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Abstract
Intermuscular adipose tissue (IMAT) is associated with metabolic abnormalities similar to those
associated with visceral adipose tissue (VAT). Increased IMAT has been found in obese human
immunodeficiency virus (HIV)-infected women. We hypothesized that IMAT, like VAT, would
be similar or increased in HIV-infected persons compared with healthy controls, despite decreases
in subcutaneous adipose tissue (SAT) found in HIV infection. In the second FRAM (Study of Fat
Redistribution and Metabolic Change in HIV infection) exam, we studied 425 HIV-infected
subjects and 211 controls (from the Coronary Artery Risk Development in Young Adults study)
who had regional AT and skeletal muscle (SM) measured by magnetic resonance imaging (MRI).
Multivariable linear regression identified factors associated with IMAT and its association with
metabolites. Total IMAT was 51% lower in HIV-infected participants compared with controls (P
= 0.003). The HIV effect was attenuated after multivariable adjustment (to −28%, P < 0.0001 in
men and −3.6%, P = 0.70 in women). Higher quantities of leg SAT, upper-trunk SAT, and VAT
were associated with higher IMAT in HIV-infected participants, with weaker associations in
controls. Stavudine use was associated with lower IMAT and SAT, but showed little relationship
with VAT. In multivariable analyses, regional IMAT was associated with insulin resistance and
triglycerides (TGs). Contrary to expectation, IMAT is not increased in HIV infection; after
controlling for demographics, lifestyle, VAT, SAT, and SM, HIV+ men have lower IMAT
compared with controls, whereas values for women are similar. Stavudine exposure is associated
with both decreased IMAT and SAT, suggesting that IMAT shares cellular origins with SAT.
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Introduction
Changes in fat distribution and metabolic abnormalities have been found in human
immunodeficiency virus (HIV)-infected individuals (1) in the era of combination
antiretroviral (ARV) therapy. It is well established that subcutaneous adipose tissue (SAT) is
decreased in HIV infection (2,3). In contrast, visceral adipose tissue (VAT) is decreased in
HIV-infected men, whereas HIV-infected women may have similar VAT if they suffer from
clinical peripheral lipoatrophy or increased VAT if they do not. Intermuscular adipose tissue
(IMAT) is defined as the AT visible beneath the muscle fascia and between the muscle
groups, as depicted in Figure 1. Little is known about the levels or distribution of IMAT in
HIV infection.

Both VAT and IMAT increase with age, whereas SAT and skeletal muscle (SM) decrease
with age (4,5). IMAT is also thought to increase in sarcopenia, the loss of SM associated
with aging (4,6) and with inflammatory diseases such as rheumatoid arthritis (7). However,
the increase in IMAT with aging is independent of changes in weight or SAT (4). Both VAT
and IMAT are associated with insulin resistance, diabetes, and triglycerides (TGs) (5,8–12).
One study found IMAT to be a stronger predictor of insulin resistance than VAT (8),
whereas others found that VAT was stronger than IMAT (10) or IMAT was not an
independent predictor of insulin resistance after controlling for VAT (11,12). In other
analyses, IMAT was an independent predictor of glucose or diabetes (5,11,12). Femoral–
gluteal IMAT was associated with glucose independent of VAT, whereas the association of
IMAT with TGs was attenuated by VAT (12). However, most of these studies were limited
in their ability to analyze the associations of whole body, regional depots, as they did not
examine upper-trunk AT, for which we have shown important associations with insulin
resistance and TGs (9,13,14). It is also thought that IMAT may influence SM metabolism in
a manner similar to the relationship between VAT and the liver, because of their shared
vascular connection (15). These studies suggest that IMAT and VAT are biologically
similar.

IMAT is preserved in subjects with certain types of severe subcutaneous lipoatrophy such as
familial partial lipodystrophy (16), but decreased in other forms of lipodystrophy such as
congenital generalized lipodystrophy (17). IMAT has also been reported to be elevated in
obese HIV-infected women compared with obese uninfected women (18), but it is unknown
whether IMAT is also elevated in normal-weight HIV-infected men and women.

Previous studies of IMAT in HIV infection (18,19) and in the general population (5,15,20–
22) have been small or conducted in elderly or obese populations. No large, nationally
representative study has been conducted to examine IMAT levels and their associations in a
population of HIV-infected and control subjects. We hypothesized that IMAT would be
similar or increased among HIV-infected compared to healthy controls, because of its
reported metabolic similarities to VAT (8,10) and because of IMAT’s conservation in other
forms of partial lipodystrophy (16). A primary aim of the second exam of the study of Fat
Redistribution and Metabolic Change in HIV Infection (FRAM) was to determine levels of
IMAT and factors associated with IMAT in a large, nationally representative, multiethnic
cohort of HIV-infected subjects and controls. An additional aim was to compare the factors
associated with IMAT to those associated with other types of AT (VAT and SAT).
Furthermore, we determined the associations of all three types of AT with metabolic factors.

Methods and Procedures
This cross-sectional study includes 425 HIV-infected and 211 control participants who had
IMAT measured at the second FRAM exam. FRAM was initially designed to evaluate the
prevalence and correlates of changes in fat distribution, insulin resistance, and dyslipidemia
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in a nationally, representative sample of HIV-infected participants and a population-based
group of controls in the United States. The methods and retention data have been described
in detail previously (23,24).

Study population
The first FRAM examination enrolled 1,183 HIV-infected participants and 297 HIV-
uninfected controls from 2000 to 2002. HIV-infected participants were initially recruited
from 16 HIV/infectious disease clinics or cohorts, and controls were recruited from two
centers of the Coronary Artery Risk Development in Young Adults (CARDIA) study that
were part of an ancillary study, the Visceral Fat and Metabolic Rate in Young Adults study
(VIM). These controls have a BMI distribution similar to the CARDIA parent study and
include both whites and African Americans. The protocol was approved by institutional
review boards at all sites.

We report here on the subset of 425 HIV-infected and 211 control participants who had
IMAT measured at the second FRAM exam, conducted ~5 years later. Because HIV-
infected participants had a higher rate of missing magnetic resonance imaging (MRI), we
compared characteristics of those with and without measured IMAT (data not shown). Those
without IMAT had higher BMI and lower CD4 count, but otherwise had similar
demographic and clinical characteristics as those with IMAT. Because of the greater
percentage of HIV-infected participants without IMAT, we adjusted analyses as described
below to address the concern of selection bias.

MRI
Whole-body MRI was performed to quantify regional and total SM and AT volumes, as
described in detail previously (2,3,23,25). All scans were read by the same analyst at the
Obesity Research Center, St. Luke’s Roosevelt Hospital, New York. Imaging techniques and
anatomical sites (based on bone landmarks) were identical between HIV-infected and
control participants.

Volumes were normalized by dividing by height2 with summaries back-transformed to 1.75
m of height, as in previous analyses (2,3). We did not adjust to BMI, as BMI is influenced
by the phenomenon being studied: quantity of fat. Anatomic sites considered in this analysis
were: leg, lower trunk (abdomen and back), upper trunk (chest and back), arm, and VAT.

IMAT was defined as the AT visible beneath the muscle fascia and between the muscle
groups, as depicted in Figure 1. The gray level intensity (threshold value) of the AT in the
SAT region was first determined; this value was reduced by 20% to determine the threshold
for IMAT.

Other measurements
Height and weight were measured by standardized protocols. Standardized questionnaires
that were validated in a general population were used to determine demographic
characteristics; medical history; risk factors for HIV; food intake; physical activity; and use
of alcohol, tobacco, and illicit drugs (23,26). Total physical activity score was calculated
using the validated CARDIA activity questionnaire as described elsewhere (27,28).
Research associates interviewed subjects and reviewed medical charts regarding ARV
medication use. A diagnosis of AIDS was made by CD4 lymphocyte count <200 or history
of opportunistic infection (OI).

Hepatitis C virus-RNA testing was performed on frozen sera using Bayer Versant 3.0
branched DNA assay (Leverkusen, Germany) in the entire cohort. C-reactive protein (CRP)
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and fibrinogen were measured using a BNII nephelometer, as described (29). Glucose and
insulin were measured in a central laboratory (Linco Research, St Louis, MO). CD4
lymphocyte count and percent, HIV-RNA level in HIV-infected participants, and other
blood specimens were analyzed in a single centralized laboratory (Covance, Indianapolis,
IN). Insulin resistance was calculated using the homeostatis model assessment (HOMA)
from fasting glucose (mg/dl) and insulin (μU/ml) specimens as: (insulin × glucose)/405.

Statistical methods
We compared demographic and clinical characteristics of HIV-infected and control
participants using the Mann–Whitney U test for continuous variables and Fisher’s exact test
for categorical variables. Spearman correlation coefficients were calculated to examine the
associations of numerical values with IMAT. Analyses that compared characteristics of
HIV-infected participants with controls excluded six HIV-infected with recent OI and 164
HIV-infected who were outside the 38–52 years age range of controls.

We used multivariable linear regression (with bootstrapped confidence intervals; 30) to
evaluate the association of HIV and other factors with IMAT. IMAT and other right-skewed
depots were log-transformed; results were back-transformed to produce estimated
percentage differences. All analyses were adjusted using inverse probability weighting to
address the impact of selection bias (31). Multiple imputation was performed for missing
covariates using the Markov chain Monte Carlo method for arbitrary missing data (32).
Linearity was tested for continuous measures by adding quadratic terms to the models and
by examining generalized additive models (33, 34). Models were constructed in a staged
fashion using HIV status, demographics (age, gender, and race), lifestyle factors,
inflammatory markers (CRP and fibrinogen), and other MRI depots (SM, VAT, and SAT) as
predictor variables. Models were built in a forward stepwise manner, with P = 0.05 for entry
and retention. Interactions of HIV status with gender, ethnicity, and age were assessed, and
stratified results were examined when interactions reached statistical significance.

Similar models were constructed for total SAT and VAT to address the question of whether
IMAT and VAT are biologically similar. We also examined associations of IMAT, regional
SAT, and VAT with HOMA and TGs.

Candidate lifestyle factors included physical activity (quartiled), smoking, alcohol use,
adequate food intake, and illicit drug use. HIV-related candidates included AIDS diagnosis
(by CD4 or OI), reported HIV duration, HIV-RNA level (log10), current and nadir CD4
count (log2), hepatitis C virus infection (by hepatitis C virus-RNA detection), days since last
OI, recent OI status (last 100 days), and risk factors for HIV acquisition. In multivariable
models controlling for the above factors, we also evaluated ARV exposure as previously
defined (2).

Analyses were conducted using SAS version 9.2 (SAS Institute, Cary, NC).

Results
Subjects

IMAT values were available for 636 participants whose characteristics are presented in
Table 1. HIV-infected and control participants were similar in age, height, and percentage
whites and African Americans, but HIV-infected participants were more often men (67% vs.
51%) by design. CRP levels were higher in HIV-infected participants, but fibrinogen levels
were similar. BMI was higher in controls. Nearly all HIV-infected participants had used
Highly Active Anti-Retroviral Therapy (HAART) (94% in men and 96% in women).
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Median (HAART) duration in those with a history of use was 5.9 years (6.2 years in men
and 5.6 years in women).

IMAT levels in HIV-infected and control subjects
Compared with controls, total IMAT volumes were lower in HIV-infected men (median
0.66 l vs. 1.16 l, P < 0.0001) and women (0.91 l vs. 1.31 l, P = 0.0046) (Figure 2). Similar
patterns were seen for limb IMAT (data not shown). Total SAT was also lower in HIV-
infected men and women (Figure 2). VAT and SM levels were also lower in HIV-infected
men compared with control men (P = 0.026 and P < 0.0001, respectively), but were similar
in HIV-infected and control women.

Overall, total IMAT levels were 51% lower in HIV-infected participants compared with
controls (95% confidence interval: −69 to −21, P = 0.003). The association of HIV with
IMAT showed little change after adjustment for demographics, lifestyle factors, and CRP
(−50%, 95% confidence interval: −57 to −42, P < 0.0001). However, after additional
adjustment for SM, VAT, upper-trunk SAT, and leg SAT, the HIV effect was attenuated, but
HIV infection remained associated with 19.5% lower IMAT (95% confidence interval: −30
to −8, P = 0.0014). Analyses that did not account for those with missing IMAT showed
similar results to the main analyses that adjusted for selection bias (unweighted HIV effect:
−20.4%, P = 0.0004). In fully adjusted models, there was an HIV by gender interaction (P =
0.015); the association of HIV with lower IMAT remained strong in men (−28%, P <
0.0001), but was substantially attenuated in women (−3.6%, P = 0.70).

Factors associated with IMAT in HIV-infected and control subjects
In univariate analyses, total SAT showed a positive association with IMAT in both HIV-
infected (r = 0.58, P < 0.0001) and control participants (r = 0.51, P < 0.0001, Figure 3a). The
difference in IMAT between HIV-infected and control participants narrowed with increasing
total SAT (P = 0.0003, test for HIV × SAT interaction). Although HIV-infected participants
with lower SAT had decreased IMAT relative to controls, those with higher SAT had high
levels of IMAT similar to controls with high SAT (HIV vs. control: P = 0.28 at 45 l total
SAT). Similarly, total fat and each regional SAT depot showed strong, positive associations
with IMAT (P < 0.0001, data not shown).

VAT was also positively associated with IMAT in HIV-infected (r = 0.46, P < 0.0001) and
control participants (r = 0.53, P < 0.0001, Figure 3b). However, IMAT levels were higher in
controls compared to HIV regardless of VAT level.

The association of SM with IMAT more clearly differed by HIV status (P = 0.003, test for
HIV × SM interaction). There was a positive correlation of IMAT with SM in controls (r =
0.29, P < 0.0001), but little correlation in HIV-infected participants (r = −0.026, P = 0.68,
Figure 3c). Plots of regional SM vs. regional IMAT showed similar patterns (data not
shown).

We therefore used multivariable analysis to determine which factors were independently
associated with IMAT (Table 2). After adjustment for demographics, lifestyle factors, and
body composition including AT, the positive association of SM with IMAT in controls
weakened, whereas the negative association in HIV-infected participants strengthened.

VAT was associated with higher IMAT in both control and HIV-infected participants, but
was stronger in HIV-infected participants (43% vs. 24%; HIV × VAT interaction: P =
0.0005, Table 2).
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Model fit was better when individual SAT depots were in the model than when total SAT
was used. Of the regional depots, leg SAT and upper-trunk SAT were positively associated
with IMAT in both control and HIV-infected participants, but the associations were stronger
in HIV-infected participants (P < 0.0001). Similar associations were seen when limb IMAT
was the outcome (data not shown). When the analysis was stratified by gender, we found a
stronger association of regional SAT with IMAT in men compared with women in both
HIV-infected and controls, but the HIV vs. control differences remained. The estimated
effect size for leg SAT was 94% in HIV-infected men (P < 0.0001), 24% in control men (P
= 0.035), 28% in HIV-infected women (P = 0.0027), and 5.5% in control women (P = 0.53).

Comparison of factors associated with IMAT, Total SAT, and VAT in HIV infection
We constructed similar multivariable models in order to compare the associations of
demographic and HIV-related factors with IMAT, total SAT, and VAT (Table 3). Female
gender was strongly associated with higher IMAT and total SAT, but was weakly associated
with lower VAT. African-American ethnicity had little association with IMAT and was
modestly associated with higher total SAT, but was strongly associated with lower VAT.
Increasing age was associated with higher VAT, but its association with IMAT was weaker.

With regard to HIV-related factors (Table 3), HIV-RNA was strongly negatively associated
with VAT, but showed little association with IMAT or SAT. Hepatitis C virus-RNA was
also negatively associated with VAT, with weaker negative associations for IMAT and SAT.
History of AIDS was associated with lower VAT and SAT, but appeared to have little
association with IMAT.

A different pattern was seen with stavudine. Duration of stavudine use was strongly
associated with lower IMAT, showed significant, but somewhat less, association with lower
total SAT and little association with VAT. Duration of didanosine and nelfinavir use was
strongly associated with lower IMAT, with weaker associations with lower total SAT and
VAT. Lamivudine use showed a positive association with VAT, with smaller associations
for IMAT and SAT. Associated factors were generally similar in gender-stratified analysis.
ARV duration was shorter in women, and a few ARV associations appeared to be stronger
in men; however, no ARV by gender interactions reached statistical significance, and the
small differences in duration of ARV did not account for the gender difference in IMAT.
The largest gender difference in ARV was in the association of stavudine with SAT (men:
−3.3%, P < 0.0001, women 0.4%, P = 0.86, HIV × gender P = 0.092) and IMAT (men:
−8.4%, P < 0.0001, women −2.9%, P = 0.43).

Association of body composition with HOMA and TGs
We next examined the association of AT depots with insulin resistance (HOMA) and TGs in
models adjusting for demographics, lifestyle factors, and HIV-related factors (Table 4). As
expected, VAT and upper-trunk SAT showed strong positive, independent associations with
HOMA in both control and HIV-infected participants. In addition, we found that lower-
trunk IMAT was independently and negatively associated with HOMA in HIV-infected
participants. Before controlling for IMAT, VAT showed a positive association with HOMA
in HIV-infected participants (10.2%, P = 0.046); this association strengthened after
controlling for IMAT (20.7%, P < 0.0001), with little change seen in the upper-trunk SAT
effect. Gender-stratified analysis revealed generally similar associations in men and women
with two exceptions. Upper-trunk IMAT had a weaker association with HOMA in HIV-
infected men (5.3%, P = 0.17) than in HIV-infected women (15.8%, P = 0.023). Leg SAT
may be associated with lower HOMA in HIV-infected men (−19%, P = 0.034), but not in
HIV-infected women (0.1%, P = 0.97).
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VAT also showed a strong positive association with TG in both control and HIV-infected
participants, whereas leg SAT was strongly negatively associated with TG in both groups.
After adjusting for IMAT, there was little change in the associations of VAT and leg SAT
with TG. In addition, multivariable analysis found strong independent associations of two
IMAT depots with TGs: lower-trunk IMAT was negatively associated and upper-trunk
IMAT was positively associated with TG in controls.

Discussion
We have shown that contrary to expectation, MRI-measured IMAT is decreased in HIV-
infected participants compared with controls. The association of HIV infection with
decreased IMAT remains statistically significant in men, even after adjusting for
demographics, lifestyle factors, VAT, SAT, SM, and inflammatory markers. In women,
there is little association of HIV infection with decreased IMAT after multivariable
adjustment. As seen with SAT loss, IMAT loss may be related to exposure to the ARV
drugs stavudine, didanosine, and nelfinavir. Given previous reports of a link between IMAT
and metabolic abnormalities common to VAT (11,20,35,36), these results have several
implications.

Although VAT and SAT were positively associated with IMAT in both HIV-infected and
control subjects, the associations were stronger in HIV-infected subjects. Although CRP was
elevated in our HIV-infected participants compared with controls, controlling for
inflammatory markers did not weaken the strong negative association of HIV infection with
IMAT.

Our finding of a negative association of SM with IMAT in HIV-infected participants is
consistent with previous studies of animals and uninfected subjects. Animal studies have
found a negative correlation between muscle area and percentage IMAT (37). A previous
study in healthy young adults found that weeks of reduced physical activity led to increased
IMAT; change in SM was strongly negatively correlated with change in IMAT (38).
Physical inactivity is thought to block the breakdown or reuptake of TGs; the increase in
IMAT may shift fuel metabolism away from lipid toward glucose utilization. A recent 5-
year study in older adults found increases in IMAT regardless of weight gain; decreases in
muscle torque and muscle quality were also seen, although muscle changes showed little
correlation with IMAT (4). We observed a weak, unexpected positive association of IMAT
with SM in uninfected subjects, which may be due to the younger age of our controls. Given
these contradictory findings in different patient groups, additional study is needed to
understand the relationships between IMAT and muscle.

Although IMAT showed strong univariate correlations with both VAT and total SAT,
associations of demographic and HIV-specific predictors with IMAT, VAT, and total SAT
varied. Given reports in the non-HIV literature linking increased IMAT and VAT and
decreased SAT with metabolic disturbances, we had expected that factors associated with
IMAT would track more closely with VAT than total SAT (21); however, that pattern was
not found. As previously reported in the non-HIV literature (5), we found age to be strongly
associated with increased VAT, but only weakly associated with increased IMAT and
decreased SAT, although our age range may be narrower than some studies. Being female
was associated with more IMAT and SAT, but not VAT. Being African American was
associated with less VAT, but had little association with IMAT. HIV-RNA and history of
AIDS were associated with less VAT, but not IMAT.

Of interest is that exposure to stavudine leads to mitochondrial dysfunction within SAT (39).
In our study, stavudine exposure was associated with lower IMAT and SAT, but showed
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little association with VAT. This association suggests that IMAT and SAT may share a
common cellular origin. IMAT also appeared to track more closely with SAT than VAT, but
we cannot rule out the possibility that IMAT has mixed cellular origins, including some
IMAT that is similar to VAT or derives from the same precursors as muscle.

Previous studies had found that IMAT (18,19) is elevated in obese HIV-infected subjects
compared with controls. However, such studies had small sample size. In one study, HIV-
infected subjects were specifically selected for central obesity and had similar IMAT to
obese controls. We have demonstrated previously in this representative cohort of HIV-
infected participants that VAT is not systematically elevated relative to controls (2,3). Our
HIV-infected participants with higher SAT also had high levels of IMAT similar to our
controls with high SAT. However, our HIV-infected participants with low SAT had
decreased IMAT compared to controls with similarly low SAT. These data also support a
role of HIV-associated lipoatrophy and stavudine exposure in the decrease in IMAT seen in
HIV infection.

Upper-trunk SAT and VAT were independently associated with HOMA in both HIV-
infected and controls, consistent with our earlier report from the first FRAM exam (9).
However, we also found that lower-trunk IMAT made an independent contribution, showing
a negative association with HOMA in HIV-infected participants. Although others have
previously found a positive association of central obesity with insulin resistance and TG in
the non-HIV literature (11,12,40), our finding of an independent, protective role of lower-
trunk IMAT in HIV infection appears to be novel.

Although increased VAT and decreased leg SAT were associated with higher TG in both
HIV-infected and controls, consistent with our previous reports (13,14), we also found that
increased upper-trunk IMAT and decreased lower-trunk IMAT were independently
associated with higher TG in controls. By comparison, in a study of uninfected men and
women, Yim et al. (12) found that femoral–gluteal IMAT was inversely associated with
insulin and TG, but after controlling for VAT, the associations were no longer statistically
significant. Our data are consistent with our previous conclusions that upper-body SAT had
deleterious associations with TG whereas lower-body SAT was protective. As HIV
lipoatrophy affects lower-body SAT more than upper-body SAT, the IMAT findings help
explain the hypertriglyceridemia in HIV infection.

The primary limitation of our study was its cross-sectional design. We were unable to
measure IMAT at the first FRAM exam, so changes in IMAT over time could not be
studied, nor could we evaluate the causality of the associations of inflammatory markers,
AT, and SM with IMAT. We were unable to assess intramyocellular lipid accumulation, as
such measurements require magnetic resonance spectroscopy. Therefore, we cannot rule out
the possibility of an elevation of intramyocellular fat in HIV infection, as has been reported
in smaller studies of subjects with central lipohypertrophy (41,42). A previous study found
increased attenuation of muscle by computed tomography in HIV infection (42). However,
as attenuation in computed tomography does not differentiate between intramyocellular lipid
and IMAT, results from computed tomography studies cannot be compared with our results.
Strengths of this study include a large representative HIV cohort; a population-based control
group of similar age, gender, and racial composition; and use of MRI for body composition
analysis. This allowed study of the largest number of healthy controls to date, although none
were elderly.

In conclusion, this study found that HIV infection was associated with decreased IMAT;
after controlling for demographics, lifestyle factors, and body composition, HIV-infected
men but not women have lower IMAT compared with controls. As seen with SAT, lower
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IMAT is associated with exposure to stavudine, suggesting that IMAT shares some cellular
origins with SAT. Future longitudinal studies should evaluate carefully the effects of HIV
infection and its therapies on intermuscular and intramyocellular AT.
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Figure 1.
MRI slice image comparing IMAT, SAT, SM by HIV status. Axial MRI, at the level of mid-
thigh. (a) An HIV-infected male, showing decreased subcutaneous and intermuscular fat. (b)
An uninfected, control male, showing normal amounts of subcutaneous and intermuscular
fat. Both participants have a BMI of 25. HIV, human immunodeficiency virus; IMAT,
intermuscular adipose tissue; MRI, magnetic resonance imaging; SAT, subcutaneous
adipose tissue; SM, skeletal muscle.
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Figure 2.
Adipose and muscle tissue levels (height normalized) by HIV status. Age restricted to 38–52
years. AT, adipose tissue; CI, confidence interval; HIV, human immunodeficiency virus;
IMAT, intermuscular AT; SAT, subcutaneous AT; SM, skeletal muscle; VAT, visceral AT.
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Figure 3.
Association of adipose tissue and skeletal muscle with IMAT in age-restricted HIV-infected
and control participants (height-normalized IMAT, SM, and SAT volumes). Age restricted
to 38–52 years. Axes are log2-scaled (test for HIV × SM interaction, P = 0.003). Closed
symbols and solid lines are HIV+, Open symbols and dashed lines are controls. AT, adipose
tissue; HIV, human immunodeficiency virus; IMAT, intermuscular adipose tissue; SAT,
subcutaneous AT; VAT, visceral AT.

Scherzer et al. Page 14

Obesity (Silver Spring). Author manuscript; available in PMC 2013 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Scherzer et al. Page 15

Table 1

Subject characteristics by HIV status

Age-restricted, OI-excluded

All HIV+ (n = 425)HIV+ (n = 255) Control (n = 211)

Age (years) 45.0 (42.0–49.0) 46.0 (43.0–49.0) 47.0 (42.0–53.0)

Gender

 Male 170 (67%) 108 (51%)** 291 (68%)

 Female 85 (33%) 103 (49%) 133 (31%)

 Transgendered 0 0 1 (1%)

Race

 Whites 125 (49%) 121 (57%) 205 (48%)

 African Americans 103 (40%) 90 (43%) 175 (41%)

 Hispanics 15 (6%) 0 27 (6%)

 Others 12 (5%) 0 18 (4%)

Height (cm) 172.7 (165.9–179.8) 172.4 (164.7–177.9) 172.7 (166.0–179.0)

BMI (kg/m2) 24.7 (22.0–27.6) 27.7 (24.1–31.7)*** 24.8 (22.1–27.5)

CRP (mg/l) 1.5 (0.8–3.8) 1.3 (0.6–2.8)* 1.5 (0.8–4.0)

Fibrinogen (mg/dl) 363.4 (314.6–432.7) 365.1 (316.9–419.9) 367.5 (312.6–450.1)

Current CD4 (cells/μl) 434 (288–635) 435 (287–633)

HIV-RNA (1,000/ml) 0.4 (0.4–1.9) 0.4 (0.4–1.2)

HAART use (ever) 243 (95%) 403 (95%)

HAART duration in users (y) 6.0 (4.5–7.8) 5.9 (4.3–7.8)

Data are presented as median (IQR) or numbers (percent). Test of HIV in the age range of controls vs. control:

*
P < 0.05,

**
P < 0.001,

***
P < 0.0001.

Only subjects with IMAT measured are included. The age-restricted HIV (n = 255) are a subset of all HIV (n = 425).

AR, age restricted; HAART, Highly Active Anti-Retroviral Therapy; HIV, human immunodeficiency virus; IQR, interquartile range; OI,
opportunistic infection.
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Table 2

Multivariate associations of body composition with total IMAT in all control and HIV-infected participants

Body composition measure (per doubling)

Controls (n = 211) HIV+ (n = 425)

Adjusted R2 = 0.510 Adjusted R2 = 0.539

% Estimatea (95% CI) % Estimatea (95% CI)

SMb 21.5 (−13.5, 71.7), P = 0.27 −46.9 (−61.0, −27.6), P < 0.0001

VAT 23.6 (11.3, 35.9), P < 0.0001 42.8 (30.5, 56.2), P < 0.0001

Upper-trunk SAT 15.6 (−1.7, 37.0), P = 0.071 31.2 (10.7, 55.5), P = 0.0018

Lower-trunk SAT −17.8 (−33.3, 2.7), P = 0.080c 1.8 (−15.3, 22.4), P = 0.85c

Leg SAT 12.5 (−2.1, 27.2), P = 0.10 65.3 (46.4, 86.6), P < 0.0001

Arm SAT −2.3 (−24.9, 25.0), P = 0.77c 5.2 (−15.5, 31.0), P = 0.65c

IMAT is height-normalized and log-transformed; results are back-transformed to calculate percent effects. Body composition measures are log2

transformed. Models also control for demographic and lifestyle factors. HIV+ model with HIV-related factors shows similar associations for MRI
and other factors.

c
Factors did not enter into the model above, but are shown controlling for other factors in the model. Significant P values are shown in boldface.

CI, confidence interval; HIV, human immunodeficiency virus; IMAT, intermuscular adipose tissue; MRI, magnetic resonance imaging; SAT,
subcutaneous adipose tissue; SM, skeletal muscle; VAT, visceral adipose tissue.

a
Associations with IMAT are as percent per doubling of each depot.

b
Test for HIV × SM interaction, P = 0.003.
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Table 3

C omparison of factors independently associated with IMAT, SAT, and VAT in all HIV+ participants (n =
425)

Measure

Total IMAT Total SAT VAT

Adjusted R2 = 0.182 Adjusted R2 = 0.434 Adjusted R2 = 0.263

% Estimate (95% CI) % Estimate (95% CI) % Estimate (95% CI)

Demographics

 Female vs. male 68.9 (36.3, 109.4), P < 0.0001 121.8 (97.2, 149.5), P < 0.0001 −4.7 (−19.9, 13.5), P = 0.59

 African American vs. white 0.9 (−18.2, 24.5), P = 0.93 12.1 (1.1, 24.3), P = 0.030 −38.0 (−47.1, −27.4), P < 0.0001

 Other vs. white −18.9 (−39.6, 9.0), P = 0.17 12.5 (−3.8, 31.5), P = 0.14 −19.2 (−38.9, 6.9), P = 0.14

 Age (per decade) 6.8 (−2.7, 17.1), P = 0.17 −3.3 (−7.8, 1.4), P = 0.17 13.9 (5.4, 23.1), P = 0.0010

HIV-related factors

 HIV-RNA (log10) 5.8 (−4.6, 17.4), P = 0.28 1.0 (−3.9, 6.3), P = 0.69 −11.5 (−19.3, −2.9), P = 0.0098

 Current CD4 (log2) −4.1 (−10.0, 2.2), P = 0.20 −0.3 (−3.4, 2.8), P = 0.85 −1.4 (−7.4, 4.9), P = 0.65

 HCV-RNA+ −12.6 (−29.3, 8.1), P = 0.21 −4.8 (−14.3, 5.7), P = 0.36 −23.6 (−37.5, −6.4), P = 0.0092

 AIDS by CD4/OI 2.0 (−16.8, 25.1), P = 0.85 −9.5 (−17.7, −0.5), P = 0.040 −13.1 (−24.4, 0.0), P = 0.050

 Stavudine (per year of use) −7.1 (−10.5, −3.6), P < 0.0001 −2.6 (−4.2, −0.9), P = 0.0030 −1.3 (−3.8, 1.4), P = 0.34

 Didanosine (per year of use) −8.9 (−13.7, −3.8), P = 0.0008 −2.5 (−4.7, −0.2), P = 0.031 −2.5 (−6.4, 1.6), P = 0.23

 Nelfinavir (per year of use) −6.9 (−10.6, −3.0), P = 0.0006 −2.2 (−4.6, 0.3), P = 0.082 −4.7 (−8.4, −0.8), P = 0.018

 Lamivudine (per year of use) 1.7 (−1.3, 4.9), P = 0.28 0.1 (−1.3, 1.6), P = 0.84 2.7 (0.4, 5.1), P = 0.022

IMAT, SAT, and VAT are height-normalized and log-transformed; results are back-transformed to calculate percent effects. Models also control
for lifestyle factors. HIV-related factors with P > 0.05 did not enter into the model above, but are shown controlling for other factors in the model.
Significant P values are shown in boldface.

CI, confidence interval; HCV, hepatitis C virus; HIV, human immunodeficiency virus; IMAT, intermuscular adipose tissue; OI, opportunistic
infection; SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue.
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Table 4

Multivariable associations of body composition with HOMA and triglycerides by HIV status

Body composition
measure (per doubling)a

HOMA Triglycerides

Control, % estimate
(95% CI)

HIV+, % estimate (95%
CI)

Control, % estimate
(95% CI)

HIV+, % estimate (95%
CI)

VAT 27.2 (7.1, 51.0), P =
0.0060

20.7 (10.6, 31.8), P <
0.0001

46.9 (31.1, 64.6), P <
0.0001

22.0 (16.2, 28.1), P <
0.0001

Upper-trunk IMAT 4.6 (−3.8, 13.8), P = 0.30 6.0 (−1.5, 14.2), P = 0.12 17.4 (5.5, 30.6), P =
0.0033

−3.0 (−6.7, 0.9), P = 0.13

Upper-trunk SAT 30.8 (3.7, 64.9), P =
0.023

49.0 (30.8, 69.8), P <
0.0001

21.8 (−3.3, 53.3), P =
0.094

6.4 (−5.4, 19.6), P = 0.30

Lower-trunk IMAT 3.7 (−8.8, 17.9), P = 0.58 −12.7 (−17.3, −7.9), P <
0.0001

−26.1 (−37.3, −13.0), P =
0.00028

−2.8 (−7.1, 1.7), P = 0.22

Lower-trunk SAT 10.0 (−10.6, 35.3), P =
0.37

−3.7 (−17.2, 12.0), P =
0.63

12.3 (−9.9, 39.9), P =
0.30

9.7 (−1.7, 22.4), P =
0.099

Leg IMAT 0.7 (−9.0, 11.4), P = 0.89 2.6 (−6.5, 12.5), P = 0.59 −4.6 (−18.0, 11.0), P =
0.54

−3.3 (−8.0, 1.7), P = 0.19

Leg SAT −1.0 (−18.2, 19.9), P =
0.92

−11.1 (−22.0, 1.3), P =
0.078

−25.0 (−36.9, −10.8), P =
0.0012

−20.0 (−26.6, −12.7), P <
0.0001

Each model controls for demographics, lifestyle factors, HIV-related factors, VAT, SAT, and IMAT. Factors with P > 0.05 did not enter into the
model above, but are shown controlling for other factors in the model. Significant P values are shown in boldface.

CI, confidence interval; HOMA, homeostatis model assessment; HIV, human immunodeficiency virus; IMAT, intermuscular adipose tissue; SAT,
subcutaneous adipose tissue; VAT, visceral adipose tissue.

a
Measures are height-normalized and log2-transformed; results are back-transformed to calculate percent effects.
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