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Background: People living with HIV are vulnerable to cardiome-
tabolic diseases. We assessed the prevalence of cardiometabolic risk
factors (CMRF) and associations with sexual stigma and depression
among sexual and gender minorities (SGM) in Abuja and
Lagos, Nigeria.

Methods: The TRUST/RV368 study enrolled SGM between
March 2013 and February 2020. Participants were assessed for
depression, sexual stigma, and CMRF. Robust multinomial logistic
regression was used to estimate adjusted odds ratio (aORs) and 95%

confidence intervals (CIs) for associations of depression, sexual
stigma, and other factors with increasing numbers of CMRF.

Results: Among 761 SGM, the mean age was 25.0 6 6.0 years;
580 (76%) identified as cisgender men, 641 (84%) had $1 CMRF,
355 (47%) had mild–severe depression, and 405 (53%) reported
moderate–high sexual stigma. Compared with individuals without
depression, those with mild (aOR 8.28; 95% CI: 4.18 to 16.40) or
moderate–severe depression (aOR 41.69; 95% CI: 9.60 to 181.04)
were more likely to have 3–5 CMRF. Individuals with medium (aOR
3.17; 95% CI: 1.79 to 5.61) and high sexual stigma (aOR 14.42; 95%
CI: 2.88 to 72.29) compared with those with low sexual stigma were
more likely to have 3–5 CMRF. Participants age 25–34 years were
less likely to have 3–5 CMRF (aOR 0.41; 95% CI: 0.23 to 0.73)
compared with participants age younger than 25 years.

Conclusion: CMRF increased with severity of depression and
sexual stigma, potentially predisposing SGM living with HIV to
cardiometabolic diseases. Integrating interventions that address
depression and sexual stigma in HIV care programs for SGM may
improve cardiometabolic outcomes.
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Noncommunicable diseases (NCDs)1 constitute one of the
most common causes of disability globally. The World

Health Organization and American Society of Endocrinology
recognize cardiometabolic diseases as multifactorial disease
entities characterized by insulin resistance, impaired glucose
tolerance, dyslipidemia, hypertension, and central adiposity.2–4

People with cardiometabolic diseases are twice as likely to die
of coronary heart disease and three times more likely to suffer
heart attacks or strokes, than those who do not have
cardiometabolic diseases.2

A recent meta-analysis of cardiometabolic diseases
among persons living with HIV (PLHIV) from low- and
middle-income countries (LMICs) reported prevalence esti-
mates of hypertension (21.2%), hypercholesterolemia (22.2%),
hypertriglyceridemia (27.2%), low high-density lipoprotein
(52.3%), and obesity (7.8%).5 Although numerous systematic
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reviews have reported high prevalence of cardiometabolic
diseases in Nigeria ranging from 18% to 32% in the general
population of persons not living with HIV,6,7 there is a dearth
of studies on cardiometabolic diseases among sexual and
gender minorities (SGM), especially those living with HIV.

HIV is considered an independent risk factor for
cardiovascular events.8 The cardiometabolic effects of HIV,
such as abnormal lipid and glucose metabolism, fat redistribu-
tion, chronic inflammation, and vascular endothelial dysfunc-
tion, may contribute to cardiovascular end-organ disease.8–11

Furthermore, studies have linked antiretroviral therapy (ART)
as a causal agent for cardiometabolic risk in PLHIV.12,13

Mental health disorders seem to be associated with
increased risk of NCDs.14 Studies in the general population of
people without HIV have reported associations between
depression and disease entities related to cardiometabolic
risks, such as diabetes and cardiovascular disease.15,16 This
has been linked to poor dietary habits, substance use, and low
physical activity among other mediators, such as delayed
diagnosis of coexisting diseases resulting from neglect.17 The
cardiometabolic effects of HIV have also been linked to
mental health disorders, specifically depression.18,19 More-
over, the widespread co-occurrence of comorbidities such as
NCDs with mental health disorders makes treatment of both
conditions challenging with poorer prognoses.20

Stigma and social discrimination are known cardiovas-
cular stressors that result in secretion of stress hormones and
physiological changes.21 Prolonged exposure to various
forms of stigma, including racial,22 sex,23 and weight24

stigma, can cause chronic stress, sympathetic nervous system
stimulation, and other cardiovascular responses. Evidence has
also shown that sexual and ethnic minorities who report
discrimination have elicited a similar “cardiovascular conun-
drum”.25 However, the relationship between sexual stigma
and cardiometabolic risk is not well elucidated.

To our knowledge, data exploring relationships
between cardiometabolic risk, depression, and sexual stigma
among SGM are scarce. The aim of this study was to
investigate these associations in a cohort of SGM living with
HIV in Nigeria.

METHODS

Population and Setting
SGM living with HIV were enrolled into the TRUST/

RV368 study between March 2013 and February 2020 at two
SGM-friendly community health and research center in Abuja
and Lagos offering comprehensive HIV treatment and pre-
vention services.26,27 The cohort of 2795 SGMwas recruited in
Abuja (n = 2123) and Lagos (n = 672) through respondent-
driven sampling, a technique extensively used and described as
a recruitment strategy for hard-to-reach populations globally
including Nigeria.27–29 To be eligible for recruitment, each
participant presented a valid respondent-driven sampling
coupon, was assigned male sex at birth, was aged at least 16
years (for the Abuja site) or 18 years (for the Lagos site), and
reported receptive or insertive anal intercourse with a male
partner at least once in the 12 months before enrollment.30

These cross-sectional analyses were restricted to SGM living
with HIV with complete data on depression, sexual stigma, and
cardiometabolic assessments collected across two enrollment
assessments approximately two weeks apart. Only data from
these enrollment visits were included in the analyses and we
conducted exploratory analyses that included the enrollment
period dichotomized as the median enrollment date.

Measurements
Each participant was administered a standardized

questionnaire that elicited demographic, clinical, sexual
stigma, and depression information by a trained interviewer,
followed by physical examination to obtain weight, height,
and blood pressure measurements. Nonfasting blood samples
were collected and analyzed for lipid profile (cholesterol,
triglycerides, and high-density lipoproteins) processed using
the Reflotron Plus system. Nonfasting lipid profiles were
measured for participant convenience, recognizing limited
differences from fasting profiles across most parameters.31

Outcome Variables
The dependent variable for this study was the number

of cardiometabolic risk factors (CMRF) generated by assess-
ing five indicators: (1) body mass index (BMI) 25 kg/m2 or
greater2,32; (2) blood pressure greater than 120 mmHg
systolic or 80 mmHg diastolic33; (3) total cholesterol 5.2
mmol/L or greater34; (4) triglycerides 1.69 mmol/L or
greater35; and (5) high-density lipoprotein 1 mmol/L or less.34

A score was calculated by assigning one point for each
CMRF present and summed to derive a range of total scores
of 0–5. CMRF was further categorized into three clinically
relevant groups: 0 CMRF (no risk); 1–2 CMRF (some risk);
and 3–5 CMRF (high risk). Cardiometabolic disease was
defined as a cluster of three or more CMRF.36

Exposure Variables
Depression and sexual stigma were the primary expo-

sure variables. Depression was assessed using the standard-
ized 9-point Patient Health Questionnaire (PHQ-9) scaled
from 0 to 3 for each question. The questions elicited the
following: interest in doing things; feeling down, depressed
(sad), or hopeless; feeling tired or bad about self; trouble
falling or staying asleep; poor appetite or overeating; trouble
concentrating on things; moving or speaking so slowly that
other people could have noticed or being fidgety or restless;
and thoughts of being better off dead or hurting self in some
way. Based on the PHQ-9 classification, the scores derived
were categorized into three groups: no depression (0–4), mild
depression (5–9), and moderate–severe depression (10–27).37

Sexual stigma was measured using a 9-item tool that assessed
perceived stigma because of sexual practices as previously
described.38 The 9-item tool elicited how participants per-
ceived the following actions were due to their same-sex
sexual practices: family made discriminatory remarks; rejec-
tion from friends; refusal from police to protect them; verbally
harassed; felt blackmailed; physical violence; raped; fear of
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seeking health care; and fear of walking in public. Applying
Rodriguez-Hart et al’s interpretation of the sexual stigma tool
using latent class analysis model estimation of maximum
likelihood,38,39 we grouped the sexual stigma scores into
three classes based on posterior distribution probabilities: low
stigma, medium stigma, and high stigma. Other covariates
ascertained by self-report in this study were age, gender
identity, education, marital status, and occupational status.
ART use was verified from each participant’s ART care cards
and pharmacy order forms. Data on participants’ viral load
and CD4 count which were abstracted from laboratory result
forms were categorized as $1000 copies/mL for virally
unsuppressed and ,200 cells/mL for severely immunocom-
promised and used as reference groups, respectively.

Statistical Analyses
Descriptive analyses included frequency distribution of

sociodemographic and other characteristics. Associations of
depression and sexual stigma with CMRF were the primary
analyses. Latent class analysis was done to categorize the 9-
item sexual stigma tools into three classes with best model
classification of posterior distribution. Chi-squared test and
Fisher exact test were used to compare the categorized variables
of interest with the study outcomes. Potential confounding
factors identified through literature review and variable selec-
tion for the multivariable model were based on the 20% level of
significance for all independent variables in the bivariable
analyses. The final multivariable model was based on effect-
size estimates and collinearity considerations between indepen-
dent variables. Robust multinomial logistic regression analysis
was used to examine associations between CMRF, depression,
and sexual stigma. Variables attaining statistical significance
(P # 0.05) were reported as associated with CMRF in the
multivariable analyses as odds ratio (OR) with 95% confidence
interval (CI). We controlled for study site, age, marital status,
gender identity, and ART in the multivariable model. Our
exploratory bivariate analyses established that the enrollment
period was not significantly associated with the exposure and
outcome variables. All analyses were done using STATA 16
(STATA Corp, College Station, TX).

Ethics Statement
This study was approved by the institutional review

boards of the University of Maryland Baltimore, MD; Walter
Reed Army Institute of Research, Silver Spring, MD; and the
National and Federal Capital Territory Health Research Ethics
Committees, Abuja, Nigeria. All participants provided written
informed consent before enrollment.

RESULTS

Study Population Characteristics
Complete data on sexual stigma, depression, and

CMRF were available from 761 SGM living with HIV, of
whom 402 (53%) were recruited from the Abuja site. The
mean age of the participants was 25.0 6 6.0 years, 671 (88%)
were single, 273 (36%) attained tertiary education, and 449

(59%) were employed. Gender identity was reported as
cisgender by 580 (76%), transgender by 98 (13%), and
nonbinary by 83 (11%). There were 466 (61%) participants
who identified as bisexual (Table 1).

There were no statistical differences in the sociodemo-
graphic characteristics between participants excluded and
those included in the analysis (see Table S1, Supplemental
Digital Content, http://links.lww.com/QAI/B971).

Clinical Conditions
Sixty-two percent of the participants were on ART,

36% were virally suppressed, and 88% had CD4 count
of $200 cells/mL (Table 1). Nineteen percent of the
participants were overweight, 37% were prehypertensive,
60% had abnormal triglycerides, and 31% had abnormal
HDL. Eighty-four percent of the participants had at least 1
CMRF (95% CI: 82% to 87%). Prevalence of $3 CMRF was
24% (95% CI: 21% to 27%; Table 2).

Bivariable Analyses of Depression and Sexual
Stigma With CMRF

Mild–severe depression was observed in 47% (95% CI:
43% to 50%) of the participants, and 53% (95% CI: 50% to
58%) represented subgroups of SGM that experienced
medium–high sexual stigma. Twenty-five percent of the
participants who did not have depression had 0 CMRF,
whereas 49% of those who had moderate–severe depression
had 1 CMRF (Table 1). Figure 1A shows that the proportion
of participants with depression increased with higher CMRF.

Similarly, Table 2 shows that about a quarter (24%) of
the 356 participants in the low sexual stigma class had
0 CMRF, whereas 49% of 72 participants who experienced
high sexual stigma had $3 CMRF (P , 0.001). Figure 1B
shows that the proportion of participants with sexual stigma
increased with higher CMRF.

Other covariates significantly associated with CMRF in
the bivariable analyses (P , 0.2) were study site, age, marital
status, gender identity, and ART.

Correlates of Cardiometabolic Risk
Table 3 shows that compared with participants without

depression, the odds of having 1–2 CMRF increased with
severity of depression from 3.40 (95% CI: 1.88 to 6.15) with
mild depression to 9.44 (95% CI: 2.27 to 39.31) with
moderate–severe depression. Similarly, the odds of having
3–5 CMRF were 8.28 (95% CI: 4.18 to 16.40) with mild
depression and 41.69 (95% CI: 9.60 to 181.04) with
moderate–severe depression compared with those without
depression. The odds of having 1–2 CMRF were also higher
if participants belonged to the medium sexual stigma sub-
group [adjusted odds ratio (aOR) 1.76; 95% CI: 1.10 to
2.82] compared with those in the low stigma class. Fur-
thermore, compared with participants without sexual stigma,
the odds of 3–5 CMRFs were 3.17 (95% CI: 1.79 to 5.61)
among those in the medium sexual stigma class and 14.42
(95% CI: 2.88 to 72.29) in the high sexual stigma class
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compared with those in the low stigma class. Participants at
the Lagos study site had higher odds of having 1–2 CMRFs
(aOR 5.30; 95% CI: 1.63 to 17.23) or 3–5 CMRFs (aOR

5.87; 95% CI: 1.59 to 21.71) compared with those at the
Abuja study site. Participants age 25–34 years had lower
odds of having 1–2 CMRFs (aOR 0.54; 95% CI: 0.34 to

TABLE 1. Comparison of Covariables With CMRF Among SGM Living With HIV in Lagos and Abuja, Nigeria

Characteristics N, %

0 CMRF 1–2 CMRF 3–5 CMRF

Pn, % n, % n, %

Sample size 761 120 (15.8) 459 (60.3) 182 (23.9)

Study site 761 ,0.001†

Abuja ‡ 402 [52.8] 91 (22.6) 241 (60.0) 70 (17.4)

Lagos § 359 [47.2] 29 (8.1) 218 (60.7) 112 (31.2)

Age in yr 761 ,0.001†

,25 397 [52.2] 42 (10.6) 249 (62.7) 106 (26.7)

25–34 316 [47.4] 65 (20.6) 189 (59.8) 62 (19.6)

$35 48 [0.4] 13 (27.1) 21 (43.7) 14 (29.2)

Marital status 761 0.058*

Single 671 [88.2] 98 (14.6) 413 (61.5) 160 (23.9)

Married/cohabiting 61 [8.0] 18 (29.5) 29 (47.6) 14 (22.9)

Separated/divorced/widowed 29 [3.8] 4 (13.8) 17 (58.6) 8 (27.6)

Gender identity 761 0.009*

Cisgender man 580 [76.2] 96 (16.6) 351 (60.5) 133 (22.9)

Transgender woman 98 [12.9] 6 (6.1) 59 (60.2) 33 (33.7)

Nonbinary 83 [10.9] 18 (21.7) 49 (59.0) 16 (19.3)

Sexual orientation 761 0.004*

Homosexual 294 [38.6] 30 (10.2) 185 (62.9) 79 (26.9)

Bisexual 466 [61.2] 90 (19.3) 273 (58.6) 103 (22.1)

Queer 1 [0.1] 0 (0.0) 1 (100.0) 0 (0.0)

Educational level 761 0.319*

None/primary 34 [4.4] 7 (20.6) 22 (64.7) 5 (14.7)

Secondary 454 [59.7] 63 (13.9) 276 (60.8) 115 (25.3)

Tertiary 273 [35.9] 50 (18.3) 161 (59.0) 182 (23.7)

Occupational status 761 0.346†

Unemployed 312 [41.0] 42 (13.4) 193 (61.9) 77 (24.7)

Employed 449 [59.0] 78 (17.4) 266 (59.2) 105 (23.4)

ART 761 ,0.001†

No 286 [37.6] 26 (9.1) 169 (59.1) 91 (31.8)

Yes 475 [62.4] 94 (19.8) 290 (61.0) 91 (19.2)

Viral load 761 0.245†

#1000 copies/mL 274 [36.0] 41 (15.0) 158 (57.6) 75 (27.4)

.1000 copies/mL 487 [64.0] 79 (16.2) 301 (61.8) 107 (22.0)

CD4 count 761 0.922†

$200 673 [88.4] 105 (15.6) 406 (60.3) 162 (24.1)

,200 88 [11.6] 15 (17.1) 53 (60.2) 20 (22.7)

Depression ¶ 761 ,0.001*

None 406 [53.4] 101 (24.9) 255 (62.8) 50 (12.3)

Mild 227 [29.8] 17 (7.5) 141 (62.1) 69 (30.4)

Moderate–severe 128 [16.8] 2 (1.6) 63 (49.2) 63 (49.2)

Sexual stigma k 761 ,0.001*

Low 356 [46.8] 86 (24.2) 221 (62.1) 49 (13.7)

Medium 333 [43.8] 32 (9.6) 203 (61.0) 98 (29.4)

High 72 [9.4] 2 (2.8) 35 (48.6) 35 (48.6)

*Fisher exact test.
†x2 test.
‡Data collected at Abuja site only.
§Data collected at Lagos site only.
kStigma was determined using the Internalized Stigma of Mental Illness (ISMI-9) scale to assess the perceived and actual discrimination felt by participants because they are SGM.
¶Depression was determined using the standardized PHQ-9. N [%]–column percentage; n (%)–row percentage.
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0.86) or having 3–5 CMRFs (aOR 0.41; 95% CI: 0.23 to
0.73) compared with those age younger than 25 years.

DISCUSSION
Nearly half (47%) of SGM living with HIV in our study

had depression, while 53% experienced sexual stigmatization,
and 84% had at least one CMRF. The common cardiometa-
bolic disease components in our study were prehypertension
(37%), total cholesterol (19%), triglycerides (60%) and
overweight/obesity (19%). Using the Adult Treatment Panel
III criteria, 24% of SGM in this study had cardiometabolic
disease (at least three CMRF).36,40 This is significantly higher
than the 2.1% previously reported among men living with or
without HIV in a population-based study in rural South West

Nigeria41 but lower than the 27.9% reported by Oguoma
et al42 in their systematic review of hospital-based and
population-based studies conducted among an older non-
SGM population. The number of CMRF increased with
severity of depression in our study. This may be linked to
the unhealthy lifestyles adopted by persons who are
depressed, which may increase the risk of CMRF. A 2014
study by Cezaretto et al43 reported that baseline depression
status predicted a lower chance of improvements in long-term
cardiometabolic risks such as BMI, blood pressure, and serum
cholesterol levels. A strong association between depression
and CMRF was also reported in a recently published 27-year
longitudinal study among older male twin veterans by
Ditmars et al in 2021.30 The Emory Health Aging Study,
conducted in a young adult population (18–34 years) similar
to our study’s age distribution, found that moderate–severely
depressed participants were unlikely to meet the ideal levels
of BMI, cholesterol, and physical activity.44

Several studies have reported high levels of different
types of stigma experienced by SGM living with HIV.45–47

For instance, weight stigma has been linked with poor
metabolic health and weight gain through metabolic and
hormonal pathways like cortisol.48,49 Weight stigma is also
associated with biomarkers such as unhealthy blood pressure,
C-reactive protein, HDL cholesterol, triglycerides, and glu-
cose.50 Studies have also reported associations between HIV
stigma and NCDs, at least partially attributable to stigma-
related barriers to NCD care.51 In a systematic review,
Stockton et al51 reported that fear of disclosure, internalized
shame and embarrassment, and negative past experiences
with health care providers could negatively influence engage-
ment with NCD interventions. Because stigmatization can
decrease acceptability of differentiated models of care among
PLHIV, it is likely to also limit access to NCD care in health
care settings.52 Two-thirds (61%) of participants who expe-
rienced medium sexual stigmatization had 1–2 CMRF. We
recommend that associations between sexual stigma and
CMRF are further explored among SGM populations. This
is because sexual stigma, which is associated with poor
mental health, may result in delayed help-seeking behavior,
reduced access to health services, suboptimal treatment of
CMRF, and increased risk of cardiometabolic diseases.19 We
have previously described a relationship between past

TABLE 2. Characteristics of Indicators Assessed as CMRF
Among SGM Living With HIV in Lagos and Abuja, Nigeria

Characteristics N = 761 N, %

BMI

Underweight 162 (21.3)

Normal 452 (59.4)

Overweight 95 (12.5)

Obese 52 (6.8)

Blood pressure

Normal 454 (59.7)

Prehypertensive 284 (37.3)

Hypertensive 23 (3.0)

Total cholesterol

Normal 617 (81.1)

Abnormal 144 (18.9)

Triglycerides

Normal 304 (40.0)

Abnormal 457 (60.0)

High-density lipoproteins

Normal 524 (68.9)

Abnormal 237 (31.1)

CMRF

0 120 (15.8)

1–2 459 (60.3)

3–5 182 (23.9)

FIGURE 1. Prevalence of CMR, depression and sexual stigma.
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experiences of sexual stigma and suicidal ideation that
negatively impacted the uptake of health services in the
TRUST/RV368 cohort.38,53,54 The pathways underlying
relationships between depression, sexual stigma, uptake of
health services, and cardiometabolic diseases should be
further characterized. As reported in a systematic review by
Fu et al,55 the high prevalence of depression reported among
SGM is not given the level of attention it deserves. This is

particularly worrisome because of the unequivocal link with
cardiometabolic risk, and the unknown but growing popula-
tion of SGM with unmet mental health prevention and
treatment needs. Furthermore, both can potentially lead to
higher CMRF and other HIV-associated NCDs.

The life expectancy of PLHIV on ART is increasing
compared with treatment-naive PLHIV.56,57 A recent meta-
analysis showed that ART independently increased the risk of

TABLE 3. Multinomial Logistic Regression Showing Factors Associated With CMRF Among SGM Living With HIV in Lagos and
Abuja, Nigeria

Characteristics

Univariable Multivariable

Crude OR 95% CI P Adjusted OR 95% CI P

0 CMRF Base outcome Base outcome

1–2 CMRF

Study site (Abuja) 1 — — 1 — —

Lagos 7.52 5.10–11.08 ,0.001 5.30 1.63–17.23 0.006

Age in yr (,25) 1 — — 1 — —

25–34 2.91 2.19–3.86 ,0.001 0.54 0.34–0.86 0.010

$35 1.62 0.81–3.23 0.174 0.46 0.18–1.13 0.089

Marital status (single) 1 — — 1 — —

Married/cohabiting 1.61 0.89–2.90 0.112 0.46 0.22–1.00 0.049

Separated/divorced/widowed 4.25 1.43–12.64 0.009 1.17 0.39–3.50 0.784

Gender identity (cisgender man) 1 — — 1 — —

Transgender woman 9.83 4.24–22.79 ,0.001 1.67 0.66–4.19 0.279

Nonbinary 2.72 1.59–4.67 ,0.001 0.77 0.40–1.48 0.427

ART (no) 1 — — 1 — —

Yes 3.09 2.44–3.89 ,0.001 2.90 0.83–10.06 0.094

Depression (none) 1 — — 1 — —

Mild 5.17 3.08–8.68 ,0.001 3.40 1.88–6.15 ,0.001

Moderate–severe 14.35 3.44–59.90 ,0.001 9.44 2.27–39.31 0.002

Sexual stigma (low) 1 — — 1 — —

Medium 3.58 2.41–5.31 ,0.001 1.76 1.10–2.82 0.018

High 7.58 1.75–32.88 0.007 4.58 0.97–21.57 0.054

3–5 CMRF

Study site (Abuja) 1 — — 1 — —

Lagos 2.76 1.90–4.01 ,0.001 5.87 1.59–21.71 0.008

Age in yr (,25) 1 — — 1 — —

25–34 0.67 0.45–0.98 0.039 0.41 0.23–0.73 0.002

$35 0.99 0.48–2.01 0.966 0.87 0.28–2.70 0.808

Marital status (single) 1 — — 1 — —

Married/cohabiting 0.78 0.89–2.90 0.481 0.45 0.16–1.27 0.134

Separated/divorced/widowed 2.00 0.60–6.65 0.258 1.32 0.34–5.05 0.688

Gender identity (cisgender man) 1 — — 1 — —

Transgender woman 1.87 1.11–3.15 0.019 1.65 0.60–4.59 0.335

Nonbinary 0.77 0.42–1.43 0.406 0.52 0.22–1.19 0.121

ART (no) 1 — — 1 — —

Yes 0.43 0.30–0.63 ,0.01 2.12 0.54–8.35 0.283

Depression (none) 1 — — 1 — —

Mild 3.33 1.97–5.65 ,0.001 8.28 4.18–16.40 ,0.001

Moderate–severe 22.03 5.35–90.68 ,0.001 41.69 9.60–181.04 ,0.001

Sexual stigma (low) 1 — — 1 — —

Medium 2.27 1.52–3.38 ,0.001 3.17 1.79–5.61 ,0.001

High 10.96 2.61–45.98 0.001 14.42 2.88–72.29 0.001

Bold numbers are statistically significant at P , 0.05.
Base outcome, referent group; CI, confidence interval; OR, odds ratio.
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metabolic and cardiovascular diseases.58 This was corrobo-
rated in our study with ART treatment doubling the odds of
having 1–2 CMRF, although this was not statistically
significant. It is worthy of note that only 62% of participants
in our study were on ART partly because of the well
documented interplay of individual, social, and structural
barriers to access, uptake, and adherence of ART among
SGM.27,59 Nevertheless, it is possible that some of those on
ART may have been newly diagnosed and not on ART for
long enough to develop CMRF. We recommend further
exploration of the association between ART and CMRF
among SGM.

Increased risk of cardiometabolic diseases with age is
well documented.60,61 However, our study showed decreased
odds of CMRF with age among SGM. Participants in our
study were young (52% were #35 years) with lower risk of
CMRFs and shorter duration of exposure to ART composed
of more toxic TDF-based regimens reported to be previously
associated with cardiometabolic diseases.62,63 It is also
plausible that the increased risk of cardiometabolic diseases
demonstrated in the younger SGM in our study could be a
reflection of increased exposure to underlying risk factors
related to tobacco use, diet, illicit drug use, physical activity,
and alcohol consumption poorer mental health than their
older peers. Prospective studies among SGM that include
qualitative and quantitative measures of CMRF are needed.

The higher odds of CMRF among SGM in Lagos
compared with those in Abuja may be connected to the higher
level of westernization and urbanization. Lagos is the smallest
state in Nigeria surrounded by water, yet it is a megacity and
the nerve-center of Nigeria characterized by its high density,
high cost of living, and all the attendant challenges.42 It is
possible that SGM living with HIV in Lagos were younger,
unemployed, and face higher levels of sexual stigma and
discrimination, which may lead to more CMRF.64,65 Further
studies are needed to better understand the geographic
epidemiology of CMRF among SGM in Nigeria.

Study Limitations
This study had a few limitations. Given the cross-

sectional nature of our data, it was difficult to establish the
temporal link between CMRF, depression, and sexual stigma.
Some confounding factors and effect modifiers of CMRF based
on the literature such as clients’ history of physical activities,
nutrition, family history, medical history, blood glucose, low-
density lipoprotein, smoking, and more detailed information
regarding alcohol and drug use were unavailable and not
included in our analyses. The cross-sectional depression
measurements used in these analyses may not be a true
reflection of the mental status of the participants over a long
period. A single depression score can only reflect the time frame
it was administered and may not necessarily be representative of
chronic depression, which requires successive measurements
over time. For this reason, depression screening integrated into
HIV services should occur at all or multiple clinic visits for
optimal risk identification and service provision. This study was
conducted among SGM who were assigned male sex at birth,
including transgender women and cisgender men who have sex

with men, but did not include any participants who were
assigned female sex at birth; our findings may not be generaliz-
able to SGM who were not represented in the study.

CONCLUSIONS
SGM living with HIV in LMICs such as Nigeria face an

increased and synergistic risk of depression and sexual
stigma, which predispose them to poorer health outcomes
of cardiometabolic diseases. This opens opportunities for
more research to investigate the mechanism and potential
pathways underlying the associations observed in this study
between depression, sexual stigma, and CMRF among SGM,
and modifiable strategies that may be integrated into the
standard of care. In our study, we found that there were high
levels of sexual stigma and depression, both of which had
influences on CMRF. Because these social and psychological
factors often co-occur and interact with one another adversely
and are dually affected by exposure to additional social and
structural inequities, they may comprise a synergistic epi-
demic (syndemic), leading to greater disparities in health
outcomes related to cardiometabolic risk and NCDs among
PLHIV in LMICs, especially among SGM. Future studies
would benefit from implementing a syndemic approach to
inform interventions that are more targeted to abate exposure
to and effects of syndemic social and structural inequities in
their approach.

Implications
Although further research will be necessary to fully

elucidate the associations of depression, sexual stigma, and
CMRF, it is plausible that depression may have a larger impact
on cardiometabolic diseases and NCDs among SGM living
with HIV in Nigeria. Our findings can serve as a baseline for
further research and inform early intervention efforts that aim
to mitigate depression and sexual stigma, and improve help-
seeking behaviors that address cardiometabolic diseases and
NCDs among SGM. Health service interventions targeting
NCDs, especially cardiometabolic diseases, would benefit from
integration with mental health programs, and social mobiliza-
tion against stigmatization may also be warranted.
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