
Risk of myocardial infarction and stroke in bipolar disorder: a 
systematic review and exploratory meta-analysis

M.L. Prieto1,2, A.B. Cuéllar-Barboza1,3, W.V. Bobo1, V.L. Roger4,5, F. Bellivier6,7,8, M. 
Leboyer8,9,10,11, C.P. West12,13, and M.A. Frye1

1Department of Psychiatry and Psychology, Mayo Clinic Depression Center, Mayo Clinic, 
Rochester, MN, USA

2Universidad de los Andes, Facultad de Medicina, Departamento de Psiquiatría, Santiago, Chile

3Department of Psychiatry, Universidad Autónoma de Nuevo León, Monterrey, México

4Division of Cardiovascular Diseases, Department of Medicine, Mayo Clinic

5Division of Epidemiology, Department of Health Sciences Research, Mayo Clinic, Rochester, 
MN, USA

6Psychiatric Department, APHP Hôpital F. Widal, Paris, France

7INSERM, UMR-S1144

8FondaMenta Foundation

9Faculté de Médecine, Université Paris Est

10INSERM, U955, Psychiatrie Génétique

11Département de Psychiatrie, Hôpital H. Mondor-A. Chenevier, Créteil, France

12Division of General Internal Medicine, Department of Medicine, Mayo Clinic

13Division of Biomedical Statistics and Informatics, Department of Health Sciences Research, 
Mayo Clinic, Rochester, MN, USA

Abstract

Miguel L. Prieto, Department of Psychiatry and Psychology, Mayo Clinic; Department of Psychiatry, Faculty of Medicine, 
Universidad de los Andes, 200 First Street SW, Rochester, MN 55905, USA. prietocancino.miguel@mayo.edu; mprieto@uandes.cl. 

Declaration of interest
This project was partially supported by Grant Number UL1 TR000135 from the National Center for Advancing Translational Sciences 
(NCATS). Its contents are solely the responsibility of the authors and do not necessarily represent the official views of the NIH. It was 
also partially supported by Mayo Foundation for Medical Education and Research. Dr. Prieto has received honoraria for speaker 
activities and development of educational presentations from GlaxoSmithKline, has received travel support from GlaxoSmithKline, 
Lilly, Lundbeck, Pharmavita, and has received scholarship support from the Government of Chile. Dr. Bellivier has received honoraria 
for speaker activities from AstraZeneca, Bristol-Myers Squibb, Euthérapie, Lundbeck, Otsuka, European Space Agency, and for 
consulting from Bristol-Myers Squibb, Lundbeck, Otsuka, European Space Agency. Dr. Frye has been a consultant (unpaid) for 
Allergan, Merck, Myriad, Sanofi-Aventis, Sunovion, Takeda Global Research, Teva Pharmaceuticals, United Biosource Corporation, 
has received grant support from Myriad, Pfizer, National Alliance for Schizophrenia and Depression (NARSAD), National Institute of 
Mental Health (NIMH), National Institute of Alcohol Abuse and Alcoholism (NIAAA), Mayo Foundation, and has received travel 
support from Chilean Society of Neurology, Psychiatry and Neurosurgery (Sociedad de Neurologia, Psiquiatria y Neurocirugia), 
Advanced Health Media, GlaxoSmithKline, Colombian Society of Neuropsychopharmacology, AstraZeneca, Bristol-Myers-Squib, 
Otsuka, Sanofi-Aventis. For the remaining authors, no further conflict of interests were declared.

HHS Public Access
Author manuscript
Acta Psychiatr Scand. Author manuscript; available in PMC 2016 September 14.

Published in final edited form as:
Acta Psychiatr Scand. 2014 November ; 130(5): 342–353. doi:10.1111/acps.12293.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Objective—To review the evidence on and estimate the risk of myocardial infarction and stroke 

in bipolar disorder.

Method—A systematic search using MEDLINE, EMBASE, PsycINFO, Web of Science, Scopus, 

Cochrane Database of Systematic Reviews, and bibliographies (1946 – May, 2013) was 

conducted. Case-control and cohort studies of bipolar disorder patients age 15 or older with 

myocardial infarction or stroke as outcomes were included. Two independent reviewers extracted 

data and assessed quality. Estimates of effect were summarized using random-effects meta-

analysis.

Results—Five cohort studies including 13 115 911 participants (27 092 bipolar) were included. 

Due to the use of registers, different statistical methods, and inconsistent adjustment for 

confounders, there was significant methodological heterogeneity among studies. The exploratory 

meta-analysis yielded no evidence for a significant increase in the risk of myocardial infarction: 

[relative risk (RR): 1.09, 95% CI 0.96–1.24, P = 0.20; I2 = 6%]. While there was evidence of 

significant study heterogeneity, the risk of stroke in bipolar disorder was significantly increased 

(RR 1.74, 95% CI 1.29–2.35; P = 0.0003; I2 = 83%).

Conclusion—There may be a differential risk of myocardial infarction and stroke in patients 

with bipolar disorder. Confidence in these pooled estimates was limited by the small number of 

studies, significant heterogeneity and dissimilar methodological features.
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Introduction

It is increasingly recognized that the morbidity and mortality associated with bipolar 

disorder (BD) is not simply the result of psychiatric symptoms such as psychosis or suicide, 

but also the consequence of a wide range of medical comorbidity (1, 2). The standardized 

mortality ratio (SMR) for BD in general [2.5 for men, 2.7 for women (3); 3.3 overall (4)] 

and cardiovascular [CVD; SMR 1.9 for men, 2.6 for women (3); 2.1 overall (4)] or 

neurovascular disease [SMR 1.6 for men, 2.3 for women (3); 3.5 overall (4)], in particular, 

underscore the public health priority to determine the morbidity burden, risk factors and 

pathophysiological mechanisms of cardiovascular and neurovascular disease in BD.

The mechanisms that would potentially explain the link between BD and MI and stroke have 

not been established, but may actually be shared between MI and stroke because both 

diseases are associated with atherosclerosis (5, 6). Not unique to BD, classic risk factors for 

CVD (7, 8) include high body mass index driven by unhealthy diet and low levels of 

physical activity (9), high rates of smoking (9, 10), hypertension (11), and diabetes (12). 

There may be additional risk for patients with BD from the standpoint of druginduced 

weight gain (13) and metabolic disturbances (14–16) and relatively poor access to health 

care (17).

The association between coronary heart disease and major depressive disorder has been well 

established in longitudinal studies (18). In BD, there is evidence from cross-sectional studies 
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to suggest an association with CVD [odds ratios (OR) between 1.4 and 5.0] (11, 19, 20). 

Cerebrovascular disease association with BD has been less systematically studied with only 

one cross-sectional study that showed a higher risk of vascular diseases (including stroke) 

(20). Longitudinal studies, a better estimation of the risk, however, have had variable study 

designs and have shown conflicting results. Almost all studies were conducted using 

registers developed with administrative codes, which carries a risk of misclassification of the 

exposure and the outcome (21). Furthermore, covariates used in the multivariate models 

were dissimilar and some important potential confounders were not always considered.

Aims of the study

i) Obtain and review all the available evidence on this topic, ii) conduct an exploratory meta-

analysis to estimate whether individuals with bipolar disorder are at greater risk, compared 

with individuals without bipolar disorder, for developing myocardial infarction or stroke, 

and iii) suggest future directions for translational research, focusing on epidemiology and 

biomarkers.

Material and methods

Data sources and searches

A comprehensive search strategy was used to identify relevant studies that were published 

between 1946 through May 2013. This search strategy, executed by an expert medical 

librarian with expertise in systematic reviews, accessed the following databases: MEDLINE, 

EMBASE, PsycINFO, Web of Science, Scopus, and Cochrane Database of Systematic 

Reviews. The following search terms were used: bipolar disorder, manic, depression, 

cerebrovascular disorders, cardiovascular diseases, incidence, prevalence, comorbid, case-

control or longitudinal. The exact search terms utilized and the specific method by which 

they were combined are available upon request. A manual review of bibliographies from 

selected reports was conducted to identify additional studies.

Study selection

Two reviewers (MLP and ABCB) conducted an independent review of titles and abstracts 

from the references obtained by the search strategy and bibliography review. Eligibility 

criteria used to select reports for systematic review included: studies in English, French, or 

Spanish, case-control or cohort study design, people age 15 or older, BD diagnosis (as out-

patient or in-patient) defined by the Diagnostic Statistical Manual for Mental Disorders 

(DSM-III through IV-TR) or by the International Classification of Diseases (ICD 8 through 

10) as the exposure, and a comparison group of individuals without a BD diagnosis. Our 

outcome measures were i) MI or ii) stroke defined by ICD-8, 9, or 10 criteria, clinical 

diagnosis, or self-report diagnosis. If the event of interest was contained in a composite 

outcome, such as ‘cardiovascular diseases’, the author was contacted to obtain the specific 

outcomes of interest.

As cross-sectional studies may overestimate the risk of stroke due to post-stroke mania, only 

longitudinal case-control and cohort studies were included (22). The lower age limit of 15 

years was chosen to accommodate the first BD incidence peak (23). Broad methods of 
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outcome ascertainment (including self-report) were chosen because MI and stroke are 

relatively acute and well-defined outcomes that reliably come to medical attention and are 

therefore less subject to recall or measurement bias.

Full texts of all abstracts selected by at least one of the reviewers were screened for 

eligibility. Both reviewers assessed the full text reports that fulfilled the eligibility criteria. 

Inter-reviewer agreement was evaluated at this stage using kappa statistics. A third 

investigator was not needed for adjudication of any study as consensus regarding inclusion 

or exclusion of each report was achieved.

Data extraction and quality assessment

The two reviewers independently reviewed each report, extracting data on study 

characteristics according to the STROBE statement for reports of observational studies (24). 

Relative risks (RR) were preferred over odds ratios (OR) and adjusted measures of effect 

were preferred over unadjusted measures. If a report did not include the data needed for the 

meta-analysis, the corresponding author was contacted to obtain the missing information. 

Although initially planned, assessment for possible publication bias could not be performed 

because of the small number of studies and significant heterogeneity.

Data synthesis and analysis

Separate analyses were performed for MI and stroke. Adjusted OR was assumed to be 

equivalent to adjusted RR when event rates were low (<10%) (25). Incidence Rate Ratios 

(IRR), Admission Rate Ratios (ARR) and Hazards Ratios (HR) were treated as RR. 

Subgroup analysis comparing estimates of effect that account for follow-up time (IRR, ARR 

and HR) vs. the ones that do not account for time (OR) were conducted to confirm whether 

this assumption impacted the results. If it was not possible to obtain adjusted estimates for 

the specific outcome by contacting the study author, unadjusted RRs and 95% confidence 

intervals (CIs) were calculated using the number of events reported. If not available, the 

study was subsequently excluded.

Meta-analyses were performed calculating RR using random-effects models, if all included 

studies were cohort studies, as RR can be calculated for cohort studies and it is easier to 

interpret than OR (26). Inconsistency and statistical heterogeneity were measured by the Q 

statistic and the I2 test (27). Causes of heterogeneity were explored by doing sensitivity/

subgroup analyses. REVMAN software version 5.2 (28) and JMP version 9 (SAS Institute 

Inc., Cary, NC, USA) were utilized for all statistical analyses. This manuscript followed 

MOOSE statement for reporting of systematic reviews and meta-analyses of observational 

studies (29).

Results

Systematic review

As summarized in Fig. 1, of 938 abstracts obtained, 32 were selected at least by one of the 

reviewers for full text review (19, 20, 30–58). Seven reports that included (30, 31, 44, 46, 50, 

51, 58) [two reports included MI and stroke (44, 58); both counted as two reports] met 
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criteria for further review. All these studies were cohort studies; we did not find case-control 

studies. Agreement for included studies was high, with a kappa of 0.85. One study (30) 

reported a composite CVD outcome. The corresponding author was unable to provide a 

specific estimate for MI, and thus, the study was excluded. One study (58) included 58 

individuals under age 15 (0.34% of participants with BD and 0.0004% of total sample); 

given this miniscule contribution from underage individuals, the study was retained for this 

meta-analysis. Two studies (44, 50) were conducted using the same register within a similar 

timeframe, thus the samples overlapped. Because the study by Nilsson and collaborators 

(50) encompassed a shorter timeframe and thus a smaller sample size as compared to the 

study by Laursen and collaborators, and was more prone to bias due to their osteoarthritis 

comparison cohort, it was removed from the analyses.

These five cohort studies totaled 13 115 911 individuals (27 092 with BD) from four 

countries, with a maximum follow-up of 20 years (Table 1). Two studies (44, 58) were 

conducted in Scandinavian registers (Denmark and Sweden), which combined provided 

more than 13 000 000 participants and more than 23 000 patients with BD, while three 

smaller studies (31, 46, 51) were carried out in other countries (Taiwan and USA, 

respectively).

Three register studies (31, 44, 58) utilized administrative diagnostic codes using ICD 9 or 10 

codes for diagnosis of the exposure (BD) and the outcomes (MI and stroke). One study (51) 

interviewed patients directly using a structured diagnostic interview administered by lay 

interviewers. The cohort by Westman and collaborators (58) had the longest follow-up (20 

years). Two studies (44, 51) included in- and out-patients as their exposed cohorts, although 

the study by Laursen et al. included out-patients only for a part of the cohort timeframe. 

Four studies (31, 44, 46, 58) utilized comparison cohorts obtained from the same registers 

(excluding patients with schizophrenia or with history of psychiatric admissions) or utilized 

participants with surgical conditions (i.e. appendicitis). One survey study (51) used a 

comparison cohort that included all patients without BD.

For the risk of MI, the estimates of effect were dissimilar, although non-significant. The 

largest study by Westman and collaborators reported a lack of an increased risk of MI among 

patients with BD, after adjusting for age, sex, and calendar time (adjusted ARR: 1.03, 95% 

CI 0.92–1.16). The other three studies also did not show a statistically significant increased 

risk of MI; however, the estimates of effect were farther from the null [adjusted IRR: 1.32, 

95% CI 0.88–1.99 (44); unadjusted OR: 1.31, 95% CI 0.87–1.97 (31); unadjusted RR: 1.68, 

95% CI 0.63–4.47 (51)].

For the risk of stroke, all studies reported statistically significant increased risk of stroke 

among patients with BD, reaching up to two times the risk of stroke compared with the 

unexposed group.

The statistical methodology and the employed estimates of effect varied greatly among these 

studies. While all the included studies were cohort studies, only two studies utilized time-to-

event analyses (i.e. Kaplan–Meier or Cox Proportional Hazards Regression). The statistical 
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adjustment was diverse. Four studies (31, 44, 46, 58) adjusted for age and only two studies 

(44, 58) further adjusted for sex. No studies adjusted for diabetes.

Assessment of bias

In general, the included studies were at risk of at least moderate bias. The study by Ramsey 

et al. (51) was the only work that utilized a more representative sample of the full spectrum 

of patients with BD, because it included out-patients and non-treatment-seeking individuals 

who responded to their survey. The other studies included hospital-based samples. One study 

(43) comprised outpatients seen at the hospitals’ clinics, but only for a part of their cohort 

timeframe. Among the included studies, only two studies (44, 58) reported prior validity 

studies of diagnostic codes. The non-exposed cohorts excluded patients with schizophrenia 

(58), psychiatric admissions (43), or any psychiatric diagnosis (31, 46). One study used a 

structured interview conducted by lay interviewers to assess history of mania or hypomania 

(51). The rest of the studies relied on administrative registers (31, 43, 46, 58). Two studies 

(31, 46) did not report whether the BD cohort was free of MI or stroke before the start of the 

follow-up. The degree of statistical adjustment varied greatly. All studies adjusted for age 

and sex. However, no studies controlled for diabetes and one study (31) adjusted for 

hypertension. The length of the follow-up ranged from 6 to 20 years, and then the follow-up 

may have been insufficient for the development of coronary artery disease or stroke. Only 

one study (51) reported the number of participants who were lost to follow-up.

Exploratory meta-analysis

Data synthesis—Of the five included reports (31, 44, 46, 51, 58), two reported MI 

outcomes, one reported stroke outcomes and two reported both MI and stroke outcomes. It 

was not possible to obtain from the authors specific adjusted measures of effect for MI in 

one study (51). In this case, the unadjusted RR of MI was calculated using the number of 

events obtained from the article.

Risk of myocardial infarction—The pooled RR of MI in BD was 1.09 (95% CI 0.96–

1.24, P = 0.20; heterogeneity: χ2 = 3.19, P = 0.36; I² = 6%; Fig. 2). A sensitivity analysis 

that excluded studies that reported only unadjusted estimates of effect yielded a pooled RR 

of 1.08 (95% CI 0.92–1.26, P = 0.35; heterogeneity: χ2 = 2.20, P = 0.33; I² = 9%). There 

was no evidence of significant differences in the RR of MI when comparing studies with 

general population non-exposed cohorts (RR 1.11, 95% CI 0.90–1.37, heterogeneity P = 

0.28, I2 = 22%), vs. non-exposed cohorts with medical conditions (appendectomy) [RR 1.31, 

95% CI 0.87–1.97, heterogeneity (not applicable, only one study), I2 = 0%; Relative Risk 

Ratio (RRR) 0.85, 95% CI 0.54–1.34; test for subgroup differences: P = 0.49]. This was also 

the case when comparing studies that reported IRR or HR (RR 1.08, 95% CI 0.89–1.29, 

heterogeneity P = 0.25, I2 = 24%) vs. the studies that reported RR or OR (RR 1.38, 95% CI 

0.94–2.01, heterogeneity P = 0.52, I2 = 0%; RRR 0.78, 95% CI 0.51–1.20; test for subgroup 

differences: P = 0.25). In addition, there was no evidence of significant differences in the RR 

of MI between studies that only included BP in-patients at the index episode (RR 1.09, 95% 

CI 0.94–1.27) and those that included BP in-patients as well as out-patients (RR 1.85, 95% 

CI 0.69– 4.94; RRR 0.59, 95% CI 0.22–1.60; test for subgroup differences: P = 0.30). We 
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did not perform subgroup analysis by adjustment for psychotropic medication, because none 

of the studies reported estimates for MI after controlling for medication use.

Risk of stroke—The pooled RR of stroke in BD was 1.74 (95% CI 1.29–2.35; P = 0.0003) 

(Fig. 3). In this analysis, there was significant heterogeneity (χ2 = 11.81, P = 0.003, I2 = 

83%). Subgroup analysis revealed significant differences when comparing studies with 

referent cohorts that excluded patients with schizophrenia vs. cohorts that excluded all 

patients with psychiatric admissions (excluded patients with schizophrenia: RR 1.39, 95% 

C.I. 1.26–1.53; excluded all patients with any psychiatric admission: RR 2.02, 95% C.I. 

1.67– 2.64; RRR: 0.69, 95% C.I. 0.56–0.85; test for subgroup differences: P = 0.0006). This 

analysis resolved heterogeneity. Conversely, there was no significant difference between 

studies that used general population non-exposed cohorts with studies that utilized non-

exposed cohorts with medical conditions (general population: RR 1.65, 95% C.I. 1.15–2.36; 

appendectomy: RR 2.05, 95% C.I. 1.43–2.93; RRR: 0.81, 95% C.I. 0.48–1.34; test for 

subgroup differences: P = 0.40). We did not perform subgroup analyses comparing in-

patients and out-patients and by psychotropic medication adjustment because all stroke 

studies were conducted on BP in-patients and none of these studies controlled for 

medication.

Discussion

This first systematic review and exploratory meta-analysis on the risk of MI and stroke in 

BD suggests that there may be a differential risk. This is not a definitive conclusion but a 

call for further study as the number of studies was small with significant methodological 

heterogeneity. This first exploratory meta-analysis as a first estimation of the risk of MI and 

stroke in BD across published studies has the strength of sample size (over 13 million 

individuals and 29 000 with BD), but a number of limitations.

As all studies except one were conducted using administrative registers, they are all affected 

by the same problems registers have for epidemiological studies. First, it is assumed that 

diagnostic codes in administrative registers are valid, while indeed the validity has not been 

adequately assessed for all registers and for all diagnoses, because the quality of these 

validity studies has been highly heterogeneous (59, 60). In addition, the codes are contrasted 

to the clinical notes, that in general do agree, but there are very few validity studies 

comparing the clinical note against a structured clinical interview (61). Second, registers 

such as the Danish Psychiatric Central Register (62) are based on secondary or tertiary 

hospitals contacts, and then the patients captured by these databases are only those who seek 

treatment and who require a more complex care (63). This issue is particularly important in 

BD, and even more important in bipolar II disorder patients, who may never require a 

hospital admission or treatment in a hospital setting. Thus, the representativeness of the full 

spectrum of illness severity is somewhat limited in these registers. Third, the lack of detailed 

information in these registers, on important variables that are associated with CVD and BD 

(e.g. body mass index, smoking) impede the accurate exploration of potential confounders or 

mediators of this association. Fourth, diagnostic practices, diagnostic criteria and clinician 

awareness of the disease have changed over time. In a study conducted in New South Wales, 

covering the timeframe from 1967 to 1977, there was an increase in the diagnosis of mania 
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along with a decrease in the diagnosis of paranoid schizophrenia, after lithium became 

available (64). Conversely, concordance between ICD-8 and ICD-10, and between ICD-8 

and DSM-III for affective disorders have been reported to be high (65). Furthermore, 

cultural and ethnic differences have been reported for the clinical presentation of BD (66–

68). All these issues may have impacted the diagnostic methods across the included studies 

and over time.

The comparison cohorts were also dissimilar across the included studies. Only one study 

(51) did not exclude any participants from the comparison cohort. The other studies 

excluded patients with schizophrenia or participants with prior psychiatric admissions or 

other psychiatric diagnoses. Of note, several psychiatric disorders have been associated with 

CVD in longitudinal studies, specifically major depressive disorder (18) and schizophrenia 

(69). Then, the exclusion of these patients from the comparison cohort may have introduced 

bias by selecting a referent group with a potentially lower risk of CVD than the general 

population (‘ultra-healthy controls’). This observation may explain why the study by 

Westman et al. (58), which only excluded patients with schizophrenia from the comparison 

cohort, found an IRR for MI of 1.03, while the study by Laursen et al. (70), in which 

participants with any psychiatric admission were excluded from the comparison cohort 

(assuming a ‘healthier’ referent cohort), found an IRR of 1.32. In the same vein, the 

heterogeneity of the stroke meta-analysis may be explained by this same reason [i.e. the 

estimate of effect for stroke in Westman et al. study (58) was significantly closer to the null 

than the estimate for the Laursen et al. study (43)].

Several different statistical methods were utilized in these studies, even though all employed 

cohort designs. Two studies from Taiwan conducted on the same register used logistic 

regression models for estimating the effect of BD on the risk of MI and stroke. A logistic 

regression does not take into account follow-up time or censoring. Therefore, it is a limited 

statistical approach for longitudinal data when the follow-up time for each participant is 

different (71), as it was the case in these studies. In addition, the covariates utilized in the 

multivariate models across studies varied dramatically. No studies adjusted for an important 

risk factor for CVD: diabetes (7). This medical disease is an important potential confounder 

of the association between BD and MI and stroke, because diabetes have been associated 

with MI (7), stroke (72) and also with BD (73, 74). Diabetes is even more important in BD 

due to the increased risk of diabetes with atypical antipsychotics (14, 16, 75). Further, the 

lack of assessment of other potential confounders (e.g. physical activity) may have 

introduced residual confounding that was not adjusted for in the multivariate models.

In the case of the risk of MI, one large study explained 79% of the pooled estimate of effect 

and may undermine the estimates of the other smaller studies, which were farther from the 

null, albeit non-significant. No studies reported estimates after adjusting for critical risk 

factors for MI such as diabetes. While the pooled estimate for stroke provided somewhat 

stronger evidence of an increase in the risk among patients with BD, this estimate was 

obtained from studies with significant heterogeneity. However, subgroup analyses 

comparing studies with comparison cohorts that excluded patients with schizophrenia vs. 

those that excluded patients with any psychiatric admission resolved heterogeneity, 
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providing some evidence that the methods for selecting the comparison cohort may have had 

a large impact on the estimate of the risk of stroke.

The majority of the studies lacked sufficient reporting on patients lost to follow-up, which is 

important given i) the likelihood of higher dropout rates among patients with BD (76) and ii) 

the potential bias that could have been introduced if the dropout rates were different between 

exposed and non-exposed groups (77). Nevertheless, studies in which nationwide databases 

were utilized and patients were followed-up until death (44, 58), the likelihood of large 

proportions of lost to follow-up may be lower.

The number of studies that satisfied even our broad inclusion criteria was relatively small. 

Therefore, the statistical power to obtain an accurate and precise pooled estimate and to 

detect subgroup differences was limited. In addition, due to the small number of studies, 

different types of estimates of effect (ARR, IRR, HR, OR) were pooled. We compared the 

pooled estimate of effect obtained from ARR, IRR and HR and the estimate obtained from 

OR, without finding significant differences.

The pooled relative risk for MI was not elevated with no significant statistical heterogeneity, 

while the pooled relative risk for stroke in BD was significantly increased with a precise 

estimate, but significant study heterogeneity. While this meta-analysis did not confirm the 

higher rates of MI reported in cross-sectional studies (11, 19, 20), it did support the findings 

from prior cross-sectional studies of stroke in patients with BD (20). Cross-sectional designs 

are susceptible to bias and confounding, therefore longitudinal studies (particularly cohort 

studies) are more robust with regards to providing a valid estimate of the risk of an outcome 

given an exposure.

There is a discrepancy between our study which showed no evidence of increased risk of 

myocardial infarction in BD and the relatively higher mortality rate of myocardial infarction 

in BD, in comparison to the general population (3, 44, 78). We postulate three possible 

explanations: i) patients with BD and the general population have similar rates of MI, but the 

lethality is greater in BD; this is supported by data reporting higher mortality rates of 

patients with severe mental illness (including BD) after admission due to acute heart disease 

(43); ii) patients with BD receive less medical care for MI than general population, either 

because they have poor access to health care (17) or lower rates of cardiovascular health care 

utilization and invasive cardiac diagnostic/therapeutic procedures (43); iii) patients with BD 

may be at higher risk of post-MI arrhythmias and sudden cardiac death (58) out of the 

hospital, which may underestimate the true risk of myocardial infarction. This last 

explanation could be driven by the use of antipsychotics, which have been associated with 

QTc prolongation, torsade de pointes and sudden cardiac death (79), alterations of the 

autonomic nervous system (80) and abnormalities in the hypothalamus-pituitary-adrenal axis 

(81), both seen in BD and also associated with poor outcomes after MI (82). The limitations 

of out-of-hospital cardiac death ascertainment make it difficult to reliably test this 

hypothesis.

Although several classic risk factors for CVD and stroke (i.e. smoking (83), diabetes (74), 

hypertension (11), obesity (84), and low physical activity (9)) are associated with BD, we 
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did not find sufficient evidence to support an increased risk of MI. Moreover, exposure to 

mood-stabilizer medications (mainly atypical antipsychotics) causes weight gain (84), 

diabetes (14), and dyslipidaemia (15), all of which are risk factors for MI and stroke. No 

studies in this meta-analysis provided estimates for MI after adjusting for other risk factors 

for MI besides age and sex, except for one study (31) that also adjusted for hypertension. It 

is unlikely that statistical adjustment would have had a large impact on the larger studies that 

reported estimates close to 1, because the presence of negative confounding (i.e. a variable 

positively associated with BD and negatively associated with MI or vice versa) is 

improbable, given that all CVD risk factors are also associated with BD. Finally, this meta-

analysis focused on specific neurocardiovascular diseases; the increased risk of 

cardiovascular disease in broader terms (after adjusting for important confounders) in 

patients with BD reported in two studies (30, 51) may have been driven by other 

cardiovascular diseases besides MI (i.e. hypertension, stable coronary artery disease, heart 

failure, arrhythmias).

In the case of stroke, as patients with BD present with higher rates of CVD risk factors [i.e. 

smoking (83), diabetes (74), hypertension (11), obesity (84), and low physical activity (9)], a 

higher risk of stroke would be expected and was actually supported by all the included 

studies with moderate risk of bias (43, 46, 58). One stroke study (46), even after adjusting 

for hypertension and dyslipidemia, reported increased risk, which may support the 

hypothesis that other risk factors (i.e. inflammation) may contribute to the risk of stroke 

besides the classical cardiovascular risk factors.

Multi-systemic inflammation has also been proposed as one underlying explanation for this 

potential association (85). MI, stroke and bipolar diseases each have been associated with 

abnormal levels of pro- and anti-inflammatory cytokines and soluble receptors (e.g., sIL-2R, 

IL-6, IL-4, IL-1β, IL-10, tumor necrosis factor-α, C-reactive protein) (85, 86). Inflammatory 

response in BD may manifest in young adult life and contribute to or accelerate early 

vascular damage and subsequent atherosclerosis, a key pathophysiological mechanism 

underlying MI and ischemic stroke (87).

Because BD often develops in adolescence and young adulthood, an inflammatory 

dysregulation initiation could contribute to the development of early-onset cerebral 

atherosclerosis in brain regions implicated in BD. Longitudinal epidemiological databases 

with detailed phenotypic classification should be able to test this hypothesis.

This first systematic review and exploratory meta-analysis suggests a possible differential 

risk of myocardial infarction and stroke in BD, in the context of highly heterogeneous 

studies. The evidence, however, is sufficiently limited to quantify definitive levels of risk. 

Methodologically rigorous studies should be conducted in population-based samples, 

include bipolar out-patients, use referent cohorts from the general population, and 

incorporate longer follow-up timeframes and accurate ascertainment of the exposure and 

outcomes (using other methods besides administrative coding), including information 

regarding cardiac or post-stroke death and loss to follow-up. It is imperative to better 

understand the association of BD with MI, stroke, and other neurocardiovascular diseases 

because patients with BD are at a higher risk of mortality due to these diseases (3) and die 
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10 years earlier compared to the general population (58). Furthermore, the 

pathophysiological mechanisms underlying these associations, including inflammatory 

biomarkers and non-invasive assessment of atherosclerosis (88), should be explored to better 

understand the mechanisms that are responsible for the high mortality due to 

neurocardiovascular disease in patients with BD.
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Summations

• In patients with bipolar disorder, the risk of subsequent myocardial 

infarction may not be increased, while the risk of stroke may be 

significantly elevated.

• High mortality rates due to myocardial infarction in patients with 

bipolar disorder may not be explained by an increased risk of 

myocardial infarction in the same population.

• More methodologically rigorous studies should be conducted to 

accurately estimate the risk of cardiovascular disease in bipolar 

disorder and identify biomarkers that may aid in the understanding of 

the underlying pathophysiology.
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Considerations

• The available studies had methodological limitations that lowered the 

confidence on the reported estimates of effect.

• There was high methodological heterogeneity among the included 

studies, and statistically significant heterogeneity among stroke studies, 

which may limit the interpretation of the results and pooled estimates 

of effect.

• The predominance of Scandinavian registers, the use of hospital-based 

databases and regional specific diagnostic practices impede a global 

generalization of these findings to other countries or to the full 

spectrum of patients with bipolar disorder.
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Fig. 1. 
Flow diagram.
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Fig. 2. 
Meta-analysis of risk of myocardial infarction in bipolar disorder. SE, standard error; IV, 

inverse variance; CI, confidence interval.
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Fig. 3. 
Meta-analysis of risk of stroke in bipolar disorder. SE, standard error; IV, inverse variance; 

CI, confidence interval.
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