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Abstract

Purpose: Despite higher rates of modifiable risk factors for cardiovascular disease (CVD) in gay and bisexual
men, few studies have examined sexual orientation differences in CVD among men. The purpose of this study
was to examine sexual orientation differences in modifiable risk factors for CVD and CVD diagnoses in men.
Methods: A secondary analysis of the National Health and Nutrition Examination Survey (2001–2012) was con-
ducted. Multiple imputation was performed for missing values. Differences across four distinct groups were an-
alyzed: gay-identified men, bisexual-identified men, heterosexual-identified men who have sex with men
(MSM), and heterosexual-identified men who denied same-sex behavior (categorized as exclusively heterosex-
ual). Multiple logistic regression models were run with exclusively heterosexual men as the reference group.
Results: The analytic sample consisted of 7731 men. No differences between heterosexual-identified MSM and
exclusively heterosexual men were observed. Few differences in health behaviors were noted, except that, com-
pared to exclusively heterosexual men, gay-identified men reported lower binge drinking (adjusted odds ratio
[AOR] 0.58, 95% confidence interval [CI] = 0.37–0.85). Bisexual-identified men had higher rates of mental dis-
tress (AOR 2.39, 95% CI = 1.46–3.90), obesity (AOR 1.69, 95% CI = 1.02–2.72), elevated blood pressure (AOR
2.30, 95% CI = 1.43–3.70), and glycosylated hemoglobin (AOR 3.01, 95% CI = 1.38–6.59) relative to exclusively
heterosexual men.
Conclusions: Gay-identified and heterosexual-identified MSM demonstrated similar CVD risk to exclusively
heterosexual men, whereas bisexual-identified men had elevations in several risk factors. Future directions for
sexual minority health research in this area and the need for CVD and mental health screenings, particularly
in bisexual-identified men, are highlighted.
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Introduction

Cardiovascular disease (CVD) remains a leading
cause of morbidity and mortality worldwide.1 In 2015,

CVD accounted for 17.7 million deaths, comprising 45%
of all noncommunicable disease deaths worldwide.1 In the
United States, more than 30% of adult men have some form

of CVD, and men account for over half of all CVD-related
deaths.2 By 2035, it is estimated that 45% of all Ameri-
cans will have at least one type of CVD, and direct med-
ical costs related to CVD will more than double to $749
billion per year.3 Approximately 90% of CVD risk is at-
tributed to modifiable risk factors, including poor mental
health (such as stress and depression), tobacco use, alcohol

1School of Nursing, Columbia University, New York, New York.
2Rory Meyers College of Nursing, New York University, New York, New York.
3Hartford Institute for Geriatric Nursing, Rory Meyers College of Nursing, New York University, New York, New York.
4Department of Biostatistics, Rutgers School of Public Health, Rutgers University, Piscataway, New Jersey.
5Departments of Health Education and Behavioral Science, Rutgers University, Piscataway, New Jersey.
6Center for Health, Identity, Behavior and Prevention Studies, College of Global Public Health, New York University, New York,

New York.
7Graduate School of Applied and Professional Psychology, Rutgers University, Piscataway, New Jersey.

LGBT Health
Volume 5, Number 5, 2018
ª Mary Ann Liebert, Inc.
DOI: 10.1089/lgbt.2017.0220

284



consumption, diet, physical activity, obesity, lipids, diabetes,
and hypertension.4

Although significant racial/ethnic disparities in CVD are
recognized,5 little is known about the impact of sexual orien-
tation on CVD risk in men.6 Social stressors (such as victim-
ization and discrimination) are posited to have a deleterious
effect on the health of sexual minority (gay and bisexual)
men.6–8 Although mental health, substance use, and HIV/
AIDS disparities are well documented in sexual minority
men, there is a dearth of research examining CVD.6 A recent
systematic review of CVD risk and CVD diagnoses in sexual
minorities (unrelated to HIV or AIDS) detected higher rates
of tobacco use and poor mental health in sexual minority
men compared to heterosexual peers.9 Few studies have ex-
amined sexual orientation differences among men for other
established CVD risk factors, such as diet and physical activ-
ity. Although most studies report no difference in diet quality
between sexual minority and heterosexual men,10–12 a recent
study found that, relative to heterosexual men, gay men had
worse diet quality.13 Findings for physical activity are mixed
with some studies reporting no difference,10,11,14–16 whereas
others have noted higher physical activity in sexual minority
men.13,17,18 Furthermore, use of certain antiretroviral medi-
cations,19–21 tobacco use,22,23 heavy drinking,24 and the
physiological effects of HIV/AIDS25,26 have been posited
to contribute to heightened CVD risk among people living
with HIV/AIDS. As HIV/AIDS prevalence is higher
among sexual minority men this has been proposed as an ad-
ditional risk factor for CVD in this population.27

We sought to address limitations of the extant literature on
CVD in sexual minority men.9,28 For instance, although
stress is posited to contribute to health disparities in sexual
minority men,8,29 few CVD studies include measures of
stress. Stress is associated with negative health behaviors
that increase CVD risk, including tobacco use, alcohol use,
physical inactivity, and consumption of a high fat diet.30 Fur-
thermore, stress is associated with excess CVD risk through
mediated biological pathways.31–33 In addition, despite evi-
dence of the link between stress and biological risk factors
for CVD, only five studies in the aforementioned systematic

review used biomarkers to assess sexual orientation differ-
ences in CVD risk among men.9 Thus, the present study
was informed by the biobehavioral interaction model.34 Fig-
ure 1 shows hypothesized associations among sexual minority
status, modifiable risk factors for CVD, and CVD diagnoses.
We hypothesized that gay- and bisexual-identified men
would report higher mental distress,8 which in turn would
be associated with increased negative health behaviors,30

and biological risk factors for CVD (such as obesity, hyper-
tension, diabetes, and high total cholesterol34) compared
to exclusively heterosexual men. Therefore, the purpose
of this study, using data from the National Health and Nutri-
tion Examination Survey (NHANES) (2001–2012), was to
examine sexual orientation differences in modifiable risk
factors for CVD (including perceived mental distress, health
behaviors, obesity, hypertension, diabetes, and high total
cholesterol) and CVD diagnoses.

Methods

NHANES is a national survey of cross-sectional data that is
used to monitor the health of Americans.35 NHANES is the
largest national survey that includes information about sexual
orientation and the biomarkers of interest for this study. A
complex multistage probability sampling design is used to per-
mit representative sampling of individuals across the United
States.35 Data are collected through home interviews followed
by a standardized physical examination (that includes blood
pressure measurement and collection of biological samples)
performed by trained medical professionals.36 The Institu-
tional Review Board of New York University deemed this
study exempt because NHANES data are publicly available.
NHANES data from 2001 to 2012 were selected because
these data cycles included a measure of mental distress that
was not included in the 2013–2014 release.

Sample size

Inclusion criteria: Sexual orientation can be defined by
sexual identity, sexual behavior, and sexual attraction.37

NHANES does not include data on sexual attraction. Sexual

FIG. 1. Conceptual model.
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identity and sexual behavior are only assessed in participants
between 18 and 59 years old. Male participants who reported
their sexual identity as ‘‘heterosexual or straight,’’ ‘‘homosex-
ual or gay,’’ or ‘‘bisexual’’ were categorized as ‘‘heterosexu-
al,’’ ‘‘gay identified,’’ or ‘‘bisexual identified,’’ respectively.
We used the sexual behavior item to further divide heterosex-
ual men into two groups as follows: heterosexual-identified
men who have sex with men (MSM) and exclusively hetero-
sexual men. Men who identified as heterosexual but who
reported having at least one lifetime male sexual partner
were included in a separate category as heterosexual-identified
MSM. Heterosexual men who denied any sexual behavior
with men were categorized as exclusively heterosexual.

Exclusion criteria: Due to small sample sizes we excluded
participants who identified their sexual identity as ‘‘don’t know
(n = 48),’’ ‘‘refused (n = 18),’’ ‘‘something else (n = 34),’’ or
‘‘not sure (n = 96).’’ Participants with missing data for sexual
identity, blood pressure, glycosylated hemoglobin, total cho-
lesterol, body mass index (BMI), medication use and medical
history, and CVD diagnoses or who answered ‘‘don’t know’’
or ‘‘refused’’ for any of the study variables were also excluded.

Measures

Sexual orientation. Sexual orientation was measured
using sexual identity and sexual behavior. Sexual identity
was measured with the item: ‘‘Do you think of yourself as
heterosexual or straight, homosexual or gay, bisexual, some-
thing else, or not sure?’’ Sexual behavior was used to further
divide heterosexual-identified men into exclusively hetero-
sexual men and heterosexual-identified MSM participants
as described above.

Demographic and clinical characteristics. Age (18–29,
30–39, 40–49, 50–59), race/ethnicity (non-Hispanic White,
non-Hispanic Black, Hispanic, and other race), income (fam-
ily income to poverty ratio), education (less than high school
education, high school, some college, or college graduate or
above), and marital status (married/partnered, widowed, di-
vorced, separated, or single) were included as demographic
characteristics. The measure of income used, the family in-
come to poverty ratio (range 0–5), was provided by
NHANES and was determined by dividing the total house-
hold income by the poverty threshold as determined by the
Federal Register for that specific survey year. A higher fam-
ily income to poverty ratio indicates higher socioeconomic
status. Family history of CVD was defined as having a
blood relative with a history of angina, heart attack, or stroke
before the age of 50. As participants were not asked to self-
report their HIV status, HIV status was determined by HIV
antibody blood assay that was a component of the physical
examination in NHANES. Report of health insurance cover-
age in the past year was also included.

Modifiable risk factors. A measure of nonspecific stress
from the Centers for Disease Control and Prevention’s
(CDC) Health-Related Quality of Life-4 included in
NHANES was used: ‘‘Now thinking about your mental
health, which includes stress, depression, and problems with
emotions, for how many days during the past 30 days was
your mental health not good?’’ As recommended, participants
who reported 14 or more days of mental distress were consid-

ered to have frequent mental distress.38 Health behaviors in-
cluded tobacco use, binge drinking, physical activity, and
dietary fat intake. Current tobacco use was examined by ask-
ing participants: ‘‘Do you now smoke?’’ Current tobacco use
was dichotomized and coded as ‘‘Yes’’ (1) if participants
responded that they currently smoked every day or some
days and ‘‘No’’ (0) if they did not. Binge drinking was estab-
lished based on report of binge drinking (five or more alcohol
drinks on the same occasion) in the past 12 months.39 Physical
activity in the past week was assessed using self-report to de-
termine whether participants met physical activity recommen-
dations for adults (‡150 minutes of moderate-intensity or ‡75
minutes of vigorous-intensity aerobic activity per week or
equal amount of both).40 The polyunsaturated fatty acid and
monounsaturated fatty acid to saturated fatty acid ratio in the
past 24 hours was obtained from the NHANES dietary inter-
view. We then dichotomized dietary fat intake based on the
Healthy Eating Index 2010, which classifies a ratio of unsatu-
rated to saturated fat ‡2.5 as adequate.41

Additional risk factors included obesity, hypertension, dia-
betes, and high total cholesterol. BMI (kg/m2) was provided
in NHANES and was calculated from weight and height mea-
sured as part of the physical examination component. We then
defined obesity based on criteria from the CDC (BMI ‡30 kg/
m2).42 As sexual minorities face significant barriers to health-
care access and utilization (such as stigma, negative healthcare
experiences, lack of insurance coverage, etc.) compared to
heterosexuals6,43 and there is evidence that they report low
use of primary care services,44 we chose to examine hyperten-
sion, diabetes, and high total cholesterol using three different
methods as follows: (1) current medication use, (2) self-
reported medical history, and (3) biomarker data.6 Hyperten-
sion was established based on the 8th Joint National Commit-
tee guidelines (systolic blood pressure ‡140 mm Hg and/or
diastolic blood pressure ‡90 mm Hg).45 Diagnosis of diabetes
was based on a glycosylated hemoglobin ‡6.5%,46 and high
total cholesterol was defined as ‡240 mg/dL.47

CVD diagnoses. Self-report of CVD conditions, includ-
ing angina, coronary heart disease, heart failure, myocardial
infarction, and stroke, was used.48 Any participant who
reported ever being diagnosed with at least one of these con-
ditions was categorized as having CVD.

Statistical analyses

Descriptive statistics. All statistical analyses were con-
ducted in January 2017 using Stata, version 14.2 (StataCorp
LP, College Station, Texas). Sample weights for NHANES
(2001–2012) were combined across data cycles before con-
ducting analyses. Missing data patterns were also examined.

Multiple imputation. Multiple imputation with chained
equations was conducted to impute missing values for demo-
graphic and clinical characteristics, mental distress, and
health behaviors. There were no missing data for age, race/
ethnicity, and family history of CVD. Missing data were
highest for binge drinking (21.4%), physical activity
(13.6%), and income (4.9%). There was less than 1% missing
data for education, marital status, insurance, mental distress,
current tobacco use, and fat intake. HIV status data were
complete for 84.3% of participants, of whom 7.6% were
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HIV positive. Gay- (17.4%, P < 0.001) and bisexual-
identified men (7.7%, P < 0.001) were more likely to be
HIV positive compared to exclusively heterosexual men
(0.3%). No heterosexual-identified MSM were HIV positive.
As we decided not to impute missing values for biological
measures a priori and the small number of HIV-positive par-
ticipants (n = 51) produced unstable estimates in statistical
analyses, HIV was excluded from further analyses. Further-
more, missing values did not differ significantly by sexual ori-
entation. To reduce bias, the imputation model included all
variables in the main model, including outcome variables.49

Structural variables (sampling weights, strata, and cluster)
were included. A total of 20 imputations were performed,
and imputation diagnostics were examined.

Statistical analyses. Sexual orientation differences for
continuous and categorical variables were examined with
the student t test and design-adjusted Rao-Scott chi-square
test, respectively. The model presented in Figure 1 informed
the regression analyses conducted. All multiple logistic re-
gression models included demographic and clinical char-
acteristics as covariates. In addition, models with health
behaviors as outcomes were adjusted for mental distress,
and models with biological risk factors and CVD diagnoses
as outcomes were adjusted for mental distress and health
behaviors. Models with hypertension, diabetes, and total
cholesterol as outcomes also were adjusted for BMI and

the model with CVD diagnoses as the outcome also was
adjusted for BMI, hypertension, diabetes, and total choles-
terol. Exclusively heterosexual men were the reference
group for all analyses.

Results

Demographic and clinical characteristics are displayed in
Table 1. NHANES (2001–2012) included a total sample of
30,558 men of whom 9077 had complete data for sexual
identity. Figure 2 shows the process by which the final sam-
ple was obtained. After applying inclusion and exclusion cri-
teria, the analytic sample consisted of 7731 men (7291
exclusively heterosexual, 147 gay-identified, 114 bisexual-
identified, and 179 heterosexual-identified MSM) between
the ages of 20 and 59. Gay- and bisexual-identified men
were significantly more likely to report their marital status
as single (p < 0.001) compared to exclusively heterosexual
men. Gay-identified men had a higher family income to pov-
erty ratio (p < 0.05), educational attainment (p < 0.001), and
health insurance coverage (p < 0.001) relative to exclusively
heterosexual men, whereas bisexual-identified men had a
significantly lower family income to poverty ratio than ex-
clusively heterosexual men (p < 0.05). Heterosexual-
identified MSM were similar across demographic/clinical
characteristics to exclusively heterosexual men, but were
more likely to report a family history of CVD (p < 0.05).

FIG. 2. Flowchart of inclusion/exclusion criteria.

288 CACERES ET AL.



Table 2. Sexual Orientation Differences in Modifiable Risk Factors for Cardiovascular Disease

and Cardiovascular Disease Diagnoses (n = 7731)

% OR (95% CI) AOR (95% CI)

Mental distress
Frequent mental distress

Exclusively heterosexual 10.1 Ref Ref
Gay identified 13.0 1.33 (0.77–2.31) 1.56 (0.86–2.81)a

Bisexual identified 22.6* 2.61 (1.60–4.24)* 2.39 (1.46–3.90)a,*
Heterosexual-identified MSM 9.9 0.98 (0.57–1.66) 1.01 (0.60–1.70)a

Health behaviors
Current tobacco use

Exclusively heterosexual 28.7 Ref Ref
Gay identified 35.0 1.34 (0.78–2.29) 1.46 (0.85–2.48)b

Bisexual identified 38.4 1.56 (0.94–2.60) 1.22 (0.72–2.07)b

Heterosexual-identified MSM 24.3 0.80 (0.49–1.32) 0.82 (0.49–1.37)b

Binge drinking
Exclusively heterosexual 54.5 Ref Ref
Gay identified 48.3 0.74 (0.50–1.10) 0.58 (0.37–0.85)b,*
Bisexual identified 47.8 0.87 (0.46–1.62) 0.74 (0.35–1.55)b

Heterosexual-identified MSM 45.9 0.79 (0.51–1.22) 0.76 (0.48–1.18)b

Meets physical activity recommendations
Exclusively heterosexual 51.4 Ref Ref
Gay identified 45.1 0.83 (0.52–1.31) 0.78 (0.49–1.25)b

Bisexual identified 44.1 0.71 (0.39–1.32) 0.69 (0.37–1.27)b

Heterosexual-identified MSM 41.0 0.68 (0.41–1.12) 0.70 (0.40–1.11)b

Adequate fat intake
Exclusively heterosexual 17.5 Ref Ref
Gay identified 21.7 1.30 (0.81–2.09) 0.98 (0.59–1.63)b

Bisexual identified 18.0 1.03 (0.56–1.91) 0.98 (0.52–1.83)b

Heterosexual-identified MSM 16.4 0.92 (0.56–1.52) 0.87 (0.53–1.45)b

BMI
Obesity (BMI ‡30 kg/m2)

Exclusively heterosexual 33.1 Ref Ref
Gay identified 22.7* 0.59 (0.38–0.93)* 0.81 (0.52–1.29)c

Bisexual identified 42.0 1.46 (0.91–2.34) 1.69 (1.02–2.72)c,*
Heterosexual-identified MSM 30.4 0.88 (0.54–1.43) 0.91 (0.57–1.46)c

Hypertension
Antihypertensive medication

Exclusively heterosexual 13.4 Ref Ref
Gay identified 7.8 0.54 (0.25–1.18) 0.58 (0.23–1.44)d

Bisexual identified 20.4 1.66 (0.87–3.15) 1.87 (0.97–3.63)d

Heterosexual-identified MSM 12.8 0.95 (0.54–1.66) 0.89 (0.45–1.75)d

Told had hypertension
Exclusively heterosexual 24.2 Ref Ref
Gay identified 17.3 0.66 (0.39–1.11) 0.64 (0.34–1.16)d

Bisexual identified 31.4 1.43 (0.79–2.61) 1.35 (0.73–2.47)d

Heterosexual-identified MSM 26.8 1.14 (0.70–1.88) 1.12 (0.63–1.99)d

Hypertension (SBP ‡140 and/or DBP ‡90)
Exclusively heterosexual 11.7 Ref Ref
Gay identified 5.0* 0.40 (0.16–0.98)* 0.43 (0.17–1.14)d

Bisexual identified 23.7* 2.33 (1.49–3.64)* 2.30 (1.43–3.70)d,*
Heterosexual-identified MSM 12.5 1.07 (0.51–2.27) 1.06 (0.53–2.11)d

Diabetes
Antidiabetic medication

Exclusively heterosexual 3.9 Ref Ref
Gay identified 0.6* 0.15 (0.02–1.15) 0.18 (0.02–1.48)d

Bisexual identified 9.7* 2.63 (1.19–5.85)* 2.83 (1.20–6.68)d,*
Heterosexual-identified MSM 2.3 0.57 (0.23–1.42) 0.47 (0.19–1.17)d

Told had diabetes
Exclusively heterosexual 4.9 Ref Ref
Gay identified 1.3* 0.25 (0.06–1.02) 0.29 (0.06–1.35)d

Bisexual identified 14.5* 3.30 (1.69–6.44)* 3.53 (1.74–7.14)d,*
Heterosexual-identified MSM 3.0 0.61 (0.27–1.38) 0.53 (0.23–1.18)d

(continued)
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Findings for modifiable risk factors for CVD and CVD diag-
noses are presented in Table 2. No differences between exclu-
sively heterosexual and heterosexual-identified MSM were
noted for any outcome. Although bisexual-identified men
were significantly more likely to experience frequent mental
distress in the past 30 days (adjusted odds ratio [AOR] 2.39,
95% confidence interval [CI] = 1.46–3.90), they reported no
difference in health behaviors compared to exclusively hetero-
sexual men. With the exception of significantly lower report of
binge drinking (AOR 0.58, 95% CI = 0.37–0.85), gay-
identified men had similar health behaviors to exclusively het-
erosexual men. Bisexual-identified men had significantly
higher odds of obesity compared to exclusively heterosexual
men (AOR 1.69, 95% CI = 1.02–2.72) and were more likely
to have been told that they had diabetes by a healthcare profes-
sional (AOR 3.53, 95% CI = 1.74–7.14). Gay-identified men
and heterosexual-identified MSM had similar rates of antidia-
betic medication use as exclusively heterosexual men,
whereas bisexual-identified men had higher use of this class
of medications (AOR 2.83, 95% CI = 1.20–6.68). Bisexual-

identified men also had significantly higher rates of elevated
blood pressure (AOR 2.30, 95% CI = 1.43–3.70) and glycosy-
lated hemoglobin (AOR 3.01, 95% CI = 1.38–6.59). In addi-
tion, no sexual orientation differences in total cholesterol or
self-report of CVD were detected.

Discussion

Given previous evidence,9 we hypothesized that gay- and
bisexual-identified men would have higher modifiable risk
factors for CVD and CVD diagnoses compared to exclu-
sively heterosexual men. Although this was supported for
bisexual-identified men across several CVD risk factors,
gay- and heterosexual-identified MSM demonstrated similar
CVD risk to their exclusively heterosexual peers. Gay-
identified men in the present study reported lower rates of
binge drinking than exclusively heterosexual men, which
corroborates the findings of previous studies.10,14,16

Our findings suggest that bisexual-identified men, in par-
ticular, have higher CVD risk compared to exclusively

Table 2. (Continued)

% OR (95% CI) AOR (95% CI)

Diabetes (HbA1c ‡6.5%)
Exclusively heterosexual 4.9 Ref Ref
Gay identified 0.7* 0.13 (0.02–0.85)* 0.19 (0.03–1.36)d

Bisexual identified 12.4* 2.76 (1.41–5.40)* 3.01 (1.38–6.59)d,*
Heterosexual-identified MSM 3.8 0.76 (0.36–1.62) 0.70 (0.34–1.47)d

Cholesterol
Cholesterol-lowering medication

Exclusively heterosexual 8.8 Ref Ref
Gay identified 6.7 0.75 (0.27–2.07) 0.95 (0.27–3.35)d

Bisexual identified 11.8 1.38 (0.45–4.28) 1.90 (0.48–7.45)d

Heterosexual-identified MSM 14.3 1.73 (0.86–3.46) 1.88 (0.88–4.02)d

Told had high cholesterol
Exclusively heterosexual 26.6 Ref Ref
Gay identified 25.1 0.92 (0.55–1.56) 0.87 (0.44–1.75)d

Bisexual identified 23.9 0.86 (0.44–1.71) 0.97 (0.50–1.90)d

Heterosexual-identified MSM 35.3 1.50 (0.91–2.46) 1.57 (0.99–2.50)d

High total cholesterol (‡240 mg/dL)
Exclusively heterosexual 15.6 Ref Ref
Gay identified 13.1 0.82 (0.46–1.47) 0.93 (0.48–1.78)d

Bisexual identified 12.7 0.79 (0.38–1.63) 0.81 (0.36–1.84)d

Heterosexual-identified MSM 16.6 1.08 (0.62–1.85) 1.10 (0.65–1.86)d

Cardiovascular disease
CVD

Exclusively heterosexual 3.7 Ref Ref
Gay identified 2.1 0.57 (0.17–1.89) 0.68 (0.18–2.60)e

Bisexual identified 4.8 1.33 (0.53–3.37) 1.05 (0.37–2.98)e

Heterosexual-identified MSM 4.0 1.10 (0.41–2.94) 0.94 (0.33–2.64)e

*P < 0.05.
aAdjusted for age, race, education, marital status, and income.
bAdjusted for age, race, education, marital status, income, and frequent mental distress. cAdjusted for age, race, education, marital status,

income, insurance, CVD family history, frequent mental distress, tobacco use, binge drinking, physical activity, and fat intake.
dAdjusted for age, race, education, marital status, income, insurance, CVD family history, frequent mental distress, BMI, tobacco use,

binge drinking, physical activity, and fat intake.
eAdjusted for age, race, education, marital status, income, insurance, CVD family history, frequent mental distress, BMI, tobacco use,

binge drinking, physical activity, fat intake, hypertension, diabetes, and high total cholesterol.
AOR, adjusted odds ratio; BMI, body mass index; CI, confidence interval; DBP, diastolic blood pressure; HbA1c, glycosylated hemoglo-

bin; OR, odds ratio; SBP, systolic blood pressure.
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heterosexual men across several modifiable risk factors. A
recent study conducted by Dyar et al. found that bisexual-
identified men had higher rates of self-reported obesity,
high total cholesterol, and hypertension than heterosex-
ual men.50 We did not identify significant differences for
high total cholesterol. However, our findings were consis-
tent for obesity and hypertension. Few studies have found
higher objectively measured BMI levels in bisexual-
identified men. An analysis of the National Longitudinal
Study of Adolescent to Adult Health revealed that gay-
identified men displayed lower objectively measured BMI
than heterosexual men, and no significant difference in
BMI levels was observed between bisexual-identified and
heterosexual men.51

Furthermore, in addition to higher rates of mental distress
and obesity, bisexual-identified men demonstrated in-
creased prevalence for one of three measures of hyperten-
sion (blood pressure, but not medication use or medical
history) and all three measures of diabetes (medication
use, medical history, and glycosylated hemoglobin) that
were examined. These findings suggest a lack of awareness
and treatment of hypertension among bisexual-identified
men. Our findings contradict those of a previous analysis
of the California Health Interview Survey that revealed
bisexual-identified men 60 years and older were signifi-
cantly more likely to report antihypertensive medication
use.52 The present study was limited to participants be-
tween the ages of 18 and 59. Therefore, medication use in
individuals over the age of 59 was not assessed. Diabetes
is an established risk factor for CVD.53 To our knowledge,
the higher prevalence of elevated glycosylated hemoglobin
in bisexual-identified men we observed in the present study
has not been described previously in the literature. One ex-
planation for heightened health disparities among bisexual-
identified individuals (termed the double closet phenome-
non) posits that they experience higher levels of stress
from having to hide different aspects of their lives from het-
erosexual and sexual minority peers.54 The higher CVD risk
that we observed in bisexual-identified men appears to sup-
port the ‘‘double closet phenomenon’’; however, additional
research is needed to assess differences between gay- and
bisexual-identified men and examine potential contributors
to CVD disparities in bisexual men.

We did not identify any differences in CVD risk between
heterosexual-identified MSM and exclusively heterosexual
men. Our ability to compare our results to previous studies is
limited as few studies have examined CVD risk in heterosexual-
identified MSM. An analysis of data from the California Quality
of Life Survey revealed that heterosexual-identified MSM
reported higher rates of CVD diagnosis than exclusively hetero-
sexual men.55 However, the small number of heterosexual-
identified MSM examined (n = 23) in that study limits confi-
dence in the findings. A more recent study found that
heterosexual-identified MSM may have a lower 10-year risk
of experiencing a CVD event compared to exclusively hetero-
sexual men.56 As existing evidence is conflicting, there is a
need to investigate CVD risk in heterosexual-identified
MSM. In addition, several studies indicate that conceal-
ment of sexual orientation is associated with poor mental
and physical well-being in gay and bisexual men.57,58 For
heterosexual-identified MSM, in particular, concealment
of same-sex sexual behavior is associated with higher

rates of poor mental health.59 The potential association be-
tween concealment of sexual orientation and CVD risk re-
mains an unexplored area of research.

Limitations

NHANES is a cross-sectional survey. Therefore, causality
cannot be inferred from these data. The measure of psycho-
logical stress used in NHANES is a measure of acute stress in
the past 30 days. Measures of chronic stress and minority
stress (including experiences with marginalization, internal-
ized stigma, expectations of rejection, etc.) were not available
in NHANES. The dietary measure used in this study was based
on a single item with potential for recall bias. Although it is
recognized that CVD increases with age, CVD risk in individ-
uals over the age of 59 was not assessed. Another limitation of
this study is that HIV was excluded from analyses due to the
low number of participants who were HIV positive. Future
work should examine the unique contribution of HIV to
CVD risk in sexual minority men.

Implications for research, policy, and practice

Future studies should examine sexual orientation differ-
ences in CVD risk to determine whether the observed dif-
ferences in bisexual-identified men are documented in
other samples. We also identified a need for further study
of CVD risk in heterosexual-identified MSM. Researchers
in Canada recently found that 30% of gay- and bisexual-
identified men were unwilling to disclose their sexual ori-
entation in national population-based surveys.60 This can
lead to misclassification of sexual orientation and obscure
differences between sexual minority and heterosexual par-
ticipants. It is possible that sexual minority men who agree
to participate in population-based surveys may be different
from those who do not. More research on the extent of sex-
ual orientation misclassification in the United States and
methods for recruiting sexual minority men for population-
based surveys is needed.

Despite concerns about the representativeness of sexual
minority participants in population-based surveys, there is
a need for continued inclusion and refinement of sexual ori-
entation items. Recently, the U.S. Government enacted steps to
remove sexual orientation measures from several national sur-
veys.61 Collecting sexual orientation data that address its mul-
tiple dimensions is critical to understanding the health of
sexual minority men. Therefore, there is a need to advocate
for continued inclusion of sexual orientation items in national,
state, and local health surveys.

Our findings can inform practice for clinicians and public
health practitioners. Although no difference in health behaviors
was observed between bisexual-identified and exclusively
heterosexual men, bisexual-identified men demonstrated
excess CVD risk, including frequent mental distress, obe-
sity, hypertension, and diabetes. Poor mental health is a rec-
ognized risk factor for the development of CVD.33,62–64

Thus, these findings support that clinicians should rou-
tinely screen bisexual-identified men for poor mental
health as a CVD risk factor. Data suggest that clinicians
should receive education about sexual minority health.65,66

Clinicians should be informed about how sexual minority
identity may impact prevalence of modifiable risk factors
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for CVD and other health conditions in this population.
This is particularly important as healthcare organizations
increasingly include sexual orientation as part of demo-
graphic questionnaires in electronic health records.67

Clinicians and public health practitioners should develop
CVD prevention strategies that address the unique needs
of bisexual-identified men.

Conclusion

This study contributes to the growing body of literature on
sexual orientation differences in CVD risk among men. Gay-
identified and heterosexual-identified MSM demonstrated a
similar CVD risk profile to exclusively heterosexual men. On
the contrary, bisexual-identified men had increased CVD
risk, including frequent mental distress, obesity, hypertension,
and diabetes. This study underscores the importance of disag-
gregating analyses for gay- and bisexual-identified participants
to ascertain differences in health outcomes between subgroups.
These findings can inform future research in the area of sexual
minority health. In particular, the need to perform mental
health and CVD risk screenings and develop CVD risk preven-
tion for bisexual-identified men is underscored.
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