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Abstract
Background Sexual minorities have documented elevated
risk factors that can lead to inflammation and poor immune
functioning.
Purpose This study aims to investigate disparities in Creactive protein (CRP) and Epstein–Barr virus (EBV) by
gender and sexual orientation.
Methods We used the National Longitudinal Study of Adolescent Health to examine disparities in CRP (N =11,462) and
EBV (N =11,812).
Results Among heterosexuals, women had higher levels of
CRP and EBV than men. However, sexual minority men had
higher levels of CRP and EBV than heterosexual men and
sexual minority women. Lesbians had lower levels of CRP
than heterosexual women.

B. G. Everett (*)
Department of Sociology, University of Illinois at Chicago,
4112 BSB, 1007 W Harrison St, Chicago, IL 60607-7140, USA
e-mail: everettb@uic.edu
M. Rosario
Department of Psychology, The City College and Graduate Center,
The City University of New York, New York, NY, USA
K. A. McLaughlin
Department of Psychology, University of Washington,
Seattle, WA, USA
S. B. Austin
Division of Adolescent and Young Adult Medicine, Boston
Children’s Hospital, Boston, MA, USA
S. B. Austin
Department of Social and Behavioral Sciences,
Harvard School of Public Health, Boston, MA, USA
S. B. Austin
Department of Pediatrics, Harvard Medical School,
Boston, MA, USA

Conclusions Gender differences in CRP and EBV found
between men and women who identify as 100 % heterosexual
were reversed among sexual minorities and not explained by
known risk factors (e.g., victimization, alcohol and tobacco
use, and body mass index). More nuanced approaches to
addressing gender differences in sexual orientation health
disparities that include measures of gender nonconformity
and minority stress are needed.
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Introduction
Numerous studies indicate that lesbians, gays, bisexuals, and
individuals who identify as “mostly heterosexual” (sexual
minorities) experience increased exposure to victimization
and discrimination, both interpersonally and institutionally
[1–5]. Indeed, the minority stress paradigm posits that the
elevated levels of mental health disorders and risk behaviors
observed among the sexual minority population are a direct
result of the chronic exposure to stigma and increased likelihood of experiencing discrimination and victimization [6, 7].
As a result of increased stress and subsequent engagement in
risk behaviors, research has documented that sexual minority
populations are more likely to report poorer general health [8]
and chronic morbidities [9, 10], as well as increased cardiovascular disease risk [11, 12]. Previous work has established a
relationship between stress exposure and poor immune functioning and cell-mediated immunity in the general population
[13, 14], but the implications for sexual minority health
remains uncertain. Understanding the underlying biological mechanisms that link sexual orientation to poor
physical health is an important and understudied field
of inquiry.
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Existing research on gender differences in inflammation
and immune functioning has demonstrated that, compared
with men, women have higher levels of inflammation and
poorer immune functioning [15–19]. Given the growing body
of work that suggests higher rates of gender nonconforming
expression among the sexual minority population [20–22], it
is unclear whether these disparities generalize to sexual minority men and women. To be sure, while among both heterosexual and sexual minority populations, a wide range of
gender presentations, attitudes, and behaviors exist, at the
population level research suggests that sexual minority men
and women are more likely to exhibit gendered behaviors,
attitudes, or personality characteristics nonconforming to
those found among heterosexual peers of the same sex. It is
unknown if the gender nonconformity observed in attitudes
and behaviors extends to biological markers of inflammation
and cell-mediated immunity.
Thus, this paper investigates two competing hypotheses.
First, that under minority stress theory all sexual minorities
will have higher levels of inflammation and poorer immune
functioning than do heterosexuals. By comparison, if gender
nonconformity extends to physiological indicators, we would
observe elevated levels of inflammation and poorer immune
functioning among sexual minority men compared with heterosexual men but the reverse among women: sexual minority
women would have lower levels of inflammation and better
immune functioning than heterosexual women.
Stress and Inflammation and Immune Functioning
Both C-reactive protein (CRP) and Epstein–Barr virus (EBV)
are sensitive, at least in the short term, to the effects of
psychosocial stressors. As such, they have been posited to
be one pathway through which stressors get “under the skin”
to influence physical health [13, 23]. When individuals experience psychosocial stressors, a series of biological responses
are triggered that include activation of the sympathetic nervous system and the hypothalamic-pituitary-adrenal axis.
Stress response system activation can have downstream influences on the immune system, such as triggering increases in
markers of systemic inflammation, such as CRP [14, 24–26].
CRP has important implications for overall health, in particular cardiovascular disease (CVD) [27–29] and was recently
recommended by the American Heart Association to be monitored as a risk factor for CVD [30].
Stress exposure also influences immune functioning
through indirect pathways involving health behaviors [31].
Indeed, coping strategies such as disordered eating and binge
drinking are both related to elevations in CRP [32–34].
Smoking has been shown to suppress immune functioning
[25, 35], which has important long-term implications for
infection and illness. Obesity has also been linked to lowlevel inflammation via the relationship between adipose tissue
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and increased production of cytokines and hormones, such as
cytokine interleukin 6 [36] and leptin [37].
EBV links stress exposure and cell-mediated immunity
[23, 38–40]. Roughly 80–90 % of the US population is EBV
seropositive [41]. Once acquired, the virus remains in the
body for life, but usually in a latent or inactive state. During
periods of stress, immune dysregulation can lead to reactivation of the virus as evidenced by higher levels of EBV titers.
The higher levels of EBV antibodies reflect a failure of the
immune system to regulate the virus. EBV as an indicator of
cell-mediated immunity has been linked to a variety of negative health outcomes including cancer [42], wound healing
[43], and multiple sclerosis [44, 45].
Under the minority stress framework, increased exposure
to victimization and discrimination experienced by sexual
minorities might trigger elevated levels of both CRP and
EBV among sexual minority men and women relative to
heterosexuals. Previous research has shown that exposure to
stress, such as victimization and discrimination, as well as its
potential outcomes (e.g., depression) are linked to CRP and
EBV [38, 46–48]. Moreover, several studies have demonstrated that sexual minorities are more likely to report a variety of
risk indicators related to exposure to minority stress and
compromised immune functioning, including tobacco and
alcohol misuse [49–51], as well as risky dieting behaviors
and obesity [52–54]. The direct effect of stress exposure on
inflammation and cell-mediated immunity, coupled with behavioral risk factors, may translate to disparities by sexual
orientation in inflammation and cell-mediated immunity.
Moreover, observed disparities would be expected to be partially, if not fully, mediated by known risk factors associated
with stress.
Gender Differences in Inflammation and Immune Functioning
Extensive research has documented gender differences in
inflammation and immune functioning related to biological
differences between men and women [18, 55–59]. Women
exhibit greater changes in immune functioning in response to
psychosocial stressors than men [15, 16, 18, 19]. This difference in immune responses is advantageous to women’s health
for combating infection but could be detrimental in the case of
chronic inflammation. As a result, several studies have demonstrated that women have higher levels of CRP compared
with men [55–57, 60], suggesting elevated systemic inflammation. Few studies have examined gender differences in cellmediated immune processes, such as titers to latent infections
like EBV. The existing research suggests that there may be
gender differences in EBV levels as a response to stressors
[61] and that there are gender differences in other markers of
cell-mediated immunity including cytomegalovirus and herpes simplex virus-1 [16, 62, 63]. The differences in immune
functioning between men and women have been attributed to
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a variety of factors. Some research has suggested that differences in inflammation and immune functioning may be related to sex hormones, in particular, estrogen [64, 65]. Differences in adiposity have also been suggested as a reason for
women’s higher levels of CRP. Obesity has been linked to
higher levels of inflammation [66] and the relationship between fat, in both quantity and distribution, has a stronger
effect on women’s CRP than men’s.
In addition to biological factors, differences in immune
functioning have also been linked to gender differences in
both the perception of and reactions to stress. Compared with
men, women are more likely to report perceiving life events as
stressful [67–71] and are less likely to engage in active problem solving strategies [72, 73]. Instead, compared with men,
women are more likely to internalize stress and engage in
rumination, or the tendency to focus on a specific problem
or source of stress in the absence of active problem solving
techniques [74, 75]. Engagement in rumination has repeatedly
been linked to anxiety and depression and is key mediator of
gender disparities in depressive symptoms [73–75]. These
differences in coping mechanisms may have important implications for gender differences in inflammation and immune
functioning through their influence on mental health outcomes, like anxiety and depression, which have been linked
to inflammation and immune functioning [76–78].
Most of the studies on gender differences in stress and
stress responses, both behavioral and physiological, have been
conducted with heterosexual samples. However, the degree to
which observed patterns generalize to sexual minorities remains to be determined. Research shows that gender nonconformity is prevalent among sexual minorities, both in retrospective and prospective studies [20, 21]. For example, sexual
minority men are more likely to engage in feminine-type play
and dress in childhood [79, 80]. The reverse is true for sexual
minority women; lesbians are more likely to recall being
called tomboys and engaging in more masculine-type play
and dress [81, 82]. Gender nonconformity among sexual
minorities has been found not only in gender presentation
during both childhood and adulthood [20, 21, 79, 80] but also
in a variety of other situations including occupational and
activity interests [22, 81] and health care seeking behaviors
[82]. Moreover, a recent meta-analysis showed that sexual
minority men and women were also gender nonconforming
in several personality characteristics: gay women scored
lower on neuroticism and higher on instrumentality than
heterosexual women, whereas gay men scored higher on
agreeableness, expressiveness, and neuroticism than heterosexual men [22], which have implications for coping
behaviors [83].
Other work has shown that there are gender differences in
health behaviors related to inflammation by sexual orientation. In particular, studies have shown that sexual minority
women are more likely to engage in smoking and hazardous
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drinking compared with heterosexual women [50, 84, 85], but
these differences are smaller among men [84, 85]. Research
has also consistently shown that sexual minority women are
more likely to be obese compared with heterosexual women
[53, 54], while gay men have lower body mass indexes
(BMIs) than heterosexual men [86].
Two recent studies provide conflicting results for the relationship between sexual minority status and inflammation.
While one study suggested that sexual minority men had
elevated levels of CRP compared with heterosexuals [12],
the other study found lower levels of inflammation, measured
as part of a composite cardiovascular health scale called
allostatic load, among gay and bisexual men [87]. If gender
nonconformity holds across biological indicators, we would
expect to see that sexual minority women have lower levels of
inflammation and better immune functioning than heterosexual women, whereas sexual minority men have higher levels
of inflammation and poorer immune functioning than heterosexual men. An extension of this hypothesis would posit that
sexual minority women are more similar in inflammation and
immune functioning to heterosexual men, and sexual minority
men are more similar on these physical health markers to
heterosexual women.
Present Study
Studies consistently show gender differences in inflammation
and immune functioning among heterosexual populations.
These differences exist for a variety of reasons, both biological
and behavioral. Although prior research has examined sexual
orientation disparities in risk factors for inflammation, to date,
few studies have examined disparities in CRP and EBV by
sexual orientation and gender. Thus, this study examines three
primary research questions. First, are there differences in CRP
and EBV risk factors associated with minority stress by sexual
orientation and gender? Second, do disparities exist in CRP
and EBV by sexual orientation and gender; and if so, are these
disparities explained by known risk factors associated with
minority stress? Third, does gender nonconformity among
sexual minorities extend to physiological measures? Existing
research shows that heterosexual women have higher levels of
inflammation and immune dysfunction than men. The gender
nonconforming hypothesis would suggest a reversed gendered pattern among sexual minority men and women: sexual
minority men would have higher levels of CRP and EBV than
heterosexual men and sexual minority women would have
lower levels than heterosexual women.

Methods
This study uses data from the National Longitudinal Study of
Adolescent Health (Add Health), a nationally representative
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longitudinal study of US men and women. The initial Add
Health sample was drawn from 80 high and 52 middle schools
throughout the USA, with unequal probabilities of selection
[88]. The first wave of the Add Health study (1994/1995)
surveyed 90,118 adolescents who filled out a brief in-school
survey. A subsample of students (n =20,747) was asked to fill
out an additional in-depth home interview survey. This study
used Wave IV of the Add Health survey, between 2007 and
2008, which included 80.3 % of the eligible Wave I in-home
sample respondents. At the time of the Wave IV interview,
respondents completed an in-depth survey and provided numerous biological samples, including blood spot data that was
later assayed for CRP and EBV. Our sample is therefore
restricted to respondents surveyed in Wave IV who participated in bio-specimen data collection (N =14,049). Respondents
with CRP and/or EBV measures outside of expected high
ranges or large differences in duplicate specimens were
flagged and coded as missing. CRP is a relatively stable
measure of inflammation [89]; however, it is responsive to
environmental stressors [24, 90]. CRP’s responsiveness to
social and environmental stressors is in line with our goal of
identifying risk factors associated with inflammation. In line
with clinical recommendations, we restrict our analysis to
persons with CRP levels below 10 mg/l whose elevated levels
of CRP would be indicative of infection [30]. For the analysis
of EBV, we exclude individuals with scores below the
10th percentile to reflect previously established trends in
EBV seronegativity [91]. Sensitivity analyses conducted
using a 15th percentile cutoff yielded similar results.
For the sexual orientation item, we excluded respondents who answered “don’t know,” that they were “not
sexually attracted to either males or females,” or refused
to answer the sexual orientation identity survey item.
We also excluded individuals who reported having tested positive for HIV (n =18). Our final sample size was
11,462 for the analysis of CRP, of which 46.9 % were
female and the mean age was 28.8 years (SD=0.12).
For the analysis of EBV, the final sample size was 11,
812, of which 51.3 % were female and the mean age
was 28.8 years (SD=0.12).
To be sure we were not introducing bias to our results we
also performed supplementary analyses that restricted the
sample to respondents who were included in both the CRP
and EBV samples. The results revealed that the overall trends
were the same; however, statistical significance was affected
because of the large reduction in sample size, particularly for
the already small samples of some sexual minority groups. We
also investigated whether there may be bias in the CRP and
EBV samples by sexual orientation or gender, our main
predictor variables. We found that there were no significant differences in the distribution of sexual orientation
across both samples, nor were there biases in the gender
distribution.
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Measures
Biomarkers
In Wave IV at the time of interview, blood spot samples were
obtained using a finger prick and collected on standardized
filter paper using a sterile lancet. Blood spots were dried
overnight and then frozen prior to laboratory analysis. High
sensitivity CRP (milligrams per liter) was assayed from blood
spots using a standardized enzyme immunoassay protocol.
EBV (arbitrary units per milliliter) was assayed using an
adaptation of a previously validated protocol [62]. Previous
validation studies indicate a high correlation between values
from blood serum and blood spot samples for both CRP and
EBV [61, 92]. To approximate normal distributions, both CRP
and EBV were log transformed. Logged CRP had a mean of
0.79 (SD=0.02) and ranged from −6.21 to 2.30, and logged
EBV had a mean of 4.94 (SD=0.01) and ranged from 3.87 to
7.18.
Predictors
Gender was measured using a single item from Wave IV that
asked respondents to identify as male (referent) or female.
Sexual orientation was measured using an item from Wave IV
that asked respondents whether they identify as “100 % heterosexual; mostly heterosexual; bisexual; mostly gay; or
100 % gay.” From this item, a series of four dummy variables
were created to measure sexual orientation: 100 % heterosexual (referent), mostly heterosexual, bisexual, and mostly gay/
100 % gay. Preliminary results showed that mostly gay and
100 % gay respondents did not differ for either measure and
thus they were combined.
Covariates
Psychosocial Stressors This study included several measures
of stress and stress responses that are elevated among the
sexual minority population and linked to compromised
immune functioning including victimization and depression
[6, 7, 93].
Childhood physical abuse was derived from an item that
asked respondents, “By the time you started 6th grade, how
often had your parents or other adult caregivers slapped, hit or
kicked you?” Respondents who reported five or more incidents were coded as yes, those who reported no incidences or
less than five were coded as no (referent), and respondents
who refused or skipped the question were coded as missing.
Forced sex was measured in Wave IV using two survey
items that asked respondents if they have “ever been forced, in
a nonphysical way, to have any type of sexual activity against
your will? For example, through verbal pressure, threats of
harm or by being given alcohol or drugs” and “Have you ever
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been physically forced to have any type of sexual activity
against your will?” These two questions specifically exclude
experiences with a parent or adult caregiver. Respondents who
reported either nonphysical or physical sexual coercion were
coded as yes [1] and those who did not were coded as
no (0, referent).
Physical victimization in the previous 12 months was coded as a binary variable based on a Wave IV item that asked
“which of the following things happened in the last month:
someone pulled a knife or gun on you; someone shot or
stabbed you; someone slapped, hit, choked, or kicked you;
you were beaten up?” Respondents who reported at least one
of these incidents were coded as having been victimized.
Discrimination was measured in Wave IV with the question
“In your day-to-day life, how often do you feel you are treated
with less respect or courtesy than other people? … Do you
think the main reason for these experiences was your sexual
orientation?” We created a dichotomous variable that captures
whether respondents report being treated with less respect due
to their sexual orientation never or rarely (referent) versus
sometimes or often.
Perceived stress in Wave IV was measured using the Cohen
Perceived Stress scale [94]. The total scale ranges from 0 to 16
and had an alpha of 0.72 in the analytic sample. Stress response
in Wave IV is measured using the depressive symptoms scale
of the abbreviated Center for Epidemiologic Studies Depression Scale (CES-D). The CED-D scale ranges from 0 to 20
[95], and had a Chronbach’s α of 0.79 in our analytic sample.
Risk Indicators Several measures of risk indicators were included that are elevated among sexual minority population
and linked to inflammation and immune functioning including
tobacco and alcohol use [49–51], as well as obesity [52–54].
The tobacco use at Wave IV measured whether respondents
were current regular smokers, operationalized as at least one
cigarette a day for 30 days, former regular smokers, or never
regular smokers (referent). Binge drinking was derived from a
survey item that asked respondents, “During the past
12 months, on how many days did you drink 5 or more (if
male) or 4 or more (if female) drinks in a row?” This measure
was coded as a continuous measure that ranges from zero to
six, where zero is equal to no episodes of binge drinking and
six is equal to every day or almost every day.
Anthropometric measures of height and weight were taken
at the time of interview in Wave IV and used to calculate BMI
kg/m2 for respondents. We used the World Health Organization (WHO) obesity classifications [96] to measure whether
respondents were underweight (BMI<18), healthy weight
(BMI≥18 and <25), overweight (BMI≥25 and ≤30), obese
class I (BMI>30 and ≤35), or obese class II/III (BMI >35)
(referent).
Physical activity was derived from a series of questions that
asked respondents how many times in the past week they
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engaged in a variety of physical activities such as bicycling,
skateboarding, hiking, roller blading, team sports, aerobics,
individual sports, weight training, or walking for exercise. The
measure is coded as a scale that ranges from zero bouts of
activity in the last 7 days to 20 or more.
Statistical Controls All analyses controlled for race/ethnicity,
age, and education. Race/ethnicity was categorized as nonHispanic white (referent); non-Hispanic black; Hispanic; nonHispanic Asian; or other. Age was coded as a continuous
variable ranging from 24 to 34 years. Education was measured
as a series of dummy variables that identified whether respondents had less than a high school education, graduated from
high school, had attended some college, or graduated from
college or received post-graduate education (referent). We
also included a control for prescription hormone use, such as
contraception, derived from prescription drug rosters filled out
by respondents.
Statistical Analysis
This study used ordinary least squares (OLS) multivariate
regression analyses to examine disparities in CRP and EBV
by sexual orientation. First, we present descriptive statistics
for all variables included in the analysis for the total population and stratified by sexual orientation and gender. We conducted F-tests using the “test” command in Stata 12.0 to test
for statistical differences in means for each sexual minority
identity compared with 100 % heterosexual respondents, and
for differences between men and women. Next, we present the
results from our multivariate regressions. For both CRP and
EBV, we ran three models. The first examined sexual orientation and gender disparities controlling for basic
sociodemographic characteristics of ethnicity/race, age, and
educational attainment. The second model added controls for
all other potential explanatory factors, and the third model
examined the interaction of sexual orientation by gender to
test if disparities varied by gender across sexual orientation
groups. Finally, we present the results from multivariate
models for sexual orientation disparities in CRP and EBV
stratified by gender. All analyses used population weights to
reflect the US population and the SVY commands in Stata
version 12.1 to account for the complex design by adjusting
variance estimates.

Results
Differences in CRP and EBV Risk Factors by Sexual
Orientation and Gender
There were several differences in inflammation and immune
functioning risk factors by sexual orientation shown in Table 1.
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Table 1 Descriptive statistics for the total population and by sex and sexual orientation identity in Add Health, Wave IV
Total
(N =11,446)

%/M (SE)
Sexual orientation identity (%)
100 % heterosexual
Mostly heterosexual
Bisexual
100 % gay/mostly gay
Female (%)
Race/ethnicity (%)
Non-Hispanic white
Non-Hispanic black
Hispanic
Asian
Other race/ethnicity
Age (M)
Education (%)
Less than H.S.
H.S. graduate
Some college
College graduate
Victimized (past 12 months (%))
Perceived discrimination (%)
Forced sex (ever (%))
Childhood physical abuse (%)
Missing
Stress (M)
Depressive Symptoms (M)
Smoking status (%)
Never a regular smoker
Current regular smoker
Former regular smoker
Missing
Days drank previous 12 months (M)
Body mass index (%)
<18
≥18 and <25
≥25 and ≤30
>30 and ≤35
>35
Missing
Physical activity level (M)
Dependent variables
CRP (logged) (M)a
Epstein–Barr virus (logged; M)

Stratified by sexual orientation identity
Exclusively
heterosexual
(N =9,911)
%/M (SE

Mostly
heterosexual
(N =1,114)
%/M (SE

Stratified by gender

Bisexual
(N =162)

Gay/mostly
gay (N =259)

Women
(N =5,841)

Men
(N =5,605)

%/M (SE

%/M (SE

%/M (SE

%/M (SE

93.84
3.59
0.53
2.04
–

86.96
9.61
1.47
1.97
46.95

42.75

80.15

81.01

44.92

79.54
16.40
2.53
1.88
–

69.02
14.23
11.53
3.43
1.79
28.82 (0.12)

68.30
15.04
11.43
3.50
1.73
28.87 (0.12)

76.29
7.65
11.00
2.96
2.10
28.54 (0.15)

72.81
11.24
11.09
2.03
2.83
28.33 (0.18)

62.49
13.09
18.77
3.81
1.85
28.83 (0.17)

69.51
14.41
11.32
3.30
1.46
28.72 (0.12)

68.58
14.08
11.71
3.55
2.08
28.93 (0.12)

8.41
17.74
43.49
30.37
21.52
0.09
13.86
4.77
20.55
4.91 (0.07)
2.58 (0.04)

8.46
18.57
42.98
29.99
21.54
0.01
11.36
4.49
20.88
4.79 (0.08)
2.47 (0.05)

6.78
11.27
48.50
33.44
20.79
0.00
31.01
7.30
16.97
5.82 (0.12)
3.29 (0.10)

17.90
17.29
44.23
20.58
24.44
0.52
0.52
6.45
26.65
6.01 (0.32)
3.82 (0.31)

7.09
12.85
40.76
39.31
22.30
1.91
24.27
1.91
19.03
5.16 (0.22)
3.00 (0.23)

7.04
13.62
45.23
34.11
18.63
0.13
24.84
4.85
17.03
5.16 (0.08)
2.85 (0.05)

9.62
21.39
41.94
27.05
24.08
0.07
4.14
4.71
23.67
4.68 (0.11)
2.34 (0.05)

50.63
25.25
23.76
0.68
2.39 (0.05)

52.38
24.65
22.59
0.67
2.33 (0.05)

38.23
28.94
32.70
0.74
2.75 (0.08)

35.59
36.20
26.50
2.13
2.32 (0.20)

45.23
25.34
29.42
0.00
3.03 (0.16)

49.13
27.47
22.89
0.51
2.04 (0.05)

51.92
22.73
24.52
0.83
2.69 (0.05)

1.43
33.72
30.51
18.66
14.76
0.92
2.39 (0.05)

1.35
32.88
31.16
18.97
14.79
0.85
6.52 (0.10)

2.28
40.94
25.23
17.15
13.26
1.13
6.38 (0.23)

1.91
35.62
25.81
12.61
22.47
1.57
2.32 (0.20)

0.79
33.84
30.93
17.03
15.20
2.21
7.14 (0.60)

2.22
39.05
26.06
16.10
15.51
1.05
2.04 (0.05)

0.73
28.99
34.44
20.93
14.10
0.80
2.69 (0.05)

0.40 (0.02)
4.95 (0.01)

0.39 (0.02)
4.94 (0.01)

0.49 (0.05)
4.96 (0.02)

0.63 (0.11)
5.02 (0.05)

0.27 (0.09)
5.02 (0.05)

0.54 (0.02)
5.00 (0.01)

0.27 (0.03)
4.88 (0.01)

Source: National Longitudinal Study of Adolescent Health. Analyses are weighted to account for complex survey design
SE standard error, M mean
a

Sample size for CRP estimate is 11,450
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All mostly heterosexual, bisexual, and gay respondents reported significantly higher levels of stress exposure and depressive symptoms compared with heterosexual respondents.
Additionally, compared with heterosexual-identified respondents, bisexual and mostly heterosexual respondents were
more likely to be current smokers, and gay respondents reported higher levels of binge drinking and being a victim of
forced sex. Gay respondents were also more likely to report
discrimination based upon their sexual orientation compared
with heterosexual respondents (1.91 vs. 0.01, p <.001).
Significant gender differences in stress-related and risk
factors were also observed. One in four women reported being
a victim of forced sex in their lifetime, compared with 4 % of
men, but men were more likely to report being physically
victimized in the previous 12 months compared with women
(24.1 % vs. 18.6 %, p <.05). In line with other research,
women also reported higher levels of perceived stress and
more depressive symptoms. There were also significant gender differences in other risk factors: men were more likely to
report being a current smoker and drinking on a more regular
basis than women. A slightly higher percentage of women
were in the healthy BMI range of 18 to 25 kg/m2 compared
with men, but they were less likely to report high levels of
physical activity.
Sexual Orientation and Gender Disparities in CRP and EBV
The results show that among the total population, there were
no differences in CRP and EBV by sexual orientation. Table 2
presents the results from multivariate OLS regression models
examining the relationships among sexual orientation, gender,
and both CRP and EBV. Panel A presents results for CRP and
Panel B presents for EBV. The results for Model 1 showed no
disparities at baseline, and the inclusion of inflammation risk
factors in Model 2 had little to no impact on the estimates for
sexual orientation. However, women had higher levels of CRP
in both models compared with men, as expected. A similar,
but weaker relationship emerged for EBV. There were no
differences in EBV by sexual orientation, but women had
higher levels of EBV compared with men.
Gender Nonconformity in CRP and EBV Risk Factors
Among Sexual Minorities
The results show support for gender nonconformity in CRP
and EBV among sexual minorities. This result is particularly
strong for the CRP results. This finding is illustrated by both
the significant interaction between gender and sexual orientation for CRP, suggesting that gay and bisexual men have
higher levels of CRP than heterosexual men, and lesbian and
bisexual women have lower levels than heterosexual women.
The interactions remain significant even after controlling for
several known risk factors, including victimization, stress and
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depression, alcohol and tobacco use, and BMI. Interestingly,
the results also show that within the bisexual and gay respondents, men have higher levels of CRP than women. This is the
opposite of the finding among heterosexual respondents. The
interaction results are displayed in Table 3.
Similar to CRP, the interactions in Table 2, Model 3 shows
changes in gender differences in EBV by sexual orientation.
Among heterosexual respondents, women had higher levels of
EBV than men, but among gay and lesbian respondents there
were no significant differences in EBV.
Follow-up analysis to the interactions is displayed in
Table 4, which presents the results from multivariate
regressions stratified by gender to further investigate
sexual orientation disparities in CRP and EBV. Among
women, lesbians had lower levels of CRP compared
with heterosexuals (β =−0.33, p <.05), and mostly heterosexual women had lower levels of EBV (β =−0.04,
p <.10). Among men, bisexual men had higher levels of
CRP (β = 0.64, p <.001) and gay men had higher levels
of EBV compared with heterosexuals (β =0.17, p <.05). Thus,
we see opposite patterns of EBVand CRP disparities in sexual
orientation by gender. Among women, the results suggest
lower levels of inflammation for sexual minorities, whereas
among men, we see higher levels of inflammation among
sexual minorities.
Additional analysis that also included controls for prescription hormone use did not change the results. Given that BMI is
highly related to inflammation, we also conducted additional
analysis stratified by weight status. These additional analyses
revealed that the same gender and sexual orientation patterns
observed in the full cohort were seen among the healthy BMI
range of 18 to 25 kg/m2 and among respondents who were
overweight or obese (not in tables).

Discussion
This study examines both sexual orientation and gender disparities using biomarkers of inflammation and immune functioning, CRP and EBV. The results provide new insights into
the relationship between sexual orientation and important
biological processes by demonstrating that the welldocumented finding from the prior literature that women have
higher levels of inflammation and poorer immune functioning
than men does not hold across all sexual orientation groups.
Rather, among gay and bisexual respondents, the results show
that men have higher levels of CRP and similar levels of EBV
to women of comparable sexual orientation. Gay and bisexual
men had higher levels of CRP and EBV compared with
heterosexual men, whereas sexual minority women in general
and lesbian women in particular had lower levels of CRP than
heterosexual women and similar levels of CRP compared with
heterosexual men. These findings were particularly strong for

Former regular smoker
Missing
Days drank (previous 12 months)

Victimized in the previous 12 months (no referent)
Perceived discrimination (no referent)
Forced sex (ever) (none referent)
Childhood physical abuse (none referent)
Missing
Stress
Depressive symptoms
Smoking status (never regular smoker referent)
Current regular smoker

Mostly heterosexual
Bisexual
Mostly gay/gay
Gender (male referent)
Sex and sexual orientation interactions
Female (mostly heterosexual)
Female (bisexual)
Female (gay/mostly gay)
Race/ethnicity (non‐Hispanic white referent)
Non-Hispanic black
Hispanic
Asian
Other race/ethnicity
Age
Education (college graduate referent)
Less than H.S.
H.S. graduate
Some college

Sexual orientation (100 % heterosexual referent)
0.05 (−0.05, 0.15)
0.06 (−0.15, 0.28)
−0.12 (−0.30, 0.06)
0.36 (0.30, 0.42)***
−0.04 (−0.27, 0.20)
−0.82 (−1.31, −0.32)***
−0.44 (−0.75, −0.12)***

0.07 (−0.15, 0.29)
0.72 (0.30, 1.13)***
0.08 (−0.13, 0.28)
0.37 (0.31, 0.45)***

−0.01 (−0.05, 0.04)
−0.01 (−0.05, 0.04)
0.04 (−0.07, 0.14)
0.02 (−0.09, 0.13)
†
0.09 (−0.02, 0.17)
0.08 (−0.02, 0.19)
0.13 (0.10, 0.16)*** 0.12 (0.09, 0.14)***

Model 2
β (CI)

−0.17 (−0.27, −0.07)***
−0.06 (−0.31, 0.18)
−0.16 (−0.37, 0.05)

0.13 (0.03, 0.22)†
0.07 (−0.16, .30)
0.16 (0.00, 0.32)**
0.13 (0.10, 0.16)***

Model 3
β (CI)

0.29 (0.17, 0.40)***
0.29 (0.19, 0.40)***
0.21 (0.14, 0.28)***

0.05 (−0.01, 0.11)
0.02 (−0.32, 0.35)
0.00 (−0.02, 0.02)

0.09 (0.02, 0.15)*

0.08 (0.01, 0.15)*
0.05 (−0.01, 0.11)
−0.11 (−0.44, 0.23)
0.00 (−0.01, 0.02)

0.01 (−0.06, 0.08)
−0.38 (−0.95, 0.18)
−0.02 (−0.10, 0.11)
−0.06 (−0.18, 0.05)
0.02 (−0.04, 0.07)
0.00 (−0.01, 0.01)
0.00 (−0.01, 0.01)

0.16 (0.06, 0.27)***
0.13 (0.03, 0.22)***
0.07 (−0.00, 0.13)*

0.01 (−0.05, 0.08)
−0.35 (−0.92, 0.21)
−0.02 (−0.10, 0.06)
−0.07 (−0.19, 0.05)
0.02 (−0.03, 0.08)
0.00 (−0.01, 0.01)
0.00 (−0.01, 0.01)

0.16 (0.05, 0.26)***
0.13 (0.04, 0.23)***
0.07 (0.00, 0.14)*

0.05 (−0.00, 0.11)†
0.03 (−0.01, 0.07)
0.04 (0.01, 0.07)*

0.02 (−0.02, 0.05)
−0.05 (−0.27, 0.18)
0.00 (−0.01, 0.01)

0.03 (−0.01, 0.07)

0.02 (−0.02, 0.05)
0.08 (−0.29, 0.44)
0.01 (−0.03, 0.05)
0.02 (−0.04, 0.09)
−0.01 (−0.05, 0.02)
0.01 (−0.01, 0.01)
0.01 (−0.01, 0.01)

0.02 (−0.04, 0.08)
0.00 (−0.04, 0.05)
0.01 (−0.02, 0.04)

0.03 (−0.01, 0.07)†
0.02 (−0.01, 0.01)
−0.05 (−0.29, 0.11)
0.00 (−0.01, 0.01)

0.02 (−0.02, 0.05)
0.08 (−0.28, 0.46)
0.01 (−0.04, 0.09)
0.03 (−0.04, 0.09)
−0.01 (−0.05, 0.02)
0.01 (−0.01, 0.00)
0.00 (−0.01, 0.01)

0.02 (−0.03, 0.08)
0.01 (−0.03, 0.05)
0.01 (−0.02, 0.05)

0.00 (−0.08, 0.08)
−0.05 (−0.13, 0.02)
−0.05 (−0.12, 0.03)
0.15 (0.12, 0.10)*** 0.15 (−.11, 0.19)***
0.15 (0.11, 0.19)***
0.08 (0.01, 0.16)
0.04 (−0.04, 0.11)
0.04 (−0.03, 0.11)
0.03 (−0.03, 0.08)
0.03 (−0.03, 0.09)
0.03 (−0.03, 0.08)
−0.38 (−0.53, 0.23)*** −0.28 (−0.40, −0.16)*** −0.28 (−0.40, −0.16)*** −0.04 (−0.11, 0.02)
−0.03 (−0.09, 0.03)
−0.03 (−0.09, 0.03)
−0.05 (−0.27, 0.17)
0.00 (−0.19, 0.16)
0.00 (−0.18, 0.19)
0.05 (−0.05, 0.15)
0.05 (−0.05, 0.14)
0.05 (−0.05, 0.15)
0.02 (0.01, 0.04)***
0.01 (−0.00, 0.02)
0.01 (−0.00, 0.02)
0.01 (0.00, 0.02)*
0.01 (−0.00, 0.02)*** 0.00 (−0.00, 0.02)*

0.01 (−0.08, 0.11)
0.11 (−0.12, 0.34)
−0.10 (−0.28, 0.07)
0.30 (0.23, 0.36)***

Model 1
β (CI)

Model 3
β (CI)

Model 1
β (CI)

Model 2
β (CI)

Epstein–Barr virus

C-reactive protein

Table 2 Betas from OLS regression examining C-reactive protein and Epstein–Barr virus (logged continuous measures) from Add Health, Wave IV
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C-reactive protein
100 % heterosexual
Mostly heterosexual
Bisexual
100 % gay/mostly gay
Epstein–Barr virus
100 % heterosexual
Mostly heterosexual
Bisexual
100 % gay/mostly gay

Men

Women

0.25 (0.20, 0.29)
0.31 (0.10, 0.54)
0.96 (0.56, 1.36)

0.63 (0.59, 0.67)
0.66 (0.57, 0.75)
0.53 (0.29, 0.76)

0.32 (0.11, 0.53)

0.26 (0.03, 0.51)

4.88 (4.86, 4.90)
5.02 (4.91, 5.10)
4.95 (4.72, 5.18)
5.04 (4.88, 5.20)

5.01 (4.99, 5.03)
4.97 (4.92, 5.01)
5.01 (4.90, 5.13)
5.01 (4.88, 5.14)

p <.10; *p <.05; **p <.01; ***p <.001

Source: National Lognitudinal Study of Adolescent Health; 95 % confidence intervals are presented in parentheses. Analyses are weighted to
account for complex survey design. All models control for all covariates
included in Model 3 of Table 2 set at their mean

†

−0.54 (−1.01, −0.06)
0.032

Source: National Longitudinal Study of Adolescent Health. Referent is in parenthesis. Analyses are weighted to account for complex survey design. Sample size for CRP=11,446. Sample size for EBV=11,796

0.14 (0.02, 0.26)*
0.00 (−0.0, 0.01)
4.58 (4.34, 4.82)***
0.034
0.01 (−0.03, 0.05)*
0.00 (−0.00, 0.01)
4.20 (3.91, 4.48)***
0.74 (0.48, 1.00)***
−0.01 (−0.01, 0.00)***
−0.64 (−1.05, −0.24)**
0.212
Missing
Physical activity
Constant
R2

0.75 (0.50, 1.01)***
−0.01 (−0.01, −0.00)***
−0.65 (−1.05, −0.24)***
0.215

−0.45 (−0.74, −0.18)*** −0.46 (−0.74, −0.19)***
0.56 (0.49, 0.62)***
0.56 (0.50, 0.62)***
0.92 (0.85, 0.99)***
0.92 (0.85, 0.99)***
1.36 (1.27, 1.45)***
1.36 (1.27, 1.45)***
BMI (≥18 and <25 referent)
<18
≥25 and ≤30
>30 and ≤35
>35

Table 3 Predicted logged C-reactive protein and Epstein–Barr virus
values for all sexual orientations by sex derived from model 3, Table 2

β beta, CI confidence interval, EBV Epstein–Barr virus, CRP C-reactive protein

−0.03 (−0.15, 0.09)
0.02 (−0.02, 0.06)
0.05 (0.02, 0.09)***
0.12 (0.07, 0.16)***
−0.03 (−0.15, 0.09)
0.01 (−0.03, 0.05)
0.05 (0.01, 0.09)***
0.12 (0.07, 0.16)***

4.57 (4.33, 4.81)***
0.025

Model 3
β (CI)
Model 1
β (CI)
Model 1
β (CI)

Model 3
β (CI)

Epstein–Barr virus
C-reactive protein

Model 2
β (CI)
Table 2 (continued)
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Model 2
β (CI)
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CRP and were unexplained by many of the prevalent causal
mechanisms in the literature related to stressors and stressrelated outcomes (e.g., depressive symptoms).
The results presented here suggest that understanding inflammation and immune functioning across sexual orientation
groups requires an expanded framework for minority stress
that incorporates sex/gender differences in a more nuanced
way. Under minority stress theory, we would expect to find
that both sexual minority men and women have higher levels
of CRP and EBV compared with same-gender heterosexuals
as a consequence of elevated levels of exposure to gay-related
victimization. Moreover, we would expect that a large portion
of this excess risk would be attributable to exposure to stressors
and risk-related coping behaviors. Several studies have linked
stress to inflammation and immune functioning [13, 14, 23]
and documented that sexual minorities are more likely to report
a variety of inflammation risk factors [49–53]. Theoretically,
one would expect for this to translate into elevated risk of
inflammation for both sexual minority men and women. Our
results, however, showed that gay men had higher levels of
CRP and EBV compared with heterosexual men, whereas
lesbians had lower levels of CRP and similar levels of EBV
as heterosexual women. This finding supports new research
that showed that sexual minority men have higher levels of
CRP compared with heterosexual men [12]. In addition, bisexual men had higher levels of CRP than heterosexual women
and gay men and heterosexual women had similar levels of
EBV. Lesbians, in turn, had levels of CRP and EBV similar to
those of heterosexual men. Furthermore, controlling for victimization and other correlates of minority stress had no effect
on the relationships between sexual orientation and both CRP
and EBV. Rather the sexual orientation disparities in CRP and
EBV were moderated by gender. Thus, minority stress theory
is not sufficient on its own to explain the observed disparities.
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Table 4 Betas from gender stratified OLS regression examining C-reactive protein and Epstein–Barr virus (logged continuous measures) from Add
Health, Wave IV
C-reactive protein
Model 1
β (95 % CI)
Women
Sexual orientation (100% heterosexual referent)
Mostly heterosexual
0.02 (−0.08, 0.13)
Bisexual
−0.04 (−0.29, 0.22)
Mostly gay/gay
−0.26 (−0.55, 0.03)†
N
5,841
Men
Sexual orientation (100% heterosexual referent)
Mostly heterosexual
−0.01 (−0.27, 0.24)
Bisexual
0.74 (0.42, 1.07)***
Mostly gay/gay
0.03 (−0.16, 0.23)
N
5,605

Epstein–Barr virus
Model 2
β (95 % CI)

Model 1
β (95 % CI)

Model 2
β (95 % CI)

0.05 (−0.06, 0.15)
−0.04 (−0.29, 0.21)
−0.33 (−0.58, -0.07)*

−0.04 (−0.09, 0.01)†
0.02 (−0.10, 0.14)
0.01 (−0.12, 0.14)
6,532

−0.04 (−0.09, 0.01)†
0.01 (−0.11, 0.13)
−0.01 (−0.14, 0.12)

0.09 (−0.14, 0.32)
0.64 (0.28, 1.00)***
0.11 (−0.10, 0.31)

0.13 (0.03, 0.22)***
0.08 (−0.14, 0.30)
0.16 (0.00, 0.32)*
5,264

0.13 (0.04, 0.23)**
0.06 (−0.17, 0.29)
0.17 (0.01, 0.33)*

Source: National Longitudinal Study of Adolescent Health; Referent is in parenthesis. Analyses are weighted to account for complex survey design;
Model 1 controls for Model 1 covariates in Table 2; Model 2 controls for covariates in Model 2 of Table 2
β beta
†

p <.10; *p <.05; **p <.01; ***p <.001

The results revealed that the repeated finding that women
have higher levels of CRP than men was reversed among
sexual minority men and women, providing support for the
gender nonconformity hypothesis. The gender differences observed might be due to a variety of factors. First, studies have
shown that sexual minority men are more likely to report
experiencing violence and property crimes than sexual minority
women [2], and gender nonconforming boys are more likely to
face peer rejection than gender nonconforming girls [97].
Moreover, at least one study has shown that gender nonconformity is related to poorer well-being among men, but not among
women [98]. Other work, however, has shown that both gender
nonconforming girls and boys are both exposed to high levels
of victimization [99–101]. However, if sexual minority men did
experience higher rates of victimization than sexual minority
women, this would not explain why sexual minority women
have lower levels of inflammation than heterosexual women.
Thus, in addition to or despite potential differences in stress
exposure, it may be that gender nonconforming responses to
stress are underlying mechanisms that help to explain our
findings. Several studies have shown that there are gender
differences in perceived stress and its psychological sequalae
[71, 73, 74]. These differences have been shown to play an
important role in gender differences in depression and anxiety,
both linked to inflammation functioning [76–78]. In a review
of sexual orientation and personality characteristics, it was
found that gay men and women were more likely to report

gender nonconforming personality traits related to coping behaviors [22]. These differences in personality characteristics
may in part explain the observed reversal in the gender disparity in inflammation. Indeed, sexual minority women who are
gender nonconforming in personality characteristics (e.g., less
neuroticism and openness, but more instrumentality) may take
more active problem-solving approaches to stressors [83],
resulting in better immune functioning. Other research has also
suggested that gender nonconformity may benefit women for a
variety of outcomes including increased self-efficacy and selfesteem [102–104]. Similar findings have not been found for
men. Thus, sexual minority men may have more gender
nonconforming responses to stressors that increase inflammation, such as increased rumination, whereas sexual minority
women may benefit from gender nonconforming responses to
stressors. Given that both sexual minority men and women
have elevated levels of exposure to victimization and other
stressors, more work is needed to identify gender differences in
coping behaviors across sexual orientation groups.
This study has several limitations. First, we are unable to
assess gender expression and do not have data on several
gendered personality characteristics. At the population level,
sexual minorities are more likely to be gender nonconforming
in their presentation [20–22], which may in part explain the
observed disparities. To further test the gender nonconforming
hypothesis, future research should collect data not only on
gender presentation, but also consider inquiring about
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gendered personality characteristics and coping strategies.
These factors may reveal that gender nonconforming personality characteristics and coping styles contribute to the patterns
found in this study. Still another limitation is that we are not
able to rule out biological factors that may influence both
sexual orientation and inflammation and immune functioning,
although we did control for a number of potential biological
risk factors (e.g., BMI and tobacco use). Differences in sex
hormones (both pre- and postnatal) may influence sexual
orientation and gender expression [105], and consequently
inflammation and immune functioning. More research, however, is needed to understand the links between sexual orientation, gender, and sex hormones (testosterone, estrogen, estradiol) in adulthood. There exists some evidence that among
women, lesbians who identify with more masculine gender
identities have higher levels of testosterone compared with
lesbians who identify with more feminine gender identities
[106], suggestive of a physiological pathway between gender
expression and sex hormones, which may have implications
for inflammation and cell-mediated immune functioning. This
may also explain why larger gender nonconforming disparities are observed for CRP than EBV, as CRP is more closely
linked to sex hormones. More work is needed to understand if
and how sex hormones vary across sexual orientations.
The study is also limited by the measures of minority stress.
We had one measure of sexual orientation specific discrimination that was not significantly related to CRP or EBV. This
is most likely due to the fact that respondents were asked to
choose one reason for why they thought they experienced
poorer treatment: race/ethnicity, gender, age, weight, sexual
orientation, or socioeconomic status. Many sexual minority
respondents with multiple stigmatized identities may have
chosen other reasons, rather than their sexual orientation, as
the main reason for why they experienced discrimination.
This limits our ability to formally test the effects of minority stress on CRP and EBV. More research is needed to
directly address the effects of minority stress on markers of
inflammation and cell-mediated immunity. Moreover, future
research may benefit from exploring how multiple minority
statuses influence inflammation and immune functioning, in
particular those related to race/ethnicity, for which there are
documented disparities in CRP and EBV [107–109]. Finally,
given the small sample size, the results for bisexual and
mostly heterosexual men should be interpreted cautiously.
Despite the limitations, our results provide new insights
into the relationship between sexual orientation and inflammation and immune functioning by revealing that the repeated
finding that women have higher levels of inflammation compared with men does not hold across all sexual orientation
groups. Rather, the reverse is true among bisexual and gay/
lesbian-identified persons for CRP and no differences were
detected in EBV between sexual minority gay/lesbian respondents. These trends were unexplained by many of the existing
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stress-related causal mechanisms in the literature. This result
highlights the need for continued investigation of the relationship among sex/gender, sexual orientation, and inflammation
and immune functioning. This report finds that minority stress
theory is an insufficient explanation for the disparities observed in this study. Rather, we find support for the influence
of gender nonconformity in inflammation and immune functioning among sexual minorities. Future research should take
a more nuanced approach to addressing gender differences in
sexual orientation health disparities.
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