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Background. The effect of nonthymidine nucleoside reverse-transcriptase inhibitors (NRTIs) on fat mito-
chondrial DNA (mtDNA) content and function is unclear.

Methods. A5202 randomized antiretroviral therapy–naive human immunodeficiency virus–infected subjects
to abacavir-lamivudine (ABC/3TC) versus tenofovir DF–emtricitabine (TDF/FTC) with efavirenz (EFV) or ataza-
navir-ritonavir (ATV/r). A5224s, substudy of A5202, enrolled 269 subjects with fat measurements by dual-energy
x-ray absorptiometry and computed tomography. A subset of subjects underwent fat biopsies at baseline and week
96 for mtDNA content (real-time polymerase chain reaction) and oxidative phosphorylation nicotinamide
adenine dinucleotide (reduced) dehydrogenase (complex I) and cytochrome c oxidase (complex IV) activity levels
(immunoassays). Intent-to-treat analyses were performed using analysis of variance and paired t tests.

Results. Fifty-six subjects (87% male; median age, 39 years) were included; their median body mass index,
CD4 cell count, and fat mtDNA level were 26 kg/m2, 227 cells/μL, and 1197 copies/cell, respectively. Fat mtDNA
content decreased within the ABC/3TC and TDF/FTC groups (combining EFV and ATV/r arms; median change,
−341 [interquartile range, −848 to 190; P = .03] and −400 [−661 to −221; P < .001] copies/cell, respectively), but
these changes did not differ significantly between the 2 groups (P = .57). Complex I and IV activity decreased
significantly in the TDF/FTC group (median change, −12.45 [interquartile range, −24.70 to 2.90; P = .003] and
−8.25 [−13.90 to −1.30; P < .001], optical density × 103/µg, respectively) but not the ABC/3TC group. Differences
between the ABC/3TC and TDF/FTC groups were significant for complex I (P = .03).

Conclusions. ABC/3TC and TDF/FTC significantly and similarly decreased fat mtDNA content, but only
TDF/FTC decreased complex I and complex IV activity levels.
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Patients with human immunodeficiency virus type 1
(HIV-1) infection receiving thymidine nucleoside

reverse-transcriptase inhibitors (NRTIs) experience a
high rate of metabolic abnormalities, including lip-
oatrophy. Depletion of adipose tissue mitochondrial
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DNA (mtDNA) and impairment of the oxidative phospho-
rylation system are associated with lipoatrophy induced by
thymidine NRTI–containing regimens [1]. Mitochondrial oxi-
dative phosphorylation enzymes nicotinamide adenine dinu-
cleotide (reduced; NADH) dehydrogenase (complex I) and
cytochrome c oxidase (complex IV) contain polypeptides of
mtDNA-encoded subunits and so are affected by mtDNA
depletion.

In the current era of nonthymidine NRTI–containing regi-
mens, lipoatrophy incidence has significantly decreased but
has not been completely prevented [2]. In addition, subjects
who have established lipoatrophy while taking thymidine
NRTI–containing regimens experience only a slow and incom-
plete resolution of lipoatrophy after switching to nonthymi-
dine NRTI–based therapy [3–5], putting into question the
mitochondrial toxicity–free characteristics of nonthymidine
NRTIs. Prospective randomized studies have also yielded con-
flicting findings about the independent effects on mitochondria
of other antiretroviral therapy (ART) classes, such as non-
nucleoside analogue reverse-transcriptase inhibitor (NNRTI)
or protease inhibitor (PI) therapy. Because of the remaining
uncertainty about the effect of nonthymidine NRTI–containing
regimens on mitochondrial toxicity and the potential effect of
the concomitant PI or NNRTI therapy, we sought to compare
changes in mitochondrial indices in the context of a random-
ized trial.

METHODS

AIDS Clinical Trials Group (ACTG) A5224s was a metabolic
substudy of A5202 in which ART-naive subjects ≥16 years old
with HIV-1 RNA levels >1000 copies/mL were randomized in
a double-blinded fashion to coformulated tenofovir disoproxil
fumarate–emtricitabine (TDF/FTC) or abacavir-lamivudine
(ABC/3TC), along with open-labeled efavirenz (EFV) or ataza-
navir-ritonavir (ATV/r) [2, 6]. Randomization was stratified by
screening HIV-1 RNA level (<100 000 vs ≥100 000 copies/
mL). A preplanned mitochondrial substudy of A5224s includ-
ed all subjects at 13 participating sites who agreed to undergo
fat biopsies at entry into A5224s and again at week 96. This
mitochondrial substudy was designed with the primary objec-
tive of comparing the effects of 96 weeks of ABC/3TC versus
TDF/FTC on mtDNA levels; secondary objectives were to
compare changes in mitochondrial function between ABC/
3TC and TDF/FTC and changes in mtDNA levels and mito-
chondrial function between EFV and ATV/r.

The A5224s exclusion criteria were untreated hypogonad-
ism or thyroid disease, Cushing syndrome, diabetes mellitus,
and the use of growth hormone, anabolic steroids, or gluco-
corticoids. Any subject entering A5202 and its substudy
A5224s who met the fat mitochondrial substudy criteria was
eligible to enroll (A5202 randomization was stratified by

intention to participate in A5224s and in the mitochondrial
substudy). The duration of the study was 96 weeks. Each
subject signed a written informed consent, which was approved
by each participating site’s local institutional review board.

A5224s evaluations included whole body dual-energy x-ray
absorptiometry to measure limb and central fat and a single-
section noncontrast computed tomographic scan of the
abdomen at the L4–L5 level to measure central subcutaneous
and visceral fat at baseline and week 96. Technicians were in-
structed to use the same machine on the same subject
throughout the study and all scans were standardized at the
participating sites and centrally read (at Tufts University) by
personnel blinded to treatment assignment. Mitochondrial
substudy evaluations included an excisional fat biopsy from
the lower abdomen. These biopsies were performed with local
anesthesia by an experienced physician.

MtDNA Quantitation
MtDNA content in adipose tissue was measured by quantita-
tive real-time polymerase chain reaction, as described else-
where [7]. Briefly, DNA was extracted from fat frozen in
RNAlater using a Qiagen DNA kit (Qiagen). Standardization
of real-time polymerase chain reaction was performed using
LightCycler FastStart DNA Master SYBR Green I with the
Roche LightCycler instrument (Roche). A dilution series of
the control plasmid containing the 90–base pair mtDNA
NADH dehydrogenase, subunit 2 and the 98–base pair Fas
ligand gene was prepared to set up the standard. Each sample
and standard was assayed in duplicate, and the results were
analyzed with version 4.0 LightCycler software.

Oxidative Phosphorylation Protein and Enzyme Activity
Immunoassays
Enzyme levels of oxidative phosphorylation NADH dehydro-
genase (complex I) and cytochrome c oxidase (complex IV)
were determined in the Molecular Medicine and Infectious
Diseases Laboratory in the Department of Cell and Molecular
Biology, as described elsewhere [8]. An approximately 64-
mm2 piece of flash-frozen fat was homogenized with a Qiagen
TissueRuptor (Qiagen) for 30 seconds in 0.5 mL of ice-cold
extraction buffer (1.5% lauryl maltoside, 25 mmol/L HEPES
[pH 7.4], 100 mmol/L sodium chloride, and a PI cocktail [PI-
78410; Thermo Fisher Scientific]). Samples were mixed gently
and kept on ice for 20 minutes, and then spun in a microcen-
trifuge at 18 000 relative centrifugal force and at 4°C for 20
minutes to remove insoluble cell debris. The supernatant, an
extract of detergent-solubilized cellular proteins (10 μg), was
then assayed with the oxidative phosphorylation immunoas-
says (MS130 and MS430; MitoSciences). The sample protein
concentration was determined with BCA assay (Thermo
Fisher Scientific). Equal amounts of total cell protein were
assayed using an amount previously established with control
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samples to generate signals within the linear range of the
assay. Therefore, the resulting signal was directly proportional
to the amount of oxidative phosphorylation enzyme activity in
the sample. The signal was quantified by densitometric scan-
ning with a Hamamatsu ICA-1000 reader (Hamamatsu). Lab-
oratory personnel were blinded to patients’ characteristics.

Statistical Analysis
The primary objective was to compare, between pooled, ran-
domized NRTI components (ABC/3TC vs TDF/FTC with
third drugs combined), changes from baseline to week 96 in
fat mtDNA levels. Other objectives were considered secondary.
All analyses were performed using intent-to-treat principles,
which are based on randomized treatment assignment and
used all available data with modifications to randomized treat-
ment and missing values ignored. Comparisons used a factori-
al analysis approach in which, after assessment for treatment
effect modification by the other component, the NRTI effect
was assessed by combining EFV and ATV/r arms, and vice
versa by combining NRTIs for the PI/NNRTI comparison.
Spearman rank correlation coefficients were used to describe
the relationship between 2 continuous variables. P values <.05
were considered statistically significant, and nominal values
are reported without adjustment for multiple comparisons.
Analyses were performed using SAS software, version 9.2 (SAS
Institute).

The comparison of ABC/3TC and TDF/FTC with EFV and
ATV/r combined (factorial analysis) was performed at each
time point, because there was no significant evidence that the
NRTI effect differed at 96 weeks according to the NNRTI or

PI component (all P≥ .20). Similarly, EFV and ATV/r were
compared with ABC/3TC and TDF/FTC combined, because
there was no significant evidence that the third drug effect dif-
fered at 96 weeks according to the NRTI components (all
P≥ .17). The sample size represents all available subjects from
ACTG sites participating in A5224s biopsy substudy who
agreed to undergo the fat biopsy procedures.

RESULTS

Subject Characteristics
As detailed elsewhere [2, 6], 269 subjects were randomized to
1 of the 4 regimens and included in the A5224s analysis (see
Appendix for A5224s sites). Of these 269 subjects, 56 (21%)
were enrolled in the mitochondrial substudy from 13 ACTG
sites in the United States and Puerto Rico. Among these 56,
13 were randomized to EFV plus TDF/FTC, 15 to EFV plus
ABC/3TC, 15 to ATV/r plus TDF/FTC, and 13 to ATV/r plus
ABC/3TC. Baseline characteristics are summarized in Table 1.
Overall, 87% of the subjects were male, and 39% were white
non-Hispanics. At baseline, the median age was 39 years; the
median CD4 cell count, 227 cells/µL; and the median HIV-1
RNA level, 4.73 log10 copies/mL. Baseline characteristics were
balanced across arms and were similar between the 56 subjects
included in this mitochondrial substudy and the A5224s sub-
jects not included (data not shown).

Overall, a total of 17 subjects did not undergo a 96-week fat
biopsy. No substudy discontinuations were related to fat biop-
sies or adverse events from study drugs; 1 subject died of dis-
seminated metastatic cervical cancer, 10 were unable to adhere

Table 1. Baseline Characteristics of Study Subjects by Randomized Arms

Characteristic EFV + TDF/FTC (n = 13) EFV + ABC/3TC (n = 15) ATV/r + TDF/FTC (n = 15) ATV/r + ABC/3TC (n = 13) P

Male sex, No. (%) 12 (92) 13 (87) 12 (80) 12 (92) .82

Age, y 39 (36–44) 42 (31–47) 38 (32–43) 39 (36–47) .86

Race/ethnicity, No. (%)
White Non-Hispanic 7 (54) 4 (27) 5 (33) 6 (46) .43

Black Non-Hispanic 2 (15) 3 (20) 2 (13) 5 (38)

Hispanic (regardless of race) 4 (31) 8 (53) 5 (33) 2 (15)
BMI, kg/m2 29.0 (25.9–31.1) 25.5 (21.4–28.9) 25.3 (22.0–29.3) 26.1 (23.8–29.9) .41

CD4 cell count, cells/μL 226 (97–301) 241 (120–363) 193 (45–312) 211 (53–311) .93

Log HIV-1 RNA, copies/mL 4.8 (4.4–5.2) 4.9 (4.1–5.2) 4.6 (4.2–5.3) 4.7 (4.3–4.7) .78
Limb fat, g 8290 (7697–14 992) 7841 (5212–10 477) 7000 (5044–17 167) 6544 (6186–1140) .60

Visceral fat, cm2 95.0 (82.8–146.8) 102 (71–132) 87.9 (56.9–129.0) 86.8 (75.7–103.1) .35

Fat mtDNA, copies/cell 1312 (920–1609) 1250 (998–1886) 1150 (721–1423) 1125 (1049–1588) .48
Complex I activity, OD × 103/µg 45.4 (36.7–52.1) 39.3 (25.1–47.5) 48.7 (33.0–58.3) 45.2 (36.3–46.2) .51

Complex IV activity, OD × 103/µg 27.2 (22.2–32.1) 21.5 (16.9–30.6) 32.1 (20.3–39.1) 26.5 (25.4–31.8) .48

Unless otherwise specified, data represent median value (interquartile range).

Abbreviations: ABC/3TC, abacavir-lamivudine; ATV/r, atazanavir-ritonavir; BMI, body mass index; complex I, nicotinamide adenine dinucleotide (reduced)
dehydrogenase; complex IV, cytochrome c oxidase; EFV, efavirenz; HIV-1, human immunodeficiency virus type 1; mtDNA, mitochondrial DNA levels; OD, optical
density; TDF/FTC, tenofovir DF–emtricitabine.
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to the study schedule, 4 were lost to follow-up, and 2 were
from ACTG sites that were defunded. The baseline character-
istics of these 17 subjects who prematurely discontinued the
study were similar to those of the 39 subjects who underwent
biopsy at week 96 (data not shown).

Among subjects with 96-week biopsies, none switched their
NRTI components during the study. Two modified their ran-
domized NNRTI or PI components (both taking EFV plus
ABC/3TC); the first switched to nevirapine plus ABC/3TC
secondary to a rash at week 2 and the other switched to fos-
amprenavir-ritonavir plus ABC/3TC at week 72 because of de-
pression. At week 96, only 2 subjects had HIV-1 RNA levels
>50 copies/mL (11 611 and 15 041 copies/mL). One of the 2
subjects with detectable HIV-1 RNA was receiving EFV plus
TDF/FTC, the other ATV/r plus ABC/3TC.

Changes in Fat mtDNA Content
Changes by NRTI Components
As shown in Table 2 and Figure 1, when third drugs were
combined, there was a significant decrease in fat mtDNA at
week 96 compared with baseline in subjects randomized to
either ABC/3TC (median change, −341 copies/cell; interquar-
tile range [IQR] −848 to 190; P = .03) or TDF/FTC (−400
copies/cell; −661 to −221; P < .001). However, the decrease
did not differ between ABC/3TC and TDF/FTC groups
(P = .57).

Changes by NNRTI or PI Components
At week 96, when NRTIs were combined, there was a signifi-
cant decrease in fat mtDNA compared with baseline within
the EFV-containing (median change, −434 copies/cell; IQR,
−1000 to 90; P = .006) and ATV/r-containing (−351 copies/cell;
−576 to −49; P = .001) arms, without a difference between
EFV and ATV/r (P = .45; Table 3). Removing the 2 subjects
with ART switches during the study did not change the

results. Furthermore, there was no evidence of an interaction
between the NRTI or NNRTI/PI components and the HIV-1
RNA stratum.

Changes in Oxidative Phosphorylation Activity
Changes by NRTI Components
Despite the decrease in fat mtDNA copies/cell, no significant
changes in complex I and complex IV activity levels were seen
in ABC/3TC arms (median change, 2.6 [IQR, −4.4 to 11.1;
P = .67] and −3.5 [−8.9 to 1.7; P = .09] optical density
[OD] × 103/µg, respectively). In contrast, both complex I and
complex IV activity levels decreased significantly in the TDF/
FTC-containing arms (−12.45 [−24.7 to 2.9; P = .003] and
−8.25 [−13.9 to −1.3; P < .001] OD × 103/µg). The difference
in the changes between groups was significant only for
complex I activity (P = .03).

Changes by NNRTI or PI Components
Complex I activity did not significantly change in either EFV-
or ATV/r-containing arms (median change, −0.85 [IQR,
−20.2 to 8.8; P = .15] and −2.4 [−15.9 to 2.9; P = .09]
OD × 103/µg, respectively). Complex IV activity, however, sig-
nificantly decreased in both EFV and ATV/r arms (−10.0
[−13.8 to −1.3; P = .05] and −3.7 [−7.3 to 0.2; P = .01]
OD × 103/µg), but the fall was similar in the 2 groups
(P = .39). Again, removing the 2 subjects with ART switches
during the study did not change the results, and for both
complex I and complex IV, there was no evidence of an inter-
action between the NRTI or NNRTI/PI components and the
HIV-1 RNA stratum (P≥ .44).

Correlations of the Changes in Mitochondrial Indices
For the entire group, regardless of treatment assignment, the
changes in fat mtDNA content did not correlate with changes
in limb fat or trunk fat measured with dual-energy x-ray

Table 2. Changes Between Baseline and Week 96 in Human Immunodeficiency Virus Disease, Metabolic, and Mitochondrial Indices
in Patients Receiving Abacavir-Lamivudine Versus Tenofovir DF–Emtricitabine (n = 39)

Index ABC/3TC
P (Within
ABC/3TC) TDF/FTC

P (Within
TDF/FTC)

P (Between
Groups)

CD4 cell count, cells/μL 220 (142–307) <.001 238 (116–357) <.001 .82

Log10 HIV-1 RNA, copies/mL −3.8 (−4.1 to −3.1) <.001 −3.8 (−4.6 to −3.2) <.001 .47

BMI, kg/m2 1.2 (0.3–2.0) .045 2.0 (0.2–4.9) .02 .12
Limb fat, g 906 (−349 to 1900) .03 1479 (353–3032) .008 .30

Visceral fat, cm2 14.2 (−7.5 to 30.7) .06 16.1 (−4.6 to 33.6) .21 .93

Fat mtDNA, copies/cell −341 (−848 to 190) .03 −400 (−661 to −221) <.001 .57
Complex I activity, OD × 103/µg 2.6 (−4.4 to 11.1) .67 −12.45 (−24.7 to 2.9) .003 .03

Complex IV activity, OD × 103/µg −3.5 (−8.9 to 1.7) .09 −8.25 (−13.9 to −1.3) <.001 .13

The third drugs were combined in this comparison. Values represent median change (interquartile range).

Abbreviations: ABC/3TC, abacavir-lamivudine; BMI, body mass index; complex I, nicotinamide adenine dinucleotide (reduced) dehydrogenase; complex IV,
cytochrome c oxidase; HIV-1, human immunodeficiency virus type 1; mtDNA, mitochondrial DNA levels; OD, optical density; TDF/FTC, tenofovir
DF–emtricitabine.
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absorptiometry or with total, visceral, or subcutaneous ab-
dominal fat measured with computed tomography. Similarly,
the changes in oxidative phosphorylation complex I and
complex IV activity levels did not correlate with any of these
fat measurements (P≥ .13). Moreover, the changes in all 3 mi-
tochondrial indices did not correlate with changes in baseline
or changes in CD4 cell counts or HIV-1 RNA levels (all
P≥ .21).

We then considered separately the patients randomized to
TDF/FTC or ABC/3TC therapy. In the subgroup randomized
to ABC/3TC-containing regimens, no correlation was found
between any of the mitochondrial indices and body composi-
tion measures, HIV-1 RNA level, or CD4 cell count. However,
in subjects receiving TDF/FTC, inverse correlations were

found between changes in complex I and complex IV activity
levels and changes in trunk fat (complex I, r =−0.42
and P = .04; complex IV, r = −0.41 and P = .06), total abdomi-
nal fat (r =−0.53 and P = .01; r =−0.50 and P = .02), visceral
abdominal fat (r =−0.52 and P = .02; r =−0.43; P = .05),
and subcutaneous abdominal fat (r =−0.56 and P = .01;
r =−0.49; P = .01).

DISCUSSION

This report, for the first time, details changes in mtDNA and
mitochondrial function among subjects randomized to 1 of 4
commonly used nonthymidine NRTI–containing initial ART re-
gimens. We found that ART initiation with both ABC/3TC- and

Figure 1. Changes in fat tissue mitochondrial DNA levels in abacavir-lamivudine and tenofovir DF–emtricitabine arms (third drugs combined) for
all subjects with available paired samples (n = 39). Abbreviations: ABC/3TC, abacavir-lamivudine; mtDNA, mitochondrial DNA; TDF/FTC, tenofovir
DF–emtricitabine.

Table 3. Changes Between Baseline and Week 96 in Human Immunodeficiency Virus Disease, Metabolic, and Mitochondrial Indices
in Patients Receiving Efavirenz Versus Atazanavir-Ritonavir (n = 39)

Index EFV P (Within EFV) ATV/r P (Within ATV/r) P (Between Groups)

CD4 count, cells/μL 144 (108–292) <.001 250 (210–352) <.001 .22

Log10 HIV-1 RNA, copies/mL −3.8 (−4.1 to −3.1) <.001 −3.7 (−4.3 to −3.1) <.001 .85
BMI, kg/m2 1.1 (−0.3 to 2.2) .25 1.6 (0.3–4.4) <.001 .24

Limb fat, g 812 (−349 to 1503) .14 1807 (391–2982) <.001 .053

Visceral fat, cm2 11.5 (−17.6 to 30.9) .48 18.9 (−0.2 to 33.6) .01 .40
Fat mtDNA, copies/cell −434 (−1000 to 90) .006 −351 (−576 to −49) .001 .45

Complex I activity, OD × 103/µg −0.85 (−20.2 to 8.8) .15 −2.4 (−15.9 to 2.9) .09 .99

Complex IV activity, OD × 103/µg −10.0 (−13.8 to −1.3) .005 −3.7 (−7.3 to 0.2) .01 .39

The nucleoside reverse-transcriptase inhibitors were combined in this comparison. Values represent median change (interquartile range).

Abbreviations: ATV/r, atazanavir-ritonavir; BMI, body mass index; complex I, nicotinamide adenine dinucleotide (reduced) dehydrogenase; complex IV,
cytochrome c oxidase; EFV, efavirenz; mtDNA, mitochondrial DNA levels; HIV-1, human immunodeficiency virus type 1; OD, optical density.

608 • JID 2013:207 (15 February) • McComsey et al



TDF/FTC-containing regimens results in a significant decrease
in fat mtDNA levels. In addition, in subjects treated with
TDF/FTC (but not ABC/3TC), there was evidence of mito-
chondrial respiratory chain dysfunction, as assessed by de-
creases in both complex I and complex IV activity levels. In
this same group (TDF/FTC treated), mitochondrial alterations
were correlated with gains in subcutaneous and visceral ab-
dominal fat. We also found in EFV- and ATV/r-containing
arms significant but similar declines in fat mtDNA and in ox-
idative phosphorylation complex IV activity levels.

To date, no data are available on longitudinal fat mitochon-
drial changes in ART-naive subjects. This current study did
not enroll an ART-naive control group who underwent serial
biopsies without starting ART. Therefore, we cannot firmly
conclude that the observed declines in mitochondrial indices
are due to the effect of ART (and not HIV itself ). However,
we believe that these were unlikely to be due to HIV-1 infec-
tion alone. Indeed untreated HIV-1 infection has been linked
in most studies but not all [9], to declines in mtDNA levels
and in oxidative phosphorylation enzymes in peripheral blood
mononuclear cells [10–12] or in adipose tissue [13]. Miura
et al have also reported that mtDNA levels in HIV-1–infected
individuals were inversely correlated with HIV-1 RNA levels
[14]. Therefore, treating HIV-1 infection and suppressing the
virus is expected to improve mitochondrial indices and not
worsen them, as seen in our study.

The lack of correlation between the decline in mitochondri-
al indices and changes in fat content in the overall group
should not necessarily lessen concerns about potential mito-
chondrial toxicity of nonthymidine NRTIs. Our study was
relatively short, and it is conceivable that nonthymidine
NRTI–induced mitochondrial toxicity is mild compared with
that seen with thymidine NRTIs, resulting in slower develop-
ment of clinical phenotypes such as lipoatrophy. It is also pos-
sible that the mitochondrial toxicity seen in our study could
become problematic in subjects receiving other medications
known to affect mitochondrial function, such as metformin
[15], ethambutol [16], or linezolid [17], or in those exposed to
excessive alcohol, a known mitochondrial toxin.

Moreover, in the TDF/FTC-treated group (regardless of the
ATV/r vs EFV randomization), we found consistent inverse
correlations between the activity levels of oxidative phosphor-
ylation complex I and complex IV and several measures of fat
content, at both visceral and subcutaneous levels, suggesting
that lower mitochondrial function is associated with general-
ized fat gain in this TDF/FTC-treated group. Similar associa-
tions between complex I and complex IV activity levels and
limb and trunk fat were recently reported from another study
of TDF-based regimens [18]. Although the pathogenesis of lip-
ohypertrophy is poorly understood, the role of mitochondrial
toxicity has not been ruled out. Indeed, we and others have
found significant mitochondrial abnormalities in dorsocervical

adipose tissue, even from HIV-infected persons with lipoatro-
phy [19–20].

In this mitochondrial substudy of A5224s, the body fat
composition results are overall consistent with the main
A5224s results [2]. Limb fat and visceral fat increased signifi-
cantly in the ATV/r arms but not in the EFV arms. In ACTG
A5142, a randomized study in which patients received NRTIs
of choice, including thymidine NRTIs in many, EFV was asso-
ciated with higher rates of lipoatrophy than the PI lopinavir-
ritonavir [21]. This finding suggested that EFV may have been
associated with greater mitochondrial toxicity than lopinavir-
ritonavir. This concept was further corroborated by a study
showing that EFV inhibited mitochondrial function, including
complex I activity, in human hepatic cells in vitro [22].
However, in our study, we found similar decreases in all mito-
chondrial indices with EFV- and ATV/r-containing arms.

Our study has some limitations, including small sample size
and a significant number of premature study discontinuations
before week 96. We recorded mitochondrial indices only at 2
time points and not beyond 96 weeks. Consequently, we could
not exclude early improvements followed by worsening of
these measures over time. All of these limitations are frequent-
ly encountered in studies requiring invasive tissue sampling,
and it is not realistic to obtain a sufficient quantity of fat
tissue at closely spaced time intervals in a substantial number
of subjects.

In conclusion, we have shown significant perturbation in
mitochondrial indices after 96 weeks of nonthymidine NRTI–
containing regimens which were assigned randomly. In the
TDF/FTC group, changes in oxidative phosphorylation
complex I and complex IV activity levels consistently were in-
versely correlated with changes in several objective measures
of body fat, including in both subcutaneous and visceral com-
partments. Ongoing investigations will clarify the impact of
these regimens on fat apoptosis and oxidative stress. Given the
anticipated use of life-long ART and the central role of NRTIs
in current regimens, larger and longer studies are needed to
better characterize the mitochondrial and body composition
effects of nonthymidine NRTI–containing regimens. Finally,
studies investigating other potential consequences of mito-
chondrial abnormalities, such as frailty and premature aging,
are much needed.
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