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Abstract

We previously demonstrated that HIV infection is associated with peripheral and central
lipoatrophy in women. We now describe the association of specific antiretroviral drugs (ARV)
with body fat changes over a four-year period from 1999 to 2003. 775 HIV-positive and 205 HIV-
negative women in the Women’s Interagency HIV Study with anthropometric measurements,
weight, bioelectric impedance analysis and ARV collected semiannually were included in
analysis. Exposure to ARV was defined as report of use for 3 consecutive semiannual study visits.
The average 6-month change in weight, percent total body fat, and circumference measurements
(i.e., hip, waist, chest, arm, and thigh) was compared between those exposed and those unexposed
to the specific ARV for any of the same three consecutive visits. Weight, percent total body fat,
and hip, waist, thigh, chest, and arm circumferences decreased in HIV-positive women, but
increased in HIV-negative women on average for every six-month interval over the 4-year study
period. Among the HIV-positive women, didanosine was the only ARV associated with decreases
in circumference measures in the hip (—0.65 cm, 95% confidence interval [CI]: —1.18, —0.12),
waist (—0.71 cm, 95% CI: —1.37, —0.04), chest (—0.71 cm, 95% CI: —1.17, —0.26), and arm
(—0.23 cm, 95% CI: —0.48, 0.03; p = 0.08). These prospective data suggest that fat loss continues
to predominate in HIV-positive women and exposure to didanosine for at least 12 months may
further worsen fat loss.

INTRODUCTION

Since the first descriptions of an HIVV-protease inhibitor (Pl)-associated syndrome of
lipodystrophy (defined as the presence of peripheral fat loss and central fat gain),!
subsequent studies have found an association between other classes of antiretroviral (ARV)
drugs, specific ARV drugs,2=9 particularly stavudine,23:5-9 but also lamivudine,10.11
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abacavir,2 nevirapine,® and indinavir,39 and fat changes. An understanding of the
association between individual ARV drugs and body fat changes is important, because these
fat changes can be stigmatizing, particularly when involving fat loss in the facel213 and
have been associated with decreased quality of lifel4 and decreased ARV adherence.1®
Treatment options including antiretroviral switch strategies as well as surgical implants and
injectables to correct fat loss are being explored.16 However, these treatment options have
been limited by incomplete recovery of fat loss several years after discontinuation of
stavudinel’ or are not long lasting as in the case of injectables.18 Factors other than
antiretroviral drugs including CD4 nadir, older age, and HIV infection itself have also been
implicated.49:19.20

The varying definitions used to describe the syndrome in different studies may partly
explain the differences in the factors, particularly antiretroviral drug therapies, associated
with fat changes. The assessment method to define body fat changes also varies and may be
subject to bias. Some studies have used only self-report#21-23 or only examination® to
define body fat changes, but self-report confirmed by examination has generally been used

in most large HIV cohort studies.324-28 A few studies have also used direct measurement of
fat 569,27

Most of these studies have included only HIV-infected men. Some have suggested that the
fat changes seen in HIV-infected women may be different from those in men?8; the effect of
the ARV drugs on fat change in women remains unclear. One small cross-sectional study
found that exposure to lamivudine was associated with lipodystrophy.19 In that study,
lipodystrophy was defined as having both peripheral lipoatrophy and central
lipohypertrophy using participant self-report confirmed by examination. Another small
cross-sectional study in HIV-infected women found that stavudine was associated with less
leg fat but not trunk fat when fat was directly measured using dual x-ray energy
absorptiometry (DEXA) scans.?? These data suggest that the factors associated with fat loss
should be studied separately from the factors associated with fat gain.

Furthermore, a cross-sectional study in HIV-infected men compared to controls
demonstrated that regardless of the presence or absence of clinical peripheral lipoatrophy
defined as self-report confirmed by examination, HIV-infected men had less subcutaneous
fat in the trunk and limb (as measured by magnetic resonance imaging) than controls.? The
findings from that study suggest that fat changes should be studied using continuous
measures of regional fat.

We therefore used data from a large prospective cohort of women with, and at risk for, HIV,
to investigate the association of individual antiretroviral drugs with regional body fat
changes over a 4—year period using anthropometry rather than a dichotomous outcome of
lipodystrophy.

MATERIALS AND METHODS
Study population

The Women’s Interagency HIV Study (WIHS) is an ongoing multicenter prospective cohort
study of the history of HIV-1 infection in U.S. women with and at risk for HIV. The WIHS
design and baseline characteristics have been described previously.3%:31 Informed consent
was obtained from the participants in accordance with procedures and consent materials
reviewed and approved by the committee on human experimentation at each of the
collaborating institutions.
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Of the 2628 women (2059 HIV-infected and 569 HIV-uninfected) enrolled in WIHS
between October 1994 and November 1995, 1710 had their first anthropometric
measurements taken at or after the tenth semiannual study visit starting on April 1999
(henceforth called the index visit). All participants from the two New York sites (631) were
excluded from analyses, because anthropometry measurements were not consistently
collected throughout the follow-up period at these two sites, leaving a total of 1079 women.
At the four participating sites, anthropometry measurements were performed on average in
more than 80% of the women. Of the 1079 women, 99 were excluded from the present study
because of: (1) pregnancy in the prior 2 years (n = 13), (2) report of an AIDS-defining
illness at the study visit (which could also cause body fat changes) (n = 59), and (3) reported
steroid or growth hormone use (n = 27), leaving a sample of 980 participants, of whom 775
were HIV-infected and 205 were HIV-uninfected.

Study measurements

At each semiannual WIHS visit, participants were examined and interviewed using a
standard protocol including questions regarding each ARV medication they had taken since
their prior study visit and whether they were still taking each medication. Anthropometry
measurements, including circumferences of the upper arm, chest, waist, hip and thigh
regions were performed by trained clinicians, who completed a standardized training and
certification program conducted by a single trainer prior to anthropometry data collection.
Clinicians are recertified every two years in anthropometry. Anthropometry measurements
were performed using the techniques described by the Third National Health and
Examination Survey procedures.32 Because breast hypertrophy has been reported in some
studies of HIV-infected women after starting effective ARV therapy, a chest circumference
is obtained in the WIHS to serve as a marker of breast size. Anthropometry measures of the
face are not performed in the WIHS, because a standardized measure of the face was not
available. Percent total body fat was determined by bioelectric impedance analysis (RJL
Systems, Detroit, MI) using the formulas of Kotler.33 Height was measured annually and
weight semiannually. Plasma HIV-1 RNA level and CD4 count were determined, and nadir
CD4 cell count calculated as the lowest CD4 available before the index visit. Clinical AIDS
was defined as a report of an AIDS defining illness at or before the index visit (and did not
include those with only a history of a CD4 less than 200 cells/mm?3 or CD4% less than
14%).

Statistical methods

Differences in characteristics measured at the index visit by HIV status were compared
using Wilcoxon rank test statistics for continuously distributed characteristics or 2 tests for
discrete characteristics.

Eleven ARV medications were studied: 5 nucleoside reverse transcriptase inhibitors (NRTI):
zidovudine (AZT), stavudine (D4T), didanosine (DDI), lamivudine (3TC), and abacavir
(ABC); 2 non-nucleoside reverse transcriptase inhibitors (NNRTI): efavirenz (EFV) and
nevirapine (NVP), and 4 PlIs: nelfinavir (NFV), indinavir (IDV), saquinavir (SQV), and
ritonavir (RTV). ARV drugs not studied due to small numbers of women exposed during the
study period included: zalcitabine, tenofovir, delavirdine, amprenavir, fosamprenavir,
lopinavir/ritonavir, and atazanavir.

Exposure to each of the 11 ARV medications was defined as a report of ARV use for 3
consecutive visits (or at least 12 months of exposure). The 6-month change in
anthropometry was determined over an 8-visit study interval from visit 10 to visit 18.
Because collection of anthropometry measurements began at visit 10, the earliest visit where
an ARV could be included in the 3 consecutive visit definition of exposure was at visit 8,
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which occurred from April 1998 through September 1998. The earliest 6-month change in
anthropometry measurements that was included in the outcome occurred from visit 10 to
visit 11. Because of the nature of our definition of exposure, a participant may or may not
have still been on the drug at visit 11. For participants not on the drug at visit 11, the
maximum time off the drug was just less than 6 months. For each sequential visit where the
3 consecutive visit definition of exposure for a particular ARV was met, the 6-month change
in anthropometric measurements was calculated and averaged over the 4—year time period
from visit 10 through 18 (which concluded in September 2003). The same participant may
have contributed to the average more than once, because of being either on the ARV
medication for more than 3 consecutive visits or stopping and then restarting the ARV
medication at some later time point. This group of participants was compared to those not
having taken the specific medication for any of the same 3 consecutive visits. To enhance
contrasts, women who reported using the ARV for 1 or 2 visits in the 3-visit window were
excluded from comparisons.

Six-month changes in body weight, percent total body fat, and circumference measurements
(over the 9 semiannual study visits from visit 10 to visit 18) were analyzed using a
generalized linear model with robust variance estimates to account for repeated
measurements.34 Average changes were calculated by HIV status, and among the HIV-
infected women, by exposure to each of the 11 ARV drugs. Factors potentially associated
with fat distribution changes were adjusted for including age, nadir CD4, current smoking
status, and moderate or high alcohol use (defined as more than 3 drinks per week). Analyses
were also performed adjusting for current CD4, and results did not change. Analyses were
conducted using SAS version 8.2 (SAS Institute, Cary NC).

Baseline characteristics of the 775 HIV-infected and 205 HIV-uninfected women included
in this analysis are shown in Table 1. HIV-infected women weighed less than HIV-
uninfected women and had lower percent total body fat. Arm, hip, and thigh circumference
measurements were also smaller for HIV-infected than for HIV-uninfected women. Among
HIV-infected women, 70% reported ARV use and 55% were on HAART. The body
composition characteristics between HIV-infected women on HAART and those not on
HAART, as well as between HIV-infected women on any ARV and those not on ARV at the
index visit were similar (data not shown). Two thirds of those who were not on an ARV at
the index visit started therapy during the study period.

Average 6-month changes in weight, percent total body fat, and circumferences are shown in
Table 2. HIV-infected women demonstrated decreases on average in weight and percent
total body fat, while HIV-uninfected women showed increases. Circumference measures
showed similar patterns of decrease in HIV-infected and gain in HIVV-uninfected women.
Similar results were observed when circumference measures were expressed as the percent
of the baseline circumference measure for each regional site in HIV-infected and uninfected
women (data not shown).

NRTIs were the drug class participants most reported taking with 3TC reported in 45% of
the 1852 person-visits, D4T in 24% of 1087 person-visits, AZT in 19% of 892 person-visits,
ABC in 7% of 378 person-visits and DDI in 6% of 314 person-visits. The percentage of
women using D4T halved during the study period. The percentage of person-visits with
reported use of an individual NNRTI and an individual PI on three consecutive visits ranged
from 7% to 9% for NNRTI and 5% to 10% for PI.
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Figure 1 shows the estimate for the average 6-month change in weight and percent body fat,
and the 95% confidence intervals (95% CI) for HIV-uninfected versus HIV-infected women,
and for HIV-infected women reporting exposure to each of the 11 ARV medications on 3
consecutive visits versus those not taking the specific ARV in any of the same 3 visits.

Participants taking DDI for 3 consecutive visits showed a significant reduction on weight
(—0.63 kg; 95% CI: —1.10, —0.16; p = 0.01) and on percent body fat (—0.59%; 95% CI:
—1.14, —0.04; p = 0.03). Participants taking ABC for 3 consecutive visits showed a
significant reduction on weight only (—0.48 kg; 95% CI: —0.89, —0.08; p = 0.02) and
participants taking SQV showed a significant reduction in percent body fat only (—0.39%,
95% CI: —0.74, —0.03; p = 0.04).

When the average 6-month change in circumference measurements were compared between
those on an ARV drug and those not on the ARV drug for 3 consecutive visits, a difference
was observed only for DDI. Figure 2 shows the estimate for the average 6-month change in
regional circumference measures, and the 95% CI for HIV-infected women exposed to DDI
on 3 consecutive visits versus those not taking DDI in any of the same 3 visits. HIV-infected
women exposed to DDI demonstrated a significant average 6 month reduction in the hip,
waist, and chest. A reduction was also observed in the arm although not statistically
significant. There was no difference observed for the thigh. Similar findings were observed
when women not taking any ARV for 3 consecutive visits were excluded from the
unexposed group.

Because DDI is often used in conjunction with D4T, we analyzed the association of DDI
and DAT use in body composition at baseline and during the study period. At the index visit
in 1999, approximately 75% of women exposed to DDI for at least 3 consecutive visits,
were also on DAT and approximately one third of women not exposed to DDI for at least 3
consecutive visits, were on DAT. During the study period from 1999 to 2003, a combination
of DAT and DDI was reported in 55% of the 314 person-visits in which participants reported
taking DDI on 3 consecutive visits. Among the 1087 person-visits where participants
reported taking DAT on 3 consecutive visits, the combination of DAT and DDI was reported
in only 16% of those person-visits.

At the index visit in 1999, there was no difference in the body composition characteristics
between women exposed to DDI and those not exposed to DDI for 3 consecutive visits,
including weight (67 kg versus 68 kg, respectively p = 0.56) and percent body fat (37%
versus 39%, respectively, p = 0.23). However, the body composition characteristics were
different between women on DAT and those not on DAT for 3 consecutive visits. DAT users
had lower weight (66 kg versus 70 kg, p = 0.01), percent body fat (36% versus 40%, p <
0.01), and decreased arm (28 cm versus 29 cm, p = 0.03), hip (93 cm versus 98 cm, p <
0.01), and thigh circumferences (47 cm versus 50 cm, p < 0.01). During the 4-year study
period, the average 6-month decrease in weight and percent body fat in women on a
combination of DAT and DDI for 3 consecutive visits appeared greater than women on D4T
without DDI, although not statistically different (data not shown).

When exploring the effect of at least 12 months of exposure to the other individual ARV
medications on circumference measures, a significant 6-month average increase in the arms
was observed in women exposed to D4T (0.20 cm increase, 95% CI: 0.07, 0.35; p < 0.01)
and to NFV (0.18 cm increase, 95% CI: 0.03, 0.39; p = 0.04). No other significant
differences were noted for circumference measures in patients on the other ARV
medications.
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DISCUSSION

Our findings show that over a 4-year time period, HIV-infected women in our cohort
demonstrate on average a loss of weight and total percent body fat, while HIV-uninfected
women on average demonstrate a gain of weight and total percent body fat. These results are
consistent with previous published findings from our cohort after 2.5 years of assessment3°:
and suggest ongoing loss of weight and percent total body fat in HIV-infected women.
However, the average 6-month decreases in weight and body fat in HIV-infected women
during the study period were minimal compared to the large gains in weight and body fat in
HIV-uninfected women, which might be expected with aging.

Using anthropometry, we find decreases in circumference measures at both peripheral body
sites (arm, thigh, hip) and central body sites (chest, waist) in HIV-infected women, and
increases in peripheral and central sites in HIV-uninfected women. Our findings are contrary
to studies that suggest that lipohypertrophy predominates in HIV-infected women10.28.36.37
and highlight the importance of including an HIV-uninfected comparison group and using a
continuous measure of regional body fat (instead of self-report and/or clinical exam of fat
change).

We found evidence that the fat loss that appears to occur as a result of HIV infection in our
women may be further worsened by the use of didanosine for at least 12 months. Didanosine
was the only ARV consistently associated with fat loss when compared to those not on
didanosine for the same time period. Our findings differ from other studies, which have been
mainly in men. Most studies that have used direct measures of fat have found an association
primarily between stavudine and fat loss®6:9:27.29; one study also found an association
between indinavir and fat loss.? Some have suggested that the combination of didanosine
and stavudine is particularly associated with fat loss.6-38 Given that stavudine and
didanosine share several common adverse effects including pancreatitis, peripheral
neuropathy, and the syndrome of lactic acidosis and steatosis, it is plausible that didanosine
may also be associated with fat loss. In our cohort, we found that participants who took
didanosine for 3 consecutive visits were also on stavudine more than half the time.
However, use of stavudine and the other ARV drugs studied separately was not statistically
associated with decreases in measures of body fat.

There may be two possible reasons for the lack of an effect of stavudine in our cohort. First,
significant amounts of fat loss as a result of stavudine use may have occurred prior to the
start of our study. We found that women, who were exposed to stavudine in 1999 when
circumference measurements were first performed in our cohort, already had lower arm, hip,
and thigh circumferences than those not exposed to stavudine. Second, use of stavudine in
our cohort peaked in 1998 and declined to half the peak level during the study period.

A primary limitation of our study is that we did not use direct measures of fat such as DXA
and magnetic resonance imaging (MRI). Anthropometry however provides a continuous
measure of fat change and is less subjective than self-report and clinical exam, which has
generally been used in large cohort studies to describe lipodystrophy. To minimize
variability in anthropometric measurements in our cohort, all clinicians performing
anthropometry in the WIHS were trained and certified with re-certification performed every
2 years. Anthropometry provides a more cost effective tool than the other imaging
modalities in the measurement of fat changes over time and in relation to starting and
switching antiretroviral therapies. We did not adjust for multiple comparisons in these
analyses, and so some of the effects observed could be attributed to chance. However, we do
not believe our observation of an association between didanosine and fat loss was caused by
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chance because didanosine was the only drug that showed an effect in nearly every body site
and measurement.

In conclusion, our findings suggest that fat loss in HIV-infected women predominates when
compared to HIV-uninfected women. Exposure to the nucleoside analog didanosine for at
least 12 months compared to those not on didanosine for a similar time period appears to
further worsen fat loss in our cohort of women during a 4-year time period. While our
results regarding didanosine are intriguing, one should temper the present findings with the
possibilities that the results are a chance finding or that there remains uncontrolled
confounding. To ameliorate these concerns independent studies are needed.
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Estimate for the average 6—month change in weight and percent body fat, and the 95%
confidence intervals (95% CI) for HIV-infected versus HIV-uninfected women; and for
HIV-infected women exposed and unexposed to each specific antiretroviral (ARV)
medication, in three consecutive visits. The effect of the comparison (on kg and %,
respectively), and the p values for these effects are shown to the right of each comparison

group.
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Estimate for the average 6—month change in regional body circumference, and the 95%
confidence intervals (95% CI) for HIV-infected exposed and unexposed to DDI, in three
consecutive visits. The effect of the comparison (cm), and the p values for these effects are

shown to the right of each comparison group.
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Table 1
Characteristics of Nine Hundred Eighty Women at the Index Visit, Between April and October 1999

Characteristic® HIV-infected n = 775P  HIV-uninfected n =205  p¢
Race, n (%):d 0.07

Black 457 (59%) 118 (58%)

Hispanic 147 (19%) 52 (25%)

White 171 (22%) 35 (17%)
Age, years 41 (36, 46) 39 (34, 44) <0.01
Height, cm 163 (157, 168) 163 (157, 168) 0.09
Weight, kg 68 (59, 81) 76 (61, 90) <0.01
Body fat, % 38 (32, 45) 42 (34, 48) <0.01
Upper arm, cm 29 (26, 32) 30 (27, 34) 0.02
Chest, cm 92 (86, 99) 93 (84, 101) 0.54
Waist, cm 89 (80, 99) 91 (79, 102) 0.37
Hip, cm 97 (90, 106) 104 (94, 113) <0.01
Thigh, cm 50 (45, 55) 52 (47, 59) <0.01
Nadir CD4 cell count, cells/mm3 243 (128, 385) 798 (601, 978) <0.01
HIV-1 RNA, copies/mL 1400 (80, 16000) NA
Clinical AIDS, n (%) 360 (46%) NA
ARV use at index visit, n (%) 514 (70%) NA
HAART® use at index visit, n (%) 402 (55%) NA

a . .. . .
Median (interquartile range), unless noted otherwise.

bNumber missing body composition data for HIV-infected (height = 45, weight = 63, body fat and fat free mass = 213, arms = 263, chest = 259,
waist = 256, hip = 259, thigh = 257, HIV-1 RNA = 37, any ART and HAART use = 45) and HIV-negative (height = 16, weight = 19, body fat and
fat free mass = 63, arms = 69, chest = 67, waist = 69, hip = 69, thigh = 67).

c . .
p value from Wilcoxon 0I’;{2 test, as appropriate.
d_ . ! . . .
Thirty-three women reporting other racial groups were combined with black.
e . ] . . . A . A .
HAART is defined as taking: (a) two or more nucleoside reverse transcriptase inhibitors (NRTIs) in combination with at least one protease
inhibitor (PI) or one non-nucleoside reverse transcriptase inhibitor ONNRTI); (b) one NRTI in combination with at least one PI and at least one

NNRTI; (c) a regimen containing ritonavir and saquinavir in combination with one NRTI and no NNRTISs; or (d) an abacavir-containing regimen of
three or more NRTIs in the absence of both Pls and NNRTIs.

NA, not available; ART, antiretroviral therapy; HAART, highly active antiretroviral therapy.
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