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Abstract

Race/sex differences are observed in cardiometabolic disease (CMD) risk and prevalence in the context of treated,
chronic HIV infection, and these differences could be exacerbated by disparities in obesity prevalence. We sought
to determine the effect of obesity on these disparities among people living with HIV. Prevalence of CMD
(dyslipidemia, cardiovascular disorders, hypertension, diabetes, chronic kidney disease) was determined for
patients seen at the University of Alabama at Birmingham HIV clinic between 7/2010 and 6/2011. Staged logistic
regression was used to examine the impact of race/sex on comorbidities adjusting for key confounders including/
excluding obesity (body mass index ‡30 kg/m2). Of 1,800 participants, 77% were male, 54% were black, and 25%
were obese. Obesity prevalence differed by race/sex: black women 49%, black men 24%, white women 24%,
white men 15% ( p < 0.01). Compared to white men, other groups had reduced odds for dyslipidemia and car-
diovascular disorders ( p < 0.01). Black men had increased odds for hypertension and chronic kidney disease, while
black women had a nearly 2-fold increased odds for diabetes and hypertension (all at p < 0.01). The associations of
black women with diabetes and hypertension were attenuated when obesity was included in the models. Other
group differences remained significant. Disparities in obesity prevalence do not explain race/sex differences in all
CMD among people with HIV. Obesity accounted for associations with diabetes/hypertension for black women,
who may benefit from weight reduction to decrease disease risk. Further investigations into the etiology and
treatment of CMD in people living with HIV should consider unique race/sex treatment issues.

Introduction

As AIDS-related mortality has declined, morbidity
and mortality from chronic diseases have notably in-

creased.1–6 People living with HIV (PLWH) in the United
States are now diagnosed with a number of age-related chronic
conditions including cardiovascular disease, renal disease, and
diabetes at rates at least as great as and often greater than those
of HIV-uninfected populations.7–12 A striking increase in
obesity [body mass index (BMI) ‡30 kg/m2] prevalence among
PLWH has also been observed, such that 65% of patients in
some U.S. cohorts are overweight or obese.13–16 Obesity con-
tributes to cardiometabolic disease (CMD) risk (dyslipidemia,
cardiac disorders, hypertension, diabetes, chronic kidney

disease) among people not infected with HIV,17 and can sig-
nificantly impact the disease burden and quality of life among
PLWH.15,18,19 However, little is known about the association
of obesity with CMD diagnosis among PLWH, despite the risk
in non-AIDS-related morbidity in this population.

The increase in non-AIDS-related morbidity has occurred
concomitantly with the changing demographics of the HIV
epidemic that result in higher rates of HIV infection among
minority groups. In 2010, non-Hispanic black men and women
represented 12% of the U.S. population, but accounted for 44%
of incident HIV diagnoses in the United States.20 In the unin-
fected population, chronic disease prevalence and risk of obesity
differ by race and sex, and higher rates of obesity are associated
with greater CMD prevalence.17 Among PLWH, however, little
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is known regarding the associations of race, sex, and obesity
with CMD risk. Therefore, in the present study we compared
the prevalence of CMD and obesity by race/sex among a cross-
sectional cohort of PLWH, and evaluated whether obesity
impacts the associations between race/sex and CMD.

Materials and Methods

Data were obtained from the University of Alabama at
Birmingham (UAB) 1917 HIV/AIDS Clinic Cohort Observa-
tional Database Project (UAB 1917 Clinic Cohort). This cohort
forms a prospective clinical study that has collected detailed
sociodemographic, psychosocial, and clinical data from >6,000
patients diagnosed with HIV since 1988. Over 3,000 patients
currently receive primary and subspecialty HIV care at the
clinic. During the study period (see below), the Clinic used a
locally programmed electronic medical record (EMR) contain-
ing detailed provider encounter notes, imported all laboratory
values from the central UAB laboratory, and required electronic
prescriptions for all medications. The EMR and database were
quality controlled, with all provider notes reviewed to ensure
appropriate data capture regarding diagnoses and medications
(including start and stop dates for prescriptions). New and on-
going diagnoses are recorded in patients’ active problem lists,
while resolved diagnoses discontinued by the provider remain
part of the patient’s EMR after removal from the active problem
list. The UAB Institutional Review Board (IRB) approved
this cross-sectional study nested in the UAB 1917 Clinic Cohort.

Participants

All patients seen at the UAB 1917 HIV Clinic between July
1, 2010 and June 30, 2011 were eligible. Inclusion criteria for
this study were (1) ‡19 years of age, (2) white or African
American self-reported race/ethnicity due to small numbers of
other racial/ethnic patient groups, and (3) height, weight,
plasma HIV viral load, and CD4 count measured within the
study period. All data were acquired through electronic queries
(MS SQL) of the UAB 1917 Clinic database.

Study variables

Dependent variables. Cardiometabolic conditions are
displayed in Fig. 1. Three clinical providers (M.M., J.R., and

J.W.) reviewed the list of cardiometabolic diseases for ac-
curacy and clinical significance to PLWH. Conditions were
excluded from analysis if present in <2% of the study sample
(e.g., stroke). Conditions that occurred in >2% of the clinic
population and included for analyses were dyslipidemia, di-
abetes, hypertension, and chronic kidney disease. Cardio-
vascular disorders are composed of chronic ischemic heart
disease, myocardial infarction, and cardiac insufficiency
(congestive heart failure, CHF). Physician-entered diagnoses
in the electronic medical record (ICD9 and/or SNOMED
codes) were used to identify patients with each condition up
to the end of the study period ( June 30, 2011). At the 1917
Clinic, all clinical notes are reviewed prospectively to ensure
that changes to diagnoses or medications noted in the clini-
cian notes are updated in the discrete list of diagnoses and
medications in the electronic medical record to ensure high-
quality data. Patients are considered positive for one of the
above conditions if the diagnosis has ever been entered into
the medical record. As we were unable to confirm whether all
patients with hypertension or dyslipidemia were taking their
medications as prescribed, we included those with both
treated and untreated conditions.

Independent variables. We examined patient demographic
and laboratory information including age, sex, self-reported
race/ethnicity, CD4+ T cell count, viral load, use (yes/no) and
duration (years) of antiretroviral therapy, and insurance status
(public, private, uninsured). If a patient had more than one
value reported during the study period, the most recent data
were used. Patient reported outcomes on history of tobacco use
were included in the analyses. If patients had ever reported
‘‘yes’’ for a history of tobacco use they were dichotomously
classified as positive for tobacco use in the analyses. Height
and weight were used to calculate BMI [weight (kg)/height
(m2)]. Patients were classified as obese if BMI was ‡30 kg/m2.

Statistical analyses

Descriptive characteristics were analyzed using chi-square
tests and one-way analysis of variance. We computed prev-
alence, expressed as unadjusted percentages, for each cardi-
ometabolic condition overall and by group. Because race/sex
interactions were observed for each cardiometabolic disease

FIG. 1. Prevalence (crude
%) of chronic disease by race/
sex for 1,800 HIV-infected
patients receiving care at the
UAB 1917 Clinic as of July 1,
2011. a, dyslipidemia; b,
cardiovascular disorders; c,
hypertension; d, diabetes; e,
chronic kidney disease; WM,
white male; BM, black male;
WF, white female; BF, black
female.
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outcome a four-level race/sex variable was created (black
men, black women, white men, white women) for subsequent
analyses. Each cardiometabolic condition was modeled with
a staged logistic regression approach. The first model (model
not shown) included race, sex, and a race · sex interaction to
determine if the race/sex category was associated with car-
diometabolic diseases. Adjusted Model 1 for each cardio-
metabolic outcome was used to evaluate whether the race/sex
association remained after adjusting for age, CD4+ T cell
count, health insurance status, and tobacco use. Adjusted
Model 2 was used to further investigate if the race/sex as-
sociation with cardiometabolic diseases remained when fur-
ther adjusting the model for obesity status (categorized as
yes/no). White men were used as the referent group. Con-
sistent with prior studies,21 this staged modeling approach
was employed to evaluate the putative role of differential
obesity status, as a mediator on the causal pathway between
race and sex with cardiometabolic disease diagnosis. We also
included BMI as a continuous variable in the above models;
results were not different from those reported below for BMI
expressed as a dichotomous (yes/no) variable. All data were
analyzed using SAS version 9.3 (SAS Institute Inc., Cary,
NC) with a significance level of p < 0.05.

Results

Of 1,800 patients meeting eligibility criteria, the mean age
was 44.3 – 10.9 years, 77% were male, 54% were black, 43%
currently used tobacco, 12% had current CD4+ T cell counts
<200 cells/ll, 31% were uninsured, and 25% were obese
(Table 1). The prevalence of obesity varied significantly by
race/ethnicity and sex: black women 49%, black men 24%,
white women 24%, and white men 15% ( p < 0.01). For
participants classified as obese, there was a difference in the

median (interquartile range, IQR) BMI by race but not sex:
black women 36.5 (32.8–42.4), white women 36.3 (33.4–42.6),
black men 32.9 (31.3–36.7), and white men 33.3 (31.3–36.5).
When we evaluated the proportion of obese participants with a
BMI >40 (class III obesity), we again observed differences by
race but not sex: black women 31.1%, white women 29.6%,
black men 9.4%, and white men 11.1%.

Group differences were observed when the prevalence of
cardiometabolic conditions was compared by race/gender.
White men had a higher prevalence of dyslipidemia and
cardiovascular disorders than other participants (Fig. 1a and
1). Black women were more likely to be diagnosed with
hypertension and diabetes compared to other groups (Fig. 1c
and d; all at p < 0.01). Black men had a higher prevalence of
chronic kidney disease (CKD) than all groups ( p = 0.04), and
a higher hypertension prevalence compared to white men and
women ( p < 0.05 for both).

Dyslipidemia

In unadjusted analyses, the prevalence of diagnosed dysli-
pidemia was lower in black men [odds ratio (OR) 0.31; 95%
confidence interval (CI) 0.25–0.39], black women (OR 0.37;
95% CI 0.27–0.49), and white women (OR 0.39; 95% CI 0.25–
0.60) compared to white men. Table 2 shows the results of
staged logistic regression modeling for the presence of dysli-
pidemia after adjustment for covariates. In Model 1, white men
presented with a significantly greater prevalence of dyslipi-
demia compared to all other groups even when adjusting for
covariates. In Model 2, obesity was significantly associated
with risk for dyslipidemia (OR 1.72; 95% CI 1.31–2.27) but did
not explain race/sex differences in dyslipidemia prevalence.

A sensitivity analysis of patients with dyslipidemia ex-
cluding those diagnosed with cardiovascular disorders was

Table 1. Demographic Characteristics [Mean – SD or n (%)] Stratified by Race/Sex

for 1,800 HIV-Infected Patients Receiving Care at the UAB 1917 HIV/AIDS Clinic

Between 7/2010 and 6/2011

Total
Black
men

Black
women

White
men

White
women

Variable n = 1,800 n = 655 n = 308 n = 725 n = 112 p valuea

Age (years) 44.3 – 10.9 41.5 – 11.4 46.1 – 10.8 46.0 – 10.1 45.5 – 10.3 < 0.01
Height (cm) 175.2 – 9.6 177.8 – 7.8 164.5 – 8.3 179.0 – 7.2 165.2 – 7.4 < 0.01
Weight (kg) 83.4 – 20.2 84.8 – 19.4 84.6 – 26.0 83.1 – 17.0 73.8 – 23.4 < 0.01
Body mass index 27.2 – 6.6 26.7 – 5.7 31.2 – 9.3 25.8 – 4.9 27.0 – 8.4 < 0.01
% Obese (BMI ‡30) 445 (24.7%) 159 (24.3%) 151 (49.0%) 108 (14.9%) 27 (24.1%) < 0.01

Health insurance < 0.01
Uninsured 558 (31.0%) 268 (40.9%) 75 (24.4%) 189 (26.1%) 26 (23.2%)
Public 675 (37.5%) 230 (35.1%) 155 (50.3%) 232 (32.0%) 58 (51.8%)
Private 567 (31.5%) 157 (24.0%) 78 (25.3%) 304 (41.9%) 28 (25.0%)

Sexual risk factor (men; n = 1,380) < 0.01
Heterosexual 282 (22.4%) 194 (33.5%) — 88 (13.0%) —
MSM 976 (77.6%) 386 (66.5%) — 590 (87.0%) —

% started ART 1,695 (94.2%) 621 (94.8%) 281 (91.2%) 690 (95.2%) 103 (92.0%) 0.05
Time on ART (yrs) 6.5 – 5.9 5.2 – 5.2 6.5 – 5.7 7.6 – 6.1 7.1 – 6.5 < 0.01
Tobacco use 778 (43.2%) 263 (40.2%) 90 (29.2%) 371 (51.2%) 54 (48.2%) < 0.01
CD4+ T cell count (cells/ll) 533.4 – 295.0 463.6 – 266.8 570.1 – 333.3 570.2 – 280.9 603.0 – 351.0 < 0.01
log10 plasma HIV RNA (copies/ml) 2.1 – 1.0 2.3 – 1.1 2.3 – 1.2 1.9 – 0.8 2.1 – 0.9 < 0.01
% plasma HIV RNA <200 copies/ml 1,409 (78.3%) 476 (72.7%) 227 (73.7%) 621 (85.7%) 85 (75.9%) < 0.01

aOne-way ANOVA for continuous measures and chi-square for categorical measures.
BMI, body mass index; MSM, men who have sex with men; ART, antiretroviral therapy.
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also conducted. White men again presented with a greater
prevalence of dyslipidemia even when obesity was added to
the model, and obesity remained independently associated
with dyslipidemia diagnosis (OR 1.58; 95% CI 1.20–2.07).

Cardiovascular disorders

Black men and women present with a significantly lower
diagnosed prevalence of cardiovascular disorders compared
to white men in unadjusted models and in adjusted Model 1.
There was no difference in prevalence between white men
and women (OR 0.49; 95% CI 0.20–1.19) in Model 1. Cur-
rent obesity was not significantly associated with a diagnosis
of a cardiac disorder in Model 2 (OR 1.48; 95% CI 0.92–
2.40), and did not impact the association of race/sex with
cardiovascular disorders. These results are summarized in
Table 2.

Hypertension

Black women were almost twice as likely as white men to
have a diagnosis of hypertension (OR 1.72; 95% CI 1.21–
2.05) in unadjusted models (data not shown). When adjusting
for covariates (Table 2; Model 1), both black women and men
had a higher prevalence of hypertension compared to white
men. When included in the model, obese individuals were
three times more likely to be diagnosed with hypertension
than other BMI groups (OR 2.98; 95% CI 2.32–3.84). The
inclusion of obesity as a covariate also attenuated the rela-
tionship with hypertension risk for black women, but not for
black men.

Diabetes

A nearly 2-fold increase in diabetes risk (OR 1.82; 95% CI
1.18–2.80) was observed for black women compared to white
men in Model 1 (Table 2). However, the relationship between
diabetes diagnosis and black women was no longer signifi-
cant when obesity was added to the model, and obesity
was significantly associated with the presence of a diabetes
diagnosis (OR 2.52; 95% CI 1.74–3.66).

Chronic kidney disease

Black men had a significantly greater risk for chronic kid-
ney disease compared to white men in the unadjusted model
and after adjusting for all covariates in Model 1 and Model 2
(OR 2.28; 95% CI 1.45–3.58), Table 2). There was no sig-
nificant difference when white and black women were com-
pared to white men. Obesity classification was not associated
with a greater prevalence of chronic kidney disease in this
cohort. As hypertension can be a significant driver of kidney
disease, an additional model was analyzed that included
hypertension diagnosis as a covariate. Hypertension was sig-
nificantly associated with chronic kidney disease diagnosis,
but did not impact race/sex differences (data not shown).

Discussion

People living with HIV are increasingly burdened with
chronic diseases that have a tremendous impact on clinical
care and quality of life.15,22,23 This cross-sectional investi-
gation reveals significant disparities by sex and race in
the prevalence of obesity and CMD among our cohort of
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HIV-infected patients. It is the first, to our knowledge, to
investigate the contribution of obesity to race/sex disparities
in CMD among HIV-infected patients, and suggests that
obesity has a differential impact on this association depend-
ing on the disease diagnosis.

Obesity, as defined by BMI, was more prevalent among
women than men and among black patients compared to
white men and women. In particular, 49% of black women
presented with a BMI >30, and this population may represent
a high-priority group for weight management interventions.
This is consistent with prior research indicating an increased
risk for obesity among HIV-infected and -uninfected women
and minority individuals, which was associated with higher
rates of CMD and multimorbidity.7,15,24–26

Diagnoses of diabetes and hypertension were more prev-
alent among black women, and black men also had higher
prevalence of hypertension compared to white men and
women. Obesity was associated with a 2.5- to 3-fold increase
in risk for these diseases, and significantly attenuated risk for
disease diagnosis among black women. Previous investiga-
tions have confirmed a higher risk for type 2 diabetes and
hypertension among minority versus white uninfected and
HIV-infected cohorts, with black men and women having up
to a 77% higher risk for diabetes than whites. 7,27,28

Researchers report a significant and similar degree of as-
sociation between weight gain and diabetes diagnosis among
all groups, particularly white and black women, and Hu et al.
estimated that over 90% of diabetes diagnoses in the Nurses’
Health Study were attributable to poor diet, low physical
activity, and smoking.27,29 Overall diet quality is reported to
be poorer among black compared to white populations, and
black women may be more sensitive to the effects of dietary
factors on blood pressure and glycemic control,27,30 though
not all studies report these findings.31 Research on lifestyle
interventions and diabetes risk among HIV-infected groups is
limited, though HIV-infected patients may experience less
improvement in insulin sensitivity with weight loss and less
responsiveness to metformin compared to HIV-uninfected
patients.32,33 Similarly, the impact of weight management on
hypertension risk in HIV-infected individuals is not well
studied, despite evidence that interventions that prevent
weight gain are associated with lower blood pressure and
reduced use of antihypertensive medications in HIV-unin-
fected cohorts.34–36 However, research among HIV-unin-
fected populations combined with our study findings suggests
that weight maintenance or planned weight loss could play a
crucial role in diabetes and blood pressure control and pre-
vention among HIV-infected black women who present with
high obesity prevalence. More work to determine the most
effective interventions to achieve this goal is warranted.

HIV-infected white men in this study presented with a
significantly higher prevalence of dyslipidemia and cardio-
vascular disorders, even after adjusting for age, compared to
all other groups and despite having a lower average BMI and
less obesity. Obesity was associated with a 1.5 times greater
risk for dyslipidemia overall, but did not attenuate race/sex
associations with disease diagnosis. This is consistent with
literature among HIV-infected and HIV-uninfected popula-
tions suggesting that men have more dyslipidemia and greater
cardiovascular disease (CVD) risk than age-matched pre-
menopausal women.7,37 As the average age of women in our
study was 45 years, more information is needed to determine

whether postmenopausal HIV-infected women would have
comparable rates of dyslipidemia and cardiac disorders.

A combination of viral/host biology and environmental
factors may contribute to this notable disparity in CVD risk.
White men may have been infected with HIV for longer
periods of time, 9 which we were unable to control for. HIV
infection is an independent risk factor for cardiovascular
disease, and is also associated with chronic inflammation.38–40

This chronic inflammatory phenotype is characterized by
elevated biomarkers of cardiovascular disease,41–43 and du-
ration of host infection could contribute to the elevated risk
observed among white men in this study. Host genetics could
further play a role in observed disparities. Kilpelainen et al.
identified a genetic mutation of the insulin receptor substrate
1 (IRS-1) gene that is simultaneously associated with a de-
creased accumulation of subcutaneous fat (i.e., lower overall
body fat percentage) and decreased adiponectin levels with
an abnormal lipid profile. This variant was present in 64% of
European men and men of Asian North-Indian descent and is
associated with coronary artery disease.44,45 Precisely how
host genetics interact with the impact of HIV infection on
host immunity and inflammation is largely unexplored yet
could provide vital information regarding effective treat-
ments for CVD in HIV-infected groups, particularly white
men with an observed increased risk.

Our study did not identify a significant association of
current obesity prevalence with chronic kidney disease, al-
though obesity is considered an independent contributor to
kidney disease among HIV-uninfected individuals.46 Future
studies could also include those with CKD defined by esti-
mated glomerular filtration (eGFR) rates that might capture a
broader range of CKD disease severity and impact the as-
sociations with obesity. We did observe a significantly higher
prevalence of chronic kidney disease among black men,
which was somewhat attenuated when obesity was included
in the model. As weight loss is one side effect of kidney
disease, it is possible that our use of current obesity preva-
lence, which fails to account for lifetime obesity status,
limited our ability to detect an association between obesity
and chronic kidney disease.

This study investigates the prevalence of current obesity
and CMD diagnosis, and is thus subject to certain limitations.
The lack of lifetime BMI records on participants limits our
ability to account for changes in weight status that may have
resulted after CMD diagnosis. Additional research on not just
the associations of obesity, but also more specific body
morphology disorders such as lipoatrophy and lipohyper-
trophy, is needed and is not addressed here. The use of BMI
also limits our ability to investigate the contribution of spe-
cific adipose tissue depots to disease risk. We were further
limited by lack of objective data on dietary intake and
physical activity, factors that both contribute to and interact
with obesity’s impact on metabolism and CMD risk. Also,
our use of a sample from the Southeastern United States with
a historically higher incidence of obesity and CMD may limit
the generalizability of study results to other geographic re-
gions. However, recent studies have observed increasing
obesity prevalence in HIV-infected individuals across the
United States, suggesting that the role of obesity in health and
quality of life is a pressing issue for many patient groups.

We included both treated and untreated hypertension and
dyslipidemia in the current analysis, as we were unable to
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verify that patients prescribed medications for those condi-
tions took them as prescribed. Future investigations into the
association of body weight with these conditions in treated
versus untreated hypertension and dyslipidemia could pro-
vide interesting insights into the interplay of adiposity and
pharmaceutical effects. This study also relied on the use of
EMR diagnosis history entered by HIV providers to classify
participants as having a cardiometabolic disease. While these
are the patients that would receive treatment and control ef-
forts within the clinic setting, the lack of fasting laboratory
values or potentially missing data due to underreporting by
providers may have resulted in an underestimation of CMD
prevalence among the study sample.

The strengths of this study include the comprehensive
clinical data and large sample size with significant numbers
of African Americans and women to facilitate a thorough
comparison of white men and women with African American
men and women. Evaluating the effect of sex and race sep-
arately can limit the ability to detect interactions in these
variables, and our study demonstrates the need to consider
disease risk within these subpopulations to identify specific
areas of risk for potential intervention.

In conclusion, we have identified a possible differential
impact of obesity on CMD risk among our cohort of HIV-
infected patients, with race and sex playing an important role
in health disparities. Our initial findings suggest that obesity
prevention and weight maintenance may have a greater im-
pact within the context of certain cardiometabolic diagnoses,
and that individuals at risk of diabetes or hypertension in
particular may benefit from these efforts. Additional research
is necessary to confirm these findings and evaluate the eti-
ology of body fat accumulation and CMD in the context of
HIV infection, as well as to determine whether the increasing
prevalence of obesity in HIV-infected individuals and its
association with some cardiometabolic conditions among this
group translates into increased mortality risk. Additionally, a
longer follow-up to assess the association of BMI and BMI
changes over time with cardiometabolic disease risk is nee-
ded to determine whether obesity is associated with disease
risk across all time points or only at certain ages and stages of
infection.

As the HIV-infected population continues to experience
increased chronic disease morbidity, our ability to elucidate
the mechanisms of disease occurrence and identify which
patient groups would most benefit from specific lifestyle and
pharmaceutical interventions will greatly impact the overall
care and quality of life for patients living with HIV.
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