with mental illness and persistent high-cost status: a population-
based analysis. CMAJ, 192, E1793-E1801. 

DECOUX, M. 2005. Acute versus primary care: the health care decision making 
process for individuals with severe mental illness. Issues Ment Health 
Nurs, 26, 935-51. 

DELON, C., BROWN, K. F., PAYNE, N. W. S., KOTROTSIOS, Y., VERNON, S. 
& SHELTON, J. 2022. Differences in cancer incidence by broad ethnic 
group in England, 2013-2017. Br J Cancer, 126, 1765-1773. 

DEPARTMENT OF HEALTH NI. 2022. Quality and Outcomes Framework 
(QOF) [Online]. Available: https://www.health-ni.gov.uk/topics/doh-
statistics-and-research/quality-outcomes-framework-qof [Accessed 
29/09/2022]. 

DI FLORIO, A., CRADDOCK, N. & VAN DEN BREE, M. 2014. Alcohol misuse 
in bipolar disorder. A systematic review and meta-analysis of comorbidity 
rates. Eur Psychiatry, 29, 117-24. 

DIPASQUALE, S., PARIANTE, C. M., DAZZAN, P., AGUGLIA, E., MCGUIRE, 
P. & MONDELLI, V. 2013. The dietary pattern of patients with 
schizophrenia: a systematic review. J Psychiatr Res, 47, 197-207. 

DOIDGE, J. C. & HARRON, K. L. 2019. Reflections on modern methods: 
linkage error bias. Int J Epidemiol, 48, 2050-2060. 

DONDERS, A. R., VAN DER HEIJDEN, G. J., STIJNEN, T. & MOONS, K. G. 
2006. Review: a gentle introduction to imputation of missing values. J 
Clin Epidemiol, 59, 1087-91. 

DONNAN, P. T., DORWARD, D. W., MUTCH, B. & MORRIS, A. D. 2008. 
Development and validation of a model for predicting emergency 
admissions over the next year (PEONY): a UK historical cohort study. 
Arch Intern Med, 168, 1416-22. 

DORNING, H., DAVIES, A. & BLUNT, I. 2015. Focus on: people wth mental ill 
health and hospital use. The Health Foundation and Nuffield Trust. 
Available: https://www.nuffieldtrust.org.uk/files/2018-10/qualitywatch-
mental-ill-health-and-hospital-use-full.pdf. 

DREGAN, A., MCNEILL, A., GAUGHRAN, F., JONES, P. B., BAZLEY, A., 
CROSS, S., LILLYWHITE, K., ARMSTRONG, D., SMITH, S., OSBORN, 
D. P. J., STEWART, R., WYKES, T. & HOTOPF, M. 2020. Potential 
gains in life expectancy from reducing amenable mortality among people 
diagnosed with serious mental illness in the United Kingdom. PLoS One, 
15, e0230674. 

DREYER, K., PARRY, W., JAYATUNGA, W. & DEENY, S. 2019. A descriptive 
analysis of health care use by highcost, high-need patients in England. 
The Health Foundation. Available: 
https://www.health.org.uk/sites/default/files/upload/publications/2019/Hea
lth-care-use-by-high-cost-high-need-patients-WP07.pdf. 

DRUSS, B. G., ZHAO, L., CUMMINGS, J. R., SHIM, R. S., RUST, G. S. & 
MARCUS, S. C. 2012. Mental comorbidity and quality of diabetes care 
under medicaid: A 50-state analysis. Medical Care, 50, 428-433. 

DUENAS-ESPIN, I., VELA, E., PAUWS, S., BESCOS, C., CANO, I., CLERIES, 
M., CONTEL, J. C., DE MANUEL KEENOY, E., GARCIA-AYMERICH, J., 
GOMEZ-CABRERO, D., KAYE, R., LAHR, M. M., LLUCH-ARIET, M., 
MOHARRA, M., MONTERDE, D., MORA, J., NALIN, M., PAVLICKOVA, 
A., PIERA, J., PONCE, S., SANTAEUGENIA, S., SCHONENBERG, H., 
STORK, S., TEGNER, J., VELICKOVSKI, F., WESTERTEICHER, C. & 

https://www.health-ni.gov.uk/topics/doh-statistics-and-research/quality-outcomes-framework-qof
https://www.health-ni.gov.uk/topics/doh-statistics-and-research/quality-outcomes-framework-qof
https://www.nuffieldtrust.org.uk/files/2018-10/qualitywatch-mental-ill-health-and-hospital-use-full.pdf
https://www.nuffieldtrust.org.uk/files/2018-10/qualitywatch-mental-ill-health-and-hospital-use-full.pdf
https://www.health.org.uk/sites/default/files/upload/publications/2019/Health-care-use-by-high-cost-high-need-patients-WP07.pdf
https://www.health.org.uk/sites/default/files/upload/publications/2019/Health-care-use-by-high-cost-high-need-patients-WP07.pdf


328 
 

ROCA, J. 2016. Proposals for enhanced health risk assessment and 
stratification in an integrated care scenario. BMJ Open, 6, e010301. 

DUFFY, R., NEVILLE, R. & STAINES, H. 2002. Variance in practice emergency 
medical admission rates: can it be explained? Br J Gen Pract, 52, 14-7. 

DUQUETTE, E., KHAN, A., WANG, N. E. & SHEARER, E. 2020. 2020 Annual 
Meeting Supplement. Acad Emerg Med, 27 Suppl 1, S7-S335. 

DYKXHOORN, J., HOLLANDER, A. C., LEWIS, G., MAGNUSSON, C., 
DALMAN, C. & KIRKBRIDE, J. B. 2019. Risk of schizophrenia, 
schizoaffective, and bipolar disorders by migrant status, region of origin, 
and age-at-migration: a national cohort study of 1.8 million people. 
Psychol Med, 49, 2354-2363. 

ECDC. 2016. Systematic review on hepatitis B and C prevalence in the 
EU/EEA. Stokholm: European Centre for Disease Prevention and 
Control. Available: 
https://www.ecdc.europa.eu/sites/default/files/media/en/publications/Publ
ications/systematic-review-hepatitis-B-C-prevalence.pdf. 

EDWARDS, S. T., PRENTICE, J. C., SIMON, S. R. & PIZER, S. D. 2014. 
Home-based primary care and the risk of ambulatory care-sensitive 
condition hospitalization among older veterans with diabetes mellitus. 
JAMA Intern Med, 174, 1796-803. 

EGGLEFIELD, K., COGAN, L., LECKMAN-WESTIN, E. & FINNERTY, M. 2020. 
Antipsychotic Medication Adherence and Diabetes-Related 
Hospitalizations Among Medicaid Recipients With Diabetes and 
Schizophrenia. Psychiatric Services, 71, 236-242. 

EIPN. 2021. Quality Standards for Early Intervention in Psychosis Services 
(Second Edition). Early Intervention in Psychosis Network, Royal College 
of Psychiatrists. Available: https://www.rcpsych.ac.uk/docs/default-
source/improving-care/ccqi/quality-networks/early-intervention-in-
psychosis-teams-(eipn)/quality-standards-for-eip-services-2nd-
edition.pdf?sfvrsn=131a6e4e_2. 

EL MORR, C., GINSBURG, L., NAM, S. & WOOLLARD, S. 2017. Assessing the 
Performance of a Modified LACE Index (LACE-rt) to Predict Unplanned 
Readmission After Discharge in a Community Teaching Hospital. Interact 
J Med Res, 6, e2. 

ELIXHAUSER, A., STEINER, C., HARRIS, D. R. & COFFEY, R. M. 1998. 
Comorbidity measures for use with administrative data. Med Care, 36, 8-
27. 

EMIS HEALTH. 2019. EMIS Web transitioning to SNOMED CT update. EMIS 
Health. Available: 
https://hscic.kahootz.com/gf2.ti/f/762498/44990309/PDF/-
/EMIS_Web_transitioning_to_SNOMED_CT_Jan_2019.pdf. 

ERIKSSON, E. M., LAU, M., JONSSON, C., ZHANG, C., RISO BERGERLIND, 
L. L., JONASSON, J. M. & STRANDER, B. 2019. Participation in a 
Swedish cervical cancer screening program among women with 
psychiatric diagnoses: a population-based cohort study. BMC Public 
Health, 19, 313. 

EUESDEN, J., BREEN, G., FARMER, A., MCGUFFIN, P. & LEWIS, C. M. 
2015. The relationship between schizophrenia and rheumatoid arthritis 
revisited: genetic and epidemiological analyses. Am J Med Genet B 
Neuropsychiatr Genet, 168B, 81-8. 

EVANS, S., BANERJEE, S., LEESE, M. & HUXLEY, P. 2007. The impact of 
mental illness on quality of life: A comparison of severe mental illness, 

https://www.ecdc.europa.eu/sites/default/files/media/en/publications/Publications/systematic-review-hepatitis-B-C-prevalence.pdf
https://www.ecdc.europa.eu/sites/default/files/media/en/publications/Publications/systematic-review-hepatitis-B-C-prevalence.pdf
https://www.rcpsych.ac.uk/docs/default-source/improving-care/ccqi/quality-networks/early-intervention-in-psychosis-teams-(eipn)/quality-standards-for-eip-services-2nd-edition.pdf?sfvrsn=131a6e4e_2
https://www.rcpsych.ac.uk/docs/default-source/improving-care/ccqi/quality-networks/early-intervention-in-psychosis-teams-(eipn)/quality-standards-for-eip-services-2nd-edition.pdf?sfvrsn=131a6e4e_2
https://www.rcpsych.ac.uk/docs/default-source/improving-care/ccqi/quality-networks/early-intervention-in-psychosis-teams-(eipn)/quality-standards-for-eip-services-2nd-edition.pdf?sfvrsn=131a6e4e_2
https://www.rcpsych.ac.uk/docs/default-source/improving-care/ccqi/quality-networks/early-intervention-in-psychosis-teams-(eipn)/quality-standards-for-eip-services-2nd-edition.pdf?sfvrsn=131a6e4e_2
https://hscic.kahootz.com/gf2.ti/f/762498/44990309/PDF/-/EMIS_Web_transitioning_to_SNOMED_CT_Jan_2019.pdf
https://hscic.kahootz.com/gf2.ti/f/762498/44990309/PDF/-/EMIS_Web_transitioning_to_SNOMED_CT_Jan_2019.pdf


329 
 

common mental disorder and healthy population samples. Qual Life Res, 
16, 17-29. 

FARLEY, J. F., HANSEN, R. A., YU-ISENBERG, K. S. & MACIEJEWSKI, M. L. 
2012. Antipsychotic adherence and its correlation to health outcomes for 
chronic comorbid conditions. Primary Care Companion to the Journal of 
Clinical Psychiatry, 14. 

FEDEWA, S. A., STAR, J., BANDI, P., MINIHAN, A., HAN, X., YABROFF, K. R. 
& JEMAL, A. 2022. Changes in Cancer Screening in the US During the 
COVID-19 Pandemic. JAMA Netw Open, 5, e2215490. 

FEINSTEIN, A. R. 1970. The Pre-Therapeutic Classification of Co-Morbidity in 
Chronic Disease. J Chronic Dis, 23, 455-68. 

FENG, C. X. 2021. A comparison of zero-inflated and hurdle models for 
modeling zero-inflated count data. J Stat Distrib Appl, 8, 8. 

FILIPCIC, I., SIMUNOVIC FILIPCIC, I., GROSIC, V., BAKIJA, I., SAGO, D., 
BENJAK, T., UGLESIC, B., BAJIC, Z. & SARTORIUS, N. 2018. Patterns 
of chronic physical multimorbidity in psychiatric and general population. J 
Psychosom Res, 114, 72-80. 

FILIPCIC, I., SIMUNOVIC FILIPCIC, I., IVEZIC, E., MATIC, K., TUNJIC 
VUKADINOVIC, N., VUK PISK, S., BODOR, D., BAJIC, Z., 
JAKOVLJEVIC, M. & SARTORIUS, N. 2017. Chronic physical illnesses 
in patients with schizophrenia spectrum disorders are independently 
associated with higher rates of psychiatric rehospitalization; a cross-
sectional study in Croatia. Eur Psychiatry, 43, 73-80. 

FIRTH, J., SIDDIQI, N., KOYANAGI, A., SISKIND, D., ROSENBAUM, S., 
GALLETLY, C., ALLAN, S., CANEO, C., CARNEY, R., CARVALHO, A. 
F., CHATTERTON, M. L., CORRELL, C. U., CURTIS, J., GAUGHRAN, 
F., HEALD, A., HOARE, E., JACKSON, S. E., KISELY, S., LOVELL, K., 
MAJ, M., MCGORRY, P. D., MIHALOPOULOS, C., MYLES, H., 
O'DONOGHUE, B., PILLINGER, T., SARRIS, J., SCHUCH, F. B., 
SHIERS, D., SMITH, L., SOLMI, M., SUETANI, S., TAYLOR, J., 
TEASDALE, S. B., THORNICROFT, G., TOROUS, J., USHERWOOD, 
T., VANCAMPFORT, D., VERONESE, N., WARD, P. B., YUNG, A. R., 
KILLACKEY, E. & STUBBS, B. 2019. The Lancet Psychiatry 
Commission: a blueprint for protecting physical health in people with 
mental illness. Lancet Psychiatry, 6, 675-712. 

FLEETWOOD, K., WILD, S. H., SMITH, D. J., MERCER, S. W., LICENCE, K., 
SUDLOW, C. L. M. & JACKSON, C. A. 2021. Severe mental illness and 
mortality and coronary revascularisation following a myocardial infarction: 
a retrospective cohort study. BMC Med, 19, 67. 

FLEETWOOD, K., WILD, S. H., SMITH, D. J., MERCER, S. W., LICENCE, K., 
SUDLOW, C. L. M. & JACKSON, C. A. 2022. Association of severe 
mental illness with stroke outcomes and process-of-care quality 
indicators: nationwide cohort study. Br J Psychiatry, 221, 394-401. 

FLEGAL, K. M., KIT, B. K., ORPANA, H. & GRAUBARD, B. I. 2013. Association 
of all-cause mortality with overweight and obesity using standard body 
mass index categories: a systematic review and meta-analysis. JAMA, 
309, 71-82. 

FLEGAL, K. M., SHEPHERD, J. A., LOOKER, A. C., GRAUBARD, B. I., 
BORRUD, L. G., OGDEN, C. L., HARRIS, T. B., EVERHART, J. E. & 
SCHENKER, N. 2009. Comparisons of percentage body fat, body mass 
index, waist circumference, and waist-stature ratio in adults. Am J Clin 
Nutr, 89, 500-8. 



330 
 

FORSLUND, T., CARLSSON, A. C., LJUNGGREN, G., ARNLOV, J. & 
WACHTLER, C. 2021. Patterns of multimorbidity and pharmacotherapy: 
a total population cross-sectional study. Fam Pract, 38, 132-140. 

FORTIN, M., STEWART, M., POITRAS, M. E., ALMIRALL, J. & MADDOCKS, 
H. 2012. A systematic review of prevalence studies on multimorbidity: 
toward a more uniform methodology. Ann Fam Med, 10, 142-51. 

FOUHY, F., CULLEN, W. & O'CONNOR, K. 2021. Physical health interventions 
for patients who have experienced a first episode of psychosis: a 
narrative review. Ir J Psychol Med, 38, 62-75. 

FOX, B. H. & HOWELL, M. A. 1974. Cancer risk among psychiatric patients: a 
hypothesis. International Journal of Epidemiology, 3, 207-208. 

FUJIWARA, M., YAMADA, Y., SHIMAZU, T., KODAMA, M., SO, R., 
MATSUSHITA, T., YOSHIMURA, Y., HORII, S., FUJIMORI, M., 
TAKAHASHI, H., NAKAYA, N., KAKEDA, K., MIYAJI, T., HINOTSU, S., 
HARADA, K., OKADA, H., UCHITOMI, Y., YAMADA, N. & INAGAKI, M. 
2021. Encouraging participation in colorectal cancer screening for people 
with schizophrenia: A randomized controlled trial. Acta Psychiatr Scand, 
144, 318-328. 

FULLER, B. E., RODRIGUEZ, V. L., LINKE, A., SIKIRICA, M., DIRANI, R. & 
HAUSER, P. 2011. Prevalence of liver disease in veterans with bipolar 
disorder or schizophrenia. Gen Hosp Psychiatry, 33, 232-7. 

G.B.D. INJURIES COLLABORATORS 2020. Global burden of 369 diseases 
and injuries in 204 countries and territories, 1990-2019: a systematic 
analysis for the Global Burden of Disease Study 2019. Lancet, 396, 
1204-1222. 

G.B.D. MENTAL DISORDERS COLLABORATORS 2022. Global, regional, and 
national burden of 12 mental disorders in 204 countries and territories, 
1990-2019: a systematic analysis for the Global Burden of Disease Study 
2019. Lancet Psychiatry, 9, 137-150. 

GABILONDO, A., ALONSO-MORAN, E., NUNO-SOLINIS, R., ORUETA, J. F. & 
IRUIN, A. 2017. Comorbidities with chronic physical conditions and 
gender profiles of illness in schizophrenia. Results from PREST, a new 
health dataset. J Psychosom Res, 93, 102-109. 

GALIANO RUS, S., ORTIZ GARCIA DE LA FOZ, V., ARIAS-LOSTE, M. T., 
IRUZUBIETA, P., GOMEZ-REVUELTA, M., JUNCAL-RUIZ, M., 
CRESPO, J., CRESPO-FACORRO, B. & VAZQUEZ-BOURGON, J. 
2022. Elevated risk of liver steatosis in first-episode psychosis patients: 
Results from a 3-year prospective study. Schizophr Res, 246, 30-38. 

GALLAGHER, A. M., DEDMAN, D., PADMANABHAN, S., LEUFKENS, H. G. M. 
& DE VRIES, F. 2019. The accuracy of date of death recording in the 
Clinical Practice Research Datalink GOLD database in England 
compared with the Office for National Statistics death registrations. 
Pharmacoepidemiol Drug Saf, 28, 563-569. 

GALON, P. & GRAOR, C. H. 2012. Engagement in primary care treatment by 
persons with severe and persistent mental illness. Arch Psychiatr Nurs, 
26, 272-84. 

GANDRE, C. & COLDEFY, M. 2020. Disparities in the Use of General Somatic 
Care among Individuals Treated for Severe Mental Disorders and the 
General Population in France. Int J Environ Res Public Health, 17. 

GARA, M. A., MINSKY, S., SILVERSTEIN, S. M., MISKIMEN, T. & 
STRAKOWSKI, S. M. 2019. A Naturalistic Study of Racial Disparities in 



331 
 

Diagnoses at an Outpatient Behavioral Health Clinic. Psychiatr Serv, 70, 
130-134. 

GAULIN, M., SIMARD, M., CANDAS, B., LESAGE, A. & SIROIS, C. 2019. 
Combined impacts of multimorbidity and mental disorders on frequent 
emergency department visits: a retrospective cohort study in Quebec, 
Canada. CMAJ, 191, E724-E732. 

GAYLE, A., LENOIR, A., MINELLI, C. & QUINT, J. 2022. Are we missing 
lifetime COPD diagnosis among people with COPD recorded death? A 
population-based retrospective cohort study. BJGP Open. 

GE, F., HUO, Z., LIU, Y., DU, X., WANG, R., LIN, W., WANG, R., CHEN, J., LU, 
Y., WEN, Y., CAO, H., SHANG, S., EFTEKHAR, M. & GU, D. 2022. 
Association between schizophrenia and prostate cancer risk: Results 
from a pool of cohort studies and Mendelian randomization analysis. 
Compr Psychiatry, 115, 152308. 

GERMACK, H. D., CARON, A., SOLOMON, R. & HANRAHAN, N. P. 2018. 
Medical-surgical readmissions in patients with co-occurring serious 
mental illness: A systematic review and meta-analysis. Gen Hosp 
Psychiatry, 55, 65-71. 

GHANI, M., KURUPPU, S., PRITCHARD, M., HARRIS, M., WEERAKKODY, R., 
STEWART, R. & PERERA, G. 2021. Vascular surgery receipt and 
outcomes for people with serious mental illnesses: Retrospective cohort 
study using a large mental healthcare database in South London. J 
Psychosom Res, 147, 110511. 

GILBERT, R., LAFFERTY, R., HAGGER-JOHNSON, G., HARRON, K., 
ZHANG, L. C., SMITH, P., DIBBEN, C. & GOLDSTEIN, H. 2018. GUILD: 
GUidance for Information about Linking Data sets. J Public Health (Oxf), 
40, 191-198. 

GILBODY, S., PECKHAM, E., BAILEY, D., ARUNDEL, C., HERON, P., 
CROSLAND, S., FAIRHURST, C., HEWITT, C., LI, J., PARROTT, S., 
BRADSHAW, T., HORSPOOL, M., HUGHES, E., HUGHES, T., KER, S., 
LEAHY, M., MCCLOUD, T., OSBORN, D., REILLY, J., STEARE, T., 
BALLANTYNE, E., BIDWELL, P., BONNER, S., BRENNAN, D., 
CALLEN, T., CAREY, A., COLBECK, C., COTON, D., DONALDSON, E., 
EVANS, K., HERLIHY, H., KHAN, W., NYATHI, L., NYAMADZAWO, E., 
OLDKNOW, H., PHIRI, P., RATHOD, S., REA, J., ROMAIN-HOOPER, 
C. B., SMITH, K., STRIBLING, A. & VICKERS, C. 2019. Smoking 
cessation for people with severe mental illness (SCIMITAR+): a 
pragmatic randomised controlled trial. Lancet Psychiatry, 6, 379-390. 

GLYNN, R. J., STUKEL, T. A., SHARP, S. M., BUBOLZ, T. A., FREEMAN, J. L. 
& FISHER, E. S. 1993. Estimating the variance of standardized rates of 
recurrent events, with application to hospitalizations among the elderly in 
New England. Am J Epidemiol, 137, 776-86. 

GOGOS, A., SKOKOU, M., FERENTINOU, E. & GOURZIS, P. 2019. Nicotine 
consumption during the prodromal phase of schizophrenia - a review of 
the literature. Neuropsychiatr Dis Treat, 15, 2943-2958. 

GOLDMAN, M. L., MANGURIAN, C., CORBEIL, T., WALL, M. M., TANG, F., 
HASELDEN, M., ESSOCK, S. M., FRIMPONG, E., MASCAYANO, F., 
RADIGAN, M., SCHNEIDER, M., WANG, R., DIXON, L. B., OLFSON, M. 
& SMITH, T. E. 2020. Medical comorbid diagnoses among adult 
psychiatric inpatients. Gen Hosp Psychiatry, 66, 16-23. 

GORCZYNSKI, P., FIRTH, J., STUBBS, B., ROSENBAUM, S. & 
VANCAMPFORT, D. 2017. Are people with schizophrenia adherent to 



332 
 

diabetes medication? A comparative meta-analysis. Psychiatry 
Research, 250, 17-24. 

GOUESLARD, K., PETIT, J. M., COTTENET, J., CHAUVET-GELINIER, J. C., 
JOLLANT, F. & QUANTIN, C. 2018. Increased Risk of Rehospitalization 
for Acute Diabetes Complications and Suicide Attempts in Patients With 
Type 1 Diabetes and Comorbid Schizophrenia. Diabetes Care, 41, 2316-
2321. 

GRASSI, L., CARUSO, R., BIANCOSINO, B., BELVEDERI MURRI, M., RIBA, 
M., MEGGIOLARO, E., RUFFILLI, F., PALAGINI, L., NANNI, M. G., 
ZAVATTA, S., TOFFANIN, T., FOLESANI, F. & ZERBINATI, L. 2021. 
Knowledge about risk factors for cancer and cancer risk behavior among 
patients with severe mental illness. Psychooncology, 30, 2077-2081. 

GRASSI, L. & RIBA, M. 2020. Cancer and severe mental illness: Bi-directional 
problems and potential solutions. Psychooncology, 29, 1445-1451. 

GRIGOROGLOU, C., MUNFORD, L., WEBB, R., KAPUR, N., DORAN, T., 
ASHCROFT, D. & KONTOPANTELIS, E. 2020a. Impact of a national 
primary care pay-for-performance scheme on ambulatory care sensitive 
hospital admissions: a small-area analysis in England. BMJ Open, 10, 
e036046. 

GRIGOROGLOU, C., MUNFORD, L., WEBB, R. T., KAPUR, N., ASHCROFT, 
D. M. & KONTOPANTELIS, E. 2020b. Prevalence of mental illness in 
primary care and its association with deprivation and social 
fragmentation at the small-area level in England. Psychol Med, 50, 293-
302. 

GROSSMAN LIU, L., ROGERS, J. R., REEDER, R., WALSH, C. G., 
KANSAGARA, D., VAWDREY, D. K. & SALMASIAN, H. 2021. Published 
models that predict hospital readmission: a critical appraisal. BMJ Open, 
11, e044964. 

GROVE, L. R., GERTNER, A. K., SWIETEK, K. E., LIN, C. C., RAY, N., 
MALONE, T. L., ROSEN, D. L., ZARZAR, T. R., DOMINO, M. E., 
SHEITMAN, B. & STEINER, B. D. 2021. Effect of Enhanced Primary 
Care for People with Serious Mental Illness on Service Use and 
Screening. J Gen Intern Med, 36, 970-977. 

GRUNEIR, A., DHALLA, I. A., VAN WALRAVEN, C., FISCHER, H. D., 
CAMACHO, X., ROCHON, P. A. & ANDERSON, G. M. 2011. Unplanned 
readmissions after hospital discharge among patients identified as being 
at high risk for readmission using a validated predictive algorithm. Open 
Med, 5, e104-11. 

GRUNZE, H. & CETKOVICH-BAKMAS, M. 2021. "Apples and pears are similar, 
but still different things." Bipolar disorder and schizophrenia- discrete 
disorders or just dimensions ? J Affect Disord, 290, 178-187. 

GUERRERO FERNANDEZ DE ALBA, I., GIMENO-MIGUEL, A., POBLADOR-
PLOU, B., GIMENO-FELIU, L. A., IOAKEIM-SKOUFA, I., ROJO-
MARTINEZ, G., FORJAZ, M. J. & PRADOS-TORRES, A. 2020. 
Association between mental health comorbidity and health outcomes in 
type 2 diabetes mellitus patients. Sci Rep, 10, 19583. 

GUISADO-CLAVERO, M., VIOLAN, C., LOPEZ-JIMENEZ, T., ROSO-
LLORACH, A., PONS-VIGUES, M., MUNOZ, M. A. & FOGUET-BOREU, 
Q. 2019. Medication patterns in older adults with multimorbidity: a cluster 
analysis of primary care patients. BMC Fam Pract, 20, 82. 

GULLIFORD, M. C., SUN, X., ANJUMAN, T., YELLAND, E. & MURRAY-
THOMAS, T. 2020. Comparison of antibiotic prescribing records in two 



333 
 

UK primary care electronic health record systems: cohort study using 
CPRD GOLD and CPRD Aurum databases. BMJ Open, 10, e038767. 

GUO, J. J., KECK, P. E., JR., LI, H., JANG, R. & KELTON, C. M. 2008. 
Treatment costs and health care utilization for patients with bipolar 
disorder in a large managed care population. Value Health, 11, 416-23. 

GUR, S., WEIZMAN, S., STUBBS, B., MATALON, A., MEYEROVITCH, J., 
HERMESH, H. & KRIVOY, A. 2018. Mortality, morbidity and medical 
resources utilization of patients with schizophrenia: A case-control 
community-based study. Psychiatry Res, 260, 177-181. 

HAERI, S., WILLIAMS, J., KOPEYKINA, I., JOHNSON, J., NEWMARK, A., 
COHEN, L. & GALYNKER, I. 2011. Disparities in diagnosis of bipolar 
disorder in individuals of African and European descent: a review. J 
Psychiatr Pract, 17, 394-403. 

HAFNER, H. 2019. From Onset and Prodromal Stage to a Life-Long Course of 
Schizophrenia and Its Symptom Dimensions: How Sex, Age, and Other 
Risk Factors Influence Incidence and Course of Illness. Psychiatry J, 
2019, 9804836. 

HALIDUOLA, H. N., BRETZ, F. & MANSMANN, U. 2022. Missing data 
imputation in clinical trials using recurrent neural network facilitated by 
clustering and oversampling. Biom J, 64, 863-882. 

HAN, L., DORAN, T., HOLT, R. I. G., HEWITT, C., JACOBS, R., PRADY, S. L., 
ALDERSON, S. L., SHIERS, D., WANG, H. I., BELLASS, S., GILBODY, 
S., KITCHEN, C. E. W., LISTER, J., TAYLOR, J. & SIDDIQI, N. 2021. 
Impact of severe mental illness on healthcare use and health outcomes 
for people with type 2 diabetes: a longitudinal observational study in 
England. Br J Gen Pract, 71, e565-e573. 

HANNOODEE, H., AL KHALILI, M., THEIK, N. W. Y., RAJI, O. E., SHENWAI, 
P., SHAH, R., KALLURI, S. R., BHUTTA, T. H. & KHAN, S. 2021. The 
Outcomes of Acute Coronary Syndrome in Patients Suffering From 
Schizophrenia: A Systematic Review. Cureus, 13, e16998. 

HARDOON, S., HAYES, J. F., BLACKBURN, R., PETERSEN, I., WALTERS, 
K., NAZARETH, I. & OSBORN, D. P. 2013. Recording of severe mental 
illness in United Kingdom primary care, 2000-2010. PLoS One, 8, 
e82365. 

HARDOON, S. L., KHADJESARI, Z., NAZARETH, I., HAMILTON, F. L. & 
PETERSEN, I. 2016. Monitoring of alcohol consumption in primary care 
among adults with bipolar disorder: A cross-sectional and retrospective 
cohort study. J Affect Disord, 198, 83-7. 

HARRISON, C., BRITT, H., MILLER, G. & HENDERSON, J. 2014. Examining 
different measures of multimorbidity, using a large prospective cross-
sectional study in Australian general practice. BMJ Open, 4, e004694. 

HASSAINE, A., SALIMI-KHORSHIDI, G., CANOY, D. & RAHIMI, K. 2020. 
Untangling the complexity of multimorbidity with machine learning. Mech 
Ageing Dev, 190, 111325. 

HAYES, J. F., MARSTON, L., WALTERS, K., KING, M. B. & OSBORN, D. P. J. 
2017. Mortality gap for people with bipolar disorder and schizophrenia: 
UK-based cohort study 2000-2014. Br J Psychiatry, 211, 175-181. 

HEAD, A., FLEMING, K., KYPRIDEMOS, C., SCHOFIELD, P., PEARSON-
STUTTARD, J. & O'FLAHERTY, M. 2021. Inequalities in incident and 
prevalent multimorbidity in England, 2004-19: a population-based, 
descriptive study. Lancet Healthy Longev, 2, e489-e497. 



334 
 

HEIBERG, I. H., JACOBSEN, B. K., BALTESKARD, L., BRAMNESS, J. G., 
NAESS, O., YSTROM, E., REICHBORN-KJENNERUD, T., HULTMAN, 
C. M., NESVAG, R. & HOYE, A. 2019. Undiagnosed cardiovascular 
disease prior to cardiovascular death in individuals with severe mental 
illness. Acta Psychiatr Scand, 139, 558-571. 

HELMER, D. A., DWIBEDI, N., ROWNEKI, M., TSENG, C. L., FRIED, D., 
ROSE, D., JANI, N. & SAMBAMOORTHI, U. 2020. Mental Health 
Conditions and Hospitalizations for Ambulatory Care Sensitive 
Conditions Among Veterans with Diabetes. Am Health Drug Benefits, 13, 
61-71. 

HENDRIE, H. C., TU, W., TABBEY, R., PURNELL, C. E., AMBUEHL, R. J. & 
CALLAHAN, C. M. 2014. Health outcomes and cost of care among older 
adults with schizophrenia: A 10-year study using medical records across 
the continuum of care. American Journal of Geriatric Psychiatry, 22, 427-
436. 

HERBERT, A., WIJLAARS, L., ZYLBERSZTEJN, A., CROMWELL, D. & 
HARDELID, P. 2017. Data Resource Profile: Hospital Episode Statistics 
Admitted Patient Care (HES APC). Int J Epidemiol, 46, 1093-1093i. 

HERRETT, E., GALLAGHER, A. M., BHASKARAN, K., FORBES, H., MATHUR, 
R., VAN STAA, T. & SMEETH, L. 2015. Data Resource Profile: Clinical 
Practice Research Datalink (CPRD). Int J Epidemiol, 44, 827-36. 

HESDORFFER, D. C. 2016. Comorbidity between neurological illness and 
psychiatric disorders. CNS Spectr, 21, 230-8. 

HIGGINS, J. P., THOMPSON, S. G., DEEKS, J. J. & ALTMAN, D. G. 2003. 
Measuring inconsistency in meta-analyses. BMJ, 327, 557-60. 

HIPPISLEY-COX, J. & COUPLAND, C. 2013. Predicting risk of emergency 
admission to hospital using primary care data: derivation and validation 
of QAdmissions score. BMJ Open, 3, e003482. 

HIPPISLEY-COX, J., COUPLAND, C., VINOGRADOVA, Y., ROBSON, J., 
MINHAS, R., SHEIKH, A. & BRINDLE, P. 2008. Predicting 
cardiovascular risk in England and Wales: prospective derivation and 
validation of QRISK2. BMJ, 336, 1475-82. 

HIPPISLEY-COX, J., VINOGRADOVA, Y., COUPLAND, C. & PARKER, C. 
2007. Risk of malignancy in patients with schizophrenia or bipolar 
disorder: nested case-control study. Arch Gen Psychiatry, 64, 1368-76. 

HM GOVERNMENT. 2021. Life Sciences Vision. HM Government. Available: 
https://assets.publishing.service.gov.uk/government/uploads/system/uplo
ads/attachment_data/file/1013597/life-sciences-vision-2021.pdf. 

HM GOVERNMENT. 2022. Health and Care Act 2022. HM Government. 
Available: 
https://www.legislation.gov.uk/ukpga/2022/31/contents/enacted. 

HO, I. S., AZCOAGA-LORENZO, A., AKBARI, A., BLACK, C., DAVIES, J., 
HODGINS, P., KHUNTI, K., KADAM, U., LYONS, R. A., MCCOWAN, C., 
MERCER, S., NIRANTHARAKUMAR, K. & GUTHRIE, B. 2021. 
Examining variation in the measurement of multimorbidity in research: a 
systematic review of 566 studies. Lancet Public Health, 6, e587-e597. 

HO, I. S., AZCOAGA-LORENZO, A., AKBARI, A., DAVIES, J., HODGINS, P., 
KHUNTI, K., KADAM, U., LYONS, R., MCCOWAN, C., MERCER, S. W., 
NIRANTHARAKUMAR, K. & GUTHRIE, B. 2022. Variation in the 
estimated prevalence of multimorbidity: systematic review and meta-
analysis of 193 international studies. BMJ Open, 12, e057017. 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1013597/life-sciences-vision-2021.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1013597/life-sciences-vision-2021.pdf
https://www.legislation.gov.uk/ukpga/2022/31/contents/enacted


335 
 

HOANG, U., GOLDACRE, M. J. & STEWART, R. 2013. Avoidable mortality in 
people with schizophrenia or bipolar disorder in England. Acta Psychiatr 
Scand, 127, 195-201. 

HODGSON, K., DEENY, S. R. & STEVENTON, A. 2019. Ambulatory care-
sensitive conditions: their potential uses and limitations. BMJ Qual Saf, 
28, 429-433. 

HOGAN, H., COOKE-O'DOWD, N., CHATTOPADHYAY, K., VAN DER 
MEULEN, J., SHERLAW-JOHNSON, C. & BLACK, N. 2019. 
Observational study to determine the utility of hospital administrative data 
to support case finding of English patients at higher risk of severe 
healthcare-related harm. BMJ Open, 9, e025372. 

HOLM, M., TAIPALE, H., TANSKANEN, A., TIIHONEN, J. & MITTERDORFER-
RUTZ, E. 2021. Employment among people with schizophrenia or bipolar 
disorder: A population-based study using nationwide registers. Acta 
Psychiatr Scand, 143, 61-71. 

HOOGENDOORN, M., HOOGENVEEN, R. T., RUTTEN-VAN MOLKEN, M. P., 
VESTBO, J. & FEENSTRA, T. L. 2011. Case fatality of COPD 
exacerbations: a meta-analysis and statistical modelling approach. Eur 
Respir J, 37, 508-15. 

HOWARD, L. M., BARLEY, E. A., DAVIES, E., RIGG, A., LEMPP, H., ROSE, 
D., TAYLOR, D. & THORNICROFT, G. 2010. Cancer diagnosis in people 
with severe mental illness: practical and ethical issues. Lancet Oncol, 11, 
797-804. 

HUANG, C. J., LIU, T. L., HUANG, Y. T., HSIEH, H. M., CHANG, C. C., CHU, 
C. C., WEI, C. W. & WENG, S. F. 2022. Healthcare burden and factors of 
type 2 diabetes mellitus with Schizophrenia. Eur Arch Psychiatry Clin 
Neurosci, 272, 519-529. 

HUCKANS, M., MITCHELL, A., RUIMY, S., LOFTIS, J. & HAUSER, P. 2010. 
Antiviral therapy completion and response rates among hepatitis C 
patients with and without schizophrenia. Schizophr Bull, 36, 165-72. 

HUGHES, E., BASSI, S., GILBODY, S., BLAND, M. & MARTIN, F. 2016. 
Prevalence of HIV, hepatitis B, and hepatitis C in people with severe 
mental illness: a systematic review and meta-analysis. Lancet 
Psychiatry, 3, 40-48. 

HUNTLEY, A., LASSERSON, D., WYE, L., MORRIS, R., CHECKLAND, K., 
ENGLAND, H., SALISBURY, C. & PURDY, S. 2014. Which features of 
primary care affect unscheduled secondary care use? A systematic 
review. BMJ Open, 4, e004746. 

HWONG, A., WANG, K., BENT, S. & MANGURIAN, C. 2020. Breast Cancer 
Screening in Women With Schizophrenia: A Systematic Review and 
Meta-Analysis. Psychiatr Serv, 71, 263-268. 

IBANEZ, K., BOULLOSA, C., TABARES-SEISDEDOS, R., BAUDOT, A. & 
VALENCIA, A. 2014. Molecular evidence for the inverse comorbidity 
between central nervous system disorders and cancers detected by 
transcriptomic meta-analyses. PLoS Genet, 10, e1004173. 

ILYAS, A., CHESNEY, E. & PATEL, R. 2017. Improving life expectancy in 
people with serious mental illness: should we place more emphasis on 
primary prevention? Br J Psychiatry, 211, 194-197. 

IMISON, C., CURRY, N., HOLDER, H., CASTLE-CLARKE, S., NIMMONS, D., 
J., A., R., T. & LOMBARDO, S. 2017. Shifting the balance of care: Great 
expectations. Nuffield Trust. Available: 



336 
 

https://www.nuffieldtrust.org.uk/files/2017-02/shifting-the-balance-of-
care-report-web-final.pdf. 

IMPARA, E., BAKOLIS, I., BECARES, L., DASCH, H., DREGAN, A., DYER, J., 
HOTOPF, M., STEWART, R. J., STUART, R., OCLOO, J. & DAS-
MUNSHI, J. 2022. COVID-19 ethnic inequalities in mental health and 
multimorbidities: protocol for the COVEIMM study. Soc Psychiatry 
Psychiatr Epidemiol, 57, 2511-2521. 

IOAKEIM-SKOUFA, I., POBLADOR-PLOU, B., CARMONA-PIREZ, J., DIEZ-
MANGLANO, J., NAVICKAS, R., GIMENO-FELIU, L. A., GONZALEZ-
RUBIO, F., JUREVICIENE, E., DAMBRAUSKAS, L., PRADOS-
TORRES, A. & GIMENO-MIGUEL, A. 2020. Multimorbidity Patterns in 
the General Population: Results from the EpiChron Cohort Study. Int J 
Environ Res Public Health, 17. 

IRWIN, K. E., HENDERSON, D. C., KNIGHT, H. P. & PIRL, W. F. 2014. Cancer 
care for individuals with schizophrenia. Cancer, 120, 323-34. 

ISHIKAWA, H., YASUNAGA, H., MATSUI, H., FUSHIMI, K. & KAWAKAMI, N. 
2016. Differences in cancer stage, treatment and in-hospital mortality 
between patients with and without schizophrenia: Retrospective 
matched-pair cohort study. British Journal of Psychiatry, 208, 239-244. 

IWAGAMI, M., MANSFIELD, K. E., HAYES, J. F., WALTERS, K., OSBORN, D. 
P., SMEETH, L., NITSCH, D. & TOMLINSON, L. A. 2018. Severe mental 
illness and chronic kidney disease: a cross-sectional study in the United 
Kingdom. Clin Epidemiol, 10, 421-429. 

JANI, B. D., HANLON, P., NICHOLL, B. I., MCQUEENIE, R., GALLACHER, K. 
I., LEE, D. & MAIR, F. S. 2019. Relationship between multimorbidity, 
demographic factors and mortality: findings from the UK Biobank cohort. 
BMC Med, 17, 74. 

JANSEN, L., VAN SCHIJNDEL, M., VAN WAARDE, J. & VAN BUSSCHBACH, 
J. 2018. Health-economic outcomes in hospital patients with medical-
psychiatric comorbidity: A systematic review and meta-analysis. PLoS 
One, 13, e0194029. 

JARBIN, H., OTT, Y. & VON KNORRING, A. L. 2003. Adult outcome of social 
function in adolescent-onset schizophrenia and affective psychosis. J Am 
Acad Child Adolesc Psychiatry, 42, 176-83. 

JAYATILLEKE, N., HAYES, R. D., CHANG, C. K. & STEWART, R. 2018. Acute 
general hospital admissions in people with serious mental illness. 
Psychol Med, 48, 2676-2683. 

JI, J., SUNDQUIST, K., NING, Y., KENDLER, K. S., SUNDQUIST, J. & CHEN, 
X. 2013. Incidence of cancer in patients with schizophrenia and their first-
degree relatives: a population-based study in Sweden. Schizophr Bull, 
39, 527-36. 

JICK, S. S., HAGBERG, K. W., PERSSON, R., VASILAKIS-SCARAMOZZA, C., 
WILLIAMS, T., CRELLIN, E. & MYLES, P. 2020. Quality and 
completeness of diagnoses recorded in the new CPRD Aurum Database: 
evaluation of pulmonary embolism. Pharmacoepidemiol Drug Saf, 29, 
1134-1140. 

JOHN, A., MCGREGOR, J., JONES, I., LEE, S. C., WALTERS, J. T. R., 
OWEN, M. J., O'DONOVAN, M., DELPOZO-BANOS, M., BERRIDGE, D. 
& LLOYD, K. 2018. Premature mortality among people with severe 
mental illness - New evidence from linked primary care data. Schizophr 
Res, 199, 154-162. 

https://www.nuffieldtrust.org.uk/files/2017-02/shifting-the-balance-of-care-report-web-final.pdf
https://www.nuffieldtrust.org.uk/files/2017-02/shifting-the-balance-of-care-report-web-final.pdf


337 
 

JOHN, S. 2011. Why the prevention paradox is a paradox, and why we should 
solve it: a philosophical view. Prev Med, 53, 250-2. 

JONES, S., HOWARD, L. & THORNICROFT, G. 2008. 'Diagnostic 
overshadowing': worse physical health care for people with mental 
illness. Acta Psychiatr Scand, 118, 169-71. 

JONGSMA, H. E., KARLSEN, S., KIRKBRIDE, J. B. & JONES, P. B. 2021. 
Understanding the excess psychosis risk in ethnic minorities: the impact 
of structure and identity. Soc Psychiatry Psychiatr Epidemiol, 56, 1913-
1921. 

JONGSMA, H. E., TURNER, C., KIRKBRIDE, J. B. & JONES, P. B. 2019. 
International incidence of psychotic disorders, 2002-17: a systematic 
review and meta-analysis. Lancet Public Health, 4, e229-e244. 

JORGENSEN, M., MAINZ, J., EGSTRUP, K. & JOHNSEN, S. P. 2017. Quality 
of Care and Outcomes of Heart Failure Among Patients With 
Schizophrenia in Denmark. Am J Cardiol, 120, 980-985. 

JORGENSEN, M., MAINZ, J., LANGE, P. & PAASKE JOHNSEN, S. 2018. 
Quality of care and clinical outcomes of chronic obstructive pulmonary 
disease in patients with schizophrenia. A Danish nationwide study. Int J 
Qual Health Care, 30, 351-357. 

JORGENSEN, M. D., MIKKELSEN, E. M., ERICHSEN, R. & THOMSEN, M. K. 
2022. Mental illness and participation in colorectal cancer screening: a 
scoping review. Scand J Gastroenterol, 57, 1216-1226. 

JOSEPH, B., NANDAKUMAR, A. L., AHMED, A. T., GOPAL, N., MURAD, M. 
H., FRYE, M. A., TOBIN, W. O. & SINGH, B. 2021. Prevalence of bipolar 
disorder in multiple sclerosis: a systematic review and meta-analysis. 
Evid Based Ment Health, 24, 88-94. 

KALKHORAN, S., THORNDIKE, A. N., RIGOTTI, N. A., FUNG, V. & 
BAGGETT, T. P. 2019. Cigarette Smoking and Quitting-Related Factors 
Among US Adult Health Center Patients with Serious Mental Illness. J 
Gen Intern Med, 34, 986-991. 

KALLIO, M., KORKEILA, J., MALMBERG, M., GUNN, J., RAUTAVA, P., 
KORHONEN, P. & KYTO, V. 2022. Impaired long-term outcomes of 
patients with schizophrenia spectrum disorder after coronary artery 
bypass surgery: nationwide case-control study. BJPsych Open, 8, e48. 

KAPRAL, M. K., KURDYAK, P., CASAUBON, L. K., FANG, J., PORTER, J. & 
SHEEHAN, K. A. 2021. Stroke care and case fatality in people with and 
without schizophrenia: a retrospective cohort study. BMJ Open, 11, 
e044766. 

KASHYAP, M., HARRIS, J. P., CHANG, D. T. & POLLOM, E. L. 2021. Impact of 
mental illness on end-of-life emergency department use in elderly 
patients with gastrointestinal malignancies. Cancer Med, 10, 2035-2044. 

KATZENBERG, G., DEACON, A., AIGBIRIOR, J. & VESTBO, J. 2021. 
Management of chronic obstructive pulmonary disease. Br J Hosp Med 
(Lond), 82, 1-10. 

KENDRICK, T., STUART, B., NEWELL, C., GERAGHTY, A. W. & MOORE, M. 
2015. Changes in rates of recorded depression in English primary care 
2003-2013: Time trend analyses of effects of the economic recession, 
and the GP contract quality outcomes framework (QOF). J Affect Disord, 
180, 68-78. 

KHANNA, S., ROLLS, D. A., BOYLE, J., XIE, Y., JAYASENA, R., HIBBERT, M. 
& GEORGEFF, M. 2019. A risk stratification tool for hospitalisation in 
Australia using primary care data. Sci Rep, 9, 5011. 



338 
 

KHANOLKAR, A. R., CHATURVEDI, N., KUAN, V., DAVIS, D., HUGHES, A., 
RICHARDS, M., BANN, D. & PATALAY, P. 2021. Socioeconomic 
inequalities in prevalence and development of multimorbidity across 
adulthood: A longitudinal analysis of the MRC 1946 National Survey of 
Health and Development in the UK. PLoS Med, 18, e1003775. 

KHARRAZI, H., CHI, W., CHANG, H. Y., RICHARDS, T. M., GALLAGHER, J. 
M., KNUDSON, S. M. & WEINER, J. P. 2017. Comparing Population-
based Risk-stratification Model Performance Using Demographic, 
Diagnosis and Medication Data Extracted From Outpatient Electronic 
Health Records Versus Administrative Claims. Med Care, 55, 789-796. 

KINGSTON, T., SCULLY, P. J., BROWNE, D. J., BALDWIN, P. A., KINSELLA, 
A., RUSSELL, V., O'CALLAGHAN, E. & WADDINGTON, J. L. 2013. 
Diagnostic trajectory, interplay and convergence/divergence across all 12 
DSM-IV psychotic diagnoses: 6-year follow-up of the Cavan-Monaghan 
First Episode Psychosis Study (CAMFEPS). Psychol Med, 43, 2523-33. 

KIRKBRIDE, J. B., BARKER, D., COWDEN, F., STAMPS, R., YANG, M., 
JONES, P. B. & COID, J. W. 2008. Psychoses, ethnicity and socio-
economic status. Br J Psychiatry, 193, 18-24. 

KIRKBRIDE, J. B., ERRAZURIZ, A., CROUDACE, T. J., MORGAN, C., 
JACKSON, D., BOYDELL, J., MURRAY, R. M. & JONES, P. B. 2012. 
Incidence of schizophrenia and other psychoses in England, 1950-2009: 
a systematic review and meta-analyses. PLoS One, 7, e31660. 

KIRKBRIDE, J. B., FEARON, P., MORGAN, C., DAZZAN, P., MORGAN, K., 
TARRANT, J., LLOYD, T., HOLLOWAY, J., HUTCHINSON, G., LEFF, J. 
P., MALLETT, R. M., HARRISON, G. L., MURRAY, R. M. & JONES, P. 
B. 2006. Heterogeneity in incidence rates of schizophrenia and other 
psychotic syndromes: findings from the 3-center AeSOP study. Arch Gen 
Psychiatry, 63, 250-8. 

KISELY, S., CAMPBELL, L. A. & WANG, Y. 2009. Treatment of ischaemic heart 
disease and stroke in individuals with psychosis under universal 
healthcare. Br J Psychiatry, 195, 545-50. 

KISELY, S., CROWE, E. & LAWRENCE, D. 2013. Cancer-related mortality in 
people with mental illness. JAMA Psychiatry, 70, 209-17. 

KNOL, M. J., JANSSEN, K. J., DONDERS, A. R., EGBERTS, A. C., 
HEERDINK, E. R., GROBBEE, D. E., MOONS, K. G. & GEERLINGS, M. 
I. 2010. Unpredictable bias when using the missing indicator method or 
complete case analysis for missing confounder values: an empirical 
example. J Clin Epidemiol, 63, 728-36. 

KOHN, L., CHRISTIAENS, W., DETRAUX, J., DE LEPELEIRE, J., DE HERT, 
M., GILLAIN, B., DELAUNOIT, B., SAVOYE, I., MISTIAEN, P. & 
JESPERS, V. 2021. Barriers to Somatic Health Care for Persons With 
Severe Mental Illness in Belgium: A Qualitative Study of Patients' and 
Healthcare Professionals' Perspectives. Front Psychiatry, 12, 798530. 

KONISHI, T., FUJIOGI, M., MICHIHATA, N., TANAKA-MIZUTANI, H., MORITA, 
K., MATSUI, H., FUSHIMI, K., TANABE, M., SETO, Y. & YASUNAGA, H. 
2021. Breast cancer surgery in patients with schizophrenia: short-term 
outcomes from a nationwide cohort. Br J Surg, 108, 168-173. 

KONTOPANTELIS, E., BUCHAN, I., REEVES, D., CHECKLAND, K. & DORAN, 
T. 2013. Relationship between quality of care and choice of clinical 
computing system: retrospective analysis of family practice performance 
under the UK's quality and outcomes framework. BMJ Open, 3. 



339 
 

KONTOPANTELIS, E., OLIER, I., PLANNER, C., REEVES, D., ASHCROFT, D. 
M., GASK, L., DORAN, T. & REILLY, S. 2015. Primary care consultation 
rates among people with and without severe mental illness: a UK cohort 
study using the Clinical Practice Research Datalink. BMJ Open, 5, 
e008650. 

KOSKINEN, J., LOHONEN, J., KOPONEN, H., ISOHANNI, M. & MIETTUNEN, 
J. 2009. Prevalence of alcohol use disorders in schizophrenia--a 
systematic review and meta-analysis. Acta Psychiatr Scand, 120, 85-96. 

KREIN, S. L., BINGHAM, C. R., MCCARTHY, J. F., MITCHINSON, A., PAYES, 
J. & VALENSTEIN, M. 2006. Diabetes treatment among VA patients with 
comorbid serious mental illness. Psychiatric Services, 57, 1016-1021. 

KUAN, V., DENAXAS, S., GONZALEZ-IZQUIERDO, A., DIREK, K., BHATTI, 
O., HUSAIN, S., SUTARIA, S., HINGORANI, M., NITSCH, D., 
PARISINOS, C. A., LUMBERS, R. T., MATHUR, R., SOFAT, R., CASAS, 
J. P., WONG, I. C. K., HEMINGWAY, H. & HINGORANI, A. D. 2019. A 
chronological map of 308 physical and mental health conditions from 4 
million individuals in the English National Health Service. Lancet Digit 
Health, 1, e63-e77. 

KUGATHASAN, P., STUBBS, B., AAGAARD, J., JENSEN, S. E., MUNK 
LAURSEN, T. & NIELSEN, R. E. 2019. Increased mortality from somatic 
multimorbidity in patients with schizophrenia: a Danish nationwide cohort 
study. Acta Psychiatr Scand, 140, 340-348. 

KURDYAK, P., VIGOD, S., DUCHEN, R., JACOB, B., STUKEL, T. & KIRAN, T. 
2017. Diabetes quality of care and outcomes: Comparison of individuals 
with and without schizophrenia. Gen Hosp Psychiatry, 46, 7-13. 

KWOK, W. 2014. Is there evidence that social class at birth increases risk of 
psychosis? A systematic review. Int J Soc Psychiatry, 60, 801-8. 

LAMBERT, P. C. 2017. The estimation and modelling of cause-specific 
cumulative incidence functions using time-dependent weights. Stata J, 
17, 181-207. 

LAU, C. S., SIRACUSE, B. L. & CHAMBERLAIN, R. S. 2017. Readmission 
After COPD Exacerbation Scale: determining 30-day readmission risk for 
COPD patients. Int J Chron Obstruct Pulmon Dis, 12, 1891-1902. 

LAUNDERS, N., DOTSIKAS, K., MARSTON, L., PRICE, G., OSBORN, D. P. J. 
& HAYES, J. F. 2022a. The impact of comorbid severe mental illness 
and common chronic physical health conditions on hospitalisation: A 
systematic review and meta-analysis. PLoS One, 17, e0272498. 

LAUNDERS, N., HAYES, J. F., PRICE, G., MARSTON, L. & OSBORN, D. P. J. 
2022b. The incidence rate of planned and emergency physical health 
hospital admissions in people diagnosed with severe mental illness: a 
cohort study. Psychol Med, 1-12. 

LAUNDERS, N., HAYES, J. F., PRICE, G. & OSBORN, D. P. J. 2021. 
Clustering of physical health multimorbidity in 68,392 people with severe 
mental illness and matched comparators: a lifetime prevalence analysis 
of United Kingdom primary care data. PLoS Med, 19. 

LAUNDERS, N., KIRSH, L., OSBORN, D. P. J. & HAYES, J. F. 2022c. The 
temporal relationship between severe mental illness diagnosis and 
chronic physical comorbidity: a UK primary care cohort study of disease 
burden over 10 years. Lancet Psychiatry, 9, 725-735. 

LAUNDERS, N., SCOLAMIERO, L., OSBORN, D. P. J. & HAYES, J. F. 2022d. 
Cancer rates and mortality in people with severe mental illness: Further 
evidence of lack of parity. Schizophr Res, 246, 260-267. 



340 
 

LAURSEN, T. M., MUNK-OLSEN, T., AGERBO, E., GASSE, C. & 
MORTENSEN, P. B. 2009. Somatic hospital contacts, invasive cardiac 
procedures, and mortality from heart disease in patients with severe 
mental disorder. Arch Gen Psychiatry, 66, 713-20. 

LAWRENCE, D. & KISELY, S. 2010. Inequalities in healthcare provision for 
people with severe mental illness. J Psychopharmacol, 24, 61-8. 

LEDWABA-CHAPMAN, L., BISQUERA, A., GULLIFORD, M., DODHIA, H., 
DURBABA, S., ASHWORTH, M. & WANG, Y. 2021. Applying resolved 
and remission codes reduced prevalence of multimorbidity in an urban 
multi-ethnic population. J Clin Epidemiol, 140, 135-148. 

LEE, S., BLACK, D. & HELD, M. 2016a. Associations of multiplicity of comorbid 
health conditions, serious mental illness, and health care costs. Soc 
Work Health Care, 55, 518-30. 

LEE, S., ROTHBARD, A. & CHOI, S. 2016b. Effects of comorbid health 
conditions on healthcare expenditures among people with severe mental 
illness. J Ment Health, 25, 291-296. 

LEE, S. C., DELPOZO-BANOS, M., LLOYD, K., JONES, I., WALTERS, J. T. R., 
OWEN, M. J., O'DONOVAN, M. & JOHN, A. 2020. Area deprivation, 
urbanicity, severe mental illness and social drift - A population-based 
linkage study using routinely collected primary and secondary care data. 
Schizophr Res, 220, 130-140. 

LEFEVRE, T., D'IVERNOIS, J. F., DE ANDRADE, V., CROZET, C., 
LOMBRAIL, P. & GAGNAYRE, R. 2014. What do we mean by 
multimorbidity? An analysis of the literature on multimorbidity measures, 
associated factors, and impact on health services organization. Rev 
Epidemiol Sante Publique, 62, 305-14. 

LEUNG, G., ZHANG, J., LIN, W. C. & CLARK, R. E. 2011. Behavioral disorders 
and diabetes-related outcomes among Massachusetts Medicare and 
Medicaid beneficiaries. Psychiatr Serv, 62, 659-65. 

LEWIS, G. H. 2010. "Impactibility models": identifying the subgroup of high-risk 
patients most amenable to hospital-avoidance programs. Milbank Q, 88, 
240-55. 

LEWIS, J. D., BILKER, W. B., WEINSTEIN, R. B. & STROM, B. L. 2005. The 
relationship between time since registration and measured incidence 
rates in the General Practice Research Database. Pharmacoepidemiol 
Drug Saf, 14, 443-51. 

LI, H., LI, J., YU, X., ZHENG, H., SUN, X., LU, Y., ZHANG, Y., LI, C. & BI, X. 
2018. The incidence rate of cancer in patients with schizophrenia: A 
meta-analysis of cohort studies. Schizophr Res, 195, 519-528. 

LIAO, C. C., SHEN, W. W., CHANG, C. C., CHANG, H. & CHEN, T. L. 2013. 
Surgical adverse outcomes in patients with schizophrenia: A population-
based study. Annals of Surgery, 257, 433-438. 

LICHTERMANN, D., EKELUND, J., PUKKALA, E., TANSKANEN, A. & 
LONNQVIST, J. 2001. Incidence of cancer among persons with 
schizophrenia and their relatives. Arch Gen Psychiatry, 58, 573-8. 

LIM, J., BROUGHAN, J., CROWLEY, D., O'KELLY, B., FAWSITT, R., BURKE, 
M. C., MCCOMBE, G., LAMBERT, J. S. & CULLEN, W. 2021. COVID-
19's impact on primary care and related mitigation strategies: A scoping 
review. Eur J Gen Pract, 27, 166-175. 

LIN, G. M., CHEN, Y. J., KUO, D. J., JAITEH, L. E., WU, Y. C., LO, T. S. & LI, 
Y. H. 2013. Cancer incidence in patients with schizophrenia or bipolar 



341 
 

disorder: a nationwide population-based study in Taiwan, 1997-2009. 
Schizophr Bull, 39, 407-16. 

LIN, H. C., HUANG, C. C., CHEN, S. F. & CHEN, Y. H. 2011. Increased risk of 
avoidable hospitalization among patients with schizophrenia. Can J 
Psychiatry, 56, 171-8. 

LIU, N. H., DAUMIT, G. L., DUA, T., AQUILA, R., CHARLSON, F., CUIJPERS, 
P., DRUSS, B., DUDEK, K., FREEMAN, M., FUJII, C., GAEBEL, W., 
HEGERL, U., LEVAV, I., MUNK LAURSEN, T., MA, H., MAJ, M., ELENA 
MEDINA-MORA, M., NORDENTOFT, M., PRABHAKARAN, D., PRATT, 
K., PRINCE, M., RANGASWAMY, T., SHIERS, D., SUSSER, E., 
THORNICROFT, G., WAHLBECK, K., FEKADU WASSIE, A., 
WHITEFORD, H. & SAXENA, S. 2017. Excess mortality in persons with 
severe mental disorders: a multilevel intervention framework and 
priorities for clinical practice, policy and research agendas. World 
Psychiatry, 16, 30-40. 

LOW, L. L., LIU, N., WANG, S., THUMBOO, J., ONG, M. E. & LEE, K. H. 2016. 
Predicting 30-Day Readmissions in an Asian Population: Building a 
Predictive Model by Incorporating Markers of Hospitalization Severity. 
PLoS One, 11, e0167413. 

LU, M. L. R., DE VENECIA, T. A., GOYAL, A., RODRIGUEZ ZICCARDI, M., 
KANJANAHATTAKIJ, N., SHAH, M. K., DAVILA, C. D. & FIGUEREDO, 
V. M. 2017. Psychiatric conditions as predictors of rehospitalization 
among African American patients hospitalized with heart failure. Clin 
Cardiol, 40, 1020-1025. 

LUGO-PALACIOS, D. G., HAMMOND, J., ALLEN, T., DARLEY, S., 
MCDONALD, R., BLAKEMAN, T. & BOWER, P. 2019. The impact of a 
combinatorial digital and organisational intervention on the management 
of long-term conditions in UK primary care: a non-randomised evaluation. 
BMC Health Serv Res, 19, 159. 

MA, R., ROMANO, E., ASHWORTH, M., YADEGARFAR, M. E., DREGAN, A., 
RONALDSON, A., DE OLIVEIRA, C., JACOBS, R., STEWART, R. & 
STUBBS, B. 2022. Multimorbidity clusters among people with serious 
mental illness: a representative primary and secondary data linkage 
cohort study. Psychol Med, 1-12. 

MAHAR, A. L., KURDYAK, P., HANNA, T. P., COBURN, N. G. & GROOME, P. 
A. 2020. The effect of a severe psychiatric illness on colorectal cancer 
treatment and survival: A population-based retrospective cohort study. 
PLoS One, 15, e0235409. 

MAHMOUDI, E., KAMDAR, N., KIM, N., GONZALES, G., SINGH, K. & 
WALJEE, A. K. 2020. Use of electronic medical records in development 
and validation of risk prediction models of hospital readmission: 
systematic review. BMJ, 369, m958. 

MAI, Q., HOLMAN, C. D. J., SANFILIPPO, F. M. & EMERY, J. D. 2011a. The 
impact of mental illness on potentially preventable hospitalisations: A 
population-based cohort study. BMC Psychiatry, 11. 

MAI, Q., HOLMAN, C. D. J., SANFILIPPO, F. M., EMERY, J. D. & PREEN, D. 
B. 2011b. Mental illness related disparities in diabetes prevalence, 
quality of care and outcomes: A population-based longitudinal study. 
BMC Medicine, 9 (no pagination). 

MALLA, A. & PAYNE, J. 2005. First-episode psychosis: psychopathology, 
quality of life, and functional outcome. Schizophr Bull, 31, 650-71. 



342 
 

MANDERBACKA, K., ARFFMAN, M., LUMME, S., SUVISAARI, J., KESKIMAKI, 
I., AHLGREN-RIMPILAINEN, A., MALILA, N. & PUKKALA, E. 2018. The 
effect of history of severe mental illness on mortality in colorectal cancer 
cases: a register-based cohort study. Acta Oncol, 57, 759-764. 

MANDERBACKA, K., ARFFMAN, M., SUVISAARI, J., AHLGREN-
RIMPILÄINEN, A., LUMME, S., KESKIMÄKI, I. & PUKKALA, E. 2017. 
Effect of stage, comorbidities and treatment on survival among cancer 
patients with or without mental illness. Br J Psychiatry, 211, 304-309. 

MANGURIAN, C., SCHILLINGER, D., NEWCOMER, J. W., VITTINGHOFF, E., 
ESSOCK, S., ZHU, Z., DYER, W., YOUNG-WOLFF, K. C. & 
SCHMITTDIEL, J. 2020. Comorbid Diabetes and Severe Mental Illness: 
Outcomes in an Integrated Health Care Delivery System. J Gen Intern 
Med, 35, 160-166. 

MARSTON, L., CARPENTER, J. R., WALTERS, K. R., MORRIS, R. W., 
NAZARETH, I. & PETERSEN, I. 2010. Issues in multiple imputation of 
missing data for large general practice clinical databases. 
Pharmacoepidemiol Drug Saf, 19, 618-26. 

MARSTON, L., CARPENTER, J. R., WALTERS, K. R., MORRIS, R. W., 
NAZARETH, I., WHITE, I. R. & PETERSEN, I. 2014a. Smoker, ex-
smoker or non-smoker? The validity of routinely recorded smoking status 
in UK primary care: a cross-sectional study. BMJ Open, 4, e004958. 

MARSTON, L., NAZARETH, I., PETERSEN, I., WALTERS, K. & OSBORN, D. 
P. 2014b. Prescribing of antipsychotics in UK primary care: a cohort 
study. BMJ Open, 4, e006135. 

MARTINEZ-MARTINEZ, C., RICHART-MARTINEZ, M. & RAMOS-PICHARDO, 
J. D. 2020. Operational Definition of Serious Mental Illness: 
Heterogeneity in a Review of the Research on Quality-of-Life 
Interventions. J Am Psychiatr Nurses Assoc, 26, 229-244. 

MATHUR, R., BHASKARAN, K., CHATURVEDI, N., LEON, D. A., VANSTAA, 
T., GRUNDY, E. & SMEETH, L. 2014. Completeness and usability of 
ethnicity data in UK-based primary care and hospital databases. J Public 
Health (Oxf), 36, 684-92. 

MAXWELL, J. M., COLEMAN, J. R. I., BREEN, G. & VASSOS, E. 2021. 
Association Between Genetic Risk for Psychiatric Disorders and the 
Probability of Living in Urban Settings. JAMA Psychiatry, 78, 1355-1364. 

MCDONELL, M. G., LEICKLY, E., MCPHERSON, S., SKALISKY, J., SREBNIK, 
D., ANGELO, F., VILARDAGA, R., NEPOM, J. R., ROLL, J. M. & RIES, 
R. K. 2017. A Randomized Controlled Trial of Ethyl Glucuronide-Based 
Contingency Management for Outpatients With Co-Occurring Alcohol 
Use Disorders and Serious Mental Illness. Am J Psychiatry, 174, 370-
377. 

MCGORRY, P. D., KILLACKEY, E. & YUNG, A. 2008. Early intervention in 
psychosis: concepts, evidence and future directions. World Psychiatry, 7, 
148-56. 

MCKNIGHT, R. F., ADIDA, M., BUDGE, K., STOCKTON, S., GOODWIN, G. M. 
& GEDDES, J. R. 2012. Lithium toxicity profile: a systematic review and 
meta-analysis. Lancet, 379, 721-8. 

MELAMED, O. C., FERNANDO, I., SOKLARIDIS, S., HAHN, M. K., 
LEMESSURIER, K. W. & TAYLOR, V. H. 2019. Understanding 
Engagement with a Physical Health Service: A Qualitative Study of 
Patients with Severe Mental Illness. Can J Psychiatry, 64, 872-880. 



343 
 

MENCULINI, G., CHIPI, E., PAOLINI PAOLETTI, F., GAETANI, L., NIGRO, P., 
SIMONI, S., MANCINI, A., TAMBASCO, N., DI FILIPPO, M., 
TORTORELLA, A. & PARNETTI, L. 2021. Insights into the 
Pathophysiology of Psychiatric Symptoms in Central Nervous System 
Disorders: Implications for Early and Differential Diagnosis. Int J Mol Sci, 
22. 

MENTAL HEALTH TASKFORCE. 2016. Five year forward view for mental 
health. NHS England. Available: https://www.england.nhs.uk/wp-
content/uploads/2016/02/Mental-Health-Taskforce-FYFV-final.pdf. 

MERCER, S. W., FITZPATRICK, B., GUTHRIE, B., FENWICK, E., GRIEVE, E., 
LAWSON, K., BOYER, N., MCCONNACHIE, A., LLOYD, S. M., 
O'BRIEN, R., WATT, G. C. & WYKE, S. 2016. The CARE Plus study - a 
whole-system intervention to improve quality of life of primary care 
patients with multimorbidity in areas of high socioeconomic deprivation: 
exploratory cluster randomised controlled trial and cost-utility analysis. 
BMC Med, 14, 88. 

MERCER, S. W., GUNN, J., BOWER, P., WYKE, S. & GUTHRIE, B. 2012. 
Managing patients with mental and physical multimorbidity. BMJ, 345, 
e5559. 

METCALFE, D., MASTERS, J., DELMESTRI, A., JUDGE, A., PERRY, D., 
ZOGG, C., GABBE, B. & COSTA, M. 2019. Coding algorithms for 
defining Charlson and Elixhauser co-morbidities in Read-coded 
databases. BMC Med Res Methodol, 19, 115. 

MITCHELL, A. J. & LORD, O. 2010. Do deficits in cardiac care influence high 
mortality rates in schizophrenia? A systematic review and pooled 
analysis. J Psychopharmacol, 24, 69-80. 

MITCHELL, A. J., PEREIRA, I. E., YADEGARFAR, M., PEPEREKE, S., 
MUGADZA, V. & STUBBS, B. 2014. Breast cancer screening in women 
with mental illness: comparative meta-analysis of mammography uptake. 
Br J Psychiatry, 205, 428-35. 

MITCHELL, C., ZURAW, N., DELANEY, B., TWOHIG, H., DOLAN, N., 
WALTON, E., HULIN, J. & YOUSEFPOUR, C. 2022. Primary care for 
people with severe mental illness and comorbid obstructive airways 
disease: a qualitative study of patient perspectives with integrated 
stakeholder feedback. BMJ Open, 12, e057143. 

MOHAMED, M. O., RASHID, M., FAROOQ, S., SIDDIQUI, N., PARWANI, P., 
SHIERS, D., THAMMAN, R., GULATI, M., SHOAIB, A., CHEW-
GRAHAM, C. & MAMAS, M. A. 2019. Acute Myocardial Infarction in 
Severe Mental Illness: Prevalence, Clinical Outcomes, and Process of 
Care in U.S. Hospitalizations. Can J Cardiol, 35, 821-830. 

MOLLER, S., BLIDDAL, M. & RUBIN, K. H. 2021. Methodical considerations on 
adjusting for Charlson Comorbidity Index in epidemiological studies. Eur 
J Epidemiol, 36, 1123-1128. 

MOLLOY, R., BRAND, G., MUNRO, I. & POPE, N. 2021. Seeing the complete 
picture: A systematic review of mental health consumer and health 
professional experiences of diagnostic overshadowing. J Clin Nurs. 

MORGAN, A., SINNOTT, S. J., SMEETH, L., MINASSIAN, C. & QUINT, J. 
2021. Concordance in the recording of stroke across UK primary and 
secondary care datasets: a population-based cohort study. BJGP Open, 
5. 

MORK, E., AMINOFF, S. R., BARRETT, E. A., SIMONSEN, C., HEGELSTAD, 
W. T. V., LAGERBERG, T. V., MELLE, I. & ROMM, K. L. 2022. COVID-

https://www.england.nhs.uk/wp-content/uploads/2016/02/Mental-Health-Taskforce-FYFV-final.pdf
https://www.england.nhs.uk/wp-content/uploads/2016/02/Mental-Health-Taskforce-FYFV-final.pdf


344 
 

19 lockdown - who cares? The first lockdown from the perspective of 
relatives of people with severe mental illness. BMC Public Health, 22, 
1104. 

MUCHERU, D., HANLON, M. C., MCEVOY, M., THAKKINSTIAN, A. & 
MACDONALD-WICKS, L. 2019. Comparative efficacy of lifestyle 
intervention strategies targeting weight outcomes in people with 
psychosis: a systematic review and network meta-analysis. JBI Database 
System Rev Implement Rep, 17, 1770-1825. 

MULA, M., KANNER, A. M., JETTE, N. & SANDER, J. W. 2021. Psychiatric 
Comorbidities in People With Epilepsy. Neurol Clin Pract, 11, e112-e120. 

MULLIGAN, K., MCBAIN, H., LAMONTAGNE-GODWIN, F., CHAPMAN, J., 
FLOOD, C., HADDAD, M., JONES, J. & SIMPSON, A. 2018. Barriers to 
effective diabetes management - a survey of people with severe mental 
illness. BMC Psychiatry, 18, 165. 

MURPHY, K. A., STONE, E. M., PRESSKREISCHER, R., MCGINTY, E. E., 
DAUMIT, G. L. & POLLACK, C. E. 2021. Cancer Screening Among 
Adults With and Without Serious Mental Illness: A Mixed Methods Study. 
Med Care, 59, 327-333. 

NAYLOR, C., DAS, P., ROSS, S., HONEYMAN, M., THOMPSON, J. & 
GILBURT, H. 2016. Bringing Together Physical and Mental Health: A 
New Frontier for Integrated Care. The Kings Fund. Available: 
https://www.kingsfund.org.uk/sites/default/files/field/field_publication_file/
Bringing-together-Kings-Fund-March-2016_1.pdf. 

NELSON, H. D., CANTOR, A., WAGNER, J., JUNGBAUER, R., FU, R., 
KONDO, K., STILLMAN, L. & QUINONES, A. 2020. Effectiveness of 
Patient Navigation to Increase Cancer Screening in Populations 
Adversely Affected by Health Disparities: a Meta-analysis. J Gen Intern 
Med, 35, 3026-3035. 

NEPPLE, K., OWENS, P., STROPE, S., SANDHU, G., KALLOGJERI, D. & 
KIBEL, A. 2012. Hospital readmission after radical cystectomy for 
bladder cancer: Results of a population-based analysis. Journal of 
Urology, 1), e646-e647. 

NG, S. K., TAWIAH, R., SAWYER, M. & SCUFFHAM, P. 2018. Patterns of 
multimorbid health conditions: a systematic review of analytical methods 
and comparison analysis. Int J Epidemiol, 47, 1687-1704. 

NHS DIGITAL. 2005. Quality and Outcomes Framework, 2004-05 [Online]. 
Available: https://data.england.nhs.uk/dataset/qof-national-quality-
outcomes-framework-2004-05/resource/c130ad9e-06b2-47c5-ad42-
eeb36b1e8740 [Accessed 29/09/2022]. 

NHS DIGITAL. 2012. Quality and Outcomes Framework, 2011-12 [Online]. 
Available: https://digital.nhs.uk/data-and-
information/publications/statistical/quality-and-outcomes-framework-
achievement-prevalence-and-exceptions-data/quality-and-outcomes-
framework-2011-12 [Accessed 29/09/2022]. 

NHS DIGITAL. 2015. Quality and Outcomes Framework, 2014-15 [Online]. 
Available: https://digital.nhs.uk/data-and-
information/publications/statistical/quality-and-outcomes-framework-
achievement-prevalence-and-exceptions-data/quality-and-outcomes-
framework-qof-2014-15 [Accessed 29/09/2022]. 

NHS DIGITAL. 2019a. GP Contracted Services, England 2018-2019 [Online]. 
Available: https://digital.nhs.uk/data-and-

https://www.kingsfund.org.uk/sites/default/files/field/field_publication_file/Bringing-together-Kings-Fund-March-2016_1.pdf
https://www.kingsfund.org.uk/sites/default/files/field/field_publication_file/Bringing-together-Kings-Fund-March-2016_1.pdf
https://data.england.nhs.uk/dataset/qof-national-quality-outcomes-framework-2004-05/resource/c130ad9e-06b2-47c5-ad42-eeb36b1e8740
https://data.england.nhs.uk/dataset/qof-national-quality-outcomes-framework-2004-05/resource/c130ad9e-06b2-47c5-ad42-eeb36b1e8740
https://data.england.nhs.uk/dataset/qof-national-quality-outcomes-framework-2004-05/resource/c130ad9e-06b2-47c5-ad42-eeb36b1e8740
https://digital.nhs.uk/data-and-information/publications/statistical/quality-and-outcomes-framework-achievement-prevalence-and-exceptions-data/quality-and-outcomes-framework-2011-12
https://digital.nhs.uk/data-and-information/publications/statistical/quality-and-outcomes-framework-achievement-prevalence-and-exceptions-data/quality-and-outcomes-framework-2011-12
https://digital.nhs.uk/data-and-information/publications/statistical/quality-and-outcomes-framework-achievement-prevalence-and-exceptions-data/quality-and-outcomes-framework-2011-12
https://digital.nhs.uk/data-and-information/publications/statistical/quality-and-outcomes-framework-achievement-prevalence-and-exceptions-data/quality-and-outcomes-framework-2011-12
https://digital.nhs.uk/data-and-information/publications/statistical/quality-and-outcomes-framework-achievement-prevalence-and-exceptions-data/quality-and-outcomes-framework-qof-2014-15
https://digital.nhs.uk/data-and-information/publications/statistical/quality-and-outcomes-framework-achievement-prevalence-and-exceptions-data/quality-and-outcomes-framework-qof-2014-15
https://digital.nhs.uk/data-and-information/publications/statistical/quality-and-outcomes-framework-achievement-prevalence-and-exceptions-data/quality-and-outcomes-framework-qof-2014-15
https://digital.nhs.uk/data-and-information/publications/statistical/quality-and-outcomes-framework-achievement-prevalence-and-exceptions-data/quality-and-outcomes-framework-qof-2014-15
https://digital.nhs.uk/data-and-information/publications/statistical/gp-contract-services/2018-19/gpprac1819


345 
 

information/publications/statistical/gp-contract-services/2018-
19/gpprac1819 [Accessed 29/09/2022]. 

NHS DIGITAL. 2019b. Health Survey for England 2018: Adult's health-related 
behaviours. NHS Digital. Available: 
https://files.digital.nhs.uk/B5/771AC5/HSE18-Adult-Health-Related-
Behaviours-rep-v3.pdf. 

NHS DIGITAL. 2019c. Quality and Outcomes Framework, 2018-2019 [Online]. 
Available: https://digital.nhs.uk/data-and-
information/publications/statistical/quality-and-outcomes-framework-
achievement-prevalence-and-exceptions-data/2018-19-pas [Accessed 
29/09/2022]. 

NHS DIGITAL. 2019d. Statistics on Smoking: England 2019. NHS Digital. 
Available: https://files.digital.nhs.uk/D9/5AACD3/smok-eng-2019-rep.pdf. 

NHS DIGITAL. 2020. Quality and Outcomes Framework, 2019-20 [Online]. 
Available: https://digital.nhs.uk/data-and-
information/publications/statistical/quality-and-outcomes-framework-
achievement-prevalence-and-exceptions-data/2019-20 [Accessed 
29/09/2022]. 

NHS DIGITAL. 2021a. Hospital Admitted Patient Care Activity. NHS Digital. 
Available: https://digital.nhs.uk/data-and-
information/publications/statistical/hospital-admitted-patient-care-activity. 

NHS DIGITAL. 2021b. Quality and Outcomes Framework, 2020-21 [Online]. 
Available: https://digital.nhs.uk/data-and-
information/publications/statistical/quality-and-outcomes-framework-
achievement-prevalence-and-exceptions-data/2020-21#resources 
[Accessed 29/09/2022]. 

NHS DIGITAL. 2022a. Health Survey for England [Online]. Available: 
https://digital.nhs.uk/data-and-information/publications/statistical/health-
survey-for-england [Accessed 21/11/2022]. 

NHS DIGITAL. 2022b. Quality and Outcomes Framework, 2021-2022 [Online]. 
Available: https://digital.nhs.uk/data-and-information/data-collections-
and-data-sets/data-collections/quality-and-outcomes-framework-
qof/quality-and-outcome-framework-qof-business-rules/qof-business-
rules-v46.0-2021-2022-baseline-release [Accessed 29/09/2022]. 

NHS ENGLAND. 2015a. Next steps for risk stratification in the NHS. NHS 
England. Available: https://www.england.nhs.uk/wp-
content/uploads/2015/01/nxt-steps-risk-strat-glewis.pdf. 

NHS ENGLAND. 2015b. Using case finding and risk stratification: A key service 
component for personalised care and support planning. NHS England. 
Available: https://www.england.nhs.uk/wp-
content/uploads/2015/01/2015-01-20-CFRS-v0.14-FINAL.pdf. 

NHS ENGLAND. 2016. Implementing the Five Year Forward View for Mental 
Health. NHS England. Available: https://www.england.nhs.uk/wp-
content/uploads/2016/07/fyfv-mh.pdf. 

NHS ENGLAND. 2017. Risk stratification: Learning and Impact Study. NHS 
England. Available: https://imperialcollegehealthpartners.com/wp-
content/uploads/2018/07/ORE__Risk_stratification_learning_and_impact
_study.pdf. 

NHS ENGLAND. 2018. Improving physical healthcare for people living with 
severe mental illness (SMI) in primary care: Guidance for CCGs. NHS 
England. Available: https://www.england.nhs.uk/wp-

https://digital.nhs.uk/data-and-information/publications/statistical/gp-contract-services/2018-19/gpprac1819
https://digital.nhs.uk/data-and-information/publications/statistical/gp-contract-services/2018-19/gpprac1819
https://files.digital.nhs.uk/B5/771AC5/HSE18-Adult-Health-Related-Behaviours-rep-v3.pdf
https://files.digital.nhs.uk/B5/771AC5/HSE18-Adult-Health-Related-Behaviours-rep-v3.pdf
https://digital.nhs.uk/data-and-information/publications/statistical/quality-and-outcomes-framework-achievement-prevalence-and-exceptions-data/2018-19-pas
https://digital.nhs.uk/data-and-information/publications/statistical/quality-and-outcomes-framework-achievement-prevalence-and-exceptions-data/2018-19-pas
https://digital.nhs.uk/data-and-information/publications/statistical/quality-and-outcomes-framework-achievement-prevalence-and-exceptions-data/2018-19-pas
https://files.digital.nhs.uk/D9/5AACD3/smok-eng-2019-rep.pdf
https://digital.nhs.uk/data-and-information/publications/statistical/quality-and-outcomes-framework-achievement-prevalence-and-exceptions-data/2019-20
https://digital.nhs.uk/data-and-information/publications/statistical/quality-and-outcomes-framework-achievement-prevalence-and-exceptions-data/2019-20
https://digital.nhs.uk/data-and-information/publications/statistical/quality-and-outcomes-framework-achievement-prevalence-and-exceptions-data/2019-20
https://digital.nhs.uk/data-and-information/publications/statistical/hospital-admitted-patient-care-activity
https://digital.nhs.uk/data-and-information/publications/statistical/hospital-admitted-patient-care-activity
https://digital.nhs.uk/data-and-information/publications/statistical/quality-and-outcomes-framework-achievement-prevalence-and-exceptions-data/2020-21#resources
https://digital.nhs.uk/data-and-information/publications/statistical/quality-and-outcomes-framework-achievement-prevalence-and-exceptions-data/2020-21#resources
https://digital.nhs.uk/data-and-information/publications/statistical/quality-and-outcomes-framework-achievement-prevalence-and-exceptions-data/2020-21#resources
https://digital.nhs.uk/data-and-information/publications/statistical/health-survey-for-england
https://digital.nhs.uk/data-and-information/publications/statistical/health-survey-for-england
https://digital.nhs.uk/data-and-information/data-collections-and-data-sets/data-collections/quality-and-outcomes-framework-qof/quality-and-outcome-framework-qof-business-rules/qof-business-rules-v46.0-2021-2022-baseline-release
https://digital.nhs.uk/data-and-information/data-collections-and-data-sets/data-collections/quality-and-outcomes-framework-qof/quality-and-outcome-framework-qof-business-rules/qof-business-rules-v46.0-2021-2022-baseline-release
https://digital.nhs.uk/data-and-information/data-collections-and-data-sets/data-collections/quality-and-outcomes-framework-qof/quality-and-outcome-framework-qof-business-rules/qof-business-rules-v46.0-2021-2022-baseline-release
https://digital.nhs.uk/data-and-information/data-collections-and-data-sets/data-collections/quality-and-outcomes-framework-qof/quality-and-outcome-framework-qof-business-rules/qof-business-rules-v46.0-2021-2022-baseline-release
https://www.england.nhs.uk/wp-content/uploads/2015/01/nxt-steps-risk-strat-glewis.pdf
https://www.england.nhs.uk/wp-content/uploads/2015/01/nxt-steps-risk-strat-glewis.pdf
https://www.england.nhs.uk/wp-content/uploads/2015/01/2015-01-20-CFRS-v0.14-FINAL.pdf
https://www.england.nhs.uk/wp-content/uploads/2015/01/2015-01-20-CFRS-v0.14-FINAL.pdf
https://www.england.nhs.uk/wp-content/uploads/2016/07/fyfv-mh.pdf
https://www.england.nhs.uk/wp-content/uploads/2016/07/fyfv-mh.pdf
https://imperialcollegehealthpartners.com/wp-content/uploads/2018/07/ORE__Risk_stratification_learning_and_impact_study.pdf
https://imperialcollegehealthpartners.com/wp-content/uploads/2018/07/ORE__Risk_stratification_learning_and_impact_study.pdf
https://imperialcollegehealthpartners.com/wp-content/uploads/2018/07/ORE__Risk_stratification_learning_and_impact_study.pdf
https://www.england.nhs.uk/wp-content/uploads/2018/02/improving-physical-health-care-for-smi-in-primary-care.pdf


346 
 

content/uploads/2018/02/improving-physical-health-care-for-smi-in-
primary-care.pdf. 

NHS ENGLAND. 2019. The NHS Long Term Plan. NHS England. Available: 
https://www.longtermplan.nhs.uk/publication/nhs-long-term-plan/. 

NHS ENGLAND. 2022a. Commissioning for Quality and Innovation [Online]. 
Available: https://www.england.nhs.uk/nhs-standard-contract/cquin/ 
[Accessed 30/09/2022]. 

NHS ENGLAND. 2022b. Electronic Frailty Index [Online]. Available: 
https://www.england.nhs.uk/ourwork/clinical-policy/older-
people/frailty/efi/#what-does-the-new-frailty-identification-requirement-in-
the-gp-contract-mean-for-general-practice [Accessed 21/11/2022]. 

NHS ENGLAND. 2022c. NCDR Reference Library [Online]. Available: 
https://data.england.nhs.uk/ncdr/data_element/strategic-health-authority-
sha/ [Accessed 10/11/2022]. 

NHS ENGLAND. 2022d. Physical Health Checks for people with Severe Mental 
Illness [Online]. Available: 
https://www.england.nhs.uk/statistics/statistical-work-areas/serious-
mental-illness-smi/ [Accessed 30/09/2022]. 

NHS IMPROVEMENT. 2019. National Cost Collection for the NHS [Online]. 
Available: 
https://webarchive.nationalarchives.gov.uk/ukgwa/20200501111106/http
s://improvement.nhs.uk/resources/reference-costs/ [Accessed 
21/11/2022]. 

NHS SCOTLAND & ISD SCOTLAND. 2011. Scottish Patients at Risk of 
Readmission and Admisison (SPARRA): A report on the development of 
SPARRA Version 3. NHS Scotland. Available: 
https://www.isdscotland.org/Health-Topics/Health-and-Social-
Community-Care/SPARRA/2012-02-09-SPARRA-Version-3.pdf. 

NHS WALES. 2008. Wales Predictive Model Final Report and Technical 
Documentation. NHS Wales. Available: 
https://www.yumpu.com/en/document/read/32003147/wales-predictive-
model-final-report-and-technical-documentation. 

NI, L., WU, J., LONG, Y., TAO, J., XU, J., YUAN, X., YU, N., WU, R. & ZHANG, 
Y. 2019. Mortality of site-specific cancer in patients with schizophrenia: a 
systematic review and meta-analysis. BMC Psychiatry, 19, 323. 

NICE. 2014a. Bipolar disorder: Assement and management (Clinical 
Guidelins[CG185]) [Online]. National Institute for Health and Care 
Excellence. Available: https://www.nice.org.uk/guidance/cg185 
[Accessed 29/09/2022]. 

NICE. 2014b. Psychosis and schizophrenia in adults: prevention and 
management [Online]. Available: 
https://www.nice.org.uk/guidance/cg178/chapter/1-
Recommendations#care-across-all-phases [Accessed 29/09/2022]. 

NICE. 2016. NICE guideline [NG56]: Multimorbidity: clinical assessment and 
management [Online]. National Institute for Health and Care Excellence,. 
Available: 
https://www.nice.org.uk/guidance/NG56/chapter/Recommendations#prin
ciples-of-an-approach-to-care-that-takes-account-of-multimorbidity 
[Accessed 29/09/2022]. 

NICHOLSON, B. D., AVEYARD, P., BANKHEAD, C. R., HAMILTON, W., 
HOBBS, F. D. R. & LAY-FLURRIE, S. 2019. Determinants and extent of 

https://www.england.nhs.uk/wp-content/uploads/2018/02/improving-physical-health-care-for-smi-in-primary-care.pdf
https://www.england.nhs.uk/wp-content/uploads/2018/02/improving-physical-health-care-for-smi-in-primary-care.pdf
https://www.longtermplan.nhs.uk/publication/nhs-long-term-plan/
https://www.england.nhs.uk/nhs-standard-contract/cquin/
https://www.england.nhs.uk/ourwork/clinical-policy/older-people/frailty/efi/#what-does-the-new-frailty-identification-requirement-in-the-gp-contract-mean-for-general-practice
https://www.england.nhs.uk/ourwork/clinical-policy/older-people/frailty/efi/#what-does-the-new-frailty-identification-requirement-in-the-gp-contract-mean-for-general-practice
https://www.england.nhs.uk/ourwork/clinical-policy/older-people/frailty/efi/#what-does-the-new-frailty-identification-requirement-in-the-gp-contract-mean-for-general-practice
https://data.england.nhs.uk/ncdr/data_element/strategic-health-authority-sha/
https://data.england.nhs.uk/ncdr/data_element/strategic-health-authority-sha/
https://www.england.nhs.uk/statistics/statistical-work-areas/serious-mental-illness-smi/
https://www.england.nhs.uk/statistics/statistical-work-areas/serious-mental-illness-smi/
https://webarchive.nationalarchives.gov.uk/ukgwa/20200501111106/https:/improvement.nhs.uk/resources/reference-costs/
https://webarchive.nationalarchives.gov.uk/ukgwa/20200501111106/https:/improvement.nhs.uk/resources/reference-costs/
https://www.isdscotland.org/Health-Topics/Health-and-Social-Community-Care/SPARRA/2012-02-09-SPARRA-Version-3.pdf
https://www.isdscotland.org/Health-Topics/Health-and-Social-Community-Care/SPARRA/2012-02-09-SPARRA-Version-3.pdf
https://www.yumpu.com/en/document/read/32003147/wales-predictive-model-final-report-and-technical-documentation
https://www.yumpu.com/en/document/read/32003147/wales-predictive-model-final-report-and-technical-documentation
https://www.nice.org.uk/guidance/cg185
https://www.nice.org.uk/guidance/cg178/chapter/1-Recommendations#care-across-all-phases
https://www.nice.org.uk/guidance/cg178/chapter/1-Recommendations#care-across-all-phases
https://www.nice.org.uk/guidance/NG56/chapter/Recommendations#principles-of-an-approach-to-care-that-takes-account-of-multimorbidity
https://www.nice.org.uk/guidance/NG56/chapter/Recommendations#principles-of-an-approach-to-care-that-takes-account-of-multimorbidity


347 
 

weight recording in UK primary care: an analysis of 5 million adults' 
electronic health records from 2000 to 2017. BMC Med, 17, 222. 

NORGAARD, H. C. B., SCHOU PEDERSEN, H., FENGER-GRON, M., 
VESTERGAARD, M., NORDENTOFT, M., LAURSEN, T. M. & MORS, O. 
2019. Schizophrenia and attendance in primary healthcare: a population-
based matched cohort study. Scand J Prim Health Care, 37, 358-365. 

OHID. 2022. Premature mortality in adults with severe mental illnesss (SMI). 
Office for Health Improvement and Disparities. Available: 
https://www.gov.uk/government/publications/premature-mortality-in-
adults-with-severe-mental-illness/premature-mortality-in-adults-with-
severe-mental-illness-smi#main-findings. 

OLFSON, M., GERHARD, T., HUANG, C., CRYSTAL, S. & STROUP, T. S. 
2015. Premature Mortality Among Adults With Schizophrenia in the 
United States. JAMA Psychiatry, 72, 1172-81. 

OLSON, R., MCLAY, M., HAMM, J. & CALLAGHAN, R. C. 2021. Identification 
of Tobacco-Related Cancer Diagnoses among Individuals with 
Psychiatric Disorders: A Population-Based Matched Cohort Study Using 
a Competing Risks Approach from British Columbia. Curr Oncol, 28, 
4953-4960. 

ONDLER, C., HEGDE, G. G. & CARLSON, J. N. 2014. Resource utilization and 
health care charges associated with the most frequent ED users. 
American Journal of Emergency Medicine, 32, 1215-1219. 

ONS. 2014. 2011 Census Varialble and Classification Information: Part 4 - 
derived variables. Office for National Statistics,. Available: 
http://www.ons.gov.uk/ons/guide-method/census/2011/census-
data/2011-census-user-guide/information-by-variable/part-4--derived-
variables.pdf. 

ONS. 2021. Lower layer Super Output Area population estimates [Online]. 
Office for National Statistics. Available: 
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmi
gration/populationestimates/datasets/lowersuperoutputareamidyearpopul
ationestimates [Accessed 30/09/2022]. 

ONS. 2022. Historic Census Data [Online]. Available: 
https://www.ons.gov.uk/census/historiccensusdata [Accessed 
12/10/2022]. 

ORLOWSKI, A., SNOW, S., HUMPHREYS, H., SMITH, W., JONES, R. S., 
ASHTON, R., BUCK, J. & BOTTLE, A. 2021. Bridging the impactibility 
gap in population health management: a systematic review. BMJ Open, 
11, e052455. 

OSBORN, D., BURTON, A., HUNTER, R., MARSTON, L., ATKINS, L., 
BARNES, T., BLACKBURN, R., CRAIG, T., GILBERT, H., HEINKEL, S., 
HOLT, R., KING, M., MICHIE, S., MORRIS, R., MORRIS, S., 
NAZARETH, I., OMAR, R., PETERSEN, I., PEVELER, R., PINFOLD, V. 
& WALTERS, K. 2018a. Clinical and cost-effectiveness of an intervention 
for reducing cholesterol and cardiovascular risk for people with severe 
mental illness in English primary care: a cluster randomised controlled 
trial. Lancet Psychiatry, 5, 145-154. 

OSBORN, D. P., BAIO, G., WALTERS, K., PETERSEN, I., LIMBURG, H., 
RAINE, R. & NAZARETH, I. 2011. Inequalities in the provision of 
cardiovascular screening to people with severe mental illnesses in 
primary care: cohort study in the United Kingdom THIN Primary Care 
Database 2000-2007. Schizophr Res, 129, 104-10. 

https://www.gov.uk/government/publications/premature-mortality-in-adults-with-severe-mental-illness/premature-mortality-in-adults-with-severe-mental-illness-smi#main-findings
https://www.gov.uk/government/publications/premature-mortality-in-adults-with-severe-mental-illness/premature-mortality-in-adults-with-severe-mental-illness-smi#main-findings
https://www.gov.uk/government/publications/premature-mortality-in-adults-with-severe-mental-illness/premature-mortality-in-adults-with-severe-mental-illness-smi#main-findings
http://www.ons.gov.uk/ons/guide-method/census/2011/census-data/2011-census-user-guide/information-by-variable/part-4--derived-variables.pdf
http://www.ons.gov.uk/ons/guide-method/census/2011/census-data/2011-census-user-guide/information-by-variable/part-4--derived-variables.pdf
http://www.ons.gov.uk/ons/guide-method/census/2011/census-data/2011-census-user-guide/information-by-variable/part-4--derived-variables.pdf
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/datasets/lowersuperoutputareamidyearpopulationestimates
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/datasets/lowersuperoutputareamidyearpopulationestimates
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/datasets/lowersuperoutputareamidyearpopulationestimates
https://www.ons.gov.uk/census/historiccensusdata


348 
 

OSBORN, D. P., LEVY, G., NAZARETH, I., PETERSEN, I., ISLAM, A. & KING, 
M. B. 2007a. Relative risk of cardiovascular and cancer mortality in 
people with severe mental illness from the United Kingdom's General 
Practice Rsearch Database. Arch Gen Psychiatry, 64, 242-9. 

OSBORN, D. P., NAZARETH, I. & KING, M. B. 2007b. Physical activity, dietary 
habits and Coronary Heart Disease risk factor knowledge amongst 
people with severe mental illness: a cross sectional comparative study in 
primary care. Soc Psychiatry Psychiatr Epidemiol, 42, 787-93. 

OSBORN, D. P., PETERSEN, I., BECKLEY, N., WALTERS, K., NAZARETH, I. 
& HAYES, J. 2018b. Weight change over two years in people prescribed 
olanzapine, quetiapine and risperidone in UK primary care: Cohort study 
in THIN, a UK primary care database. J Psychopharmacol, 32, 1098-
1103. 

PADMANABHAN, S., CARTY, L., CAMERON, E., GHOSH, R. E., WILLIAMS, 
R. & STRONGMAN, H. 2019. Approach to record linkage of primary care 
data from Clinical Practice Research Datalink to other health-related 
patient data: overview and implications. Eur J Epidemiol, 34, 91-99. 

PAREDES, A. Z., HYER, J. M., DIAZ, A., TSILIMIGRAS, D. I. & PAWLIK, T. M. 
2020. The Impact of Mental Illness on Postoperative Outcomes Among 
Medicare Beneficiaries: A Missed Opportunity to Help Surgical Patients? 
Ann Surg, 272, 419-425. 

PATEL, R. S., VIRANI, S., SAEED, H., NIMMAGADDA, S., TALUKDAR, J. & 
YOUSSEF, N. A. 2018. Gender Differences and Comorbidities in U.S. 
Adults with Bipolar Disorder. Brain Sci, 8. 

PAYNE, R. A., ABEL, G. A., GUTHRIE, B. & MERCER, S. W. 2013. The effect 
of physical multimorbidity, mental health conditions and socioeconomic 
deprivation on unplanned admissions to hospital: a retrospective cohort 
study. CMAJ, 185, E221-8. 

PAYNE, R. A., MENDONCA, S. C., ELLIOTT, M. N., SAUNDERS, C. L., 
EDWARDS, D. A., MARSHALL, M. & ROLAND, M. 2020. Development 
and validation of the Cambridge Multimorbidity Score. CMAJ, 192, E107-
E114. 

PEARLSON, G. D. 2015. Etiologic, phenomenologic, and endophenotypic 
overlap of schizophrenia and bipolar disorder. Annu Rev Clin Psychol, 
11, 251-81. 

PECKHAM, E., BRABYN, S., COOK, L., TEW, G. & GILBODY, S. 2017. 
Smoking cessation in severe mental ill health: what works? an updated 
systematic review and meta-analysis. BMC Psychiatry, 17, 252. 

PEDERSEN, A. B., MIKKELSEN, E. M., CRONIN-FENTON, D., KRISTENSEN, 
N. R., PHAM, T. M., PEDERSEN, L. & PETERSEN, I. 2017. Missing data 
and multiple imputation in clinical epidemiological research. Clin 
Epidemiol, 9, 157-166. 

PENINGTON, E., LENNOX, B., GEULAYOV, G., HAWTON, K. & 
TSIACHRISTAS, A. 2022. The early impact of the COVID-19 pandemic 
on patients with severe mental illness: An interrupted time-series study in 
South-East England. Eur Psychiatry, 65, e31. 

PERNEGER, T. V. 1998. What's wrong with Bonferroni adjustments. BMJ, 316, 
1236-8. 

PERSSON, R., SPONHOLTZ, T., VASILAKIS-SCARAMOZZA, C., HAGBERG, 
K. W., WILLIAMS, T., KOTECHA, D., MYLES, P. & JICK, S. S. 2021. 
Quality and Completeness of Myocardial Infarction Recording in Clinical 
Practice Research Datalink Aurum. Clin Epidemiol, 13, 745-753. 



349 
 

PERSSON, R., VASILAKIS-SCARAMOZZA, C., HAGBERG, K. W., 
SPONHOLTZ, T., WILLIAMS, T., MYLES, P. & JICK, S. S. 2020. CPRD 
Aurum database: Assessment of data quality and completeness of three 
important comorbidities. Pharmacoepidemiol Drug Saf, 29, 1456-1464. 

PETERSEN, I., WELCH, C. A., NAZARETH, I., WALTERS, K., MARSTON, L., 
MORRIS, R. W., CARPENTER, J. R., MORRIS, T. P. & PHAM, T. M. 
2019. Health indicator recording in UK primary care electronic health 
records: key implications for handling missing data. Clin Epidemiol, 11, 
157-167. 

PETERSEN, J., KANDT, J. & LONGLEY, P. 2022. Ethnic disparities in 
preventable hospitalisation in England: an analysis of 916 375 
emergency admissions. J Epidemiol Community Health, 76, 85-91. 

PETTERSSON, D., GISSLER, M., HALLGREN, J., OSBY, U., WESTMAN, J. & 
BOBO, W. V. 2020. The overall and sex- and age-group specific 
incidence rates of cancer in people with schizophrenia: a population-
based cohort study. Epidemiol Psychiatr Sci, 29, e132. 

PHAM, P. N., XIAO, H., SARAYANI, A., CHEN, M. & BROWN, J. D. 2019a. 
Risk Factors Associated With 7- Versus 30-Day Readmission Among 
Patients With Heart Failure Using the Nationwide Readmission 
Database. Med Care, 57, 1-7. 

PHAM, T. M., CARPENTER, J. R., MORRIS, T. P., WOOD, A. M. & 
PETERSEN, I. 2019b. Population-calibrated multiple imputation for a 
binary/categorical covariate in categorical regression models. Stat Med, 
38, 792-808. 

PHE. 2018. Severe mental illness (SMI) and physical health inequalities. Public 
Health England. Available: 
https://www.gov.uk/government/publications/severe-mental-illness-smi-
physical-health-inequalities/severe-mental-illness-and-physical-health-
inequalities-briefing#smi-and-multiple-physical-health-conditions. 

PHE. 2021. NHS population screening: improving access for people with severe 
mental illnesss. Public Health England. Available: 
https://www.gov.uk/government/publications/population-screening-
access-for-people-with-severe-mental-illness/nhs-population-screening-
improving-access-for-people-with-severe-mental-illness. 

PILLINGER, T., MCCUTCHEON, R. A., VANO, L., MIZUNO, Y., ARUMUHAM, 
A., HINDLEY, G., BECK, K., NATESAN, S., EFTHIMIOU, O., CIPRIANI, 
A. & HOWES, O. D. 2020. Comparative effects of 18 antipsychotics on 
metabolic function in patients with schizophrenia, predictors of metabolic 
dysregulation, and association with psychopathology: a systematic 
review and network meta-analysis. Lancet Psychiatry, 7, 64-77. 

PLANA-RIPOLL, O., PEDERSEN, C. B., AGERBO, E., HOLTZ, Y., 
ERLANGSEN, A., CANUDAS-ROMO, V., ANDERSEN, P. K., 
CHARLSON, F. J., CHRISTENSEN, M. K., ERSKINE, H. E., FERRARI, 
A. J., IBURG, K. M., MOMEN, N., MORTENSEN, P. B., NORDENTOFT, 
M., SANTOMAURO, D. F., SCOTT, J. G., WHITEFORD, H. A., WEYE, 
N., MCGRATH, J. J. & LAURSEN, T. M. 2019. A comprehensive 
analysis of mortality-related health metrics associated with mental 
disorders: a nationwide, register-based cohort study. Lancet, 394, 1827-
1835. 

POLLING, C., BAKOLIS, I., HOTOPF, M. & HATCH, S. L. 2019. Differences in 
hospital admissions practices following self-harm and their influence on 

https://www.gov.uk/government/publications/severe-mental-illness-smi-physical-health-inequalities/severe-mental-illness-and-physical-health-inequalities-briefing#smi-and-multiple-physical-health-conditions
https://www.gov.uk/government/publications/severe-mental-illness-smi-physical-health-inequalities/severe-mental-illness-and-physical-health-inequalities-briefing#smi-and-multiple-physical-health-conditions
https://www.gov.uk/government/publications/severe-mental-illness-smi-physical-health-inequalities/severe-mental-illness-and-physical-health-inequalities-briefing#smi-and-multiple-physical-health-conditions
https://www.gov.uk/government/publications/population-screening-access-for-people-with-severe-mental-illness/nhs-population-screening-improving-access-for-people-with-severe-mental-illness
https://www.gov.uk/government/publications/population-screening-access-for-people-with-severe-mental-illness/nhs-population-screening-improving-access-for-people-with-severe-mental-illness
https://www.gov.uk/government/publications/population-screening-access-for-people-with-severe-mental-illness/nhs-population-screening-improving-access-for-people-with-severe-mental-illness


350 
 

population-level comparisons of self-harm rates in South London: an 
observational study. BMJ Open, 9, e032906. 

PRADOS-TORRES, A., POBLADOR-PLOU, B., CALDERON-LARRANAGA, A., 
GIMENO-FELIU, L. A., GONZALEZ-RUBIO, F., PONCEL-FALCO, A., 
SICRAS-MAINAR, A. & ALCALA-NALVAIZ, J. T. 2012. Multimorbidity 
patterns in primary care: interactions among chronic diseases using 
factor analysis. PLoS One, 7, e32190. 

PRATA, D. P., COSTA-NEVES, B., COSME, G. & VASSOS, E. 2019. 
Unravelling the genetic basis of schizophrenia and bipolar disorder with 
GWAS: A systematic review. J Psychiatr Res, 114, 178-207. 

PRICE, J. H., KHUBCHANDANI, J. & WEBB, F. J. 2018. Poverty and Health 
Disparities: What Can Public Health Professionals Do? Health Promot 
Pract, 19, 170-174. 

PRITCHARD, E., FAWCETT, N., QUAN, T. P., CROOK, D., PETO, T. E. & 
WALKER, A. S. 2021. Combining Charlson and Elixhauser scores with 
varying lookback predicated mortality better than using individual scores. 
J Clin Epidemiol, 130, 32-41. 

PUBLIC HEALTH SCOTLAND. 2020. Quality and Outcomes Framework 
[Online]. Available: https://www.isdscotland.org/Health-Topics/General-
Practice/Quality-And-Outcomes-Framework/ [Accessed 30/09/2022]. 

PURDEY, S. & HUNTLEY, A. 2013. Predicting and preventing avoidable 
hospital admissions: a review. J R Coll Physicians Edinb, 43, 340-4. 

PURDY, S., GRIFFIN, T., SALISBURY, C. & SHARP, D. 2009. Ambulatory care 
sensitive conditions: terminology and disease coding need to be more 
specific to aid policy makers and clinicians. Public Health, 123, 169-73. 

PURDY, S., PARANJOTHY, S., HUNTLEY, A., THOMAS, R., MANN, M., 
HUWS, D., BRINDLE, P. & ELWYN, G. 2012. Interventions to reduce 
unplanned hospital admission: a series of systematic reviews. NHS 
Bristol, University of Bristol, Cardiff University. Available: 
http://www.bristol.ac.uk/media-
library/sites/primaryhealthcare/migrated/documents/unplannedadmission
s.pdf. 

QUINT, J. K., MULLEROVA, H., DISANTOSTEFANO, R. L., FORBES, H., 
EATON, S., HURST, J. R., DAVIS, K. & SMEETH, L. 2014. Validation of 
chronic obstructive pulmonary disease recording in the Clinical Practice 
Research Datalink (CPRD-GOLD). BMJ Open, 4, e005540. 

R CORE TEAM. 2018. A language and environment for statistical computing 
[Online]. Available: https://www.r-project.org/ [Accessed 30/09/2022]. 

RATCLIFF, C. G., MASSARWEH, N. N., SANSGIRY, S., DINDO, L. & CULLY, 
J. A. 2021. Impact of Psychiatric Diagnoses and Treatment on 
Postoperative Outcomes Among Patients Undergoing Surgery for 
Colorectal Cancer. Psychiatr Serv, 72, 391-398. 

REA, F., CORRAO, G., LUDERGNANI, M., CAJAZZO, L. & MERLINO, L. 2019. 
A new population-based risk stratification tool was developed and 
validated for predicting mortality, hospital admissions, and health care 
costs. J Clin Epidemiol, 116, 62-71. 

REILLY, S., OLIER, I., PLANNER, C., DORAN, T., REEVES, D., ASHCROFT, 
D. M., GASK, L. & KONTOPANTELIS, E. 2015. Inequalities in physical 
comorbidity: a longitudinal comparative cohort study of people with 
severe mental illness in the UK. BMJ Open, 5, e009010. 

REILLY, S., PLANNER, C., HANN, M., REEVES, D., NAZARETH, I. & 
LESTER, H. 2012. The role of primary care in service provision for 

https://www.isdscotland.org/Health-Topics/General-Practice/Quality-And-Outcomes-Framework/
https://www.isdscotland.org/Health-Topics/General-Practice/Quality-And-Outcomes-Framework/
http://www.bristol.ac.uk/media-library/sites/primaryhealthcare/migrated/documents/unplannedadmissions.pdf
http://www.bristol.ac.uk/media-library/sites/primaryhealthcare/migrated/documents/unplannedadmissions.pdf
http://www.bristol.ac.uk/media-library/sites/primaryhealthcare/migrated/documents/unplannedadmissions.pdf
https://www.r-project.org/


351 
 

people with severe mental illness in the United Kingdom. PLoS One, 7, 
e36468. 

REQUENA, G., WOLF, A., WILLIAMS, R., DEDMAN, D., QUINT, J. K., 
MURRAY-THOMAS, T. & PIMENTA, J. M. 2021. Feasibility of using 
Clinical Practice Research Datalink data to identify patients with chronic 
obstructive pulmonary disease to enrol into real-world trials. 
Pharmacoepidemiol Drug Saf, 30, 472-481. 

RIBE, A. R., LAURBERG, T., LAURSEN, T. M., CHARLES, M., VEDSTED, P. & 
VESTERGAARD, M. 2016. Ten-Year Mortality after a Breast Cancer 
Diagnosis in Women with Severe Mental Illness: A Danish Population-
Based Cohort Study. PLoS One, 11, e0158013. 

RIBE, A. R., LAURSEN, T. M., SANDBAEK, A., CHARLES, M., 
NORDENTOFT, M. & VESTERGAARD, M. 2014. Long-term mortality of 
persons with severe mental illness and diabetes: a population-based 
cohort study in Denmark. Psychol Med, 44, 3097-107. 

RICHARDSON, A., RICHARD, L., GUNTER, K., CUNNINGHAM, R., HAMER, 
H., LOCKETT, H., WYETH, E., STOKES, T., BURKE, M., GREEN, M., 
COX, A. & DERRETT, S. 2020. A systematic scoping review of 
interventions to integrate physical and mental healthcare for people with 
serious mental illness and substance use disorders. J Psychiatr Res, 
128, 52-67. 

RICHTER, D. & HOFFMANN, H. 2019. Social exclusion of people with severe 
mental illness in Switzerland: results from the Swiss Health Survey. 
Epidemiol Psychiatr Sci, 28, 427-435. 

RIDE, J., KASTERIDIS, P., GUTACKER, N., ARAGON ARAGON, M. J. & 
JACOBS, R. 2020. Healthcare Costs for People with Serious Mental 
Illness in England: An Analysis of Costs Across Primary Care, Hospital 
Care, and Specialist Mental Healthcare. Appl Health Econ Health Policy, 
18, 177-188. 

RIDE, J., KASTERIDIS, P., GUTACKER, N., DORAN, T., RICE, N., 
GRAVELLE, H., KENDRICK, T., MASON, A., GODDARD, M., SIDDIQI, 
N., GILBODY, S., WILLIAMS, R., AYLOTT, L., DARE, C. & JACOBS, R. 
2019. Impact of family practice continuity of care on unplanned hospital 
use for people with serious mental illness. Health Serv Res, 54, 1316-
1325. 

RIDE, J., KASTERIDIS, P., GUTACKER, N., KRONENBERG, C., DORAN, T., 
MASON, A., RICE, N., GRAVELLE, H., GODDARD, M., KENDRICK, T., 
SIDDIQI, N., GILBODY, S., DARE, C. R., AYLOTT, L., WILLIAMS, R. & 
JACOBS, R. 2018. Do care plans and annual reviews of physical health 
influence unplanned hospital utilisation for people with serious mental 
illness? Analysis of linked longitudinal primary and secondary healthcare 
records in England. BMJ Open, 8, e023135. 

RIECHER-ROSSLER, A., BUTLER, S. & KULKARNI, J. 2018. Sex and gender 
differences in schizophrenic psychoses-a critical review. Arch Womens 
Ment Health, 21, 627-648. 

RISGAARD, B., WAAGSTEIN, K., WINKEL, B. G., JABBARI, R., LYNGE, T. H., 
GLINGE, C., ALBERT, C., CORRELL, C. U., HAUNSO, S., FINK-
JENSEN, A. & TFELT-HANSEN, J. 2015. Sudden cardiac death in young 
adults with previous hospital-based psychiatric inpatient and outpatient 
treatment: a nationwide cohort study from Denmark. J Clin Psychiatry, 
76, e1122-9. 



352 
 

ROCCO, A., COMPARE, D., ANGRISANI, D., SANDUZZI ZAMPARELLI, M. & 
NARDONE, G. 2014. Alcoholic disease: liver and beyond. World J 
Gastroenterol, 20, 14652-9. 

RODGERS, M., DALTON, J., HARDEN, M., STREET, A., PARKER, G. & 
EASTWOOD, A. 2018. Integrated Care to Address the Physical Health 
Needs of People with Severe Mental Illness: A Mapping Review of the 
Recent Evidence on Barriers, Facilitators and Evaluations. Int J Integr 
Care, 18, 9. 

RODRIGUES, M., WIENER, J. C., STRANGES, S., RYAN, B. L. & 
ANDERSON, K. K. 2021. The risk of physical multimorbidity in people 
with psychotic disorders: A systematic review and meta-analysis. J 
Psychosom Res, 140, 110315. 

ROLAND, M. & ABEL, G. 2012. Reducing emergency admissions: are we on 
the right track? BMJ, 345, e6017. 

RONALDSON, A., ELTON, L., JAYAKUMAR, S., JIEMAN, A., HALVORSRUD, 
K. & BHUI, K. 2020. Severe mental illness and health service utilisation 
for nonpsychiatric medical disorders: A systematic review and meta-
analysis. PLoS Med, 17, e1003284. 

ROTHMAN, K. J. 1990. No adjustments are needed for multiple comparisons. 
Epidemiology, 1, 43-6. 

ROTHMAN, K. J. 2008. BMI-related errors in the measurement of obesity. Int J 
Obes (Lond), 32 Suppl 3, S56-9. 

ROUSSEEUW, P. J. 1987. Silhouettes - a Graphical Aid to the Interpretation 
and Validation of Cluster-Analysis. Journal of Computational and Applied 
Mathematics, 20, 53-65. 

ROYAL COLLEGE PSYCHIATRISTS. 2022. National Clinical Audit of 
Psychosis – England National Report for the Early Intervention in 
Psychosis Audit 2021/2022. Royal College of Psychiatrists. Available: 
https://www.hqip.org.uk/wp-content/uploads/2022/07/Ref-333-NCAP-
England-national-report-Final.pdf. 

RSTUDIO TEAM. 2015. RStudio: Integrated Development for R [Online]. 
Available: http://www.rstudio.com/ [Accessed 30/09/2022]. 

RUBIN, D. J., DONNELL-JACKSON, K., JHINGAN, R., GOLDEN, S. H. & 
PARANJAPE, A. 2014. Early readmission among patients with diabetes: 
a qualitative assessment of contributing factors. J Diabetes 
Complications, 28, 869-73. 

SALIH, Y., WASEEM, H., KEENEY, B., LEYENAAR, J. & ROBBINS, N. M. 
2021. Hospital readmission rates among acute ischemic stroke survivors 
with severe mental illness. Neurology, 96. 

SAMAD, M. D., ABRAR, S. & DIAWARA, N. 2022. Missing Value Estimation 
using Clustering and Deep Learning within Multiple Imputation 
Framework. Knowl Based Syst, 249. 

SAMMON, C. J., LEAHY, T. P. & RAMAGOPALAN, S. 2020. Nonindependence 
of patient data in the clinical practice research datalink: a case study in 
atrial fibrillation patients. J Comp Eff Res, 9, 395-403. 

SARIASLAN, A., FAZEL, S., D'ONOFRIO, B. M., LANGSTROM, N., LARSSON, 
H., BERGEN, S. E., KUJA-HALKOLA, R. & LICHTENSTEIN, P. 2016. 
Schizophrenia and subsequent neighborhood deprivation: revisiting the 
social drift hypothesis using population, twin and molecular genetic data. 
Transl Psychiatry, 6, e796. 

SARIASLAN, A., LARSSON, H., D'ONOFRIO, B., LANGSTROM, N., FAZEL, S. 
& LICHTENSTEIN, P. 2015. Does population density and neighborhood 

https://www.hqip.org.uk/wp-content/uploads/2022/07/Ref-333-NCAP-England-national-report-Final.pdf
https://www.hqip.org.uk/wp-content/uploads/2022/07/Ref-333-NCAP-England-national-report-Final.pdf
http://www.rstudio.com/


353 
 

deprivation predict schizophrenia? A nationwide Swedish family-based 
study of 2.4 million individuals. Schizophr Bull, 41, 494-502. 

SARIASLAN, A., SHARPE, M., LARSSON, H., WOLF, A., LICHTENSTEIN, P. 
& FAZEL, S. 2022. Psychiatric comorbidity and risk of premature 
mortality and suicide among those with chronic respiratory diseases, 
cardiovascular diseases, and diabetes in Sweden: A nationwide matched 
cohort study of over 1 million patients and their unaffected siblings. PLoS 
Med, 19, e1003864. 

SAYERS, S. L., HANRAHAN, N., KUTNEY, A., CLARKE, S. P., REIS, B. F. & 
RIEGEL, B. 2007. Psychiatric comorbidity and greater hospitalization 
risk, longer length of stay, and higher hospitalization costs in older adults 
with heart failure. J Am Geriatr Soc, 55, 1585-91. 

SCHERER, R. W. & SALDANHA, I. J. 2019. How should systematic reviewers 
handle conference abstracts? A view from the trenches. Syst Rev, 8, 
264. 

SCHEUER, S. H., FLEETWOOD, K. J., LICENCE, K. A. M., MERCER, S. W., 
SMITH, D. J., SUDLOW, C. L. M., ANDERSEN, G. S., WILD, S. H., 
JACKSON, C. A. & SCOTTISH DIABETES RESEARCH, N. 2022a. 
Severe mental illness and quality of care for type 2 diabetes: A 
retrospective population-based cohort study. Diabetes Res Clin Pract, 
190, 110026. 

SCHEUER, S. H., KOSJERINA, V., LINDEKILDE, N., POUWER, F., 
CARSTENSEN, B., JORGENSEN, M. E., BENROS, M. E. & 
ANDERSEN, G. S. 2022b. Severe Mental Illness and the Risk of 
Diabetes Complications: A Nationwide, Register-based Cohort Study. J 
Clin Endocrinol Metab, 107, e3504-e3514. 

SCHOEPF, D. & HEUN, R. 2014. Bipolar disorder and comorbidity: Increased 
prevalence and increased relevance of comorbidity for hospital-based 
mortality during a 12.5-year observation period in general hospital 
admissions. Journal of Affective Disorders, 169, 170-178. 

SCHOEPF, D., UPPAL, H., POTLURI, R. & HEUN, R. 2014. Physical 
comorbidity and its relevance on mortality in schizophrenia: A naturalistic 
12-year follow-up in general hospital admissions. European Archives of 
Psychiatry and Clinical Neuroscience, 264, 3-28. 

SCHOLES, S. & MINDELL, J. S. 2019. Health Survey for England: Asthma. 
NHS Digital. Available: 
http://healthsurvey.hscic.gov.uk/media/81643/HSE18-Asthma-rep.pdf. 

SCHULMAN-MARCUS, J., GOYAL, P., SWAMINATHAN, R. V., FELDMAN, D. 
N., WONG, S. C., SINGH, H. S., MINUTELLO, R. M., BERGMAN, G. & 
KIM, L. K. 2016. Comparison of Trends in Incidence, Revascularization, 
and In-Hospital Mortality in ST-Elevation Myocardial Infarction in Patients 
With Versus Without Severe Mental Illness. Am J Cardiol, 117, 1405-10. 

SCHUSTER, N. A., HOOGENDIJK, E. O., KOK, A. A. L., TWISK, J. W. R. & 
HEYMANS, M. W. 2020. Ignoring competing events in the analysis of 
survival data may lead to biased results: a nonmathematical illustration of 
competing risk analysis. J Clin Epidemiol, 122, 42-48. 

SCHWAB, C., HINDLET, P., SABATIER, B., FERNANDEZ, C. & KORB-
SAVOLDELLI, V. 2019. Risk scores identifying elderly inpatients at risk 
of 30-day unplanned readmission and accident and emergency 
department visit: a systematic review. BMJ Open, 9, e028302. 

SCHWARTZ, J. E., FENNIG, S., TANENBERG-KARANT, M., CARLSON, G., 
CRAIG, T., GALAMBOS, N., LAVELLE, J. & BROMET, E. J. 2000. 

http://healthsurvey.hscic.gov.uk/media/81643/HSE18-Asthma-rep.pdf


354 
 

Congruence of diagnoses 2 years after a first-admission diagnosis of 
psychosis. Arch Gen Psychiatry, 57, 593-600. 

SELTEN, J. P., VAN DER VEN, E. & TERMORSHUIZEN, F. 2020. Migration 
and psychosis: a meta-analysis of incidence studies. Psychol Med, 50, 
303-313. 

SHAH, M., PATEL, B., TRIPATHI, B., AGARWAL, M., PATNAIK, S., RAM, P., 
PATIL, S., SHIN, J. & JORDE, U. P. 2018a. Hospital mortality and thirty 
day readmission among patients with non-acute myocardial infarction 
related cardiogenic shock. Int J Cardiol, 270, 60-67. 

SHAH, M., PATIL, S., PATEL, B., AGARWAL, M., DAVILA, C. D., GARG, L., 
AGRAWAL, S., KAPUR, N. K. & JORDE, U. P. 2018b. Causes and 
Predictors of 30-Day Readmission in Patients With Acute Myocardial 
Infarction and Cardiogenic Shock. Circ Heart Fail, 11, e004310. 

SHAH, M., RAM, P., LO, K. B. U., SIRINVARAVONG, N., PATEL, B., 
TRIPATHI, B., PATIL, S. & FIGUEREDO, V. M. 2018c. Etiologies, 
predictors, and economic impact of readmission within 1 month among 
patients with takotsubo cardiomyopathy. Clin Cardiol, 41, 916-923. 

SHAO, M., ZHUO, C., GAO, X., CHEN, C., XU, Y., TIAN, H., LI, G., JIANG, D. 
& WANG, W. 2020. Reduced rate of revascularization in schizophrenic 
patients with acute myocardial infarction: A systematic review and meta-
analysis. Prog Neuropsychopharmacol Biol Psychiatry, 99, 109870. 

SHARMA, Y., MILLER, M., KAAMBWA, B., SHAHI, R., HAKENDORF, P., 
HORWOOD, C. & THOMPSON, C. 2018. Factors influencing early and 
late readmissions in Australian hospitalised patients and investigating 
role of admission nutrition status as a predictor of hospital readmissions: 
a cohort study. BMJ Open, 8, e022246. 

SHIM, R. S., DRUSS, B. G., ZHANG, S., KIM, G., ODERINDE, A., SHOYINKA, 
S. & RUST, G. 2014. Emergency department utilization among Medicaid 
beneficiaries with schizophrenia and diabetes: The consequences of 
increasing medical complexity. Schizophrenia Research, 152, 490-497. 

SIECK, C., ADAMS, W. & BURKHART, L. 2019. Validation of the BOOST Risk 
Stratification Tool as a Predictor of Unplanned 30-Day Readmission in 
Elderly Patients. Qual Manag Health Care, 28, 96-102. 

SIMUNOVIC FILIPCIC, I., IVEZIC, E., JAKSIC, N., MAYER, N., GRAH, M., 
ROJNIC KUZMAN, M., BAJIC, Z., SVAB, V., HERCEG, M. & FILIPCIC, I. 
2020. Gender differences in early onset of chronic physical 
multimorbidities in schizophrenia spectrum disorder: Do women suffer 
more? Early Interv Psychiatry, 14, 418-427. 

SINGH, G., ZHANG, W., KUO, Y. F. & SHARMA, G. 2016. Association of 
Psychological Disorders With 30-Day Readmission Rates in Patients 
With COPD. Chest, 149, 905-15. 

SMALL, N., BROOKS, H., GRUNDY, A., PEDLEY, R., GIBBONS, C., LOVELL, 
K. & BEE, P. 2017. Understanding experiences of and preferences for 
service user and carer involvement in physical health care discussions 
within mental health care planning. BMC Psychiatry, 17, 138. 

SMITH, D. J., LANGAN, J., MCLEAN, G., GUTHRIE, B. & MERCER, S. W. 
2013a. Schizophrenia is associated with excess multiple physical-health 
comorbidities but low levels of recorded cardiovascular disease in 
primary care: cross-sectional study. BMJ Open, 3. 

SMITH, D. J., MARTIN, D., MCLEAN, G., LANGAN, J., GUTHRIE, B. & 
MERCER, S. W. 2013b. Multimorbidity in bipolar disorder and 



355 
 

undertreatment of cardiovascular disease: a cross sectional study. BMC 
Med, 11, 263. 

SMITH, T., NOBLE, M., NOBLE, S., WRIGHT, G., MCLENNAN, D. & 
PLUNKETT, E. 2015. The English Indices of Deprivation 2015: Research 
report. Department for Communities and Local Government. Available: 
https://assets.publishing.service.gov.uk/government/uploads/system/uplo
ads/attachment_data/file/464597/English_Indices_of_Deprivation_2015_
-
_Research_Report.pdf#:~:text=2.1.1%20The%20English%20Indices%20
of%20Deprivation%202015%20are,deprivation%20which%20can%20be
%20recognised%20and%20measured%20separately7. 

SNOOKS, H., BAILEY-JONES, K., BURGE-JONES, D., DALE, J., DAVIES, J., 
EVANS, B., FARR, A., FITZSIMMONS, D., HARRISON, J., HEAVEN, 
M., HOWSON, H., HUTCHINGS, H., JOHN, G., KINGSTON, M., LEWIS, 
L., PHILLIPS, C., PORTER, A., SEWELL, B., WARM, D., WATKINS, A., 
WHITMAN, S., WILLIAMS, V. & RUSSELL, I. T. 2018. Predictive risk 
stratification model: a randomised stepped-wedge trial in primary care 
(PRISMATIC). Southampton (UK). 

SNOOKS, H., BAILEY-JONES, K., BURGE-JONES, D., DALE, J., DAVIES, J., 
EVANS, B. A., FARR, A., FITZSIMMONS, D., HEAVEN, M., HOWSON, 
H., HUTCHINGS, H., JOHN, G., KINGSTON, M., LEWIS, L., PHILLIPS, 
C., PORTER, A., SEWELL, B., WARM, D., WATKINS, A., WHITMAN, S., 
WILLIAMS, V. & RUSSELL, I. 2019. Effects and costs of implementing 
predictive risk stratification in primary care: a randomised stepped wedge 
trial. BMJ Qual Saf, 28, 697-705. 

SOLEY-BORI, M., ASHWORTH, M., BISQUERA, A., DODHIA, H., LYNCH, R., 
WANG, Y. & FOX-RUSHBY, J. 2021. Impact of multimorbidity on 
healthcare costs and utilisation: a systematic review of the UK literature. 
Br J Gen Pract, 71, e39-e46. 

SOLMI, F., LEWIS, G., ZAMMIT, S. & KIRKBRIDE, J. B. 2020a. Neighborhood 
Characteristics at Birth and Positive and Negative Psychotic Symptoms 
in Adolescence: Findings From the ALSPAC Birth Cohort. Schizophr 
Bull, 46, 581-591. 

SOLMI, M., FIRTH, J., MIOLA, A., FORNARO, M., FRISON, E., FUSAR-POLI, 
P., DRAGIOTI, E., SHIN, J. I., CARVALHO, A. F., STUBBS, B., 
KOYANAGI, A., KISELY, S. & CORRELL, C. U. 2020b. Disparities in 
cancer screening in people with mental illness across the world versus 
the general population: prevalence and comparative meta-analysis 
including 4 717 839 people. Lancet Psychiatry, 7, 52-63. 

SOLMI, M., MURRU, A., PACCHIAROTTI, I., UNDURRAGA, J., VERONESE, 
N., FORNARO, M., STUBBS, B., MONACO, F., VIETA, E., SEEMAN, M. 
V., CORRELL, C. U. & CARVALHO, A. F. 2017. Safety, tolerability, and 
risks associated with first- and second-generation antipsychotics: a state-
of-the-art clinical review. Ther Clin Risk Manag, 13, 757-777. 

SORENSEN, H. J., NIELSEN, P. R., BENROS, M. E., PEDERSEN, C. B. & 
MORTENSEN, P. B. 2015. Somatic Diseases and Conditions before the 
First Diagnosis of Schizophrenia: A Nationwide Population-based Cohort 
Study in More Than 900 000 Individuals. Schizophrenia Bulletin, 41, 513-
521. 

SPRAH, L., DERNOVSEK, M. Z., WAHLBECK, K. & HAARAMO, P. 2017. 
Psychiatric readmissions and their association with physical comorbidity: 
a systematic literature review. BMC Psychiatry, 17, 2. 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/464597/English_Indices_of_Deprivation_2015_-_Research_Report.pdf#:~:text=2.1.1%20The%20English%20Indices%20of%20Deprivation%202015%20are,deprivation%20which%20can%20be%20recognised%20and%20measured%20separately7
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/464597/English_Indices_of_Deprivation_2015_-_Research_Report.pdf#:~:text=2.1.1%20The%20English%20Indices%20of%20Deprivation%202015%20are,deprivation%20which%20can%20be%20recognised%20and%20measured%20separately7
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/464597/English_Indices_of_Deprivation_2015_-_Research_Report.pdf#:~:text=2.1.1%20The%20English%20Indices%20of%20Deprivation%202015%20are,deprivation%20which%20can%20be%20recognised%20and%20measured%20separately7
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/464597/English_Indices_of_Deprivation_2015_-_Research_Report.pdf#:~:text=2.1.1%20The%20English%20Indices%20of%20Deprivation%202015%20are,deprivation%20which%20can%20be%20recognised%20and%20measured%20separately7
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/464597/English_Indices_of_Deprivation_2015_-_Research_Report.pdf#:~:text=2.1.1%20The%20English%20Indices%20of%20Deprivation%202015%20are,deprivation%20which%20can%20be%20recognised%20and%20measured%20separately7
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/464597/English_Indices_of_Deprivation_2015_-_Research_Report.pdf#:~:text=2.1.1%20The%20English%20Indices%20of%20Deprivation%202015%20are,deprivation%20which%20can%20be%20recognised%20and%20measured%20separately7


356 
 

SREENIVASAN, J., KAUL, R., KHAN, M. S., MALIK, A., USMAN, M. S. & 
MICHOS, E. D. 2022. Mental health disorders and readmissions 
following acute myocardial infarction in the United States. Sci Rep, 12, 
3327. 

STATACORP. 2019. Stata Statistical Software: Release 16 [Online]. Available: 
https://www.stata.com/ [Accessed 30/09/2022]. 

STENSRUD, M. J. & HERNAN, M. A. 2020. Why Test for Proportional 
Hazards? JAMA, 323, 1401-1402. 

STEVENTON, A. & BILLINGS, J. 2017. Preventing hospital readmissions: the 
importance of considering 'impactibility,' not just predicted risk. BMJ Qual 
Saf, 26, 782-785. 

STIRLAND, L. E., GONZALEZ-SAAVEDRA, L., MULLIN, D. S., RITCHIE, C. 
W., MUNIZ-TERRERA, G. & RUSS, T. C. 2020. Measuring 
multimorbidity beyond counting diseases: systematic review of 
community and population studies and guide to index choice. BMJ, 368, 
m160. 

STOCKBRIDGE, E. L., CHHETRI, S., POLCAR, L. E., LOETHEN, A. D. & 
CARNEY, C. P. 2019. Behavioral health conditions and potentially 
preventable diabetes-related hospitalizations in the United States: 
Findings from a national sample of commercial claims data. PLoS One, 
14, e0212955. 

STOKES, J., GUTHRIE, B., MERCER, S. W., RICE, N. & SUTTON, M. 2021. 
Multimorbidity combinations, costs of hospital care and potentially 
preventable emergency admissions in England: A cohort study. PLoS 
Med, 18, e1003514. 

STOKES, J., PANAGIOTI, M., ALAM, R., CHECKLAND, K., CHERAGHI-SOHI, 
S. & BOWER, P. 2015. Effectiveness of Case Management for 'At Risk' 
Patients in Primary Care: A Systematic Review and Meta-Analysis. PLoS 
One, 10, e0132340. 

STRONGMAN, H., GADD, S., MATTHEWS, A. A., MANSFIELD, K. E., 
STANWAY, S., LYON, A. R., DOS-SANTOS-SILVA, I., SMEETH, L. & 
BHASKARAN, K. 2022. Does Cardiovascular Mortality Overtake Cancer 
Mortality During Cancer Survivorship?: An English Retrospective Cohort 
Study. JACC CardioOncol, 4, 113-123. 

STUBBS, B., KOYANAGI, A., VERONESE, N., VANCAMPFORT, D., SOLMI, 
M., GAUGHRAN, F., CARVALHO, A. F., LALLY, J., MITCHELL, A. J., 
MUGISHA, J. & CORRELL, C. U. 2016. Physical multimorbidity and 
psychosis: comprehensive cross sectional analysis including 242,952 
people across 48 low- and middle-income countries. BMC Med, 14, 189. 

SUETANI, S., HONARPARVAR, F., SISKIND, D., HINDLEY, G., VERONESE, 
N., VANCAMPFORT, D., ALLEN, L., SOLMI, M., LALLY, J., 
GAUGHRAN, F., STUBBS, B. & PILLINGER, T. 2021. Increased rates of 
respiratory disease in schizophrenia: A systematic review and meta-
analysis including 619,214 individuals with schizophrenia and 52,159,551 
controls. Schizophr Res, 237, 131-140. 

SUH, E., STRATTON, K. L., LEISENRING, W. M., NATHAN, P. C., FORD, J. 
S., FREYER, D. R., MCNEER, J. L., STOCK, W., STOVALL, M., KRULL, 
K. R., SKLAR, C. A., NEGLIA, J. P., ARMSTRONG, G. T., OEFFINGER, 
K. C., ROBISON, L. L. & HENDERSON, T. O. 2020. Late mortality and 
chronic health conditions in long-term survivors of early-adolescent and 
young adult cancers: a retrospective cohort analysis from the Childhood 
Cancer Survivor Study. Lancet Oncol, 21, 421-435. 

https://www.stata.com/


357 
 

SUISSA, S. 2008. Immortal time bias in pharmaco-epidemiology. Am J 
Epidemiol, 167, 492-9. 

SULLIVAN, G., HAN, X., MOORE, S. & KOTRLA, K. 2006. Disparities in 
hospitalization for diabetes among persons with and without co-occurring 
mental disorders. Psychiatr Serv, 57, 1126-31. 

SUN, J. W., ROGERS, J. R., HER, Q., WELCH, E. C., PANOZZO, C. A., TOH, 
S. & GAGNE, J. J. 2017. Adaptation and Validation of the Combined 
Comorbidity Score for ICD-10-CM. Med Care, 55, 1046-1051. 

SUTCLIFFE, D., LESTER, H., HUTTON, J. & STOKES, T. 2012. NICE and the 
Quality and Outcomes Framework (QOF) 2009-2011. Qual Prim Care, 
20, 47-55. 

SWABY, L., HIND, D., GOSSAGE-WORRALL, R., SHIERS, D., MITCHELL, J. 
& HOLT, R. I. G. 2017. Adherence to NICE guidance on lifestyle advice 
for people with schizophrenia: a survey. BJPsych Bull, 41, 137-144. 

SWILDENS, W., TERMORSHUIZEN, F., DE RIDDER, A., SMEETS, H. & 
ENGELHARD, I. M. 2016. Somatic Care with a Psychotic Disorder. 
Lower Somatic Health Care Utilization of Patients with a Psychotic 
Disorder Compared to Other Patient Groups and to Controls Without a 
Psychiatric Diagnosis. Administration and policy in mental health, 43, 
650-662. 

TAGGAR, J. S., COLEMAN, T., LEWIS, S. & SZATKOWSKI, L. 2012. The 
impact of the Quality and Outcomes Framework (QOF) on the recording 
of smoking targets in primary care medical records: cross-sectional 
analyses from The Health Improvement Network (THIN) database. BMC 
Public Health, 12, 329. 

TAMMES, P., MORRIS, R. W., BRANGAN, E., CHECKLAND, K., ENGLAND, 
H., HUNTLEY, A., LASSERSON, D., MACKICHAN, F., SALISBURY, C., 
WYE, L. & PURDY, S. 2017. Exploring the relationship between general 
practice characteristics and attendance at Walk-in Centres, Minor Injuries 
Units and Emergency Departments in England 2009/10-2012/2013: a 
longitudinal study. BMC Health Serv Res, 17, 546. 

TAN, X. W., LEE, E. S., TOH, M., LUM, A. W. M., SEAH, D. E. J., LEONG, K. 
P., CHAN, C. Y. W., FUNG, D. S. S. & TOR, P. C. 2021. Comparison of 
mental-physical comorbidity, risk of death and mortality among patients 
with mental disorders - A retrospective cohort study. J Psychiatr Res, 
142, 48-53. 

TANSKANEN, A., TIIHONEN, J. & TAIPALE, H. 2018. Mortality in 
schizophrenia: 30-year nationwide follow-up study. Acta Psychiatr 
Scand, 138, 492-499. 

THOMAS, D., MCDONALD, V. M., PAVORD, I. D. & GIBSON, P. G. 2022. 
Asthma remission: what is it and how can it be achieved? Eur Respir J, 
60. 

THOMPSON, A., WRIGHT, A. K., ASHCROFT, D. M., VAN STAA, T. P. & 
PIRMOHAMED, M. 2017. Epidemiology of alcohol dependence in UK 
primary care: Results from a large observational study using the Clinical 
Practice Research Datalink. PLoS One, 12, e0174818. 

THOMSEN, J. L. & PARNER, E. T. 2006. Methods for analysing recurrent 
events in health care data. Examples from admissions in Ebeltoft Health 
Promotion Project. Fam Pract, 23, 407-13. 

TOFTDAHL, N. G., NORDENTOFT, M. & HJORTHOJ, C. 2016. Prevalence of 
substance use disorders in psychiatric patients: a nationwide Danish 
population-based study. Soc Psychiatry Psychiatr Epidemiol, 51, 129-40. 



358 
 

TRAFFORD, A. M., PARISI, R., RUTTER, M. K., KONTOPANTELIS, E., 
GRIFFITHS, C. E. M., ASHCROFT, D. M. & GLOBAL PSORIASIS, A. 
2021. Concordance and timing in recording cancer events in primary 
care, hospital and mortality records for patients with and without 
psoriasis: A population-based cohort study. PLoS One, 16, e0254661. 

TSAI, C. L., YANG, Y. C., CHEN, S. F., HSU, C. Y. & SHEN, Y. C. 2019. Risk 
of hyperglycemic crisis episode in diabetic patients with bipolar disorder: 
A nationwide population-based cohort study. J Affect Disord, 257, 281-
286. 

TSAI, K. Y., HSIEH, K. Y., OU, S. Y., CHOU, F. H. & CHOU, Y. M. 2020. 
Comparison of Elixhauser and Charlson Methods for Discriminative 
Performance in Mortality Risk in Patients with Schizophrenic Disorders. 
Int J Environ Res Public Health, 17. 

TSAI, P. J., LIAO, Y. T., LEE, C. T. C., HSU, C. Y., TSAI, C. J., HSIEH, M. H. & 
CHEN, V. C. H. 2016. Risk of bipolar disorder in patients with COPD: A 
population-based cohort study. General Hospital Psychiatry, 41, 6-12. 

TUESLEY, K. M., JORDAN, S. J., SISKIND, D. J., KENDALL, B. J. & KISELY, 
S. 2019. Colorectal, cervical and prostate cancer screening in 
Australians with severe mental illness: Retrospective nation-wide cohort 
study. Aust N Z J Psychiatry, 53, 550-558. 

VALDERAS, J. M., STARFIELD, B., SIBBALD, B., SALISBURY, C. & ROLAND, 
M. 2009. Defining comorbidity: implications for understanding health and 
health services. Ann Fam Med, 7, 357-63. 

VAN DEN AKKER, M., BUNTINX, F., ROOS, S. & KNOTTNERUS, J. A. 2001. 
Problems in determining occurrence rates of multimorbidity. J Clin 
Epidemiol, 54, 675-9. 

VAN DEN NOORTGATE, W., LOPEZ-LOPEZ, J. A., MARIN-MARTINEZ, F. & 
SANCHEZ-MECA, J. 2013. Three-level meta-analysis of dependent 
effect sizes. Behav Res Methods, 45, 576-94. 

VANCAMPFORT, D., CORRELL, C. U., GALLING, B., PROBST, M., DE HERT, 
M., WARD, P. B., ROSENBAUM, S., GAUGHRAN, F., LALLY, J. & 
STUBBS, B. 2016. Diabetes mellitus in people with schizophrenia, 
bipolar disorder and major depressive disorder: a systematic review and 
large scale meta-analysis. World Psychiatry, 15, 166-74. 

VANCAMPFORT, D., FIRTH, J., SCHUCH, F. B., ROSENBAUM, S., 
MUGISHA, J., HALLGREN, M., PROBST, M., WARD, P. B., 
GAUGHRAN, F., DE HERT, M., CARVALHO, A. F. & STUBBS, B. 2017. 
Sedentary behavior and physical activity levels in people with 
schizophrenia, bipolar disorder and major depressive disorder: a global 
systematic review and meta-analysis. World Psychiatry, 16, 308-315. 

VARCHMIN, L., MONTAG, C., TREUSCH, Y., KAMINSKI, J. & HEINZ, A. 2021. 
Traumatic Events, Social Adversity and Discrimination as Risk Factors 
for Psychosis - An Umbrella Review. Front Psychiatry, 12, 665957. 

VELTHORST, E., FETT, A. J., REICHENBERG, A., PERLMAN, G., VAN OS, 
J., BROMET, E. J. & KOTOV, R. 2017. The 20-Year Longitudinal 
Trajectories of Social Functioning in Individuals With Psychotic 
Disorders. Am J Psychiatry, 174, 1075-1085. 

VIERA, A. J. & GARRETT, J. M. 2005. Understanding interobserver agreement: 
the kappa statistic. Fam Med, 37, 360-3. 

VIOLAN, C., ROSO-LLORACH, A., FOGUET-BOREU, Q., GUISADO-
CLAVERO, M., PONS-VIGUES, M., PUJOL-RIBERA, E. & VALDERAS, 



359 
 

J. M. 2018. Multimorbidity patterns with K-means nonhierarchical cluster 
analysis. BMC Fam Pract, 19, 108. 

VIRGILSEN, L. F., VEDSTED, P., FALBORG, A. Z., PEDERSEN, A. F., PRIOR, 
A. & JENSEN, H. 2022. Routes to cancer diagnosis for patients with pre-
existing psychiatric disorders: a nationwide register-based cohort study. 
BMC Cancer, 22, 472. 

VIRON, M. J. & STERN, T. A. 2010. The impact of serious mental illness on 
health and healthcare. Psychosomatics, 51, 458-65. 

VISION. 2019. SNOMED CT in Vision FAQs. Vision. Available: 
https://hscic.kahootz.com/gf2.ti/f/762498/31177349/PDF/-
/Vision_Transition_to_SNOMED_CT__Implementation_Approach_v2.0.p
df. 

VON ELM, E., ALTMAN, D. G., EGGER, M., POCOCK, S. J., GOTZSCHE, P. 
C., VANDENBROUCKE, J. P. & INITIATIVE, S. 2007. The Strengthening 
the Reporting of Observational Studies in Epidemiology (STROBE) 
statement: guidelines for reporting observational studies. Lancet, 370, 
1453-7. 

VONK, R., VAN DER SCHOT, A. C., KAHN, R. S., NOLEN, W. A. & 
DREXHAGE, H. A. 2007. Is autoimmune thyroiditis part of the genetic 
vulnerability (or an endophenotype) for bipolar disorder? Biol Psychiatry, 
62, 135-40. 

VUIK, S. I., MAYER, E. & DARZI, A. 2016. Enhancing risk stratification for use 
in integrated care: a cluster analysis of high-risk patients in a 
retrospective cohort study. BMJ Open, 6, e012903. 

WALLACE, A., ISENBERG, K., YORK, W., SHINDE, M., BARRON, J., 
FRANCHINO-ELDER, J., SAND, M. & SIDOVAR, M. 2020. Detecting 
schizophrenia early: Prediagnosis healthcare utilization characteristics of 
patients with schizophrenia may aid early detection. Schizophr Res, 215, 
392-398. 

WALLACE, E., SMITH, S. M., FAHEY, T. & ROLAND, M. 2016. Reducing 
emergency admissions through community based interventions. BMJ, 
352, h6817. 

WALLACE, E., STUART, E., VAUGHAN, N., BENNETT, K., FAHEY, T. & 
SMITH, S. M. 2014. Risk prediction models to predict emergency 
hospital admission in community-dwelling adults: a systematic review. 
Med Care, 52, 751-65. 

WANG, H. I., HAN, L., JACOBS, R., DORAN, T., HOLT, R. I. G., PRADY, S. L., 
GILBODY, S., SHIERS, D., ALDERSON, S., HEWITT, C., TAYLOR, J., 
KITCHEN, C. E. W., BELLASS, S. & SIDDIQI, N. 2022. Healthcare 
resource use and costs for people with type 2 diabetes mellitus with and 
without severe mental illness in England: longitudinal matched-cohort 
study using the Clinical Practice Research Datalink. Br J Psychiatry, 221, 
402-409. 

WANG, W. C., LU, M. L., CHEN, V. C., NG, M. H., HUANG, K. Y., HSIEH, M. 
H., HSIEH, M. J., MCINTYRE, R. S., LEE, Y. & LEE, C. T. 2017. Asthma, 
corticosteroid use and schizophrenia: A nationwide population-based 
study in Taiwan. PLoS One, 12, e0173063. 

WEAVER, C. G., RAVANI, P., OLIVER, M. J., AUSTIN, P. C. & QUINN, R. R. 
2015. Analyzing hospitalization data: potential limitations of Poisson 
regression. Nephrol Dial Transplant, 30, 1244-9. 

WEDZICHA, J. A. & SEEMUNGAL, T. A. 2007. COPD exacerbations: defining 
their cause and prevention. Lancet, 370, 786-96. 

https://hscic.kahootz.com/gf2.ti/f/762498/31177349/PDF/-/Vision_Transition_to_SNOMED_CT__Implementation_Approach_v2.0.pdf
https://hscic.kahootz.com/gf2.ti/f/762498/31177349/PDF/-/Vision_Transition_to_SNOMED_CT__Implementation_Approach_v2.0.pdf
https://hscic.kahootz.com/gf2.ti/f/762498/31177349/PDF/-/Vision_Transition_to_SNOMED_CT__Implementation_Approach_v2.0.pdf


360 
 

WELSH GOVERNMENT. 2022. General medical services contract (quality 
assurance and improvement framework) [Online]. Available: 
https://gov.wales/general-medical-services-contract-quality-assurance-
and-improvement-framework [Accessed 30/09/2022]. 

WESTMAN, J., ERIKSSON, S. V., GISSLER, M., HALLGREN, J., PRIETO, M. 
L., BOBO, W. V., FRYE, M. A., ERLINGE, D., ALFREDSSON, L. & 
OSBY, U. 2018. Increased cardiovascular mortality in people with 
schizophrenia: a 24-year national register study. Epidemiol Psychiatr Sci, 
27, 519-527. 

WESTREICH, D. & GREENLAND, S. 2013. The table 2 fallacy: presenting and 
interpreting confounder and modifier coefficients. Am J Epidemiol, 177, 
292-8. 

WHITTAKER, W., ANSELMI, L., KRISTENSEN, S. R., LAU, Y. S., BAILEY, S., 
BOWER, P., CHECKLAND, K., ELVEY, R., ROTHWELL, K., STOKES, J. 
& HODGSON, D. 2016. Associations between Extending Access to 
Primary Care and Emergency Department Visits: A Difference-In-
Differences Analysis. PLoS Med, 13, e1002113. 

WHITTY, C. J. M., MACEWEN, C., GODDARD, A., ALDERSON, D., 
MARSHALL, M., CALDERWOOD, C., ATHERTON, F., MCBRIDE, M., 
ATHERTON, J., STOKES-LAMPARD, H., REID, W., POWIS, S. & 
MARX, C. 2020. Rising to the challenge of multimorbidity. BMJ, 368, 
l6964. 

WHITTY, C. J. M. & WATT, F. M. 2020. Map clusters of diseases to tackle 
multimorbidity. Nature, 579, 494-496. 

WHO 1993. ICD-10 Classification of mental and behavioural disorders. Clinical 
descriptions and diagnostic guidelines, Geneva, World Health 
Organization. 

WHO. 2018. Management of physical health conditions in adults with severe 
mental disorders. World Health Organization. Available: 
https://apps.who.int/iris/bitstream/handle/10665/275718/9789241550383-
eng.pdf?ua=1. 

WILLIAMS, R., NATKULASINGAM, S., TOOKE, B., WEBSTER, E., QUIRK, A., 
GUPTA, V., FRENCH, P., SMITH, J. & CRAWFORD, M. J. 2022. 
Examining the effects of national initiatives to improve the physical health 
of people with psychosis in England: secondary analysis of data from the 
National Clinical Audit of Psychosis. BJPsych Bull, 46, 140-147. 

WIMMER, B. C., BELL, J. S., FASTBOM, J., WIESE, M. D. & JOHNELL, K. 
2016. Medication Regimen Complexity and Number of Medications as 
Factors Associated With Unplanned Hospitalizations in Older People: A 
Population-based Cohort Study. J Gerontol A Biol Sci Med Sci, 71, 831-
7. 

WOLF, A., DEDMAN, D., CAMPBELL, J., BOOTH, H., LUNN, D., CHAPMAN, 
J. & MYLES, P. 2019. Data resource profile: Clinical Practice Research 
Datalink (CPRD) Aurum. Int J Epidemiol, 48, 1740-1740g. 

WOODHEAD, C., ASHWORTH, M., BROADBENT, M., CALLARD, F., 
HOTOPF, M., SCHOFIELD, P., SONCUL, M., STEWART, R. J. & 
HENDERSON, M. J. 2016a. Cardiovascular disease treatment among 
patients with severe mental illness: a data linkage study between primary 
and secondary care. Br J Gen Pract, 66, e374-81. 

WOODHEAD, C., ASHWORTH, M., SCHOFIELD, P. & HENDERSON, M. 
2014. Patterns of physical co-/multi-morbidity among patients with 

https://gov.wales/general-medical-services-contract-quality-assurance-and-improvement-framework
https://gov.wales/general-medical-services-contract-quality-assurance-and-improvement-framework
https://apps.who.int/iris/bitstream/handle/10665/275718/9789241550383-eng.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/275718/9789241550383-eng.pdf?ua=1


361 
 

serious mental illness: a London borough-based cross-sectional study. 
BMC Fam Pract, 15, 117. 

WOODHEAD, C., CUNNINGHAM, R., ASHWORTH, M., BARLEY, E., 
STEWART, R. J. & HENDERSON, M. J. 2016b. Cervical and breast 
cancer screening uptake among women with serious mental illness: a 
data linkage study. BMC Cancer, 16, 819. 

WOODHEAD, C., MARTIN, P., OSBORN, D., BARRATT, H. & RAINE, R. 2022. 
Health system influences on potentially avoidable hospital admissions by 
secondary mental health service use: A national ecological study. J 
Health Serv Res Policy, 27, 22-30. 

WORKING GROUP FOR IMPROVING THE PHYSICAL HEALTH OF PEOPLE 
WITH SMI. 2016. Improving the physical health of adults with severe 
mental illness: essential actions (OP100). Royal College of Psychiatrists. 
Available: http://www.aomrc.org.uk/wp-
content/uploads/2016/10/Improving_-
physical_health_adults_with_SMI_essential_actions_251016-2.pdf. 

WORLD HEALTH ORGANIZATION. 2016. Multimorbidity. Available: 
https://apps.who.int/iris/handle/10665/252275. 

WU, Q., DALMAN, C., KARLSSON, H., LEWIS, G., OSBORN, D. P. J., 
GARDNER, R. & HAYES, J. F. 2019. Childhood and Parental Asthma, 
Future Risk of Bipolar Disorder and Schizophrenia Spectrum Disorders: 
A Population-Based Cohort Study. Schizophr Bull, 45, 360-368. 

XIPING, Z., SHUAI, Z., FEIJIANG, Y., BO, C., SHIFENG, Y. & QIHUI, C. 2019. 
Meta-analysis of the Correlation Between Schizophrenia and Breast 
Cancer. Clin Breast Cancer, 19, e172-e185. 

YAN, T., GREENE, M., CHANG, E., BRODER, M. S., TOUYA, M., MUNDAY, J. 
& HARTRY, A. 2019. Hospitalization risk factors in antipsychotic-treated 
schizophrenia, bipolar I disorder or major depressive disorder. J Comp 
Eff Res, 8, 217-227. 

YOUNG, D. S., ROEMMELE, E. S. & YEH, P. 2020. Zero‐inflated modeling part 

I: Traditional zero‐inflated count regression models, their applications, 

and computational tools. WIREs Computational Statistics, 14. 
YOUNOSSI, Z. M., KOENIG, A. B., ABDELATIF, D., FAZEL, Y., HENRY, L. & 

WYMER, M. 2016. Global epidemiology of nonalcoholic fatty liver 
disease-Meta-analytic assessment of prevalence, incidence, and 
outcomes. Hepatology, 64, 73-84. 

ZAREIFOPOULOS, N., BELLOU, A., SPIROPOULOU, A. & SPIROPOULOS, 
K. 2018. Prevalence of Comorbid Chronic Obstructive Pulmonary 
Disease in Individuals Suffering from Schizophrenia and Bipolar 
Disorder: A Systematic Review. COPD, 15, 612-620. 

ZHOU, H., DELLA, P. R., ROBERTS, P., GOH, L. & DHALIWAL, S. S. 2016. 
Utility of models to predict 28-day or 30-day unplanned hospital 
readmissions: an updated systematic review. BMJ Open, 6, e011060. 

ZHU, Y., EDWARDS, D., MANT, J., PAYNE, R. A. & KIDDLE, S. 2020. 
Characteristics, service use and mortality of clusters of multimorbid 
patients in England: a population-based study. BMC Med, 18, 78. 

ZHUO, C. & TRIPLETT, P. T. 2018. Association of Schizophrenia With the Risk 
of Breast Cancer Incidence: A Meta-analysis. JAMA Psychiatry, 75, 363-
369. 

ZHUO, C., ZHUANG, H., GAO, X. & TRIPLETT, P. T. 2019. Lung cancer 
incidence in patients with schizophrenia: meta-analysis. Br J Psychiatry, 
215, 704-711. 

http://www.aomrc.org.uk/wp-content/uploads/2016/10/Improving_-physical_health_adults_with_SMI_essential_actions_251016-2.pdf
http://www.aomrc.org.uk/wp-content/uploads/2016/10/Improving_-physical_health_adults_with_SMI_essential_actions_251016-2.pdf
http://www.aomrc.org.uk/wp-content/uploads/2016/10/Improving_-physical_health_adults_with_SMI_essential_actions_251016-2.pdf
https://apps.who.int/iris/handle/10665/252275


362 
 

ZHUO, C. J., TAO, R., JIANG, R. H., LIN, X. D. & SHAO, M. J. 2017. Cancer 
mortality in patients with schizophrenia: systematic review and meta-
analysis. British Journal of Psychiatry, 211, 7-+. 

ZULMAN, D. M., CHEE, C. P., WAGNER, T. H., YOON, J., COHEN, D. M., 
HOLMES, T. H., RITCHIE, C. & ASCH, S. M. 2015. Multimorbidity and 
healthcare utilisation among high-cost patients in the US Veterans Affairs 
Health Care System. BMJ Open, 5. 

  



363 
 

Appendices 

Appendix 1 Code lists for diagnosis of schizophrenia, bipolar disorder, 

schizoaffective disorder, other non-organic, non-affective psychotic 

disorders 

Read code Term Group 

E110 Manic disorder, single episode Bipolar disorder 

E110-1 Hypomanic psychoses Bipolar disorder 

E110-99 Mania/hypomania Bipolar disorder 

E1100 Single manic episode, unspecified Bipolar disorder 

E1101 Single manic episode, mild Bipolar disorder 

E1102 Single manic episode, moderate Bipolar disorder 

E1103 Single manic episode, severe without 
mention of psychosis 

Bipolar disorder 

E1104 Single manic episode, severe, with 
psychosis 

Bipolar disorder 

E1105 Single manic episode in partial or 
unspecified remission 

Bipolar disorder 

E1106 Single manic episode in full remission Bipolar disorder 

E110z Manic disorder, single episode NOS Bipolar disorder 

E111 Recurrent manic episodes Bipolar disorder 

E1110 Recurrent manic episodes, unspecified Bipolar disorder 

E1111 Recurrent manic episodes, mild Bipolar disorder 

E1112 Recurrent manic episodes, moderate Bipolar disorder 

E1113 Recurrent manic episodes, severe without 
mention psychosis 

Bipolar disorder 

E1114 Recurrent manic episodes, severe, with 
psychosis 

Bipolar disorder 

E1115 Recurrent manic episodes, partial or 
unspecified remission 

Bipolar disorder 

E1116 Recurrent manic episodes, in full remission Bipolar disorder 

E111z Recurrent manic episode NOS Bipolar disorder 

E114 Bipolar affective disorder, currently manic Bipolar disorder 

E114-1 Manic-depressive - now manic Bipolar disorder 

E1140 Bipolar affective disorder, currently manic, 
unspecified 

Bipolar disorder 

E1141 Bipolar affective disorder, currently manic, 
mild 

Bipolar disorder 

E1142 Bipolar affective disorder, currently manic, 
moderate 

Bipolar disorder 

E1143 Bipolar affect disord, currently manic, 
severe, no psychosis 

Bipolar disorder 

E1144 Bipolar affect disord, currently manic,severe 
with psychosis 

Bipolar disorder 

E1145 Bipolar affect disord,currently manic, 
part/unspec remission 

Bipolar disorder 

E1146 Bipolar affective disorder, currently manic, 
full remission 

Bipolar disorder 

E114z Bipolar affective disorder, currently manic, 
NOS 

Bipolar disorder 

E115 Bipolar affective disorder, currently 
depressed 

Bipolar disorder 

E115-1 Manic-depressive - now depressed Bipolar disorder 
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E1150 Bipolar affective disorder, currently 
depressed, unspecified 

Bipolar disorder 

E1151 Bipolar affective disorder, currently 
depressed, mild 

Bipolar disorder 

E1152 Bipolar affective disorder, currently 
depressed, moderate 

Bipolar disorder 

E1153 Bipolar affect disord, now depressed, 
severe, no psychosis 

Bipolar disorder 

E1154 Bipolar affect disord, now depressed, severe 
with psychosis 

Bipolar disorder 

E1155 Bipolar affect disord, now depressed, 
part/unspec remission 

Bipolar disorder 

E1156 Bipolar affective disorder, now depressed, in 
full remission 

Bipolar disorder 

E115z Bipolar affective disorder, currently 
depressed, NOS 

Bipolar disorder 

E116 Mixed Bipolar disorder affective disorder Bipolar disorder 

E1160 Mixed bipolar affective disorder, unspecified Bipolar disorder 

E1161 Mixed bipolar affective disorder, mild Bipolar disorder 

E1162 Mixed bipolar affective disorder, moderate Bipolar disorder 

E1163 Mixed bipolar affective disorder, severe, 
without psychosis 

Bipolar disorder 

E1164 Mixed bipolar affective disorder, severe, with 
psychosis 

Bipolar disorder 

E1165 Mixed bipolar affective disorder, 
partial/unspec remission 

Bipolar disorder 

E1166 Mixed bipolar affective disorder, in full 
remission 

Bipolar disorder 

E116z Mixed bipolar affective disorder, NOS Bipolar disorder 

E117 Unspecified bipolar affective disorder Bipolar disorder 

E1170 Unspecified bipolar affective disorder, 
unspecified 

Bipolar disorder 

E1171 Unspecified bipolar affective disorder, mild Bipolar disorder 

E1172 Unspecified bipolar affective disorder, 
moderate 

Bipolar disorder 

E1173 Unspecified bipolar affective disorder, 
severe, no psychosis 

Bipolar disorder 

E1174 Unspecified bipolar affective disorder,severe 
with psychosis 

Bipolar disorder 

E1175 Unspecified bipolar affect disord, 
partial/unspec remission 

Bipolar disorder 

E1176 Unspecified bipolar affective disorder, in full 
remission 

Bipolar disorder 

E117z Unspecified bipolar affective disorder, NOS Bipolar disorder 

E11y Other and unspecified manic-depressive 
psychoses 

Bipolar disorder 

E11y0 Unspecified manic-depressive psychoses Bipolar disorder 

E11y1 Atypical manic disorder Bipolar disorder 

E11y3 Other mixed manic-depressive psychoses Bipolar disorder 

E11yz Other and unspecified manic-depressive 
psychoses NOS 

Bipolar disorder 

E11z Other and unspecified affective psychoses Bipolar disorder 

E11z0 Unspecified affective psychoses NOS Bipolar disorder 

E11zz Other affective psychosis NOS Bipolar disorder 

Eu30 [X]Manic episode Bipolar disorder 

Eu30-1 [X]Bipolar disorder, single manic episode Bipolar disorder 
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Eu300 [X]Hypomania Bipolar disorder 

Eu301 [X]Mania without psychotic symptoms Bipolar disorder 

Eu302 [X]Mania with psychotic symptoms Bipolar disorder 

Eu302-1 [X]Mania with mood-congruent psychotic 
symptoms 

Bipolar disorder 

Eu302-2 [X]Mania with mood-incongruent psychotic 
symptoms 

Bipolar disorder 

Eu302-3 [X]Manic stupor Bipolar disorder 

Eu30y [X]Other manic episodes Bipolar disorder 

Eu30z [X]Manic episode, unspecified Bipolar disorder 

Eu30z-1 [X]Mania NOS Bipolar disorder 

Eu31 [X]Bipolar affective disorder Bipolar disorder 

Eu31-1 [X]Manic-depressive illness Bipolar disorder 

Eu31-2 [X]Manic-depressive psychosis Bipolar disorder 

Eu31-3 [X]Manic-depressive reaction Bipolar disorder 

Eu310 [X]Bipolar affective disorder, current episode 
hypomanic 

Bipolar disorder 

Eu311 [X]Bipolar affect disorder cur epi manic wout 
psychotic symp 

Bipolar disorder 

Eu312 [X]Bipolar affect disorder cur epi manic with 
psychotic symp 

Bipolar disorder 

Eu313 [X]Bipolar affect disorder cur epi mild or 
moderate depressn 

Bipolar disorder 

Eu314 [X]Bipol aff disord, curr epis sev depress, no 
psychot symp 

Bipolar disorder 

Eu315 [X]Bipolar affect dis cur epi severe depres 
with psyc symp 

Bipolar disorder 

Eu316 [X]Bipolar affective disorder, current episode 
mixed 

Bipolar disorder 

Eu317 [X]Bipolar affective disorder, currently in 
remission 

Bipolar disorder 

Eu318 [X]Bipolar affective disorder type I Bipolar disorder 

Eu31y [X]Other bipolar affective disorders Bipolar disorder 

Eu31y-1 [X]Bipolar II disorder Bipolar disorder 

Eu31y-2 [X]Recurrent manic episodes Bipolar disorder 

Eu31z [X]Bipolar affective disorder, unspecified Bipolar disorder 

Eu333-2 [X]Manic-depress psychosis,depressed 
type+psychotic symptoms 

Bipolar disorder 

E11 Affective psychoses Bipolar disorder 

E11-1 Bipolar psychoses Bipolar disorder 

E11-99 Manic-depressive psychoses Bipolar disorder 

Eu3z-1 [X]Affective psychosis NOS Bipolar disorder 

146D H/O: manic depressive disorder Bipolar disorder 

1S42 Manic mood Bipolar disorder 

ZV111-1 [V]Personal history of manic-depressive 
psychosis 

Bipolar disorder 

ZV111-2 [V]Personal history of manic-depressive 
psychosis 

Bipolar disorder 

Eu332-3 [X]Manic-depress psychosis,depressd,no 
psychotic symptoms 

Bipolar disorder 

E104-1 Oneirophrenia Other psychoses 

E105 Latent schizophrenia Other psychoses 

E1050 Unspecified latent schizophrenia Other psychoses 
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E1051 Subchronic latent schizophrenia Other psychoses 

E1052 Chronic latent schizophrenia Other psychoses 

E1053 Acute exacerbation of subchronic latent 
schizophrenia 

Other psychoses 

E1054 Acute exacerbation of chronic latent 
schizophrenia 

Other psychoses 

E1055 Latent schizophrenia in remission Other psychoses 

E105z Latent schizophrenia NOS Other psychoses 

E107-1 Cyclic schizophrenia Other psychoses 

E107-99 Acute schizo affective psychosis Other psychoses 

E12 Paranoid states Other psychoses 

E12-99 Paranoia Other psychoses 

E120 Simple paranoid state Other psychoses 

E121 Chronic paranoid psychosis Other psychoses 

E121-1 Sander's disease Other psychoses 

E122 Paraphrenia Other psychoses 

E123 Shared paranoid disorder Other psychoses 

E123-1 Folie a deux Other psychoses 

E12y Other paranoid states Other psychoses 

E12y0 Paranoia querulans Other psychoses 

E12yz Other paranoid states NOS Other psychoses 

E12z Paranoid psychosis NOS Other psychoses 

E13 Other nonorganic psychoses Other psychoses 

E13-1 Reactive psychoses Other psychoses 

E131 Acute hysterical psychosis Other psychoses 

E133 Acute paranoid reaction Other psychoses 

E133-1 Bouffee delirante Other psychoses 

E134 Psychogenic paranoid psychosis Other psychoses 

E13y Other reactive psychoses Other psychoses 

E13y0 Psychogenic stupor Other psychoses 

E13y1 Brief reactive psychosis Other psychoses 

E13yz Other reactive psychoses NOS Other psychoses 

E13z Nonorganic psychosis NOS Other psychoses 

E13z-1 Psychotic episode NOS Other psychoses 

Eu2 [X]Schizophrenia, schizotypal and delusional 
disorders 

Other psychoses 

Eu21 [X]Schizotypal disorder Other psychoses 

Eu21-1 [X]Latent schizophrenic reaction Other psychoses 

Eu21-2 [X]Borderline schizophrenia Other psychoses 

Eu21-3 [X]Latent schizophrenia Other psychoses 

Eu21-4 [X]Prepsychotic schizophrenia Other psychoses 

Eu21-5 [X]Prodromal schizophrenia Other psychoses 

Eu21-6 [X]Pseudoneurotic schizophrenia Other psychoses 

Eu21-7 [X]Pseudopsychopathic schizophrenia Other psychoses 

Eu21-8 [X]Schizotypal personality disorder Other psychoses 

Eu22 [X]Persistent delusional disorders Other psychoses 

Eu220 [X]Delusional disorder Other psychoses 

Eu220-1 [X]Paranoid psychosis Other psychoses 
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Eu220-2 [X]Paranoid state Other psychoses 

Eu220-3 [X]Paraphrenia - late Other psychoses 

Eu220-4 [X]Sensitiver Beziehungswahn Other psychoses 

Eu220-5 [X]Paranoia Other psychoses 

Eu221 [X]Delusional misidentification syndrome Other psychoses 

Eu221-1 [X]Capgras syndrome Other psychoses 

Eu22y [X]Other persistent delusional disorders Other psychoses 

Eu22y-1 [X]Delusional dysmorphophobia Other psychoses 

Eu22y-2 [X]Involutional paranoid state Other psychoses 

Eu22y-3 [X]Paranoia querulans Other psychoses 

Eu22z [X]Persistent delusional disorder, 
unspecified 

Other psychoses 

Eu23 [X]Acute and transient psychotic disorders Other psychoses 

Eu230 [X]Acute polymorphic psychot disord without 
symp of schizoph 

Other psychoses 

Eu230-1 [X]Bouffee delirante Other psychoses 

Eu230-2 [X]Cycloid psychosis Other psychoses 

Eu231 [X]Acute polymorphic psychot disord with 
symp of schizophren 

Other psychoses 

Eu231-1 [X]Bouffee delirante with symptoms of 
schizophrenia 

Other psychoses 

Eu231-2 [X]Cycloid psychosis with symptoms of 
schizophrenia 

Other psychoses 

Eu232 [X]Acute schizophrenia-like psychotic 
disorder 

Other psychoses 

Eu232-1 [X]Brief schizophreniform disorder Other psychoses 

Eu232-2 [X]Brief schizophrenifrm psych Other psychoses 

Eu232-3 [X]Oneirophrenia Other psychoses 

Eu233 [X]Other acute predominantly delusional 
psychotic disorders 

Other psychoses 

Eu233-2 [X]Psychogenic paranoid psychosis Other psychoses 

Eu23y [X]Other acute and transient psychotic 
disorders 

Other psychoses 

Eu23z [X]Acute and transient psychotic disorder, 
unspecified 

Other psychoses 

Eu23z-1 [X]Brief reactive psychosis NOS Other psychoses 

Eu23z-2 [X]Reactive psychosis Other psychoses 

Eu24 [X]Induced delusional disorder Other psychoses 

Eu24-1 [X]Folie a deux Other psychoses 

Eu24-2 [X]Induced paranoid disorder Other psychoses 

Eu24-3 [X]Induced psychotic disorder Other psychoses 

Eu25 [X]Schizoaffective disorders Other psychoses 

Eu250 [X]Schizoaffective disorder, manic type Other psychoses 

Eu250-1 [X]Schizoaffective psychosis, manic type Other psychoses 

Eu250-2 [X]Schizophreniform psychosis, manic type Other psychoses 

Eu251 [X]Schizoaffective disorder, depressive type Other psychoses 

Eu251-1 [X]Schizoaffective psychosis, depressive 
type 

Other psychoses 

Eu251-2 [X]Schizophreniform psychosis, depressive 
type 

Other psychoses 

Eu252 [X]Schizoaffective disorder, mixed type Other psychoses 
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Eu252-1 [X]Cyclic schizophrenia Other psychoses 

Eu252-2 [X]Mixed schizophrenic and affective 
psychosis 

Other psychoses 

Eu25y [X]Other schizoaffective disorders Other psychoses 

Eu25z [X]Schizoaffective disorder, unspecified Other psychoses 

Eu25z-1 [X]Schizoaffective psychosis NOS Other psychoses 

Eu2y [X]Other nonorganic psychotic disorders Other psychoses 

Eu2y-1 [X]Chronic hallucinatory psychosis Other psychoses 

Eu2z [X]Unspecified nonorganic psychosis Other psychoses 

Eu2z-1 [X]Psychosis NOS Other psychoses 

E11-3 Manic psychoses Other psychoses 

E1z Non-organic psychosis NOS Other psychoses 

146H H/O: psychosis Other psychoses 

E1 Non-organic psychoses Other psychoses 

E1y Other specified non-organic psychoses Other psychoses 

Eu531-1 [X]Puerperal psychosis NOS Other psychoses 

Eu843-4 [X]Symbiotic psychosis Other psychoses 

E10 Schizophrenic disorders schizophrenia 

E10-98 Schizophrenic psychoses NOS schizophrenia 

E10-99 Schizophrenic psychoses schizophrenia 

E100 Simple schizophrenia schizophrenia 

E100-1 Schizophrenia simplex schizophrenia 

E1000 Unspecified schizophrenia schizophrenia 

E1001 Subchronic schizophrenia schizophrenia 

E1002 Chronic schizophrenic schizophrenia 

E1003 Acute exacerbation of subchronic 
schizophrenia 

schizophrenia 

E1004 Acute exacerbation of chronic schizophrenia schizophrenia 

E1005 Schizophrenia in remission schizophrenia 

E100z Simple schizophrenia NOS schizophrenia 

E101 Hebephrenic schizophrenia schizophrenia 

E1010 Unspecified hebephrenic schizophrenia schizophrenia 

E1011 Subchronic hebephrenic schizophrenia schizophrenia 

E1012 Chronic hebephrenic schizophrenia schizophrenia 

E1013 Acute exacerbation of subchronic 
hebephrenic schizophrenia 

schizophrenia 

E1014 Acute exacerbation of chronic hebephrenic 
schizophrenia 

schizophrenia 

E1015 Hebephrenic schizophrenia in remission schizophrenia 

E101z Hebephrenic schizophrenia NOS schizophrenia 

E102 Catatonic schizophrenia schizophrenia 

E1020 Unspecified catatonic schizophrenia schizophrenia 

E1021 Subchronic catatonic schizophrenia schizophrenia 

E1022 Chronic catatonic schizophrenia schizophrenia 

E1023 Acute exacerbation of subchronic catatonic 
schizophrenia 

schizophrenia 

E1024 Acute exacerbation of chronic catatonic 
schizophrenia 

schizophrenia 

E1025 Catatonic schizophrenia in remission schizophrenia 
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E102z Catatonic schizophrenia NOS schizophrenia 

E103 Paranoid schizophrenia schizophrenia 

E1030 Unspecified paranoid schizophrenia schizophrenia 

E1031 Subchronic paranoid schizophrenia schizophrenia 

E1032 Chronic paranoid schizophrenia schizophrenia 

E1033 Acute exacerbation of subchronic paranoid 
schizophrenia 

schizophrenia 

E1034 Acute exacerbation of chronic paranoid 
schizophrenia 

schizophrenia 

E1035 Paranoid schizophrenia in remission schizophrenia 

E103z Paranoid schizophrenia NOS schizophrenia 

E104 Acute schizophrenic episode schizophrenia 

E106 Residual schizophrenia schizophrenia 

E106-1 Restzustand - schizophrenia schizophrenia 

E107 Schizo-affective schizophrenia schizophrenia 

E1070 Unspecified schizo-affective schizophrenia schizophrenia 

E1071 Subchronic schizo-affective schizophrenia schizophrenia 

E1072 Chronic schizo-affective schizophrenia schizophrenia 

E1073 Acute exacerbation subchronic schizo-
affective schizophrenia 

schizophrenia 

E1074 Acute exacerbation of chronic schizo-
affective schizophrenia 

schizophrenia 

E1075 Schizo-affective schizophrenia in remission schizophrenia 

E107z Schizo-affective schizophrenia NOS schizophrenia 

E10y Other schizophrenia schizophrenia 

E10y-1 Cenesthopathic schizophrenia schizophrenia 

E10y0 Atypical schizophrenia schizophrenia 

E10y1 Coenesthopathic schizophrenia schizophrenia 

E10yz Other schizophrenia NOS schizophrenia 

E10z Schizophrenia NOS schizophrenia 

Eu20 [X]Schizophrenia schizophrenia 

Eu200 [X]Paranoid schizophrenia schizophrenia 

Eu200-1 [X]Paraphrenic schizophrenia schizophrenia 

Eu201 [X]Hebephrenic schizophrenia schizophrenia 

Eu201-1 [X]Disorganised schizophrenia schizophrenia 

Eu202 [X]Catatonic schizophrenia schizophrenia 

Eu202-1 [X]Catatonic stupor schizophrenia 

Eu202-2 [X]Schizophrenic catalepsy schizophrenia 

Eu202-3 [X]Schizophrenic catatonia schizophrenia 

Eu202-4 [X]Schizophrenic flexibilatis cerea schizophrenia 

Eu203 [X]Undifferentiated schizophrenia schizophrenia 

Eu203-1 [X]Atypical schizophrenia schizophrenia 

Eu204 [X]Post-schizophrenic depression schizophrenia 

Eu205 [X]Residual schizophrenia schizophrenia 

Eu205-1 [X]Chronic undifferentiated schizophrenia schizophrenia 

Eu205-2 [X]Restzustand schizophrenic schizophrenia 

Eu206 [X]Simple schizophrenia schizophrenia 

Eu20y [X]Other schizophrenia schizophrenia 
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Eu20y-1 [X]Cenesthopathic schizophrenia schizophrenia 

Eu20y-2 [X]Schizophreniform disord NOS schizophrenia 

Eu20y-3 [X]Schizophrenifrm psychos NOS schizophrenia 

Eu20z [X]Schizophrenia, unspecified schizophrenia 

Eu232-4 [X]Schizophrenic reaction schizophrenia 

ZV110 [V]Personal history of schizophrenia schizophrenia 

1464 H/O: schizophrenia schizophrenia 

Additional EMIS 
codes 

Term Group 

EMISQHY1 Hypomanic Bipolar disorder 

EGTON118 Obsessional compulsive psychosis Other psychoses 

EMISCDE13 Delusions Other psychoses 

EMISICD10|F2381 Other acute and transient psychotic 
disorders, with associated acute stress 

Other psychoses 

EMISQPA1 Paranoid Other psychoses 

EMISICD10|F2018 Hebephrenic schizophrenia, other schizophrenia 

EMISICD10|F2035 Undifferentiated schizophrenia, complete 
remission 

schizophrenia 

EMISICD10|F2041 Post-schizophrenic depression, episodic with 
progressive deficit 

schizophrenia 

EMISICD10|F2054 Residual schizophrenia, incomplete 
remission 

schizophrenia 

EMISICD10|F2065 Simple schizophrenia, complete remission schizophrenia 

EMISICD10|F2098 Schizophrenia, unspecified, other schizophrenia 
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Appendix 2 Search strategy for the systematic review of the impact of 

comorbid severe mental illness and common chronic physical health 

conditions on hospitalisation 

Embase  
(((severe mental illness) or (serious mental illness) or schizophrenia or (bipolar 
disorder)).ti,ab,kw or exp "schizophrenia spectrum disorder"/ or exp "bipolar disorder"/)  
AND 
((diabetes OR COPD OR (cardiovascular disease) OR cancer OR (heart disease) OR (atrial 
fibrillation) OR (cardiomyopathy) OR stroke OR (chronic obstructive pulmonary) OR (liver 
disease) OR cirrhosis OR hepatitis).ti,ab,kw or exp chronic obstructive lung disease/ or exp 
diabetes mellitus/ or cardiovascular disease/ or heart disease/ or vascular disease/ OR exp 
malignant neoplasm/ or exp cerebrovascular accident/ OR exp liver disease/) 
AND 
(((admission OR re-admission OR readmission OR attendance OR visit OR admitted) .ti,ab,kw 
AND 
((emergency department) OR "accident and emergency" OR (secondary care) OR hospital OR 
inpatient OR outpatient OR planned OR unplanned) .ti,ab,kw) 
OR 
((healthcare utili#ation) OR (health care utili#ation) OR hospitali#ation OR "length of stay" OR 
hospitali#ed) .ti,ab,kw) 
Or 
(((psychosis or psychoses or elixhauser).ti,ab)  
AND 
((diabetes OR COPD OR (cardiovascular disease) OR cancer OR (heart disease) OR (atrial 
fibrillation) OR (cardiomyopathy) OR stroke OR (chronic obstructive pulmonary) OR (liver 
disease) OR cirrhosis OR hepatitis).ti) 
AND 
(((admission OR re-admission OR readmission OR attendance OR visit OR admitted) .ti,ab,kw 
AND 
((emergency department) OR "accident and emergency" OR (secondary care) OR hospital OR 
inpatient OR outpatient OR planned OR unplanned) .ti,ab,kw) 
OR 
((healthcare utili#ation) OR (health care utili#ation) OR hospitali#ation OR "length of stay" OR 
hospitali#ed) .ti,ab,kw)) 
Or 
(((psychosis or psychoses).ti)  
AND 
((diabetes OR COPD OR (cardiovascular disease) OR cancer OR (heart disease) OR (atrial 
fibrillation) OR (cardiomyopathy) OR stroke OR (chronic obstructive pulmonary) OR (liver 
disease) OR cirrhosis OR hepatitis).ti,ab,kw) 
AND 
(((admission OR re-admission OR readmission OR attendance OR visit OR admitted) .ti,ab,kw 
AND 
((emergency department) OR "accident and emergency" OR (secondary care) OR hospital OR 
inpatient OR outpatient OR planned OR unplanned) .ti,ab,kw) 
OR 
((healthcare utili#ation) OR (health care utili#ation) OR hospitali#ation OR "length of stay" OR 
hospitali#ed) .ti,ab,kw)) 
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PubMED 
(("severe mental illness" or "serious mental illness" or “schizophrenia” or “bipolar” or 
"schizophrenia spectrum and other psychotic disorders"[MeSH] or "bipolar and related 
disorders"[MeSH])  
AND 
(diabetes OR “cardiovascular disease” OR “cardiovascular diseases”[MeSH] OR “heart disease” 
OR “atrial fibrillation” OR “cardiomyopathy” OR “heart diseases”[MeSH] OR cancer OR “stroke” 
OR "stroke"[MeSH Terms] OR “COPD” OR “chronic obstructive pulmonary disease” OR 
“hepatitis” OR “pulmonary disease, chronic obstructive”[MeSH Terms] OR “liver disease” OR 
“cirrhosis” OR “liver diseases”[MeSH Terms]) 
AND 
(((“emergency department" OR "accident and emergency" OR "secondary care" OR “hospital” 
OR inpatient OR outpatient OR “planned” OR unplanned) 
AND 
(admission OR re-admission OR readmission OR “attendance” OR “attending” OR 
“attendances” OR “visit” OR “visits” OR admitted)) 
OR 
("healthcare utilization" OR "health care utilization" OR "healthcare utilisation" OR "health care 
utilisation" OR “length of stay” OR "hospitalisation"[All Fields] OR "hospitalization"[MeSH Terms] 
OR "hospitalization"[All Fields] OR "hospitalised"[All Fields] OR "hospitalising"[All Fields] OR 
"hospitalisations"[All Fields] OR "hospitalizations"[All Fields] OR "hospitalize"[All Fields] OR 
"hospitalized"[All Fields]))) 
OR 
(("psychosis"[Title/Abstract] or "psychoses"[Title/Abstract] or “elixhauser”[Title/Abstract])  
AND 
(diabetes[Title] OR “cardiovascular disease”[Title] OR “heart disease”[Title] OR “atrial 
fibrillation”[Title] OR “cardiomyopathy”[Title] OR cancer[Title] OR “stroke”[Title] OR 
“COPD”[Title] OR “chronic obstructive pulmonary disease”[Title] OR “hepatitis”[Title] OR “liver 
disease”[Title] OR “cirrhosis”[Title]) 
AND 
(((“emergency department" OR "accident and emergency" OR "secondary care" OR “hospital” 
OR inpatient OR outpatient OR “planned” OR unplanned) 
AND 
(admission OR re-admission OR readmission OR “attendance” OR “attending” OR 
“attendances” OR “visit” OR “visits” OR admitted)) 
OR 
("healthcare utilization" OR "health care utilization" OR "healthcare utilisation" OR "health care 
utilisation" OR “length of stay” OR "hospitalisation"[All Fields] OR "hospitalization"[MeSH Terms] 
OR "hospitalization"[All Fields] OR "hospitalised"[All Fields] OR "hospitalising"[All Fields] OR 
"hospitalisations"[All Fields] OR "hospitalizations"[All Fields] OR "hospitalize"[All Fields] OR 
"hospitalized"[All Fields]))) 
OR 
(("psychosis"[Title] or "psychoses"[Title])  
AND 
(diabetes OR “cardiovascular disease” OR “cardiovascular diseases”[MeSH] OR “heart disease” 
OR “atrial fibrillation” OR “cardiomyopathy” OR “heart diseases”[MeSH] OR cancer OR “stroke” 
OR "stroke"[MeSH Terms] OR “COPD” OR “chronic obstructive pulmonary disease” OR 
“hepatitis” OR "pulmonary disease, chronic obstructive"[MeSH Terms] OR “liver disease” OR 
“cirrhosis” OR "liver diseases"[MeSH Terms]) 
AND 
(((“emergency department" OR "accident and emergency" OR "secondary care" OR “hospital” 
OR inpatient OR outpatient OR “planned” OR unplanned) 
AND 
(admission OR re-admission OR readmission OR “attendance” OR “attending” OR 
“attendances” OR “visit” OR “visits” OR admitted)) 
OR 
("healthcare utilization" OR "health care utilization" OR "healthcare utilisation" OR "health care 
utilisation" OR “length of stay” OR "hospitalisation"[All Fields] OR "hospitalization"[MeSH Terms] 
OR "hospitalization"[All Fields] OR "hospitalised"[All Fields] OR "hospitalising"[All Fields] OR 
"hospitalisations"[All Fields] OR "hospitalizations"[All Fields] OR "hospitalize"[All Fields] OR 
"hospitalized"[All Fields]))) 
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Web of science  
((TS = ("severe mental illness" or "serious mental illness" or schizophrenia or bipolar) OR TI = 
("severe mental illness" or "serious mental illness" or schizophrenia or bipolar)) 
AND 
(TS = (diabetes OR “cardiovascular disease” OR “heart disease” OR “atrial fibrillation” OR 
cardiomyopathy OR “liver disease” or cirrhosis or cancer OR stroke OR COPD OR “chronic 
obstructive pulmonary disease” or hepatitis) OR TI=(diabetes OR “cardiovascular disease” OR 
heart or liver OR cancer OR stroke OR COPD OR “chronic obstructive pulmonary disease” OR 
hepatitis)) 
AND 
(((TS=(“emergency department" OR "accident and emergency" OR "secondary care" OR 
hospital OR inpatient OR outpatient OR planned OR unplanned) 
OR  
TI=(“emergency department" OR "accident and emergency" OR "secondary care" OR hospital 
OR inpatient OR outpatient OR planned OR unplanned)) 
AND  
(TS=(admission OR re-admission OR readmission OR attendance OR visit OR admitted) 
OR 
TI=(admission OR re-admission OR readmission OR attendance OR visit OR admitted))) 
OR 
(TS=("healthcare utilization" OR "health care utilization" OR hospitalization OR "healthcare 
utilisation" OR "health care utilisation" OR “length of stay” OR hospitalised OR hospitalized) 
OR 
TI=("healthcare utilization" OR "health care utilization" OR hospitalization OR "healthcare 
utilisation" OR "health care utilisation" OR “length of stay” OR hospitalised OR hospitalized)))) 
OR 
((TS = (psychosis or psychoses or elixhauser) OR TI = (psychosis or psychoses or elixhauser)) 
AND 
(TI=(diabetes OR “cardiovascular disease” OR heart or liver OR cancer OR stroke OR COPD 
OR “chronic obstructive pulmonary disease” OR hepatitis)) 
AND 
(((TS=(“emergency department" OR "accident and emergency" OR "secondary care" OR 
hospital OR inpatient OR outpatient OR planned OR unplanned) 
OR  
TI=(“emergency department" OR "accident and emergency" OR "secondary care" OR hospital 
OR inpatient OR outpatient OR planned OR unplanned)) 
AND  
(TS=(admission OR re-admission OR readmission OR attendance OR visit OR admitted) 
OR 
TI=(admission OR re-admission OR readmission OR attendance OR visit OR admitted))) 
OR 
(TS=("healthcare utilization" OR "health care utilization" OR hospitalization OR "healthcare 
utilisation" OR "health care utilisation" OR “length of stay” OR hospitalised OR hospitalized) 
OR 
TI=("healthcare utilization" OR "health care utilization" OR hospitalization OR "healthcare 
utilisation" OR "health care utilisation" OR “length of stay” OR hospitalised OR hospitalized)))) 
OR 
((TI = (psychosis or psychoses)) 
AND 
(TS = (diabetes OR “cardiovascular disease” OR “heart disease” OR “atrial fibrillation” OR 
cardiomyopathy OR “liver disease” or cirrhosis or cancer OR stroke OR COPD OR “chronic 
obstructive pulmonary disease” or hepatitis) OR TI=(diabetes OR “cardiovascular disease” OR 
heart or liver OR cancer OR stroke OR COPD OR “chronic obstructive pulmonary disease” OR 
hepatitis)) 
AND 
(((TS=(“emergency department" OR "accident and emergency" OR "secondary care" OR 
hospital OR inpatient OR outpatient OR planned OR unplanned) 
OR  
TI=(“emergency department" OR "accident and emergency" OR "secondary care" OR hospital 
OR inpatient OR outpatient OR planned OR unplanned)) 
AND  
(TS=(admission OR re-admission OR readmission OR attendance OR visit OR admitted) 
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OR 
TI=(admission OR re-admission OR readmission OR attendance OR visit OR admitted))) 
OR 
(TS=("healthcare utilization" OR "health care utilization" OR hospitalization OR "healthcare 
utilisation" OR "health care utilisation" OR “length of stay” OR hospitalised OR hospitalized) 
OR 
TI=("healthcare utilization" OR "health care utilization" OR hospitalization OR "healthcare 
utilisation" OR "health care utilisation" OR “length of stay” OR hospitalised OR hospitalized)))) 
 
PsychInfo  
((((severe mental illness) or (serious mental illness) or schizophrenia or (bipolar disorder)).mp or 
exp schizophrenia/ or exp bipolar disorder/)  
AND 
((diabetes OR COPD OR (cardiovascular disease) OR cancer OR (heart disease) OR (atrial 
fibrillation) or cardiomyopathy OR (liver disease) OR cirrhosis OR stroke OR (chronic 
obstructive pulmonary) OR hepatitis).mp or exp chronic obstructive pulmonary disease/ or exp 
diabetes mellitus/ or cardiovascular disorders/ or heart disorders/ or exp neoplasm/ or exp 
cerebrovascular accident/ or exp liver disorders) 
AND 
(((admission OR re-admission OR readmission OR attendance OR visit OR admitted) .mp 
AND 
((emergency department) OR "accident and emergency" OR (secondary care) OR hospital OR 
inpatient OR outpatient OR planned OR unplanned) .mp) 
OR 
((healthcare utili#ation) OR (health care utili#ation) OR hospitali#ation OR "length of stay" OR 
hospitali#ed) .mp)) 
OR 
(((psychosis or psychoses or elixhauser).ti,ab)  
AND 
((diabetes OR COPD OR (cardiovascular disease) OR cancer OR (heart disease) OR (atrial 
fibrillation) or cardiomyopathy OR (liver disease) OR cirrhosis OR stroke OR (chronic 
obstructive pulmonary) OR hepatitis).ti) 
AND 
(((admission OR re-admission OR readmission OR attendance OR visit OR admitted) .mp 
AND 
((emergency department) OR "accident and emergency" OR (secondary care) OR hospital OR 
inpatient OR outpatient OR planned OR unplanned) .mp) 
OR 
((healthcare utili#ation) OR (health care utili#ation) OR hospitali#ation OR "length of stay" OR 
hospitali#ed) .mp)) 
OR 
(((psychosis or psychoses).ti)  
AND 
((diabetes OR COPD OR (cardiovascular disease) OR cancer OR (heart disease) OR (atrial 
fibrillation) or cardiomyopathy OR (liver disease) OR cirrhosis OR stroke OR (chronic 
obstructive pulmonary) OR hepatitis).mp) 
AND 
(((admission OR re-admission OR readmission OR attendance OR visit OR admitted) .mp 
AND 
((emergency department) OR "accident and emergency" OR (secondary care) OR hospital OR 
inpatient OR outpatient OR planned OR unplanned) .mp) 
OR 
((healthcare utili#ation) OR (health care utili#ation) OR hospitali#ation OR "length of stay" OR 
hospitali#ed) .mp)) 
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Health management information consortium  
((((severe mental illness) or (serious mental illness) or schizophrenia or (bipolar disorder)).mp or 
exp "schizophrenia"/ or exp "bipolar disorder"/)  
AND 
((diabetes OR COPD OR (cardiovascular disease) OR cancer OR (heart disease) OR (atrial 
fibrillation) OR cardiomyopathy OR (liver disease) OR cirrhosis OR stroke OR (chronic 
obstructive pulmonary) OR hepatitis).mp or exp chronic obstructive pulmonary disease/ or exp 
diabetes mellitus/ or cardiovascular diseases/ or heart diseases/ or vascular diseases/ or exp 
neoplasms/ or exp stroke/ or exp liver diseases) 
AND 
(((admission OR re-admission OR readmission OR attendance OR visit OR admitted) .mp 
AND 
((emergency department) OR "accident and emergency" OR (secondary care) OR hospital OR 
inpatient OR outpatient OR planned OR unplanned) .mp) 
OR 
((healthcare utili#ation) OR (health care utili#ation) OR hospitali#ation OR "length of stay" OR 
hospitali#ed) .mp)) 
OR 
(((psychosis or psychoses or elixhauser).ti,ab)  
AND 
((diabetes OR COPD OR (cardiovascular disease) OR cancer OR (heart disease) OR (atrial 
fibrillation) OR cardiomyopathy OR (liver disease) OR cirrhosis OR stroke OR (chronic 
obstructive pulmonary) OR hepatitis).ti) 
AND 
(((admission OR re-admission OR readmission OR attendance OR visit OR admitted) .mp 
AND 
((emergency department) OR "accident and emergency" OR (secondary care) OR hospital OR 
inpatient OR outpatient OR planned OR unplanned) .mp) 
OR 
((healthcare utili#ation) OR (health care utili#ation) OR hospitali#ation OR "length of stay" OR 
hospitali#ed) .mp)) 
OR 
(((psychosis or psychoses).ti)  
AND 
((diabetes OR COPD OR (cardiovascular disease) OR cancer OR (heart disease) OR (atrial 
fibrillation) OR cardiomyopathy OR (liver disease) OR cirrhosis OR stroke OR (chronic 
obstructive pulmonary) OR hepatitis).mp) 
AND 
(((admission OR re-admission OR readmission OR attendance OR visit OR admitted) .mp 
AND 
((emergency department) OR "accident and emergency" OR (secondary care) OR hospital OR 
inpatient OR outpatient OR planned OR unplanned) .mp) 
OR 
((healthcare utili#ation) OR (health care utili#ation) OR hospitali#ation OR "length of stay" OR 
hospitali#ed) .mp)) 
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PsychExtra  
((((severe mental illness) or (serious mental illness) or schizophrenia or (bipolar disorder)).mp or 
exp "schizophrenia"/ or exp "bipolar disorder"/)  
AND 
((diabetes OR COPD OR (cardiovascular disease) OR cancer OR (heart disease) OR (atrial 
fibrillation) OR cardiomyopathy OR (liver disease) OR cirrhosis OR stroke OR (chronic 
obstructive pulmonary) OR hepatitis).mp or exp chronic obstructive pulmonary disease/ or exp 
diabetes mellitus/ or cardiovascular disorders/ or heart disorders/ or exp neoplasm/ or exp 
cerebrovascular accident/ or exp liver disorders) 
AND 
(((admission OR re-admission OR readmission OR attendance OR visit OR admitted) .mp 
AND 
((emergency department) OR "accident and emergency" OR (secondary care) OR hospital OR 
inpatient OR outpatient OR planned OR unplanned) .mp) 
OR 
((healthcare utili#ation) OR (health care utili#ation) OR hospitali#ation OR "length of stay" OR 
hospitali#ed) .mp)) 
OR 
(((psychosis or psychoses or elixhauser).ti,ab)  
AND 
((diabetes OR COPD OR (cardiovascular disease) OR cancer OR (heart disease) OR (atrial 
fibrillation) OR cardiomyopathy OR (liver disease) OR cirrhosis OR stroke OR (chronic 
obstructive pulmonary) OR hepatitis).ti) 
AND 
(((admission OR re-admission OR readmission OR attendance OR visit OR admitted) .mp 
AND 
((emergency department) OR "accident and emergency" OR (secondary care) OR hospital OR 
inpatient OR outpatient OR planned OR unplanned) .mp) 
OR 
((healthcare utili#ation) OR (health care utili#ation) OR hospitali#ation OR "length of stay" OR 
hospitali#ed) .mp)) 
OR 
(((psychosis or psychoses).ti)  
AND 
((diabetes OR COPD OR (cardiovascular disease) OR cancer OR (heart disease) OR (atrial 
fibrillation) OR cardiomyopathy OR (liver disease) OR cirrhosis OR stroke OR (chronic 
obstructive pulmonary) OR hepatitis).mp) 
AND 
(((admission OR re-admission OR readmission OR attendance OR visit OR admitted) .mp 
AND 
((emergency department) OR "accident and emergency" OR (secondary care) OR hospital OR 
inpatient OR outpatient OR planned OR unplanned) .mp) 
OR 
((healthcare utili#ation) OR (health care utili#ation) OR hospitali#ation OR "length of stay" OR 
hospitali#ed) .mp)) 
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Appendix 3 Code lists for cancer diagnoses 

Term Read code Cancer 
type 

H/O lower GIT neoplasm 14CC.00 Bowel 

Colon neoplasm screen 6864.11 Bowel 

Rectal neoplasm screen 6864.12 Bowel 

Bowel scope (flexible sigmoidoscopy) screen: cancer 
detected 

68W2400 Bowel 

Bowel cancer detected by national screening 
programme 

9Ow1.00 Bowel 

Malignant neoplasm of colon B13..00 Bowel 

Malignant neoplasm of hepatic flexure of colon B130.00 Bowel 

Ca hepatic flexure - colon B130.99 Bowel 

Malignant neoplasm of transverse colon B131.00 Bowel 

Ca transverse colon B131.99 Bowel 

Malignant neoplasm of descending colon B132.00 Bowel 

Ca descending colon B132.99 Bowel 

Malignant neoplasm of sigmoid colon B133.00 Bowel 

Ca sigmoid colon B133.99 Bowel 

Malignant neoplasm of ascending colon B136.00 Bowel 

Ca ascending colon B136.99 Bowel 

Malignant neoplasm of splenic flexure of colon B137.00 Bowel 

Ca splenic flexure - colon B137.99 Bowel 

Malignant neoplasm, overlapping lesion of colon B138.00 Bowel 

Malignant neoplasm of other specified sites of colon B13y.00 Bowel 

Malignant neoplasm of colon NOS B13z.00 Bowel 

Colonic cancer B13z.11 Bowel 

Malignant neoplasm of rectum, rectosigmoid junction 
and anus 

B14..00 Bowel 

Malignant neoplasm of rectosigmoid junction B140.00 Bowel 

Malignant neoplasm of rectum B141.00 Bowel 

Carcinoma of rectum B141.11 Bowel 

Rectal carcinoma B141.12 Bowel 

Adenocarcinoma of rectum B141.99 Bowel 

Malig neop other site rectum, rectosigmoid junction 
and anus 

B14y.00 Bowel 

Malignant neoplasm rectum,rectosigmoid junction and 
anus NOS 

B14z.00 Bowel 

Malignant neoplasm of mesocolon B18y000 Bowel 

Malignant neoplasm of mesorectum B18y200 Bowel 

Cancer of bowel B1z0.11 Bowel 

Secondary Ca GIT B57..99 Bowel 

Secondary malignant neoplasm of large intestine and 
rectum 

B575.00 Bowel 

Secondary malignant neoplasm of colon B575000 Bowel 

Secondary malignant neoplasm of rectum B575100 Bowel 

Secondary malig neop of large intestine or rectum NOS B575z00 Bowel 
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Term Read code Cancer 
type 

Secondary Ca GIT B57y.99 Bowel 

Carcinoma in situ of colon B803.00 Bowel 

Carcinoma in situ of hepatic flexure of colon B803000 Bowel 

Carcinoma in situ of transverse colon B803100 Bowel 

Carcinoma in situ of descending colon B803200 Bowel 

Carcinoma in situ of sigmoid colon B803300 Bowel 

Carcinoma in situ of ascending colon B803600 Bowel 

Carcinoma in situ of splenic flexure of colon B803700 Bowel 

Carcinoma in situ of colon NOS B803z00 Bowel 

Carcinoma in situ of rectum and rectosigmoid junction B804.00 Bowel 

Carcinoma in situ of rectosigmoid junction B804000 Bowel 

Carcinoma in situ of rectum B804100 Bowel 

Carcinoma in situ of rectum or rectosigmoid junction 
NOS 

B804z00 Bowel 

Neop of uncertain behaviour stomach, intestines and 
rectum 

B902.00 Bowel 

Neoplasm of uncertain behaviour of colon B902400 Bowel 

Neoplasm of uncertain behaviour of rectum B902500 Bowel 

Neop of uncertain behaviour stomach, intestine or 
rectum NOS 

B902z00 Bowel 

[V]Personal history of malig neop of gastrointestinal 
tract 

ZV10000 Bowel 

[V]Personal history of malig neop of gastrointestinal 
tract 

ZV10012 Bowel 

[V]Personal history of malignant neoplasm of rectum ZV10017 Bowel 

Wide local excision of breast lesion 7131400 Breast 

Malignant neoplasm of skin of breast B335200 Breast 

Malignant neoplasm of female breast B34..00 Breast 

Ca female breast B34..11 Breast 

Ca breast - NOS B34..98 Breast 

Carcinoma breast B34..99 Breast 

Malignant neoplasm of nipple and areola of female 
breast 

B340.00 Breast 

Ca breast - nipple/central B340.99 Breast 

Malignant neoplasm of nipple of female breast B340000 Breast 

Malignant neoplasm of areola of female breast B340100 Breast 

Malignant neoplasm of nipple or areola of female 
breast NOS 

B340z00 Breast 

Malignant neoplasm of central part of female breast B341.00 Breast 

Malignant neoplasm of upper-inner quadrant of female 
breast 

B342.00 Breast 

Ca breast-upper,inner quadrant B342.99 Breast 

Malignant neoplasm of lower-inner quadrant of female 
breast 

B343.00 Breast 

Ca breast-lower,inner quadrant B343.99 Breast 

Malignant neoplasm of upper-outer quadrant of female 
breast 

B344.00 Breast 
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Term Read code Cancer 
type 

Ca breast-upper,outer quadrant B344.99 Breast 

Malignant neoplasm of lower-outer quadrant of female 
breast 

B345.00 Breast 

Ca breast-lower,outer quadrant B345.99 Breast 

Malignant neoplasm of axillary tail of female breast B346.00 Breast 

Ca breast - axillary tail B346.99 Breast 

Malignant neoplasm, overlapping lesion of breast B347.00 Breast 

Malignant neoplasm of other site of female breast B34y.00 Breast 

Malignant neoplasm of ectopic site of female breast B34y000 Breast 

Malignant neoplasm of other site of female breast NOS B34yz00 Breast 

Malignant neoplasm of female breast NOS B34z.00 Breast 

Malignant neoplasm of male breast B35..00 Breast 

Malignant neoplasm of nipple and areola of male breast B350.00 Breast 

Malignant neoplasm of nipple of male breast B350000 Breast 

Malignant neoplasm of areola of male breast B350100 Breast 

Malignant neoplasm of other site of male breast B35z.00 Breast 

Malignant neoplasm of ectopic site of male breast B35z000 Breast 

Malignant neoplasm of male breast NOS B35zz00 Breast 

Local recurrence of malignant tumour of breast B36..00 Breast 

Secondary malignant neoplasm of skin of breast B582600 Breast 

Secondary malignant neoplasm of breast B58y000 Breast 

Carcinoma in situ of skin of breast B825000 Breast 

Carcinoma in situ of breast and genitourinary system B83..00 Breast 

Carcinoma in situ of breast B830.00 Breast 

Carcinoma in situ breast B830.99 Breast 

Lobular carcinoma in situ of breast B830000 Breast 

Intraductal carcinoma in situ of breast B830100 Breast 

Neoplasm of uncertain behaviour of breast B933.00 Breast 

Neoplasm of unspecified nature of breast BA03.00 Breast 

[M]Ductal, lobular and medullary neoplasms BB9..00 Breast 

[M]Intraductal carcinoma, noninfiltrating NOS BB90.00 Breast 

[M]Intraductal papillary adenocarcinoma with invasion BB91000 Breast 

[M]Infiltrating duct and lobular carcinoma BB91100 Breast 

[M]Secretory breast carcinoma BB94.11 Breast 

[M]Noninfiltrating intraductal papillary adenocarcinoma BB96.00 Breast 

[M]Intraductal papillomatosis NOS BB99.00 Breast 

[M]Lobular carcinoma in situ BB9E.00 Breast 

[M]Intraductal carcinoma and lobular carcinoma in situ BB9E000 Breast 

[M]Lobular carcinoma NOS BB9F.00 Breast 

[M]Paget's disease and infiltrating breast duct 
carcinoma 

BB9K.00 Breast 

[M]Paget's disease and intraductal carcinoma of breast BB9K000 Breast 

[M]Ductal, lobular or medullary neoplasm NOS BB9z.00 Breast 

[X]Malignant neoplasm of breast Byu6.00 Breast 

[X]Other carcinoma in situ of breast ByuFG00 Breast 
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Term Read code Cancer 
type 

[V]Personal history of malignant neoplasm of breast ZV10300 Breast 

Percutaneous radiofrequency ablation of lesion of lung 7454400 Lung 

Malignant neoplasm of trachea, bronchus and lung B22..00 Lung 

Ca trachea/bronchus/lung NOS B22..98 Lung 

Ca trachea/bronchus/lung B22..99 Lung 

Malignant neoplasm of main bronchus B221.00 Lung 

Malignant neoplasm of carina of bronchus B221000 Lung 

Malignant neoplasm of hilus of lung B221100 Lung 

Malignant neoplasm of main bronchus NOS B221z00 Lung 

Malignant neoplasm of upper lobe, bronchus or lung B222.00 Lung 

Ca upper lobe bronchus/lung B222.99 Lung 

Malignant neoplasm of upper lobe bronchus B222000 Lung 

Malignant neoplasm of upper lobe of lung B222100 Lung 

Malignant neoplasm of upper lobe, bronchus or lung 
NOS 

B222z00 Lung 

Malignant neoplasm of middle lobe, bronchus or lung B223.00 Lung 

Ca middle lobe bronchus/lung B223.99 Lung 

Malignant neoplasm of middle lobe bronchus B223000 Lung 

Malignant neoplasm of middle lobe of lung B223100 Lung 

Malignant neoplasm of middle lobe, bronchus or lung 
NOS 

B223z00 Lung 

Malignant neoplasm of lower lobe, bronchus or lung B224.00 Lung 

Ca lower lobe bronchus/lung B224.99 Lung 

Malignant neoplasm of lower lobe bronchus B224000 Lung 

Malignant neoplasm of lower lobe of lung B224100 Lung 

Malignant neoplasm of lower lobe, bronchus or lung 
NOS 

B224z00 Lung 

Malignant neoplasm of overlapping lesion of bronchus 
& lung 

B225.00 Lung 

Malignant neoplasm of other sites of bronchus or lung B22y.00 Lung 

Malignant neoplasm of bronchus or lung NOS B22z.00 Lung 

Lung cancer B22z.11 Lung 

Secondary and unspec malig neop superfic 
tracheobronchial LN 

B561600 Lung 

Secondary and unspec malig neop inferior 
tracheobronchial LN 

B561700 Lung 

Secondary and unspec malig neop bronchopulmonary 
lymph nodes 

B561800 Lung 

Secondary malignant neoplasm of lung B570.00 Lung 

Secondary Ca lung B570.99 Lung 

Benign neoplasm of lower lobe bronchus and lung B723400 Lung 

Carcinoma in situ of bronchus and lung B812.00 Lung 

Carcinoma in situ of carina of bronchus B812000 Lung 

Carcinoma in situ of main bronchus B812100 Lung 

Carcinoma in situ of upper lobe bronchus and lung B812200 Lung 

Carcinoma in situ of middle lobe bronchus and lung B812300 Lung 
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Term Read code Cancer 
type 

Carcinoma in situ of lower lobe bronchus and lung B812400 Lung 

Carcinoma in situ of bronchus or lung NOS B812z00 Lung 

Neoplasm of uncertain behaviour trachea, bronchus 
and lung 

B907.00 Lung 

Neoplasm of uncertain behaviour of bronchus B907100 Lung 

Neoplasm of uncertain behaviour of lung B907200 Lung 

Neop of uncertain behaviour of trachea, bronchus or 
lung NOS 

B907z00 Lung 

[M]Bronchiolo-alveolar adenocarcinoma BB5S200 Lung 

[M]Alveolar adenocarcinoma BB5S400 Lung 

[M]Intravascular bronchial alveolar tumour BBTL.00 Lung 

[X]Malignant neoplasm of bronchus or lung, unspecified Byu2000 Lung 

Squamous metaplasia of lung H58y400 Lung 

[V]Personal history of malig neop of 
trachea/bronchus/lung 

ZV10100 Lung 

[V]Personal history of malignant neoplasm of bronchus ZV10111 Lung 

[V]Personal history of malignant neoplasm of lung ZV10112 Lung 

H/O: prostate cancer 1427000 Prostate 

Gleason grading of prostate cancer 4M0..00 Prostate 

Gleason prostate grade 2-4 (low) 4M00.00 Prostate 

Gleason prostate grade 5-7 (medium) 4M01.00 Prostate 

Gleason prostate grade 8-10 (high) 4M02.00 Prostate 

Seed implantation into prostate 7B3C900 Prostate 

Radioactive seed implantation into prostate 7B3CB00 Prostate 

Implantation of radioactive substance into prostate 7B3E100 Prostate 

Active surveillance of prostate cancer 8AD0.00 Prostate 

Prostate cancer care review 8BAV000 Prostate 

Malignant neoplasm of prostate B46..00 Prostate 

Secondary malignant neoplasm of prostate B58y500 Prostate 

Carcinoma in situ of prostate B834.00 Prostate 

High grade prostatic intraepithelial neoplasia B834000 Prostate 

Neoplasm of uncertain behaviour of prostate B915.00 Prostate 

Dysplasia of prostate K223.00 Prostate 

[V]Personal history of malignant neoplasm of prostate ZV10415 Prostate 

H/O: malignant neoplasm (*) 142..00 Other 

H/O: cancer 142..11 Other 

H/O: carcinoma 142..12 Other 

H/O: malignancy 142..13 Other 

H/O: neoplasm 142..15 Other 

H/O: * gastrointestinal tract 1421.00 Other 

H/O: * bronchus 1422.00 Other 

H/O: * trachea/lung 1423.00 Other 

H/O: * lung 1423.11 Other 

H/O: * trachea 1423.12 Other 

H/O: * breast 1424.00 Other 
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Term Read code Cancer 
type 

H/O: * skin 1425.00 Other 

H/O Malignant melanoma 1425000 Other 

H/O: * female genital tract 1426.00 Other 

H/O: * male genital tract 1427.00 Other 

H/O: * urinary system 1428.00 Other 

H/O: * bladder 1428.11 Other 

H/O: * kidney 1428.12 Other 

H/O: * leukaemia 1429.00 Other 

H/O: * other lymph/haematopoi. 142A.00 Other 

H/O: * ears, nose, throat 142B.00 Other 

H/O: * NOS 142Z.00 Other 

H/O upper GIT neoplasm 14CB.00 Other 

Pain from metastases 1D18.00 Other 

Cancer confirmed 1O0..00 Other 

Bone marrow: tumour cells 4C54.00 Other 

Oestrogen receptor positive tumour 4KJ0.00 Other 

Progesterone receptor positive tumour 4KJ1.00 Other 

Oestrogen receptor negative tumour 4KJ2.00 Other 

Progesterone receptor negative tumour 4KJ3.00 Other 

Tumour staging 4M...00 Other 

Lymphoma staging system 4M2..00 Other 

Lymphoma stage I 4M20.00 Other 

Lymphoma stage II 4M21.00 Other 

Lymphoma stage III 4M22.00 Other 

Lymphoma stage IV 4M23.00 Other 

FIGO staging of gynaecological malignancy 4M4..00 Other 

TNM tumour staging 4M5..00 Other 

Recurrence of tumour 4M6..00 Other 

Clark melanoma level 3 4M72.00 Other 

X-ray metastasis control 5136.00 Other 

Radiotherapy-tumour palliation 5149.00 Other 

Thyroid tumour/metast irradiat 5A12.00 Other 

Bone tumour/metast.irradiat. 5A15.00 Other 

Insertion of carmustine wafers in cerebral neoplasm 7008500 Other 

TURBT - Transurethral resection of bladder tumour 7B27.13 Other 

Intravesical install chemotherapeutic agent for 
malignancy 

7B2C700 Other 

Excision of melanoma 7G03J00 Other 

Excision malignant skin tumour 7G03K00 Other 

Excision biopsy of basal cell carcinoma 7G05D00 Other 

Excision of tumour of bone NEC 7K13700 Other 

Excision of tumour of bone 7K13900 Other 

Delivery of chemotherapy for neoplasm 7L1d.00 Other 

Deliver simple parenteral chemother neoplas first 
attendance 

7L1d200 Other 
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Term Read code Cancer 
type 

Delivery subsequent element cycle chemotherapy for 
neoplasm 

7L1d300 Other 

Other specified delivery of chemotherapy for neoplasm 7L1dy00 Other 

Delivery of chemotherapy for neoplasm NOS 7L1dz00 Other 

Delivery of oral chemotherapy for neoplasm 7L1e.00 Other 

Delivery of exclusively oral chemotherapy for neoplasm 7L1e000 Other 

Other specified delivery of oral chemotherapy for 
neoplasm 

7L1ey00 Other 

Delivery of oral chemotherapy for neoplasm NOS 7L1ez00 Other 

Debulking of tumour of unspecified organ 7L1K300 Other 

Administration of cancer treatment 8B3p.00 Other 

Cancer chemotherapy 8BAD000 Other 

Cancer care review 8BAV.00 Other 

Cancer care plan given 8BC3.00 Other 

Cancer treatment started 8BC6.00 Other 

Cancer hospital treatment completed 8BCF.00 Other 

Cancer diagnosis discussed 8CL0.00 Other 

Cancer diagnosis discussed with significant other 8CL1.00 Other 

Cancer diagnosis discussed with patient 8CL2.00 Other 

Cancer care plan 8CM0.00 Other 

Cancer care plan discussed with patient 8CP0.00 Other 

Cancer care plan discussed with significant other 8CP1.00 Other 

Establishing focus of care with specialist cancer team 8CS4000 Other 

GP out of hours service notified of cancer care plan 9e00.00 Other 

Cancer multidisciplinary team report 9EV3.00 Other 

Excepted from cancer quality indicators: Patient 
unsuitable 

9h81.00 Other 

Excepted from cancer quality indicators: Informed 
dissent 

9h82.00 Other 

Under care cancer primary healthcare multidisciplinary 
team 

9Nh1.00 Other 

Has cancer key worker 9NNc.00 Other 

Date cancer diagnosis received in primary care 9Ok3.00 Other 

Patient on regional cancer register 9OkC.00 Other 

Progressive multifocal leukoencephalopathy A413.11 Other 

Human immunodeficiency virus with secondary cancers A788600 Other 

HIV disease resulting in unspecified malignant 
neoplasm 

A788W00 Other 

HIV disease resulting in Kaposi's sarcoma A789500 Other 

HIV disease resulting in Kaposi sarcoma A789511 Other 

HIV disease resulting in Burkitt's lymphoma A789600 Other 

HIV disease resulting in Burkitt lymphoma A789611 Other 

HIV dis resulting oth types of non-Hodgkin's lymphoma A789700 Other 

HIV disease resulting in other types of non-Hodgkin 
lymphoma 

A789711 Other 

HIV disease resulting in multiple malignant neoplasms A789800 Other 
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Term Read code Cancer 
type 

[X]HIV disease resulting in other non-Hodgkin's 
lymphoma 

AyuC600 Other 

[X]HIV disease resulting in other non-Hodgkin 
lymphoma 

AyuC611 Other 

[X]HIV disease resulting in other malignant neoplasms AyuC800 Other 

[X]HIV disease resulting in unspecified malignant 
neoplasm 

AyuC900 Other 

Neoplasms B....00 Other 

Cancers B....11 Other 

Malignant neoplasm of lip, oral cavity and pharynx B0...00 Other 

Carcinoma of lip, oral cavity and pharynx B0...11 Other 

Malignant neoplasm of lip B00..00 Other 

Carcinoma of lip B00..11 Other 

Lip carcinoma B00..99 Other 

Malignant neoplasm of upper lip, vermilion border B000.00 Other 

Malignant neoplasm of upper lip, external B000000 Other 

Malignant neoplasm of upper lip, lipstick area B000100 Other 

Malignant neoplasm of upper lip, vermilion border NOS B000z00 Other 

Malignant neoplasm of lower lip, vermilion border B001.00 Other 

Malignant neoplasm of lower lip, external B001000 Other 

Malignant neoplasm of lower lip, lipstick area B001100 Other 

Malignant neoplasm of lower lip, vermilion border NOS B001z00 Other 

Malignant neoplasm of upper lip, inner aspect B002.00 Other 

Malignant neoplasm of upper lip, buccal aspect B002000 Other 

Malignant neoplasm of upper lip, frenulum B002100 Other 

Malignant neoplasm of upper lip, mucosa B002200 Other 

Malignant neoplasm of upper lip, oral aspect B002300 Other 

Malignant neoplasm of upper lip, inner aspect NOS B002z00 Other 

Malignant neoplasm of lower lip, inner aspect B003.00 Other 

Malignant neoplasm of lower lip, buccal aspect B003000 Other 

Malignant neoplasm of lower lip, frenulum B003100 Other 

Malignant neoplasm of lower lip, mucosa B003200 Other 

Malignant neoplasm of lower lip, oral aspect B003300 Other 

Malignant neoplasm of lower lip, inner aspect NOS B003z00 Other 

Malignant neoplasm of lip unspecified, inner aspect B004.00 Other 

Malignant neoplasm of lip unspecified, buccal aspect B004000 Other 

Malignant neoplasm of lip unspecified, frenulum B004100 Other 

Malignant neoplasm of lip unspecified, mucosa B004200 Other 

Malignant neoplasm of lip, oral aspect B004300 Other 

Malignant neoplasm of lip, inner aspect NOS B004z00 Other 

Malignant neoplasm of commissure of lip B005.00 Other 

Malignant neoplasm of overlapping lesion of lip B006.00 Other 

Malignant neoplasm of lip, unspecified B007.00 Other 

Malignant neoplasm of other sites of lip B00y.00 Other 
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Term Read code Cancer 
type 

Malignant neoplasm of vermilion border of lip 
unspecified 

B00z.00 Other 

Malignant neoplasm of lip, unspecified, external B00z000 Other 

Malignant neoplasm of lip, unspecified, lipstick area B00z100 Other 

Malignant neoplasm of lip, vermilion border NOS B00zz00 Other 

Malignant neoplasm of tongue B01..00 Other 

Tongue carcinoma B01..99 Other 

Malignant neoplasm of base of tongue B010.00 Other 

Malignant neoplasm of posterior third of tongue B010.11 Other 

Malignant neoplasm of base of tongue dorsal surface B010000 Other 

Malignant neoplasm of fixed part of tongue NOS B010z00 Other 

Malignant neoplasm of dorsal surface of tongue B011.00 Other 

Malignant neoplasm of anterior 2/3 of tongue dorsal 
surface 

B011000 Other 

Malignant neoplasm of midline of tongue B011100 Other 

Malignant neoplasm of dorsum of tongue NOS B011z00 Other 

Malignant neoplasm of tongue, tip and lateral border B012.00 Other 

Malignant neoplasm of ventral surface of tongue B013.00 Other 

Malignant neoplasm of anterior 2/3 of tongue ventral 
surface 

B013000 Other 

Malignant neoplasm of frenulum linguae B013100 Other 

Malignant neoplasm of ventral tongue surface NOS B013z00 Other 

Malignant neoplasm of anterior 2/3 of tongue 
unspecified 

B014.00 Other 

Malignant neoplasm of tongue, junctional zone B015.00 Other 

Malignant neoplasm of lingual tonsil B016.00 Other 

Malignant overlapping lesion of tongue B017.00 Other 

Malignant neoplasm of other sites of tongue B01y.00 Other 

Malignant neoplasm of tongue NOS B01z.00 Other 

Malignant neoplasm of major salivary glands B02..00 Other 

Malignant neoplasm of parotid gland B020.00 Other 

Malignant neoplasm of submandibular gland B021.00 Other 

Malignant neoplasm of sublingual gland B022.00 Other 

Malignant neoplasm, overlapping lesion of major saliv 
gland 

B023.00 Other 

Malignant neoplasm of other major salivary glands B02y.00 Other 

Malignant neoplasm of major salivary gland NOS B02z.00 Other 

Malignant neoplasm of gum B03..00 Other 

Malignant neoplasm of upper gum B030.00 Other 

Malignant neoplasm of lower gum B031.00 Other 

Malignant neoplasm of other sites of gum B03y.00 Other 

Malignant neoplasm of gum NOS B03z.00 Other 

Malignant neoplasm of floor of mouth B04..00 Other 

Malignant neoplasm of anterior portion of floor of 
mouth 

B040.00 Other 

Malignant neoplasm of lateral portion of floor of mouth B041.00 Other 
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Malignant neoplasm, overlapping lesion of floor of 
mouth 

B042.00 Other 

Malignant neoplasm of other sites of floor of mouth B04y.00 Other 

Malignant neoplasm of floor of mouth NOS B04z.00 Other 

Malignant neoplasm of other and unspecified parts of 
mouth 

B05..00 Other 

Malignant neoplasm of cheek mucosa B050.00 Other 

Malignant neoplasm of buccal mucosa B050.11 Other 

Malignant neoplasm of vestibule of mouth B051.00 Other 

Malignant neoplasm of upper buccal sulcus B051000 Other 

Malignant neoplasm of lower buccal sulcus B051100 Other 

Malignant neoplasm of upper labial sulcus B051200 Other 

Malignant neoplasm of lower labial sulcus B051300 Other 

Malignant neoplasm of vestibule of mouth NOS B051z00 Other 

Malignant neoplasm of hard palate B052.00 Other 

Malignant neoplasm of soft palate B053.00 Other 

Malignant neoplasm of uvula B054.00 Other 

Malignant neoplasm of palate unspecified B055.00 Other 

Malignant neoplasm of junction of hard and soft palate B055000 Other 

Malignant neoplasm of roof of mouth B055100 Other 

Malignant neoplasm of palate NOS B055z00 Other 

Malignant neoplasm of retromolar area B056.00 Other 

Overlapping lesion of other and unspecified parts of 
mouth 

B057.00 Other 

Malignant neoplasm of other specified mouth parts B05y.00 Other 

Malignant neoplasm of mouth NOS B05z.00 Other 

Kaposi's sarcoma of palate B05z000 Other 

Malignant neoplasm of oropharynx B06..00 Other 

Malignant neoplasm of tonsil B060.00 Other 

Malignant neoplasm of faucial tonsil B060000 Other 

Malignant neoplasm of palatine tonsil B060100 Other 

Malignant neoplasm of overlapping lesion of tonsil B060200 Other 

Malignant neoplasm tonsil NOS B060z00 Other 

Malignant neoplasm of tonsillar fossa B061.00 Other 

Malignant neoplasm of tonsillar pillar B062.00 Other 

Malignant neoplasm of faucial pillar B062000 Other 

Malignant neoplasm of glossopalatine fold B062100 Other 

Malignant neoplasm of palatoglossal arch B062200 Other 

Malignant neoplasm of palatopharyngeal arch B062300 Other 

Malignant neoplasm of tonsillar fossa NOS B062z00 Other 

Malignant neoplasm of vallecula B063.00 Other 

Malignant neoplasm of anterior epiglottis B064.00 Other 

Malignant neoplasm of epiglottis, free border B064000 Other 

Malignant neoplasm of glossoepiglottic fold B064100 Other 

Malignant neoplasm of anterior epiglottis NOS B064z00 Other 
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Malignant neoplasm of junctional region of epiglottis B065.00 Other 

Malignant neoplasm of lateral wall of oropharynx B066.00 Other 

Malignant neoplasm of posterior wall of oropharynx B067.00 Other 

Malignant neoplasm of oropharynx, other specified 
sites 

B06y.00 Other 

Malignant neoplasm of branchial cleft B06y000 Other 

Malignant neoplasm of other specified site of 
oropharynx NOS 

B06yz00 Other 

Malignant neoplasm of oropharynx NOS B06z.00 Other 

Malignant neoplasm of nasopharynx B07..00 Other 

Malignant neoplasm of roof of nasopharynx B070.00 Other 

Malignant neoplasm of posterior wall of nasopharynx B071.00 Other 

Malignant neoplasm of adenoid B071000 Other 

Malignant neoplasm of pharyngeal tonsil B071100 Other 

Malignant neoplasm of posterior wall of nasopharynx 
NOS 

B071z00 Other 

Malignant neoplasm of lateral wall of nasopharynx B072.00 Other 

Malignant neoplasm of pharyngeal recess B072000 Other 

Malignant neoplasm of opening of auditory tube B072100 Other 

Malignant neoplasm of lateral wall of nasopharynx NOS B072z00 Other 

Malignant neoplasm of anterior wall of nasopharynx B073.00 Other 

Malignant neoplasm of floor of nasopharynx B073000 Other 

Malignant neoplasm of nasopharyngeal soft palate 
surface 

B073100 Other 

Malignant neoplasm posterior margin nasal septum and 
choanae 

B073200 Other 

Malignant neoplasm of anterior wall of nasopharynx 
NOS 

B073z00 Other 

Malignant neoplasm, overlapping lesion of nasopharynx B074.00 Other 

Malignant neoplasm of other specified site of 
nasopharynx 

B07y.00 Other 

Malignant neoplasm of nasopharynx NOS B07z.00 Other 

Malignant neoplasm of hypopharynx B08..00 Other 

Malignant neoplasm of postcricoid region B080.00 Other 

Malignant neoplasm of pyriform sinus B081.00 Other 

Malignant neoplasm aryepiglottic fold, hypopharyngeal 
aspect 

B082.00 Other 

Malignant neoplasm of posterior pharynx B083.00 Other 

Malignant neoplasm, overlapping lesion of 
hypopharynx 

B084.00 Other 

Malignant neoplasm of other specified hypopharyngeal 
site 

B08y.00 Other 

Malignant neoplasm of hypopharynx NOS B08z.00 Other 

Malig neop other/ill-defined sites lip, oral cavity, 
pharynx 

B0z..00 Other 

Malignant neoplasm of pharynx unspecified B0z0.00 Other 

Malignant neoplasm of Waldeyer's ring B0z1.00 Other 
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Malignant neoplasm of laryngopharynx B0z2.00 Other 

Malignant neoplasm of other sites lip, oral cavity, 
pharynx 

B0zy.00 Other 

Malignant neoplasm of lip, oral cavity and pharynx NOS B0zz.00 Other 

Malignant neoplasm of digestive organs and 
peritoneum 

B1...00 Other 

Carcinoma of digestive organs and peritoneum B1...11 Other 

Malignant neoplasm of oesophagus B10..00 Other 

Malignant neoplasm of cervical oesophagus B100.00 Other 

Malignant neoplasm of thoracic oesophagus B101.00 Other 

Malignant neoplasm of abdominal oesophagus B102.00 Other 

Malignant neoplasm of upper third of oesophagus B103.00 Other 

Malignant neoplasm of middle third of oesophagus B104.00 Other 

Malignant neoplasm of lower third of oesophagus B105.00 Other 

Malignant neoplasm, overlapping lesion of oesophagus B106.00 Other 

Siewert type I adenocarcinoma B107.00 Other 

Malignant neoplasm of other specified part of 
oesophagus 

B10y.00 Other 

Malignant neoplasm of oesophagus NOS B10z.00 Other 

Oesophageal cancer B10z.11 Other 

Malignant neoplasm of stomach B11..00 Other 

Gastric neoplasm B11..11 Other 

Malignant neoplasm of cardia of stomach B110.00 Other 

Malignant neoplasm of cardiac orifice of stomach B110000 Other 

Malignant neoplasm of cardio-oesophageal junction of 
stomach 

B110100 Other 

Malignant neoplasm of gastro-oesophageal junction B110111 Other 

Malignant neoplasm of cardia of stomach NOS B110z00 Other 

Malignant neoplasm of pylorus of stomach B111.00 Other 

Malignant neoplasm of prepylorus of stomach B111000 Other 

Malignant neoplasm of pyloric canal of stomach B111100 Other 

Malignant neoplasm of pylorus of stomach NOS B111z00 Other 

Malignant neoplasm of pyloric antrum of stomach B112.00 Other 

Malignant neoplasm of fundus of stomach B113.00 Other 

Malignant neoplasm of body of stomach B114.00 Other 

Malignant neoplasm of lesser curve of stomach 
unspecified 

B115.00 Other 

Malignant neoplasm of greater curve of stomach 
unspecified 

B116.00 Other 

Malignant neoplasm, overlapping lesion of stomach B117.00 Other 

Siewert type II adenocarcinoma B118.00 Other 

Siewert type III adenocarcinoma B119.00 Other 

Malignant neoplasm of other specified site of stomach B11y.00 Other 

Malignant neoplasm of anterior wall of stomach NEC B11y000 Other 

Malignant neoplasm of posterior wall of stomach NEC B11y100 Other 
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Malignant neoplasm of other specified site of stomach 
NOS 

B11yz00 Other 

Malignant neoplasm of stomach NOS B11z.00 Other 

Malignant neoplasm of small intestine and duodenum B12..00 Other 

Malignant neoplasm of duodenum B120.00 Other 

Malignant neoplasm of jejunum B121.00 Other 

Malignant neoplasm of ileum B122.00 Other 

Malignant neoplasm of Meckel's diverticulum B123.00 Other 

Malignant neoplasm, overlapping lesion of small 
intestine 

B124.00 Other 

Malignant neoplasm of other specified site small 
intestine 

B12y.00 Other 

Malignant neoplasm of small intestine NOS B12z.00 Other 

Malignant neoplasm of caecum B134.00 Other 

Carcinoma of caecum B134.11 Other 

Malignant neoplasm of appendix B135.00 Other 

Malignant neoplasm of anal canal B142.00 Other 

Anal carcinoma B142.11 Other 

Malignant neoplasm of cloacogenic zone B142000 Other 

Malignant neoplasm of anus unspecified B143.00 Other 

Malignant neoplasm of liver and intrahepatic bile ducts B15..00 Other 

Primary malignant neoplasm of liver B150.00 Other 

Primary carcinoma of liver B150000 Other 

Hepatoblastoma of liver B150100 Other 

Primary angiosarcoma of liver B150200 Other 

Hepatocellular carcinoma B150300 Other 

Primary malignant neoplasm of liver NOS B150z00 Other 

Malignant neoplasm of intrahepatic bile ducts B151.00 Other 

Malignant neoplasm of interlobular bile ducts B151000 Other 

Malignant neoplasm of interlobular biliary canals B151100 Other 

Malignant neoplasm of intrahepatic biliary passages B151200 Other 

Malignant neoplasm of intrahepatic canaliculi B151300 Other 

Malignant neoplasm of intrahepatic gall duct B151400 Other 

Malignant neoplasm of intrahepatic bile ducts NOS B151z00 Other 

Malignant neoplasm of liver unspecified B152.00 Other 

Secondary malignant neoplasm of liver B153.00 Other 

Malignant neoplasm of liver and intrahepatic bile ducts 
NOS 

B15z.00 Other 

Malignant neoplasm gallbladder and extrahepatic bile 
ducts 

B16..00 Other 

Malignant neoplasm of gallbladder B160.00 Other 

Carcinoma gallbladder B160.11 Other 

Malignant neoplasm of extrahepatic bile ducts B161.00 Other 

Malignant neoplasm of cystic duct B161000 Other 

Malignant neoplasm of hepatic duct B161100 Other 

Malignant neoplasm of common bile duct B161200 Other 
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Carcinoma common bile duct B161211 Other 

Malignant neoplasm of sphincter of Oddi B161300 Other 

Malignant neoplasm of extrahepatic bile ducts NOS B161z00 Other 

Malignant neoplasm of ampulla of Vater B162.00 Other 

Malignant neoplasm, overlapping lesion of biliary tract B163.00 Other 

Malignant neoplasm other gallbladder/extrahepatic bile 
duct 

B16y.00 Other 

Malignant neoplasm gallbladder/extrahepatic bile ducts 
NOS 

B16z.00 Other 

Malignant neoplasm of pancreas B17..00 Other 

Malignant neoplasm of head of pancreas B170.00 Other 

Malignant neoplasm of body of pancreas B171.00 Other 

Malignant neoplasm of tail of pancreas B172.00 Other 

Malignant neoplasm of pancreatic duct B173.00 Other 

Malignant neoplasm of Islets of Langerhans B174.00 Other 

Malignant neoplasm, overlapping lesion of pancreas B175.00 Other 

Malignant neoplasm of other specified sites of pancreas B17y.00 Other 

Malignant neoplasm of ectopic pancreatic tissue B17y000 Other 

Malignant neoplasm of specified site of pancreas NOS B17yz00 Other 

Malignant neoplasm of pancreas NOS B17z.00 Other 

Malignant neoplasm of retroperitoneum and 
peritoneum 

B18..00 Other 

Malignant neoplasm of retroperitoneum B180.00 Other 

Malignant neoplasm of periadrenal tissue B180000 Other 

Malignant neoplasm of perinephric tissue B180100 Other 

Malignant neoplasm of retrocaecal tissue B180200 Other 

Malignant neoplasm of retroperitoneum NOS B180z00 Other 

Mesothelioma of peritoneum B181.00 Other 

Malignant neoplasm of specified parts of peritoneum B18y.00 Other 

Malignant neoplasm of mesocaecum B18y100 Other 

Malignant neoplasm of omentum B18y300 Other 

Malignant neoplasm of parietal peritoneum B18y400 Other 

Malignant neoplasm of pelvic peritoneum B18y500 Other 

Malignant neoplasm of the pouch of Douglas B18y600 Other 

Malignant neoplasm of mesentery B18y700 Other 

Malignant neoplasm of specified parts of peritoneum 
NOS 

B18yz00 Other 

Malignant neoplasm of retroperitoneum and 
peritoneum NOS 

B18z.00 Other 

Malig neop oth/ill-defined sites digestive 
tract/peritoneum 

B1z..00 Other 

Malignant neoplasm of intestinal tract, part unspecified B1z0.00 Other 

Malignant neoplasm of spleen NEC B1z1.00 Other 

Angiosarcoma of spleen B1z1000 Other 

Fibrosarcoma of spleen B1z1100 Other 

Malignant neoplasm of spleen NOS B1z1z00 Other 
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Malignant neoplasm, overlapping lesion of digestive 
system 

B1z2.00 Other 

Malignant neoplasm other spec digestive tract and 
peritoneum 

B1zy.00 Other 

Malignant neoplasm of digestive tract and peritoneum 
NOS 

B1zz.00 Other 

Malig neop of respiratory tract and intrathoracic organs B2...00 Other 

Carcinoma of respiratory tract and intrathoracic organs B2...11 Other 

Malig neop nasal cavities, middle ear and accessory 
sinuses 

B20..00 Other 

Malignant neoplasm of nasal cavities B200.00 Other 

Malignant neoplasm of cartilage of nose B200000 Other 

Malignant neoplasm of nasal conchae B200100 Other 

Malignant neoplasm of septum of nose B200200 Other 

Malignant neoplasm of vestibule of nose B200300 Other 

Malignant neoplasm of nasal cavities NOS B200z00 Other 

Malig neop auditory tube, middle ear and mastoid air 
cells 

B201.00 Other 

Malignant neoplasm of auditory (Eustachian) tube B201000 Other 

Malignant neoplasm of tympanic cavity B201100 Other 

Malignant neoplasm of tympanic antrum B201200 Other 

Malignant neoplasm of mastoid air cells B201300 Other 

Malig neop auditory tube, middle ear, mastoid air cells 
NOS 

B201z00 Other 

Malignant neoplasm of maxillary sinus B202.00 Other 

Malignant neoplasm of ethmoid sinus B203.00 Other 

Malignant neoplasm of frontal sinus B204.00 Other 

Malignant neoplasm of sphenoidal sinus B205.00 Other 

Malignant neoplasm, overlapping lesion of accessory 
sinuses 

B206.00 Other 

Malig neop other site nasal cavity, middle ear and 
sinuses 

B20y.00 Other 

Malignant neoplasm of accessory sinus NOS B20z.00 Other 

Malignant neoplasm of larynx B21..00 Other 

Malignant neoplasm of glottis B210.00 Other 

Malignant neoplasm of supraglottis B211.00 Other 

Malignant neoplasm of subglottis B212.00 Other 

Malignant neoplasm of laryngeal cartilage B213.00 Other 

Malignant neoplasm of arytenoid cartilage B213000 Other 

Malignant neoplasm of cricoid cartilage B213100 Other 

Malignant neoplasm of cuneiform cartilage B213200 Other 

Malignant neoplasm of thyroid cartilage B213300 Other 

Malignant neoplasm of laryngeal cartilage NOS B213z00 Other 

Malignant neoplasm, overlapping lesion of larynx B214.00 Other 

Malignant neoplasm of epiglottis NOS B215.00 Other 

Malignant neoplasm of larynx, other specified site B21y.00 Other 
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Malignant neoplasm of larynx NOS B21z.00 Other 

Malignant neoplasm of trachea B220.00 Other 

Malignant neoplasm of cartilage of trachea B220000 Other 

Malignant neoplasm of mucosa of trachea B220100 Other 

Malignant neoplasm of trachea NOS B220z00 Other 

Pancoast's syndrome B222.11 Other 

Mesothelioma B226.00 Other 

Malignant neoplasm of pleura B23..00 Other 

Malignant neoplasm of parietal pleura B230.00 Other 

Malignant neoplasm of visceral pleura B231.00 Other 

Mesothelioma of pleura B232.00 Other 

Malignant neoplasm of other specified pleura B23y.00 Other 

Malignant neoplasm of pleura NOS B23z.00 Other 

Malignant neoplasm of thymus, heart and mediastinum B24..00 Other 

Malignant neoplasm of thymus B240.00 Other 

Malignant neoplasm of heart B241.00 Other 

Malignant neoplasm of endocardium B241000 Other 

Malignant neoplasm of epicardium B241100 Other 

Malignant neoplasm of myocardium B241200 Other 

Malignant neoplasm of pericardium B241300 Other 

Malignant neoplasm of heart NOS B241z00 Other 

Malignant neoplasm of anterior mediastinum B242.00 Other 

Malignant neoplasm of posterior mediastinum B243.00 Other 

Malignant neoplasm of mediastinum, part unspecified B24X.00 Other 

Malignant neoplasm of heart, thymus and mediastinum 
NOS 

B24z.00 Other 

Malig neo, overlapping lesion of heart, mediastinum & 
pleura 

B25..00 Other 

Malignant neoplasm, overlap lesion of resp & intrathor 
orgs 

B26..00 Other 

Malig neop other/ill-defined sites resp/intrathoracic 
organs 

B2z..00 Other 

Malig neop of upper respiratory tract, part unspecified B2z0.00 Other 

Malignant neoplasm of other site of respiratory tract B2zy.00 Other 

Malignant neoplasm of respiratory tract NOS B2zz.00 Other 

Malig neop of bone, connective tissue, skin and breast B3...00 Other 

Carcinoma of bone, connective tissue, skin and breast B3...11 Other 

Sarcoma of bone and connective tissue B3...12 Other 

Malignant neoplasm of bone and articular cartilage B30..00 Other 

Chondroma B30..11 Other 

Malignant neoplasm of bones of skull and face B300.00 Other 

Malignant neoplasm of ethmoid bone B300000 Other 

Malignant neoplasm of frontal bone B300100 Other 

Malignant neoplasm of malar bone B300200 Other 

Malignant neoplasm of nasal bone B300300 Other 
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Malignant neoplasm of occipital bone B300400 Other 

Malignant neoplasm of orbital bone B300500 Other 

Malignant neoplasm of parietal bone B300600 Other 

Malignant neoplasm of sphenoid bone B300700 Other 

Malignant neoplasm of temporal bone B300800 Other 

Malignant neoplasm of zygomatic bone B300900 Other 

Malignant neoplasm of maxilla B300A00 Other 

Malignant neoplasm of turbinate B300B00 Other 

Malignant neoplasm of vomer B300C00 Other 

Malignant neoplasm of bones of skull and face NOS B300z00 Other 

Malignant neoplasm of mandible B301.00 Other 

Malignant neoplasm of vertebral column B302.00 Other 

Malignant neoplasm of cervical vertebra B302000 Other 

Malignant neoplasm of thoracic vertebra B302100 Other 

Malignant neoplasm of lumbar vertebra B302200 Other 

Malignant neoplasm of vertebral column NOS B302z00 Other 

Malignant neoplasm of ribs, sternum and clavicle B303.00 Other 

Malignant neoplasm of rib B303000 Other 

Malignant neoplasm of sternum B303100 Other 

Malignant neoplasm of clavicle B303200 Other 

Malignant neoplasm of costal cartilage B303300 Other 

Malignant neoplasm of costo-vertebral joint B303400 Other 

Malignant neoplasm of xiphoid process B303500 Other 

Malignant neoplasm of rib, sternum and clavicle NOS B303z00 Other 

Malignant neoplasm of scapula and long bones of upper 
arm 

B304.00 Other 

Malignant neoplasm of scapula B304000 Other 

Malignant neoplasm of acromion B304100 Other 

Malignant neoplasm of humerus B304200 Other 

Malignant neoplasm of radius B304300 Other 

Malignant neoplasm of ulna B304400 Other 

Malig neop of scapula and long bones of upper arm 
NOS 

B304z00 Other 

Malignant neoplasm of hand bones B305.00 Other 

Malignant neoplasm of carpal bones B305.11 Other 

Malignant neoplasm of metacarpal bones B305.12 Other 

Malignant neoplasm of carpal bone - scaphoid B305000 Other 

Malignant neoplasm of carpal bone - lunate B305100 Other 

Malignant neoplasm of carpal bone - triquetrum B305200 Other 

Malignant neoplasm of carpal bone - pisiform B305300 Other 

Malignant neoplasm of carpal bone - trapezium B305400 Other 

Malignant neoplasm of carpal bone - trapezoid B305500 Other 

Malignant neoplasm of carpal bone - capitate B305600 Other 

Malignant neoplasm of carpal bone - hamate B305700 Other 

Malignant neoplasm of first metacarpal bone B305800 Other 
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Malignant neoplasm of second metacarpal bone B305900 Other 

Malignant neoplasm of third metacarpal bone B305A00 Other 

Malignant neoplasm of fourth metacarpal bone B305B00 Other 

Malignant neoplasm of fifth metacarpal bone B305C00 Other 

Malignant neoplasm of phalanges of hand B305D00 Other 

Malignant neoplasm of hand bones NOS B305z00 Other 

Malignant neoplasm of pelvic bones, sacrum and coccyx B306.00 Other 

Malignant neoplasm of ilium B306000 Other 

Malignant neoplasm of ischium B306100 Other 

Malignant neoplasm of pubis B306200 Other 

Malignant neoplasm of sacral vertebra B306300 Other 

Malignant neoplasm of coccygeal vertebra B306400 Other 

Malignant sacral teratoma B306500 Other 

Malignant neoplasm of pelvis, sacrum or coccyx NOS B306z00 Other 

Malignant neoplasm of long bones of leg B307.00 Other 

Malignant neoplasm of femur B307000 Other 

Malignant neoplasm of fibula B307100 Other 

Malignant neoplasm of tibia B307200 Other 

Malignant neoplasm of long bones of leg NOS B307z00 Other 

Malignant neoplasm of short bones of leg B308.00 Other 

Malignant neoplasm of metatarsal bones of foot B308.11 Other 

Malignant neoplasm of patella B308000 Other 

Malignant neoplasm of talus B308100 Other 

Malignant neoplasm of calcaneum B308200 Other 

Malignant neoplasm of medial cuneiform B308300 Other 

Malignant neoplasm of intermediate cuneiform B308400 Other 

Malignant neoplasm of lateral cuneiform B308500 Other 

Malignant neoplasm of cuboid B308600 Other 

Malignant neoplasm of navicular B308700 Other 

Malignant neoplasm of first metatarsal bone B308800 Other 

Malignant neoplasm of second metatarsal bone B308900 Other 

Malignant neoplasm of third metatarsal bone B308A00 Other 

Malignant neoplasm of fourth metatarsal bone B308B00 Other 

Malignant neoplasm of fifth metatarsal bone B308C00 Other 

Malignant neoplasm of phalanges of foot B308D00 Other 

Malignant neoplasm of short bones of leg NOS B308z00 Other 

Malignant neoplasm, overlap les bone and artic cart of 
limbs 

B309.00 Other 

Malignant neoplasm/overlap lesion/bone+articulr 
cartilage 

B30W.00 Other 

Malignant neoplasm/bones+articular 
cartilage/limb,unspfd 

B30X.00 Other 

Malignant neoplasm of bone and articular cartilage NOS B30z.00 Other 

Osteosarcoma B30z000 Other 

Malignant neoplasm of connective and other soft tissue B31..00 Other 
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Malig neop of connective and soft tissue head, face and 
neck 

B310.00 Other 

Malignant neoplasm of soft tissue of head B310000 Other 

Malignant neoplasm of soft tissue of face B310100 Other 

Malignant neoplasm of soft tissue of neck B310200 Other 

Malignant neoplasm of cartilage of ear B310300 Other 

Malignant neoplasm of tarsus of eyelid B310400 Other 

Malignant neoplasm soft tissues of cervical spine B310500 Other 

Malig neop connective and soft tissue head, face, neck 
NOS 

B310z00 Other 

Malig neop connective and soft tissue upper 
limb/shoulder 

B311.00 Other 

Malignant neoplasm of connective and soft tissue of 
shoulder 

B311000 Other 

Malignant neoplasm of connective and soft tissue, 
upper arm 

B311100 Other 

Malignant neoplasm of connective and soft tissue of 
fore-arm 

B311200 Other 

Malignant neoplasm of connective and soft tissue of 
hand 

B311300 Other 

Malignant neoplasm of connective and soft tissue of 
finger 

B311400 Other 

Malignant neoplasm of connective and soft tissue of 
thumb 

B311500 Other 

Malig neop of connective and soft tissue of hip and leg B312.00 Other 

Malignant neoplasm of connective and soft tissue of hip B312000 Other 

Malig neop of connective and soft tissue thigh and 
upper leg 

B312100 Other 

Malig neop connective and soft tissue of popliteal space B312200 Other 

Malig neop of connective and soft tissue of lower leg B312300 Other 

Malignant neoplasm of connective and soft tissue of 
foot 

B312400 Other 

Malignant neoplasm of connective and soft tissue of toe B312500 Other 

Malig neop connective and soft tissue hip and leg NOS B312z00 Other 

Malignant neoplasm of connective and soft tissue of 
thorax 

B313.00 Other 

Malignant neoplasm of connective and soft tissue of 
axilla 

B313000 Other 

Malignant neoplasm of diaphragm B313100 Other 

Malignant neoplasm of great vessels B313200 Other 

Malig neoplasm of connective and soft tissues of thor 
spine 

B313300 Other 

Malig neop of connective and soft tissue of thorax NOS B313z00 Other 

Malignant neoplasm of connective and soft tissue of 
abdomen 

B314.00 Other 

Malig neop of connective and soft tissue of abdominal 
wall 

B314000 Other 
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Malig neoplasm of connective and soft tissues of lumb 
spine 

B314100 Other 

Malig neop of connective and soft tissue of abdomen 
NOS 

B314z00 Other 

Malignant neoplasm of connective and soft tissue of 
pelvis 

B315.00 Other 

Malignant neoplasm of connective and soft tissue of 
buttock 

B315000 Other 

Malig neop of connective and soft tissue of inguinal 
region 

B315100 Other 

Malignant neoplasm of connective and soft tissue of 
perineum 

B315200 Other 

Malig neop of connective and soft tissue of pelvis NOS B315z00 Other 

Malig neop of connective and soft tissue trunk 
unspecified 

B316.00 Other 

Malignant neoplasm, overlap lesion connective & soft 
tissue 

B317.00 Other 

Malig neop connective and soft tissue other specified 
site 

B31y.00 Other 

Malignant neoplasm of connective and soft tissue, site 
NOS 

B31z.00 Other 

Kaposi's sarcoma of soft tissue B31z000 Other 

Malignant melanoma of skin B32..00 Other 

Malignant melanoma of lip B320.00 Other 

Malignant melanoma of eyelid including canthus B321.00 Other 

Malignant melanoma of ear and external auricular canal B322.00 Other 

Malignant melanoma of auricle (ear) B322000 Other 

Malignant melanoma of external auditory meatus B322100 Other 

Malignant melanoma of ear and external auricular canal 
NOS 

B322z00 Other 

Malignant melanoma of other and unspecified parts of 
face 

B323.00 Other 

Malignant melanoma of external surface of cheek B323000 Other 

Malignant melanoma of chin B323100 Other 

Malignant melanoma of eyebrow B323200 Other 

Malignant melanoma of forehead B323300 Other 

Malignant melanoma of external surface of nose B323400 Other 

Malignant melanoma of temple B323500 Other 

Malignant melanoma of face NOS B323z00 Other 

Malignant melanoma of scalp and neck B324.00 Other 

Malignant melanoma of scalp B324000 Other 

Malignant melanoma of neck B324100 Other 

Malignant melanoma of scalp and neck NOS B324z00 Other 

Malignant melanoma of trunk (excluding scrotum) B325.00 Other 

Malignant melanoma of axilla B325000 Other 

Malignant melanoma of breast B325100 Other 

Malignant melanoma of buttock B325200 Other 
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Malignant melanoma of groin B325300 Other 

Malignant melanoma of perianal skin B325400 Other 

Malignant melanoma of perineum B325500 Other 

Malignant melanoma of umbilicus B325600 Other 

Malignant melanoma of back B325700 Other 

Malignant melanoma of chest wall B325800 Other 

Malignant melanoma of trunk, excluding scrotum, NOS B325z00 Other 

Malignant melanoma of upper limb and shoulder B326.00 Other 

Malignant melanoma of shoulder B326000 Other 

Malignant melanoma of upper arm B326100 Other 

Malignant melanoma of fore-arm B326200 Other 

Malignant melanoma of hand B326300 Other 

Malignant melanoma of finger B326400 Other 

Malignant melanoma of thumb B326500 Other 

Malignant melanoma of upper limb or shoulder NOS B326z00 Other 

Malignant melanoma of lower limb and hip B327.00 Other 

Malignant melanoma of hip B327000 Other 

Malignant melanoma of thigh B327100 Other 

Malignant melanoma of knee B327200 Other 

Malignant melanoma of popliteal fossa area B327300 Other 

Malignant melanoma of lower leg B327400 Other 

Malignant melanoma of ankle B327500 Other 

Malignant melanoma of heel B327600 Other 

Malignant melanoma of foot B327700 Other 

Malignant melanoma of toe B327800 Other 

Malignant melanoma of great toe B327900 Other 

Malignant melanoma of lower limb or hip NOS B327z00 Other 

Malignant melanoma stage IA B328.00 Other 

Malignant melanoma stage IB B329.00 Other 

Malignant melanoma stage IIA B32A.00 Other 

Malignant melanoma stage IIB B32B.00 Other 

Malignant melanoma stage IIC B32C.00 Other 

Malignant melanoma stage IIIA B32D.00 Other 

Malignant melanoma stage IIIB B32E.00 Other 

Malignant melanoma stage IIIC B32F.00 Other 

Malignant melanoma stage IV M1a B32G.00 Other 

Malignant melanoma stage IV M1b B32H.00 Other 

Malignant melanoma stage IV M1c B32J.00 Other 

Malignant melanoma of other specified skin site B32y.00 Other 

Overlapping malignant melanoma of skin B32y000 Other 

Malignant melanoma of skin NOS B32z.00 Other 

Other malignant neoplasm of skin B33..00 Other 

Basal cell carcinoma B33..11 Other 

Epithelioma B33..12 Other 
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Malignant neoplasm of sebaceous gland B33..14 Other 

Malignant neoplasm of sweat gland B33..15 Other 

Epithelioma basal cell B33..16 Other 

Malignant neoplasm of skin of lip B330.00 Other 

Malignant neoplasm of eyelid including canthus B331.00 Other 

Malignant neoplasm of canthus B331000 Other 

Malignant neoplasm of upper eyelid B331100 Other 

Malignant neoplasm of lower eyelid B331200 Other 

Malignant neoplasm skin of ear and external auricular 
canal 

B332.00 Other 

Malignant neoplasm of skin of auricle (ear) B332000 Other 

Malignant neoplasm of skin of external auditory meatus B332100 Other 

Malignant neoplasm of pinna NEC B332200 Other 

Malig neop skin of ear and external auricular canal NOS B332z00 Other 

Malignant neoplasm skin of other and unspecified parts 
face 

B333.00 Other 

Malignant neoplasm of skin of cheek, external B333000 Other 

Malignant neoplasm of skin of chin B333100 Other 

Malignant neoplasm of skin of eyebrow B333200 Other 

Malignant neoplasm of skin of forehead B333300 Other 

Malignant neoplasm of skin of nose (external) B333400 Other 

Malignant neoplasm of skin of temple B333500 Other 

Malignant neoplasm skin other and unspec part of face 
NOS 

B333z00 Other 

Malignant neoplasm of scalp and skin of neck B334.00 Other 

Malignant neoplasm of scalp B334000 Other 

Malignant neoplasm of skin of neck B334100 Other 

Malignant neoplasm of scalp or skin of neck NOS B334z00 Other 

Malignant neoplasm of skin of trunk, excluding scrotum B335.00 Other 

Malignant neoplasm of skin of axillary fold B335000 Other 

Malignant neoplasm of skin of chest, excluding breast B335100 Other 

Malignant neoplasm of skin of abdominal wall B335300 Other 

Malignant neoplasm of skin of umbilicus B335400 Other 

Malignant neoplasm of skin of groin B335500 Other 

Malignant neoplasm of skin of perineum B335600 Other 

Malignant neoplasm of skin of back B335700 Other 

Malignant neoplasm of skin of buttock B335800 Other 

Malignant neoplasm of perianal skin B335900 Other 

Malignant neoplasm of skin of scapular region B335A00 Other 

Malignant neoplasm of skin of trunk, excluding 
scrotum, NOS 

B335z00 Other 

Malignant neoplasm of skin of upper limb and shoulder B336.00 Other 

Malignant neoplasm of skin of shoulder B336000 Other 

Malignant neoplasm of skin of upper arm B336100 Other 

Malignant neoplasm of skin of fore-arm B336200 Other 
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Malignant neoplasm of skin of hand B336300 Other 

Malignant neoplasm of skin of finger B336400 Other 

Malignant neoplasm of skin of thumb B336500 Other 

Malignant neoplasm of skin of upper limb or shoulder 
NOS 

B336z00 Other 

Malignant neoplasm of skin of lower limb and hip B337.00 Other 

Malignant neoplasm of skin of hip B337000 Other 

Malignant neoplasm of skin of thigh B337100 Other 

Malignant neoplasm of skin of knee B337200 Other 

Malignant neoplasm of skin of popliteal fossa area B337300 Other 

Malignant neoplasm of skin of lower leg B337400 Other 

Malignant neoplasm of skin of ankle B337500 Other 

Malignant neoplasm of skin of heel B337600 Other 

Malignant neoplasm of skin of foot B337700 Other 

Malignant neoplasm of skin of toe B337800 Other 

Malignant neoplasm of skin of great toe B337900 Other 

Malignant neoplasm of skin of lower limb or hip NOS B337z00 Other 

Squamous cell carcinoma of skin B338.00 Other 

Dermatofibrosarcoma protuberans B339.00 Other 

Malignant neoplasm overlapping lesion of skin B33X.00 Other 

Malignant neoplasm of other specified skin sites B33y.00 Other 

Malignant neoplasm of skin NOS B33z.00 Other 

Squamous cell carcinoma of skin NOS B33z.11 Other 

Kaposi's sarcoma of skin B33z000 Other 

Naevoid basal cell carcinoma syndrome B33z100 Other 

Malignant neoplasm of nipple or areola of male breast 
NOS 

B350z00 Other 

Malig neop of bone, connective tissue, skin and breast 
OS 

B3y..00 Other 

Malig neop of bone, connective tissue, skin and breast 
NOS 

B3z..00 Other 

Malignant neoplasm of genitourinary organ B4...00 Other 

Carcinoma of genitourinary organ B4...11 Other 

Malignant neoplasm of uterus, part unspecified B40..00 Other 

Malignant neoplasm of cervix uteri B41..00 Other 

Cervical carcinoma (uterus) B41..11 Other 

Malignant neoplasm of endocervix B410.00 Other 

Malignant neoplasm of endocervical canal B410000 Other 

Malignant neoplasm of endocervical gland B410100 Other 

Malignant neoplasm of endocervix NOS B410z00 Other 

Malignant neoplasm of exocervix B411.00 Other 

Malignant neoplasm, overlapping lesion of cervix uteri B412.00 Other 

Malignant neoplasm of other site of cervix B41y.00 Other 

Malignant neoplasm of cervical stump B41y000 Other 

Malignant neoplasm of squamocolumnar junction of 
cervix 

B41y100 Other 
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Malignant neoplasm of other site of cervix NOS B41yz00 Other 

Malignant neoplasm of cervix uteri NOS B41z.00 Other 

Malignant neoplasm of placenta B42..00 Other 

Choriocarcinoma B420.00 Other 

Malignant neoplasm of body of uterus B43..00 Other 

Malignant neoplasm of corpus uteri, excluding isthmus B430.00 Other 

Malignant neoplasm of cornu of corpus uteri B430000 Other 

Malignant neoplasm of fundus of corpus uteri B430100 Other 

Malignant neoplasm of endometrium of corpus uteri B430200 Other 

Malignant neoplasm of endometrium B430211 Other 

Malignant neoplasm of myometrium of corpus uteri B430300 Other 

Malignant neoplasm of corpus uteri NOS B430z00 Other 

Malignant neoplasm of isthmus of uterine body B431.00 Other 

Malignant neoplasm of lower uterine segment B431000 Other 

Malignant neoplasm of isthmus of uterine body NOS B431z00 Other 

Malignant neoplasm of overlapping lesion of corpus 
uteri 

B432.00 Other 

Malignant neoplasm of other site of uterine body B43y.00 Other 

Malignant neoplasm of body of uterus NOS B43z.00 Other 

Malignant neoplasm of ovary and other uterine adnexa B44..00 Other 

Malignant neoplasm of ovary B440.00 Other 

Cancer of ovary B440.11 Other 

Malignant neoplasm of fallopian tube B441.00 Other 

Malignant neoplasm of broad ligament B442.00 Other 

Malignant neoplasm of parametrium B443.00 Other 

Malignant neoplasm of round ligament B444.00 Other 

Malignant neoplasm of other site of uterine adnexa B44y.00 Other 

Malignant neoplasm of uterine adnexa NOS B44z.00 Other 

Malig neop of other and unspecified female genital 
organs 

B45..00 Other 

Malignant neoplasm of vagina B450.00 Other 

Malignant neoplasm of Gartner's duct B450000 Other 

Malignant neoplasm of vaginal vault B450100 Other 

Malignant neoplasm of vagina NOS B450z00 Other 

Malignant neoplasm of labia majora B451.00 Other 

Malignant neoplasm of greater vestibular (Bartholin's) 
gland 

B451000 Other 

Malignant neoplasm of labia majora NOS B451z00 Other 

Malignant neoplasm of labia minora B452.00 Other 

Malignant neoplasm of clitoris B453.00 Other 

Malignant neoplasm of vulva unspecified B454.00 Other 

Primary vulval cancer B454.11 Other 

Malignant neoplasm/overlapping lesion/feml genital 
organs 

B45X.00 Other 

Malignant neoplasm of other specified female genital 
organ 

B45y.00 Other 
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Malignant neoplasm of overlapping lesion of vulva B45y000 Other 

Malignant neoplasm of female genital organ NOS B45z.00 Other 

Malignant neoplasm of testis B47..00 Other 

Malignant neoplasm of undescended testis B470.00 Other 

Malignant neoplasm of ectopic testis B470000 Other 

Malignant neoplasm of retained testis B470100 Other 

Seminoma of undescended testis B470200 Other 

Teratoma of undescended testis B470300 Other 

Malignant neoplasm of undescended testis NOS B470z00 Other 

Malignant neoplasm of descended testis B471.00 Other 

Seminoma of descended testis B471000 Other 

Teratoma of descended testis B471100 Other 

Malignant neoplasm of descended testis NOS B471z00 Other 

Malignant neoplasm of testis NOS B47z.00 Other 

Seminoma of testis B47z.11 Other 

Teratoma of testis B47z.12 Other 

Malignant neoplasm of penis and other male genital 
organs 

B48..00 Other 

Malignant neoplasm of prepuce (foreskin) B480.00 Other 

Malignant neoplasm of glans penis B481.00 Other 

Malignant neoplasm of body of penis B482.00 Other 

Malignant neoplasm of penis, part unspecified B483.00 Other 

Malignant neoplasm of epididymis B484.00 Other 

Malignant neoplasm of spermatic cord B485.00 Other 

Malignant neoplasm of scrotum B486.00 Other 

Malignant neoplasm, overlapping lesion of penis B487.00 Other 

Malignant neoplasm of other male genital organ B48y.00 Other 

Malignant neoplasm of seminal vesicle B48y000 Other 

Malignant neoplasm of tunica vaginalis B48y100 Other 

Malignant neoplasm, overlapping lesion male genital 
orgs 

B48y200 Other 

Malignant neoplasm of other male genital organ NOS B48yz00 Other 

Malignant neoplasm of penis and other male genital 
organ NOS 

B48z.00 Other 

Malignant neoplasm of urinary bladder B49..00 Other 

Malignant neoplasm of trigone of urinary bladder B490.00 Other 

Malignant neoplasm of dome of urinary bladder B491.00 Other 

Malignant neoplasm of lateral wall of urinary bladder B492.00 Other 

Malignant neoplasm of anterior wall of urinary bladder B493.00 Other 

Malignant neoplasm of posterior wall of urinary bladder B494.00 Other 

Malignant neoplasm of bladder neck B495.00 Other 

Malignant neoplasm of ureteric orifice B496.00 Other 

Malignant neoplasm of urachus B497.00 Other 

Local recurrence of malignant tumour of urinary 
bladder 

B498.00 Other 



402 
 

Term Read code Cancer 
type 

Malignant neoplasm of other site of urinary bladder B49y.00 Other 

Malignant neoplasm, overlapping lesion of bladder B49y000 Other 

Malignant neoplasm of urinary bladder NOS B49z.00 Other 

Malig neop of kidney and other unspecified urinary 
organs 

B4A..00 Other 

Renal malignant neoplasm B4A..11 Other 

Malignant neoplasm of kidney parenchyma B4A0.00 Other 

Hypernephroma B4A0000 Other 

Malignant neoplasm of renal pelvis B4A1.00 Other 

Malignant neoplasm of renal calyces B4A1000 Other 

Malignant neoplasm of ureteropelvic junction B4A1100 Other 

Malignant neoplasm of renal pelvis NOS B4A1z00 Other 

Malignant neoplasm of ureter B4A2.00 Other 

Malignant neoplasm of urethra B4A3.00 Other 

Malignant neoplasm of paraurethral glands B4A4.00 Other 

Malignant neoplasm of other urinary organs B4Ay.00 Other 

Malignant neoplasm of overlapping lesion of urinary 
organs 

B4Ay000 Other 

Malignant neoplasm of kidney or urinary organs NOS B4Az.00 Other 

Malignant neoplasm of genitourinary organ OS B4y..00 Other 

Malignant neoplasm of genitourinary organ NOS B4z..00 Other 

Malignant neoplasm of other and unspecified sites B5...00 Other 

Carcinoma of other and unspecified sites B5...11 Other 

Malignant neoplasm of eye B50..00 Other 

Malig neop eyeball excl conjunctiva, cornea, retina, 
choroid 

B500.00 Other 

Malignant neoplasm of ciliary body B500000 Other 

Malignant neoplasm of iris B500100 Other 

Malignant neoplasm of crystalline lens B500200 Other 

Malignant neoplasm of sclera B500300 Other 

Malignant neoplasm of eyeball NOS B500z00 Other 

Malignant neoplasm of orbit B501.00 Other 

Malignant neoplasm of connective tissue of orbit B501000 Other 

Malignant neoplasm of extraocular muscle of orbit B501100 Other 

Malignant neoplasm of orbit NOS B501z00 Other 

Malignant neoplasm of lacrimal gland B502.00 Other 

Malignant neoplasm of conjunctiva B503.00 Other 

Malignant neoplasm of cornea B504.00 Other 

Malignant neoplasm of retina B505.00 Other 

Malignant neoplasm of choroid B506.00 Other 

Malignant neoplasm of lacrimal duct B507.00 Other 

Malignant neoplasm of lacrimal sac B507000 Other 

Malignant neoplasm of nasolacrimal duct B507100 Other 

Malignant neoplasm of lacrimal duct NOS B507z00 Other 
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Malignant neoplasm, overlapping lesion of eye and 
adnexa 

B508.00 Other 

Malignant melanoma of eye B509.00 Other 

Malignant neoplasm of other specified site of eye B50y.00 Other 

Malignant neoplasm of eye NOS B50z.00 Other 

Malignant neoplasm of brain B51..00 Other 

Cerebral tumour - malignant B51..11 Other 

Malignant neoplasm cerebrum (excluding lobes and 
ventricles) 

B510.00 Other 

Malignant neoplasm of basal ganglia B510000 Other 

Malignant neoplasm of cerebral cortex B510100 Other 

Malignant neoplasm of corpus striatum B510200 Other 

Malignant neoplasm of globus pallidus B510300 Other 

Malignant neoplasm of hypothalamus B510400 Other 

Malignant neoplasm of thalamus B510500 Other 

Malignant neoplasm of cerebrum NOS B510z00 Other 

Malignant neoplasm of frontal lobe B511.00 Other 

Malignant neoplasm of temporal lobe B512.00 Other 

Malignant neoplasm of hippocampus B512000 Other 

Malignant neoplasm of uncus B512100 Other 

Malignant neoplasm of temporal lobe NOS B512z00 Other 

Malignant neoplasm of parietal lobe B513.00 Other 

Malignant neoplasm of occipital lobe B514.00 Other 

Malignant neoplasm of cerebral ventricles B515.00 Other 

Malignant neoplasm of choroid plexus B515000 Other 

Malignant neoplasm of floor of cerebral ventricle B515100 Other 

Malignant neoplasm of cerebral ventricle NOS B515z00 Other 

Malignant neoplasm of cerebellum B516.00 Other 

Malignant neoplasm of brain stem B517.00 Other 

Malignant neoplasm of cerebral peduncle B517000 Other 

Malignant neoplasm of medulla oblongata B517100 Other 

Malignant neoplasm of midbrain B517200 Other 

Malignant neoplasm of pons B517300 Other 

Malignant neoplasm of brain stem NOS B517z00 Other 

Malignant neoplasm of other parts of brain B51y.00 Other 

Malignant neoplasm of corpus callosum B51y000 Other 

Malignant neoplasm of tapetum B51y100 Other 

Malignant neoplasm, overlapping lesion of brain B51y200 Other 

Malignant neoplasm of other part of brain NOS B51yz00 Other 

Malignant neoplasm of brain NOS B51z.00 Other 

Malig neop of other and unspecified parts of nervous 
system 

B52..00 Other 

Malignant neoplasm of cranial nerves B520.00 Other 

Malignant neoplasm of olfactory bulb B520000 Other 

Malignant neoplasm of optic nerve B520100 Other 
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Malignant neoplasm of acoustic nerve B520200 Other 

Malignant neoplasm of cranial nerves NOS B520z00 Other 

Malignant neoplasm of cerebral meninges B521.00 Other 

Malignant neoplasm of cerebral dura mater B521000 Other 

Malignant neoplasm of cerebral arachnoid mater B521100 Other 

Malignant neoplasm of cerebral pia mater B521200 Other 

Malignant neoplasm of cerebral meninges NOS B521z00 Other 

Malignant neoplasm of spinal cord B522.00 Other 

Malignant neoplasm of spinal meninges B523.00 Other 

Malignant neoplasm of spinal dura mater B523000 Other 

Malignant neoplasm of spinal arachnoid mater B523100 Other 

Malignant neoplasm of spinal pia mater B523200 Other 

Malignant neoplasm of spinal meninges NOS B523z00 Other 

Malig neopl peripheral nerves and autonomic nervous 
system 

B524.00 Other 

Malignant neoplasm of peripheral nerves of head, face 
& neck 

B524000 Other 

Malignant neoplasm of peripheral nerve,upp limb,incl 
should 

B524100 Other 

Malignant neoplasm of peripheral nerve of low limb, 
incl hip 

B524200 Other 

Malignant neoplasm of peripheral nerve of thorax B524300 Other 

Malignant neoplasm of peripheral nerve of abdomen B524400 Other 

Malignant neoplasm of peripheral nerve of pelvis B524500 Other 

Malignant neoplasm,overlap lesion periph nerve & 
auton ns 

B524600 Other 

Mal neoplasm/periph nerves+autonomic nervous 
system,unspc 

B524W00 Other 

Malignant neoplasm/peripheral nerves of 
trunk,unspecified 

B524X00 Other 

Malignant neoplasm of cauda equina B525.00 Other 

Malig neopl, overlap lesion brain & other part of CNS B52W.00 Other 

Malignant neoplasm of meninges, unspecified B52X.00 Other 

Malignant neoplasm of other specified part of nervous 
system 

B52y.00 Other 

Malignant neoplasm of nervous system NOS B52z.00 Other 

Malignant neoplasm of thyroid gland B53..00 Other 

Malig neop of other endocrine glands and related 
structures 

B54..00 Other 

Malignant neoplasm of adrenal gland B540.00 Other 

Phaeochromocytoma B540.11 Other 

Malignant neoplasm of adrenal cortex B540000 Other 

Malignant neoplasm of adrenal medulla B540100 Other 

Malignant neoplasm of adrenal gland NOS B540z00 Other 

Malignant neoplasm of parathyroid gland B541.00 Other 

Malignant neoplasm pituitary gland and 
craniopharyngeal duct 

B542.00 Other 
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Malignant neoplasm of pituitary gland B542000 Other 

Malignant neoplasm of craniopharyngeal duct B542100 Other 

Malig neop pituitary gland or craniopharyngeal duct 
NOS 

B542z00 Other 

Malignant neoplasm of pineal gland B543.00 Other 

Malignant neoplasm of carotid body B544.00 Other 

Malignant neoplasm of aortic body and other 
paraganglia 

B545.00 Other 

Malignant neoplasm of glomus jugulare B545000 Other 

Malignant neoplasm of aortic body B545100 Other 

Malignant neoplasm of coccygeal body B545200 Other 

Malignant neoplasm of aortic body or paraganglia NOS B545z00 Other 

Malignant neoplasm-pluriglandular 
involvement,unspecified 

B54X.00 Other 

Malignant neoplasm of other specified endocrine gland B54y.00 Other 

Malig neop of endocrine gland or related structure NOS B54z.00 Other 

Malignant neoplasm of other and ill-defined sites B55..00 Other 

Other primary carcinomas B55..99 Other 

Malignant neoplasm of head, neck and face B550.00 Other 

Malignant neoplasm of head NOS B550000 Other 

Malignant neoplasm of cheek NOS B550100 Other 

Malignant neoplasm of nose NOS B550200 Other 

Malignant neoplasm of jaw NOS B550300 Other 

Malignant neoplasm of neck NOS B550400 Other 

Malignant neoplasm of supraclavicular fossa NOS B550500 Other 

Malignant neoplasm of head, neck and face NOS B550z00 Other 

Malignant neoplasm of thorax B551.00 Other 

Malignant neoplasm of axilla NOS B551000 Other 

Malignant neoplasm of chest wall NOS B551100 Other 

Malignant neoplasm of intrathoracic site NOS B551200 Other 

Malignant neoplasm of thorax NOS B551z00 Other 

Malignant neoplasm of abdomen B552.00 Other 

Malignant neoplasm of pelvis B553.00 Other 

Malignant neoplasm of inguinal region NOS B553000 Other 

Malignant neoplasm of presacral region B553100 Other 

Malignant neoplasm of sacrococcygeal region B553200 Other 

Malignant neoplasm of pelvis NOS B553z00 Other 

Malignant neoplasm of upper limb NOS B554.00 Other 

Malignant neoplasm of lower limb NOS B555.00 Other 

Malignant neoplasm of other specified sites B55y.00 Other 

Malignant neoplasm of back NOS B55y000 Other 

Malignant neoplasm of trunk NOS B55y100 Other 

Malignant neoplasm of flank NOS B55y200 Other 

Malignant neoplasm of specified site NOS B55yz00 Other 

Malignant neoplasm of other and ill defined site NOS B55z.00 Other 
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Secondary and unspecified malignant neoplasm of 
lymph nodes 

B56..00 Other 

Lymph node metastases B56..11 Other 

Secondary and unspec malig neop lymph nodes 
head/face/neck 

B560.00 Other 

Secondary and unspec malig neop of superficial parotid 
LN 

B560000 Other 

Secondary and unspec malignant neoplasm mastoid 
lymph nodes 

B560100 Other 

Secondary and unspec malig neop superficial cervical 
LN 

B560200 Other 

Secondary and unspec malignant neoplasm occipital 
lymph node 

B560300 Other 

Secondary and unspec malig neop deep parotid lymph 
nodes 

B560400 Other 

Secondary and unspec malig neop submandibular 
lymph nodes 

B560500 Other 

Secondary and unspec malig neop of facial lymph nodes B560600 Other 

Secondary and unspec malig neop submental lymph 
nodes 

B560700 Other 

Secondary and unspec malig neop anterior cervical LN B560800 Other 

Secondary and unspec malig neop deep cervical LN B560900 Other 

Secondary unspec malig neop lymph nodes 
head/face/neck NOS 

B560z00 Other 

Secondary and unspec malig neop intrathoracic lymph 
nodes 

B561.00 Other 

Secondary and unspec malig neop internal mammary 
lymph nodes 

B561000 Other 

Secondary and unspec malig neop diaphragmatic lymph 
nodes 

B561200 Other 

Secondary and unspec malig neop ant mediastinal 
lymph nodes 

B561300 Other 

Secondary and unspec malig neop post mediastinal 
lymph nodes 

B561400 Other 

Secondary and unspec malig neop paratracheal lymph 
nodes 

B561500 Other 

Secondary and unspec malig neop pulmonary lymph 
nodes 

B561900 Other 

Secondary and unspec malig neop intrathoracic LN NOS B561z00 Other 

Secondary and unspec malig neop intra-abdominal 
lymph nodes 

B562.00 Other 

Secondary and unspec malig neop coeliac lymph nodes B562000 Other 

Secondary and unspec malig neop superficial 
mesenteric LN 

B562100 Other 

Secondary and unspec malig neop inferior mesenteric 
LN 

B562200 Other 

Secondary and unspec malig neop common iliac lymph 
nodes 

B562300 Other 

Secondary and unspec malig neop external iliac lymph 
nodes 

B562400 Other 
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Secondary and unspec malig neop intra-abdominal LN 
NOS 

B562z00 Other 

Secondary and unspec malig neop axilla and upper limb 
LN 

B563.00 Other 

Secondary and unspec malig neop axillary lymph nodes B563000 Other 

Secondary and unspec malig neop supratrochlear lymph 
nodes 

B563100 Other 

Secondary and unspec malig neop infraclavicular lymph 
nodes 

B563200 Other 

Secondary and unspec malig neop pectoral lymph 
nodes 

B563300 Other 

Secondary and unspec malig neop axilla and upper limb 
LN NOS 

B563z00 Other 

Secondary and unspec malig neop inguinal and lower 
limb LN 

B564.00 Other 

Secondary and unspec malig neop superficial inguinal 
LN 

B564000 Other 

Secondary and unspec malig neop deep inguinal lymph 
nodes 

B564100 Other 

Secondary and unspec malig neop of inguinal and leg LN 
NOS 

B564z00 Other 

Secondary and unspec malig neop intrapelvic lymph 
nodes 

B565.00 Other 

Secondary and unspec malig neop internal iliac lymph 
nodes 

B565000 Other 

Secondary and unspec malig neop sacral lymph nodes B565300 Other 

Secondary and unspec malig neop intrapelvic LN NOS B565z00 Other 

Secondary and unspec malig neop lymph nodes 
multiple sites 

B56y.00 Other 

Secondary and unspec malig neop lymph nodes NOS B56z.00 Other 

Secondary malig neop of respiratory and digestive 
systems 

B57..00 Other 

Metastases of respiratory and/or digestive systems B57..11 Other 

Secondary carcinoma of respiratory and/or digestive 
systems 

B57..12 Other 

Secondary malignant neoplasm of mediastinum B571.00 Other 

Secondary malignant neoplasm of pleura B572.00 Other 

Secondary malignant neoplasm of other respiratory 
organs 

B573.00 Other 

Secondary malignant neoplasm of small intestine and 
duodenum 

B574.00 Other 

Secondary malignant neoplasm of duodenum B574000 Other 

Secondary malignant neoplasm of jejunum B574100 Other 

Secondary malignant neoplasm of ileum B574200 Other 

Secondary malig neop of small intestine or duodenum 
NOS 

B574z00 Other 

Secondary malig neop of retroperitoneum and 
peritoneum 

B576.00 Other 

Secondary malignant neoplasm of retroperitoneum B576000 Other 
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Secondary malignant neoplasm of peritoneum B576100 Other 

Malignant ascites B576200 Other 

Secondary malig neop of retroperitoneum or 
peritoneum NOS 

B576z00 Other 

Secondary malignant neoplasm of liver B577.00 Other 

Liver metastases B577.11 Other 

Secondary malignant neoplasm of liver intrahepatic bile 
duct 

B577000 Other 

Secondary malignant neoplasm of other digestive organ B57y.00 Other 

Secondary malig neop of respiratory or digestive system 
NOS 

B57z.00 Other 

Secondary malignant neoplasm of other specified sites B58..00 Other 

Secondary carcinoma of other specified sites B58..11 Other 

Secondary malignant neoplasm of kidney B580.00 Other 

Secondary malignant neoplasm of other urinary organs B581.00 Other 

Secondary malignant neoplasm of ureter B581000 Other 

Secondary malignant neoplasm of bladder B581100 Other 

Secondary malignant neoplasm of urethra B581200 Other 

Secondary malignant neoplasm of other urinary organ 
NOS 

B581z00 Other 

Secondary malignant neoplasm of skin B582.00 Other 

Secondary malignant neoplasm of skin of head B582000 Other 

Secondary malignant neoplasm of skin of face B582100 Other 

Secondary malignant neoplasm of skin of neck B582200 Other 

Secondary malignant neoplasm of skin of trunk B582300 Other 

Secondary malignant neoplasm of skin of shoulder and 
arm 

B582400 Other 

Secondary malignant neoplasm of skin of hip and leg B582500 Other 

Secondary malignant neoplasm of skin NOS B582z00 Other 

Secondary malignant neoplasm of brain and spinal cord B583.00 Other 

Secondary malignant neoplasm of brain B583000 Other 

Secondary malignant neoplasm of spinal cord B583100 Other 

Cerebral metastasis B583200 Other 

Secondary malignant neoplasm of brain or spinal cord 
NOS 

B583z00 Other 

Secondary malignant neoplasm of other part of nervous 
system 

B584.00 Other 

Secondary malignant neoplasm of bone and bone 
marrow 

B585.00 Other 

Pathological fracture due to metastatic bone disease B585000 Other 

Secondary malignant neoplasm of ovary B586.00 Other 

Secondary malignant neoplasm of adrenal gland B587.00 Other 

Secondary malignant neoplasm of other specified sites B58y.00 Other 

Secondary malignant neoplasm of uterus B58y100 Other 

Secondary malignant neoplasm of cervix uteri B58y200 Other 

Secondary cancer of the cervix B58y211 Other 
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Secondary malignant neoplasm of vagina B58y300 Other 

Secondary malignant neoplasm of vulva B58y400 Other 

Secondary cancer of the vulva B58y411 Other 

Secondary malignant neoplasm of testis B58y600 Other 

Secondary malignant neoplasm of penis B58y700 Other 

Secondary malignant neoplasm of epididymis and vas 
deferens 

B58y800 Other 

Secondary malignant neoplasm of tongue B58y900 Other 

Secondary malignant neoplasm of other specified site 
NOS 

B58yz00 Other 

Secondary malignant neoplasm of other specified site 
NOS 

B58z.00 Other 

Malignant neoplasm of unspecified site B59..00 Other 

Disseminated malignancy NOS B590.00 Other 

Carcinomatosis B590.11 Other 

Other malignant neoplasm NOS B591.00 Other 

Malignant neoplasm NOS B591.99 Other 

Malignant neoplasms of independent (primary) multiple 
sites 

B592.00 Other 

Kaposi's sarcoma of multiple organs B592X00 Other 

Primary malignant neoplasm of unknown site B593.00 Other 

Secondary malignant neoplasm of unknown site B594.00 Other 

Malignant tumour of unknown origin B595.00 Other 

Malignant neoplasm of unspecified site NOS B59z.00 Other 

Kaposi's sarcoma, unspecified B59zX00 Other 

Malignant neoplasm of other and unspecified site OS B5y..00 Other 

Malignant neoplasm of other and unspecified site NOS B5z..00 Other 

Malignant neoplasm of lymphatic and haemopoietic 
tissue 

B6...00 Other 

Malignant neoplasm of histiocytic tissue B6...11 Other 

Lymphatic tissue carcinoma B6...99 Other 

Lymphosarcoma and reticulosarcoma B60..00 Other 

Reticulosarcoma B600.00 Other 

Reticulosarcoma of unspecified site B600000 Other 

Reticulosarcoma of lymph nodes of head, face and neck B600100 Other 

Reticulosarcoma of intra-abdominal lymph nodes B600300 Other 

Reticulosarcoma of spleen B600700 Other 

Lymphosarcoma B601.00 Other 

Lymphosarcoma of unspecified site B601000 Other 

Lymphosarcoma of lymph nodes of head, face and neck B601100 Other 

Lymphosarcoma of intrathoracic lymph nodes B601200 Other 

Lymphosarcoma of intra-abdominal lymph nodes B601300 Other 

Lymphosarcoma NOS B601z00 Other 

Burkitt's lymphoma B602.00 Other 

Burkitt's tumour B602.99 Other 
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Burkitt's lymphoma of lymph nodes of head, face and 
neck 

B602100 Other 

Burkitt's lymphoma of intrathoracic lymph nodes B602200 Other 

Burkitt's lymphoma of intra-abdominal lymph nodes B602300 Other 

Burkitt's lymphoma of lymph nodes of inguinal region 
and leg 

B602500 Other 

Burkitt's lymphoma of lymph nodes of multiple sites B602800 Other 

Burkitt's lymphoma NOS B602z00 Other 

Other specified reticulosarcoma or lymphosarcoma B60y.00 Other 

Hodgkin's disease B61..00 Other 

Hodgkin lymphoma B61..11 Other 

Hodgkin's paragranuloma B610.00 Other 

Hodgkin's paragranuloma of intra-abdominal lymph 
nodes 

B610300 Other 

Hodgkin's granuloma B611.00 Other 

Hodgkin's sarcoma B612.00 Other 

Hodgkin's sarcoma of lymph nodes of axilla and upper 
limb 

B612400 Other 

Hodgkin's disease, lymphocytic-histiocytic 
predominance 

B613.00 Other 

Hodgkin's, lymphocytic-histiocytic predominance 
unspec site 

B613000 Other 

Hodgkin's, lymphocytic-histiocytic pred of head, face, 
neck 

B613100 Other 

Hodgkin's, lymphocytic-histiocytic pred intrathoracic 
nodes 

B613200 Other 

Hodgkin's, lymphocytic-histiocytic pred intra-abdominal 
node 

B613300 Other 

Hodgkin's, lymphocytic-histiocytic pred inguinal and leg B613500 Other 

Hodgkin's, lymphocytic-histiocytic pred intrapelvic 
nodes 

B613600 Other 

Hodgkin's, lymphocytic-histiocytic predominance NOS B613z00 Other 

Hodgkin's disease, nodular sclerosis B614.00 Other 

Hodgkin's disease, nodular sclerosis of unspecified site B614000 Other 

Hodgkin's nodular sclerosis of head, face and neck B614100 Other 

Hodgkin's nodular sclerosis of intrathoracic lymph 
nodes 

B614200 Other 

Hodgkin's nodular sclerosis of intra-abdominal lymph 
nodes 

B614300 Other 

Hodgkin's nodular sclerosis of lymph nodes of axilla and 
arm 

B614400 Other 

Hodgkin's nodular sclerosis of lymph nodes of multiple 
sites 

B614800 Other 

Hodgkin's disease, nodular sclerosis NOS B614z00 Other 

Hodgkin's disease, mixed cellularity B615.00 Other 

Hodgkin's disease, mixed cellularity of unspecified site B615000 Other 

Hodgkin's mixed cellularity of lymph nodes head, face, 
neck 

B615100 Other 
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Hodgkin's mixed cellularity of intrathoracic lymph nodes B615200 Other 

Hodgkin's disease, mixed cellularity NOS B615z00 Other 

Hodgkin's disease, lymphocytic depletion B616.00 Other 

Hodgkin's lymphocytic depletion of unspecified site B616000 Other 

Hodgkin's lymphocytic depletion lymph nodes axilla and 
arm 

B616400 Other 

Nodular lymphocyte predominant Hodgkin lymphoma B617.00 Other 

Nodular sclerosis classical Hodgkin lymphoma B618.00 Other 

Mixed cellularity classical Hodgkin lymphoma B619.00 Other 

Lymphocyte depleted classical Hodgkin lymphoma B61A.00 Other 

Lymphocyte-rich classical Hodgkin lymphoma B61B.00 Other 

Other classical Hodgkin lymphoma B61C.00 Other 

Hodgkin's disease NOS B61z.00 Other 

Hodgkin lymphoma NOS B61z.11 Other 

Hodgkin's disease NOS, unspecified site B61z000 Other 

Hodgkin's disease NOS of lymph nodes of head, face 
and neck 

B61z100 Other 

Hodgkin's disease NOS of intrathoracic lymph nodes B61z200 Other 

Hodgkin's disease NOS of lymph nodes of axilla and arm B61z400 Other 

Hodgkin's disease NOS of spleen B61z700 Other 

Hodgkin's disease NOS of lymph nodes of multiple sites B61z800 Other 

Hodgkin's disease NOS B61zz00 Other 

Other malignant neoplasm of lymphoid and histiocytic 
tissue 

B62..00 Other 

Lymphatic tissue carcinoma B62..99 Other 

Nodular lymphoma (Brill - Symmers disease) B620.00 Other 

Nodular lymphoma of unspecified site B620000 Other 

Nodular lymphoma of lymph nodes of head, face and 
neck 

B620100 Other 

Nodular lymphoma of intrathoracic lymph nodes B620200 Other 

Nodular lymphoma of intra-abdominal lymph nodes B620300 Other 

Nodular lymphoma of lymph nodes of axilla and upper 
limb 

B620400 Other 

Nodular lymphoma of lymph nodes of inguinal region 
and leg 

B620500 Other 

Nodular lymphoma of lymph nodes of multiple sites B620800 Other 

Nodular lymphoma NOS B620z00 Other 

Mycosis fungoides B621.00 Other 

Mycosis fungoides of unspecified site B621000 Other 

Mycosis fungoides of intra-abdominal lymph nodes B621300 Other 

Mycosis fungoides of lymph nodes of axilla and upper 
limb 

B621400 Other 

Mycosis fungoides of lymph nodes of inguinal region 
and leg 

B621500 Other 

Mycosis fungoides of lymph nodes of multiple sites B621800 Other 

Mycosis fungoides NOS B621z00 Other 
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Sezary's disease B622.00 Other 

Malignant histiocytosis B623.00 Other 

Malignant histiocytosis of unspecified site B623000 Other 

Malignant histiocytosis of lymph nodes head, face and 
neck 

B623100 Other 

Malignant histiocytosis of intra-abdominal lymph nodes B623300 Other 

Malignant histiocytosis of lymph nodes of axilla and arm B623400 Other 

Malignant histiocytosis NOS B623z00 Other 

Leukaemic reticuloendotheliosis B624.00 Other 

Leukaemic reticuloendotheliosis B624.11 Other 

Hairy cell leukaemia B624.12 Other 

Leukaemic reticuloendotheliosis of unspecified sites B624000 Other 

Leukaemic reticuloend of intra-abdominal lymph nodes B624300 Other 

Leukaemic reticuloendotheliosis NOS B624z00 Other 

Letterer-Siwe disease B625.00 Other 

Histiocytosis X (acute, progressive) B625.11 Other 

Letterer-Siwe disease of lymph nodes of multiple sites B625800 Other 

Letterer-Siwe disease NOS B625z00 Other 

Malignant mast cell tumours B626.00 Other 

Mast cell malignancy of lymph nodes inguinal region 
and leg 

B626500 Other 

Mast cell malignancy of lymph nodes of multiple sites B626800 Other 

Malignant mast cell tumour NOS B626z00 Other 

Non - Hodgkin's lymphoma B627.00 Other 

Non-Hodgkin lymphoma B627.11 Other 

Follicular non-Hodgkin's small cleaved cell lymphoma B627000 Other 

Follicular non-Hodg mixed sml cleavd & lge cell 
lymphoma 

B627100 Other 

Follicular non-Hodgkin's large cell lymphoma B627200 Other 

Diffuse non-Hodgkin's small cell (diffuse) lymphoma B627300 Other 

Diffuse non-Hodgkin's small cleaved cell (diffuse) 
lymphoma 

B627400 Other 

Diffuse non-Hodgkin mixed sml & lge cell (diffuse) 
lymphoma 

B627500 Other 

Diffuse non-Hodgkin's immunoblastic (diffuse) 
lymphoma 

B627600 Other 

Diffuse non-Hodgkin's lymphoblastic (diffuse) 
lymphoma 

B627700 Other 

Diffuse non-Hodgkin's lymphoma undifferentiated 
(diffuse) 

B627800 Other 

Mucosa-associated lymphoma B627900 Other 

Diffuse non-Hodgkin's large cell lymphoma B627A00 Other 

Other types of follicular non-Hodgkin's lymphoma B627B00 Other 

Follicular non-Hodgkin's lymphoma B627C00 Other 

Follicular lymphoma NOS B627C11 Other 

Diffuse non-Hodgkin's centroblastic lymphoma B627D00 Other 
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Diffuse large B-cell lymphoma B627E00 Other 

Mediastinal (thymic) large B-cell lymphoma B627G00 Other 

Unspecified B-cell non-Hodgkin's lymphoma B627W00 Other 

Diffuse non-Hodgkin's lymphoma, unspecified B627X00 Other 

Follicular lymphoma B628.00 Other 

Follicular lymphoma grade 1 B628000 Other 

Follicular lymphoma grade 2 B628100 Other 

Follicular lymphoma grade 3 B628200 Other 

Follicular lymphoma grade 3a B628300 Other 

Follicular lymphoma grade 3b B628400 Other 

Diffuse follicle centre lymphoma B628500 Other 

Cutaneous follicle centre lymphoma B628600 Other 

Other types of follicular lymphoma B628700 Other 

Histiocytic sarcoma B62D.00 Other 

T/NK-cell lymphoma B62E.00 Other 

Mature T/NK-cell lymphoma B62E000 Other 

Anaplastic large cell lymphoma, ALK-positive B62E100 Other 

Anaplastic large cell lymphoma, ALK-negative B62E200 Other 

Cutaneous T-cell lymphoma B62E300 Other 

Extranodal NK/T-cell lymphoma, nasal type B62E400 Other 

Hepatosplenic T-cell lymphoma B62E500 Other 

Enteropathy-associated T-cell lymphoma B62E600 Other 

Enteropathy-type (intestinal) T-cell lymphoma B62E611 Other 

Subcutaneous panniculitic T-cell lymphoma B62E700 Other 

Subcutaneous panniculitis-like T-cell lymphoma B62E711 Other 

Blastic NK-cell lymphoma B62E800 Other 

Angioimmunoblastic T-cell lymphoma B62E900 Other 

Other mature T/NK-cell lymphoma B62Ew00 Other 

Nonfollicular lymphoma B62F.00 Other 

Non-follicular lymphoma B62F.11 Other 

Small cell B-cell lymphoma B62F000 Other 

Mantle cell lymphoma B62F100 Other 

Lymphoblastic (diffuse) lymphoma B62F200 Other 

Other non-follicular lymphoma B62Fy00 Other 

Malignant lymphoma otherwise specified B62x.00 Other 

T-zone lymphoma B62x000 Other 

Lymphoepithelioid lymphoma B62x100 Other 

Peripheral T-cell lymphoma B62x200 Other 

Malignant reticulosis B62x400 Other 

Malignant immunoproliferative small intestinal disease B62x500 Other 

True histiocytic lymphoma B62x600 Other 

Oth and unspecif peripheral & cutaneous T-cell 
lymphomas 

B62xX00 Other 

Malignant lymphoma NOS B62y.00 Other 

Malignant lymphoma NOS of unspecified site B62y000 Other 
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Malignant lymphoma NOS of lymph nodes of head, face 
and neck 

B62y100 Other 

Malignant lymphoma NOS of intrathoracic lymph nodes B62y200 Other 

Malignant lymphoma NOS of intra-abdominal lymph 
nodes 

B62y300 Other 

Malignant lymphoma NOS of lymph nodes of axilla and 
arm 

B62y400 Other 

Malignant lymphoma NOS of lymph node inguinal 
region and leg 

B62y500 Other 

Malignant lymphoma NOS of intrapelvic lymph nodes B62y600 Other 

Malignant lymphoma NOS of spleen B62y700 Other 

Malignant lymphoma NOS of lymph nodes of multiple 
sites 

B62y800 Other 

Malignant lymphoma NOS B62yz00 Other 

Malignant neoplasms of lymphoid and histiocytic tissue 
NOS 

B62z.00 Other 

Unspec malig neop lymphoid/histiocytic lymph node 
head/neck 

B62z100 Other 

Unspec malig neop lymphoid/histiocytic of intrathoracic 
node 

B62z200 Other 

Unspec malig neop lymphoid/histiocytic nodes 
inguinal/leg 

B62z500 Other 

Lymphoid and histiocytic malignancy NOS B62zz00 Other 

Immunoproliferative neoplasm B62zz11 Other 

Multiple myeloma and immunoproliferative neoplasms B63..00 Other 

Multiple myeloma B630.00 Other 

Kahler's disease B630.11 Other 

Myelomatosis B630.12 Other 

Malignant plasma cell neoplasm, extramedullary 
plasmacytoma 

B630000 Other 

Solitary myeloma B630100 Other 

Plasmacytoma NOS B630200 Other 

Lambda light chain myeloma B630300 Other 

Plasma cell leukaemia B631.00 Other 

Other immunoproliferative neoplasms B63y.00 Other 

Immunoproliferative neoplasm or myeloma NOS B63z.00 Other 

Lymphoid leukaemia B64..00 Other 

Lymphatic leukaemia B64..11 Other 

Acute lymphoid leukaemia B640.00 Other 

B-cell acute lymphoblastic leukaemia B640000 Other 

Mature B-cell leukaemia Burkitt-type B640011 Other 

Chronic lymphoid leukaemia B641.00 Other 

Chronic lymphatic leukaemia B641.11 Other 

B-cell chronic lymphocytic leukaemia B641000 Other 

Chronic lymphocytic leukaemia of B-cell type B641011 Other 

Clinical stage A chronic lymphocytic leukaemia B641100 Other 

Clinical stage B chronic lymphocytic leukaemia B641200 Other 
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Clinical stage C chronic lymphocytic leukaemia B641300 Other 

Subacute lymphoid leukaemia B642.00 Other 

Other lymphoid leukaemia B64y.00 Other 

Prolymphocytic leukaemia B64y100 Other 

Adult T-cell leukaemia B64y200 Other 

B-cell prolymphocytic leukaemia B64y300 Other 

T-cell prolymphocytic leukaemia B64y400 Other 

Prolymphocytic leukaemia of T-cell type B64y411 Other 

Adult T-cell lymphoma/leukaemia (HTLV-1-associated) B64y500 Other 

Other lymphoid leukaemia NOS B64yz00 Other 

Lymphoid leukaemia NOS B64z.00 Other 

Myeloid leukaemia B65..00 Other 

Acute myeloid leukaemia B650.00 Other 

Chronic myeloid leukaemia B651.00 Other 

Chronic granulocytic leukaemia B651.11 Other 

Chronic eosinophilic leukaemia B651000 Other 

Chronic myeloid leukaemia, BCR/ABL positive B651100 Other 

Chronic neutrophilic leukaemia B651200 Other 

Atypical chronic myeloid leukaemia, BCR/ABL negative B651300 Other 

Chronic myeloid leukaemia NOS B651z00 Other 

Subacute myeloid leukaemia B652.00 Other 

Myeloid sarcoma B653.00 Other 

Chloroma B653000 Other 

Granulocytic sarcoma B653100 Other 

Acute myeloblastic leukaemia B654.00 Other 

Other myeloid leukaemia B65y.00 Other 

Aleukaemic myeloid leukaemia B65y000 Other 

Acute promyelocytic leukaemia B65y100 Other 

Other myeloid leukaemia NOS B65yz00 Other 

Myeloid leukaemia NOS B65z.00 Other 

Monocytic leukaemia B66..00 Other 

Histiocytic leukaemia B66..11 Other 

Monoblastic leukaemia B66..12 Other 

Acute monocytic leukaemia B660.00 Other 

Chronic monocytic leukaemia B661.00 Other 

Subacute monocytic leukaemia B662.00 Other 

Acute monoblastic leukaemia B663.00 Other 

Other monocytic leukaemia B66y.00 Other 

Other monocytic leukaemia NOS B66yz00 Other 

Monocytic leukaemia NOS B66z.00 Other 

Other specified leukaemia B67..00 Other 

Acute erythraemia and erythroleukaemia B670.00 Other 

Di Guglielmo's disease B670.11 Other 

Megakaryocytic leukaemia B672.00 Other 
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Thrombocytic leukaemia B672.11 Other 

Mast cell leukaemia B673.00 Other 

Acute panmyelosis B674.00 Other 

Acute myelofibrosis B675.00 Other 

Acute erythroid leukaemia B676.00 Other 

Other and unspecified leukaemia B67y.00 Other 

Lymphosarcoma cell leukaemia B67y000 Other 

Other and unspecified leukaemia NOS B67yz00 Other 

Other specified leukaemia NOS B67z.00 Other 

Leukaemia of unspecified cell type B68..00 Other 

Acute leukaemia NOS B680.00 Other 

Chronic leukaemia NOS B681.00 Other 

Subacute leukaemia NOS B682.00 Other 

Other leukaemia of unspecified cell type B68y.00 Other 

Leukaemia NOS B68z.00 Other 

Myelomonocytic leukaemia B69..00 Other 

Acute myelomonocytic leukaemia B690.00 Other 

Chronic myelomonocytic leukaemia B691.00 Other 

Subacute myelomonocytic leukaemia B692.00 Other 

Juvenile myelomonocytic leukaemia B693.00 Other 

Malignant neoplasm lymphatic or haematopoietic 
tissue OS 

B6y..00 Other 

Myeloproliferative disorder B6y0.00 Other 

Myeloproliferative disease B6y0.11 Other 

Myelosclerosis with myeloid metaplasia B6y1.00 Other 

Malignant neoplasm lymphatic or haematopoietic 
tissue NOS 

B6z..00 Other 

Kaposi's sarcoma of lymph nodes B6z0.00 Other 

Adenoma of parotid gland B702011 Other 

Benign neoplasm of cheek mucosa B704200 Other 

Endocrine tumour of pancreas B717011 Other 

Chondroma B73z.11 Other 

Acoustic neuroma B7F1000 Other 

Cerebral meningioma B7F2000 Other 

Spinal meningioma B7F4000 Other 

Adenoma of thyroid gland B7G..11 Other 

Pituitary adenoma B7H2.11 Other 

Carcinoma in situ B8...00 Other 

Carcinoma in situ of digestive organs B80..00 Other 

Carcinoma in situ of lip, oral cavity and pharynx B800.00 Other 

Carcinoma in situ of oral cavity B800.11 Other 

Carcinoma in situ of pharynx B800.12 Other 

Carcinoma in situ of lip B800000 Other 

Carcinoma in situ of tongue B800100 Other 

Carcinoma in situ of salivary glands B800200 Other 
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Carcinoma in situ of gums B800300 Other 

Carcinoma in situ of floor of mouth B800400 Other 

Carcinoma in situ of cheek B800500 Other 

Carcinoma in situ of palate B800600 Other 

Carcinoma in situ of nasopharynx B800700 Other 

Carcinoma in situ of oropharynx B800800 Other 

Carcinoma in situ of hypopharynx B800900 Other 

Carcinoma in situ of lip, oral cavity and pharynx NOS B800z00 Other 

Carcinoma in situ of oesophagus B801.00 Other 

Carcinoma in situ of upper 1/3 oesophagus B801000 Other 

Carcinoma in situ of middle 1/3 oesophagus B801100 Other 

Carcinoma in situ of lower 1/3 oesophagus B801200 Other 

Carcinoma in situ of oesophagus NOS B801z00 Other 

Carcinoma in situ of stomach B802.00 Other 

Carcinoma in situ of cardia of stomach B802000 Other 

Carcinoma in situ of fundus of stomach B802100 Other 

Carcinoma in situ of body of stomach B802200 Other 

Carcinoma in situ of pyloric antrum B802300 Other 

Carcinoma in situ of pyloric canal B802400 Other 

Carcinoma in situ of stomach NOS B802z00 Other 

Carcinoma in situ of caecum B803400 Other 

Carcinoma in situ of appendix B803500 Other 

Carcinoma in situ of anal canal B805.00 Other 

Anal intraepithelial neoplasia grade III B805000 Other 

Carcinoma in situ of anus NOS B806.00 Other 

Carcinoma in situ of other and unspecified small 
intestine 

B807.00 Other 

Carcinoma in situ of duodenum B807000 Other 

Carcinoma in situ of jejunum B807100 Other 

Carcinoma in situ of ileum B807200 Other 

Carcinoma in situ of Meckel's diverticulum B807300 Other 

Carcinoma in situ other and unspecified small intestine 
NOS 

B807z00 Other 

Carcinoma in situ of liver and biliary system B808.00 Other 

Carcinoma in situ of biliary system B808.11 Other 

Carcinoma in situ of liver B808000 Other 

Carcinoma in situ of intrahepatic bile ducts B808100 Other 

Carcinoma in situ of hepatic duct B808200 Other 

Carcinoma in situ of gall bladder B808300 Other 

Carcinoma in situ of cystic duct B808400 Other 

Carcinoma in situ of common bile duct B808500 Other 

Carcinoma in situ of ampulla of Vater B808600 Other 

Carcinoma in situ of liver or biliary system NOS B808z00 Other 

Carcinoma in situ of other and unspecified digestive 
organs 

B80z.00 Other 
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Carcinoma in situ of pancreas B80z000 Other 

Carcinoma in situ of spleen B80z100 Other 

Carcinoma in situ of digestive organs NOS B80zz00 Other 

Carcinoma in situ of respiratory system B81..00 Other 

Carcinoma in situ of larynx B810.00 Other 

Carcinoma in situ of thyroid cartilage B810000 Other 

Carcinoma in situ of cricoid cartilage B810100 Other 

Carcinoma in situ of epiglottis B810200 Other 

Carcinoma in situ of arytenoid cartilage B810300 Other 

Carcinoma in situ of cuneiform cartilage B810500 Other 

Carcinoma in situ of aryepiglottic fold B810600 Other 

Carcinoma in situ of vestibular fold B810700 Other 

Carcinoma in situ of vocal fold - glottis B810800 Other 

Carcinoma in situ of glottis B810811 Other 

Carcinoma in situ of larynx NOS B810z00 Other 

Carcinoma in situ of trachea B811.00 Other 

Carcinoma in situ of other specified part respiratory 
system 

B81y.00 Other 

Carcinoma in situ of nasal sinuses B81y.11 Other 

Carcinoma in situ of pleura B81y000 Other 

Carcinoma in situ of nasal cavity B81y100 Other 

Carcinoma in situ of eustachian tube B81y400 Other 

Carcinoma in situ of mastoid air cells B81y500 Other 

Carcinoma in situ of maxillary sinus B81y600 Other 

Carcinoma in situ of ethmoidal sinus B81y700 Other 

Carcinoma in situ of frontal sinus B81y800 Other 

Carcinoma in situ of sphenoidal sinus B81y900 Other 

Carcinoma in situ of specified parts respiratory system 
NOS 

B81yz00 Other 

Carcinoma in situ of respiratory organ NOS B81z.00 Other 

Carcinoma in situ of skin B82..00 Other 

Carcinoma in situ of skin of lip B820.00 Other 

Carcinoma in situ of skin of eyelid including canthus B821.00 Other 

Carcinoma in situ skin of ear and external auricular 
canal 

B822.00 Other 

Carcinoma in situ of ear B822.11 Other 

Carcinoma in situ of skin of auricle B822000 Other 

Carcinoma in situ skin of ear/external auricular canal 
NOS 

B822z00 Other 

Carcinoma in situ of skin of other parts of face B823.00 Other 

Carcinoma in situ of skin of forehead skin B823000 Other 

Carcinoma in situ of skin of eyebrow B823100 Other 

Carcinoma in situ of skin of cheek B823300 Other 

Carcinoma in situ of skin of nose B823400 Other 

Carcinoma in situ of skin of temple B823500 Other 
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Carcinoma in situ of skin of jaw B823600 Other 

Carcinoma in situ of skin of other parts of face NOS B823z00 Other 

Carcinoma in situ of scalp and skin of neck B824.00 Other 

Carcinoma in situ of scalp B824000 Other 

Carcinoma in situ of skin of neck B824100 Other 

Carcinoma in situ of scalp or skin of neck NOS B824z00 Other 

Carcinoma in situ of skin of trunk, excluding scrotum B825.00 Other 

Carcinoma in situ of skin of chest wall NOS B825100 Other 

Carcinoma in situ of skin of axilla B825200 Other 

Carcinoma in situ of skin of back B825300 Other 

Carcinoma in situ of skin of abdominal wall B825400 Other 

Carcinoma in situ of skin of groin B825500 Other 

Carcinoma in situ of skin of perineum B825600 Other 

Carcinoma in situ of skin of buttock B825700 Other 

Carcinoma in situ of perianal skin B825800 Other 

Carcinoma in situ of skin of trunk NOS B825z00 Other 

Carcinoma in situ of skin of upper limb and shoulder B826.00 Other 

Carcinoma in situ of skin of shoulder B826000 Other 

Carcinoma in situ of skin of upper arm B826100 Other 

Carcinoma in situ of skin of lower arm B826200 Other 

Carcinoma in situ of skin of hand B826300 Other 

Carcinoma in situ of skin of upper limb or shoulder NOS B826z00 Other 

Carcinoma in situ of skin of lower limb and hip B827.00 Other 

Carcinoma in situ of skin of leg B827.11 Other 

Carcinoma in situ of skin of hip B827000 Other 

Carcinoma in situ of skin of thigh B827100 Other 

Carcinoma in situ of skin of knee B827200 Other 

Carcinoma in situ of skin of lower leg B827300 Other 

Carcinoma in situ of skin of foot B827400 Other 

Carcinoma in situ of skin of lower limb or hip NOS B827z00 Other 

Melanoma in situ of scalp B828700 Other 

Carcinoma in situ of other specified sites of skin B82y.00 Other 

Carcinoma in situ of skin NOS B82z.00 Other 

Carcinoma in situ of cervix uteri B831.00 Other 

CIN III - carcinoma in situ of cervix B831.11 Other 

Cervical intraepithelial neoplasia grade III B831.13 Other 

Carcinoma in situ of endocervix B831000 Other 

Carcinoma in situ of exocervix B831100 Other 

Carcinoma in situ of other and unspecified parts of 
uterus 

B832.00 Other 

Carcinoma in situ of body of uterus B832.11 Other 

Carcinoma in situ of endometrium B832000 Other 

Carcinoma in situ other and unspecified female genital 
organ 

B833.00 Other 

Carcinoma in situ of ovary B833000 Other 
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Carcinoma in situ of fallopian tube B833100 Other 

Carcinoma in situ of vagina B833200 Other 

Carcinoma in situ of vulva B833300 Other 

Vulval intraepithelial neoplasia grade 3 B833600 Other 

Vaginal intraepithelial neoplasia grade 3 B833900 Other 

Carcinoma in situ of female genital organs NOS B833z00 Other 

Prostatic intraepithelial neoplasia B834100 Other 

Carcinoma in situ of penis B835.00 Other 

Carcinoma in situ other and unspecified male genital 
organs 

B836.00 Other 

Carcinoma in situ of testis B836000 Other 

Carcinoma in situ of epididymis B836100 Other 

Carcinoma in situ of scrotum B836300 Other 

Carcinoma in situ of male genital organs NOS B836z00 Other 

Carcinoma in situ of bladder B837.00 Other 

Carcinoma in situ of urinary organs NOS B83z.00 Other 

Carcinoma in situ of other and unspecified sites B8y..00 Other 

Carcinoma in situ of eye B8y0.00 Other 

Carcinoma in situ of other specified site B8yy.00 Other 

Carcinoma in situ of thyroid gland B8yy000 Other 

Carcinoma in situ of adrenal gland B8yy100 Other 

Carcinoma in situ of parathyroid gland B8yy200 Other 

Carcinoma in situ of pituitary gland B8yy300 Other 

Carcinoma in situ of other specified site NOS B8yyz00 Other 

Carcinoma in situ NOS B8z..00 Other 

Neoplasm of uncertain behaviour of major salivary 
glands 

B900.00 Other 

Neoplasm of uncertain behaviour of parotid gland B900000 Other 

Mixed parotid tumour B900011 Other 

Neoplasm of uncertain behaviour of sublingual gland B900100 Other 

Neoplasm of uncertain behaviour of submandibular 
gland 

B900200 Other 

Neoplasm of uncertain behaviour of major salivary 
gland NOS 

B900z00 Other 

Neoplasm of uncertain behaviour of oral cavity B901.11 Other 

Neoplasm of uncertain behaviour of pharynx B901.12 Other 

Neoplasm of uncertain behaviour of lip B901000 Other 

Neoplasm of uncertain behaviour of tongue B901100 Other 

Neoplasm of uncertain behaviour of minor salivary 
gland 

B901200 Other 

Neoplasm of uncertain behaviour of gums B901300 Other 

Neoplasm of uncertain behaviour of floor of mouth B901400 Other 

Neoplasm of uncertain behaviour of cheek B901500 Other 

Neoplasm of uncertain behaviour of palate B901600 Other 

Neoplasm of uncertain behaviour of nasopharynx B901700 Other 

Neoplasm of uncertain behaviour of oropharynx B901800 Other 
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Neoplasm of uncertain behaviour of hypopharynx B901900 Other 

Neoplasm of uncertain behaviour of stomach B902000 Other 

Neoplasm of uncertain behaviour of duodenum B902100 Other 

Neoplasm of uncertain behaviour of jejunum B902200 Other 

Neoplasm of uncertain behaviour of ileum B902300 Other 

Neoplasm of uncertain or unknown behaviour of 
appendix 

B902600 Other 

Neoplasm of uncertain behaviour of liver and biliary 
passage 

B903.00 Other 

Neoplasm of uncertain behaviour of biliary system B903.11 Other 

Neoplasm of uncertain behaviour of liver B903000 Other 

Neoplasm of uncertain behaviour of hepatic duct B903200 Other 

Neoplasm of uncertain behaviour of gall bladder B903300 Other 

Neoplasm of uncertain behaviour of cystic duct B903400 Other 

Neoplasm of uncertain behaviour of common bile duct B903500 Other 

Neoplasm of uncertain behaviour of ampulla of Vater B903600 Other 

Neoplasm of uncertain behaviour of sphincter of Oddi B903700 Other 

Neoplasm of uncertain behaviour of retroperitoneum B904000 Other 

Neoplasm of uncertain behaviour of peritoneum B904100 Other 

Neoplasm of uncertain behaviour of oesophagus B905000 Other 

Neoplasm of uncertain behaviour of pancreas B905100 Other 

Neoplasm of uncertain behaviour of anal canal and 
sphincter 

B905200 Other 

Neoplasm of uncertain behaviour of spleen B905300 Other 

Gastrointestinal stromal tumour B905400 Other 

Neoplasm of uncertain behaviour of larynx B906.00 Other 

Neoplasm of uncertain behaviour of thyroid cartilage B906000 Other 

Neoplasm of uncertain behaviour of cricoid cartilage B906100 Other 

Neoplasm of uncertain behaviour of epiglottis B906200 Other 

Neoplasm of uncertain behaviour of arytenoid cartilage B906300 Other 

Neoplasm of uncertain behaviour of corniculate 
cartilage 

B906400 Other 

Neoplasm of uncertain behaviour of aryepiglottic fold B906600 Other 

Neoplasm of uncertain behaviour of vestibular fold B906700 Other 

Neoplasm of uncertain behaviour of vocal cord B906800 Other 

Neoplasm of uncertain behaviour of larynx NOS B906z00 Other 

Neoplasm of uncertain behaviour of trachea B907000 Other 

Neoplasm of uncertain behaviour of pleura B908000 Other 

Neoplasm of uncertain behaviour of thymus B908100 Other 

Neoplasm of uncertain behaviour of mediastinum B908200 Other 

Neoplasm of uncertain behaviour of respiratory organs 
OS/NOS 

B90z.00 Other 

Neoplasm of uncertain behaviour of nasal cavity B90z000 Other 

Neoplasm of uncertain behaviour of tympanic cavity B90z100 Other 

Neoplasm of uncertain behaviour of eustachian tube B90z300 Other 

Neoplasm of uncertain behaviour of mastoid air cells B90z400 Other 



422 
 

Term Read code Cancer 
type 

Neoplasm of uncertain behaviour of maxillary sinus B90z500 Other 

Neoplasm of uncertain behaviour of ethmoidal sinus B90z600 Other 

Neoplasm of uncertain behaviour of frontal sinus B90z700 Other 

Neoplasm of uncertain behaviour of sphenoidal sinus B90z800 Other 

Neoplasm of uncertain behaviour of genitourinary 
organs 

B91..00 Other 

Neoplasm of uncertain behaviour of uterus B910.00 Other 

Neoplasm of uncertain behaviour of placenta B911.00 Other 

Malignant hydatidiform mole B911000 Other 

Choriocarcinoma B911013 Other 

Hydatidiform mole - malignant B911099 Other 

Neoplasm of uncertain behaviour of ovary B912.00 Other 

Neoplasm of uncertain behaviour other female genital 
organs 

B913.00 Other 

Neoplasm of uncertain behaviour of vagina B913000 Other 

Neoplasm of uncertain behaviour of vulva B913100 Other 

Neoplasm of uncertain behaviour of female genital 
organs NOS 

B913z00 Other 

Neoplasm of uncertain behaviour of testis B914.00 Other 

Neoplasm of uncertain behaviour of penis B916000 Other 

Neoplasm of uncertain behaviour of epididymis B916100 Other 

Neoplasm of uncertain behaviour of scrotum B916200 Other 

Neoplasm of uncertain behaviour of male genital 
organs NOS 

B916z00 Other 

Neoplasm of uncertain behaviour of bladder B917.00 Other 

Neoplasm of uncertain behaviour of urinary organs 
OS/NOS 

B91z.00 Other 

Neoplasm of uncertain behaviour of urinary organ NOS B91z.11 Other 

Neoplasm of uncertain behaviour of kidney B91z100 Other 

Renal neoplasm of uncertain behaviour B91z111 Other 

Neoplasm of uncertain or unknown behaviour of renal 
pelvis 

B91z300 Other 

Neoplasm of uncertain behaviour of pituitary gland B920000 Other 

Neoplasm of uncertain behaviour of craniopharyngeal 
duct 

B920100 Other 

Neoplasm of uncertain behaviour of pineal gland B921.00 Other 

Neoplasm of uncertain behaviour of adrenal gland B922.00 Other 

Neoplasm of uncertain behaviour of paraganglia B923.00 Other 

Neoplasm of uncertain behaviour of carotid body B923000 Other 

Neoplasm of uncertain behaviour of glomus jugulare B923100 Other 

Neoplasm of uncertain behaviour of coccygeal body B923300 Other 

Neoplasm of uncertain behaviour of paraganglia NOS B923z00 Other 

Neoplasm of uncertain behaviour other/unsp. 
endocrine glands 

B924.00 Other 

Neoplasm of uncertain behaviour of thyroid gland B924000 Other 

Neoplasm of uncertain behaviour of parathyroid gland B924100 Other 
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Neoplasm of uncertain behaviour of endocrine gland 
NOS 

B924z00 Other 

Neoplasm of uncertain behaviour of brain and spinal 
cord 

B925.00 Other 

Neoplasm of uncertain behaviour of brain B925000 Other 

Neoplasm of uncertain behaviour of spinal cord B925100 Other 

Neoplasm of uncertain or unknown behav brain, 
supratentorial 

B925200 Other 

Neoplasm of uncertain behaviour of brain or spinal cord 
NOS 

B925z00 Other 

Neoplasm of uncertain behaviour of meninges B926.00 Other 

Neoplasm of uncertain behaviour of cerebral meninges B926000 Other 

Neoplasm of uncertain behaviour of spinal meninges B926100 Other 

Neoplasm of uncertain behaviour of nervous system 
OS/NOS 

B92z.00 Other 

Neoplasm of uncertain behaviour of cranial nerves B92z000 Other 

Neoplasm of uncertain behaviour of nervous system 
NOS 

B92zz00 Other 

Neoplasm of uncertain behaviour of bone B930000 Other 

Neoplasm of uncertain behaviour of skin B932.00 Other 

Cystosarcoma phyllodes B933.11 Other 

Neoplasm of uncertain behaviour of histiocytic and 
mast cell 

B935.00 Other 

Neoplasm of uncertain behaviour of plasma cells B936.00 Other 

Myeloma - solitary B936.11 Other 

Plasmacytoma NOS B936.12 Other 

Neoplasm of uncertain behaviour of blood B937.11 Other 

Neoplasm of uncertain behaviour of other specified 
sites 

B93y.00 Other 

Neoplasm of uncertain behaviour of eye B93y000 Other 

Neoplasm of uncertain behaviour of heart B93y100 Other 

Neoplasm of uncertain behaviour otherwise specified B9y..00 Other 

Neoplasm of uncertain behaviour NOS B9z..00 Other 

Neoplasm of unspecified nature BA0..00 Other 

Neoplasm of unspecified nature of digestive system BA00.00 Other 

Neoplasm of unspecified nature of respiratory system BA01.00 Other 

Neoplasm of unspecified nature of bone, skin and soft 
tissue 

BA02.00 Other 

Neoplasm of unspecified nature of bone BA02000 Other 

Neoplasm of unspecified nature of soft tissue BA02100 Other 

Neoplasm of unspecified nature of skin BA02200 Other 

Neoplasm of unspec nature of bone, skin or soft tissue 
NOS 

BA02z00 Other 

Neoplasm of unspecified nature of bladder BA04.00 Other 

Neoplasm of unspecified nature of other genitourinary 
organs 

BA05.00 Other 

Neoplasm of unspecified nature of brain BA06.00 Other 
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Neoplasm of unspecified nature of other specified sites BA0y.00 Other 

Neoplasm of unspecified nature NOS BA0z.00 Other 

Neoplasm of unspecified nature NOS BAz..00 Other 

[M]Morphology of neoplasms BB...00 Other 

[M]Neoplasm, malignant BB02.00 Other 

Malignant neoplasm NOS BB02.98 Other 

Malignant neoplasms BB02.99 Other 

[M]Neoplasm, metastatic BB03.00 Other 

[M]Secondary neoplasm BB03.11 Other 

[M]Neoplasm, malig, uncertain whether primary or 
metastatic 

BB04.00 Other 

[M]Tumour cells, malignant BB07.00 Other 

[M]Malignant tumour, small cell type BB08.00 Other 

[M]Malignant tumour, giant cell type BB09.00 Other 

[M]Malignant tumour, fusiform cell type BB0A.00 Other 

[M]Carcinoma in situ NOS BB11.00 Other 

[M]Intraepithelial carcinoma NOS BB11.11 Other 

[M]Carcinoma NOS BB12.00 Other 

[M]Carcinoma, metastatic, NOS BB13.00 Other 

[M]Secondary carcinoma BB13.11 Other 

Metastatic Carcinoma BB13.99 Other 

[M]Carcinomatosis BB14.00 Other 

[M]Epithelioma, malignant BB16.00 Other 

[M]Large cell carcinoma NOS BB17.00 Other 

[M]Carcinoma, undifferentiated type, NOS BB18.00 Other 

[M]Carcinoma, anaplastic type, NOS BB19.00 Other 

[M]Pleomorphic carcinoma BB1A.00 Other 

[M]Giant cell and spindle cell carcinoma BB1B.00 Other 

[M]Giant cell carcinoma BB1C.00 Other 

[M]Spindle cell carcinoma BB1D.00 Other 

[M]Pseudosarcomatous carcinoma BB1E.00 Other 

[M]Polygonal cell carcinoma BB1F.00 Other 

[M]Spheroidal cell carcinoma BB1G.00 Other 

[M]Small cell carcinoma NOS BB1J.00 Other 

[M]Reserve cell carcinoma BB1J.11 Other 

[M]Round cell carcinoma BB1J.12 Other 

[M]Oat cell carcinoma BB1K.00 Other 

[M]Small cell carcinoma, fusiform cell type BB1L.00 Other 

[M]Small cell carcinoma, intermediate cell BB1M.00 Other 

[M]Small cell-large cell carcinoma BB1N.00 Other 

[M]Non-small cell carcinoma BB1P.00 Other 

[M]Squamous cell neoplasms BB2..12 Other 

[M]Papillary carcinoma in situ BB21.00 Other 

[M]Papillary carcinoma NOS BB22.00 Other 

[M]Verrucous carcinoma NOS BB24.00 Other 
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[M]Verrucous epidermoid carcinoma BB24.11 Other 

[M]Verrucous squamous cell carcinoma BB24.12 Other 

[M]Papillary squamous cell carcinoma BB26.00 Other 

[M]Papillary epidermoid carcinoma BB26.11 Other 

[M]Squamous cell carcinoma in situ NOS BB29.00 Other 

[M]Epidermoid carcinoma in situ BB29.11 Other 

[M]Intraepidermal carcinoma NOS BB29.12 Other 

[M]Intraepithelial squamous cell carcinoma BB29.13 Other 

[M]Squamous cell carcinoma NOS BB2A.00 Other 

[M]Epidermoid carcinoma NOS BB2A.11 Other 

[M]Spinous cell carcinoma BB2A.12 Other 

[M]Squamous cell carcinoma of skin NOS BB2A.13 Other 

[M]Squamous cell carcinoma, metastatic NOS BB2B.00 Other 

[M]Squamous cell carcinoma, keratinising type NOS BB2C.00 Other 

[M]Epidermoid carcinoma, keratinising type BB2C.11 Other 

[M]Squamous cell carcinoma, large cell, non-
keratinising 

BB2D.00 Other 

[M]Squamous cell carcinoma, small cell, non-
keratinising 

BB2E.00 Other 

[M]Squamous cell carcinoma, spindle cell type BB2F.00 Other 

[M]Adenoid squamous cell carcinoma BB2G.00 Other 

[M]Squamous cell carcinoma, microinvasive BB2J.00 Other 

[M]Lymphoepithelial carcinoma BB2M.00 Other 

[M]Basal cell tumour BB30.00 Other 

[M]Basal cell carcinoma NOS BB31.00 Other 

[M]Multicentric basal cell carcinoma BB32.00 Other 

[M]Basal cell carcinoma, morphoea type BB33.00 Other 

[M]Basal cell carcinoma, fibroepithelial type BB34.00 Other 

[M]Basosquamous carcinoma BB35.00 Other 

[M]Metatypical carcinoma BB36.00 Other 

[M]Superficial basal cell carcinoma BB3C.00 Other 

[M]Basal cell carcinoma, nodular BB3D.00 Other 

[M]Basal cell carcinoma, micronodular BB3E.00 Other 

[M]Basal cell carcinoma, infiltrative BB3F.00 Other 

[M]Pigmented basal cell carcinoma BB3G.00 Other 

[M]Transitional cell papillomas and carcinomas BB4..00 Other 

[M]Transitional cell carcinoma in situ BB42.00 Other 

[M]Transitional cell carcinoma NOS BB43.00 Other 

[M]Urothelial carcinoma BB43.11 Other 

[M]Schneiderian carcinoma BB46.00 Other 

[M]Transitional cell carcinoma, spindle cell type BB47.00 Other 

[M]Basaloid carcinoma BB48.00 Other 

[M]Cloacogenic carcinoma BB49.00 Other 

[M]Papillary transitional cell carcinoma BB4A.00 Other 
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Grade 1 (Stage pTa) papillary urothelial/transitional cell 
carcinoma 

BB4B.00 Other 

Grade 2 (Stage pTa) papillary urothelial/transitional cell 
carcinoma 

BB4C.00 Other 

Grade 3 (Stage pTa) papillary urothelial/transitional cell 
carcinoma 

BB4D.00 Other 

[M]Transitional cell papilloma or carcinoma NOS BB4z.00 Other 

[M]Adenomas and adenocarcinomas BB5..00 Other 

[M]Adenocarcinomas BB5..11 Other 

[M]Adenoma NOS BB50.00 Other 

[M]Adenocarcinoma in situ BB51.00 Other 

[M]Adenocarcinoma in situ in villous adenoma BB51000 Other 

[M]Adenocarcinoma in situ in tubulovillous adenoma BB51100 Other 

[M]Adenocarcinoma NOS BB52.00 Other 

[M]Adenocarcinoma in tubulovillous adenoma BB52000 Other 

[M]Adenocarcinoma, metastatic, NOS BB53.00 Other 

[M]Scirrhous adenocarcinoma BB54.00 Other 

[M]Linitis plastica BB55.00 Other 

[M]Superficial spreading adenocarcinoma BB56.00 Other 

[M]Adenocarcinoma, intestinal type BB57.00 Other 

[M]Carcinoma, diffuse type BB58.00 Other 

[M]Renal adenoma and carcinoma BB5a.00 Other 

[M]Renal cell carcinoma BB5a000 Other 

[M]Hypernephroma BB5a012 Other 

[M]Renal adenoma or carcinoma NOS BB5az00 Other 

[M]Granular cell carcinoma BB5b.00 Other 

[M]Pancreatic adenomas and carcinomas BB5B.00 Other 

[M]Islet cell carcinoma BB5B100 Other 

[M]Insulinoma, malignant BB5B300 Other 

[M]Beta-cell tumour, malignant BB5B311 Other 

[M]Glucagonoma, malignant BB5B500 Other 

[M]Alpha-cell tumour,malignant BB5B511 Other 

[M]Mixed islet cell and exocrine adenocarcinoma BB5B600 Other 

[M]Pancreatic adenoma or carcinoma NOS BB5Bz00 Other 

[M]Gastrinoma and carcinomas BB5C.00 Other 

[M]Parathyroid adenomas and adenocarcinomas BB5c.00 Other 

[M]Gastrinoma NOS BB5C000 Other 

[M]G cell tumour NOS BB5C011 Other 

[M]Gastrinoma, malignant BB5C100 Other 

[M]G cell tumour, malignant BB5C111 Other 

[M]Water-clear cell adenocarcinoma BB5c200 Other 

[M]Gastrinoma or carcinoma NOS BB5Cz00 Other 

[M]Parathyroid adenoma or adenocarcinoma NOS BB5cz00 Other 

[M]Hepatobiliary tract adenomas and carcinomas BB5D.00 Other 

[M]Biliary tract adenomas and adenocarcinomas BB5D.11 Other 
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[M]Cholangiocarcinoma BB5D100 Other 

[M]Mixed cell adenocarcinoma BB5d100 Other 

[M]Bile duct carcinoma BB5D111 Other 

[M]Bile duct cystadenocarcinoma BB5D300 Other 

[M]Hepatocellular carcinoma NOS BB5D500 Other 

[M]Hepatoma NOS BB5D511 Other 

[M]Hepatoma, malignant BB5D512 Other 

[M]Liver cell carcinoma BB5D513 Other 

[M]Combined hepatocellular carcinoma and 
cholangiocarcinoma 

BB5D700 Other 

[M]Hepatocholangiocarcinoma BB5D711 Other 

[M]Hepatocellular carcinoma, fibrolamellar BB5D800 Other 

[M]Hepatobiliary adenoma or carcinoma NOS BB5Dz00 Other 

[M]Trabecular adenocarcinoma BB5F.00 Other 

[M]Thyroid adenoma and adenocarcinoma BB5f.00 Other 

[M]Follicular adenocarcinoma NOS BB5f100 Other 

[M]Follicular carcinoma BB5f111 Other 

[M]Follicular adenocarcinoma, well differentiated type BB5f200 Other 

[M]Follicular adenocarcinoma, trabecular type BB5f300 Other 

[M]Papillary and follicular adenocarcinoma BB5f600 Other 

[M]Nonencapsulated sclerosing carcinoma BB5f700 Other 

[M]Thyroid adenoma or adenocarcinoma NOS BB5fz00 Other 

[M]Adrenal cortical tumours BB5h.00 Other 

[M]Adrenal cortical carcinoma BB5h100 Other 

[M]Adrenal cortical tumours NOS BB5hz00 Other 

[M]Adenoid cystic carcinoma BB5J.00 Other 

[M]Endometrioid adenomas and carcinomas BB5j.00 Other 

[M]Cylindroid adenocarcinoma BB5J.11 Other 

[M]Endometrioid carcinoma BB5j200 Other 

[M]Endometrioid adenofibroma, malignant BB5j500 Other 

[M]Endometrioid adenoma or carcinoma NOS BB5jz00 Other 

[M]Cribriform carcinoma BB5K.00 Other 

[M]Adenomatous and adenocarcinomatous polyps BB5L.00 Other 

[M]Adenomatous polyp NOS BB5L000 Other 

[M]Adenocarcinoma in adenomatous polyp BB5L100 Other 

[M]Adenocarcinoma in situ in adenomatous polyp BB5L200 Other 

[M]Adenocarcinoma in multiple adenomatous polyps BB5L300 Other 

[M]Adenomatous or adenocarcinomatous polyp NOS BB5Lz00 Other 

[M]Tubular adenomas and adenocarcinomas BB5M.00 Other 

[M]Tubular adenoma NOS BB5M000 Other 

[M]Tubular adenocarcinoma BB5M100 Other 

[M]Tubular adenoma or adenocarcinoma NOS BB5Mz00 Other 

[M]Adenomatous and adenocarcinomatous polyps of 
colon 

BB5N.00 Other 

[M]Adenoma or adenocarcinoma in polyposis coli BB5N.11 Other 
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[M]Adenocarcinoma in adenomatous polposis coli BB5N100 Other 

[M]Adenomatous or adenocarcinomatous polyps of the 
colon NOS 

BB5Nz00 Other 

[M]Solid carcinoma NOS BB5P.00 Other 

[M]Carcinoid tumours BB5R.00 Other 

[M]Carcinoid tumour, malignant BB5R100 Other 

[M]Carcinoid bronchial adenoma BB5R111 Other 

[M]Carcinoid tumour, argentaffin, NOS BB5R200 Other 

[M]Carcinoid tumour, argentaffin, malignant BB5R300 Other 

[M]Carcinoid tumour, nonargentaffin, malignant BB5R500 Other 

[M]Mucocarcinoid tumour, malignant BB5R600 Other 

[M]Adenocarcinoid tumour BB5R800 Other 

[M]Neuroendocrine carcinoma BB5R900 Other 

[M]Merkel cell carcinoma BB5RA00 Other 

[M]Carcinoid tumours NOS BB5Rz00 Other 

[M]Respiratory tract adenomas and adenocarcinomas BB5S.00 Other 

[M]Alveolar cell carcinoma BB5S211 Other 

[M]Bronchiolar carcinoma BB5S212 Other 

[M]Respiratory tract adenoma or adenocarcinoma NOS BB5Sz00 Other 

[M]Papillary adenomas and adenocarcinomas BB5T.00 Other 

[M]Papillary adenocarcinoma NOS BB5T100 Other 

[M]Papillary adenoma or adenocarcinoma NOS BB5Tz00 Other 

[M]Villous adenomas and adenocarcinomas BB5U.00 Other 

[M]Villous adenoma NOS BB5U000 Other 

[M]Adenocarcinoma in villous adenoma BB5U100 Other 

[M]Villous adenocarcinoma BB5U200 Other 

[M]Tubulovillous adenoma BB5U300 Other 

[M]Villous adenoma or adenocarcinoma NOS BB5Uz00 Other 

[M]Pituitary adenomas and carcinomas BB5V.00 Other 

[M]Chromophobe carcinoma BB5V100 Other 

[M]Acidophil carcinoma BB5V300 Other 

[M]Eosinophil carcinoma BB5V311 Other 

[M]Mixed acidophil-basophil carcinoma BB5V500 Other 

[M]Basophil carcinoma BB5V700 Other 

[M]Mucoid cell carcinoma BB5V711 Other 

[M]Pituitary adenoma or carcinoma NOS BB5Vz00 Other 

[M]Oxyphilic adenomas and adenocarcinomas BB5W.00 Other 

[M]Oxyphilic adenocarcinoma BB5W100 Other 

[M]Hurthle cell adenocarcinoma BB5W111 Other 

[M]Oncytic adenocarcinoma BB5W112 Other 

[M]Oxyphilic adenoma or adenocarcinoma NOS BB5Wz00 Other 

[M]Clear cell adenomas and adenocarcinomas BB5X.00 Other 

[M]Clear cell adenocarcinoma NOS BB5X100 Other 

[M]Clear cell adenoma or adenocarcinoma NOS BB5Xz00 Other 

[M]Basal cell adenocarcinoma BB5y000 Other 
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[M]Prolactinoma BB5y400 Other 

[M]Lipid-rich carcinoma BB5y500 Other 

[M]Glycogen-rich carcinoma BB5y600 Other 

[M]Adenoma or adenocarcinoma NOS BB5z.00 Other 

[M]Skin appendage adenoma and carcinoma BB60.00 Other 

[M]Skin appendage carcinoma BB60100 Other 

[M]Sweat gland adenoma and adenocarcinomas BB61.00 Other 

[M]Sweat gland adenocarcinoma BB61200 Other 

[M]Apocrine adenoma and adenocarcinomas BB62.00 Other 

[M]Apocrine adenocarcinoma BB62100 Other 

[M]Sebaceous adenoma and adenocarcinoma BB69.00 Other 

[M]Sebaceous adenocarcinoma BB69100 Other 

[M]Sebaceous adenoma or adenocarcinoma NOS BB69z00 Other 

[M]Ceruminous adenoma and adenocarcinoma BB6A.00 Other 

[M]Ceruminous adenocarcinoma BB6A100 Other 

[M]Mucoepidermoid carcinoma BB71.00 Other 

[M]Cystadenoma and carcinoma BB80.00 Other 

[M]Cystadenocarcinoma NOS BB80100 Other 

[M]Cystadenoma or carcinoma NOS BB80z00 Other 

[M]Ovarian cystadenoma or carcinoma BB81.11 Other 

[M]Ovarian mucinous tumour BB81.12 Other 

[M]Ovarian papillary tumour BB81.13 Other 

[M]Ovarian serous tumour BB81.14 Other 

[M]Serous cystadenocarcinoma, NOS BB81200 Other 

[M]Papillary cystadenocarcinoma, NOS BB81500 Other 

[M]Papillary serous cystadenocarcinoma BB81800 Other 

[M]Serous surface papillary carcinoma BB81B00 Other 

[M]Mucinous cystadenocarcinoma NOS BB81E00 Other 

[M]Pseudomucinous adenocarcinoma BB81E11 Other 

[M]Papillary mucinous cystadenocarcinoma BB81H00 Other 

[M]Papillary cystic tumour BB81L00 Other 

[M]Mucinous adenoma and adenocarcinoma BB82.00 Other 

[M]Mucinous adenocarcinoma BB82100 Other 

[M]Colloid adenocarcinoma BB82111 Other 

[M]Gelatinous adenocarcinoma BB82112 Other 

[M]Mucous adenocarcinoma BB82114 Other 

[M]Mucinous adenoma or adenocarcinoma NOS BB82z00 Other 

[M]Mucin-producing adenocarcinoma BB84.00 Other 

[M]Signet ring carcinoma BB85.00 Other 

[M]Signet ring cell carcinoma BB85000 Other 

[M]Metastatic signet ring cell carcinoma BB85100 Other 

[M]Signet ring carcinoma NOS BB85z00 Other 

[M]Infiltrating duct carcinoma BB91.00 Other 

[M]Duct carcinoma NOS BB91.11 Other 
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[M]Comedocarcinoma, noninfiltrating BB92.00 Other 

[M]Comedocarcinoma NOS BB93.00 Other 

[M]Juvenile breast carcinoma BB94.00 Other 

[M]Noninfiltrating intracystic carcinoma BB98.00 Other 

[M]Medullary carcinoma NOS BB9B.00 Other 

[M]C cell carcinoma BB9B.11 Other 

[M]Parafollicular cell carcinoma BB9B.12 Other 

[M]Medullary carcinoma with amyloid stroma BB9C.00 Other 

[M]Solid carcinoma with amyloid stroma BB9C.11 Other 

[M]Medullary carcinoma with lymphoid stroma BB9D.00 Other 

[M]Infiltrating ductular carcinoma BB9G.00 Other 

[M]Inflammatory carcinoma BB9H.00 Other 

[M]Intracystic carcinoma NOS BB9M.00 Other 

[M]Craniopharyngioma BBa0.00 Other 

[M]Acinar cell carcinoma BBA2.00 Other 

[M]Gliomas BBb..00 Other 

[M]Glioma, malignant BBb0.00 Other 

[M]Adenosquamous carcinoma BBB0.00 Other 

[M]Glioma NOS BBb0.11 Other 

[M]Gliosarcoma BBb0.12 Other 

[M]Adenolymphoma BBB1.00 Other 

[M]Adenocarcinoma with squamous metaplasia BBB2.00 Other 

[M]Adenocarcinoma with cartilaginous and osseous 
metaplasia 

BBB3.00 Other 

[M]Adenocarcinoma with spindle cell metaplasia BBB4.00 Other 

[M]Adenocarcinoma with apocrine metaplasia BBB5.00 Other 

[M]Choroid plexus papilloma NOS BBb5.00 Other 

[M]Choroid plexus papilloma, malignant BBb6.00 Other 

[M]Thymoma BBB6.00 Other 

[M]Thymoma, benign BBB6000 Other 

[M]Thymoma, malignant BBB6100 Other 

[M]Thymoma NOS BBB6z00 Other 

[M]Epithelial-myoepithelial carcinoma BBB7.00 Other 

[M]Primitive neuroectodermal tumour BBba.00 Other 

[M]Peripheral neuroectodermal tumour BBba000 Other 

[M]Astrocytoma NOS BBbB.00 Other 

[M]Glioblastoma NOS BBbL.00 Other 

[M]Glioblastoma multiforme BBbL.11 Other 

[M]Oligodendroglioma NOS BBbQ.00 Other 

[M]Oligodendroglioma, anaplastic type BBbR.00 Other 

[M]Cerebellar sarcoma NOS BBbW.00 Other 

[M]Glioma NOS BBbz.00 Other 

[M]Sex cord-stromal tumour BBC0.00 Other 

[M]Gonadal stromal tumour BBC0.11 Other 

[M]Ovarian stromal tumour BBC0.12 Other 
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[M]Testicular stromal tumour BBC0.13 Other 

[M]Sex cord tumour with annular tubules BBC0000 Other 

[M]Theca cell carcinoma BBC1100 Other 

[M]Granulosa cell tumour, malignant BBC4.00 Other 

[M]Granulosa cell-theca cell tumour BBC5.00 Other 

[M]Androblastoma, malignant BBC6100 Other 

[M]Arrhenoblastoma, malignant BBC6111 Other 

[M]Sertoli-Leydig cell tumour BBC7.00 Other 

[M]Sertoli cell tumour BBC9.13 Other 

[M]Sertoli cell carcinoma BBCA.00 Other 

[M]Leydig cell tumour BBCC.00 Other 

[M]Aesthesioneuroblastoma BBcC.00 Other 

[M]Olfactory neuroblastoma BBcC.11 Other 

[M]Leydig cell tumour, malignant BBCC100 Other 

[M]Interstitial cell tumour, malignant BBCC111 Other 

[M]Leydig cell tumour NOS BBCCz00 Other 

[M]Sclerosing stromal tumour BBCG.00 Other 

[M]Meningiomas BBd..00 Other 

[M]Meningioma NOS BBd0.00 Other 

[M]Paraganglioma, malignant BBD1.00 Other 

[M]Meningioma, malignant BBd2.00 Other 

[M]Leptomeningeal sarcoma BBd2.11 Other 

[M]Meningothelial sarcoma BBd2.12 Other 

[M]Glomus jugulare tumour BBD4.00 Other 

[M]Extra-adrenal paraganglioma, malignant BBD8.00 Other 

[M]Phaeochromocytoma, malignant BBDA.00 Other 

[M]Glomangiosarcoma BBDB.00 Other 

[M]Meningioma NOS BBdz.00 Other 

[M]Naevi and melanomas BBE..00 Other 

[M]Neurofibromas BBe..11 Other 

[M]Malignant melanoma NOS BBE1.00 Other 

[M]Melanocarcinoma BBE1.11 Other 

[M]Melanoma NOS BBE1.12 Other 

[M]Melanosarcoma NOS BBE1.13 Other 

[M]Naevocarcinoma BBE1.14 Other 

[M]Malignant melanoma, regressing BBE1000 Other 

[M]Desmoplastic melanoma, malignant BBE1100 Other 

[M]Nodular melanoma BBE2.00 Other 

[M]Neurofibrosarcoma BBe2.00 Other 

[M]Balloon cell melanoma BBE4.00 Other 

[M]Schwannoma NOS BBe5.13 Other 

[M]Neurilemmoma, malignant BBe7.00 Other 

[M]Schwannoma, malignant BBe7.11 Other 

[M]Neuroma NOS BBe8.00 Other 
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[M]Triton tumour, malignant BBe9.00 Other 

[M]Amelanotic melanoma BBEA.00 Other 

[M]Malignant melanoma in junctional naevus BBEC.00 Other 

[M]Precancerous melanosis NOS BBED.00 Other 

[M]Lentigo maligna BBEF.11 Other 

[M]Malignant melanoma in Hutchinson's melanotic 
freckle 

BBEG.00 Other 

[M]Lentigo maligna melanoma BBEG.11 Other 

[M]Acral lentiginous melanoma, malignant BBEG000 Other 

[M]Superficial spreading melanoma BBEH.00 Other 

[M]Malignant melanoma in giant pigmented naevus BBEM.00 Other 

[M]Juvenila melanoma BBEN.11 Other 

[M]Epithelioid cell melanoma BBEP.00 Other 

[M]Spindle cell melanoma NOS BBEQ.00 Other 

[M]Spindle cell melanoma, type B BBES.00 Other 

[M]Mixed epithelioid and spindle melanoma BBET.00 Other 

[M]Blue naevus, malignant BBEV.00 Other 

[M]Naevi or melanoma NOS BBEz.00 Other 

[M]Granular cell tumours and alveolar soft part 
sarcoma 

BBf..00 Other 

[M]Soft tissue tumours and sarcomas NOS BBF..00 Other 

[M]Granular cell tumour NOS BBf0.00 Other 

[M]Granular cell tumour, malignant BBf1.00 Other 

[M]Sarcoma NOS BBF1.00 Other 

[M]Alveolar soft part sarcoma BBf2.00 Other 

[M]Sarcomatosis NOS BBF2.00 Other 

[M]Spindle cell sarcoma BBF3.00 Other 

[M]Giant cell sarcoma (except of bone) BBF4.00 Other 

[M]Pleomorphic cell sarcoma BBF4.11 Other 

[M]Small cell sarcoma BBF5.00 Other 

[M]Round cell sarcoma BBF5.11 Other 

[M]Epithelioid cell sarcoma BBF6.00 Other 

[M]Soft tissue tumour or sarcoma NOS BBFz.00 Other 

[M]Lymphomas, NOS or diffuse BBg..00 Other 

[M]Fibrosarcoma NOS BBG1.00 Other 

[M]Malignant lymphoma NOS BBg1.00 Other 

[M]Lymphoma NOS BBg1.11 Other 

[M]Malignant lymphoma, diffuse NOS BBg1000 Other 

[M]Malignant lymphoma, non Hodgkin's type BBg2.00 Other 

[M]Non Hodgkins lymphoma BBg2.11 Other 

[M]Fibromyxosarcoma BBG3.00 Other 

[M]Malignant lymphoma, undifferentiated cell type 
NOS 

BBg3.00 Other 

[M]Malignant lymphoma, stem cell type BBg4.00 Other 

[M]Periosteal fibrosarcoma BBG5.00 Other 
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[M]Malignant lymphoma, convoluted cell type NOS BBg5.00 Other 

[M]Malignant lymphoma, lymphoplasmacytoid type BBg7.00 Other 

[M]Infantile fibrosarcoma BBG8.00 Other 

[M]Malignant lymphoma, immunoblastic type BBg8.00 Other 

[M]Congenital fibrosarcoma BBG8.11 Other 

[M]Malignant lymphoma, centroblastic-centrocytic, 
diffuse 

BBgA.00 Other 

[M]Malignant lymphoma, follicular centre cell NOS BBgB.00 Other 

[M]Malignant lymphoma, lymphocytic, well 
differentiated NOS 

BBgC.00 Other 

[M]Lymphocytic lymphoma NOS BBgC.11 Other 

[M]Lymphocytic lymphosarcoma NOS BBgC.12 Other 

[M]Fibrous histiocytoma NOS BBGD.00 Other 

[M]Malig lymphoma, lymphocytic, intermediate 
different NOS 

BBgD.00 Other 

[M]Malignant lymphoma, centrocytic BBgE.00 Other 

[M]Fibrous histiocytoma, malignant BBGF.00 Other 

[M]Malignant lymphoma, lymphocytic, poorly different 
NOS 

BBgG.00 Other 

[M]Lymphoblastic lymphosarcoma NOS BBgG.11 Other 

[M]Lymphoblastic lymphoma NOS BBgG.12 Other 

[M]Prolymphocytic lymphosarcoma BBgH.00 Other 

[M]Fibroxanthoma, malignant BBGJ.00 Other 

[M]Malignant lymphoma, centroblastic type NOS BBgJ.00 Other 

[M]Fibroxanthosarcoma BBGJ.11 Other 

[M]Malig lymphoma, follicular centre cell, non-cleaved 
NOS 

BBgK.00 Other 

[M]Malignant lymphoma, small lymphocytic NOS BBgL.00 Other 

[M]Dermatofibrosarcoma NOS BBGM.00 Other 

[M]Malignant lymphoma, small cleaved cell, diffuse BBgM.00 Other 

[M]Malign lymphoma,lymphocytic,intermediate differn, 
diffuse 

BBgN.00 Other 

[M]Malignant lymphoma, mixed small and large cell, 
diffuse 

BBgP.00 Other 

[M]Pigmented dermatofibrosarcoma protuberans BBGP.00 Other 

[M]Malignant lymphomatous polyposis BBgQ.00 Other 

[M]Malignant lymphoma, large cell, diffuse NOS BBgR.00 Other 

[M]Malignant lymphoma, large cell, cleaved, diffuse BBgS.00 Other 

[M]Malignant lymphoma, large cell, noncleaved, diffuse BBgT.00 Other 

[M]Malignant lymphoma, small cell, noncleaved, diffuse BBgV.00 Other 

[M]Lymphoma, diffuse or NOS BBgz.00 Other 

[M]Myxoma NOS BBH0.00 Other 

[M]Reticulosarcoma NOS BBh0.00 Other 

[M]Reticulum cell sarcoma NOS BBh0.11 Other 

[M]Myxosarcoma BBH1.00 Other 

[M]Reticulosarcoma NOS BBhz.00 Other 
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[M]Lipomatous neoplasms BBJ..00 Other 

[M]Hodgkin's disease BBj..00 Other 

[M]Hodgkin's disease NOS BBj0.00 Other 

[M]Lymphogranuloma, malignant BBj0.11 Other 

[M]Liposarcoma NOS BBJ1.00 Other 

[M]Hodgkin's disease, lymphocytic predominance BBj1.00 Other 

[M]Fibroliposarcoma BBJ1.11 Other 

[M]Hodgkin,s disease, lymphocytic predominance, 
diffuse 

BBj1000 Other 

[M]Hodgkin,s disease, lymphocytic predominance, 
nodular 

BBj1100 Other 

[M]Hodgkin's disease, mixed cellularity BBj2.00 Other 

[M]Liposarcoma, well differentiated type BBJ3.00 Other 

[M]Hodgkin's disease,lymphocytic depletion,diffuse 
fibrosis 

BBj4.00 Other 

[M]Myxoid liposarcoma BBJ5.00 Other 

[M]Myxoliposarcoma BBJ5.12 Other 

[M]Round cell liposarcoma BBJ6.00 Other 

[M]Hodgkin's disease, nodular sclerosis NOS BBj6.00 Other 

[M]Hodgkin,s disease, nodular sclerosis, lymphocytic 
predom 

BBj6000 Other 

[M]Hodgkin,s disease, nodular sclerosis, mixed 
cellularity 

BBj6100 Other 

[M]Hodgkin,s disease, nodular sclerosis, lymphocytic 
deplet 

BBj6200 Other 

[M]Pleomorphic liposarcoma BBJ7.00 Other 

[M]Mixed type liposarcoma BBJ8.00 Other 

[M]Hodgkin's granuloma BBj9.00 Other 

[M]Hodgkin's sarcoma BBjA.00 Other 

[M]Dedifferentiated liposarcoma BBJH.00 Other 

[M]Hodgkin's disease NOS BBjz.00 Other 

[M]Lymphomas, nodular or follicular BBk..00 Other 

[M]Malignant lymphoma, nodular NOS BBk0.00 Other 

[M]Follicular lymphosarcoma NOS BBk0.12 Other 

[M]Giant follicular lymphoma BBk0.13 Other 

[M]Leiomyosarcoma NOS BBK0200 Other 

[M]Epithelioid leiomyosarcoma BBK0400 Other 

[M]Myxoid leiomyosarcoma BBK0700 Other 

[M]Angiomyosarcoma BBK1100 Other 

[M]Malignant lymphoma, centroblastic-centrocytic, 
follicular 

BBk2.00 Other 

[M]Myoma and myosarcoma BBK2.00 Other 

[M]Myosarcoma BBK2100 Other 

[M]Myoma or myosarcoma NOS BBK2z00 Other 

[M]Malig lymphoma, lymphocytic, well 
differentiated,nodular 

BBk3.00 Other 
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[M]Rhabdomyosarcoma NOS BBK3100 Other 

[M]Pleomorphic rhabdomyosarcoma BBK3200 Other 

[M]Mixed cell rhabdomyosarcoma BBK3300 Other 

[M]Embryonal rhabdomyosarcoma BBK3600 Other 

[M]Sarcoma botryoides BBK3611 Other 

[M]Alveolar rhabdomyosarcoma BBK3700 Other 

[M]Malignant lymphoma, centroblastic type, follicular BBk7.00 Other 

[M]Lymphoma, nodular or follicular NOS BBkz.00 Other 

[M]Complex mixed and stromal neoplasms BBL..00 Other 

[M]Mycosis fungoides BBl..00 Other 

[M]Endometrial stromal sarcoma BBL0.00 Other 

[M]Mycosis fungoides BBl0.00 Other 

[M]Sezary's disease BBl1.00 Other 

[M]Mixed tumour, malignant, NOS BBL4.00 Other 

[M]Mixed and stromal renal neoplasms BBL7.00 Other 

[M]Wilms' tumour BBL7112 Other 

[M]Hepatoblastoma BBL8.00 Other 

[M]Carcinosarcoma NOS BBL9.00 Other 

[M]Carcinosarcoma, embryonal type BBLA.00 Other 

[M]Mesenchymoma, malignant BBLC100 Other 

[M]Embryonal sarcoma BBLD.00 Other 

[M]Adenosarcoma BBLE.00 Other 

[M]Carcinoma in pleomorphic adenoma BBLG.00 Other 

[M]Rhabdoid sarcoma BBLH.00 Other 

[M]Clear cell sarcoma of kidney BBLJ.00 Other 

[M]Complex mixed or stromal neoplasm NOS BBLz.00 Other 

[M]Brenner tumour, borderline malignancy BBM0000 Other 

[M]Brenner tumour, malignant BBM0100 Other 

[M]Malignant histiocytosis BBm1.00 Other 

[M]Malignant reticulosis BBm1.11 Other 

[M]Acute progressive histiocytosis X BBm3.12 Other 

[M]True histiocytic lymphoma BBm4.00 Other 

[M] Peripheral T-cell lymphoma NOS BBm5.00 Other 

[M]Cystosarcoma phyllodes NOS BBM8.00 Other 

[M]Cystosarcoma phyllodes, malignant BBM9.00 Other 

[M] Monocytoid B-cell lymphoma BBm9.00 Other 

[M] Cutaneous lymphoma BBmD.00 Other 

[M] Large cell lymphoma BBmH.00 Other 

[M]Waldenstrom's macroglobulinaemia BBmK.00 Other 

[M]Plasma cell tumours BBn..00 Other 

[M]Plasma cell myeloma BBn0.00 Other 

[M]Multiple myeloma BBn0.11 Other 

[M]Myeloma NOS BBn0.12 Other 

[M]Myelomatosis BBn0.13 Other 
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[M]Plasmacytic myeloma BBn0.14 Other 

[M]Synovial sarcoma NOS BBN1.00 Other 

[M]Plasmacytoma NOS BBn2.00 Other 

[M]Solitary myeloma BBn2.12 Other 

[M]Plasma cell tumour, malignant BBn3.00 Other 

[M]Synovial sarcoma, biphasic type BBN4.00 Other 

[M]Clear cell sarcoma of tendons and aponeuroses BBN5.00 Other 

[M]Plasma cell tumour NOS BBnz.00 Other 

[M]Mesothelioma, malignant BBP1.00 Other 

[M]Mast cell sarcoma BBp1.00 Other 

[M]Fibrous mesothelioma, malignant BBP3.00 Other 

[M]Epithelioid mesothelioma, malignant BBP5.00 Other 

[M]Mesothelioma, biphasic type, malignant BBP7.00 Other 

[M]Cystic mesothelioma BBP9.00 Other 

[M]Mesothelioma, unspecified BBPX.00 Other 

[M]Burkitt's tumours BBq..00 Other 

[M]Burkitt's tumour BBq0.00 Other 

[M]Seminomas BBQ1.00 Other 

[M]Seminoma, anaplastic type BBQ1000 Other 

[M]Spermatocytic seminoma BBQ1100 Other 

[M]Seminoma NOS BBQ1z00 Other 

[M]Embryonal carcinoma NOS BBQ3.00 Other 

[M]Infantile embryonal carcinoma BBQ4.11 Other 

[M]Polyembryonal embryonal carcinoma BBQ5.11 Other 

[M]Teratomas BBQ7.00 Other 

[M]Adult cystic teratoma BBQ7011 Other 

[M]Mature teratoma BBQ7012 Other 

[M]Teratoma NOS BBQ7100 Other 

[M]Teratoma, malignant, NOS BBQ7200 Other 

[M]Embryonal teratoma BBQ7211 Other 

[M]Immature teratoma BBQ7212 Other 

[M]Teratoblastoma, malignant BBQ7213 Other 

[M]Teratocarcinoma BBQ7300 Other 

[M]Malignant teratoma, undifferentiated type BBQ7400 Other 

[M]Malignant teratoma, intermediate type BBQ7500 Other 

[M]Teratoma NOS BBQ7z00 Other 

[M]Struma ovarii, malignant BBQA100 Other 

[M]Mixed germ cell tumour BBQB.00 Other 

[M]Leukaemias BBr..00 Other 

[M]Leukaemias unspecified BBr0.00 Other 

[M]Leukaemia NOS BBr0000 Other 

[M]Acute leukaemia NOS BBr0100 Other 

[M]Blast cell leukaemia BBr0111 Other 

[M]Blastic leukaemia BBr0112 Other 
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[M]Stem cell leukaemia BBr0113 Other 

[M]Subacute leukaemia NOS BBr0200 Other 

[M]Chronic leukaemia NOS BBr0300 Other 

[M]Aleukaemic leukaemia NOS BBr0400 Other 

[M]Leukaemia unspecified, NOS BBr0z00 Other 

[M]Compound leukaemia BBr1000 Other 

[M]Mixed leukaemia BBr1011 Other 

[M]Choriocarcinoma BBR2.00 Other 

[M]Lymphoid leukaemias BBr2.00 Other 

[M]Lymphoid leukaemia NOS BBr2000 Other 

[M]Lymphatic leukaemia BBr2011 Other 

[M]Acute lymphoid leukaemia BBr2100 Other 

[M]Subacute lymphoid leukaemia BBr2200 Other 

[M]Chronic lymphoid leukaemia BBr2300 Other 

[M]Aleukaemic lymphoid leukaemia BBr2400 Other 

[M]Prolymphocytic leukaemia BBr2500 Other 

[M]Burkitt's cell leukaemia BBr2600 Other 

[M]Adult T-cell leukaemia/lymphoma BBr2700 Other 

[M]Choriocarcinoma combined with teratoma BBR3.00 Other 

[M]Plasma cell leukaemias BBr3.00 Other 

[M]Plasma cell leukaemia BBr3000 Other 

[M]Plasma cell leukaemia NOS BBr3z00 Other 

[M]Erythroleukaemias BBr4.00 Other 

[M]Malignant teratoma, trophoblastic BBR4.00 Other 

[M]Erythroleukaemia BBr4000 Other 

[M]Erythroleukaemia NOS BBr4z00 Other 

[M]Lymphosarcoma cell leukaemia BBr5000 Other 

[M]Myeloid leukaemias BBr6.00 Other 

[M]Myeloid leukaemia NOS BBr6000 Other 

[M]Granulocytic leukaemia NOS BBr6011 Other 

[M]Acute myeloid leukaemia BBr6100 Other 

[M]Subacute myeloid leukaemia BBr6200 Other 

[M]Chronic myeloid leukaemia BBr6300 Other 

[M]Naegeli-type monocytic leukaemia BBr6311 Other 

[M]Aleukaemic myeloid leukaemia BBr6400 Other 

[M]Neutrophilic leukaemia BBr6500 Other 

[M]Acute promyelocytic leukaemia BBr6600 Other 

[M]Acute myelomonocytic leukaemia BBr6700 Other 

[M]Chronic myelomonocytic leukaemia BBr6800 Other 

[M]Juvenile myelomonocytic leukaemia BBr6900 Other 

[M]Other myeloid leukaemia NOS BBr6z00 Other 

[M]Basophilic leukaemia BBr7000 Other 

[M]Eosinophilic leukaemias BBr8.00 Other 

[M]Eosinophilic leukaemia BBr8000 Other 
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[M]Eosinophilic leukaemia NOS BBr8z00 Other 

[M]Monocytic leukaemia NOS BBr9000 Other 

[M]Histiocytic leukaemia BBr9011 Other 

[M]Schilling-type monocytic leukaemia BBr9012 Other 

[M]Acute monocytic leukaemia BBr9100 Other 

[M]Subacute monocytic leukaemia BBr9200 Other 

[M]Chronic monocytic leukaemia BBr9300 Other 

[M]Aleukaemic monocytic leukaemia BBr9400 Other 

[M]Miscellaneous leukaemias BBrA.00 Other 

[M]Mast cell leukaemia BBrA000 Other 

[M]Megakaryocytic leukaemia BBrA100 Other 

[M]Thrombocytic leukaemia BBrA111 Other 

[M]Myeloid sarcoma BBrA300 Other 

[M]Chloroma BBrA311 Other 

[M]Granulocytic sarcoma BBrA312 Other 

[M]Hairy cell leukaemia BBrA400 Other 

[M]Acute megakaryoblastic leukaemia BBrA500 Other 

[M]Acute myelofibrosis BBrA700 Other 

[M]Miscellaneous leukaemia NOS BBrAz00 Other 

[M]Leukaemia NOS BBrz.00 Other 

[M]Misc myeloproliferative and lymphoproliferative 
disorders 

BBs..00 Other 

[M]Mesonephroma, malignant BBS2.00 Other 

[M]Chronic myeloproliferative disease BBs2.00 Other 

[M]Wolffian duct carcinoma BBS2.11 Other 

[M]Misc myeloproliferative or lymphoproliferative dis 
NOS 

BBsz.00 Other 

[M]Haemangiosarcoma BBT1.00 Other 

[M]Angiosarcoma BBT1.11 Other 

[M]Haemangioendothelioma, malignant BBT7100 Other 

[M]Kaposi's sarcoma BBTA.00 Other 

[M]Haemangiopericytoma, malignant BBTD200 Other 

[M]Epithelioid haemangioendothelioma, malignant BBTK.00 Other 

[M]Lymphangiosarcoma BBU1.00 Other 

[M]Osteomas and osteosarcomas BBV..00 Other 

[M]Juxtacortical osteogenic sarcoma BBV..11 Other 

[M]Parosteal osteosarcoma BBV..12 Other 

[M]Periosteal osteogenic sarcoma BBV..13 Other 

[M]Monocytoid B-cell lymphoma BBv0.00 Other 

[M]Osteosarcoma NOS BBV1.00 Other 

[M]Osteoblastic sarcoma BBV1.11 Other 

[M]Osteochondrosarcoma BBV1.12 Other 

[M]Osteogenic sarcoma NOS BBV1.13 Other 

[M]AngiocentricT-cell lymphoma BBv2.00 Other 

[M]Chondroblastic osteosarcoma BBV2.00 Other 
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[M]Fibroblastic osteosarcoma BBV3.00 Other 

[M]Osteofibrosarcoma BBV3.11 Other 

[M]Telangiectatic osteosarcoma BBV4.00 Other 

[M]Osteosarcoma in Paget's disease of bone BBV5.00 Other 

[M]Juxtacortical osteosarcoma BBV6.00 Other 

[M]Myxoid chondrosarcoma BBV9.00 Other 

[M] Small cell osteosarcoma BBVA.00 Other 

[M]Osteoma or osteosarcoma NOS BBVz.00 Other 

[M]Chondrosarcoma NOS BBW4.00 Other 

[M]Fibrochondrosarcoma BBW4.11 Other 

[M]Juxtacortical chondrosarcoma BBW6.00 Other 

[M]Chondromatous giant cell tumour BBW7.11 Other 

[M]Chondroblastoma, malignant BBW8.00 Other 

[M]Mesenchymal chondrosarcoma BBW9.00 Other 

[M]Giant cell tumour of bone, malignant BBX1.00 Other 

[M]Giant cell bone sarcoma BBX1.11 Other 

[M]Osteoclastoma, malignant BBX1.12 Other 

[M]Malignant giant cell tumour of soft parts BBX3.00 Other 

[M]Ewing's sarcoma BBY0.00 Other 

[M]Endothelial bone sarcoma BBY0.11 Other 

[M]No microscopic confirmation of tumour, clinically 
malig 

BBy1.00 Other 

[M]No microscopic confirmation tumour, clinically 
metastatic 

BBy2.00 Other 

[M]Neuroendocrine neoplasm BBz0.00 Other 

[M]Odontogenic tumour, benign BBZ0.00 Other 

[M]Odontogenic tumour, malignant BBZ2.00 Other 

[M]Intraosseous carcinoma BBZ2.11 Other 

[M]Ameloblastic odontosarcoma BBZC.00 Other 

[M]Ameloblastoma, malignant BBZG.00 Other 

[M]Adamantinoma, malignant BBZG.11 Other 

[M]Ameloblastic fibrosarcoma BBZN.00 Other 

[M]Odontogenic fibrosarcoma BBZN.11 Other 

[X]Malignant neoplasm of lip, oral cavity and pharynx Byu0.00 Other 

[X]Malignant neoplasm of digestive organs Byu1.00 Other 

[X]Other specified carcinomas of liver Byu1100 Other 

[X]Malignant neoplasm of intestinal tract, part 
unspecified 

Byu1200 Other 

[X]Malignant neoplsm/ill-defin sites within digestive 
system 

Byu1300 Other 

[X]Malignant neoplasm of respiratory and intrathoracic 
orga 

Byu2.00 Other 

[X]Malignant neoplasm/overlap 
lesion/heart,mediastinm+pleura 

Byu2100 Other 

[X]Malignant neoplasm/upper resp tract, part 
unspecified 

Byu2200 Other 
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[X]Malignant neopl/overlapping les/resp+intrathoracic 
organs 

Byu2300 Other 

[X]Malignant neoplasm/ill-defined sites within resp 
system 

Byu2400 Other 

[X]Malignant neoplasm of mediastinum, part 
unspecified 

Byu2500 Other 

[X]Malignant neoplasm of bone and articular cartilage Byu3.00 Other 

[X]Mal neoplasm/overlap lesion/bone+articular 
cartilage/limb 

Byu3000 Other 

[X]Malignant neoplasm/bones+articular 
cartilage/limb,unspfd 

Byu3100 Other 

[X]Malignant neoplasm/overlap lesion/bone+articulr 
cartilage 

Byu3200 Other 

[X]Malignant neoplasm/bone+articular cartilage, 
unspecified 

Byu3300 Other 

[X]Melanoma and other malignant neoplasms of skin Byu4.00 Other 

[X]Malignant melanoma of other+unspecified parts of 
face 

Byu4000 Other 

[X]Malignant melanoma of skin, unspecified Byu4100 Other 

[X]Oth malignant neoplasm/skin of oth+unspecfd parts 
of face 

Byu4200 Other 

[X]Malignant neoplasm of skin, unspecified Byu4300 Other 

[X]Malignant neoplasm of mesothelial and soft tissue Byu5.00 Other 

[X]Mesothelioma of other sites Byu5000 Other 

[X]Mesothelioma of lung Byu5011 Other 

[X]Mesothelioma, unspecified Byu5100 Other 

[X]Kaposi's sarcoma, unspecified Byu5300 Other 

[X]Malignant neoplasm/peripheral nerves of 
trunk,unspecified 

Byu5400 Other 

[X]Mal neoplasm/overlap les/periph nerv+autonomic 
nerv systm 

Byu5500 Other 

[X]Mal neoplasm/periph nerves+autonomic nervous 
system,unspc 

Byu5600 Other 

[X]Malignant neoplasm of peritoneum, unspecified Byu5700 Other 

[X]Mal neoplasm/connective+soft tissue of 
trunk,unspecified 

Byu5800 Other 

[X]Malignant neoplasm/connective + soft 
tissue,unspecified 

Byu5900 Other 

[X]Malignant neoplasm overlapping lesion of skin Byu5A00 Other 

[X]Kaposi's sarcoma of other sites Byu5B00 Other 

[X]Malignant neoplasm of female genital organs Byu7.00 Other 

[X]Malignant neoplasm of uterine adnexa, unspecified Byu7000 Other 

[X]Malignant neoplasm/other specified female genital 
organs 

Byu7100 Other 

[X]Malignant neoplasm/overlapping lesion/feml genital 
organs 

Byu7200 Other 

[X]Malignant neoplasm of female genital organ, 
unspecified 

Byu7300 Other 
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Term Read code Cancer 
type 

[X]Malignant neoplasm of male genital organs Byu8.00 Other 

[X]Malignant neoplasm/other specified male genital 
organs 

Byu8000 Other 

[X]Malignant neoplasm/overlapping lesion/male genital 
organs 

Byu8100 Other 

[X]Malignant neoplasm of male genital organ, 
unspecified 

Byu8200 Other 

[X]Malignant neoplasm of urinary tract Byu9.00 Other 

[X]Malignant neoplasm of urinary organ, unspecified Byu9000 Other 

[X]Malignant neoplasm of eye, brain and other parts of 
cent 

ByuA.00 Other 

[X]Malignant neoplasm/other and unspecified cranial 
nerves 

ByuA000 Other 

[X]Malignant neoplasm/central nervous system, 
unspecified 

ByuA100 Other 

[X]Malignant neoplasm of meninges, unspecified ByuA200 Other 

[X]Malig neopl, overlap lesion brain & other part of CNS ByuA300 Other 

[X]Malignant neoplasm of thyroid and other endocrine 
glands 

ByuB.00 Other 

[X]Malignant neoplasm-pluriglandular 
involvement,unspecified 

ByuB000 Other 

[X]Malignant neoplasm of endocrine gland, unspecified ByuB100 Other 

[X]Malignant neoplasm of ill-defined, secondary and 
unspeci 

ByuC.00 Other 

[X]Malignant neoplasm of other specified sites ByuC000 Other 

[X]Malignant neoplasm/overlap lesion/other+ill-defined 
sites 

ByuC100 Other 

[X]2ndry+unspcf malignant neoplasm lymph 
nodes/multi regions 

ByuC200 Other 

[X]Secondary malignant neoplasm/oth+unspc 
respiratory organs 

ByuC300 Other 

[X]Secondary malignant neoplasm/oth+unspcfd 
digestive organs 

ByuC400 Other 

[X]2ndry malignant neoplasm/bladder+oth+unsp 
urinary organs 

ByuC500 Other 

[X]2ndry malignant neoplasm/oth+unspec 
parts/nervous system 

ByuC600 Other 

[X]Secondary malignant neoplasm of other specified 
sites 

ByuC700 Other 

[X]Malignant neoplasm without specification of site ByuC800 Other 

[X]Malignant neoplasms of lymphoid, haematopoietic 
and rela 

ByuD.00 Other 

[X]Other Hodgkin's disease ByuD000 Other 

[X]Other types of follicular non-Hodgkin's lymphoma ByuD100 Other 

[X]Other types of diffuse non-Hodgkin's lymphoma ByuD200 Other 

[X]Other specified types of non-Hodgkin's lymphoma ByuD300 Other 

[X]Other malignant immunoproliferative diseases ByuD400 Other 

[X]Other lymphoid leukaemia ByuD500 Other 
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Term Read code Cancer 
type 

[X]Other myeloid leukaemia ByuD600 Other 

[X]Other monocytic leukaemia ByuD700 Other 

[X]Other specified leukaemias ByuD800 Other 

[X]Other leukaemia of unspecified cell type ByuD900 Other 

[X]Mal neoplasm/lymphoid,haematopoietic+related 
tissu,unspcf 

ByuDB00 Other 

[X]Diffuse non-Hodgkin's lymphoma, unspecified ByuDC00 Other 

[X]Oth and unspecif peripheral & cutaneous T-cell 
lymphomas 

ByuDD00 Other 

[X]Unspecified B-cell non-Hodgkin's lymphoma ByuDE00 Other 

[X]Non-Hodgkin's lymphoma, unspecified type ByuDF00 Other 

[X]Non-Hodgkin's lymphoma NOS ByuDF11 Other 

[X]Malignant neoplasms/independent (primary) 
multiple sites 

ByuE.00 Other 

[X]Malignant neoplasms/independent(primary)multiple 
sites 

ByuE000 Other 

[X]Carcinoma in situ of other specified digestive organs ByuF100 Other 

[X]Carcinoma in situ of other parts of respiratory 
system 

ByuF300 Other 

[X]Carcinoma in situ of skin, unspecified ByuF900 Other 

[X]Carcinoma in situ of other parts of cervix ByuFA00 Other 

[X]Carcinoma in situ of oth+unspecified male genital 
organs 

ByuFC00 Other 

Waldenstrom's hypergammaglobulinaemic purpura C330000 Other 

Macroglobulinaemia C333.00 Other 

Waldenstrom's macroglobulinaemia C333000 Other 

Macroglobulinaemia NOS C333z00 Other 

Hand - Schuller - Christian disease C37y000 Other 

Eosinophilic granuloma C37y100 Other 

Histiocytosis X , chronic C37y500 Other 

Histiocytosis X , unspecified C37y600 Other 

Langerhans' cell histiocytosis C37yB00 Other 

Tumour lysis syndrome C37yD00 Other 

Anaemia in neoplastic disease D212.00 Other 

Anaemia in ovarian carcinoma D212000 Other 

Myelofibrosis D41y100 Other 

Cerebral degeneration due to neoplastic disease F11x400 Other 

Myelopathy due to neoplastic disease F163100 Other 

Myasthenic syndrome due to other malignancy F381100 Other 

Myopathy due to malignant disease F396200 Other 

Disorder of optic chiasm due to non-pituitary neoplasm F4H5100 Other 

Visual pathway disorder due to neoplasm F4H6000 Other 

Visual cortex disorder due to neoplasm F4H7000 Other 

Malignant otitis externa F501A00 Other 

[X]Paraneoplastic neuromyopathy and neuropathy Fyu1300 Other 
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Term Read code Cancer 
type 

[X]Other myasthenic syndromes in neoplastic disease 
CE 

Fyu8400 Other 

Malignant hypertensive renal disease G220.00 Other 

Malignant hypertensive heart AND renal disease G230.00 Other 

Secondary malignant hypertension G240.00 Other 

Secondary malignant renovascular hypertension G240000 Other 

Malignant pleural effusion H51y700 Other 

[RFC] Cancer HNG0600 Other 

Leukoplakia of gingiva J086000 Other 

Oral leukoedema J087200 Other 

Tumour of uterine body in 
pregnancy/childbirth/puerperium 

L241.00 Other 

Tumour of uterine body affecting obstetric care L241000 Other 

Tumour of uterine body - baby delivered L241100 Other 

Tumour of uterine body - baby delivered + p/n 
complication 

L241200 Other 

Tumour of uterine body complicating a/n care, baby not 
deliv 

L241300 Other 

Lymphomatoid papulosis M162800 Other 

Dermatopolymyositis in neoplastic disease N003100 Other 

Osteitis deformans in neoplastic disease N311000 Other 

Osteoporosis in multiple myelomatosis N330900 Other 

Fracture of bone in neoplastic disease N331700 Other 

[X]Dermato(poly)myositis in neoplastic disease CE Nyu4800 Other 

[X]Osteitis deformans in neoplastic diseases CE NyuCD00 Other 

[X]Fracture of bone in neoplastic diseases CE NyuCE00 Other 

[V]Personal history of malignant neoplasm ZV10.00 Other 

[V]Personal history of malignant neoplasm of anus ZV10011 Other 

[V]Personal history of malignant neoplasm of intestine ZV10013 Other 

[V]Personal history of malignant neoplasm of large 
intestine 

ZV10014 Other 

[V]Personal history of malignant neoplasm of liver ZV10015 Other 

[V]Personal history of malignant neoplasm of 
oesophagus 

ZV10016 Other 

[V]Personal history of malignant neoplasm of stomach ZV10018 Other 

[V]Personal history of malignant neoplasm of tongue ZV10019 Other 

[V]Personal history of malignant neoplasm of trachea ZV10113 Other 

[V]Personal history of malig neop other intrathoracic 
organ 

ZV10200 Other 

[V]Personal history of malignant neoplasm - accessory 
sinus 

ZV10211 Other 

[V]Personal history of malignant neoplasm of larynx ZV10212 Other 

[V]Personal history of malignant neoplasm of middle 
ear 

ZV10213 Other 

[V]Personal history of malignant neoplasm of nose ZV10214 Other 

[V]Personal history of malignant neoplasm of genital 
organ 

ZV10400 Other 
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Term Read code Cancer 
type 

[V]Personal history of malignant neoplasm of cervix 
uteri 

ZV10411 Other 

[V]Personal history of malignant neoplasm of genital 
organ 

ZV10412 Other 

[V]Personal history malignant neoplasm - male genital 
organ 

ZV10413 Other 

[V]Personal history of malignant neoplasm of ovary ZV10414 Other 

[V]Personal history of malignant neoplasm of testis ZV10416 Other 

[V]Personal history of malignant neoplasm of uterine 
body 

ZV10417 Other 

[V]Personal history of malignant neoplasm of urinary 
organ 

ZV10500 Other 

[V]Personal history of malignant neoplasm of bladder ZV10511 Other 

[V]Personal history of malignant neoplasm of kidney ZV10512 Other 

[V]Personal history of malignant neoplasm of kidney ZV10513 Other 

[V]Personal history of leukaemia ZV10600 Other 

[V]Personal history of lymphoid leukaemia ZV10611 Other 

[V]Personal history of monocytic leukaemia ZV10612 Other 

[V]Personal history of myeloid leukaemia ZV10613 Other 

[V]Personal history other lymphatic/haematopoietic 
neoplasm 

ZV10700 Other 

[V]Personal history of Hodgkin's disease ZV10711 Other 

[V]Personal history of lymphosarcoma ZV10712 Other 

[V]Personal history of other haematopoietic neoplasm ZV10713 Other 

[V]Personal history of reticulosarcoma ZV10714 Other 

[V]Personal history of other specified malignant 
neoplasm 

ZV10y00 Other 

[V]Personal history of malignant neoplasm of bone ZV10y11 Other 

[V]Personal history of malignant neoplasm of brain ZV10y12 Other 

[V]Personal history of malignant neoplasm of eye ZV10y13 Other 

[V]Personal history of malignant neoplasm of skin ZV10y14 Other 

[V]Personal history of malignant neoplasm of thyroid ZV10y15 Other 

[V]Personal history of malignant neoplasm of tongue ZV10y16 Other 

[V]Personal history of unspecified malignant neoplasm ZV10z00 Other 

[V]PH of cervical intraepithelial neoplasia, grade III ZV13E00 Other 

[V]Personal history of chemotherapy for neoplastic 
disease 

ZV1C300 Other 

[V]Chemotherapy session for neoplasm ZV58800 Other 

[V]Follow-up examination aft surgery for malignant 
neoplasm 

ZV67600 Other 

[V]Follow-up exam after radiotherapy for malignant 
neoplasm 

ZV67700 Other 

[V]Follow-up examin after chemotherapy for malign 
neoplasm 

ZV67800 Other 

[V]Follow-up examination after chemotherapy for 
leukaemia 

ZV67811 Other 
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type 

[V]Follow-up exam aft combined treatment for malig 
neoplasm 

ZV67900 Other 

[V]Folow-up exam aft other treatment for malignant 
neoplasm 

ZV67A00 Other 

[V]Folow-up exam aft unspec treatment for malignant 
neoplasm 

ZV67B00 Other 

[X]Personal history/malignant neoplasms/other 
organs+systems 

ZVu6H00 Other 

[M]Adenosarcoma BBL7111 Other 

Aurum specific codes   

[RFC] Bowel cancer HNG0189 Bowel 

[RFC] Cancer of the rectum HNG0201 Bowel 

[RFC] Breast cancer HNG0190 Breast 

Lymphoedema following breast cancer G8615 Breast 

Breast cancer follow up - enhanced services 
administration 

EMISNQBR35 Breast 

Prostate cancer follow up - enhanced services 
administration 

EMISNQPR149 Breast 

Local recurrence of malignant tumour of breast EMISNQLO13 Breast 

[RFC] Lung cancer HNG0207 Lung 

Small cell lung cancer EMISNQSM10 Lung 

Primary malignant neoplasm of lung EMISNQPR69 Lung 

Adenocarcinoma of lung EMISNQAD45 Lung 

Squamous cell carcinoma of lung EMISNQSQ1 Lung 

Large cell carcinoma of lung EMISNQLA74 Lung 

Carcinoid tumour of lung EMISNQCA85 Lung 

Non-small cell lung cancer EMISNQNO51 Lung 

[RFC] Cancer of the prostate HNG0200 Prostate 

Prostatic intraepithelial neoplasia EMISNQPR140 Prostate 

[RFC] Liver cancer HNG0194 Other 

Treatment for a regional recurrence of cancer EMISNQTR68 Other 

Second or subsequent treatment for a new primary 
cancer 

EMISNQSE135 Other 

First definitive treatment for a new primary cancer EMISNQFI39 Other 

Lymphoedema following cancer G8614 Other 

Treatment for a local recurrence of a primary cancer EMISNQTR67 Other 

Delayed diagnosis of cancer EMISNQDE64 Other 

[M]Neuroendocrine neoplasm ESCTNE1 Other 

History of transurethral resection of bladder tumour ESCTHI4 Other 

Non hodgkin lymphoma EGTON299 Other 

Basal cell carcinoma EGTON1107 Other 

Low risk of oral carcinoma EMISD_LO34 Other 

[M]Metaplastic carcinoma EMISNQME100 Other 

High risk of oral carcinoma EMISD_HI2 Other 

Medium risk of oral carcinoma EMISD_ME39 Other 

High risk basal cell carcinoma EMISNQHI85 Other 
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type 

Excision melanoma EGTON83 Other 

[M]Metaplastic melanoma EMISNQME101 Other 

Recurrence of cancer confirmed EMISNQRE38 Other 

Has cancer key worker EMISNQHA31 Other 

Participant in cancer diagnosis decision rules (CANDID) 
study 

EMISNQPA331 Other 

Extended consultation for cancer EMISNQEX43 Other 

Treatment for a distant recurrence of cancer 
(metastatic disease) 

EMISNQTR69 Other 

Treatment for progression of primary cancer (second or 
subsequent) 

EMISNQTR71 Other 

Treatment for multiple recurrence of cancer (local 
and/or regional and/or distant) 

EMISNQTR72 Other 

Treatment for relapse of primary cancer (second or 
subsequent) 

EMISNQTR70 Other 

Malignant neoplasm of skin JHCMA19 Other 

Local recurrence of malignant tumour of urinary 
bladder 

EMISNQLO12 Other 

History of malignant tumour of pelvis EMISNQHI51 Other 

H/O: malignant neoplasm of vulva 142D Other 

H/O: malignant neoplasm of uterine body 142F Other 

H/O: malignant neoplasm of ovary 142G Other 

H/O: malignant neoplasm of cervix 142E Other 

Cause of Death- carcinoma of oesophagus EGTON2EGTON203 Other 

CPRD GOLD specific codes   

[M]Grade 1 (Stage pTa) papillary urothelial/transit cell 
ca 

BB4B Other 

[M]Grade 2 (Stage pTa) papillary urothelial/transit cell 
ca 

BB4C Other 

[M]Grade 3 (Stage pTa) papillary urothelial/transit cell 
ca 

BB4D Other 

 

Appendix 4 Code lists for defining admission causes 

Included admission types 

 ICD-10 Cause for post-hoc 
analysis 

Physical health admission 

Infections and parasitic disease A00-B99 Infections 

Neoplasms C00-C97; D00-D09 Cancer 

Neoplasms D10-D36 Benign neoplasms 

Neoplasms D37-D48 Unknown neoplasms 

Diseases of the blood D50-D89 Blood conditions 

Endocrine, nutritional and metabolic 
disease 

E00-E90 Metabolic conditions 

Diseases of the nervous system G00-G99 Nervous system 
conditions 
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 ICD-10 Cause for post-hoc 
analysis 

Diseases of the eye and adnexa H00-H59 Eyes and ears 

Diseases of the ear and mastoid process H60-H95 Eyes and ears 

Diseases of the circulatory system I00-I99 Circulatory conditions 

Diseases of the respiratory system J00-J99 Respiratory conditions 

Diseases of the digestive system K00-K93 Digestive conditions 

Diseases of the skin and subcutaneous 
tissue 

L00-L99 Skin conditions 

Diseases of the musculoskeletal system 
and connective tissue 

M00-M99 Musculoskeletal 
conditions 

Diseases of the genitourinary system N00-N99 Genitourinary conditions 

Symptoms and signs involving the 
circulatory and respiratory system 

R00-R09 Respiratory/circulatory 
symptoms 

Symptoms and signs involving the 
digestive system and abdomen 

R10-R19 Digestive symptoms 

Symptoms and signs involving the skin 
and subcutaneous tissue 

R20-R23 Skin symptoms 

Symptoms and signs involving the 
nervous and musculoskeletal systems 

R25-R29 Musculoskeletal 
symptoms 

Symptoms and signs involving the urinary 
system 

R30-R39 Genitourinary symptoms 

Fever of unknown origin NOS R50 Pain/malaise/fever 

Headache NOS R51 Pain/malaise/fever 

Pain NOS R52 Pain/malaise/fever 

Malaise and fatigue NOS R53 Pain/malaise/fever 

Syncope and collapse NOS R55 Collapse/convulsions 

Convulsions NOS R56 Collapse/convulsions 

Shock NOS R57 Other 

Enlarged lymph nodes NOS R59 Pain/malaise/fever 

Cachexia R64 Other 

Systemic inflammatory response 
syndrome 

R65 Other 

Hypothermia not associated with low 
environmental temperature 

R68.0 Other 

Elevated erythrocytes R70 Abnormal finding 

Abnormality of red blood cells R71 Abnormal finding 

Abnormality of white blood cells R72 Abnormal finding 

Elevated blood glucose R73 Abnormal finding 

Abnormal serum enzyme levels R74 Abnormal finding 

Laboratory evidence of HIV R75 Abnormal finding 

Other abnormal immunological findings in 
serum 

R76 Abnormal finding 

Other abnormalities of plasma proteins R77 Abnormal finding 

Other abnormalities of blood chemistry R79 Abnormal finding 

Other abnormal findings in urine R80.2 - R82.4; 
R82.6-R82.9 

Abnormal finding 

Abnormal findings on examination of other 
bodily fluid 

R83-R89 Abnormal finding 

Abnormal findings on diagnostic 
imaging/function studies 

R90-R94 Abnormal finding 

New disease of uncertain aetiology U00 -U 49 Other 

Bacterial agent resistant to antibiotics U80-U89 Other 
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 ICD-10 Cause for post-hoc 
analysis 

General health check Z00.0-Z00.3; 
Z00.6-Z00.8 

Screening 

General health check  Z01 - Z02 Screening 

Observation for suspected TB Z03.0 Observation for 
suspected disease 

Observation for suspected malignant 
neoplasm 

Z03.1 Observation for 
suspected disease 

Other observation Z03.3-Z03.5; Z03.8; 
Z03.9 

Observation for 
suspected disease 

Malignant neoplasm follow up Z08 Cancer 

Follow up after radiotherapy Z09.1 Follow up after condition 

Follow up after chemotherapy Z09.2 Follow up after condition 

Health check of subpopulations Z10 Other 

Infectious disease screening Z11 Screening 

Cancer screening Z12 Screening 

Screening for other diseases Z13.0-Z13.2; 
Z13.5-6; Z13.; 
Z13.9 

Screening 

Infectious disease health hazard Z20-Z29 Other 

Prophylactic surgery Z40 Other 

Management of implanted device Z45 Follow up/rehab 

Dialysis Z49 Other 

Cardiac rehabilitation Z50 Follow up/rehab 

Radiotherapy Z51.0 Follow up/rehab 

Chemotherapy Z51.1; Z51.2 Follow up/rehab 

Desensitisation to allergens Z51.6 Follow up/rehab 

Convalescence following radiotherapy Z54.1 Follow up/rehab 

Convalescence following chemotherapy Z54.2 Follow up/rehab 

Dietary counselling Z71.3 Lifestyle/counselling 

HIV counselling Z71.7 Lifestyle/counselling 

Family history of cancer Z80 Other 

Personal history of cancer Z85 Personal history of 
disease 

Personal history of other diseases Z86.0-Z86.3; 
Z86.6-Z86.7 

Personal history of 
disease 

Personal history of other diseases Z87.0-Z87.4; 
Z87.6-Z87.8 

Personal history of 
disease 

Personal history of allergy Z88; Z91.0 Personal history of 
disease 

Transplant status Z94 Personal history of 
disease 

Presence of cardiovascular implants and 
grafts 

Z95 Personal history of 
disease 

Accident, injuries, and substance misuse 

Findings of drugs or other substances not 
normally found in blood 

R78  

Injuries S00-S99  

Injuries T00-T14  

Foreign bodies T15-T19  

Burns and corrosions T20-T32  

Frostbite T33-T35  
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 ICD-10 Cause for post-hoc 
analysis 

Poisoning T36-T65  

Unspecified external cause T66-T78  

Complications of trauma T79  

Sequelae of injuries/poisoning T90-98  

Accidents V01-X59  

Intentional self-harm X60-X84  

Assault X85-Y09  

Undetermined intent Y10-Y34  

War Y35-Y36  

Sequelae of external causes Y85-Y87  

Sequelae of external causes Y89  

Evidence of alcohol involvement Y90 -Y91  

Observation for suspected toxic effect of 
ingested substance 

Z03.6  

Blood alcohol/drug observation Z04.0  

Observation after injury Z04.1-Z04.9  

Follow up after fracture Z09.4  

Alcohol rehabilitation Z50.2  

Drug rehabilitation Z50.3  

Convalescence following treatment of 
fracture 

Z54.4  

Alcohol counselling Z71.4  

Drug counselling Z71.5  

Tobacco counselling Z71.6  

Problems related to lifestyle Z72  

Personal history of substance misuse Z86.4  

Personal history of self harm Z91.5  

Personal history of other physical trauma Z91.6  

Other admissions 

Speech and voice R47-R49  

Haemorrhage NOS R58  

Oedema NOS R60  

Hyperhidrosis R61  

Symptoms and signs concerning food and 
fluid intake 

R63  

Dry mouth R68.2  

Clubbing of nails R68.3  

Other specified general symptoms and 
signs 

R68.8  

Unknown and unspecified R69  

Elevated urine levels of drugs, 
medicaments and biological substances 

R82.6  

Ill defined and unknown cause of mortality R95-R99  

Complications of surgery/medical care T80-T88  

Complications of surgery/medical care Y40-Y84  

Sequelae of surgical and medical care Y88  

Nosocomial condition Y95  
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 ICD-10 Cause for post-hoc 
analysis 

Work related condition Y96  

Environmental pollution related condition Y97  

Lifestyle related condition Y98  

Examination of donor material Z00.5  

Follow up after surgery Z09.0  

Other follow up Z09.7-Z09.9  

Surgery for non medical reason Z41  

Correction to plastic surgery Z42  

Attention to artificial openings Z43  

Fitting prosthesis Z44  

Fitting other device Z46  

Other orthopaedic follow up Z47  

Other surgical follow up care Z48  

Other physical therapy Z50.1  

Speech therapy Z50.5  

Orthoptic therapy Z50.6  

Occupational therapy Z50.7  

Other rehabilitation Z50.8; Z50.9  

Blood transfusion Z51.3  

Preparatory care for other care Z51.4  

Palliative care Z51.5  

Other medical care Z51.8; Z51.9  

Donor Z52  

Procedure not carried out Z53  

Convalescence following surgery Z54.0  

Convalescence following other treatment Z54.7-Z54.9  

Socioeconomic/psychosocial problems Z55-Z65  

Sexual attitude/behaviour/orientation 
counselling 

Z70  

Consulting on behalf of someone else Z71.0  

Worried well Z71.1  

Explanation of findings Z71.2  

Other counselling Z71.8-Z71.9  

Care dependent Z74  

Awaiting appropriate facilities Z75  

Other circumstances Z76  

Family history of mental disorder Z81  

Other family history of chronic disease Z82-Z84  

Acquired absence of limb Z89  

Acquired absence of organ Z90  

Personal history of non compliance/poor 
hygiene/poor sleep/other 

Z91.1-Z91.3; Z91.8  

Personal history of medical treatment Z92  

Artificial opening status Z93  

Presence of other implants Z96-Z97  

Other post surgical states Z98-99  
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Excluded admission types 

 ICD-10 

Mental health admissions 

Mental and behavioural disorders F00-F99 

Psychiatric examination Z00.4 

Observation for suspected mental and 
behavioural disorders 

Z03.2 

Screening for mental and behavioural 
disorders 

Z13.3 

Psychotherapy Z50.4 

Convalescence following psychotherapy Z54.3 

Personal history of mental disorder Z86.5 

Personal history of psychological trauma Z91.4 

Potentially mental health related (exclude 
from analysis) 

 

Symptoms and signs involving cognition, 
perception, emotional states and 
behaviour 

R40-R46 

Senility R54 

Follow up after psychotherapy Z09.3 

Screening for developmental disorders of 
childhood 

Z13.4 

Problems related to life management 
difficulty 

Z73 

Maternity admissions 

Pregnancy, childbirth, puerperium O00-O99 

Certain conditions originating in the 
perinatal period 

P00-P99 

Non specific symptoms peculiar to infancy R68.1 

Circumstances related to reproduction Z30-Z39 

Personal history of maternity 
complications 

Z87.5-Z87.6 

Congenital admissions 

Congenital malformations, deformations 
and chromosomal anomalies 

Q00-Q99 

Lack of normal physiological development R62 

Screening for congenital Z13.7 

Personal history of congenital Z87.7 

 

Appendix 5 Code list for ambulatory care sensitive conditions 

 Group Capture ICD-10 codes 

Asthma Chronic 1st diagnosis 
of 1st 
episode 

J45, J46 J 

Congestive heart 
failure 

Chronic 1st diagnosis 
of 1st 
episode 

I11.0, I50, J81 
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COPD Chronic 1st diagnosis 
of 1st 
episode 

J41, J42, J43, J44, J47 
 
J20 (acute bronchitis) if 
underlying chronic 
bronchitis is listed at any 
point during spell 

Angina Chronic 1st diagnosis 
of 1st 
episode 

I20, I24.0, I24.8, I24.9 

Iron deficiency 
anaemia 

Chronic 1st diagnosis 
of 1st 
episode 

D50.1, D50.8, D50.9 

Hypertension Chronic 1st diagnosis 
of 1st 
episode 

I10, I11.9 

Nutritional 
deficiencies 

Acute 1st diagnosis 
of 1st 
episode 

E40, E41, E42, E43,.E55.0, 
E64.3 

Dehydration and 
gastroenteritis 

Acute 1st diagnosis 
of 1st 
episode 

E86, K52.2, K52.8, K52.9 

Pyelonephritis Acute 1st diagnosis 
of 1st 
episode 

N10, N11, N12, N13.6 

Perforated/bleeding 
ulcer 

Acute 1st diagnosis 
of 1st 
episode 

K25.0-K25.2, K25.4-K25.6, 
K26.0- K26.2, K26.4-K26.6, 
K27.0-K27.2, K27.4-K27.6, 
K28.0- K28.2, K28.4-K28.6 

Cellulitis Acute 1st diagnosis 
of 1st 
episode 

L03, L04, L08.0, L08.8, L08.9, 
L88, L98.0 

Pelvic inflammatory 
disease 

Acute 1st diagnosis 
of 1st 
episode 

N70, N73, N74 

ENT infections Acute 1st diagnosis 
of 1st 
episode 

H66, H67, J02, J03, J06, 
J31.2 

Dental conditions Acute 1st diagnosis 
of 1st 
episode 

A69.0, K02, K03, K04, K05, 
K06, K08, K09.8, K09.9, K12, 
K13 

Convulsions and 
epilepsy 

Chronic 1st diagnosis 
of 1st 
episode 

G40, G41, R56, O15 

Gangrene Acute Any 
diagnosis in 
admission 

R02 

Diabetes 
complications 

Chronic Any 
diagnosis in 
admission 

E10.0-E10.8; E11.0-E11.8; 
E12.0-E12.8; E13.0-E13.8; 
E14.0-E14.8 

Influenza and 
pneumonia 

Vaccine-
preventable 

Any 
diagnosis in 
admission 

In the absence of D57: 
J10, J11, J13, J14, J15.3, 
J15.4, J15.7, J15.9, J16.8, 
J18.1, J18.8  
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Other vaccine 
preventable 

Vaccine-
preventable 

Any 
diagnosis in 
admission 

A35, A36, A37, A80, B05, 
B06, B26, B16.1, B16.9, 
B18.0, B18.1, G00.0, M01.4 

Note: Patients with an admission for cancer within a year of these codes were not deemed to 

have had an ambulatory care sensitive episode.  
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Appendix 6 Code list for primary care consultations 

CPRD GOLD 

Consultation code Consultation Type 

9 Surgery consultation 

1 Clinic 

33 Triage 

39 Medicine Management 

11 Acute visit 

18 Emergency Consultation 

3 Follow-up/routine visit 

34 Walk-in Centre 

36 Co-op Surgery Consultation 

61 Extended Hours 

40 Community Clinic 

CPRD Aurum 

Medcode ID Consultation Type 

1672871000006114 GP Surgery 

1672851000006116 Face to face consultation 

1809171000006114 Routine consultation 

62211000000111 Clinic note 

301141000000112 Seen in GP unit 

1809161000006119 Urgent consultation 

285368015 Emergency appointment 

1809181000006112 Emergency consultation 

1672621000006114 Walk-in clinic 

1931821000006119 Same day appointment 

1809191000006110 Extended hours consultation 

1672881000006112 Face to face consultation with relative/carer 

1850001000006116 Follow up attendance face to face 

1928501000006119 Seen in rapid access clinic at GP surgery 

241721000006114 Patient initiated enc. NOS  

1839331000006117 Seen in chronic obstructive pulmonary disease clinic 

1912191000006112 Multidisciplinary team meeting with patient 

285223014 Seen in diabetic clinic 

 

 


