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Abstract
Objective—To assess the effects of decreased antiretroviral therapy exposure on body fat and
metabolic parameters.

Design—Sub-study of the SMART study in which participants were randomized to intermittent
CD4-guided (DC group) or to continuous (VS group) antiretroviral therapy.

Methods—Participants at 33 sites were co-enrolled in the SMART Body Composition Sub-study.
Regional fat was assessed annually by whole-body dual-energy X-ray absorptiometry and abdominal
computed tomography. Fasting metabolic parameters were assessed at months 4, 8, and annually.
Treatment groups were compared for changes in fat and metabolic markers using longitudinal mixed
models.

Results—Two hundred seventy-five patients were randomized to the DC (n=142) or VS (n=133)
groups, and followed for a median of 2.0 years. By month 12, limb fat (DC-VS difference 9.8%, 95%
confidence interval [CI] 3.5 to 16.1; P=0.003) and subcutaneous abdominal fat (DC-VS difference
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14.3 cm2, 95% CI −0.1 to 28.7; P=0.05) increased in the DC group. There was no treatment difference
on visceral abdominal fat (DC-VS difference −2.1%, 95% CI −13.5 to 9.4; P=0.72). Lipids
significantly decreased in the DC group by month 4 and treatment differences persisted throughout
follow-up (P≤0.001). By 12 months, hemoglobin A1C increased in the DC (+0.3%) and remained
stable in the VS group (P=0.003); the treatment difference remained significant through follow-up
(P=0.02).

Conclusions—After 12 months, intermittent antiretroviral therapy increased subcutaneous fat, had
no effect on visceral abdominal fat, decreased plasma lipids, and increased hemoglobin A1C
compared with continuous antiretroviral therapy.
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Introduction
Lipodystrophy is a frequent problem in HIV-infected patients receiving antiretroviral therapy
(ART), with a reported prevalence of 30–50% (1–4). Lipodystrophy stigmatizes, reduces
quality of life, puts at risk adherence to ART, and is commonly associated with dyslipidemia,
insulin resistance, hyperlactatemia, and sexual dysfunction (5–9). Although HIV and host-
dependent factors are involved, exposure to ART is a key factor in the development of
lipodystrophy. Thymidine nucleoside analogue reverse transcriptase inhibitors (NRTIs;
stavudine more so than zidovudine), particularly in combination with first-generation protease
inhibitors (PIs), have been consistently associated with an increased risk for lipodystrophy
(10–15).

Discontinuation of thymidine NRTIs is the only proven intervention for lipoatrophy, but the
resulting improvement is slow and incomplete (16–18). Switching ART has no clear effect on
visceral fat accumulation (9). Intermittent ART has been associated with objective limb fat
increases in small, non-randomized studies (19–22) as well as subjective improvement of
lipodystrophy in larger, randomized trials (23,24).

Using objective measurement techniques, we evaluated body composition and metabolic
parameters in a subset of patients enrolled in a large randomized trial of intermittent, CD4-
guided versus continuous ART, the Strategies for Management of Anti-Retroviral Therapy
(SMART) trial (25). Because ART may be associated with subcutaneous lipoatrophy, relative
central fat accumulation, increased total cholesterol and triglycerides, and decreased insulin
sensitivity (9), we hypothesized that intermittent ART would have a favorable impact on these
abnormalities relative to continuous ART.

Methods
Study Population

The SMART study enrolled HIV-infected patients older than 13 years with CD4+ lymphocyte
counts >350 cells/mm3. Participants could be ART-naïve or ART-experienced, and currently
receiving ART or not. Pregnant or breastfeeding women were excluded. All eligible SMART
participants at 33 clinical sites in the United States, Australia and Spain were offered co-
enrollment in the Body Composition Sub-study. Sub-study sites were selected based on their
access to study-certified dual-energy X-ray absorptiometry (DEXA) and computed
tomography (CT) equipment. The institutional review board at each site approved the study
and each participant gave written, informed consent.
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Study Design
The design of the SMART study has been described elsewhere (25). Briefly, participants were
randomized 1:1 to intermittent ART (Drug Conservation [DC] group) or continuous ART
(Viral Suppression [VS] group). Participants randomized to the DC group deferred or stopped
ART until their CD4+ lymphocyte count declined to below 250 cells/mm3, then re-initiated
therapy, and stopped again when the CD4+ count had increased to above 350 cells/mm3.
Participants in the VS group were prescribed continuous ART with the goal of sustained viral
suppression. Randomization was stratified by site.

The primary endpoint of the Body Composition Sub-study was to compare the DC versus VS
groups for changes in limb fat measured by DEXA and in visceral fat measured by abdominal
CT. DEXA and CT scans were obtained at baseline and annually. It was planned to co-enroll
300 participants into the sub-study and follow them for at least 5 years. The sample size was
calculated to detect a treatment difference of 0.5 kg in limb fat and 25 cm2 in visceral fat with
80% power at a 5% significance level.

Due to increased risk of AIDS, death, and serious cardiovascular, liver and renal complications
in the DC group, enrollment in the SMART study was stopped on 11 January 2006 per
recommendation of an independent Data and Safety Monitoring Board, and ART-experienced
participants were advised to receive continuous ART.

Data Collection
Imaging—Total body DEXA (limb fat, trunk fat, total body fat, and lean mass) and abdominal
CT (visceral [VAT] and subcutaneous [SAT] adipose tissue) scans were obtained at baseline
and annually. For women of childbearing potential, a negative serum or urine pregnancy test
result was required within 14 days before each scan. Baseline scans were performed within 60
days before randomization.

Imaging was performed at 10 radiology sites. Standardized scanning protocols based on each
manufacturer’s imaging specifications were used across all sites, and all scans were analyzed
at a central reading center (Bio-Imaging Technologies, Newtown, PA, USA). In particular,
scanning protocols specified that follow-up scans were obtained on the same X-ray machines
with the same parameters as the baseline scans. Development of the scanning protocols,
certification of radiology equipment and personnel prior to the study, and ongoing quality
assurance were undertaken by Bio-Imaging Technologies.

For DEXA scans, patients were positioned straight on the table, with all body parts in the scan
field, palms down and separated from the thighs and legs rotated inward 25 degrees. Six of the
10 radiology sites used Lunar (GE Healthcare Lunar, Madison, WI, USA), and four Hologic
(Bedford, MA, USA) x-ray equipment. At the beginning of the study and whenever a shift in
calibration was suspected, a variable composition phantom (VCP 027, Abbott Plastics,
Rockford, IL, USA) was scanned to mimic a range of percent fat values to confirm the accuracy
of DEXA body composition measurements.

The methodology and the quality assurance procedures for CT scanning have been described
previously (26). Three axial-oblique CT slices of the abdomen were obtained at the levels of
the L2-3, L3-4, and L4-5 inter-vertebral disk spaces. SAT and VAT were evaluated at each
inter-vertebral location based on pixel intensity. The average values across the three inter-
vertebral spaces were used for calculations.

Metabolic Laboratory Markers and Other Assessments—Blood samples were
obtained after a minimum 8-hour fast, at baseline (within 45 days prior to randomization), at
months 4, 8, and 12, and annually thereafter. Total cholesterol, high-density lipoprotein (HDL)
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cholesterol, triglycerides, and glucose were measured using automated enzymatic assays, and
low-density lipoprotein (LDL) cholesterol using spectrophotometry, all on an Olympus AU600
chemistry analyzer (Olympus America, Center Valley, PA, USA). Insulin was measured by
chemiluminescent immunometric assay using monoclonal murine anti-insulin antibody and
polyclonal sheep anti-insulin antibody, and C-peptide using an immuno-chemiluminescence
assay; both on a Siemens DPC Immulite 2000 (Siemens Medical Solutions, Flanders, New
Jersey, USA). Venous lactate (Vitros DT60 II, Rochester, NY, USA) and hemoglobin A1C
(Immunoturbidimetric Roche Integra 700 assay, Rotkreuz, Switzerland) were measured at
baseline and annually only. All samples were frozen at −70°C until they were batch-tested at
a central laboratory (Quest Diagnostics, Inc., Baltimore, MD, USA). Insulin resistance was
estimated using the Homeostasis Model Assessment (HOMA) equation (27).

For each participant, the provider assessed presence and severity of lipoatrophy and abnormal
fat accumulations (2). Patient satisfaction with body image was recorded using a visual
analogue scale from 0–100. Medical and ART history, CD4+ cell count and HIV RNA levels
were obtained at baseline and through follow-up as previously described (25).

Statistical Analysis
Baseline characteristics were summarized. Median time to first ART initiation in the DC arm
was assessed through Kaplan-Meier estimates. Follow-up time was censored on the last sub-
study visit prior to 12 January 2006.

All comparisons between treatment groups were done by intention to treat. The DC and VS
groups were compared for changes in fat, lean mass, and laboratory markers from baseline
through follow-up using longitudinal mixed models, and to specific follow-up visits using
linear regression. By chance, more women were randomized to the VS group, and the
proportion of blacks was higher among women. Therefore, we adjusted treatment group
comparisons for race, sex, and the race-by-sex interaction, as body composition and many
laboratory values differ by sex and race. Covariate-adjusted estimates for mean changes in both
treatment groups, estimated treatment differences with 95% confidence intervals [CI], and p-
values were calculated. Changes in limb fat were assessed both as absolute and percent changes
relative to baseline. Variability in absolute change in limb fat was higher in those with more
limb fat, and the model assumption of homoscedasticity was better met when evaluating percent
changes. Therefore, results on the percent scale are more reliable. We present results on both
scales, because the study protocol referred to absolute changes.

The DC and VS groups were compared for changes in fat within subgroups defined at baseline,
using separate models. Homogeneity of the treatment difference across subgroups was assessed
by testing for an interaction between the subgroup factor (continuous where possible) and
treatment group indicators in a joint model. Subgroup analyses were performed by age, gender,
race/ethnicity, baseline CD4 and nadir CD4, HIV RNA level (less or greater than 400 copies/
mL), smoking, hepatitis B or C, prior AIDS, BMI, presence of lipoatrophy or fat accumulation,
limb fat by DEXA, and use of ART, PIs, non-nucleoside reverse transcriptase inhibitors
(NNRTIs), and thymidine NRTIs at baseline. Subgroups by gender and baseline ART use were
pre-specified in the protocol.

Statistical analyses were performed with SAS version 9.1 (SAS Institute, Cary, NC, USA). All
statistical tests were two-sided. P-values ≤ 0.05 were considered significant.
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Results
Characteristics of participants

From May 2002 to January 2006, 275 (DC group, n=142; VS group, n=133) participants were
co-enrolled into the Body Composition sub-study of the SMART study. Baseline
characteristics are summarized in Table 1. At study entry, the proportions of participants who
were male, on ART and virologically suppressed were higher in the DC group than in the VS
group. Among men, the proportion of blacks was lower (18% versus 61% among women).
Otherwise, the two treatment groups were similar. Compared to the parent SMART study,
fewer participants were female (19 versus 27%), fewer were using ART at baseline (74 versus
84%), and fewer had HIV-RNA ≤ 400 copies/mL (58 versus 72%) (Table 1).

Participants were followed for a median of 24 months. In the DC group, the median time to
the commencement of ART was 13 months. By the time of the year-1 scan dates, the DC group
had received ART for 2.7 of 12.3 months (22%) of follow-up time. Overall, the DC and the
VS groups received ART for 37% and 94% of the total follow-up time, respectively. Figure
1A shows the proportion of participants receiving ART, at selected time points through follow-
up.

Changes in Body Composition
Treatment comparisons for changes in fat and lean mass are presented in Table 2. Of the 275
participants, 192 had follow-up scans and were included in the primary analysis (106 in the
DC and 86 in the VS group); of the remaining 83, 82 (99%) had no follow-up scans due to the
early closing of the study, and one for other reasons. At month 36, scans were available for 68
participants (35% of the 192); 2 participants had died (DC group), 4 missed their visits (VS
group), and the remaining 118 had no scans due to the early closing of the study. Treatment
differences were largest in the first year. At 12 months, limb fat increased by 9.0% in the DC
group and remained stable (−0.8%) in the VS group (estimated difference 9.8%, 95% CI 3.5
to 16.1, P=0.003). From baseline through 36 months, the DC group gained 8.7% more limb
fat than the VS group (95% CI 2.0 to 15.4, P=0.01) (Figure 1B). The treatment difference was
not statistically significant, however, when measuring absolute change in limb fat (Figure 1C).
Results were similar when restricting the analysis to the cohort with at least 2 years of follow-
up.

SAT increased in both groups by 12 months, with a borderline significant between-group
difference of 14.3 cm2 (95% confidence interval −0.1 to 28.7; P=0.05; Table 2) in favor of the
DC group. Both DC and VS groups gained VAT by 12 months, but the between-group
difference was not significant at any time-point (Figure 1D). There were no significant
differences in lean mass and patient satisfaction with body image.

Subgroup Analyses for Changes in Body Fat by 12 Months
Figure 2 summarizes subgroup analyses for absolute change in limb fat and VAT from baseline
to month 12. The analyses were not adjusted for race or sex because of the small sample size
in some subgroups; however, results were similar after adjustment (data not shown).

The treatment difference in limb fat, absolute change from baseline, was larger among those
using ART regiments without an NNRTI at baseline (n=75, DC-VS difference 1.1 kg, p=0.007)
compared with those using NNRTIs (n=64, −0.4 kg, p=0.42), p=0.02 for differential treatment
effect. The DC-VS treatment differences in VAT varied across several subgroups, including
race, HIV-RNA level, hepatitis, lipoatrophy, or NNRTI use at baseline versus other ART
regimens (Figure 2).
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Additionally to the subgroups presented in Figure 2, we also analyzed subgroups by age,
baseline CD4 cell count, nadir CD4 cell count, prior AIDS, BMI, smoking, and use of any
ART at baseline. There was no evidence that the DC-VS treatment difference varied by any
of these factors (p > 0.05 for interaction between subgroup factor and treatment group).

In subgroup analyses with respect to change in limb fat in percent of baseline limb fat, there
was no evidence that the DC-VS difference differed by any of these factors (p>0.05 for
interaction between treatment groups and subgroup factors). There was a trend towards a larger
DC-VS difference among those using thymidine NRTIs (n=106, DC-VS difference 15.3%,
p<0.001) compared with those using ART but no thymidine NRTIs (n=33, −1.5%, p=0.84),
p=0.07 for interaction, and a trend for differential treatment effect by NNRTI use (p=0.08 for
interaction); among those using an NNRTI, the estimated DC-VS difference was 4.0% (p=0.52)
compared with 17.7% (p<0.001) among those using ART but no NNRTI.

Changes in Laboratory Parameters
Table 3 summarizes changes in metabolic parameters from baseline to month 4, and through
12 and 36 months. Substantial reductions in total, LDL and HDL-cholesterol, and triglycerides
(analyzed on the log10 scale) were evident in the DC group within 4 months and were sustained
through the 36 months of follow up whereas these lipid parameters were stable or increased in
the VS group; treatment differences were significant (P≤0.001). Both total and HDL-
cholesterol changed in the same direction, and the treatment effect on the total:HDL-cholesterol
ratio was not statistically significant.

Treatment differences in glucose, insulin, HOMA, and lactate were not significant. However,
hemoglobin A1C levels at 12 months had increased in the DC group (+0.3%) but had remained
stable in the VS group (estimated difference 0.3%, 95% CI 0.1 to 0.5, P=0.003). Treatment
differences in hemoglobin A1C remained significant through 36 months (P=0.02). After
removing patients receiving therapy for diabetes at baseline (n=13, DC group, and n=14, VS
group), the variability of hemoglobin A1C decreased but the significant treatment differences
persisted at 12 months (P=0.001) and through 36 months (P<0.001). Changes in hemoglobin
A1C were not explained by changes in total hemoglobin (data not shown).

Discussion
In the SMART Body Composition sub-study, the strategy of intermittent ART in HIV-infected
patients had significant effects on body fat and plasma lipids. For most endpoints, the treatment
difference was fully evident at 12 months and did not increase with longer follow-up. This
pattern is consistent with the increase over time in the proportion of participants receiving ART
in the DC group.

Limb fat increased (as percent of baseline fat) in the DC group and remained stable in the VS
group; SAT increased in both groups, but substantially more in the DC group. There was no
evidence for a treatment difference in VAT, and no evidence for a difference in limb fat when
measuring absolute change (kg) rather than percent change.

We presented results for limb fat both as percent change from baseline and as absolute change,
because (1) the model assumptions for the longitudinal analyses of limb fat were better met
when using the percent scale to measure change from baseline, suggesting more reliable
estimates and p-values, while (2) the study protocol specified absolute change. Percent fat
changes are not often reported, possibly because they appear less intuitive.

In our study, the strategy of intermittent ART resulted in increased limb fat compared with
standard, continuous ART, at least in the short-term. This finding confirms those from previous
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studies (19-22), and is also in accordance with a recently reported, randomized clinical trial in
which intermittent thymidine-sparing ART lead to significantly greater increases in limb fat
at 24 months compared with continuous thymidine NRTI-sparing ART in HIV-infected
patients with lipoatrophy (28).

The absolute change in limb fat in the DC group at 12 months (+200 g) was lower than that
reported in studies switching from thymidine NRTI-containing to thymidine NRTI-sparing
ART after a similar period of time (from +400 to +800 g) (16–18). Several reasons may explain
this smaller increase. Firstly, only 74% of the participants were receiving ART at enrollment,
and only 52% were taking a thymidine NRTI. In fact, there was a trend towards larger
increments in percent limb fat with the intermittent ART strategy compared with continuous
ART in patients on a thymidine NRTI at study than among those not. Second, lipoatrophy was
an entry criteria required for the switching studies but not for the SMART Body Composition
sub-study. In fact, the median limb fat in the participants (predominantly males) of the SMART
Body Composition sub-study was 6.6 kg, similar to that recently reported in predominantly
male, HIV-infected patients starting ART (15) and slightly lower than that reported for HIV-
uninfected men (29,30), whereas the median limb fat in the switching studies was 3–3.5 kg
(16–18). Among participants with below-median limb fat (< 6.6 kg), limb fat increased by 480
g at 12 months in the DC group, and decreased slightly (−40 g) in the VS group. Finally, by
12 months, 38% of participants in the DC group had re-initiated ART, thus decreasing the
difference in exposure to ART between the treatment groups.

There was no significant between-group difference in VAT. Potential reasons to explain this
finding might be that visceral fat is less influenced by ART than subcutaneous fat, that factors
other than ART may have a differential impact on visceral versus limb fat or, less likely, that
visceral fat is relatively resistant to change in this population. Also, the treatment difference
in VAT varied across several subgroups, (p-value <0.05 for treatment differential effect),
suggesting that the DC and VS strategies may have different effects depending on HIV-RNA
level, hepatitis B or C status, lipoatrophy or NNRTI use. There was also no evidence for a
between-group difference with respect to change in lean mass. Prolonged uncontrolled HIV
replication may lead to wasting syndrome (31), an AIDS-defining condition characterized by
decreased lean mass. Wasting is typically observed at low CD4+ count levels, however, while
participants in the DC group tended to re-initiate ART well above those levels.

All plasma lipids decreased significantly in the DC group as compared with the VS group. The
reduction in lipid values was evident at 4 months. Antiretroviral-induced lipid changes have
been usually reported as occurring within a few weeks after the introduction of ART (32). Our
study showed rapid decrease in lipids after ART discontinuation, which mirrored the increase
in lipids after starting ART reported in other studies (19–22). The decrease in plasma lipids
associated with ART interruption was initially considered to be a positive effect (33). However,
low HDL-cholesterol would be expected to increase the risk of cardiovascular disease even if
LDL cholesterol is low (34). HIV infection is a condition associated with a relative decrease
in HDL-cholesterol (32). HIV infection increases plasma triglycerides and decreases
cholesterol and its lipoprotein fractions, but the reduction in HDL-cholesterol is relatively
higher than that in total and LDL cholesterol. ART irrespective of the drugs used increases all
cholesterol fractions in a kind of “return-to-normality” effect, but the raise in HDL-cholesterol
may be proportionately less than that for total and LDL cholesterol (35). The difference in
total:HDL-cholesterol ratio in this sub-study was not significant, but it was in favor of VS in
the main SMART study (36), which had more power. Besides lipid changes, increases in
proinflammatory cytokines and immune activation (parameters not assessed in the SMART
Body Composition sub-study) have been observed under intermittent ART in the SMART and
other studies (37–39).
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Although there were no differences in glucose, insulin, C-peptide, HOMA, or lactate between
both strategies, hemoglobin A1C increased in the DC group while it remained stable in the VS
group. This difference was maintained throughout the study and was not explained by fasting
glycemia, estimated insulin resistance, or total hemoglobin levels. Hemoglobin A1C may be
falsely decreased with reduced hemoglobin, hemoglobinopathies, increased turnover of red
blood cells, or uremia, and falsely elevated with alcoholism, lead poisoning, opiate addiction,
excessive use of salicylates, or pregnancy (40). We did not systematically assess most of those
conditions in our study. Due to the randomized design of the study, however, no substantial
between-group differences in these characteristics would be expected. Although there was a
race and sex imbalance in our substudy, we are not aware that hemoglobin A1C levels were
affected by these factors. Inappropriately low hemoglobin A1C levels have been reported in
HIV-infected patients receiving ART containing NRTIs (41–43) that were associated to
subclinical hemolysis in one study (42) and to increased medium corpuscular volume of
erythrocytes in another study (43). Consistent with previous findings (41–43), patients in the
Body Composition sub-study had increases in hemoglobin A1C under intermittent ART while
hemoglobin A1C levels remained stable with continuous ART. Altogether these data indicate
that hemoglobin A1C may not be appropriate for reliably monitoring diabetes mellitus in HIV-
infected patients receiving ART.

Potential limitations of our study include: (1) the premature closing of the SMART study
limiting the power for treatment comparisons and subgroup analyses; (2) antiretroviral therapy
was heterogeneous, limiting the abiltiy to assess specific antiretroviral drugs or drug classes;
(3) analyses were not adjusted for multiple comparisons; in particular, we compared treatment
effects across many subgroups, and some of the subgroup findings may be false positives; and
(4) only few participants had lipoatrophy at study entry, limiting the power of analyses for this
subgroup.

In conclusion, intermittent ART in the SMART Body Composition sub-study increased
subcutaneous fat, had no effect on VAT, decreased plasma lipids, and increased hemoglobin
A1C compared with continuous ART.
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Figure 1.
Percentage of participants who were taking ART in the DC and VS groups, through follow-up
(panel A); changes in limb fat by DEXA from baseline through follow-up (percent relative to
baseline, panel B; absolute change from baseline, panel C) and changes in visceral adipose
tissue by CT (panel D). Right-hand panels of B–D show estimated treatment differences with
95% confidence intervals for change from baseline to month 12, and through follow-up.
Treatment differences, confidence intervals and p-values were estimated using regression
models (at each visit) and longitudinal models (through month 36). All models included race,
sex and their interaction as covariates.
Abbreviations: ART, antiretroviral therapy; CI, confidence interval; CT, computed
tomography; DC, Drug Conservation (intermittent ART) group; DXA, dual x-ray
absorptiometry; VAT, visceral adipose tissue; VS, Viral Suppression (continuous ART) group
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Figure 2.
DC-VS group differences in change in limb fat and VAT from baseline to Month 12 within
subgroups of participants, and tests for homogeneity of the treatment difference by subgroup
factor.
* NNRTI or PI use, respectively, among those who were receiving ART at baseline.
** Among those who were receiving ART at baseline. In the DC and VS groups, 60 and 46
participants, respectively, used thymidine NRTIs at baseline. In the VS group, 35 (76% of 46)
continued using thymidine NRTIs at year 1, and one more had switched to a thymidine NRTI.
In the DC group, 24 participants had re-initiated ART by year 1 and 16 were taking thymidine
NRTIs.
There was no evidence for differential treatment effect (interaction p-value > 0.05) by the
following baseline factors: age, CD4+ count, nadir CD4+ count, prior AIDS, body mass index,
smoking, use of ART, or duration of ART use.
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Table 1

Baseline Characteristics

Characteristic

Body Composition Substudy SMART Study

Overall (n=275)
Drug Conservation

Group (n=142)
Viral Suppression

Group (n=133) Overall (n=5472)

Demographics

  Age (years) (median. IQR) 44.0 (39.0, 50.0) 45.0 43.0 43

  Female (%) 18.5 14.1 23.3 27.2

 Race/ethnicity

  Black or African American (%) 25.8 23.9 27.8 29.1

  Latino or Hispanic (non-black) (%) 17.1 18.3 15.8 21.1

  White (%) 55.3 56.3 54.1 43.6

  Other or Unknown (%) 1.8 1.4 2.3 6.2

 Probable HIV Transmission Modes

  Male-Male Sexual Contact (%) 62.9 68.3 57.1 49.9

  Heterosexual Contact (%) 33.1 31.0 35.3 45.0

  IV Drug Use (%) 13.8 14.1 13.5 9.7

  Other (%) 6.9 4.9 9.0 8.1

 Years Since Known HIV-infected [median (IQR)] 8.5 (5.0, 13.6) 8.7 7.9

Clinical Characteristics

  Prior AIDS Diagnosis (%) 22.2 24.6 19.5 23.9

  Hepatitis B (%) 3.7 2.9 4.6 2.3

  Hepatitis C (%) 16.1 16.4 15.8 14.8

  Current Smoker (%) 45.8 41.5 50.4 40.5

  On Lipid-lowering Drugs (%) 22.2 22.5 21.8

  CD4+ (cells/mm3) [median (IQR)] 554 (437, 783) 590 525 597

  Nadir CD4+ (cells/mm3) [median (IQR)] 260 (150, 377) 256 270 250

  HIV RNA ≤ 400 copies/mL (%) 57.5 64.8 49.6 71.7

ART History

  ART Naïve (%) 7.6 5.6 9.8 4.6

  On ART at baseline (%) 74.2 79.6 68.4 83.9

  On PI (%) 35.6 38.7 32.3 45.2

  On NNRTI (%) 36.7 40.1 33.1 49.0

  On Thymidine NRTI (%) 52.0 56.3 47.4 58.7

  Years Since Start of ART [median (IQR)] 6.0 (3.4, 8.1) 5.9 6.2 6.0

  Years on a PI [median (IQR)] 2.5 (0.0, 4.5) 2.5 1.5 2.5

Abnormal Body Fat

  Peripheral LipoatrophyA (%) 19.3 20.4 18.0 -

  Abnormal Fat AccumulationA (%) 20.7 22.5 18.8 -

  LipodystrophyA,B (%) 8.4 8.5 8.3 -

Body Composition

  Body mass index (kg/m2) [median (IQR)] 25.6 (23.3, 28.8) 25.7 25.6 25.9
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Characteristic

Body Composition Substudy SMART Study

Overall (n=275)
Drug Conservation

Group (n=142)
Viral Suppression

Group (n=133) Overall (n=5472)

  Limb fat (kg) [median (IQR)] 6.6 (4.0, 9.4) 6.5 6.7 -

  Limb fat (% of limb mass) [median (IQR)] 19.5 (13.9, 27.3) 19.6 19.4 -

  Lean body mass (kg) [median (IQR)] 57.8 (49.0, 63.5) 57.8 58.2 -

  Total body fat (kg) [median (IQR)] 18.0 (12.9, 24.8) 18.4 17.5 -

  VAT (cm2) [median (IQR)] 117 (69, 181) 119 117 -

  SAT (cm2) [median (IQR)] 143 (88, 207) 139 146 -

Satisfaction with Body Image (0–100)C (%) 70 (50, 80) 70 70 75

Metabolic Values (≥ 8 hours fasting)D

  Total cholesterol (mg/dL) [median (IQR)] 183 (159, 217) 193 181 191

  LDL cholesterol (mg/dL) [median (IQR)] 109 (84, 133) 112 107 112

  HDL cholesterol (mg/dL) [median (IQR)] 39 (31, 47) 39 38 41

  Total:HDL cholesterol ratio [median (IQR)] 4.7 (3.7, 6.0) 4.8 4.6 4.6

  Triglycerides (mg/dL) [median (IQR)] 167 (114, 260) 185 156 163

  Lactate (mmol/L) [median (IQR)] 1.4 (1.1, 1.7) 1.3 1.4 -

  C-Peptide (ng/mL) [median (IQR)] 2.8 (1.9, 3.7) 2.8 2.8 -

  Insulin (μU/mL) [median (IQR)] 11 (7, 18) 11 12 -

  Glucose (mg/dL) [median (IQR)] 93 (86, 101) 94 92 -

  Hemoglobin A1C (% of total hemoglobin)
[median (IQR)]

5.1 (4.8, 5.5) 5.0 5.2 -

  HOMAE [median (IQR)] 2.6 (1.7, 4.5) 2.5 2.6 -

Most baseline characteristics remained stable with respect to date of enrolment, including demographics, body fat and metabolic parameters, and the
proportion of participants using ART at baseline. The proportion with prior AIDS decreased from 26% among those enrolled in the first two years of
the study (n=172) to 17% among those enrolled later (n=103). Similarly, the proportion of participants who used PIs and thymidine NRTIs at baseline
decreased from 38% to 32% and from 56% to 44%, respectively.

A
Physician-assessed, moderate or severe

B
Participants with both peripheral lipoatropy and abnormal fat accumulation.

C
Patient self-report using a visual analogue scale from 0–100, with 0 being the worst and 100 the best.

D
The fasting requirement applied only to the Body Composition substudy, not the parent SMART study.

E
HOMA = (fasting plasma glucose [mmol/l]) * (serum insulin [μU/l])/22.5

Abbreviations: CT, computed tomography; HOMA, Homeostasis Model Assessment of Insulin Resistance; PI, protease inhibitor; NNRTI, non-
nucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; SAT, subcutaneous adipose tissue; VAT, visceral adipose
tissue.
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