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Abstract
Objective: Examine changes in, and factors associated with changing body mass index (BMI) in women following
highly active antiretroviral therapy (HAART) initiation.
Methods: 1177 HIV-infected Women’s Interagency HIV Study participants who contributed 10,754 years of followup following HAART initiation were studied. Changes in median BMI up to 15 years following HAART initiation, and
the highest and lowest BMI reached following HAART initiation were summarized by pre-HAART BMI category (<18.5
[underweight], 18.5-<25.0 [normal weight], 25.0-<30.0 [overweight], 30.0-<40.0 [obese], and ≥ 40.0 [morbidly obese]).
Multivariate mixed effects ordinal logistic regression estimated the degree of association of each exposure of interest
with post-HAART BMI.
Results: Before HAART, 39% percent of women had normal BMI, 31% were overweight, 23% were obese, and 5%
were morbidly obese. Following HAART initiation, median BMI change (per 5 years) was 0.21 kg/m2 (90% confidence
interval [CI]: -1.33, 0.42) for those with normal pre-HAART BMI, 0.39 kg/m2 (90% CI: 0.15,0.66) for overweight, 0.31 kg/
m2 (90% CI: -1.18,0.67) for obese, and -0.36kg/m2 for morbidly obese women. After initiating HAART, 40% with normal
pre-HAART BMI became overweight at some point; of those overweight, 46% remained overweight and 47% became
obese; 71% of obese women remained obese and 27% became morbidly obese. Each year of nucleoside analog
reverse transcriptase inhibitor use was associated with a 3% decreased odds of reaching a higher BMI category (OR
0.97, 95% CI: 0.95, 0.99), while each year of protease inhibitor or non-nucleoside analog reverse transcriptase inhibitor
use were associated with a 6% (OR 1.06, 95% CI: 1.04, 1.08) and 5%(OR 1.05, 95% CI: 1.01, 1.08) increased odds
of having a higher BMI category, respectively.
Conclusions: Although overweight and obesity are highly prevalent in this large cohort of HIV-infected, minority
women, HAART use was associated with only a modest increase in BMI over time.

Keywords: Obesity; Body mass index; HIV; Women; HAART;
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Introduction
In the general population, overweight and obesity have been
associated with hypertension, dyslipidemia, cardiovascular disease, and
insulin resistance-conditions that are particularly common among HIVinfected persons, and which are expected to become more prevalent as
these individuals age [1,2]. Current prevalence estimates of overweight
and obesity in HIV-infected women range from 58-78%, and are similar
to those seen among HIV-uninfected women [3-6]. Among HIVinfected populations, cross-sectional studies have shown associations
of higher body mass index (BMI) with older age, African American
race/ethnicity, and higher CD4 cell counts, whereas injection drug
use, smoking, alcohol use, and depression have been associated with
lower BMI [3,7-10]. A previous study summarizing cross-sectional data
from the Women’s Interagency HIV Study (WIHS) cohort found that
markers of advanced HIV infection, including AIDS diagnosis, elevated
HIV RNA levels, and low CD4 count, as well as history of antiretroviral
therapy use were associated with lower BMI [3]. To expand the focus
from cross-sectional studies to those that attempt to understand the
relationship of antiretroviral therapy use and BMI over time particularly
among populations disproportionately impacted by both HIV infection
and obesity is needed. Published studies on the relationship between
highly active antiretroviral therapy (HAART) use and weight gain have
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not yielded consistent results, and most have included only short-term
HAART use, or have been conducted in military cohorts composed
primarily of men [11-16]. Therefore, the purpose of this current study
was to (1) examine the change in BMI from pre-HAART up to 15 years
following HAART initiation by pre-HAART BMI; (2) describe the
highest and lowest BMI attained following HAART initiation by preHAART BMI; and (3) determine the exposures related to a higher BMI
following the initiation of HAART.

Methods
Study population
The WIHS is an ongoing, multicenter, observational study of women
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who are either HIV infected or at risk for HIV acquisition, established to
carry out comprehensive investigations of the impact of HIV infection
in women, including the clinical, laboratory and psychosocial aspects
of HIV infection and the effectiveness and consequences of HAART.
A total of 3,766 including (2,791 HIV-infected women were
enrolled in 1994-95 (n=2,054) or 2001-02 (n=737) from six sites
(Bronx/Manhattan, Brooklyn, Chicago, Los Angeles, San Francisco and
Washington DC). WIHS methods and baseline cohort characteristics
have been described previously [17]. At each semi-annual visit,
participants complete a physical examination and provide biological
specimens and information on demographics, disease characteristics,
and ARV use. The protocol was approved by the institutional review
boards at each site, and all participants provided written informed
consent.
Sixteen hundred and eleven HIV-infected women initiated
HAART while enrolled in WIHS, of whom 1343 had at least two BMI
measurements at visits in the five years prior to HAART initiation, a
BMI measurement at the visit HAART was first reported and a BMI
measurement for at least one visit following HAART initiation. The
final study population was comprised of the 1177 women who had data
on all exposures of interest (described below) at HAART initiation and
at least one visit after HAART initiation. The 166 participants that were
excluded because of missing exposure data had median pre-HAART
BMI that was 1.1 kg/m2 lower than the final study population.

Body mass index
BMI was determined at each visit by dividing measured body
weight (kg) by measured height2 (m2) and categorized as: underweight
(<18.5), normal weight (18.5 to <25.0), overweight (25.0 to <30.0),
obese (30.0 to <40.0) and morbidly obese (≥ 40.0) [18]. Average preHAART BMI was defined as the mean of the BMI measurements in
the five years prior to HAART initiation; categorization of pre-HAART
BMI into one of the five categories defined above was made based on
this average value.

Exposures
In addition to examining the relationship between pre-HAART
BMI and BMI following HAART initiation, we also examined the effects
of enrollment period (1994-1995 vs. 2001-2002), age (per 5 years) at
HAART initiation, race/ethnicity (Hispanic, Caucasian/Other vs.
African-American), and level of education (high school graduate, some
college, college graduate vs. non-high school graduate) at study entry.
We included alcohol use (>3 vs. <3 drinks per week), cigarette smoking
(former, current vs. never smoke), quality of life summary score (per
10 units calculated using the scores from six domains, i.e. physical
functioning, role functioning, energy/fatigue, social functioning, pain
and emotional well-being) based on an established algorithm using a
shortened version of the Medical Outcome Study (MOS)-HIV [19,20],
depressive symptomatology using the Center for Epidemiologic Studies
Depression Scale (CESD > 16 vs. <16) [21], CD4 cell count (200 to <500
cells/mm3, 100 to <200 cells/mm3, < 100 cells/mm3 vs. >500 cells/mm3),
log10HIV RNA, and history of a prior AIDS-defining illness (ADI) as
time-varying predictors, incorporating the value at the visit prior to
ascertainment of BMI. Use of marijuana cocaine, crack, heroin, or IDU
since the last visit (yes to any vs. no to all) was time-varying, using the
current value at the visit. Finally, to adjust for discontinuation of all
ARV following HAART initiation, we used a time-varying indicator
variable for whether or not ARV was reported since the last visit (no
ARV vs. ARV) at each visit following HAART initiation.
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At each visit, drug-years of ARV exposure were determined
separately for nucleoside reverse transcriptase inhibitors (NRTI),
protease inhibitors (PI), and non-nucleoside reverse transcriptase
inhibitors (NNRTI). In addition, within the NRTI class, we determined
the drug years of exposure separately for zidovudine, stavudine,
abacavir, and tenofovir. At each visit the amount of exposure time
(years) to each class of ARV was defined as the product of the number
of drugs reported within a given class since the last visit and the time
between the previous and current visits. We adjusted the time of
exposure for self-reported adherence (100%, 95% to <100%, 75% to
<95%, >0% to <75%, and 0%) by weighting the time of exposure by the
midpoint (100%, 97.5%, 85%, 37.5%, 0%) of the reported category. In all
analyses, we used cumulative adherence-adjusted exposure to each class
of ARV, by simply adding the adherence-adjusted exposure from the
current visit to the total adherence-adjusted exposure from all previous
visits. Drugs within a class were considered exchangeable and additive.
Adherence data were collected beginning in October 1998; participants
contributing visits to analyses prior to October 1998 were considered
to be 100% adherent at these visits since 100% adherence was the most
frequently reported adherence category following October 1998. At
the baseline visit, we assumed that each drug reported was used for 0.5
years prior to the visit.

Statistical analyses
The median and inter-quartile range of BMI was used to summarize
the distribution of BMI at each visit following HAART initiation
separately for those with normal weight, those who were overweight,
those who were obese, and those who were morbidly obese based on
their pre-HAART initiation BMI category. A box-percentile plot, which
shows more extreme percentiles of the distribution in addition to the
standard median and quartiles, was used to summarize the distribution
of average pre-HAART BMI. Quantile regression was used to model
the median BMI and estimate the change in median BMI (per five
years) following HAART initiation [22]. We estimated standard errors
for 90% confidence intervals (CI) using bootstrap resampling with
500 samples [23]; samples were selected at the individual level, first
randomly selecting individuals and then including all visits for each
individual selected for a given sample.
To explore BMI change within each individual, we summarized the
highest and lowest BMI category attained following HAART initiation
by pre-HAART BMI category.
To evaluate the dynamics of BMI after HAART initiation, we
determined the total number of person-years following HAART spent
within each of the five BMI categories for each participant. Specifically,
at each post-HAART initiation visit, we simply added ½ of the difference
in time between the current and previous visit to ½ of the difference
in time between the current and subsequent visit to estimate the time
spent within a certain BMI category for a given visit. Person-years were
then aggregated over all visits for each individual and then again over
all individuals for each of the five BMI categories.
Multivariate mixed effects ordinal logistic regression models were
used to estimate the association each exposure had with post-HAART
BMI category. Odds ratios are the measure of association and are
subject–specific since the model takes into account the subject-tosubject variation and is interpreted as the odds of a higher BMI category
for a given exposure divided by the odds of a higher BMI category
among those in the reference category. Ninety-five percent confidence
intervals were used as a measure of precision. A two-sided p-value
<0.05 was considered statistically significant. Statistical analyses were
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Characteristic

Median (inter-quartile range) or %

conducted using SAS 9.2 software (SAS Institute, Cary, NC).

Date of HAART initiation

February 1998 (March 1997,
February 2000)

Results

Cumulative NRTI use-years

3.3 (1.6, 5.1)

Cumulative zidovudine use-years

1.0 (0.5, 1.9)

Cumulative stavudine use-years

0.5 (0.0, 1.0)

Cumulative abacavir use-years

0.0 (0.0, 0.0)

Cumulative tenofovir use-years

0.0(0.0, 0.0)

Cumulative PI use-years

0.5 (0.2, 0.6)

Cumulative NNRTI use-years

0.0 (0.0, 0.4)

Enrollment Period 1994-1995

91%
38.7 (33.6, 44.1)

Age, yearsa
Race/Ethnicity
African-American
Hispanic
White
Other

56%
25%
16%
2%

Alcohol Use >3 drinks/weeka

18%

Cigarette Smokinga
Current
Former
Never

51%
22%
27%

Marijuana usesince last visit

18%

Injection drug, heroin, cocaine, or crack
use since last visit

13%

The distribution of average pre-HAART initiation BMI was
positively skewed with the largest 50% of values spread over a much
wider interval than the smallest 50% (Figure 1). Median pre-HAART
BMI was 26.3 kg/m2. Thirty-nine percent had normal pre-HAART
BMI, 31% were overweight, 23% were obese, and 5% were morbidly
obese.
Figure 2 shows the median and inter-quartile range of BMI at
each visit following HAART initiation, stratified by category of preHAART BMI. We did not include the 17 women who were underweight
based on their pre-HAART BMI. In each pre-HAART BMI category,
median BMI remained stable over time, following HAART initiation.
Specifically, for women with pre-HAART BMI 18.5 - <25.0, the fiveyear change in median BMI following HAART initiation was 0.21 kg/
m2 (90% CI: -1.33, 0.42), for overweight women 0.39 kg/m2(90% CI:
0.15, 0.66), for obese women 0.31 kg/m2(90% CI: -1.18, 0.67), and
morbidly obese women 0.36 kg/m2, (90% CI: -2.04, 1.08).

65.5 (48.4, 79.5)

Quality of Life

a

CESD > 16a

49%

Highest education level attained
Graduated college or higher
Some College
Completed High School
Did not complete high school

8%
25%
31%
37%

Have AIDSa

40%

CD4 cell count, cells/mm3a
<100
100-<200
200-<500
≥ 500

15%
18%
51%
15%

log10HIVRNA, copies/mla
a

The study population of 1177 women contributed a total of 18,698
post-HAART initiation visits during 10,754 person-years of follow-up
(median9.5 person-years [IQR 4.9-13.8]). Table 1 shows participant
characteristics at the visit when HAART was first reported. The
median date of HAART initiation was February 1998, with participants
reporting a median of 3.3 years of cumulative NRTI use and six months
of cumulative PI use. At the time of first visit with reported HAART, the
median cumulative use reported for specific NRTIs was 1.0 years for
zidovudine, 0.5 years for stavudine, 0.0 years for abacavir and 0.0 years
for tenofovir. The women were a median 38.7 years of age, and reported
high rates of current smoking (51%) as well as depressive symptoms
(49%). Approximately one-third of women had a CD4 count below 200
c/mm3 and 40% reported a history of ADI prior to initiating HAART.

As shown at the top of Table 2, the majority of women had a
maximum BMI following HAART initiation that was either consistent
with their pre-HAART BMI category or was one category higher.
Specifically, of the 456 women with normal BMI prior to HAART

4.2 (3.3, 4.8)

ascertained from visit immediately prior to initiating HAART
Table 1: Participant characteristics at initial HAART visit, N = 1177.

45

97.5%

N= 64 (5%) with BMI ≥ 40
MORBIDLY OBESE

95%

40

N= 275 (23%) with 30 ≤ 40 BMI < 40
OBESE

90%
35

75%

30

25

26.3

50%
25%

20

15

10%
5%
2.5%

N= 365 (31%) with 25 ≤ 40 BMI < 30
OVERWEIGHT
N= 456 (39%) with 18.5 ≤ BMI < 25
NORMAL BMI
N= 17 (1%) with BMI ≥ 18.5
UNDERWEIGHT

Figure 1: Box-percentile plot of mean pre-highly active antiretroviral therapy (HAART) initiation body mass index (BMI) values taken up to five years prior to HAART
initiation. The central 95% of the distribution of values are shown. The minimum BMI was 15.2 kg/m2 and the maximum BMI was 70.6 kg/m2.
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Pre-HAART Initiation BMI
between 30.0 and <40.0 (N=275)
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>=40.0 (N=64)
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Figure 2: Median and inter-quartile range of body mass index (BMI) at each visit after HAART initiation stratified by pre-HAART initiation BMI category.
Highest post-HAART BMI (kg/m2) reached
Pre-HAART mean BMI (kg/m )

No.

Underweight (<18.5)

Normal (18.5 - <25.0)

Overweight (25.0 - <30.0)

Obese (30.0 - <40.0)

Morbidly Obese (≥40.0)

Underweight (<18.5)

17

4
(24%)

10
(59%)

3
(18%)

0
(0%)

0
(0%)

Normal (18.5 - <25.0)

456

3
(1%)

215
(47%)

183
(40%)

53
(12%)

2
(<1%)

Overweight (25.0 - <30.0)

365

1
(<1%)

12
(3%)

168
(46%)

172
(47%)

12
(3%)

Obese (30.0 - <40.0)

275

0
(0%)

0
(0%)

8
(3%)

194
(71%)

73
(27%)

Morbidly Obese (≥40.0)

64

0
(0%)

0
(0%)

0
(0%)

4
(6%)

60
(94%)

1177

8
(1%)

237
(20%)

362
(31%)

423
(36%)

147
(12%)

2

Total

Lowest post-HAART BMI (kg/m2) reached
Pre-HAART mean BMI (kg/m2)

No.

Underweight (<18.5)

Normal (18.5 - <25.0)

Overweight (25.0 - <30.0)

Obese (30.0 - <40.0)

Morbidly Obese (≥
40.0)

Underweight (<18.5)

17

16
(94%)

1
(6%)

0
(0%)

0
(0%)

0
(0%)

Normal (18.5 - <25.0)

456

107
(23%)

333
(73%)

15
(3%)

1
(<1%)

0
(0%)

Overweight (25.0 - <30.0)

365

24
(7%)

197
(54%)

133
(36%)

11
(3%)

0
(0%)

Obese (30.0 - <40.0)

275

4
(1%)

59
(21%)

101
(37%)

108
(39%)

3
(1%)

Morbidly Obese (≥40.0)

64

0
(0%)

4
(6%)

9
(14%)

27
(42%)

24
(38%)

1177

151
(13%)

594
(50%)

258
(22%)

147
(12%)

27
(2%)

Total

Table 2: Highest and Lowest body mass index (BMI) category reached following highly active antiretroviral therapy (HAART) initiation stratified by pre-HAART mean BMI
category. Percentages given are row percentages.
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initiation, 47% had their highest BMI following HAART initiation in
the normal category and 40% became overweight for at least one visit;
among 365women who were overweight prior to HAART initiation,
similar proportions remained overweight (46%) or became obese
(47%); of the 275 obese women initiating HAART, 71% remained at
most obese and 27% gained enough weight after HAART initiation to
put them in the morbidly obese category. In total, 79% of women were
observed at least once following HAART initiation with BMI ≥ 25.0 kg/
m2. The bottom of Table 2 shows the lowest post-HAART BMI category
attained following HAART initiation. Fifty-four percent of women who
were overweight at HAART initiation attained normal BMI at some
point, whereas only 21% of obese women and 6% of morbidly obese
women attained a normal BMI. Overall, 50% of women were observed
at least once following HAART initiation with BMI between 18.5 and

<25.0, although this group was largely comprised (333 of 594) of those
who had normal BMI prior to initiating HAART.
Table 3 shows the total person-years spent in each BMI category
following HAART initiation stratified by pre-HAART BMI category.
The majority of time post-HAART initiation was spent in the same
BMI category as the pre-HAART value (highlighted diagonal in Table
3), although the movement between BMI categories was not trivial. For
example, overweight women spent 50% of their person-years in the same
overweight BMI category, and roughly equivalent amounts of time in
the normal weight (25%) and obese (23%) categories following HAART
initiation. Unfortunately, among those who were morbidly obese prior
to HAART initiation, nearly all of the time following HAART was
spent obese (30%) or morbidly obese (66%). Similarly, those who were
underweight prior to HAART initiation spent a majority (62%) of their
Total No. Person - Years in each BMI category (kg/m2)

Underweight (<18.5)

17

Total No. Person-Years
Following HAART Initiation
124.6

Normal(18.5 - <25.0)

456

4011.4

212.7 (5%)

2759.4 (69%)

887.7 (22%)

Pre-HAART mean BMI (kg/m2)

No.

Underweight
(<18.5)
76.8 (62%)

Normal
(18.5 - <25.0)
45.9 (37%)

Overweight
(25.0 - <30.0)
1.9 (2%)

Obese
(30.0 - <40.0)
0.0 (0%)

Morbidly Obese
(≥40.0)
0.0 (0%)

150.4 (4%)

1.2 (0%)

Overweight (25.0 - <30.0)

365

3449.8

33.6 (1%)

861.7 (25%)

1732.2 (50%)

793.9 (23%)

28.4 (1%)

Obese (30.0 - <40.0)

275

2587.5

2.3 (0%)

97.6 (4%)

486.3 (19%)

1700.7 (66%)

300.6 (12%)

Morbidly Obese ( ≥ 40.0)

64

580.5

0.0 (0%)

3.0 (1%)

20.2 (4%)

174.9 (30%)

382.4 (66%)

Table 3: Total Person-Time in each category of body mass index (BMI) following highly active antiretroviral therapy (HAART) initiation stratified by pre-HAART mean BMI
category.
Characteristic
Pre-HAART BMI category x Years following HAART initiation, per 5 years
Underweight (< 18.5)
Normal (18.5 to <25.0)
Overweight (25.0 to <30.0)
Obese (30.0 to <40.0)
Morbidly Obese (≥40.0)
ARV discontinued at visit
Yes
No
Cumulative NRTI-years, per year
Cumulative PI-years, per year
Cumulative NNRTI-years, per year
Enrollment Period
1994-1995
2001-2002
Age at HAART initiationa, per 5 years
Race/Ethnicity
Hispanic
White/Other
African-American
Alcohol use
≥ 3 drinks/week
<3 drinks/week
Cigarette smoking
Current
Former
Never
Marijuana use since last visit
Yes
No
Injection drug, heroin, cocaine, or crack usesince last visit
Yes
No
Quality of life, per 10 units
Depressive symptomatology
CESD > 16
CESD <16

J AIDS Clin Res
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Adjusted Odds Ratio

95% Confidence Interval

0.18
1.19
1.05
1.10
0.92

0.09, 0.37
0.98, 1.44
0.87, 1.26
0.91, 1.33
0.67, 1.25

0.66
Ref
0.97
1.06
1.05

0.57, 0.76
Ref
0.95, 0.99
1.04, 1.08
1.01, 1.08

0.66
Ref
0.89

0.26, 1.68
Ref
0.75, 1.05

0.80
0.20
Ref

0.41, 1.54
0.10, 0.42
Ref

0.87
Ref

0.75, 1.00
Ref

0.58
1.17
Ref

0.37, 0.91
0.75, 1.84
Ref

0.57
Ref

0.49, 0.67
Ref

0.32
Ref
1.00

0.26, 0.38
Ref
0.97, 1.03

0.89
Ref

0.80, 0.99
Ref
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Highest education level attained
Graduated college or higher
Some college
Completed high school
Did not complete high school
History of AIDS
Yes
No
CD4 cell count (cells/mm3)
<100
100-<200
200-<500
≥ 500
HIV RNA copies/ml, per log10

0.31
0.95
1.53
Ref

0.10, 0.93
0.46, 1.93
0.79, 2.96
Ref

0.80
Ref

0.66, 0.96
Ref

0.24
0.53
0.73
Ref
0.93

0.19, 0.30
0.45, 0.63
0.66, 0.82
Ref
0.89, 0.97

HAART, highly active antiretroviral therapy; NRTI, nucleoside reverse transcriptase inhibitory; PI, protease inhibitor; NNRTI, non-nucleoside reverse transcriptase inhibitor
a
Age treated as time-invariant whose value is determined at the first visit at which highly active antiretroviral therapy was reported.
Table 4: Multivariate longitudinal ordinal logistic regression analysis of body mass index following initiation of highly active antiretroviral therapy among 1177 women
contributing a total of 18,698 person-visits during a total of 10,754 years of follow-up. Odds ratios represent the odds of attaining a higher BMI category.

post-HAART initiation time underweight.
Table 4 shows the degree of association each exposure had with the
odds of being in a higher BMI category following HAART initiation.
With the exception of the lowest pre-HAART BMI category, there was
no significant relationship over time between the pre-HAART BMI
category and the odds of being in a higher BMI category following
HAART. Discontinuing all ARV following HAART initiation was
associated with a 34% decreased odds (OR=0.66, 95% CI: 0.57, 0.76)
of reaching a higher BMI category. And also remove all of the = in the
following sentence: Each year of zidovudine use was associated with a
14% reduced odds of reaching a higher BMI category (OR=0.86, 95%
CI: 0.83, 0.89) and each year of stavudine use was associated with a 13%
reduced odds of reaching a higher BMI category (OR=0.87, 95% CI:
0.84, 0.91), while each year of abacavir and tenofovir use was associated
with a 4% (OR= 1.04, 95% CI: 1.01, 1.08) and 7% (OR=1.07, 95% CI:
1.03, 1.12) increased odds of having a higher BMI category, respectively
(data not shown). Each year of zidovudine use was associated with a
14% reduced odds of reaching a higher BMI category (OR=0.86, 95%
CI: 0.83, 0.89) and each year of stavudine use was associated with a 13%
reduced odds of reaching a higher BMI category (OR=0.87, 95% CI:
0.84, 0.91), while each year of abacavir and tenofovir use was associated
with a 4% (OR= 1.04, 95% CI: 1.01, 1.08) and 7% (OR=1.07, 95% CI:
1.03, 1.12) increased odds of having a higher BMI category, respectively
(data not shown). Having lower HIV RNA levels, higher CD4 cell
count, and absence of history of AIDS were all associated with greater
odds of a higher BMI category. Being a white woman, current smoker,
user of either marijuana or any hard drugs, having greater depressive
symptomatology and being a college graduate were all associated
with a lower likelihood of attaining a higher BMI category. Sensitivity
analyses which included only person-visits with complete self-reported
adherence data (without any estimation of adherence) showed similar
results.

Discussion
The majority of HIV-infected women in this study were overweight
or obese prior to the initiation of HAART, yet BMI remained relatively
stable post-HAART initiation, with the majority of time post-HAART
initiation in the same BMI category as pre-HAART. Most women
did not progress past one BMI category higher than their initial preHAART BMI classification, although those in the highest weight
categories in particular were unlikely to lose substantial amounts of
weight. When examining specific ARV class, we found that while NRTI
exposure was associated with reduced odds of greater BMI, both PI
use and NNRTI use were associated with a greater likelihood of higher
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BMI. In particular, use of thymidine analogs was associated with a
reduced odds of higher BMI, which may be a result of direct effects of
these agents on adipose tissue; these agents may be leading to regional
fat loss, such as lipoatrophic changes occurring primarily in extremity
fat, and less associated with overall weight loss; alternatively their
effects on BMI may not be apparent when considering HAART use as
a whole as they may be counterbalanced by the effects of PI or NNRTI
use on BMI change. Moreover, women who discontinued all ARV at
their most recent visit were less likely to experience an increase in BMI,
suggesting that stopping HAART may have a short-term effect on BMI
change. We have not analyzed data on reasons for stopping individual
medications, so it is difficult to interpret this effect very precisely. Our
findings suggest that HAART initiation has only modest long-term
effects on BMI change.
Published studies on the relationship between weight and HAART
use have reported either modest changes in weight with HAART use,
or found no association between HAART use and weight. In a crosssectional study conducted in an urban population, no relationship
was found between those who were ARV naïve, currently on HAART,
or currently on PIs and BMI, although NRTI use was not specifically
examined [4]. Likewise, a retrospective study of male members of
the military did not find a relationship between current HAART use,
duration of HAART or PI use, or current use of specific antiretrovirals
and obesity [11]. Short-term studies of weight change and HAART
initiation conducted in predominantly male subjects in the early
HAART era have shown modest weight gain immediately following
HAART initiation among antiretroviral naïve subjects, followed by
either stabilization over time or a return to baseline levels [13-15];
however decreases or no changes in weight were seen in antiretroviralexperienced subjects [15]. Tate et al. reported rapid weight gain in
the first six months of HAART among previously naïve Southern U.S.
patients which was sustained at 24 months, with greater increases in
BMI observed in those with regimens containing boosted PIs [16]. Our
data are consistent with the findings of Justman et al., who found that in
the WIHS cohort between 1999 and 2004, waist and hip circumference
and BMI did not significantly change among HIV-infected women,
48% of whom were on HAART [24]. Most similar to our findings,
in a longitudinal study of early diagnosed HIV conducted in a
predominantly male, military cohort, 62% of patients gained weight
after HIV diagnosis, however the amount of weight gain was modest,
such that among those who gained weight, mean BMI increase was
2.3 kg/m2 [12]. In that study, longer cumulative NRTI exposure (most
notably thymidine analogs as well as didanosine and zalcitabine) were
associated with smaller increase in weight gain; NNRTIs and PIs were
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associated with greater increases in weight gain per year of exposure.
When restricting analyses to those diagnosed with HIV in the HAART
era and initiating HAART, NRTIs had a trend towards less weight gain;
neither NNRTIs nor PIs were associated with weight gain [12].
In our study, measures of reduced HIV disease severity such as
higher CD4 count, lower HIV RNA levels, and lack of an AIDS defining
illness were associated with an increase dodds of being in a higher
BMI category. These findings are consistent with other published data
showing associations between higher BMI and greater CD4 cell counts
and CD4 nadir, as well as reduced HIV disease progression in studies
conducted early in the HIV epidemic [3,4,11,12,25-27]. Unsurprisingly,
others have observed greater short-term increases in BMI among those
with low CD4 counts [16,27]. While weight gain might be expected
in the short-term period after HAART initiation as part of a return to
health phenomenon, particularly in those with advanced disease, weight
gain over extended time periods appears more likely to occur in those
with less severe markers of HIV disease. Because our study included
up to 15 years of prospective data on BMI, measures of HIV disease
severity, and detailed information on use of antiretroviral therapy, we
are able to more clearly understand the temporal relationships between
weight gain and use of HAART, not only with initiation of HAART,
but also with continuation of long-term, stable antiretroviral therapy.
Our findings that women with well-controlled HIV are more likely to
have a higher BMI category than those with advanced markers of HIV
disease suggest that this weight gain may reflect factors unrelated to
HIV disease, which might include poor diet, lack of physical activity,
or genetic factors, although we were unable to measure those potential
contributors in this study.
Wasting, which was commonly experienced by people living with
HIV early in the epidemic is now very infrequent, and in our study
less than 2% of women were underweight, whereas the majority were
overweight or obese, including 5% who were morbidly obese [11,28,29].
As obesity has become a common experience in the general population,
the identification, evaluation, and treatment of overweight and obesity
should be incorporated as a routine part of primary care, regardless of
HIV status. A recent systematic review and meta-analysis by Flegal et al.
found that when compared with those of normal weight in the general
U.S. population of men and women, obesity or morbid obesity (but
not overweight) was associated with higher all-cause mortality [30].
Studies conducted among HIV-infected populations earlier in the HIV
epidemic have suggested a protective effect of overweight on mortality,
however it is unclear whether the effect extends into the current era
of potent antiretroviral therapy [26,27,31]. Moreover, overweight and
obesity are associated with hypertension, dyslipidemia, cardiovascular
disease, and insulin resistance, conditions which are particularly
common in HIV-infected persons, and in the general population weight
loss is recommended for those with BMI >25 to lower blood pressure
in those with hypertension, lower blood glucose in those with type 2
diabetes, and lower elevated levels of total cholesterol, LDL-cholesterol,
and triglycerides, and raise low levels of HDL-cholesterol in those with
dyslipidemia [32-34]. Targeted weight control efforts are warranted to
reduce co-morbidities associated with both obesity and chronic HIV
infection, particularly as these individuals advance in age.
Our study had several limitations. Because our cohort included
only women with HIV infection, results may not be generalizable to
HIV-infected men, as weight change and degrees of change on ART
may differ between men and women. Because our focus was on overall
BMI change associated with HAART use, we did not evaluate changes in
body fat distribution associated with HAART. As with all observational
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studies, our findings are subject to possible unmeasured confounding.
We were unable to measure the potential contributions of diet or lack
of physical activity to weight gain because data were not collected on
these characteristics over time in the WIHS cohort. Finally, the design
of this cohort study, with study visits conducted every six months, only
allows us to coarsely define exposure times to ARV classes and specific
medications within a class.
In conclusion, long-term HAART use itself does not appear to
significantly increase the risk of overweight and obesity in women with
HIV-infection. However, reducing the impact of overweight and obesity
should be encouraged among minority women with HIV in order to
mitigate their risks for obesity-related health consequences as they age.
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