Antiretroviral initiation is associated with increased
skeletal muscle area and fat content
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Objective: A greater burden of physical function impairment occurs in HIV-infected
adults; the impact of antiretroviral therapy (ART) initiation on muscle density (less
dense =more fat), a measure of muscle quality, is unknown.

Design: AIDS Clinical Trials Group Study A5260s, a cardiometabolic substudy of
A5257, randomized HIV-infected, ART-naive adults to ritonavir-boosted atazanavir,
darunavir, or raltegravir with tenofovir/emtricitabine backbone. Single-slice abdominal
computed tomography scans from baseline and week 96 were reanalyzed for total and
lean muscle area and density.

Methods: Two-sample t-tests described the differences between baseline and week 96
variables. Linear regression analysis was used to explore the role of a priori identified
variables and potential confounders.

Results: Participants (n =235) were mostly men (90%); 31% were Black non-Hispanic;
21% were Hispanic. Over 96 weeks, small but significant increases were seen in
oblique/transverse abdominal, rectus, and psoas muscle total area (range 0.21-
0.83cm?; P<0.05) but not the lean muscle component (all P>0.33). Significant
decreases in overall density, consistent with increases in fat, were seen in all muscle
groups (range —0.87 to —2.4HU; P<0.01); for the lean muscle component, only
decreases in oblique/transverse abdominal and rectus reached statistical significance
(P < 0.05). In multivariable analyses, Black race was associated with increased muscle
density and female sex with decreased density; treatment arm was not associated with
changes in mass or density.

Conclusion: The ART-associated increase in muscle area, regardless of regimen, is

likely a reflection of increased fat within the muscle. The consequences of fatty

infiltration of muscle on subsequent muscle function require further investigation.
Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.
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Introduction

Owing to the success of antiretroviral therapy (ART),
more than half of the individuals diagnosed with HIV in
the United States are age 50 or older, and an estimated
70% in European countries will be over age 50 by 2030

[1]. Prior studies have shown that HIV-infected older
adults are at an increased risk for frailty and physical
function impairment compared with HIV-uninfected
adults of similar age [2-5]. Physical function is
determined, in part, by the quality and quantity of
skeletal muscle. In healthy, HIV-uninfected adults, both
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muscle quality and quantity decline beginning in the
fourth or fifth decade of life. With age, the decline in
skeletal muscle quality is characterized by an accumu-
lation of fat both around and within the muscle bundle.
The increase in skeletal muscle fat can be measured
noninvasively by lower density [Hounsfield units (HU)]
on computed tomography (CT) scan or by MRI [6], and
is strongly correlated with lipid content by skeletal muscle
biopsy [7]. Importantly, greater skeletal muscle fat in the
thigh or the postural support muscles measured by CT
scan are consistently strong predictors of worse physical
function, and often stronger predictors of physical
function than measures of skeletal muscle mass [8—12].

Changes in body fat with ART initiation are well
described, and large gains (up to 30% in the first 2 years) in
visceral adiposity occur even with contemporary ART
[13—15]. Few studies have described the changes in
skeletal muscle fat that occur with HIV infection; to the
best of our knowledge, no studies have described changes
in skeletal muscle fat with ART initiation. Compared
with HIV-uninfected men, HIV-infected men had lower
density (greater fatty infiltration) of the mid-thigh muscle
bundle and lower muscle quality with age, even after
multivariable adjustment including visceral adipose tissue
(VAT) and subcutaneous adipose tissue (SAT) [16].
Among younger HIV-infected persons with body fat
changes (previously referred to as lipodystrophy),
decreased psoas muscle density was more strongly
associated with insulin resistance than BMI, SAT, lean
body mass, or ART [17]. Exercise interventions among
HIV-infected populations have led to significant
improvement in muscle fat attenuation, providing
evidence of the reversibility of these findings [18,19].

The goal of this analysis was to determine the changes in
skeletal muscle area and density that occur with initiation
of ART among ART-naive, HIV-infected adults, and
explore variables associated with these changes. As VAT
and total body weight increase with ART, we hypo-
thesized that ART initiation would similarly be associated
with an increase in muscle fat, a possible mechanism for
physical function impairment.

Methods

AIDS Clinical Trials Group Study A5260s was a
cardiometabolic substudy of A5257, in which HIV-
infected, ART-naive adults were randomized to receive
ritonavir-boosted atazanavir, ritonavir-boosted daruna-
vir, or raltegravir with a backbone of tenofovir disoproxil
fumarate/emtricitabine. Details of this study have been
previously published [13]. Briefly, substudy participants
had no known cardiovascular disease, diabetes, or
uncontrolled thyroid disease, and did not receive lipid-
lowering medications. The parent study and substudy

were registered (NCT00811954 and NCT00851799)
and were approved by the institutional review boards at
participating sites. All participants provided written,
informed consent.

Body composition measures

Body composition evaluations occurred at baseline and
week 96. Single-slice CT scans at the L4—-L5 level were
used to quantify VAT. Scans were standardized and
centrally read by blinded personnel at LA Biomed
(Torrance, California, USA; CT). Scans were then
reanalyzed for muscle density at the University of
Colorado with body-composition software that utilizes
an interactive data language platform (Excelis Visual
Information Systems, Boulder, Colorado, USA). Inter-
active data language is a validated scientific programming
language, used across disciplines to extract meaningful
visualizations out of complex numerical data. The
program is a semiautomatic segmentation technique
based on CT density (Hounsfield units) differences
between adipose and other tissues. Images were read by a
single investigator blinded to study arm, and approxi-
mately 5—10% of images were reanalyzed by a second,
experienced research analysis technician to assure
reproducibility within 5%. Skeletal muscle groups (psoas;
combined oblique and transverse abdominal; rectus;
spinalis) at the L4-5 site were segmented from
surrounding adipose tissues and bone. Within each
muscle group, the overall muscle area and density were
obtained. Then the intermuscular fat (the fatty infiltration
into the muscle) was identified as that muscle component
with CT density less than or equal to 30 HU, and the
cross-sectional area and average Hounsfield units of the
lean component of muscle (intermuscular fat excluded)
was determined.

Additional clinical characteristics

A clinical consequence of increased fat included
metabolic syndrome, defined as the presence of three
or more of the following: waist more than 40 inches
(101.6 cm) in men, more than 35 inches (88.9 cm) in
women; high density lipoprotein cholesterol less than
40 mg/dl in men or more than 50 mg/dl in women or
taking fish oil, niacin, or fibrates; triglycerides at least
150 mg/dl or taking fish oil, niacin, or fibrates; DBP at
least 85 mmHg or SBP at least 130 mmHg or taking
antihypertensive medications; and fasting plasma glucose
at least 100 mg/dl or taking diabetes medications.

Statistical analysis

Paired t-tests were used to describe the differences
between baseline and week 96 for muscle area and
density. Linear regression analysis was used to explore the
role of a priori identified wvariables and potential
confounders on the change in muscle area and density.
Covariates considered during model building included
age, sex, race/ethnicity (White, Black, Hispanic, other),
hepatitis C infection (positive antibody), BMI, CD4"
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T-cell count (baseline), and current smoking (smoking
for muscle area analysis only). Change models were
additionally adjusted for change in CD4" cell count
(week 96—week 0), change in BMI, and change in
triglycerides. Variables with a P value less than 0.10 in
univariate models were retained in the multivariate
models. In addition, two sensitivity analyses were
conducted. Owing to concerns with collinearity with
CD4" cell count, the addition of log HIV-1 RNA to the
model was tested separately; the coefficients were
minimally changed, thus these results are not presented.
To assess the component of BMI that was most strongly
related to changes in muscle mass or density, where
change in BMI was significant in univariate models, we
replaced change in BMI with % change in VAT. Statistical
analyses were conducted in SAS v. 9.4 (SAS Institute,
Cary, North Carolina, USA) and assumed a two-sided
significance level of 0.05. No adjustment was made for
multiple comparisons.

Results

Two hundred and thirty-five (of 328) A5260s participants
had paired week 0 and 96 CT scans available for reanalysis.
The majority of participants were male (90%); 31% of
participants were Black non-Hispanic and 21% were
Hispanic (Table 1). At baseline, the median age was 36
(IQR 28—45) years, CD4 " cell count was 349 cells/pl, and
BMI was 24.5 kg/m”.

Changes in muscle area and factors associated
with changes

The total area of the oblique/transverse abdominal,
rectus, and psoas muscle groups (including infiltrating
intermuscular fat) increased significantly over 96 weeks,
with a smaller, nonsignificant increase in the spinalis area
(Fig. 1a). When restricted to the lean muscle changes,
week 96 area for all muscle groups were minimally
diftferent from baseline (Fig. 1b, all P> 0.33).

Table 1. Baseline characteristics of participants with available
paired computed tomography scans.

Baseline characteristics (n=235) N (%) or median (IQR)

1)

Metabolic syndrome (baseline)
Metabolic syndrome (week 96)

Age, years 36 (28—45)
Male gender 211 (90)
Race/ethnicity
White-non Hispanic 101 (43)
Black-non Hispanic 2 (31)
Hispanic 0 (21)
Other 2 (5)
Hepatitis C 7(7)
Current smokmg 3 (35)
BMI, kg/m 24 5(22.2-27.8)
CD4" cell count, cells/p.l 349 (190-459)
HIV-1 RNA level, logio copies/ml 4, 56 (4.07-5.08)
5(1
9017

IQR, interquartile range.
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Fig. 1. Change in total (a) and lean (b) muscle area from
week 0 to 96 with antiretroviral initiation. ART, antiretroviral
therapy. *P < 0.05, **P < 0.01.

In multivariate analyses (Table 2), a greater increase in
BMI was associated with significant increases in total
muscle area of the oblique/transverse abdominal, rectus,
psoas, and spinalis and greater increases in the lean area of
the rectus and psoas muscles. Other associations were
not consistent across muscle groups, and are detailed in
Table 2. No difterences by treatment arm were seen with
changes in lean area of any of the muscle groups.

Percentage (%) change in BMI was strongly correlated
with % change in VAT (r=0.64, P<0.0001) and %
change in SAT (r=0.75, P<0.0001). To further
investigate whether the association between change in
muscle area with BMI was explained primarily by change
in VAT, % change in VAT was substituted for change in
BMI for each model where this was significant in
univariate analysis. Changes in total area of the oblique/
transverse, rectus, and psoas muscles were significantly
associated with % change in VAT, although the
associations were weaker than with change in BMIL
Change in total spinalis, lean rectus, and lean psoas area
were not associated with % change in VAT in
multivariate models.

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.
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Table 2. Variables associated with the change in total and lean muscle area with 96 weeks of antiretroviral therapy.

Univariate Multivariate
Total muscle area Coefficient SE P value Coefficient SE P value
Change in oblique/transverse abdominal total area
BMI (baseline) -0.11 0.06 0.04
Change in BMI 0.42 0.11 0.0001 0.38 0.12 0.001
CD4" cell count > 200 cells/ul (baseline) -1.22 0.59 0.04
Change in rectus total area
Change in BMI 0.28 0.04 <0.0001 0.25 0.04 <0.0001
CD4" cell count > 200 cells/pl (baseline) —-0.90 0.21 <0.0001 —-0.40 0.20 0.05
Triglycerides (baseline)® 0.03 0.01 0.002 0.02 0.01 0.02
Change in psoas total area
BMI (baseline) -0.07 0.03 0.009 —0.05 0.02 0.03
Change in BMI 0.41 0.05 <0.0001 0.39 0.05 <0.0001
CD4" cell count > 200 cells/ul (baseline) -0.87 0.29 0.003
Triglycerides (baseline)® 0.03 0.01 0.02 0.02 0.01 0.05
Change in spinalis total area
Change in BMI 0.26 0.09 0.003 0.22 0.09 0.02
CD4" cell count > 200 cells/ul (baseline) -1.02 0.45 0.03
Smoking 0.82 0.42 0.05 0.90 0.41 0.03
Univariate Multivariate
Lean muscle area Coefficient SE P value Coefficient SE P value
Change in oblique/transverse abdominal lean area
Change in triglycerides —0.06 0.03 0.04
Change in rectus lean area
Age —-0.02 0.01 0.05 —0.02 0.01 0.009
Change in BMI 0.18 0.04 <0.0001 0.16 0.04 0.0003
CD4" cell count > 200 cells/ul (baseline) —0.71 0.22 0.002
Triglycerides (baseline)® 0.02 0.01 0.02 0.02 0.01 0.03
Change in psoas lean area
Female —0.68 0.38 0.07
Race/ethnicity (ref: white)
Black 0.38 0.27 0.17
Hispanic 0.61 0.30 0.04
Other —0.34 0.54 0.52
BMI (baseline) —0.05 0.02 0.03
Change in BMI 0.35 0.04 <0.0001 0.30 0.05 <0.0001
CD4" cell count > 200 cells/pl (baseline) —1.00 0.25 <0.0001
Triglycerides (baseline)® 0.04 0.01 0.001 0.03 0.01 0.003
Change in spinalis lean area
Age —0.05 0.02 0.02 —0.04 0.02 0.03
BMI (baseline) —0.08 0.04 0.06
CD4™ cell count > 200 cells/ul (baseline) -1.10 0.46 0.02 —-0.89 0.47 0.05
Triglycerides (baseline)® 0.03 0.02 0.10
Smoking 0.81 0.43 0.06

SE, standard error. Univariate models included age, female, race/ethnicity, hepatitis C, BMI, change in BMI, CD4* cell count (baseline) >200 cells/
pl, change in CD4" cell count, protease inhibitor (versus integrase strand transfer inhibitor), triglycerides, change in triglycerides; only variables
with P<0.10 were included in the multivariate analyses and shown above.

“per change by 10 units.

Changes in muscle density and factors associated
with muscle density change

From baseline to week 96, the overall muscle density
decreased significantly, with the greatest differences in the
rectus muscle followed by the oblique/transverse
abdominal, spinalis, and psoas (Fig. 2a). When restricted
to the lean muscle, the density of the oblique/transverse
abdominal and rectus decreased significantly, with smaller
nonsignificant decreases in the psoas and spinalis (Fig. 2b).

In multivariate analyses, Black race was significantly
associated with increased overall muscle density of the

oblique/transverse abdominal and psoas, and increased
lean muscle density of the rectus, psoas, and spinalis
(Table 3). Female sex was associated with larger decreases
in overall muscle density of the psoas and lean muscle
density of the rectus. A larger increase in BMI from week
0 to 96 was associated with larger decreases in oblique/
transverse abdominal overall density, but increases in lean
muscle density of the psoas. Greater baseline triglycerides
were associated with increased lean muscle density of
the spinalis, but not with other muscle groups. Of note,
treatment arm was not associated with significant changes
in overall or lean muscle density of any of the measured
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(a) Change in Total Muscle Density
from Week 0 to Week 96 of ART
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Week 0 to Week 96 of ART
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Fig. 2. Change in total (a) and lean (b) muscle density
(Hounsfield units) from week 0 to 96 with antiretroviral
initiation. ART, antiretroviral therapy. *P < 0.05, **P < 0.01,
*xP < 0.001.

muscle groups (all P> 0.26). When % change in VAT was
substituted for change in BMI, % change in VAT was
associated only with total oblique/traverse abdominal
muscle density.

Clinical factors correlated with change in muscle
density

Last, to explore clinical implications of change in muscle
density on metabolic markers, we measured correlation
coefticients between change in total and lean muscle
density and change in glucose, insulin, and VAT. There
was a weak but significant correlation (r —0.13,
P=0.0499) between the change in glucose and change
in the lean muscle density of the oblique/transverse
abdominal, and moderate correlations between change in
VAT and change in total and lean muscle density of the
oblique/transverse abdominal muscles (r=—0.289,
P <0.0001 and r=—0.210 and P=0.0013, respectively).
Other relationships between change in glucose, insulin,
or VAT were small and nonsignificant (data not shown).
Last, changes in muscle density did not difter between
participants with or without metabolic syndrome (all
P>0.32).

Discussion

Multiple prior studies have shown that ART initiation is
associated with small increases in lean body mass and
greater changes in total body weight and VAT [20-22].
The 1.5—-3% gain in trunk skeletal muscle area measured
by CT scan in the current analysis is comparable to the
previously published dual-energy X-ray absorptiometry
measured increase of 1.8% in total body lean mass from
this study population [13]. Although observed gains in
lean body mass with ART initiation are often assumed to
represent a return to health, the findings of our current
study suggest that the increase in muscle area is explained
by an increase in fat content within muscle, rather than an
improvement in high-quality, dense skeletal muscle.
Indeed, when intermuscular fat was excluded, increases in
muscle area were no longer seen. Furthermore, both the
overall muscle and lean muscle density decreased with 96
weeks of ART, with no difference seen between ART
arms. Although the study did not include an untreated
HIV control group, our results suggest that ART
initiation and return to health is associated with greater
fat within the trunk skeletal muscles.

First, one may question whether changes in muscle
density have clinical relevance, particularly when
analyzing trunk muscles rather than muscle groups in
the thigh. Of the muscles included on the single-slice CT
scan, the rectus is a trunk flexor, spinalis are trunk
extensors, the psoas is the strongest of the hip flexors, and
the oblique both rotate and flex the trunk. In
combination, these core trunk muscles are particularly
important in everyday activities, contribute to balance,
and provide compensatory support in fall prevention
[23,24]. With the caveat that much of the existing data of
CT-based muscle density is derived from older adults in
the Health Aging, and Body Composition study (aged
70—80 vyears), several analyses support the clinical
relevance of CT-measured muscle fat area and density
of trunk muscles in association with physical function and
falls [7—12,24,25]. Furthermore, one study from Health
Aging, and Body Composition study found that trunk
muscle attenuation explained more of the variance in
physical function than thigh muscle attenuation or area

[91.

The change in skeletal muscle density (range —0.87 to
—2.4HU, Fig. 2) observed in our cohort is of a similar
magnitude as that observed between comparison groups
of interest or with interventions: psoas muscle density
differed by 4-8% or 2—5HU between HIV-infected
individuals with or without lipodystrophy [17]. In an
intervention of metformin (n=14) versus metformin
with exercise (n=10) in HIV-infected participants,
metformin alone was associated with a decline of
1HU, versus an increase of 2HU in the combined
group [18]. In a separate intervention of healthy
postmenopausal women, exercise with or without

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.
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Table 3. Variables associated with the change in total and lean muscle density over 96 weeks.

Univariate Multivariate
Total muscle density Coefficient SE P value Coefficient SE P value
Change in oblique/transverse abdominal muscle density (HU)
Race/ethnicity (ref white)
Black 2.25 0.90 0.01 2.42 0.89 0.007
Hispanic 0.07 1.01 0.94 0.35 1.00 0.72
Other 0.61 1.78 0.73 0.08 1.76 0.97
Change in BMI —0.49 0.16 0.003 —0.51 0.16 0.002
Change in psoas muscle density (HU)
Female -2.10 1.08 0.05 —2.08 1.09 0.05
Race/ethnicity (ref white)
Black 1.70 0.78 0.03 1.74 0.77 0.03
Hispanic 0.49 0.87 0.57 0.39 0.87 0.66
Other 0.40 1.54 0.79 0.77 1.53 0.62
Change in BMI 0.26 0.14 0.07
CD4™ cell count > 200 cells/ul (baseline) —1.71 0.74 0.02
Change in Spinalis Muscle Density (HU)
CD4" cell count > 200 cells/ul (baseline) —1.34 0.82 0.10
Univariate Multivariate
Lean muscle density Coefficient SE P value Coefficient SE P value
Change in oblique/transverse abdominal lean muscle density (HU)
Race/ethnicity (ref white)
Black 1.94 0.64 0.003
Hispanic 0.06 0.72 0.93
Other 0.48 1.26 0.70
Change in rectus lean muscle density (HU)
Female —2.61 1.08 0.02 —3.41 1.09 0.002
Race/ethnicity (ref white)
Black 1.32 0.75 0.08 1.58 0.74 0.03
Hispanic —-0.43 0.84 0.61 —0.09 0.83 0.91
Other 1.74 1.48 0.24 2.28 1.45 0.12
BMI (baseline) 0.12 0.07 0.08 0.17 0.07 0.02
Change in psoas lean muscle density (HU)
Female -1.70 0.88 0.05
Race/ethnicity (ref white)
Black 1.61 0.63 0.01 1.61 0.62 0.01
Hispanic 0.14 0.70 0.84 —0.01 0.69 1.00
Other 0.28 1.24 0.82 0.23 1.22 0.85
Change in BMI 0.38 0.11 0.0008 0.31 0.12 0.009
CD4" cell count > 200 cells/pl (baseline) —-1.40 0.60 0.02
Change in spinalis lean muscle density (HU)
Race/ethnicity (ref white)
Black 1.16 0.58 0.05 1.31 0.58 0.03
Hispanic 0.27 0.64 0.67 —0.03 0.64 0.96
Other —0.03 1.14 0.98 —0.29 1.13 0.80
CD47 cell count > 200 cells/l (baseline) —1.04 0.55 0.06
Triglycerides (baseline)® 0.01 0.00 0.05 0.06 0.03 0.02

SE, standard error. Univariate models included age, female, race/ethnicity, hepatitis C, BMI, change in BMI, CD4™ cell count (baseline) more than
200 cells/ul, change in CD4™ cell count, protease inhibitor (versus integrase strand transfer inhibitor), triglycerides, change in triglycerides; only
variables with P < 0.10 were included in the multivariate analyses and shown above.

“per change of 10 units.

hormone replacement therapy resulted in small
(1.2—-1.5HU) improvements in most thigh muscle
compartments compared to control, and the change in
posterior thigh muscles correlated with an improvement
in running speed [26]. Last, greater trunk muscle density
was associated with improvements in a Short Perform-
ance Battery test (B-coefficient range 0.50—1HU) or
measures of postural sway (B-coefficient range 0.30-—
6.8 HU) [27]. These studies suggest that the observed

changes in muscle density with ART initiation may be
clinically relevant.

The factors associated with changes in muscle fat identify
at-risk populations for targeted interventions, or suggest
potential mechanisms for fatty muscle infiltration. Key
findings across multiple muscle groups in our study were
the strong associations between increased fatty muscle
infiltration (decreased Hounsfield units) among women,

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.
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and decreased fatty muscle infiltration (increased Houns-
field units) among black participants following 96 weeks
of ART. In prior cross-sectional studies, HIV-infected
women had significantly greater intermuscular adipose
tissue measured by MRI compared with HIV-infected
men from two separate cohorts [28,29]; no data on
differences in intramuscular adipose tissue change were
reported. Furthermore, sex differences on ART-associ-
ated changes in skeletal muscle mass are infrequently
described and conflicting: in a subset of participants from
randomized ART initiation study, AIDS Clinical Trials
Group A5224s, no sex differences in lean body mass
changes were found [30]. An observational study found a
2.0 kg annual increase in lean body mass among women
versus annual decreased lean mass (—0.32 kg) among men,
but did not reach statistical significance [31]; in another
study by the same cohort, ART use was associated with
greater appendicular lean mass among men but not
women [32]. Although few associations between muscle
mass and physical function have been evaluated in HIV,
poorer physical function among HIV-uninfected women
could be explained by differences in body composition
measures including both muscle density and fat mass [33].

Muscle fat and muscle area differences by race have also
been previously described, but not consistent with our
results. Indeed, black race among both men and women
tends to be associated with lower muscle density [7,34],
without racial differences in the association between
muscle density or area and physical function [34]. Data on
race differences in muscle density with interventions are
limited. The observed differences by race and sex may be
explained by confounding factors not included in this
exploratory analysis, including physical activity, nutrition,
or concomitant medications.

Several limitations should be noted. First, physical
function or strength assessments were not obtained, thus
the direct clinical impact of muscle area and density on
physical function cannot be established. We could not
control for differences in exercise between subgroups.
Additionally, CT scans of the thigh would have
complemented the findings in the trunk muscles but
were not obtained. The study population included few
women and was mostly less than 50 years old, thus the
study results may not be generalizable to other
populations. Furthermore, the age differences in muscle
mass and density may have been more pronounced with a
wider age variety of participants. Finally, there were a
large numbers of analyses performed without adjustment,
but the magnitude and consistency of the findings across
muscle groups reduce the possibility of a chance finding.

In summary, initiation of ART among HIV-infected
persons was associated with an increase in truncal skeletal
muscle area, which is likely a reflection of increased fat
within the muscle rather than an increase in high-quality
skeletal muscle. We were unable to detect differences in

skeletal muscle fat by ART type in the current cohort;
rather, changes in skeletal muscle fat were more closely
associated with race and sex. Future studies should seek
to understand reasons for race or sex differences, such as
differences in physical activity, diet, hormonal changes, or
genetic factors. Increased fatty muscle has been associated
with weakness, falls, and a decline in physical activity
among older adults; similar clinical significance should
be established among HIV-infected middle-aged and
older adults. Last, interventions such as diet and exercise
should be investigated as potential therapies to limit fat
accumulation within skeletal muscle and prevent long-
term functional and metabolic complications.
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