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Abstract

Since the introduction of highly active antiretroviral therapy (HAART) and the subsequent increased life ex-
pectancy in HIV-infected persons, non-HIV–related diseases have become an important cause of morbidity and
mortality. This cross-sectional study reports the prevalence of overweight and obesity, and sociodemographic,
psychological, and substance use-related risk factors for elevated body mass index (BMI) among 2157 HIV-
seropositive (HIVþ) in comparison to 730 HIV-seronegative (HIV�) participants in the Women’s Interagency
HIV Study (WIHS). Separate univariable and multivariate linear regression analyses were completed for HIVþ
and HIV� women. Our study revealed a similar proportion of obesity (body mass index [BMI] �30) among
HIVþ (33%) and HIV� women (29%) ( p¼ 0.12), as well as comparable median BMI (HIVþ: 26.1 versus HIV�:
26.7, p¼ 0.16). HIVþ compared to HIV� women, respectively, were significantly ( p< 0.01) older (median¼ 35.6
versus. 32.5), but similar ( p¼ 0.97) by race=ethnicity (57% African American, 28% Hispanic, and 15% white for
both). In multivariate models for both HIVþ and HIV� women, African American race=ethnicity was signifi-
cantly ( p< 0.05) associated with higher BMI, while higher quality of life score and illicit hard drug use were
associated with lower BMI. Additionally, smoking, alcohol use, markers of advanced HIV infection (AIDS
diagnosis, elevated HIV viral load, low CD4 count), and a history of antiretroviral therapy use (ART) were also
associated with lower BMI among HIVþ women. In conclusion, risk factors for elevated BMI were similar for
HIVþ and HIV� women in the WIHS. For HIVþ women, all markers of advanced HIV infection and ART use
were additionally associated with lower BMI.

Introduction

The prevalence of overweight (body mass index [BMI]
�25) or obesity (BMI �30) is elevated among U.S. non-

Hispanic blacks (82%) and Mexican Americans (75%) com-
pared to non-Hispanic whites (58%).1 A similar pattern has
been shown among those with HIV infection, where African
American and Latina men and women are more likely to be
overweight or obese compared to those who are white.2–5

Drug use and other cofactors have been shown to mitigate this
increased risk. Previous studies showed that women with
HIV who used drugs such as cocaine had a significantly lower
BMI4 and were at higher risk of developing AIDS-related
wasting6–8 compared to women who did not use drugs. Other
studies showed similar findings among HIVþ individuals
who reported either multiple or daily drug use4,9 and among
all smokers.10–15 Sociodemographic cofactors including
age,1,16–18 education,17,19 socioeconomic status,19–21 behavioral
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factors such as alcohol use,17,22,23 and psychosocial conditions
including depression24–27 have all been associated with obe-
sity among the general population.

Before the availability of highly active antiretroviral ther-
apy (HAART) in 1996, studies demonstrated a protective ef-
fect of obesity on progression to AIDS and mortality. Since the
introduction of HAART and the subsequent increased life
expectancy in HIV-infected persons, diseases unrelated to
HIV have become an important cause of morbidity and
mortality in this population.28–30 Given the convergence of the
HIV and obesity epidemics among ethnic minority women,
we identified sociodemographic, psychological, and sub-
stance use-related factors associated with overweight and
obesity among women with and without HIV infection in the
Women’s Interagency HIV Study (WIHS).

Methods

WIHS is an ongoing, multicenter prospective cohort study
established in 1994 to investigate HIV disease progression in
women. A total of 3766 women (2791 HIV-seropositive
[HIVþ] and 975 HIV-seronegative [HIV�]) were enrolled in
1994–1995 (n¼ 2623) or 2001–2002 (n¼ 1,143) in six U.S. cities
(New York [Bronx and Brooklyn], Chicago, Los Angeles, San
Francisco and Washington, D.C.).31 Every 6 months, partici-
pants complete a comprehensive physical examination, pro-
vide blood specimens for CD4 cell count, and HIV viral load
determination, and complete an interviewer-administered
questionnaire, which collects demographic, disease charac-
teristics, and antiretroviral therapy (ART) use data. The WIHS
study design and methods have been described previous-
ly.31,32 The Institutional Review Board for each participating
site approved the WIHS study protocol.

In this cross-sectional study, baseline visit BMI was calcu-
lated as body weight in kilograms=(height in meters)2. Pre-
viously reported correlates of BMI in the U.S. population from
the National Health and Nutrition Examination Surveys
(NHANES) and other studies were evaluated, including
race=ethnicity, education, marital status, and place of resi-
dence. The latter was evaluated as living in one’s own home,
someone else’s home, or other places including halfway
houses, shelters, correctional institution, or treatment facility.
We also examined quality of life (QOL), which was assessed
using a summary score from six domains (physical function-
ing, role functioning, energy=fatigue, social functioning, pain
and emotional well-being) based on a published algorithm.33

The domain scores were derived by averaging the raw scores
for the corresponding items of each domain expressed on a
0–100 scale, with higher values for better functioning and
well-being according to an established scoring recommenda-
tion. Depression was assessed using a score derived from the
Center for Epidemiologic Study of Depression (CES-D)
symptom checklist, where depressive symptoms and the
likelihood of clinical depression were indicated by a score of
16 or higher34 as validated by other studies in this popula-
tion.35 Current drug use pattern was examined as none, only
marijuana use, or hard drug use, which included any injection
drug use, heroin, cocaine, crack, or methadone amphetamine
use. Other variables evaluated for all women included current
alcohol use, which was examined as abstain-light (0–2 drinks
per week) versus moderate-heavy drinking (�3 drinks per
week), current and former smoking, current hormonal con-

traception use, current or prior cancer, and hepatitis C infec-
tion (HCV) status.

The following additional risk factors were evaluated for
HIVþ women: AIDS status, CD4 count, log10 HIV viral load,
and a history of ART (monotherapy, combination therapy,
and HAART). ART classification definitions can be found at
the WIHS study website (http:==statepiaps.jhsph.edu=wihs=).
AIDS is defined as reporting an AIDS-defining condition36

and excluded the immunologic criterion of CD4 cell count less
than 200 cells per microliter. Quantification of plasma HIV
viral load was performed using the isothermal nucleic acid
sequence-based amplification methods using several assays32

and CD4 count (cells=mm3) were determined by flow cy-
tometry and performed by certified laboratories designated
by AIDS Clinical Trials Group.

Women with race=ethnicity other than white, African
American, or Hispanic (all; n¼ 97) or who had a current=
unknown pregnancy status (n¼ 88) were excluded from the
study. Additionally, only women with recorded BMI at the
baseline and two consecutive visits were included in this
cross-sectional study in order to compare our results to those
of a planned longitudinal analysis, resulting in a final sample
of 2887 (2157 HIVþ, 730 HIV�).

To examine the impact of enrollment during the two study
periods (1994–1995 and 2001–2002), we conducted stratified
analyses by this variable and found that the direction and
magnitude of regression coefficients for each enrollment pe-
riod were similar ( p> 0.05) to the pooled data estimates.
Therefore, stratification by enrollment period was not indi-
cated. However, WIHS enrollment period was included as a
covariate to estimate any residual confounding associated
with recruitment strategy-related differences and time. In
2001–2002, recruitment was targeted toward premenopausal
AIDS-free women in order to augment the number of young
women in the cohort. Although not statistically significant,
women enrolling during 1994–1995 compared to 2001–2002
were slightly more likely to report having AIDS, a CD4 count
less than 200, and a higher log10 HIV viral load (data not
shown).

Univariate analyses were performed separately for HIVþ
and HIV�women, with differences in characteristics between
the two groups compared using the Pearson’s w2 test or the
nonparametric median test. BMI was assessed as a log10

transformed continuous variable to improve the linearity as-
sumptions of the model and stabilize the residual variance.
Separate multivariate linear regression models were fitted for
HIV� and HIVþ women. Both models adjusted for the same
sociodemographic characteristics in order to compare the
magnitude of each characteristic by HIV serostatus, with the
additional inclusion of HIV clinical characteristics (AIDS
status, CD4 count, log10 HIV viral load, and a history of ART
use) in the model for HIVþwomen. The adjusted b estimates
were multiplied by 100 to better visualize their relative
magnitude in the multivariate models. All statistical analyses
were performed using SAS for Windows Version 9.1 (SAS
Institute, Cary, NC).

Results

Table 1 summarizes the characteristics of the study popu-
lation by HIV serostatus. Using guidelines established by the
Centers for Disease Control and Prevention (CDC),37 the
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Table 1. Characteristics of Study Population by HIV Status

HIV positive (n¼ 2157) HIV negative (n¼ 730)

No.b %b No.b %b p valuea

Body mass index, kg=m2 (n¼ 2887)
Underweight (<18) 15 2 39 2
Normal (18–24.9) 270 37 841 39 0.12
Overweight (25.0–29.9) 205 28 662 31
Obese (�30) 240 33 615 29
Median (interquartile range) 26.1 (22.7–30.7) 26.7 (23.0–32.5) 0.16

Enrollment period (n¼ 2887)
1994–1995 1561 72 411 56 <0.01
2001–2002 596 28 319 44

Age at baseline, years (n¼ 2887)
Median (interquartile range) 35.6 (30.5–40.8) 32.5 (26.3–38.3) <0.01

Race=ethnicity (n¼ 2887)
White 326 15 109 15 0.97
African American 1233 57 415 57
Hispanic 598 28 206 28

Marital status (n¼ 2840)
Married=partner 802 38 254 36 0.24
All others 1326 62 458 64

Highest level of education (n¼ 2882)
<High school 837 39 252 35 0.10
Completed high school 630 29 220 30
>Some college 687 32 256 35

Place of residence (n¼ 2886)
Your own home 1498 69 394 54 <0.01
Someone’s home 430 20 218 30
Outside a home 228 11 118 16
(i.e., shelter, jail, street, etc.)

Current smoking status (n¼ 2877)
Never smoker 712 33 228 31 0.02
Former smoker 334 16 88 12
Current smoker 1103 51 412 57

Current alcohol use (n¼ 2830)
Light, 0–2 drinks=week 1642 78 512 71 <0.01
Moderate-heavy, �3 drinks=week 471 22 205 29

Current drug use pattern (n¼ 2876)
No drugs 1404 65 366 50 <0.01
Only marijuana 258 12 130 18
Hard drugsc 485 23 233 32

Quality of life scale (n¼ 2865)
Median (interquartile range) 64.7 (48.8–81.1) 72.7 (57.2–84.7) <0.01

Depression score (n¼ 2836)
Low (<16) 979 46 361 50 0.06
High (�16) 1139 54 357 50

Hormonal contraception (n¼ 2885)
No 1909 89 614 84 <0.01
Yes 246 11 116 16

Hepatitis C antibody status (n¼ 2820)
Negative 1374 65 569 80 <0.01
Positive 732 35 145 20

Self-reported diabetes (n¼ 2886)
No 2064 96 695 95 0.55
Yes 92 4 35 5

Self-reported cancer (n¼ 2886)
No 2036 94 704 96 0.03
Yes 120 6 26 4

AIDS status (n¼ 2157)d,e

No 1688 78 — — —
Yes 469 22 — —

Detect HIV viral load (n¼ 2157)d,f

No 44 2 — — —
Yes 2113 98 — —

(continued)
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proportion of overweight (BMI �25 and �29.9) and obese
(BMI �30) women were similar between HIVþ and HIV�
women; as was the median BMI. There were no significant
differences between HIVþ and HIV� women by race=
ethnicity, marital status, education level, depression score and
self-reported diabetes. Compared to HIV� women, HIVþ
women were older, more likely to have enrolled in 1994–1995,
report lower quality of life scores, be HCV seropositive
(HCVþ), and to report having a prior or current cancer. In
contrast, fewer HIVþ compared to HIV� women reported
living in a residence other than their own home, current
smoking, current moderate-heavy alcohol consumption, cur-
rent use of illicit hard drugs such as crack, cocaine, heroin or
methadone amphetamines, and current use of hormonal
contraception. Among HIVþ women, most had had a de-
tectable HIV viral load, with less than one quarter having
clinical AIDS or a CD4 count less than 200, and 60% had used
some form of ART.

Table 2 displays the median BMI for HIVþ and HIV�
women by race=ethnicity and age group. African American
and Hispanic women had significantly higher median BMI
than white women regardless of HIV serostatus. However,
within each race=ethnicity category, the median BMI was
similar for HIVþ and HIV� women. The median BMI was
similar across all age groups among HIVþ, but not HIV�
women; HIV�women aged 35–43 years had the highest BMI.

Sociodemographic and psychosocial factors associated
with BMI in multivariate analysis are reported in Table 3 for
HIV� (r2¼ 0.11) and HIVþ (r2¼ 0.10) women. For both
HIVþ and HIV� women, being African American was as-
sociated with higher BMI; a similar pattern was seen for
Hispanic women, although only significant for HIV�women.
For all women, current hard drug use and higher quality of
life score were associated with lower BMI. Among HIVþ
women, living in someone else’s home and moderate-heavy
alcohol consumption were associated with lower BMI; a

Table 1. Continued

HIV positive (n¼ 2157) HIV negative (n¼ 730)

No.b %b No.b %b p valuea

CD4 count (n¼ 2117)d

<100 190 9 — — —
100–199 248 12 — —
200–499 967 46 — —
>500 712 34 — —

Prior=current ART (n¼ 2156)d,g

None 853 40 — — —
Mono 522 24 — —
Combo 460 21 — —
HAART 321 15 — —

aw2 (categorical) or nonparametric median test (continuous) p values.
bNumber (no.) and percent (%) of HIV-positive and HIV-negative women.
cCurrent crack, cocaine, heroin, methadone amphetamine, or injection drug use.
dHIV-positive women only.
eClinical AIDS definition used, which was assessed by asking a separate question for each of the 23 class C clinical conditions outlined in

the 1993 case definition of AIDS and excluded the immunologic criterion of CD4 count <200 cells=mL.
fSeveral HIV RNA (viral load) quantification assays were used, with the lower detection limit of the individual test used to assess RNA

detectability
gART, antiretroviral therapy; Definitions of mono-, combo-, and highly active antiretroviral therapy (HAART) can be found at the

Women’s Interagency HIV Study website: http:==statepiaps.jhsph.edu=wihs.

Table 2. Body Mass Index by Race, Age, and HIV Status

HIV positive (n¼ 2157) HIV negative (n¼ 730)

n Median (IQR) Pb n Median (IQR) Pb pa

White 326 24.7 (21.8, 28.0) 109 24.2 (21.4, 29.6) 0.94
AA 1,233 26.5 (22.7, 31.2) <0.01 415 26.9 (23.0, 33.6) <0.01 0.08
Hispanic 598 26.4 (23.4, 30.8) 206 27.6 (23.9, 31.9) 0.09
�25 years 202 24.8 (22.0, 30.1) 181 24.5 (21.5, 29.4) 0.48
26–34 years 810 26.3 (23.0, 30.9) 250 27.2 (23.5, 32.2) 0.06
35–43 years 833 26.2 (22.9, 30.6) 0.22 226 28.1 (24.2, 35.0) <0.01 <0.01
� 44 years 312 26.5 (22.4, 31.1) 73 25.8 (22.7, 34.2) 0.66

aNonparametric median test p value reported separately for each racial=ethnic and age group by HIV status; p value <0.05 indicates a
significant difference in median BMI by HIV status.

bNonparametric median test p value reported separately for HIVþ and HIV� women; p value <0.05 indicates a significant difference in
median body mass index (BMI) by race=ethnicity or age group.

IQR, Interquartile range; AA, African American.
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similar pattern was seen among HIV� women, albeit to a
lesser degree. In HIVþ but not HIV� women, current
smoking was associated with lower BMI. Among the HIV-
related factors, all indicators of HIV disease progression
(AIDS diagnosis, elevated HIV RNA, low CD4 count) and
ART use were independently associated with lower BMI.

Discussion

We found that being overweight or obese is prevalent
among both HIVþ and HIV� women in WIHS. As in U.S.
population studies,1, 16 African American race=ethnicity was
the strongest predictor of higher BMI in our study, indepen-
dent of HIV serostatus and adjusting for other cofactors. The
most robust predictor of lower BMI for all women was current
hard drug use, which is supported by other investigations,
independent of any correlation with smoking and alcohol.7,38

One recent study among HIVþ individuals showed that drug
users compared to non-drug users were more likely to have
lower energy intake, an AIDS diagnosis, and lower adherence
to ART use.38 Other behavioral factors such as smoking and
alcohol use were also associated with lower BMI among
HIVþ women. Smoking is a well-established correlate of
lower BMI.10–12,15 It has been suggested that reductions in
smoking prevalence may be associated with an increase in
obesity in the U.S. population.10,11,13 The association observed
among HIVþ, but not HIV� women, could be related to
the longer duration of smoking reported among HIVþ cur-
rent smokers (median¼ 18 years) compared to HIV� current
smokers (median¼ 15 years). In addition, HIVþ current

smokers compared to former smokers and non-smokers had
higher proportions of other cofactors of lower BMI, including
moderate-heavy alcohol consumption, use of hard drugs, re-
ported AIDS status, and history of ART use.

Similar to current smoking, moderate-heavy alcohol con-
sumption was associated with lower BMI, but only statisti-
cally significant for HIVþ women in multivariate analysis.
Epidemiologic studies of alcohol consumption and BMI
among women have shown inconsistent results,17,23,39–41

partly resulting from different drinking pattern assessment
methods. Our study evaluated quantity of drinks consumed
rather than frequency of drinking times per week. Using both
methods in the same study, opposite associations were found
in a recent analysis.22 Nonetheless, an association between
increased alcohol use and lower BMI is plausible if alcohol is
substituted for more caloric dietary intake.41 Moreover, al-
though not statistically significant, synergistic interactive ef-
fects between current alcohol, smoking and hard drug use
were found in this study, which may partly explain the as-
sociation between each of these factors with lower BMI.

Higher QOL score was associated with lower BMI among
all women. Given the cross-sectional design of this study, it is
not feasible to determine whether low quality of life is a cause
or consequence of obesity. Nonetheless, the six domains
measured in the QOL score might be a surrogate for previ-
ously supported risk factors for obesity including depres-
sion42 and low socioeconomic status.21 A closer examination
showed lower median QOL scores among those with de-
pression as well as those with lower education levels, re-
gardless of HIV serostatus (data not shown).

Table 3. Multivariate Model: Risk Factors for Log10 Body Mass Index by HIV Status

Parameter (95% confidence interval)c

Risk factorsa,b HIV positive HIV negative

Enrollment period: 2001–2002 vs. 1994–1995 0.8 (�0.6, 2.2) 2.4 (0.8, 4.0)
Age at baseline (in decades)d 0.7 (0.1, 1.2) 2.0 (1.0, 3.0)
Race=ethnicity: African American vs. white 2.5 (1.3, 3.7) 3.5 (1.3, 5.8)
Race=ethnicity: Hispanic vs. white 1.8 (0.5, 3.2) 4.1 (1.7, 6.5)
Live in someone else’s home vs. own home �1.2 (�2.3, �0.1) �1.0 (�2.8, 0.7)
Live in all other places vs. own home �0.7 (�2.1, 0.8) 2.2 (�0.0, 4.4)
Moderate-heavy vs. abstain-light alcohol use �1.3 (�2.4, �0.2) �0.5 (�2.3, 1.3)
Current smoker vs. nonsmoker �1.1 (�2.1, �0.0) 1.2 (�0.7, 3.1)
Former smoker vs. nonsmoker 0.9 (�0.4, 2.2) 1.3 (�1.3, 3.9)
Marijuana use vs. no drug use �0.8 (�2.2, 0.5) �1.5 (�3.7, 0.7)
Hard drug usee vs. no drug use �4.0 (�5.2, �2.8) �5.6 (�7.6, �3.6)
Quality of life score �0.1 (�0.1, �0.0) �0.1 (�0.1, �0.0)
AIDS diagnosis: yes vs. no �1.3 (�2.4, �0.2) NA
Log10 HIV viral load �0.9 (�1.4, �0.4) NA
CD4 count: <100 vs. > 500 �2.4 (�4.2, �0.6) NA
CD4 count: 100–199 vs. > 500 �1.6 (�3.1, �0.0) NA
CD4 count: 200–499 vs. > 500 �1.4 (�2.4, �0.4) NA
Mono therapy vs. no therapyf �1.4 (�2.6, �0.2) NA
Combo therapy vs. no therapyf �2.3 (�3.6, �1.0) NA
HAART vs. no therapyf �2.6 (�4.2, �1.0) NA

aFor all comparisons, referent category is listed last.
bEducation level, marital status, depression score using the Centers for Epidemiologic Studies symptom checklist score, cancer status, and

hepatitis C serostatus were evaluated, but were excluded because they did not improve the final models.
cEstimates and confidence intervals were multiplied by 100 to better visualize their relative magnitude.
dAge regression coefficient and confidence interval are reported for an increased of every 10 years (decade).
eIncludes injection drug use, heroin, cocaine, crack, or methadone amphetamine use.
fDefinition for mono-, combo-, and highly active antiretroviral therapy (HAART) therapy can be found at the WIHS study website:

https:==statepiaps.jhsph.edu=wihs=.
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The finding that living in someone else’s home was asso-
ciated with lower BMI among HIVþ and possibly HIV� is
interesting. A possible explanation might be related to the age
differences in these groups. We found that women living in
someone else’s home were slightly younger compared to
those who lived in their own home and those who lived in
other places (data not shown). Additionally, living in one’s
own home may be a reasonable surrogate marker for food
security. In other words, food is more accessible when living
in your own home. However, an association with lower BMI
was not observed among those living in other places (i.e.,
halfway houses, hotels, shelters, jail, etc.; data not shown).

Among HIVþ women, markers of advanced HIV disease
were independently associated with lower BMI as supported
by previous studies.38,43 The association between HAART
and lower BMI is likely explained by selective initiation of
ART use among persons with more advanced HIV disease
and thus lower BMI due to cachexia. However, another pos-
sible explanation for the association of HAART with lower
BMI is that after initial gains in fat due to a restoration to
health, longer duration of specific antiretroviral drugs (par-
ticularly stavudine and zidovudine, which were commonly
used during the timeframe of our study) has been associated
with lipoatrophy.2,44–48 Since HAART was primarily avail-
able during the second enrollment period, an examination of
data from only this period showed that women on HAART
had significantly ( p¼ 0.04) lower median BMI (26.8) com-
pared to those with no ART use (28.3). Among all study
women, the median BMI among those on any ART (25.7) was
also significantly lower ( p< 0.0001) than those on no ART
(26.9). Nonetheless, we were not able to determine the timing
of ART initiation in relation to measurement of BMI.

Limitations of our study include its cross-sectional design,
which prohibited a definitive determination of the temporal
association between some independent variables and BMI.
This study examined the role of current self-reported behav-
iors (i.e. smoking, alcohol consumption, illicit drug use, etc.)
on BMI, which may not entirely reflect past behaviors that
may have influenced the development of current BMI level.
We were not able to assess the association of diet and physical
activity with obesity in our cohort because these data were not
collected at the baseline visit. Another limitation of our study
was that we were unable to determine whether the increases
or decreases in body mass were caused by alterations in fat
mass or lean mass. Our study was designed to examine
women at the enrollment visit only; collection of body com-
position data in our cohort did not begin until 5 years after
enrollment of the initial cohort.

HIVþ and HIV� women in WIHS have a similar preva-
lence and racial=ethnic distribution of overweight and obesity
to the general U.S. population, with African American and
Hispanic women having significantly higher BMI than white
women. Higher QOL score and current hard drug use were
associated with lower BMI among all women, while current
smoking, moderate-heavy alcohol use, advanced HIV infec-
tion, and ART use were associated with lower BMI only
among HIVþ women. The potential interactions between
receipt of HAART and obesity provide a compelling rationale
for a planned analysis of the relationship between these fac-
tors over time. Finally, the consequences of lower BMI, which
have been reported to include increased risk for osteoporosis,
must be studied in the context of HIV infection.
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