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Background. We compare the effect of 4 different antiretroviral regimens on limb and visceral fat.

Methods. A5224s was a substudy of A5202, a trial of human immunodeficiency virus type 1 (HIV-1)—infected,
treatment-naive subjects randomized to blinded abacavir-lamivudine (ABC-3TC) or tenofovir DF-emtricitabine
(TDF-FTC) with open-label efavirenz (EFV) or atazanavir-ritonavir (ATV-r). The primary endpoint was the
presence of lipoatrophy (>10% loss of limb fat) at week 96 by intent-to-treat (ITT) analysis. Secondary endpoints
included changes in limb and visceral fat. Statistical tests included linear regression, binomial, two-sample ¢ test, and
Fisher’s exact test.

Results.  A5224s enrolled 269 subjects; 85% were male, and 47% were white non-Hispanic. The subjects had
a median baseline HIV-1 RNA level of 4.6 log;, copies/mL, a median age of 38 years, a median CD4+ cell count of
233 cells/pL, median limb fat of 7.4 kg, median visceral adipose tissue (VAT) of 84.1 cm?, and VAT: total adipose
tissue (TAT) ratio of 0.31. At week 96, estimated prevalence of lipoatrophy (upper 95% confidence interval [CI])
was 18% (25%) for ABC-3TC and 15% (22%) for TDF-FTC (P = .70); this was not significantly less than the
hypothesized 15% for both (P > .55 for both). The secondary as-treated (AT) analysis showed similar results. At
week 96, the estimated mean percentage change from baseline in VAT was higher for the ATV-r group than for the
EFV group (26.6% vs 12.4%; P = .090 in ITT analysis and 30.0% vs 14.5%; P = .10 in AT analysis); however, the
percentage change in VAT:TAT was similar by ITT and AT analysis (P > .60 for both). Results were similar for
absolute changes in VAT and VAT:TAT.

Conclusions. ABC-3TC- and TDF-FTC-based regimens increased limb and visceral fat at week 96, with
a similar prevalence of lipoatrophy. Compared to the EFV group, subjects assigned to ATV-r had a trend towards
higher mean percentage increase in VAT.
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(lipohypertrophy), which are distinct conditions but
may coexist. Although lipoatrophy has been linked
to nucleoside reverse-transcriptase inhibitor (NRTI)—
induced mitochondrial toxicity [1-3], little is known
about the cause of lipohypertrophy. Studies of lip-
ohypertrophy have been limited, because few studies
have used computed tomography (CT) or magnetic
resonance imaging (MRI) scans to discern between
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subcutaneous and visceral fat. To date, one study compared fat
changes with ritonavir-boosted atazanavir (ATV-r) versus efa-
virenz (EFV) with tenofovir DF-emtricitabine (TDF-FTC) in
ART-naive subjects [4]. In addition, no study has compared
body fat changes after initiation of abacavir-lamivudine (ABC-
3TC) versus TDF-FTC with ATV-r, a protease inhibitor (PI)
with minimal metabolic effects [5, 6], or the nonnucleoside
reverse-transcriptase inhibitor (NNRTI) EFV.

METHODS

A5224s was a metabolic substudy of A5202, in which ART-naive
subjects > 16 years of age were randomized to blinded ABC-3TC
or TDF-FTC with open-labeled ATV-r or EFV. An A5224s co-
primary objective assessed prevalence of lipoatrophy (=>10%
loss of limb fat from baseline) after ART-initiation with ABC-
3TC or TDF-FTC. The second coprimary objective assessing
changes in bone density will be reported elsewhere. Secondary
objectives compared week 96 changes in limb and visceral fat
between ABC-3TC versus TDF-FTC and ATV-r versus EFV. Post
hoc endpoints included changes in trunk fat. A5224s exclusion
criteria were untreated hypogonadism or thyroid disease,
Cushing’s syndrome, diabetes mellitus, and the use of growth
hormone, anabolic steroids, or glucocorticoids. Study duration
was 96 weeks after the last subject was enrolled. Any subject
entering A5202 at a site participating in A5224s and meeting
substudy criteria was eligible to enroll. Subjects signed an in-
stitutional review board—approved written informed consent.
Substudy evaluations included whole-body dual-energy X-ray
absorptiometry (DEXA) scans at baseline and weeks 24, 48, 96,
144, and 192 and a single-slice abdomen CT scan at the L4-L5
level at baseline and week 96. Fat distribution was measured by
DEXA in anteroposterior view (with use of Hologic or Lunar
scanners). Technicians were instructed to use the same machine
on the same subject throughout the study. CT was used to quantify
visceral adipose tissue (VAT) and total adipose tissue (TAT).
DEXAs and CT scans were standardized and centrally read (at
Tufts University) by personnel blinded to subjects characteristics.
On 25 February 2008 [7], the Data Safety and Monitoring
Board (DSMB) recommended unblinding the study for subjects
with screening human immunodeficiency virus type 1 (HIV-1)
RNA levels >100,000 copies/mL because of excess virological
failures associated with ABC-3TC regimens; subjects receiving
ABC-3TC were permitted to modify their NRTI regimen [7].

Statistical Analysis

The primary objective was to assess the prevalence of protocol-
defined lipoatrophy at week 96 in those assigned to ABC-3TC or
TDF-FTC in addition to ATV-r or EFV. A5224s was powered
using a factorial design with 125 subjects per NRTI (combined
across the ATV-r and EFV arms), 80% power to conclude that

the prevalence of lipoatrophy at week 96 was less than the pre-
specified 15%, assuming true prevalence was =6.5%, 20% loss
to follow-up, and 1-sided test with a .05 significance level.
Primary analyses used intent-to-treat (ITT) principles based on
randomized treatment assignment in which all available data were
used and modifications to randomized treatment and missing
values were ignored. Secondary as-treated (AT) analyses excluded
values after a change in randomized NRTI component (when
comparing NRTT components) and PI-NNRTI component (when
comparing NNRTI-PI components). Supplemental analyses in-
cluded assessing changes by ITT at week 48. Comparisons were
performed using a factorial analysis approach in which, after as-
sessing for treatment effect modification by the other factor, the
NRTT effect was assessed by combining the EFV and ATV-r arms
and vice versa. No significant treatment effect modification was
observed in any ITT analyses (P > .48). Missing values were
ignored. P values <.05 were interpreted as statistically significant.
Analyses were performed with SAS, version 9.1.3 (SAS Institute).
Within each component, tests included 1-sample ¢ or binomial
tests. Comparisons between components used 2-sample #, Fish-
er’s exact, or log-rank tests (with Kaplan-Meier estimation of
survival probabilities), as appropriate. Analyses adjusting for
baseline factors and exploring associations with baseline factors

used linear regression.

RESULTS

Baseline Characteristics

A5224s enrolled 271 subjects from 37 AIDS Clinical Trials
Group (ACTG) sites in the United States and Puerto Rico,
with 2 subjects excluded from analysis due to eligibility
violation. Enrollment spanned from 5 October 2005 to
7 November 2007; 65 subjects were randomized to ATV-r +
ABC-3TC, 65 were randomized to ATV-r + TDF-FTC, 70
were randomized to EFV + ABC-3TC, and 69 were random-
ized to EFV + TDF-FTC. Baseline characteristics are sum-
marized in Table 1; 85% of the subjects were male, and 47%
were white non-Hispanics. The median age of the subjects was
38 years, the median body mass index (BMI) was 24.9 kg/mz,
median limb fat was 7.4 kg, median trunk fat was 9.4 kg,
median VAT was 84.1 cm?, median CD4+ cell count was 233
cells/pL, and median HIV-1 RNA level was 4.6 log,, copies/
mL. Baseline characteristics were balanced across arms.
A5224s participants and A5202 subjects who did not partici-
pate in the substudy were not significantly different at base-
line, except that Hispanics were less likely than other subjects
to participate in A5224s (16% vs 24%; P = .005).

Subject Disposition
Overall, 66 (25%) of the A5224s subjects prematurely dis-
continued the substudy, and an additional 4 (1%) died (Figure 1).
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Table 1.

Baseline Characteristics of Study Subjects by Randomized Arms

EFV + TDF-FTC EFV + ABC-3TC ATV-rtv + TDF-FTC  ATV-rtv + ABC-3TC Total

Variable (n = 69) (n=70) (n = 65) (n = 65) (n = 269)
Age, y 40 (33-44) 39 (31-46) 38 (30-44) 37 (29-43) 38 (31-44)
Sex, no. (%) of subjects

Male 58 (84) 56 (80) 56 (86) 59 (91) 229 (85)

Female 11 (16) 14 (20) 9 (14) 6 (9) 40 (15)
Race/ethnicity, no.

(%) of subjects

White non-Hispanic 37 (54) 34 (49) 26 (40) 29 (45) 126 (47)

Black non-Hispanic 22 (32) 20 (29) 21 (32) 27 (42) 90 (33)

Hispanic (regardless 8(12) 14 (20) 14 (22) 8(12) 44 (16)

of race)

Other 2 (3) 2 (3) 4 (6) 1(2) 9 (3)
BMI 24.9 (21.6-27.1) 24.7 (22.6-28.3) 24.9 (21.8-28.8) 25.3 (21.8-28.9) 24.9 (21.8-28.2)
CD4+ cell count, cells/pL 250 (132-334) 213 (106-350) 247 (114-319) 222 (75-332) 233 (106-334)
HIV-1 RNA (logo copies/mL) 4.7 (4.2-4.9) 4.7 (4.2-4.9) 4.5 (4.2-4.9) 4.6 (4.3-5.1) 4.6 (4.2-4.9)
HIV-1 RNA level, no.

(%) of subjects

< 100,000 copies/mL 56 (81) 59 (84) 52 (80) 48 (74) 215 (80)

> 100,000 copies/mL 13 (19) 11 (16) 13 (20) 17 (26) 54 (20)
Limb fat, kg 7.3 (4.7-9.4) 7.8 (4.9-10.5) 7.4 (56.0-11.6) 6.8 (4.3-10.5) 7.4 (4.7-10.1)
Trunk fat, kg 8.5 (5.4-12.6) 10.0 (56.5-13.6) 9.6 (5.5-14.5) 9.9 (4.9-12.9) 9.4 (56.3-13.0)
VAT, cm? 84.2 (52.0-110.3) 82.6 (62.8-111.6)  86.7 (60.2-121.9) 82.7 (65.2-116.1) 84.1 (57.2-115.9)
VAT:TAT 0.34 (0.23-0.40) 0.31 (0.22-0.40) 0.30 (0.25-0.38) 0.31 (0.24-0.38) 0.31 (0.23-0.39)

NOTE. Data are median value (interquartile range), unless otherwise indicated. ABC, abacavir; ATV-r, atazanavir-ritonavir; BMI, body mass index calculated as
the weight in kilograms divided by the square of height in meters; EFV, efavirenz; FTC, emtricitabine; HIV-1, human immunodeficiency virus type 1; TAT, total
adipose tissue; TDF, tenofovir DF; VAT, visceral adipose tissue; 3TC, lamivudine.

Reasons for discontinuation were as follows: 27 (10%) were un-
able to get to the clinic, 16 (6%) were lost to follow-up, 9 (3%)
were noncompliant with the study protocol, 7 (3%) withdrew
consent, 4 (1%) experienced severe debilitation, and 3 (1%)
discontinued the study for other reasons. Seventeen percent of the
subjects prematurely discontinued the substudy by week 96.
Additionally, 31 (12%) discontinued the study because their
ACTG site was defunded; 26 of these 31 subjects had week 96
primary endpoint data available. By study arm, 55% of the ATV-r
+ ABC-3TC group, 68% of the ATV-r + TDE-FTC group, 57%
of the EFV + ABC-3TC group, and 70% of the EFV + TDF-FTC
group completed the A5224s protocol. There was no significant
difference in time to premature study discontinuation between
the NRTI (P = .13) or PI-NNRTI components (P = .86). The
median time from randomization to last visit was 165 weeks.
Overall, 147 (55%) of the subjects had no modification to their
randomized treatment (30 [46%] in the ATV-r + ABC-3TC
group, 48 [74%] in the ATV-r + TDF-FIC group, 24 [34%] in
the EFV + ABC-3TC group, and 45 [65%] in the EFV + TDF-
FTC group). By Kaplan-Meier estimates, 66% of subjects had no
modification by week 96. Overall, 23% of subjects (31 in the EFV
group and 31 in the ATV-r group) modified the NRTI and PI-
NNRTI components within 7 days of each other, and 10%
modified only the NRTI component (22% in the ATV-r + ABC-

3TC group, 0% in ATV-r + TDE-FTC group, 16% in the EFV +
ABC-3TC group, and 1% in the EFV + TDF-FTC group). Of the
102 subjects with NRTI modifications, 26 had modifications that
occurred at the time of or after DSMB recommendation.

Prevalence of Lipoatrophy at Week 96-Primary Endpoint

Table 2 shows the prevalence of protocol-defined lipoatrophy at
week 96 by arm; the overall estimated prevalence was 16.3%
(range, 14.3%-18.9%). In factorial analyses combining the ATV-
r and EFV groups, within the ABC-3TC arms, prevalence (upper
bound of 1-sided 95% confidence interval [CI]) of lipoatrophy
was 17.6% (25.0%), which was not significantly less than 15%
(P = .81). Within the TDF-FTC arms, the prevalence of lipoa-
trophy was 14.9% (21.5%; P = .55). There was no significant
difference in the week 96 prevalence of lipoatrophy between
NRTI components (P = .70) or the PI and NNRTI components
(P = 1.0). Similar results were seen on sensitivity analyses (with
the last observation carried forward and missing data regarded as
treatment failure). In post hoc analysis, the week 96 overall
prevalence of subjects who lost >20% of limb fat from baseline
was 4.9% (95% CI, 2.4%-8.9%), with a range of 0%—8.9% across
arms (Table 2) and with no significant differences between NRTI
(P = 1.0) or PI-NNRTI components (P = .35). In post hoc
analysis, change in limb fat from baseline to week 24 was an
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Figure 1.

Details of disposition and outcome of study subjects. Subjects were to remain in follow-up regardless of having modified antiretroviral

therapy. Nucleoside reverse-transcriptase inhibitors (NRTIs) were double-blinded through 25 February 2008 for those with screening human
immunodeficiency virus (HIV) RNA levels of > 100,000 copies/mL and until final visits starting 1 July 2009 for those with screening HIV RNA levels
<<100,000 copies/mL. Reasons for study discontinuation are split into no. of subjects with and no. of subjects without week 96 limb fat primary endpoint.
Site closure was censored for premature study and treatment discontinuation. Death was censored for premature study discontinuation and counted as
the reason for treatment discontinuation if there was no prior modification. Reasons for the first treatment modification are split into no. of subjects
before, no. of subjects after, and no. of subjects without week 96 limb fat primary endpoint. Subjects in the as-treated sample continued to receive
randomized treatment through the week 96 whole-body dual-energy X-ray absorptiometry.

independent predictor of protocol-defined lipoatrophy at week
96 (odds ratio, 0.93; 95% CI, 0.90-0.96; P < .001). The odds of
week 96 lipoatrophy decrease by 7% for every 1% gain in limb fat
at week 24.

Changes in Limb Fat (DEXA)-Secondary Endpoint
Table 3 summarizes the estimated changes in limb fat by regimen.
Figure 2 plots the changes in limb fat by NRTI and PI-NNRTI
components. The estimated mean absolute and percentage limb
fat change for all subjects were 1.22 kg and 21%, respectively, at
week 48 and were 1.38 kg and 23% at week 96.

Changes by NRTI Components

Limb fat significantly increased in all study arms (Table 3). When
combining ATV-r and EFV data, the week 96 analysis (ITT)
showed mean absolute and percentage changes in limb fat that
were not significantly different between the ABC-3TC (1.66 kg and
24.9%) and TDF-FTC (1.11 kg and 20.9%) groups, a difference

(A) of 0.55 kg (95% CI, —0.14 to 1.24; P = .12) and 4% (95% CI,
—6.7% to 14.7%; P = .46). At week 96, AT analysis showed that
the ABC-3TC arms had an estimated mean absolute and
percentage change in limb fat that was 0.88 kg (95% CI, 0.14-1.61;
P = .019) and 9.1% (95% CI, —2.6% to 20.9%; P = .13) larger
than the changes in the TDF-FTC arms. At week 48, estimated
mean absolute and percentage changes in ABC-3TC arms were
not different than those in TDF-FTC arms (P > .30 for both).

Changes by NNRTI-PI Component

When combining ABC-3TC and TDF-FTC, the week 96 ITT
analyses showed estimated mean absolute and percentage
change in limb fat that was significantly greater in those
assigned to ATV-r (1.88 kg and 30.4%) than in those assigned
to EFV (0.96 kg and 16.5%); A = 0.93 kg (95% CI, 0.24-1.61;
P = .008) and 13.9% (95% CI, 3.3%-24.5%; P = .010),
respectively. AT analyses showed similar results. At 48 weeks,
estimated mean absolute and percentage changes in ATV-r arms
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Table 2. Estimated Prevalence of Lipoatrophy by Intent-to-Treat Analysis

EFV + TDF-FTC EFV + ABC-3TC ATV-r + TDF-FTC ATV-r + ABC-3TC Total
Variable (n = 56) (n = 53) (n = 45) (n = 49) (n = 203)
No. of subjects with > 10% limb fat loss 8 10 7 8 33
Prevalence of > 10% limb fat loss 14.3 (6.4-26.2) 18.9 (9.4-32.0) 15.6 (6.5-29.5) 16.3 (7.3-29.7) 16.3 (11.5-22.1)
(primary analysis), % (95% CI)
No. of subjects with > 20% limb fat loss 5 2 0 3 10
Prevalence of > 20% limb fat loss 8.9 (3.0-19.6) 3.8 (0.5-13.0) 0.0 (0.0-7.9) 6.1 (1.3-16.9) 4.9 (2.4-8.9)

(post hoc analysis), % (95% Cl)

NOTE. Loss of lipoatrophy defined as > 10% limb fat and > 20% limb fat from baseline to week 96. ABC, abacavir; ATV/r, atazanavir-ritonavir; Cl, confidence

interval; EFV, efavirenz; FTC, emtricitabine; TDF, tenofovir DF; 3TC, lamivudine.

(1.46 kg and 25.2%) tended to be larger than those in EFV arms
(1.00 kg and 17.3%); A = 0.46 kg (95% CI, —0.15 to 1.07; P =
.14) and 7.9% (95% CI, —1.1% to 17.0%; P = .086), respectively.

Changes in Trunk Fat (DEXA)-Post Hoc Endpoint

Table 3 summarizes estimated mean percentage change in trunk
fat by study arm. Figure 2 plots estimated changes in trunk fat by
study week. The overall estimated mean absolute and percentage
change in trunk fat was 1.43 kg and 23.1% at week 48 and 1.83
kg and 28.2% at week 96.

Changes by NRTI Components

Trunk fat increased significantly in all arms. At week 96, by ITT,
the mean absolute and percentage changes in trunk fat were not
significantly different between the ABC-3TC and TDEF-FTC
groups; A = 0.37 kg (95% CI, —0.58 to 1.32; P = .45) and 2.2%
(95% CI, —11.6% to 15.9%; P = .76), respectively. At week
96, AT analysis showed mean absolute and percentage changes
in trunk fat were not significantly different between the ABC-
3TC and TDF-FTC groups; A = 0.96 kg (95% CI, —0.07 to 1.99;
P = .066) and 8.2% (95% CI, —7.0% to 23.5%; P = .29),
respectively. At week 48, estimated mean absolute and per-
centage changes in the ABC-3TC arms were also not signifi-
cantly different than in the TDF-FTC arms (P > .34, by ITT).

Changes by PI-NNRTI Component

At week 96, by ITT analysis, the estimated mean absolute
and percentage changes in trunk fat were larger in the ATV-r
(2.42 kg; 36.5%) than in the EFV (1.33 kg; 21.1 %) study arms;
A = 1.09 kg (95% CI, 0.15-2.03; P = .023) and 15.4% (95% CI,
1.7%-29.0%; P = .028). Similar results were seen with AT
analyses. However, at week 48, mean absolute and percentage
changes in trunk fat in the ATV-r arms were not significantly
different than in the EFV arms (P >.27 for both).

Changes in Visceral Fat by CT Scan-Secondary Endpoint

Table 3 summarizes estimated mean changes in VAT and VAT:-
TAT ratio by study arm. The overall estimated mean absolute
VAT, percentage VAT, and absolute VAT:TAT ratio changes were
10.4 cm?, 19.0%, and —0.01, respectively, at week 96.

Changes by NRTI Components

At week 96, by ITT, estimated absolute and percentage changes
in VAT and VAT:TAT ratio were not significantly different
between the ABC-3TC and TDF-FTC groups. The ABC-
3TC-assigned subjects had an estimated mean difference in
VAT absolute change, VAT percentage change, and VAT:TAT
ratio change of —2.8 cm? (95% CI, —12.9 to 7.3; P = .58),
—5.1% (95% CI, —21.5% to 11.4%; P = .55), and 0.00 (95%
CIL, —0.02 to 0.02; P = .94), compared with the TDF-FTC arms.

Changes by PI-NNRTI Component

At week 96, by ITT, the estimated absolute and percentage changes
from baseline in VAT tended to be higher in the ATV-r than in the
EFV arms; A = 7.6 cm® (95% CI, —2.4 to 17.7; P = .14) and
14.2% (95% CI, —2.2% to 30.6%; P = .090), respectively. The
estimated mean change in VAT:TAT was not significantly dif-
ferent between the ATV-r and EFV arms; A = 0.00 (95% CI,
—0.02 to 0.02; P = .92). Similar results were seen with AT anal-
yses. Interestingly, changes in VAT correlated with changes in limb
fat (r = 0.48; P < .001)

Changes in BMI-Post Hoc Endpoint

At week 96, by ITT, there was a trend towards larger gains in
mean BMI associated with receipt of ABC-3TC than with receipt
of TDF-FTC (A = 0.63 kg/m? 95% CI, —0.12 to 1.38; P = .099)
and statistically significant larger gains in mean BMI associated
with receipt of ATV-r than with receipt of EFV (A =0.88 kg/m?;
95% CI, 0.13-1.62; P = .022).

Changes in Limb and Visceral Fat Adjusted for Baseline
Covariates

The ITT analyses of prevalence of lipoatrophy and absolute and
percentage changes for limb fat, VAT, and VAT:TAT were ad-
justed for the following baseline covariates that have been asso-
ciated with body fat changes, first individually, then jointly using
linear regression: NNRTI-PI (NRTI for the NNRTI-PI analyses),
limb fat (VAT, VAT:TAT ratio for corresponding analysis), sex,
age, race/ethnicity, log;o HIV-1 RNA level, CD4+ cell count, and
BMLI. All adjusted models led to results similar to those obtained
with unadjusted analyses.
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Table 3. Estimated Percentage Changes in Limb Fat, Trunk Fat, VAT, and VAT-TAT Ratio for All 4 Treatment Arms (Intent-to-Treat Analysis)

EFV + TDF-FTC EFV + ABC-3TC ATV-rtv + TDF-FTC  ATV-rtv + ABC-3TC Total
Variable (n=69) (n = 70) (n = 65) (n = 65) (n = 269)
Change in limb fat (%)
Wk 0-24 N 59 62 56 62 239
Mean value (SD) 10.1 (23.9) 16.8 (49.5) 19.7 (29.3) 19.5 (33.1) 16.5 (35.5)
Wk 0-48 N 58 54 52 53 217
Mean value (SD) 15.6 (29.6) 19.0 (32.0) 23.7 (36.7) 26.6 (37.3) 21.1 (33.9)
P <.001 <.001 <.001 <.001 <.001
Wk 0-96 N 56 53 45 49 203
Mean value (SD) 15.3 (36.7) 17.7 (30.7) 27.8 (36.4) 32.7 (48.0) 22.9(38.7)
P .003 <.001 <.001 <.001 <.001
Wk 0-144 N 48 41 42 40 171
Mean value (SD) 22.6 (45.8) 27.5 (39.5) 23.8 (40.5) 33.6 (49.7) 26.7 (43.9)
Wk 0-192 N 32 30 23 25 110
Mean value (SD) 28.0 (46.2) 37.1 (561.9) 25.0 (46.2) 39.5 (47.0) 32.5 (47.7)
Change in trunk fat (%)
Wk 0-24 N 59 62 56 62 239
Mean value (SD) 12.1(28.2) 19.1 (46.2) 20.7 (33.0) 19.9 (36.0) 18.0 (36.6)
Wk 0-48 N 58 54 52 53 217
Mean value (SD) 18.7 (33.2) 22.0 (38.2) 24.3 (44.2) 28.1 (39.9) 23.2 (38.8)
P <.001 <.001 <.001 <.001 <.001
Wk 0-96 N 56 53 45 49 203
Mean value (SD) 20.1 (44.1) 22.2 (44.6) 35.9 (50.7) 37.0 (58.3) 28.2 (49.7)
P .001 .001 <.001 <.001 <.001
Wk 0-144 N 48 41 42 40 171
Mean value (SD) 29.4 (61.6) 37.6 (61.3) 32.0 (56.6) 40.4 (52.9) 34.6 (55.3)
Wk 0-192 N 32 30 23 25 110
Mean value (SD) 32.0 (50.2) 49.4 (85.0) 36.0 (68.4) 46.4 (64.7) 40.8 (67.5)
Change in VAT (%)
Wk 0-96 N 54 51 45 45 195
Mean value (SD) 14.8 (48.7) 9.9 (45.1) 29.5 (88.4) 23.7 (41.4) 19.0 (58.2)
P .030 0.12 .031 <.001 <.001
Change in VAT:TAT (%)
Wk 0-96 N 54 51 45 45 195
Mean value (SD) —0.2 (19.7) —1.9 (20.9) —2.2(19.1) —2.3(21.4) —1.6 (20.1)
P .95 .52 44 48 .28

NOTE. The duration of the study was 96 weeks since the last subject enrolled in A5202; thus, there was a smaller sample size (N) at later time points. ABC,
abacavir; ATV-r, atazanavir-ritonavir; EFV, efavirenz; FTC, emtricitabine; HIV-1, human immunodeficiency virus type 1; SD, standard deviation; TAT, total adipose

tissue; TDF, tenofovir DF; VAT, visceral adipose tissue; 3TC, lamivudine.

Association Between Baseline Factors and Changes in Limb Fat,
VAT, and VAT.TAT Ratio at 96 Weeks

Linear regression analyses by ITT were performed to assess
baseline factors associated with the changes in limb fat, VAT,
and VAT:TAT ratio at week 96 (Table 4). In the multivariable
analysis, higher baseline log;, HIV-1 RNA level was associated
with significant increases in absolute and percentage limb fat
change, and older age was associated with significant decreases.
Only higher baseline BMI was associated with significant in-
creases in week 96 percentage VAT change, absolute VAT:TAT
ratio change, and a trend towards an increase in week 96 per-
centage VAT:TAT ratio change.

DISCUSSION

This report details the results of a randomized, controlled
substudy comparing the effect that initiation of ABC-3TC or
TDE-FTC regimens with either ATV-r or EFV in HIV-
infected, ART-naive subjects has on body fat. Our data are
consistent with the results of Altair [4] and extend the
observation of that 48-week study to 96 weeks and extend the
comparison of both TDF-FTC and ABC-3TC as initial
combinations.

For our study, we deliberately selected a strict cut-off point to
define lipoatrophy, a 10% limb fat loss that is likely to be
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Estimated mean percent changes in limb fat and trunk fat by study week by NRTI components (combining third drugs) and NNRTI/PI

components (combining NRTIs) by ITT and AT analyses. Vertical bars are 95% confidence intervals on the mean change.

subclinical [8], because prior studies of TDF- and ABC-
containing regimens did not demonstrate the deleterious
lipoatrophic effects of thymidine NRTIs (tNRTIs) [9, 10]. With
this criteria, lipoatrophy occurred in 16% (95% CI, 12%-22 %)
of subjects and was not significantly different between the

ABC-3TC- and TDF-FTC—containing regimens, although we
could not conclude that lipoatrophy occurred less than the hy-
pothesized level of 15%. In a post hoc analysis, we determined
the prevalence of >20% loss of limb fat from baseline at 96
weeks, mirroring endpoints of prior studies [4, 11, 12]. Very few
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Table 4. Univariate and Multivariate Linear Regression Analyses to Assess the Association Between Baseline Factors and 96-Week Absolute and Percent Absolute and Percentage
Changes in Limb Fat, VAT, and VAT:TAT Ratio

96-Week absolute change

96-Week percentage change

Univariate Multivariable Univariate Multivariable
Endpoint Baseline covariate Param. est. (95% Cl) P Param. est. (95% Cl) P Param. est. (95% Cl) P Param. est. (95% Cl) P
Limb fat (kg) ABC-3TC (vs TDF-FTC) 0.55 (=0.14, 1.24) .012 0.51 (=0.15, 1.16) .013 4.0 (=6.7,14,7) .046 4.7 (—4.6, 14.1) .032
ATV-r (vs EFV) 0.93 (0.24, 1.61) .008 0.74 (0.07, 1.42) .032 13.9 (3.3, 24.5) .010 11.1 (1.4, 20.9) .025
Male (vs female) —0.36 (—1.33, 0.60) .046 —0.85 (—1.80, 0.10) .079 7.8(=7.1,22.7) .030 —5.8(=19.5, 8.0) .041
Age, y —0.04 (-0.08, —0.01) .003 —0.04 (-0.07, 0.00) .003 -0.7 (-1.2, -0.1) .002 -0.59 (=1.1, =0.1) .002
Race/ethnicity N/A .078? N/A .037% N/A .024° N/A .006%
Black non-Hispanic 0.00 (—0.81, 0.80) .098 —0.21 (-0.99, 0.58) .060 —-4.4(-16.7,7.8) .048 —6.4 (=177, 4.8) .026
(vs White non-Hispanic)
Hispanic (White —0.07 (—=1.09, 0.94) .089 —0.69 (—1.66, 0.28) .016 —4.1 (=196, 11.4) .060 —14.5(-28.5, —0.5) .004
non-Hispanic reference)
Other (White 1.18 (—1.10, 3.46) .031 0.99 (—1.15, 3.14) .036 31.3 (=3.5, 66.1) .008 22.2 (8.6, 53.0) .016
non-Hispanic reference)
HIV-1 RNA, logqo copies/mL 1.13 (0.61, 1.65) <.001 1.09 (0.50, 1.68) <.001 18.5 (10.6, 26.4) <.001 14.7 (6.2, 23.2) .001
CD4+ cell count —0.16 (—0.27, —0.06) .003 —0.06 (—0.18, 0.05) .28 -3.2(-4.8, -1.7) <.001 —-1.4(=3.0,0.2) .096
(50 cells/ul)
BMI —0.04 (—0.12, 0.04) 31 —0.03 (=0.10, 0.05) .52 —2.9(-4.0, -1.89) <.001 —-2.5(-3.6, —1.4) <.001
VAT (cm?) ABC-3TC (vs TDF-FTC) —-2.8(-12.9,7.3) .58 —2.7(-12.8,7.4) .60 —5.0 (=21.5, 11.4) .b5 —=5.3(-21.5,11.0) .52
ATV-r (vs EFV) 7.6 (=2.4,17.7) 14 5.5 (=5.0, 16.0) .30 14.2 (—2.2, 30.6) .090 11.0 (=5.9, 27.9) .20
Male (vs female) 12.9 (-1.0, 26.7) .069 10.1 (4.7, 24.9) 18 11.3(=11.5, 34.1) .33 6.5 (—17.3, 30.4) .59
Age, y —0.3(-0.8, 0.2) .23 —0.3(-0.8, 0.2) .28 —-0.8(—1.7,0.0) .055 —0.7 (=1.6, 0.1) .096
Race/Ethnicity N/A .78° N/A 67° N/A .80° N/A 770
Black non-Hispanic 2.7 (—8.9, 14.3) .65 4.8 (-7.3, 16.9) 43 8.8 (—10.1, 27.7) .36 8.5 (—11.0, 28.0) .39
(vs White non-Hispanic)
Hispanic (White 5.9 (-9.1, 21.0) A4 2.1(=13.3,17.4) 79 7.5(=17.1,32.1) .55 0.6 (—24.1, 25.3) .96
non-Hispanic reference)
Other (White —8.7 (=41.1, 23.7) .60 —13.6 (—3.6, 14.9) 41 —1.9 (=54.8, 50.9) .94 —12.9 (—65.2, 39.4) .63
non-Hispanic reference)
HIV-1 RNA, logqo copies/mL 7.7 (=0.1, 15.5) .054 5.6 (—3.6, 14.9) .23 9.5(-3.3, 22.3) 14 4.1 (=10.8, 19.0) .59
CD4+ cell count (50 cells/ul)  —1.1 (=2.6, 0.5) 18 —0.3(=2.1, 1.5) 72 —2.9(=5.5, —0.4) .023 —2.0c(—4.8, 0.9) 18
BMI —-1.1(=2.2,0.1) .066 —0.8(-2.0, 0.4) .20 -2.5(-43, -0.6) .009 —-2.0(=3.9, —0.1) .044
VAT:TAT ratio  ABC-3TC (vs TDF-FTC) 0.00 (—0.02, 0.02) 0.94 0.00 (—0.02, 0.02) .85 —1.0(-6.7,4.7) 74 —1.2 (—6.9, 4.5) .68
ATV-r (vs EFV) 0.00 (—0.02, 0.02) .92 0.00 (—0.02, 0.02) .82 -1.2(-6.9, 4.5) .67 —0.3(—6.3, 5.6) 91
Male (vs female) 0.00 (=0.03, 0.03) >.99 0.01 (=0.02, 0.03) .54 —0.9(-8.8, 7.0) .82 1.0(=7.4,9.4) .81
Age, y 0.00 (0.00, 0.00) .25 0.00 (0.00, 0.00) .23 0.2 (-0.1, 0.5) .26 0.2 (=0.1, 0.5) .30
Race/ethnicity N/A .25° N/A 19° N/A .57° N/A .68?
Black non-Hispanic 0.00 (-0.02, 0.03) .67° 0.00 (—0.02, 0.03) .68 0.1(-6.4,6.7) .96 0.3 (—6.6,7.2) .93

(vs White non-Hispanic)




Table 4. (Continued)

96-Week percentage change

96-Week absolute change

Multivariable Univariate Multivariable

Univariate

P

Param. est. (95% ClI)

P

Param. est. (95% Cl)

P

Param. est. (95% ClI)

P

Baseline covariate Param. est. (95% ClI)

Endpoint

.57

25(-6.2,11.2)

.92

.23 0.4 (-8.1,8.9)

0.02 (—=0.01, 0.04)

.54

0.01 (=0.02, 0.04)

Hispanic (White

non-Hispanic reference)

Other (White

.16 —-11.3(-29.7, 7.1) .23

-12.9(-31.2,5.3)

.092

—0.05(—=0.11, 0.01)

.070

—0.05 (—0.11, 0.00)

non-Hispanic reference)

HIV-1 RNA, log;o copies/mL
CD4+ count (100 cells/uL)

BMI (5)

12 —0.01 (—0.03, 0.01) 31 —=2.7(=7.2,1.7) .22 -1.6 (6.8, 3.7) i55)
.26

.031

—0.01 (—0.03, 0.00)

1.2(-0.9, 3.2)
3.1 (=0.3, 6.5)

.051

1.7 (0.0, 3.5)
3.7 (0.5, 6.9)

.26

0.00 (0.00, 0.01)
.046

0.01 (0.00, 0.02)

0.01 (0.00, 0.01)
0.01 (0.00, 0.02)

.077

.022

.012

NOTE. Boldface type indicates statistical significance. ABC, abacavir; ATV/r, atazanavir-ritonavir, BMI, body mass index calculated as the weight in kilograms divided by the square of height in meters; Cl, confidence
interval; EFV, efavirenz; FTC, emtricitabine; HIV-1, human immunodeficiency virus type 1; Param. est., parameter estimate; TAT, total adipose tissue; TDF, tenofovir DF; VAT, visceral adipose tissue; 3TC, lamivudine.

2 Global test, 3 df.

subjects in any study arm met this criterion for lipoatrophy,
which was a result that was substantially different from the 50%—
70% seen in tNRTI-treated subjects [11, 12].

The initial changes (Table 3, Figure 2) in limb fat are con-
sistent with earlier observations of an increase in limb fat after
ART initiation, regardless of the type of therapy [11, 13, 14].
However, unlike with tNRTIs [14, 15], no decrease in limb fat
was seen after 96 weeks.

In our study, the rate of lipoatrophy was similar in the ATV-r
and EFV arms. This is in contrast with A5142, which was a ran-
domized study in which EFV was associated with higher rates of
lipoatrophy, compared with lopinavir-ritonavir [11]. However,
in our study, limb fat did increase significantly more in the ATV-r
than in the EFV arms. Thus, although the rate of lipoatrophy
appears to be different than what was seen in A5142, the higher
gains in limb fat with ritonavir-boosted PIs may have counter-
acted the effect that tNRTIs had on lipoatrophy in that study.
Also, within the TDF-FTC arms (but not within the ABC-3TC
arms), we found a trend towards higher prevalence of >20% loss
of limb fat in the EFV arms, compared with the ATV-r arms.
Additionally, in our study, limb and trunk fat overall increased
more in the ATV-r— than EFV-treated subjects. This effect of
ritonavir-boosted PIs may explain why, in another study, lipoa-
trophy was more prevalent with ATV than with ATV-r [12].

The mechanisms involved in changes in body fat after ART
initiation have been partially elucidated. The tNRTTs, partic-
ularly stavudine, have been strongly implicated in lipoatrophy
through mitochondrial toxicity [1-3]. In multivariable analyses
exploring baseline factors associated with limb fat changes at
week 96, we found that randomization to ATV-r and higher
HIV-1 RNA levels were associated with larger increases in limb
fat, the latter consistent with the possibility of limb fat in-
creasing after ART initiation being mediated by the return-to-
health phenomenon. The only factor independently associated
with a decrease in limb fat was older age, as seen by others [16].

The pathogenesis of lipohypertrophy is poorly understood, and
the role of PIs is debated. Early studies attributed “lipodystrophy”
to PI-based ART [17, 18]; however, recent studies have refuted
this association [6, 11, 19]. These discrepancies may be due, in
part, to some studies using trunk fat measurement by DEXA,
rather than visceral fat measurement by CT or MRI. In addition,
in most studies, the backbone NRTIs consisted of tNRTTs, which
are known to induce significant metabolic abnormalities, in-
cluding insulin resistance [20, 21], dyslipidemias [22], and per-
haps contribute to visceral fat accumulation [19]. Also, as seen
with other complications [5, 23], PIs may differ in their capacity
to affect body composition changes, so that our observations
pertain only to ATV-r. In our study, ATV-r—containing regimens
led to higher gains in limb and trunk fat and a trend towards
higher gains in VAT, compared with EFV regimens, with no
change in VAT:TAT. Thus, it is likely that the absence of tNRTIs
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and the lack of resultant limb fat loss allowed us to see a greater
net gain in fat in all compartments with ATV-r-based therapy,
compared with EFV-based therapy.

In our study, we showed that VAT increased significantly at
week 96 in all arms, except for the ABC-3TC + EFV arm (Table
3). In multivariable analysis that explored factors associated with
visceral fat changes at week 96, only higher baseline BMI was
associated with larger increases in VAT:TAT. This could be
linked to the enhanced inflammation associated with obesity
[24], which could also play a role in visceral fat accumulation in
individuals with HIV-1 infection [25].

Our study has some limitations, including the lack of data on
changes in diet, alcohol intake, and physical activity; the open-
labeled administration of NNRTTs and PIs; the large number of
comparisons performed; and the relatively high amount of
missing data. However, sensitivity analyses led to similar results.
Lastly, there was a relatively high frequency of changes in NRTTs;
however, AT analyses of limb and visceral fat indices yielded
results similar to those of the ITT.

In summary, we showed that ART-initiation with ABC-3TC
or TDF-FTC as backbone NRTIs over 96 weeks, on average,
similarly increased limb fat and visceral fat and caused relatively
little lipoatrophy, although we could not conclude that <15% of
subjects would have protocol-defined lipoatrophy. In addition,
ATV-r—containing regimens induced larger increases in limb
and trunk fat, with a trend towards larger percentage increases in
visceral fat, compared with EFV-containing regimens. Although
lipoatrophy has become rare with decreased use of tNRTIs,
lipohypertrophy remains an ongoing complication. Studies
aimed at better understanding and preventing lipohypertrophy
after ART initiation are needed.
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