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Abstract
Background/Objective—HIV lipodystrophy - characterized by peripheral lipoatrophy, with or
without central fat accumulation - confers increased metabolic risk. However, the functional
activity of HIV lipodystrophic tissue in relation to metabolic risk has yet to be fully explored in
vivo through the use of non-invasive imaging techniques. This study assesses the relationship
between FDG uptake in various fat depots and metabolic/immune parameters among subjects with
HIV lipodystrophy.

Design/Methods—Lipodystrophic men on anti-retroviral therapy (ART) underwent whole-
body 18F-fluorodeoxyglucose positron emission tomography (FDG-PET)/computed tomography
(CT) scans and detailed metabolic/immune phenotyping.

Results—FDG uptake in the subcutaneous adipose tissue (SAT) of the extremities (mean
standardized uptake value, or SUV, of the arm and leg SAT) was found to correlate with the
degree of peripheral lipoatrophy (r = 0.7, p = 0.01). Extremity SAT FDG uptake was positively
associated with HOMA-IR (r = 0.6, p = 0.02) and fasting hyperinsulinemia (r = 0.7, p 0.01), while
fat percentage of extremities was not. Further, extremity SAT FDG uptake was significantly
associated with CD4 count (r = 0.6, p = 0.05). In multivariate modeling for HOMA-IR, extremity
SAT FDG uptake remained significant after controlling for BMI and TNF-α (R2 for model = 0.71,
p = 0.02; SUV in the extremity SAT β-estimate 12.3, p = 0.009).

Conclusions—In HIV lipodystrophic patients, extremity SAT FDG uptake is increased in
association with reduced extremity fat and may contribute to insulin resistance. Noninvasive
assessments of in situ inflammation using FDG-PET may usefully complement histological and
gene expression analyses of metabolic dysregulation in peripheral fat among HIV+ patients.
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BACKGROUND
HIV lipodystrophy is known to confer an increased risk of insulin resistance and diabetes,
thereby predisposing to cardiovascular disease(1). Peripheral lipoatrophy - with or without
central fat accumulation - is considered the hallmark of lipodystrophy(2). Affected
lipoatrophic tissue, on biopsy, shows a characteristic excess of apoptotic adipocytes(3) and
inflammatory cells(4) coupled with deficient and defective adipocyte mitochondria(5).
These morphologic changes in atrophic subcutaneous adipose tissue (SAT) are thought to
promote in situ insulin resistance and portend remote secondary pathology in muscle and
liver(6–8). However, the functional activity of HIV lipodystrophic tissue in relation to
metabolic risk has yet to be fully explored in vivo through the use of non-invasive imaging
techniques.

Whole-body 18F-fluorodeoxyglucose positron emission tomography (FDG-PET)/computed
tomography (CT) represents a promising imaging technique for non-invasively assessing
metabolic activity (adipocyte glucose utilization and degree of macrophage infiltration) in
fat. Our group has previously shown that patients with HIV lipodystrophy on antiretroviral
therapy (ART) have increased FDG uptake in the abdominal subcutaneous adipose tissue
(SAT) but not in the visceral adipose tissue (VAT) compared with healthy controls(9).
Bleeker-Rovers et al. showed that in 4 HIV-infected subjects with stavudine-associated
lipodystrophy, FDG uptake in extremity SAT was relatively increased compared to that in
HIV-infected subjects without clinical lipodystrophy(10). In the present study, we seek to
advance the discourse by assessing, among HIV lipodystrophic subjects on ART, fat-depot-
specific FDG uptake in relation to degree of lipoatrophy and to metabolic and immune
parameters. We show for the first time that the degree of peripheral lipoatrophy -objectively
reflected by a decreased percentage of extremity fat - relates to extremity SAT FDG uptake.
Extremity SAT FDG uptake, in turn, contributes to the prediction of insulin resistance in this
group more so than does percentage extremity fat.

DESIGN AND METHODS
Subjects

13 HIV-infected lipodystrophic men were recruited from March 2010 to May 2011 for
FDG-PET/CT assessment of dorsocervical and other fat depots, as previously described(11).
Analyses of glucose utilization in dorsocervical fat were recently published and we now
report data on the abdominal visceral and subcutaneous as well as extremity fat depots not
previously published. Subjects were required to have HIV lipodystrophy which developed
while on ART, and to have been on a stable ART regimen for >12 months. Lipodystrophy
was judged clinically by the investigator based on facial/extremity lipoatrophy or
dorsocervical/abdominal lipohypertrophy. Exclusion criteria included known diabetes or
thyroid disease, therapy with steroid/growth hormones or medications affecting adrenergic
hormones, recent-onset opportunistic infection, or major chronic illness (e.g. liver disease)
(11). The study was approved by the Partners Human Research Committee. Written
informed consent was obtained, and study visits were conducted at the Massachusetts
General Hospital (MGH) Clinical Research Center (CRC).

Procedures
Study procedures included fasting blood sampling, anthropometric measurements, dual-
energy X-ray absorptiometry (DXA) scanning (Hologic, Bedford, MA) for determination of
lean and fat mass, and whole-body FDG-PET/CT scanning for determination of glucose
utilization in various fat depots.
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Assays
Lipids, glucose, and insulin were assessed using standard techniques in the MGH Research
Laboratory. HIV viral load was quantified (COBAS TaqMan HIV-1 Test, Roche
Diagnostics). TNF-α levels were measured by ELISA (Invitrogen).

18F-Fluorodexoxyglucose positron-emission tomography with computed tomography
Methods used for FDG-PET/CT imaging and determination of FDG uptake in specific
adipose tissue depots were previously described by our group(11). FDG-PET/CT data are
presented as standardized uptake value (SUV) of FDG, which represents the decay-corrected
tissue concentration of FDG, adjusted for injected FDG dose and body weight. SUVmean and
standard deviation (SD’s) were determined in the following fat-density anatomic regions:
left upper arm SAT at the level of proximal humeral metaphysis; abdominal SAT and VAT
at the level of L4; left thigh SAT at the level of the proximal femoral diaphysis; and right
hepatic lobe. SUV of the extremity SAT was defined as the mean SUV in the SAT of the left
upper and lower extremities ([SUV left upper arm + SUV left thigh] / 2). SUVs were
measured in triplicate, averaged, and normalized to liver SUV.

Body Composition
Fat percentage of extremities by DXA was defined as the proportion of limb mass composed
of fat : [L arm fat (kg) + L leg fat (kg) / L arm mass (kg) + L leg mass (kg)] × 100]. The area
of abdominal SAT and VAT was determined using a single CT image (obtained at the level
of L4) that was extracted from the FDG-PET/CT dataset.

Statistical analysis
12 of the 13 subjects studied had an undetectable viral load. The single subject with a
markedly elevated viral load was excluded from analysis. Baseline characteristics of the
study group were assessed. For each subject, FDG uptake in the VAT was compared to that
in the SAT. Univariate regression modeling was used to compare the FDG uptake in various
fat depots to parameters of interest including age, duration of HIV, CD4 count, duration of
select therapies, anthropometrics, percent lean and fat mass, insulin resistance (HOMA-IR),
lipids, cytokines, and hormones. Multiple regression modeling was used to assess the
contribution of FDG uptake in various fat depots to HOMA-IR after controlling for known
predictive factors. All data are presented as mean ± SE unless otherwise indicated. Statistical
significance was defined as p < 0.05. Analyses were performed using SAS JMP 9.0.

RESULTS
Baseline Characteristics

Subjects in this study were prospectively recruited for the presence of HIV lipodystrophy, as
judged by a clinical investigator. Subjects were males with undetectable viral load on
combined ART. Mean age was 47.5 years and mean duration of HIV was 14.1 years. Mean
body mass index (BMI) was 23.7 kg/m2. Mean fat percentage of extremities was 16.5%,
with a range of 8.2 to 27.9%. Additional baseline metabolic and immune parameters were
also determined (Table 1).

FDG Uptake in Abdominal VAT and SAT in Relation to Metabolic Parameters
Among all subjects, there was a relatively higher SUV in the VAT compared with
abdominal SAT (0.27 ± 0.04 vs. 0.14 ± 0.02, p = 0.0004). For each individual subject, the
SUV in the VAT was greater than the SUV in the abdominal SAT by matched pairs analysis
(p = 0.0004). Overall, the SUV in the VAT was found to relate strongly to the SUV in the
abdominal SAT (r = 0.9, p < 0.0001). SUV in the abdominal SAT was inversely associated
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with the cross-sectional area of abdominal SAT (r = −0.85, p = 0.0004). There was a trend
towards an inverse relationship between SUV in the VAT and the cross-sectional area of
VAT (r = −0.54, p = 0.07). Both SUV in the abdominal SAT and VAT were inversely
associated with the fat percentage of the trunk (grams of fat in trunk/mass trunk) (r = −0.8, p
= 0.001 and r = −0.8, p = 0.002). The cross-sectional area of VAT was related to HOMA-IR
(r = 0.6, p = 0.04) but the area of abdominal SAT, SUV in the abdominal SAT, and SUV in
the VAT were not.

FDG Uptake in Extremity SAT in Relation to Metabolic and Immune Parameters
SUV in the extremity SAT was strongly, and inversely associated with the fat percentage of
extremities (r = −0.7, p = 0.01) (Figure 1). Of note, neither SUV in the extremity SAT nor
the fat percentage of extremities was correlated with degree of overall adiposity (BMI) or
central adiposity (VAT). SUV in the extremity SAT was correlated with the VAT:TAT ratio
(r = 0.64, p = 0.02).

On univariate regression, SUV in the extremity SAT was positively associated with HOMA-
IR (r = 0.6, p = 0.02) and fasting hyperinsulinemia (r = 0.7, p 0.01) while the fat percentage
of extremities was not. Further, SUV in the extremity SAT, but not the fat percentage of
extremities, was significantly associated with CD4 count (r = 0.6, p = 0.05). SUV in the
extremity SAT was not found to relate to age, fasting lipids, or TNF-α levels. In
multivariate modeling for HOMA-IR, SUV in the extremity SAT remained significant even
after controlling for BMI and TNF-α (systemic inflammation) (R2 for model = 0.71, p =
0.02; SUV in the extremity SAT β-estimate 12.3 ± SE 3.6, p = 0.009).

DISCUSSION
In this report, we demonstrate for the first time that FDG uptake in extremity SAT is
significantly associated with the degree of peripheral lipoatrophy among patients with HIV
lipodystrophy. We further demonstrate that FDG uptake in extremity SAT relates to insulin
resistance more strongly than does the fat percentage of extremities. Taken together, our
data suggest that among HIV+ patients, markedly increased metabolic activity is seen in
lipoatrophic extremity fat, in association with abnormal systemic metabolic parameters. Our
group previously demonstrated that among HIV+ patients, FDG uptake in the abdominal
SAT exceeds that in non-HIV controls, while FDG uptake in the VAT is not different
between the two groups(9). The present study is the first to assess extremity SAT FDG
uptake among HIV+ patients in relation to critical metabolic and immune parameters.

Applying the FDG-PET technique to abdominal fat depots, we show in all subjects a higher
fasting FDG uptake in VAT versus abdominal SAT, in concert with findings by Christen et
al. in a non-HIV population(12). FDG uptake in fat likely represents a combination of
metabolic activity (glucose utilization by adipocytes) and inflammation (glucose utilization
by macrophages and other cell types in the stromovascular fraction). Our data thus extends
the results from fat biopsy studies in non-HIV subjects suggesting VAT both harbors more
glucose-avid adipocytes(13) and/or a denser inflammatory infiltrate(14) than abdominal
SAT.

FDG uptake in the abdominal SAT and VAT of our lipodystrophic subjects decreased with
increasing fat percentage of the trunk . In non-HIV subjects, increased adiposity is known to
augment inflammation of both abdominal SAT and VAT in association with insulin
resistance (15, 16). Thus, the trend we observed potentially reflects a counterbalancing of
increased inflammatory cell glucose uptake by decreased GLUT-4-mediated adipocyte
glucose uptake in the context of insulin resistance(12). A possible alternate explanation is
that in patients with HIV lipodystrophy and increasing central fat accumulation, there is a

Torriani et al. Page 4

Antivir Ther. Author manuscript; available in PMC 2014 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



progressive insulin resistance in these central fat depots, which limits glucose uptake on
PET. This explanation is supported by the significant relationship we observed between
VAT area and HOMA-IR.

Among our lipodystrophic cohort, FDG uptake in the extremity SAT, in contrast to
abdominal VAT and SAT, showed important relationships with critical metabolic and
immune parameters. With respect to body composition, FDG uptake in the extremity SAT
correlated inversely with the fat percentage of extremities and thus positively with degree of
peripheral lipoatrophy. Extrapolating from fat biopsy studies (4, 5), we infer that the
observed increase in FDG uptake in more severe lipoatrophy likely reflects two concomitant
processes: a) increased macrophage and lymphocyte glucose uptake in the setting of in situ
inflammation and b) increased adipocyte GLUT-1 mediated glucose metabolism, which is
known to be upregulated by mitochondrial dysfunction-related oxidative stress (17) . The
increase in adipocyte GLUT-1 mediated glucose disposal contrasts with adipocyte GLUT-4
mediated glucose metabolism, which is known to be downregulated in states of
inflammation (18). We further demonstrate that extremity SAT FDG uptake relates to CD4
count, suggesting a potential relationship to immune function. In this regard, higher CD4
counts may reflect a degree of immune restoration permitting increased inflammation in the
fat, or, alternatively, may be a marker of ART effect.

"Given the variability in CD4 counts and ART effects, larger, stratified studies of HIV
lipodystrophic subjects correlating specific ART regimens with extremity SAT FDG uptake
and biopsy-proven extremity SAT pathology are needed.

Another finding in our study is that FDG uptake in the extremity SAT relates significantly
on univariate and multivariate modeling to insulin resistance (as measured by HOMA-IR).
Insofar as FDG uptake in the extremity SAT likely reflects inflammation and oxidative
stress - causally linked to the development of insulin resistance - this observation has strong
biologic plausibility. Interestingly, FDG uptake in the abdominal SAT or VAT of our
studied subjects did not correlate with insulin resistance or other key metabolic or immune
parameters. It is possible that in HIV lipodystrophy, inflammation in peripheral lipoatrophic
fat contributes more strongly to insulin resistance than inflammation in expanded central fat
depots. In light of the relatively low HOMA-IR of this group, further studies are needed to
validate the relationship between extremity SAT FDG uptake and insulin resistance across a
large lipodystrophic HIV+ cohort with a wide range of insulin resistance patterns.

Peripheral lipoatrophy is an important feature of lipodystrophy syndrome(2) and has been
previously linked to insulin resistance(19) and cardiovascular risk(20). Here we apply FDG-
PET/CT to the extremity SAT in HIV lipodystrophic patients, showing that uptake in this
depot correlates with degree of lipoatrophy and with critical immune and metabolic
parameters. In a recent fat biopsy study of HIV lipodystrophic patients, Hammond et al.(4)
showed that switching ART regimens could reverse pathologic changes to fat morphology.
Moreover, in Hammond’s work, those patients with the highest degree of subcutaneous fat
inflammation were more likely to benefit from changes in ART regimens. These findings
suggest subcutaneous fat inflammation may be a sensitive marker for early lipodystrophic
changes. FDG-PET/CT may be a useful noninvasive measure of in situ inflammation and
oxidative stress, thus representing an important technique for better understanding the
metabolic risk of ART-induced lipoatrophy.

The current study has limitations including a cross-sectional design, inclusion of men only,
and relatively small sample size, precluding stratified analysis of ART class-specific effects
on fat FDG uptake. Despite these limitations, this is the first study to demonstrate, using
FDG-PET, that increased metabolic activity in peripheral fat is directly proportional to the
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degree of lipoatrophy in HIV+ patients, and may contribute to insulin resistance and
metabolic dysregulation. Further studies are necessary to understand the timing,
pathophysiology, clinical significance of and potential treatments for in situ inflammation
that develops in association with lipoatrophy in the context of ART. Noninvasive
assessments of in situ inflammation using FDG-PET may be useful complements to
histological and gene expression analyses of metabolic dysregulation in peripheral fat
among HIV+ patients.
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Figure 1.
Panels 1A and 1B are representative CT images from FDG-PET/CT studies in two subjects
with varying degrees of HIV lipodystrophy. Both Subjects A and B are on combined ART,
and have undetectable viral loads. Despite having relatively similar external body habitus
(BMI 20.9 kg/m2 for Subject A and BMI 18.6 kg/m2 for Subject B), the two subjects differ
markedly in the degree of extremity lipoatrophy (27.9% extremity fat for Subject A and
8.2% extremity fat for Subject B) and in the degree of extremity SAT FDG uptake (not
shown). Panel C shows the relationship between fat percentage of extremities by DXA and
extremity SAT FDG uptake (SUVmean) by FDG-PET/CT among all subjects studied (r =
−0.7, p= 0.01).
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Table 1

Characteristics of the study subjects

Mean ± SE (unless otherwise noted)

Demographics

  Age (years) 47.5 ± 2.5

  Gender (male) 12/12 (100%)

Immune parameters

  Duration HIV (years) 14.1 ± 1.5

  Duration ART (years) 9.2 ± 1.7

    NRTI (years) 9.0 ± 1.6

    NNRTI (years) 1.7 ± 0.9

    PI (years) 7.7 ± 2.1

  NRTI

    current 11/12 (92%)

    past 1/12 (8%)

    never 0/12 (0%)

  NNRTI

    current 2/12 (17%)

    past 3/12 (25%)

    never 7/12 (58%)

  PI

    current 5/12 (42%)

    past 3/12 (25%)

    never 4/12 (33%)

  CD4 count (#/mm3) 536 ± 46

  viral load (undetectable) 12/12 (100%)

  TNF-α (pg/mL) 13 ± 3

Body composition parameters

  BMI (kg/m2) 23.7 ± 1.4

  iliac waist circumference (cm) 87 ± 3

  abdominal subcutaneous adipose tissue (cm) by CT 131 ± 24

  visceral adipose tissue (cm) by CT 100 ± 21

  arm fat (kg) by DXA 0.9 ± 0.1

  leg fat (kg) by DXA 1.7 ± 0.2

  fat percentage of extremities by DXA 16.5 ± 1.9 (range 8.2 – 27.9%)

Metabolic parameters

  Total cholesterol (mmol/l) 4.4 ± 0.2

  LDL cholesterol (mmol/l) 2.5 ± 0.2

  HDL cholesterol (mmol/l) 1.2 ± 0.1

  Triglycerides (mmol/l) 1.5 ± 0.3
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Mean ± SE (unless otherwise noted)

  Fasting glucose (mmol/l) 4.6 ± 0.2

  HOMA-IR 0.8 ± 0.2 (range 0.1 – 3.1)
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