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Objectives: To determine whether clinical features of bipolar disorder,
such as history of psychosis, and cardiovascular disease (CVD) risk
factors contribute to a higher risk of CVD among patients with bipolar
disorder.

Methods: This cross-sectional study included a sample of 988 patients
with bipolar I or bipolar II disorder or schizoaffective bipolar type
confirmed by the Structured Clinical Interview for DSM-IV-TR
disorders (SCID). Medical comorbidity burden was quantified utilizing
the Cumulative Illness Severity Rating Scale (CIRS). This 13-item
organ-based scale includes cardiac disease severity quantification.
Confirmed by medical record review, patients who scored 1 (current mild
or past significant problem) or higher in the cardiac item were compared
by logistic regression to patients who scored 0 (no impairment), adjusting
for CVD risk factors that were selected using a backwards stepwise
approach or were obtained from the literature.

Results: In a multivariate model, age [odds ratio (OR) = 3.03, 95%
confidence interval (CI): 1.66–5.54, p < 0.0001], hypertension
(OR = 2.43, 95% CI: 1.69–3.55, p < 0.0001), and history of psychosis
(OR = 1.48, 95% CI: 1.03–2.13, p = 0.03) were associated with CVD.
When CVD risk factors from the literature were added to the analysis,
age (OR = 3.19, 95% CI: 1.67–6.10, p = 0.0005) and hypertension
(OR = 2.46, 95% CI: 1.61–3.76, p < 0.01) remained significant, with
psychosis being at the trend level (OR = 1.43, 95% CI: 0.96–2.13,
p = 0.08).

Conclusions: The phenotype of psychotic bipolar disorder may reflect
higher illness severity with associated cardiac comorbidity. Further
studies are encouraged to clarify the effect of the disease burden (i.e.,
depression), lifestyle, and treatment interventions (i.e., atypical
antipsychotics) on this risk association.
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Compared to the general population, life expec-
tancy is reduced by up to 20 years in patients with
bipolar disorder (1). Outside of suicide and
accidental death, cardiovascular (CVD) and cere-
brovascular diseases are the most important con-
tributors to mortality, with standardized mortality
ratio estimates from 1.6 to 2.5 (1, 2). In general,
patients with severe forms of illness (i.e., early
onset illness, frequent episodes, and psychiatric
comorbidity) have a higher medical illness burden
(3). Psychosis is also considered a marker of illness
severity and is associated with greater severity of
cognitive impairment and use of antipsychotic
treatment (4, 5).

As pointed out by the American Heart Associa-
tion (6), there are several risk factors for CVD that
have been consistently shown across different popu-
lations: smoking, high blood cholesterol, physical
inactivity, overweight and obesity, diabetes, and
hypertension. There is an increased prevalence of
several CVD risk factors among patients with bipo-
lar disorder compared to people without bipolar
disorder: smoking (7), diabetes (8), hypertension
(9), obesity (10), and low physical activity (11). Sev-
eral potential explanations of this have been pro-
posed. Atypical antipsychotics are frequently used
in patients with bipolar disorder and have been
associated with weight gain (10), diabetes (12), and
dyslipidemia (13). In addition, acute exposure to
these medications was associated with myocardial
infarction in a recent case–crossover study that
included patients with bipolar disorder (14). Fur-
thermore, since these patients present with depres-
sion more frequently than mania (15, 16), they are
more likely to have low physical activity and poor
health habits (11). Moreover, since atherosclerosis
development as well as bipolar disorder itself is
associated with inflammatory processes (17–19), it
has been suggested that patients with bipolar disor-
der may have higher degrees of atherosclerotic bur-
den due to inflammation (20, 21). It is still not fully
understood whether the higher prevalence of CVD
and CVD risk factors in patients with bipolar disor-
der is a consequence of psychotropic medication,
the illness pathophysiology, or both. The relative
contribution of CVD risk factors versus factors spe-
cifically associated with bipolar disorder patho-
physiology to CVD and cerebrovascular disease
remains obscure and needs further investigation.

While cross-sectional studies have reported an
increased risk of CVD in patients with bipolar
disorder (9, 22–26), other similar studies have
reported no association (27). Further evidence sup-
porting the association comes from longitudinal
studies that have used large population-based
administrative databases (21). The latter studies,
however, lack detailed assessment of diagnosis,
clinical characteristics of bipolar disorder, and
potential important CVD risk factors, such as
smoking, obesity, or psychotropic medication utili-
zation. Other longitudinal studies using multiple
surveys over time (28, 29) have captured these vari-
ables; however, large proportions of the study
cohort lost to follow up limit definitive conclu-
sions. No studies have investigated whether sub-
groups of patients with bipolar disorder have
differential risk for developing cardiovascular
disease.

There is substantial public health value in identi-
fying differential contributions of CVD risk factors
(30, 31) and bipolar disorder-related risk factors
for CVD in patients with bipolar disorder. This
would allow the design of preventive interventions
that would target CVD risk factors and also other
risk factors related to the bipolar illness and may
eventually decrease the mortality due to CVD in
these patients. In addition, it may aid in the identi-
fication of subgroups of patients with bipolar dis-
order that may be at a particularly high risk of
CVD and therefore may benefit greatly from treat-
ment and/or prevention of CVD. The aim of this
study, therefore, was to determine whether specific
clinical characteristics of bipolar disorder, with
focus on illness severity markers such as psychosis,
and risk factors for CVD are associated with CVD
among patients with bipolar disorder.

Participants and methods

The Mayo Clinic Bipolar Disorder Biobank was
established in 2009 to collect clinical data and bio-
specimens from participants with bipolar disorder
to enable future biomarker studies of disease risk
and treatment response. Enrollment sites, each
with site-specific Institutional Review Board
approval in accordance with the Helsinki Declara-
tion of 1975, included: Mayo Clinic Rochester,
Lindner Center of HOPE/University of Cincinnati

519

Psychosis and cardiac disease in bipolar disorder



Medical Center, and University of Minnesota. All
participants provided written informed consent.

Participants

The sample was drawn from a larger sample of
1,150 consecutive participants age 18 through age
80 years with bipolar I or bipolar II disorder or
schizoaffective disorder bipolar type who attended
any of the mood clinics or inpatient units at any of
the four academic study sites between 14 July 2009
and 16 September 2013 and had complete data on
the outcome measure, which yielded 988 partici-
pants. Participants were excluded if were actively
psychotic or suicidal.

Study measures

Bipolar disorder diagnosis assessment. We con-
firmed the bipolar disorder diagnosis using the
Structured Clinical Interview for Diagnostic and
Statistical Manual for Mental Disorders 4th
version–Text Revised (SCID) administered by a
clinician or a trained study coordinator and this
was further confirmed by review of the electronic
medical record when available.

Outcome measure

Cardiovascular disease assessment. We used a
modified version of the Cumulative Illness Rating
Scale (CIRS) (32) to assess the presence of current
or past medical illness and illness severity. The
CIRS is a valid measure of medical illness severity
obtained by clinical interview or medical record
review, with high inter-rater reliability (33). It has
been utilized to measure medical illness burden in
geriatric (34), psychiatric (35), and bipolar disorder
(36) populations. In the latter study, participants
with bipolar disorder and high medical illness bur-
den were more likely to present with major depres-
sive episodes, obsessive compulsive disorder, a
greater number of mood episodes, and be pre-
scribed a greater number of psychotropic medica-
tions. However, this study did not report clinical
correlates of participants with high scores in the
cardiac item specifically.

The original CIRS has 14 items that encompass
13 organ systems. We modified the scale by remov-
ing the psychiatric illness item, resulting in 13
items. The scale records illness severity on an ordi-
nal scale of: 0, none: no impairment from or prob-
lem with that system; 1, mild: current mild or past
significant problem; 2, moderate: impairment inter-
feres with normal activity; 3, severe: severe prob-
lems and/or disabling impairment and/or hard to

control chronic problems; and 4, extremely severe:
life threatening. We defined CVD as having a score
on the cardiac item of the CIRS of 1 or higher.
Because there is no standard cutoff score available
for specific CIRS items, we utilized mild as the cut-
off since mild cardiac disease is most of the time
clinically relevant.

Assessment of clinical variables

Lifetime (current or past) comorbid psychiatric
disorders and current medications were clinically
determined by a clinician or study coordinator
using a structured Clinical Questionnaire (CQ)
and further confirmed by medical record review
when available. We analyzed medication expo-
sure in two ways: by grouping medications (i) by
their psychopharmacological class and (ii) by
their weight gain liability (a list of drugs is avail-
able upon request) (37, 38). Additional psychiat-
ric illness severity measures in this analysis
included: history of psychosis, rapid cycling,
number of prior suicide attempts, and composite
measures of anxiety disorders and mood instabil-
ity utilized in a prior study by our group (39).
Briefly, the anxiety composite was a continuous
variable (range 0–6), and represented the number
of the following lifetime comorbid anxiety disor-
ders: post-traumatic stress disorder, generalized
anxiety disorder, social anxiety disorder, obses-
sive compulsive disorder, phobia, and panic dis-
order. Similarly, the composite measure of mood
instability (range 0–5) was determined as the sum
of the lifetime presence of any of the following
mood instability features: rapid cycling, ultra-
rapid cycling/ultradian cycling, cycle acceleration
over time, increased episode severity over time,
and mixed episodes.

Assessment of cardiovascular disease risk factors

Body mass index (BMI) was calculated using the
standard formula [weight in kilograms/(height in
meters)2]. Obesity was defined as a BMI ≥ 30 kg/
m2 and morbid obesity as a BMI ≥ 40 kg/m2.
Smoking history was assessed in detail with a self-
administered questionnaire. Hypertension was
defined as CIRS scale hypertension item of 1 or
higher.

Statistical analysis

Descriptive statistics were determined by compar-
ing participants with bipolar disorder with CVD
(BD + CVD) and without CVD (BD � CVD).
Means and standard deviations are reported for
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continuous variables and proportions for categori-
cal variables. Univariate logistic regression models
were used to examine the association of the demo-
graphics and clinical and psychiatric measures with
CVD, and odds ratios (ORs) and p-values were
calculated for all variables.

We developed multivariate logistic regression
models using two methods. First, we included all
significant variables and their pairwise interactions
with univariate p-value < 0.10 using a backwards
stepwise approach. All models also considered
pairwise interactions between known CVD risk
factors, age, BMI, and gender. As a sensitivity
analysis, we developed additional multivariate
models that included all bipolar disorder clinical
variables and CVD risk factors obtained from the
literature, regardless of their association with CVD
in our sample. These variables included age (in
quartiles to address non-normal distribution), gen-
der, hypertension (assessed by the CIRS), BMI,
and current smoking.

Results

Among the 1,101 participants who provided con-
sent, we obtained complete CIRS scores for 988,
and these participants were included in the statis-
tical analyses (Table 1). Illness severity was high:
51.1% of participants had a history of rapid
cycling, 42.6% had a history of psychosis, and
32.9% had a serious suicide attempt that required
medical care. These participants had high rates of
current or lifetime psychiatric comorbidity, espe-
cially anxiety disorders (65.1%), alcohol use disor-
der (39.5%), and drug use disorder (26.8%).
Regarding CVD risk factors, the mean BMI was
30.1 � 7.0 kg/m2 (29.5 � 5.4 kg/m2 for men and
30.5 � 7.9 kg/m2 for women), the prevalence of
obesity was 42.7% (40.5% for men and 45.8% for
women), and 27% of the participants (26.2% for
men and 27.5% for women) were current smok-
ers. CVD assessed by the CIRS scale was present
in 14.1% of study population (15.6% for men and
12.9% for women).

Bipolar disorder + CVD phenotype

Among the risk factors for CVD in the general
population, age [OR = 1.04, 95% confidence
interval (CI): 1.03–1.06] and hypertension
(OR = 3.27, 95% CI: 2.30–4.66) were associated
with an increased risk of CVD among partici-
pants with bipolar disorder (Table 2). There was
no significant association between obesity and
CVD (OR = 1.14, 95% CI: 0.80–1.64) or male
gender and CVD (OR = 1.27, 95% CI: 0.90–

1.79). Prior history of psychosis (OR = 1.47,
95% CI: 1.04–2.08) and the use of antidepres-
sants that do not cause weight gain (OR = 1.41,
95% CI: 1.00–1.98) were associated with a higher
risk of CVD. However, the use of any atypical
antipsychotics or mood stabilizers, even when
grouped by their weight gain liability, was not
associated with CVD.

Multivariate regression models were developed,
adjusting for all the variables significantly associ-
ated with CVD. Only age 42–53 years (OR = 2.02,
95% CI: 1.08–3.76), age ≥ 54 years (OR = 3.03,
95% CI: 1.66–5.54), hypertension (OR = 2.43, 95%
CI: 1.69–3.55), and history of psychosis (OR = 1.48,
95% CI: 1.03–2.13) remained significantly associ-
ated with CVD among participants with bipolar
disorder (Table 3). Interactions of these variables
with age, gender and BMI were not statistically sig-
nificant (data not shown).

We further explored whether additional CVD
risk factors that are also associated with bipolar
disorder affected our results. In a multivariate
model that included age, gender, current smoking,
BMI, and CIRS hypertension ≥ 1 as covariates,
history of psychosis remained only as a trend
(OR = 1.43, 95% CI: 0.96–2.13).

Discussion

Our data have suggested that psychosis may be
associated with an increased risk of CVD among
patients with bipolar disorder, after adjusting
for age and hypertension. There was insufficient
evidence to confirm an association between gender,
obesity, smoking, or the use of psychotropic medi-
cation and CVD. However, when we included
additional CVD risk factors from the literature,
psychosis was associated with CVD only at the
trend level. While a limitation of our findings,
interestingly our group has found an increased risk
of myocardial infarction and stroke among
patients with bipolar disorder and a history of psy-
chosis in a retrospective cohort study after adjust-
ing for the same covariates (M. L. Prieto, personal
communication). Moreover, there is a well-estab-
lished increased risk of CVD in patients with other
psychotic illnesses [i.e., schizophrenia (40)] There-
fore, this potential association needs further study
and replication.

There are a number of potential explanations
for this possible association. Psychosis is gener-
ally considered a marker of illness severity in
bipolar disorder (4) associated with higher cogni-
tive impairment (5) and use of antipsychotic
treatment. These patients may be less prone to
engage in exercise and adhere to a healthy life-
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style, with subsequent increased BMI and higher
CVD risk. Furthermore, a number of clinical
factors may explain this association between psy-
chotic bipolar disorder and CVD as well as
between schizophrenia and CVD. First, high
rates of smoking have been consistently observed

in patients with psychotic illness (41), and also in
patients with bipolar disorder and psychosis (42).
Secondly, patients with bipolar disorder with
psychosis are very likely to be treated with first-
line atypical antipsychotic medications, treat-
ments associated with weight gain, diabetes, and
myocardial infarction (14, 43, 44). However, our
study, after adjusting for CVD risk factors, did
not find an association between atypical antipsy-
chotic medication and CVD. Finally, patients
with bipolar disorder with a history of psychosis
may have similar genetic risk factors to patients
with schizophrenia-spectrum disorders.

In genome-wide association studies (GWASs)
combining patients with schizophrenia and bipolar
disorder, genetic variants in the voltage-dependent
calcium channel (CACNA1C), ankyrin-G
(ANK3), inter-alpha-trypsin inhibitor heavy chain
H3-H4 (ITIH3-ITIH4), Interferon-induced protein
44-like (IFI44L), major histocompatability com-
plex (MHC) regions, tetra-tricopeptide-repeat and
ankyrin repeat containing 1 (TRANK1), MAD1
mitotic arrest deficient-like 1 yeast (MAD1L1),
phosphatidyl-4-phosphate 3-kinase catalytic subu-
nit 2 alpha (PIK3C2A) genes were shared between
the two disorders (45, 46). Of note, the gene ITIH3
encodes an inter-alpha-trypsin inhibitor that
belongs to the family of plasma serine protease
inhibitors, which are associated with proinflamma-
tory states (47). Bipolar disorder (18, 19), schizo-
phrenia (48), and cardiovascular disease (17) have
all been associated with increased inflammation
and a functional variant of the ITIH3 gene specifi-
cally has been associated with myocardial infarc-
tion (49). These shared genetic variants in the

Table 1. Clinical characteristics of the full sample (n = 1,101)

n (%) or mean � SD

Demographics

Age, years 42.4 � 15.1
Gender, female 609 (60.0)
Race/ethnicity
Caucasian 992 (89.8)
Black 24 (2.2)
Other/mixed/unknown 82 (7.4)
Hispanic 7 (0.6)
Marital status
Married/widowed/life partner 369 (49.6)
Single/separated/divorced 375 (50.4)
Education
≤ High school 165 (16.1)
Some college 469 (45.7)
Partial or four-year college 688 (67.0)
Clinical features

Bipolar I disorder 791 (71.6)
Anxiety disorder 704 (65.1)
PTSD 281 (26.5)
Alcohol abuse/dependence 421 (39.5)
Drug abuse/dependence 276 (26.8)
Binge eating disorder 98 (9.4)
Any eating disorder 164 (15.8)
Illness severity markers

History of psychosis 462 (42.6)
Rapid cycling 559 (51.1)
≥1 suicide attempt 359 (32.9)
Anxiety suma 1.6 � 1.4
PTSD 281 (26.5)
GAD 540 (50.8)
SAD 266 (25.3)
OCD 164 (15.5)
Phobia 112 (10.6)
Panic disorder 338 (32.0)
Mood instability sumb 1.5 � 1.4
Rapid cycling 559 (51.1)
Ultrarapid/ultradian 296 (27.2)
Cycle acceleration 271 (25.0)
Increased severity 350 (32.2)
Mixed 130 (15.5)
Cardiovascular risk factors

Current smoker 271 (27.0)
Nicotine abuse/dependence 410 (38.6)
BMI 30.1 � 7.0
Obesity (BMI ≥ 30) 434 (42.7)
Morbid obesity (BMI ≥ 40) 102 (10.0)
Medications at baseline

Antidepressants 512 (46.3)
Mood stabilizers 784 (71.0)
Atypical antipsychotics 512 (46.5)
Lithium 347 (48.7)
Total no. of medication classes 1.6 � 0.9
Total no. of medications 2.0 � 1.1

Table 1. (Continued)

n (%) or mean � SD

CIRS

CIRS total score 4.1 � 3.6
Cardiac item ≥ 1 152 (14.1)
Hypertension item ≥ 1 300 (27.8)

All psychiatric comorbidities refer to lifetime diagnosis unless
otherwise specified. Anxiety disorders include generalized anxi-
ety disorder (GAD), obsessive compulsive disorder (OCD),
social anxiety disorder (SAD), specific phobia, and panic disor-
der.
BMI = body mass index; CIRS = Cumulative Illness Rating
Scale; SD = standard deviation.
aAnxiety sum is the sum (range 0–5) of the following lifetime
comorbid anxiety disorders: posttraumatic stress disorder
(PTSD), GAD, SAD, OCD, phobia, and panic disorder.
bMood instability sum is the sum (range 0–6) of the lifetime pres-
ence of rapid cycling, ultrarapid/ultradian cycling, cycle acceler-
ation over time, increased episode severity over time, and mixed
episodes.
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ITIH3 gene, associated with the risk of both bipo-
lar disorder and schizophrenia, may potentially
have a pleiotropic effect and also provide a risk for
CVD in these populations.

Different pathophysiological mechanisms may
underlie CVD in patients with bipolar disorder as
compared to CVD in people without bipolar disor-
der. Patients with bipolar disorder show abnormal

levels of circulating pro- and anti-inflammatory
cytokines (18, 19). Since atherosclerosis is medi-
ated by inflammatory processes (17), these cyto-
kine alterations seen in bipolar disorder may
increase the risk of atherosclerosis and subsequent
CVD over time (20), eventually making CVD a
marker of cumulative inflammation in patients
with bipolar disorder. However, the lack of

Table 2. Comparison of clinical characteristics between participants with bipolar disorder (BD) with and without cardiovascular disease (CVD)

Variables

BD + CVD BD � CVD

OR (95% CI) p-valuen (%) or mean � SD n (%) or mean � SD

Demographics

Age, years 50.8 � 15.9 41.1 � 14.5 1.04 (1.03–1.06) <0.0001
Gender, male 68 (44.7) 361 (38.9) 1.27 (0.90–1.79) 0.18
Clinical features

Bipolar I disorder 107 (70.4) 665 (71.7) 0.94 (0.64–1.37) 0.73
Anxiety disorder 105 (70.0) 588 (64.3) 1.29 (0.89–1.37) 0.18
PTSD 43 (28.9) 232 (26.0) 1.16 (0.79–1.70) 0.46
Alcohol abuse/dependence 58 (38.9) 355 (39.4) 0.98 (0.69–1.40) 0.91
Drug abuse/dependence 40 (27.6) 230 (26.7) 1.05 (0.71–1.56) 0.81
Binge eating disorder 13 (8.8) 83 (9.4) 0.94 (0.51–1.73) 0.83
Anorexia/bulimia 12 (8.1) 86 (9.8) 0.82 (0.43–1.53) 0.53
Illness severity markers

History of psychosis 76 (50.7) 377 (42.2) 1.47 (1.04–2.08) 0.03
Rapid cycling 86 (57.0) 464 (50.5) 1.30 (0.92–1.84) 0.14
≥1 suicide attempt 43 (28.5) 306 (33.3) 0.80 (0.55–1.17) 0.24
Anxiety suma 1.7 � 1.4 1.6 � 1.4 1.06 (0.94–1.19) 0.38
Mood instability sumb 1.5 � 1.4 1.5 � 1.4 1.01 (0.88–1.16) 0.94
CVD risk factors
Nicotine abuse/dependence 63 (42.9) 338 (37.7) 1.24 (0.87–1.77) 0.23
Current smoker 31 (22.1) 236 (28.1) 0.73 (0.48–1.12) 0.14
BMI 30.3 � 6.8 30.0 � 7.1 1.01 (0.98–1.03) 0.62
Obesity (BMI ≥ 30) 64 (46.4) 370 (43.1) 1.14 (0.80–1.64) 0.48
Morbid obesity (BMI ≥ 40) 14 (10.1) 86 (10.0) 1.01 (0.56–1.84) 0.96
CIRS hypertension ≥ 1 76 (50.7) 221 (23.9) 3.27 (2.30–4.66) <0.0001
Medications at enrollment

Lithium 44 (43.1) 294 (49.6) 0.77 (0.51–1.18) 0.23
Atypical antipsychotic: no WG 24 (15.8) 155 (16.7) 0.93 (0.58–1.49) 0.77
Atypical antipsychotic: WG 46 (30.3) 306 (33.0) 0.88 (0.61–1.28) 0.50
Mood stabilizer: no WG 49 (32.2) 308 (33.2) 0.96 (0.66–1.38) 0.81
Mood stabilizer: WG 69 (45.4) 433 (46.7) 0.95 (0.67–1.34) 0.76
Antidepressant: no WG 78 (51.3) 397 (42.8) 1.41 (1.00–1.98) 0.05
Antidepressant: WG 5 (3.3) 33 (3.6) 0.92 (0.35–2.40) 0.87
Any atypical antipsychotic 68 (44.7) 436 (47.0) 0.91 (0.65–1.29) 0.60
Any mood stabilizer 105 (69.1) 662 (71.4) 0.99 (0.62–1.30) 0.56
Any antidepressant 81 (53.3) 421 (45.4) 1.37 (0.97–1.93) 0.07
Any of the above: WG 89 (58.6) 549 (59.2) 0.97 (0.69–1.38) 0.88
Sum of medication classes 2.0 � 1.2 1.6 � 0.9 1.05 (0.86–1.28) 0.66
Total no. of medications 2.0 � 1.2 1.9 � 1.1 1.08 (0.92–1.28) 0.34

The odds ratio (OR) for age refers to the odds of cardiac disease per one-year increase in age. All psychiatric comorbidities refer to life-
time diagnosis unless otherwise specified. Anxiety disorders include generalized anxiety disorder, obsessive compulsive disorder,
social anxiety disorder, specific phobia, and panic disorder.
BD + CVD = bipolar disorder with cardiovascular disease (CVD); BD – CVD = bipolar disorder without CVD; BMI = body mass index;
CI = confidence interval; CIRS = Cumulative Illness Rating Scale; no WG = no weight gain liability; SD = standard deviation;
WG = weight gain liability.
aAnxiety sum is the sum (range 0–5) of the following lifetime comorbid anxiety disorders: posttraumatic stress disorder (PTSD), general-
ized anxiety disorder, social anxiety disorder, obsessive compulsive disorder, phobia, and panic disorder.
bMood instability sum is the sum (range 0–6) of the lifetime presence of mixed episodes, rapid cycling, ultrarapid/ultradian cycling, cycle
acceleration over time, and increased episode severity over time.
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association of some of the risk factors for CVD
may have been driven by a relatively small sample
of patients with bipolar disorder and CVD with
low statistical power, in the context of a popula-
tion already enriched for CVD risk factors (50).
Conversely, the evidence of vascular dysfunction
(a proxy of atherosclerotic disease) in these
patients has been conflicting. One study that inves-
tigated vascular function (assessed by flow-medi-
ated dilation, a measure of endothelial function) in
35 patients with mood disorders (57% bipolar dis-
order) found that manic symptom burden was
associated with lower flow-mediated dilation (a
marker of endothelial dysfunction), after adjusting
for gender, age, and smoking (51). A second study
conducted in adolescents with bipolar disorder
found an association between CVD risk factors
and
non-invasive markers of endothelial dysfunction
(carotid intima media thickness and flow-mediated
dilation) (52). In contrast, another study conducted
in 27 young patients with bipolar disorder and 27
age- and gender-matched controls (mean age
32 years; 41% women) did not find a significantly
lower flow-mediated dilation in patients compared

to controls (53). This evidence, limited by small
sample sizes and lack of adequate controls,
warrants further study of endothelial and vascular
health in patients with bipolar disorder (54).

We observed a higher prevalence of CVD in this
sample (14.1%) as compared to prior studies
(9, 26) that reported a CVD prevalence of roughly
10%. This difference may be explained by the
assessment method, which did not include verifica-
tion of the CVD diagnosis by a cardiologist or
laboratory testing in all the participants. Thus,
there may be false positives among the participants
who reported a CVD diagnosis, with a subsequent
overestimation of the prevalence.

We did not find evidence of a gender difference
in the risk of CVD in subjects with bipolar disor-
der, which replicates the findings of some (2, 55)
but not all previous studies (56). Overall, women
experience lower prevalence rates of ischemic heart
disease and myocardial infarction, but higher mor-
tality rates due to these conditions (6). The lack of
a lower prevalence of CVD morbidity in our
female cohort with bipolar disorder (versus men
with bipolar disorder) may be due to a greater
prevalence and effect of depressive symptoms on
the risk of CVD in women compared to men (57,
58). Woman compared to men may have greater
risk for CVD mortality by both increased preva-
lence rates of depression and factors related to pri-
mary cardiac disease, it’s recognition and access/
utilization of interventional therapies particularly
in women under age 60 years (59). However, this
relationship in bipolar women versus depressed
women in general, is virtually unstudied. We still
lack sufficient studies focused on the effect of gen-
der on the risk of CVD in patients with bipolar dis-
order.

Strengths and limitations

This study has a number of strengths. First, the
detailed assessment of the bipolar disorder pheno-
type allowed the investigation of bipolar disorder-
specific subphenotypes within patients with bipolar
disorder and CVD, such as a history of psychosis
or rapid cycling. Second, two models of multivari-
ate logistic regression were utilized based on our
data and CVD risk factors obtained from the lit-
erature.

These findings are limited by the cross-sectional
design, which does not allow the direction of the
association between the clinical features and the
BD + CVD phenotype to be determined. We
lacked a comparison group without bipolar disor-
der. In addition, while the assessment of CVD was
conducted using a medical illness severity scale, it

Table 3. Variables associated with cardiovascular disease among
participants with bipolar disorder using two multivariate logistic regres-
sion models

Variables OR 95% CI p-value

Model 1

Age, years
Q1 (<29) Ref.
Q2 (29–41) 1.33 0.69–2.56 0.39
Q3 (42–53) 2.02 1.08–3.76 0.03
Q4 (>54) 3.03 1.66–5.54 0.0003
CIRS hypertension ≥ 1 2.43 1.69–3.55 <0.0001
Psychosis 1.48 1.03–2.13 0.03
Model 2

Age, years
Q1 (<29) Ref.
Q2 (29–41) 1.24 0.60–2.56 0.56
Q3 (42–53) 1.98 1.00–3.90 0.05
Q4 (>54) 3.19 1.67–6.10 0.0005
Gender, male 1.24 0.83–1.85 0.30
Current smoker 0.85 0.53–1.38 0.51
BMI 1.00 0.97–1.03 0.75
CIRS hypertension ≥ 1 2.46 1.61–3.76 <0.0001
Psychosis 1.43 0.96–2.13 0.08

Model 1 refers to a backward stepwise method for covariate
selection, which adjusted for age, Cumulative Illness Rating
Scale (CIRS) hypertension ≥1, and history of psychosis. Model 2
refers to a multivariate model that included all risk factors for car-
diovascular disease (CVD) obtained from the literature, regard-
less of their associations with CVD in our sample. It adjusted for
age, gender, current smoking, body mass index (BMI), CIRS
hypertension ≥ 1, and history of psychosis. CI = confidence
interval; OR = odds ratio.
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did not provide detailed information on specific
CVDs nor allow for validation of the CVD diagno-
ses using diagnostic criteria or laboratory testing.
Furthermore, comorbid psychiatric disorders and
clinical characteristics were not ascertained using
validated measures. We were not able to assess all
potential risk factors for CVD, such as lack of
physical activity, dyslipidemia or diabetes. There-
fore, there may still be residual confounding in our
multivariate analyses. The relatively small sample
size for patients with bipolar disorder and CVD
may not have provided adequate statistical power
to fully demonstrate a lack of association between
several CVD risk factors and CVD among patients
with bipolar disorder. In addition, the relatively
small sample size and the use of additional covari-
ates may have explained why the association
between psychosis and CVD in our first analysis
did not remain significant after adding several
covariates. Finally, medication use was self-
reported, did not include dosage or compliance,
and was limited to current use.

This study provided evidence to suggest that
CVD phenotypes in bipolar disorder may be specif-
ically associated with a history of psychosis. From
the public health standpoint, this study may pro-
vide preliminary evidence of a subgroup of patients
with psychotic bipolar disorder who are at a higher
risk of CVD and may specifically benefit from
interventions to decrease CVD risk factors. More
importantly, CVD preventive measures may be
established at the first psychotic episode in patients
with bipolar disorder and thus may decrease CVD
comorbidity and mortality. This preliminary asso-
ciation should be confirmed in future clinical stud-
ies and also in investigations on cardiovascular
function and cardiovascular blood biomarkers in
patients with psychotic bipolar disorder.
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