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Abstract

Cardiovascular disease (CVD) is the leading cause of death amongst people with
severe mental illness (SMI) and drives substantial portion of the 15-20 year deficit in
life expectancy experienced by this group relative to the general population. Statins
form a core part of CVD prevention in the general population, but the evidence-base
for people with SMI is unclear. Evidence on the effectiveness of statins for primary
prevention of CVD was systematically searched but did not identify any studies
investigating CVD events or associated mortality in people with SMI; therefore
highlighting the need for studies on the long term impacts of statin prescribing. Two
analytical studies were undertaken using longitudinal data from The Health
Improvement Network (THIN) primary care database to investigate: 1) CVD
screening and statin prescribing in people with and without SMI and 2) to explore
the effectiveness of statins for CVD prevention in individuals with SMI. Collectively
the work has established that CVD screening and statin prescribing is increasingly
accessed by individuals with SMI at levels that are comparable to people without
similar mental health conditions. The results from this study provide the first
evidence that statin prescribing to people with SMI is associated with statistically
significant reductions in total cholesterol (of 1.2mmol/L for up to 2 years, p<0.001).
There were small non-significant reductions in the rate of combined Ml and stroke
(0.89; 95% CI; 0.68-1.15) and all-cause mortality 0.89 (95% CI; 0.78, 1.02). This
study provides evidence that statin prescribing to people with SMI may have a
magnitude of effectiveness that is broadly similar to the general population.
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Chapter 1 : Background

1 Chapter Content

Cardiovascular disease (CVD) is the leading cause of death amongst people with
severe mental illness (SMI) and contributes to the high burden of mortality and
morbidity experienced by this group. Statins form a core part of CVD primary
prevention in the general population, but the evidence-base for statin use amongst
people with SMI is unclear. The research outlined in this thesis therefore aims to
explore the effectiveness of statins for primary prevention of CVD amongst people
with SMI. This chapter introduces the concepts that are central to statin prescribing
for prevention of CVD amongst individuals with SMI. | define SMI and CVD and
describe the causes, epidemiology and management of these conditions in the
context of the United Kingdom (UK). | introduce the complex network of factors
(graphically represented in Figure 5-1) that drives the higher risk of CVD amongst
people with SMI and outline the role of statins for primary prevention of CVD. |
introduce the research aim of this thesis and outline the objectives addressed within

each chapter.

2 Introduction

SMI has been used in psychiatric literature to describe a collection of non-organic
psychoses including schizophrenia, schizoaffective disorder and bipolar disorder
that have both a long duration - often requiring life-long treatment - and devastating
personal implications (Ruggeri et al., 2000). SMI is usually first diagnosed in young
adulthood, and although many individuals recover, relapses can occur at any age
thus impacting upon long-term quality of life. The financial and societal costs of SMI
are high: figures for the UK suggest annual costs are currently £11.8 billion for
schizophrenia (Andrew et al., 2012) and £6.2 billion for bipolar disorder (McCrone et
al., 2008).

SMI is associated with substantially higher levels of physical comorbidity and
premature mortality than the general population. CVD, including myocardial
infarction (MI) and stroke, is the leading cause of death amongst people with SMI
and accounts for approximately one third (Brown et al., 2010) of the 13-30 year
deficit in life expectancy experienced by this group (Lahti et al., 2012;Tiihonen et al.,
2009;Hennekens et al., 2005;Colton and Manderscheid, 2006). The scale and cost
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of CVD amongst people with SMI highlights the need to find cost-effective strategies
for the primary prevention and management of CVD in this group of people.

3 Epidemiology of SMI

Introductory texts on schizophrenia and bipolar disorder often state that, on average,
1 in 100 people will develop SMI during their lifetime (Lawrie and Johnstone, 2014).
Although broadly correct, this statistic does not reflect the diverse and complex
epidemiology of the spectrum of conditions defined as SMI. SMI encompasses
clusters of non-organic psychoses (those with a psychiatric cause) that usually
present with features common to specific subgroups such as schizophrenia or
bipolar disorder. The incidence of SMI is associated with a wide range of factors
including genetics, age, gender, ethnicity, urbanicity, deprivation and living alone
(Kirkbride et al., 2012;Markham, 2012;Velakoulis et al., 2006). The most recent
meta-review estimated the incidence of non-organic psychosis to 31.7 per 100,000
person years amongst people aged 16-64 years in England between 1950 and 2009
(Kirkbride et al., 2012). However, the certainty with which these incidence rates can
be interpreted is limited by heterogeneity between studies (pooled results from eight
studies, P statistic = 0.97) and wide 95% confidence interval (CI) (24.6-40.9 per
100,000 person years) around the point estimate. A subset of these studies was
further analysed to estimate the incidence of specific psychoses, whichwas 15.2 per
100,000 person years (95% CI; 11.9-19.5) for schizophrenia and 5.3 per 100,000
person years for bipolar disorder (95% CI; 3.7-7.6) (Kirkbride et al., 2012).

3.1 Schizophrenia, schizo-affective disorder and associated

psychoses
3.1.1 Definition

Schizophrenia is a cluster of related disorders characterised by positive symptoms
of psychosis including delusion, hallucination or thought disorder. In addition,
negative symptoms such as social withdrawal, loss of motivation and flattening of
mood are usually present in individuals with schizophrenia (Semple and Smyth,
2011). There are two major classification systems for schizophrenia; the Diagnostic
and Statistical Manual of Mental Disorders fifth edition (DSM-V) and the
International Classification for Diseases version 10 (ICD-10). DSM-V and ICD-10
criteria for schizophrenia are not identical: however, both outline requirements for

the presence of positive and negative symptoms for a minimum of one month.
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3.1.2 Burden of disease and life-course

The first acute episode of schizophrenia most commonly presents in late
adolescence and often results in admission to secondary care, where a formal
diagnosis is made. The prognosis for schizophrenia is variable and related to factors
such as prompt diagnosis and intervention (Picchioni and Murray, 2007): over 80%
of individuals who experience a first episode of psychosis recover, but less than
20% will have no further episodes (Robinson et al., 1999). The age at which
schizophrenia first occurs varies, and is associated with gender, socioeconomic
status, ethnicity and environmental factors (Kirkbride et al., 2012;Markham,
2012;Velakoulis et al., 2006). Gender appears to be a particularly important
predictor of age at onset, with incidence generally declining with increasing age in
both sexes. Peak incidence of schizophrenia occurs in males aged 15-24 and
females aged 20-29 years, with some evidence of increased incidence in women
(but not men) after the age of 45 years (Hardoon et al., 2013;Markham,
2012;Kirkbride et al., 2012;Munk-Jorgensen, 1987;Hafner et al., 1991).

Late and very late onset schizophrenia are characterised by similar symptoms to
schizophrenia but have onset in older age. The minimum age for the first psychotic
episode of late or very late onset schizophrenia has been inconsistently defined in
the literature but generally centres on an age range of 40 to 60 years (Howard et al.,
2000). The symptoms associated with late onset schizophrenia are subtly different
to schizophrenia in younger patients and it is unclear if the two conditions are similar
in terms of their underlying aetiology. Symptoms of late onset schizophrenia and
dementia can be the same and it may take several years to obtain a firm diagnosis

for either condition (Howard et al., 2000).
3.1.3 Aetiology

The causes of schizophrenia are multifactorial and, at present, family history is the
strongest risk factor; suggesting a causal role for genetic and environmental factors
in tandem (Kendler et al., 1993;Cardno et al., 1999). A large humber of genetic
regions (also termed loci) are over-represented amongst people with schizophrenia
compared to those without mental illness, but no single region is strongly associated
with schizophrenia (Doherty et al.,, 2012;Craddock and Sklar, 2013;Sullivan et al.,
2012).

Environmental factors appear to play an important role, with stressful life events
often preceding the first signs of schizophrenia. Developing research has also

highlighted a myriad of other potential associations with schizophrenia. These
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include winter or spring season of birth, perinatal infection, birth and pregnancy
complications and prenatal starvation, which may subtly impair early brain
development (Morgan et al., 2011;Picchioni and Murray, 2007). It is also possible
that poorer childhood development - such as speech problems and lower
educational test scores — may be predictive of the development of schizophrenia in
adulthood (Jones et al., 1994).

The interaction between psychosocial, environmental and genetic factors are
important with a higher incidence of schizophrenia reported amongst some ethnic
groups, second generation migrants and living in an urban environment (McDonald
and Murray, 2000). Further factors, including cannabis use, social isolation, greater
deprivation and unemployment may reflect both the causes and consequences of
schizophrenia (Morgan et al.,, 2011;Picchioni and Murray, 2007). To date,
understanding of the aetiology of schizophrenia remains incomplete and no single
factor has been established as a universal cause (Walker et al., 2004;Picchioni and
Murray, 2007).

Further discussion of the potential confounders of the association between
schizophrenia and CVD is outlined later in section 5.

3.1.4 Management

UK guidelines for the management of schizophrenia have been developed by the
National Institute for Health and Clinical Excellence. These guidelines outline the
use of oral antipsychotics for treatment of the first psychotic episode and provision
of cognitive behavioural therapy or family therapy (National Institute for Health and
Clinical Excellence, 2009). Antipsychotic agents are most effective in reducing
positive symptoms of schizophrenia such as psychosis, but may also be used for
other medical conditions such as brain damage or toxic delirium (Joint Formulary
Committee, 2012). Antipsychotics often need to be taken for prolonged periods of
time, both for the purposes of maintenance and prevention of relapse in individuals
at risk of episodes of psychosis. Classification of antipsychotic agents is into first or
second generation groups: first generation antipsychotics (such as haloperidol,
flupentixol, zuclopenthixol and chlorpromazine (Joint Formulary Committee, 2012))
were first formulated in the 1950s. The predominant mode of action for first
generation antipsychotics is binding dopamine (D,) receptors in the brain, although
interaction with other receptors may also occur, which can induce unintended side

effects that present as movement disorders (termed extra pyramidal side-effects).
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Second generation antipsychotics (such as amisulpride, clozapine, olanzapine,
quetiapine, risperidone and aripiprazole) have a different binding profile to first
generation agents (including blocking serotonin neurotransmitters such as 5-HT,a)
and are associated with fewer extra pyramidal side-effects. However, second
generation antipsychotics are associated with a range of other unintentional
changes to lipid and glucose metabolism, and large increases in weight gain have
been attributed to these drugs (Citrome et al., 2011). In addition, some second
generation antipsychotics are implicated in cardiovascular side-effects including
malignant ventricular arrhythmia: national guidelines therefore recommend that an
electrocardiogram (ECG) is taken prior to initiating second generation antipsychotics
in patients who are considered at high risk of CVD (National Institute for Health and
Clinical Excellence, 2014c). The cardiovascular effects of antipsychotics, in
particular the impact on lipids, are described in further detail in section 5.3.

For patients who experience treatment failure with two or more different
antipsychotic agents, national guidelines recommend that psychological or
psychosocial interventions should be provided in combination with the antipsychotic

agent clozapine (National Institute for Health and Clinical Excellence, 2009).

3.2 Bipolar disorder and associated conditions

3.2.1 Definition

Bipolar disorder is a spectrum of conditions that is characterised by transition
between extreme elation (mania’lhypomania) and depressed mood: these mood
episodes may also be accompanied by symptoms of psychosis such as
hallucination or delusion. Bipolar disorder is a severe and long-term mental iliness
that can lead to substantial decline in social functioning and quality of life. As with
schizophrenia, DSM-V and the ICD-10 are the major classification systems for
bipolar disorder. ICD-10 criteria distinguish between episodes with mild/moderate or
severe depression in individuals with bipolar disorder, and the presence or absence
of mania and/or psychosis. Similarly, criteria for DSM-V outline at least two
categories of bipolar disorder (termed bipolar disorder | and 1), as well as
cyclothymia, which is characterised by lower grade mood cycling than bipolar
disorder | and Il. Bipolar disorder | and II differ in terms of the frequency and
magnitude of manic (predominant in bipolar 1) versus major depressive

(predominant in bipolar Il) episodes.
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3.2.2 Burden of disease and life-course

The lifetime risk of bipolar disorder is approximately 2%, although there is
substantial variation in estimated rates (Merikangas et al., 2007;Merikangas et al.,
2011). The age at which the symptoms of bipolar disorder most commonly begin is
between 15 and 24 years and typically before the age of 30 years (Hardoon et al.,
2013); although obtaining a firm diagnosis may take several years. According to a
national survey undertaken in the United States of America (USA) it takes an
average of 5 years to obtain a correct diagnosis of bipolar disorder from the first
onset of symptoms (Hirschfeld et al., 2003). There are conflicting views regarding
the relative prevalence of bipolar disorder by gender: either that bipolar disorder is
predominantly experienced by women or that there is no gender difference (Diflorio
and Jones, 2010). The prognosis for individuals with a diagnosis of bipolar disorder
is varied; intervals between episodes of illness may become shorter over time and —
amongst individuals who have been hospitalised for bipolar disorder — episodes may

account for an average of 20% of their lifetime thereafter (Angst and Sellaro, 2000).
3.2.3 Aetiology

The underlying biological mechanisms of bipolar disorder are poorly understood,
and a complex array of genetic and environmental factors appears to play a role in
the development and progression of bipolar disorder. There is now sufficient
evidence from genetic studies to conclude that some groups of related genes are
over-represented in people with bipolar disorder, but that bipolar disorder is not
caused by a single gene or gene cluster (Craddock and Sklar, 2013).

Negative life events and chronic stress appear to be triggers for the initial and
subsequent depressive episodes in bipolar disorder (Hillegers et al., 2004;Kim et al.,
2007). One possible mechanism through which these factors may act is via
disruption of sleep and circadian rhythm (Miklowitz and Johnson, 2009).
Additionally, individuals with bipolar disorder may be more sensitive to goal
attainment than people without bipolar disorder, and this response could potentially
contribute to the development of mania. In laboratory-based behavioural studies
goal pursuit was more strongly associated with excitement, and failed pursuit more
highly predictive of irritability and rage, amongst individuals with bipolar disorder
than controls (Miklowitz and Johnson, 2009).

Epidemiological studies provide mixed evidence on the association — or lack thereof
— between bipolar disorder and gender, urbanicity and/or season of birth (Kroon et

al., 2013;Lloyd et al., 2005). However, there is substantial evidence of an increased
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burden of bipolar disorder amongst individuals with non-white ethnicity, greater
deprivation, poor diet, greater numbers of sexual partners and individuals who are
physically inactive, smoke and use drugs or alcohol (Kroon et al., 2013;Lloyd et al.,
2005;Scott and Happell, 2011). These associations are likely to reflect both risk

factors for the development of bipolar disorder, and consequences of the condition.

Further discussion of the potential confounders of the association between bipolar

disorder and CVD is outlined later in Section 5.

3.2.4 Management

Recommendations for the management of bipolar disorder focus on the stabilisation
of acute mood episodes using separate treatment for mania and depression.
Treatment often also draws upon a selection of additional therapies including family
interventions and cognitive behavioural therapy to supplement pharmacological
treatment of bipolar disorder (National Institute for Health and Clinical Excellence,
2014a). In the UK, mania in patients with bipolar disorder may be managed
(treatment and/or prophylaxis) using; benzodiazapines (e.g. lorazepam),
antipsychotics (e.g. olanzapine, quetiapine and risperidone; as described in section
3.1.4 above), which can be given in combination with mood stabilisers (lithium,
valproic acid, carbamazepine or lamotrigine) if response to treatment is poor (Joint
Formulary Committee, 2012).

Management of depressive episodes may require the use of antidepressants such
as selective serotonin re-uptake inhibitors (SSRIs) (including fluoxetine) or tricyclic
and related antidepressants such as trazodone hydrochloride (Joint Formulary
Committee, 2012). However, the evidence-base underpinning the use of
antidepressants for treatment of bipolar-related depression is relatively weak
(Geddes and Miklowitz, 2013) and is further complicated by the potential for
inducing antidepressant-induced switches to mania (Sidor and MacQueen, 2012).
Even in patients who are given appropriate pharmacological interventions for bipolar
disorder, the effectiveness of current medication regimens is limited with one third of
patients responding to treatment in naturalistic studies (Judd et al., 2002;Judd et al.,
2005;Perlis et al., 2006;Geddes and Miklowitz, 2013).

At present, the biological mechanism underpinning bipolar disorder and the action of
pharmacological agents used in its treatment are poorly understood. Hypothyroidism
(associated with symptoms of tiredness and weight gain) is a possible side-effect of
lithium therapy and is particularly common in women with bipolar disorder, although

rates are raised in both sexes relative to the general population (Baldassano et al.,
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2005;Kupka et al., 2003;Johnston and Eagles, 1999). Lithium is also associated with
reduced kidney function (McKnight et al., 2012): for this reason renal monitoring is
an important aspect of safe clinical use and lithium therapy is avoided in individuals
with chronic kidney disease (CKD) (Kripalani et al., 2009). The association between
drugs used for treatment of bipolar disorder and cardiovascular risk is discussed
further in Section 5.3.

4 Epidemiology of CVD

4.1 Definition and background

CVD is the most common cause of adult death and morbidity across the globe and
is associated with a huge burden of preventable disease and vast financial costs
(WHO, 2007;Lozano et al., 2012). In the USA alone, CVD costs amounted to $172
billion in 2010 and are forecast to increase to $276 billion (a 61% increase) by 2030
(Heidenreich et al., 2011).

Atherosclerosis is a major cause of CVD including myocardial infarction (Ml) and
stroke. Atherosclerosis occurs through the deposition of cellular and lipid-based
substances on arterial walls, which accumulate to form plaques that gradually
become hardened over time, but may not cause any noticeable symptoms for
decades. Chronic inflammation and restriction or blockage of arteries are common
consequences of atherosclerosis and can result in CVD events (Hansson and
Hermansson, 2011). The stability of the plaque strongly influences the likelihood of a
CVD event occurring: greater stability is characterised by increased calcification,
increased smooth muscle cell density, less inflammation and a small lipid core.
Rupture of a plaque releases the lipid core into the bloodstream and initiates a
clotting cascade that may block or restrict blood flow. Blockage of arteries serving
the heart presents as unstable angina when blood flow is partially restricted or Ml if
blockage is complete (Toth and Maki, 2008). Restriction of blood flow to the brain
can occur due to blockage of blood vessels in the heart or of arteries supplying the
brain (ischaemic stroke) or due to rupture of blood vessels within the brain
(haemorrhagic stroke). Symptoms of stroke include muscle weakness or paralysis,
slurred speech and confusion: symptoms that subside within 24 hours are classed
as transient ischaemic attack (TIA) (McArthur et al., 2011).

Low and very low density lipoprotein cholesterol particles (LDL-C and VLDL-C,
respectively) facilitate the development of atherosclerosis. Lipoproteins are made up
of a cholesterol core that is solubilised in blood by apolipoprotein B and a

21



phospholipid membrane. Retention of LDL-C and VLDL-C particles in arterial walls
results in their oxidation, which triggers a complex immune response that promotes
plaque generation. High density lipoprotein-cholesterol particles (HDL-C) (for which
apolipoprotein Al is the major protein constituent) reduce the generation of plaque
by relocating cholesterol from cells in the arterial wall to the liver for excretion. The
quantity of HDL-C and LDL-C is correlated with apolipoprotein Al and B levels
(respectively): cholesterol fraction is therefore used as an indicator of apolipoprotein

concentration and the risk of atherosclerosis (Toth and Maki, 2008).

4.2 Epidemiology

The mechanisms driving CVD in the general population have been well studied, with
smoking (Mons et al., 2015), physical inactivity (Bassuk and Manson, 2005), poor
diet (de Souza et al., 2015;Strazzullo et al., 2009;Malik et al., 2010), obesity (Klein
et al., 2004) and high alcohol consumption (Ronksley et al., 2011) (Reynolds et al.,
2003) identified as the major modifiable risk factors that can be targeted to prevent
CVD events. Meta-analysis of data from large prospective studies of CVD and
mortality have established that dyslipidaemia is a key modifiable risk factor, with
Immol/L reductions in total cholesterol associated with a halving of mortality in
people aged 40-49 years and reductions of 17-33% amongst 50-89 year olds
(Lewington et al., 2007).

The INTERHEART case-control study provides a further indication of the magnitude
of association between maodifiable risk factors and Ml in thirty-thousand participants
recruited across 52 countries between 1999 and 2003. The results from this study
identified lipids as having the greatest population-attributable risk for Ml, with
elevated ratios of LDL-C to HDL-C accounting for half (49%) of global population-
attributable risk for MI. Similarly, smoking, psychosocial factors, abdominal obesity
and hypertension were found to be major causes of MI, accounting for 18-38% of
global population-attributable risk (Yusuf et al., 2004).

The presence of the metabolic syndrome is also strongly correlated with the
likelihood of having a CVD event. The metabolic syndrome may be defined as
having three or more of i) central obesity (a waist circumference including or
exceeding 88cm in women and 102cm in men), ii) triglyceride levels of 1.69mmol/L
or higher, iii) HDL-C of less than 1.03 or 1.29mmol/L (for men and women,
respectively), iv) blood pressure exceeding 130/85mmhg, v) fasting glucose levels of
=>5.56mmol/L or higher, or treatment for vi) dyslipidaemia, vii) hyperglycaemia or viii)

hypertension (Grundy et al., 2004). Some definitions may use body mass index
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(BMI) as a proxy for waist circumference (Mottillo et al., 2010). The risk of CVD is
over twice as high in people with the metabolic syndrome, compared to those
without: pooled results from 16 studies combining subtly different definitions for the
metabolic syndrome yielded a relative risk (RR) of 2.35 (95% CI: 2.02-2.73) (Mottillo
et al., 2010).

Risk factors for CVD are widely acknowledged to cluster and to act multiplicatively
on CVD risk (Jackson et al., 2005;Dawber et al., 1951). This knowledge has
promoted the use of multivariable risk prediction algorithms to estimate an
individual's absolute risk of future CVD events within a given timeframe. Such
algorithms are primarily derived from large scale cohort studies that collect data over
many decades to assess the contribution made by different types of factors to the
risk of having a CVD event (Conroy et al., 2003;de la Iglesia et al., 2011;Hippisley-
Cox et al., 2010;D'Agostino et al., 2008). One classic example is the Framingham
study, which was initiated in 1948 and continues to operate having enrolled in
excess of 10,000 participants across several cohorts. Data on a subset of 8,491
participants from the original Framingham cohort were used to develop algorithms
for estimating 10 year CVD risk using information on each participant’s age and sex,
blood pressure, smoking and diabetes status and either BMI or and cholesterol
concentration (D'Agostino et al.,, 2008): detailed information on the estimation of
CVD risk scores is outlined in Chapter 3, section 3.2.6. UK national guidance on
CVD prevention recommends that General Practitioners (GPs) use risk scores
similar to Framingham (including QRisk2, which is outlined in further detail in section
4.4) to identify individuals at high risk of CVD and to implement appropriate
measures to prevent the development of CVD (National Institute for Health and
Clinical Excellence, 2014b).

4.3 Burden of disease and life-course:

In the UK in 2006, the prevalence of CVD exceeded 2.2 million people including
over 1.2 million cases of M, at least 978,000 cases of stroke and 1.7 million people
were living with angina (Townsend et al., 2012). The incidence of Ml amongst British
men declined by 62% over a 25 year period (Hardoon et al., 2008) and mortality
from CVD has decreased by 50% (Townsend et al., 2012). Despite the substantial
decline in incidence, CVD is still a leading cause of death and accounted for 28% of
all deaths in England and Wales in 2013 (Office for National Statistics, 2014). CVD
is causally associated with a range of risk factors, for which age is the most
important: CVD events are rare in people under the age of 30 years (Anderson et

al., 1991;O'Flaherty et al., 2008).
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4.4 Prevention and management

Guidance for the UK recommends annual physical health checks for all people aged
40-74 years, which may include calculating a 10 year CVD risk score for the
individual and using this estimate to guide action to reduce CVD risk (Department of
Health, 2008). Initial action to manage CVD risk should aim to improve health
through measures such as increased physical activity, dietary control of sugar, salt
intake, lipid levels and smoking cessation. However, a pharmacological intervention
may be prescribed for individuals who are at greater risk of CVD, or for those who
have been unsuccessful in modifying their CVD risk through lifestyle changes alone
(National Institute for Health and Clinical Excellence, 2011;National Institute for
Health and Clinical Excellence, 2014b).

In the UK there are three major groups of pharmacological interventions for reducing
CVD risk. Statins, antihypertensives and nicotine replacement therapy are used for
lipid modification, lowering blood pressure and quitting smoking (respectively):
statins are the most commonly prescribed intervention for the prevention of CVD.
Statins lower blood cholesterol concentration by inhibiting the cholesterol
synthesising enzyme 3-hydroxy-3-methyl-glutaryl-coenzyme-A reductase (HMG-
CoA reductase) and promoting expression of LDL-C receptors, which bind and
thereby remove these lipoproteins from blood. In the general population, statins are
most frequently taken as a single daily dose and treatment is usually required for the
duration of a patient’s lifetime.

Statins have a generally good safety profile and there is a low frequency of adverse
events associated with their use. However, the side-effects most commonly
attributed to statins include gastro-intestinal symptoms, rash, headache and
generally feeling unwell (e.g. aches and fatigue): these effects are usually relatively
mild and transient but may be unpleasant enough to deter continued medication.
Further quantification of non-adherence to statin medication is outlined in Chapter 3
section 5.2.2. Less common but important side-effects of statins include increases in
liver transaminases (occurring in up to 1% of individuals) and myopathy (muscle
weakness; occurring in 0.2% of statin trial participants) (Bellosta et al., 2004). In
addition, statin use has been associated with increased risk of developing type II
diabetes, although the magnitude of risk is likely to be modest (Rajpathak et al.,
2009;Parker et al., 2015).

Randomised controlled trials (RCTs) have shown long term statin use to be a

clinically efficacious and cost-effective means of preventing CVD events in high risk
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people (Taylor et al., 2013). Until July 2014, the recommended threshold for
pharmacological intervention with statins - first line treatment with simvastatin - for
the general population (excluding individuals with familial hypercholesterolaemia)
was set at a risk score of 20% or higher. However, current guidelines have lowered
the risk threshold to 10% (National Institute for Health and Clinical Excellence,
2008b;National Institute for Health and Clinical Excellence, 2014b). In addition,
guidance now specifies that risk scores should be calculated using the QRisk2
algorithm (Hippisley-Cox et al., 2010;Hippisley-Cox et al., 2008) and suggests that
atorvastatin should be initiated in preference to other types of statins (National
Institute for Health and Clinical Excellence, 2014b). Additional detail on health policy
of relevance to statin prescribing for primary prevention in the UK is outlined at the
start of Chapter 5. Separate guidance is issued for adults with familial
hypercholesterolaemia, for which statin therapy may be initiated on the basis of lipid
or genetic testing (National Institute for Health and Clinical Excellence, 2008a).

5 CVDriskin peoplewith SMI

In the UK the risk of developing CVD is at least twofold higher in people with SMI
than the general population (Osborn et al., 2007a). CVD risk is both greater
amongst people with SMI and occurs at an earlier age than for the general
population, with the largest RR of CVD seen in adults aged less than 30 years of
age (Osborn et al., 2007a). Furthermore, people with SMI experience poorer CVD
outcomes, with associated mortality being approximately three times higher than the
general population (Lahti et al., 2012). The risk of CVD in people with SMl is driven
by a complex network of factors (Figure 5-1) that ultimately reflect the causes and
consequences that SMI has on social disadvantage, including social gradient,
stress, social exclusion and unemployment (World Health Organization, 2003).
These social and economic factors are adversely associated with maintaining a
healthy lifestyle and accessing healthcare, and influence markers of CVD risk that
are incorporated into the Framingham Risk score including lipid profile, BMI, blood
pressure and diabetes (De Hert et al., 2011b;De Hert et al., 2011a). Further detail
on the hypothesised directionality of effect for the main analysis undertaken in this
thesis is outlined in Chapter 3 (Figure 3-2).
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Figure 5-1: Graphical representation of the factors associated with CVD and its management in people with SMI
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5.1 Lipid profile

Of particular importance to this thesis is lipid profile as a marker of atherosclerosis and

CVD risk, and because LDL-C is the primary target for statin therapy.

Dyslipidaemia, defined as an abnormal level of lipids in the bloodstream, may be driven
by a range of factors such as genetics, diet, lack of exercise and obesity. In addition,
some second generation antipsychotics have been implicated in dyslipidaemia,
potentially resulting from interaction with the sterol regulatory binding elements that
control lipid synthesis (Ferno et al., 2005;Raeder et al., 2006;Nasrallah, 2008). These
determinants of dyslipidaemia and CVD risk are discussed in further detail for the

remainder of this chapter.

The clinical thresholds for dyslipidaemia (reflecting raised lipid levels) are often defined
as 2bmmol/L for total cholesterol and =3mmol/L for LDL-C (2005), although these
criteria are not universal. Dyslipidaemia is estimated to occur in approximately 63% of
the general population in the UK (Townsend et al., 2012), and is at comparable levels
amongst people with SMI: standardised mean difference of -0.10 (95% CI. -0.55,
0.36)(Osborn et al.,, 2008). However, individuals with SMI may have relatively lower
concentrations of HDL-C but higher concentrations of LDL-C fractions and this is
associated with an elevated risk of CVD (Meyer et al., 2008).

5.2 Other components of the Framingham score for CVD risk

52.1 BMI

Poorer diet, lower levels of physical activity in combination with the side-effects of
some types of psychotropic medication are associated with an increased risk of obesity
and weight gain in people with SMI. Antipsychotics are implicated in weight gain
through a range of mechanisms that can alter appetite (Baptista, 1999;Casey, 2005).
Second generation antipsychotics are most strongly associated with weight gain, with
differential increases by antipsychotic type: clozapine and olanzapine are generally
considered to lead to the greatest increases in weight, which may amount to a 6kg gain
over a 10 week period (Citrome et al., 2011).

Individuals with schizophrenia have been reported as having a 2.8 to 3.5 fold increased
risk of obesity (BMI =230mg/m?®) relative to people without SMI (Scott et al., 2008) and
appear to have an increased propensity for abdominal obesity that is irrespective of

treatment with antipsychotic agents (Ryan et al., 2004). By contrast, individuals with
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mood disorders have a 1.2-1.5 increased likelihood of obesity (Scott et al., 2008;Simon
et al., 2006;Petry et al., 2008). Weight gain is an important risk factor for CVD as it may
contribute to the development of abdominal obesity, which is a defining feature of the
metabolic syndrome and increases the likelihood of developing insulin resistance and

type Il diabetes.
5.2.2 Diabetes mellitus

The prevalence of type Il diabetes and insulin resistance is 1.7 (pooled RR 95% CI:
1.2-2.4) times higher amongst people with SMI than the general population (Osborn et
al., 2008), with a magnitude of risk that is associated with type of mental illness,
antipsychotic use and antipsychotic type (Lean and Pajonk, 2003;Wirshing et al.,
2002;Koro et al., 2002). Second generation antipsychotics are associated with a 20-
30% increased risk of diabetes relative to first generation drugs, and diabetes
outcomes are worst for people prescribed olanzapine or clozapine (Holt and Peveler,
2006;Smith et al., 2008;Treuer et al., 2009;Koller and Doraiswamy, 2002). However,
there is insufficient evidence to determine whether or not this relationship is truly causal
as antipsychotic use is associated with established risk factors for diabetes (Holt and
Peveler, 2006).

5.2.3 Smoking

Smoking is a well-established driver of premature mortality and physical morbidity
including Ml and stroke. Meta-analysis of international studies identified that the odds
ratio (OR) for smoking were over 3 times higher in women (OR 3.3 95% CI: 3.0-3.6)
and 7 times higher in men (OR 7.2 95% CI: 6.1-8.3) with schizophrenia, compared to
people without SMI (de Leon and Diaz, 2005). A large study estimated that mortality
was twice as high amongst people with schizophrenia who were smokers, compared to
those who did not smoke (Brown et al., 2010). In the same study, 70% of the excess
mortality from natural causes was attributed to smoking-related diseases amongst
people with schizophrenia: however, this may reflect a disproportionately high
prevalence of smoking (73%) within the cohort. Other studies examining the
prevalence of smoking have consistently reported rates that are higher amongst people
with SMI (ranging from 53% to 73%) than the general population, which is
approximately 24% across all ages (Townsend et al., 2012;Tran et al., 2009;Brown et
al., 2010). The proportion of individuals with SMI who smoke heavily (20-30 cigarettes
per day) is also greater than for the general population (Wiliams and Foulds,
2007;Williams and Ziedonis, 2004;Dixon et al., 2007). There is therefore a greater
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burden of smoking amongst individuals with SMI both in terms of the relative

abundance of smokers and the quantity consumed within a given timeframe.

There is evidence to suggest that smoking cessation with nicotine replacement
therapy, bupropion and group or individual therapy is effective in people with SMI
(Banham and Gilbody, 2010). However, smoking cessation rates amongst people with
SMI are approximately half that of the general population and it is unclear if this is due
to a lack of effective smoking cessation strategies, access to services or other barriers
(Williams and Foulds, 2007). At present, the cost-effectiveness of such strategies is

unknown and evaluation is ongoing (Peckham et al., 2015).

5.2.4 Systolic blood pressure

Hypertension is a risk factor for stroke and coronary heart disease (CHD) as well as
other conditions such as kidney failure. It has been estimated that every 10mmHg
decrease in systolic blood pressure is associated with a 25% decrease in CHD events
and a 30% reduction in stroke (Law et al., 2009). At present, estimates of the
proportion of people with schizophrenia who are hypertensive are imprecise, with some
studies suggesting high levels of untreated hypertension (34-50%) (Smith et al.,
2007;Daumit et al., 2008), but with little evidence of raised risk of hypertension relative
to the general population (pooled RR; 1.11, 95% CI: 0.91-1.35) (Osborn et al., 2008).

5.3 Psychiatric medication

Some types of antipsychotic drugs — particularly second generation agents — have
been implicated in weight gain, dyslipidaemia, the development of type Il diabetes and
are thereby associated with conventional risk factors for CVD (De Hert M. et al., 2012).
However, the causal link between antipsychotic agents and CVD events is less clear
cut. Some studies have identified evidence of increases in the risk of Ml (Brauer et al.,
2011;Brauer et al., 2015), amongst individuals prescribed antipsychotic medication;
particularly in the month after first initiation. Similarly, the risk of stroke appears to be
higher amongst individuals taking antipsychotic medication; especially in those with a
dementia diagnosis (Douglas and Smeeth, 2008). However, it is unclear whether this
increased CVD risk may be explained by changes in behaviour (such as smoking, illicit
drug use, sleep deprivation or unhealthy eating) that are attributed to acute episodes of
mental illness requiring pharmacological treatment, rather than a direct consequence of

the antipsychotic drug itself (Swain et al., 2015).

At present, there is no evidence to suggest a causal mechanism for CVD events and

antipsychotic agents that is independent of other known CVD risk factors (including
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dyslipidaemia, obesity and type Il diabetes). However, some types of antipsychotic
agents — particularly sertindole; which was withdrawn from the market in 1999 - have
been implicated in cardiotoxic effects that may result in higher incidence of
cardiomyopathy or myocarditis than the general population (Bagnall et al., 2003). There
is also some evidence that some types of antipsychotic drugs are associated with
higher rates of orthostatic (postural) hypotension especially in older individuals and
those on blood pressure medication (Muench and Hamer, 2010). Mood-stabilisers and
antidepressants are also known to be correlated with conventional CVD risk factors
such as weight gain, although there is no consistent evidence of a direct association
with CVD events (Correll et al., 2015;Douglas et al., 2011;McKnight et al., 2012).

5.4 Lifestyle factors

Amongst people with SMI, diet has been shown to be generally poorer than the general
population, although there is conflicting evidence to support whether this is driven by
income constraints or other factors such as a lack of knowledge about diet (Osborn et
al., 2007b;Roick et al., 2007;Samele et al., 2007;Fagiolini and Goracci, 2009). People
with SMI are more likely to have diets with significantly less fruit and fibre (Stokes and
Peet, 2004;Brown et al., 1999) but more saturated fat (Dipasquale et al., 2013) than
people without SMI and these dietary habits are associated with being overweight or
obese. Levels of physical activity are also lower amongst individuals with schizophrenia
than people without SMI (Roick et al., 2007;Daumit et al., 2005), with over one third of
individuals in one study reporting no physical activity in the past month (Daumit et al.,
2005).

5.5 Economic and social factors

Social and economic factors associated with both CVD and mental illness include
social support, income, employment and ethnicity (encompassing social factors such
as cultural identity, lifestyle and behavioural factors; as well as genetic factors (National
Research Council (US) Panel on Race Ethnicity and Health in Later Life, 2004)). The
primary mechanism through which these factors are likely to be associated with CVD is
through impacting upon health behaviours, such as smoking, diet, physical activity or
healthcare utilization (Hemingway and Marmot, 1999a;Hemingway and Marmot,
1999b). Given the breadth of social and economic factors and their wide-reaching
implications for CVD health it is perhaps not surprising that the relative contribution of
these factors has not been quantified for people with SMI. However, studies have

shown that some - but not all - of the disparity in CVD risk between people with and
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without SMI can be explained by specific socio-economic factors such as
unemployment (Osborn et al., 2006).

5.6 Comorbidity

People with SMI are also more likely to have other psychiatric comorbidities: with half
of individuals with schizophrenia receiving a lifetime diagnosis of substance abuse,
depression or anxiety disorders (Buckley et al., 2009). Similarly, depressive episodes
often form part of the diagnosis of bipolar disorder and may be indicative of a greater
risk of future relapses of acute illness (Perlis et al., 2006). Anxiety and substance
abuse are also associated with bipolar disorder (Krabbendam et al., 2004) and
individuals with either comorbidity experience poorer outcomes (Coryell et al.,
2012;Coryell et al.,, 2009). Schizophrenia and bipolar disorder are associated with
comorbid alcohol use: up to half of men and one third of women with a SMI may
develop an alcohol disorder (Frye et al., 2003;Hendrick et al., 2000;Drake and Mueser,
2002).

Individuals with SMI are at increased risk of a range of comorbid physical health
conditions including diabetes, arthritis, digestive disease and liver disease (Perron et
al., 2009;Dixon et al., 1999). One study used the Charlson Comorbidity Score
(Charlson et al., 1987) to summarise the level of physical morbidity amongst individuals
with schizophrenia or bipolar disorder - relative to individuals without psychiatric
healthcare contact - and found that comorbidity scores were approximately doubled
amongst people with SMI (Laursen et al., 2011). Much of the increased burden of
physical comorbidity is likely to stem from lifestyle, health behaviours and treatment
factors amongst individuals with SMI. For example, elevated levels of liver disease may
be attributable to viral hepatitis B or C infection, or alcohol induced liver damage, which
reflect higher levels of injecting drug and alcohol use amongst people with psychosis
(Frye et al., 2003;Hendrick et al., 2000;Grant et al., 2009).

5.7 Genetic factors

Genetic factors influencing comorbid physical health conditions and SMI are not well
characterised, however, there is a growing body of evidence that people with SMI may
be more susceptible to molecular changes associated with somatic comorbidity and
premature mortality. Examples include reduced telomere length, which is associated
with physical conditions such as diabetes and hypertension that may ultimately
contribute to premature death (Fernandez-Egea et al., 2009). Furthermore, at least ten

genetic regions are implicated in both CVD and schizophrenia; indicating that these
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genes may play a causal role in both conditions (Andreassen et al., 2013;Hansen et al.,
2011).

5.8 Healthcare Factors

Provision of health services for people with SMI may also contribute to poorer
management of CVD (De Hert et al.,, 2011a). Care pathways for people with SMI are
complex and necessitate access to both physical and mental healthcare services,
which are often geographically and organisationally separated (Reilly et al.,
2012;Prince et al., 2007). Furthermore, physical health needs of patients at risk of CVD
may be overlooked or delayed for a range of reasons including prioritisation of mental
health treatment, lack of awareness about physical health in people with SMI and a
paucity of services providing physical healthcare (Smith et al., 2013;Buhagiar et al.,
2011;Shuel et al., 2010). This phenomenon — termed diagnostic overshadowing —
describes the process through which people with mental illness receive sub-optimal
care because their physical symptoms are misattributed to their mental illness, or the
physician focuses their time with them on management of their mental illness and
misses opportunities for preventative physical health care (Jones et al.,, 2008).
Although little is known about the provision of healthcare for primary prevention of
CVD, there is evidence that medications for physical illness are at less frequently
prescribed to people with SMI (pooled OR 0.74 (95% CI; 0.63-0.86)): this disparity is
largely accounted for by CVD drugs, including statins (OR of 0.61 (95% CI; 0.39-0.94))
(Mitchell et al., 2012).

6 Managementof CVDin peoplewith SMI

The National Institute for Health and Clinical Excellence has recognised the need for
improved management of CVD in people with SMI and recommends that CVD and
metabolic indicators should be routinely monitored (National Institute for Health and
Clinical Excellence, 2014c;National Institute for Health and Clinical Excellence, 2014a).
These indicators should be used in conjunction with guidance for the general
population on managing CVD risk and lipid modification, although it is acknowledged
that CVD risk is underestimated by standard risk scores for people with SMI (National
Institute for Health and Clinical Excellence, 2014b). Statin therapy for primary
prevention of CVD is recommended for people with SMI on the same basis as the
general population: however, the evidence-base for this patient group is weak (an

evaluation of the evidence-base is outlined in Chapter 2).
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7 Context

The work described in this thesis forms part of PRIMROSE (Prediction and
Management of CVD Risk for People with SMI), a five year National Institute for Health
Research funded programme to improve CVD risk management in people with SMI in
primary care. PRIMROSE is establishing the evidence-base needed to design,
implement and assess the clinical- and cost-effectiveness of a new package of care to
prevent CVD in people with SMI. This package of care aims to promote behaviour
change to support both pharmacological and lifestyle modification to manage CVD risk
and therefore comprises a raft of interventions related to medication adherence,

physical activity, smoking cessation and diet.
8 Summaryand scopeofthisthesis

In the general population, CVD risk is associated with economic and social factors that
reflect high levels of inactivity, poor diet, smoking, excessive drinking and diabetes.
These risk factors are particularly prevalent amongst people with SMI and appear to
explain much of the additional burden of CVD in this population. Furthermore,
prolonged exposure to antipsychotic drugs is implicated in weight gain and changes in
lipid and glucose metabolism, which may contribute to the development of type I
diabetes. There is some evidence that people with SMI may have reduced access to
CVD prevention services. Mortality and morbidity rates following CVD are also much
higher amongst people with SMI, thus highlighting the importance of understanding the
extent to which provision of measures to prevent primary CVD meets the needs of this

patient group.

Statins are the most common pharmacological intervention for managing CVD risk and
are cost-effective for preventing CVD in high risk people in the general population.

However, the evidence-base for statin use in people with SMI is unclear.
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9 Researchaimsand objectives

This thesis aims to explore the effectiveness of statins for primary prevention of CVD in

people with SMI by addressing the following objectives:

1. Evaluate the evidence-base for statin prescribing for prevention of CVD in
people with SMI (Chapter 2)

2. Describe the strengths and limitations of using UK primary care data to
investigate the impact of statin prescribing on CVD in people with SMI

(Chapter 3)

3. Explore methods to reduce confounding and handle missing data to support
estimates of effectiveness derived from primary care data (Chapter 4)

4. Investigate the uptake of CVD screening and statin prescribing in UK
primary care amongst people with and without SMI (Chapter 5)

5. Estimate the effectiveness of statin prescribing in UK primary care for
prevention of CVD in people with SMI (Chapter 6)

6. Discuss the collective interpretation of the findings from these objectives
and their significance in terms of policy, practice and research (Chapter 7)

34



Chapter 2 : Systematic review of the effectiveness of
statins for the primary prevention of CVD in
individuals with SMI

1 Chapter Content

Evidence from randomised controlled trials (RCTs) has shown prevention of
cardiovascular disease (CVD) with statins to be cost-effective for high risk individuals in
the general population. However, the risk of CVD is two-to-threefold higher amongst
individuals with SMI and patterns of statin medication adherence and exposure to
antipsychotic drugs may differ amongst people with SMI relative to trial participants: the
effectiveness of statin therapy is therefore unclear for this group. This chapter initially
describes the rationale for investigating the effectiveness of statin therapy in people
with SMI with respect to effectiveness for primary prevention of CVD in the general
population. The chapter then identifies evidence on the effectiveness of statins at
primary prevention of CVD in people with SMI by systematically searching literature
and trials databases for studies evaluating the impact of statins on CVD events,
estimated CVD risk or changes in lipid levels. | describe the methods used for
undertaking the search, evaluate the quality of the studies identified and summarise the
results. The strengths and limitations of the search strategy are considered and the
implications of the results for the objectives of the subsequent planned work, regarding
statins in people with SMI are outlined.

This work was peer-reviewed and subsequently accepted for a short oral presentation
at the UK Society of Academic Primary Care (SAPC) annual conference (July 2014 -
Edinburgh). The associated abstract is outlined in the appendix; section 18.

2 Rationaleforinvestigating the effectiveness of statins for
primary prevention of CVD in people with SMI

A recent systematic review evaluating the effectiveness of interventions for primary
prevention of CVD risk in people with SMI highlighted the lack of evidence for lipid
modification for this group (Gierisch et al., 2014). Statin therapy potentially offers an
effective means of managing CVD risk in people with SMI and is particularly important

given the absence of evidence on viable alternatives to manage dyslipidaemia.
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2.1 Evidence-base for statin prescribing for primary prevention of CVD in

the general population

RCTs have shown statins to be effective for primary prevention of CVD (Taylor et al.,
2013). Meta-analysis of data on 56,934 participants identified from 18 RCTs produced
a rate ratio of 0.75 and 95% confidence interval (Cl) of 0.70-0.81, suggesting a 25%
reduction in the frequency of combined fatal and non-fatal CVD events in individuals
who were randomised to receive a statin. From the same study, the rate ratios for
combined fatal and non-fatal coronary heart disease (CHD) were 0.73 (0.67-0.80) and
0.86 (0.79-0.94) for all-cause mortality, all suggesting a protective effect of statin
therapy (Taylor et al., 2013).

Observational studies (outlined in greater detail in Chapter 4) have also investigated
the impact of statin prescribing for primary prevention of CVD and have identified effect
estimates that are compatible with RCTs of statins (Heart Protection Study
Collaborative Group, 2002). Fully adjusted hazard ratios (HRs) for first myocardial
infarction (Ml) were 0.87 (0.77-0.98), first stroke; 0.86 (0.77-0.96) and all-cause
mortality; 0.79 (0.75-0.83) amongst a cohort of individuals with a diagnosis of
atherosclerosis (Smeeth et al., 2009) and thus confirm the effectiveness of statins in

clinical practice.

2.2 To what extent does the evidence-base for statin use in randomised

trials reflect the effectiveness in people with SMI?

Although there is strong evidence from randomised studies that statins are effective for
primary prevention of CVD events within trial populations, statins may have a different
level of effectiveness when prescribed to people with SMI because this population is
likely to differ in terms of CVD risk profile, medication adherence and antipsychotic

exposure.

Studies that contributed half of the total study population (50%; n=28,390) for the most
recent meta-analysis of statins for primary prevention of CVD (Taylor et al., 2013)
explicitly excluded participants with psychological conditions (Ridker, 2003;Heart
Protection Study Collaborative Group, 2002;Shepherd et al.,, 1995). In addition, a
further 20% (n=10,797) of the total meta-analysis study population was obtained from
studies that excluded individuals who were perceived as less likely to be compliant with
treatment (Beishuizen et al., 2005Nakamura et al., 2006;Knopp et al,
2006;Baldassarre et al., 2000). Together these studies account for the majority (69%)
of observations included in the meta-analysis, meaning that the effect estimates
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derived from the meta-analysis may not accurately reflect the effectiveness of statins
administered to people with SMI.

Direct comparison of the characteristics of individuals with SMI and people enrolled into
statins trials has not been undertaken: however, the relative risk (RR) of CVD events is
two-to-threefold higher amongst people with SMI than those without SMI (Osborn et al.,
2007a). Furthermore, medication adherence may be different for individuals with SMI:
estimates specific to statin medication or people with psychosis are not known,
however, mental illness is more generally associated with poorer medication
adherence (Osterberg and Blaschke, 2005;Maningat et al., 2013;Ruokoniemi et al.,
2014).

In addition, in vitro studies indicate that some antipsychotic agents interact with
transcription factors for sterol regulatory element-binding proteins (SREBP) (Ferno et
al., 2005). SREBP proteins are responsible for activating several genes that encode
enzymes for cholesterol and fatty acid synthesis (including HMG-CoA reductase, which
is the primary binding site for statins) (Horton et al., 2002). Antipsychotic and SREBP
interaction appears to result in increased cholesterol concentration and could therefore
counteract the cholesterol-lowering action of statins. The degree of interaction between
the antipsychotic and SREBP transcription factors varies by the type of drug and
appears to be more strongly correlated with agents such as clozapine, which are

associated with weight gain (Raeder et al., 2006;Nasrallah, 2008).

3 Aims

This review aims to identify evidence on the effectiveness of statins at preventing CVD
in people with SMI. | seek to evaluate the impact on CVD risk reduction that is
attributable to the administration of statins in a statin-naive population (i.e. individuals
for whom statin therapy is being newly administered) with SMI by measuring CVD
events, estimated CVD risk or changes in lipid levels. The Cochrane Handbook (The
Cochrane Collaboration, 2011) was used for methodological guidance, and the
research question is considered within the standard framework of target population,
intervention, comparison and outcome measures (PICO). The protocol for this review is
registered on PROSPERO (ID: CRD42014009589).
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4 Methods

4.1 Population, Intervention, Comparison and Outcome (PICO) criteria

Population: people with SMI (primarily schizophrenia or bipolar
disorder), who do not have a diagnosis of CVD and who are statin-naive
Intervention: being prescribed statin medication

Comparison: statin-naive individuals with SMI who are not prescribed a
statin and do not have a CVD diagnosis

Outcome: incidence of CVD events, CVD risk (derived using standard
calculations) / or lipid levels (i.e. total cholesterol, high density
lipoprotein-cholesterol (HDL-C), low density lipoprotein-cholesterol
(LDL-C) or triglycerides)

In addition, | applied the following eligibility criteria to assist with screening citations

identified through the search.

Inclusion criteria

People with a SMI diagnosis (in any care setting): defined as
schizophrenia, bipolar disorder and non-organic psychosis

Studies evaluating statin treatment (i.e. any drug classed as a statin,
taken orally at any dose and treatment duration)

Any of the following outcomes; mortality, CVD events (fatal or non-fatal),
lipid concentration or estimated CVD risk

Exclusion criteria

V.

People with a diagnosis of non-psychotic mental illness (only), such as
severe depression

People with a prior diagnosis of CVD, or who have current or very
recent exposure to statins

4.2 Overarching search strategy and methodology

| carried out an independent systematic search of the literature and trials registries and

used work developed as part of the PRIMROSE programme to inform the selection of

search terms and evaluate my search strategy. The process of developing the literature

and trials search strategy is outlined in Figure 4-1. My search strategy adapted the

PRIMROSE search for CVD risk interventions in people with SMI to focus on statins
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(Atkins et al., 2013). This strategy was further developed through discussion with an
Information Scientist at the Royal Free Hospital Medical Library, and | additionally
searched NHS Evidence as well as MedLine, Psycinfo, EMBASE and CINAHL, to
ensure coverage of a broad selection of scientific and health disciplines. | also

searched for registered trials across a range of registry databases.
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Figure 4-1: Development process for searching for literature and trials on the effectiveness of statins for primary prevention of CVDin

people with SMI
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4.3 Searching for literature

Three key search domains were derived from the research question: 1) CVD risk; 2)
statins; and 3) SMI. Synonyms and related words were established for each domain,
and these were mapped to appropriate medical subject headings for searching via the
Ovid (MedLine, Psycinfo and EMBASE) or CINAHL interfaces. The search tailored

terms for each of the databases are outlined in the appendix; section 17.

Table 4-1: Research question domains and terms used for searching the
literature

Domain Synonyms/related Subject heading term Free-text
terms (exploded)
CVvD “cardiovascular diseases” | cardio*
Cholesterol Cholesterol cholesterol*
Effectiveness | Lipids Lipids lipia*
(on risk of CVD) | pyslipidaemia Dyslipidemias
Hyperlipidaemia Hyperlipidemias metabolic*
Metabolic syndrome “Metabolic Syndrome X’
Statin / *statin statin* OR
Statins Hydroxymethylglutaryl- “Hydroxymethylglutgryl- Hydroxymethylglutaryl
cardio*CoA Reductase | COA Reductase Inhibitors” | -CoA Reductase
Inhibitors Inhibitor*
Bipolar disorder “Bipolar Disorder” Bipolar OR mani* OR
. . : : manic* Or hypomani*
Schizophrenia Schizophrenia OR psychotic OR
Psychotic disorders “Psychotic Disorders” postpsychotic OR
SMI “post psychotic” OR
“rapid cycling” OR
Antipsychotic agents “Antipsychotic Agents” schizoaffective OR
psychosis OR
psychoses

The Ovid or CINAHL interfaces allow users to identify subject headings and build up
complex searches that can also include free-text. By contrast, NHS Evidence is
searched using only free-text (similar to search engines such as Google) and the
number of hits therefore tends to be larger.

4.3.1 Developingthe initial search strategy

The search strategy mapped each of the three search domains to key search
headings. The resulting subject headings were then combined into a single domain
using the Boolean operator ‘OR’. Searches were undertaken i) separately for each

domain, ii) in combination with each other domain (using ‘AND’), and lastly iii) in
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combination with all other domains (using ‘AND’). The original systematic review
search undertaken for PRIMROSE did not identify any RCTs of statins that recruited
people with SMI: however, the search did find four non-randomised studies (Ojala et
al., 2008;Landry et al., 2008;Hanssens et al., 2007;De Hert M. et al., 2006) that were
relevant in terms of subject area. These four studies helped validate how well my

search strategy was performing and to further develop the search.
4.3.1.1 *“Exploding” search terms

Comparison of the subject heading terms for the four non-randomised studies and my
initial search strategy confirmed that my selection of subject headings was
comprehensive in terms of subject matter, but also highlighted a need to capture
articles that were indexed to lower level subheadings without being linked to the root
subject heading. This problem was overcome by ‘exploding’ each subject heading
term: for example one paper (Landry et al., 2008) was indexed to the term ‘pravastatin’,
but not ‘Hydroxymethylglutaryl-CoA Reductase Inhibitors’. Exploding the overarching
subject heading term ‘Hydroxymethylglutaryl-CoA Reductase Inhibitors’ therefore
enabled the search to capture articles indexed only to named statins.

4.3.1.2 Adding free text and wildcard terms

Although subject headings should ultimately be assigned to all papers in MedLine,
Psycinfo, EMBASE and CINAHL, there is often a delay between the paper entering the
database and being indexed. | therefore modified the strategy to include free-text
search terms with the aim of capturing newer articles that had not yet been indexed.
Wildcards - single or multiple letter variations or truncations (for example, “mani*” will
retrieve all terms that start with “mani”; including mania and manic) - were included as

free-text terms to further reduce the likelihood of missing relevant publications.

4.4 Searching for registered clinical trials

| searched the following trials registries for relevant articles:

- Cochrane Central Register of Controlled Trials (CENTRAL)

- International Standard RCT Number Register

- ClinicalTrials.gov (US National Institutes of Health service)

- UK National Institute for Health Research Register (NRR archive)
- UK Clinical Research Network study portfolio database (UKCRN)
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These registries were searched using the terms: 1) schizophrenia AND statin; 2)
bipolar AND statin; 3) “SMI” AND statin.

4.5 Updating the review

| updated the results sections of this review in September 2014 to capture information
that had not been published at the time of the original literature search (in April 2013).
Publications identified as a result of this update are outlined in section 6.

5 Screeningliterature and registeredtrials identified from the

systematic review search

5.1 Literature search

The number of articles yielded by each stage of the searches in MedLine, Psychinfo,
EMBASE, CINAHL and NHS Evidence is outlined in Table 5-1. The final searches
conducted in MedLine, Psycinfo, CINAHL and EMBASE retrieved 41, 15 and 72 and
1779 hits, respectively.

The number of articles retrieved by NHS Evidence was large (820) and included a
substantial volume of material that was not primary research (including clinical
guidelines and reviews): | therefore decided (after seeking further guidance from the
Information Scientist) to filter on information type to include only ‘primary research’.
This decision is justified by the research question, which aims to identify evidence from
RCTs or other study designs. After excluding articles that were not primary research,
the search conducted in NHS Evidence yielded 56 articles.
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Table 5-1: Numbers of articles retrieved by searching MedLine, Psychinfo,
EMBASE, CINAHL and NHS Evidence

No. of articles retrieved (to 10" April 2013)
Domain/s MedLine Psyclnfo Embase CINAHL NHS
Evidence
1) 3,160,683 77,844 4,221,556 414,566 53,663
2) 33,736 3,638 96,215 10,076 9,166
3) 252,098 151,892 399,620 34,258 11,373
1+2) 26,696 569 78,629 9,419 6,065
1+3) 24,099 4,933 2,918 2,923 5,043
2+3) 97 116 62,830 79 1,105
1+2+3) 820
41 15 1,799 72
FINAL 56"
No. unique 1,965
references

* 1+ 2 + 3 + information type =‘primary research’

All references were imported into Reference Manager (version 12) and | identified
duplicates (articles with the same title, authors and journal citation) by manual review of
the database as the in-built duplicate search function was overly sensitive to minor
differences in spelling and punctuation. A total of 1965 unique references were
identified by searching MedLine, Psychinfo, EMBASE, CINAHL and NHS Evidence.

Two separate copies of the Reference Manager databases were used to independently
screen and identify articles meeting the PICO criteria. The screening process was
undertaken independently by myself and another researcher (George Salaminios
Research Assistant, UCL Division of Psychiatry), and our selection of ‘relevant’ articles
was compared to identify studies for inclusion in the review. We planned in advance to
resolve any discrepancy in our selection of relevant trials through further review and

discussion: in the event of hon-resolution, a third reviewer would cast the deciding vote.

There were no RCTs evaluating the effectiveness of statins in people with SMI and
only the four key papers (De Hert M. et al., 2006;Hanssens et al., 2007;0jala et al.,
2008;Landry et al., 2008) were identified as relevant. The screening process for the
literature searches is shown in Figure 5-1: comparison of the independently assessed

literature showed that there was total concordance between the reviewers.
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Figure 5-1: PRISMA diagram of the results for the literature search citations
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5.1.1.1 Cross-referencing the search results against the four key papers

As an additional check that the adapted search strategy was correctly specified, |

crossed-referenced the results of each of the searches undertaken in the five

databases with the four studies that had previously been identified (Table 5-2): all four

studies were retrieved from MedLine and EMBASE when the three components of the

research question were included as search terms. The search undertaken in Psycinfo

yielded three of the four key references: the fourth reference (Landry et al.) was not

captured because the keywords for this paper did not include ‘statin’ (or a synonym).

Instead, this paper was indexed to the search term ‘drug therapy’, which presumably

reflects the range of lipid-lowering medications investigated by the study. None of the

key references were held in either CINAHL or NHS Evidence, and therefore could not

be captured by these searches.

Table 5-2: The number of key references that were retrieved using each of the

databases
Database Number of key references retrieved
MedLine 4
Psycinfo 3*
Embase 4
CINAHL N/A (key references were not available via CINAHL)

NHS Evidence N/A (key references were not available via NHS evidence)

*Landry et al. was not retrieved because the keywords for this paper did not include
statin (or a synonym)
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5.2 Registered trials

A total of 29 unique trials were identified: the number of trials captured by each of the

trial registries is outlined in Table 5-3. The searches conducted were simplistic and, as

the number of results retrieved was small, it was not necessary to apply additional

filters or search terms.

Table 5-3: Numbers of trials retrieved by searching CENTRAL, Controlled trials,

Clinical trials and NRR archive Trial Registries

Controlled

Clinical

NRR

Search terms CENTRAL trials trials archive UKCRN
schizophrenia AND
Statin 1 12 11 0 1
bipolar AND statin 2 1
“SMI” AND statin 0 5 0 5 1
Number_ of unique 1 20 11 > 1
trials
Total unique trials 29

Details of registered clinical trials were compiled into a spreadsheet and vetted against

the PICO criteria for eligibility. The Principal Investigator (or other named primary

contact) was contacted for all trials where the description appeared to be relevant or

where the relevance was unclear. Investigators were asked for details of any

publications or results, and also if they were aware of any other statins trials in people

with SMI. The screening process for the trials registry searches is shown in Figure 5-2.
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Figure 5-2: PRISMA diagram of the results for the trials registry citations
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The literature search identified four key references. Two of these papers (Hanssens et

al., 2007;De Hert M. et al., 2006) were developed by the same team and some patients
were included in the study population for both papers. A summary of the studies,
results and an appraisal of their quality is outlined in Table 6-1 and Table 6-2,

respectively, and discussed in greater depth in the following text. Key results from

these studies are outlined in Table 6-3.
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Table 6-1:

Summary of published literature investigating the effectiveness of statins in people with SMI

Author Study Methods Participants Intervention/Exposure | Comparison Outcomes Follow Risk of bias
design and up
time period
Landry Single-arm Review of routinely 9 adult outpatients Lipid lowering None Total Variable: | No
(2008) retrospective | collected clinical data and inpatients with medication (pravastatin, cholesterol, mean = comparison
cohort including lipid levels. hospital pharmacy atorvastatin, fenofibrate, LDL-C, HDL- 4.4 (+3.6) | arm. Small
Changes in the lipid records indicating gemfibrozil or lovastatin) C, triglyceride | years sample size.
(time period parameters recorded in concor_nitant use of concentration In_dividuals
not outlined) |nd|v_|d_uals v_vho had cIoz_apme (fqr W|t_h pre-
dyslipidaemia recorded | schizophrenia) and existing CVD
after clozapine lipid-lowering drugs. or a prior
treatment: differences Lipid lowering drugs statin
were assessed using a | were initiated after prescription
paired t-test. clozapine use. were not
excluded.
Landry Single-arm Review of routinely 9 adult outpatients Lipid lowering None Total Variable: | No
(2008) retrospective | collected clinical data and inpatients with medication (pravastatin, cholesterol, mean = comparison
cohort including lipid levels. hospital pharmacy atorvastatin, fenofibrate, LDL-C, HDL- 4.4 (£3.6) | arm. Small
Changes in the lipid records indicating gemfibrozil or lovastatin) C, triglyceride | years sample size.
. . parameters recorded in | concomitant use of concentration Individuals
(time period A ) .
not outlined) |nd|v_|d_uals v_vho had cIoz_apme (fqr W|t_h pre-
dyslipidaemia recorded | schizophrenia) and existing CvD
before clozapine lipid-lowering drugs. or a prior
treatment: differences Lipid lowering drugs statin
were assessed using a | were initiated before prescription
paired t-test. clozapine use. were not
excluded.
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Author Study Methods Participants Intervention/Exposure | Comparison Outcomes Follow Risk of bias
design and up
time period
Ojala Single-arm Review of hospital 28 adult inpatients Statin treatment None Total Variable: | No
(2008) retrospective | inpatient case notes at a Finnish state (primarily atorvastatin) cholesterol, mean = comparison
cohort including laboratory mental hospital who LDL-C, HDL- 31 days arm. Small
data from routine had continuous C, triglyceride | (£10), sample size.
(1St January annual healt.h screens. segond genferation concentration | range = Inplividuals
2002 — 31° Differences in the lipid antipsychotic use, 14-56 with pre-
May 2004) parameters recorded used statins as sole days existing CVD
before and after statin lipid modifiers, and or a prior
treatment were had available data statin
assessed using a on lipid profiles at prescription
paired t-test. baseline and follow were not
up. Most patients explicitly
(26 of 28) had a excluded.

diagnosis of
schizophrenia.
100% of participants
were male.

49




Author Study Methods Participants Intervention/Exposure | Comparison Outcomes Follow Risk of bias
design and up
time period
Hanssens | Prospective All participants had a 46 adult outpatients | Statin treatment (10mg None Total 3 months | No
(2007) cohort study | full fasting laboratory and inpatients at a rosuvastatin, atorvastatin cholesterol, comparison
(with no screen, clinical Belgian hospital who | and pravastatin) plus LDL-C, HDL- arm. Small
comparison assessment, had a schizophrenia | dietary advice at C, triglyceride sample size.
group) electrocardiogram and or schizoaffective baseline concentration Individuals
oral glucose tolerance disorder diagnosis with pre-
test at three months and were either existing CVD
(from before baseli bl dicati i
November efore baseline, stable on medication or a prior
baseline (when statin for >9 months or statin
2003) e -
therapy was initiated) newly started on an prescription
and at three months. antipsychotic. To be were not
The study was eligible, patients had explicitly
naturalistic and did not | to have a diagnosis excluded.

randomise individuals.
ANOVA was used to
investigate changes in
lipid concentration.

of sewere
dyslipidaemia
(according to
SCORE criteria for
low risk countries).
80% of participants
were male.
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Author Study Methods Participants Intervention/Exposure | Comparison Outcomes Follow Risk of bias
design and up
time period
De Hert Prospective All participants had a 100 adult Rosuvastatin treatment No statin Total 3 months | The
(2006) cohort study | full fasting laboratory outpatients and plus dietary advice at therapy plus cholesterol, mechanism
screen, clinical inpatients at a baseline dietary LDL-C, HDL- for statin
assessment, Belgian hospital with advice at C, triglyceride assignment
(November . ; : ; : L
2003 — electrocardiogram and a diagnosis of baseline concentration prescribing is
oral glucose tolerance schizophrenia or not reported.
December . . . .
2005) test at baseline and at schizoaffective Relatively

three months. The
study was naturalistic
and did not randomise
individuals. ANOVA
was used to investigate
changes in lipid
concentration.

disorder and were
prescribed
antipsychotics. To
be eligible, patients
had to hawe a
diagnosis of severe
dyslipidaemia
(according to
SCORE" criteria for
low risk countries)
and had to continue
the same
antipsychotic
treatment. 78% of
participants were
male.

small sample
sSize.

Individuals
with pre-
existing CVD
or a prior
statin
prescription
were not
explicitly
excluded.

Y(Perk et al., 2012)
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Table 6-2: Quality Assessment of literature retrieved through the search, using
the CASP (Critical Appraisal Skills Programme) checklist for cohort studies

CASP question: Landry Ojala Hanssens De Hert
Did the study addressa | Yes Yes Yes Yes
clearly focused issue?

Wasthe cohort ? Yes Yes Yes
recruited in an

acceptable way?

Wasthe exposure ? Yes ? Yes
accurately measured to

minimise bias?

Wasthe outcome Yes Yes Yes Yes
accurately measured to

minimise bias?

Have the authors a) No (e.g. weight) [ No (e.g. no No (e.g. no No (e.g. no
identified and b) adjustment for multivariable multivariable
accounted for all statin dose) adjustment) adjustment)
important confounding

factors?

Was the follow-up of ? No No No

subjects complete and
long enough?

What are the results of
this study?

Reductions in
average
triglyceride and
total cholesterol
concentrations in

49% Reduction
in LDL-C and
39% reduction in
total cholesterol
in individuals

46% Reduction
in LDL-C and
37% reduction in
total cholesterol
in individuals

46% Reduction
in LDL-C and
38% reduction in
total cholesterol
in individuals

both study taking statins taking statins taking statins
groups
How precise are the 95% Cls outlined | 95% Cls outlined | 95% Cls outlined | 95% Cls outlined
results? in Table 6-3 in Table 6-3 in Table 6-3 in Table 6-3
Do you believe the Direction of Confidence in the | Confidence in the | Direction of
results? results is results is results is results is
plausible, but reduced by the reduced by the plausible, but
confounders and | lack of statin-free | lack of statin-free | confounders and
small sample comparison comparison small sample

size may
introduce bias

size may
introduce bias

Can the resultsbe

No - hospital

No — male prison

No - rosuvastatin

No - rosuvastatin

appliedto the local patients only population use only use only

population?

Do the results fit with Yes Yes Yes Yes

other available

evidence?

What are the Lipid-lowering Statins may be Lipid-lowering Lipid-lowering

implications of this medication may | effective in medication may | medication may

study for practice? be effective in individuals with be effective in be effective in
individuals with SMI individuals with individuals with
prior prior SMI

antipsychotic use

antipsychotic use
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Table 6-3:

Summary of publications investigating the effectiveness of statins in people with SMI

) Exposed (mmol/L + 95% CI) Diff Unexposed (mmol/L + 95% ClI) Diff Total diff
First Author Exposure Parameter N Baseline End p ) | N Baseline End b ©) | mmoil % P value
TG 9 4.30+1.17 2.00+£1.04 0.001 -53
Lipid low ering medication TC 9 660+055 448065 0001 | -32
Landry exposure after clozapine LDL-C 9 3.76 +0.84 3.05+ 1.04 0.2 19 -- --
treatment Lo DO ‘
HDL-C 9 0.78 +0.26 0.85+0.21 0.5 9
" . L TG 9 3.33+1.20 2.18+1.20 0.03 -35
Lipid low ering medication TC 9 643:113 477+166 0018 | -25
Landry exposure before clozapine LDL-C 9 4214031 201+ 024 0.002 52 -- --
treatment ; D Dl X B
HDL-C 9 1.08 £ 0.46 1.25+0.73 0.34 16
Statin (exposed) plus TG 28 3.4 26 <0.001 23
Ojala continuous second generation e 28 6.2 4 <0.001 35 - -
antipsychotic use LDL-C 19 4.3 2.2 <0.001 -49
HDL-C 28 0.8 0.8 0.575 0
) ) TG 52 3.09+1.60° 1.85+0.79% 0.011 -40 48  2.56 +0.55% 3.15+0.69% <0.001 23 -1.83° -56 | <0.001
De Hert (1&”‘3523')'3’0;0”%“;’;;;3“” TC 52 6.82+0.84% 4.22+054° <0.001 | -38 |48 6.19+047° 652+051*°  0.001 9 | -293° | -35 | <0.001
(ungxposed) LDL-C 52 4.25+0.51* 2.30+0.35% <0.001 -46 48 3.82+0.56% 3.90 £ 0.52% -- 3 -2.03% -49 | <0.001
HDL-C 52 1.13+0.18* 1.18+0.20% "NS" 4 48 1.25+0.02% 1.17 +£0.18% -- -6 0.13% 10 0.02
TG 46 3.18+3.07° 1.87 +1.55% 0.005 -41
H 10 daiv R tat TC 46 6.81+1.62° 4.27+1.03% <0.001 -37
anssens mg dally Rosuvastatin LDL-C 46 4.19+099° 2.25+065°  <0.001 | -46 ” ”
HDL-C 46 1.15+0.35° 1.20+0.40% 0.182 4
40 dail . TG 30 1.97+0.64° 1.52+0.37° - -23 30 1.64+0.42° 1.53 +0.33% -- -7 -0.34° -16 0.3
Vincenzi* (exn‘gseﬁgyvg:gzgsﬁgggbo TC 30 4.65+031° 4.17+0.32° - 210 | 30 4.62+027°  4.63+0.26 - 02 | -0.49* | -11 | 0.001
(ungxposed) p LDL-C 30 2.75+0.26* 2.21+0.24% -- -20 30 2.70+0.21° 2.70 +0.18% -- 0.2 -0.55% -20 | <0.001
HDL-C 30 1.25+0.12° 1.24+0.11° -- -0.4 |30 1.18+0.09% 1.23+0.10% -- 4 -0.06% -5 0.91
“Units converted frommg/dL to mmol/L (assuming conversion factors of 38.6 and 88.5 for cholesterol and triglycerides, respectively)

TG; triglyerides, TC; total cholesterol, LDL-C; low density lipoprotein-cholesterol, HDL-C; high density lipoprotein cholesterol
Diff; percentage difference betweenbaseline and study end. Total diff; percentage difference between exposed and unexposed participants.
* Publication identified through an update to this review in September 2014.
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6.1.1 Landry etal. (2008)

This study was a retrospective cohort that aimed to document the clinical efficacy of
lipid-lowering medications on hyperlipidaemia in Canadian hospital inpatients and
outpatients concomitantly treated with clozapine. The study examined the impact of
lipid-lowering medication in people who developed dyslipidaemia either before or after
clozapine use, making prior clozapine use the exposure of interest. The study
outcomes were cholesterol (total, LDL-C and HDL-C fractions) and triglyceride
concentrations, which were measured over time. The authors sourced the study
population retrospectively from pharmacy records for patients with clozapine and lipid-
lowering medication use. These records included data on a range of relevant factors
such as age, gender, type and duration of psychiatric and medical diagnoses, and
laboratory results over the course of several years. It is unclear from the publication (a
letter rather than a full research paper) whether the population included all eligible
patients or whether any other exclusion criteria were applied. In addition, some
important information on factors such as weight, was not readily available and was not
included the analysis.

The study examined 18 patients with concomitant use of clozapine and a lipid-lowering
medication; changes in lipid levels were evaluated in two equally sized patient groups:
those with prior exposure to clozapine and those initiating clozapine prior to lipid-
lowering medication. In the first of these groups, a patient’s lipid levels were com pared
at two time points: before the introduction of clozapine and at the last available time-
point where both lipid-lowering medication and clozapine were prescribed (average
duration of follow-up of 4.4 years (+3.6 years)). By contrast, the second group, who
were existing users of clozapine, compared lipid measurements taken before the
introduction of the lipid-lowering medication with the last available time-point where
both lipid-lowering medication and clozapine were prescribed (average follow-up time
was not outlined in the publication). The prescribed lipid-lowering medications were:
pravastatin (5 patients), atorvastatin (4 patients), fenofibrate (3 patients), gemfibrozil (3
patients) and lovastatin (3 patients). A total of two patients stopped taking lipid-lowering
medication during the study period.

The key results were statistically significant reductions in average triglyceride and total
cholesterol concentrations of 4.3 £1.17 to 2.0 £1.04mmol/L (p=0.001) and 6.60 £0.55 to
4.48 £0.65mmol/L (p=0.001), respectively for the group initiating lipid-lowering
medication after clozapine. A similar trend was also observed in the patient group

initiating lipid-lowering medication prior to clozapine treatment; triglycerides and total
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cholesterol were reduced from 3.33 £1.2 to 2.18 +1.2mmol/L (p=0.03) and 6.43 £1.13
to 4.77 x1.66mmol/L (p=0.018), respectively. The level of variation between patients
was large and ranged from reductions of 4-81% for triglycerides and 1-48% for total
cholesterol. The two study groups differed slightly in terms of the reduction in LDL-C,
which was statistically significant for patients without prior exposure to clozapine
(4.21+0.31 to 2.01+£0.24mmol/L, p=0.002), but not for group with prior exposure
(3.76£0.84 to 3.05+1.04mmol/L, p=0.2). HDL-C levels were slightly increased in both
groups, but not to significantly different levels (p>0.3 in both cases).

This study aimed to answer a different research question to mine, with the author’s
choice of research question implying that statin treatment is assumed to be effective in
people with SMI. Consequently, the study does not include a comparison group that is
unexposed to statins, thus making it difficult to comment on the effectiveness of statins.
However, the average triglyceride and total cholesterol concentrations of patients in
both clozapine groups (naive or prior exposure) were lowered during the course of the
study, which is compatible with the hypothesis that statins are effective in reducing
CVD risk in people with SMI. It would be incorrect to draw any stronger conclusions
from this study because of the lack of a control group, the small number of subjects
and because the follow-up period was relatively long providing the opportunity for other

factors (such as dietary interventions) to affect lipid levels.

6.1.2 Ojalaetal. (2008)

This retrospective cohort study aimed to evaluate the effect of statins on dyslipidaemia
amongst psychiatric inpatients taking second generation antipsychotics in a Finnish
state mental hospital between January 2002 and May 2004. The authors sampled all
consecutive patients receiving continuous second generation antipsychotic treatment
who also had a statin as their sole lipid-lowering medication and who had obtainable
lipid profiles at baseline and follow-up. Cholesterol (total, LDL-C and HDL-C fractions)
and triglyceride concentrations were the outcomes of interest, which were measured

during statin treatment (at 14-59 days after the study start).

The population selected for this study was specialised: all patients were hospitalised
with a court ruling of insanity following criminal activity; all study subjects were male.
The authors report reductions of 49% (2.1 £0.6mmol/L, 95%CI 1.8-2.4) for LDL-C
cholesterol and 36% (2.2 +0.8mmol/L; 95%CI 1.9-2.5) for total cholesterol, which they
state is in-line with results obtained through clinical trials in the general population.
However, no attempts were made to statistically adjust for the possible impact of a
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range of important confounders or factors such as the statin type and dosage, although
this information was measured and made available in the text of the publication.

The major limitation of this study, with respect to my research question, was the lack of
a comparison arm without statin treatment; it is therefore difficult to conclude that the
reduction in lipid levels results from statin medication alone. However, all 28 patients
included in the study had reductions in total and LDL-C, which could be compatible with
statins being effective in people with SMI. In addition, the nature of the high security
setting of the study is likely to impact upon the demographics (e.g. women were not
represented in this group), lifestyle factors and medication adherence of the study
population and the results may therefore not be generalizable to other settings.

6.1.3 Hanssens et al. (2007)

This study was a prospective cohort (without a non-statin comparison group) that
aimed to evaluate the effects of treatment of severe hyperlipidaemia with statins in
inpatients and outpatients with schizophrenia at a Belgian hospital. All consecutive
patients with schizophrenia or schizoaffective disorder were enrolled prospectively into
the study from November 2003 to develop two cohorts, which differed in terms of
previous antipsychotic exposure. The first cohort included patients who had been
stable on antipsychotic medication for 9 months or more, and the second cohort
included patients who were recently started antipsychotic medication. Patients within
these two cohorts were eligible for inclusion in the study if they had severe
dyslipidaemia that met European guidelines (SCORE) for low risk countries (Conroy et
al., 2003). All patients with dyslipidaemia were given dietary advice at the start of
follow-up. All patients were initiated with lipid-lowering medication at baseline with 41
(89%) prescribed 10mg rosuvastatin, four patients atorvastatin or pravastatin, and one
patient fenofibrate.

The study recorded full metabolic screening including oral glucose tolerance testing at
three months before baseline, baseline (when statins were initiated) and three months
after baseline. Analysis of variance with repeated measures was used to assess the

association between statin therapy and lipid levels.

Of the 200 patients stable on antipsychotic treatment, more than one quarter (27%)
had severe dyslipidaemia, compared to 15% of the 65 patients that had recently started
antipsychotic medication. It was not possible to undertake metabolic re-evaluation at 3
months for 17 patients, leaving a total of 46 study participants. These individuals were

predominantly male (80%) and virtually all (98%) were white Belgians. The average
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age of participants was 39.5 years (standard deviation 9.8 years) with duration of
illness being 13.4 years (standard deviation 7.8 years). A total of 78% of patients had a
diagnosis of schizophrenia, with the remaining 22% schizoaffective disorder. Over one
fifth of patients (21.7%) were treated with an antipsychotic for less than 3 months, with
the majority (86.9%) being second generation drugs (olanzapine and clozapine
accounted for over half of all antipsychotic usage). Polypharmacy was common with
almost 60% of patients taking antidepressants and 46% taking somatic medication
such as antihypertensives. There were significant decreases in total cholesterol (37%
decrease), triglyceride (41% decrease) and LDL-C (46% decrease) levels after 3
months of statin therapy. Non-significant increases in HDL-C were also observed
during the study period (p=0.18). Statin treatment was stopped in one patient who
developed abnormally high levels of creatine kinase after five months of statin therapy.
No other negative impacts of statins were reported, and there was no evidence of

changes in weight, waist circumference or fasting glucose measurements.

Although this study has several strengths, the results are of limited value in terms of
estimating the effectiveness of statins in people with SMI because there was no
comparison arm. However, it is reassuring that this larger study mirrors results
published by Ojala and Landry, which outline significant reductions in triglycerides, total
and LDL-C. Whilst this study does not provide robust evidence to demonstrate the
effectiveness of statins in people with SMI, the results are compatible with the
hypothesis that statins are effective in lowering total cholesterol, LDL-C cholesterol and

triglycerides.

6.1.4 De Hertetal. (2006)

This study was a prospective cohort that aimed to evaluate the effectiveness of
rosuvastatin in lowering lipid concentrations in individuals with schizophrenia and
schizoaffective disorder. The study population outlined in this paper overlaps with the
previous paper led by Hanssens: however, the extent of overlap is not reported. All
consecutive hospital inpatients and outpatients with a diagnosis of schizophrenia or
schizoaffective disorder were prospectively invited to participate in extensive screening
and follow-up of their metabolic parameters; the study started in November 2003 and
available data extending to the period December 2005 were included in the paper. The
study sample comprised 100 patients receiving antipsychotic treatment who had
severe dyslipidaemia (meeting SCORE criteria (Conroy et al., 2003)). Treatment with
rosuvastatin was initiated in 52 patients, who were compared with 48 patients who did
not receive a statin. Although the method of treatment allocation is not detailed in the

paper, further communication with the authors has confirmed that patients were
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enrolled into the comparison group if they had laboratory parameters that could have
warranted use of a statin, but did not receive one during the study period (De Hert, M.
Personal Communication 2/8/2013). Both patient groups received dietary advice at the
start of the study. A full metabolic screen was undertaken three months before baseline
(and the start of statin treatment in the intervention arm), and then three months after
baseline. The authors used analysis of variance with repeated measures to assess the

association between statin therapy and lipid levels.

A total of 100 patients participated in the study; 78% were male and 98% were white
Belgians. The average age was 38.5 (standard deviation 10.1) years and the mean
duration of illness was 13.1 (standard deviation 9.6) years. A total of 80% of patients
had a diagnosis of schizophrenia with the remaining being diagnosed with
schizoaffective disorder. The two study arms were balanced at baseline in terms of
demographic variables, treatment regimen or the proportion of patients with abnormal
lipid parameters. All participants received antipsychotic treatment during the study but
the duration of continuous treatment with the same agent was less than three months
for over one quarter (28%) of patients. The majority of patients (92%) used second
generation antipsychotics with 16% of patients taking more than one type of
antipsychotic at baseline. Olanzapine (30%), risperidone (26%) and clozapine (24%)
were the most frequently prescribed antipsychotics, and concomitant use of
antidepressant and somatic medications was common (41% and 48% of patients,

respectively).

During the three month period between the study start date and baseline, the authors
reported a worsening of the lipid profiles of participants in both arms of the study.
These changes were statistically significant for total cholesterol, LDL-C and triglyceride
levels (p<0.04 in all instances). At the end of the study period the proportion of patients
with abnormal lipid profiles had decreased in the statin group and increased in the
control group, and there differences between the two groups was found to be strongly
statistically significant (p<0.0001 in all instances) for all parameters except HDL-C. In
the statin arm of the study, the changes from baseline were greatest for LDL-C (45.9%
reductions), triglycerides (41.1% reductions) and total cholesterol (38.1%). There were
no statistically significant effects of statin therapy on other parameters measured by the
study team, although a non-significant (the authors do not report a p-value) increase in
weight and waist circumference was observed in both groups. Statin treatment was

stopped in one patient who developed abnormally high levels of creatine kinase.

This paper suggests that clinically relevant reductions in lipid levels are feasible with

rosuvastatin over a 12 week duration for people with a diagnosis of SMI. However,
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rosuvastatin would be expected to achieve greater reductions in lipids than statins such
as simvastatin or atorvastatin (Law et al., 2003), which are more widely used for first
line treatment in the UK (National Institute for Health and Clinical Excellence, 2014b). A
major limitation of this study is that measured and unmeasured confounding factors
may not be equally distributed across both arms of the study because patients were not
randomised to each arm. The other limitations of this study are that the number of
patients enrolled is moderately small (n=100) and conducted at only one site.
Furthermore, the analysis was not adjusted for potential confounders, although the
authors did not find any evidence of a difference between the groups in terms of the

distribution of measured demographic and clinical characteristics at baseline.

6.2 Registered trials

A total of four relevant studies were identified through trials registries and a summary of

these studies is outlined in Table 6-4. The studies identified were:

1. Add-on simvastatin in schizophrenia trial, Gross (2008)
Cardio risk of acute schizophrenia olanzapine Duke (CRASOD),
McEvoy (2008)

3. Effects of Pravastatin on cholesterol, inflammation and cognition in
schizophrenia, Henderson (2010)

4. Improving symptoms of schizophrenia and schizoaffective disorder by

supplementing medications with pravastatin, Brar (2005)

Two trials (Gross (2008) and McEvoy (2008)) were terminated early due to recruitment
problems (with no available results). A third trial (Brar (2005)) was completed but the
Principal Investigator has reported a decision not to publish because the results were
negative (Brar, J., personal communication, 23/4/2012) and was not able to provide me

with data for the study.

The remaining trial (Henderson (2010)) has been completed and the results are
incorporated into this review Table 6-3 (previously) and Table 6-5 (Vincenzi et al.,
2014). However, the publication was not identified in the initial literature search
because it was undertaken before the manuscript was published. A quality appraisal of
the trial is outlined in Table 6-6. The study examined the impact of randomly assigning
a 12 week course of 40mg pravastatin daily or placebo to 60 adult outpatients with a
diagnosis of schizophrenia or schizoaffective disorder from a single centre in the United
States of America. The authors reported statistically significant decreases in LDL-C
and total cholesterol (but not HDL-C or triglycerides) at 6 and 12 weeks after baseline.
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At 6 weeks after baseline total cholesterol and LDL-C were each lowered by an
additional 0.8mmol/L in statin users (reductions of 18% and 28%, respectively)
(Vincenzi et al., 2014). Between baseline and 12 weeks total cholesterol was reduced
by 0.5mmol/L and LDL-C lowered by 0.6mmol/L in the statin user arm relative to the
placebo group. Although these absolute differences are modest, the relative decreases
of 11% and 20% are substantial and reflect relatively low baseline lipid concentrations.
The mechanism for randomisation and details of any measures to ensure blinding were
not reported, however, the randomised design and placebo-control group means that
the internal validity of this study is likely to be high. Conversely, the modest sample

size and recruitment from a single site may limit the generalizability of the results.
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Table 6-4: Summary of registered trials investigating the effectiveness of statins in people with SMI

Title of trial Objective Population Intervention | Comparison Relevant Target Status Sponsors
Outcome Sample
size
Add-on To determine Individuals with Simvastatin Treatment as Cholesterol Not Terminated New York State
Simvastatin in whether schizophrenia usual concentration known due to slow Psych