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Coronary

Approximately 1% of the UK population have a diagnosis of a severe 
mental illness (SMI). A diagnosis of SMI is associated with a decrease in 
life expectancy of up to 20 years compared with the general population.1 
Although part of this mortality gap is due to complications of psychiatric 
disease, such as suicide, the major cause of death is cardiovascular (CV) 
disease (CVD).2,3

The increased risk of CVD in patients with SMI is seen in both sexes and 
across adult age groups and ethnicities (although with variations within 
groups).2,4 Importantly, a diagnosis of SMI predisposes to early CVD, with 
patients with bipolar disorder (BD) developing CVD over a decade earlier 
than non-psychiatric controls.5 Patients with SMI have not benefitted from 
the same reductions in CV risk factors, CVD and CV death otherwise seen 
in Western populations over the past decades, and, as such, the mortality 
gap persists.6,7

The term, SMI, can be used to encompass a range of mental illnesses. 
In this review, we use the term, SMI, to denote schizophrenia and 
BD. This narrative review will focus on the relationship between SMI 
and CVD, particularly coronary artery disease (CAD), along with 
CVD management strategies in this group, including coronary 
revascularisation.

Evidence for Accelerated Atherosclerosis 
in Severe Mental Illness
The American Heart Association recognises that SMI predisposes to early 
CVD via accelerated atherosclerosis.8 Patients with schizophrenia present 
with acute MI approximately 10 years earlier than those without psychiatric 
disease, while patients with BD develop incident CVD up to a decade 
earlier than non-psychiatric controls and have a standardised mortality 
rate (SMR) of up to 8, with the highest relative risk from CAD seen in 
patients aged <20 years.9,10 In addition to the cardiometabolic 
abnormalities already discussed, it has been suggested that other 
contributing factors to CV risk include endothelial dysfunction and 
oxidative stress.

Endothelial dysfunction is strongly and independently associated with 
atherosclerosis and CVD.11 Patients with schizophrenia have impaired 
endothelial and microvascular peripheral blood flow response, while 
patients with BD have elevated levels of biomarkers associated with 
endothelial function.12–17 There is also strong evidence for increased 
oxidative stress in SMI. A meta-analysis of 44 studies found increased 
markers of oxidative stress in patients with BD, seen in unmedicated 
patients, but not in those receiving effective antipsychotic therapy.18 
Patients with schizophrenia also demonstrate increased levels of markers 
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of oxidative stress, this is not modulated by the effect of antipsychotic 
treatment.19,20

Risk Factors for Cardiovascular Disease
In contrast to the wider populations, temporal trends of risk factors for 
CAD have not improved in people with SMI. One example of this is 
cigarette smoking; rates of smoking remain higher in those with 
schizophrenia compared with the general population.21 This is despite 
evidence that multimodality interventions to aid smoking cessation are 
effective in patients with SMI, including clinician advice, cessation 
counselling and nicotine replacement.22 Specific medications to aid 
smoking cessation; for example, bupropion and varenicline, are safe to 
use and effective in patients with SMI.23,24 The WHO specifically cites 
misconceptions from mental health professionals about patients’ 
willingness and ability to quit smoking as a key challenge for decreasing 
smoking among patients with SMI.25

One epidemiological study in the US demonstrated a significantly greater 
prevalence of hypertension among individuals with BD compared with 
controls (OR 4.95; 95% CI [4.27–5.75]). In addition, on average, people 
with BD who developed hypertension were >10 years younger than non-
psychiatric controls.26

There is strong evidence for an association between metabolic syndrome 
and SMI, with evidence of glucose dysregulation and raised triglyceride 
levels at first presentation.27,28 In patients with schizophrenia, there is an 
interaction between the number of psychotic episodes and markers of 
metabolic syndrome, such as abdominal obesity, cholesterol and 
triglyceride levels; patients with multiple psychotic episodes are at higher 
risk compared with first-episode and drug-naïve patients.29 This is also 
seen in people with BD and is at least partly attributable to psychiatric 
medications.30

Psychiatric medications are recognised mediators of CV risk. This is 
largely due to medication side-effects, such as weight gain and glucose 

dysregulation, but also because psychotropics may interact with 
commonly used cardiovascular pharmacotherapy. For example, lithium 
toxicity may develop when used with angiotensin-converting enzyme 
inhibitors, while there is increased risk of hypokalaemia and torsades de 
pointes when used with diuretics.31 Clozapine, the gold-standard 
antipsychotic drug for patients with treatment-resistant schizophrenia, 
has significant adverse metabolic effects and is also relevant to acute 
cardiac care due to the side-effect of clozapine-induced myocarditis, 
which may present as an acute coronary syndrome (ACS) mimic. It should 
be noted, however, that clozapine-induced myocarditis is both rare and 
often overdiagnosed.32

SMI is associated with an increased risk of sudden cardiac death.33,34 
While the majority of this phenomenon is due to underlying CVD, 
approximately 10% of cases are attributed to antipsychotics due to 
mechanisms, such as QT prolongation and drug-induced Brugada 
syndrome.35,36

However, despite the particular risk profiles noted above, lithium and 
antipsychotics have overall benefits on all-cause mortality and 
cardiovascular mortality.31,37 Box 1 shows a list of CV effects of antipsychotic 
medications.

Diagnosis of Coronary Artery Disease in 
Patients with Severe Mental Illness
Several features of SMI can make accurate diagnosis of CAD difficult. 
These can be categorised into biological factors, socioeconomic factors 
and system factors (Figure 1).

• Biological factors. Patients with SMI and ACS are less likely than 
non-psychiatric controls to present with chest pain, and there is an 
increased risk of ‘silent’ CAD.9,38,39 Diagnostic uncertainty in patients 
with ACS may also be affected by ECG abnormalities in patients with 
SMI taking antipsychotics (patients with schizophrenia are more likely 
to have benign ST elevation on a resting ECG in the absence of an 

Box 1: Effects of Antipsychotics on Cardiovascular Risk

Cardiometabolic Effects
• Antipsychotics contribute to increases in BMI, dyslipidaemia, markers of glucose dysregulation and rates of diabetes.53,54

• The adverse effects on glucose and lipid regulation caused by second-generation antipsychotics have been suggested to be primarily driven by increased adiposity, although 
adipose-independent mechanisms have also been postulated.55

• The increase in these traditional risk factors for CAD may underlie some of the increased cardiovascular risk in patients with SMI, and current guidelines, therefore, 
recommend regular monitoring of weight, waist circumference, markers of glucose and lipid handling in patients with schizophrenia and receiving antipsychotic medications.

• Lithium is also associated with adverse cardiometabolic effects that may at first sight appear to suggest heightened cardiovascular risk; e.g., weight gain and, in young 
patients, hypertension.56–58 However, despite these adverse effects, effective lithium therapy is in fact cardioprotective in BD.31

Sudden Cardiac Death
• Patients with SMI have ~3-fold increased risk of SCD compared with the general population, the majority of which are due to CVD.33,34

• Antipsychotics are thought to contribute to the 10% of cases where no cause is identified (SUDS), along with other causes, such as undiagnosed Brugada syndrome.59

• The mechanism underlying antipsychotic-induced SCD primarily involves QT interval prolongation and subsequent risk of life-threatening ventricular arrhythmias, including 
torsade de pointes.35 Other mechanisms, including drug-induced Brugada pattern, have been proposed, and there has been increasing evidence to suggest a genetic 
predisposition to drug-induced SCD.36

ACS Mimics: Clozapine-induced Myocarditis
• Clozapine is the treatment of choice for schizophrenia that has failed to respond to adequate trials of two non-clozapine antipsychotics. It deserves a special mention in this 

review, both because of its risk of adverse cardiac effects, and also because of its demonstrated association with reduced all-cause, suicide and natural cause mortality risk.60 
Perhaps the most concerning cardiac effect of clozapine is CIM. Aside from the effects of cardiotoxicity, the issue of CIM is also important because of the likelihood that 
clozapine therapy is discontinued in suspected cases of CIM, particularly given that a recent study suggested that up to 80% of cases of suspected CIM are refuted when the 
case undergoes review by a cardiologist.32 CIM is relevant to the interventional cardiologist and to those managing coronary artery disease, because cases may initially be 
misdiagnosed as acute coronary syndrome and/or initially present to hospital via a primary angioplasty pathway.

ACS = acute coronary syndrome; BD = bipolar disorder; CAD = coronary artery disease; CIM = clozapine-induced myocarditis; SCD = sudden cardiac death; SMI = severe mental illness; SUDS = sudden 
unexplained death in schizophrenia.
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acute ST-elevation MI; STEMI).40 While Danish registry data of patients 
with SMI found that patients with SMI were less likely than non-SMI 
controls to have an abnormal ECG, there was a significant interaction 
between SMI and ECG abnormalities on CV death.41 Among patients 
with SMI, abnormalities indicating prior pathology are more 
commonly encountered, may make ECG interpretation more 
challenging and, as would be expected, result in poorer outcomes.

• Socioeconomic factors, such as social isolation and deprivation, may 
be relevant.42 Indeed, social isolation highlights the importance of 
involving relatives and carers of patients with SMI wherever 
appropriate, and is considered to be a key facilitator in providing 
effective care by general practitioners.42

• System factors include misattribution of physical symptoms to the 
primary psychiatric disease.43 There may be difficulty obtaining 
high-quality cardiac investigations on patients admitted to psychiatric 
institutions and/or relative inexperience or underconfidence of 
psychiatrists in interpreting clinical data from such investigations. 
Other system factors include barriers to accessing specialist 
secondary care, both for initial assessment and investigations, but 
also specialist follow-up.44 It should also be recognised that 
widely-used models for CVD risk prediction perform poorly in patients 
with SMI.45 Clinician bias should also be highlighted; medical 
physicians are more likely than psychiatrists to have a negative 
attitude towards the patient with SMI.46

Some difficulties with CAD diagnosis in patients with SMI may be 
attributable to a combination of the factors discussed above. For example, 
in the acute setting, patients with SMI diagnosed with an acute coronary 
syndrome are more likely to have pathological Q waves on presentation, 
suggestive of a full thickness MI, which may be a consequence of reduced 
chest pain signifiers, delayed presentation and/or delayed investigation.9

The diagnostic challenges aforementioned should highlight the 
importance of early involvement from cardiology teams, and additional 
use of other investigations in the acute work-up of patients with SMI 
presenting with possible ACS (e.g. use of bedside echo to identify 
regional wall motion defects that may correspond with ECG 
abnormalities). Clinicians working in a centre without on call cardiology 
should have a low threshold for discussing these patients with the local 
tertiary centre.

Management of Coronary Artery Disease 
in Patients with Severe Mental Illness
Retrospective data from Denmark suggest that approximately 4% of 
patients with CAD also had a diagnosis of SMI.47 Consistent with the above 
risk factors, patients with SMI were younger, with higher rates of smoking 
and diabetes. They also had a longer duration of symptoms. Despite this, 
in-hospital management of the incident ACS did not differ between the 
two groups, and in-hospital mortality was similar. However, patients with 
SMI were less likely to receive evidence-based therapies during follow-up 
and, compared with the control group, further major adverse cardiac 
events were more likely during the follow-up period (despite adjustment 
for the increased baseline risk in the SMI group).

A large retrospective sample (~3,000,000 with 1% SMI prevalence) 
assessed trends in the management and outcome of patients with SMI 
compared with controls in the US from 2003 to 2013.48 As in the Danish 
study, patients with SMI and ACS were younger and more likely to be 
women, with higher rates of diabetes and obesity compared with those 
without SMI. However, during the period studied, patients with SMI failed 

to derive the benefits that the non-SMI control group did in terms of 
decreased incidence of STEMI and decreased in-hospital mortality. 
Although both SMI and non-SMI groups had increasing revascularisation 
rates over the decade studied, this trend was more pronounced in the 
non-SMI group. Overall, patients with SMI were less likely to undergo 
coronary revascularisation, but a diagnosis of SMI was not associated 
with increased in-hospital mortality.

In a Swedish cohort (~300,000), patients with schizophrenia were more 
likely to present with an atypical symptom profile (i.e. without reported 
chest pain or breathlessness) and were less likely to undergo invasive 
investigation.9 Those who did undergo invasive investigation with 
coronary angiogram were less likely to be managed with percutaneous 
coronary intervention or coronary artery bypass graft compared with the 
control group, despite having similar rates of coronary anatomy. Of note, 
patients with schizophrenia had numerically higher rates of inconclusive 
angiographic findings (50.5% versus 46.5% in the control group). Over a 
5 year follow-up period, patients with schizophrenia had an 
approximately twofold increase in major adverse cardiac events and all-
cause mortality compared with those without schizophrenia. Table 1 
shows a summary of meta-analyses relevant to revascularisation in 
patients with SMI and ACS.

The finding that patients with SMI are less likely to undergo invasive 
investigations and management raises the question of why. Is it that 
patients with SMI are more likely to be considered inappropriate for an 
invasive strategy and are therefore not offered the relevant 
investigations? Or are patients with SMI offered the tests, but are more 
likely to refuse them? A small Danish case–control study attempted to 
address these questions by completing in-depth reviews of patients 
with and without schizophrenia who had an ACS event. They found that 
patients with schizophrenia were significantly less likely to be offered 
and accept examinations and treatments for incident ACS. However, the 
study was underpowered to detect whether this primary endpoint was 
due to a lack of offer on behalf of the clinician or acceptance on behalf 
of the patient.49

Secondary Prevention
Given that patients with SMI have both increased rates of CV risk factors 
and increased incidence of CV disease, it stands to reason that these 
patients should benefit more from the standard secondary prevention 
medications that are offered to the general population following a 
diagnosis of CV disease. However, registry data suggest that patients with 

Figure 1: Interaction Between Biological, Patient and 
System Factors Contributing to Barriers to Diagnosis
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SMI discharged from hospital after an ACS event are less likely to receive 
P2Y12 inhibitors, statins or drugs acting on the renin–angiotensin axis.9

Strategies for Management and 
Revascularisation of Coronary Artery Disease 
in Patients with Severe Mental Illness
Assuming Appropriateness for Invasive 
Approach Unless Proven Otherwise
Many of the deficiencies in the management of CAD in patients with SMI 
occur for obvious and at times insurmountable reasons. Take for 
example the patient with severe active psychosis who may not be able 
to communicate their cardiac symptoms because of thought disorder or 
who may not be able to tolerate invasive investigations and/or 
management because of paranoid beliefs or agitation. Indeed, this may 
be the scenario that many cardiologists or cardiothoracic surgeons will 
first think of when considering patients with SMI. However, it must be 
emphasised that symptoms of SMI exist on a spectrum of severity and, 
therefore, most patients with SMI will be, or may become, suitable for 
an invasive strategy. The starting point in managing patients with SMI 
who present with CAD must, therefore, always be that they should be 
considered for the full range of cardiac interventions, with restrictions 
on therapeutic approaches (with associated potential adverse impact 
on prognosis) taking place only after careful consideration of best 
interests, and inclusion of liaison psychiatry to help manage psychiatric 
symptoms.

Removing Structural Impediments to 
Effective Cardiovascular Care
Due to the highly protocolised nature of acute cardiovascular care (e.g. 
primary angioplasty pathways, acute heart failure care) there should in 
theory be fewer impediments to patients with SMI receiving prompt, 
evidence-based care. However, this assumption is dependent on 
patients with SMI entering the pathway in the first place. In the Swedish 
ACS cohort discussed above, patients with schizophrenia presenting 
with ACS were not noted to suffer from any ‘system delay’ compared 
with patients without schizophrenia.9 However, ‘system delay’ was 
defined as time from ECG to percutaneous coronary intervention, a 
metric that relies on a patient undergoing ECG investigation in the first 
place, something that could in theory be less likely in patients with 
schizophrenia, given that they are less likely to complain of chest pain 

as the presenting symptom. On a more general note, a clinical audit of 
CV risk factor management and care provision to patients with SMI can 
be a powerful tool to identify inadequacies in management for patients 
with SMI.

Interventional Strategies
No data exist to support any deviation from a standard interventional 
approach in revascularisation of CAD in patients with SMI, but 
consideration is needed as to how to improve access to such pathways. It 
is intuitive that, as in any patient with significant comorbidity, 
multidisciplinary discussion is of great importance. It stands to reason that 
the management of CAD in patients with SMI should be discussed in a 
‘Heart Team’ forum (with input from his/her psychiatrist where appropriate), 
particularly if the management offered deviates from that which would be 
offered to a patient without psychiatric disease.

Potential reasons to deviate from a standard revascularisation strategy 
may include:

• Concerns regarding medication compliance. This may lead to shorter 
durations of dual-antiplatelet therapy and/or use of absorbable 
polymer or polymer-free drug-eluting stents, or drug-eluting balloon 
therapy where possible. Most modern drug-eluting stent platforms 
can accommodate an abbreviated period of dual-antiplatelet therapy 
as short as 1 month; however, this does not remove the need for 
lifelong single antiplatelet therapy following drug-eluting stent 
implantation to avoid stent thrombosis.50,51

• Concerns regarding current psychiatric status and risk of 
deterioration in symptoms; for example, after cardiac surgery. In such 
circumstances, advice from psychiatry as to how to minimise these 
risks is invaluable, given the evidence that the use of antipsychotics 
is associated with increased adherence to cardiometabolic 
medications in people with schizophrenia.52

Gaps in the Current Literature: 
Future Research Required
As per the American Heart Association position statement categorising 
BD, along with major depressive disorder, as conditions predisposing to 
accelerated atherosclerosis and early CVD, there are clear unanswered 
research questions to be addressed; for example what is the effect of sex 

Table 1: Meta-analyses of Management of Acute Coronary Syndrome in Patients with Severe Mental Illness

Reference Type of Study Population Mortality Revascularisation Other Notes
Chan et al.61 Meta-analysis 22 studies, 12,325,501 patients, 

including 503,686 with SMI 
(comprising schizophrenia, 
bipolar disorder, non-affective 
psychoses)

SMI associated with 
increased risk of overall 
(RR=1.40), 1 year (RR=1.69), 
and 30 day (RR=1.26) 
post-ACS mortality

Schizophrenia mortality 
RR=1.60 (1.31–1.96)

BD mortality RR=1.09 
(0.84–1.40)

SMI associated with lower receipt of 
revascularisation (OR=0.57)

PCI OR=0.56 (0.46–0.68)

CABG OR=0.47 (0.33–0.69)

Post-ACS mortality risk remained 
significantly raised in the SMI group even 
after adjusting for revascularisation

SMI defined as schizophrenia, bipolar 
disorder, or other non-affective 
psychoses

SMI receipt of cardioprotective 
medications RR=0.89 (0.85–0.94)

Mitchell and 
Lawrence62

Meta-analysis 22 studies, 54 patients with 
mental illness who suffered 
cardiac events

SMI overall mortality 
RR=1.15 (1.02–1.29)

Schizophrenia associated with lower 
receipt of usual procedures, with 
significantly lower receipt of CABG 
(RR=0.69; [0.55–0.85]) and PCI 
(RR=0.50; [0.34–0.75]).

Insufficient evidence to examine mortality 
rates in schizophrenia

ACS = acute coronary syndrome; BD = bipolar disorder; CABG = coronary artery bypass graft; PCI = percutaneous coronary intervention; SCD = sudden cardiac death; SMI = severe mental illness.
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differences and can non-pharmacological interventions targeted at both 
mood and CV risk (e.g. exercise) have a dual beneficial effect?8 
Furthermore, does enhanced prescribing and monitoring of primary and/
or secondary prevention medications improve outcomes in patients with 
any SMI? As in all areas of CV medicine, randomised controlled trial 
evidence, supplemented by large-scale observational data, will be vital in 
answering these questions.

ECG Abnormalities
Given the association between ECG abnormalities and CV death in 
patients with SMI, it has been suggested that SMI patients with ECG 
abnormalities but no pre-existing CV diagnosis may benefit from 
targeted CV investigation and management, thereby potentially 
preventing CV events before they occur. This is an interesting 
hypothesis, building on existing work that adding ECG data to 
conventional risk models can make CV prognostication more accurate 
and warrants further study.41

Data in the Primary Angioplasty Era
Little of the current body of literature describes ACS care in the era of 
primary angioplasty. Urban centres in the UK, with well-established and 
highly protocolised primary angioplasty pathways, and robust 
standardised data collection across all centres nationally (via British 
Cardiovascular Intervention Society/National Institute for Cardiovascular 
Outcomes Research), are the perfect setting to answer research questions 
surrounding performance of these networks in patients with SMI 
presenting with ACS. It is vitally important that structural barriers to 
effective healthcare are identified and then addressed for SMI patients 
with and/or at risk of CVD.

Conclusion
Patients with SMI are at increased risk of and from CAD, yet are less likely 
to receive evidence-based management. A proactive and multidisciplinary 
approach from the Heart Team is required to minimise this concerning 
treatment gap. 

1. Nordentoft M, Wahlbeck K, Hallgren J, et al. Excess 
mortality, causes of death and life expectancy in 270,770 
patients with recent onset of mental disorders in Denmark, 
Finland and Sweden. PLoS One 2013;8:e55176. https://doi.
org/10.1371/journal.pone.0055176; PMID: 23372832.

2. Olfson M, Gerhard T, Huang C, et al. Premature mortality 
among adults with schizophrenia in the United States. JAMA 
Psychiatry 2015;72:1172–81. https://doi.org/10.1001/
jamapsychiatry.2015.1737; PMID: 26509694.

3. Walker ER, McGee RE, Druss BG. Mortality in mental 
disorders and global disease burden implications: a 
systematic review and meta-analysis. JAMA Psychiatry 
2015;72:334–41. https://doi.org/10.1001/
jamapsychiatry.2014.2502; PMID: 25671328.

4. Das-Munshi J, Chang CK, Dutta R, et al. Ethnicity and excess 
mortality in severe mental illness: a cohort study. Lancet 
Psychiatry 2017;4:389–99. https://doi.org/10.1016/S2215-
0366(17)30097-4; PMID: 28330589.

5. Westman J, Hallgren J, Wahlbeck K, et al. Cardiovascular 
mortality in bipolar disorder: a population-based cohort 
study in Sweden. BMJ Open 2013;3:e002373. https://doi.
org/10.1136/bmjopen-2012-002373; PMID: 23604348.

6. Firth J, Siddiqi N, Koyanagi A, et al. The Lancet Psychiatry 
Commission: a blueprint for protecting physical health in 
people with mental illness. Lancet Psychiatry 2019;6:675–712. 
https://doi.org/10.1016/S2215-0366(19)30132-4; 
PMID: 31324560.

7. Hayes JF, Marston L, Walters K, et al. Mortality gap for 
people with bipolar disorder and schizophrenia: UK-based 
cohort study 2000–2014. Br J Psychiatry 2017;211:175–81. 
https://doi.org/10.1192/bjp.bp.117.202606; PMID: 28684403.

8. Goldstein BI, Carnethon MR, Matthews KA, et al. Major 
depressive disorder and bipolar disorder predispose youth 
to accelerated atherosclerosis and early cardiovascular 
disease: a scientific statement from the American Heart 
Association. Circulation 2015;132:965–86. https://doi.
org/10.1161/CIR.0000000000000229; PMID: 26260736.

9. Attar R, Wester A, Koul S, et al. Higher risk of major adverse 
cardiac events after acute myocardial infarction in patients 
with schizophrenia. Open Heart 2020;7:e001286. https://doi.
org/10.1136/openhrt-2020-001286; PMID: 32994353.

10. Huang KL, Su TP, Chen TJ, et al. Comorbidity of 
cardiovascular diseases with mood and anxiety disorder: a 
population based 4-year study. Psychiatry Clin Neurosci 
2009;63:401–9. https://doi.
org/10.1111/j.1440-1819.2009.01974.x; PMID: 19566773.

11. Davignon J, Ganz P. Role of endothelial dysfunction in 
atherosclerosis. Circulation 2004;109(Suppl 1):III27–32. 
https://doi.org/10.1161/01.CIR.0000131515.03336.f8; 
PMID: 15198963.

12. Vetter MW, Martin BJ, Fung M, et al. Microvascular 
dysfunction in schizophrenia: a case-control study. NPJ 
Schizophr 2015;1:15023. https://doi.org/10.1038/
npjschz.2015.23; PMID: 27336034.

13. Voss A, Seeck A, Israel AK, Bar KJ. Enhanced spectral 
analysis of blood flow during post-occlusive reactive 
hyperaemia test in different tissue depths. Auton Neurosci 
2013;178:15–23. https://doi.org/10.1016/j.autneu.2013.04.002; 
PMID: 23628438.

14. Seeck A, Israel AK, Bar KJ, Voss A. Dynamic microvascular 
blood flow analysis during post-occlusive reactive 
hyperemia test in patients with schizophrenia. Ann Biomed 

Eng 2011;39:1972–83. https://doi.org/10.1007/s10439-011-
0294-5; PMID: 21445693.

15. Oral E, Halici Z, Cinar I, et al. Evaluation of endothelial 
dysfunction in bipolar affective disorders: serum endocan 
and urotensin-II levels. Clin Psychopharmacol Neurosci 
2019;17:211–21. https://doi.org/10.9758/cpn.2019.17.2.211; 
PMID: 30905121.

16. Dieset I, Haukvik UK, Melle I, et al. Association between 
altered brain morphology and elevated peripheral 
endothelial markers--implications for psychotic disorders. 
Schizophr Res 2015;161:222–8. https://doi.org/10.1016/j.
schres.2014.11.006; PMID: 25433965.

17. Lee BH, Kim YK. Increased plasma VEGF levels in major 
depressive or manic episodes in patients with mood 
disorders. J Affect Disord 2012;136:181–4. https://doi.
org/10.1016/j.jad.2011.07.021; PMID: 21862441.

18. Jimenez-Fernandez S, Gurpegui M, Garrote-Rojas D, et al. 
Oxidative stress parameters and antioxidants in patients 
with bipolar disorder: results from a meta-analysis 
comparing patients, including stratification by polarity and 
euthymic status, with healthy controls. Bipolar Disord 
2021;23:117–29. https://doi.org/10.1111/bdi.12980; 
PMID: 32780547.

19. Ermakov EA, Dmitrieva EM, Parshukova DA, et al. Oxidative 
stress-related mechanisms in schizophrenia pathogenesis 
and new treatment perspectives. Oxid Med Cell Longev 
2021;2021:8881770. https://doi.org/10.1155/2021/8881770; 
PMID: 33552387.

20. Buosi P, Borghi FA, Lopes AM, et al. Oxidative stress 
biomarkers in treatment-responsive and treatment-resistant 
schizophrenia patients. Trends Psychiatry Psychother 
2021;43:278–85. https://doi.org/10.47626/2237-6089-2020-
0078; PMID: 34982515.

21. Prochaska JJ, Das S, Young-Wolff KC. Smoking, mental 
illness, and public health. Annu Rev Public Health 
2017;38:165–85. https://doi.org/10.1146/annurev-
publhealth-031816-044618; PMID: 27992725.

22. Hall SM, Prochaska JJ. Treatment of smokers with 
co-occurring disorders: emphasis on integration in mental 
health and addiction treatment settings. Annu Rev Clin 
Psychol 2009;5:409–31. https://doi.org/10.1146/annurev.
clinpsy.032408.153614; PMID: 19327035.

23. Tsoi DT, Porwal M, Webster AC. Efficacy and safety of 
bupropion for smoking cessation and reduction in 
schizophrenia: systematic review and meta-analysis. Br J 
Psychiatry 2010;196:346–53. https://doi.org/10.1192/bjp.
bp.109.066019; PMID: 20435957.

24. Gronholm PC, Chowdhary N, Barbui C, et al. Prevention and 
management of physical health conditions in adults with 
severe mental disorders: WHO recommendations. Int J Ment 
Health Syst 2021;15:22. https://doi.org/10.1186/s13033-021-
00444-4; PMID: 33658061.

25. WHO. Tobacco use and mental health conditions: a policy brief. 
Copenhagen: WHO, 2020. https://apps.who.int/iris/
bitstream/handle/10665/359643/WHO-EURO-2020-5616-
45381-64939-eng.pdf (accessed 30 November 2022).

26. Goldstein BI, Fagiolini A, Houck P, Kupfer DJ. Cardiovascular 
disease and hypertension among adults with bipolar I 
disorder in the United States. Bipolar Disord 2009;11:657–62. 
https://doi.org/10.1111/j.1399-5618.2009.00735.x; 
PMID: 19689508.

27. Pillinger T, Beck K, Gobjila C, et al. Impaired glucose 

homeostasis in first-episode schizophrenia: a systematic 
review and meta-analysis. JAMA Psychiatry 2017;74:261–9. 
https://doi.org/10.1001/jamapsychiatry.2016.3803; 
PMID: 28097367.

28. Pillinger T, Beck K, Stubbs B, Howes OD. Cholesterol and 
triglyceride levels in first-episode psychosis: systematic 
review and meta-analysis. Br J Psychiatry 2017;211:339–49. 
https://doi.org/10.1192/bjp.bp.117.200907; PMID: 28982658.

29. Vancampfort D, Wampers M, Mitchell AJ, et al. A meta-
analysis of cardio-metabolic abnormalities in drug naive, 
first-episode and multi-episode patients with schizophrenia 
versus general population controls. World Psychiatry 
2013;12:240–50. https://doi.org/10.1002/wps.20069; 
PMID: 24096790.

30. Vancampfort D, Vansteelandt K, Correll CU, et al. Metabolic 
syndrome and metabolic abnormalities in bipolar disorder: a 
meta-analysis of prevalence rates and moderators. Am J 
Psychiatry 2013;170:265–74. https://doi.org/10.1176/appi.
ajp.2012.12050620; PMID: 23361837.

31. Ahrens B, Muller-Oerlinghausen B, Schou M, et al. Excess 
cardiovascular and suicide mortality of affective disorders 
may be reduced by lithium prophylaxis. J Affect Disord 
1995;33:67–75. https://doi.org/10.1016/0165-
0327(94)00074-j; PMID: 7759663.

32. Segev A, Iqbal E, McDonagh TA, et al. Clozapine-induced 
myocarditis: electronic health register analysis of incidence, 
timing, clinical markers and diagnostic accuracy. Br J 
Psychiatry 2021;219:644–51. https://doi.org/10.1192/
bjp.2021.58; PMID: 35048875.

33. Ruschena D, Mullen PE, Burgess P, et al. Sudden death in 
psychiatric patients. Br J Psychiatry 1998;172:331–6. https://
doi.org/10.1192/bjp.172.4.331; PMID: 9715336.

34. Manu P, Kane JM, Correll CU. Sudden deaths in psychiatric 
patients. J Clin Psychiatry 2011;72:936–41. https://doi.
org/10.4088/JCP.10m06244gry; PMID: 21672496.

35. Zhu J, Hou W, Xu Y, et al. Antipsychotic drugs and sudden 
cardiac death: a literature review of the challenges in the 
prediction, management, and future steps. Psychiatry Res 
2019;281:112598. https://doi.org/10.1016/j.
psychres.2019.112598; PMID: 31622875.

36. Sicouri S, Antzelevitch C. Mechanisms underlying the 
actions of antidepressant and antipsychotic drugs that 
cause sudden cardiac arrest. Arrhythm Electrophysiol Rev 
2018;7:199–209. https://doi.org/10.15420/aer.2018.29.2; 
PMID: 30416734.

37. Correll CU, Solmi M, Croatto G, et al. Mortality in people 
with schizophrenia: a systematic review and meta-analysis 
of relative risk and aggravating or attenuating factors. World 
Psychiatry 2022;21:248–71. https://doi.org/10.1002/
wps.20994; PMID: 35524619.

38. Marchand WE. Occurrence of painless myocardial infarction 
in psychotic patients. N Engl J Med 1955;253:51–5. https://
doi.org/10.1056/NEJM195507142530202; PMID: 14394322.

39. Stubbs B, Thompson T, Acaster S, et al. Decreased pain 
sensitivity among people with schizophrenia: a meta-
analysis of experimental pain induction studies. Pain 
2015;156:2121–31. https://doi.org/10.1097/j.
pain.0000000000000304; PMID: 26207650.

40. Polcwiartek C, Kragholm K, Hansen SM, et al. 
Electrocardiogram characteristics and their association with 
psychotropic drugs among patients with schizophrenia. 
Schizophr Bull 2020;46:354–62. https://doi.org/10.1093/

https://doi.org/10.1371/journal.pone.0055176
https://doi.org/10.1371/journal.pone.0055176
https://doi.org/10.1001/jamapsychiatry.2015.1737
https://doi.org/10.1001/jamapsychiatry.2015.1737
https://doi.org/10.1001/jamapsychiatry.2014.2502
https://doi.org/10.1001/jamapsychiatry.2014.2502
https://doi.org/10.1016/S2215-0366(17)30097-4
https://doi.org/10.1016/S2215-0366(17)30097-4
https://doi.org/10.1136/bmjopen-2012-002373
https://doi.org/10.1136/bmjopen-2012-002373
https://doi.org/10.1016/S2215-0366(19)30132-4
https://doi.org/10.1192/bjp.bp.117.202606
https://doi.org/10.1161/CIR.0000000000000229
https://doi.org/10.1161/CIR.0000000000000229
https://doi.org/10.1136/openhrt-2020-001286
https://doi.org/10.1136/openhrt-2020-001286
https://doi.org/10.1111/j.1440-1819.2009.01974.x
https://doi.org/10.1111/j.1440-1819.2009.01974.x
https://doi.org/10.1161/01.CIR.0000131515.03336.f8
https://doi.org/10.1038/npjschz.2015.23
https://doi.org/10.1038/npjschz.2015.23
https://doi.org/10.1016/j.autneu.2013.04.002
https://doi.org/10.1007/s10439-011-0294-5
https://doi.org/10.1007/s10439-011-0294-5
https://doi.org/10.9758/cpn.2019.17.2.211
https://doi.org/10.1016/j.schres.2014.11.006
https://doi.org/10.1016/j.schres.2014.11.006
https://doi.org/10.1016/j.jad.2011.07.021
https://doi.org/10.1016/j.jad.2011.07.021
https://doi.org/10.1111/bdi.12980
https://doi.org/10.1155/2021/8881770
https://doi.org/10.47626/2237-6089-2020-0078
https://doi.org/10.47626/2237-6089-2020-0078
https://doi.org/10.1146/annurev-publhealth-031816-044618
https://doi.org/10.1146/annurev-publhealth-031816-044618
https://doi.org/10.1146/annurev.clinpsy.032408.153614
https://doi.org/10.1146/annurev.clinpsy.032408.153614
https://doi.org/10.1192/bjp.bp.109.066019
https://doi.org/10.1192/bjp.bp.109.066019
https://doi.org/10.1186/s13033-021-00444-4
https://doi.org/10.1186/s13033-021-00444-4
https://apps.who.int/iris/bitstream/handle/10665/359643/WHO-EURO-2020-5616-45381-64939-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/359643/WHO-EURO-2020-5616-45381-64939-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/359643/WHO-EURO-2020-5616-45381-64939-eng.pdf
https://doi.org/10.1111/j.1399-5618.2009.00735.x
https://doi.org/10.1001/jamapsychiatry.2016.3803
https://doi.org/10.1192/bjp.bp.117.200907
https://doi.org/10.1002/wps.20069
https://doi.org/10.1176/appi.ajp.2012.12050620
https://doi.org/10.1176/appi.ajp.2012.12050620
https://doi.org/10.1016/0165-0327(94)00074-j
https://doi.org/10.1016/0165-0327(94)00074-j
https://doi.org/10.1192/bjp.2021.58
https://doi.org/10.1192/bjp.2021.58
https://doi.org/10.1192/bjp.172.4.331
https://doi.org/10.1192/bjp.172.4.331
https://doi.org/10.4088/JCP.10m06244gry
https://doi.org/10.4088/JCP.10m06244gry
https://doi.org/10.1016/j.psychres.2019.112598
https://doi.org/10.1016/j.psychres.2019.112598
https://doi.org/10.15420/aer.2018.29.2
https://doi.org/10.1002/wps.20994
https://doi.org/10.1002/wps.20994
https://doi.org/10.1056/NEJM195507142530202
https://doi.org/10.1056/NEJM195507142530202
https://doi.org/10.1097/j.pain.0000000000000304
https://doi.org/10.1097/j.pain.0000000000000304
https://doi.org/10.1093/schbul/sbz064


Coronary Artery Disease in SMI

INTERVENTIONAL CARDIOLOGY: REVIEWS, RESEARCH, RESOURCES
www.ICRjournal.com

schbul/sbz064; PMID: 31219596.
41. Polcwiartek C, Atwater BD, Kragholm K, et al. Association 

between ECG abnormalities and fatal cardiovascular 
disease among patients with and without severe mental 
illness. J Am Heart Assoc 2021;10:e019416. https://doi.
org/10.1161/JAHA.120.019416; PMID: 33432845.

42. Jakobs K, Lautan L, Lucassen P, et al. Cardiovascular risk 
management in patients with severe mental illness or taking 
antipsychotics: a qualitative study on barriers and facilitators 
among Dutch general practitioners. Eur J Gen Pract 
2022;28:191–9. https://doi.org/10.1080/13814788.2022.2092
093; PMID: 35796600.

43. Happell B, Scott D, Platania-Phung C. Perceptions of barriers 
to physical health care for people with serious mental 
illness: a review of the international literature. Issues Ment 
Health Nurs 2012;33:752–61. https://doi.org/10.3109/0161284
0.2012.708099; PMID: 23146009.

44. Heiberg IH, Nesvag R, Balteskard L, et al. Diagnostic tests 
and treatment procedures performed prior to cardiovascular 
death in individuals with severe mental illness. Acta Psychiatr 
Scand 2020;141:439–51. https://doi.org/10.1111/acps.13157; 
PMID: 32022895.

45. McLean G, Martin JL, Martin DJ, et al. Standard 
cardiovascular disease risk algorithms underestimate the 
risk of cardiovascular disease in schizophrenia: evidence 
from a national primary care database. Schizophr Res 
2014;159:176–81. https://doi.org/10.1016/j.schres.2014.07.022; 
PMID: 25128454.

46. Stone EM, Chen LN, Daumit GL, et al. General medical 
clinicians’ attitudes toward people with serious mental 
illness: a scoping review. J Behav Health Serv Res 
2019;46:656–79. https://doi.org/10.1007/s11414-019-
09652-w; PMID: 30887413.

47. Jakobsen L, Terkelsen CJ, Christiansen EH, et al. Severe 
mental illness and clinical outcome after primary 
percutaneous coronary intervention. Am J Cardiol 
2017;120:550–5. https://doi.org/10.1016/j.
amjcard.2017.05.021; PMID: 28645474.

48. Schulman-Marcus J, Goyal P, Swaminathan RV, et al. 
Comparison of trends in incidence, revascularization, and 
in-hospital mortality in ST-elevation myocardial infarction in 
patients with versus without severe mental illness. Am J 
Cardiol 2016;117:1405–10. https://doi.org/10.1016/j.
amjcard.2016.02.006; PMID: 26956637.

49. Attar R, Berg Johansen M, Valentin JB, et al. Treatment 
following myocardial infarction in patients with 
schizophrenia. PLoS One 2017;12:e0189289. https://doi.
org/10.1371/journal.pone.0189289; PMID: 29236730.

50. Hong SJ, Kim JS, Hong SJ, et al. 1-month dual-antiplatelet 
therapy followed by Aspirin monotherapy after polymer-free 
drug-coated stent implantation: one-month DAPT trial. JACC 
Cardiovasc Interv 2021;14:1801–11. https://doi.org/10.1016/j.
jcin.2021.06.003; PMID: 34332946.

51. Mehran R, Cao D, Angiolillo DJ, et al. 3- or 1-month DAPT 
in patients at high bleeding risk undergoing everolimus-
eluting stent implantation. JACC Cardiovasc Interv 
2021;14:1870–83. https://doi.org/10.1016/j.jcin.2021.07.016; 
PMID: 34503737.

52. Solmi M, Tiihonen J, Lahteenvuo M, et al. Antipsychotics use 
is associated with greater adherence to cardiometabolic 
medications in patients with schizophrenia: results from a 
nationwide, within-subject design study. Schizophr Bull 
2022;48:166–75. https://doi.org/10.1093/schbul/sbab087; 
PMID: 34286338.

53. Rummel-Kluge C, Komossa K, Schwarz S, et al. Head-to-
head comparisons of metabolic side effects of second 
generation antipsychotics in the treatment of schizophrenia: 
a systematic review and meta-analysis. Schizophr Res 
2010;123:225–33. https://doi.org/10.1016/j.
schres.2010.07.012; PMID: 20692814.

54. Lieberman JA, Stroup TS, McEvoy JP, et al. Effectiveness of 
antipsychotic drugs in patients with chronic schizophrenia. N 
Engl J Med 2005;353:1209–23. https://doi.org/10.1056/
NEJMoa051688; PMID: 16172203.

55. Haupt DW, Newcomer JW. Hyperglycemia and antipsychotic 
medications. J Clin Psychiatry 2001;62(Suppl 27):15–26; 

discussion 40–1. PMID: 11806485.
56. Correll CU. Weight gain and metabolic effects of mood 

stabilizers and antipsychotics in pediatric bipolar disorder: a 
systematic review and pooled analysis of short-term trials. J 
Am Acad Child Adolesc Psychiatry 2007;46:687–700. https://
doi.org/10.1097/chi.0b013e318040b25f; PMID: 17513981.

57. Jerrell JM. Neurological and cardiovascular adverse events 
associated with antimanic treatment in children and 
adolescents. CNS Neurosci Ther 2010;16:25–31. https://doi.
org/10.1111/j.1755-5949.2009.00087.x; PMID: 19769597.

58. Geller B, Luby JL, Joshi P, et al. A randomized controlled 
trial of risperidone, lithium, or divalproex sodium for initial 
treatment of bipolar I disorder, manic or mixed phase, in 
children and adolescents. Arch Gen Psychiatry 2012;69:515–
28. https://doi.org/10.1001/archgenpsychiatry.2011.1508; 
PMID: 22213771.

59. Vohra J. Sudden cardiac death in schizophrenia: a review. 
Heart Lung Circ 2020;29:1427–32. https://doi.org/10.1016/j.
hlc.2020.07.003; PMID: 32800442.

60. Taipale H, Tanskanen A, Mehtala J, et al. 20-year follow-up 
study of physical morbidity and mortality in relationship to 
antipsychotic treatment in a nationwide cohort of 62,250 
patients with schizophrenia (FIN20). World Psychiatry 
2020;19:61–8. https://doi.org/10.1002/wps.20699; 
PMID: 31922669.

61. Chan JKN, Chu RST, Hung C, et al. Mortality, 
revascularization, and cardioprotective pharmacotherapy 
after acute coronary syndrome in patients with severe 
mental illness: a systematic review and meta-analysis. 
Schizophr Bull 2022;48:981–98. https://doi.org/10.1093/
schbul/sbac070; PMID: 35786737.

62. Mitchell AJ, Lawrence D. Revascularisation and mortality 
rates following acute coronary syndromes in people with 
severe mental illness: comparative meta-analysis. Br J 
Psychiatry 2011;198:434–41. https://doi.org/10.1192/bjp.
bp.109.076950; PMID: 21628705.

https://doi.org/10.1093/schbul/sbz064
https://doi.org/10.1161/JAHA.120.019416
https://doi.org/10.1161/JAHA.120.019416
https://doi.org/10.1080/13814788.2022.2092093
https://doi.org/10.1080/13814788.2022.2092093
https://doi.org/10.3109/01612840.2012.708099
https://doi.org/10.3109/01612840.2012.708099
https://doi.org/10.1111/acps.13157
https://doi.org/10.1016/j.schres.2014.07.022
https://doi.org/10.1007/s11414-019-09652-w
https://doi.org/10.1007/s11414-019-09652-w
https://doi.org/10.1016/j.amjcard.2017.05.021
https://doi.org/10.1016/j.amjcard.2017.05.021
https://doi.org/10.1016/j.amjcard.2016.02.006
https://doi.org/10.1016/j.amjcard.2016.02.006
https://doi.org/10.1371/journal.pone.0189289
https://doi.org/10.1371/journal.pone.0189289
https://doi.org/10.1016/j.jcin.2021.06.003
https://doi.org/10.1016/j.jcin.2021.06.003
https://doi.org/10.1016/j.jcin.2021.07.016
https://doi.org/10.1093/schbul/sbab087
https://doi.org/10.1016/j.schres.2010.07.012
https://doi.org/10.1016/j.schres.2010.07.012
https://doi.org/10.1056/NEJMoa051688
https://doi.org/10.1056/NEJMoa051688
https://doi.org/10.1097/chi.0b013e318040b25f
https://doi.org/10.1097/chi.0b013e318040b25f
https://doi.org/10.1111/j.1755-5949.2009.00087.x
https://doi.org/10.1111/j.1755-5949.2009.00087.x
https://doi.org/10.1001/archgenpsychiatry.2011.1508
https://doi.org/10.1016/j.hlc.2020.07.003
https://doi.org/10.1016/j.hlc.2020.07.003
https://doi.org/10.1002/wps.20699
https://doi.org/10.1093/schbul/sbac070
https://doi.org/10.1093/schbul/sbac070
https://doi.org/10.1192/bjp.bp.109.076950
https://doi.org/10.1192/bjp.bp.109.076950

