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Abstract

Introduction: Sexual minority (SM) people experience significant stress asso-

ciated with stigma, contributing to a higher rate of adverse health outcomes.

Several known factors (eg, smoking) elevate risk of poor bone health, but to

date little research has examined disparities in bone health among SM people.

To address this, we analyzed sexual orientation differences in an available

bone mineral density (BMD) cross-sectional dataset assessed via dual X-ray

absorptiometry.

Methods: We combined the 2007 to 2008, 2009 to 2010, and 2013 to

2014 cycles of US National Health and Nutrition Examination Survey to exam-

ine sexual orientation-based differences in z-scored BMD in the proximal

femur (greater trochanter and intertrochanter locations), bone mineral content

(BMC) in the femur and spine, and osteoporosis risk among Lesbian/Gay

(n = 53), Bisexual (n = 97), Same-Sex Experienced (n = 103), and Heterosexual

(n = 2990) adults.

Results: Sexual orientation-based disparities in bone mass were observed

across all anatomical sites. This effect was due to differences between hetero-

sexual and gay men and persisted in linear regressions after adjusting for risk

factors. We found differences in femoral and femoral neck BMC in heterosex-

ual and gay men (P = .02) and in femoral, femoral neck and spinal BMC

between heterosexual and bisexual women (P = .05). Sexual orientation

remained significant in BMC regressions.

Conclusion: Our findings suggest that SM men but not women are at greater

risk for poor bone health relative to heterosexuals and this disparity is inde-

pendent of the lifestyle and psychosocial risks included in our models.

1 | INTRODUCTION

The maintenance of a healthy skeletal system enables
mobility, protects from injury, and stores adequate
amounts of minerals necessary for the normal

functioning of other physiological systems and is essen-
tial for people to lead high-quality lives (OSG, 2004).
Over 53 million Americans have been diagnosed with
osteoporosis or are at elevated risk due to low bone mass
(NIH, 2018). Osteoporosis is a noncommunicable disease
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characterized by low bone mass, structural deterioration
of bony tissues, and compromised bone strength, which
can result in greater bone fragility, fracture risk, and
reduced mobility (Cosman et al., 2014). World Health
Organization (WHO) assessment criteria define osteopo-
rosis as a bone mineral density (BMD) that is 2.5 stan-
dard deviations or more below the average value for a
young healthy person (a T-score of <−2.5 SD)
(Kanis, 2002; Kanis et al., 2008; WHO, 1994).

Pathogenic bone loss during adulthood arises from
the dysregulation and impairment of the bone remo-
deling cycle, where there is an imbalance between excess
bone resorption and insufficient ossification of new bony
tissue (Drake, Clarke, & Lewiecki, 2015). Lifestyle factors
such as nutrition, physical activity levels, excess adipos-
ity, and tobacco in adulthood can negatively affect the
rate of bone turnover and bone loss (Cosman et al., 2014;
Drake et al., 2015). Increasingly, research is recognizing
the early life origins of osteoporosis and poor bone health
during adulthood, highlighting the importance of opti-
mizing peak bone mass (PBM) attainment (eg, achieving
the full genetic potential for bone strength) throughout
growth and development, which is critical for the mainte-
nance of healthy bones in adulthood (Cooper, Harvey,
Cole, Hanson, & Dennison, 2009; Heaney et al., 2000).
PBM reflects the total acquisition of bone tissue attained
in an individual by age 18 to 25 following the cessation of
skeletal growth (Cosman et al., 2014). An adult's bone
mass reflects the amount of bone loss since attainment of
PBM (Cosman et al., 2014; Drake et al., 2015), which
reflects the rate of bone metabolism or remodeling
(Cosman et al., 2014; Drake et al., 2015; Kanis, 2002).

Although postmenopausal women have historically
been identified as a major group at risk for osteoporosis
and low BMD (Lorentzon & Cummings, 2015; Seeman,
2002), osteoporosis can affect any individual regardless of
gender or ethnicity (OSG, 2004). Further, a number of
socioeconomic, behavioral, and ecological factors can
influence population variation in BMD and osteoporosis
risk, including nutritional status, physical activity, psy-
chosocial stress, and consumption of controlled sub-
stances (Bhattacharya, Shen, & Sambamoorthi, 2014;
Cizza, Ravn, Chrousos, & Gold, 2001; Cosman
et al., 2014; Eskandari et al., 2007). These social risk fac-
tors are not uniformly distributed, rather they arise out of
particular cultural, socioeconomic and political contexts
to influence health behaviors (Hernandez & Gibb, 2020),
and therefore represent important sources of variation in
bone health. For instance, sexual and gender minority
people (individuals who identify as 2-Spirit, an indige-
nous spiritual identity including both feminine and mas-
culine qualities; Lesbian; Gay; Bisexual; Trans; Queer;
Intersex; and/or Asexual, commonly abbreviated as

2SLGBTQIA+) experience significant stress associated
with discrimination, stigma, social exclusion, and hate-
motivated violence (Juster, Vencill, & Johnson, 2017), as
well as disproportionately high rates of mental and physi-
cal illness (Frost, Lehavot, & Meyer, 2015; Lick, Durso, &
Johnson, 2013). These high rates of discriminatory stress
and violence contribute to increased drug, alcohol, and
tobacco use among sexual minority (SM) people and may
also negatively impact bone health. To date very little
research has examined bone health among persons of
minority sexual orientations, independent of HIV infec-
tion (Diamant & Wold, 2003; Grijsen et al., 2013). As the
global incidence of osteoporosis increases, it is critical to
investigate the socioeconomic, psychosocial, and ecologi-
cal risk factors for osteoporosis among individuals from
marginalized and minority subpopulations in order to
develop comprehensive policies that meet the needs of
diverse communities.

In order to gain a better understanding of the factors
influencing bone health among SM people we analyzed
cross-sectional NHANES data that included BMD, BMC,
SM status, and multiple social, economic, and behavioral
risk factors. The primary goal of our analysis is to under-
stand how these factors contribute to variability in skele-
tal health indicators based on participants' sexual
orientation. We predict that (a) SM people will exhibit
poorer indicators of skeletal health compared to their
heterosexual peers and (b) that patterns of reduced BMD
will be mediated by the higher prevalence of substance
abuse and adverse mental health outcomes experienced
by SM people.

2 | METHODS

2.1 | Study participants

The US National Health and Nutrition Examination Sur-
vey (NHANES) is a large cross-sectional study conducted
annually by the National Center for Health Statistics
(NCHS) at the US Centers for Disease Control and Pre-
vention (CDC). The NCHS uses a complex multi-process
sampling design to gain health information on a nation-
ally representative population of non-institutionalized US
residents. Written informed consent is obtained from all
participants and is approved by the NCHS Research
Ethics Review Board. Data, surveys, and methods are
publicly accessible and available for download from the
CDC's website.

Data from the 2007-2008, 2009-2010, and 2013-2014
NHANES cycles were combined to examine differences
in z-scored BMD in the lumbar spine (L1-4 vertebrae),
proximal femur (femoral head, greater trochanter, and
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intertrochanteric line) and osteoporosis risk factors
among adults. We excluded those (a) above the age of
50 to avoid any confounding effect of menopause; and
(b) missing data for sexuality, BMD and BMC, calcium
intake, vitamin D3, sedentary activity, family history of
osteoporosis, drug use, and BMI. Because of a high
degree of missingness in the data due largely to NHANES
methodology, DVs were checked for missingness not at
random (MNAR) using linear regressions and flag vari-
ables. Smoking status, alcohol use, and depression were
found to be MNAR and were multiply imputed using the
mice() function in the mice package. This function uses
multivariate imputation by chained equations to generate
imputed values. After exclusion and imputation, a sample
of 3243 adult (mean age = 36.2, range 20-49) SM people
(n = 253) and heterosexuals (n = 2990) was used for anal-
ysis. Descriptive statistics for study sample male and
female participants are shown in Tables 1 and 2.

2.2 | Bone health

Dual-energy X-ray absorptiometry (DXA) is available for
the 2007-2008, 2009-2010, and 2013-2014 NHANES
cycles. BMC (gm) and BMDs (g/cm2) were measured by
DXA (Hologic QDR 4500A fan-beam densitometer). Age,
ethnicity, and sex matched BMD means, and standard
deviations calculated from NHANES III data were used
to calculate z-scores. Carey and Delaney (2010) state that
z-scores are preferred over t-scores for premenopausal
women and adult men. NHANES III values are typically
used to calculate z-scores within DXA machines (Carey &
Delaney, 2010).

2.3 | Sexual orientation

Beginning in 2001, the NHANES began assessing partici-
pant's sexual behavior and orientation identity for indi-
viduals 14 years and older. This included a detailed
sexual history assessment as well as questions regarding
whether respondents think of themselves as heterosexual
or straight (ie, sexually attracted only to members of the
opposite sex); homosexual or gay (ie, sexually attracted
only to the same sex); bisexual (ie, sexually attracted to
males and females); something else; or you are not sure.
Combining these enabled inclusions of individuals who
may not identify with prevailing sexual orientation iden-
tity categories but engage in non-heterosexual sexual
behavior. Following the approach outlined by Mays,
Juster, Williamson, Seeman, and Cochran (2018), partici-
pants were grouped as follows: (a) participants who
reported identifying as gay or lesbian, regardless of sexualT
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history (n = 53); (b) participants who identified as bisex-
ual, regardless of sexual history (n = 97); (c) participants
reporting a heterosexual identity but who engaged in sex-
ual behavior with a member of the same sex (n = 103);
(d) participants reporting a heterosexual identity, and
who engage in exclusively heterosexual behavior, with no
reports of same-sex sexual partners (n = 2990). These cat-
egories do not overlap. Individuals were excluded if they
reported something else, not sure, do not know or refused
to respond,

2.4 | Mental health indicators

Depression severity was measured using the Patient
Health Questionnaire 9 item depression scale (PHQ-9),
which is a widely used tool to assess depression in both
clinical and research settings (Kroenke & Spitzer, 2002).
The diagnostic validity of the scale has been previously
established (Kroenke et al., 2001) with scores >10 hav-
ing both a sensitivity and specificity of 88% for major
depressive disorder (MDD). Internal consistency in two
different patient populations was >0.85 (Kroenke et al.,
2001) and measured 0.87 in our sample. Increased
PHQ-9 scores have been associated with worse func-
tional health status, self-reported disability days, clinic
visits, and other measures supporting its construct valid-
ity (Kroenke et al., 2001). Summed scores range from
0-27 and can be subdivided into depression severity cat-
egories (0-4 = none, 5-9 = mild depression,
10-14 = moderate depression, 15-19 = moderately severe
depression, 20-27 = severe depression) (Kroenke &
Spitzer, 2002).

2.5 | Covariates

Family history of osteoporosis was determined based on
responses to the question “Including living and deceased,
were either of your biological parents ever told by a
health professional that they had osteoporosis or brittle
bones?” Average calcium intake (mg.) was calculated
based on 2 days of dietary intake data. Quantitative
detection of serum vitamin D3 (25-hydroxyvitamin D3)
was determined using ultra-high performance liquid
chromatography tandem mass spectrometry. These data
reflect the types and amounts of foods and beverages con-
sumed within a 24-hour period. Data for the first day was
collected in-person in the NHANES Mobile Examination
Center while data for the second 24-hour period was col-
lected by phone 3-10 days after examination. Total nutri-
ent intake values were calculated by NHANES for all
foods/beverages consumed using the USDA's Food andT
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Nutrient Database for Dietary Studies. Typical sedentary
minutes per day was assessed by asking the participant
about time spent sitting or reclining at work, home, and
school, and includes activities such as traveling by car,
watching television, and using a computer. HIV status
was determined by enzyme immunoassay (EIA) and con-
firmed by Western blot (WB). An HIV+ status was
defined as a positive EIA and a positive WB. Lifetime his-
tory of marijuana/hashish and cocaine/heroin/metham-
phetamine use was determined by self-report. Current
cigarette smoking status was classified as every day, some
days, or not at all by self-report. Body mass index (BMI)
was calculated in the NHANES data as kg/m2.

2.6 | Data analysis

All statistical analyses were conducted using R v 3.5.1
(R Core Team, 2018). Separate analysis was performed on
participants based on sex. Descriptive statistics were used
to characterize participants by sexual orientation.
Shapiro-Wilk tests were used to assess normality of con-
tinuous variables. ANOVAs or Kruskal-Wallis tests were
used to assess differences between sexualities for BMD z-
scores, sedentary minutes, and average drinks per day in
the past year. Fisher's exact tests using Monte Carlo sim-
ulations (n = 2000) to compute p values were used to
compare differences in categorical and ordinal variables.
Multiple OLS regression analysis was used to assess the
relationship between sexual orientation and covariates in
predicting BMD z-scores and BMC scores. The
check_model() function of the performance package was
used to assess model performance. Linear relationships
between DVs and continuous IVs were visually verified
using scatterplots. Clustered standard errors are reported
to account for homogeneity within survey strata; stan-
dardized betas are reported for continuous variables. Sig-
nificance was set at P < .05. All p values are reported.

2.7 | Ethics review

This analysis was exempt from review by Institutional
Research Ethics Board. NHANES data is publicly avail-
able and are de-identified for secondary data analysis.
Informed consent is collected from each NHANES partic-
ipant during data collection. The NHANES was approved
by the National Center for Health Statistics Research
Ethics Review Board and is held under the requirements
of the Public Health Service Act (42 USC 242 k) and the
Privacy Act of 1974 (5 USC 552A) to conserve the privacy
of participant identities.

3 | RESULTS

3.1 | Sexual orientation differences in
risk factors

Descriptive statistics for risk factors by sexuality in men
only are presented in Table 1. Comparing risk factors
across sexualities, we found a significant difference with
regard to HIV status by Fisher's Exact Test (P < .001),
likely driven by the relatively elevated number of posi-
tive cases in bisexual and gay men (Table 1). Differences
in lifetime use of hard drugs (cocaine, heroin, and/or
methamphetamine) were also found (P < .001) as were
differences in alcohol consumption (χ2 = 10.76, P = .01).
Pairwise post-hoc tests showed differences between het-
erosexual and bisexual (adj. P = .05), bisexual and same-
sex experienced (adj. P = .02), heterosexual and gay
(adj. P = .05), and bisexual and gay (adj. P = .01)
(Table 1).

Table 2 presents descriptive statistics for risk factors
in women. Age was significantly different between het-
erosexuals and bisexuals (Table 3; χ2 = 18.75, P < .001,
post-hoc adj. P < .001). Significant differences were
found for sedentary minutes (χ2 = 11.12, P = .01) but
no between group differences survived post-hoc
P value adjustment. Fisher's exact tests revealed a dif-
ference in the distribution of lifetime marijuana/hash-
ish use (P < .001), cocaine/heroin/methamphetamine
use (P < .001), and smoking status (P < .001) between
sexualities. Finally, depression category distributions
varied between sexualities (P < .001).

3.2 | Sexual orientation and sex
differences in BMD z-scores

Bone mineral density z-scores for all three anatomical
locations were non-normal by Shapiro-Wilk tests
(P < .001 for all). There were significant differences by
sexual orientation in the trochanter (χ2 = 18.06,
P = .0004), inter-trochanter (χ2 = 14.75, P = .002), and
femoral neck (χ2. = 16.77, P = .008) z-scores in men only.
Post-hoc Dunn tests with Benjamini-Hochberg correction
for multiple tests found significant differences in trochan-
ter z-scores between heterosexual men (mean = 0.28,
SD = 1.13) and gay men (mean = −0.58, SD = 1.03) (adj.
P = .0006) and bisexual (mean = 0.19, SD = 0.91) and
gay men (adj. P = .05). Similarly, significant differences
were found between heterosexual men (mean = 0.284,
SD = 1.01) and gay men (mean = −0.36, SD = 0.98) in
inter-trochanter z-scores (adj. P = 0.01) and femoral neck
z scores (mean = 0.05 and SD = 1.05, mean = −0.64 and
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TABLE 3 Bone mineral density z-score models for study sample NHANES male participants

Dependent variable

Intertrochanter Trochanter Femoral neck

Bisexuald 0.126 0.044 0.021

(0.211) (0.206) (0.159)

Same-sex experienced −0.291* −0.215 −0.376**

(0.114) (0.188) (0.132)

Lesbian/gay −0.357 −0.578** −0.423**

(0.186) (0.181) (0.164)

Age (standardized) 0.002 0.043 0.004

(0.026) (0.025) (0.025)

BMI < 18.5a −1.170*** −0.958*** −1.105***

(0.247) (0.191) (0.181)

BMI 25-30 0.488*** 0.426*** 0.415***

(0.066) (0.067) (0.078)

BMI > 30 0.836*** 0.726*** 0.833***

(0.069) (0.068) (0.078)

Hispanicb 0.042 0.063 −0.104

(0.053) (0.071) (0.062)

Non-Hispanic Black −0.034 0.086 0.037

(0.073) (0.079) (0.080)

Non-Hispanic Other 0.164 −0.014 −0.093

(0.107) (0.132) (0.125)

Household income (standardized) 0.057 0.068* 0.059*

(0.032) (0.033) (0.028)

Family history of osteoporosisc −0.402*** −0.431*** −0.442***

(0.091) (0.121) (0.096)

Avg. calcium (standardized) 0.068* 0.090** 0.103***

(0.027) (0.030) (0.025)

Vit. D (standardized) 0.072 0.122* 0.111*

(0.042) (0.052) (0.048)

Sedentary minutes (standardized) −0.053 −0.033 −0.052

(0.038) (0.043) (0.038)

HIV positivee −0.199 −0.200 −0.070

(0.269) (0.320) (0.344)

Ever used marijuanaf 0.034 0.058 0.050

(0.053) (0.062) (0.053)

Ever used hard drugsg −0.059 −0.064 0.022

(0.071) (0.083) (0.076)

Daily smokerf −0.003 −0.050 0.003

(0.048) (0.054) (0.048)

Some days smoker −0.046 −0.153 −0.146

(0.073) (0.087) (0.076)

Avg. # drinks/session/year (standardized) 0.018 0.022 0.020

(0.020) (0.017) (0.019)
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SD = 1.05, respectively, adj. P = .002). There were no sig-
nificant differences in z-scores for any anatomical loca-
tion in women. Because of this, we limited further
analyses of z-scores to men only.

Linear regressions showed that gay sexual identity
was significantly associated with lower inter-
trochanter and trochanter BMD z-scores in men
(Tables 3). Low, moderate, and high BMI categories
were significantly associated with z-scores across all
models in both anatomical locations, relative to BMIs
between 18.5 and 25. A positive family history of oste-
oporosis was also significantly and negatively associ-
ated with BMD z-scores in both sites. Occasional
smoking was associated with reduced trochanter
BMD, and moderate depression was negatively associ-
ated with z-scores (b = −0.1, P < .01). There were no
changes to estimates or p values of non-sexuality pre-
dictors when using bisexuals as a reference category;
the statistical differences between bisexual and homo-
sexual men in trochanter BMD values persisted
(results not shown). More minutes spent sedentary
was negatively associated with inter-trochanter BMD
(Table 3).

3.3 | Sexual orientation and sex
differences in BMC values

We found a significant difference between heterosexual
(mean = 43.6, SD = 7.61) and gay men (mean = 37.9,
SD = 7.91; χ2 = 17.97, P = .0004; post-hoc adj. P = .002)
and bisexual (mean = 43.3, SD = 5.75) and gay men in
femur BMC values (post-hoc adj. P = .04). We also found
significant pairwise differences (χ2 = 14.99, P = .002)
between heterosexual (mean = 5.08, SD = 0.85) and
same-sex experienced men (mean = 4.69, SD = 0.82; adj.
P = .03), heterosexual and gay men (mean = 4.56,
SD = 0.87; adj. P = .02), and bisexual (mean = 5.13,
SD = 0.729) and gay men (adj. P = .04) in femoral
neck BMC.

In women, significant differences in femur, femoral
neck, and spine BMC values were found (χ2 = 15.90,
P = .001; χ2 = 15.72, P = .001; and χ2 = 19.23, P = .0002,
respectively). Femoral BMC values differed between het-
erosexual (mean = 30.1, SD = 5.37) and bisexual women
(mean = 32.8, SD = 6.47; adj. P = .002). Femoral neck
BMC values also differed between heterosexuals
(mean = 4.07, SD = 0.67) and bisexuals (mean = 4.42,

TABLE 3 (Continued)

Dependent variable

Intertrochanter Trochanter Femoral neck

Mild depressiong −0.074 −0.128 0.006

(0.072) (0.083) (0.078)

Moderate depression −0.152 −0.250* −0.082

(0.148) (0.113) (0.115)

Moderate/severe depression −0.224 −0.207 −0.312

(0.204) (0.253) (0.190)

Severe depression −0.262 −0.569* −0.439

(0.345) (0.282) (0.269)

R2 0.158 0.126 0.156

Adjusted R2 0.145 0.112 0.142

Residual std. error 0.934 (df = 1547) 1.063 (df = 1547) 0.976 (df = 1547)

F statistic 11.648*** (df = 25; 1547) 8.960*** (df = 25; 1547) 11.421*** (df = 25; 1547)

*P < .05.
**P < .01.
***P < .001.
aReference group: 18.5-25.2.
bReference group: white.
cReference group: no family history of osteoporosis.
dReference group: heterosexual.
eReference group: HIV negative.
fReference group: never used.
gReference group: no depression.
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TABLE 4 Bone mineral content models for study sample NHANES male participants

Dependent variable

Femoral Femoral neck

Bisexuald 0.214 0.007

(1.200) (0.140)

Same-Sex experienced −2.229* −0.255*

(1.065) (0.103)

Lesbian/Gay −3.600* −0.345*

(1.436) (0.156)

Age (standardized) −0.398 −0.237***

(0.234) (0.018)

BMI < 18.5a −10.839*** −1.022***

(1.072) (0.124)

BMI 25–30 2.743*** 0.301***

(0.445) (0.054)

BMI > 30 5.658*** 0.612***

(0.523) (0.055)

Hispanicb −0.700 −0.036

(0.496) (0.051)

Non-Hispanic Black 2.938*** 0.497***

(0.519) (0.064)

Non-Hispanic Other −1.358* −0.036

(0.631) (0.079)

Household Income (standardized) 0.305 0.037

(0.193) (0.022)

Family history of osteoporosisc −2.426** −0.281***

(0.836) (0.075)

Avg. calcium (standardized) 1.097*** 0.104***

(0.186) (0.020)

Vit. D (standardized) 0.939** 0.089**

(0.300) (0.034)

Sedentary minutes (standardized) −0.191 −0.032

(0.262) (0.027)

HIV positivee −2.450 −0.198

(2.169) (0.284)

Ever used marijuanaf 1.195** 0.088*

(0.413) (0.042)

Ever used hard drugsf −0.668 −0.009

(0.516) (0.056)

Daily smokerf 0.174 0.025

(0.388) (0.035)

Some days smoker −0.804 −0.105

(0.547) (0.056)
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SD = 0.81; adj. P = .001), as did spinal BMC values
(mean = 59.4, SD = 10.3 and mean = 64.7, SD = 13.1,
respectively; adj. P = .001).

We used linear regression to analyze femoral and
femoral neck BMC in men (Tables 4) as well as femoral,
femoral neck and spinal BMC in women (Tables 5). BMI,
family history of osteoporosis, non-Hispanic black ethnic-
ity, and calcium intake were significantly associated with
femoral BMC in men (Table 4). Lifetime marijuana use
was associated with increased BMC, contrary to predic-
tions, and severe depression was negatively associated
with BMC. Calcium intake, vitamin D status, same-sex
experienced, and lifetime marijuana use were significant
femoral neck BMC in men. Age, BMI, and ethnicity were
significant for female participants the femoral neck BMC.
BMI, ethnicity, household income, average calcium, vita-
min D status, and a bisexual sexual identity were all sig-
nificant female participants the femoral BMC. BMI,
ethnicity, household income, and a bisexual sexual iden-
tity were all significant for female participants the spinal
BMC. Sexuality remained a significant predictor of

femoral BMC when using bisexuals as the reference
group. There were no other changes to the estimates and
p values in Tables 4 and 5 in the releveled model (results
not shown).

4 | DISCUSSION

4.1 | Male sexual orientation and bone
health

In our analysis of NHANES data, we found that gay men,
but not bisexual males or SM females, were characterized
by lower z-scored BMD values in their trochanter, inter-
trochanter and femoral neck regions. No other significant
differences were found in BMD values from other ana-
tomical sites. Significant differences in femoral and femo-
ral neck BMC values were also identified between
heterosexuals and gay males. Our results are consistent
with prior research documenting a pattern of reduced
BMD among SM males (Grijsen et al., 2013). The BMD

TABLE 4 (Continued)

Dependent variable

Femoral Femoral neck

Avg. # drinks/session/year
(standardized)

0.004 0.009

(0.164) (0.016)

Mild depressiong −0.838 −0.041

(0.551) (0.061)

Moderate depression −1.984* −0.148

(0.892) (0.086)

Moderate/severe depression −2.501 −0.248

(1.576) (0.139)

Severe depression −2.896 −0.440

(1.921) (0.230)

R2 0.190 0.243

Adjusted R2 0.177 0.231

Residual std. error 6.935 (df = 1547) 0.727 (df = 1547)

F statistic 14.490*** (df = 25; 1547) 19.917*** (df = 25; 1547)

*P < .05.
**P < .01.
***P < .001.
aReference group: 18.5-25.2.
bReference group: white.
cReference group: no family history of osteoporosis.
dReference group: heterosexual.
eReference group: HIV negative.
fReference group: never used.
gReference group: no depression.

GIBB AND SHATTUCK 13



TABLE 5 Bone mineral content models for study sample NHANES female participants

Dependent variable

Femoral neck Femur Spine

Bisexuald 0.206* 2.058*** 4.589**

(0.084) (0.623) (1.436)

Same-sex experienced −0.057 −0.069 1.694

(0.055) (0.515) (1.097)

Lesbian/gay 0.095 1.281 3.599

(0.160) (1.219) (2.108)

Age (standardized) −0.129*** −0.052 0.325

(0.020) (0.126) (0.277)

BMI < 18.5a −0.386*** −3.774*** −3.510

(0.097) (0.896) (1.946)

BMI 25–30 0.258*** 2.231*** 1.251*

(0.038) (0.322) (0.529)

BMI > 30 0.591*** 4.482*** 2.187***

(0.049) (0.383) (0.561)

Hispanicb −0.194*** −1.996*** −5.189***

(0.039) (0.275) (0.490)

Non-Hispanic Black 0.232*** 0.893* 2.609***

(0.059) (0.434) (0.702)

Non-Hispanic Other −0.162** −0.704 −2.217**

(0.054) (0.497) (0.799)

Household income (standardized) 0.065*** 0.462** 0.984***

(0.017) (0.141) (0.238)

Family history of osteoporosisc −0.026 −0.600 −0.272

(0.038) (0.327) (0.635)

Avg. calcium (standardized) 0.051** 0.695*** 0.550

(0.019) (0.144) (0.356)

Vit. D (standardized) 0.016 0.237* 0.303

(0.016) (0.109) (0.247)

Sedentary minutes (standardized) −0.018 −0.067 0.026

(0.017) (0.144) (0.306)

HIV positivee −0.281** −5.385 −7.249

(0.088) (3.227) (6.653)

Ever used marijuanaf −0.021 −0.014 0.207

(0.034) (0.298) (0.439)

Ever used hard drugsf 0.018 0.117 −0.401

(0.050) (0.468) (0.817)

Daily smokerf 0.012 −0.074 −0.445

(0.037) (0.273) (0.580)

Some days smoker −0.027 −0.621 −1.017

(0.063) (0.415) (0.886)

Avg. # drinks/session/year (standardized) 0.024 0.266 0.615

(0.025) (0.214) (0.423)
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differences reported in our study have important implica-
tions for understanding SM people's risk of osteoporotic
fracture. Hip fractures can be categorized into femoral
neck and trochanteric fractures (Johnell & Kanis, 2005).
Trochanteric factors are associated with osteoporotic
bone loss as well as more adverse short-term outcomes
relative to femoral neck fractures (Johnell &
Kanis, 2005). Low trochanter BMD is associated with an
elevated risk for trochanteric hip fractures (Greenspan
et al., 1994). We also found significant differences in the
distribution of depression categories between sexual ori-
entation groups, and moderate depression was identified
as having a significant association with reduced trochan-
ter BMD, independent of sexual orientation. Although
these variables were significant predictors independent of
one another, given the elevated rates of depression and
other mental health conditions consistently observed
among SM people relative to heterosexual people
(Plöderl & Tremblay, 2015), they are likely highly corre-
lated with one another and reflect structural inequities
rooted in anti-2SLGBTQIA+ discrimination and stigma.
Future work should seek to clarify the additive effect of
sexual orientation, discrimination and depression on
bone health.

Our results offer modest support for our initial
hypothesis. Consumption of marijuana/hashish, but not
other lifestyle factors (eg, consumption of alcohol,
tobacco or other controlled substances), was positively
associated with femoral and femoral neck BMC (Table 4).
This is surprising given that cigarette smoking (Wong,
Christie, & Wark, 2007), and alcohol consumption
(Maurel, Boisseau, Benhamou, & Jaffre, 2012) are well-
established risk factors for poor bone heath, while the
effects of marijuana on bone health remain poorly under-
stood (Ehrenkranz & Levine, 2019). For example, tobacco
consumption can impair calcium absorption (Krall &
Dawson-Hughes, 1999) and alter secretion of adrenal cor-
tical hormones (Yoon, Maalouf, & Sakhaee, 2012). While
heavy alcohol consumption can adversely impact a num-
ber of physiological systems, including the skeleton, and
is known to increase risk for secondary osteoporosis
(Beresheim, Pfeiffer, Grynpas, & Alblas, 2018; Maurel
et al., 2012). Conversely, clinical research using mouse
models suggests that cannabinoids may affect bone
remolding and in turn enhance bone healing (Raphael-
Mizrahi & Gabet, 2020), yet recent epidemiological work
has found evidence that heavy cannabis use is associated
with increased bone turnover but worse indicators of

TABLE 5 (Continued)

Dependent variable

Femoral neck Femur Spine

Mild depressiong 0.001 0.024 −0.649

(0.044) (0.334) (0.629)

Moderate depression −0.030 −0.295 −0.101

(0.069) (0.513) (1.100)

Moderate/severe depression −0.074 0.257 1.243

(0.068) (0.801) (1.572)

Severe depression −0.110 −1.016 −2.428

(0.159) (1.155) (2.312)

R2 0.228 0.195 0.118

Adjusted R2 0.216 0.183 0.105

Residual std. error 0.598 (df = 1644) 4.926 (df = 1644) 9.891 (df = 1644)

F statistic 15.962*** (df = 25; 1644) 19.428*** (df = 25; 1644) 8.794*** (df = 25; 1644)

*P < .05.
**P < .01.
***P < .001.
aReference group: 18.5-25.2.
bReference group: white.
cReference group: no family history of osteoporosis.
dReference group: heterosexual.
eReference group: HIV negative.
fReference group: never used.
gReference group: no depression.
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bone health (Sophocleous et al., 2017). Although we did
not observe elevated rates of a number of lifestyle associ-
ated behavioral risk factors in our study sample, SM indi-
viduals often exhibit an increased prevalence of such risk
factors which has been linked to their experiences with
discrimination (Slater, Godette, Huang, Ruan, &
Kerridge, 2017). Thus, public health policy and interven-
tions aimed at promoting bone health among SM individ-
uals should consider the lifelong health benefits of
targeting multiple risk factors.

Our finding that moderate depression was negatively
associated with BMD z-scores, independent of sexuality,
is consistent with a number of studies which find a corre-
lation between psychosocial factors (eg, depression, anxi-
ety, and stress) and poorer bone health among
postmenopausal women (Cizza et al., 2001; Cizza, Pri-
mma, & Csako 2009; Cizza et al., 2012; Eskandari
et al., 2007; Follis et al., 2019; Williams et al., 2011).
Depression can indirectly impact skeletal health by inter-
fering with appetite and in turn influence the intake of
nutrients such as calcium and dietary intake of vitamin D
(Holick, 1996), which are essential for bone metabolism.
Additionally, depression is associated with low vitamin D
levels, which is essential for calcium absorption (Anglin,
Samaan, Walter, & McDonald, 2013; Wong et al., 2007).
Moreover, depression is consistently associated with
reduced levels of physical activity (Kandola, Ashdown-
Franks, Hendrikse, Sabiston, & Stubbs, 2019; Teychenne,
Ball, & Salmon, 2008), which further implicates the role
of psychosocial factors in bone health. Furthermore, low
levels of physical activity are increasingly being associ-
ated with lower vitamin D status possibly as a by-product
of reduced sun exposure (Al-Othman et al., 2012; Brock
et al., 2010; Manios et al., 2018). Future work should seek
to examine the relationship between depression, physical
activity and vitamin D status among SM individuals.
There is some evidence finding that depression correlates
with elevated levels of cortisol (Burke, Davis, Otte, &
Mohr, 2005; Doolin et al., 2017; Vreeburg et al., 2009),
which suggests the hypothalamus-pituitary-adrenal
(HPA) axis dysregulation (Rein et al., 2019) could impact
skeletal health among depressed participants through ele-
vated cortisol levels (Altindag et al., 2007; Furlan
et al., 2005) Due to the increased prevalence for depres-
sion and other adverse mental health outcomes
(Plöderl & Tremblay, 2015), SM people may be at a
higher risk for osteoporosis; depression risk may indi-
rectly mediate bone mass. Therefore, SM people with
depression should be targeted for increased screening for
osteoporosis and bone health.

Our findings of low BMD among gay males have pub-
lic health implications especially in the context of human
immunodeficiency virus (HIV) prevention. HIV has had

a significant impact on the health of sexual and gender
minorities (SGMs) and has historically driven much of
health research conducted among SGMs, yet it is rarely
considered that HIV may obscure pre-existing medical
conditions or noncommunicable disease risk. Daily pre-
exposure prophylaxis (PrEP) with oral emtricitabine and
tenofovir disoproxil fumarate (FTC/TDF) is a critical
therapeutic intervention for decreasing risk of HIV acqui-
sition and disrupting the transmission of HIV/AIDS
among at risk populations. It should be noted that our
study sample participants were unlikely to be taking
PrEP, as PrEP was not widely used during the NHANES
cycles included in our analysis. The CDC and WHO both
recommend that SM men consider taking daily, continu-
ing oral doses of TDF/FTC (CDC, 2018; WHO, 2017) as
an additional method to prevent HIV infection. The use
of FTC/TDF in both HIV infected and HIV-seronegative
individuals is associated with decreases in BMD
(Mulligan et al., 2015; Glidden et al., 2017; Spinelli
et al., 2019; Havens et al., 2020). Additionally, it is well
known that people living with HIV are at elevated risk
for osteoporotic fracture (Premaor & Compston, 2020).
Therefore, BMD should be carefully monitored among
SM men who are engaged in prolonged used of PrEP,
and bone mass of SM youth should be particularly moni-
tored. Furthermore, public health campaigns aimed at
decreasing HIV transmission among SM people should
also consider targeting bone health by potentially inte-
grating vitamin D supplementation into their design
(Nanayakkara et al., 2019).

4.2 | Female sexual orientation and bone
health

Our finding that bisexual women have higher BMC
values than heterosexual and other sexual minority
women is surprising and contradict existing evidence
which increasingly documents a pattern of poorer health
outcomes among bisexual people generally, and bisexual
women in particular, relative to other sexual orientation
groups (Ross et al., 2018). Biphobia often manifesting as
various social, political-economic and structural ineq-
uities in has been identified as contributing to this het-
erogeneity in health outcomes among bisexual people
relative to other sexual orientation groups (Feinstein &
Dyar, 2017; Friedman et al., 2014; Ross, Dobinson, &
Eady, 2010). Bisexual women in particular might experi-
ence a compounding of stressors related to their experi-
ences of both biphobia and misogyny directed at them by
both their heterosexual, lesbian and gay peers (Colledge,
Hickson, Reid, & Weatherburn, 2015; Flanders, Dobi-
nson, & Logie, 2015; Watson, Morgan, & Craney, 2018).
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A possible explanation for the higher BMC indictors in
our sample is the relatively younger age of the bisexual
identifying females in our study sample. Furthermore,
although statistically nonsignificant, lesbian and bisexual
females in our sample consistently display better indica-
tors of bone mass compared to heterosexual and same-
sex experienced women, despite experiencing a number
of elevated risk factors (lower income, elevated BMI,
tobacco consumption, etc.), potentially pointing to some
as of yet unexplained factors contributing to increased
resilience among SM women. Nevertheless, our finding
that bisexual women, and to a lesser extent lesbian
women, have better bone health than other female par-
ticipants, warrants further investigations, Identifying the
factors that contribute to these outcomes might be benefi-
cial to public health policy and intervention aimed at
improving bone health among all women. Future studies
should seek to disentangling the biocultural factors con-
tributing to these sexual orientation-based differences in
bone health using larger, more representative study sam-
ples, as well as assessing sexual orientation-based differ-
ences in bone health in a variety of age groups, including
among adolescents, and post-menopausal women.

4.3 | Limitations and next steps

A number of limitations warrant further consideration.
One limitation concerns the narrow scope of gender
diversity represented in our sample. NHANES survey
data categorizes sexual orientation into gay or lesbian,
bisexual, and heterosexual, as well as reporting sexual
experience with a member of the same sex or opposite
sex. NHANES does not collect data on participant's gen-
der identity, and their assessment of “sex” only allows for
binary categorization of male or female, therefore exclud-
ing individuals who may be or report any disorders of
sexual development. Although a number of studies has
assessed the safety and efficacy of gender affirming hor-
monal therapies on the bone health of transgender and
gender diverse (TGD) people (Haraldsen, Haug, Falch,
Egeland, & Opjordsmoen, 2007; Rosen et al., 2019; Ste-
venson & Tangpricha, 2019; Van Caenegem &
T'Sjoen, 2015), no study to date has examined the rela-
tionship between psychosocial stress, lived experience
and bone health among TGD people. Future studies
should consider intersex and transgender status, which
are likely significant factors in bone health given our
findings in the present study. Further, NHANES does not
measure or collect data on participants' experiences of
being discriminated against on the basis of their sexual
orientation, which limits our ability to directly assess the
impact of discrimination on participants' health. Our

lower sample of lesbian identifying participants may be
obscuring any significant differences in bone health
between lesbians relative to other sexual orientation
groups. Furthermore, with few exceptions, the SM partic-
ipants in our sample do not show elevated risk factors.
This might be the result of some kind of selection bias on
the part of NHANES, which may ultimately obscure the
actual severity of bone health experienced by SM people
in the population at large. Finally, although derived from
a validated survey, our analysis would have benefited
from physical activity data collected using actigraphy.
Finally, unaccounted biomechanical factors could medi-
ate the findings in our study, as there is some evidence to
suggest that differences in the load carrying abilities and
volume of trabecular and cortical bone at trochanteric
region relative to the femoral head influence femoral
BMD (Lotz, Cheal, & Hayes, 1995).

In addition to adult behaviors, it is also important to
consider how socioeconomic, psychosocial, and nutri-
tional conditions during growth contribute to the devel-
opment of bone mass and osteoporosis risk in adulthood.
For example, depression and other psychosocial factors
may also impact SM peoples' skeletal health by interfer-
ing with bone mass accrual and PBM attainment during
adolescence. Indeed, among adolescents, higher depres-
sion scores have been found to be associated with lower
BMD and BMC (Calarge et al., 2014; Dorn et al., 2008),
and there is some evidence that the bone mass of males
may be particularly impacted by depression and psycho-
social stress (Fazeli et al., 2013). For example, Zhu
et al. (2016) found that a significant relationship existed
between reduced bone mass and higher cortisol levels in
male participants, but not females, thus corroborating
the idea that males are more vulnerable to environmental
perturbations relative to females (Stinson, 1985). Further,
adult sexual orientation has been found to modulate cor-
tisol stress reactivity (Juster et al., 2015), and future work
should examine the relationship between stigma, endo-
crine stress reactivity and bone health among both SM
adults and youth. Psychosocial stress and chronic HPA
activation experienced during growth can reduce appen-
dicular skeletal growth, resulting in short adult stature
(Lampl & Schoen, 2017; Nyberg et al., 2012) and low
PBM, which is associated with elevated osteoporosis risk
later in life. SM youths are reported to have a dispropor-
tionately higher prevalence of adverse mental health con-
ditions such as depression, anxiety, stress, and suicidal
ideation relative to heterosexual youths (Burton, Mar-
shal, Chisolm, Sucato, & Friedman, 2013; Marshal
et al., 2011; Mustanski, Andrews, & Puckett, 2016; Must-
anski, Garofalo, & Emerson, 2010), which might discour-
age their involvement in physical activity during
childhood and adolescence, which is important for the
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development and maintenance of healthy bones. Future
work should examine sexual orientation differences in
childhood and adolescent skeletal growth, bone mass
accrual and PBM attainment in relation to psychosocial
stress, nutrition and physical activity to better inform
public health interventions. Particular attention should
be directed at how psychosocial factors mediate outcomes
in skeletal growth, especially in regard to the high rates
of depression reported among SM youth (Russell &
Fish, 2016).

5 | CONCLUSION

This is the first investigation to examine the social deter-
minants of skeletal health among SM people. We find
that SM men have lower BMD and BMC values relative
their heterosexual peers. Cannabis consumption was
associated with lower femoral BMC suggesting that
behavioral factors likely influence bone health outcomes
among SM people. Moderate depression severity was sig-
nificantly associated with BMD independent of sexuality.
Minority stress has been implicated as a major contribut-
ing factor in health disparities experienced by SM people
(Hatzenbuehler & Pachankis, 2016; Meyer, 2003) and
warrants further investigation in how minority stressors
mediate vulnerability to poor bone health. Understand-
ing the role of lived experiences and stress physiology in
shaping population variability in bone health will enable
policymakers to design more effective public health pol-
icy and interventions. SM's chronic exposure to adversity
during development and adulthood will have conse-
quences to their long-term health -such as elevated risk
of osteoporosis. Further, due to the significant indepen-
dent association between sexual orientation and worse
bone health observed in our study, programs aimed at
addressing sexual orientation-based discrimination and
against SM people during their childhood and adoles-
cence when they are the most vulnerable to long term
health consequences should be supported by public
health policy and initiatives. Characterizing the unique
socioeconomic, psychosocial, and ecological risk factors
that result in an increased vulnerability to poor bone
health among SM people is important for designing ther-
apeutic and public health interventions for this commu-
nity, especially as the population of SM older adults
grows. In addition to improving our understanding of the
causes of health disparities, this research may help iden-
tify ways in which public health professionals and gov-
ernment officials can construct health policies and
interventions that may reduce the risk for negative health
consequences experienced by sexual minorities by identi-
fying critical periods of development early in their life.
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