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Background. Existing data on anthropomorphic changes in resource-limited settings primarily come from ob-
servational or cross-sectional studies. Data from randomized clinical trials are needed to inform treatment decisions
in these areas of the world.

Methods. The AIDS Clinical Trials Group Prospective Evaluation of Antiretrovirals in Resource-Limited Set-
tings (PEARLS) study was a prospective, randomized evaluation of the efficacy of emtricitabine/tenofovir + efavirenz
(FTC/TDF + EFV) vs lamivudine/zidovudine + efavirenz (3TC/ZDV + EFV) for the initial treatment of human im-
munodeficiency virus (HIV)-1-infected individuals from resource-diverse settings. Changes in anthropomorphic
measures were analyzed using mixed-effect models for repeated measurements, using all available measurements
at weeks 48, 96, and 144. Intent-to-treat results are presented; as-treated results were similar.

Results.  Five hundred twenty-six participants were randomized to FTC/TDF + EFV, and 519 participants were
randomized to 3TC/ZDV + EFV. Significantly greater increases from baseline to week 144 were seen among those ran-
domized to FTC/TDEF + EFV vs 3TC/ZDV + EFV in all measures except waist-to-hip ratio, with the following mean
changes: weight, 4.8 vs 3.0 kg; body mass index, 1.8 vs 1.1 kg/m* mid-arm, 1.7 vs 0.7 cm; waist, 5.2 vs 4.3 cm; hip, 3.8 vs
1.4 cm; and mid-thigh circumference, 3.1 vs 0.9 cm. There were 7 clinical diagnoses of lipoatrophy in the 3TC/ZDV -
+EFV arm compared with none in the FTC/TDF + EFV arm. The proportion of overweight or obese participants in-
creased from 25% (week 0) to 42% (week 144) for FTC/TDF + EFV and from 26% to 38% for 3TC/ZDV + EFV.

Conclusions. Our findings support first-line use of FTC/TDF + EFV in resource-limited settings and emphasize
the need for interventions to limit weight gain among overweight or obese HIV-infected participants in all settings.
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The 2013 World Health Organization (WHO) guide-
lines recommend an initial antiretroviral regimen of
once-daily tenofovir (TDF) with lamivudine (3TC) or
emtricitabine (FTC) plus efavirenz (EFV) because of
high efficacy and fewer side effects compared with zido-
vudine (ZDV)-containing regimens [1]. Despite these
recommendations, 13 of 58 (22%) low- or medium-
income focus countries have not adopted TDF + 3TC
(or FTC) + EFV as the preferred first-line antiretroviral
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regimen and ZDV- or stavudine (d4T)-containing regimens are
still used [2].

Changes in anthropomorphic measures occur with antiretro-
viral therapy (ART), including loss of subcutaneous fat (lipoa-
trophy) and an accumulation of central fat (lipohypertrophy)
[3,4]. In a randomized clinical trial conducted in high-income
countries with a majority of male participants, a regimen of
TDF + FTC + EFV had more favorable effects on subcutaneous
fat compared with a regimen of ZDV/3TC + EFV[5-7]. Anthro-
pomorphic changes in resource-limited settings could differ
from what has been observed in resource-rich settings because
of differences in race and gender, access to care, physical activ-
ity, and diet. Existing data on anthropomorphic changes in re-
source-limited settings primarily come from observational
studies or studies of d4T [8-13], and additional data from ran-
domized clinical trials are needed to inform treatment decisions
in these areas of the world. The goal of the current study was to
investigate the effect of randomly assigned treatment with co-
formulated FTC/TDF + EFV versus coformulated 3TC/ZDV +
EFV on anthropomorphic changes in a multinational clinical
trial; these 2 regimens had similar effects on a composite out-
come of virologic failure, disease progression, or death [14].

METHODS

The AIDS Clinical Trials Group (ACTG) Prospective Evalua-
tion of Antiretrovirals in Resource-Limited Settings (PEARLS;
ClinicalTrials.gov NCT00084136) study was a phase IV, pro-
spective, randomized, open-label evaluation of the efficacy of
once-daily protease inhibitor and once-daily nonnucleoside re-
verse-transcriptase inhibitor antiretroviral combinations for the
initial treatment of human immunodeficiency virus (HIV)-
1-infected individuals from 9 countries: Brazil, Haiti, India,
Malawi, Peru, South Africa, Thailand, United States, and
Zimbabwe. Details and primary outcomes of this study have
been previously reported [14]. Enrollment occurred between
May 2005 and July 2007, and participants were observed to
April or May 2010. The participants were >18 years old, had
documented HIV-1 infection, had received no more than 7
days of cumulative prior ART (prior use of single-dose nevira-
pine or ZDV for any duration to prevent mother-to-child
transmission of HIV was allowed), and had a CD4 cell count
<300 cells/uL within 90 days prior to entry into the study.
The results presented here are for a prespecified secondary
objective concerning the difference in changes in anthropomet-
ric measures after starting 3TC/ZDV + EFV versus FTC/TDF -
+EFV. The Data and Safety Monitoring Board recommended
stopping treatment early with a third regimen (didanosine-EC +
FTC + atazanavir) due to inferiority; these participants are not
included here. Anthropometric measurements including weight
and mid-arm, mid-thigh, waist, and hip circumferences were
evaluated at entry (immediately before starting ART) and at

weeks 48, 96, and 144 (within +6 weeks); height was measured
at entry only. Body circumferences were measured using a stan-
dard protocol including 3 measurements at each visit; the me-
dian of the measurements was used in analyses. Body mass
index (BMI) was categorized as underweight (<18.5 kg/mz),
normal weight (18.5-24.9 kg/m?), and overweight or obese
(=25 kg/mz) [15]. Waist circumference >94 cm for males or
>80 cm for females and waist-to-hip ratio (WHR) >0.90 for
males and > 0.85 for females were considered “high-risk” mark-
ers of metabolic complications by WHO standards [15]. Lipoa-
trophy was first noted by a physician, with fat changes
confirmed by the study participant.

Written informed consent was obtained from all participants,
and the human experimentation guidelines of the US Depart-
ment of Health and Human Services were followed. The
study was approved by local Ethics Committees at each partic-
ipating institution.

Changes in anthropomorphic measures were analyzed using
mixed-effect models for repeated measurements, ignoring any
change in ART and using all available measurements at weeks
48, 96, and 144. Additional as-treated analyses were conducted
with similar results. Analyses of whether the difference between
treatments varied by sex or by baseline BMI category were con-
ducted by including subgroup by treatment interaction terms in
the models. A P value of <.05 was considered statistically signif-
icant. No adjustment was made for multiple comparisons.

RESULTS

One thousand forty-five subjects were randomized to receive
FTC/TDF + EFV (n=526) or 3TC/ZDV + EFV (n=519). At
entry, median age was 34 years, and 46% of participants were
female (Table 1). Median CD4 count and HIV-1 RNA were
167 cells/pL and 5.0 log;o copies/mL, respectively. At entry,
9% of participants were underweight and 26% were overweight
or obese; 22% had high-risk waist circumferences and 38% had
high-risk WHR. Weight measurements were available for 973,
941, and 902 subjects at weeks 48, 96, and 144, respectively. Dif-
ferences in the BMI categories by country are shown in Table 2.
Thirty-five subjects died, 106 were lost to follow-up before week
144, and 2 were in follow-up at week 144 but did not have
weight measurements. A small number of subjects did not
have body circumference measurements at each visit (up to
8%), usually because of lack of time during the clinic visit.

All anthropomorphic measures increased significantly from
baseline to week 48, 96, and 144 in both study arms (Figure 1).
Significantly greater increases from baseline to week 144 were
seen among those randomized to FTC/TDF + EFV compared
with 3TC/ZDV + EFV in all measures except WHR, with the
following mean changes: weight, 4.8 vs 3.0 kg; BMI, 1.8 vs
1.1 kg/m?; mid-arm circumference, 1.7 vs 0.7 cm; waist circum-
ference, 5.2 vs 4.3 cm; hip circumference, 3.8 vs 1.4 cm; and
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Table 1. Baseline Characteristics of the Study Participants

Overall N = 1045

FTC/TDF + EFV N =526 3TC/ZDV + EFV N=519

Gender®
Male 562 (54)
Female 483 (46)
Age (years)® 34 (29-41)
Country?®
Brazil 155 (15)
Haiti 68 (7)
India 169 (16)
Malawi 147 (14)
Peru 86 (8)
South Africa 140 (13)
Thailand 67 (6)
United States 140 (13)
Zimbabwe 73 (7)
CD4* count (cells/pL)° 167 (89-228)
HIV-1 RNA (log;o copies/mL)° 5.0 (4.6-5.4)
AIDS diagnosis (current or prior)? 113 (11)
Weight (kg)® 62.9 (14.0)
BMI (kg/m?)®¢ 23.2 (4.4)
Underweight® 91 (9)
Normal® 680 (65)
Overweight or obese® 274 (26)
Mid-arm Circumference (cm)® 28.0 (4.0)
Mid-thigh Circumference (cm)© 47.9 (6.6)
Waist Circumference (cm)° 79.5(10.2)
High-risk circumference®® 222 (22)
Hip circumference (cm)®© 92.5(10.2)

(
Waist-to-Hip Ratio® 0.86 (0.08)
(

High-risk ratio®f 387 (38)

284 (54) 278 (54)

242 (46) 241 (46)

34 (29-41) 34 (29-40)
76 (14) 9(15)

33 (6) 5(7)

88 (17) 1(16)

73 (14) 4 (14)
44 (8) 2 (8)

70 (13) 0(13)

35 (7) 2 (6)

70 (13) 0(13)

37 (7) 6 (7)

162 (86-221) 169 (92-237)
5.0 (4.5-5.5) 5.0 (4.6-5.4)
55 (10) 58 (11)

62.3 (13.8) 63.4 (14.2)
23.0 (4.4) 23.4 (4.5)
54 (10) 7(7)
340 (65) 340 (66)
132 (25) 142 (27)
27.8 (4.0) 28.2 (4.0
47.5(6.3) 48.3 (6.8)
79.1 (10.3) 79.9 (10.1)
107 (21) 115 (23)
92.0 (10.0) 93.0 (10.3)
0.86 (0.07) 0.86 (0.08)
195 (38) 192 (38)

Abbreviations: AIDS, acquired immune deficiency syndrome; BMI, body mass index; EFV, efavirenz; FTC, emtricitabine; TDF, tenofovir; ZDV, zidovudine; 3TC,

lamivudine.

N (%).

© Median (25th and 75th percentile).
¢ Mean (standard deviation).

4 BMI categories: underweight (<18.5 kg/m?), normal (18.5-24.9 kg/m?), overweight or obese (>25.0 kg/m?).

© High-risk waist circumference defined as >94 cm for male or >80 cm for female.

f High-risk waist-to-hip ratio defined as >0.90 for male or >0.85 for female.

mid-thigh circumference, 3.1 vs 0.9 cm (Figure 1). Participants
in the FTC/TDF + EFV arm had significantly less gain in WHR
from baseline to week 144 than in the 3TC/ZDV + EFV arm
(WHR, 0.021 vs 0.029; Figure 1).

Among subjects observed to 144 weeks, the proportion of
overweight or obese participants increased from 25% (week 0)
to 42% (week 144) for FTC/TDF + EFV and from 26% to 38%
for 3TC/ZDV + EFV. Among participants with a normal or un-
derweight BMI at baseline, 25% in the FTC/TDF + EFV and
18% in the 3TC/ZDV + EFV arm became overweight or obese
by 144 weeks. Among participants with a normal baseline
waist circumference, 24% and 19% of FTC/TDF + EFV and

3TC/ZDV + EFV participants, respectively, developed a high-
risk waist circumference by week 144; 33% and 46% of FTC/
TDF + EFV and 3TC/ZDV + EFV participants, respectively, de-
veloped a high-risk WHR. There were no clinical diagnoses of
lipoatrophy in the FTC/TDF + EFV arm and 7 in the 3TC/
ZDV +EFV arm.

The difference in mean BMI change between treatment arms
did not vary significantly among baseline BMI categories (repeat-
ed measures interaction, P = .49). Overall, underweight partici-
pants showed increases in BMI by week 144 (mean 2.0 kg/m’
and 1.7 kg/m” for FTC/TDF + EFV and 3TC/ZDV + EFV, re-
spectively), as did overweight participants (1.8 and 0.6 kg/m?,
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Table 2. Frequency and Percentage of Underweight, Normal
Weight, and Overweight/Obese Participants at Baseline

BMI BMI BMI
Country <18.5 kg/m? 18.5-24.9 kg/m? >25 kg/m?
Brazil 9 (6%) 90 (568%) 56 (36%)
Haiti 12 (18%) 49 (72%) 7 (10%)
India 40 (24%) 109 (65%) 20 (12%)
Malawi 14 (10%) 112 (76 %) 21 (14%)
Peru 0(0) 62 (72%) 24 (28%)
South Africa 3(2%) 81 (68%) 56 (40%)
Thailand 7 (10%) 48 (72%) 12 (18%)
United States 3(2%) 71 (51%) 66 (47 %)
Zimbabwe 3 (4%) 58 (79%) 12 (16%)

Abbreviations: BMI, body mass index.

respectively), and participants with normal baseline BMI (1.8
and 1.3 kg/m?, respectively). The difference between treatments
in mean changes in waist circumference varied by sex (repeated
measures interaction, P =.038); men assigned to FTC/TDF +
EFV had a significantly greater increase in waist circumference
compared with men assigned to 3TC/ZDV + EFV, whereas the
mean change in women was similar for the 2 treatment arms.
No significant sex interactions were detected in other anthropo-
morphic measures. In addition, there was no significant evidence
that differences between treatments varied by country.

DISCUSSION

In this study, we present results from the first analysis of chang-
es in weight and anthropomorphic measures in a randomized,
controlled trial of ART initiation in resource-diverse settings.
Similar to findings in resource-rich settings [5-7], FTC/TDF +
EFV and 3TC/ZDV + EFV were both associated with mean
gains in body weight, likely representing a return-to-health.
Furthermore, assignment to FTC/TDF + EFV produced signifi-
cantly greater mean gains in weight, BMI, and waist, hip, mid-
arm, and mid-thigh circumference compared with 3TC/ZDV -
+ EFV. A greater waist circumference increase was found among
men assigned to FTC/TDF + EFV compared with 3TC/ZDV -
+ EFV. Although this result is intriguing, we are uncertain
whether a biologic mechanism exists that might explain this
finding (and the lack of a difference between men and women
for other anthropomorphic outcomes).

All clinical diagnoses of lipoatrophy were in the 3TC/ZDV +
EFV arm, and the minimal mean increase in mid-arm or mid-
thigh circumference in this arm by week 144 suggests the
presence of additional subclinical lipoatrophy, as has been pre-
viously shown (5, 16). The AIDS Clinical Trials Group Study
A5142 demonstrated that 96 weeks of EFV and TDF combined
with 3TC or FTC resulted in smaller losses in extremity fat (by

dual-energy x-ray absorptiometry [DEXA]) than EFV and ei-
ther ZDV or d4T with 3TC or FTC [16]. Likewise, in Gilead
934, where a subset of participants also had DXA (N = 86),
the FTC/TDF + EFV arm had significantly greater gain in
limb fat compared with the 3TC/ZDV + EFV arm after 144
weeks [5]. The greater gain in mean WHR among those ran-
domized to 3TC/ZDV + EFV in the present study may repre-
sent a smaller gain of subcutaneous fat in the hips with a
proportionately greater accumulation of visceral fat in the
waist, although this is speculation without a computed tomog-
raphy (CT) image to verify the fat location. The anthropomor-
phic changes observed here are consistent with both lipoatrophy
and lipohypertrophy and are associated with adverse metabolic
effects including heightened cardiovascular risk beyond that
observed with obesity alone [17-19]. Furthermore, both smaller
limb and larger waist circumference have been associated with
increased mortality among persons infected with HIV [20].
Another notable finding of our study is the large proportion
of participants who were overweight or obese within both study
arms. Worldwide, more than 35% of adults are overweight and
more than 11% are obese, with many resource-limited countries
experiencing the burden of both obesity and undernutrition si-
multaneously [21]. Although it is traditionally considered a dis-
ease of wasting, persons with HIV are also experiencing an
increasing prevalence of obesity with up to 65% of HIV-infected
persons in the United States overweight or obese [22-27]. Over
one quarter of participants in our study were overweight or
obese at entry, even with a median CD4 count <200 and 11%
with a current or prior acquired immune deficiency syndrome
(AIDS) diagnosis; approximately 40% of participants were over-
weight or obese by week 144. These findings are consistent with
prior observational studies on anthropomorphic changes in
some resource-limited settings [28]. A retrospective study of
HIV-infected participants in Brazil demonstrated an increase
in the percentage of overweight or obese persons from 36% to
44% over a period of 1-7 years [29]. Among South African
HIV-infected participants initiating ART, the proportion of
overweight or obese participants increased from 33% to 58%
at 12 months [30]. It is interesting to note that, although the
self-perception of a central fat gain has been associated with
ART nonadherence in HIV-infected US women [31], weight
gain was viewed favorably in a South African cohort as a marker
of prosperity and good health [28, 30]. Persistent discrimination
against persons infected with HIV and a strong cultural belief
that underweight body type is associated with HIV may drive
obesity among individuals infected with HIV, whereas inten-
tional obesity limits the stigma associated with HIV. Indeed,
among women in South Africa, 70% of women associated an
underweight body type with HIV/AIDS, whereas none of the
women associated an overweight body type with HIV/AIDS
[32]. Given that a large study of body composition and HIV
in the United States demonstrated that increased central fat
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Figure 1.
analyses across all study weeks, and bars are 95% confidence intervals.

Mean changes in anthropomorphic measures by randomized treatment from week 0 to week 144. P values represent repeated measures

was associated with greater 5-year mortality [20], the impor-
tance of obesity prevention and treatment in resource-limited
settings should be emphasized in treatment guidelines. Research
on interventions to limit weight gain among overweight or
obese HIV-infected persons initiating ART in diverse settings
is needed.

The main strength of our study is the randomized assignment
of ART, permitting a direct comparison of the 2 regimens

without the bias of regimen availability, provider choice, or per-
sonal preference. Randomization resulted in similar demo-
graphics between treatment arms [14] and, therefore, limited
residual confounding. The choice of 2 ART regimens that are
commonly used in resource-limited settings together with the
diversity of our study population, including geographic, sex,
race or ethnicity, socioeconomic, and nutritional variation,
adds to the generalizability of our findings. It is important to
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note that the entry criteria for our clinical trial could have re-
sulted in enrollment of a study population that is not represen-
tative of all HIV-infected persons in resource-limited settings,
and it may have excluded participants with fewer resources
and greater food insecurity. Participants may have been health-
ier or judged likely to be more compliant with therapy than
HIV-infected individuals who did not enroll. At the time our
study was conducted, we were unable to obtain imaging by
DEXA or CT imaging for visceral fat at most of the study
sites, thus our findings are based on anthropomorphic measure-
ments. Prior studies have demonstrated the usefulness of an-
thropomorphic measurements in the clinical diagnosis of
lipoatrophy or lipohypertrophy [33-35]. Waist circumference
or WHR performed similarly to magnetic resonance imaging-
measured regional adipose tissue in predicting metabolic syn-
drome among both HIV-infected and -uninfected persons
[36]; however, these associations can vary by race or ethnicity
and gender [15]. Physical activity and diet were not collected
and therefore could not be incorporated into this analysis.

CONCLUSIONS

In summary, initiation of ART with FTC/TDF + EFV was
associated with greater gains in nearly all anthropomorphic
measures compared with 3TC/ZDV + EFV. The significantly
greater gain in WHR and minimal increase in mid-arm and
mid-thigh circumference in the 3TC/ZDV + EFV arm provides
evidence that anthropomorphic changes previously demon-
strated in studies conducted in the United States and European
countries [5] also occur in more globally diverse populations.
Loss of subcutaneous fat can be associated with adverse meta-
bolic outcomes, poor adherence, and reduced quality of life [19,
37, 38], thus the anthropomorphic changes observed in our
study support current World Health Organization recommen-
dations favoring FTC/TDF + EFV over 3TC/ZDV + EFV as the
initial antiretroviral regimen in resource-limited settings. Be-
cause uptake of these ART recommendations in many low-
and middle-income countries has been low [2], we anticipate
that the results presented here will help to promote wider imple-
mentation in these settings.
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