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Abstract

Objective—To estimate the risk of fatal and non-fatal myocardial infarction (MI) and stroke in 

patients with bipolar I disorder compared to people without bipolar I disorder.

Method—Utilizing a records-linkage system spanning 30 years (1966–1996), a population-based 

cohort of 334 subjects with bipolar I disorder and 334 age and sex-matched referents from 

Olmsted County, Minnesota, U.S. was identified. Longitudinal follow-up continued until incident 

MI or stroke (confirmed by board-certified cardiologist/neurologist), death, or study end date 

(December 31, 2013). Cox proportional hazards models assessed the hazard ratio (HR) for MI or 

stroke, adjusting for potential confounders.

Results—There was an increased risk of fatal or non-fatal MI or stroke (as a composite outcome) 

in patients with bipolar I disorder [HR 1.54, 95% confidence interval (CI) 1.02, 2.33; p=0.04]. 

However, after adjusting for baseline cardiovascular risk factors (alcoholism, hypertension, 

diabetes, and smoking), the risk was no longer significantly increased (HR 1.19, 95% CI 0.76, 

1.86; p=0.46).

Limitations—Small sample size for the study design. Findings were not retained after 

adjustment for cardiovascular disease risk factors. Psychotropic medication use during the follow-

up was not ascertained and was not included in the analyses.

Conclusion—This study in a geographically defined region in the U.S. demonstrated a 

significant increased risk of MI or stroke in bipolar I disorder, which was no longer significant 

after adjustment for cardiovascular risk factors.

Keywords

bipolar disorder; cardiovascular diseases; cohort studies; risk

Introduction

Bipolar disorder is a chronic, recurrent, and highly comorbid illness that negatively impacts 

the young U.S. population from the standpoint of disability, health care cost utilization, and 

mortality. Standardized mortality ratios from all causes are more than 2-fold higher in 

bipolar disorder patients compared to the general population (standardized mortality ratio: 

2.5 for men and 2.7 for women), with elevated rates in neurological diseases (standardized 

mortality ratio: 1.6 for men and 2.3 for women) and cardiovascular diseases (standardized 

mortality ratio: 1.9 for men and 2.6 for women) (Angst et al., 2013; Osby et al., 2001; 

Westman et al., 2013).

Although cardiovascular disease (CVD)-associated mortality in bipolar disorder has been 

well recognized, the risk of non-fatal CVD or neurovascular events has not been firmly 

established (Callaghan and Khizar, 2010; Goldstein et al., 2015; Ramsey et al., 2010; 

Westman et al., 2013). For example, a recent meta-analysis performed by our group (Prieto 

et al., 2014), identified an increased pooled relative risk (RR) for stroke (RR: 1.74, 95% 

confidence interval [CI] 1.29, 2.35) but not for myocardial infarction (MI) (RR: 1.09, 95% 

CI 0.96, 1.24), highlighting potential differential risks contributing to neurovascular and 

cardiovascular events. Moreover, several important limitations were identified in the 

Prieto et al. Page 2

J Affect Disord. Author manuscript; available in PMC 2017 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



majority of prior studies including: 1) the use of administrative diagnostic codes or lay 

interviewers to ascertain both bipolar disorder and CVD diagnoses as well as potential 

confounders (Laursen et al., 2011; Lin et al., 2007, 2008; Ramsey et al., 2010; Westman et 

al., 2013); 2) the lack of assessment of and adjustment for critical CVD confounders, such as 

body mass index, diabetes, and smoking (Laursen et al., 2011; Lin et al., 2007, 2008; 

Westman et al., 2013); 3) the restriction of the sample to bipolar disorder inpatients (Lin et 

al., 2007, 2008; Westman et al., 2013); 4) the lack of adequate report of lost to follow-up; 5) 

the use of non-community based referent groups (i.e., inpatients who had undergone 

appendectomy) (Lin et al., 2007, 2008); and 6) the short-term follow-up (Lin et al., 2007, 

2008).

Finally, the majority of these epidemiological studies assessing the risk of CVD/stroke in 

bipolar disorder have been performed in Scandinavian countries with rich data registries. 

This does, however, limit the generalizability of these findings to other demographically 

different countries, such as the United States. Due to the lack of a national health system in 

the US, there are few sources of epidemiological data to investigate the long-term outcomes 

of bipolar disorder such as CVD. One notable exception is the Rochester Epidemiology 

Project (REP) (St Sauver et al., 2012a; St Sauver et al., 2012b; St Sauver et al., 2011).

The REP is a unique population-based records-linkage system for the residents of Olmsted 

County, Minnesota (MN) that provides detailed medical data from health records and death 

certificates for all residents of the county since 1966. The availability of the complete text of 

historical medical records, including physical exam findings and laboratory tests, permits the 

confirmation of medical diagnoses using current diagnostic criteria. Administrative registries 

lack this capability. The long timeframe, nearly 50 years that this system encompasses, 

provides an exceptional opportunity to study long-term outcomes in diseases that arise in the 

young population, such as bipolar disorder.

The aim of this study was to investigate the subsequent risk of fatal and non-fatal MI and 

stroke in patients with bipolar I disorder compared with people without bipolar I disorder in 

Olmsted County, MN, USA.

Method

The Rochester Epidemiology Project (REP) maintains a records-linkage system for 90–96% 

of Olmsted County, Minnesota (USA) residents who have had their medical care in the 

county since 1966. This population is similar demographically to the State of Minnesota, the 

upper Midwest, and to a large segment of the entire U.S. population (St Sauver et al., 

2012a). Validity and reliability of several variables within the REP dataset and medical 

records have been shown to be adequate in other studies that compared medical records’ 

information with data obtained by patient interview (St Sauver et al., 2012a). All medical 

contacts and procedures are coded using International Classification of Disease (ICD) 

diagnostic codes, and the full text of medical records is available for abstraction. Death 

certificate diagnostic codes are available through the State of Minnesota Death Registry and 

the National Death Index +.

Prieto et al. Page 3

J Affect Disord. Author manuscript; available in PMC 2017 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



This study was approved by the Mayo Clinic and Olmsted Medical Center Institutional 

Review Boards. Informed consent was not required per a State of Minnesota law that allows 

patients to authorize the use of their medical records for multiple studies (St Sauver et al., 

2012b).

Cohort Identification

We identified a population-based cohort of all incident and prevalent cases of bipolar I 

disorder who were residents of Olmsted County, MN, USA, from January 1, 1966 through 

December 31, 1996. We defined bipolar I disorder as a manic episode confirmed by 

Diagnostic and Statistical Manual for Mental Disorders 4th Edition Text Revised (DSM-IV-

TR) criteria, or a clinical diagnosis of a manic episode in the medical record. A board-

certified psychiatrist with 8 years of experience in mood disorders (MLP), supervised by a 

board-certified psychiatrist with 20 years of similar background (MAF), reviewed medical 

records from 1,126 Olmsted county residents who: 1) provided research authorization, 2) 

had a bipolar I disorder-related diagnostic code, and 3) did not have any MI or stroke 

diagnostic codes before the first bipolar I disorder code. A total of 334 patients were 

confirmed as having bipolar I disorder while they resided in Olmsted County and as being 

free of MI or stroke before the index date (Figure 1). Psychiatric comorbidity was assessed 

by record review. We defined “history of psychosis” as ever having hallucinations or 

delusions within distinct mood episodes, assessed by medical record review. We randomly 

identified, from all the general population in Olmsted County who were part of the REP, one 

same-sex referent person for each bipolar I patient, who was born in the same year and was 

alive and free of MI, stroke, or bipolar I disorder codes before the index date in the matched 

pair. We utilized a stratified randomization by age and sex.

For patients with incident bipolar I disorder (i.e., patients who had their first manic episode 

in Olmsted County), the index date was the date of the first medical contact within the first 

manic episode. For prevalent cases, the index date was the first psychiatric outpatient visit or 

hospital admission when the patient was an Olmsted County resident. For referents, the 

index date was the index date of their matched pair.

Outcomes

Outcomes were ascertained from index through December 31, 2013. To ascertain MI, we 

used the Clinical Classification Software (CCS) for ICD-9-CM (Agency for Health Care 

Policy and Research, 1999), categories CCS 100 (acute MI) and selected codes from CCS 

101 related to prior history of MI to screen for MI outcome events. The complete list of 

codes for all outcomes is available upon request. Then, to confirm whether each possible MI 

event identified by the prior procedure was a true MI, we used data from a population-based 

cohort of incident MI in Olmsted County, MN, USA (1979–2012) (Roger et al., 2002; Roger 

et al., 2010), which covered the same population during a similar timeframe. Patients who 

had an MI code before 1979 or after 2012 were manually reviewed. Details on the 

methodology of the MI cohort have been reported elsewhere (Roger et al., 2002; Roger et 

al., 2010). Briefly, patients with ICD-9-CM codes 410–411 were screened for an MI. Then, 

MI was validated by trained abstractors using epidemiological criteria that included cardiac 

pain, biomarkers and electrocardiogram changes. Using a similar procedure, possible stroke 
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cases were identified using CCS category 109 (acute cerebrovascular disease) codes and 

selected codes from category 113 (late effects of cerebrovascular disease). Potential outcome 

events were further confirmed by record review by a neurologist (JPK) using standard 

clinical and imaging stroke criteria.

CCS category 100 (acute myocardial infarction) and 109 (acute cerebrovascular disease) 

codes listed anywhere on the death certificate were used to ascertain fatal MI or stroke, 

respectively. The date of death was obtained from the death certificate.

Outcomes analyses and cohort follow-up

We defined MI as a composite outcome including non-fatal MI and fatal MI. Stroke was 

grouped in a similar manner. We combined fatal and non-fatal events because outside of the 

hospital, MI is highly lethal (31%) (Norris, 1998). Our primary outcome was a combination 

of fatal and nonfatal MI and stroke (MI/stroke). The rationale for a composite outcome of 

MI or stroke was multifactorial including: a similar underlying biology of vascular 

endothelial disease for both myocardial and cerebrovascular infarction (Jashari et al., 2013), 

longitudinal contemporary clinical trials in cardiovascular disease typically utilize this 

composite outcome (Helft et al., 2015), and a large proportion of myocardial infarctions 

progress to cardiac arrest and death in the field (i.e. before getting medical treatment) 

(Norris, 1998). The date at start of follow-up was the index date for the patient with bipolar I 

disorder and for the matched referent person (index date of the pair). The end of follow-up 

was the first date in which the participant: 1) reached an outcome of interest (MI or stroke), 

2) was lost to follow-up, 3) died, or 4) was alive and free of outcomes at the end of the study 

(December 31, 2013).

Assessment of covariates

Potential confounders of the association between bipolar disorder and CVD were assessed at 

index date. Diabetes was defined as a documented diagnosis, a fasting glucose level higher 

than 126 mg/dL, or as use of anti-diabetic drug therapy. Hypertension was defined as a 

documented diagnosis, as blood pressure measurement with average systolic ≥ 140 mm/Hg 

and diastolic ≥90 mm/Hg, or as use of antihypertensives. Hyperlipidemia was defined as a 

documented diagnosis, as fasting total cholesterol levels of ≥ 240 mg/dL, or as use of a lipid-

lowering drug. Body mass index was calculated using: (weight in kg)/(height in cm)2. 

Smoking was determined by records’ review and classified as current, former, or never 

smoked.

Statistical analysis

We utilized Wilcoxon Rank Sum test or Kruskal-Wallis test for assessing the statistical 

significance of continuous variables, and the chi-squared test for categorical variables. Odds 

ratios (OR) and 95% CIs were estimated using logistic regression.

For time-to-event analyses, we developed cumulative incidence curves comparing patients 

with bipolar I disorder and referents, using the Kaplan-Meier method. To estimate the hazard 

ratio (HR) with its 95% CI, we used Cox Proportional Hazards models. We calculated 

unadjusted HRs and HRs adjusted for covariates at the index date that were potential 
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confounders (i.e., were previously associated with bipolar I disorder and with any of the 

outcomes): hypertension (Goldstein et al., 2009), diabetes (Regenold et al., 2002), smoking 

(Waxmonsky et al., 2005), and alcohol use disorder (Greenland et al., 2003). The 

proportional hazards assumption was tested and confirmed using graphical methods. We 

used age as the time scale for all the analyses. Statistical significance was achieved at a two-

tailed alpha level of 0.05. Statistical analysis was performed using SAS version 9.3 (SAS 

Institute, Inc.; Cary, NC) and JMP Pro version 10.0 (SAS Institute, Inc.; Cary, NC).

Results

Description of the cohort

A total of 334 patients with bipolar I disorder and 334 referent subjects were included in the 

study (Table 1). One person, who was selected as a referent, was diagnosed with bipolar I 

disorder later during follow-up, thus he/she was part of the bipolar disorder and referent 

cohorts. A total of 194 (57.7%) patients had their bipolar I disorder diagnosis confirmed by 

strict DSM-IV-TR criteria. The rest of the patients were confirmed by the clinician’s 

documented diagnosis in the medical records, and further confirmed by the reviewer’s 

assessment. The median age at first documented manic episode was 37 (interquartile range 

[IQR] 27, 52) years, and 56% of the patients had a history of psychosis. Among the 

referents, 4.6% of the subjects had history of major depressive disorder at the index date. 

The median follow-up time for the full cohort was 18.7 years (range 0–46.1 years): 17.3 

years (range 0–46.0 years) for the bipolar cohort and 20.9 years (range 0–46.1 years) for the 

referent cohort (Wilcoxon p<0.0001).

Estimates of effect for myocardial infarction and stroke risk

There was no statistically significant increased risk of MI among patients with bipolar I 

disorder compared with the referent participants (HR 1.39, 95% CI 0.75, 2.60, p=0.30) 

(Table 2, Figure 2a). After adjusting for alcohol use disorder, hypertension, diabetes, and 

smoking, the estimate of effect decreased (HR 1.06, 95% CI 0.54, 2.08, p=0.86). There was 

a non-significant increased risk of stroke among patients with bipolar I disorder (HR 1.57, 

95% CI 0.93, 2.64, p=0,09) (Table 2, Figure 2b). After adjusting for potential confounders, 

the HR decreased to 1.18 (95% CI 0.67, 2.09, p=0.68).

There was a significant increased risk of MI or stroke, when treated as a composite outcome, 

in bipolar I disorder patients compared with the referent group (HR 1.54, 95% CI 1.02, 2.33, 

p=0.04) (Table 2, Figure 2c). However, after adjusting for potential confounders, the HR 

decreased to 1.19 (95% CI 0.76, 1.86, p=0.46). In a secondary analysis, history of psychosis 

was associated with a marginally increased risk of MI or stroke (HR 1.71, 95% CI 0.97, 

3.03, p=0.06). After adjusting for potential confounders, the HR in patients with history of 

psychosis reduced to 1.52 (95% CI 0.84, 2.78, p=0.17). The findings did not change in 

sensitivity analyses that excluded the referent subject who later developed bipolar disorder 

(HR 1.54, 95% CI 1.02, 2.33; p=0.04), or keeping the person in both cohorts but using 

robust sandwich covariance estimates (HR 1.54, 95% CI 1.01, 2.35; p=0.045).
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Discussion

We observed a significant increased risk for the composite outcome of fatal and non-fatal MI 

and stroke among patients with bipolar I disorder in Olmsted County, MN, USA, which was 

not retained after adjusting for CVD risk factors. The role of the potential confounders was 

particularly important for the risk of stroke as evidenced by a 0.39 reduction of the 

unadjusted HR to the adjusted HR. Based on a post-hoc analysis, there may be a differential 

risk of fatal or non-fatal MI/stroke in bipolar patients based on the presence or absence of 

psychosis; given the small sample size, this needs to be further investigated in subsequent 

studies. This study is strengthened by the quality of the assessment methods: bipolar I 

diagnosis confirmation by medical records review conducted by a board-certified 

experienced psychiatrist; CVD risk factors ascertainment by documented diagnosis, 

physiological measures, and laboratory results; and confirmation of MI and stroke by 

medical records review applying standard diagnostic criteria that included symptoms, signs, 

and laboratory measures.

Three register-based studies reported a significantly increased incidence rate ratio, admission 

rate ratio, or odds ratio of stroke in patients with bipolar I disorder, ranging from 1.39 (95% 

CI 1.26, 1.52) to 2.05 (95% CI 1.73, 3.54) (Laursen et al., 2009; Lin et al., 2007; Westman et 

al., 2013). Other studies have reported non-significant increased risk of MI in patients with 

bipolar disorder (Laursen et al., 2009; Lin et al., 2008; Ramsey et al., 2010). A large 

register-based cohort in Sweden showed no increased risk of MI (Westman et al., 2013). 

These differences in the risk of MI or stroke in other studies support the execution of more 

carefully designed studies that investigate these important clinical questions.

The possible increased risk of MI/stroke that we observed may be explained by several 

mechanisms. First, MI and stroke share several risk factors (Goldstein et al., 2006; 

Greenland et al., 2003) that are also associated with bipolar disorder [i.e., smoking 

(Waxmonsky et al., 2005), diabetes (Regenold et al., 2002), hypertension (Goldstein et al., 

2009), obesity (McElroy et al., 2002), and low physical activity (Kilbourne et al., 2007b)]. 

Moreover, patients with bipolar disorder are exposed to pharmacotherapies (atypical 

antipsychotics, mood stabilizers, and lithium) that are associated with weight gain, obesity 

(McElroy et al., 2002), dyslipidemia, glucose abnormalities, and diabetes (Bobo et al., 2013; 

Guo et al., 2007; Olfson et al., 2006). Indeed, we observed an increased rate of diabetes, 

hypertension, and smoking in our bipolar I cohort, and when we incorporated these 

covariates in the multivariable models, the HR decreased substantially and became non-

significant. However, physical activity and the use of psychotropic medication over time 

were not assessed, which may cause residual confounding. Thus, the increased risk for MI/

stroke in patients with bipolar I disorder may be attributed in part to an increased exposure 

to CVD risk factors. It remains unclear whether bipolar disorder is associated with a 

subsequent development of CVD risk factors, or whether these patients are already highly 

exposed to these risk factors before the onset of the disorder.

Several lines of evidence may explain the higher CVD mortality in bipolar disorder. Patients 

with bipolar I disorder have less access to healthcare in general (Bradford et al., 2008), and 

cardiovascular interventional care in particular (Laursen et al., 2009). In addition, patients 
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with bipolar I disorder may be more prone to post-MI complications and sudden cardiac 

death (Westman et al., 2013). One of the causes of sudden cardiac death is malignant 

arrhythmia, which may occur at higher rates in patients with bipolar disorder due to 

alterations of the autonomic nervous system (Cohen et al., 2003), or of the hypothalamus-

pituitary-adrenal axis (Watson et al., 2004), or due to the use of atypical antipsychotics 

(Glassman and Bigger, 2001; Lin et al., 2014).

Although our study showed an important role of CVD risk factors on the risk of MI/stroke, 

this preliminary finding of a lower impact of CVD risk factors on the risk of MI/stroke in 

patients with history of psychosis suggests that bipolar I disorder with history of psychosis 

may increase CVD risk independently. In a cross-sectional study conducted by our group 

(Prieto et al., 2015), we identified an association between history of psychosis and cardiac 

disease in a sample of 988 patients with bipolar disorder, after adjusting for potential 

confounders. Psychosis in bipolar disorder has been associated with increased illness 

severity (Tohen et al., 2003), and may be associated with more severe neurobiological 

abnormalities with presumably more severe systemic manifestations.

A possible biological basis for the comorbidity of bipolar disorder and CVD is increased 

inflammation. Bipolar disorder has been associated with increased systemic inflammation, 

which may be stronger in patients with more severe symptoms (Dargel et al., 2015). 

Alterations in circulating inflammatory and anti-inflammatory cytokines have been 

identified in patients with bipolar disorder (Modabbernia et al., 2013). Atherosclerosis, the 

main pathophysiologic phenomenon in MI and ischemic stroke, is also mediated by 

inflammatory processes (Libby et al., 2009). In the context of increased levels of circulating 

inflammatory cytokines, endothelial cells express vascular cell adhesion molecules, which 

recruit monocytes and T lymphocytes, starting the atherosclerotic process [for details about 

atherosclerosis pathophysiology: (Libby et al., 2009)]. This early atherosclerotic plaque may 

start its development in young patients with bipolar disorder, who may not have developed 

CVD risk factors or these CVD risk factors may have not been present for sufficient time. 

Then, in the presence of CVD risk factors, the already damaged endothelium of these 

patients may be more prone to severe atherosclerosis in the context of heavy exposure to 

CVD risk factors. Therefore, systemic inflammation in bipolar disorder may trigger the 

beginning of atherosclerotic processes leading to increased risk for CVD early in life.

In addition, patients with bipolar I disorder and history of psychosis may share features of 

schizophrenia, such as increased inflammation (Potvin et al., 2008), increased exposure to 

CVD risk factors (Kilbourne et al., 2007a; Regenold et al., 2002), and increased CVD in 

longitudinal studies (Fan et al., 2013). We acknowledge that the increased risk of MI/stroke 

at the trend level among patients with bipolar I disorder and psychosis remains uncertain. 

Thus, this finding should be replicated in other cohorts.

Strengths and limitations

This study has a number of strengths. First, to our knowledge, this is the largest long-term 

U.S. population-based bipolar disorder cohort, which encompassed all patients with bipolar I 

disorder who were residents of Olmsted County during a 30-year timeframe, regardless of 

whether they were hospitalized or not at their index episode. There are no other bipolar 
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disorder cohorts in the U.S. with this length of follow-up. Second, we were able to manually 

confirm each bipolar I case by psychiatrist chart review. Further, more than 50% of the cases 

were confirmed by strict DSM-IV-TR criteria. Only 30% of the potential cases identified 

with diagnostic codes were adjudicated as bipolar I disorder, which shows how strict our 

algorithm was. This rate is similar to rates of confirmed MI cases/potential MI cases 

identified by diagnostic codes using the REP (33%) (Roger et al., 2002). Third, the referent 

group consisted of persons without bipolar I disorder, but we did not exclude patients with 

other psychiatric disorders. Fourth, the ascertainment of MI and stroke was performed by 

records review by cardiologist-supervised trained abstractors (for MI) or a neurologist (for 

stroke). Fifth, the assessment of the covariates allowed adjusting for potential confounders of 

the association between bipolar I disorder, MI, and stroke. Sixth, the follow-up timeframe 

was up to 46 years, providing adequate time for the development of MI or stroke.

This study’s findings are limited by the small sample size and small number of events, 

which decrease our confidence in the estimates of effect. Further, stratified or subgroup 

analyses were limited by this lack of statistical power. We utilized a composite outcome, 

which has advantages from the statistical standpoint but limitations in its interpretation 

(Freemantle and Calvert, 2010). Even though we found a significantly increased risk of MI/

stroke in this cohort, the CI was somewhat wide and thus the precision of the estimate of 

effect was limited. In addition, after adjusting for potential confounders at baseline, the HR 

decreased and became non-significant, which may have occurred due to small statistical 

power. We were not able to assess the development of CVD risk factors after baseline, nor 

the impact of CVD risk factors that arise during the course of the bipolar illness. Our recent 

systematic review (Prieto et al., 2014) has highlighted that CVD risk factors were not 

adjusted for in prior registries studies from Scandinavian countries (Laursen et al., 2011; 

Westman et al., 2013) and another two registry studies from Taiwan (Lin et al., 2007, 2008) 

conducted analyses that adjusted for hypertension, hyperlipidemia, renal disease and 

substance use, but did not adjust for diabetes, smoking (two well-established CVD risk 

factors) nor medication use. Finally, the two survey-based 2-wave studies (Ramsey et al., 

2010; Goldstein et al., 2015) did adjust for CVD risk factors and medication use, however 

this study design is less robust because there could be missing events or missing CVD risk 

factors between each wave. Nevertheless, it is possible that the CVD risk factors are 

“mediators” or “intervening variables” in the chain of causality leading to MI or stroke. In 

this situation, the cardiovascular risk factors are not cofounders and its statistical adjustment 

may not be critical.

Because some patients in the disease and referent cohorts moved out of Olmsted County, 

MN, we may have missed MI or stroke events that occurred outside the county. However, the 

addition of mortality data, which is nationwide, allowed us to capture patients who died due 

to MI or stroke while out of the county. Our mortality data were based on death certificate 

diagnoses, and were not confirmed by autopsy; therefore, the validity of those diagnoses was 

not tested in this study. However, a prior study tested the validity of the death certificate 

diagnoses for coronary heart disease mortality with autopsy reports in Olmsted County 

(Goraya et al., 2000), and reported high sensitivity (91%) and high positive predictive value 

(96%) for out-of-hospital coronary heart disease death. This population-based cohort was 

based on treatment-seeking people who attended primary care clinics or hospitals in 
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Olmsted County; therefore, we could not study patients who did not seek care. The little 

racial diversity of Olmsted County impeded any secondary analyses by race/ethnicity, and 

then these findings are only generalizable to Caucasian patients. Finally, we only collected 

data on covariates at baseline, and we did not include medication use over time because we 

were not able to ascertain medication use nor adherence using historical medical records. 

Therefore, we were not able to address the subsequent development of risk factors for CVD 

after the onset of bipolar disorder in incident cases, which may have underestimated the 

contribution of CVD risk factors to the risk of MI/stroke.

It is urgently needed to understand the mechanisms underlying this comorbidity of CVD and 

bipolar disorder. Few studies have investigated endothelial dysfunction in patients with 

bipolar disorder with contradictory findings (Fiedorowicz et al., 2012; Murray et al., 2012). 

Other areas of potential future research should include other biomarkers of early 

atherosclerosis, such as coronary calcium measured by computed tomography and oxidized 

low-density lipoprotein (oxLDL).

If the influence of CVD risk factors on the risk of MI/stroke in this population is high as 

showed in the adjusted analyses, the public health efforts should be focused on decreasing 

the prevalence of CVD risk factors among patients with bipolar disorder. A recent clinical 

trial investigated the efficacy of a multidisciplinary intervention specifically designed for 

patients with bipolar disorder (Kilbourne et al., 2013). It randomly assigned patients 58 

patients to an intervention called Life Goals Collaborative Care and 60 patients to usual care. 

Its main outcome was blood pressure, cholesterol levels and quality of life. It showed a 

significant but small decrease in blood pressure (systolic: β=−2.94, p=0.05; diastolic: β=

−2.18, p=0.03) and no changes in cholesterol levels. Therefore, more clinical trials should be 

designed to test interventions that may improve CVD health in these patients.

In conclusion, in a US population-based cohort of patients with bipolar I disorder observed 

for up to 46 years, we demonstrated a significant increase of MI/stroke as compared to 

people without bipolar I disorder. The association was no longer significant after adjustment 

for CVD risk factors that were present at baseline. If the risk of MI/stroke was confounded 

by these CVD risk factors, it will be fundamental to improve current preventive strategies to 

decrease the prevalence of smoking, alcohol use, hypertension and diabetes among patients 

with bipolar disorder. Moreover, we detected a possible higher risk of MI/stroke in the 

subgroup of patients with history of psychosis that certainly warrants replication. This study 

provided evidence of this association in a geographically-defined region in the U.S., despite 

the power limitations. Biomarkers of early atherosclerosis should be explored to identify 

patients with bipolar disorder at a particularly high risk of fatal or non-fatal CVD events.
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Highlights

• Bipolar I disorder patients show an increased risk for myocardial infarction 

and stroke.

• This association was not retained after adjusting for cardiovascular (CVD) 

risk factors.

• Public health efforts may be directed towards the reduction of CVD risk 

factors in this population.
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Figure 1. 
Hx: history. MI: myocardial infarction. BPI: bipolar I disorder. SCZ BP: schizoaffective 

disorder bipolar type. Co: county. Dx: diagnosis.
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Figure 2a. 
Cumulative incidence of fatal or non-fatal myocardial infarction among patients with bipolar 

I disorder compared to referents. The numbers of people at risk below the graphs reflect the 

occurrence of both left and right censoring (age is the time scale).
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Figure 2b. 
Cumulative incidence of fatal or non-fatal stroke among patients with bipolar I disorder 

compared to referents. The numbers of people at risk below the graphs reflect the occurrence 

of both left and right censoring (age is the time scale).
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Figure 2c. 
Cumulative incidence of fatal or non-fatal myocardial infarction or stroke among patients 

with bipolar I disorder compared to referents. The numbers of people at risk below the 

graphs reflect the occurrence of both left and right censoring (age is the time scale).
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Table 1

Demographics and clinical characteristics of the patients with bipolar I disorder and the referent subjects at 

baseline.

Bipolar I disorder Referent subjects OR (95% CI) p

Demographics

 Age at index date – median, IQR 37 (28, 52) 37 (28, 52)   0.91

 Sex (women) – n, % 173 (52) 173 (52) 1.00 (0.74,1.36) >0.99

 Education   0.43

  High school graduate or less – 128 (38) 144 (43) 1.00 (Ref)

  Some college – n, % 60 (18) 75 (22) 0.89 (0.59, 1.36)

  Complete college or more – n, 82 (25) 73 (22) 1.26 (0.85, 1.86)

 Marital status <0.01

  Married – n, % 145 (43) 222 (66) 1.00 (Ref)

  Single – n, % 111 (33) 71 (21) 2.39 (1.66, 3.44)

  Divorced/separated – n, % 63 (19) 19 (6) 5.08 (2.92, 8.83)

  Widowed – n, % 14 (4) 18 (5) 1.19 (0.57, 2.47)

Clinical features

 Alcohol use disorder – n, % 80 (24) 15 (5) 6.70 (3.77, 11.9) <0.01

 Drug use disorder – n, % 50 (15) 4 (1.2) 14.5 (5.2, 40.7) <0.01

 Anxiety disorders – n, % 7 (2.1) 5 (1.5) 1.4 (0.44, 4.5)   0.56

CVD risk factors

 BMI – median (IQR) 25.2 (22.3, 28.9) 25.0 (22.3, 28.1)   0.49

 Obesity – n, % 58 (19) 59 (19) 0.99 (0.66, 1.48)   0.95

 Diabetes – n, % 22 (6.6) 11 (3.3) 2.1 (0.98, 4.34)   0.05

 Hypertension – n, % 47 (14) 26 (7.8) 1.94 (1.17, 3.21)   0.01

 Hyperlipidemia – n, % 21 (6.3) 16 (4.8) 1.34 (0.68, 2.61)   0.39

 Smoking   0.01

  Never smoker – n, % 114 (36) 144 (45) 1.00 (Ref)

  Former smoker – n, % 63 (20) 77 (24) 1.03 (0.68, 1.56)

  Current smoker – n, % 136 (44) 100 (31) 1.71 (1.20, 2.45)

IQR: interquartile range. DSM: Diagnostic and Statistical Manual for Mental Disorders. SD: standard deviation. BMI: body mass index.
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