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Abstract  
  

Background  

It is well established that people with severe mental illness (SMI; schizophreniform and 

bipolar disorders) have a significantly shorter life expectancy, and their risks of type 2 

diabetes mellitus (T2DM) are also higher than expected. Relatively little research has 

evaluated outcomes of T2DM or its management in people with SMI, still less in a UK 

context. However, novel data resources, particularly linkages across healthcare sectors 

present opportunities to increase the evidence base.  

Methods  

A series of analyses were carried out based around SMI cases defined through the Clinical 

Record Interactive Search (CRIS) platform at the South London and Maudsley NHS 

Foundation Trust (SLAM) representing mental healthcare use in four boroughs of southeast 

London.  

For the first study, a natural language processing (NLP) application was developed to 

improve ascertainment of recorded HbA1c levels, and the frequency of recorded levels was 

investigated in patients following newly diagnosed SMI, comparing this according to 

demographic and clinical factors.  

The second study developed this further by investigating HbA1c recording in a series of 

cross-sectional samples of patients with SMI, additionally considering those with or without 

a recorded diabetes diagnosis.  

The third study used a linkage between CRIS and Lambeth DataNet (LDN) data from all 

primary care services in one of SLAM’s catchment boroughs. Drawing information from all 

LDN patients with T2DM, those with new SMI diagnoses were compared to matched 
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controls in relation to measures of diabetes care, glycaemic control, and outcomes. 

Associations with adverse outcomes were investigated further in relation to ethnicity and 

diagnostic subtype within the SMI cohort.  

The fourth study used a linkage between CRIS and national Hospital Episode Statistics 

(HES) data. In patients with pre-existing SMI, those with newly recorded diabetes were 

ascertained and compared with matched controls in relation to hospitalisations for 

cardiovascular disorders and mortality. These associations and additional hospitalisations for 

diabetes-related adverse outcomes were investigated further in relation to ethnicity and 

diagnostic subtype within those with comorbid SMI and diabetes.  

Results  

Study 1: Of 21,462 patients with SMI, HbA1c level was only recorded in 32.2%. Recording 

was higher in non-white ethnic groups, younger age groups, men, and those with 

schizophreniform (compared to bipolar) diagnoses. When recorded, mean HbA1c was higher 

in older age groups, men, non-white ethnic groups, and those with schizophreniform 

disorders.  

Study 2: In the primary sample of 5046 patients with SMI in mid-2015, HbA1c levels were 

recorded in 22.8%, again associated with younger age, non-white ethnicity, and 

schizophreniform diagnoses. A relatively high proportion of the sample (8.8%) had recorded 

diabetes.  

Study 3: In a cohort of 693 cases with SMI and T2DM compared to 3366 controls, age-

adjusted all-cause mortality was increased 4.5-fold; however, of a range of outcomes 

investigated, only reduced likelihood of a foot examination and reduced likelihood of retinal 

screening were statistically significant.  



4 
 

Study 4: In 6107 cases with SMI and recorded diabetes compared to 12,407 controls, diabetes 

comorbidity was associated with indicators of more severe SMI and a higher risk of 

hospitalisations for cardiovascular disease or amputations, but not with higher age-adjusted 

mortality.  

Conclusions   

Comorbidity of SMI and diabetes was associated with adverse outcomes, although longer 

follow-up periods may be required to capture some inequalities. Suboptimal monitoring of 

dysglycaemia in mental health services and suboptimal healthcare receipt in primary care 

would be obvious targets for future interventions.  
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In the UK, it has been estimated that around one in four people will suffer from some form of 

mental health problem each year (McManus et al, 2009). Serious mental illness (SMI), 

although a widely used term, is irregularly defined, being used sometimes to describe any 

mental health problem receiving specialist care, at others to describe more specific illnesses. 

Within a research setting, SMI is typically accepted to encompass all forms of schizophrenia-

type disorders as well as bipolar disorder. Within a clinical setting, this is sometimes 

expanded further to include any psychotic disorder, such as depression with psychosis. 

This chapter aims to provide an introduction to SMI, an overview of the different conditions 

that SMI encompasses, and detail on how these conditions are diagnosed, as well their 

prevalence. The chapter will then go on to summarise what is currently known about risk 

factors for SMI and the impact of the conditions within this grouping. This will be followed 

by a more specific overview of physical health in SMI, including health inequalities and the 

increased levels of mortality that have been reported (Firth et al. 2019). Finally, I will go on 

to consider diabetes as a particular comorbidity, summarising the nature of the disorder in the 

general population, how it is diagnosed and treated, as well as its prevalence and impact. 

 

1.1 Serious mental illness (SMI) 

For the purpose of this introduction, I will follow the typical definition of SMI used in 

research settings, which includes all types of psychotic disorders as well as bipolar disorders 

and other affective psychoses. In terms of ICD-10 diagnostic categories, the following 

disorders may be recognised as SMI: 

• Schizophrenia,   

• Schizoaffective disorder,   
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• Bipolar disorder  

• Severe depressive episode with psychotic symptoms,  

• Persistent delusional disorder,  

• Acute and transient psychosis,   

• Psychosis not otherwise specified,   

• Nonorganic psychosis,   

• Postpartum psychosis.   

(See Appendix 1 for full list.) 

 

The term psychosis describes mental disorders which cause significant alternations to a 

person's perception, thoughts, mood, and behaviour (NICE 2020). Psychotic symptoms in 

schizophrenia can be broken down further into positive or negative symptoms. Positive 

symptoms include hallucinations, delusions, and disorganised thinking, speech, or behaviour. 

Negative symptoms include withdrawal, anhedonia, poverty of speech, and blunted affect. 

The definitions of component disorders within SMI have evolved over time with the current 

names and classifications gradually falling into place over the past 160 years.  

 

1.1.1 A brief history 

Attempts to classify and understand the psychotic mental illnesses began over a century ago. 

In 1852 the physician Benedict Morel described cases of intellectual disturbances in 

adolescents in France which he termed demence precoce (Morel, 1852). In 1874, in 

Germany, Karl Kahlbaum (Lanczik, 1992) focussed attention on an illness which he called 

'tension insanity' or 'catatonia', in which stupor occurred in the absence of any physical 
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ailment (or 'disease of the nervous system'). In 1896 the German psychiatrist, Kraepelin, and 

associates brought previously described syndromes (demence precoce, hebephrenia, 

catatonia and demence paranoides) together to group them as a ‘psychological degeneration 

process’ (Kraepelin, 1896).  Kraepelin further broke down psychotic disorders into two 

illnesses: manic depressive insanity (now bipolar disorder) and dementia praecox. Kraepelin 

made this distinction according to the disease course, with manic depression having a 

relapsing and remitting course (i.e., episodes with intervening return to health). Dementia 

praecox was thought to be chronic and to include a progressive decline, and this was replaced 

by the term ‘schizophrenia’ by Bleuler (Bleuler, 1911). This change in name was favoured 

because the disease did not affect only the young (i.e., was not ‘praecox’), or show a 

progressive decline in everyone (i.e., was not ‘dementia’) as Kraepelin had previously 

suggested.  The new term schizophrenia can be broken down into two parts and translates to 

mean split (schizein) mind (phren). The term ‘bipolar disorder’ was developed in the 1950’s 

and was used to describe patients experiencing opposite moods, i.e., mania and depression, 

and gradually replaced manic depression as a diagnostic term.  

Even in the present day, there is not a complete distinction of diagnoses and many psychotic 

symptoms in the various disorders overlap. Schneider, a German psychiatrist, tried to 

distinguish between them by formulating a list of what he classified as 'pathogenic' to 'first 

rank' symptoms, and these are now used widely as a set of experiences that are strongly 

indicative of schizophrenia (Schneider, 1959). These are summarised in Box 1 and led in turn 

to the DSM and ICD classification systems used in psychiatry across the world today. 

 

  



25 
 

Box 1.1: A summary of Schneider’s first rank symptoms (taken from Soares-Weiser, 

2015) 

 

  

First rank symptom Definition 

Auditory hallucinations Auditory perceptions with no cause. 

These auditory hallucinations have to be of particular 

types: 

Hearing thoughts spoken aloud 

Hearing voices referring to himself/herself made in 

the third person 

Auditory hallucinations in the form of a commentary 

Thought withdrawal, insertion, 

and interruption 

A person's thoughts are under control of an outside 

agency and can be removed, inserted (and felt to be alien 

to him/her) or interrupted by others. 

Thought broadcasting As the person is thinking everyone is thinking in unison 

with him/her. 

Somatic hallucinations A hallucination involving the perception of a physical 

experience with the body 

Delusional perception A true perception, to which a person attributes a false 

meaning. 

Feelings or actions experienced 

as made or influenced by 

external agents 

Where there is certainty that an action of the person or a 

feeling is caused not by themselves but by some others or 

other force. 
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1.1.2 How SMI is diagnosed 

ICD-10 diagnostic criteria for schizophrenia and bipolar are detailed in Boxes 1.2 and 1.3 

below (World Health Organization, 1992). Guidelines for a diagnosis of schizophrenia are 

that a minimum of one very clear symptom (and usually two or more if less clear-cut) 

belonging to any one of the groups listed as (a) to (d), or symptoms from at least two of the 

groups referred to as (e) to (h), should have been clearly present for most of the time during a 

period of 1 month or more. Conditions meeting such symptomatic requirements but of 

duration less than 1 month (whether treated or not) should be diagnosed in the first instance 

as acute schizophrenia-like psychotic disorder (F23.2) and reclassified as schizophrenia if the 

symptoms persist for longer periods. Symptom (i) in the list applies only to the diagnosis of 

‘simple schizophrenia’ (F20.6), and a duration of at least one year is required. 

Extreme affective states classically describe bipolar disorder, and psychotic symptoms may 

or may not occur. This involves anxiety and mania that may or may not take the form of 

psychotic mania or hypomania. The condition now also includes milder mood swings that are 

split into bipolar I and II disorders by the US Diagnostic and Statistical Manual of Mental 

Disorders (DSM) classification into severe and milder types. ICD-10 does not separate these 

entities and will categorise bipolar II disorder as 'other bipolar affective disorder’. ICD-10 

has various distinct classifications: hypomanic current episode; depressive without psychotic 

symptoms; manic with psychotic symptoms; mixed or present episode of mild to moderate 

depression; extreme depression without psychotic symptoms; and severe depression with 

psychotic symptoms. Bipolar disorder is generally understood to involve significant 

disruption of mood and behaviour and periods of complete recovery or a great deal of change 

in 'normal' functionality. The bipolar disorder diagnostic criteria below include the ICD-10 

criteria for mania and severe depression (World Health Organization, 1992). 
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Psychotic symptoms may or may not be consistent with mood in manic episodes. Mood-

congruent delusions can include delusions of grandiosity or religious identity in psychotic 

episodes. Also, the patient may be incomprehensible, have physical activity impaired, eating 

and drinking impaired, and/or hostility or abuse increased. In depression with psychotic 

symptoms, delusions typically contain pessimistic ideas, with the patient sometimes 

assuming the alleged blame for a tragedy or sin. Hallucinations may also be accusatory 

voices, or olfactory hallucinations, such as the rotting of their own flesh.  

Mania and schizophrenia are not dissimilar in their acute stages and there may be states that 

include symptoms of both schizophrenia and bipolar disorder. These are diagnosed as 

conditions that are schizoaffective. Psychotic conditions that do not meet the requirements 

are treated as psychosis that is not otherwise specified (NOS) (World Health Organization, 

1992). 

Numerous attempts have been made to classify psychotic disorders in order to account for 

those that do not fully fit Kraepelin's dichotomy of schizophrenia and affective psychoses. 

These disorders are classified as schizoaffective or paranoid psychoses. Schizoaffective 

disorder has been variably characterised as i) a group to cover all diagnoses for patients with 

symptom clusters that defy conventional categorisation, ii) a subtype of schizophrenia, iii) a 

subtype of bipolar disorder, iv) a distinct disease entity, v) the middle of the schizophrenia-

bipolar disorder continuum, and vi) a combination of the two (Stein & Wilkinson et al., 

2007). The disorder's definitions have varied, and the outcomes of people with the diagnosis 

typically fall between those of people with schizophrenia and those of people with bipolar 

disorder. Schizoaffective disorder is classified in ICD-10 alongside schizophrenia, 

schizotypal, and delusory disorders, but they state that the evidence for its placement there or 

with affective disorders is currently balanced (World Health Organization, 1992).   
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Box 1.2: Components of ICD-10 diagnostic criteria for schizophrenia (taken from 

World Health Organization, 1992).  

 

(a) Thought echo, thought insertion or withdrawal, and thought broadcasting  

(b) Delusions of control, influence, or passivity; delusional perception  

(c) Hallucinatory voices giving a running commentary on the patient's behaviour, or 

discussing the patient among themselves, or other types of hallucinatory voices coming from 

some part of the body  

(d) Persistent delusions of other kinds that are culturally inappropriate and completely 

impossible 

(e) Persistent hallucinations in any modality, when accompanied either by fleeting or half-

formed delusions without clear affective content, or by persistent over-valued ideas, or when 

occurring every day for weeks or months on end  

(f) Breaks or interpolations in the train of thought, resulting in incoherence or irrelevant 

speech, or neologisms  

(g) Catatonic behaviour, such as excitement, posturing, or waxy flexibility, negativism, 

mutism, and stupor  

(h) "Negative" symptoms such as marked apathy, paucity of speech, and blunting or 

incongruity of emotional responses, usually resulting in social withdrawal and lowering of 

social performance; it must be clear that these are not due to depression or to neuroleptic 

medication  

(i) A significant and consistent change in the overall quality of some aspects of personal 

behaviour, manifest as loss of interest, aimlessness, idleness, a self-absorbed attitude, and 

social withdrawal. 
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Box 1.3 Components of ICD-10 diagnostic criteria for bipolar disorder (Taken from 

World Health Organization, 1992). 

The current episode meets the criteria for hypomania (F30.0).  

There has been at least one other affective episode in the past, meeting the criteria for 

hypomanic or manic episode (F30.-), depressive episode (F32.-) or mixed affective episode 

(F38.00). 

 

30.0 Hypomania  

A. The mood is elevated or irritable to a degree that is definitely abnormal for the individual 

concerned and sustained for at least four consecutive days.  

B. At least three of the following must be present, leading to some interference with personal 

functioning in daily living: (1) increased activity or physical restlessness; (2) increased 

talkativeness; (3) difficulty in concentration or distractibility; (4) decreased need for sleep; 

(5) increased sexual energy; (6) mild spending sprees, or other types of reckless or 

irresponsible behaviour; (7) increased sociability or over-familiarity.  

C. The episode does not meet the criteria for mania (F30.1 and F30.2), bipolar affective 

disorder (F31.-), depressive episode (F32.-), cyclothymia (F34.0) or anorexia nervosa 

(F50.0).  

D. Most commonly used exclusion criteria: the episode is not attributable to psychoactive 

substance use (F1) or any organic mental disorder, in the sense of F0. 
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1.1.3 Course and features of SMI 

There is substantial overlap among SMI constituent disorders. Despite the importance 

attached to diagnoses as a means of communicating health needs and outlook to patients and 

between clinicians, the constructs’ validity has been challenged in SMI. Constituent 

psychotic symptoms may be patient-specific, as are severity, disease course and functioning. 

The diagnostic overlap and typical course of SMI are discussed below. 

 

1.1.3.1 Overlap of diagnoses  

There is a large overlap between diagnoses, which I will now describe below, commencing 

with schizoaffective disorder as a diagnosis that acknowledges the overlap. The DSM-IV-

TR5 definition of schizoaffective disorder requires the coexistence of an affective episode 

and an active phase of schizophrenia, as well as at least two weeks without mood symptoms. 

Simultaneously, affective disorders associated with psychotic mood-incongruent symptoms 

may manifest as schizophrenia symptoms. The ICD-10 classification defines schizoaffective 

disorder as the co-occurrence of an affective syndrome and symptoms of schizophrenia 

lasting approximately two weeks and being of comparable severity and intensity to the 

affective symptoms. Conversely, psychotic affective disorders do not permit the presence of 

schizophrenia symptoms (Laursen et al., 2005).  

There is also mounting evidence that bipolar disorder and schizophrenia share clinical, 

cognitive, neurophysiological, and genetic characteristics (Arrasate et al., 2016), thus 

implying the existence of some form of psychosis spectrum (Arrasate et al., 2014) rather than 

distinct disorders. Numerous studies, for example, have demonstrated that a family history of 

psychiatric disorders, recent stress, childbirth, and perinatal complications all serve as risk 

factors for both disorders (Mortensen et al., 2003, Munk-Olsen et al., 2006), casting doubt on 
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the dichotomization concept (Kelly J et al., 2000). On the other hand, risk factors have been 

identified that affect only one of the disorders; for example, urban birth, older paternal age 

(>50 years), and physical abnormalities have been proposed to affect only the risk of 

schizophrenia (Pedersen et al., 2001).  

It has become clear over the last decade that neither schizophrenia nor bipolar disorders are 

caused by a single risk factor or gene. Rather, both disorders may well be the result of 

epistatic interactions between a small number of genes amplified by environmental hazards. 

Some of these genes are thought to confer susceptibility to both disorders, while others may 

increase the risk of only one (Cardno et al., 2002, Owen et al., 2007). 

In addition to diagnostic overlap, schizophrenia and bipolar disorder also share treatment 

approaches (e.g., antipsychotics are used in both). This will be considered in more detail later 

in the thesis; however, in summary, pharmacotherapy for bipolar disorder is typically used to 

alleviate pre-existing symptoms of mania or depression and to prevent recurrence. 

Antipsychotic medications are most effective at alleviating schizophrenia's positive 

symptoms and are also used in the treatment of hypomania and mania, and in the treatment of 

psychotic symptoms occurring in both manic/hypomanic and depressive states. Psychosocial 

interventions have also been shown to be effective in the treatment of both bipolar disorder 

and schizophrenia. 

 

1.1.3.2 Course of SMI disorders 

Affective disorders within SMI include bipolar disorder, psychotic unipolar depression, and 

postpartum psychosis; however, the focus of the thesis will be on bipolar disorder. These 

disorders may include short episodes of distress with full recovery in between. The age of 
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onset is usually before thirty, peaking during late adolescence (Kroon et al., 2013). 

Symptoms may not be typical at first but may develop gradually over time.  

Schizophrenia is the most prevalent of the non-affective psychoses, with a prevalence of 

approximately 0.5-0.7 percent in the general population (van Os et al., 2010). The most 

common age of onset for schizophrenia is adolescence or early adulthood, but it can occur at 

any age. Prior to the onset of psychosis, young people typically experience a prodromal phase 

marked by a gradual but noticeable decline in social and academic functioning. A gradual 

deterioration preceding the onset of psychosis is characteristic of adolescent schizophrenia 

and is more prevalent in schizophrenia than in affective psychoses (Hollis 2008). Non-

specific behavioural changes such as social withdrawal, declining academic performance, and 

uncharacteristic and odd behaviour begin on average more than a year before positive 

psychotic symptoms manifest. Psychotic symptoms at age 11 increase the risk of developing 

schizophreniform disorder at age 26, but not of developing other psychiatric diagnoses, 

according to the Dunedin cohort study; in comparison to the rest of the cohort, those 

diagnosed with 'strong' psychotic symptoms at age 11 also demonstrated significant 

impairments in motor development, receptive language, and intelligence (Cannon et al., 

2002). Recognising the disorder early on is challenging, as premorbid cognitive and social 

impairments gradually morph into prodromal symptoms prior to the onset of active psychotic 

symptoms. Prodromal symptoms may include strange ideas, eccentric interests, mood swings, 

and bizarre or unusual perceptual experiences. While these characteristics are also present in 

schizotypal personality disorder and autism spectrum disorder, a schizophrenic prodrome 

typically progresses to more severe dysfunction. 

Although there has been substantially less research on the prodromal stage of bipolar disorder 

than for schizophrenia (Fakra et al., 2010), studies indicate that there is a lengthy 

symptomatic prodromal phase lasting 9-12 years (Egeland et al., 2000). During the prodromal 
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period, three major clusters of syndromes exist: hypomania/mania symptoms, depressive 

symptoms, and signs of attention deficit hyperactivity disorder (ADHD) (Mantere et al., 

2008). The most common hypomanic/manic symptoms include decreased sleep, elevated 

mood, irritability, mood lability, increased activity, and psychomotor agitation. While they 

are less prevalent, low mood, anhedonia, insomnia, and feelings of worthlessness are all 

recognised as prodromal depression symptoms. Furthermore, 22.5% of bipolar disorder 

patients reported a comorbidity with childhood ADHD.(Egeland et al., 2000).  

When compared to children of healthy parents, offspring of parents with bipolar disorder are 

significantly more likely to have prodromal symptoms. According to Egeland et al. (2003), 

38% of such children were classified as at risk, compared to 17% of children of healthy 

parents. Duffy et al. (2009) found a similar trend six years later with 32.7% of children (aged 

8-25 years old), whose parents had bipolar disorder, met the criteria for a major mood 

episode after a 15-year follow-up. 

 

1.1.4 Environmental factors influencing the risk and course of SMI 

Like most common and enduring conditions, those underlying SMI have a mixed genetic and 

environmental aetiology, the latter of which will be considered in summary here in relation to 

the focus for this thesis on health inequalities, as environmental factors may influence both 

the risk and the outcome of SMI constituent disorders. In summary, according to 

epidemiological risk factor summaries (NICE, 2016), psychotic disorders are more prevalent 

in urban areas and lower socioeconomic groups in high-income countries. However, because 

having a psychotic disorder is likely to result in downward social drift, the causal 

relationships may be complicated and bidirectional. Mania has sometimes been 

conceptualised as a defence mechanism against psychological pain or depression, and 
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childhood trauma has been reported to affect the course of the disorder course (Hammersley, 

2003).  

 

1.1.4.1 Ethnicity 

 In the United Kingdom, research on the African Caribbean population has revealed a higher 

risk of psychotic disorder than white British residents; however, it is unclear whether this is 

due to social adversity, migration, or factors specific to ethnicity (Moore et al., 2007). In the 

UK, ethnic minorities are more likely than the white majority to be diagnosed with a severe – 

psychosis-related – mental disorder, and this is particularly true for persons of Black 

Caribbean or Black African ancestry. Similar conclusions have been drawn from studies in 

other developed countries such as America and the Netherlands (Bresnahan et al., 2007, 

Selten et al., 2001). Also, notably, the UK findings have been consistently reported from the 

70’s until the present day (Bagley et al., 1971, Halvorsrud et al., 2019). Proposed underlying 

factors have included social and economic hardship, stigma (Eylem et al., 2020), social 

deprivation, and wider inequalities (Bennett et al., 2018) as well as access to care; however, 

there are still clear outcome differences after taking into account these factors with people 

from non-white ethnic groups fairing worse. Differences in presentation of bipolar disorder 

and increased incidence have also been described in Black and some minority groups (Lloyd, 

2005), although this has received less attention than schizophrenia. 

Also of note, and central to the focus of this thesis (and discussed in more detail later), the 

link between SMI and increased mortality is well recognised internationally. This mortality is 

not limited to suicide, but also includes deaths from natural causes, such as cardiovascular 

disease (Saha et al., 2007). Many of the risk factors underlying health inequalities in SMI, 
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such as diabetes, are also more prevalent in certain ethnic minority groups (De Hart et al., 

2011), although these have less often been cited as ethnic inequalities in SMI outcome.  

 

1.1.4.2 Childhood trauma 

Childhood trauma and abuse also have an effect on the course of illness, including the 

content of positive symptoms such as delusions and hallucinations, suicidal ideation and 

attempts, the ability to sustain intimacy, impaired emotional regulation, and reduced 

treatment compliance (Schafer & Fisher, 2011). NICE guidelines recommend assessing for 

trauma associated with the development of psychosis or as a result of psychotic experiences 

(NICE, 2016). 

 

1.1.4.3 Violence 

 Domestic violence exposure is also connected with mental disorders right across the 

diagnostic spectrum. Women who have experienced domestic abuse have a threefold 

increased risk of having a mental illness(including severe illnesses such as schizophrenia and 

bipolar disorder), compared to non-victims(Mahase 2019). Research in a perinatal setting has 

revealed further links with postpartum depression and post-traumatic stress disorder, while 

data on psychotic illness are limited (Oram et al., 2016; Trevillion et al., 2012). 

 

1.1.4.4 Drug and alcohol use 

Individuals with SMI have a high comorbidity for alcohol and drug use disorders. Adolescent 

cannabis use (Moore et al., 2007), as well as trauma and stressful life experiences, are 

increasingly recognised as risk factors for SMI (Schafer & Fisher, 2011). Individuals who 
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have SMI co-occurring with either excessive alcohol or drug use have a higher rate of 

negative outcomes than individuals who only have SMI (Gonzalez et al., 2007). Use of drugs 

such as cannabis are also significantly more prevalent in patients with psychotic illness and 

can contribute to the onset of psychotic disorders (Kavanagh et al., 2004). Drug use has also 

been linked to a more adverse course and outcome in SMI (Moore et al., 2007) 

 

1.1.4.5 Physical causes (head injury) 

Historically, traumatic brain injuries and subsequent severe psychopathology have been 

linked. Kraepelin stated in 1919 that childhood head injuries may either cause or predispose 

to schizophrenia, implying a causal role for traumatic brain injury in psychiatric illness. 

Malespina et al. (2001) found that people with schizophrenia were exposed to more traumatic 

brain injury than those with bipolar disorder. Obstetric complications are also a frequently 

documented risk factor (Cannon et al., 2002a, Cannon et al., 2002b), with susceptibility 

linked to emergency caesarean section, postpartum haemorrhage, preeclampsia, and low birth 

weight (Lahti et al., 2014), as well as forceps use and low birth weight (Rubio-Abadal et al., 

2015). Numerous research and reviews have also linked obstetric complications to the age of 

first presentation with schizophrenia (Ardizzone et al., 2009). 

 

1.1.5 SMI treatment 

Pharmacotherapy is the primary approach for treating SMI and will be the main focus here, 

given its relevance to diabetes as an outcome. However, psychotherapy can also be used to 

treat SMI, types of which include cognitive behavioural (CBT) and family therapy (NICE, 

2016). These interventions aim to improve coping with symptoms as well as to support 

family and those with past trauma. In addition, family interventions may be deployed to 



37 
 

reduce domestic stressors for the patient. Other non-pharmacological interventions include 

weight loss strategies, smoking cessation, education, and supportive care provided by the 

multidisciplinary team which can include referral for counselling (Gates et al., 2015). 

NICE recommends that CBT for schizophrenia should include at least 16 scheduled sessions 

over a minimum of nine months. The stress-vulnerability model, on which CBT is based, 

suggests that everyone is predisposed to develop schizophrenia, with biological, 

psychological, and social factors all contributing to this vulnerability. The distinction 

between CBT and conventional medicine is that the intervention is guided by a formulation 

rather than a diagnosis (Royal College of Psychiatrists, 2015). 

There have also been service-level interventions designed to reducing risk of relapse, such as 

specialised early intervention services. In particularly within the first five years (Birchwood 

et al., 1998), family interventions for psychosis (FIp) have also shown to be successful at 

minimising service user relapse and caregiver suffering. Numerous therapy and best practise 

standards advocate the use of FIp in all individuals diagnosed with schizophrenia (Claxton et 

al., 2017). These include the dissemination of information, problem solving, emotional 

processing, communication, and stress management. The objective is to foster a better 

understanding of psychosis and the emotional toll the illness takes on family, 

and to encourage more adaptive coping (Onwumere et al., 2011). 

Considering pharmacotherapy, antipsychotics, mood stabilisers and antidepressants are the 

most typical drugs used in the care and control of SMI. Benzodiazepines and sedatives, 

including promethazine, and hypnotics such as zopiclone, are other drugs that can be used, 

particularly in the management of acute episodes.  
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1.1.5.1 Antipsychotic medications and their modes of action 

 

Antipsychotic drugs were discovered accidentally and then evaluated for efficacy. For 

example, chlorpromazine was first created as a surgical anaesthetic; it was first used in 

psychiatric practice because of its calming effect, considered as a non-permanent equivalent 

to neurosurgery at the time. Despite the fact that it was known to cause extreme drowsiness, 

chlorpromazine was shown to be more effective and specific in reversing the effects of 

psychosis than neurosurgery (Pieters et al., 2011). Subsequent antipsychotic drugs have been 

categorised into two groups: the first generation which block the brain’s D2 receptors and the 

second generation which impact dopamine channels as well as other receptors and 

neurotransmitters. Clozapine was the first second-generation, or ‘atypical’, medication to be 

introduced in the early 1970s.  

Psychotic experiences have been attributed to an abnormal release of dopamine in the 

mesolimbic pathway, specifically with decreased dopamine release in the prefrontal cortex 

and increased dopamine release in other pathways in schizophrenia and bipolar disorder 

(Liemburg et al., 2012). Most antipsychotic medications inhibit dopamine D2 receptors in 

dopaminergic pathways in the brain. As a result, the effect of dopamine produced in these 

circuits is diminished. However, while both generations of antipsychotic medication bind to 

dopamine receptors in the brain, atypical agents bind to serotonin receptors as well 

(Aringhieri et al., 2018) with lower or less prolonged D2 activity. 

When used in clinically effective doses, first generation (typical) antipsychotics such as 

haloperidol and chlorpromazine frequently cause extrapyramidal signs and symptoms (EPS), 

and, after a period of time, tardive dyskinesia. However, antipsychotic medications such as 

olanzapine, clozapine, quetiapine, and amisulpride are considered "atypical" because, in 
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contrast to conventional antipsychotics, they have a low or negligible risk for these particular 

adverse effects while effectively controlling psychotic symptoms (Seeman 2015). 

Atypical antipsychotics also tend to inhibit 5-HT2A and 5-HT2C receptors. Numerous 5-

HT2A receptor alleles have been associated with schizophrenia and other psychotic disorders 

(McDonald et al., 2003), and 5-HT2A receptor concentrations have been observed in high 

concentration within the cortical and subcortical locations, most notably the right caudate 

nucleus (McDonald et al., 2003). While they block D2 receptors in a similar manner to 

typical agents, clozapine and quetiapine are both thought to bind for a brief period sufficient 

to exert antipsychotic effects but not long enough to produce extrapyramidal side effects or 

prolactin hypersecretion (Stahl et al., 2003). By inhibiting 5-HT2A, dopaminergic activity in 

the nigrostriatal pathway is promoted, thereby lowering the risk of side effects in atypical 

antipsychotics. 
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Table 1.1: Side effect profiles of selected antipsychotic drugs (reproduced from Stroup et al., 2018) 

Adverse effects AMI ARI CPZ CLO HAL LUR OLA PAL PER QUE RIS SER ZIP 

Anticholinergic effects 0 0 ++ +++ 0 0 ++ 0 0/+ +/++ 0 0 0 

Acute parkinsonism + + + 0 +++ +/++ 0/+ ++ ++ 0 ++ 0/+ + 

Akathisia + ++ + + +++ +/++ + + ++ + + + +/++ 

Tardive dyskinesia 0/+ 0/+ ++ 0 ++ 0/+ 0/+ 0/+ ++ 0/+ 0/+ 0/+ 0/+ 

Diabetes 0/+ 0/+ +++ +++ 0/+ 0/+ +++ + + ++ + + 0/+ 

Weight gain 0/+ 0/+ +++ +++ + 0/+ +++ ++ ++ ++ ++ ++ 0/+ 

Increased lipids + 0/+ +++ ++ 0/+ 0/+ +++ + + ++ + + 0/+ 

Sialorrhea 0 0 0 ++ 0 0 0 0 0 0 0 0 0 

Neutropenia 0/+ 0/+ 0/+ +++ 0/+ 0/+ 0/+ 0/+ 0/+ 0/+ 0/+ 0/+ 0/+ 

Orthostatic hypotension 0/+ 0/+ ++ ++ 0 0/+ + + + ++ + ++ 0 

Hyperprolactinemia +++ 0 + + ++ + + +++ ++ 0 +++ + + 

Increased QTc interval ++ 0/+ 0/+ ++ 0+ 0/+ 0/+ + + + + ++/+++ ++ 

Sedation 0/+ 0/+ ++ +++ + +/++ +/++ 0/+ + ++ b + 0/+ + 

Seizures 0/+ 0/+ 0/+ ++ 0/+ 0/+ 0/+ 0/+ 0/+ 0/+ 0/+ 0/+ 0/+ 
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Key: 

AMI – amisulpride, ARI – aripiprazole, CPZ – chlorpromazine, CLO – clozapine, HAL – haloperidol, LUR – lurasidone, OLA – olanzapine, 

PAL – paliperidone, PER – perphenazine, QUE – quetiapine, RIS – risperidone, SER – sertindole, ZIP – ziprasidone, 0: none or equivocal, 0/+: 

minimal/rare, +: mild/sometimes occurs, ++: moderate/occurs frequently, +++: severe/occurs very often 
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1.1.5.3 Adverse effects of antipsychotics 

Extrapyramidal symptoms have been a traditional concern, although the risk varies 

significantly between antipsychotic agents, with high-potency first generation medications 

such as haloperidol associated with the greatest risk. The most common of these symptoms 

are dystonias, akathisia, and parkinsonism as well as tardive disorders (Stroup et al., 2018). 

Dystonias are uncontrollable muscle contractions that result in twisting, repetitive motions, or 

abnormal postures, most frequently in the head, face, and neck (Stroup et al., 2018). These 

can be excruciatingly painful and distressing. Akathisia is an agitated and tense state of mind 

that causes the individual to move almost constantly resulting in distress and even suicidality 

(Seemuller et al., 2012). Parkinsonism is a term that refers to a collection of drug-induced 

symptoms that are similar to those associated with Parkinson's disease, such as bradykinesia, 

stiffness, and tremor. Tardive dyskinesia is one of the most concerning adverse effects of 

antipsychotic medication, although it can occur with other types of medications as well. The 

most common symptoms are grimacing, lip smacking/puckering, tongue motions, and 

excessive blinking. The symptoms can persist for an extended period of time after the 

offending medication is discontinued, and in some cases, they may be permanent (Thanvi et 

al., 2009). 

Considering other adverse effects, prolactin-inducing antipsychotics are also associated with 

decreased bone mineral density and an increased risk of hip fractures (Howard et al., 2007) 

as suggested by various studies. Sialorrhea, or excessive salivation, is a particularly common 

side effect of clozapine but it can also occur with other antipsychotics and is thought to be 

related to activity on the muscarinic and adrenergic receptors found in the salivary glands 

(Maher et al., 2016). Sedation is another common adverse effect of all antipsychotic 
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medications, but the severity and frequency vary between agents (Leucht et al., 2016). 

Likewise, orthostatic hypotension may be a concern (Stroup et al., 2018), resulting in 

dizziness, falls, and exacerbation of angina. Sexual dysfunction, including decreased libido, 

anorgasmia, and erectile dysfunction, is common and careful monitoring by clinicians is 

recommended (Stroup et al., 2018), particularly as it may be a reason for non-adherence and 

therefore treatment failure.  

Considering more specific effects, exacerbation of impulse control disorders or behavioural 

addictions, such as pathological gambling, compulsive eating, spending, shopping, and sexual 

behaviours have been associated with aripiprazole use (Gaboriau et al., 2014). Clozapine is 

particularly associated with an increased risk of neutropenia and agranulocytosis (Stroup et 

al., 2018); these disorders, as well as the resulting increased susceptibility to infection, 

require monitoring throughout clozapine treatment. Myocarditis is another serious side effect 

of clozapine, although rare, that can rapidly progression to myocarditis, cardiomyopathy, and 

congestive heart failure; it almost always occurs within the first two months of initiation, thus 

must be monitored for early diagnosis (Ronaldson et al., 2011). 

Overall, antipsychotic medications are associated with a 1.5- to 4-fold increase in the risk of 

sudden cardiac death (Straus et al., 2004), with other risk factors including pre-existing 

hypertension or ischemic heart disease as well as high doses or rapid delivery of medication. 

Longer term, numerous antipsychotic medications have been associated with significant 

weight gain, particularly when used on children and adolescents (Rummel-Kluge et al., 

2010). Weight gain can clearly be distressing to patients, as well as increasing their risk of 

developing a range of adverse health outcomes such as degenerative joint disease, and type 2 

diabetes and its comorbidities (Stroup et al., 2018). 
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Neuroleptic malignant syndrome is one of the most serious adverse effects of antipsychotic 

medications. This comprises fever, autonomic instability, rigidity, and impaired mental 

status, also marked by leucocytosis and elevated creatine phosphokinase levels. However, 

although potentially fatal and requiring urgent intervention, often in intensive care facilities, 

the mortality rate is expected to be only 5% (Pileggi et al., 2016). 

 

1.1.5.4 Treatment using mood stabilisers 

Lithium, anticonvulsants, and antipsychotics are the three primary classes of medication used 

to stabilise mood. Within each of these categories, there are numerous subtypes of drug. 

Lithium is the most well-studied and oldest mood stabiliser. Lithium is used for long-term 

treatment of mania and bipolar disorder within the UK, as well as an adjunctive treatment for 

chronic depression or depression not responding to conventional antidepressants (NICE, 

2016).  

Mood stabilisers are thought to work by altering the levels of neurotransmitters and the 

response of the receptors in the brain that receive those transmitters. For example, lithium, a 

commonly used treatment for bipolar disorder (Paton et al., 2010), appears to affect 

dopamine by interfering with its receptors while increasing serotonin, another 

neurotransmitter. Other commonly used mood stabilisers include carbamazepine, used in the 

treatment of both epilepsy and bipolar disorder. It is also used in the treatment of acute mania 

and mixed episodes of bipolar I disorder. Sodium valproate is an anticonvulsant and mood 

stabiliser also used in the treatment of the above (pschydb,2022) 

Current research suggests that mood disorders, particularly bipolar disorder, disrupt 

intracellular signalling cascades, impairing structural and functional brain development and 

altering glutamatergic neurotransmission (Pittenger et al., 2008). Glutamate is required for 
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synaptic transmission in brain circuitry and is a critical regulator of synaptic strength and 

plasticity, crucial components for learning, memory, and cognition (Collingridge et al., 

1995). In people with mood disorders, altered glutamate levels in plasma, serum, and 

cerebrospinal fluid have been found (Yildiz-Yesiloglu et al., 2006), along with changed 

glutamate and associated metabolites levels in a several brain areas (Yildiz-Yesiloglu et al., 

2006). 

Lithium, in particular, appears to modify neuronal stimuli at hippocampal CA1 synapses, 

resulting in increased postsynaptic potentials (Colino et al., 1998). This boost to synaptic 

transmission in hippocampal CA1 has been ascribed to an increase in both presynaptic 

stimulus and synaptic efficiency, resulting in turn from increased currents via the AMPA 

subtype of ionotropic glutamate receptors (Gebhardt et al., 2010). These effects on 

hippocampal synaptic transmission may be especially relevant in the treatment of mood 

disorders, as the hippocampus is a critical component of the limbic system network and is 

involved in emotional regulation, cognition, and memory (Altshuler et al., 2004). Changes in 

synaptic plasticity in CA1 pyramidal neurons in the tripartite hippocampal circuit may result 

in changes in hippocampal and/or subicular modulation of numerous important genes. 

Additionally, mood stabilisers classed as anticonvulsants have been shown to have direct 

impacts on neuronal transmission. Valproate inhibits high-frequency action potential firing 

by increasing sodium channel inactivation and indirectly increases GABA activity (Loscher 

et al., 2002). Valproate also increases the activity of amino acid transporters, resulting in 

increased glutamate clearance (Hassel et al., 2001).  

Alongside the benefits of mood stabilisers, there are also some side effects. Lithium is 

nephrotoxic and neurotoxic, whereas valproate is hepatotoxic, teratogenic, and can cause 

pancreatitis. Carbamazepine may have haematological side effects and the combination of 
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carbamazepine and valproate may enhance the risk of hypothyroidism (Stanley et al., 2009) 

Hyperparathyroidism and hypercalcaemia are relatively uncommon and unappreciated side 

consequences. Acute exacerbation of psoriasis remains a significant problem, and the 

likelihood of skin responses with eosinophilia and systemic symptoms is increased when 

mood stabilisers are treated concurrently. Pneumonia is a possibility when antipsychotics are 

used in combination, with the highest risk associated with the olanzapine plus carbamazepine 

combination (Fabrazzo et al., 2016). The primary adverse effects of lithium in older adults 

are a decrease in total body water and a decrease in glomerular filtration rate. Prolonged 

treatment has been linked to impairments in verbal learning, memory, and creativity 

performance. In 1977 Judd et al. found that Lithium produced lethargy, dysphoria, a loss of 

interest in social interaction, mental confusion and slowed performance on cognitive and 

motor tests in healthy people. More recently, chronic lithium administration was found to 

result in neuronal apoptosis in the rat brain (Gomez-Sintes et al., 2008).  

 

1.1.6 General impact of SMI 

The impact of SMI is broad and covers many areas of life, ranging from stigma experienced 

in daily encounters to serious health complications. SMI also has a substantial societal 

economic impact, as many of the subsequent complications place demands on health 

services. These outcomes may be felt particularly acutely in low- and middle-income 

countries (LMICs), where the treatment gap for mental disorders is extremely wide (Drake et 

al., 2001). Schizophrenia has been identified as a leading cause of disability, particularly 

affecting social and cognitive function (Raj et al., 2013), with higher disability and a greater 

severity of positive symptoms associated with a lower quality of life in people living with 

SMI (Raj et al., 2013). Whilst individuals with SMI struggle with the symptoms and 
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disabilities directly associated with the underlying disorder, they face additional prejudice 

and stereotypes as a result of stigma and misconceptions about mental illness. This may 

further deprive those affected of the opportunities that define a good life, such as meaningful 

employment, adequate housing, quality health care and positive relationships (Corrigan et al., 

2002).  

 

1.1.7 Physical health impact of SMI 

I will first discuss the general physical health of those with SMI and the mortality 

differences. I will then go on to discuss lifestyle risks and cardiovascular disease. 

 

1.1.7.1 General physical health in people with SMI 

There has been growing appreciation of the profound health disadvantages faced by people 

with SMI. Premature mortality has long been recognised to be higher in these groups, and 

this is translated into the lower life expectancy reported in south London by Chang et al. 

(2011) who found reductions in patients with schizophrenia of 14.6 years in men and 9.8 

years in women. For schizoaffective disorders these reductions were 8.0 and 17.5 years 

respectively, and for bipolar disorder these reductions were 10.1 and 11.2 respectively. With 

growing recognition of the critical nature of physical healthcare for patients suffering from 

SMI, the pressure to intervene and improve outcomes has increased (De Hert et al., 2011). 

However, it has been suggested that the size of the life expectancy gap may be increasing, 

and that this may be because smoking rates and cardiovascular disease deaths have seen 

declining rates in the general population, but not in people with SMI (Hayes et al., 2017, 
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Hoang et al., 2011). Substantially increased rates of general hospital admission have also 

been noted in patients with SMI, again from south London data (Jayatilleke et al., 2018). 

The longstanding and at least persisting (possibly worsening) disparity in mortality and life 

expectancy have been interpreted as indicating that people with mental illnesses have not 

benefited equally from social and healthcare advancements enjoyed by the general population 

(Pan et al., 2020). There is also an increased risk of other causes of ‘unnatural’ mortality such 

as suicide and accidents (Haukka et al., 2008, Hiroeh, 2007) although it can sometimes be 

challenging to distinguish underlying causes – i.e., not knowing whether an unexplained 

death was intentional or not. When Jayatilleke et al. (2017) assessed the specific contribution 

of each classified cause of death to life expectancy, they discovered that cardiovascular and 

respiratory diseases were indeed important contributors, along with external causes, and 

suicide; however, the contributions came from multiple recorded causes across all major 

systems, indicating broad rather than specific underlying factors. Considering constituent 

SMI disorders, John et al., (2018) found that all-cause mortality rates for schizophrenia 

related disorders were higher (SMR: 2.7; 95% CI: 2.6–2.8) than those for bipolar and other 

mood related psychotic disorders (SMR: 2.2; 95% CI: 2.1–2.3).  

It is therefore recognised that underlying processes are many and varied. While suicide and 

accidental death account for a portion of these premature deaths, the majority are caused by 

physical co-morbidities such as cardiovascular disease, metabolic problems such as diabetes 

and obesity, chronic obstructive pulmonary disease, and certain cancers, as well as infectious 

diseases such as HIV and tuberculosis (Leucht et al., 2007). Some of this co-morbidity may 

be related to treatment side effects, discussed earlier; other issues are likely to include poorer 

healthcare and treatment by services as a result of stigma, as well as health risk behaviours 

such as smoking and alcohol misuse, and poor diet and self-care, including inactivity (NICE, 

2016, De Hert et al., 2011). Increased risk of CVD is another important factor underlying 
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premature mortality (Chang, 2010), which is also likely to be accounted for, at least in part, 

by established risk factors such as smoking, obesity, diabetes, and hypertension. However, 

there is also evidence that the increased risk exceeds that attributed to the established risk 

factors (Cunningham et al., 2019). Potential further causes include mental illness-related 

biological factors, cardiovascular disease under-recognition leading to delayed diagnosis, and 

lack of adequate primary and secondary prevention (Walker, 2015).   

 

1.1.7.2 Suicide 

Most premature unnatural deaths in people with mental disorders more generally are caused 

by suicide (Hiroeh, 2007); this has been found to be true across all mental disorders and 

within diagnostic groups and is therefore a contribution to the survival inequalities that are 

faced by people with SMI. In recent years it has been suggested that services for these groups 

should routinely assess suicide risk, alert patients to the risks they could face, and place an 

emphasis on implementing strategy to reduce mortality in people with SMI (Harris, 1997). 

Chesney et al. (2014) found that suicide mortality rates were significantly higher in women 

with borderline personality disorder, depression, bipolar disorder, opioid use, and 

schizophrenia, as well as anorexia nervosa and alcohol use disorder, when compared to the 

general population; they also found that there was also an increased risk of suicide among 

moderate smokers.  

 

1.1.7.3 Cancer  

Although cancer mortality is generally high in SMI, cancer incidence is typically not 

consistently increased or consistent across cancer types. For example, research has found 

higher rates of both digestive and breast cancers in people with schizophrenia (Schoos, 
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2003); however, the opposite is true of lung cancer (Brown, 2000) despite high levels of 

smoking. In an analysis of linked data from south London, cancer stage at presentation was 

no different between people with or without SMI; however, mortality after cancer diagnosis 

was higher in groups with SMI, raising the possibility that overall higher cancer mortality is 

accounted for by sub-optimal management after diagnosis rather than by a higher risk of 

cancer, or by delayed presentation (Chang et al., 2014).  

 

1.1.7.4 Smoking 

As more than 40% of adults with SMI smoke, smoking is an important potentially avoidable 

cause of premature death. Smoking prevalence in people with SMI has been estimated to be 

around two to three times higher than that in the general population (Lasser et al., 2000, 

Leon, 2002). More recently, Glasheen et al. (2014) found that 43% of adults with SMI 

smoked cigarettes in the previous month, compared to 22% of those without mental illness. 

Proposed reasons for high smoking rates include neurobiological, psychological, behavioural 

and social factors which make it difficult to alter smoking behaviour in this population. 

Smoking-related illnesses may therefore account for a significant portion of excess mortality 

and morbidity; however, nicotine addiction and cigarette consumption have consequences 

that extend beyond their direct physical health consequences in that cigarettes are also costly 

and people with SMI may forego a healthier diet or social activities in order to facilitate 

smoking. 

 

1.1.7.5 Lack of exercise  

 Studies in SMI have found those affected to be less physically active than the general 

population (Brown, 1999). Individuals with SMI exercise significantly less vigorously and 
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engage in significantly more sedentary behaviour than healthy controls (Stubbs et al., 2016). 

This inactivity is associated with a variety of adverse health outcomes in people with SMI, 

including obesity, diabetes, and medical co-morbidity. Additionally, it has been found to be 

associated with more severe negative symptoms and impaired socioeconomic functioning 

(Suetani et al., 2016). As well as behaviour associated directly with symptom profiles, 

people with SMI receive sedating drugs that can make it harder to be active (Soundy et al., 

2014). Furthermore, gym membership can also be inaccessible and/or expensive which can 

act as a deterrent. 

 

1.1.7.6 Diet 

Individuals with SMI frequently have unhealthy eating habits and are 30% more likely to 

consume only one meal per day than the general population (Kilbourne et al., 2007). 

Additionally, diet quality is a significant concern, as SMI patients consume in comparison to 

the general population, a higher-fat, lower-fibre diet (Brown et al., 1999). This population 

have also been found to consume increased saturated fat content and a greater amount of 

sucrose and sweetened beverages, and they are more likely to season their food with salt 

(Davidson et al., 2001). A survey of 363 German patients with SMI found that they were 

more likely to have never eaten fruits or vegetables and consume more fast food, salty 

snacks, and sweets than the general population (Kilian et al., 2006).  

  

1.1.7.7 Obesity 

Around 35% of a sample of 600 individuals with schizophrenia receiving inpatient services 

in the UK were classified as obese: nearly twice the 19% prevalence observed in a nationally 

representative sample (Filik et al., 2006). As mentioned earlier, the use of antipsychotic 
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medications is a significant risk factor for weight gain and metabolic disturbances 

(Melkerssonet et al., 2004). Weight gain is rapid during the initial phase of antipsychotic 

treatment; however, longer-term, people receiving these treatments continue to gain weight, 

and children appear to be particularly susceptible to weight gain associated with 

antipsychotic medication (Dayabandara et al., 2017). Clozapine and olanzapine are more 

strongly associated with weight gain compared with other antipsychotics; however, some 

antipsychotics, antidepressants, and mood stabilisers also increase appetite and thirst, which 

may result in the excessive consumption of easily accessible and affordable fast food, 

particularly in those on a low income (Werneke, 2003). 

 

1.1.7.8 Cardiovascular disease and its risk factors 

Cardiovascular disease (CVD) is more prevalent in people SMI populations and is an 

important contributor as a cause of death to overall loss of life expectancy (Jayatilleke et al., 

2017). A large retrospective cohort study in the UK found that among over 46,000 people 

with SMI, those aged 18–49 were approximately three times more likely to die of coronary 

heart disease than general population controls, and those aged 50–75 were nearly twice as 

likely to die of the same cause; additionally, those over the age of 50 were 30–80% more 

likely to die of a stroke than the general population (Osborn et al., 2007). Lifestyle and 

clinical risk factors for CVD are all common in individuals with SMI and can all be avoided 

or reduced (Brown et al., 2000). Beyond the inequalities in smoking, physical activity, diet, 

and obesity, Osbourne et al. (2008) found that the pooled risk ratio for hypertension in SMI 

was 1.11 (0.91 to 1.35). Olanzapine and clozapine have been found to affect cholesterol 

levels adversely (Pawelczyk et al., 2014), which in turn increases the risk of outcomes such 

as myocardial infarction (Casey et al., 2004). There has however, been some inconsistency in 
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cholesterol levels between those with and without SMI (Osbourne et al., 2008). Diabetes is 

clearly also an important potential component of CVD risk; as the topic for this thesis, will be 

considered in detail in the next chapter.   

  

1.1.7.9 Access to support 

In general populations it has proved a significant public health challenge motivating 

individuals to follow national recommendations for improving their physical health through 

exercise. In order to lead a healthier lifestyle, individuals with SMI face extra obstacles as it 

is more difficult to be involved in activity because of the sedating effects of certain drugs and 

the symptoms of the underlying disorder, particularly when depression or negative symptoms 

of schizophrenia are present. 

People with SMI are less likely to seek help and it has been suggested that those with 

schizophrenia are particularly less inclined to report their symptoms (Priester et al., 2017). 

Reduced awareness of physical health problems in people with schizophrenia has been 

suggested as being due to cognitive deficits associated with the syndrome, a high pain 

tolerance, or a reduced pain sensitivity associated with antipsychotic medication (Jeste, 

1996). Current healthcare systems, both national and international, also present numerous 

challenges to patients with mental illness in need of medical care, including limited access, a 

lack of system integration, and provision of substandard care, making access to medical care 

more difficult (Levison et al., 2003). General access to healthcare is sometimes quantified 

using rates of appendicitis with rupture. In this respect, increased rupture rates in the general 

population are observed in older age groups, those without health insurance, and certain 

minority groups. In a large Taiwanese study, patients with schizophrenia had a 2.8-fold 

increased risk of appendicitis with rupture compared to the general population (Tsay Et al., 
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2007), supporting a hypothesis of delayed presentation and/or recognition. Access to care is 

also restricted for those who are uninsured or underinsured, a situation for many people with 

SMI in countries with insurance-supported healthcare systems (Levison et al., 2003). Access 

to healthcare can also be hampered by more proximal and procedural barriers. For example, a 

UK Disability Rights Commission investigation (DRC London, 2006) found that many 

patients with mental health disorders reported difficulty with scheduling procedures and with 

anxiety in waiting rooms. Finally, there are socio-economic consequences of suffering from a 

mental health disorder, such as social exclusion, poverty, homelessness, poor housing and 

reduced social networks, all of which may impact on physical health and help-seeking 

behaviour. 

 

1.1.7.10 Summary of physical health inequalities 

Longstanding inequality in mortality outcomes has been observed for people with SMI over 

numerous different causes of death. The NHS has provided guidance in England and Wales 

aimed at reducing this mortality gap (NHS England, 2016). Despite this, it appears that the 

mortality gap has not only been persisting but possibly widening over time. CVD is clearly 

an important physical health outcome of SMI underpinning at least some of the mortality 

gap. However, it is important to acknowledge that there are many factors involved in 

accounting for health disadvantages here, and individual diseases are a part of a wider 

picture. As well as diseases arising as a direct consequence of the mental disorder symptoms, 

adverse effects of medication are also potentially relevant, as is quality of care received for 

given health conditions. Individuals with SMI do not appear to be consistently receiving the 

appropriate level or timeliness of care and despite their higher risk of poor physical health, 

and they are not being supported to use the tools and health information/advice available. 
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These inequalities have been present over a considerable period; however, NHS England had 

committed itself to making improvements by 2021 (NHS England, 2016).  

Roughly 80% of deaths in people with SMI are preventable physical illnesses, the most 

salient of which are cardiometabolic diseases, respiratory disorders, and infectious disease 

(Laursen et al., 2011). Physical health conditions, such as diabetes, hypertension, heart 

disease, obesity, and infectious diseases, are not only more prevalent in the SMI population, 

but are exacerbated by additional risk factors, such as diet, physical inactivity, and alcohol 

consumption. Multimorbidity (the presence of two or more conditions) is also more prevalent 

in patients with SMI, resulting in decreased physical health and quality of life (Reilly et al., 

2015). Despite their higher risk of poor physical health, individuals living with SMI are not 

regularly given adequate or timely physical health evaluations. The use of accessible health 

information and guidance or the taking of tests and procedures that minimize the risk of 

preventable health problems is not monitored regularly (NHS England ,2016). 

As the particular focus for the research described in this thesis, I will now summarise 

diabetes as a condition of particular interest in the health inequalities facing people with SMI 

before reviewing studies of its risk and outcomes in Chapter 2.  

 

1.2 Diabetes 

1.2.1 The nature of diabetes 

Diabetes mellitus is a lifelong condition that results in the blood sugar level of an individual 

becoming higher than it should be, i.e., hyperglycaemia (NHS, 2020). Diabetes is described 

as two types: 1 and 2, the second of which is the primary concern in SMI. In brief, 

type 1 diabetes mellitus (T1DM) is caused by an auto-immune mediated loss of insulin-
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producing ‘beta’ cells in the pancreas. T1DM is not caused by diet and lifestyle and the 

causes are still not fully understood (Alam et al., 2014). In addition, gestational diabetes 

mellitus (GDM) should be noted, as another manifestation not specifically the focus for this 

thesis. This describes high blood glucose levels during pregnancy accompanied by 

insufficient insulin production. Typically, women with GDM do not have diabetes prior to 

the pregnancy, and it normally resolves after giving birth (Diabetes UK 2021). It is 

recommended that pregnant women should be offered a test for diabetes if they have any of 

the following risk factors: overweight/obese status, GDM in a previous pregnancy, a 

previous baby heavier than 4.5kg at birth, a family history of diabetes, and being a member 

of particular ethnic groups (African Caribbean, Middle Eastern, South Asian) (Diabetes UK 

2021).  

 

1.2.2 Type 2 diabetes mellitus (T2DM) 

This thesis focuses on T2DM and its occurrence and outcome in people with SMI. 

T2DM is a chronic medical disorder in which blood glucose levels build up to abnormally 

high values, generally more gradually than in T1DM. T2DM is a metabolic disorder 

characterised by abnormal carbohydrate, lipid, and protein metabolism. It is caused by 

impaired insulin secretion, insulin resistance, or a combination of the two. T2DM is far more 

prevalent than T1DM or GDM, accounting for more than 90% of all diabetes cases. Our 

understanding of the development and progression of T2DM has advanced rapidly over the 

last few decades. Its primary cause is progressive impairment of pancreatic-cell insulin 

secretion, which typically occurs in the context of pre-existing insulin resistance in skeletal 

muscle, liver, and adipose (Abdul-Ghani et al., 2006). A high-risk condition that predisposes 

individuals to develop T2DM and precedes overt hyperglycaemia is pre-diabetes which is 
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defined by impaired fasting glucose (IFG) levels, impaired glucose tolerance (IGT), or 

elevated glycosylated haemoglobin (HbA1c) levels. Individuals with IFG have fasting plasma 

glucose levels that are elevated above normal but do not meet the diagnostic criteria for 

diabetes. IGT is defined by muscle insulin resistance and impaired late (second phase) insulin 

secretion following a meal, whereas individuals with IFG levels exhibit hepatic insulin 

resistance and impaired early (first phase) insulin secretion (Abdul-Ghani et al., 2006). At a 

molecular level, insulin normally helps transfer glucose into cells for use in intracellular 

metabolism. T2DM is accompanied initially by an impaired cell response to insulin (‘insulin 

resistance’ – a state which precedes the onset of T2DM), which may be followed at later 

stages by insufficient insulin production because of pancreatic beta cell failure. 

Uncontrolled T2DM can thus lead to elevated blood glucose levels, causing the symptoms of 

the disorder and its short- and longer-term complications. 

T2DM is generally more prevalent in older people; however, it can develop at any age and is 

becoming more prevalent amongst younger people because of increasing population obesity. 

Generally, TD2M is related to being overweight and not leading a healthy lifestyle (Diabetes 

UK, 2021). Lyssenko et al. (2008) found that diabetes in the family, an increased BMI, and 

elevated blood pressure, triglycerides, apolipoprotein A-I, and liver enzymes were all 

independent predictors of future T2DM; current smoking was also associated with a 

significant increased risk, and measures of insulin secretion and action were found to be 

strong predictors. 

 

1.2.3 T2DM presentation and diagnosis 

T2DM is typically diagnosed in primary care following the identification of relevant 

symptoms and appropriate investigation, although also potentially through screening known 
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at-risk groups. Typical symptoms of T2DM include frequent urination (particularly at night), 

excessive thirst, unusual tiredness, unintended weight loss, genital itching or thrush, longer-

than-usual healing of cuts and wounds, or blurred vision.  

One of three blood tests may be taken, based on symptoms. Random blood glucose levels of 

11 mmol/L or more suggest likelihood of diabetes, as do fasting blood glucose levels of 

7mmol/L or more. HbA1c is an indicator of red blood cell glucose consumption and of 

elevated blood glucose levels over weeks/months and can be used to determine a person’s 

diabetic status. Additionally, HbA1c is a predictor of outcome in patients with diabetes who 

are treated with glucose-lowering medications. Higher levels are associated with diabetes-

related complications such as cardiovascular disease, nephropathy, and retinopathy, and 

failure to control HbA1c can hasten the development of complications (Koenig et al., 1976). 

Almost every method of classifying and diagnosing diabetes in the modern era has relied on 

the measurement of plasma (or blood or serum) glucose concentrations in timed samples, 

such as fasting glucose; in unrelated casual samples; or following a standardised metabolic 

stress test, such as the 75-g oral glucose tolerance test (OGTT). Table 1.2 summarises the 

most up to date diagnosis criteria for pre-diabetes and diabetes 
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Table 1.2 Criteria for the Screening and Diagnosis of Prediabetes and Diabetes (American Diabetes 

Association, 2022) 

 

Prediabetes Diabetes 

HbA1c 5.7–6.4% (39–47 mmol/mol)*  ≥6.5% (48 mmol/mol)†  

Fasting plasma glucose  100–125 mg/dL (5.6–6.9 mmol/L)*  ≥126 mg/dL (7.0 mmol/L)†  

2-hour plasma glucose during 75-g OGTT  140–199 mg/dL (7.8–11.0 mmol/L)*  ≥200 mg/dL (11.1 mmol/L)†  

Random plasma glucose  —  ≥200 mg/dL (11.1 mmol/L)‡  

*For all three tests, risk is continuous, extending below the lower limit of the range and becoming disproportionately 

greater at the higher end of the range. 

†In the absence of unequivocal hyperglycaemia, diagnosis requires two abnormal test results from the same sample or in 

two separate samples 

‡Only diagnostic in a patient with classic symptoms of hyperglycaemia or hyperglycaemic crisis (American Diabetes 

Association, 2022). 

 

 

1.2.4 T2DM prevalence 

Significant increases in the prevalence of diabetes have been seen in nearly all regions of the 

world in recent decades, with an estimated 415 million people living with diabetes worldwide 

(Ogurtsova, 2015). In the UK, 3.5 million people are said to have diabetes (Diabetes UK, 

2021), about 90% of whom will have T2DM (NHS 2020). Over the last few decades, the 

global prevalence of diabetes and IGT in adults has been increasing (Orgurtsova et al., 2017), 

thought to be related to rapid urbanisation and dramatic shifts toward sedentary lifestyles 

(Whiting et al., 2010). Cho et al. (2018) estimated that there were 425 million cases of 

diabetes (8.8%) among adults aged 20–79 years in 2017. When the age range was extended to 

javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;


60 
 

18–99 years, this figure increased to 451 million (8.4%). However, by 2045, it is estimated 

that diabetes will affect 629 million people in the age group 20–79 years (9.9%), and 693 

million in the age range 18–99 years (9.9%). 

Diabetes prevalence varies by age group, gender, World Bank income group, and 

geographical region. Cho et al.,(2018)  found that diabetes prevalence peaks at 22% in the 

75–79 age group in high-income countries, at 19% in the 60–74 age group in middle-income 

countries and at 8% among the 55–64 age group in low-income countries. Diabetes 

prevalence is threefold greater in high-income countries than in low-income countries among 

65–69-year-olds. 

 

1.2.5 Diabetes complications 

There are many symptoms associated with diabetes, particularly if it persists for an extended 

duration or is left untreated. As described by Aronson et al. (2008), hyperglycaemia 

causes a plethora of changes at the cellular level of vascular tissue, which may speed 

up the atherosclerotic process. Several major mechanisms underlying the majority of 

the pathological changes observed in diabetic vasculature have been shown in both 

animal and human studies. These include the following (taken directly from Aronson 

et al., 2008):  

1. Nonenzymatic glycosylation of proteins and lipids, which can impair their 

normal function by disrupting molecular conformation, altering enzymatic 

activity, decreasing degradative capacity, and impairing receptor recognition. 

Additionally, glycosylated proteins interact with a specific receptor found on all 

cells involved in the atherosclerotic process, such as monocyte-derived 

macrophages, endothelial cells, and smooth muscle cells. When glycosylated 
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proteins interact with their receptors, oxidative stress and proinflammatory 

responses are induced.  

2. Activation of protein kinase C (PKC) with subsequent changes in growth factor 

expression.  

3. The redirection of excess intracellular glucose into the hexosamine pathway 

results in the O-linked glycosylation of a variety of enzymes, impairing their 

normal function.  

4. Hyperglycaemia increases oxidative stress via a variety of mechanisms.  

5. Hyperglycaemia promotes inflammation by activating several cell types, 

including monocytes and adipocytes, to secrete cytokines.  

 

Diabetes complications can be categorised into either chronic or acute and are summarised 

below. 
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Cardiovascular disease (chronic) 

 

Diabetic ketoacidosis (acute) 

 

Nephropathy (chronic) 

 

Hyperglycaemic hyperosmolar state(acute) 

 

Lower-extremity amputation (chronic) 

 

Retinopathy(chronic) 

 

Neuropathy (chronic) 

 

Gum disease (chronic) 

 

 

Certain cancers (chronic) 

 

 

Sexual problems in both men and women(chronic) 

 

 

 Box 1.4: List of diabetes complications (Harding, 2019) (Diabetes UK, 2021) 
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1.2.5.1 Acute complications 

Acute diabetes complications such as diabetic ketoacidosis (DKA), hyperglycaemic 

hyperosmolar condition (HHS), lactic acidosis and hypoglycaemia may be largely avoided, 

but are still associated with high morbidity and mortality among people with diabetes 

(Rewers, 2017). Although hypoglycaemia cannot strictly be considered a complication of 

diabetes as it is iatrogenic (resulting from diabetes treatment rather than diabetes itself) it can 

have long-term cognitive consequences and lead to an increased risk of myocardial 

infarction, rhythm disorders, and stroke in its severe form. Lactic acidosis, which is rare but 

serious, is primarily caused by an accumulation of lactic acid which can be exacerbated by 

use of metformin (Schuetz et al., 2011). Hyperosmolarity is a particularly important acute 

complication of T2DM specifically: a state of metabolic decompensation caused by the 

persistence of residual insulin secretion. Although it is uncommon, it is still encountered in 

frail, elderly, care-dependent, isolated people, or those with dementia. Despite specific 

treatment with hypotonic solutes, insulin, and thrombosis prevention, it has a high mortality 

rate (Schuetz et al., 2011). 

 

1.2.5.2 Chronic complications 

Cardiovascular disease  

Cardiovascular disease (CVD) among individuals with diabetes is a significant cause of death 

and disability. Compared to those without diabetes, people with diabetes have been reported 

to have a two- to four-fold higher risk of hospitalisation for major CVD incidents and clinical 

procedures associated with CVD (Harding, 2019). A Canadian study showed a 44% overall 

fall for in-hospital mortality for acute myocardial infarction (AMI) between 1992 and 1999; 

however, those with diabetes were still more likely to die from these events than those 
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without diabetes (Harding, 2019). The prognosis of T2DM is also affected by co-existing 

cardiovascular risk factors or disorders such as hypertension, coronary artery disease, and 

heart failure. Cardiovascular events occur at a rate of more than 20% after age 65. After 20 

years of follow-up in the Framingham cohort, the number of paucisymptomatic infarctions 

and sudden deaths multiplied by three in people with diabetes. Ischemic heart disease 

presents with a number of challenges: coronary lesions are more serious, widespread, and 

frequently silent, and endothelial dysfunction, which is more widespread, facilitates the 

development of new lesions. In this context, atheromatous stenosis is merely the tip of an 

iceberg whose foundation is comprised of the numerous risk factors associated with diabetes.  

 

Retinopathy 

Retinopathy affects approximately a third of adults with diabetes and is the main cause of 

blindness among this population. If retinopathy is detected early through retinal screening, it 

can be treated and vision can be restored, and studies have suggested that the incidence of 

diabetic retinopathy has declined in recent years (Harding, 2019). Retinopathy is a result of 

chronic hyperglycaemia, but its progression is also influenced by blood pressure and, to a 

lesser extent, lipid levels. The condition known as macular oedema is more prevalent than 

proliferative retinopathy. Complications associated with diabetic retinopathy can include 

vitreous haemorrhage, retinal detachment, and neovascular glaucoma, as well as blindness 

(Megherbi et al., 2003). 

 

Lower extremity amputations (LEA’s) 

Having diabetes can lead to serious foot problems and amputation. LEAs are a major 

complication of diabetes as they pose not only a physical burden, but also an economic and 
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psychosocial one. However, the incidence of LEAs is reported to have declined in recent 

years (Harding, 2019). The ENTRED study found a prevalence of healed or unhealed foot 

ulcers of 6%; however, 15% of people with T2DM are expected to develop foot ulcers during 

their lifetime (Mendell et al., 2003). Lower limb amputations account for more than half of 

all amputations in people with diabetes, demonstrating the severity of these lesions, as 85 

percent of amputations in T2DM are preceded by foot ulceration. Trophic foot disorders are 

the result of the interaction of three major complications of diabetes (Boulton et al., 2005): i) 

sensory neuropathy contributing to the foot's insensitivity to trauma (inappropriate footwear, 

aggressive pedicure care) and a loss of painful alertness, which favours foot osteoarthritis, 

deformities, and hyper-support; ii) distal diabetic arteritis and capillary circulation disorders 

impairing tissue oxygenation, resulting in slower healing, and increasing the risk of 

amputation-related gangrene; iii) increased risk of infection associated with metabolic 

abnormalities exacerbating the situation by promoting deep bone and/or widespread 

dissemination. 

 

Nephropathy 

Diabetes can lead to kidney damage and impaired renal function; this is caused by 

combinations of high blood sugar and co-occurring high blood pressure (Diabetes UK, 2021). 

The mechanisms underlying renal failure in T2DM are complex and incompletely 

understood, as only 20% of patients undergo a renal biopsy. The typical course of diabetic 

nephropathy begins with an increase in urinary albumin excretion (microalbuminuria), 

progresses to macroproteinemia at a rate of 2.8 percent per year, and then to renal failure at a 

rate of 2.3 percent per year, according to data from the UKPDS study (Detournay et al., 

2012). These distinct stages are accompanied by long-silent histological lesions that progress 
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from glomerular hypertrophy to glomerular basement membrane thickening and finally to 

mesangial expansion and extracellular matrix accumulation in the glomerulus (Detournay et 

al., 2012). Microalbuminuria is not only a warning sign of nephropathy in this case, but also, 

and perhaps most importantly, a marker of cardiovascular risk. Even early episodes of 

glomerular filtration failure or proteinuria are recommended for consideration as risk factors 

for cardiovascular events and mortality. 

 

Neuropathy 

People with diabetes may develop nerve damage as a result of exposure to high levels of 

glucose, including effects on the peripheral and autonomic nervous systems. Neuropathies are 

caused by diffuse and focal nervous system damage and affect up to half of all individuals 

with diabetes (Callaghan et al., 2015). Distal symmetric polyneuropathy is the most common 

type, typically manifesting with a ‘sock and glove' distribution, affecting the hands and lower 

limbs. Other diffuse neuropathies associated with diabetes include autonomic neuropathies 

such as cardiac autonomic neuropathy, gastrointestinal dysmotility, diabetic cystopathy, and 

impotence. Although less common, focal neuropathies include dysfunction of individual 

peripheral nerves, resulting in isolated mononeuropathies, or nerve roots, resulting in 

radiculopathy or polyradiculopathy. 

 

Gum disease 

The increased level of glucose in T2DM can cause the sugars in saliva to increase. This 

causes bacteria to deposit acids on the teeth which causes damage to the tooth enamel. This in 

turn can cause damage to the gums and increase infection risk (Diabetes UK, 2021).  
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Cancer 

Cancer is a leading cause of death in T2DM (Stattin et al., 2007). The treatments associated 

with cancer can also affect a person's diabetes control, which can make the disease harder to 

manage. A study from Australia found cancer to be the second leading cause of death in the 

population with diabetes (Harding, 2019). The evidence of a gradual increase in the incidence 

of colorectal cancer in correlation with the level of HbA1c has been cited as suggesting a 

causal relationship (Stattin et al., 2007); one possible mechanism is that hyperinsulinism, and 

an increase in circulating IGF1 levels, may promote a more aggressive cancer evolution. It 

has also been suggested that diabetes does not increase the risk of all types of cancer; instead, 

this is most noticeable in the digestive system, including the liver, pancreas, endometrium, 

and breast; however, an increase in risk of pancreatic cancer would be the result of high local 

insulin concentrations acting directly or indirectly via growth factors (Stattin et al., 2007).  

 

Sexual problems in men and women 

These can occur because of compromised blood flow to the sexual organs or because of 

neuropathies. Women have a higher risk of thrush and other urinary tract infections, whilst 

some men may develop impotence. 

 

1.2.6 Diabetes and ethnicity  

Both Hispanic and Asian populations worldwide have a higher prevalence of diabetes than 

European and African populations, both in their native environments and in their diaspora 

(Arroyo-Johnson et al., 2016). These distinctions between races/ethnicities may be due to a 
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variety of factors, including genetic, epigenetic, lifestyle, and environment which I will go on 

to discuss.  

According to a previous USA population-based national study, Hispanic and non-Hispanic 

Asian populations have a similar prevalence of total diabetes and prediabetes as non-Hispanic 

Black populations, but a higher prevalence of undiagnosed diabetes (Menke et al., 2015), 

indicating that some observed differences are accounted for by differences in diagnosed vs. 

undiagnosed disease. On the other hand, Maskarinec et al. (2009) reported that ethnic 

differences in diabetes prevalence persisted after BMI stratification. Considering the UK 

context, recently, Goff et al., (2019) found that diabetes prevalence in UK minority ethnic 

groups, was approximately three to five times higher than in the white British population. In 

another analytic approach, according to data from the London SABRE multi-ethnic cohort, 

40–50% of South Asian and African-Caribbean men and women will have T2DM by age 80, 

more than twice the proportion of their age-matched white European counterparts (Lanting et 

al., 2005).  

It is also widely recognised that ethnic groups vary significantly in terms of health beliefs, 

especially true among members of successive generations of migrant groups, who may 

undergo significant acculturation. There is, however, a wealth of evidence describing distinct 

cultural beliefs and behaviours that exist among non-white European ethnic groups and can 

act as impediments to healthy self-management practices and in turn may contribute 

significantly to ethnic disparities in T2DM management and outcome. Goff et al. (2019) 

considered other differences between ethnicities and found that cultural obstacles to 

healthcare contribute significantly to ethnic disparities in diabetes. Linguistic and cultural 

disparities, limited health literacy, low socioeconomic standing, and migrant status all 

contribute. Despite numerous studies investigating ethnic differences in the pathophysiology 
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of T2DM, the major mechanism underlying risk differences between ethnic groups remains 

unclear (Goff et al., 2019). 

Epidemiological evidence and migration studies demonstrating disparate disease rates within 

an ethnic group living in different environments or countries demonstrate the influence of 

non-genetic factors. For example, the prevalence of type 2 diabetes is 2% among Asian 

Indians living in rural India, compared to approximately 8% among Asian Indians living in 

urban India (Ramachandran et al 1992). It is also important to note that there are concerns 

around ethnic differences in the performance of HbA1c for monitoring glycaemic control 

and/or diagnosing diabetes, as consistently higher HbA1c rates (by roughly 0.4%) have been 

found at all levels of glycaemia, particularly among Black African and Caribbean ethnicities 

(Selvin et al., 2011). 

 

1.2.7 Interrelationships between diabetes and SMI 

I will go on (in Chapter 2) to discuss the detailed results of my scoping review of literature on 

SMI, diabetes and diabetes outcomes; however, I will summarise here some key over-arching 

issues for the interrelationships between diabetes and SMI .  

The connection between diabetes and SMI was proposed over a century ago by Sir Henry 

Maudsley and there has been a very longstanding awareness of raised prevalence of diabetes 

in people with SMI. More recently, as described by Holt et al. (2005), the prevalence of 

diabetes in people with schizophrenia or bipolar illness (10–15%) has been two to three times 

that expected in the general population (3.5–5%). This is likely to increase, as diabetes 

prevalence in the general population increases, and the difference in prevalence between 

people with and without SMI widens, in common with other health inequalities. 
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Diabetes risk in people with SMI, while not fully understood, is thought to be raised because 

of a range of factors rather than a single underlying explanation. These which include 

features of the mental illness itself, known side effects of antipsychotic medication (weight 

gain and metabolic syndrome), lifestyle factors such as lack of physical activity, poor diet 

and/or smoking (compounding and/or compounded by antipsychotic-related weight gain and 

metabolic syndrome), risks from other co-morbidities, wider socio-economic disadvantages, 

and healthcare inequalities/barriers. Socio-economic and illness-related disadvantages are 

likely to result in less adequate prevention from healthcare at all stages – e.g., through 

promotion of healthier lifestyle in the general population, through identifying and 

ameliorating early metabolic syndrome, through identifying and treating sub-clinical 

dysglycaemia, through to early diabetes diagnosis and secondary/tertiary prevention in those 

with established disease.  

 

SMI might additionally affect diabetes outcomes in various ways. To begin with, and as 

previously described, it is already established that patients with SMI die 10–20 years earlier 

than those without SMI, so there is no reason to suppose that this mortality gap is not present 

in subgroups with diabetes. Other long-term conditions could contribute substantially to this 

mortality gap, and there are potentially concerning adverse effects of antipsychotic 

medication which is known to be obesogenic, diabetogenic and thrombophilic. Up to 70% of 

people with schizophrenia smoke (Cohen et al., 2018) and people with SMI are more likely 

to be from a disadvantaged background and therefore may be unemployed, have poor 

accommodation and require state benefits. Having SMI also makes it more difficult to adhere 

to medication where motivation is poor as a component of the syndrome, where therapeutic 

relationships have broken down as a result of previous relapses, and where social isolation 

has occurred. For these reasons, people with SMI may also find it more difficult to keep 
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review appointments, lose weight and take exercise regularly. The combination of diabetes 

with psychiatric comorbidities, medication side-effects, and organisational deficiencies mean 

that diabetes is potentially one of the major causes of premature mortality within this 

population (Cohen et al., 2018). 

Despite this, there are still significant knowledge gaps and given the detrimental effect on this 

population specifically and the wider communities both locally and globally it is important 

that we address the knowledge gaps, in order to understand what is happening, why it is 

happening and how these can be addressed in clinical care and within policy. Examples 

include: 

• How is diabetes monitored and managed in people with SMI compared to those 

without SMI?   

• What are the socio-demographic and illness-related risk factors associated with 

developing diabetes in people with SMI?  

• How do outcomes differ between people with SMI and diabetes compared to people 

with SMI without diabetes (physical and mental)? 

• What factors influence access to, and receipt of, diabetes care for people with SMI? 

For example, is appropriate screening in place/ in receipt? 

In its Five Year Forward View for Mental Health NHS England committed to leading work 

to ensure that by 2020/21, 280,000 people living with severe mental illness (SMI) would 

have their physical health needs met. Key targets were to increase early detection, expand 

access to evidence-based physical care assessment and intervention each year, and to achieve 

screening and access to physical care interventions. One target was to deliver annual physical 

health checks and interventions, in line with this guidance, to at least 280,000 people with 
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SMI in 2018-19 (NHS 2018). This is highly relevant for services and would go some way to 

providing better care and subsequent outcomes for this population. 

The National  Diabetes audit (2018) has highlighted changes that within practice that should 

now impact participation of individual practices, meaning that the amount of information on 

diabetes should increase. This should also include recording levels which is a positive step. 

Similarly to my findings they indicated that foot surveillance was inadequate as well. Cohen 

et al 2018 also discussed outcomes of diabetes in people specifically with SMI. As with my 

findings the inequalities  within this group were highlighted, but it is important that steps are 

being taken to better the care and outcomes within this group(Reilly et al 2015).  

 

In considering health inequalities and the specific issue here of diabetes risk and outcome in 

SMI, it is important to bear in mind the wider context. Environmental factors can impact 

health and wellbeing and these wider determinants of health are often interlinked. The 

reasons for health inequalities are complex and include multiple factors such as the 

availability of services in a person’s local area, service opening times, access to transport, 

access to childcare, language (spoken and written), literacy, poor experiences in the past, 

misinformation, and fear (NHS England). People living in areas of high deprivation, those 

from minority ethnic communities, and those with homelessness or insecure accommodation, 

are particularly at risk of experiencing these inequalities. Clearly people with SMI are likely 

to be over-represented in all these risk groups.  

Considering all of the above, including the highlighted gaps in knowledge, I was keen to 

contribute to helping people who faced health inequalities. My PhD studies and interests 

were born in the hope that I could contribute to helping these populations receive the 

monitoring and care they deserve. I am pleased that since starting my project, there is now a 

https://www.england.nhs.uk/about/equality/equality-hub/national-healthcare-inequalities-improvement-programme/what-are-healthcare-inequalities/deprivation/
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wider body of work more specifically on diabetes and some translation of findings to clinical 

care improvements. The gaps described (both translational and diabetes-specific research) 

have started to be addressed within the psychiatric and diabetes community (I will discuss 

some of the recent literature within chapter 8). However, I hope that this thesis will provide a 

contribution towards this field. 

 

 

 

1.3 Summary 

People with SMI die 10–20 years sooner than those without SMI, and long-term 

health problems significantly contribute to the mortality disparity (Ashworth et al., 2017). 

The causes of this premature mortality are complex and interconnected. Individuals with 

SMI are more likely to be unemployed, live in substandard housing, and rely on public 

assistance; the nature of SMI itself makes it more difficult to follow medication regimens, 

keep review appointments, lose weight, and engage in regular exercise — all of which would 

improve health outcomes (Cohen et al., 2017). There are also organisational barriers, with 

parallel services that do not adequately combine physical and medical care, potentially 

leaving the most vulnerable patients trapped in an unequal system.  

T2DM is a complex disease with numerous complications caused by a range of interrelated 

mechanisms. As well as direct risk effects on cardiovascular disease, the majority of 

complications are caused by hyperglycaemia, insulin resistance, low-grade inflammation, 

accelerated atherogenesis, and susceptibility to infections. As described, CVD is an 

important contributor towards mortality inequalities experienced by people with SMI, and 

T2DM is an important potential contributor to the excess CVD risk. Having discussed SMI 
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and its association with health inequalities, as well as T2DM as a particular factor underlying 

some of the inequalities, the next chapter will consider in more detail the relationships 

between SMI, T2DM and its complications.  
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Chapter 2: Type 2 diabetes mellitus or glucose 

dysregulation in people with schizophrenia, 

bipolar disorder psychosis and severe mental 

illness: a systematic review 
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2.1 Introduction 

2.1.1 Rationale and choice of methodology 

As described in Chapter 1, it is known that people with SMI have a substantially reduced life 

expectancy and T2DM rates are also higher among this population. Anti-psychotic 

medications may play a part in this; however, a higher prevalence of diabetes among people 

with SMI has been noticed even before these medicines are started. Thus, T2DM incidence 

and outcomes in those who have these mental disorders has important relevance to clinical 

care. Examining the relevant literature is key, in turn, to the effective targeting of research to 

build the evidence base. 

In commencing my research in this area, it was therefore important to choose the most 

appropriate way to assess the literature at an early stage. Below I have summarised different 

types of review to evaluate what best fitted my research needs. I present a table below taken 

from Mann et al., 2018, then consider further differences in review types as well as their 

strengths and weaknesses. 
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Defining characteristics of traditional literature reviews, scoping reviews, and 

systematic reviews (taken from Mann et al., 2018) 

 Traditional 

Literature 

Reviews 

Scoping 

reviews 

Systematic 

reviews 

A priori review protocol No 
Yes 

(some) 
Yes 

PROSPERO registration of the 

review protocol 
No Noa Yes 

Explicit, transparent, peer 

reviewed search strategy 
No Yes Yes 

Standardized data extraction 

forms 
No Yes Yes 

Mandatory Critical Appraisal 

(Risk of Bias Assessment) 
No Nob Yes 

Synthesis of findings from 

individual studies and the 

generation of ‘summary’ 

findingsc 

No No Yes 

aCurrent situation; this may change in time. bCritical appraisal is not mandatory, however, reviewers may decide to assess and report the 

risk of bias in scoping reviews. cBy using statistical meta-analysis (for quantitative effectiveness, or prevalence or incidence, diagnostic 

accuracy, aetiology or risk, prognostic or psychometric data), or meta-synthesis (experiential or expert opinion data) or both in mixed 

methods reviews 

 

Mann et al. (2018) produced the above table to detail the requirements for each type of 

review. I will however focus on systematic and scoping types. 
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When first considering what review is appropriate, one would need to determine exactly what 

question is being asked and the overall purpose of the review. Also of consideration, is 

whether or not the results will answer a clinically meaningful question or provide evidence to 

inform practice. If the research question is addressing the feasibility, appropriateness, 

meaningfulness or effectiveness of a certain treatment or practice, then a systematic review 

may be most appropriate (Pearson et al., 2005). However, where the focus is the 

identification of specific characteristics/concepts in papers or studies (followed by 

subsequent mapping, reporting or discussion of these), a scoping review would be more 

appropriate. 

Scoping reviews do not aim to produce a critically appraised and synthesised result nor 

answer to a specific question; therefore, typically, assessment of methodological limitations 

or risk of bias of the evidence included within a scoping review is generally not performed 

(Peters et al., 2015). As a result, clinical implications differ between a scoping review and a 

systematic review. For scoping reviews, there may be no need for clinical implications for 

practice or the implications may be significantly limited (from a clinical or policy viewpoint). 

However, for systematic reviews, providing clinical implications for practice is a key 

component, as well as recommended in reporting guidelines for systematic reviews (Liberati 

et al 2009). 

 

Systematic reviews 

Systematic reviews are a type of research synthesis conducted by review groups with 

specialised skills, who seek to identify and retrieve international evidence pertinent to a 

particular question or questions, and to appraise and synthesise the results of this search in 

order to inform practise, policy, and in some cases, further research (Liberati et al., 2009). 
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Systematic reviews adhere to an organised, predefined procedure with stringent measures to 

ensure that the results are credible and meaningful to end users. These evaluations are 

commonly used, for example, to inform the establishment of trustworthy clinical guidelines 

(Steinberg et al., 2011) and are regarded as a pillar of evidence-based healthcare (Munn et 

al., 2014). A systematic review may be conducted to confirm or disprove whether present 

practice is supported by relevant evidence, to determine the quality of that evidence, and to 

resolve any uncertainty or variance in practise that may be occurring. Such discrepancies in 

practice may be the result of contradictory evidence, which a systematic review should 

(hopefully) address. In addition to identifying gaps, weaknesses, and trends in the current 

data, completing a systematic review can support and influence future research in the field. 

Systematic reviews can be used to provide statements that assist clinical decision-making, 

care delivery, and policy creation (Aromataris & Pearson, 2014). Indications for systematic 

reviews include (Munn et al., 2018) determining the worldwide proof, confirming current 

practice (resolving any deviations, identifying any new procedures), identifying and guiding 

future research areas, determining and investigating contradictory outcomes, and developing 

guiding statements for decision-making.  

Despite the utility of systematic reviews for addressing the aforementioned indications, there 

are instances in which systematic reviews cannot meet the necessary objectives or 

requirements of knowledge users, or in which a methodologically robust and structured 

preliminary searching and scoping activity may be useful for informing the conduct of 

systematic reviews.  
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Scoping reviews 

A scoping review can be defined as an instrument for determining the scope or coverage of a 

body of literature on a given topic, providing a clear indicator of the volume of literature and 

studies available as well as a summary (general or detailed) of its focus. Scoping reviews are 

beneficial for analysing developing evidence when it is unclear what additional, more 

specific questions may be posed and answered by a more precise systematic review 

(Armstrong et al., 2011). They can report on the forms of evidence that address and inform 

field practice as well as the study methodology. 

The main objective of scoping reviews is thus to identify and map the available evidence 

(Anderson et al., 2008) and reasons for a scoping review are described below (Munn et al., 

2018): 

• To identify the sorts of evidence available in a certain field 

• To clarify important concepts/definitions from the literature 

• To investigate how research is conducted on a particular subject or field 

• To identify essential qualities or aspects of a concept 

• In advance of a systematic review 

• To identify and evaluate gaps in knowledge 

 

Criteria for a high quality review. 

Depending on the specific type of review and the research aim, the criteria will differ and 

what is required to make the review of high quality may also differ. This has been 

summarised by Paré & Kitsiou (2017), summarised in table form below: 
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Typology of Literature Reviews (adapted from  Paré & Kitsiou, 2017) 

Review type Overarching goal Search strategy Appraisal of included 

studies 

Analysis and 

synthesis 

Scoping 

review 

Aims to provide an 

initial indication of 

potential size and 

scope of the extant 

research literature. 

May be conducted to 

identify nature and 

extent of research 

evidence, including 

ongoing research, with 

a view to determine 

the value of 

undertaking a full 

systematic review. 

Comprehensive search 

using an iterative process 

that is guided by a 

requirement to identify 

all relevant literature 

(published and 

unpublished) suitable for 

answering the central 

research question 

regardless of study 

design. Uses explicit 

inclusion and exclusion 

criteria. 

No formal quality or 

risk of bias 

assessment of 

included primary 

studies is required. 

Uses analytic 

frameworks or 

thematic 

construction in order 

to present a narrative 

account of existing 

literature, as well as 

numerical analysis of 

the extent, nature 

and distribution of 

the studies included 

in the review. 

Systematic 

review 

Aims to aggregate, 

critically appraise, and 

synthesize in a single 

source all empirical 

evidence that meet a 

set of pre-specified 

eligibility criteria in 

order to answer in 

depth a clearly 

formulated research 

question to support 

evidence-based 

decision-making. 

Exhaustive literature 

search of multiple 

sources and databases 

using highly sensitive and 

structured strategies to 

identify all available 

studies (published and 

unpublished) within 

resource limits that are 

eligible for inclusion. 

Uses a priori inclusion 

and exclusion criteria. 

Two different quality 

assessments must be 

addressed in 

systematic reviews: 

(a) risk of bias in 

included studies, and 

(b) quality of 

evidence by outcome 

of interest. Both 

assessments require 

the use of validated 

instruments (e.g., 

Cochrane criteria and 

GRADE system). 

Two different types 

of analyses and 

syntheses methods 

can be used: 

1. Meta-analysis 

(statistical pooling of 

study results), and 

2. qualitative/ 

narrative: use of vote 

counting, content 

analysis, 

frameworks, 

classification 

schemes, and/or 

tabulations. 

 

 

 Given the considerations above, it would be most appropriate to characterise the review 

described in this chapter as a scoping review. I do, however, acknowledge that there are 

elements of both approaches and, as described above, there is some overlap between the two. 

As will be mentioned in the exclusion criteria detailed below, my focus was on cohort studies 

as a design. This was felt to be most appropriate given my planned research using a health 

records based data resource described in later chapters, which specifically lends itself to 



82 
 

retrospective cohort study designs. In this respect I sought to understand the scope of current 

research at the time of review that was likely to be most directly relevant.  

 

Further considerations – risk bias assessment and meta-analysis 

Risk bias assessment helps to create transparency of evidence synthesis results and 

findings.  Individual studies that are included in a synthesis may include biases in their results 

or conclusions, therefore there may be a need to evaluate this. Risk of bias assessment is 

typically not needed or expected outside systematic reviews; however, this may depend on 

the evidence synthesis method (Higins et al., 2016). 

For this review I did not feel that a meta-analysis was appropriate as the main aim of a meta-

analysis is to determine the presence and direction of a hypothesised effect and, ideally, to 

obtain a single summary estimate of that effect. A meta-analysis seeks to improve precision 

of estimates of effect, to answer questions not posed by the individual studies, and to deal 

with controversies arising from conflicting studies, as well as potentially supporting the 

generation of new hypotheses (Haidich, 2010). For my review, which as indicated was 

primarily deploying the scoping technique, a meta-analysis was not felt to be indicated, partly 

(as will be seen) because of the excessive heterogeneity of study designs and measurements 

and partly because the review did not seek to focus on one or two specific effects but rather 

to scope the level of the evidence base and gaps in this.  

 

 

2.1.2 Objectives  

The initial objective early in the PhD programme was to ascertain the scope of the literature 

on T2DM/glucose dysregulation in SMI, considering the types of questions that had been 
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addressed in this field. Further to this, a more focused objective was developed to collate and 

summarise recent findings on T2DM/ glucose dysregulation incidence, prevalence and 

outcomes in persons with schizophrenia, bipolar disorder, psychosis or severe mental illness. 

Therefore, this review was aiming to understand what work had already been done, in order 

to inform targeted research in areas where there were gaps. 

 

2.2 Methods 

2.2.1 Inclusion and exclusion criteria 

 This review was conducted in line with the Preferred Reporting Items for Systematic reviews 

and Meta Analyses (PRISMA) standard (Moher et al. 2009) where applicable. Risk bias was 

not considered in this review. The initial search carried out in 2018 used Medline, a 

bibliographic database of life sciences and biomedical information from academic journals 

covering medicine, nursing, pharmacy, dentistry, veterinary medicine, and health care. 

Medline provides an advanced search capacity covering over 23 million article references. It 

also uses Medical Subject Heading (MeSH) terms and spans over 50 years.  

This initial search extracted articles published within the preceding five years (2013-2018) in 

order to cover the most up-to-date evidence in the area. The following inclusion criteria 

were applied in the search:  

1) Studies of people with psychosis, SMI, schizophrenia, bipolar and major depressive 

disorder) defined using structured interviews or clinical diagnostic schedules (e.g., 

DSM, ICD criteria) 

2) Studies that were prospective or cohort study designs 
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3) Studies that measured diabetes (known diagnosis or an HbA1c of 48mmol/mol 

(6.5%)) or glucose dysregulation (42–47 mmol/mol (6.0–6.4%) (Diabetes UK 2020). 

Diabetes ‘known diagnosis’ included recorded ICD codes, self-report, records in 

medical notes/insurance databases or defined by use of diabetic medication (from 

medical notes or interview). 

4) English-language articles. 

5) Studies defining mental disorder by diagnosis – i.e., not including studies which 

defined or characterised cohorts on medication receipt (e.g. antipsychotics) alone.  

6) Studies could include diabetes medication  

7)  Diabetes outcomes of interest could include diabetes management and any 

subsequent health outcome such as cardiovascular disease or resulting in hospital 

admission. 

Systematic reviews and meta-analyses that report outcome of interest were also extracted, 

although primarily as sources of references to original research, and to illustrate other 

relevant reviews in the field. All age groups were included. 

The following exclusion criteria were applied in the search and extraction: 

1) Duplicates.  

2) Studies of GDM specifically.  

3) Studies of T1DM only (studies were included if they were looking at both types or did 

not distinguish them).  

4) Studies of other mental disorders in isolation or if not mentioned alongside the 

disorders specified. 
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2.2.2 Information sources 

Medline was used as the information source for the primary extraction. Towards the end of 

my PhD programme, the primary extraction was then updated with a second Medline search 

to include papers up to April 2021. The second search used the same criteria as the first. The 

publication date filter was applied to the initial search (in September 2018) in order to limit 

the results to the past 5 years for pragmatic reasons, allowing a manageable number of papers 

to be appraised within the time available. In the past 5 years there have also been large 

reviews on diabetes incidence and outcomes in SMI and it was felt to be most productive to 

update these and build on any gaps rather than duplicate. This was then further built on by the 

second search. 

Following the initial search, and having decided on the more focused objectives, relevant 

articles and reviews were supplemented by hand-searching of references without a date 

restriction.  

 

2.2.3 Search criteria, study selection and critical appraisal 

The search strategy utilised the following key search terms and combination: (SMI or 

psychosis or bipolar or schizophrenia) and (diabetes or glucose dysregulation or HbA1c) and 

(prospective or cohort)”. This search was applied to the title, abstract or index term fields. 

Searches were also conducted using combinations of the individual terms listed but these 

were not used to generate the document corpus; instead, this strategy was applied to gain an 

appraisal of the field as a whole and did not adhere to the specified inclusion or exclusion 

criteria (Appendix 1).  

After the removal of duplicates, the titles and abstracts were screened for all potentially 

eligible articles. The eligibility criteria were applied in order to develop a list of full text 
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articles. Next, the full texts were considered, and the final list of included articles was 

reached. The intention at the early stage of the PhD programme was to extract eligible 

articles within the last 5 years to get a general understanding of the scope of the literature on 

this topic as a pragmatic approach, supplementing this to achieve more systematic inclusion. 

The data were collated using an Excel table of all results which were then assessed against 

the eligibility criteria. The eligible results were then tabulated (see Table 2.1 later). Having 

clarified the broad themes of research in this field, more selective ascertainment was then 

carried out through further searches and reference-screening of studies specifically relevant to 

large-scale ascertainment of diabetes risk and outcomes.  

 

2.2.4 Results synthesis 

This was carried using a narrative synthesis which initially described and summarised the 

main features of each study in turn, describing and commenting on the methodological 

quality of each study and then assessing the results systematically. This was true of both the 

first search (up to 2018) and the updated second search. 

 

2.3 Results 

2.3.1 Initial search results and included studies 

The specified combination of search terms returned 146 results once duplicates were 

removed and the search was limited to the last five years. Of these, 25 met the inclusion 

criteria. A flow diagram for this selection process is provided in Figure 2.1. A flow diagram 

for the second Medline search is also provided in Figure 2.2; this identified a further 34 

papers meeting inclusion criteria.  
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Figure 2.1 Flow diagram for the search strategy 

 

  Results returned once 

duplicates were removed and 

search limited to the last 5 

years. 

n=146 

 

Results screened after 

irrelevant papers removed 

n=32 

 

Results excluded on title/ 

abstract 

n=114 

Reasons: not matching medline 

search criteria 

Full text articles included in 

review 

n=25 

Bipolar n=6 

SMI- n=3 

Schizophrenia n=16 

 

Full text excluded 

n=7 

Reasons: 

Medication reference only n=1 

Incorrect condition (diabetes/SMI)  

n=5 

Incorrect study design 

n=1 



88 
 

Figure 2.2 Flow diagram for the supplementary search strategy 

 

  Results returned once 

duplicates were removed and 

search limited to the last 3 

years. 

n=124 

 

Results screened after 

irrelevant papers removed 

n=52 

 

Results excluded on title/ 

abstract 

n=72 

Reasons: not matching medline 

search criteria 

Full text articles included in 

review 

n=34 

Bipolar n=8 

SMI- n=10 

Schizophrenia n=15 

MDD= 1 

Full text excluded 

n=17 

Reasons: 

Medication reference only n=2 

Incorrect condition (diabetes/SMI)  

n=15 
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2.3.2 Summary of initial search results and impressions drawn 

In summary, the assembled studies from the initial search contained two meta-analyses 

(Gorczynski et al., 2017, Vancampfort et al., 2015), and 23 cohort studies. The second search 

similarly identified two systematic reviews (Ijaz et al., 2018, Ayerbe et al., 2018), and a 

further 32 cohort studies. Tables 2.1 provides a high-level summary of articles identified and 

the way in which they were classified. As indicated, the objective at this stage was to gain a 

broad view of the potentially relevant literature. Although an approximation, the original 

studies were felt to fit into the following categories: i) those that investigated outcomes of 

diabetes in people with SMI (predominantly mortality and health outcomes, although 

including service use and care receipt; n=21); ii) those that investigated risk of diabetes in 

SMI (n=20); iii) those primarily investigating ‘pre-diabetes’ outcomes in SMI, such as 

metabolic syndrome and wider cardiovascular risk (n=14). Studies in Table 2.1 are ordered 

first by these categories and next by the country of location (UK, Europe, Australia, America, 

Asia).  

As can be seen from Table 2.1, the studies identified were drawn from a wide range of 

countries. The studies further ranged widely in sample size from around 100 to over 2 

million. There were six studies based in the UK (Hayes et al., 2016, Perez-Piner et al., 2016, 

Wake et al., 2018, Gaughran et al., 2019, Jackson et al., 2019, Pearlsall et al., 2019, 

Fernandez-Egea et al., 2020), most of which (n=5) were considering risk of diabetes, with 

only one study of diabetes outcomes (Hayes et al., 2016). Considering diabetes outcomes, 

countries represented appeared to be predominantly those hosting large data resources or 

other relevant cohorts to allow for the sample sizes required; thus, there were three studies 

from Denmark, three from Australia, three from Canada, four from the USA and six from 

Taiwan.  
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Given the anticipated scope of the thesis and the nature of the data available for use, which 

were envisaged to be unlikely to contribute to pre-diabetes syndromes research, it was 

decided to focus the review in more detail on the first two categories – i.e. studies which were 

investigating relative risk of developing diabetes in patients with SMI (either in relation to 

controls or predictive factors within SMI cohorts), and those focusing on the outcome of 

diabetes (and predictive factors) in this group. These two areas are thus considered in more 

depth in the next two sections.  
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Table 2.1. Summary of all relevant articles from the initial and updated Medline searches and their classification 

Author/year Location  Sample Primary objective Classification 

Hayes et al., 2016 UK Patients who had a diagnosis of 

bipolar disorder and were 

prescribed lithium (n = 2148), 

valproate (n = 1670), olanzapine 

(n = 1477), or quetiapine (n = 

1376) as maintenance mood 

stabilizer treatment. 

To determine adverse event rates of 

chronic kidney disease, thyroid 

disease, hypercalcemia, weight gain, 

hypertension, type 2 diabetes 

mellitus, cardiovascular disease, and 

hepatotoxicity during treatment with 

lithium, valproate, olanzapine, and 

quetiapine. 

Diabetes outcome 

Ribe et al., 2014 Denmark 1083 people with SMI and 

diabetes 

To compare the overall and cause-

specific mortality in persons with 

SMI and diabetes 

Diabetes outcome 

Toender et al., 2019 Denmark 239,118 individuals with diabetes 

at risk for a diabetic complication 

between January 1, 1997, to 

January 1, 2017. 

To investigate the incidence of 

registered diabetic complications and 

subsequent mortality  

 

Diabetes outcome  

Brink et al., 2019 Denmark A cohort consisting of 4924 

individuals aged 18-40 years 

registered with a diagnosis of 

schizophrenia (ICD-8: 295.0-3 + 

295.9) during admission to a 

psychiatric hospital unit in 1970-

79. Schizophrenia cases were age 

and gender matched with 22,597 

controls in the general population. 

This study investigated how chronic 

medical comorbidity evolved across 

the lifespan in schizophrenia and the 

associated impact on mortality. 

Diabetes outcome 

Davis et al., 2015 Australia 1,296 community-based diabetes 

patients followed for a mean (SD) 

12.9 (6.1) years and in 5,159 

matched non-diabetic residents, 

0.4% of each group had 

schizophrenia.  

To investigate effects of type 2 

diabetes and schizophrenia on 

mortality 

Diabetes outcome 

Almeida et al., 2018a Australia 37,183 men aged 65-85 years with 

bipolar disorder 

To investigate the hazard of general 

hospitalisation among older men 

associated with early and late onset 

bipolar disorder adjusting for age and 

prevalent medical morbidities 

Diabetes outcome 
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Almeida et al., 2018b Australia 1,296 community-based diabetes 

patients followed for a mean (SD) 

12.9 (6.1) years and in 5,159 

matched non-diabetic residents, 

0.4% of each group had 

schizophrenia. Patients with both 

conditions had a six-fold adjusted 

increased risk of death.  

To investigate effects of type 2 

diabetes and schizophrenia on 

mortality 

Diabetes outcome 

Kurdyak et al., 2017 Canada 1,131,375 individuals with 

diabetes, among whom 25,628 

(2.3%) had schizophrenia. 

To determine the quality of diabetes 

care and diabetes-related health 

outcomes among individuals with and 

without schizophrenia. 

Diabetes outcome 

Hsu et al., 2019 Canada A retrospective cohort study of 

adults with schizophrenia and 

diabetes (N=26,259) in Ontario, 

Canada. Quality of care was based 

on receipt of three guideline-

concordant diabetes care 

procedures between 2011 and 

2013.  

To investigate demographic, clinical, 

and service-utilization factors that 

affected the quality of diabetes care 

among patients with schizophrenia. 

Diabetes outcome 

Sporinova et al., 2019 Canada Collected data from April 1, 2012, 

to March 31, 2015, among 

991,445 adults 18 years and older 

with a chronic disease.  

To determine the association of 

mental health disorders with health 

care costs among people with chronic 

diseases. 

Diabetes outcome 

Chwastiak et al., 2014 USA 82,060 adults discharged in the 

state of Washington with any 

ICD-9 CM diagnosis indicating 

diabetes mellitus between 2010 

and 2011. Data on medical-

surgical hospitalizations were 

obtained from the Washington 

State Comprehensive Hospital 

Abstract Reporting System. 

To examine if comorbid SMI 

diagnoses (bipolar disorder, 

schizophrenia, or other psychotic 

disorders) among patients with 

diabetes are independently associated 

with medical-surgical re-

hospitalization within a month of 

discharge after an initial 

hospitalization. 

Diabetes outcome 

Hansen et al., 2018 USA 4,223 adult Medicaid enrolees 

with schizophrenia and 

hypertension, hyperlipidaemia, 

and/or diabetes from three states 

in 2009–2010 

To investigate whether medication 

adherence, inpatient admissions, and 

emergency department visits vary by 

the number and types of prescribers 

seen by adults with schizophrenia and 

cardiometabolic conditions 

Diabetes outcome 
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Mangurian et al., 2019 USA 269,243 adults with diabetes  To compare diabetes health outcomes 

received by people with and without 

comorbid SMI, and to understand 

demographic factors associated with 

poor diabetes control among those 

with SMI. 

Diabetes outcome  

Caroff et al., 2018 USA 4,223 adult Medicaid enrolees 

with schizophrenia and 

hypertension, hyperlipidaemia, 

and/or diabetes from three states 

in 2009–2010 

To investigate whether medication 

adherence, inpatient admissions, and 

emergency department visits vary by 

the number and types of prescribers 

seen by adults with schizophrenia and 

cardiometabolic conditions 

Diabetes outcome  

Wu et al., 2015 Taiwan A total of 11,247 participants with 

diabetes and schizophrenia and 

11,247 participants with diabetes 

but not schizophrenia were 

enrolled 

To explore whether having 

schizophrenia increases the risk of 

advanced complications and mortality 

in people with diabetes 

Diabetes outcome 

Wu et al., 2016 Taiwan 17,629 schizophrenia patients 

with newly diagnosed diabetes 

To explore the association between 

antipsychotic treatment and advanced 

diabetes outcome among 

schizophrenia patients with T2DM 

Diabetes outcome 

Tsai et al., 2019 Taiwan Using the Taiwan National Health 

Insurance Research Database, 

6099 people with diabetes with 

bipolar disorder and 24,378 

matched people with diabetes 

without bipolar disorder enrolled 

between 1999 and 2010 and 

followed to the end of 2013. 

To investigate the risk of 

hyperglycaemic episode in people 

with diabetes with bipolar disorder, 

and association with duration of 

antipsychotic prescription. 

Diabetes outcome 

Chen et al., 2019 Taiwan A total of 13,858 people with 

diabetes with schizophrenia and 

55,407 matched controls (without 

schizophrenia) from the Taiwan 

National Health Insurance 

Research Database. 

To investigate the risk of 

hyperglycaemic episode in people 

with diabetes with schizophrenia, and 

association with duration of 

antipsychotic prescription. 

Diabetes outcome 

Lee et al., 2018 Malaysia  A 10-year retrospective-outcome 

study of patients with first episode 

schizophrenia. Out of 394 patients 

diagnosed with first episode 

schizophrenia and registered with 

the National Mental Health 

Registry of Schizophrenia 

(NMHR) in the General Hospital 

Kuala Lumpur (GHKL) in 

2004⁻2005, 174 patients 

To investigate metabolic syndrome 

rates and its associated factors 

Diabetes outcome 
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consented to participate in the 

study. 

Fernandez-Egea et al., 

2020 

UK Patients who had a diagnosis of 

bipolar disorder and were 

prescribed lithium (n = 2148), 

valproate (n = 1670), olanzapine 

(n = 1477), or quetiapine (n = 

1376) as maintenance mood 

stabilizer treatment. 

To determine adverse event rates of 

chronic kidney disease, thyroid 

disease, hypercalcemia, weight gain, 

hypertension, T2DM, cardiovascular 

disease, and hepatotoxicity during 

treatment with lithium, valproate, 

olanzapine, and quetiapine. 

Diabetes risk  

Jackson et al., 2019 

 

UK Scottish population-based records 

were used to create cohorts with a 

hospital record of schizophrenia, 

bipolar disorder, or depression or 

no mental illness and to ascertain 

diabetes incidence.   

To determine the incidence of T2DM 

in people with a history of 

hospitalization for major mental 

illness versus no mental illness in 

Scotland by time period and 

sociodemographic status. 

 

Diabetes risk  

Bai et al., 2013 Taiwan 1,000,000 random subjects from 

the National health insurance 

program 

Investigate the risk of developing 

diabetes mellitus and hyperlipidaemia 

over a 10-year period 

 

Diabetes risk  

Wake et al., 2016 UK Established diabetes phenotypes 

in a patient cohort prescribed long 

term antipsychotic medication 

(n = 2362). Cases were matched 

1:10 to diabetes patients not 

prescribed antipsychotic 

medication (controls). Sub-groups 

with defined schizophrenia 

(n = 196) or bipolar disorder 

(n = 190) were further examined. 

To investigate differences in clinical 

variables in diabetes patients 

prescribed antipsychotic medication 

and determine relative schizophrenia 

prevalence in the diabetes population 

Diabetes risk  

Gaughran et al., 2019 UK Patients who had a diagnosis of 

bipolar disorder and were 

prescribed lithium (n = 2148), 

valproate (n = 1670), olanzapine 

(n = 1477), or quetiapine (n = 

1376) as maintenance mood 

stabilizer treatment. 

To determine adverse event rates of 

chronic kidney disease, thyroid 

disease, hypercalcemia, weight gain, 

hypertension, T2DM, cardiovascular 

disease, and hepatotoxicity during 

treatment with lithium, valproate, 

olanzapine, and quetiapine. 

Diabetes risk  

Pearlsall et al., 2019 UK  Data from the Glasgow Psychosis 

Clinical Information System 

(PsyCIS) to morbidity records, 

routine blood results and 

prescribing data. 

To determine levels of screening for 

cardiometabolic disease and adverse 

health outcomes  

Diabetes risk 
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Rajkumar et al., 2017 Denmark All people born in Denmark on or 

after Jan. 1, 1977, until Jan. 1, 

2013 (N=2,736,510 

To investigate the endogenous risk 

for diabetes in antipsychotic-naive 

schizophrenia and risks associated 

with starting antipsychotic treatment 

in people with schizophrenia. 

Diabetes risk  

Speerforck et al., 2018 Germany Baseline and 12-year follow-up (n 

= 1887) data from the German 

Health Interview and Examination 

Survey 1998.  

To investigate whether cardiovascular 

risk factors (CVRFs) are associated 

with unfavourable changes of 

clinically manifest CVRFs over time. 

Diabetes risk  

Kittel-Schneider et al., 

2020 

Germany  85 bipolar disorder patients were 

recruited in the framework of the 

BiDi study  

To investigate diabetes mellitus in 

bipolar disorder, and the reported 

prevalence  

Diabetes risk 

Barton et al., 2019 Germany Adult inpatients (18–75 years): a 

total of 163 patients (60.1% 

male, N = 98) (39.9% female, 

N=65) 

To investigate the prevalence of 

obesity, metabolic syndrome, 

diabetes, and risk of cardiovascular 

disease in a psychiatric inpatient 

sample 

Diabetes risk  

Hackinger et al., 2018 Greece 2,747 DNA samples from four 

different patient categories: T2D 

patients, SCZ patients, individuals 

with both SCZ and T2D 

To investigate the presence and extent 

of a shared genetic background 

between SCZ and T2DM using 

genome-wide approaches 

Diabetes risk  

Ingimarsson et al., 2017 Iceland This study identified 188 patients 

treated with clozapine and 395 

patients never treated with 

clozapine by searching the 

electronic health records of 

Landspitali, the National 

University Hospital. The 

comparison group consisted of 

Icelandic population controls. 

To describe the prevalence of high 

blood glucose levels, T2DM, and 

dyslipidemia, in association with the 

use of clozapine or other 

antipsychotics in patients with 

schizophrenia in Iceland 

Diabetes risk  

Taub et al., 2020) Israel From electronic medical records 

of the largest health care provider 

in Israel, 27,929 patients 

diagnosed with schizophrenia, of 

whom 1817 were prescribed 

clozapine during the years 2012-

2014. 

The aim of the study was to explore 

metabolic predictors for mortality in a 

large cohort of schizophrenia patients 

treated with long-term clozapine. 

Diabetes risk  

Schulte et al., 2016 Netherlands 94 adult patients with 

schizophrenia or schizoaffective 

disorder who had been treated 

with clozapine for 5 years or 

longer were matched on age, 

diagnosis, and sex to 94 patients 

without any use of clozapine. 

To investigate the risk of diabetes 

associated with clozapine  

Diabetes risk  
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Melkersson, 2020 Sweden 1 736 281 individuals from the 

Total Population- and Medical 

Birth- Registers were used to 

create a cohort of all individuals 

born in Sweden 1987-2004. 

To examine the effect of 

schizophrenia or schizoaffective 

disorder on the risk of developing 

subsequent T1DM or T2DM 

Diabetes risk  

Bent-Ennaakhil et al., 

2018 

Sweden  Using the Swedish national health 

registries, patients were identified 

from the Electronic Medical 

Records (EMR) in 20 primary 

care centres and were categorized 

in four diagnosis cohorts 

according to their first psychiatric 

diagnosis: bipolar disorder, 

schizophrenia, major depressive 

disorder, or other mood disorder 

To assess the incidence of 

cardiovascular diseases and T2DM in 

patients with psychiatric disorders. 

Diabetes risk 

Lappin et al., 2018 Australia 451 registered clozapine clinic 

attenders. 

To assess cardio-metabolic risk 

factors and their management in a 

large sample of outpatients treated 

with clozapine. 

  

 

Diabetes risk  

O'Neill et al., 2020 Canada 197,129 adults between 40 and 75 

years of age; 4882 with 

schizophrenia and 192,427 

without 

To identify the factors responsible for 

increased risk of cardiovascular 

disease, the extent to which these risk 

factors were documented in primary 

care electronic medical records, and 

to compare their documentation by 

patient and provider characteristics 

Diabetes risk  

Mangurian et al., 2017 USA California Medicaid enrolees with 

severe mental illness who were 

screened for diabetes (N=19,364). 

The sample was standardised to 

the US population. 

To assess differences in diabetes 

prevalence based on race-ethnicity 

among people with severe mental 

illnesses 

Diabetes risk  

Enger et al., 2013 USA 404 patients who were aged 15 to 

40 years, had research-confirmed 

diagnoses of first-episode 

schizophrenia spectrum, and had 

less than 6 months of lifetime 

antipsychotic treatment 

To assess cardiometabolic risk in 

first-episode schizophrenia spectrum 

disorders and its relationship to 

illness duration, antipsychotic 

treatment duration and type, sex, and 

race/ethnicity. 

Diabetes risk  
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Kusumi et al., 2018 Japan 1166 patients across 44 sites (24 

general hospitals, 17 psychiatric 

hospitals and 3 psychiatric clinics) 

To identify predictive factors for 

hyperglycaemic progression in 

individuals with schizophrenia or 

bipolar disorder and to determine 

whether hyperglycaemic progression 

rates differ among antipsychotics in 

regular clinical practice 

Diabetes risk  

Perez-Pinar et al., 2016 UK All patients, aged ≥ 30, registered 

in 140 primary care practices 

(n = 524,952  

Informing the management of 

cardiovascular risk in patients with 

psychiatric disorders 

Pre-diabetes 

Lin et al., 2015 Taiwan 329 Han Chinese patients with 

schizophrenia recruited from eight 

chronic psychiatric wards of a 

1,400-bed psychiatric hospital. 

To explore specific risk factors for 

metabolic syndrome and gender 

differences in patients with 

schizophrenia taking second-

generation antipsychotics  

Pre-diabetes 

Vancampfort et al., 2014 Belgium 100 inpatients and outpatients 

with a diagnosis of schizophrenia  

To explore relationships between 

metabolic and lung functions in 

patients with schizophrenia 

Pre-diabetes 

Godin et al., 2015 France 240 patients with schizophrenia  To estimate the prevalence of 

metabolic syndrome, abdominal 

obesity and hyperuricemia, to 

examine the association between 

metabolic parameters with HU in a 

cohort of French patients with 

schizophrenia or schizoaffective 

disorder, and to estimate the 

prevalence rates of treatment of 

cardio-vascular risk factors 

Pre-diabetes 

Konz et al., 2014 Netherlands 100 consecutive elderly 

outpatients with SMI. The 

findings were compared with 

those from a group of 124 healthy 

elderly. 

To evaluate metabolic screening in 

terms of newly detected metabolic 

abnormalities 

Pre-diabetes 

Jakobs et al., 2020 Netherlands 94 adult patients with 

schizophrenia or schizoaffective 

disorder who had been treated 

with clozapine for 5 years or 

longer were matched on age, 

diagnosis, and sex to 94 patients 

without any use of clozapine. 

To investigate metabolic effects of 

clozapine  

Pre-diabetes 

Perez-Iglesias et al., 2014 Spain 174 drug-naive patients with a 

first episode of psychosis 

To assess the course of weight gain 

and the incidence of metabolic 

abnormalities during the first 3 years 

of antipsychotic treatment 

Pre-diabetes 
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Bioque et al., 2018 Spain 174 drug-naive patients with a 

first episode of psychosis 

To assess the course of weight gain 

and the incidence of metabolic 

abnormalities during the first 3 years 

of antipsychotic treatment 

Pre-diabetes  

Rawiri et al., 2020 New Zealand 117 patients across eight general 

practices 

To investigate metabolic screening in 

primary care for patients with 

schizoaffective disorders managed in 

primary care 

Pre-diabetes 

Depp et al., 2014 USA Outpatients with either bipolar 

disorder (n = 341) or 

schizophrenia (n = 417), full or 

mixed Ashkenazi Jewish descent 

To examine associations among 

variables related to obesity, treated 

hypertension and/or diabetes and 

cognitive abilities in these two patient 

populations 

Pre-diabetes 

Mangurian et al., 2018 USA 4,223 adult Medicaid enrolees 

with schizophrenia and 

hypertension, hyperlipidaemia, 

and/or diabetes from three states 

in 2009–2010 

To investigate whether medication 

adherence, inpatient admissions, and 

emergency department visits vary by 

the number and types of prescribers 

seen by adults with schizophrenia and 

cardiometabolic conditions 

Pre-diabetes 

Correll et al., 2014 USA 404 patients who were aged 15 to 

40 years, had research-confirmed 

diagnoses of first-episode 

schizophrenia spectrum disorders, 

and had less than 6 months of 

lifetime antipsychotic treatment 

To assess cardiometabolic risk and its 

relationship to illness duration, 

antipsychotic treatment duration and 

type, sex, and race/ethnicity. 

Pre-diabetes 

Zhai et al., 2017 China 543 drug-naïve first-episode 

schizophrenia were eligible, 417 

(77%) of whom had received 

fasting phlebotomy measurements 

before the beginning of the 

antipsychotic treatment and at the 

second time with the 

antipsychotic treatment of 1-

8 weeks.  

To characterize the metabolic features 

of those patients. 

Pre-diabetes 

Rawat et al., 2018 India Patients (n = 157) and general 

population controls (n = 263) 

were recruited from a rural area in 

South India 

To examine the prevalence and 

predictors of metabolic syndrome in 

schizophrenia patients and general 

population controls in a rural 

population in South India 

Pre-diabetes  

Gorczynski et al., 2017 N/A 10 unique studies reporting data 

from 33,910 people with 

schizophrenia were included 

A meta-analysis of diabetes 

medication adherence among people 

with/without schizophrenia 

Review 
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Vancampfort et al., 2016 N/A Nineteen studies were included (n 

= 18,060; 54.8% male) 

To describe pooled frequencies of 

T2DM in people with SMI; b) to 

analyze the influence of demographic, 

illness and treatment variables as well 

as T2DM assessment methods; and c) 

to describe T2DM prevalence in 

studies directly comparing persons 

with each specific SMI diagnosis to 

general population samples 

Review 

Ijaz et al., 2018 N/A Systematic reviews that 

investigated the association of 

antipsychotic polypharmacy in 

schizophrenia with hypertension, 

diabetes, or hyperlipidaemia.  

To evaluate evidence on the 

association between metabolic 

syndrome (diabetes, hypertension, 

and hyperlipidaemia) and exposure to 

antipsychotic polypharmacy in 

schizophrenia. 

Review 

Ayerbe et al., 2018 N/A Twenty prospective studies 

comparing rates of screening, 

diagnosis, treatment, and control 

of cardiovascular risk factors 

To compare and review studies on the 

management of smoking, diabetes, 

hypertension, and dyslipidaemia, in 

patients with and without depression, 

anxiety, schizophrenia, bipolar or 

personality disorder, 

Review 
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2.3.3 SMI and related factors associated with diabetes risk 

Studies investigating the presence or not of diabetes as an outcome were ascertained from 

original papers and reviews described in Table 2.1, accompanied by a manual search of 

references, followed by a second search (using the same criteria) to include papers up to 

April 2021. The 20 original studies were expanded to 31 following this process, and those 

studies included are summarised in further detail in Table 2.2, and their characteristics 

considered below.  

 

2.3.3.1 Geographical locations and sample sizes 

A large proportion of the studies were from the USA (Regenold et al., 2002, Phutane et al., 

2011, Henderson et al., 2005, Sokal et al., 2004, Susce et al., 2005, Depp et al., 2014, Dixon 

et al., 2000, Enger et al., 2013, Mangurian et al., 2017, Caroff et al., 2018), including a large 

proportion of the earlier published research (2000-2011) and a wide range of sample sizes. 

There were also a large number of European studies which included more recent work up to 

2020 (Gaughran et al., 2019, Egea et al., 2020, Bioque et al., 2019, Melkersson 2020, Barton 

et al., 2019, Speerforck et al., 2018, Hackinger et al., 2018). These also had varying sample 

sizes, including the largest study from Denmark that reported on a population of over 2 

million people followed over a 35-year period (Rajkumar et al., 2017). There were three 

studies from East Asia and three Australian studies. Studies are ordered in Table 2.2 by 

ascending sample size and a clear transition can be seen from the smaller studies where 

samples were of specifically recruited individuals, to the larger studies drawing on routine 

data. 
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2.3.3.2 Samples  

Considering the disorders of interest identified in the samples, schizophrenia was the most 

reported. Fourteen studies looked at all types of SMI with the literature covering a sixteen 

year period (Regenold et al., 2002, Caroff et al., 2018). While there was only one study 

identified that investigated bipolar disorder specifically (Hayes et al., 2016) in the first 

search, the updated second search brought back a further six studies of bipolar disorder, 

suggesting a more recent expansion in this field, the most recent being that reported by 

Kittel-Schneider et al. (2020). There were also three studies focusing on first-episode 

psychosis specifically (Phutane et al., 2011, Gaughran et al., 2019, Bioque et al., 2018) but 

very few investigating other types of SMI and only one looking at major depressive disorder, 

albeit not exclusively (Speerforck et al., 2018). However, a meta-analysis did compare all 

diagnoses (Vancamfort et al., 2016).  

Whilst the majority of the studies sampled a broad age range and included both genders in all 

cases, ethnicity was not routinely mentioned as a characteristic and Almeida et al. (2018) 

focused specifically on older men. One early study sample was explicitly restricted to 

Caucasian patients (Ryan et al., 2003), while later studies (Mangurian et al., 2017) focused 

more on ethnicity, consistent with the known higher prevalence of diabetes in some minority 

groups with SMI than the white SMI population (Gaughran et al., 2019). There was one 

study that specifically focussed on adolescents (Enger et al., 2013) with two further studies 

looking at younger people from the age of 9-35 (Bioque et al., 2018) and those born between 

1987 and 2004 (Melkersson, 2020), and three studies that specifically focussed on those over 

50 (Reginold et al., 2002; two from Almeida et al., 2018). Two samples included data from a 

large insurance database, both of which were from the USA (Mangurian et al., 2017, Dixon 

et al., 2000), and it is worth noting that databases derived from health insurance sources are 

unlikely to be representative of the whole population unless health insurance is a universal 
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provision. This is because typically poorer communities may not have access to insurance-

covered health care, meaning the data are biased toward a wealthier population.  

 

2.3.3.3 Risk factors 

Age was the most consistently evaluated risk factor as a diabetes predictor. Other evaluated 

diabetes predictors included: presence or not of first episode psychosis (Phutane et al., 2011), 

diagnostic comparisons of those with schizophrenia compared to those without (Dixon et al., 

2000) or between schizophrenia and bipolar disorder (Depp et al., 2014), birth weight (either 

too high or low) (Fernandez-Egea et al., 2020), genetic characteristics (Hackinger et al., 

2018), obesity as measured by BMI (Susce et al., 2005), smoking status (Sokal et al., 2004), 

allergies (Chen et al., 2014), and whether or not someone was receiving clozapine (Schulte et 

al., 2016, Ingimarsson et al., 2017) or other antipsychotic medication (Rawat et al., 2018). 

 

2.3.3.4 Data resources 

Considering the studies derived from health records – i.e., the samples with most potential 

similarity to the setting for my study – the following databases were used: 

 

Medicaid (Mangurian et al., 2017, Hansen et al., 2018) 

Medicaid is described as a federal and state programme that helps with medical costs for 

some people with limited income and resources. Medicaid also offers benefits not normally 

covered by Medicare (see below), including nursing home care and personal care services. 

The Health Insurance Association of America describes Medicaid as “a government 
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insurance program for persons of all ages whose income and resources are insufficient to pay 

for health care” (Medicaid, 2020).  

In the context of the application of Medicaid data in the study described by Mangurian et al. 

(2017), administrative, pharmacy, and billing data were obtained from California Medicaid 

(Medi-Cal) and the Client and Service Information (CSI) system from January 1 to December 

31, 2009. The CSI system utilizes encounter-based data to track state- and county-funded 

outpatient mental health service use in California. After obtaining appropriate approvals the 

California Department of Health Care Services combined these databases and provided a 

unique deidentified data set to investigators.  

 

Medicare (Dixon et al., 2000) 

Medicare is a national health insurance programme in the United States, begun in 1966. It 

primarily provides health insurance for Americans aged 65 and older, but also for some 

younger people with disability status as determined by the Social Security Administration 

(Medicaid 2020). In the context of the study described by Dixon et al. (2000), the sample 

consisted of all Medicare enrolees who had at least one service claim during 1991 and who 

were diagnosed with schizophrenia, which included schizoaffective and schizophreniform 

disorders.  

 

Taiwan National Health Insurance Research Database (NHIRD) (Chen et al., 2004) 

The National Health Insurance (NHI) program was implemented in 1995 and covers around 

99% of the 23,000,000 residents of Taiwan. The NHIRD was audited and released by the 

National Health Research Institute. Comprehensive information on insured subjects, such as 
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demographic data, dates of clinical visits, and disease diagnoses, is included in the database. 

To guarantee privacy, all subjects included in the NHIRD are anonymised. The NHIRD has 

been used extensively in many epidemiological studies in Taiwan (Chen et al., 2004). 

 

Danish national data resources (Kessing et al., 2003; Rajkumar et al., 2017) 

A variety of data resources were utilised in these studies:   

1. The Danish Psychiatric Central Research Register was established as an electronic 

database in 1969 and has been recording data on all psychiatric admissions since 

1969. Diagnoses in the Danish Psychiatric Central Research Register were coded in 

accordance with the ICD-8 until the end of 1993 and ICD-10 thereafter. This register 

includes data on all outpatient visits since 1995.  

2. The Danish National Prescription Registry provided data on prescriptions of 

antipsychotics. Diabetes was ascertained from the Danish National Patient Register 

and Danish National Prescription Registry (Rajkumar et al., 2017). 

3. The Danish National Patient Register, established in 1977, collects data on all 

hospitalizations from nonpsychiatric hospitals, including dates of admission and 

discharge and discharge diagnoses, coded by the treating physicians according to the 

8th revision of the International Classification of Diseases (ICD-8) until the end of 

1993 and the 10th revision (ICD-10) thereafter (Rajkumar et al., 2017).  

4. The Danish Civil Registration System has recorded data on all Danish citizens since 

1968. Each Danish citizen is assigned a unique 10-digit personal identification 

number at birth. This number is used in all Danish registries, enabling unambiguous 

linkage among them. The registration system provides data on gender, date of birth, 

date of death, date of migration, and parental identity (Rajkumar et al., 2017). 
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5. The Danish National Hospital Register (DNHR): all somatic hospital admissions have 

been recorded in a nationwide register, from 1 January 1977 to 31 December 1993 

using the Danish editions of ICD-8 (Kessington et al., 2004).  

 

The Health Improvement Network (THIN) (Hayes et al., 2016). 

THIN is a UK primary care database that contains anonymised patient information from 

routine clinical consultations and contained records of over 11 million people at the time of 

cohort extraction for the study reported. Included patients have been described as broadly 

representative of the UK population, and physicians contributing data are representative in 

terms of consultation and prescribing statistics (Hayes et al., 2016). 

 

Israel – Clalit Health Services (CHS) (Taub et al., 2020) 

CHS is the largest health care provider in the area, covering roughly 70% of a population of 

800,000 residents in South Israel. In relation to the study by Taub et al. (2020) the data were 

extracted from this electronic medical database consisting of more than 4 million records of 

people insured by CHS during the years 2012–2014 

 

Toronto Practice Based Research Network (UTOPIAN) (O’Neil et al., 2020) 

The UTOPIAN ‘data safe haven’ contains electronic medical records from over 550 000 

patients who access care in primary care practices in the Greater Toronto Area in Ontario, 

Canada. These data are described as used for quality improvement and research purposes, and 

the UTOPIAN database includes validated definitions for eight long term conditions: 

osteoarthritis, diabetes, epilepsy, parkinsonism, dementia, hypertension, chronic obstructive 
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pulmonary disease, depression. Neighbourhood-level income quintiles are also available from 

patient residential postal codes using Statistics Canada’s Postal Code Conversion Files.  

Considering sample definitions, the smaller studies recruiting patients used research 

diagnostic criteria, and potentially other inclusion criteria such as a patient being treated with 

a specific medication (e.g., clozapine), whereas the larger registers relied on diagnostic codes 

from routine care such as ICD codes. 

 

2.3.3.5 Outcome definition 

For the larger studies, diabetes as an outcome was largely defined from ICD codes, or an 

equivalent coding system for that country or data resource. Smaller studies following 

recruited cohorts ascertained diabetes from medical records, mentions of a diagnosis or its 

medication, or from blood test results. A number of smaller studies specifically focussed on 

diabetes (Regenold et al., 2002, Foley et al., 2015, Ingimarsson et al., 2017, Fenandez Egea 

et al., 2020, Almeida et al., 2018, Hackinger et al., 2018) whilst others included diabetes as 

one of a larger group of cardiovascular or other poor health outcomes (Hayes et al., 2016, 

Chen et al., 2014, Rawat et al., 2018).  

 

2.3.3.6 Main findings  

Main findings reported include repeated observations that people with SMI are at an 

increased risk of diabetes and that those on antipsychotic drugs do have higher T2DM 

prevalence (Ingimarsson et al., 2017, Hayes et al., 2016). This prevalence is reported as 

higher in ethnic minority compared to White groups (Mangurian et al., 2017), and 

specifically in African American and Hispanic groups (Henderson et al., 2005). Higher SMI-
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associated risk has also been found within particular age groups, namely adolescents (Enger 

et al., 2013) and participants over the age of 70 (Regenold et al., 2002).  

Considering SMI diagnosis, increased risk of developing diabetes is described in patients 

with schizophrenia and bipolar disorder, but no increased risk found for patients with major 

depressive disorder (Bai et al., 2003, Speerforck et al., 2018). A lower risk is described in 

patients with bipolar disorder than schizophrenia (Depp et al., 2014) attributed to a lower risk 

of overweight (Vancampfort et al., 2015) or obese status, which in turn have been confirmed 

as factors predicting diabetes risk (Susce et al., 2005, Hayes et al., 2016, Gaughran et al., 

2019). 

Considering clozapine, differing findings have been reported. Henderson et al. (2005) found 

that patients treated with clozapine were at an increased risk of death from cardiovascular 

diseases (diabetes included). However, eleven years later, Shulte et al. (2016) reported no 

clinically significant increased risk for diabetes for those using clozapine in comparison to 

other antipsychotics. A later study (Ingimarsson et al., 2017) then found that there is an 

increased risk of diabetes in those using clozapine, higher in females than males. The 

increased risk was supported by Lappin et al. (2018) and Taub et al. (2020) who also found 

high rates of cardiovascular disease and metabolic risk factors (diabetes included). Although 

this is in part suggested to be attributable to inadequate treatment of metabolic syndrome 

whilst using clozapine (Taub et al., 2020), the increased risk is not exclusive to patients using 

clozapine and has been described more widely in association with antipsychotic drug use, 

both first and second generation (Foley et al., 2015, Rajkumar et al., 2017). However, Dixon 

et al. (2000) suggest that there is still a high prevalence and impact of diabetes in SMI even 

before the widespread use of antipsychotic medications. Other risk factors evaluated have 

included allergies (Chen et al., 2014), genetic factors (Hackinger et al., 2018) and birth 

weight (Fernadez-Egea et al., 2020). 
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Many studies have involved fairly small samples of people with SMI from specific clinics or 

inpatient units (e.g., Ingimarsson et al., 2017, Schulte et al., 2016). There has been a large 

variation between studies in sampling methods and definitions (both SMI and diabetes). 

Common strengths of the larger datasets have been the large sample sizes and duration of 

follow-up. Using healthcare databases records also allows adjustment for a number of 

demographic and physical health characteristics, although with important omissions such as 

lifestyle factors (e.g., smoking status, diet, exercise). There is a broad consensus among the 

studies in their conclusions that it is imperative to detect and treat diabetes early and that this 

should be a part of the management plan of SMI regardless of antipsychotic drug exposure.  
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Table 2.2. Studies identified investigating SMI-related predictors of diabetes (i.e., SMI or its treatment as a risk factor, or 

predictors in people with SMI); studies are ordered by (increasing) sample size 

Author/ 

year 

Setting 

(country) 

Sample Factors evaluated 

as diabetes 

predicators 

Outcome definition Main findings 

Regenold, 

et al., 2002. 

 

USA 

 

43 inpatients, aged 

50-74 years, with 

diagnoses of major 

depression, bipolar I 

disorder, 

schizoaffective 

disorder, 

schizophrenia, and 

dementia  

 

Psychiatric 

diagnoses, 

medications, body 

mass index, age, 

gender, and race  

 

T2DM diagnoses obtained from discharge 

summaries or the prescription of insulin or 

oral hypoglycaemic medications on 

discharge. All diabetes diagnoses had been 

made prior to the psychiatric admissions 

from which data were obtained.  

 

Increased prevalence of T2DM among psychiatric 

patients with diagnoses of major depression, 

bipolar I disorder, schizoaffective disorder, 

schizophrenia, and dementia, independent of the 

effects of age, race, gender, medication, and body 

mass 

An intrinsic relationship proposed between 

abnormal glucose metabolism and bipolar I 

affective and schizoaffective disorders 

Phutane et 

al.,                                                                                                        

2011 

 

USA 

 

56 subjects enrolled 

in a first episode 

psychosis clinic 

compared to 145 

age, gender, and 

race matched 

individuals from 

NHANES (a 

national US survey 

sample). 

 

Presence or not of 

first episode 

psychosis, age, 

gender, and race 

matched controls, 

 

 

Symptomatic hyperglycaemia (random 

plasma glucose level ≥ 200 mg/dl) or a 

previous diagnosis confirmed by current 

prescription of oral hypoglycaemics or 

insulin.  

Statistically significant differences from the control 

could not be demonstrated for weight, body mass 

index, or total or HDL cholesterol, fasting plasma 

glucose, status of diabetes and impaired fasting 

plasma glucose, HbA1C level. The 10-year median 

(range) risk of developing coronary heart disease in 

patients and controls was 1 (0–5)% and 0 (0–9)% 

respectively. The difference was not statistically 

significant. 

 

Schulte et 

al., 2016 

 

Netherlands 

 

94 adult patients 

with schizophrenia 

or schizoaffective 

disorder who had 

been treated with 

clozapine for 5 

Age, medication 

 

New-onset diabetes defined as 2 

independent fasting glucose measurements 

of 7.0 mmol/L or higher, 2 independent 

non-fasting glucose measurements of 11.1 

mmol/L or higher, diagnosis of diabetes in 

No evidence of a clinically significant larger risk 

for new-onset diabetes after long-term treatment 

with clozapine in comparison to other 

antipsychotics. 
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years or longer, 

matched on age, 

diagnosis, and sex 

to 94 patients 

without any use of 

clozapine. 

 

the medical record, or treatment with 

insulin or oral antidiabetics.  

Secondary outcomes: (1) time to new-onset 

diabetes; (2) new-onset hyperglycaemia 

(patients with diabetes included), defined as 

fasting glucose level of 6.1 mmol/L or 

higher or non-fasting glucose level of 7.8 

mmol/L or higher; (3) age at first 

manifestation of diabetes; (4) 

hospitalization due to diabetic ketoacidosis; 

and (5) mortality (for the clozapine group 

only, because the control group members 

were selected from a population of 

survivors). 

Henderson 

et al., 2005 

 

USA 

 

96 patients (being 

treated with 

clozapine) studied  

 

Age, gender, race, 

diagnosis, family 

history of diabetes 

and age at clozapine 

initiation for 

clozapine-treated 

patients with 

schizophrenia or 

schizoaffective 

disorder 

 

Diabetes status obtained from glucose 

tolerance test 

Abdominal visceral adiposity increases the risk of 

T2DM with the risk being 2-fold in mild obesity 

and 5-fold in the moderately obese. Clozapine 

treated patients were at risk for death from 

cardiovascular disease secondary to clozapine- 

associated medical disorders such as diabetes, 

obesity, hypertension, and hyperlipidaemia 

 

Barton et 

al., 2019) 

 

Germany A total of 163 

patients (60.1% 

male), N = 98 

Adult inpatients 

(18–75 years) 

Obesity, metabolic 

syndrome, diabetes, 

and risk of 

cardiovascular 

disease 

 

The guidelines of the German Diabetes 

Society were followed, according to which 

an HbA1c value above 6.5% confirms the 

disease, while a value below 5.7% excludes 

it 

Psychiatric patients suffer from multiple metabolic 

disturbances in comparison to the general 

population. Monitoring weight, waist 

circumference, blood pressure and cholesterol 

regularly are, therefore, highly relevant 

Sokal et al., 

2004 

USA A total of 200 

psychiatric 

outpatients divided 

between those 

with schizophrenia 

SMI vs general 

population. 

Smoking and body 

mass index (BMI)  

Diabetes status obtained from the medical 

information system and interview post 

recruitment 

Persons with SMI were more likely to have 

comorbid medical conditions than persons in the 

general population. The odds of diabetes are 

particularly elevated. 
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and affective 

disorder diagnoses 

recruited from 

samples receiving 

outpatient care at 

two psychiatric 

centres.  Each 

sample was 

compared with 

matched subsets of 

individuals from the 

general population. 

Gaughran 

et al., 2019 

 

UK A prospective 

cohort study of 293 

UK adults 

presenting with 

first-episode 

psychosis 

investigating the 

influence of 

sociodemographics, 

lifestyle (physical 

activity, sedentary 

behaviour, nutrition, 

smoking, alcohol, 

substance use) and 

medication on 

cardiometabolic 

outcomes over the 

following 12 

months. 

Lifestyle, 

medication, and 

ethnicity on 

cardiometabolic 

risk  

 

Diabetes was diagnosed based on a 

HbA1c of ≥48 mmol/mol (≥6.5%), or a 

fasting glucose ≥7.0 mmol/L or a prior 

diagnosis of diabetes. In keeping with 

recent guidance from the American 

Diabetes Association, an HbA1c of 39–

47 mmol/mol (5.7–6.4%) was taken to 

indicate glucose dysregulation or a high 

risk of diabetes. The International Diabetes 

Federation definitions of other 

cardiometabolic risk factors were used. 

Rates of obesity and glucose dysregulation rose 

from 17.8% and 12%, respectively, at baseline to 

23.7% and 23.7% at 1 year. Unhealthy lifestyle 

choices are prevalent in early psychosis and 

cardiometabolic risk worsens over the next year. 

Ingimars-

son et al., 

2017 

 

Iceland 

 

This study 

identified 188 

patients treated with 

clozapine and 395 

patients never 

treated with 

clozapine by 

Medication, gender, 

lifestyle, age, 

treatment resistance  

 

T2DM was diagnosed if the patients had a 

formal diagnosis of T2DM, HbA1C ≥ 6.5% 

on two separate occasions or two 

measurements of fasting plasma glucose 

over 12.6 mg/l (7.0 mmol/l) 

 

Clozapine was associated with a greater risk of 

T2DM developing in females compared to males: 

4.4-fold for females and 2.3-fold for males in 

patients with schizophrenia. The risk of T2DM 

among patients who had never been treated with 

clozapine was also higher for females than males 

(2.6- vs 1.5-fold). High blood sugar (over 
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searching the 

electronic health 

records of 

Landspitali, the 

National University 

Hospital. The 

comparison group 

consisted of 

Icelandic population 

controls (from 

database). 

13 mmol/l) was not associated with clozapine use 

after correcting for T2DM and age. T2DM was 

more common in patients with schizophrenia than 

in Icelandic population controls adjusted for sex 

and age. 

Fernandez-

Egea et al., 

2020 

 

 

UK Electronic records 

of a cohort of 190 

clozapine-treated 

patients (37% 

treated for more 

than 20 years 

Birth weight (either 

too low or too high) 

and parental 

diabetes 

Diagnosis of glucose dysregulation (either 

glucose intolerance or T2DM) in the 

primary care record. 

Both abnormal birth weight and parental history of 

diabetes were associated with diabetes onset in 

clozapine-treated patients with schizophrenia. 

Having the two risk factors (both abnormal birth 

weight and parental history of diabetes) is strongly 

associated with diabetes development onset after 10 

years of treatment. 

Rawat et 

al., 2018 

India Patients (n = 157) 

and general 

population controls 

(n = 263) were 

recruited from a 

rural area in South 

India 

Height, weight, 

waist 

circumference, hip 

circumference, 

blood pressure. 

Biochemical 

parameters of 

fasting blood sugar, 

lipid profile 

including 

triglycerides were 

assessed. History of 

lifetime and current 

substance use was 

obtained. 

International Diabetes Federation (IDF) 

criteria 

Patients who were naïve to antipsychotics had a 

significantly lower prevalence of metabolic 

syndrome compared to general population. This 

finding doesn't support the antipsychotic 

independent risk for metabolic syndrome in patients 

with schizophrenia. Female gender and regular 

antipsychotic exposure predicted metabolic 

syndrome. Female gender and ongoing 

antipsychotic exposure were noted to be significant 

predictors of metabolic syndrome with odds ratio 

(95% confidence interval) of 2.87 (1.2–6.86) and 

4.42 (1.37–14.25) respectively. 

Lappin et 

al., 2018) 

 

Australia 451 registered 

clozapine clinic 

attenders. 

Management of 

cardiometabolic 

risk, smoking, 

physical 

activity, nutrition, 

International Diabetes Federation (IDF) 

definition criteria were applied 

Clozapine use was associated with very high rates 

of cardiovascular and metabolic risk factors, which 

were frequently under-treated. 6.6% had elevated 

fasting blood glucose 
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 and prescribed 

medications  

Susce et al., 

2005 

USA 560 patients with 

severe mental 

illnesses (including 

DSM-IV 

schizophrenia, 

schizoaffective 

disorder, bipolar 

disorder, and major 

depressive disorder) 

at central Kentucky 

inpatient and 

outpatient facilities 

Obesity, SMI Obesity and some of its complications (e.g., 

diabetes, hypertension) 

 

Chart diagnosis of obesity and 

complications from inpatient and outpatient 

records and DSM-IV classification 

For this study, data on T2DM were said to be 

difficult to interpret; however, it was said that 

starting psychiatric medication after the age of 33 

seems to be associated with T2DM  

Bioque et 

al., 2018 

 

Spain 16 participating 

centres from the 

PEPs Project 

recruited 335 

subjects with a FEP 

and 253 matched 

healthy controls, 

aged 9–35 years.  

Body weight, blood 

pressure and waist 

circumference, 

blood glucose, total 

cholesterol, high 

density lipoprotein 

(HDL) cholesterol, 

low density 

lipoprotein (LDL) 

cholesterol, and 

triglycerides 

International Diabetes Foundation (IDF) Extremely high risk of patients at early phases of 

schizophrenia and other psychotic disorders of 

developing cardiovascular comorbidity and the fast 

worsening of the metabolic profile during the first 

two years. 

Depp et al., 

2014 

 

USA 

 

Outpatients with 

either bipolar 

disorder (n=341) or 

schizophrenia 

(n=417) 

 

Patients with 

schizophrenia or 

bipolar disorder 

 

Subjects were asked to provide information 

about all of their current medication and 

were asked to show the interviewer bottles 

of their medications. For diabetic 

medications, presence of any of insulin, 

sulfonylurea, meglitidine, byguanide, 

thiazolidine, alpha-glucosidase inhibitors, 

or combination drugs was recorded. 

Although less prevalent in bipolar disorder 

compared to schizophrenia, Patients in the 

schizophrenia group had higher proportions of 

overweight and obesity, higher BMI, and were 

more likely to be prescribed medications for 

hypertension or diabetes than patients with bipolar 

disorder. 
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Foley et al., 

2015 

Australia 

 

1155 people with 

psychosis aged 18-

64 years  

 

Age, family history 

of diabetes mellitus, 

and current 

antipsychotic drug 

treatment 

 

Current type 2 diabetes was diagnosed  

on the basis of a current fasting blood 

glucose reading of at least 7·0 mmol/L or 

current use of antidiabetic medication.  

People with psychosis are at increased risk of 

diabetes mellitus if they have a family history of 

diabetes mellitus or if they have no family history 

of diabetes mellitus but are taking antipsychotic 

drugs.  

 

Speerforck 

et al., 2018 

 

Germany Used baseline and 

12-year follow-up 

(n = 1887) data 

from the German 

Health Interview 

and Examination 

Survey 1998. 

Multivariable linear 

regression models 

assessed 

associations 

between lifetime 

CIDI-diagnosed 

mood disorders at 

baseline and 

continuous risk 

factor-related 

outcomes (blood 

pressure, HbA1c, 

LDL-C, HDL-C, 

triglycerides, BMI) 

at follow-up. 

 

People with and 

without major 

depressive and 

bipolar disorder 

Changes in cardiovascular risk factors over 

12 years  

People with a lifetime history of MDD in this 

cohort did not carry a specific risk for a worsening 

of pre-existing clinically manifest cardiovascular 

risk factors. Extended evidence of MDD severity 

and bipolar disorder as important correlates of 

long-term changes of arterial hypertension and 

obesity 

Hackinger 

et al., 2018 

 

Greece 2,747 DNA samples 

from four different 

patient categories: 

T2D patients, SCZ 

patients, individuals 

with both SCZ and 

T2D 

Genetic factors Criteria outlined by the American Diabetes 

Association 

A significant excess of shared association signals 

between SCZ and T2D at nine out of ten 

investigated p value thresholds. The authors 

identified 29 genes associated with both T2D and 

SCZ, several of which have been implicated in 

biological processes relevant to these disorders. 
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 comorbidity between SCZ and T2D is at least in 

part due to shared genetic mechanisms 

Bai et al., 

2013 

 

Taiwan 

 

67 patients with 

bipolar disorder (vs. 

1468 controls), 417 

patients with major 

depressive disorder 

(vs. 1668 controls), 

and 1993 patients 

with schizophrenia 

(vs. 7972 controls).  

 

Disorder vs. control 

comparisons 

Age, gender, 

residence location, 

prescription drugs, 

prescription date, 

and diagnosis 

 

Anti-diabetic medications  Increased risks of initiation of anti-diabetic (and 

anti-hyperlipidaemia) medications among patients 

with bipolar disorder and schizophrenia. No 

significant increased risk was noted among the 

patients with major depressive disorder 

 

Chen et al., 

2014 

 

Taiwan 

 

5826 patients with 

schizophrenia or 

bipolar disorder 

(1908 with a 

predisposition for 

allergies and 3918 

without) – newly 

diagnosed by 

psychiatrists 

between January 1, 

1998 and December 

31, 2008, and with 

no previous history 

of hypertension, 

dyslipidaemia or 

diabetes mellitus.  

Predisposition to 

allergies  

 

Patients with 

schizophrenia or 

bipolar disorder 

(ICD-9-CM codes) 

 

Incidence of hypertension, dyslipidemia, 

and diabetes mellitus  

A predisposition for allergies was an independent 

risk factor for hypertension, dyslipidemia, and 

diabetes mellitus. 

 

Kusumi et 

al., 2018 

 

Japan 1166 patients with 

schizophrenia and 

bipolar disorder, 

across 44 sites (24 

general hospitals, 17 

psychiatric hospitals 

Age, gender, illness 

duration, out-patient 

versus in-patient 

status, smoking 

status, drinking 

status, familial 

disease histories, 

Blood glucose measurements High baseline serum triglycerides and coexisting 

hypertension significantly predicted 

hyperglycaemic progression. The six most 

frequently used antipsychotics did not significantly 

differ in their associated hyperglycaemic 

progression rates over the 1-year observation period 
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and 3 psychiatric 

clinics) 

weight BMI, 

cholesterol 

Hayes et 

al., 2016 

 

UK 

 

Patients with a 

diagnosis of bipolar 

disorder  

Prescription of 

lithium (n = 2148), 

valproate (n = 

1670), olanzapine (n 

= 1477), or 

quetiapine (n = 

1376) as 

maintenance mood 

stabilizer treatment. 

T2DM (or HbA1c >48 mmol/mol) 

Other outcomes also considered included 

CKD stage 3, CKD stage 4, 

hypothyroidism, hyperthyroidism, 

hypercalcemia, hypertension, T2DM, CVD, 

myocardial infarction, cerebrovascular 

event, hepatotoxicity  

Weight gain is a significant risk factor for these 

health problems and was dramatically elevated in 

alternatives to lithium. No statistically significant 

differences in rates of T2DM, cardiovascular 

disease, or hepatotoxicity. 

 

Caroff et 

al., 2018  

USA 10,132 veterans 

with mental illness 

Socioeconomic 

disparities  

 

As classified by Veterans Integrated 

Service Networks (VISN) 

This study suggests that almost 50% of veterans 

with SMI have metabolic syndrome. This analysis 

supports the association between metabolic 

syndrome and antipsychotics, but did not confirm a 

correlation between metabolic syndrome and low 

socioeconomic status among veterans with SMI 

Almeida et 

al., 2018 

 

 

Australia 12,203 men aged 

65–85 years 

followed for 17.7 

years. From the 

Australian electoral 

register and the 

Western Australian 

Data Linkage 

System 

(WADLS)1502 had 

diabetes without 

bipolar and 14 had 

diabetes with 

bipolar 

‘Prudence score’ to 

assesses lifestyle 

behaviours, 

including the use of 

alcohol and 

smoking, physical 

activity, body mass 

and key aspects of 

diet. Scores of 5 or 

more indicate a 

prudent lifestyle. 

(ICD): ICD-8 from 1st January 1966 to 31st 

December 1969, ICD-9 from 1st January 

1970 to 30th June 1999, and ICD-10 from 

the 1st July 1999. 

Excess of prevalent medical morbidities among 

men with than without BD: diabetes, ischaemic 

heart disease, stroke, chronic respiratory diseases, 

and dementia. The excess morbidity and mortality 

of older men with BD seems to be mediated by 

non-prudent lifestyle practices 
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Dixon et 

al., 2000 

 

USA 

 

14,182 persons who 

were representative 

of the Medicare 

enrolees who 

utilized services for 

schizophrenia in 

1991. Claims data 

from the national 

Medicare program, 

Medicaid data from 

one state, and 

primary data 

collected via a field 

study of patient 

interviews.  

Schizophrenia or 

not in an era prior to 

the widespread use 

of novel 

antipsychotic 

medications 

 

Individuals were asked if they have ever 

been told by a physician that they had any 

of 12 physical health problems ("lifetime 

comorbidity"), including diabetes.  

In the period of time preceding the widespread use 

of novel antipsychotic medications, the rate of 

lifetime diabetes was 14.9% and current diabetes 

was 10.8%. 

Enger et 

al., 2013 

 

USA 

 

17,884 adolescents 

with bipolar 

disorder or 

schizophrenia and 

188,059 general 

population cohort 

 

Diagnosis, age 

 

New diagnoses of diabetes and 

dyslipidemia 

Adolescents with bipolar disorder or schizophrenia 

had a higher risk of developing diabetes or 

dyslipidemia, compared to those without. 

 

Mangurian 

et al., 2017 

 

USA 

 

California Medicaid 

enrolees with SMI 

who were screened 

for diabetes 

(N=19,364). The 

sample was 

standardized to the 

U.S. population.  

Race-ethnicity,  Diabetes diagnosis (ICD-9)  

 

The prevalence of diabetes in minority groups was 

significantly higher than among whites.  

The standardized and adjusted prevalence of 

diabetes among people with SMI taking 

antipsychotic medications in California was 

estimated to be 27.3%: about 2.5 times that of the 

general U.S. population (10.2%), according to 

NHANES data during that time period (2009) 

Taub et al., 

2020 

 

Israel Electronic medical 

records of the 

largest health care 

provider in Israel. 

27,929 patients 

diagnosed with 

Clozapine treatment Electronic medical database consisting of 

more than 4 million records of people 

insured by CHS during the years 2012–

2014 

Inadequate treatment of metabolic syndrome, under 

chronic clozapine treatment, was found to be an 

independent predictor for mortality. Adequate 

rigorous regimen for diagnosis and treatment of 

metabolic risk factors, especially hyperlipidaemia 

and diabetes mellitus, might lower complications 
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schizophrenia, 1817 

of whom were 

prescribed clozapine 

during the years 

2012-2014.   

Compared to 

patients who 

survived (n=1705) 

and patients who 

died (n=112) during 

the 3-year follow-up 

period. 

rate and prolong life expectancy among this 

population 

Kessing et 

al., 2004 

Denmark 29,035 patients with 

a diagnosis of 

depression at first 

discharge, 6683 

patients with 

mania/mixed 

episode and 108,525 

patients with a 

diagnosis of 

osteoarthritis. The 

study was restricted 

to patients who had 

been hospitalised at 

least once.  

Gender, age T1DM, T2DM.  The risk of a readmission with diabetes was not 

increased for patients who had previously been 

admitted with depression or mania/bipolar disorder 

compared to patients admitted with osteoarthritis. 

There was no difference in the risks of developing 

T1DM/T2DM. 

O'Neill et 

al., 2020 

Canada 197,129 adults 

between 40 and 75 

years of age; 4882 

with schizophrenia 

and 192,427 without 

Age, sex, smoking 

history, presence of 

diabetes, blood 

pressure, whether a 

patient is currently 

on medication to 

reduce blood 

pressure, total 

cholesterol, and 

high-density 

lipoprotein 

cholesterol 

As classified by the TOPIAN DATABASE Documentation of cardiovascular risk factors was 

better among people with schizophrenia than 

without, although overall documentation was 

inadequate. 
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Melkers-

son et al., 

2020 

 

Sweden 1,736,281 

individuals from 

total population and 

medical birth- 

registers were used 

to create a cohort of 

all individuals born 

in Sweden 1987-

2004. 

Schizophrenia or 

schizoaffective 

disorder  

International Classification of Diseases 

(ICD) 7th, 8th, 9th and 10th revisions  

Both schizophrenia and schizoaffective disorder 

were associated with increased risk for subsequent 

T2DM. 

Rajkumar 

et al., 2017 

 

Denmark 

 

All people born in 

Denmark 1977-

2012 (N=2,736,510) 

 

Antipsychotic-naive 

schizophrenia (vs. 

not) and 

commencement of 

antipsychotic 

treatment in people 

with schizophrenia 

 

All hospital discharge diagnoses of diabetes 

(ICD-8; ICD-10 codes, excluding 

gestational diabetes). 

 

Schizophrenia was associated with increased risk 

for diabetes, and the risk was further increased by 

both first generation and second-generation 

antipsychotics 
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2.3.4 SMI and related factors associated with diabetes outcomes 

Studies investigating outcomes of diabetes, from Table 2.1 and those derived from further 

hand-searching of relevant references, are summarised in further detail in Table 2.3. Their 

characteristics are considered below.  

 

2.3.4.1 Geographical location 

The largest number of studies came from the USA, particularly the early studies (Dixon et 

al., 2004, Goldberg et al., 2007), followed by European studies. Five studies were from East 

Asia: four from Taiwan (Wu et al., 2015. Wu et al., 2016, Chen et al., 2019, Tsai et al., 

2019) and one from Malaysia (Lee et al., 2018). Four studies were specifically from the 

Canadian state of Ontario (Becker T et al., 2011, Kurdyak et al., 2017, Sporinova et al., 

2019, Hsu et al., 2019) and two were from Australia (Davies et al., 2015, Almeida et al., 

2018). 

 

2.3.4.2 Samples and data resources 

The samples had a broad range of sizes and are ordered in this respect in Table 2.3, from a 

small US study of 157 people with SMI and diabetes (Sajatovic et al., 2015) to a Canadian 

analysis of over a million people with diabetes, over 25,000 of whom had schizophrenia 

(Kurdyak et al., 2017). The majority of the studies covered relatively short follow-up periods, 

most focusing on a period less than five years, or most commonly one year. As with studies 

described in Table 2.2, there was a mixture of those following patients specifically recruited 

or ascertained from mental health centres and those analysing health records databases. 

Primary care databases were quite common within the UK studies. Some US studies also 
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used data from insurance databases such as Medicaid. Several of the databases used have 

already been described above and include Medicaid (Leung et al., 2011), Taiwan’s National 

Health Insurance Research database (Wu et al., 2015, 2016), and the Danish Civil 

Registration System and Psychiatric Central Register (Ribe et al., 2014). The data resources 

listed below were also used. 

 

Canadian data resources 

Several resources were drawn on for the two studies from Ontario state (Becker T et al., 

2011, Kurdyak et al., 2017). These include the following:  

1. The Ontario Health Insurance Plan (OHIP) which covers data for outpatient physician 

billings such as diagnostic and procedure codes  

2. The Canadian Institute for Health Information Discharge Abstract Database (CIHI-

DAD) which covers acute hospitalizations  

3. The Ontario Mental Health Reporting System (OMHRS) covering mental health 

hospitalizations  

4. The National Ambulatory Care Reporting System (NACRS) for Emergency 

Department (ED) visits  

5. The Registered Persons Database (RPDB) containing information on patient 

demographics and deaths  

6. In addition, Canada 2001 and 2006 census estimates were used to derive 

neighbourhood income and rurality (Kurdyak et al. . 2017) 
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Danish data resources (Ribe et al., 2014) 

The Danish National Diabetes Register has been registering people with diabetes since 1990. 

For the study by Ribe et al. people were sampled who had a diagnosis of diabetes in the 

Danish National Diabetes Register after 1 January 1997. The Danish Causes of Death 

Register was also used, which contains information on all deaths of Danish citizens and 

residents, place of death, and cause of death between 1970 and 2009. 

 

Washington State Comprehensive Hospital Abstract Reporting System (CHARS)  

The CHARS database contains abstracts on de-identified patients hospitalized in community 

hospitals in Washington State. The CHARS database contains abstracts on patients 

hospitalized in all civilian hospitals in the state (Chwastiak et al., 2014) 

 

QRESEARCH 

The QRESEARCH database (www. qresearch.org/) is derived from the computerised health 

records of UK general practices using the Egton Medical Information System (EMIS) 

medical record platform (Egton Medical Information Systems Limited, Leeds, UK). 

(Vinogradova et al., 2010, Whyte et al., 2007).  

 

Finnish data resources (Tihonen J et al. . 2009) 

The Finland National Patient Register was used for inpatient and outpatient care. The Finland 

MiDAS register provided information on disability, pension, and sickness absence data. The 

Finland Prescribed Drug Register provided information on drug use data. 
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The Veterans Health Administration (VHA) Decision Support System (DSS) 

The VHA DSS is a national automated management information system that integrates data 

from clinical and financial systems for both inpatient and outpatient care (Prisciandaro et al., 

2010).  This includes Veterans Integrated Service Networks (VISN) (Caroff et al., 2018 ) and 

covers most of Pennsylvania, as well as a few counties in New York, Ohio, and Delaware . 

Demographic and socioeconomic information is included within the database and also 

includes information on all services provided by the VA. 

 

Psychiatric hospital discharges and Scotland’s national diabetes registry (SCI-Diabetes).  

For Scottish residents 1981-2011 with any diagnosis of schizophrenia who were alive at the 

end of 2011, SCI-Diabetes contains detailed linked clinical data on all patients in Scotland 

registered with diabetes. It collates information from multiple sources including medication, 

screening (retinopathy screening service, foot screening tool), laboratory data and metabolic 

variables collected during routine care (Wake et al., 2016). In addition, the Scottish 

Morbidity Record (SMR) contains hospital discharge information for mental health 

conditions.  

The smaller studies with recruited samples tended to use research diagnostic criteria and the 

larger registers relied on diagnostic codes from routine care such as ICD codes. 

 

2.3.4.3 Comparison groups 

The comparison groups varied; however, the most common involved individuals with 

schizophrenia/SMI being compared to groups specifically without schizophrenia or to the 
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general population, all comparison groups having diabetes. There were eight studies that 

looked at SMI and thirteen studies that looked at schizophrenia specifically. There were also 

five studies that looked at multiple psychiatric disorders (two or more); these included 

schizophrenia, bipolar affective disorder, depressive disorders, disorders within the 

internalizing and externalizing psychiatric disorder scale, paranoid states, behavioural 

disorders, and anxiety disorders. There were two studies identified that investigated bipolar 

disorder alone (Almeida et al., 2018, Tsai et al., 2019). 

 

2.3.4.4 Outcomes evaluated 

The most common outcome evaluated was mortality (ten studies). Three studies reported 

cross-sectional HbA1c levels as a marker of glycaemic control: three from the USA (Dixon et 

al., 2004, Goldberg et al., 2007, Mangurian et al., 2019), one from the UK (Pearlsall et al., 

2019), and two studies from Taiwan (Tsai et al., 2019, Chen et al., 2019). Other outcomes 

included resource use (Sporinova et al., 2019), quality of care (Hsu et al., 2019), and further 

complications such as stroke, diseases of the respiratory and digestive systems (Almeida et 

al., 2019), cardiovascular disease (Brink et al., 2019), metabolic syndrome (Lee et al., 2018) 

and hyperglycaemic crisis (Chen et al., 2019). 

 

2.3.4.5 Main findings  

Broad conclusions were that schizophrenia and other types of SMI are associated with higher 

mortality rates (Wu et al., 2015, Brink et al., 2019) higher levels of hospitalisation (Hansen et 

al., 2018) and an increased risk of complications in samples/populations with T2DM (Depp 

et al., 2004). Two studies (Foley et al., 2015, Tihonen et al., 2009) concluded that 

antipsychotic medication may be associated with lowered risk of diabetes complications and 
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mortality compared to no antipsychotic treatment. Hansen et al. (2018) also suggested that 

the number of psychiatric specialists increases medication adherence, considering statin 

medications in particular, which may in part explain the lowered risk of complications.  

The presence of SMI with diabetes was associated with higher mortality than was present in 

people with diabetes alone in the relatively small cohort study reported by Brown et al. 

(2010). This was also observed for patients with both diabetes and schizophrenia specifically 

in much larger databases (Wu et al., 2015, Vinogradova et al., 2010, Davis et al., 2005) and 

mortality in people with both SMI and diabetes has been estimated to be six-fold higher than 

that in people with neither condition (Ribe et al., 2014). In the latter Danish study, 33% of 

natural deaths were estimated to be attributable to diabetes and 14% to the interaction 

between diabetes and SMI (Ribe et al., 2014). However, another large cohort analysis found 

that internalizing, psychotic, and bipolar disorders were not associated with mortality 

(Prisciandaro et al., 2011). 

Considering broader complications, higher risks of acute complications such as hypo- or 

hyperglycaemia have been reported in people with schizophrenia and newly diagnosed 

diabetes compared to those with diabetes alone (Becker et al., 2011, Chen et al., 2019), and 

the same was found for early medical-surgical re-hospitalization (Chwastiak et al., 2014). 

One study reported no associations (Leung et al., 2011), although it should be borne in mind 

that this was drawn from a selected insurance database (Medicaid) where people with SMI 

might be relatively healthy and/or receive more assertive healthcare. Dixon et al. (2004) 

found patients with schizophrenia were found to have clinically significantly lower 

HbA1c values than a frequency-matched comparison group of patients who did not have a 

severe mental illness (Dixon et al., 2004) suggesting better control; however, that study was 

relatively small in size. Mangurian et al. (2019) also found this to be true (better 
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cardiometabolic control) more recently, although found that younger adults and Hispanic 

people were more vulnerable to poor HbA1c control within the subgroup with SMI.  

 The idea that long term antipsychotic treatment is associated with lower mortality than no 

antipsychotic use at all, and clozapine was associated with a lower mortality than any other 

antipsychotics is supported for diabetes complications more generally in a later analysis of 

antipsychotic treatment (Wu et al., 2015). However, this might reflect wider beneficial 

effects of medication adherence, as non-adherence has been found to be associated with a 

range of mental disorders, as well as with poor outcome in diabetes (Prisciandaro et al., 

2011). Related to these issues, SMI has been associated with worse diabetes self-management 

and lower rates of recommended testing (Kurdyak et al., 2017, Hsu et al., 2019) as well as 

with generally lower quality care (Kurdyak et al., 2017, Goldberg et al., 2007). An early 

study in 2007 (Goldberg et al., 2007) reported a cross-sectional analysis of medical chart data 

from 300 patients (201 with SMI and 99 without SMI) where they examined a range of 

indicators of the quality of care, including HbA1c examination, eye and foot examinations, 

blood pressure check, and urine and lipid profiles. It was, however, concluded that although 

participants with SMI received some services that are indicated in quality-of-care standards 

for diabetes, they were less likely to receive the full complement of recommended services 

and care support. These conclusions were echoed in a second study in 2017 (Kurdyak et al., 

2017): a retrospective study that assessed quality of diabetes care using guideline-concordant 

testing for HbA1c, lipid profile, eye examination, and diabetes-related emergency department 

visits and hospitalizations for those with and without schizophrenia. It was again concluded 

that individuals with diabetes and schizophrenia have lower rates of recommended testing 

and higher rates of diabetes-related hospital visits than those with diabetes but without 

schizophrenia. On the other hand, Whyte et al. (2007) in an analysis of UK primary care 



127 
 

records, found no differences in quality of diabetes management between patients with and 

without schizophrenia or bipolar disorder. 
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Table 2.3. Studies identified investigating diabetes outcomes associated with or within SMI. Studies are ordered by increasing sample size.  

Author/year Setting (country) Sample Comparison 

groups 

Outcomes evaluated Main findings/conclusions 

Sajatovic et 

al., 2015 

 

USA 

 

157 individuals with SMI 

and comorbid diabetes 

 

Depressive 

symptoms, global 

psychopathology 

severity and 

HbA1c 

 

 

Clinical characteristics  

 

No correlation between diagnosis and diabetes control was found after 

adjustment for gender, race, health literacy, diabetes duration, and 

diabetes knowledge. Greater depression severity and longer diabetes 

duration were related to poorer diabetes control. Lower severity of 

global psychopathology was related to poorer diabetes control, 

perhaps because of overall low levels of psychosis and mania. 

Lee et al., 

2018 

 

Malaysia  174 patients diagnosed 

with first episode 

schizophrenia and 

registered with the 

National Mental Health 

Registry of Schizophrenia 

(NMHR) in the General 

Hospital Kuala Lumpur 

(GHKL) in 2004⁻2005. 

General population Metabolic syndrome and 

associated factors 

Comorbid substance abuse was the only significant factor associated 

with metabolic syndrome after adjusting for physical activity and 

intramuscular depot. Patients with schizophrenia are at high risk of 

metabolic syndrome. All patients’ weight, body mass index, fasting 

blood sugar, and blood pressure are significantly increased. Sixty-

three subjects (36.2%) developed metabolic syndrome while 36 

(23.2%) were hypertensive, and 41 (28.1%) were diabetic. 

Brown et al., 

2010 

 

USA  

 

201 patients with T2DM 

and SMI recruited from 

community mental health 

centres and 99 persons 

with T2DM and no 

identified mental illness  

 

Patients with vs. 

without SMI. 

 

Mortality 

 

Forty-two of the 201 (20.9%) individuals with SMI and 21 of the 99 

(21.2%) individuals without SMI died over the follow-up period. In 

analyses unadjusted for covariates except length of follow-up, the 

odds of death in the SMI group were: 8% greater per year of age at 

baseline, 6% greater per year duration of diabetes at baseline, more 

than three times greater among those who had had versus had not had 

a diabetes-related hospitalisation, Other than age, no other 

demographic variable significantly predicted mortality after adjusting 

for other factors 

Goldberg et 

al., 2007 

 

USA  

 

Cross-sectional analyses 

of medical chart data from 

300 patients (201 with 

SMI and 99 without), all 

with T2DM 

SMI vs. no SMI 

 

HbA1c level, retinal eye 

examination, foot examination, 

blood pressure measurement, 

urine protein level cholesterol, 

and lipid level. 

Although participants with SMI received some services that are 

indicated in quality-of-care standards for diabetes, they were less 

likely to receive the full complement of recommended services and 

care support. 

 

Dixon et al., 

2004 

USA 

 

300 patients with T2DM 

recruited from community 

mental health centres 

Compared between 

groups with 

schizophrenia, 

HbA1c levels. 

 

Although all three groups of patients had HbA1c values that exceeded 

recommended levels, the patients with schizophrenia had clinically 
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  mood disorder and 

no mental illness 

significantly lower HbA1c values than a frequency-matched 

comparison group of patients who did not have SMI.  

Ribe et al., 

2014 

 

 

Denmark 

 

1083 people with SMI and 

diabetes 

 

 General Danish 

population 

 

Mortality 

 

Compared with the background population, the overall mortality rate 

ratios (MRRs) for persons with SMI and diabetes were 4.14 for men 

and 3.13 for women. Among persons suffering from both diseases, 

33.4% of natural deaths were attributed to diabetes and 14% of natural 

deaths were attributed to the interaction between diabetes and SMI. 

Hansen et 

al., 2018 

USA 4,223 adult Medicaid 

enrolees with 

schizophrenia and 

hypertension, 

hyperlipidaemia, and/or 

diabetes from three states 

in 2009–2010 

Number and type 

of prescribers 

involved in 

providing 

medications 

Medication adherence, all-cause 

inpatient hospital admission, and 

all-cause emergency department 

(ED) visits and comorbid 

cardiovascular risk factors 

(hypertension, diabetes, and/or 

hyperlipidaemia) 

Greater antipsychotic adherence for adults receiving prescriptions 

from multiple psychiatric specialists was counteracted by lower statin 

adherence and greater risk of ED and inpatient utilization. Increases in 

number of psychiatric specialists were associated with better 

antipsychotic adherence but decreasing statin adherence. Increases in 

number of psychiatric specialists were also associated with a higher 

probability of inpatient admission and ED visits, while increases in 

number of primary care prescribers were associated with increases in 

the probability of ED visits. 

Davis et al., 

2015 

 

Australia 

 

1,296 community-based 

diabetes patients followed 

for a mean (SD) 12.9 (6.1) 

years and in 5,159 

matched non-diabetic 

residents, 0.4% of each 

group had schizophrenia.  

 

Participants with 

vs. without 

schizophrenia  

 

Mortality 

 

Schizophrenia was associated with premature mortality in T2DM, and 

the combination of schizophrenia and T2DM increased the risk of 

death six-fold compared to that in people with neither condition. 

 

Becker et al., 

2011 

 

Canada 

 

Residents aged 18-50 with 

schizophrenia and newly 

diagnosed diabetes 

between 1995 and 2005 

(n=1,262) and 3,771 

matched controls. The 

final analysis included 

5,033 individuals. 

Comparing people 

with and without 

pre-existing 

schizophrenia 

 

ED visit or hospitalization for 

hypo- or hyperglycaemia. A 

secondary outcome was the first 

of either the primary outcome or 

hospitalization for infection.  

 

People with schizophrenia were at greater risk for developing an acute 

complication of diabetes. 

 

Leung et al., 

2011. 

USA 10614 individuals from 

Medicare and Medicaid 

The presence or 

absence of a range 

of different mental 

Eye complications, nephropathy, 

neuropathy, ischemic heart 

disease, cerebrovascular disease, 

Medicaid and Medicare beneficiaries with schizophrenia or paranoid 

states had lower odds of adverse diabetes outcomes. 
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  claims data in 2004 and 

2005, all with diabetes 

disorder diagnoses: 

schizophrenia and 

paranoid states, 

bipolar disorder, 

depression or 

anxiety and other 

mental disorders. 

Mental disorders 

were categorized 

hierarchically.  

lower-limb amputations, and 

diabetes-related hospitalizations. 

 

Whyte et al., 

2007 

 

UK 

 

Electronic records from 

481 UK general practices 

contributing to the 

QRESEARCH database. 

The records of 11,043 

patients with diabetes were 

drawn from a database 

population of over 9 

million patients.  

Patients with and 

without 

schizophrenia or 

bipolar disorder. 

 

Quality of care and comorbidity 

control and monitoring 

 

Quality of diabetes management was similar for patients with and 

without schizophrenia or bipolar disorder; however, patients with 

mental illness were more likely to have an HbA1c < 7.5% recorded 

(i.e., to have a better outcome on this indicator). 

 

Wu et al., 

2015 

 

Taiwan 

 

A total of 11,247 

participants with diabetes 

and schizophrenia and 

11,247 participants with 

diabetes but not 

schizophrenia  

Presence or not of 

schizophrenia. 

Macrovascular and microvascular 

complications of diabetes based 

on the ICD-9-CM diagnostic and 

procedure code from ambulatory 

and in-patient claims records 

Patients with both diabetes and schizophrenia had an increased risk of 

macrovascular complications and all-cause mortality but did not have 

statistically significant elevated risk of microvascular complications. 

 

Prisciandaro 

et al., 2010 

 

USA  

 

15,065 veterans with 

T2DM 

 

Different 

psychiatric 

disorders (clinical 

diagnoses from 

patient records) 

were used to 

construct four 

psychiatric 

disorder scales: 

internalizing (i.e., 

depression and 

anxiety); 

externalizing (i.e., 

Mortality 

 

Psychiatric disorders were associated with a wide range of risk factors 

for mortality, including poor glycaemic control and medication 

noncompliance. In contrast to externalising disorders, internalising, 

psychotic, and bipolar disorders were not associated with mortality. 
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alcohol and drug 

abuse); psychotic; 

and bipolar.  

Wu et al., 

2016 

 

Taiwan 

 

17,629 patients with 

schizophrenia and newly 

diagnosed diabetes 

Regular vs. no 

antipsychotic 

treatment in the 

past 6 months 

Any advanced diabetes 

complications, macrovascular and 

microvascular complications, and 

all-cause mortality. 

Regular antipsychotic treatment in the past 6 months was associated 

with reduced risks of any diabetes complications, compared to no 

antipsychotic treatment. 

Brink et al., 

2019 

 

Denmark A cohort consisting of 

4924 individuals aged 18-

40 years registered with a 

diagnosis of schizophrenia 

during admission to a 

psychiatric hospital unit in 

1970-79. Schizophrenia 

cases were age and gender 

matched with 22,597 

controls in the general 

population. 

With and without 

schizophrenia 

Excess medical comorbidity and 

mortality 

 

The relative risk of mortality from diabetes remained elevated in all 

age groups in schizophrenia. Diabetes was the only condition where 

age-related decrease in incidence of major chronic medical 

comorbidities in schizophrenia was shown. 

Tsai et al., 

2019 

 

Taiwan Using the Taiwan National 

Health Insurance Research 

Database, 6099 people 

with diabetes with bipolar 

disorder and 24,378 

matched people with 

diabetes without bipolar 

disorder were enrolled 

between 1999 and 2010 

and followed to the end of 

2013. 

Bipolar and general 

population 

Hyperglycaemic crisis 

episode (HCE) 

 

Higher incidence of HCE in people with diabetes with BD than those 

without BD. Also, this study revealed some potential risk factors for 

developing HCE, including male gender, more comorbidities, and 

longer duration of antipsychotic prescription 

Almeida et 

al., 2018 

 

Australia 37,183 men aged 65-85 

years with bipolar disorder 

With and without 

bipolar disorder 

Physical health morbidity and 

general hospital service use 

 

Bipolar disorder associated with greater health morbidity such as 

diabetes, earlier and more frequent access of hospital services for the 

management of physical morbidities. Diabetes, stroke, and diseases of 

the respiratory and digestive systems were more frequent in men with 

than without bipolar disorder.  
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Vinogradova 

et al., 2010 

 

UK 

 

43,992 people with 

diabetes drawn from the 

QRESEARCH primary 

care database 

People with vs. 

without 

schizophrenia or 

bipolar disorder 

Mortality 

 

People with schizophrenia or bipolar disorder in addition to diabetes 

have a relatively higher mortality rate. 

 

Chen et al., 

2019 

 

Taiwan A total of 13,858 people 

with diabetes with 

schizophrenia and 55,407 

matched controls (with 

diabetes, without 

schizophrenia) were 

included between 1999 

and 2010 and followed to 

the end of 2013 using data 

from the Taiwan National 

Health Insurance Research 

Database. 

With or without 

schizophrenia 

Hyperglycaemic crisis 

episode (HCE) 

 

People with diabetes with schizophrenia had an increased risk of HCE. 

Chwastiak et 

al., 2014 

 

USA 

 

82,060 adults discharged 

in the state of Washington 

with diabetes mellitus 

between 2010 and 2011.  

 

Patients with and 

without comorbid 

SMI diagnoses 

 

Subsequent re-hospitalization 

within the first month following 

index hospitalization discharge. 

Additional outcomes of interest 

were subsequent re-

hospitalization during the 

duration of the study (up to 24 

months) and the elapsed time 

from index hospitalization to re-

hospitalization 

Comorbid SMI in patients with diabetes was independently associated 

with greater risk of early medical-surgical re-hospitalisation. 

Toender et 

al., 2019 

 

Denmark 239,118 individuals with 

diabetes at risk for a 

diabetic complication of 

whom 92,737 were 

registered with a diabetic 

complication diagnosis 

during the study period. A 

total of 3529 had diabetes 

and schizophrenia, 1004 

registered with a diabetic 

complication. 

With and without 

schizophrenia 

Diabetic complications and 

subsequent mortality 

Individuals with schizophrenia and diabetes had similar or lower rates 

of diabetic complications, compared to those with diabetes only. 

Among those with diabetic complications, schizophrenia was 

associated with higher mortality. Among those without diabetic 

complications, schizophrenia was also associated with higher 

mortality. 
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Mangurian 

et al., 2019 

 

USA 269,243 adults with 

diabetes  

 

SMI vs without 

SMI 

Primary outcomes included 

optimal glycaemic control 

(HbA1c < 7) or poor diabetes 

control (HbA1c > 9) in 2014. 

Secondary outcomes included 

control of other cardiometabolic 

risk factors (hypertension, 

dyslipidemia, smoking) and 

recommended monitoring 

Adults with diabetes and comorbid SMI had better cardiometabolic 

control than people with diabetes who did not have SMI, despite lower 

rates of retinopathy screening. Among those with comorbid SMI, 

younger adults and Hispanics were more vulnerable to poor HbA1c 

control 

Kurdyak et 

al., 2017 

 

Ontario, Canada 

 

1,131,375 individuals with 

diabetes, of whom 25,628 

(2.3%) had schizophrenia. 

 

Individuals with 

vs. without 

schizophrenia 

 

Quality of diabetes care 

(guideline-concordant testing 

for HbA1c, lipid testing, eye 

exams) and diabetes-related 

Emergency Department (ED) 

visits and hospitalizations.  

 

Individuals with schizophrenia had lower rates of recommended 

testing and higher rates of diabetes-related hospital visits. 
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2.4 Discussion  
 

The initial purpose of this review was to capture the broad scope of research into diabetes in 

SMI, pragmatically focusing on publications in the most recent five years. Having defined 

topics of interest, a hand-searching approach was adopted for further literature assembly, 

based on manual reference and other citation searching. Finally, an additional supplementary 

search added later to cover more recent literature. Given that the Medline database was only 

used as a tool for the initial search, there is the possibility that relevant literature was missed, 

although this should have mostly affected smaller studies with less relevance to the ‘big’ 

healthcare data to be used for the research described in this thesis. Medline is also a very 

comprehensive database and should have picked up most literature of relevance to this 

relatively medically oriented topic.  

 

2.4.1 Gaps in the literature 

My conclusion from this review of potentially relevant literature is that there were particular 

gaps in the evidence base for this important area. To begin with, despite the known links 

between SMI and diabetes, there were relatively few appropriate search results returned in 

general compared to those for broader research areas such as cardiovascular disease or 

metabolic syndrome in SMI. It is important to note that this has since been built on more 

recently; however, given the significance there is still a lack of evidence. Furthermore, the 

studies completed so far on SMI and diabetes do not seem to have generated substantial 

translation to clinical practice to date; thus, it would be beneficial to look into this area 

further, for example in order to discover methods for prediction and subsequent mitigation of 
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T2DM in people with SMI. This should enable better prescribing, clinical care and 

potentially long-term prognosis.  

While a reasonable number of articles, as reviewed elsewhere (Godin et al., 2015), have 

considered diabetes as a comorbidity, there has been relatively little detailed prospective 

research into predictors of diabetes outcome, or into diabetes management and how this 

might affect differences in outcome. The meta-analysis identified in my search and cited 

above (Vancampfort et al., 2015) raised many key limitations which did not seem to have 

been addressed substantially in the intervening period. These include the paucity of studies in 

which key exposures such as clinical subtypes have been considered. Where clinical 

characteristics have been considered, these have been limited to differences between broad 

diagnostic groups, or metrics derived from service contacts: likely to be driven by 

measurement availability in the large administrative databases used in this field.  

Finally, from a UK perspective, research has been relatively limited in this country. Although 

there may be some generalisability from findings in other countries, the relationship between 

SMI and diabetes risk is likely to depend to at least some extent on health service availability 

and uptake, as well as on models of care for SMI; associations with diabetes outcomes will 

depend on these factors even more strongly. From a more specifically London-based 

perspective, there has been very little consideration of variations by ethnic group, despite the 

higher risk of diabetes in some groups, and well-recognised differences in SMI risk and 

quality of care.   

 

2.4.2 Comparison with previous reviews 

Vancampfort et al. (2016) concluded that people with bipolar disorder had double the risk of 

T2DM with Gorczynski et al. (2017) concluding that adherence to diabetes medications is 
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higher in people with schizophrenia than in the general population but there are inequities 

experienced by this patient group and adherence for people with schizophrenia is still 

insufficient. Ayerbe et al. (2018) conclude more recently that there is still more research 

needed into cardiovascular morbidity and death in patients with psychiatric disorders. Despite 

the reviews spanning a four-year period (2016-2020), the conclusions do not appear to have 

advanced significantly. There were, however, more relevant papers identified in the second 

supplementary search than the first search that covered five years, which does suggest that 

progress is being made. 

 

2.4.3 Strengths and Limitations 

Whilst this review identified a relatively large number of relevant papers, some limitations 

should be acknowledged. A key limitation noted is that only one database was used for the 

initial search, and that subsequent more specific searches largely used a snowballing-type 

approach of manual citation searching. Therefore, some literature might potentially have been 

missed. However, I do not feel that this would be substantial, nor to a degree that would 

change the overall findings, or the conclusions drawn on gaps which need addressing. By 

using a snowballing approach, more literature could be identified and a broad range of study 

designs covered, as well as materials from broad topics, both published and unpublished. 

Whilst these are strengths, however, there can be challenges with such large breadth and lack 

of targeted methodology and quality appraisal. There was also no critical appraisal or formal 

registration of the review (e.g., via the PROSPERO site). 
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2.4.4 Implications 

The findings here are potentially important clinically as they illustrate gaps in knowledge 

which could have a large effect on day-to-day practice level, as well as an impact on people 

with SMI and their overall management, and as well as implications on policy. The relative 

lack of research into diabetes in SMI, compared to CVD more generally, may be impairing its 

effective management, particularly as the interface falls between clinical specialties 

(insufficient expertise on SMI in diabetes care, insufficient expertise on diabetes in mental 

health care). This is compounded by the relative deficiency of research into diabetes 

management and outcomes, since potential opportunities may be missed where health 

inequalities might be corrected – again, particularly important in a condition such as diabetes 

where longer term outcomes are strongly dependent on prompt and continuing management, 

and for conditions such as SMI where engagement with health services may be less than 

satisfactory. Finally, the lack of UK data is relevant in that healthcare inequalities from other 

countries may have limited relevance, owing to differences in service provision structures. It 

was therefore important to carry out this review in order to better establish the evidence base 

and to target research to areas of enquiry which are both potentially addressed via data from 

routine clinical records and might subsequently be translated into improved clinical care. 
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Chapter 3: Methods 
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This thesis comprises a series of analyses, making use of data from the mental health 

records of a large number of people with SMI drawn from a geographic catchment area of 

south London. This chapter provides a summary of the objectives, setting, and source data 

used in the component studies. Detailed methodology for each study will be contained in 

subsequent chapters.  

 

3.1 Aims and objectives 

1. To develop a means of ascertaining recorded HbA1c levels in routine mental 

healthcare records, investigating the extent to which existing imported laboratory data 

might be supplemented by a natural language processing algorithm to identify levels 

recorded in text fields.  

2. Using the data from Aim 1, to investigate the extent to which HbA1c levels are 

routinely recorded in patients receiving mental healthcare following their first SMI 

diagnosis.  

3. Supplementing Aim 2 with an investigation of the extent to which HbA1c levels are 

available in all cases with SMI receiving active mental healthcare at a given time 

point.  

4. To investigate the extent to which HbA1c recording varies by sociodemographic 

factors (age, gender, ethnicity, socioeconomic status) and SMI diagnostic category 

(schizophreniform vs. bipolar disorder).  

5. To investigate the association between SMI and diabetes care and outcomes as 

recorded in primary care, testing the hypothesis that multiple measures of glycaemic 

control, comorbidity, receipt of care and recorded complications would be more 
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disadvantaged in patients with comorbid T2DM and SMI compared to those with only 

T2DM.  

6. As a supplement to Aim 5, to investigate within those with SMI and diabetes, 

differences in disadvantaged diabetes outcomes by ethnic group and SMI diagnostic 

category.  

7. To investigate the association of diabetes with cardiovascular hospitalisation and all-

cause mortality in people with SMI, hypothesising that both outcomes will be 

increased in those with comorbid SMI and diabetes compared to those with SMI 

alone.  

8. As a supplement to Aim 7, to investigate within those with SMI and diabetes, 

differences in mortality and diabetes- and cardiovascular-related outcomes by ethnic 

group and SMI diagnostic category 

 

3.2 Data sources 

3.2.1 The South London and Maudsley NHS Foundation Trust (SLAM) 

Core data for the studies in this thesis came from the South London and Maudsley NHS 

Foundation Trust (SLAM). SLAM is an independent Mental Health Trust in London that 

provides secondary mental healthcare to a geographic catchment of four London boroughs – 

Lambeth, Lewisham, Croydon, and Southwark, an estimated population of 1.3 million 

people. In addition, SLAM provides some specialist services receiving referrals nationally 

from outside its catchment. Because the vast majority of UK mental healthcare is provided by 

NHS (rather than private) services, and because of the catchment coverage arrangement for 

English Mental Health Trusts, SLAM thus provides near-monopoly provision to the four 

boroughs mentioned. Its provision includes comprehensive services from child and 
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adolescent to old age, and including general hospital liaison, forensic, inpatient, and 

community sectors.  

SLAM adopted an electronic health record (EHR) across all its services in the first quarter of 

2006, the Patient Journey System (PJS) – bespoke at the time of its implementation, now 

more widely provided by Carenotes. Since that time, services have essentially been paperless 

– i.e., all clinical information is contained in the EHR. At the time of implementation, PJS 

incorporated legacy information from older systems in operation in particular SLAM 

services; thus, data are contained that go back to the late 1990s, although not comprehensive 

for SLAM before 2006. PJS has not remained static over time – some fields and forms have 

been added, removed, or amended as required. These will be described in later chapters 

where they affect studies described.  

 

3.2.2 Clinical Record Interactive Search (CRIS) 

The data for this thesis was made available through the Clinical Record Interactive Search 

(CRIS) resource at the SLAM National Institute for Health Research (NIHR) Biomedical 

Research Centre (SLAM BRC). CRIS was developed in 2007-8 to enable research use of 

EHR-derived data from SLAM’s PJS and has been described in detail in two protocol papers 

(Stewart et al., 2009, Perera et al., 2016). In summary, although some of the implementation 

involved delivering a data processing pathway, including steps to deidentify EHR data (both 

structured and text fields), it is as much a governance model and a multidisciplinary service 

as a technical platform. 

CRIS uses and stores de-identified data resources allowing searching and retrieval 

functionality for information from SLAM patient records which includes text fields. CRIS is 

updated every 24 hours and data such as Trust ID numbers are replaced with a local 
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pseudonymised identifier, the ‘BRCID’. CRIS also removes any other identifiable data fields 

such as a patient’s or carer’s name, address, or date of birth. This includes both removal of 

the relevant structured fields and masking of such information in text fields such as are used 

for case notes and correspondence. Fields such as ethnicity are truncated to avoid rare codes, 

postcodes are abbreviated to the first half, and date of birth is truncated to year and month of 

birth. The security models for CRIS were developed with extensive patient involvement, as is 

their continuing oversight; de-identification performance and security protocols have also 

been published (Fernandes et al., 2013). CRIS and its security model were originally 

approved as an anonymised data resource for secondary analysis by Oxford Research Ethics 

Committee C in 2008 and this approval has been renewed by the same Committee every 5 

years since then (current reference 18/SC/0372).  In order to gain access to CRIS, researchers 

must submit an online application form to the CRIS Oversight Committee explaining the 

rationale for the study and any risks of inadvertent identification. Researchers must also have 

a substantive or honorary contract with the data owner (SLAM) and/or have an NHS research 

passport. After Oversight Committee approval, data requirements are discussed by the CRIS 

team with the applying researcher, and an extraction protocol is drawn up. Data are then 

extracted and provided to the researcher as a csv file for analysis using conventional software 

such as R or Stata. Individual-level data remain within SLAM’s network drive at all times 

during analysis.  

SLAM CRIS data extracted in 2008 indicated there were around 126,000 patients represented 

on the system (Stewart, 2009) with this number growing to over 250,000 individuals by 

2014, includes 32,000 receiving current care at any time (Perera, 2016). At the time of 

completing this thesis, case numbers are now over 500,000 with closer to 45,000 receiving 

current care at any time.  
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CRIS has been developed substantially as a resource since it was set up in 2008. As well as 

the assembly of a large team to assist with data extractions and data curation, particular 

extensions have been achieved through natural language processing (to derive structured 

variables from text fields) and through data linkage (bringing in additional information from 

other data sources). Natural language processing, as it relates to my studies, will be described 

in Section 3.3. The key data linkages of relevance to my work are those with national 

Hospital Episode Statistics (HES) and with local primary care data in part of SLAM’s 

catchment (Lambeth DataNet). These resources are described below. The Clinical Data 

Linkage Service (CDLS) was established to assist with this process – a trusted research 

environment service within the CRIS team to help negotiate, enact, and curate the portfolio of 

linkages now set up. 

 

3.2.3 Hospital Episode Statistics (HES)  

HES records contain summary information on English hospital care, including 

information on inpatient appointments and births. Data from acute hospitals and mental 

hospitals in England, as well as data from NHS outpatients, are used to compile this 

resource. Every hospitalisation episode record can have up to twenty ICD-10 codes, as 

well as up to 24 extra code fields (e.g., for surgical procedures). Records contain pertinent 

information about the patient, as well as information about the facility, the date of service, 

and other details (e.g., hospital waiting times).  

CRIS data are linked to HES by NHS Digital services, returning pre-specified HES fields 

to SLAM CDLS associated with the BRCID pseudonym, as well as the same fields for 

the remainder of SLAM’s catchment borough residents to be used for comparison 

processes. Use of linked HES data is included in the Research Ethics Committee approval 
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governing CRIS (see above) and additional security is provided by project-specific 

anonyms used in all linked data extractions.  

 

3.2.4 Lambeth DataNet (LDN) 

LDN is a data resource drawn from the EHRs of all 47 general practices in the borough of 

Lambeth. This contains demographic information (e.g., age, gender, ethnicity) as well as 

clinical information such as codes for presentations and consultations, Quality Outcome 

Framework (QOF) targets, medication prescription, examinations (e.g., body mass index; 

BMI) and investigation results (e.g., cholesterol levels, HbA1c). Lambeth Clinical 

Commissioning Group (CCG) oversees LDN, which is governed by a Steering Group of 

community organisations and medical professionals from a wide range of backgrounds. 

Access to LDN data is restricted and all projects scrutinised by the Information Governance 

Committee of Lambeth CCG. Only authorised third parties have access to the material for 

educational purposes (Lambeth CCG, 2020). LDN began in 2004 as a community resource 

focused to enhancing ethnicity registration and researching local health inequalities, 

particularly those based on ethnicity or socioeconomic status. LDN now has 350,000 patients 

registered (Lambeth CCG, 2021). Due to cross-border registration of patients who do not live 

in Lambeth and temporary residence of students, this figure is slightly higher than the 

Lambeth population recorded in the national Census. Lambeth is London's eighth most 

deprived borough and England's 22nd most deprived (Index of Multiple Deprivation, 2015). 

Lambeth has a population of almost 318,000 residents, covers the largest land area of any 

inner London borough, and is socially and ethnically diverse. People from Black ethnic 

groups make up around 25% of the population. The largest non-white ethnic group in 

Lambeth is Black African (11.5%), followed by Black Caribbean (9.5%) (Lambeth CCG, 
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2021). In comparison to other regions of London, Lambeth has a relatively small Asian 

community: Lambeth's population is only 7.8% Asian (including Chinese), which is much 

lower than the inner London average (14.5%). Other White origins account for around 15% 

of the population. Around two-thirds of these people come from Europe outside of the United 

Kingdom and Ireland, 8% from Central and South America, 4% from North and Central 

America, and 8% from Australasia (Lambeth Council 2021). 

CRIS data have been linked to LDN by SLAM CDLS. In this case, common encryption was 

used of NHS numbers from both CRIS and LDN to achieve the linkage, avoiding the 

exchange of identifier fields. Full LDN extracts with linking variables are stored by CDLS, 

but all use requires CCG review and permission at project level. As a database covering all 

primary care services in one of the four London boroughs served by SLAM, LDN captures 

approximately a quarter of cases on CRIS.  

 

3.3 Natural language processing (NLP) 

The CRIS system currently stores over 20 million documents or other blocks of text from 

the EHR. In mental healthcare, it is recognised that much of the most valuable 

information for research use of EHR data is recorded in text rather than structured fields 

(Stewart et al., 2020) – this includes medication use, symptom profiles, physical 

disorders, and lifestyles. Consequently, numerous natural language processing techniques 

have been developed and applied to CRIS-derived data, many of which were created in 

collaboration with the University of Sheffield's Department of Computer Science, and 

there are currently over 100 in use on the CRIS catalogue (Maudsley BRC, 2020).  

Natural language processing is used to extract structured information from unstructured 

text, iterative applications are used to annotate the text with precision and recall 
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(Cunningham et al., 2013). A variety of techniques have been used for this – early 

developed applications (such as that used to extract diagnosis statements or medication 

use) used rules-based approaches, later ones (such as those used to ascertain mental health 

symptoms) have used machine learning. Most begin in a discussion with domain experts 

– i.e., clinical staff who understand the way information is likely to be represented in the 

EHR. Next, NLP experts may manually construct and audit a set of rules and patterns 

utilising rules or heuristics until an acceptable level of performance is achieved; 

alternatively, an annotated training set is prepared for machine learning algorithms to be 

developed and evaluated. Training data are utilised for instruction, and then separate data 

are used for evaluations (Perera et al, 2016).  

Machine learning approaches are relatively rapid if found to be suitable; these have been 

aided in CRIS through the use of annotation software that presents selected words or 

phrases of interest with 1-2 sentences of context either side and an easy annotation 

interface for classifying them. For binary constructs such as symptoms, a 3-group 

classification is typically used: a) positive (i.e., a genuine instance of the entity of 

interest); b) negative (i.e., a negation statement – the entity of interest is correct but is 

described as absent rather than present); c) otherwise incorrect (including when the entity 

is correct but does not apply to the patient [e.g., is being experienced by a family member 

or someone else], or when the entity is being described hypothetically rather than actually 

present).  

Standard metrics for evaluating NLP applications are precision and recall. Precision is 

synonymous with positive predictive value – i.e., the proportion of positive entities 

identified by the NLP application that are true positives. Recall is synonymous with 

sensitivity – i.e., the proportion of genuine entities that are identified by the NLP 

application.  
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The next section describes NLP development that I carried out in order to create a 

resource for the research described in Chapters 4 and 5 (as well as used as a covariate in 

Chapter 7). Other NLP-derived variables will be described in the methods sections of the 

relevant chapters.  

 

3.4 HbA1c app development 

In order to address objectives 1 and 2, it was necessary to ascertain HbA1c levels recorded in 

CRIS. As will be described in Chapter 4, some of this information was known to be available 

in structured fields through a feed of data from local chemical pathology services. However, 

it was envisaged that this might be incomplete – for example, imported laboratory data only 

captures HbA1c assays requested by SLAM and not those carried out independently by GPs. 

Also, the imported laboratory data were not believed to be present and/or complete in earlier 

years of CRIS data. Therefore, there was a need to develop a means of ascertaining levels 

recorded in text alone, and at least to evaluate the extent to which these supplemented 

imported data for clinical monitoring purposes. The NLP involved was felt to be feasible 

because other applications had already been developed to ascertain values such as recorded 

BMI and blood pressure measurements.  

The application for HbA1c levels was developed using expertise at the BRC Nucleus to 

modify current NLP code for blood tests (e.g., that previously developed for haemoglobin 

levels) in order to develop the new code for HbA1c. Furthermore, a CRIS keyword search 

identified approximately 54,000 instances of HbA1c being used as a term, supporting the 

code development (e.g., rather than attempting to investigate this by manual text screening). 

A set of rules was therefore created in order to identify Hba1c as a term (non-case specific) 

followed by a number, from a corpus of 250 randomly selected documents. This corpus was 
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used to create annotation features on a training set and the resulting algorithm was assessed 

on separate gold standard evaluation text.  

 

3.4.1 Challenges experienced in the NLP application development 

Once the precision and recall in training and development were felt to have reached a good 

enough standard, the application was run over the entirety of CRIS and the results were 

compiled within a database. To begin with, whether or not the identified entity was correct or 

not was noted – i.e., whether the HbA1c value identified referred to the patient and whether 

the number identified by the application as an HbA1c level was in a credible range.  

Of note, instances were observed of HbA1c mentions but without a score, such as ‘HbA1c 

was taken last year and appeared stable’. However, it was decided to restrict the remit of the 

application to ascertaining recorded scores rather than normal/high/low ranges. 

In the application development itself, there were no upper or lower limits put in place on 

levels. However, whether the value was realistic was investigated during testing. I chose to 

accept 3% / 9mmol/mol as a minimum level and 24% / 238mmol/mol as a maximum level. 

These decisions were informed by standard clinical guidelines such as those illustrated in 

Figures 3.1 and 3.2.  
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Figure 3.1 ranges of HbA1c (Diabetes UK, 2020) 

 

 

Figure 3.2 HbA1c as indicator for disease control (Diabetes UK, 2020) 
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The first evaluation in the development phase revealed three types of error:  

1. ‘Hba1c. 3. …’ i.e., the ‘3’ represents point 3 in a list. 

2. Date information was being incorrectly recorded as an assay value – i.e., 

‘HbA1c17/5/15’ was being interpreted as an HbA1c level of 17.  

3. HbA1c was not picked up where it had text before, e.g., ‘Hba1c was done in 2016 and 

was 10.3’ 

It was decided that the application code would be amended to correct the first two of these 

errors as these would generate false positives if not identified and could also be addressed 

relatively simply. 

Advice from NLP experts on the third error was that it could possibly be addressed; however, 

this would take a very long time and could not be guaranteed. A pragmatic decision was 

therefore made to accept the potential loss of data and not attempt to correct the error. It was 

acknowledged that this may mean that a few results are missed; however, it was felt that 

these were more likely to be historic mentions and were unlikely to be substantial in number. 

The risk of false positives was also felt to be more salient than the risk of false negatives and 

it was envisaged that the application might be adapted further at a later date if needed. The 

performance of the application prior to the planned corrections is displayed in Table 3.1 

 

 

 

 

 

 

 

Table 3.1: Error types identified in first application review 

Type of error  Prevalence of errors identified 

Wrong value 20.8 

Value missed  3.1 
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Having carried out the adjustments in code, the prevalence of errors was reduced by almost 

half. Error 1 was identified four times, whilst error 2 was identified three times. 

 

 

Type of error  Prevalence of errors identified 

Wrong value 10.8 

Value missed  3.1 

 

Based on this level of performance at development stage, it was decided to proceed with a 

full CRIS run and final evaluation. This resulted in a final precision of 89% and a final recall 

of 93% which were both felt to be satisfactory.  

As an additional challenge for processing, since June 2011, conventional routine reporting of 

HbA1c levels switched from percentage units to mmol/mol units. Both results appear in 

CRIS. However, this was harmonised at analysis stage rather than attempting to incorporate 

this in the NLP algorithm or its post-processing.  

 

3.5 Additional considerations for data extractions 

Beyond the resources themselves (CRIS and linked data, outlined above) and the challenge of 

obtaining necessary data points (discussed above generally for NLP and specifically for the 

HbA1c application; to be discussed more specifically for the projects in Chapters 4-7), the 

data extractions required common considerations in their design, most importantly decisions 

on an ‘index date’. The index date defined the time point for each individual when exposure 

status was ascertained, around which covariates were defined, and after which outcomes (if 

relevant) were collected. This is a key feature in designing studies using routine data, 

Table 3.2:  Error types identified in second application review 
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particularly healthcare data, because of the accumulation of exposures and outcomes over 

lengthy and overlapping time periods – unlike a conventional cohort study with unified 

baseline and follow-up examinations. Based on the questions I sought to address in the 

component studies for this thesis, I chose the following index dates:  

1. The study described in Chapter 4 investigated the occurrence or not of any recorded 

HbA1c level in people with an SMI diagnosis and then (in those with any recording) 

used the HbA1c level recorded closest in time to the first diagnosis as an index date in 

order to describe the distribution of these levels and the demographic/clinical factors 

associated with this.  

2. The study described in Chapter 5 took specific calendar dates as index dates in order 

to define cross-sectional samples and described all characteristics at those dates, 

including HbA1c on the basis of the level recorded closest to that date. A primary 

sample was drawn with two comparison/confirmatory samples taken 12 months either 

side for consistency checks.  

3. In Chapter 6, taking a source population of everyone known to have T2DM in the 

LDN primary care dataset with at least 12 months registration, an index date for SMI 

cases was defined as the first diagnosis recorded on linked CRIS data, and then a 

comparison group was randomly selected from patients in the source population – i.e., 

with T2DM but not SMI – matched according to their status on the index date.  

4. In Chapter 7, the source population was people with SMI and the index date for those 

with diabetes was the first recorded occurrence. Controls with SMI but no recorded 

diabetes were then randomly selected and matched according to their status at this 

index date.    
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3.6 Study designs employed 

The four main studies of the thesis fall under case control and cohort designs. Below I present 

a brief overview of each type of study and the difference between the two. Both are analytic 

(rather than descriptive) designs, seeking to investigate relationships between one or more 

hypothesised exposures (also known as risk factors) and outcomes. The traditional 

epidemiological approach to this has been either to compare exposure status between people 

with/without a given outcome (a case control study) or to compare outcomes in people 

with/without a given exposure (a cohort study).  

A case control study is therefore a retrospective study where one clearly defines two groups 

at the start: one with the outcome/disease and one without the outcome/disease. Case control 

studies look back and assess whether there is a difference in the rates of exposure to a defined 

risk factor/s between the groups. Cases are selected based on objective inclusion and 

exclusion criteria which ideally should be replicated as far as possible with controls, aside 

from case status, in order to avoid selection bias (Mann, 2003). Measuring the exposure 

might rely on cases and controls reporting this, or might be able to draw on pre-existing 

information (such as historical databases).  

A cohort study can be prospective or retrospective. In prospective cohort studies participants 

are recruited either as a single cohort for ascertainment of exposure status at baseline, or else 

an exposed cohort is selected with one or more comparison cohorts; these are then followed 

over time for outcome status (Mann, 2003). In retrospective (or ‘historic’) cohort studies, the 

exposure and outcomes have already happened. These are usually conducted using pre-

existing data with baseline exposures ideally defined before assembling intervening outcome 

data; they particularly suit large and emerging health records data resources such as the CRIS 

platform used here. The cohort design has key important strengths, particularly the ability to 
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ascertain exposure status in a way that is not influenced by the outcome, avoiding the recall 

bias inherent in many case control studies where exposure status depends on recollection 

which may inevitably differ between cases and controls. 

Although case control and cohort studies are traditionally described as distinct designs, their 

application in pre-existing longitudinal databases (whether derived from research projects or 

administrative sources) can result in mixed and less easily categorised approaches. For 

example, there may be little absolute distinction between a retrospective cohort study and a 

case control study deriving case/control status from routine data and ascertaining prior 

exposure status from the same or linked data. Designs will be described in detail in the 

following chapters; however, the case control and cohort elements are briefly summarised 

here.  

In Chapters 4 and 5, the objectives of the study were primarily descriptive. The studies 

sought to describe period prevalence (of HbA1c recording) and its distribution (by 

demographic and clinical factors), followed by descriptions of distributions of HbA1c by 

demographic/clinical status.  

In Chapter 6, initial objectives were to compare diabetes-related care and outcomes in people 

with/without newly diagnosed SMI. This is most appropriately described as a cohort study, 

since SMI was conceived as the exposure and the primary focus was on outcomes occurring 

after the first SMI diagnosis. Some preceding characteristics were additionally compared 

between the two cohorts, but it would not be appropriate to refer to this as a case control 

study, since these characteristics were not viewed as exposures (i.e., as risk factors for SMI 

occurrence). The term ‘control’ was used to describe the comparison cohort for ease of 

terminology, particularly as matching was deployed to select the non-SMI group, rather than 

to imply a case control study. Similarly, the comparisons analysed within the SMI cohort are 
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themselves best conceptualised as cohort studies because ethnicity and SMI sub-diagnostic 

groups were being considered as exposures rather than outcomes.  

For the same reasons, analyses described in Chapter 7 are similarly best described as a cohort 

study design, in this respect comparing cohorts of SMI with diabetes and SMI without 

diabetes in relation to a range of outcomes, diabetes being the exposure of interest. Analyses 

carried out within the comorbid (SMI plus diabetes) group again were cohort in design, 

primarily investigating ethnicity and SMI sub-diagnostic groups as exposures.  
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Chapter 4: HbA1c recording in patients following 

a first diagnosis of serious mental illness 
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This chapter comprises text from the following manuscript which I assembled as lead author 

and which has been prepared for submission:  

Bell N, Perera G, Stubbs B, Gaughran F, Stewart R. HbA1c recording in patients following a 

first diagnosis of serious mental illness: The South London and Maudsley Biomedical 

Research Centre Case Register.  
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4.1 Abstract 

Objectives: To investigate factors associated with the recording of HbA1c in people with 

first diagnoses of SMI in a large mental healthcare provider, and factors associated with 

HbA1c levels, when recorded. To our knowledge this is the first such investigation, although 

attention to dysglycaemia in SMI is an increasing priority in mental healthcare 

Method: Using electronic mental health records data, we ascertained patients with first SMI 

diagnoses (schizophrenia, schizoaffective disorder, bipolar disorder) from 2008-2018. First-

recorded HbA1c levels were ascertained from routine local laboratory data and supplemented 

by a natural language processing algorithm for extracting recorded values in text fields 

(precision 0.89%, recall 0.93%). Age, gender, ethnic group, year of diagnosis, and SMI 

diagnosis were investigated as covariates in relation to recording or not of HbA1c and first 

recorded levels.  

Results: Of 21,462 patients in the sample (6546 bipolar disorder; 14,916 schizophrenia or 

schizoaffective disorder; mean age 38.8years, 49% female), 4106 (19.1%) had at least one 

HbA1c result recorded from laboratory data, increasing to 6901 (32.2%) following natural 

language processing. HbA1c recording was independently more likely in non-white ethnic 

groups (Black compared to White: odds ratio 2.45, 95% CI 2.29-2.62), and was negatively 

associated with age (odds ratio per year increase 0.93, 0.92-0.95), female gender (0.83, 0.78-

0.88), bipolar disorder (0.49, 0.45-0.52). In those with HbA1c recorded, higher levels were 

independently associated with older age, men, non-white ethnic groups, schizophreniform 

compared to bipolar disorder diagnoses and more recent years.  

Conclusions:  Over a ten-year period, relatively low level of recording of HbA1c was 

observed, although this has increased over time and ascertainment was increased with text 

extraction. For those in groups with higher HbA1c, there was more likely to be a recorded 



159 
 

HbA1c. It remains important to improve the routine monitoring of dysglycaemia in these at-

risk disorders.  

 

4.1.1 Research questions, hypotheses, and study design 

Research questions  

-What are the levels of HbA1c recording in people with first diagnoses of SMI in a large 

mental healthcare provider? 

-What factors are associated with the recording of HbA1c in people with first diagnoses of 

SMI in a large mental healthcare provider 

 -In people with first diagnoses of SMI in a large mental healthcare provider who do have 

recorded HbA1c level, what is the distribution of HbA1c levels and what factors are 

associated with HbA1c levels, when recorded. 

 

Hypotheses being tested 

This study was not testing specific hypotheses. 

 

Description and justification of the chosen study design. 

The study was primarily descriptive in nature, seeking to ascertain the frequency of HbA1c 

recording in the mental healthcare sector for people following first SMI diagnosis. This 

amounted to a description of period prevalence (of any HbA1c recording) followed by 

descriptions of its distribution (and thus variation) over time and by demographic and clinical 

characteristics. The same approach was taken to describing the distribution of levels of 
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HbA1c in the subset with data on this, and again the degree to which this varied by time and 

by demographic and clinical characteristics. For both objectives, regression analyses (logistic 

and linear) were included to investigate the extent to which any associations with 

demographic/clinical characteristics were independent; however, this remained descriptive 

and without an underlying hypothesis being tested.  

 Finally, as a component of this study, a natural language processing algorithm was 

developed to ascertain HbA1c recording in text fields and descriptive data were also 

presented on the extent to which this algorithm increased the availability of data on this 

parameter.  
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4.2 Background 

People with serious mental illness (SMI) have a substantially reduced life expectancy (Chang 

et al., 2011) presenting a major public health challenge. Amongst a range of specific health 

inequalities, type 2 diabetes mellitus (T2DM) incidence rates are higher than expected 

(Garcia-Rizo et al., 2016) potentially accounting for at least some of the mortality gap and 

providing an important opportunity for health improvement initiatives. As well as 

unfavourable lifestyle factors, antipsychotic medications may play at least some part in the 

high prevalence of T2DM through accelerating glucose dysregulation (Sengupta et al., 2008). 

Identifying predictors of emergent glucose dysregulation would allow interventions to be 

directed towards those most at risk, thus creating potential for more precise approaches to 

clinical and preventative care to reduce the risk of diabetes. 

Despite these opportunities, further work is needed to clarify how feasible it is to predict 

T2DM, identify it earlier, or mitigate against its complications in people affected by SMI. 

HbA1c is a commonly used measure of dysglycaemia and is expected to be regularly 

recorded in people receiving mental health care; for example, it is recommended for English 

mental health services (NICE QS80, 2021). Investigating HbA1c recording levels in routine 

electronic health records (EHRs) is in important first step in this process, including whether 

this is consistent across all levels of treatment and care; however, to our knowledge this has 

not received previous attention. First diagnosis in people with psychotic disorders has been 

identified as the optimal time to screen and prevent physical health conditions developing, 

including T2DM, but limited data is available on screening levels in this critical time period 

(Solmi et al., 2020). 

The aim of this study was to investigate rates of HbA1c recording in the electronic mental 

health records of people with newly diagnosed SMI (schizophrenia, schizoaffective disorder 
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or bipolar disorder presenting for the first time) receiving care from a large mental healthcare 

provider. Further, we specifically sought to investigate the factors associated with HbA1c 

levels being recorded or not (including changes in recording rates over time), to determine 

the extent to which ascertained HbA1c recording could be increased through a novel natural 

language processing (NLP) algorithm applied to free text, and to describe factors associated 

with HbA1c levels when recorded.  
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4.3 Methods 

4.3.1 Sample 

The analysed sample was assembled using the Clinical Record Interactive Search (CRIS) data 

resource at the South London and Maudsley NHS Foundation Trust (SLAM). SLAM is one 

of Europe’s largest mental healthcare providers, serving over 1.2 million residents of four 

south London boroughs (Lambeth, Southwark, Lewisham, Croydon). With services covering 

all ages and specialties, SLAM has used fully electronic health records for over ten years and 

its CRIS platform, set up in 2008 (Perera et al., 2015), allows researcher access to de-

identified data from the full record within a robust governance framework. Because large 

volumes of information in mental health clinical records are primarily recorded in text, a 

range of constructs are now quantifiable at scale using NLP algorithms developed for CRIS 

(Maudsley BRC, 2020).  

Using CRIS, we extracted data on all patients with a first diagnosis of contact between 1st 

January 2008 and 31st December 2018 that resulted in a recorded diagnosis of schizophrenia, 

schizoaffective disorder, or bipolar disorder. As described in the Results, analysed data were 

subsequently restricted to those from 2010 onwards because of limited data for earlier years. 

If the patient had more than one HbA1c result, the result closest to diagnosis date was used. 

 

4.3.2 Measures 

Serum HbA1c data were available from two sources: i) pre-structured imported data from 

local laboratories from which this assay had been requested by SLAM; ii) information 

recorded in free text fields such as case notes and clinical correspondence. In order to render 

information available for analysis from the latter, a set of NLP rules were created to identify 
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HbA1c as a recorded entity and to extract the numeric value attributed to that assay. From a 

corpus of 250 randomly selected documents, annotation features were built over a training 

set. The algorithm derived from this training set was then evaluated over a manually 

annotated gold standard. Once the precision (positive predictive value) and recall (sensitivity) 

were judged to be at a good enough standard in the development phase, the algorithm was run 

over CRIS as a whole using a cloud-based processing platform and the results compiled and 

evaluated formally. The developed NLP algorithm achieved a precision of 89% and a recall 

of 93% against the gold standard in this evaluation dataset (see Section 3.4 for a more 

detailed description of development). HbA1c levels were harmonised, as required, so that all 

were in mmol/mol units.  

The following covariates were additionally extracted: age, gender, ethnicity, first SMI 

diagnosis recorded (categorised into schizophreniform [including schizophrenia or 

schizoaffective disorder] or bipolar), and the year of first recorded diagnosis. 

 

4.3.3 Statistical analysis 

The sample was initially described and unadjusted associations between first SMI diagnosis 

with HbA1c recording or not as a binary outcome, first investigating laboratory data alone 

and then supplementing this with data from the natural language processing algorithm. Next, 

a logistic regression analysis was used to investigate independence of these associations, 

entering all covariates simultaneously. Within those with HbA1c levels recorded, mean levels 

were compared by covariate groups, followed by a linear regression analysis of HbA1c as a 

dependent variable to investigate independence. Finally, given low levels of recording in 

earlier years, a sensitivity analysis was carried out restricting the sample to those diagnosed 

in 2010 or after.  
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4.4 Results 

A sample of 21,462 patients was initially characterised based on the study inclusion criteria 

for the years 2008-18. From the laboratory data, we ascertained 4106 patients (19.1%) with at 

least one HbA1c result recorded. When we supplemented this with the NLP algorithm, the 

number with at least one HbA1c result recorded rose to 6901 (32.2%; a 68% increase); 

however, the further addition of glucose data did not substantially increase recording results 

further. The mean (SD) interval between the date of diagnosis and that of the first recorded 

HbA1c result was 2.1 (2.5) years.  

Factors associated with the recording of HbA1c are displayed in Table 4.1. Considering 

HbA1c derived from laboratory values or NLP, data were most likely in the 20–29-year age 

group, in men compared to women, and recording was more common in all minority ethnic 

groups compared to the White group, particularly so for the Black group, and in those with a 

schizophreniform rather than bipolar disorder diagnosis. Prevalence of recorded HbA1c rose 

consistently from 2010 apart from the 2018 year of data extraction. In adjusted analyses 

(Table 4.2), associations with all covariates remained statistically significant; however, odds 

ratios were reduced in strength (towards the null) for gender, diagnosis and named ethnic 

minority groups; they were strengthened for diagnosis year.   

In those with HbA1c data, mean levels are displayed by covariate status in Table 4.3, and 

independent associations from linear regression models are displayed in Table 4.4. In 

summary, higher HbA1c levels were associated with older age, male gender, and earlier years 

of diagnosis; they were also higher in Black, Asian, and other ethnic groups compared to 

White groups, in those with missing ethnic group data, and in those with schizophreniform 

compared to bipolar diagnoses.  
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Table 4.1. Sample characteristics and prevalence of data on HbA1c and/or glucose levels 

 Number HbA1c – lab value 
HbA1c – lab value or NLP-

derived 
HbA1c or glucose 

  % present 
Chi-square (df), 

p-value 
% present 

Chi-square (df), 

p-value 
% present 

Chi-square (df), 

p-value 

Total sample 21462 19.1  32.2  35.2  

Age group        

<20 2660 20.0  30.3  35.9  

20-29 5237 26.0 314.9 (4) 37.9 129.9 (4) 40.6 143.36 (4) 

30-39 4791 20.1 <0.001 32.4 <0.001 36.0 <0.001 

40-49 3712 16.2  30.9  33.2  

50+ 5062 12.8  27.8  29.7  

Gender        

Female 10516 17.9 20.5 (1) 30.1 40.8 (1) 33.2 32.5 (1) 

Male 10942 20.3 <0.001 34.1 <0.001 36.9 <0.001 

Ethnicity        

White 10923 15.0  26.8  30.2  

Black 5138 29.5 467.0 (4) 47.3 663.8 (4) 49.8 584.4 (4) 

Asian 1250 22.5 <0.001 36.0 <0.001 38.7 <0.001 

Mixed 631 20.3  33.4  36.9  

Other 1748 19.6  32.4  35.2  

Diagnosis year        

2008 1853 11.4  23.0  24.8  

2009 1859 9.8  22.9  24.4  

2010 2067 11.2 730.3 (10) 23.7 458.5 (10) 25.2 588.0 (10) 

2011 1985 12.5 <0.001 25.3 <0.001 27.9 <0.001 

2012 1961 14.3  27.5  33.0  

2013 2000 18.9  32.3  37.1  

2014 2010 23.4  39.7  43.3  

2015 1990 24.4  38.4  41.1  

2016 2056 29.3  42.0  45.1  

2017 2129 29.7  41.3  43.8  

2018 1552 24.8  36.5  39.7  
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Diagnosis        

Schizophrenia / 

schizoaffective disorder 
14916 21.7 213.2 (1) 36.6 452.1 (1) 39.5 414.7 (1) 

Bipolar disorder 6546 13.2 <0.001 21.9 <0.001 25.1 <0.001 
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Table 4.2. Logistic regression analysis of factors associated with recorded HbA1c presence in the electronic mental health record for 

years 2008-18   

Characteristic   

Unadjusted model 2008-

2018 

Mutually adjusted model 

2008-2018       

Mutually adjusted model 

2010-2018                     

Odds ratio 95% CI Odds ratio 95% CI Odds ratio 95% CI 

Age (10y increment) 0.93 0.92 0.95 0.94 0.93 0.96 0.93 0.92 0.95 
          

Female gender 0.83 0.78 0.88 0.91 0.84 0.97 0.87 0.81 0.93 
          

Ethnicity     
      

White Ref.   Ref.   Ref.   

Black 2.45 2.29 2.62 2.20 2.04 2.36 2.16 2.00 2.34 

Asian 1.54 1.36 1.74 1.43 1.26 1.62 1.52 1.33 1.75 

Mixed 1.37 1.16 1.63 1.21 1.02 1.45 1.14 0.94 1.37 

Other 1.31 1.17 1.46 1.19 1.06 1.33 1.23 1.10 1.39 
                    

Bipolar disorder diagnosis  0.49 0.45 0.52 0.57 0.53 0.61 0.57 0.53 
                      

0.62           

Diagnosis year (per 2008-2018 increment) 1.10 1.10 1.12 1.13 1.12 1.15 1.14 1.13 1.16 
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Table 4.3. Distributions of first recorded HbA1c levels     

  

Number with at least 

one HbA1c 

recording 

Mean (SD) HbA1c first 

recorded 
P value 

Total sample 6901 38.3 (10.5)  
    

Age group   <0.001 

<20 807 35.8 (6.0)  

20-29 1985 36.2 (7.2)  

30-39 1554 38.1 (9.8)  

40-49 1147 40.2 (10.0)  

50+ 1408 43.5 (14.9)  
    

Gender   <0.001 

Female 3162 38.0 (9.1)  

Male 3736 38.6 (10.8)  

Missing  34 .0 (2.8)  
    

Ethnicity   <0.001 

White 2924 37.6 (9.6)  

Black 2428 39.1 (11.2)  

Asian 450 39.5 (10.1)  

Mixed 211 38.1 (9.3)  

Other 566 37.6 (7.7)  

Missing 322 37.5 (7.2)  
    

Year of referral   <0.001 

2008 426 39.8 (11.2)  

2009 426 40.0 (12.6)  

2010 490 39.7 (11.7)  

2011 503 39.5 (13.0)  
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2012 539 38.0 (10.4)  

2013 645 38.0 (10.5)  

2014 798 37.2 (9.0)  

2015 765 38.0 (9.8)  

2016 863 38.3 (8.9)  

2017 880 37.5 (9.5)  

2018 566 38.5 (7.5)  
    

Diagnosis category    

<0.001 

Schizophrenia/schizoaffective 

disorder 
5466 38.5 (10.4)  

Bipolar disorder 1435 37.5 (8.7)   
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Table 4.4. Linear regression analysis of factors associated with HbA1c levels in the electronic mental health record 

  

Characteristic  

Unadjusted model 2008-2018 Mutually adjusted model 2008-2018 Mutually adjusted model 2010-2018 

B-coefficient 95% CI B-coefficient 95%CI B-coefficient 95%CI 

Age (10y increment) -0.72 -0.84 -0.60 -0.61 -0.73 -0.48 -0.62 -0.76 -0.48 
 

         

Female gender -1.09 -1.50 -0.67 -0.69 -1.13 -0.26 -0.80 -1.30 -0.31 
 

         

Ethnicity  
         

White Ref. 
  

Ref. 
  

Ref. 
  

Black 5.80 5.28 6.32 5.01 4.49 5.53 5.23 4.62 5.83 

Asian 3.29 2.37 4.20 2.79 1.90 3.69 3.33 2.30 4.36 

Mixed 2.06 0.80 3.31 0.97 -0.28 2.20 0.55 -0.83 1.94 

Other 1.67 0.88 2.46 0.80 0.03 1.58 1.08 0.22 1.93 
 

         

 
         

Bipolar disorder diagnosis -3.46 -3.91 -3.01 -2.33 -2.82 -1.84 -2.57 -3.12 -2.01 
 

         

Diagnosis year (1y 

increment) 

0.78 0.71 0.84 0.90 0.83  0.97 1.03 0.93 1.12 
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4.5 Discussion  

In a large cohort of cases with first diagnosis SMI drawn from electronic health records over 

a ten-year period, we sought to investigate the level of recording of HbA1c, and the levels of 

recorded HbA1c over this time period in a large mental health records database. To our 

knowledge this is the first such investigation, although attention to dysglycaemia in SMI is an 

increasing priority in mental healthcare.   

A particular feature of this study was that we sought to enhance available data in structured 

fields with what we believe to be a novel algorithm derived using natural language processing 

to identify additional values recorded in text. The level of HbA1c initially available in the 

analysed sample from structured data fields alone (i.e., that imported automatically from 

laboratory reports) was 19.1%. This rose to 32.2% after the NLP algorithm was applied, 

representing a clinically important 68% increase, backed up by good performance of the 

algorithm itself in terms of precision and recall results when compared to a manually 

annotated gold standard. This indicates wider provision and knowledge of HbA1c data (e.g., 

from broader laboratory networks and presumably via general practitioner communications) 

than would be readily available for monitoring purposes at a single provider. It therefore 

underlines the importance of considering text fields in mental healthcare for sources of data, 

potentially developing and evaluating algorithms for more widespread multi-site use. We also 

evaluated supplementing data further by looking at whether patients had any glucose level 

recorded, but this produced only marginal further data and was not considered further.  

Considering the availability of HbA1c data in the analysed sample, we found that HbA1c 

recording has increased over time, although was still only present in 42% of those with SMI 

at its peak in 2016. Although the overall mean interval from SMI diagnosis to first HbA1c 
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recording was relatively short (2 years), data availability will clearly accumulate over time, 

hence the slightly lower recording levels in 2018 cases closer to the end of the inclusion 

period.  

Our results suggest that recording rates of HbA1c in mental healthcare remain below 50%, 

despite electronic enhancements such as automatic transfer of local laboratory results and 

major quality improvement initiatives such as The Commissioning for Quality and 

Innovation (CQUIN; NICE QS80, 2020) Similar findings have been reported from other 

cohorts, although we were not able to find any study designs directly comparable to our own. 

For example, Canadian individuals with diabetes and schizophrenia were found to have lower 

levels of recommended testing than those with diabetes but without schizophrenia (Kurdyak 

et al., 2017); the former group in that study also had higher rates of diabetes-related hospital 

visits than the latter, and there is clearly a need to clarify whether lower recorded monitoring 

results in higher observed adverse consequences. The level of HbA1c recording in people 

with schizophrenia in that study was 36% over a 2-year period, although the findings are not 

directly comparable because all of the Canadian cohort had diagnosed diabetes, whereas ours 

was an unselected sample. An Australian study also reported on diabetes and pre-diabetes 

prevalence (14% and 19% respectively) in psychiatric inpatients who had had no HbA1c 

recorded in the preceding three months (Naidu et al., 2017); however, this again was not 

directly comparable, although does highlight a need to screen more regularly. 

HbA1c recording has become a focus for UK mental health services in recent years, as a 

result of government targets being put in place. HbA1c has also gradually taken over from 

blood glucose as a metric for monitoring or screening for diabetes, although fasting blood 

glucose levels are preferred after newly starting medication or changes in medication, so that 

idiosyncratic changes in glucose control can be identified. Although there has been an 

increase in the years following the introduction of the CQUIN initiative in 2014 (NICE 
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CG178, 2020), there are still a lot of patients without a record of this important test, and it is 

important to understand why. One possibility is that levels are checked in primary care but 

are not transcribed into the mental healthcare record. This is something we anticipate 

investigating further in future, taking advantage of CRIS linkages with primary care records 

for a proportion of the mental health service’s catchment area (Woodhead et al., 2016); 

however, the lack of recording in the mental health record remains problematic, given the 

level of care required in that sector, the importance of diabetes as a comorbidity in SMI, and 

the concern about weight gain and impaired glucose tolerance as an adverse effect of some 

psychotropic medications. Alternatively, as suggested by the Canadian study cited earlier, it 

is also possible that people with SMI may receive suboptimal screening and monitoring of 

dysglycaemia across both primary and specialist care sectors, which is also clearly a cause for 

concern.  

We sought to investigate demographic and clinical factors associated with the presence of 

recorded HbA1c, which we believe is a novel initiative, as we were not able to identify 

comparable previous research. Associations with younger age may reflect a higher perceived 

need for screening shortly after onset, and latterly new incentivisation (CQUIN) initiatives 

around screening were focused particularly on early intervention services; however, it is 

clearly concerning that recorded levels are less common in older patients who will be at 

higher risk of dysglycaemia. Higher prevalence of recorded values in men, in non-white 

ethnic groups, and in patients with schizophreniform compared to bipolar disorder diagnoses, 

on the other hand, may reflect a recognition of higher risk status in these groups.  

The mean recorded HbA1c level was 38.3 mmol/mol which is within the normal range, and 

the standard deviation of 12.3 indicates a sizeable overlap in the distribution of levels with 

those that would be considered as dysglycaemic (>/=48mmol/mol), consistent with the 

recognised higher risk in SMI (Taylor et al., 2005). In a US cross-sectional study of 114 
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patients with schizophrenia or schizoaffective disorder aged 26-65 years the mean level of 

HbA1c was 6.1% which approximates as 43.2mmol/mol (Lee et al., 2018). This is higher 

than our estimate, although this may be accounted for by the relatively high mean age (48.3 

years) of that cohort. In studies of patients presenting with first diagnosis psychosis, lower 

mean HbA1c levels of 5% (approximating 31.2 mmol/mol) have been described (Yang et al., 

2020) which may reflect the earlier stage of illness captured. A review of measures of glucose 

homeostasis in first-diagnosis schizophrenia found elevations of fasting plasma glucose, 

plasma insulin, and insulin resistance in patients compared to controls, but no significant 

differences in HbA1c levels (Pillinger et al., 2016); the authors advised caution in 

interpreting this finding because of small sample sizes, although it was further confirmed in a 

more recent review (Yang et al., 2020) suggesting that divergences in this parameter might 

occur at a later point in the development of the mental disorder – again, a reason for better 

monitoring. In another review of first-diagnosis psychosis, there were relatively few studies 

identified providing data on HbA1c (Perry et al., 2016).  

Strengths of the study included the large naturalistic samples, the long time period under 

investigation and the focus on first diagnosis of SMI which is a key time for intervention. 

Considering generalisability, although data are derived from one service provider, component 

teams are numerous and between-team differences in HbA1c recording are likely to be more 

sizeable than between-provider differences; however, it should be borne in mind that 

SLAM’s catchment contains a highly socially and culturally mixed population and urban and 

semi-urban settings, resulting in a particular focus on care for SMI, so there is a need for 

further evaluation and data across broader services and catchments. Considering HbA1c 

measurement, although the NLP algorithm had a high precision and recall, neither was 100% 

and therefore there may be findings missed. Given the increase in recording over time, which 

might have introduced bias from more selective recording in earlier years and preferential 
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monitoring of blood glucose rather than HbA1c in earlier years, we carried out sensitivity 

analyses restricting to post-2010 results, although these did not alter primary findings 

substantially. As described above, we were only able to investigate HbA1c recording and 

levels within mental healthcare and so cannot exclude additional data existing in primary care 

records. Information was also limited on potential confounding factors, including 

comorbidities, other measures of metabolic syndrome, and lifestyle factors such as diet, 

exercise, and smoking. Finally, the focus of the study was on patients at the time of their first 

diagnosis within a specific mental health service, which does not necessarily equate to the 

timing of the first ever diagnosis.  

In conclusion, although recording of HbA1c tended to be more likely in groups at higher risk, 

based on analysed levels, the overall level of recording was low and further research is 

needed into ways in which both measurement and recording can be more effectively 

optimised in these clinical populations.  
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Chapter 5: Levels of HbA1c recording in patients 

with SMI at a given time 
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This chapter comprises text from the following manuscript which I assembled as lead author 

and which has been prepared for submission:  

Bell N, Perera G, Stubbs B, Gaughran F, Stewart R. Levels of HbA1c recording in patients 

with SMI at a given time: The South London and Maudsley Biomedical Research Centre 

Case Register.  

 

The analyses presented here were envisaged as an extension to those presented in Chapter 4. 

Having developed an approach for ascertaining HbA1c levels (combining structured and 

NLP-derived data) and having evaluated this in people with first SMI diagnoses (along with 

factors associated with data availability and with levels themselves), the aim was to extend 

similar analyses to prevalent samples – i.e., people receiving mental healthcare at a given 

point in time, regardless of the duration since SMI diagnosis.  
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5.1 Abstract 

Objectives: To investigate the level of HbA1c monitoring across cases in receipt of mental 

healthcare with an SMI diagnosis at given time points.  

Methods: Using de-identified health records data from a large provider of mental healthcare 

to a south London catchment, a series of cross-sectional analyses were carried out, sampling 

everyone with an SMI diagnosis (ICD-10 F20-29/F30-31) receiving mental health care on a 

given date. The primary sample was assembled on 1st July 2015, and comparison analyses 

were carried out for samples assembled on 1st July 2014 and 1st July 2016 to check the 

consistency of findings. Associations of HbA1c recording (logistic regression) and level of 

HbA1c when recorded (linear regression) were investigated in relation to age, gender, ethnic 

group, schizophreniform vs bipolar disorder diagnosis, and year of first recorded diagnosis. 

Findings were stratified according to the presence of recorded diabetes.  

Results: From the 2015 sample of 5046 people with SMI, the proportion with any HbA1c 

recoding was 22.8%; this had increased from 16.4% in 2014 and increased to 38.9% in 2016. 

The presence of a recorded HbA1c level was independently associated with younger age, 

Black compared to White ethnicity, schizophreniform compared to bipolar disorder and later 

year of diagnosis. HbA1c level was associated with increased age, Black compared to White 

ethnicity, and schizophreniform compared to bipolar disorder. Diabetes was present in 8.8% 

of the 2015 sample. The association of HbA1c recording with later year of diagnosis was 

only present in those without recorded diabetes and bipolar disorder was associated with an 

increased likelihood of HbA1c recording in those with diabetes, but reduced likelihood in 

those without this. 

Conclusions: HbA1c recording was relatively low and more likely in younger patients with 

more recent diagnoses, despite the higher risk of diabetes in older patients with longer-
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duration disorders. Further work is needed into ways in which both measurement and 

recording can be more effectively optimised in these clinical populations.  

 

5.1.1 Research question, hypotheses, and study design 

Research questions  

-What are the levels of HbA1c recording in people with SMI at a given time in a large mental 

healthcare provider? 

-What factors are associated with the recording of HbA1c in this sample 

 -In people with SMI in a large mental healthcare provider at a given time who do have 

recorded HbA1c level, what is the distribution of HbA1c levels and what factors are 

associated with HbA1c levels, when recorded. 

 

Hypotheses being tested 

This study was an extension of that described in Chapter 4, altering the analysed sample to 

prevalent cases on a given occasion (and carrying out confirmatory identical analyses for 

prevalent samples obtained on different occasions 12 months either side). It similarly was not 

seeking to test specific hypotheses.  

 

Description and justification of the chosen study design. 

Aside from the difference in samples, an identical approach to analyses was taken to that in 

Chapter 4; thus, the description and justification in 4.1.1 applies here.   
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5.2 Background 

People with SMI have a substantially reduced life expectancy, and T2DM rates are also 

higher than expected among this population (Garcia-Rizo et al., 2016). As well as adverse 

lifestyles conferring increased cardiovascular risk, antipsychotic medications may also have a 

role, accelerating glucose dysregulation (Sangupta et al., 2008). Either way, it is important to 

monitor glucose dysregulation and to have systems where levels of such monitoring can 

themselves be evaluated.  

Currently it is not known how much information is available at a service level on people with 

SMI and the extent to which monitoring processes have been implemented, despite the 

increasingly recognised importance of metabolic and wider physical health, particularly 

diabetes. It is also important to identify the clinical and sociodemographic associations with 

recorded diabetes status in order to ascertain any inequality in monitoring. Most of the focus 

on dysglycaemia monitoring has been around the emergence of SMI diagnoses and the 

commencement of treatment. This fails to capture the experience of the wider populations 

with SMI receiving mental healthcare at a given time, many of whom may have had these 

diagnoses for quite a number of years.  

The main aims of this investigation were therefore to investigate the level of available data in 

mental healthcare for people with SMI, to compare this between people with or without 

known diabetes, to investigate factors associated with the presence of available data, and to 

investigate factors associated with HbA1c levels when recorded. A particular focus was on 

differences between ethnic groups, and between constituent SMI diagnoses.   
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5.3 Methods 

5.3.1 Sample 

The samples for analyses were assembled using the Clinical Record Interactive Search 

(CRIS) data resource at the South London and Maudsley NHS Foundation Trust (SLAM) 

NIHR Biomedical Research Centre (BRC). SLaM is one of Europe’s largest mental 

healthcare providers, serving around 1.2 million residents within four south London boroughs 

(Croydon, Lambeth, Lewisham, and Southwark). CRIS allows researcher access to de-

identified data from the full record within a robust governance framework (Perera et al., 

2016).  

The primary CRIS-derived sample for analysis comprised everyone with an SMI diagnosis 

(ICD-10 F20-29/F30-31) who was receiving active SLAM care on 1st July 2015. A mid-year 

census point was chosen to avoid potential biasing effects of national holidays on case 

characteristics that would have accompanied a 1st January sample; in other respects, the date 

was an arbitrary choice. In order to ensure the representativeness of the sample, comparison 

groups were assembled, selecting active cases in exactly the same way on census dates 12 

months either side of this (1st July 2014 and 1st July 2016) so that the consistency of findings 

could be evaluated.  

 

5.3.2 Measurements 

If the patient had more than one HbA1c result, the result closest to the census date was used. 

The following demographic covariates were considered: age at census (index) date, gender, 

ethnicity, year of first recorded SMI diagnosis, and first SMI diagnosis recorded (categorised 

into schizophreniform [including schizophrenia or schizoaffective disorder] or bipolar).  
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Diabetes status was derived for these samples at the index date using a combination of 

criteria:  

1. An indicative recorded HbA1c level> 48mmol/mol 

or 

2. A diabetes diagnosis recorded within a specific structured physical health form on the 

source health record 

or 

3. The combination of both a positive indicator on an NLP application designed to 

ascertain a recorded diagnosis of diabetes and NLP-derived recorded receipt of 

antidiabetic medication.  

 

5.3.2 Statistical analysis 

The sample was initially described to show distributions of recorded diabetes and recorded 

HbA1c. Next, unadjusted associations were calculated between covariates and the presence 

or not of any recorded HbA1c level as a binary outcome, followed by logistic regression 

analyses to investigate the independence of these associations. Within those with HbA1c 

levels recorded, mean levels were compared by covariate groups, followed by a linear 

regression analysis of HbA1c as a dependent variable to investigate independence. 

Interpretation of analyses focused on the index year (2015), but all were repeated and 

displayed for the additional 2014 and 2016 samples. 
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5.4 Results 

 

5.4.1 Sample characteristics and distribution of recorded diabetes 

On 1st July 2015 5046 patients were ascertained who were in receipt of SLAM care at that 

point and who had a previous SMI diagnosis. Of these, 8.8% had recorded diabetes and the 

distributions of this and other sample characteristics are displayed in Table 5.1. In terms of 

the overall sample, most were in the older age groups, there was a moderate male 

predominance, the largest numbers were in Black ethnic groups, more had schizophreniform 

than bipolar disorder diagnoses, and the majority had relatively recent first diagnoses.  

In terms of diabetes prevalence, this increased with age, and diabetes was marginally more 

common in women than men, was more common in Black, Asian and Mixed ethnic groups 

compared to the White group and was more common in patients with a schizophreniform 

compared to bipolar diagnosis. There was no trend evident for a change in prevalence by 

diagnosis year.  

Considering 2015 data in relation to the 2014 and 2016 samples, there was a steady increase 

in sample size across the three years. Demographic and clinical characteristics, however, 

were similar in distribution. The prevalence of recorded diabetes increased from 7.1% in 

2014 to 8.8% in 2015 to 10.8% in 2016 but remained similar in its distribution by other 

factors. 

 

5.4.2 Associations with recorded HbA1c 

In 2015, at least one HbA1c level was present in 22.8% of the sample (Table 5.2). A recorded 

level was more likely in younger age groups, in more recent diagnosis years, and it varied 
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significantly by ethnic group. However, there was no significant difference between genders 

or diagnostic groups. Considering data from the other sample years, recording of HbA1c 

increased substantially – from 16.4% in 2014 to 38.9% in 2016. For those with diabetes, 

HbA1c was recorded in 30.2%, 36.1%, and 50.1% in 2014, 2015, and 2016 respectively; for 

those without diabetes, these prevalences were 15.4%, 21.5%, and 33.0%. Findings for 

associations with age, ethnic group, and diagnostic year were similar to those in the 2015 

sample; however, additional significant associations were found with gender (male excess) 

and diagnosis (schizophreniform excess) in both the 2014 and 2016 samples.  

All the above findings persisted in unadjusted logistic regression models (Table 5.3). After 

mutual adjustment, consistent independent findings were observed for all years in the 

associations with younger age, Black ethnicity, schizophreniform disorder, and more recent 

diagnosis year (Table 5.4).  

 

5.4.3 Associations with recorded HbA1c level 

In the 2015 sample with HbA1c data, higher mean levels were present in older patients, in 

patients from Black and Asian ethnic groups, and in those with schizophreniform disorders 

(Table 5.5). There was also a significant heterogeneity by diagnosis year, although no very 

clear linear trend. The same findings were present in the 2014 and 2016 samples, and these 

also showed higher levels in men compared to women. HbA1c level had also increased 

slightly over the three years. For those with diabetes, mean (SD) HbA1c levels were 55.9 

(21.8), 55.5 (20.5), and 57.5 (22.7) mmol/mol in 2014, 2015, and 2016 respectively; for those 

without diabetes, these levels were 38.9 (10.6), 38.1 (8.6), and 39.3 (9.3).  

Unadjusted linear regression models for HbA1c are shown in Table 5.6 and mutually adjusted 

models in Table 5.7. For the adjusted models, all three years were consistent in showing 



186 
 

higher levels associated with older age and with Black and Asian (compared to White) ethnic 

groups, and lower levels associated with bipolar disorders.  

 

5.4.4 Primary associations stratified by diabetes 

Mutually adjusted associations with presence of recorded HbA1c for the 2015 sample were 

re-analysed, stratified by recorded diabetes, and results are displayed in Table 5.8. The 

association with younger age was reduced slightly following stratification but did not differ 

much between those with/without recorded diabetes. The association with Black (compared 

to White) ethnicity was also reduced, although remained positive in those with and without 

recorded diabetes, albeit with wide confidence intervals in the former group, overlapping the 

null. On the other hand, the association of higher HbA1c recording with later year of 

diagnosis appeared only present in those without recorded diabetes. There also appeared to be 

different patterns of association with bipolar disorder – associated with increased likelihood 

of HbA1c recording in those with diabetes, but reduced likelihood in those without recorded 

diabetes. 

The same stratification was applied to mutually adjusted linear regression analyses of HbA1c 

levels, the results of which are displayed in Table 5.9. Confidence intervals were wide, 

particularly for the group with recorded diabetes, and statistical significance was often not 

maintained in all groups. The association with older age in the full sample was reduced in 

both strata, indicating confounding by diagnosed diabetes. The association of Black (versus 

White) ethnicity with higher HbA1c in the full sample appeared to be stronger in those with 

recorded diabetes compared to those without, as did the bipolar-schizophreniform difference, 

although confidence intervals overlapped substantially.   
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Table 5.1. Sample characteristics and distribution of recorded diabetes 

 01.07.2014 01.07.2015 01.07.2016 

 Number Diabetes 

(%) 

Number Diabetes 

(%) 

Number Diabetes 

(%) 

Total sample  4748 7.1 5046 8.8 5552 10.9 

Age       

<20 71 1.4 55 3.6 54 3.7 

20-29 516 3.3 525 4.0 545 2.9 

30-39 957 4.3 1003 6.7 1,113 6.9 

40-49 1,289 6.8 1376 8.0 1,433 10.1 

50+  1,915 9.8 2087 11.8 2,407 15.1 

Gender       

Female 1,989 7.6 2077 9.8 2307 12.0 

Male 

  

2,759 6.6 2969 8.1 3245 10.1 

Ethnicity       

White 1985 4.4 1962 5.4 2,169 7.9 

Black 2067 9.7 2352 11.0 2,574 13.5 

Asian 372 7.5 376 11.7 420 13.1 

Mixed 151 8.6 166 9.6 190 10.5 

Other 

  

173 3.5 190 4.7 199 5.0 

Diagnosis year       

Pre 2006 203 6.4 170 7.7 141 9.9 

2006 200 7.5 150 8.7 127 15.0 

2007 234 7.7 211 10.9 176 15.3 

2008 181 3.3 140 5.7 119 4.2 

2009 167 4.8 126 4.8 111 7.2 

2010 211 10.0 165 11.5 128 12.5 

2011 357 8.1 249 9.2 199 10.6 

2012 715 69 472 8.3 353 9.9 

2013 1,207 7.9 662 7.7 453 8.2 

2014 1,273 6.3 1307 8.6 734 10.0 

2015 - - 1394 10.0 1434 10.8 

2016 

  

- - - - 1577 12.2 

Diagnosis       

Schizophreniform 3763 7.8 4060 9.5 4500 11.7 

Bipolar disorder 985 4.3 986 6.2 1052 7.4 
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Table 5.2. Presence of recorded HbA1c by sample characteristics 

 01.07.2014 01.07.2015 01.07.2016 

 HbA1c 

present (%) 

Chi-square 

(df), p-value 

HbA1c 

present (%) 

Chi-square 

(df), p-value 

HbA1c 

present (%) 

Chi-square 

(df), p-value 

Total sample 16.4  22.8  38.9  

Age       

<20 21.1 69.05(4), 38.2 109.35(4),  46.3 127.98(4),  

20-29 26.7 <0.001 37.9 <0.001 48.9 <0.001 

30-39 18.9  25.8  43.1  

40-49 16.2  21.2  33.2  

50+ 

  

12.3  18.1  28.6  

Gender       

Female 14.9 5.43(1),0.020 22.1 0.85(1),0.356 32.8 7.35(1),0.007 

Male  17.5  23.2  36.3  

Ethnicity       

White 12.3 48.82(4),  17.8      53.75(4),  29.9 50.06(4),  

Black 20.4 <0.001 26.6 <0.001 38.8 <0.001 

Asian 15.3  20.2  33.1  

Mixed 17.9  29.5  44.7  

Other  17.3  25.8  33.2  

Diagnosis year       

Pre 2006 5.4 380.00 (9),  9.4 341.44(10),  12.1 502.37(11),  

2006 4.0 <0.001 8.7 <0.001 21.3 <0.001 

2007 5.6  6.2  15.3  

2008 4.4  7.1  19.3  

2009 4.8  6.4  8.1  

2010 5.2  7.3  14.8  

2011 10.1  12.9  19.6  

2012 7.6  9.3  14.2  

2013 19.1  19.0  24.5  

2014 31.3  30.8  32.3  

2015 -  33.9  37.0  

2016  -  -  53.7  

Diagnosis       

Schizophreniform 17.2 8.19(1),  23.1 1.68(1),  36.0 14.42(1),  

Bipolar disorder 13.4 0.004 21.2  0.194 29.9 <0.001 
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Table 5.3. Logistic regression for recorded HbA1c presence – unadjusted models 

 Odds ratio (95% CI) 

 01.07.2014 01.07.2015 01.07.2016 

Age (10y increment) 0.76 (0.86,0.89) 0.76 (0.73,0.80) 0.76 (0.73,0.79) 

Female gender 0.83 (0.78,0.97) 0.94 (0.82,1.07) 0.86 (0.76,0.96) 

Ethnicity    

White Ref.   

Black 1.82 (1.54,2.17) 1.67 (1.44,1.94) 1.49 (1.32,1.68) 

Asian 1.29 (0.94,0.76) 1.17 (0.89,1.54) 1.16 (0.93,1.45) 

Mixed 1.55 (1.00,2.41) 1.94 (1.36,2.76) 1.93 (1.41,2.57) 

Other 1.50 (0.99,2.68) 1.61 (1.14,2.27) 1.16 (0.86,1.59) 

Bipolar diagnosis 0.74 (0.61,0.91) 0.89 (0.75,1.06) 0.75 (0.65,0.87) 

Diagnosis year 1.44 (1.37,1.52) 1.31 (1.27,1.36) 1.26 (1.23,1.30) 
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Table 5.4. Logistic regression for recorded HbA1c presence – mutually adjusted models 

 Odds ratio (95% CI) 

 01.07.2014 01.07.2015 01.07.2016 

Age (10y increment) 0.86 (0.81,0.91) 0.83 (0.79,0.88) 0.82 (0.79,0.86) 

Female gender 0.84 (0.71,1.00) 0.96 (0.83,1.10) 0.90 (0.80,1.02) 

Ethnicity    

White Ref.  
 

Black 1.44 (1.20,1.74) 1.36 (1.16,1.60) 1.16 (1.00,1.30) 

Asian 1.08 (0.78,)1.49 1.02 (0.77,1.36) 1.04 (0.82,1.31) 

Mixed 1.13 (0.72,1.79) 1.44 (0.99,2.08) 1.42 (1.04,1.95) 

Other 1.05 (0.68,1.62) 1.03 (0.80,1.62) 0.81 (0.95,1.13) 

Bipolar disorder 0.68 (0.54,0.84) 0.80 (0.67,0.97) 0.66 (0.56,0.77) 

Diagnosis year 1.43 (1.36,1.51) 1.29 (1.25,1.34) 1.25 (1.22,1.29) 
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Table 5.5. Mean HbA1c (mmol/mol) first recorded by sample characteristics and tests of 

heterogeneity 

 01.07.2014 01.07.2015 01.07.2016 

 Mean (SD) 

HbA1c 

p-

value 

Mean (SD) 

HbA1c 

p-

value 

Mean (SD) 

HbA1c 

p-

value 

Total sample  41.1 (13.8)  41.4 (13.6)  42.1 (14.1)  

Age    <0.001  <0.001 

<20 34.1 (4.7)  35.9 (3.6)  38.3 (10.0)  

20-29 37.2 (10.6)  36.5 (7.4)  37.3 (7.3)  

30-39 41.0 (15.0)  39.8 (13.2)  40.1 (12.7)  

40-49 41.0 (14.8)  40.6 (13.6)  42.8 (15.7)  

50+  44.1 (13.4)  43.3 (13.3)  45.1 (15.1)  

Gender  0.023  0.582  0.011 

Female 41.3 (14.2)  40.8 (12.4)  41.8 (13.6)  

Male  40.8 (12.8)  40.3 (12.7)  42.6 (14.8)  

Ethnicity    <0.001  <0.001 

White 40.2 (13.0)  39.3 (12.1)  41.1 (12.8)  

Black 41.8 (14.6)  41.5 (13.7)  43.0 (15.5)  

Asian 42.7 (12.8)  41.5 (11.9)  43.0 (11.6)  

Mixed 37.8 (4.4)  39.3 (8.5)  41.4 (11.7)  

Other  39.1 (15.4)  36.5 (4.7)  37.5 (6.1)  

Diagnosis year  0.036  0.005  <0.001 

Pre 2006 42.8 (5.4)  40.1 (7.8)  40.9 (7.3)  

2006 44.9 (17.1)  43.6 (14.1)  50.8 (28.4)  

2007 39.5 (6.5)  39.5 (9.0)  45.8 (15.8)  

2008 40.5 (13.6)  41.1 (12.3)  40.2 (5.7)  

2009 46.5 (17.1)  43.4 (16.3)  46.0 (12.8)  

2010 48.0 (16.7)  45.3 (15.1)  48.4 (18.6)  

2011 43.6 (14.2)  43.7 (15.0)  47.1 (17.1)  

2012 41.4 (10.2)  43.5 (16.2)  47.5 (20.1)  

2013 40.7 (13.5)  41.2 (14.1)  43.1 (14.2)  

2014 40.7 (14.4)  39.5 (12.2)  40.7 (13.1)  

2015 -  40.4 (12.0)  41.8 (14.0)  

2016  -  -  41.6 (12.9)  

Diagnosis  <0.001  <0.001  <0.001 

Schizophreniform 41.7 (14.7)  41.0 (13.2)  42.6 (14.7)  

Bipolar disorder 38.0 (7.53)  38.1 (9.1)  39.5 (9.7)  
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Table 5.6. Linear regression for first recorded HbA1c level – unadjusted models 

 B coefficient (95% CI) 

 01.07.2014 01.07.2015 01.07.2016 

Age (10y increment) 1.91 (1.18,2.64) 1.81 (1.27,2.35) 2.04 (1.58,2.50) 

Female gender -0.52 (2.52,1.48) 0.47 (-0.10,1.96) 0.73 (-0.56,2.02) 

Ethnicity    

White Ref.   

Black 1.32 (0.85,3.50) 2.09 (0.45,3.73) 1.86 (0.48,3.25) 

Asian 3.40 (0.25,8.05) 3.10 (-0.25,6.45) 1.83 (-0.74,4.40) 

Mixed -2.56 (8.06,2.94) -0.00 (-3.80,3.72) 0.29 (-2.88,3.47) 

Other -1.22 (6.18,3.74) -2.96 (-6.53,0.61) -3.64 (-7.19,-0.09) 

Bipolar disorder -3.79 (-6.37,-1.22) -2.93 (-4.81,-1.04) -3.09 (-4.79,-1.39) 

Diagnosis year -0.38 (-0.91,0.15) -0.28 (-0.65,0.09) -0.53 (-0.80,-0.25) 
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Table 5.7. Linear regression for first recorded HbA1c level – mutually adjusted models 

 B coefficient (95% CI) 

 01.07.2014 01.07.2015 01.07.2016 

Age (10y increment) 2.07 (1.31,2.83) 1.94 (1.39,2.50) 2.08 (1.60,2.56) 

Female gender -0.89 (-2.88,1.11) 0.14 (-1.36,1.64) 0.48 (-0.80,1.76) 

Ethnicity    

White Ref.   

Black 2.14 (0.07,4.35) 2.99 (1.32,4.67) 2.85 (1.46,4.25) 

Asian 3.38 (0.79,7.55) 3.58 (0.24,6.92) 2.28 (0.24,4.79) 

Mixed -0.44 (-5.88,5.00) 1.64 (-2.09,5.38) 1.96 (1.16,5.08) 

Other -0.08 (-4.98,4.88) -1.24 (-4.78,2.30) -1.23 (-4.74,2.27) 

Bipolar diagnosis -3.55 (-6.17,0.93) -2.52 (-4.44,-0.60) -2.21 (-3.93,0.49) 

Diagnosis year -0.17 (-0.70,0.36) -0.20 (-0.63,0.23) -0.34 (-0.62,0.06) 
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Table 5.8. Logistic regression for recorded HbA1c presence in the 01.07.2015 sample – 

mutually adjusted models stratified by recorded diabetes 

 Odds ratio (95% CI) 

 Total sample No recorded diabetes Recorded diabetes 

Age (10y increment) 0.76 (0.73,0.80) 0.81 (0.77,0.86) 0.79 (0.67,0.92) 

Female gender 0.94 (0.82,1.07) 0.95 (0.81,1.10) 0.96 (0.62,1.47 

Ethnicity    

White Ref.   

Black 1.67 (1.44,1.94) 1.25 (1.06,1.48) 1.52 (0.89,2.59) 

Asian 1.17 (0.89,1.54) 0.95 (0.70,1.30) 1.05 (0.89,2.43) 

Mixed 1.94 (1.36,2.76) 1.30 (0.88,1.93) 2.01 (0.64,6.35) 

Other 1.61 (1.14,2.27) 1.12 (0.78,1.62) 1.16 (0.25,5.50) 

Bipolar diagnosis 0.89 (0.75,1.06) 0.80 (0.66,0.97) 1.29 (1.17,1.43) 

Diagnosis year 1.31 (1.27,1.36) 1.29 (1.24,1.35) 1.02 (0.56,1.86) 
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Table 5.9. Linear regression for first recorded HbA1c level in the 01.07.2015 sample – 

mutually adjusted models stratified by recorded diabetes 

 B coefficient (95% CI) 

 Total sample No recorded diabetes Recorded diabetes 

Age (10y increment) 1.94 (1.39,2.50) 1.15 (0.74,1.58) 1.38 (-1.25,4.01) 

Female gender 0.14 (-1.36,1.64) -0.41 (-1.52,0.70) 3.23 (-3.28,9.75) 

Ethnicity    

White  Ref. Ref. 

Black 2.99 (1.32,4.67) 0.68 (-0.55,1.92) 3.98 (-4.81,12.78) 

Asian 3.58 (0.24,6.92) 0.67 (-1.65,2.98) 5.50 (-8.09,19.10) 

Mixed 1.64 (-2.09,5.38) 0.95 (-1.85,3.74) -7.36 (-24.07,9.35) 

Other -1.24 (-4.78,2.30) -1.30 (-3.96,1.35) -3.31 (-27.87,21.26) 

Bipolar disorder -2.52 (-4.44,-0.60) -0.96 (-2.36,0.44) -12.15 (-21.69,2.62) 

Diagnosis year -0.20 (-0.63,0.23) -0.10 (-0.37,0.17) -0.31 (-2.05,1.43) 
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5.5 Discussion 

We sought to investigate the level of HbA1c monitoring across people receiving mental 

healthcare with an SMI diagnosis, based on a primary sample in mid-2015 and supplementing 

this with confirmatory samples in mid-2014 and mid-2016 to check for consistency.  

The prevalence of recorded diabetes was observed to be high in these samples and is further 

compared with previously published estimates for London and England (Forouhi et al., 2006) 

in Table 5.10 below, using amended age categories for the purpose of comparisons. In 

summary, prevalences in the oldest age range were comparable with population estimates; 

however, prevalences in the 30–59y age group were approximately twice as high, and those 

in the younger age group approximately ten-fold higher than expected. This increased risk is 

consistent with findings from other studies reviewed in Chapter 2 and clearly indicates the 

morbidity of the samples.   

 

Table 5.10. A comparison of diabetes prevalences recorded in the CRIS SMI samples with 

those estimated at a population level for London and England (Forouhi et al., 2006) 

Age group Diabetes prevalence  

 2014 sample 2015 sample 2016 sample London England 

0-29 years 3.1% 4.0% 3.0% 0.4% 0.3% 

30-59 years 6.8% 8.5% 8.5% 4.0% 3.4% 

60+ years 10.7% 13.3% 13.3% 15.5% 13.9% 

 

 

It is concerning that the prevalence of Hba1c recording was relatively low in the index 

sample, although there was a sizeable increase over time, and it is possible that further 
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improvements would be seen in more recent data. On the other hand, it should be noted that 

for those with a recent SMI diagnosis, there was less of a trend across the sampling years. 

Clearly HbA1c is an important clinical measure in SMI both for those with recognised 

diabetes (to monitor glycaemic control) and for those without (to monitor for early 

dysglycaemia, given the recognised high risk). Although, it is possible that adequate 

recording was taking place in general practice, there is still a need for mental health services 

to be aware of relevant physical health comorbidities in people with SMI and to keep records 

of this.  

Considering factors associated with the presence or not of a recorded HbA1c level, there was 

a mismatch with age, in that diabetes risk increases with age whereas recorded HbA1c levels 

were most likely in younger compared to older patients. The same was also seen for gender, 

with a higher prevalence of diabetes in female patients but a higher likelihood of a recorded 

HbA1c level in men, albeit only significantly different in 2014 and 2016 in unadjusted 

analyses and not independently significant in most of the adjusted analyses. On the other 

hand, HbA1c levels were more likely to be recorded in minority ethnic groups compared to 

the White group, which reflected the higher diabetes prevalence in the minority groups. 

Similarly, recording was more likely in those with a schizophreniform rather than bipolar 

disorder diagnosis, reflecting higher diabetes prevalence in the first group.   

Considering the mean level for HbA1c, this was within the normoglycaemic range, albeit 

only barely at 41.4, and the standard deviation (13.6) indicates overlap in the distribution of 

levels with those that would be considered dysglycaemic. Independent associations in the 

total sample were as might be expected – with increased age and with Black and Asian 

ethnicity; however, there was no significant difference between patients with 

schizophreniform and bipolar disorder in adjusted models.  
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When diabetes status was taken into consideration, odds ratios for the presence of recorded 

HbA1c with younger age were similar in those with/without diabetes, confirming the problem 

mentioned earlier with higher HbA1c recording in younger patients, but higher diabetes risk 

in older patients. The association of increased recording in more recent years was only 

present for those without diabetes, consistent with a focus of early dysglycaemia measures in 

mental healthcare around the onset of SMI and less attention paid to older patients with 

longer-lasting disorders. The association between HbA1c recording and SMI diagnostic 

group differed in direction by diabetes status – in patients without diabetes, recording was 

more likely in those with schizophreniform compared to bipolar disorder diagnoses; in patient 

with diabetes, recording was more likely in those with bipolar disorder. In the larger group 

without diabetes, this would again be consistent with dysglycaemia screening in younger 

patients around the initial SMI diagnosis with a focus on schizophrenia. In the group with 

diabetes, who are more likely to be older, healthcare access might conceivably be higher in 

patients with bipolar disorder who may be less subject to negative syndrome and self-neglect; 

however, this would need further evaluation.  

Strengths of the study included the large naturalistic samples and long time period under 

investigation. It also incorporated confirmatory samples with different index dates which 

allowed consistency and the robustness of findings. Considering limitations, we only 

investigated HbA1c recording and levels within SLAM, a mental healthcare provider, and so 

did not attempt to capture additional data existing in primary care records; however, the 

purpose here was to evaluate the level of data available in mental healthcare rather than in 

totality. Information was also limited on potential confounding factors, including 

comorbidities, other measures of metabolic syndrome, and lifestyle factors such as diet, 

exercise, and smoking. When considering ethnicity, whilst Asian did include all Asian 

ethnicities, it will have included a large proportion of Indian Asians whom we already know 
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to have a high rate of diabetes (Tillin et al., 2012). As a further consideration of measurement 

error, applying diabetes as a covariate depended on the accuracy to which this itself was 

present and ascertained from healthcare records. Inevitably, some true cases will have been 

missed because this was not written sufficiently clearly in the source record; equally, some 

false positive cases may have been picked up, for example where the diabetes was being 

screened for but not present or was otherwise expressed hypothetically. However, diabetes 

was primarily being applied here as a stratifying variable, and it is likely that the positive 

group still predominantly had diabetes and the negative group predominantly did not. Finally, 

although large samples were available for main analyses, the subgroups with HbA1c levels 

available and diabetes present were relatively small, resulting in wide confidence intervals for 

some coefficients and limited statistical power.  

In conclusion, the overall level of HbA1c recording was relatively low and further work is 

needed into ways in which both measurement and recording can be more effectively 

optimised in these clinical populations. The level of recording also needs to drastically 

increase for those who are at highest risk for diabetes, so that intervention and management 

can take place accordingly and perhaps in a more personalised way. If we know Black and 

Asian ethnic groups compared to White groups, and in those with schizophreniform 

compared to bipolar diagnosis have a higher HbA1c level, this should be reflective in 

monitoring. 
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5.6 Comparisons between Chapters 4 and 5 

The analyses in Chapters 4 and 5 are clearly interrelated. As indicated, those in Chapter 4 

were conceived first because of the recognised need to monitor information on dysglycaemia 

in people newly presenting with SMI. Therefore, I assembled an inception cohort of newly 

presenting cases with SMI for this purpose. Having carried this out, I felt that the same 

analyses should be applied to people with SMI at any given time – i.e., not just restricted to 

first presentations but including longer-standing cases. By the time data were ready for 

extraction, a process for ascertaining likely diabetes had also been developed by the CRIS 

team, which was likely to be more relevant for the longer-standing cases described in Chapter 

5 than for the new cases described in Chapter 4 (thus, no attempt was made to apply it 

retrospectively in Chapter 4 analyses, which is an acknowledged limitation). Taking together 

the overlapping approaches in Chapters 4 and 5, the following similarities and differences can 

be concluded.   

Considering factors associated with recording of HbA1c in adjusted analyses (comparing 

mid-2015 prevalent cases with 2010-18 incident cases; Tables 5.4 and 4.2 respectively), 

negative associations with age were stronger in the prevalent cases described in this chapter 

than in the incident cases described in Chapter 4 (ORs 0.76 and 0.93 respectively for each 10-

year increase), as was the association with year of diagnosis (ORs 1.31 and 1.14 

respectively). Negative associations with female gender were similar (0.94 vs 0.87) and 

negative associations with bipolar disorder (0.89 vs 0.57) were weaker, as were positive 

associations with Black (1.64 vs 2.16) and Asian (1.17 vs 1.52) ethnicity. Stronger positive 

associations were observed with Mixed ethnicity (1.94 vs 1.14). These findings continue to 

be broadly consistent with an emphasis on recording levels (and therefore perhaps an 

emphasis on screening more generally) in younger compared to older patients and in more 
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recent onset cases compared to those with longer durations of SMI. These 

recording/screening interventions earlier in the disorder also appear to be explicitly targeted 

at risk groups defined by ethnicity and schizophreniform diagnoses, hence the weaker 

associations in the prevalent samples.  

Considering the level of HbA1c when this was recorded (again, comparing this Chapter’s 

mid-2015 prevalent cases with Chapter 4’s 2010-18 incident cases; Tables 5.7 and 4.4 

respectively), associations were similar between the prevalent and incident cases for Black 

ethnicity (B coefficients 5.23 and 2.99 respectively), Asian ethnicity (3.33 vs 3.58), and 

bipolar disorder (-2.57 vs -2.52). Associations with age were both significant but in the 

opposite direction (1.94 vs -0.62), and associations with year of diagnosis (-0.20 vs 1.03) and 

female gender (0.14 vs -0.80) were not significant in prevalent cases but were significant in 

incident cases. The disparities are most likely to be explained by higher prevalences of 

diabetes in the prevalent SMI cases because of the numbers in older age ranges with longer-

duration disorders. Thus, mean HbA1c levels in the prevalent samples in this Chapter are 

likely to be determined by diabetes, whereas those in the incident samples are more likely to 

be determined by earlier stages of dysglycaemia associated with the onset of SMI and 

potentially antipsychotic initiation.  
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Chapter 6: A cohort study using the data linkage 

between CRIS and Lambeth DataNet (LDN), in 

order to assess diabetes management, diabetes 

control, diabetes complications and comorbidities 

in people with and without SMI 
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This chapter comprises text from the following manuscript which I assembled as lead author 

and which is being prepared for submission:  

Bell N, Perera G, Stubbs B, Gaughran F, Stewart R. A case control study using linked 

primary and specialist mental health care data to assess diabetes management, diabetes 

control, diabetes complications and comorbidities in people with and without incident severe 

mental illness (SMI). 

The findings will be discussed briefly in this chapter in relation to inferences for this 

particular study and source population. A broader consideration of their relevance to the 

previously reviewed background literature will be contained in Chapter 8.  
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6.1 Abstract 

Objectives: To compare people with diabetes developing SMI to those with diabetes alone 

with respect to risk status, diabetes care receipt, and diabetes-relevant outcomes in primary 

care; to investigate factors associated with these outcomes within the group with SMI.  

Method: Data from mental health care (CRIS) linked to primary care (LDN) were used. 

From patients with a T2DM diagnosis in primary care, those with a new SMI diagnosis were 

matched with up to five randomly selected controls. Mixed models were used to estimate 

associations with trajectories of recorded HbA1c levels; Poisson regression models compared 

total and cardiovascular comorbidity levels and number of diabetes complications; linear 

regression models compared BMI and total cholesterol levels; conditional logistic regression 

models investigated microalbuminuria, receipt of a foot or retinal examination, use of statins 

and receipt of insulin; Cox proportional hazards were used to model incident microvascular 

and macrovascular events, foot morbidity and mortality. Further analyses evaluated factors 

associated with adverse outcomes within the SMI cohort, focusing particularly on measures 

of mental health status and ethnic group differences.  

Results: In a cohort of 693 cases with SMI and T2DM compared to 3366 controls, all-cause 

mortality was increased substantially in the cohort with SMI (adjusted hazard ratio 4.52, 95% 

CI 3.73-5.47); however, of all the other outcomes, the only significant findings were of 

reduced foot examination (adjusted odds ratio 0.75, 0.54-0.98) and reduced retinal screening 

(0.77, 0.61-0.96). Within the SMI cohort, bipolar disorder was associated with lower baseline 

HbA1c and a steeper increase in levels compared to schizophreniform disorders, but no other 

consistent associations were found between adverse outcomes and mental health measures or 

ethnic group differences.  
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Conclusions: Higher mortality suggests increased risk of adverse outcomes for people with 

T2DM who develop SMI, and reduced foot/retinal examinations suggest disadvantaged 

healthcare receipt. However, other potential reasons for the mortality difference could not be 

identified from the outcomes analysed.  

 

6.1.1 Research question, hypotheses, and study design 

Research questions  

-What are the differences in care and outcome between people with diabetes who receive a 

diagnosis of SMI compared to those with diabetes alone? The differences of particular 

interest were in diabetes care receipt and diabetes-relevant outcomes after the date of SMI 

diagnosis, all recorded in primary care; however, in order to interpret these, it was also 

important to investigate differences in clinical and other characteristics at baseline (i.e., on or 

around the date of SMI diagnosis).  

-What factors are associated with diabetes case and outcomes within the group with newly 

diagnosed SMI? The primary factors of interest here were the nature of the SMI diagnosis 

(e.g., schizophrenia-like vs. bipolar; symptom profile) and ethnicity.  

 

Hypotheses being tested 

-People with diabetes who develop SMI will have worse subsequent care and outcomes. 

-Within those with SMI, worse diabetes care and outcomes will be associated with 

schizophrenia and related (compared to bipolar) disorders and with non-White ethnicity 
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Description and justification of the chosen study design. 

As described in Section 3.6 and above, my primary objectives were to compare diabetes-

related outcomes in people with/without incident SMI. This required a cohort study, with 

SMI conceived as the exposure and the primary focus on outcomes occurring after the first 

SMI diagnosis. Some preceding characteristics were additionally compared between the two 

cohorts with/without SMI, but these characteristics were not viewed as exposures for SMI as 

an outcome but rather as potential confounders. The term ‘control’ was used to describe the 

comparison ‘non-SMI’ cohort for ease of terminology, with matching deployed to select this 

group; however, no implication of a case control study was intended. Similarly, the 

comparisons analysed within the SMI cohort required a cohort study, with ethnicity and SMI 

sub-diagnostic groups considered as exposures, and diabetes care/prognosis as outcomes. 
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6.2 Background 

As described in Chapters 1 and 2, SMI is associated with higher premature mortality rate than 

that in the general population, and the majority of this difference is attributable to co-

occurring common physical health issues with T2DM a common comorbidity. However, 

evidence is still lacking on whether T2DM can simply be viewed as a co-occurring condition 

contributing to later health disparities solely through its higher prevalence, or whether care of 

T2DM is suboptimal in SMI and thus the disease is occurring at a higher level of severity, as 

well as being more common.  

Linked primary care and mental healthcare data can be used to investigate disparities in the 

management and outcomes of physical health conditions in people with SMI. They can also 

importantly be used to investigate factors affecting these measurements of management and 

outcome within the population with SMI, thus identifying potentially vulnerable groups. The 

linkage between CRIS and LDN in this respect has previously been used to investigate 

disparities in cardiovascular disease treatment (Woodhead et al., 2016a) and in cancer 

screening uptake (Woodhead et al., 2016b). The objective for the analyses described in this 

chapter were therefore to use the same linkage investigate differences in service receipt and 

outcomes in people with T2DM with/without SMI, as well as factors associated with these 

differences within the group with SMI.  
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6.3 Methods 

The analysed sample was assembled using the linkage between CRIS (mental healthcare) and 

Lambeth DataNet (LDN; primary care) described in Chapter 3. The focus for this analysis 

was on people with emerging SMI who already had diabetes, and the analyses were broadly 

divided into two phases: i) comparing people with diabetes developing SMI to those with 

diabetes alone with respect to risk status, diabetes care receipt, and diabetes-relevant 

outcomes in primary care; ii) investigating factors associated with these outcomes within the 

group with SMI. As with other analyses, there was a particular interest in ethnic group 

differences and in differences between schizophreniform and bipolar disorder diagnoses 

within SMI.  

Many of the variables derived from LDN were defined from lists of Read codes (the standard 

coding framework for primary care consultations; these are currently being replaced by 

SNOMED codes but Read codes still applied to the years covered by data extracted here). 

Most of the relevant code lists had already been assembled for other CRIS projects, in 

particular a recently published study of diabetes care in people with dementia (Gungabissoon 

et al., 2022) and were therefore used ‘off the shelf’ for this study. Details of code lists are 

provided in Appendix 2.   

 

6.3.1 Sample 

The comparison cohorts were assembled according to the following steps: 

1. The source population for the analyses comprised all patients in LDN with T2DM 

(see code list in Appendix 2) who had been registered with an LDN practice for at 

least 12 months up to and including the index date (see 2 below).  
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2. The index date for the SMI cohort was the date of the first diagnosis of an SMI based 

on ICD-10 codes F2x, F30x or F31x derived from CRIS data, using structured 

diagnostic fields from the source EHR. Evidence of T2DM (see 1 above) had to 

precede this index date.  

3. For each SMI cohort member, up to 5 randomly selected matched comparators were 

then assembled from the remainder of the source population in LDN (see 1 above) at 

the same index date. These ‘controls’ were matched by age (within 5 years either 

side), gender and source general practice. The controls were not treated as mutually 

exclusive in the random sampling applied – i.e., the same control could theoretically 

be matched to more than one case 

 

6.3.2 Measures  

The sections below describe the measures extracted and their definitions. For the first set of 

objectives (comparing patients with/without SMI), having defined SMI status using CRIS, 

other variables were primarily drawn from LDN in order to be comparable between the 

cohorts with/without SMI.  

 

6.3.2.1 Demographic factors 

The following variables were collected from LDN: age at index date, gender, ethnicity, and 

neighbourhood deprivation. Ethnic groups were categorised as follows: White, Black, Asian, 

Mixed, Other, and not known/missing. Neighbourhood-level deprivation was assessed at the 

level of Lower Super Output Areas (LSOAs): standard national administrative units which 

each have a mean population of 1614 individuals (Office for National Statistics, 2011). 
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LSOAs were assigned based on the address of individuals on the index date. Publicly 

available data on Index for Multiple Deprivation (IMD) from 2015 was used for each LSOA. 

This assesses relative multiple deprivation from national Census returns (and between-Census 

estimates) across aggregated domains of income, employment, health and disability, 

education, housing, crime and living environment (Noble et al., 2006) and was used in my 

analyses as a proxy indicator of socioeconomic status. 

 

6.3.2.2 Health related factors 

Data were extracted on the presence of the following health conditions, ascertained from 

standard code lists applied to LDN records, covering the time period from 12months prior to 

diagnosis. The health-related factors were selected pragmatically based on available code lists 

that had been previously assembled and applied to the primary care records and on data being 

available in both cases and controls. They were considered as potential confounders for the 

associations of interest between SMI and diabetes care/outcomes – i.e., assuming that people 

with SMI might have higher levels of comorbidity around the time of the index SMI 

diagnosis that could explain worse diabetes outcomes. In the event (as described later in 

Section 6.4), there were felt to be no relevant differences in comorbidity between cohorts at 

baseline, so the variables were used descriptively rather than as covariates in regression 

models.  

1. Non-cardiovascular: paralytic syndromes, peptic ulcer, cancer, metastatic disease, 

respiratory disease, renal failure, HIV AIDS, connective tissue disease, mild liver 

disease, chronic liver disease.  

2. Cardiovascular: myocardial infarction, hypertension, stroke, heart failure, 

dyslipidaemia, peripheral arterial disease, 
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3. Diabetes complications: microvascular complications, macrovascular complications, 

obesity, diabetes foot morbidity 

This study also examined: 

1. HbA1c: this was primarily extracted as all recorded values for mixed model analysis 

of trajectories; for descriptive purposes the level closest to the index date was also 

identified.  

2. Blood pressure 

3. Cholesterol level 

4. Creatinine level 

5. Microalbuminuria 

We also considered flu vaccination status, screening history for diabetes complications and 

use of insulin. Insulin receipt was ascertained from 2 years prior to 5 years after the index 

date.  

 

6.3.2.3. Lifestyle 

Data were extracted on body mass index (BMI) and smoking status closest to the index date. 

BMI values were categorised into the following ranges (Seidell & Helberstadt, 2015): i) 

underweight (<18.5), normal weight (18.5-24.9), overweight (25.0-29.9), obese class I (30.0-

34.9), obese class II (35.0-39.9), and obese class III (40+). Smoking status was categorised 

into current, ex-, and never groups.  
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6.3.2.4 Mental health measures 

The following measures were derived from CRIS data and used to characterise the SMI group 

for later within-group analyses: 

1. Scores were extracted from Health of the Nation Outcome Scales (HoNOS) recorded 

closest to the index date. The HoNOS is a routinely administered checklist in UK 

mental health services (Burns et al., 1999) and recorded as structured data on the 

electronic health record. We extracted the following HoNOS subscale scores: i) 

overactive or aggressive behaviour, ii) non-accidental self-injury, iii) problem-

drinking or drug taking, iv) hallucinations or delusions, v) depressed mood, vi) 

physical illness or disability, vii) relationship problems, viii) activities of daily living 

problems, ix) living conditions, and x) occupational and recreational activity 

limitations. Scores for each item range from 0 (no problem) to 4 (severe problem).  

For analyses of associations with outcomes, the HONOS scores were converted into 

binary variables with 2-4 representing a significant problem on each scale. 

2. Mental health symptoms. A large number of NLP applications have been developed 

in CRIS over nearly 10 years to ascertain different recorded mental health symptoms 

in order to provide an improvement on recorded diagnosis as a means of 

characterising the mental health phenotypes. Conventionally these have been scaled 

by taking the number of symptoms recorded at any point in a given point, defining 

these as binary variables, and then summing the variables into different scales, based 

on conventional classifications. The following ordinal scales were therefore derived 

for this study based on the occurrence at any point of component symptoms described 
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in Appendix 3: i) positive psychotic, ii) negative psychotic, iii) manic, iv) depressive, 

v) disorganised, vi) catatonic.  

3. Psychotropic medication was ascertained using a longstanding NLP application in 

CRIS to ascertain medication use (predominantly recorded in text format). The 

following classes were defined from mentions subsequent to 12 months before the 

index date of component medications listed in Appendix 2: i) typical antipsychotic, ii) 

atypical antipsychotic, iii) mood stabiliser, iv) antidepressant, v) hypnotic.  

 

6.3.3 Statistical analysis  

Stata 15.1 for Windows was used for all data analyses. Initial analyses sought to describe the 

comparison cohorts where variables were available on both, and those with SMI for CRIS-

derived mental health characteristics. The intention here was to investigate whether any 

should be considered as potential confounding factors in relation to the analyses comparing 

diabetes care and outcome between the cohorts with/without SMI, aware that a large number 

of clinical characteristics were being compared and therefore of the risk of Type 1 statistical 

error (hence a need to be cautious about interpreting individual comparisons). In the event (as 

described in Section 6.4 below), there were interestingly no substantial or consistent 

differences in characteristics between the SMI and control cohorts; therefore, a consensus 

decision was made by myself and my co-authors that these characteristics would not be 

considered further as confounding factors. Instead, age, gender, ethnicity, and neighbourhood 

deprivation (IMD) were entered as adjustments for models, aside from duration of diabetes 

which was additionally considered for models of HbA1c trajectories.  

The approach in the set of analyses carried out within the SMI cohort was to investigate a 

longlist of available exposures of interest, primarily drawn from the more-extensive CRIS 
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database, as independent variables. In order to avoid multiple analyses (and the consequent 

risk of Type 1 statistical error), and aside from an exploratory investigation in relation to 

HbA1c trajectories, these within-SMI investigations focused only on the three outcomes 

which had been found to differ between the SMI and control cohorts in the preceding 

analyses. Those independent variables that were significantly (p<0.05) associated with each 

outcome in unadjusted analyses were then evaluated in multivariate models in order to assess 

their mutual independence.  

Considering outcomes analysed, mixed models were first used to investigate HbA1c 

trajectories, modelling all recorded HbA1c levels in relation to the index date and adjusting 

these for recorded duration of diabetes (interval from the first LDN mention to the index 

date), gender, ethnicity, and neighbourhood deprivation (IMD). The primary mixed models 

investigated differences in trajectories between those with SMI and controls – i.e., focusing 

on the interaction between SMI status (binary) and time (in relation to the index date). In 

view of the overall thesis objectives, additional analyses investigated ethnic group and SMI 

diagnosis (bipolar vs. schizophreniform) within the SMI cohort, repeating the ethnic group 

analyses within the control cohort for comparison.  

A series of further analyses were then carried out to investigate associations of SMI with the 

following contextual and diabetes-relevant factors. Total and CVD comorbidity scores, and 

number of diabetes complications, were modelled as ordinal variables using Poisson 

regression models (zero-inflated for total comorbidity). Baseline BMI and cholesterol level 

were modelled using linear regression. Both linear and Poisson regression models 

incorporated adjustments for the matching variable. Microalbuminuria, receipt of a foot 

examination, receipt of retinal screening, use of statins and receipt of insulin were modelled 

as binary dependent variables in conditional logistic regression analyses. Times to 

microvascular and macrovascular events, foot morbidity, and mortality after the index date 
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were using Cox proportional hazards. All of these regression models included adjustments for 

age, gender, ethnicity, neighbourhood deprivation (IMD), and the matching variable. No 

procedures were followed to account for multiple analyses; instead, this was accepted as a 

caution in drawing conclusions.  

Final analyses investigated factors associated with adverse outcomes within the SMI cohort – 

primarily mental health related characteristics. As described above, in order to avoid multiple 

analyses, these focused only on those outcomes that had been found to be different between 

patients with SMI and controls. Initial unadjusted analyses were carried out and those 

covariates associated with the outcome at p<0.05 were then entered simultaneously into 

mutually adjusted models for indicative indications of confounding.  

Considering missing data, no attempts were made to impute this. For comparisons between 

people with/without SMI, the covariates which ended up being used (age, gender, ethnicity, 

neighbourhood deprivation) were not felt to have important levels of missingness. For 

analyses within the cohort with SMI, variables with significant missing data were not entered 

into these models. 
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6.4 Results 

The data extraction resulted in a cohort of 693 cases of patients with SMI and preceding 

T2DM. These were matched with a control cohort of 3366 patients with T2DM and no SMI 

diagnosis.  

 

6.4.1 Cohort descriptions 

Descriptive data on demographic factors are summarised in Table 6.1. Although large 

samples resulted in a statistically significant difference in age groups, the SMI and control 

cohorts were judged to be adequately matched on age and gender. Ethnic group distributions 

were also similar. Marital status groups differed significantly; however, only a small minority 

had data recorded on this factor and overall differences were largely accounted for by higher 

numbers with missing data in the control cohort. Mean (SD) IMD scores were 31.23 (9.82) in 

the SMI cohort and 31.25 (9.36) in the control cohort – i.e., also very similar.  

Co-occurring health conditions and diabetes-related factors are described in Table 6.2 and 

were judged to be similar in distribution between cohorts. The mean (SD) total comorbidity 

score was 0.31 (0.61) in cases and 0.32 (0.61) in controls; the mean (SD) cardiovascular 

comorbidity score was 0.18 (0.43) in cases and 0.19 (0.44) in controls. Likewise, other 

variables compared in Tables 6.3-6.5 were also judged to be similar.  
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Table 6.1. Demographic and lifestyle characteristics of cases (SMI) and controls (no SMI) 

 SMI (n=693)  Control (n=3366)  

 Number % Number % Chi-square; df; p-value 

Age Group     20.4; 4; <0.001 

<20 7 1.0% 7 0.2%  
20-29 34 4.9% 94 2.8%  
30-39 105 15.2% 477 14.2%  
40-49 172 24.8% 899 26.7%  
50+ 375 54.1% 1889 56.1%  

      

Gender     2.44;1;0.119 

Female 390 56.3% 1785 53.0%  
Male 303 43.7% 1581 47.0%  

      

Ethnicity          0.89;5;0.926 

Asian 79 12.2% 379 12.4%  
Black 273 42.2% 1335 43.7%  
Mixed 26 4.0% 108 3.5%  
Other 30 4.6% 133 4.4%  
White 239 36.9% 1097 35.9%  
Missing (% of total)  46 6.6% 314 9.3%  

      

Marital status     15.40;6;0.017 

Cohabiting 1 0.4% 11 1.2%  
Divorced 18 8.0% 106 11.5%  
Married 46 20.5% 185 20.0%  
Separated 21 9.4% 51 5.5%  
Single 111 49.6% 442 47.8%  
Widowed 27 12.1% 129 14.0%  
Missing (% of total) 469 67.7% 2442 72.5%  
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Table 6.2. Distribution of health events in patients with/without SMI from 12 months prior to 

the index date 

Health condition  SMI (n=693) Control (n=3366) 

 N % N % 

Paralytic syndromes 0 0.0% 0 0.0% 

Peptic ulcer 1 0.1% 6 0.2% 

Cancer 13 1.9% 42 1.2% 

Metastatic disease 0 0.0% 2 0.1% 

Respiratory disease 51 7.4% 245 7.3% 

Renal Failure 21 3.0% 97 2.9% 

HIV AIDS 1 0.1% 7 0.2% 

Connective tissue disorder 8 1.2% 23 0.7% 

Mild liver disease 0 0.0% 3 0.1% 

Chronic liver disease 1 0.1% 10 0.3% 

     

Myocardial infarction 1 0.1% 12 0.4% 

Hypertension 70 10.1% 348 10.3% 

Obesity 14 2.0% 68 2.0% 

Stroke 4 0.6% 38 1.1% 

Heart Failure 9 1.3% 35 1.0% 

Peripheral arterial disease 6 0.9% 23 0.7% 

Dyslipidaemia 24 3.5% 114 3.4% 

     

Microvascular complication 41 5.9% 208 6.2% 

Macrovascular complications 9 1.3% 59 1.8% 

Diabetes foot morbidity 1 0.1% 6 0.2% 

Microalbuminuria 259 37.4% 1,231 36.6% 

     

Insulin receipt 159 22.9% 769 22.8% 
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Table 6.3. Distribution of markers of healthcare receipt from 12 

months prior to the index date  

 SMI (n=693) Control (n=3366) 

 N % N % 

Flu vaccine 222 32.0% 1,040 30.9% 

Foot examination 157 22.7% 865 25.7% 

Retinal screening 193 27.8% 1,137 33.8% 

Statin receipt 219 31.6% 1,205 35.8% 

 

 

 

 
Table 6.4. Distribution of lifestyle factors in cohorts 

 
SMI (n=693) Control (n=3366) 

 
N % N % 

BMI     

10 to 18.4 3 0.4% 16 0.5% 

18.5 to 24.9 75 10.8% 329 9.8% 

25.0 to 29.9 125 18.0% 651 19.3% 

30+  215 31.0% 1,061 31.5% 

Missing 275 39.7% 1309 38.9% 

     

Smoking status     

Current 132 28.2% 604 27.0% 

Ex-smoker 79 16.9% 389 17.4% 

Non-smoker 257 54.9% 1240 55.5% 

(% missing)  (32.5%)  (33.7%) 
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Table 6.5. Distributions of continuously distributed clinical markers   

clinical measure  SMI (n=693) Control (n=3366) 

 Mean SD Mean SD 

Systolic blood pressure  138.7 18.5 136.0 18.6 

Diastolic blood pressure  73.1 11.3 72.9 9.0 

Serum cholesterol 4.68 1.2 4.74 3.6 

Serum creatinine 87.8 49.1 85.6 53.1 

Index HbA1c  58.2 18.3 58.6 20.1 

BMI  31.2 7.2 31.1  6.7 
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Further descriptive data on mental health status measures within the SMI cohort are provided 

in Tables 6.6-6.9. The majority (52%) had a diagnosis of schizophrenia, with bipolar disorder 

(F30-31) next most common (18%). Of the 693 cohort members with SMI, 103 (14.9%) were 

inpatients on a SLaM ward at the time of first SMI ascertainment. The majority were 

receiving an antipsychotic medication, and a large proportion (58%) were receiving a 

hypnotic. The most common recorded symptoms were in the manic and depressive categories 

and the least common symptoms were catatonic. HoNOS subscales are described in Table 

6.9; however, the most important feature was the high level of missing data on all of them.  

 

Table 6.6. Distribution of SMI diagnoses (ICD-10 codes) 

Diagnosis code N %  

F20 358 51.7%  
F21 3 0.4%  
F22 79 11.4%  
F23 37 5.3%  
F25 41 5.9%  
F28 16 2.3%  
F29 37 5.3%  
F30 14 2.0%  
F31 108 15.6%   
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Table 6.7. Distribution of psychotropic medication use in patients 

with SMI (n=693) 

 
N %                            

  
Antipsychotic  636 91.8 

  
Typical  390 43.7   

Atypical 595 85.9   

Antidepressant  323 46.6 
  

Mood stabiliser 213 30.7 
  

Hypnotic 406 57.9     

 

      
 

 

Table 6.8. Distribution of symptom profiles derived from mental healthcare 

records text fields (based on presence or not at any stage) in cases with SMI 

(N=693) 

Mental health symptom N %     

Manic 214 30.9%   
 

Positive psychotic 195 28.1%   
 

Negative psychotic 167 24.1%   
 

Depressive 225 32.5%   
 

Disorganisation 165 23.8%   
 

Catatonic 46 6.6%   
 

 

 

Table 6.9 Description of HoNOS scores in cases  

 N %  

Agitated behaviour score      

0 129 65%  
1 36 18%  
2 15 8%  
3 12 6%  
4 6 3%  
Missing (from total) 495 71%  

    

Self-injury score    

0 179 90%  
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1 14 7%  
2 3 2%  
3 2 1%  
4 0 0%  
Missing (from total) 495 71%  

    

Problem drinking score   

0 174 88%  
1 13 7%  
2 6 3%  
3 2 1%  
4 2 1%  
Missing (from total) 495 71%  

    

Cognitive problem score   

0 88 45%  
1 44 22%  
2 42 21%  
3 21 11%  
4 2 1%  
Missing (from total) 496 72%  

    

Physical illness score    

0 61 31%  
1 37 19%  
2 53 27%  
3 39 20%  
4 8 4%  
Missing (from total) 495 71%  

    

Hallucinations score   

0 90 46%  
1 28 14%  
2 42 21%  
3 28 14%  
4 8 4%  
Missing (from total) 497 72%  

    

Depressed mood score    

0 80 40%  
1 62 31%  
2 41 21%  
3 14 7%  
4 1 1%  
Missing (from total) 495 71%  

    

Other mental problems score   

0 69 35%  
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1 38 19%  
2 57 29%  
3 25 13%  
4 6 3%  
Missing (from total) 498 72%  

    

Relationship problems score    

0 85 43%  
1 46 23%  
2 41 21%  
3 21 11%  
4 5 3%  
Missing (from total) 495 71%  

    

Daily living problems score   

0 62 31%  
1 51 26%  
2 46 23%  
3 32 16%  
4 7 4%  
Missing (from total) 495 71%  

    

Living condition problems score   

0 121 61%  
1 33 17%  
2 24 12%  
3 12 6%  
4 7 4%  
Missing (from total) 496 72%  

    

Occupational problems score    

0 79 40%  
1 52 27%  
2 38 19%  
3 21 11%  
4 6 3%  
Missing (from total) 497 72%   
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6.4.2 Trajectories of HbA1c levels 

Output of primary mixed model analyses of HbA1c trajectories is summarised in Table 6.10. 

The positive time coefficient indicated a modest overall increase in HbA1c levels over time 

(by 0.48 mmol/mol per year); however, there was no statistically significant effect of SMI 

status either on the overall level or on the time slope.  

Further mixed model output is summarised in Table 6.11 investigating ethnic group and SMI 

diagnosis as exposures. Within the SMI cohort, there was no association of ethnic group 

either with HbA1c overall levels or as an interaction term with the slope, although White 

ethnicity was associated with higher overall levels to a statistically significant extent in the 

larger control cohort. On the other hand, within the SMI cohort, bipolar disorder was 

associated with lower overall HbA1c level (i.e., a negative intercept term) and a more 

sizeable increase in levels over time (i.e., a positive interaction term with time) compared to 

schizophreniform disorders.  

 

Table 6.10. Mixed model analysis of HbA1c trajectories in patients with SMI and 

controls  

       Coefficient 95% CI P-value 

SMI vs. control status  -0.63 -1.89 0.64 0.331 

Time (years)*  0.48 0.45 0.52 <0.001 

SMI x time interaction -0.03 -0.11 0.06 0.565 

 
    

Duration of diabetes**  -0.77 -0.83 -0.71 <0.001 

White ethnicity   -0.27 -0.69 0.15 0.209 

Female gender -3.09 -4.12 -2.06 <0.001 

IMD    0.06 0.01 0.10 0.015 

* Time in relation to the index date  

** Time from first diabetes recording to index date 
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Table 6.11. Further mixed model analyses of adjusted HbA1c trajectories associated with ethnicity 

and SMI diagnoses within those with SMI and controls.  

 Coefficient* (95% CI), p-value 

 Case status Time (years) Case x time interaction 
 

Total sample     

SMI vs. control 

-0.63 

(-1.89, 0.64) 

0.331 

0.48 

(0.45, 0.52) 

<0.001 

-0.03 

(-0.11, 0.06) 

0.565 

 

 
    

Within the SMI group    

White vs. Black  

1.90 

(-0.82, 4.62) 

0.170 

0.51 

(0.40, 0.63) 

<0.001 

-0.15 

(-0.33, 0.02) 

0.083 

 

White vs. Other  

1.29 

(-1.76, 4.44) 

0.408 

0.47 

(0.37, 0.58) 

<0.001 

-0.12 

(-0.32, 0.09) 

0.259 

 

Bipolar vs. 

schizophreniform 

diagnosis 

-5.53 

(-8.64, -2.41) 

0.001 

0.33 

(0.22, 0.43) 

<0.001 

0.46 

(0.26, 0.65) 

<0.001 

 

 

Within the control group    

White vs. Black  

1.03 

(-0.04, 2.09) 

0.059 

0.51 

(0.47, 0.57) 

<0.001 

-0.05 

(-0.12, 0.01) 

0.102 

 

White vs. Other  

1.63 

(0.49, 2.78) 

0.005 

0.48 

(0.45, 0.52) 

<0.001 

0.02 

(-0.06, 0.09) 

0.633 

 

* Adjusted for duration of recorded diabetes, gender, and IMD 
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6.4.3 Diabetes characteristics and care – differences between patients with/without SMI 

A series of regression analyses were carried out to investigate associations of SMI with 

features of diabetes around the index date. Output from unadjusted and adjusted analyses are 

displayed in Table 6.12 and the overall finding was of no significant differences. Specifically, 

no differences were found in levels of cardiovascular or more general comorbidity, or in 

diabetes complications around the index date, using Poisson regression models for these 

dependent variables. Linear regression analyses of BMI and cholesterol levels similarly found 

no differences. In adjusted conditional logistic regression models, no differences were found 

in microalbuminuria, statin use or insulin receipt; however, patients with SMI were found to 

be 37% less likely to have received a foot examination and were 30% less likely to have 

received a retinal examination.  

Outcomes after the index date were analysed in Cox regression analyses (Table 6.13), having 

excluded those with these outcomes prior to that point. In those with SMI, 237 (34.2%) died 

during follow up, compared to 351 controls (10.4%). SMI status was associated with 

substantially higher mortality with an adjusted hazard ratio of 4.5. Risk of new microvascular 

events was significantly reduced in adjusted models, and those for macrovascular and foot-

related events were not significantly different.  

 

6.4.4 Factors associated with adverse outcomes within the SMI group 

Having established lower likelihood of foot and retinal examination/screening and higher 

mortality risk in patients with SMI, these were analysed as outcomes within the SMI cohort 

to investigate associations with mental health relevant factors (i.e., predominantly CRIS-

derived variables). Results from unadjusted analyses are displayed in Table 6.14.  
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Receipt of a foot examination was more likely in older patients and in those with higher total 

or CVD comorbidity, but less likely in those with recorded symptoms on all subscales apart 

from positive psychotic and ‘other’, as well as in those receiving any psychotropic 

medications, apart from antidepressants; it was also less likely in the highest BMI group.  

Receipt of retinal screening was also more likely in older patients and in those with higher 

overall or CVD comorbidity and showed similar negative associations with mental health 

symptoms and psychotropic medications. It was also less likely in current compared to never 

smokers.  

Mortality rates were associated with increased age, female gender, and higher overall and 

CVD comorbidity. They were lower in Black compared to White ethnic groups, in those with 

recorded symptoms on most dimensions, and in those receiving atypical antipsychotics, mood 

stabilisers or hypnotics; they appeared to show an inverse association with BMI.  

Further adjusted associations for these three outcomes within the SMI cohort are summarised 

in Tables 6.15-6.17, considering variables significantly (p<0.05) associated in unadjusted 

analyses, but not considering BMI or smoking further as covariates because of missing data. 

In these mutually adjusted models, receipt of a foot examination was independently more 

likely in older age groups and less likely in those receiving typical and/or atypical 

antipsychotic drugs. Retinal screening receipt was more likely in older age groups and those 

with higher CVD morbidity, but less likely in those receiving a hypnotic drug. Mortality, 

however, was only independently associated with older age.  
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Table 6.12. Comparison of health outcomes at baseline for cases compared with controls 

   Regression output* (95% CI), p-value 

Type of regression 

Dependent 

variable 

type 

Dependent variable Unadjusted Adjusted** 

Zero- inflated Poisson regression Score Total comorbidity score (IRR) 1.05 (0.89, 1.24), 0.580 1.04 (0.89, 1.22), 0.630 

Poisson Score CVD comorbidity score 1.05 (0.85, 1.30), 0.645 1.05 (0.86, 1.29), 0.625 

Poisson Score No. diabetes complications 0.91 (0.68, 1.22), 0.520 0.92 (0.68, 1.23), 0.566 

     

Linear regression Numerical BMI  -0.27 (-1.01, 0.46), 0.468 -0.23 (-0.97, 0.50), 0.533 

Linear regression Numerical Serum cholesterol  -0.11 (-0.10, 0.07), 0.790 -0.05 (-0.13, 0.03), 0.192 

     

Conditional logistic regression binary Microalbuminuria  0.93 (0.76, 1.13), 0.457 0.95 (0.76, 1.17), 0.607 

Conditional logistic regression binary Foot exam  0.75 (0.57, 0.98), 0.037 0.73 (0.54, 0.98), 0.037 

Conditional logistic regression binary Retinal screening  0.74 (0.60, 0.90), 0.003 0.77 (0.61, 0.96), 0.019 

Conditional logistic regression binary Statin receipt 0.82 (0.67, 1.00), 0.054 0.93 (0.74, 1.16), 0.496 

Conditional logistic regression binary Insulin receipt 0.83 (0.68, 1.02), 0.078 0.95 (0.76, 1.19), 0.674 

* Incidence rate ratio for Poisson regression, B-coefficient for linear regression, odds ratio for logistic regression 

**Adjusted for age, gender, ethnicity and IMD 
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Table 6.13. Analysis of associations between SMI and diabetes outcomes after the index date 

Dependent variable Hazard ratio (95% CI), p-value 

 Unadjusted Adjusted* 

Mortality 3.73 (3.16, 4.40), <0.001 4.52 (3.73, 5.47), <0.001 

Microvascular event after index date 0.70 (0.59, 0.83), <0.001 0.82 (0.69, 0.98), 0.030 

Macrovascular event after index date 0.76 (0.56, 1.05), 0.100 1.01 (0.73, 1.40), 0.959 

Diabetic foot-related event after index date 0.88 (0.40, 1.96), 0.758 1.22 (0.54, 2.74), 0.630 

* Adjusted for age, gender, ethnicity and IMD   
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Table 6.14. Unadjusted associations between main covariates and higher-risk outcomes within the cohort with SMI 

 
Association ratio (95% CI), p-value 

 
Foot exam (odds ratio) Retinal screening (odds ratio) Mortality (hazard ratio) 

Demographics    

Age (per 10-year increase) 1.71 (1.51, 1.94), <0.001 1.53 (1.37, 1.71), <0.001 2.08 (1.89, 2.29), <0.001 

Female gender 1.32 (0.92, 1.90), 0.127 1.39 (0.99, 1.94), 0.057 1.32 (1.02, 1.71), 0.038 

Ethnic group    

White Ref.   

Black 0.81 (0.52, 1.24), 0.328 0.90 (0.60, 1.35), 0.608 0.54 (0.39, 0.74), <0.001 

Mixed 1.74 (0.93, 3.26), 0.083 1.67 (0.90, 3.08), 0.103 0.66 (0.39, 1.12), 0.122 

Asian 1.45 (0.67, 3.13), 0.349 1.93 (0.92, 4.03), 0.080 0.63 (0.31, 1.26), 0.188 

Other 1.15 (0.39, 3.45), 0.797 0.49 (0.14, 1.78), 0.278 0.81 (0.35, 1.85), 0.610 

IMD (per 10-unit increase) 0.89 (0.75, 1.05), 0.181 1.02 (0.87, 1.20), 0.817 1.02 (0.90, 1.15), 0.783 

    

Mental health status    

Schizophreniform disorders Ref.   

Bipolar disorder  0.96 (0.60, 1.54), 0.879 0.77 (0.49, 1.22), 0.269 0.72 (0.50, 1.04), 0.082 

Mental health symptoms    

Positive psychotic 0.82 (0.29, 2.30), 0.700 0.83 (0.31, 2.22), 0.713 0.60 (0.30, 1.22), 0.157 

Negative psychotic 0.32 (0.21, 0.48), <0.001 0.51 (0.35, 0.76), 0.001 0.43 (0.32, 0.58), <0.001 

Depressive  0.38 (0.18, 0.80), 0.011 0.94 (0.43, 2.08), 0.881 0.50 (0.29, 0.86), 0.012 

Manic  0.38 (0.19, 0.74), 0.004 0.51 (0.26, 0.99), 0.047 0.35 (0.22, 0.55), <0.001 
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Disorganisation  0.34 (0.23, 0.50), <0.001 0.46 (0.32, 0.67), <0.001 0.37 (0.28, 0.48), <0.001 

Catatonic  0.36 (0.21, 0.60), <0.001 0.37 (0.23, 0.59), <0.001 0.39 (0.27, 0.56), <0.001 

    

Psychotropic medication received    

Typical antipsychotic 0.38 (0.26, 0.57), <0.001 0.61 (0.44, 0.86), 0.005 0.87 (0.67, 1.13), 0.295 

Atypical antipsychotic 0.34 (0.21, 0.53), <0.001 0.59 (0.37, 0.92), 0.019 0.44 (0.31, 0.62), <0.001 

Antidepressant 0.99 (0.70, 1.42), 0.974 1.00 (0.72, 1.40), 0.994 0.76 (0.59, 0.99), 0.043 

Mood stabiliser 0.52 (0.34, 0.80), 0.003 0.60 (0.41, 0.88), 0.009 0.58 (0.43, 0.77), <0.001 

Hypnotic 0.36 (0.25, 0.52), <0.001 0.40 (0.29, 0.56), <0.001 0.41 (0.32, 0.54), <0.001 

    

Physical health    

Total comorbidity score (per unit increase) 1.60 (1.22, 2.08), 0.001 1.64 (1.26, 2.12), <0.001 1.58 (1.30, 1.92), <0.001 

CVD comorbidity score (per unit increase) 1.82 (1.26, 2.63), 0.001 1.88 (1.31, 2.68), <0.001 1.58 (1.20, 2.07), 0.001 

BMI (kg/m2)    

18.5-24.9 Ref.   

<18.5 1.39 (0.39, 4.91), 0.610 0.63 (0.17, 2.29), 0.479 1.38 (0.54, 3.52), 0.500 

25.0-29.9 0.81 (0.45, 1.45), 0.482 0.75 (0.43, 1.30), 0.304 0.77 (0.49, 1.20), 0.254 

30.0-34.9 0.92 (0.52, 1.64), 0.786 0.61 (0.34, 1.07), 0.084 0.70 (0.44, 1.11), 0.133 

35.0-39.9 0.65 (0.33, 1.31), 0.228 0.53 (0.27, 1.04), 0.067 0.51 (0.28, 0.91), 0.023 

40+ 0.42 (0.18, 0.97), 0.043 0.66 (0.32, 1.38), 0.276 0.64 (0.35, 1.18), 0.153 

Smoking status    

Never smoker Ref.   

Current smoker 0.66 (0.43, 1.01), 0.058 0.39 (0.25, 0.60), <0.001 0.73 (0.51, 1.02), 0.067 

Ex-smoker 1.27 (0.73, 2.21), 0.400 0.92 (0.54, 1.59), 0.778 1.15 (0.75, 1.78), 0.524 



233 
 

Table 6.15. Mutually adjusted further logistic regression model of 

factors associated with receipt of a foot examination in unadjusted 

analyses within those with SMI 

 Odds ratio 95% CI p-value 

Age group     

16-39 1.06 0.48 2.34 0.878 

40-59 2.83 1.36 5.90 0.005 

60+ 4.37 2.16 8.86 <0.001 

Mental health symptoms   

Negative psychotic 0.66 0.39 1.13 0.128 

Depressive  1.34 0.48 3.69 0.575 

Manic  1.09 0.42 2.82 0.855 

Disorganised  0.74 0.44 1.25 0.260 

Catatonic   0.85 0.47 1.54 0.585 

Psychotropic medication     

Typical antipsychotic  0.46 0.30 0.70 <0.001 

Atypical antipsychotic  0.52 0.30 0.89 0.017 

Mood stabiliser  1.22 0.74 2.02 0.437 

Hypnotics  0.94 0.58 1.54 0.809 

CVD comorbidity score 1.26 0.84 1.88 0.267 
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Table 6.16. Mutually adjusted further logistic regression model of 

factors associated with receipt of retinal screening in unadjusted 

analyses within those with SMI 

 Odds ratio 95% CI P-value 

Age group     

16-39 Ref.     

40-49 1.53 0.81 2.89 0.187 

50-59 2.04 1.07 3.87 0.029 

60+ 3.44 1.87 6.34 <0.001 

Non-cohabiting status 0.61 0.38 0.96 0.034 

Mental health symptom     

Negative psychotic 0.99 0.60 1.62 0.959 

Manic  1.03 0.47 2.26 0.943 

Disorganised  1.00 0.61 1.63 0.997 

Catatonic  0.63 0.37 1.06 0.082 

Psychotropic medication     

Typical antipsychotic  0.84 0.57 1.23 0.364 

Atypical antipsychotic  0.99 0.59 1.65 0.967 

Mood stabiliser  1.11 0.71 1.74 0.647 

Hypnotic 0.62 0.40 0.97 0.036 

CVD comorbidity score  1.49 1.01 2.18 0.043 
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Table 6.17. Mutually adjusted further Cox regression model of 

factors associated with mortality in unadjusted analyses within those 

with SMI 

 HR 95% CI p-value 

Age group 

16-39  Ref.     

40-49 1.43 0.71 2.87 0.321 

50-59 3.67 1.88 7.13 <0.001 

60+ 9.30 4.92 17.58 <0.001 

Female gender 0.85 0.62 1.17 0.319 

Ethnicity*    

Black 0.73 0.52 1.02 0.068 

Mixed 0.67 0.39 1.15 0.147 

Asian 0.87 0.43 1.76 0.694 

Other 1.24 0.52 2.95 0.634 

Mental health symptom   

Negative psychotic  0.78 0.51 1.20 0.253 

Depressive  1.48 0.68 3.21 0.322 

Manic  0.84 0.43 1.65 0.622 

Disorganised  0.77 0.53 1.12 0.173 

Catatonic  0.76 0.50 1.15 0.197 

CVD comorbidity score 1.06 0.77 1.45 0.728 

* Reference group: White ethnicity 
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6.8 Discussion  

 In this cohort study we used a linkage between mental healthcare and primary care data in 

order to investigate associations of SMI with T2DM characteristics and outcome. 

Specifically, we ascertained all patients with T2DM from LDN data as a source sample and 

compared those with a new SMI diagnosis to matched randomly selected controls from the 

same source. As well as making a comparison between those with and without SMI, we 

investigated factors associated with any adverse outcomes within the cohort with SMI, 

predominantly using CRIS-derived exposures. A particular interest was whether ethnicity had 

any associations with these health outcomes and whether there were any differences between 

SMI diagnoses (schizophreniform or bipolar disorder). 

In initial descriptive analyses, the cohorts were similar in many respects and the same was 

true for most outcomes, including trajectories of HbA1c levels over time and a range of 

different count, scale, or event outcomes. Mortality was substantially increased in those with 

SMI, and two important health screening outcomes – foot examination and retinal 

examination – were less likely in this group compared to controls. On the other hand, incident 

microvascular disease was less likely. Within the SMI cohort, there were no ethnic group 

differences detected in adverse outcomes. Considering mental health related variables, 

patients with bipolar disorder experienced an exaggerated increase in HbA1c over time but 

showed no difference in mortality or receipt of foot/retinal screening.  

The increased mortality in the cohort with SMI compared to controls is consistent in general 

with higher mortality found in most studies of SMI cohorts. However, the 4.5-fold excess in 

the adjusted model is higher than is often found – for example, an early CRIS study reported 

standardised (i.e., age-adjusted) mortality ratios of 2.15 in SMI, 1.89 in women and 2.47 in 

men (Chang et al., 2010); these are well below the 95% confidence intervals (3.73-5.47) for 
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the hazard ratio in this analysis. Furthermore, the mortality ratios in the previous CRIS 

analysis reported by Chang et al. were stronger in younger compared to older age groups, 

whereas the SMI cohort in our analysis was predominantly 50+; also, our SMI cohort had 

recent diagnoses, whereas those reported by Chang et al. would have had longer-standing 

disorders and ought to have been at higher risk as a consequence.  

It therefore seems that mortality inequalities between people with/without SMI may be 

magnified in a disorder such as T2DM, which is perhaps unsurprising given the potential 

severity of diabetes and the need for effective self-management and healthcare access in a 

group known to be disadvantaged. On the other hand, contrary to expectations, relatively few 

differences were found between the cohort with SMI and controls in our analyses. A range of 

measures of health status and comorbidity were similar, as were most outcomes evaluated. 

Specifically, similar levels and trajectories of HbA1c were seen, no difference was seen in 

incident macrovascular or foot-related events, and incident microvascular events were lower 

rather than higher in the SMI group compared to controls. One possibility is that the groups 

were over-matched or that the SMI group were somehow healthier than expected because of 

selection effects; however, the observed substantial mortality difference does not support this. 

A more probable explanation is that the index date for defining and following the SMI cohort 

was based on the first occurrence of the diagnosis, so the cohort would have been largely 

selected around first onset of their mental health condition (apart from a few who might have 

had longer-duration SMI and who had in-migrated to the Lambeth catchment area, since no 

attempt was made to ascertain lifetime diagnoses). This might, for example, also underlie the 

levels of comorbidity and adverse lifestyles observed in the cohorts, accounting for the lack 

of differences in risk factors at baseline and the relatively low frequency of smoking 

compared to some reports. Again, the mortality difference does still indicate that this group 

was significantly at risk of adverse outcomes; however, most of the measurements taken may 
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have insufficiently captured the development of later health inequalities. This would require a 

longer-duration cohort study to evaluate.  

The two outcomes that did significantly differ disadvantageously between the SMI and 

control cohorts were the likelihood of a foot or retinal examination. As stated earlier, other 

analyses using earlier versions of the same linked CRIS-LDN data sources have described 

disparities in cardiovascular disease treatment (Woodhead et al., 2016a) and in cancer 

screening uptake (Woodhead et al., 2016b) in people with SMI, and another CRIS study 

using linked local cancer registry data found higher mortality after a cancer diagnosis in 

people with SMI despite a similar stage of cancer at presentation (Chang et al., 2014). 

Therefore, the observations here are consistent with wider healthcare inequalities which at 

least require further evaluation and, where indicated, intervention. In particular, there was 

insufficient data to investigate whether lack of diabetes-related examinations reflected actions 

of primary care services or the patients themselves, or a mixture of the two. In addition, it is 

possible that the observed reduction in incident microvascular events in SMI was accounted 

for by reduced screening and/or recording rather than actual reduced underlying risk.  

Given the limited previous data on further inequalities by ethnicity and between SMI 

diagnostic groups described in Chapter 2, we sought to investigate these within the SMI 

cohort. From the HbA1c trajectory analyses, we did find that patients with bipolar disorder 

diagnoses had a steeper increase in HbA1c over time, although HbA1c levels in this group 

were lower at the index date, so it is not clear whether this represents a longer-term 

disadvantage, particularly as there was no association between diagnostic group and 

mortality. In unadjusted analyses, retinal and foot examinations were less likely in those with 

more severe SMI as measured by symptom counts and/or psychotropic medication, although 

mortality hazards were also lower in these groups. Most of these associations were not 

independently significant in adjusted models, although these were exploratory and 
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correlations between covariates were not considered when they were compiled. No 

substantial differences were observed between ethnic groups in any of these analyses.  

Strengths of this study include the large naturalistic samples and follow-up. In terms of 

limitations, physical health data (comorbidities or complications) in LDN do depend on a GP 

recording these, which may, as stated, account for some observations. Also, there were 

limitations placed by routine data on the extent to which mediating pathways could be 

investigated, particularly factors underlying the mortality difference. Cause of death was not 

ascertained, so the role of diabetes or its complications in relation to mortality cannot be 

concluded absolutely. Analyses of ethnic group differences in cases may have been limited 

by statistical power, required the use of relatively broad categories for potentially 

heterogeneous populations (e.g., Black African vs. Black Caribbean), and were limited in the 

groups that could be evaluated (e.g., South Asian populations).  

There are potential limitations to the generalisability of the findings. The cohorts were clearly 

drawn from a specific geographic catchment situated in an inner urban area with a high level 

of social and ethnic diversity, and it is also possible that there were general practice policies 

or operations that were specific to Lambeth (although we are not aware of any). It is worth 

noting that 103 out of the 693 were on a SLaM ward at the time of the index SMI diagnosis. 

This could have influenced findings, as the testing and monitoring available as an inpatient 

and outpatient is likely to differ, as well as the information on this returned to the primary 

care record; for example, it is possible that monitoring was underestimated in the SMI group 

if part of this was occurring in mental health inpatient care.  

It is worth noting that SMI was defined using CRIS – i.e., from a secondary healthcare data 

source and no attempt was made to ascertain these disorders from the primary care records. In 

part, this was a pragmatic decision designed to achieve some homogeneity and potential 
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generalisability in the SMI cohort – i.e., so that they could reflect a definable population, 

those known to secondary mental healthcare with a new SMI diagnosis, rather than 

attempting to use potentially more heterogeneous primary care codes to approximate the 

diagnosis. The inherent limitation is that it will have missed people with SMI who had not 

been referred for specialist mental healthcare assessment, and that the diagnosis time-points 

defining ‘baseline’ for the cohort analyses will have reflected specialist care diagnosis rather 

than initial primary care presentation. Considering wider use of CRIS-derived data, 

individuals with more clinical interactions will have a greater number of records and will 

therefore have been more likely to have data available; however, most data points for this 

study were derived from LDN rather than CRIS. More generally, data from any records 

system are not collected with the aim of a research study in mind, and available data may 

limit the potential research issues that can be addressed. The availability and quality of data 

further depend on the accuracy and timeliness with which clinicians submit clinical 

information. Whilst there are inbuilt incentives for records accuracy, for medicolegal reasons 

at least, inconsistencies might still occur (Stewart R et al. 2009). Finally, the availability of 

resources in certain places and cultural attitudes toward utilising services could influence the 

rate at which individuals seek services; these biases are therefore potentially incorporated in 

the dataset. 

The study design itself focused on people with newly recorded SMI occurring in the context 

of pre-existing T2DM and therefore did not seek to capture the alternative scenario of T2DM 

emerging in people with pre-existing SMI. However, the particular SMI cohort assembled 

were nevertheless a high-risk group, on the basis of raised mortality, and were thus worthy of 

investigation, even if they did not represent the entirety of those with SMI and T2DM 

comorbidity.  
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In summary, this study identified a large mortality difference in people with pre-existing 

T2DM between those with/without newly diagnosed SMI. However, we were not able to 

ascertain a clear underlying mechanism for this, beyond the indicators of reduced T2DM-

relevant health monitoring.  
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This chapter comprises text from the following manuscript which I assembled as lead author 

and which is being prepared for submission:  

Bell N, Perera G, Stubbs B, Gaughran F, Stewart R. Associations of diabetes with 

hospitalisation and mortality in severe mental illness: an analysis of linked healthcare data.  

The findings will be discussed briefly in this chapter in relation to inferences for this 

particular study and source population. A broader consideration of their relevance to the 

previously reviewed background literature will be contained in Chapter 8. 
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7.1 Abstract 

Objectives: This study sought to investigate mortality and specific hospitalisation outcomes 

in patients with SMI comparing groups with/without recorded diabetes, in addition to factors 

associated with these outcomes in patients with comorbid SMI and diabetes, focusing 

particularly on ethnic group differences and SMI component diagnoses, symptom profiles 

and psychotropic treatment.  

Method: A retrospective cohort study was assembled using linked mental healthcare (CRIS) 

and general hospitalisation (HES) data. The source population was all patients with an SMI 

diagnosis (ICD-10 F20-29/F30-31) since 2007. From these, we ascertained first recordings of 

diabetes via a natural language processing application and assembled up to five controls per 

case at that index date, randomly selected from the source population receiving mental 

healthcare at that time, matched by age and gender. In addition to mortality, outcomes from 

HES comprised incident hospitalisations with discharge diagnoses indicating specific 

cardiovascular disorders, diabetes-specific complications and amputations. Exposures 

comprised demographic characteristics (age, gender, ethnicity, neighbourhood deprivation) 

and SMI characteristics (component diagnosis, symptom scales, psychotropic medications). 

Cox regression models were used.  

Results: A total of 6107 people with SMI and recorded diabetes were assembled and 

compared with 12,407 controls. The cases had higher proportions of patients from Black and 

Asian ethnic groups, were living in higher deprivation neighbourhoods, were more likely to 

have schizophreniform than bipolar disorders, and had more severe mental health status on 

most measures. Diabetes was associated with higher risk of cardiovascular and amputation 

related hospitalisations but not with higher mortality after age adjustment. Within the case 

cohort, those from Black ethnic groups had higher diabetes-related hospitalisations but lower 
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cardiovascular hospitalisations and lower mortality. Schizophreniform diagnosis was 

associated with higher mortality but not with hospitalisations. Where significant, 

hospitalisations were lower in patients with more recorded symptoms and in those receiving 

atypical antipsychotics.  

Conclusions: Comorbid diabetes clearly defines an at-risk subgroup of people with SMI; 

however, the selection of diabetes at first recording may have provided insufficient durations 

of the disorder to identify longer-term outcome inequalities. The same may be true for ethnic 

group differences in the group with this comorbidity. Apparently paradoxical associations of 

higher mental health symptoms with lower hospitalisation risk might be accounted for by 

those patients less visible to services having less material on case notes and being at higher 

risk of adverse outcomes.   

 

7.1.1 Research questions, hypotheses, and study design 

Research questions  

-What are the outcomes of people with SMI in terms of mortality and hospitalisation 

comparing those with/without diabetes? 

-What factors are associated with these outcomes (mortality and hospitalisation) in patients 

with comorbid SMI and diabetes? Specifically, are there any differences between groups 

defined by ethnicity, SMI component diagnoses, symptom profiles, and psychotropic 

treatment.  

 

Hypotheses being tested 

People with an SMI and diabetes have poorer outcomes than those with just SMI. 
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Description and justification of the chosen study design. 

As described in Section 3.6 and above, my primary objectives were to compare outcomes in 

people with SMI with/without comorbid diabetes. This required a cohort study, with diabetes 

conceived as the exposure and the primary focus on outcomes occurring after the first 

recorded diabetes diagnosis. Some potentially preceding characteristics were additionally 

compared between the two cohorts with/without diabetes, but these characteristics were not 

viewed as exposures for diabetes as an outcome but rather as potential confounders. As in 

Chapter 6, I used the term ‘control’ to describe the comparison (no-diabetes) cohort for ease 

of terminology, particularly as I deployed matching to select this group; however, no 

implication of a case control study was intended. Similarly, the comparisons analysed within 

the comorbid (SMI and diabetes) cohort required a cohort study, with ethnicity and clinical 

characteristics considered as exposures, and diabetes care/prognosis as outcomes. 
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7.2 Background 

The negative physical health effects experienced by those living with SMI are well 

recognised. People with SMI have more medical comorbidities than the general population 

(Lawrence et al., 2013). Nearly half of patients with any type of SMI have comorbid medical 

problems, and another 35% have undiscovered medical conditions, meaning that very few 

people with mental disorders are symptom-free (Miller et al., 2006). Some of these physical 

health disorders can exacerbate symptoms, psychotropic drug response, life expectancy, and 

access to healthcare services, which can all impact on mental health (Lee et al., 2016). There 

is currently no consensus on treatment or prevention of physical disease in this group, and 

further investigation is needed (Mitchell et al., 2012). 

Building on my analyses investigating HbA1c level checks in people with first presentation 

(Chapter 4) and current (Chapter 5) SMI, including comparisons of people with/without 

diabetes in the second of these, and extending the investigation of SMI associations with 

diabetes care and outcomes in primary care (Chapter 6), I sought to investigate the 

implications of this comorbidity of interest in people with SMI. To do this, I made use of the 

CRIS platform to assemble a sample with SMI, the ability to ascertain recorded cases of 

diabetes in CRIS via NLP algorithms in order to define cohorts within the sample, and the 

linkage of CRIS data with national hospitalisation and mortality data to provide outcomes.  
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7.3 Methods 

The study made use of a data linkage between CRIS and national Hospital Episode Statistics 

(HES). The linkage and its component datasets have been described in Chapter 3. In 

summary, the sample comprised people with SMI defined from CRIS, the primary exposure 

was whether or not they had diabetes, also defined from CRIS, and the outcomes comprised 

hospitalisation episodes with specific discharge diagnoses defined from HES, aside from 

mortality as an outcome which was defined from CRIS.  

 

7.3.1 Sample 

The source sample was defined from CRIS data after 1st January 2007 on the basis of a 

diagnosis of SMI (ICD-10 codes: F2x, F30x, F31x). From this sample, cases were defined on 

the basis of an indication of diabetes after the SMI diagnosis, as ascertained using the 

combination of measures described in Chapter 5. The index date was then defined as the first 

such indication of diabetes after the first indication of an SMI diagnosis. For each case (with 

diabetes), up to 5 controls were randomly selected from CRIS, individually matched by age 

(within 2 years either side) at the index date and gender. Controls were required to have an 

SMI diagnosis on or before the index date, and to have no detected diabetes prior to the index 

date or within 24 months after the index date. Both cases and controls were required to be 

‘active’ to SLAM on the index date – i.e., to have an open referral and at least one attended 

contact with a SLAM service. 

 

7.3.2 Measurements 

The following measurements were derived from CRIS data:  
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1. Demographic factors: age at index date, gender, ethnic group, Index of Multiple 

Deprivation (at Lower Super Output Area level, derived from the address closest to 

the index date).  

2. SMI severity: number of inpatient and home treatment team days in the 5 years prior 

to the index date (home treatment teams being a crisis service used for admission 

avoidance involving daily team contact), diagnostic category (comparing 

schizophreniform [ICD-10 F2x] and bipolar [F30, F31] disorders), Health of the 

Nation Outcome Scale (HoNOS) scores based on recorded scores closest and prior to 

the index date.  

3. SMI treatment: numbers of different medications in the following classes over the 5 

years prior to the index date: typical antipsychotic, atypical antipsychotic, 

antidepressant, mood stabiliser.  

4. SMI symptoms: number of different symptoms recorded over the 5 years prior to the 

index date, derived from the NLP applications described in Chapter 6 and classified 

into the following scales: positive psychotic, negative psychotic, manic, disorganised, 

depressive, catatonic.  

The following outcome measures were derived from either CRIS or HES: 

1. Mortality (date of death, extracted from CRIS) 

2. Hospitalisation occurrence (extracted from HES) with a given discharge diagnosis (at 

any position in the options available). Admission dates were extracted as ‘first ever’ 

and ‘first after index date’ for the following discharge diagnoses:  

a. Acute myocardial infarction (ICD-10 code I21x, I22x) 

b. Angina (I20x) 

c. Ischaemic heart disease (I2x) 

d. Cerebrovascular disease (I6x) 
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e. Cerebral infarction (I63x) 

f. Hyperglycaemic hyperosmolar state (E11.0x) 

g. Ketoacidosis (E11.1x) 

h. Diabetic renal disease (E11.2x) 

i. Diabetic peripheral vascular disease (E11.5x) 

j. Diabetic retinopathy (E11.3x) 

k. Diabetic neuropathy (E11.4x) 

l. Dysglycaemia (E11.6x) 

m. Amputation (X092, X093, X094, X095, X098, X101, X102, X103, X104, 

X108, X109, X111, X112, X118) 

In analyses, outcomes f-l were considered as diabetes-specific; these were compared 

descriptively between cases and controls but clearly were expected to differ and were 

primarily extracted for investigating associations with exposures of interest within the case 

group. Outcomes a-e and m, on the other hand, as well as mortality and hospitalisation 

overall were investigated particularly in terms of case-control differences.  

 

7.3.3 Statistical analysis 

Analyses initially described and compared demographic and clinical characteristics of the 

case and control cohorts using chi-squared or t-tests. Next, the occurrence of the outcomes of 

interest were compared descriptively between cases and controls: those occurring at any time, 

followed by those specifically occurring after the index date. Cox regression analyses were 

carried out of mortality, followed by other post-index hospitalisation outcomes, adjusting for 

age, gender, ethnicity and IMD. Hospitalisations compared by diabetes status in this respect 

were those with myocardial infarction, angina, cerebrovascular disease, cerebral infarction, 
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ischaemic heart disease, or amputation. Regression analyses adjusted for the matching 

variable.  

Next, a series of analyses were carried out within the cohort with both SMI and recorded 

diabetes to investigate factors associated with outcomes of interest. Initial Cox regression 

models investigated age, gender, IMD, ethnicity, and diagnosis (schizophreniform vs. 

bipolar) in relation to mortality – unadjusted and then mutually adjusted in the same model. 

The same approach was then used for hospitalisations with diabetes-specific and 

cardiovascular/amputation discharge diagnoses. Ethnicity in these models was defined as a 

binary Non-White vs. White variable, given the rarity of some of the outcomes and in order 

to minimise the number of analyses. However, confirmatory unadjusted and adjusted 

regressions were repeated for the more specific Black vs. White comparison, on the 

assumption that the sample size would be sufficient for this. Mental health associations were 

finally explored further investigating psychotropic medications (antidepressant, mood 

stabiliser, typical antipsychotic, atypical antipsychotic as binary exposures) and symptom 

scales (positive psychotic, negative psychotic, depressive, manic, and disorganised scales as 

ordinal exposures) in relation to hospitalisation outcomes, adjusting all output for age, 

gender, ethnicity and IMD. No attempt was made to correct for multiple analyses; instead, 

conclusions were drawn with caution, considering consistency of associations across 

exposures/outcomes rather than focusing on individual exposure-outcome associations.  
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7.4 Results 
 

7.4.1 Descriptive comparisons between cases and controls 

Cases comprised 6107 people with SMI and recorded diabetes, and controls comprised 12407 

matched people with SMI at the same index date but without recorded diabetes. The two 

groups are compared in Table 7.1. Considering matching variables, the two groups had 

similar gender distributions, but controls were significantly younger, by over 4 years on 

average. Ethnicity distributions differed significantly, with over-representation of people 

from Black and Asian groups in the cases, and cases lived in higher deprivation 

neighbourhoods.  

Cases were more likely than controls to have a schizophreniform diagnosis and had higher 

use of inpatient and/or home treatment team services. They were more likely to be receiving 

medications of any of the four classes and had higher scores on all five symptom domains. In 

those with HoNOS data, high scores were more likely on all subscales apart from substance 

use.  
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Table 7.1. Sample characteristics and comparison between cases (patients with SMI and diabetes) 

and controls (patients with SMI but no recorded diabetes)  
 

  

 Cases 

n=6107 

Controls 

n=12407 

Statistical test: chi2 (df) or t 

(df), p-value  
Age group (%)   380.06 (7), <0.001  
<20  2.6 4.4    
20- 29  12.8 20.4    
30- 39  18.8 23.6    
40- 49  24.4 20.9    
50- 59  19.8 14.5    
60- 69  10.9 7.7    
70- 79  7.7 5.6    
80 & over  2.9 2.9    
      

Mean (SD) age 47.4 (16.2) 43.1 (16.6) 16.88 (18512), <0.001   

       
Gender (%)    6.12 (2), 0.106  
Female  45.8 44.7    
    

   
Ethnicity (%)    441.06 (5), <0.001  
Asian  8.9 7.5    
Black  45.0 30.8    
Mixed  3.1 2.6    
Other  3.4 6.3    
White  37.8 49.2    
missing  2.0 3.6    
       

Mean (SD) IMD score  27.3 (9.4) 26.5 (9.9) 5.23 (17637), <0.001   

       
Diagnosis (%)   115.88 (1), <0.001  
Schizophreniform 82.2 75.2    
Bipolar  17.8 24.8    
      

Mean (SD) home treatment 

team days* 
49.8 (71.6) 39.4 (62.2) 5.78 (5650), <0.001 

  
       

Mean (SD) inpatient 

bed days *  
198.6 (291.9) 96.3 (161.0) 21.40 (9076), <0.001 

  

   
 

 
 

 
HONOS scores above 2 (%)*     
Agitation  43.6 31.8 142.17 (1), <0.001  
Self-injury  10.7 10.5 1.59 (1), 0.208  
Substance use 22.0 22.6 14.44 (1), <0.001  
Cognitive  44.4 30.4 231.55 (1), <0.001  
Physical illness 52.5 31.3 588.01 (1), <0.001  
Hallucinations 65.0 48.6 262.05 (1), <0.001  
Depressed mood 50.5 49.6 18.15 (1), <0.001  
Relationship problems 60.7 52 36.06 (1), <0.001  
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Daily living problems 55.7 41.4 199.42 (1), <0.001  
Living conditions problems 36.3 30.7 22.92 (1), <0.001  

 
Occupational problems 54.2 47.2 23.07 (1), <0.001  
      

 
Medication use (%)    

 
Antidepressant  52.4 46.3 61.52 (1), <0.001  
Mood stabiliser 34.0 26.7 105.16 (1), <0.001   
Typical antipsychotic 43.9 24.8 696.27 (1), <0.001   
Atypical antipsychotic 88.3 82.3 111.95 (1), <0.001   

       
Symptom domain scores 1+ (%)   
Positive  95.8 93.8 31.27 (1), <0.001   
Negative  77.5 66.9 219.78 (1), <0.001   
Depressive 93.5 92.3 8.72 (1), 0.003   
Manic  93.2 91.5 16.65 (1), <0.001   
Disorganised 77.8 70.9 99.32 (1), <0.001   
Catatonic  25.4 15.0 289.48 (1), <0.001   
    

Mean (SD) symptom domain scores  
 

 
Positive psychotic  7.56 (3.49) 6.08 (3.44) 27.45 (18512), <0.001  
Negative psychotic  2.43 (2.12) 1.70 (1.79) 24.62 (18512), <0.001  
Depressive 6.20 (3.89) 5.09 (3.50) 19.47 (18512), <0.001  
Manic  4.33 (2.26) 3.53 (2.08) 23.68 (18512), <0.001  
Disorganised 2.43 (2.13) 1.73 (1.76) 23.66 (18512), <0.001   

       

Mean (SD) HbA1c level  45.1 (17.1) 37.0 (5.6) 27.47 (7229), <0.001)   
* Missing data on HoNOS scales ranged from 5.1-7.9% in cases and 12.6-13.9% in controls 
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7.4.2 Associations of recorded diabetes with mortality and hospitalisation outcomes  

Outcomes occurring at any time before or after the index date are compared between cases 

and controls are compared in Table 7.2. Higher likelihood of hospitalisation was observed not 

only for diabetes-specific reasons, but also for cardiovascular disorders, amputations, and any 

cause. Outcome occurrences after the index date are compared in Table 7.3. These 

hospitalisations were again more common in cases than controls for all causes, and mortality 

was also higher by over 4%.  

In a further analysis of mortality and all-cause hospitalisation as outcomes, using Cox 

proportional hazards models, the association with higher mortality was largely accounted for 

by age and was no longer statistically significant in adjusted models (Table 7.4). On the other 

hand, higher rates of hospitalisation were only partially accounted for by age and persisted in 

showing an 85-88% increase in all adjusted models (Table 7.5).   
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Table 7.2. Outcome occurrence at any time by case vs. control status 

 

Case 

n=6107 

Control 

n=12407 Chi2 (df), p-value 

Any of the hospitalisations below (%) 19.55 9.53 367.64 (1), <0.001 

   

Diabetes-specific hospitalisations (%)   

Hyperglycaemic hyperosmolar state 0.25 0.03 57.84 (1), <0.001 

Ketoacidosis 0.61 0.04 212.18 (1), <0.001 

Diabetic renal disease 1.88 0.05 95.78 (1), <0.001 

Diabetic retinopathy 0.92 0.04 375.50 (1), <0.001 

Diabetic neuropathy 3.36 0.10 153.06 (1), <0.001 

Diabetic peripheral vascular disease 1.41 0.05 200.30 (1), <0.001 

Dysglycaemia 1.90 0.08 82.40 (1), <0.001 

Cardiovascular and other hospitalisations (%)  

Angina 0.88 0.06 59.35 (1), <0.001 

Ischemic heart attack 3.50 1.70 38.42 (1), <0.001 

Myocardial infarction 2.33 1.14 141.33 (1), <0.001 

Cerebrovascular disease 10.63 5.77 76.39 (1), <0.001 

Cerebral infarction 2.82 1.55 34.19 (1), <0.001 

Amputation 0.79 0.19 37.09 (1), <0.001 
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Table 7.3 Outcome occurrence after the index date by case vs. control status 

 

Case 

n=6107 

Control 

n=12407 Chi2 (df), p-value 

Mortality (%) 19.04 14.82 53.68 (1), <0.001 

Diabetes-specific hospitalisations (%)   

Hyperglycaemic 

hyperosmolar state 
0.25 0.03 18.18 (1), <0.001 

Ketoacidosis 1.23 0.04 134.21 (1), <0.001 

Diabetic renal disease 0.69 0.04 67.75 (1), <0.001 

Diabetic retinopathy 2.64 0.07 295.67 (1), <0.001 

Diabetic neuropathy 1.03 0.04 109.90 (1), <0.001 

Diabetic peripheral vascular 

disease 
1.26 0.08 121.89 (1), <0.001 

Dysglycaemia 0.62 0.06 54.04 (1), <0.001 

Cardiovascular and other hospitalisations (%)   

Angina 2.03 0.89 42.90 (1), <0.001 

Myocardial infarction 1.41 0.60 30.67 (1), <0.001 

Ischemic heart attack 7.71 3.97 115.91 (1), <0.001 

Cerebrovascular disease 8.33 4.98 80.52 (1), <0.001 

Cerebral infarction 1.78 0.93 24.62 (1), <0.001 

Amputation 0.49 0.08 32.01 (1), <0.001 

 

 

  



258 
 

 

Table 7.4. Cox regression of associations between case/control status and mortality 

Adjustments 
  

Hazard ratio 95%CI, p-value   

Unadjusted 1.24 (1.15, 1.34) <0.001   

Age   1.00 (0.93, 1.08) 0.963   

Age, gender  0.99 (0.92, 1.07) 0.829  

Age, gender, ethnicity   1.04 (0.97, 1.12) 0.292   

Age, gender, ethnicity, IMD 1.04 (0.97, 1.13) 0.273   

 

 

 

 

Table 7.5. Cox regression of associations between case/control status and any of the 

defined CVD/diabetes-related hospitalisations after the index date 

Adjustments 
  

Hazard ratio 95%CI, p-value   

Unadjusted 2.24 (2.04, 2.46) <0.001   

Age   1.86 (1.69, 2.05) <0.001   

Age, gender  1.85 (1.68, 2.03) <0.001  

Age, gender, ethnicity   1.86 (1.68, 2.05) <0.001   

Age, gender, ethnicity, IMD 1.88 (1.70, 2.07) <0.001   
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Hazard ratios for associations of case vs. control status with the selected non-diabetic 

hospitalisation outcomes are displayed in Table 7.6. All coefficients were reduced 

substantially after adjustment for age; however, all remained strong and significant in fully 

adjusted models with little further impact of other adjustments. Strongest associations were 

found for amputation-related hospitalisations, followed by myocardial infarction and angina.  

 



260 
 

 

Table 7.6. Cox regression analyses of associations between diabetes and specific hospitalisations. Hazard ratios are displayed with 95% CI and p-

values 

 Hospitalisation outcome 

Adjustments Myocardial 

infarction 
Angina 

Cerebrovascular 

disease 
Cerebral infarction 

Ischemic heart 

disease 
Amputation 

Unadjusted 
2.21(1.62,3.01) 

<0.001 

2.19(1.69,2.83) 

<0.001 

1.61(1.43,1.81) 

<0.001 

1.81(1.39,2.35) 

<0.001 

1.88(1.66,2.13) 

<0.001 

5.84(2.85,11.95) 

<0.001 

Age 
1.79(1.31,2.44) 

<0.001 

1.80(1.40,2.32) 

<0.001 

1.30(1.15,1.46) 

<0.001 

1.45(1.12,1.89) 

0.005 

1.55(1.36,1.76) 

<0.001 

4.89(2.39,10.01) 

<0.001 

Age, gender 
1.76(1.29,2.40) 

<0.001 

1.78(1.37,2.30) 

<0.001 

1.29(1.15,1.45) 

<0.001 

1.46(1.12,1.89) 

0.005 

1.53(1.35,1.74) 

<0.001 

4.85(2.36,9.93) 

<0.001 

Age, gender, 

ethnicity 

1.75(1.27,2.40) 

0.001 

1.90(1.46,2.47) 

<0.001 

1.26(1.12,1.42) 

<0.001 

1.39(1.07,1.82) 

0.016 

1.59(1.39,1.81) 

<0.001 

5.44(2.62,11.28) 

<0.001 

Age, gender, 

ethnicity, IMD 

1.81(1.31,2.49) 

<0.001 

1.95(1.50,2.55 

<0.001 

1.25(1.11,1.41) 

<0.001 

1.39(1.06,1.82) 

0.017 

1.62(1.42,1.85) 

<0.001 

5.16(2.48,10.73) 

<0.001 
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7.4.3 Factors associated with mortality and hospitalisation outcomes in cases with SMI and 

recorded comorbid diabetes 

Cox regression analyses of mortality as an outcome are displayed in Table 7.7, showing 

unadjusted associations and those following mutual adjustment of covariates (i.e., 

simultaneously entered into the same model). Increased age was strongly associated with 

increased mortality with minimal impact of adjustment, while neighbourhood deprivation 

showed no association in any model. Associations with gender were reversed, with an excess 

in female patients in unadjusted analyses but an excess in male patients in the fully adjusted 

model. Lower mortality was observed in Black and Asian compared to White ethnic groups 

in both unadjusted and adjusted models, while lower mortality in Mixed compared to White 

groups was no longer statistically significant after adjustment. Schizophreniform compared to 

bipolar diagnosis was associated with higher mortality in the fully adjusted model.  

Unadjusted and adjusted Cox regression analyses of the same factors and their associations 

with diabetes-specific hospitalisations are displayed in Tables 7.8 and 7.9 respectively. In the 

fully adjusted models (Table 7.9), increased age was associated with a higher rate of all 

hospitalisation outcomes. Female gender and non-white ethnicity were associated with a 

higher risk of hospitalisations with ketoacidosis and non-white ethnicity was additionally 

associated with diabetes-related renal disease and/or retinopathy. Male gender was associated 

with diabetic peripheral vascular disease. No associations were found with deprivation or 

diagnostic group apart from a higher risk of hyperglycaemic hyperosmolar state admissions 

in those living in higher deprivation neighbourhoods.  

The same analyses of other hospitalisations are displayed in Tables 7.10 and 7.11. In fully 

adjusted models (Table 7.11), increased age was associated with a higher rate of all 

outcomes, female gender was associated with a lower risk of myocardial infarction and/or 
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ischaemic heart disease discharge diagnoses, and non-white ethnicity with a lower risk of 

angina and ischaemic heart disease admissions.   
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Table 7.7 Cox regression analysis of factors associated with mortality in cases with 

both SMI and recorded diabetes 

 
Unadjusted Mutually adjusted 

 
HR 95% CI p-value HR 95% CI p-value 

Age (per 10y increase) 1.95 1.88 2.03 <0.001 1.98 1.90 2.06 <0.001 

Female gender 1.18 1.05 1.32 0.005 0.82 0.72 0.92 0.001 

IMD 1.00 0.99 1.00 0.655 1.00 1.00 1.01 0.226 

Ethnicity         

White Ref.    Ref.    

Black 0.62 0.55 0.70 <0.001 0.76 0.67 0.86 <0.001 

Asian 0.66 0.53 0.82 <0.001 0.71 0.57 0.89 0.002 

Mixed 0.36 0.23 0.58 <0.001 0.69 0.43 1.13 0.141 

Other 0.55 0.38 0.80 0.002 0.87 0.60 1.27 0.472 

F20-F29 diagnosis 1.01 0.87 1.17 0.904 1.19 1.02 1.39 0.027 

IMD: Index of Multiple Deprivation 
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Table 7.8. Cox regression of factors associated with hospitalisation outcomes (diabetes-related) in patients with SMI and diabetes. Hazard 

ratios are shown, with 95% CIs and p-values, from unadjusted models with exposures entered separately.  

Hospitalisation 

outcomes 

Exposures (unadjusted) 

  
10-year increase in age Female gender Non-white ethnicity IMD score F20-F29 diagnosis 

Hyperglycaemic 

hyperosmolar 

state 

1.73 (1.25,2.39) 

0.001 

1.03 (0.372.84) 

0.960 

0.67 (0.25,1.87) 

0.453 

1.05 (1.00,1.11) 

0.048 

0.90 (0.25,3.17) 

0.864 

Ketoacidosis 
1.26 (1.09,1.45) 

0.002 

1.88 (1.18,2.99) 

0.008 

1.73 (1.03,2.92) 

0.038 

1.00 (0.97,1.02) 

0.930 

1.17 (0.63,2.18) 

0.609 

Diabetic renal 

disease 

1.67 (1.37,2.03) 

<0.001 

1.12 (0.60,2.06) 

0.726 

1.60 (0.80,3.19) 

0.182 

1.01 (0.98,1.05) 

0.534 

0.80 (0.38,1.68) 

0.557 

Diabetic 

retinopathy 

1.85 (1.67,2.05) 

<0.001 

1.70 (1.24,2.33) 

0.001 

1.65 (1.16,2.34) 

0.005 

0.99 (0.98,1.01) 

0.370 

1.22 (0.79,.86) 

0.368 

Diabetic 

neuropathy 

1.58 (1.35,1.85) 

<0.001 

0.94 (0.57,1.55) 

0.815 

0.82 (0.50,1.36) 

0.442 

1.00 (0.98,1.03) 

0.856 

0.71 (0.40,1.26) 

0.241 

Dysglycaemia 
1.52 (1.25,1.87) 

<0.001 

0.71 (0.37,1.39) 

0.322 

0.88 (0.46,1.70) 

0.707 

1.01 (0.97,1.04) 

0.650 

0.95 (0.42,2.17) 

0.909 

Diabetic 

peripheral 

vascular disease 

1.91 (1.65,2.21) 

<0.001 

0.83 (0.53,1.31) 

0.420 

0.78 (0.50,1.23) 

0.291 

1.00 (0.98,1.03) 

0.735 

1.21 (0.65,2.24) 

0.543 
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Table 7.9. Cox regression of factors associated with hospitalisation outcomes (diabetes-related) in patients with SMI and 

diabetes. Hazard ratios are shown, with 95% CIs and p-values, from mutually adjusted models with all exposures entered 

simultaneously. 

Hospitalisation 

outcomes 

Exposures (mutually adjusted)  

  

10-year increase in 

age 
Female gender Non-white ethnicity IMD score F20-F29 diagnosis 

 
     

Hyperglycaemic 

hyperosmolar 

state 

1.78 (1.27,2.50) 

0.001 

0.76 (0.27,2.13) 

0.596 

0.81 (0.29,2.29) 

0.695 

1.06 (1.00,1.12) 

0.036 

0.97 (0.27,3.53) 

0.968 

Ketoacidosis 
1.25 (1.08,1.44) 

0.003 

1.73 (1.07,2.80) 

0.025 

1.83 (1.07,3.12) 

0.026 

1.00 (0.98,1.02) 

0.842 

1.19 (0.63,2.22) 

0.595 

Diabetic renal 

disease 

1.77 (1.44,2.17) 

<0.001 

0.82 (0.44,1.55) 

0.550 

2.30 (1.11,4.79) 

0.026 

1.01 (0.98,1.05) 

0.493 

0.71 (0.33,1.51) 

0.370 

Diabetic 

retinopathy 

1.85 (1.67,2.05) 

<0.001 

1.24 (0.90,1.71) 

0.196 

2.10 (1.46,3.01) 

<0.001 

0.99 (0.98,1.01) 

0.527 

1.25 (0.81,1.95) 

0.316 

Diabetic 

neuropathy 

1.61 (1.36,1.90) 

<0.001 

0.70 (0.42,1.16) 

0.168 

1.03 (0.62,1.73) 

0.903 

1.01 (0.98,1.03) 

0.696 

0.76 (0.42,1.37) 

0.360 

Dysglycaemia 
1.60 (1.30,1.98) 

<0.001 

0.57 (0.29,1.13) 

0.105 

1.02 (0.52,2.02) 

0.945 

1.01 (0.98,1.05) 

0.564 

0.97 (0.42,2.24) 

0.938 

Diabetic 

peripheral 

vascular disease 

1.95 (1.68,2.28) 

<0.001 

0.57 (0.36,0.91) 

0.019 

0.93 (0.58,1.48) 

0.758 

1.01 (0.98,1.03) 

0.758 

1.32 (0.71,2.47) 

0.386 
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Table 7.10. Cox regression of factors associated with hospitalisation outcomes (CVD/other) in patients with SMI and diabetes. Hazard 

ratios are shown, with 95% CIs and p-values, from unadjusted models with exposures entered separately. 

Hospitalisation 

outcomes 

Exposures (unadjusted)  
10-year increase in 

age 
Female gender Non-white ethnicity IMD score F20-F29 diagnosis 

Myocardial 

infarction  

1.88 (1.64,2.16) 

<0.001 

0.93 (0.61,1.43) 

0.748 

0.71 (0.47,1.09) 

0.116 

0.98 (0.96,1.00) 

0.108 

0.91 (0.53,1.54) 

0.715 

Angina 
1.84 (1.64,2.06) 

<0.001 

1.07 (0.75,1.52) 

0.716 

0.51 (0.36,0.72) 

<0.001 

0.99 (0.97,1.01) 

0.475 

0.83 (0.54,1.28) 

0.404 

Cerebrovascular 

disease 

2.45 (2.31,2.60) 

<0.001 

1.64 (1.38,1.96) 

<0.001 

0.75 (0.63,0.89) 

0.001 

1.00 (0.99,1.01) 

0.684 

0.88 (0.71,1.09) 

0.227 

Cerebral 

infarction 

2.28 (1.92,2.47) 

<0.001 

1.96 (1.33,2.89) 

0.001 

0.93 (0.63,1.37) 

0.715 

1.01 (0.99,1.03) 

0.307 

1.06 (0.65,1.74) 

0.811 

Ischemic heart 

disease  

1.83 (1.73,1.94) 

<0.001 

1.13 (0.94,1.36) 

0.179 

0.59 (0.49,0.71) 

<0.001 

1.00 (0.99,1.01) 

0.421 

0.75 (0.61,0.94) 

0.010 

Amputation 
1.72 (1.37,2.17) 

<0.001 

1.01 (0.49,2.07) 

0.974 

0.72 (0.35,1.50) 

0.377 

1.01 (0.97,1.05) 

0.562 

0.73 (0.31,1.71) 

0.473 
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Table 7.11. Cox regression of factors associated with hospitalisation outcomes (CVD/other) in patients with SMI and diabetes. Hazard 

ratios are shown, with 95% CIs and p-values, from mutually adjusted models with all exposures entered simultaneously. 

Hospitalisation 

outcomes 

 Exposures (mutually adjusted) 

  
10-year increase in 

age 
Female gender 

Non-white 

ethnicity 
IMD score F20-F29 diagnosis 

Myocardial 

infarction  
 1.92 (1.66,2.21) 

<0.001 

0.63 (0.41,0.98) 

0.040 

0.94 (0.61,1.45) 

0.767 

0.99 (0.96,1.01) 

0.224 

1.04 (0.61,1.79) 

0.887 

 

Angina  1.85 (1.64,2.08) 

<0.001 

0.75 (0.52,1.08) 

0.118 

0.68 (0.47,0.98) 

0.039 

1.00 (0.98,1.02) 

0.935 

0.98 (0.63,1.52) 

0.933  

Cerebrovascular 

disease 
 2.50 (2.34,2.67) 

<0.001 

1.01 (0.84,1.21) 

0.940 

1.06 (0.88,1.27) 

0.565 

1.01 (1.00,1.02) 

0.127 

0.99 (0.79,1.25) 

0.961 
 

Cerebral 

infarction 
 2.22 (1.94,2.53) 

<0.001 

1.24 (0.83,1.85) 

0.295 

1.20 (0.80,1.79) 

0.372 

1.02 (0.99,1.04) 

0.146 

1.26 (0.74,2.14) 

0.386 
 

Ischemic heart 

disease  
 1.85 (1.74,1.97) 

<0.001 

0.78 (0.65,0.94) 

0.009 

0.76 (0.63,0.92) 

0.005 

1.00 (0.99,1.01) 

0.715 

0.89 (0.71,1.12) 

0.325 
 

Amputation   
1.77 (1.38,2.27) 

<0.001 

0.74 (0.35,1.57) 

0.432 

0.95 (0.44,2.06) 

0.906 

1.02 (0.98,1.07) 

0.232 

0.91 (0.36,2.28) 

0.838   
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Associations between ethnicity and outcomes of interest were analysed more specifically 

comparing those in Black vs. White groups, the results of which are displayed in Table 7.12. 

Considering the fully adjusted model, Black ethnicity was associated with a higher risk of 

hospitalisations with three diabetes-related discharge diagnoses (ketoacidosis, diabetic renal 

disease, diabetic retinopathy); however, it was associated with a lower risk of angina or 

ischaemic heart disease as discharge diagnoses, as well as with a lower risk of mortality.   
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Table 7.12. Cox regression analyses of differences in time to hospitalisations between Black and 

White ethnic groups, in people with SMI and diabetes 

 
 

Hazard ratio (95% CI), p-value 

 
 

Unadjusted Adjusted * 

Diabetes specific hospitalisations  

Hyperglycaemic hyperosmolar state 
 

0.62 (0.27,1.39) 0.244 1.29 (0.44,3.83) 0.643 

Ketoacidosis 
 

1.10 (0.79,1.52) 0.570 2.29 (1.31,3.98) 0.003 

Diabetic renal disease 
 

1.30 (0.84,2.03) 0.243 3.14 (1.38,7.16) 0.006 

Diabetic retinopathy 
 

1.31 (1.05,1.63) 0.015 2.17 (1.48,3.17) <0.001 

Diabetic neuropathy 
 

1.14 (0.80,1.62) 0.478 0.72 (0.40,1.31) 0.277 

Dysglycaemia 
 

0.94 (0.59,1.49) 0.785 0.96 (0.46,2.00) 0.910 

Diabetic peripheral vascular disease 0.76 (0.54,1.06) 0.100 1.00 (0.62,1.64) 0.983 

    
CVD and other hospitalisations 

 
Myocardial infarction    0.97 (0.71,1.32) 0.823 0.79 (0.48,1.30) 0.360 

Angina   0.84 (0.64,1.09) 0.182 0.43 (0.28,0.68) <0.001 

Cerebrovascular disease   0.80 (0.70,0.91) 0.001 1.08 (0.89,1.31) 0.458 

Cerebral infarction   0.95 (0.72,1.25) 0.718 1.16 (0.76,1.78) 0.488 

Ischemic heart disease    0.78 (0.68,0.90) <0.001 0.68 (0.55,0.84) <0.001 

Amputation  0.82 (0.48,1.39) 0.464 1.05 (0.47,2.38) 0.898 

    

Mortality   0.71 (0.65,0.78) <0.001 0.76 (0.67,0.86) <0.001 

*Adjusted for age, gender, IMD, schizophreniform/bipolar disorder diagnosis 
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Further analyses of associations between mental health related measures and hospitalisation 

outcomes in those with SMI and recorded diabetes are summarised in Tables 7.13-7.16 

below. Considering psychotropic medication, recorded atypical antipsychotic use was 

associated with a reduced risk of hospitalisations with myocardial infarction, angina and/or 

ischaemic heart disease as discharge diagnoses, as well as with a reduced risk of amputation 

(Table 7.13) and a reduced risk of diabetic retinopathy and/or peripheral vascular disease 

(Table 7.14). Other associations were less consistent – antidepressant use was associated with 

an increased risk of angina and mood stabiliser use with an increased risk of cerebrovascular 

disease. Mood stabiliser use and typical antipsychotic use were associated also with a 

reduced risk of diabetic peripheral vascular disease as a diagnosis.  

Considering NLP-derived mental health symptom scores, all statistically significant 

associations were negative – i.e., indicating a reduced risk of the outcome in people with 

higher symptom scores. This was most evident for ischaemic heart disease, negatively 

associated with all symptom scores, myocardial infarction specifically (with negative 

psychotic, depressive, and manic), amputation (with depressive, manic, and disorganised), 

diabetic renal disease / retinopathy / neuropathy (with all symptom scores) and diabetic 

peripheral vascular disease (with all scores apart from negative psychotic).   
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Table 7.13. Cox regression analysis of associations between psychotropic drug use and cardiovascular hospitalisations in cases with SMI and recorded 

diabetes  

    Adjusted* hazard ratio (95% CI), p-value 
 

   
Myocardial 

infarction 
Angina 

Cerebrovascular 

disease 
Cerebral infarction 

Ischemic heart 

disease 
Amputation 

Antidepressant    
0.97 (0.63,1.50), 

0.908 

2.03 (1.38,2.99), 

<0.001 

1.16 (0.96,1.38), 

0.119 

0.96 (0.65,1.42),  

0.850 

1.09 (0.90,1.31),  

0.371 

0.90 (0.42,1.91), 

0.786 

Mood stabiliser   
0.95 (0.59,1.53), 

0.826 

1.05 (0.71,1.55),  

0.809 

1.27 (1.05,1.55), 

0.016 

0.92 (0.58,1.44),  

0.701 

1.06 (0.87,1.30),  

0.557 

0.90 (0.39,2.08), 

0.804 

Typical antipsychotic   
0.91 (0.59,1.40), 

0.667 

0.80 (0.56,1.56),  

0.243 

1.05 (0.87,1.25). 

0.624 

1.06 (0.72,1.56),  

0.756 

1.02 (0.85,1.23),  

0.816 

1.32 (0.62,2.79), 

0.467 

Atypical 

antipsychotic 
  

0.55 (0.34,0.89), 

0.015 

0.59 (0.39,0.89),  

0.012 

0.85 (0.69,1.05), 

0.140 

0.98 (0.61,1.58),  

0.933 

0.67 (0.54,0.84), 

<0.001 

0.34 (0.15,0.78), 

0.010 

* Adjusted for age, gender, ethnicity (binary) and IMD 
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Table 7.14. Cox regression analysis of associations between psychotropic drug use and diabetes-related hospitalisations in cases with SMI and recorded 

diabetes  

  Adjusted* hazard ratio (95%CI), p-value 

  

Hyperglycaemic 

hyperosmolar 

state 

Ketoacidosis 
Diabetic renal 

disease 

Diabetic 

retinopathy 

Diabetic 

neuropathy 
Dysglycaemia 

Diabetic 

peripheral 

vascular disease 

Antidepressant  
0.56 (0.20,1.60) 

0.278 

0.81 (0.51,1.28) 

0.369 

0.74 (0.39,1.40) 

0.357 

0.82 (0.60,1.13) 

0.219 

0.68 

(0.41,0.13) 

0.137 

0.66 

(0.34,1.30) 

0.229 

0.79 (0.50,1.25) 

0.308 

Mood stabiliser 
2.04 (0.72,5.82) 

0.181 

0.77 (0.46,1.30) 

0.329 

0.95 (0.46,1.93) 

0.878 

0.63 (0.42,0.93) 

0.021 

0.60 

(0.33,1.10) 

0.097 

1.10 

(0.54,2.23) 

0.788 

0.58 (0.32,1.03) 

0.061 

Typical 

antipsychotic 

1.82 (0.64,5.16) 

0.257 

1.55 (0.97,2.47) 

0.065 

0.74 (0.39,1.41) 

0.363 

0.92 (0.67,1.26) 

0.618 

0.64 

(0.38,1.06) 

0.085 

0.45 

(0.22,0.94) 

0.033 

0.59 (0.36,0.95) 

0.031 

Atypical 

antipsychotic 

0.83 (0.22,3.07) 

0.777 

0.49 (0.27,0.86) 

0.014 

0.87 (0.39,1.94) 

0.725 

0.49 (0.35,0.71) 

<0.001 

0.60 

(0.33,1.11) 

0.104 

0.83 

(0.35,1.96) 

0.668 

0.58 (0.34,0.98) 

0.043 

* Adjusted for age, gender, ethnicity (binary) and IMD  
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Table 7.15. Cox regression analysis of associations between mental health symptoms and cardiovascular hospitalisations in cases with SMI and recorded 

diabetes  

 Symptom score** 

  Adjusted* hazard ratio (95% CI), p-value 
 

  
Myocardial 

infarction 
Angina 

Cerebrovascular 

disease 
Cerebral infarction 

Ischemic heart 

disease 
Amputation 

Positive psychotic   
0.97 (0.91,1.03) 

0.329 

0.96 (0.91,1.02) 

0.200 

1.01 (0.98,1.04) 

0.357 

0.99 (0.93,1.05) 

0.694 

0.96 (0.94,0.99) 

0.010 

0.91 (0.82,1.03) 

0.125 

Negative psychotic   
0.82 (0.71,0.95) 

0.009 

0.92 (0.82,1.03) 

0.136 

0.99 (0.94,1.05) 

0.853 

0.94 (0.83,1.06) 

0.299 

0.93 (0.88,0.98) 

0.008 

0.90 (0.72,1.14) 

0.386 

Depressive   
0.91 (0.85,0.97) 

0.005 

1.01 (0.96,1.07) 

0.596 

1.00 (0.98,1.03) 

0.804 

0.98 (0.93,1.05) 

0.655 

0.97 (0.94,1.00) 

0.033 

0.84 (0.73,0.96) 

0.009 

Manic  
0.86 (0.78,0.95) 

0.004 

0.93 (0.85,1.01) 

0.073 

0.99 (0.95,1.03) 

0.501 

0.96 (0.88,1.05) 

0.374 

0.93 (0.89,0.98) 

0.002 

0.83 (0.69,1.00) 

0.045 

Disorganised   
0.90 (0.80,1.03) 

0.116 

0.87 (0.78,0.97) 

0.015 

1.01 (0.96,1,06) 

0.711 

0.96 (0.86,1.08) 

0.530 

0.93 (0.88,0.98) 

0.008 

0.75 (0.58,0.98) 

0.033 

* Adjusted for age, gender, ethnicity (binary) and IMD 

** Entered as ordinal variables (i.e., hazard ratios represent per-increment associations) 
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Table 7.16. Cox regression analysis of associations between mental health symptoms and diabetes-related hospitalisations in cases with SMI and 

recorded diabetes  

  

 Symptom 

score** 

Adjusted* hazard ratio (95%CI), p-value 

Hyperglycaemic 

hyperosmolar 

state 

Ketoacidosis 
Diabetic renal 

disease 

Diabetic 

retinopathy 

Diabetic 

neuropathy 
Dysglycaemia 

Diabetic 

peripheral 

vascular disease 

Positive 

psychotic 

0.84 (0.72,0.99) 

0.033 

0.96 (0.90,1.03) 

0.275 

0.84 (0.76,0.93) 

<0.001 

0.87 (0.83,0.92) 

<0.001 

0.85 (0.79,0.91) 

<0.001 

0.96 (0.87,1.06) 

0.403 

0.92 (0.86,0.99) 

0.023 

Negative 

psychotic 

1.12 (0.86,1.46) 

0.399 

1.01 (0.90,1.14) 

0.851 

0.75 (0.60,0.94) 

0.014 

0.76 (0.67,0.85) 

<0.001 

0.66 (0.54,0.80) 

<0.001 

0.84 (0.68,1.03) 

0.100 

0.90 (0.78,1.04) 

0.165 

Depressive 
0.96 (0.82,1.12) 

0.575 

0.96 (0.90,1.03) 

0.296 

0.83 (0.74,0.93) 

0.001 

0.86 (0.81,0.91) 

<0.001 

0.88 (0.81,0.96) 

0.003 

0.97 (0.88,1.07) 

0.494 

0.91 (0.85,0.98) 

0.017 

Manic 
0.90 (0.71,1.15) 

0.415 

0.93 (0.83,1.03) 

0.157 

0.72 (0.62,0.85) 

<0.001 

0.79 (0.73,0.85) 

<0.001 

0.77 (0.68,0.87) 

<0.001 

0.96 (0.82,1.12) 

0.581 

0.88 (0.79,0.99) 

0.026 

Disorganised 
0.88 (0.65,1.20) 

0.431 

0.89 (0.78,1.01) 

0.080 

0.69 (0.54,0.88) 

0.003 

0.78 (0.70,0.86) 

<0.001 

0.67 (0.55,0.82) 

<0.001 

0.92 (0.76,1.10) 

0.363 

0.83 (0.72,0.96) 

0.015 

* Adjusted for age, gender, ethnicity (binary) and IMD  
** Entered as ordinal variables (i.e., hazard ratios represent per-increment associations) 
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7.5 Discussion  
 

This prospective cohort study was assembled using data from a geographic catchment’s 

mental healthcare (CRIS) linked to national hospitalisation data (HES) and sought to 

investigate the association of comorbid diabetes with adverse outcomes in people with SMI, 

as well as factors associated with adverse outcomes in those with the SMI-diabetes 

comorbidity. In response to gaps in the literature identified in Chapter 2, there was a 

particular focus here on ethnic group differences and in factors reflecting the nature of the 

SMI diagnosis as predictors.   

From CRIS data, 6107 cases with pre-existing SMI were ascertained at the first instance that 

diabetes was recorded; these were matched with 12,407 randomly selected controls with SMI 

but no recorded diabetes at that index date. Despite matching, cases with recorded diabetes 

were still older and were also more likely to be from Black and Asian ethnic groups and to 

live in more disadvantaged neighbourhoods. The ethnic group differences are consistent with 

general population data, as well as with the unadjusted analyses presented earlier in Chapter 5 

(Table 5.1). The association of diabetes with schizophreniform compared to bipolar disorder 

was also consistent with Chapter 5 analyses and those with diabetes showed evidence of 

higher mental disorder morbidity on all measures – higher use of inpatient and/or home 

treatment team care, worse scores on most HoNOS subscales, increased psychotropic 

medication use, and higher levels of recorded symptoms.  

The presence of recorded comorbid diabetes was also associated with higher hazards of 

cardiovascular disease related hospitalisations, as well as with amputations (a particularly 

strong association). However, interestingly, despite the higher mental health severity 

measures and these other outcomes, there was no independent association of diabetes with 

mortality. This will be considered further below.  
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As mentioned, the primary exposures of interest when considering outcomes within the 

comorbid SMI-diabetes cohort, were ethnicity and diagnostic group, with further analyses 

investigating potential dimensions of mental disorder characteristics. Considering ethnicity, 

although diabetes itself had been found to be more common in Black and Asian groups, 

mortality was significantly lower for those with comorbid diabetes in those categories. For 

hospitalisations, non-white ethnicity was associated with a higher likelihood of certain 

diabetes-related discharge diagnoses (ketoacidosis, renal disease, retinopathy) but a lower 

likelihood of angina and ischaemic heart disease. These findings persisted when Black and 

White groups were more specifically compared.  

Considering the nature of SMI, when comorbid with diabetes, schizophreniform diagnoses 

were associated with a higher adjusted mortality risk than bipolar disorder; however, there 

were no associations between diagnosis and any diabetes-related or cardiovascular disease 

discharge diagnosis. A number of hospitalisation outcomes were associated with lower rather 

than higher numbers of recorded mental health symptoms and atypical antipsychotic use, 

despite the concerns about diabetes risk, was also associated with lower rather than higher 

risk of several hospitalisation outcomes.  

There were therefore some unexpected and apparently paradoxical findings. The differences 

observed between cases and controls on demographic and clinical variables support the 

method of ascertaining diabetes in this cohort, as they are as expected and indicate a more 

disadvantaged group. Similarly, the association of diabetes with a higher risk of both 

diabetes-related and cardiovascular hospitalisations also supports the validity of this 

exposure. However, despite these adverse outcomes, the higher mortality observed in 

comorbid cases compared to controls was entirely explained by age and was reduced to the 

null in age-adjusted models. It is important to bear in mind that case status was defined on the 

basis of the first recorded instance of diabetes and was therefore ascertaining people with 
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relatively early stages of disease. It is therefore possible that the follow-up period was of 

sufficient duration to identify higher hospitalisations as a complication, but that any mortality 

disadvantage (such as that described in Chapter 6) would have required a longer period and 

only be evident in longer-duration diabetes cases. 

It is possible that the same timing issues account for inconsistent ethnic differences in 

outcomes within the SMI cohort. Shorter-term diabetes-related adverse outcomes were 

increased in patients from Black compared to White ethnic groups; however, there had 

possibly been insufficient duration of exposure for these to be reflected in cardiovascular 

disease or mortality outcomes. The significantly lower rates of some cardiovascular 

hospitalisations and mortality are less easy to explain and would require further evaluation. 

Cause of death data were not analysed, so it is possible that lower mortality reflected other 

pathways besides diabetes. It is also possible that higher awareness of diabetes in Black 

compared to White ethnic groups might result in earlier detection, and/or more assertive 

screening and management for those with SMI. Finally, if there is any overdiagnosis of SMI 

in Black compared to White groups, it is possible that lower-severity syndromes were 

included in the sample, accounting for the better health outcomes.  

Considering the mental disorder measures, the higher mortality in patients with 

schizophreniform compared to bipolar disorder has some consistency with findings from 

other studies of diabetes outcome reviewed in Chapter 2; however, this was not clearly 

explained by differences in specific hospitalisations, which were largely absent. The 

apparently paradoxical association between higher numbers of symptoms (on most scales) 

and lower risk of several cardiovascular and diabetes related hospitalisations might possibly 

reflect the way in which symptoms were ascertained – i.e., dependent on their recording in 

text fields rather than screened for in a questionnaire. Patients with more symptoms recorded 

may be those better known to services and/or receiving more assertive care; these in turn 
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might have more attention paid to their physical health, in that their diabetes might have been 

ascertained earlier and they might be more ‘visible’ for interventions. This again requires 

confirmation but could have implications for care if those with SMI who are least visible to 

services have the worst outcomes. This has some consistency with an early CRIS study which 

investigated risk assessment scores across the whole database and found that all-cause 

mortality was only associated with higher recorded risk of self-neglect and not with recorded 

risk of violence or suicide (Wu et al., 2012) – i.e., not present in the groups that tend to cause 

the most concern in mental healthcare. Alternatively, it is possible that patients with SMI and 

lower levels of recorded symptoms have other features (e.g., substance use comorbidity) that 

account for the higher risk observed. The unexpected associations between atypical 

antipsychotic use and reduced risk of some hospitalisation outcomes might be explained in a 

similar way, or this may be explained by these agents being avoided in people with emerging 

diabetes and only prescribed to those who are felt to be relatively healthy in other respects.  

Strengths of the study, as with other analyses, included the large sample and the opportunities 

offered by linked data sources. Importantly, mortality and all hospitalisation outcomes were 

ascertained from national data resources, so will have been captured regardless of residence. 

They would miss private care hospitalisations or hospitalisations outside England, although 

these are likely to be rare in this cohort. On the other hand, limitations from the routine data 

sources include the reliance on recorded discharge diagnoses to capture outcomes, which may 

provide good capture rates for something like myocardial infarction or amputation but would 

be less reliable for capturing retinopathy or neuropathy. As with other CRIS analyses, some 

data were either limited by missingness or not present, so not all covariates could be 

considered, and (as discussed above) the recording of symptoms and the receipt of 

medication may be confounded by other factors influencing clinician behaviours. Diabetes as 

the primary exposure depended on its ascertainment from a combination fields in the source 
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record using NLP. While it did appear to ascertain a group with higher morbidity, it will 

inevitably have underestimated cases because of under-diagnosis and/or under-recording. The 

NLP application for diabetes does not seek to differentiate T2DM specifically, and it is 

possible that some cases of T1DM will have been included; however, it is unlikely that these 

would have contributed substantially to overall findings.  

In conclusion, this study demonstrated the potential value of linked mental healthcare and 

general hospitalisation data resources for investigating the more severe diabetes outcomes 

that are reflected in inpatient episodes. The focus here was on emergent diabetes, or at least 

its first recording as a comorbidity, in people with pre-existing SMI and some of the findings 

may reflect the limited duration of the condition.  
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Chapter 8 Overall discussion 
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8.1 Summary and main findings 

This thesis sought to investigate the monitoring, care, and outcome of T2DM in people with 

SMI and to investigate factors which might influence this, with a particular focus on ethnicity 

and clinical features of SMI. I sought to achieve this through analyses of the mental 

healthcare data contained in CRIS and through making use of external data linked to CRIS 

from local primary care (LDN) and national hospitalisation records (HES).  

 

8.1.1 Summary of component studies 

I carried out a review of the literature on diabetes risk and outcomes in SMI, and identified 

gaps in the literature, described in Chapter 2. For this thesis, I initially investigated the extent 

to which important information on dysglycaemia, HbA1c levels, was being recorded or 

otherwise made available in South London and Maudsley NHS Trust (SLAM) records 

represented via CRIS. In order to achieve this, I made use of data from an automated feed of 

laboratory reports but also supplemented these with text-derived information on HbA1c by 

leading the development of a natural language processing (NLP) application to extract this at 

scale. The results of these analyses are described in Chapter 4.  

Having investigated HbA1c recording in people with ‘incident’ (i.e., first recorded) SMI, I 

then sought to generate comparable data in cross-sectional samples of SMI – i.e., in people 

receiving mental healthcare for those disorders at a given point in time, allowing a more 

variable case mixture in terms of SMI duration. In order to achieve this, I generated a primary 

sample at a relatively arbitrary date (1st July 2015) around the mid-point of available data but 

then generated confirmatory samples 12 months either side in order to check the consistency 



282 
 

of conclusions. In this analysis I also took into account the role of recorded diabetes in the 

sample. The results are described and discussed in Chapter 5.  

In order to investigate healthcare receipt in people with SMI, I made use of the linkage 

between CRIS and LDN which provided primary care data from around a quarter of SLAM’s 

geographic catchment area. This allowed me to generate a comparison cohort of people with 

T2DM but without SMI and to investigate health-relevant outcomes in primary care as well 

as indicators of quality of diabetes care. These outcomes were additionally investigated in 

relation to exposures within the SMI group (ethnic group and mental disorder features) and 

output is described and discussed in Chapter 6.  

Finally, I carried out a complementary investigation of comorbid diabetes as a predictor of 

hospitalisation outcomes in patients with SMI, making use of the linkage between CRIS and 

national hospitalisation data (HES). In this, I sought to investigate the extent to which 

comorbid diabetes was associated with mortality and cardiovascular hospitalisation risk in 

SMI, and then further investigated exposures within the group with comorbid diabetes and 

SMI (ethnic group and mental disorder features) in relation to these and diabetes-related 

hospitalisation outcomes. The results are described and discussed in Chapter 7.  

 

8.1.2 Summary of main findings 

The main findings are re-considered here which I then discuss in relation to overarching 

methodology and strengths and weaknesses, before re-considering them in the light of the 

background literature reviewed. Finally, I consider implications for research and clinical 

practice. My research aimed to address gaps in the literature, providing more comprehensive 

information and data on HbA1c and glucose dysregulation in those with SMI. This has 

resulted in a number of key findings which will contribute to the field and provides an 
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overview of the journey from first diagnosis of SMI right through to outcomes during disease 

course and death. At least to some extent the progression of research in this area relies in part 

on health service availability and uptake which makes the findings on HbA1c recording 

important.  

 

8.1.2.1 HbA1c recording in SMI (Chapter 4-5) 

Initially I looked at the large population of 21,462 patients with an SMI diagnosis on CRIS. It 

was clear from looking at HbA1c recording in this sample with first recorded SMI diagnoses 

that there is a large amount of work to be done in order to get HbA1c recording up to a good 

level, although it was promising that HbA1c has been increasing over time. I was also able to 

demonstrate the applicability of NLP to improve data availability – increasing the overall 

proportion of patients with available data from 19.1% to 32.2%. It was also helpful to know 

that most groups who were more likely to have recorded HbA1c levels (i.e., men, non-White 

ethnic groups, those with schizophreniform diagnoses) also had higher levels when these 

were recorded – i.e., there did appear to be a prioritisation of recording in those with higher 

risk. However, age was an exception here, in that recorded HbA1c was more likely in 

younger age groups but HbA1c levels increased with age. It is therefore crucial that there is a 

wider provision and knowledge of HbA1c data (e.g., from broader laboratory networks and 

presumably via general practitioner communications) than would be readily available for 

monitoring purposes at a single provider. HbA1c recording has become a focus for UK 

mental health services in recent years, as a result of government targets being put in place, 

yet there a lot of patients without a record of this important test and it is important to 

understand why. In particular, older patients with perhaps longer-duration SMI and higher 
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risk of diabetes might be underserved by health monitoring initiatives focused on younger 

patients.  

These findings were largely borne out by the analyses reported in Chapter 5 from cross-

sectional samples of patients with SMI receiving mental healthcare – samples of around 5000 

in numbers of patients represented. Again, HbA1c recording was low, although also showed 

sizeable increases over the years examined. Higher risk groups defined by ethnicity or 

diagnosis were also more likely to have an HbA1c level recorded; however, there was again 

the problem of much lower likelihood of recording in older age groups in whom risk of 

diabetes was much higher.  

These analyses raise important questions for health monitoring in mental health services. It is 

possible that there is a higher reliance on other services to provide monitoring in older age 

groups, although it does still seem reasonable to expect an awareness of this (and duplications 

of recorded HbA1c) in the mental health sector given the recognised importance of diabetes 

as a comorbidity in SMI. The analyses did not seek to provide any further insight into reasons 

underlying the lack of HbA1c recording. One suggestion was that it was related to a lack of 

cohesion between primary and secondary care, and it therefore felt appropriate to include 

some work specifically across these sectors. 

 

8.1.2.2 T2DM monitoring and outcomes in primary care for patients with SMI (Chapter 6) 

Using the CRIS-LDN linkage, I was able to ascertain 693 people with pre-existing T2DM 

and new diagnoses of SMI. Compared to 3366 matched controls, I was able to confirm that 

the SMI cases had significant health disadvantages as evidenced by their 4.5-fold increased 

mortality. I also found evidence of healthcare inequalities in the reduced risk of retinal 

screening and foot examination. However, other measures of comorbidity and diabetes 
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control were similar between cases and controls, and I concluded that this might have been 

because of ascertainment of many of these outcomes at or around the first SMI diagnosis and 

therefore an insufficient period over which diabetes-specific inequalities might emerge.  

I was also able to investigate ethnicity and mental health characteristics as outcome 

predictors within the SMI cohort; however, findings were largely negative, contrary to 

expectations. Again, this might possibly have arisen because of the relative recency of the 

SMI diagnosis and so a shorter period over which inequalities might be observed. It might 

also reflect over-adjustment in some of the models, although no excess mortality was 

observed in any at-risk group in unadjusted models (Table 6.14). Associations between some 

medication groups and reduced screening receipt might reflect worse physical health 

monitoring and/or engagement for/by service users with more severe mental health 

syndromes.  

 

8.1.2.3 T2DM and mortality and hospitalisation outcomes in SMI (Chapter 7) 

Using the CRIS-HES linkage, I was able to assemble a cohort of 6107 cases with both SMI 

and recorded diabetes and to match them with 12,407 controls (with SMI but no diabetes). 

Diabetes here was defined from NLP applied to mental healthcare text and might therefore be 

an underestimate of people with that disorder; however, nonetheless it defined a group of 

people with SMI who had over-representation of patients from Black and Asian ethnic groups 

(consistent with recognised higher prevalence of diabetes in those populations) and a higher 

level of mental health status severity on multiple measures. The comorbid cases also had, as 

expected, higher risks of hospitalisations with cardiovascular disease or amputations in 

discharge summaries; however, mortality rates were not raised. In this case, in contrast to the 

CRIS-LDN study (Chapter 6), although SMI could have been of any duration, diabetes 
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comorbidity was ascertained at its first mention and the lack of association with mortality 

was felt to be potentially explained by an insufficient duration of follow-up.  

Within the comorbid cases, Black ethnicity was associated with worse diabetes-related 

outcomes but not with cardiovascular or mortality outcomes, which again might reflect an 

insufficient period of time over which inequalities could influence outcomes. On the other 

hand, the associations between lower symptom scale scores and higher hospitalisation risk 

might indicate higher vulnerability in people who are less well known to services.  

 

8.2 Methodological considerations 

Strengths and limitations have been discussed previously in discussion sections of chapters 4-

7.  Here I summarise them in the context of the whole set of findings. The over-arching 

methodology has strengths in that the analyses were informed by the initial literature review 

and each component study in the thesis sought to build on the previous study. All component 

studies in this thesis used pre-existing data derived from healthcare records, generating 

cohorts which carry generic strengths and limitations in relation to the alternative approach, 

namely the collection of original data in recruited samples.  

 

8.2.1 Sample size and statistical power 

A key strength of routine healthcare data are the large sample sizes that can be generated. 

This was evident in the literature reviewed on the topic of interest in Chapter 2 which ranged 

from relatively small studies involving original data collection to much larger local or 

national registers. The CRIS platform, which provided the core resource for all my analyses, 

can be considered medium-sized in this respect, as a regional rather than national register. 
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However, the samples generated, whether from CRIS as a whole or the subsets with linked 

data, were judged to be sufficiently large for most of my objectives. Where sample size 

became more limited was in the CRIS-LDN and CRIS-HES linkages (Chapter 6-7) when 

restricted further to those with comorbid SMI and diabetes and when specific ethnic groups 

were being compared on relatively rare outcomes. There were particular limitations in 

investigating the smaller ethnic groups in the sample, such as those in Asian categories, and I 

made no attempt to investigate subgroups (e.g., African vs. Caribbean) within the Black 

category.  

Although large samples and high statistical power are generally cited as advantages of routine 

healthcare data resources, these sometimes require caution as relatively minor associations 

can be identified as highly statistically significant. An example of this might be the gender 

differences in HbA1c recording observed in Chapter 4. These were strongly significant in all 

analyses; however, they only amounted to a few percentage-points difference (Table 4.1).  

Type 1 statistical error may give rise to false positive findings – this is a risk with multiple, 

exploratory analyses, as was the case for some of the secondary analyses carried out here and 

for the multiple outcomes evaluated in Chapters 6 and 7. Although it is sometimes 

recommended to alter cut-offs for statistical significance, the approach I took was the more 

common one in epidemiological research which is to display all findings but to be cautious 

about drawing conclusions in the absence of consistency. The sensitivity samples, for 

example, in Chapter 5 were assembled to check the consistency of findings derived from a 

single, relatively arbitrary sampling point.  
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8.2.2 Sample representativeness and generalisability 

Another general strength of routine healthcare data is the fact that they cover all, or nearly all, 

people using health services for a particular reason, and are not subject to the risk of bias 

present in recruited samples, where only selected and unrepresentative subgroups may be 

approached or consent to participate. CRIS operates and advertises an opt-out system – i.e., a 

patient may ask for their data not to be used for research. However, less than ten out of the 

>500,000 patients represented on CRIS to date have taken this up. CRIS-HES linkages are 

additionally subject to wider national opt-out system; however, data loss anecdotally has so 

far been less than 10% and is unlikely to have substantially biased the samples of interest, 

still less associations of characteristics with prospective outcomes.  

One limitation in generalisability is the fact that all my analyses were carried out on samples 

from a single geographic catchment area – the four boroughs of southeast London served by 

SLaM (Chapters 4, 5, 7), or Lambeth borough specifically (Chapter 6). These comprise inner 

urban and suburban areas with high levels of social and cultural diversity, so findings cannot 

be assumed to generalise, for example, to rural areas. Generalisability to other urban Trusts 

could also be limited according to the catchment populations served (e.g., the predominant 

minority ethnic groups in SLaM’s catchment are Black African and Caribbean, with 

relatively small South Asian populations) and by Trust-specific practices (e.g., in levels and 

profiles of recorded HbA1c for Chapters 4-5). Furthermore, some broader healthcare 

practices may be specific (e.g., some of the primary care outcomes in Chapter 6) and may not 

generalise to other countries.  

The samples in my analyses were also sometimes defined according to data which are subject 

to selection processes. For example, the groups with SMI defined in Chapters 4, 5, and 7 

comprised people with diagnoses recorded in secondary mental healthcare services. While it 
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is likely that most people with an SMI disorder will have come into contact with these 

services at some point, many will not remain in contact indefinitely and those defined on a 

given date, or even over a given period, will contain a relative excess of people with more 

severe or treatment-resistant disorders. Thus, the findings do not necessarily generalise to 

everyone with SMI, although they may still have advantages over traditionally recruited 

samples. Likewise, the samples defined in Chapter 6 with T2DM comprise those with 

particular primary care codes indicative of this disorder which may not capture everyone with 

known T2DM and will not include those with subclinical or unrecognised disease.  

 

8.2.3 Measurement availability/error 

One of the key limitations with routine data platforms such as CRIS is that the source data 

were not collected for research. Therefore, desired information may either be lacking 

completely or may be subject to more measurement error than if it had been collected directly 

in a specific research project. In many respects, my research benefited from infrastructure 

that had been developed over 10+ years to improve information availability. Thus, I was able 

to investigate primary care outcomes in relation to mental healthcare exposures because of 

the CRIS-LDN data linkage, and I was able to do the same for general hospitalisation 

outcomes because of the CRIS-HES linkage. Furthermore, I was able to investigate symptom 

profiles and psychotropic medication use as exposures because of NLP applications that had 

been previously developed in CRIS, and I was able to improve data availability on HbA1c 

recorded in mental healthcare through leading the development of an NLP application 

myself.  

Considering the definition of primary exposures, a key consideration is that diabetes in CRIS 

(particularly in Chapter 7 but also in Chapter 5) relied on ascertaining this from a variety of 
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fields. These are most likely to have underestimated the condition – the NLP application for 

diabetes diagnoses might have overestimated it through inappropriately picking up people 

being screened for diabetes, for example, but these would be unlikely to have been receiving 

antidiabetic medications. The approach may also have selected those with higher severity of 

diabetes, and this needs to be borne in mind when drawing conclusions.  

Considering primary outcomes, the HbA1c recording/levels investigated in Chapters 4 and 5 

were partially dependent on the performance of the NLP application I developed, which was 

felt to be satisfactory with 89% precision (positive predictive value) and 93% recall 

(sensitivity). Outcomes in Chapter 6 were dependent on recognition and recording in primary 

care, which may be subject to error, although those differences observed between people 

with/without SMI are unlikely to be explained by error – or at least, are likely to be obscured 

rather than exaggerated (for example, receipt of diabetes monitoring may be even more 

unequal because of missing or miscoded data). Outcomes in Chapter 7, as discussed in that 

chapter, will vary in their accuracy. Mortality and major disorders or procedures, such as 

myocardial infarction or amputation, are likely to be accurately ascertained; however, the 

presence or not or retinopathy or neuropathy may well be poorly captured on a routine 

discharge summary.   

Considering covariates and secondary exposures, measurement availability and accuracy had 

limitations. Ethnic and diagnostic groups were condensed, as discussed previously, into 

relatively heterogeneous categories. Socioeconomic status was limited to the IMD measure 

applied at area-level and was not available at the level of the individual. Comorbidities in 

Chapter 6 relied on primary care code lists and mental health symptoms relied on NLP-

derived measures that (as discussed in Chapter 7) may well have conflated quality of 

recording/care (a positive measure) with severity of illness (a negative measure).  
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Some measures were either not available or insufficiently captured. HoNOS data on 

functioning, for example, while helpful for descriptive analyses, were deemed to be too often 

missing for these variables to be considered in regression models. Engagement with 

healthcare, for example, would have been informative for interpreting the adverse outcomes 

described in Chapter 6 and 7, but this was felt to be beyond the scope of this thesis and a 

potential focus for future research. Cause of death data were likewise not sought for the 

analyses in question. Measurements of a person’s social support network would have been 

potentially informative but are generally not well captured by routine data.  

Finally, as discussed in relevant chapters, the nature of the measurements sometimes 

determined the conclusions that could be drawn. In Chapter 6, the ascertainment of SMI at 

the first recorded diagnosis meant that the focus of the study was on relatively recent-onset 

mental disorders as an exposure. This limited its applicability to people with longer-duration 

conditions (and/or those with diabetes emerging in pre-existing SMI) and might have 

explained the lack of association with some of the diabetes-related outcomes, although (as 

discussed in Chapter 6) the mortality difference remains striking even at this early stage in 

the evolution of the mental disorder and over the relatively short duration of follow-up. 

Conversely, in Chapter 7, the ascertainment of diabetes as an exposure was also based on its 

first recorded occurrence, limiting the applicability of findings to those with longer-duration 

comorbidity and potentially accounting for the lack of association with certain longer-term 

outcomes. In considering the relationship between Chapters 6 and 7, it is important to bear in 

mind that they are addressing the issue of interest, SMI-diabetes comorbidity, in two distinct 

ways but by no means comprehensively. An alternative design, for example, might have 

included a cohort study investigating primary care diabetes outcomes in people with/without 

pre-existing SMI taking diabetes onset (rather than SMI onset) as the index date.  
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8.2.4 Causation 

Observational data should be treated with caution when it comes to concluding cause-effect 

relationships. Even longitudinal studies are capturing what may be complex inter-

relationships between health measures. People with SMI have consistently been found to 

have a higher risk of diabetes and diabetes outcomes appear to be worse in this group. 

However, diabetes itself may be an added stressor on pre-existing or emergent SMI and 

interactions with healthcare may further complicate the picture – for example, SMI symptoms 

resulting in reduced access to healthcare and/or stigma and disadvantage from health 

professionals/systems resulting in exacerbation of a condition such as diabetes, placing 

additional stress on those affected. On the other hand, although causation may be complex, 

clinical implications (as will be discussed in 8.4) may still be apparent. If people with SMI 

receive less than adequate care for their comorbid diabetes, it may not matter whether this is 

explained by actions of those affected or health professionals – more assertive practice is still 

indicated.  

 

8.3 Consideration of overall findings in relation to background 

literature 

The background literature I reviewed prior to these studies indicated that SMI is highly 

complex, and its definitions have evolved over time. Its relationship with physical health is 

also complex. It is well established that people with SMI face reduced life expectancy 

(Change et al., 2011) and, amongst a range of specific health inequalities, T2DM incidence 

rates are higher than expected (Garcia-Rizo et al., 2016), therefore could potentially account 

for at least some of the mortality gap. Diabetes is one of the most common chronic diseases, 
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with the global prevalence having quadrupled from 108 million in 1980 to 422 million in 

2014 (Mathers & Loncar, 2006). Its annual incidence among adults over the age of 18 further 

increased from 4.7% in 1980 to 8.5% in 2014 (Mathers & Loncar, 2006). Diabetes was 

responsible for 1.5 million deaths in 2012, making it the eighth highest cause of mortality in 

both sexes and the fifth leading cause of death in women. An additional 2.2 million deaths 

occurred as a result of problems associated with higher-than-optimal glucose levels (WHO 

2016). In 2013, 6% of the adult population in the UK (2.7 million persons) had diabetes 

(Gatineau et al., 2014), with 90% of people with diabetes having T2DM ( Diabetes UK 2021. 

In SMI, as well as unfavourable lifestyle factors, antipsychotic medications may play at least 

some part in the high prevalence of T2DM through accelerating glucose dysregulation 

(Sengupta et al., 2008) and when diabetes is combined with psychiatric comorbidities, drug 

side effects, and organisational variables, it is unsurprising that diabetes is a leading cause of 

premature death. It is therefore important to understand further these complex relationships 

in order to foster better clinical care and remove inequalities and organisational barriers. As 

discussed in Chapter 1, sizeable differences exist between UK ethnic groups in T2DM 

incidence, prevalence, and outcome, so it is important to understand these further within the 

SMI population – particularly as SMI itself differs in diagnosed incidence and outcomes 

between some UK ethnic groups.  

My conclusion from the literature review was that there were particular gaps in the literature 

relating to T2DM and glucose dysregulation within SMI, with relatively few appropriate 

search results returned in general compared to those for broader research areas such as 

cardiovascular disease or metabolic syndrome in SMI. Given that I originally conducted my 

review in 2018 (albeit only going back 5 years), four years on when I was updating it, it was 

good to see that there had been some increase in relevant literature. However, I felt there was 

still work to be done in particular in moving findings towards those more relevant for 
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translational research. This in part informed my analyses to investigate methods for 

prediction and subsequent mitigation of T2DM outcomes in people with SMI which I felt 

could potentially translate to better prescribing, clinical care, and improved long-term 

prognosis.  

I concluded that there was relatively little detailed prospective research into predictors of 

diabetes outcome in mental healthcare, and these studies tended to be limited to describing 

differences between broad diagnostic groups via the use of general administrative databases 

instead of specialised ones, shines a light on the gaps. Research within the UK on this area 

had not been particularly extensive and, despite identified risk of diabetes in some groups, 

and well-recognised differences in SMI risk and quality of care, there has been very little 

consideration of variations by ethnic groups, particularly within London. This thesis sought 

to build upon many of these areas and provide novel and relevant contributions to the field. 

8.3.1 Prevalence of diabetes in SMI 

As summarised in 2.3.3.6, many studies have found higher risk of diabetes in SMI 

(Ingimarsson et al., 2017, Hayes et al., 2016). My own findings were consistent with this, 

when compared with national/London population estimates; however, this was only seen for 

age groups under 60 years and prevalences in the 60+ age group were similar. However, as 

discussed, diabetes in my studies is likely to be an underestimate because of the requirement 

for antidiabetic medication to be indicated, so the risk may be higher still. Diabetes was also 

over-represented in Black and Asian ethnic groups (Table 5.1), consistent with general 

population data (Goff et al., 2019). Higher HbA1c levels have also been described in Black 

ethnic groups, although this has been raised as a caution for monitoring diabetes in these 

groups (Selvin et al., 2011).  

 



295 
 

8.3.2 Outcomes of T2DM in SMI 

Mortality rates in T2DM have been found to be raised in people with schizophrenia (Wu et 

al., 2015, Vinogradova et al., 2010, Brink et al., 2019), consistent with my findings for SMI 

as a whole in Chapter 6. No excess mortality associated with bipolar disorder was reported in 

one study (Prisciandaro et al., 2010); however, mortality was increased for both 

schizophrenia and bipolar disorder in a UK primary care database (Vinogradova et al., 2010) 

Diabetes complications have been described to be higher in people with SMI in some studies 

(Becker et al., 2011, Chen et al., 2019), although my assessment of this literature was that it 

was less consistent (see Section 2.3.4.5) with some studies reporting no associations (Leung 

et al., 2011) consistent with my own findings in the CRIS-LDN linked data (Chapter 6). 

Similarly, levels of HbA1c levels have frequently not been found as raised in SMI (Dixon et 

al., 2004, Goldberg et al., 2007, Sajatovic et al., 2015) and some studies have reported better 

cardiometabolic control (Mangurian et al., 2019), consistent with the absent associations in 

my own findings, although I did not come across any previous study to have examined 

HbA1c trajectories.  

Several previous studies have reported worse self-management and/or quality of clinical care 

for diabetes in people with SMI (Kurdyak et al., 2017, Hsu et al., 2019, Goldberg et al., 

2007), although a UK primary care study found no difference in diabetes management 

between patients with/without schizophrenia or bipolar disorder (Whyte et al., 2007). My 

own findings in Chapter 6 did indicate worse care on two measures, foot examination and 

retinal screening receipt, although this would need further confirmation as they were part of a 

range of outcomes evaluated.  
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8.3.3 Novel findings 

Although it is possible that relevant research was not identified in my literature review 

strategy, I believe there are several elements of my work which have not been previously 

investigated. Specifically, I have not found any previous evaluations of HbA1c recording 

and/or its correlates in mental healthcare generally or SMI specifically, whether in first 

presentation samples (Chapter 4) or cross-sectional samples (Chapter 5). In addition, 

although I found a number of registry studies investigating SMI as an exposure for outcomes 

in diabetes, I did not find any cohort studies investigating diabetes as an exposure for 

outcomes in SMI (Chapter 7). Finally, as summarised in Section 2.4.1: i) there was a lack of 

studies in general investigating diabetes outcomes or management; ii) there was a specific 

lack of studies investigating diabetes outcomes in SMI disorders beyond schizophrenia or 

seeking to investigate the nature of SMI beyond medication exposures; iii) from a UK 

perspective, there was limited overall research and very little consideration of ethnic group 

variations. I believe that my approach and findings represent novel contributions in all of 

these respects.  

 

8.3.4 Recent literature 

Since I submitted my thesis, I am pleased that there has been on going work within the field. 

There is now more work, focussing specifically on SMI, some of which could have informed 

this body of work, had it been available at the time.  

In 2021, Han et al. reported an investigation of people with diabetes with and without SMI 

(SMI occurring before diabetes). It was interesting to compare this England based study to 

mine which focused on South London specifically. This highlights the importance of 

replication as there may be different geographical findings. Increased mortality in those with 
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SMI was again a main finding, although the hazard ratio (1.92, 95% CI 1.60-2.30) was 

considerably lower than that found in my cohort. Although causation is very complex it is 

also important that indications may be starting to appear which allow for further work in 

these areas. In relation to the paper mentioned, there could be underdiagnosis of CVD and 

treatment delays. Another finding was reduced access to care which was also found in my 

cohort. Interestingly, here the recorded prevalence of angina, elective hospital admission 

rates for CVD, and emergency admission rates for myocardial infarction were lower, yet 

emergency hospital admission rates for angina and stroke were higher. 

It is encouraging that this important area is being looked into globally. Recently (2022), 

Scheuer et al. published a Danish study which investigated people with diabetes and 

coexisting SMI. This study highlighted the need to monitor those who are younger due to 

higher risk and earlier onset of complications. This is consistent with my findings in Chapter 

5 that indicate that there were lover levels of recording within younger patients. This study 

was much larger than my cohort and findings were also consistent with Mangurian et al. 

(2020), who considered people with diabetes and SMI and found that younger adults and 

Hispanics had worse HbA1c control. Surprisingly, here, people with diabetes and SMI had 

better cardiometabolic control than those without SMI. This could suggest that the increasing 

research output in the field is having an impact and resulting in better care. However, there 

were still things that needed to be addressed such as lower receipt of retinopathy screening, 

and HbA1c not being recorded more for those with SMI despite what we know about this 

population’s increased risk. There were also some contrasts in findings, such as those on care 

indicators. This could be due to between-setting differences, which could indicate the need 

for a more standardised approach. It was positive that people with schizophrenia in particular 

do seem to be getting monitored well (e.g., more likely to have cholesterol monitored) which 

could be attributed to the research in this particular group. Even more recently (2023) Lamber 
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et al. evaluated the prevalence of, and factors associated with, diabetes in people with SMI 

attending tertiary referral clinics. Here it was found that the prevalence of diabetes in those 

with diabetes was higher than that of the source (Australian) population. Generally, the 

findings were consistent with previous literature although it was concerning to learn of the 

high levels of undiagnosed diabetes (over 15%), given what is known about the increased 

risks facing the SMI population. Over 40% of those newly diagnosed with diabetes at the 

time of their first visit were aged less than 45 years, which again highlighted the need for 

younger people to monitored. I am pleased that this important work is continuing, although 

further work is still needed. 

 

8.4 Implications 

My findings address particular issues relating to the comorbidity between SMI and diabetes 

across care settings: the level of monitoring in mental healthcare, care standards and 

outcomes in primary care for people with diabetes and relatively recent SMI diagnoses, and 

general hospital outcomes for people with SMI and relatively recent diabetes diagnoses. 

These form part of a broader picture of dysglycaemia and mental health, as well as the larger 

field of health inequalities faced by people with SMI (discussed in Chapter 1).  

 

8.4.1 Implications for further research  

Although contributory, my findings also highlighted areas where further research needs to be 

carried out. In relation to HbA1c recording, taking forward the key finding (Chapters 4-5) of 

relatively low frequencies of recording and heterogeneity by demographic status, as well as 

seeking to replicate and compare across different sites, further investigations are needed into 
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factors that predict and might explain higher or lower levels of monitoring. These might 

include similar approaches to the ones I adopted in Chapters 4 and 5 but with extensions of 

covariates beyond the demographic ones I focused on. However, understanding deficiencies 

in recording is likely to need wider evaluations across health sectors – for example, clarifying 

whether glycaemic control is simply not monitored at all, or whether it is monitored in one 

sector (e.g., primary care) but not recorded in another. Further investigation of clinically 

relevant benefits of recording may help to justify interventions to improve this, and these may 

overlap with wider debates and policies around achieving parity of healthcare for people with 

mental health disorders. For SMI, models have changed over the years – from most 

healthcare being provided by Psychiatry in the days of the large asylums, to expectations on 

general practice to deliver all of this instead, to the more recent highlighting of continued 

inequalities and the growing acceptance that advocacy from mental health services may be 

required to address this.  

Considering primary care service provision and outcomes, taking forward the key findings 

(Chapter 6) of relatively high mortality in people with comorbid SMI and diabetes, of some 

inequalities in care receipt but largely of no obvious diabetes-related factor underlying the 

mortality outcome, further research would ideally extend sample sizes and follow-up periods 

to investigate any inequalities in the longer term. Additional measures of quality of care 

might be sought beyond the variables that were available to me; however, this might 

conceivably require a newly recruited traditional cohort study approach in order to collect 

data on markers of interest. In my analyses, I did not attempt to capture the complex 

medication trajectories that are likely to be involved in T2DM care, and this could be an 

additional focus for subsequent research.  

Considering hospitalisation outcomes, taking forward the findings (Chapter 7) of high 

cardiovascular and amputation outcomes but not of higher mortality in those with SMI-
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diabetes comorbidity, further work over longer follow-up periods might usefully investigate 

points at which inequalities start to arise – in admissions related to diabetes control (e.g., 

hyperglycaemia), in admissions related to specific diabetes complications, and in admissions 

related to cardiovascular disease and wider health inequalities. Furthermore, an integration of 

primary care and general hospital data, alongside mental healthcare data, might usefully 

support investigations into the interrelationships of diabetes support, monitoring, and 

treatment in community services with adverse hospitalisation outcomes, as well as the 

aftercare following these admissions in order to avoid readmissions and worsening health.  

Considering ethnicity, as stated, the groups defined in my analyses were relatively broad and 

potentially heterogeneous, so further work in larger samples might be used to provide a finer-

grain picture of inequalities. Qualitative rather than quantitative approaches might also be 

informative to clarify experiences of people with comorbid T2DM and SMI from different 

ethnic groups – for example, in relation to care received, or the relevance of social support 

and culture in self-management.  

Considering SMI and its component diagnoses, further work could usefully investigate 

whether health inequalities (including those involved in T2DM) apply equally across all 

people affected by these mental disorders or whether there are sub-groups with particular 

symptom or management profiles who might be at higher or lower risk within SMI as a 

whole. My analyses had relatively little focus on psychotropic medication use, which was felt 

to be beyond the scope of this thesis; however, clearly this is potentially of interest. Likewise 

comorbid substance use was not evaluated as a risk factor and would need investigation.  
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8.4.2 Clinical and public health implications 

Diabetes is an important comorbidity for SMI, and it is important to establish the extent to 

which it may account for already-recognised health inequalities faced by this patient group 

because there are potential opportunities for preventing adverse outcomes through better care.  

Findings in Chapters 4 and 5 raise important concerns around the level of awareness of 

diabetes and dysglycaemia in SMI, given the relatively low rates of HbA1c recording, 

particularly if these are found to extend beyond SLAM NHS Trust. It is encouraging that at 

all levels it appears that progress is being made and that the analysis indicates that diabetes 

screening and monitoring have been increasing in recent years in those with SMI. This might 

indicate improving physical health management for patients with SMI which would be in line 

with clinical targets for mental health and increase recording over time; however, there does 

not seem to be a clear reason for lack of recording, even when laboratory resources are 

incorporated into electronic mental health records. This could indicate a requirement for 

further clinical initiatives to better utilise data resources and NLP enhancements – for 

example, more closely incorporated in clinical dashboarding and novel quality improvement 

initiatives. It is also important to focus more attention on patients with SMI in older age 

groups who are more likely to have diabetes and associated complications but appear to be 

less likely to have this considered and recorded. Higher HbA1c recording was appropriately 

present in minority ethnic groups who have a higher risk of diabetes, although hospitalised 

diabetes-related complications concerningly remain increased in these groups. Findings from 

Chapters 4 and 5 present obvious implications for clinical services – either that HbA1c levels 

are being inadequately requested in SMI cohorts at known increased risk of dysglycaemia or 

that the levels have been taken but are not being recorded in mental healthcare. My 

recommendations would therefore be that this is more routinely audited across mental 

healthcare providers and that actions are taken to address any deficiencies established.  
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Over comparable follow-up periods, relatively recent-onset SMI was associated with sizeably 

increased mortality in people with pre-existing T2DM (Chapter 6); however, relatively 

recently diagnosed diabetes was not associated with increased mortality in people with pre-

existing SMI (Chapter 7). If confirmed more widely, the implication here is that pre-existing 

T2DM should be considered with particular seriousness in people with emergent SMI, 

particularly as there were relatively short-term indicators of suboptimal care provision and 

therefore ample scope for more assertive management. As discussed in the previous Section, 

there is an onus on better primary care, so my recommendation would be for more assertive 

flagging of risk (in people with SMI who already have diabetes) to general practitioners, 

including the need to monitor diabetes more carefully and ensure that appointments are not 

missed for complications checks. However, mental health services may play an important 

role in advocacy, and in facilitating access and adherence and my recommendation would be 

to ensure that emergence of SMI in someone with pre-existing diabetes is communicated 

effectively to the practitioners who manage the diabetes, flagging the new presence of SMI 

and the implication this may have on mortality risk and less adequate receipt of physical 

health monitoring.  

Emergent diabetes in people with pre-existing SMI clearly also remains important, as it was 

associated with increased cardiovascular hospitalisations and thus is likely to underlie later 

mortality, even if this would probably require a longer follow-up to detect. Again, there are 

the same implications for joint mental health and primary care, as well as a potential role for 

those acute general hospital services involved in managing diabetes admissions and 

complications. My recommendations again would be to improve the coordination of care 

between the different specialties involved, to establish the underlying reasons for worse 

outcomes in those with comorbidity and to develop quality improvement initiatives to 

achieve more equitable care. 
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Considering wider implications and recommendations, although schizophrenia and related 

disorders and particular age and/or ethnic groups are considered for targeted interventions 

(e.g., as might be evident in the patterns of HbA1c recording reported in Chapters 4-5), 

patients with bipolar should be monitored equally to those with a schizophrenia diagnosis and 

I found no evidence to support specific targeting within the SMI diagnostic spectrum. I do 

not feel that recommendations for policy to improve outcomes can be made directly from my 

findings, as they depend on wider research to clarify how behavioural change can best be 

achieved; however, I feel that it is reasonable at least to consider increased screening and 

monitoring targets for clinicians, considering patient groups for whom seeking help is 

sometimes not possible because of the mental health symptoms and wider disadvantages they 

experience. Better targeted information and wider enablement/empowerment initiatives 

should be considered, as well as advocacy initiatives and a better understanding of needs 

from this population group. 

The public health burden of diabetes is huge, with an estimated annual cost to the NHS of £8 

billion, and 80% of the expense attributed to diabetes-related complications such as 

cardiovascular disease, amputations, renal failure, and vision loss (Hex et al., 2012). The list 

includes many of the comorbidities found in these studies and therefore we must continue on 

an upwards trajectory in order to spare those with SMI further complications and inequalities, 

and to reduce the huge burden on public services. National clinical data resources are growing 

in scope and productivity, and CRIS-like platforms have been extended to other mental 

healthcare providers and catchment areas. Therefore, there is plenty of scope not only to 

replicate these analyses for confirmatory output, but to draw together knowledge gathering for 

national-level health improvement initiatives. 
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Appendix 1 

The below lists the breakdown of each ICD code that is included within the SMI labelling within the 

thesis. 

F20-F29 Schizophrenia, schizotypal and delusional disorders F20 Schizophrenia F20.0 Paranoid 

schizophrenia F20.1 Hebephrenic schizophrenia F20.2 Catatonic schizophrenia F20.3 

Undifferentiated schizophrenia F20.4 Post-schizophrenic depression F20.5 Residual schizophrenia 

F20.6 Simple schizophrenia F20.8 Other schizophrenia F20.9 Schizophrenia, unspecified A fifth 

character may be used to classify course: .x0 Continuous .x1 Episodic with progressive deficit .x2 

Episodic with stable deficit .x3 Episodic remittent .x4 Incomplete remission .x5 Complete remission 

.x8 Other .x9 Course uncertain, period of observation too short F21 Schizotypal disorder F22 

Persistent delusional disorders F22.0 Delusional disorder F22.8 Other persistent delusional disorders 

F22.9 Persistent delusional disorder, unspecified F23 Acute and transient psychotic disorders F23.0 

Acute polymorphic psychotic disorder without symptoms of schizophrenia F23.1 Acute polymorphic 

psychotic disorder with symptoms of schizophrenia F23.2 Acute schizophrenia-like psychotic 

disorder F23.3 Other acute predominantly delusional psychotic disorder F23.8 Other acute and 

transient psychotic disorders F23.9 Acute and transient psychotic disorder, unspecified A fifth 

character may be used to identify the present or absence of associated acute stress: .x0 Without 

associated acute stress .x1 With associated acute stress F24 Induced delusional disorder F25 

Schizoaffective disorders F25.0 Schizoaffective disorder, manic type F25.1 Schizoaffective disorder, 

depressive type F25.2 Schizoaffective disorder, mixed type F25.8 Other schizoaffective disorders 

F25.9 Schizoaffective disorder, unspecified A fifth character may be used to classify the following 

subtypes: .x0 Concurrent affective and schizophrenic symptoms only .x1 Concurrent affective and 

schizophrenic symptoms, plus persistence of the schizophrenic symptoms beyond the duration of the 

affective symptoms F28 Other nonorganic psychotic disorders F29 Unspecified nonorganic 

psychosis(ICD Classification) 

 

F30 Manic episode F30.0 Hypomania F30.1 Mania without psychotic symptoms F30.2 Mania with 

psychotic symptoms .20 With mood-congruent psychotic symptoms .21 With mood-incongruent 

psychotic symptoms F30.8 Other manic episodes F30.9 Manic episode, unspecified F31 Bipolar 

affective disorder F31.0 Bipolar affective disorder, current episode hypomanic F31.1 Bipolar affective 

disorder, current episode manic without psychotic symptoms F31.2 Bipolar affective disorder, current 

episode manic with psychotic symptoms .20 With mood-congruent psychotic symptoms .21 With 

mood-incongruent psychotic symptoms F31.3 Bipolar affective disorder, current episode mild or 

moderate depression .30 Without somatic syndrome .31 With somatic syndrome F31.4 Bipolar 

affective disorder, current episode severe depression without psychotic symptoms F31.5 Bipolar 

affective disorder, current episode severe depression with psychotic symptoms .50 With mood-

congruent psychotic symptoms .51 With mood-incongruent psychotic symptoms F31.6 Bipolar 

affective disorder, current episode mixed F31.7 Bipolar affective disorder, currently in remission 

F31.8 Other bipolar affective disorders F31.9 Bipolar affective disorder, unspecified 

 F32.3 Severe depressive episode with psychotic symptoms .30 With mood-congruent psychotic 

symptoms .31 With mood-incongruent psychotic symptoms 

F33.3 Recurrent depressive disorder, current episode severe with psychotic symptoms .30 With 

mood-congruent psychotic symptoms .31 With mood-incongruent psychotic symptoms(ICD 

Classification.    
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Appendix 2 

 

Primary care code lists used in Chapter 6 

Description of variables        

variable definition 

  Read code description category 

table to assess urine  46N3.00 Urine total protein   

  46N4.00 Urine albumin   

  46N5.00 24 hour urine protein excretion test   

  46N6.00 24 hour urine albumin output   

  46N7.00 Urine protein/creatinine index   

  46TC.00 Urine albumin:creatinine ratio   

  46TD.00 Urine microalbumin:creatinine ratio   

  46w0.00 Urine microalbumin positive   

  46W0.00 Urine microalbumin positive   

  46W1.00 Urine microalbumin negative   

  46W2.00 Microalbumin excretion rate   

  46W..00 Urine microalbumin   

  467A.00 24 hour urine protein output   

  467E.00 Urine protein level   

  467H.00 Random urine protein level   

        

table to assess creatinine 44J3.00 Serum creatinine   

  44J3000 Serum creatinine abnormal   

  44J3100 Serum creatinine low   

  44J3200 Serum creatinine normal   

  44J3300 Serum creatinine raised   

  44J3z00 Serum creatinine NOS   

  44JC.00 Corrected plasma creatinine level   

  44JD.00 Corrected serum creatinine level   

  44JF.00 Plasma creatinine level   

  4Q40.00 Creatinine level   

        

table to diagnose dyslipidemia 1442 H/O: raised blood lipids History of dyslipidaemia (1) 

  13B3.00 Low cholesterol diet Possible dyslipidaemia (2) 

  66X..00 Lipid disorder monitoring Possible dyslipidaemia (2) 

  8BAG.00 Cholesterol reduction programme Possible dyslipidaemia (2) 

  8BAG000 Cholesterol reduction programme - invited Possible dyslipidaemia (2) 

  8BAG100 Cholesterol reduction program - attended Possible dyslipidaemia (2) 

  8BAG200 Cholesterol reduction program - declined Possible dyslipidaemia (2) 

  8BG2.00 Lipid lowering therapy indicated Possible dyslipidaemia (2) 

  8CA4700 Patient advised re low cholesterol diet Possible dyslipidaemia (2) 

  8CR3.00 Hyperlipidaemia clinical management plan Possible dyslipidaemia (2) 

  9N0I.00 Seen in lipid clinic Possible dyslipidaemia (2) 
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  9N0J.00 Seen in cholesterol clinic Possible dyslipidaemia (2) 

  9N4K.00 DNA - Did not attend cholesterol clinic Possible dyslipidaemia (2) 

  9Oc..00 Lipid disorder monitoring administration Possible dyslipidaemia (2) 

  9Oc0.00 Attends lipid disorder monitoring Possible dyslipidaemia (2) 

  9Oc2.00 Lipid disorder monitoring first letter Possible dyslipidaemia (2) 

  U60C600 [X]Antihyperlipidaem/antiarterioscl drg caus adv ef ther use Possible dyslipidaemia (2) 

  C32..00 Disorders of lipoid metabolism Dyslipidaemia diagnosed (3) 

  C32..11 Disorder of cholesterol metabolism Dyslipidaemia diagnosed (3) 

  C320.00 Pure hypercholesterolaemia Dyslipidaemia diagnosed (3) 

  C320.11 Familial hypercholesterolaemia Dyslipidaemia diagnosed (3) 

  C320.12 Fredrickson type IIa lipidaemia Dyslipidaemia diagnosed (3) 

  C320.13 Low density lipoproteinaemia Dyslipidaemia diagnosed (3) 

  C320000 Familial hypercholesterolaemia Dyslipidaemia diagnosed (3) 

  C320100 Hyperbetalipoproteinaemia Dyslipidaemia diagnosed (3) 

  C320200 Hyperlipidaemia, group A Dyslipidaemia diagnosed (3) 

  C320300 Low-density-lipoprotein-type (LDL) hyperlipoproteinaemia Dyslipidaemia diagnosed (3) 

  C320400 Fredrickson's hyperlipoproteinaemia, type IIa Dyslipidaemia diagnosed (3) 

  C320500 Familial defective apolipoprotein B-100 Dyslipidaemia diagnosed (3) 

  C320y00 Other specified pure hypercholesterolaemia Dyslipidaemia diagnosed (3) 

  C320z00 Pure hypercholesterolaemia NOS Dyslipidaemia diagnosed (3) 

  C321.11 Fredrickson type IV lipidaemia Dyslipidaemia diagnosed (3) 

  C321000 Hypertriglyceridaemia Dyslipidaemia diagnosed (3) 

  C322.00 Mixed hyperlipidaemia Dyslipidaemia diagnosed (3) 

  C322.11 Fredrickson type IIb lipidaemia Dyslipidaemia diagnosed (3) 

  C322.12 Fredrickson type III lipidaemia Dyslipidaemia diagnosed (3) 

  C324.00 Hyperlipidaemia NOS Dyslipidaemia diagnosed (3) 

  C325.00 Lipoprotein deficiencies Dyslipidaemia diagnosed (3) 

  C325100 Hypo-alpha-lipoproteinaemia Dyslipidaemia diagnosed (3) 

  C325200 Hypo-beta-lipoproteinaemia Dyslipidaemia diagnosed (3) 

  C325300 A-beta-lipoproteinaemia Dyslipidaemia diagnosed (3) 

  C328.00 Dyslipidaemia Dyslipidaemia diagnosed (3) 

  C32y.00 Other disorders of lipoid metabolism Dyslipidaemia diagnosed (3) 

  C32y200 Lipoid dermatoarthritis Dyslipidaemia diagnosed (3) 

  C32yz00 Other disorder of lipoid metabolism NOS Dyslipidaemia diagnosed (3) 

  C32z.00 Disorder of lipoid metabolism NOS Dyslipidaemia diagnosed (3) 

  Cyu8D00 [X]Other hyperlipidaemia Dyslipidaemia diagnosed (3) 

  Cyu8E00 [X]Other disorders of lipoprotein metabolism Dyslipidaemia diagnosed (3) 

  ZC2CI00 Dietary advice for lipid disorder Dyslipidaemia diagnosed (3) 

  ZC2CJ00 Dietary advice for hyperlipidaemia Dyslipidaemia diagnosed (3) 

  ZV65317 [V]Dietary surveillance in hypercholesterolaemia Dyslipidaemia diagnosed (3) 

        

table to assesss hypertension G20.. Essential hypertension   

  G20.. High blood pressure   

  G20.. Primary hypertension   

  G200. Malignant essential hypertension   

  G200. Malignant hypertension   

  G201. Benign essential hypertension   
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  G202. Systolic hypertension   

  G203. Diastolic hypertension   

  G20z. Hypertension NOS   

  G20z. Essential hypertension NOS   

  G24.. Secondary hypertension   

  G240. Secondary malignant hypertension   

  G2400 NOT IN LDN   

  G240z Secondary malignant hypertension NOS   

  G241. Secondary benign hypertension   

  G2410 Secondary benign renovascular hypertension   

  G241z Secondary benign hypertension NOS   

  G244. Hypertension secondary to endocrine disorders   

  G24z. Secondary hypertension NOS   

  G24z0 NOT IN LDN   

  G24z1 Hypertension secondary to drug   

  G24zz Secondary hypertension NOS   

  G2y.. Other specified hypertensive disease   

  G2z.. Hypertensive disease NOS   

  Gyu2. [X]Hypertensive diseases   

  Gyu20 [X]Other secondary hypertension   

        

table to assesss flu vaccination 65E..00 Influenza vaccination   

  U60K400 [X]Influenza vaccine causing adverse effects therapeutic use   

  ZV04800 [V]Influenza vaccination   

  ZV04811 [V]Flu - influenza vaccination   

        

  1Z13.00 Chronic kidney disease stage 4 4 

  1Z14.00 Chronic kidney disease stage 5 4 

  1Z1H.00 Chronic kidney disease stage 4 with proteinuria 4 

  1Z1H.11 CKD stage 4 with proteinuria 4 

  1Z1J.00 Chronic kidney disease stage 4 without proteinuria 4 

  1Z1J.11 CKD stage 4 without proteinuria 4 

  1Z1K.00 Chronic kidney disease stage 5 with proteinuria 4 

  1Z1K.11 CKD stage 5 with proteinuria 4 

  1Z1L.00 Chronic kidney disease stage 5 without proteinuria 4 

  1Z1L.11 CKD stage 5 without proteinuria 4 

  2BBa.00 O/E- non-referable retinopathy 1 

  2BBk.00 O/E - right eye stable treated prolif diabetic retinopathy 1 

  2BBl.00 O/E - left eye stable treated prolif diabetic retinopathy 1 

  2BBo.00 O/E - sight threatening diabetic retinopathy 1 

  2BBP.00 O/E - right eye background diabetic retinopathy 1 

  2BBQ.00 O/E - left eye background diabetic retinopathy 1 

  2BBr.00 Impaired vision due to diabetic retinopathy 1 

  2BBR.00 O/E - right eye preproliferative diabetic retinopathy 1 

  2BBS.00 O/E - left eye preproliferative diabetic retinopathy 1 

  2BBT.00 O/E - right eye proliferative diabetic retinopathy 1 
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  2BBV.00 O/E - left eye proliferative diabetic retinopathy 1 

  2BBY.00 O/E - referable retinopathy 1 

  C104.11 Diabetic nephropathy 3 

  C104z00 Diabetes mellitus with nephropathy NOS 3 

  C106.12 Diabetes mellitus with neuropathy 2 

  C106.13 Diabetes mellitus with polyneuropathy 2 

  C108D00 Insulin dependent diabetes mellitus with nephropathy 3 

  C109600 Non-insulin-dependent diabetes mellitus with retinopathy 1 

  C109611 Type II diabetes mellitus with retinopathy 1 

  C109612 Type 2 diabetes mellitus with retinopathy 1 

  C109A00 Non-insulin dependent diabetes mellitus with mononeuropathy 2 

  C109A11 Type II diabetes mellitus with mononeuropathy 2 

  C109B00 Non-insulin dependent diabetes mellitus with polyneuropathy 2 

  C109B11 Type II diabetes mellitus with polyneuropathy 2 

  C109C00 Non-insulin dependent diabetes mellitus with nephropathy 3 

  C109C11 Type II diabetes mellitus with nephropathy 3 

  C109C12 Type 2 diabetes mellitus with nephropathy 3 

  C109H00 Non-insulin dependent d m with neuropathic arthropathy 2 

  C109H11 Type II diabetes mellitus with neuropathic arthropathy 2 

  C109H12 Type 2 diabetes mellitus with neuropathic arthropathy 2 

  C10F600 Type 2 diabetes mellitus with retinopathy 1 

  C10F611 Type II diabetes mellitus with retinopathy 1 

  C10FA00 Type 2 diabetes mellitus with mononeuropathy 2 

  C10FA11 Type II diabetes mellitus with mononeuropathy 2 

  C10FB00 Type 2 diabetes mellitus with polyneuropathy 2 

  C10FB11 Type II diabetes mellitus with polyneuropathy 2 

  C10FC00 Type 2 diabetes mellitus with nephropathy 3 

  C10FC11 Type II diabetes mellitus with nephropathy 3 

  C10FH00 Type 2 diabetes mellitus with neuropathic arthropathy 2 

  F171100 Autonomic neuropathy due to diabetes 2 

  F171z00 Peripheral autonomic neuropathy due to disease NOS 2 

  F366.00 Polyneuropathy 2 

  F367.00 Peripheral neuropathy 2 

  F372.00 Polyneuropathy in diabetes 2 

  F372000 Acute painful diabetic neuropathy 2 

  F372100 Chronic painful diabetic neuropathy 2 

  F372.11 Diabetic polyneuropathy 2 

  F372.12 Diabetic neuropathy 2 

  F372200 Asymptomatic diabetic neuropathy 2 

  F374z00 Polyneuropathy in disease NOS 2 

  F37y100 Axonal sensorimotor neuropathy 2 

  F37z.11 Polyneuropathy unspecified 2 

  F3y0.00 Diabetic mononeuropathy 2 

  F420.00 Diabetic retinopathy 1 

  F420000 Background diabetic retinopathy 1 
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  F420100 Proliferative diabetic retinopathy 1 

  F420200 Preproliferative diabetic retinopathy 1 

  F420600 Non proliferative diabetic retinopathy 1 

  F420700 High risk proliferative diabetic retinopathy 1 

  F420800 High risk non proliferative diabetic retinopathy 1 

  F420z00 Diabetic retinopathy NOS 1 

  F422z00 Proliferative retinopathy NOS 1 

  Fyu6B00 [X]Other mononeuropathies of lower limb 2 

  Fyu7C00 [X] Polyneuropathy; unspecified 2 

  FyuAC00 [X]Autonomic neuropathy/endocrine+metabolic diseases CE 2 

  K02..12 Nephropathy - chronic 3 

  K03..00 Nephritis and nephropathy unspecified 3 

  K03..11 Nephritis and nephropathy unspecified 3 

  K03..12 Nephropathy; unspecified 3 

  K054.00 Chronic kidney disease stage 4 4 

  K055.00 Chronic kidney disease stage 5 4 

  K08yA00 Proteinuric diabetic nephropathy 3 

  N035.00 Neuropathic arthropathy 2 

  N242300 Neuropathic pain 2 

        

table to assess 

macrovascularcomplications 
7L06.00 Amputation of leg 4 

  7L06400 Amputation below knee 4 

  7L07.00 Amputation of foot 4 

  7L07000 Amputation through ankle 4 

  7L07012 Syme amputation of foot through ankle 4 

  7L07300 Amputation through metatarsal bones 4 

  7L07y00 Other specified amputation of foot 4 

  7L07z00 Amputation of foot NOS 4 

  7L08.00 Amputation of toe 4 

  7L08011 Amputation great toe 4 

  7L08100 Amputation of phalanx of toe 4 

  7L08300 Amputation lesser toe 4 

  7L08y00 Other specified amputation of toe 4 

  7L08z00 Amputation of toe NOS 4 

  7L0L200 Amputation of supernumerary toe 4 

  G30..00 Acute myocardial infarction 2 

  G300.00 Acute anterolateral infarction 2 

  G301.00 Other specified anterior myocardial infarction 2 

  G301000 Acute anteroapical infarction 2 

  G301100 Acute anteroseptal infarction 2 

  G30..12 Coronary thrombosis 2 

  G30..13 Cardiac rupture following myocardial infarction (MI) 2 

  G30..15 MI - acute myocardial infarction 2 

  G30..16 Thrombosis - coronary 2 

  G30..17 Silent myocardial infarction 2 

  G301z00 Anterior myocardial infarction NOS 2 

  G302.00 Acute inferolateral infarction 2 
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  G303.00 Acute inferoposterior infarction 2 

  G304.00 Posterior myocardial infarction NOS 2 

  G305.00 Lateral myocardial infarction NOS 2 

  G306.00 True posterior myocardial infarction 2 

  G307.00 Acute subendocardial infarction 2 

  G307000 Acute non-Q wave infarction 2 

  G307100 Acute non-ST segment elevation myocardial infarction 2 

  G308.00 Inferior myocardial infarction NOS 2 

  G309.00 Acute Q-wave infarct 2 

  G30B.00 Acute posterolateral myocardial infarction 2 

  G30X.00 Acute transmural myocardial infarction of unspecif site 2 

  G30X000 Acute ST segment elevation myocardial infarction 2 

  G30y.00 Other acute myocardial infarction 2 

  G30y100 Acute papillary muscle infarction 2 

  G30y200 Acute septal infarction 2 

  G30yz00 Other acute myocardial infarction NOS 2 

  G30z.00 Acute myocardial infarction NOS 2 

  G311000 Myocardial infarction aborted 2 

  G311011 MI - myocardial infarction aborted 2 

  G311500 Acute coronary syndrome 2 

  G35..00 Subsequent myocardial infarction 2 

  G350.00 Subsequent myocardial infarction of anterior wall 2 

  G351.00 Subsequent myocardial infarction of inferior wall 2 

  G353.00 Subsequent myocardial infarction of other sites 2 

  G35X.00 Subsequent myocardial infarction of unspecified site 2 

  G360.00 Haemopericardium/current comp folow acut myocard infarct 2 

  G362.00 Ventric septal defect/curr comp fol acut myocardal infarctn 2 

  G363.00 Ruptur cardiac wall w'out haemopericard/cur comp fol ac MI 2 

  G364.00 Ruptur chordae tendinae/curr comp fol acute myocard infarct 2 

  G365.00 Rupture papillary muscle/curr comp fol acute myocard infarct 2 

  G38..00 Postoperative myocardial infarction 2 

  G380.00 Postoperative transmural myocardial infarction anterior wall 2 

  G381.00 Postoperative transmural myocardial infarction inferior wall 2 

  G384.00 Postoperative subendocardial myocardial infarction 2 

  G38z.00 Postoperative myocardial infarction; unspecified 2 

  G574011 Cardiac arrest-ventricular fibrillation 2 

  G575.00 Cardiac arrest 2 

  G575000 Cardiac arrest with successful resuscitation 2 

  G575100 Sudden cardiac death; so described 2 

  G575.11 Cardio-respiratory arrest 2 

  G575.12 Asystole 2 

  G575z00 Cardiac arrest; unspecified 2 

  G61..00 Intracerebral haemorrhage 3 

  G610.00 Cortical haemorrhage 3 

  G611.00 Internal capsule haemorrhage 3 
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  G61..11 CVA - cerebrovascular accid due to intracerebral haemorrhage 3 

  G61..12 Stroke due to intracerebral haemorrhage 3 

  G612.00 Basal nucleus haemorrhage 3 

  G613.00 Cerebellar haemorrhage 3 

  G614.00 Pontine haemorrhage 3 

  G615.00 Bulbar haemorrhage 3 

  G616.00 External capsule haemorrhage 3 

  G617.00 Intracerebral haemorrhage; intraventricular 3 

  G618.00 Intracerebral haemorrhage; multiple localized 3 

  G61X.00 Intracerebral haemorrhage in hemisphere; unspecified 3 

  G61X000 Left sided intracerebral haemorrhage; unspecified 3 

  G61X100 Right sided intracerebral haemorrhage; unspecified 3 

  G61z.00 Intracerebral haemorrhage NOS 3 

  G63..00 Precerebral arterial occlusion 3 

  G63..11 Infarction - precerebral 3 

  G632.00 Vertebral artery occlusion 3 

  G63y000 Cerebral infarct due to thrombosis of precerebral arteries 3 

  G63y100 Cerebral infarction due to embolism of precerebral arteries 3 

  G640.00 Cerebral thrombosis 3 

  G640000 Cerebral infarction due to thrombosis of cerebral arteries 3 

  G641.00 Cerebral embolism 3 

  G641000 Cerebral infarction due to embolism of cerebral arteries 3 

  G641.11 Cerebral embolus 3 

  G64..12 Infarction - cerebral 3 

  G64..13 Stroke due to cerebral arterial occlusion 3 

  G64z.00 Cerebral infarction NOS 3 

  G64z000 Brainstem infarction 3 

  G64z.11 Brainstem infarction NOS 3 

  G64z111 Lateral medullary syndrome 3 

  G64z.12 Cerebellar infarction 3 

  G64z200 Left sided cerebral infarction 3 

  G64z300 Right sided cerebral infarction 3 

  G64z400 Infarction of basal ganglia 3 

  G66..00 Stroke and cerebrovascular accident unspecified 3 

  G661.00 Anterior cerebral artery syndrome 3 

  G66..11 CVA unspecified 3 

  G66..12 Stroke unspecified 3 

  G66..13 CVA - Cerebrovascular accident unspecified 3 

  G662.00 Posterior cerebral artery syndrome 3 

  G663.00 Brain stem stroke syndrome 3 

  G664.00 Cerebellar stroke syndrome 3 

  G665.00 Pure motor lacunar syndrome 3 

  G666.00 Pure sensory lacunar syndrome 3 

  G667.00 Left sided CVA 3 

  G668.00 Right sided CVA 3 

  G671.00 Generalised ischaemic cerebrovascular disease NOS 3 
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  G671000 Acute cerebrovascular insufficiency NOS 3 

  G671z00 Generalised ischaemic cerebrovascular disease NOS 3 

  G676000 Cereb infarct due cerebral venous thrombosis; nonpyogenic 3 

  G6W..00 Cereb infarct due unsp occlus/stenos precerebr arteries 3 

  G6X..00 Cerebrl infarctn due/unspcf occlusn or sten/cerebrl artrs 3 

  G70..00 Atherosclerosis 1 

  G700.00 Aortic atherosclerosis 1 

  G73..00 Other peripheral vascular disease 1 

  G73..12 Ischaemia of legs 1 

  G73y.00 Other specified peripheral vascular disease 1 

  G73yz00 Other specified peripheral vascular disease NOS 1 

  G73z.00 Peripheral vascular disease NOS 1 

  G73z000 Intermittent claudication 1 

  G73z011 Claudication 1 

  G73zz00 Peripheral vascular disease NOS 1 

  G742z00 Peripheral arterial embolism and thrombosis NOS 1 

  G74y300 Embolism and thrombosis of the iliac artery unspecified 1 

  G76z000 Iliac artery occlusion 1 

  Gyu3400 [X]Acute transmural myocardial infarction of unspecif site 2 

  Gyu3600 [X]Subsequent myocardial infarction of unspecified site 2 

  Gyu6200 [X]Other intracerebral haemorrhage 3 

  Gyu6300 [X]Cerebrl infarctn due/unspcf occlusn or sten/cerebrl artrs 3 

  Gyu6400 [X]Other cerebral infarction 3 

  Gyu6F00 [X]Intracerebral haemorrhage in hemisphere; unspecified 3 

  Gyu6G00 [X]Cereb infarct due unsp occlus/stenos precerebr arteries 3 

  Gyu7400 [X]Other specified peripheral vascular diseases 1 

  M271000 Ischaemic ulcer diabetic foot 4 

  R054300 [D]Widespread diabetic foot gangrene 4 

        

table to assesss diabetes 66Ao. Diabetes type 2 review    

  C1001 Diabetes mellitus, adult onset, no mention of complication    

  C1001 Maturity onset diabetes    

  C1001 Non-insulin dependent diabetes mellitus    

  C1011 Diabetes mellitus, adult onset, with ketoacidosis    

  C1021 Diabetes mellitus, adult onset, with hyperosmolar coma    

  C1031 Diabetes mellitus, adult onset, with ketoacidotic coma    

  C1041 Diabetes mellitus, adult onset, with renal manifestation    

  C1051 Diabetes mellitus, adult onset, + ophthalmic manifestation    

  C1061 Diabetes mellitus, adult onset, + neurological manifestation    

  C1071 Diabetes mellitus, adult, + peripheral circulatory disorder    

  C1072 Diabetes mellitus, adult with gangrene    

  C1074 NIDDM with peripheral circulatory disorder    

  C109. Non-insulin dependent diabetes mellitus    
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  C109. NIDDM - Non-insulin dependent diabetes mellitus    

  C109. Type 2 diabetes mellitus    

  C109. Type II diabetes mellitus    

  C1090 Non-insulin-dependent diabetes mellitus with renal comps    

  C1090 Type II diabetes mellitus with renal complications    

  C1090 Type 2 diabetes mellitus with renal complications    

  C1091 
Non-insulin-dependent diabetes mellitus with ophthalm 

comps  
  

  C1091 Type II diabetes mellitus with ophthalmic complications    

  C1091 Type 2 diabetes mellitus with ophthalmic complications    

  C1092 Non-insulin-dependent diabetes mellitus with neuro comps    

  C1092 Type II diabetes mellitus with neurological complications    

  C1092 Type 2 diabetes mellitus with neurological complications    

  C1093 Non-insulin-dependent diabetes mellitus with multiple comps    

  C1094 Non-insulin dependent diabetes mellitus with ulcer    

  C1094 Type II diabetes mellitus with ulcer    

  C1094 Type 2 diabetes mellitus with ulcer    

  C1095 Non-insulin dependent diabetes mellitus with gangrene    

  C1095 Type II diabetes mellitus with gangrene    

  C1095 Type 2 diabetes mellitus with gangrene    

  C1096 Non-insulin-dependent diabetes mellitus with retinopathy    

  C1096 Type II diabetes mellitus with retinopathy    

  C1096 Type 2 diabetes mellitus with retinopathy    

  C1097 Non-insulin dependant diabetes mellitus - poor control    

  C1097 Type II diabetes mellitus - poor control    

  C1097 Type 2 diabetes mellitus - poor control    

  C1099 
Non-insulin-dependent diabetes mellitus without 

complication  
  

  C109A 
Non-insulin dependent diabetes mellitus with 

mononeuropathy  
  

  C109A  Type II diabetes mellitus with mononeuropathy    

  C109B  Non-insulin dependent diabetes mellitus with polyneuropathy    

  C109B Type II diabetes mellitus with polyneuropathy    

  C109C Non-insulin dependent diabetes mellitus with nephropathy    

  C109C Type II diabetes mellitus with nephropathy    

  C109C Type 2 diabetes mellitus with nephropathy    

  C109D 
Non-insulin dependent diabetes mellitus with hypoglyca 

coma  
  

  C109D Type II diabetes mellitus with hypoglycaemic coma    

  C109D Type 2 diabetes mellitus with hypoglycaemic coma    

  C109E Non-insulin depend diabetes mellitus with diabetic cataract    

  C109E Type II diabetes mellitus with diabetic cataract    

  C109E Type 2 diabetes mellitus with diabetic cataract    

  C109F Non-insulin-dependent d m with peripheral angiopath    

  C109F Type II diabetes mellitus with peripheral angiopathy    
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  C109F Type 2 diabetes mellitus with peripheral angiopathy    

  C109G Non-insulin dependent diabetes mellitus with arthropathy    

  C109G Type II diabetes mellitus with arthropathy    

  C109G Type 2 diabetes mellitus with arthropathy    

  C109H Non-insulin dependent d m with neuropathic arthropathy    

  C109H Type II diabetes mellitus with neuropathic arthropathy    

  C109H Type 2 diabetes mellitus with neuropathic arthropathy    

  C109J Insulin treated Type 2 diabetes mellitus    

  C109J Insulin treated non-insulin dependent diabetes mellitus    

  C109J Insulin treated Type II diabetes mellitus    

  C109K Hyperosmolar non-ketotic state in type 2 diabetes mellitus    

  C10C. Maturity onset diabetes in youth    

  C10D. Diabetes mellitus autosomal dominant type 2    

  C10D. Maturity onset diabetes in youth type 2    

  C10F. Type 2 diabetes mellitus    

  C10F. Type II diabetes mellitus    

  C10F0 Type 2 diabetes mellitus with renal complications    

  C10F0 Type II diabetes mellitus with renal complications    

  C10F1 Type 2 diabetes mellitus with ophthalmic complications    

  C10F2 Type 2 diabetes mellitus with neurological complications    

  C10F2 Type II diabetes mellitus with neurological complications    

  C10F3 Type 2 diabetes mellitus with multiple complications    

  C10F3 Type II diabetes mellitus with multiple complications    

  C10F4 Type 2 diabetes mellitus with ulcer    

  C10F4  Type II diabetes mellitus with ulcer    

  C10F5 Type 2 diabetes mellitus with gangrene    

  C10F6 Type 2 diabetes mellitus with retinopathy    

  C10F6 Type II diabetes mellitus with retinopathy    

  C10F7 Type 2 diabetes mellitus - poor control    

  C10F7 Type II diabetes mellitus - poor control    

  C10F9 Type 2 diabetes mellitus without complication    

  C10F9 Type II diabetes mellitus without complication    

  C10FA Type 2 diabetes mellitus with mononeuropathy    

  C10FA Type II diabetes mellitus with mononeuropathy    

  C10FB  Type 2 diabetes mellitus with polyneuropathy    

  C10FB Type II diabetes mellitus with polyneuropathy    

  C10FC Type 2 diabetes mellitus with nephropathy    

  C10FD  Type 2 diabetes mellitus with hypoglycaemic coma    

  C10FD Type II diabetes mellitus with hypoglycaemic coma    

  C10FE Type 2 diabetes mellitus with diabetic cataract    

  C10FE Type II diabetes mellitus with diabetic cataract    

  C10FF Type 2 diabetes mellitus with peripheral angiopathy    

  C10FG  Type 2 diabetes mellitus with arthropathy    
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  C10FH Type 2 diabetes mellitus with neuropathic arthropathy    

  C10FJ Insulin treated Type 2 diabetes mellitus    

  C10FJ Insulin treated Type II diabetes mellitus    

  C10FK Hyperosmolar non-ketotic state in type 2 diabetes mellitus    

  C10FL Type 2 diabetes mellitus with persistent proteinuria    

  C10FL Type II diabetes mellitus with persistent proteinuria    

  C10FM  Type 2 diabetes mellitus with persistent microalbuminuria    

  C10FM  Type II diabetes mellitus with persistent microalbuminuria    

  C10FN Type 2 diabetes mellitus with ketoacidosis    

  C10FP Type 2 diabetes mellitus with ketoacidotic coma    

  C10FQ Type 2 diabetes mellitus with exudative maculopathy    

  C10FR Type 2 diabetes mellitus with gastroparesis    

  C10y1 Diabetes mellitus, adult, + other specified manifestation    

  C10z1 Diabetes mellitus, adult onset, + unspecified complication    

  L1806 Pre-existing diabetes mellitus, non-insulin-dependent    

  ZC2CA Dietary advice for type II diabetes   

        

table to assesss smoking 137..00 Tobacco consumption current smoker 

  1371 Never smoked tobacco never smoker 

  137..11 Smoker - amount smoked current smoker 

  1371.11 Non-smoker never smoker 

  1372 Trivial smoker - < 1 cig/day current smoker 

  1372.11 Occasional smoker current smoker 

  1373 Light smoker - 1-9 cigs/day current smoker 

  1374 Moderate smoker - 10-19 cigs/d current smoker 

  1375 Heavy smoker - 20-39 cigs/day current smoker 

  1376 Very heavy smoker - 40+cigs/d current smoker 

  1377 Ex-trivial smoker (<1/day) ex smoker 

  1378 Ex-light smoker (1-9/day) ex smoker 

  1379 Ex-moderate smoker (10-19/day) ex smoker 

  137a.00 Pipe tobacco consumption current smoker 

  137A.00 Ex-heavy smoker (20-39/day) ex smoker 

  137b.00 Ready to stop smoking current smoker 

  137B.00 Ex-very heavy smoker (40+/day) ex smoker 

  137c.00 Thinking about stopping smoking current smoker 

  137C.00 Keeps trying to stop smoking current smoker 

  137d.00 Not interested in stopping smoking current smoker 

  137D.00 Admitted tobacco cons untrue ? current smoker 

  137e.00 Smoking restarted current smoker 

  137E.00 Tobacco consumption unknown current smoker 

  137F.00 Ex-smoker - amount unknown ex smoker 

  137G.00 Trying to give up smoking current smoker 

  137H.00 Pipe smoker current smoker 

  137I.00 Passive smoker never smoker 

  137j.00 Ex-cigarette smoker ex smoker 
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  137J.00 Cigar smoker current smoker 

  137K.00 Stopped smoking ex smoker 

  137K000 Recently stopped smoking ex smoker 

  137l.00 Ex roll-up cigarette smoker ex smoker 

  137L.00 Current non-smoker never smoker 

  137m.00 Failed attempt to stop smoking current smoker 

  137M.00 Rolls own cigarettes current smoker 

  137N.00 Ex pipe smoker ex smoker 

  137O.00 Ex cigar smoker ex smoker 

  137P.00 Cigarette smoker current smoker 

  137P.11 Smoker current smoker 

  137Q.00 Smoking started current smoker 

  137Q.11 Smoking restarted current smoker 

  137R.00 Current smoker current smoker 

  137S.00 Ex smoker ex smoker 

  137T.00 Date ceased smoking ex smoker 

  137U.00 Not a passive smoker never smoker 

  137V.00 Smoking reduced current smoker 

  137W.00 Chews tobacco current smoker 

  137X.00 Cigarette consumption current smoker 

  137Y.00 Cigar consumption current smoker 

  137Z.00 Tobacco consumption NOS current smoker 

  8CAL.00 Smoking cessation advice current smoker 

  8H7i.00 Referral to smoking cessation advisor current smoker 

  8HkQ.00 Referral to NHS stop smoking service current smoker 

  8HTK.00 Referral to stop-smoking clinic current smoker 

  8IAj.00 Smoking cessation advice declined current smoker 

  9km..00 Ex-smoker annual review - enhanced services administration ex smoker 

  9km..11 Ex-smoker annual review ex smoker 

  9kn..00 Non-smoker annual review - enhanced services administration never smoker 

  9kn..11 Non-smoker annual review never smoker 

  9ko..00 Current smoker annual review - enhanced services admin current smoker 

  9ko..11 Current smoker annual review current smoker 

  9NS0200 Referral for smoking cessation service offered current smoker 

        

 

 

  



359 
 

Appendix 3 

 

 

Symptom scales derived from CRIS, used in Chapters 6 and 7
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Positive schizophreniform Negative schizophreniform Depressive 

Aggression  Anergia  Anergia 

Agitation  Anhedonia  Anhedonia 

Arousal  Apathy  Apathy 

Delusions  Blunted affect  Disturbed sleep 

Hallucinations Concrete thinking Diurnal variation 

Hallucinations (auditory) Emotional withdrawal Early morning wakening 

Hallucinations (OTG) Low energy Guilt 

Hallucinations (visual) Negative symptoms Helplessness 

Hostility Poor motivation Hopelessness 

Irritability Poverty of speech Insomnia 

Paranoia Poverty of thought Low energy 

Passivity Social withdrawal Poor appetite 

Persecutory ideation  Poor concentration 

Thought broadcast  Poor motivation 

Thought insertion  Poverty of speech 

Thought withdrawal  Poverty of thought 

  Social withdrawal 

  Suicidal ideation 

  Tearfulness 

  Weight loss 

  Worthlessness 
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Manic Disorganised Catatonic 

 Disturbed sleep  Circumstantiality  Echolalia 

 Elation  Derailment of speech  Mutism 

 Grandiosity  Flight of ideas  Stupor 

 Insomnia  Formal thought disorder  Waxy flexibility 

Irritability Loss of coherence  
Poor appetite Poor concentration  
Poor concentration Tangentiality  
Weight loss Thought block  

   

   

   

   

   

   

   

   

   

   

   

   

   

 


