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Context: Microscopic measurement of adipocyte size is the gold standard for determining adipose
tissue (AT) quality. AT density on CT may also reflect adipocyte quality (lower density 5 poorer
quality).

Objective: We used abdominal subcutaneous AT (SAT) specimens and CT scans to validate CT SAT
density as a marker of SAT quality in adults living with HIV.

Setting and Design: Secondary data analysis from completed trial of antiretroviral therapy (ART)
initiation (ACTG A5224s). CT abdominal SAT density was measured in HU. SAT specimens were
digitally scanned for calculation of mean adipocyte area.

Participants: Participants had SAT biopsy and CT data at baseline (n5 54) and HIV-1 RNA,50 copies
per milliliter on ART and biopsy or CT data at week 96 (n 5 30).

Outcome Measures: Spearman correlations and linear regression models adjusting for participant
characteristics examined associations between SAT density and adipocyte area.

Results: Baseline median age was 40 years, CD41 T lymphocyte count 219 cells per cubic millimeter,
and bodymass index 26.0 kg/m2; 89%weremale and 67%white.Median SAT area and density were
199 cm2 and 2100 HU. Over 96 weeks, SAT area increased (118%) and SAT density decreased
(23%). Mean SAT adipocyte area correlated with SAT density (P , 0.01) off and on ART after
adjustment for SAT area, age, race, sex, CD41 T lymphocyte count, and HIV-1 RNA.

Conclusions: CT SAT density correlates with biopsy-quantified SAT adipocyte size in adults with HIV
on and off ART, suggesting that CT is a useful tool for noninvasive assessment of SAT quality. (J Clin
Endocrinol Metab 104: 4857–4864, 2019)

Adipose tissue (AT) is an active immune and endo-
crine organ, and adipocyte dysfunction has been

linked to proinflammatory cytokine expression and in-
flammatory diseases including insulin resistance and
cardiovascular disease (CVD) (1). AT disturbances are
common in people living with HIV (PLWH) and stem

from traditional as well as HIV- and antiretroviral
therapy (ART)–associated contributors (2). Most studies
assessing relationships between AT and end-organ out-
comes focus on AT quantity; however, AT function, or
quality, may vary at any given quantity, and changes in
function may independently have profound effects on
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comorbid disease risk. For example, adiponectin, an
adipokine whose production declines with reduced AT
function and a major mediator between AT and CVD,
was lower in men with HIV than in men without HIV in
the Multicenter AIDS Cohort Study independent of AT
area and strongly correlated with subclinical CVD bur-
den after adjustment for traditional risk factors (3).

AT quality has historically been characterized by
adipocyte size and density; normal, healthy adipocytes
are small, are well differentiated, and contain a modest
lipid droplet. During weight gain, adipocytes become
larger, engorged with lipids and less dense (4, 5), changes
that have been associated with a proinflammatory tissue
environment and the development of metabolic disease
(2, 6, 7). With continued adipocyte expansion, com-
pensatory mechanisms such as fibrosis (8) are eventually
used, at which time AT density begins to increase again.
AT fibrosis and inflammation may be triggered by
processes other than lipid droplet expansion, including
infection or tissue injury (9), and are associated with both
increased AT density and altered adipocyte function.

AT density can be measured via CT, where AT is
identified by a tissue density of 2190 (less dense) to 230
(more dense) HU (10). Although CT-quantified AT density
has been used to determine relationships between in-
flammatory biomarker levels and clinical outcomes in
humans, the assumption that CT-quantified AT density
accurately reflects AT histopathology is based primarily on
female nonhuman primate data, in which denser visceral
adipose tissue (VAT) and subcutaneous adipose tissue
(SAT)were associatedwith smaller adipocytes, lower serum
leptin levels, and (for VAT) higher adiponectin levels (10).
Given that HIV infection and ART impart multiple non-
traditional risk factors for perturbations of AT quality and
quantity, we sought to determine whether CT-quantified
SAT density adequately reflects biopsy-quantified SAT
adipocyte size in PLWH before and during ART.

Materials and Methods

Study population
AIDS Clinical Trials Group Study A5224s was a metabolic

substudy of A5202 (NCT00118898) in which ART-naive
people $16 years of age with HIV-1 RNA .1000 copies per
milliliter were randomly assigned to blinded, coformulated
abacavir (ABC)/lamivudine (3TC) or tenofovir disoproxil fu-
marate (TDF)/emtricitabine (FTC) with open-label, ritonavir-
boosted atazanavir (ATV) or efavirenz (EFV). Complete
A5202/A5224s methods have previously been published
(11–13). A preplanned substudy of A5224s enrolled partici-
pants at 13 sites who were willing to undergo lower abdominal
SAT biopsies under local anesthesia at A5224s weeks 0 and 96
(14). Relevant A5224s exclusion criterion potentially affecting
AT quality and quantity included hypogonadism or thyroid
disease, Cushing syndrome, diabetes mellitus, and the use of

growth hormone, anabolic steroids, or glucocorticoids. For this
analysis, the population was limited for baseline analyses to
people with available baseline biopsy and CT data and, for
week 96 and 96-week change analyses, to people with HIV-1
RNA ,50 copies per milliliter on their originally randomized
ART regimen and biopsy or CT data at week 96. All partici-
pants provided written informed consent, which was approved
by each participating site’s local institutional review board.

SAT biopsies
Paraffin-embedded SAT specimens were stained with he-

matoxylin and eosin and digitized on a ScanScope AT platform
(Leica Biosystems, Inc., Vista, CA). Morphometric analysis was
performed to determine mean adipocyte area with Definiens’
Tissue Studio software (Definiens Inc., Parsippany, NJ). Spe-
cifically, the Composer module was used to train the system to
identify adipocyte membrane staining and adipocyte interior
space. The data output generated was total number of adipo-
cytes and internal adipocyte area. Scanning and analyses were
performed through the Translational Pathology Core Labo-
ratory, Department of Pathology and Laboratory Medicine,
David Geffen School of Medicine at UCLA.

CT scans
Substudy participants underwent single-slice abdominal

CT scanning at the L4 to L5 level at weeks 0 and 96. CTs were
centrally interpreted for SAT and VAT quantity (in cm2) and
quality (in HU) by a blinded reader at the Tufts Univer-
sity Body Composition Analysis Center using SliceOmatic©

software (version 5.0; TomoVision, Quebec, Canada). ATwas
identified by a mean attenuation of 2190 to 230 HU (more
negative 5 lower density). VAT was manually distinguished
from SAT by tracing along the fascial plane defining the in-
ternal abdominal wall.

Statistical analyses
Descriptive summaries included medians and interquartile

ranges (IQRs) for continuous variables and frequencies and
percentages for categorical variables. Changes over time were
assessed with Wilcoxon sign-rank tests and differences be-
tween groups with Wilcoxon rank-sum or Kruskal-Wallis
tests. Associations between continuous measures were
assessed via Spearman correlations, and linear regression
models adjusted for clinical and demographic characteristics.
Significance was assessed with a two-sided a 5 0.05, without
adjustment for multiple testing for this exploratory proof-of-
concept analysis.

Results

Study population
Clinical and demographic characteristics are pre-

sented in Table 1. Briefly, at baseline (n 5 54), median
age was 40 years, CD41 T lymphocyte count 219 cells
per cubic millimeter, body mass index (BMI) 26.0 kg/m2;
89% were male, 39% white non-Hispanic, 26% current
smokers, and 35% had HIV-1 RNA .100,000 copies
per milliliter. The subset of participants with paired
weeks 0 and 96 data (n 5 30) were demographically
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similar to the larger baseline study population. After
96 weeks, the median CD41 T lymphocyte count was
456 cells per cubic millimeter, median BMI had increased
to 27.0 kg/m2, and 20% of participants were still current
smokers. Eight participants were on EFV/TDF/FTC, five
were on EFV/ABC/3TC, 11 were on RTV/ATV/TDF/
FTC, and six were treated with RTV/ATV/ABC/3TC.

Baseline AT area, AT density, and adipocyte area
At baseline, median (IQR) SAT area and density were

199 (129, 303) cm2 and 2100 (2106, 296) HU, re-
spectively. Median VAT area and density were 83 (54,
108) cm2 and 283 (289, 278) HU, respectively. The
mean SAT adipocyte area was 2156 (1909, 2439) mm2.
As expected, SAT and VAT were most dense for

Table 1. Demographic and Clinical Characteristics

Baseline Overall
(n 5 54)

Baseline for Those With Week
96 Data (n 5 30) Week 96 (n 5 30)

Age, y 40 (31, 45) 40 (36, 45) 42 (38, 47)
White, non-Hispanic race 39% 43% 43%
Male, sex 89% 93% 93%
Current smoking 26% 23% 20%
BMI, kg/m2 26.0 (22.0, 30.0) 26.0 (24.0, 30.0) 27.0 (25.0, 30.0)
Hypertension 13% 20% 20%
Dyslipidemia 11% 13% 20%
Viral hepatitis coinfection 9% 7% 7%
CD41 T lymphocyte count, cells per mm3 219 (70, 312) 203 (70, 274) 456 (342, 581)
HIV-1 RNA, log10 copies per mL 4.8 (4.3, 5.3) 4.8 (4.3, 5.3) N/A
HIV-1 RNA .100,000 copies per mL 35% 37% 0%
SAT area, cm2 199 (129, 303) 192 (130, 335) 223 (180, 361)
SAT density, HU 2100 (2106, 296) 2100 (2105, 297) 2104 (2107, 2100)
VAT area, cm2 83 (54, 108) 85 (69, 113) 116 (65, 132)
VAT density, HU 283 (289, 278) 284 (290, 280) 290 (294, 284)
Adipocyte diameter, mm2 2156 (1909, 2439) 2098 (1824, 2467) 2759 (2304, 3029)

Median (IQR) or percentage reported.

Abbreviations: BMI, body mass index; N/A, not applicable.

Table 2. Baseline SAT and VAT Area and Density and SAT Adipocyte Diameters

SAT Density (HU) VAT Density (HU) Adipocyte Diameter (mm2)

Overall (n 5 54) 2100 (2106, 296) 283 (289, 278) 2156 (1909, 2439)
BMI category, kg/m2

18.0–24.9 (n 5 22) 296 (2104, 287) 281 (284, 278) 2082 (1919, 2392)
25.0–30.0 (n 5 18) 2100 (2102, 297) 282 (287, 275) 2181 (1775, 2364)
.30.0 (n 5 14) 2106 (2110, 2102) 290 (295, 285) 2448 (1909, 2707)
P 0.001 0.001 0.16

Race or ethnicity
White, non-Hispanic (n 5 21) 2101 (2106, 296) 289 (291, 282) 2306 (1922, 2551)
White, Hispanic (n 5 15) 2101 (2107, 296) 283 (291, 280) 2098 (1909, 2435)
Black (n 5 13) 2100 (2105, 296) 278 (282, 275) 2020 (1727, 2321)
Other (n 5 5) 297 (297, 294) 283 (283, 278) 2342 (2056, 2358)
P 0.27 0.02 0.70

Sex at birth
Male (n 5 48) 299 (2105, 295) 283 (289, 278) 2156 (1909, 2435)
Female (n 5 6) 2108 (2108, 2105) 287 (291, 282) 2182 (1909, 2524)
P 0.004 0.39 0.72

CD41 T lymphocyte count, cells per mm3

#200 (n 5 25) 2100 (2106, 296) 279 (287, 275) 2098 (1930, 2352)
.200 (n 5 29) 2101 (2106, 295) 285 (291, 282) 2342 (1853, 2664)
P 0.87 0.003 0.28

HIV-1 RNA, copies per mL
,100,000 (n 5 35) 2101 (2106, 297) 284 (290, 276) 2308 (1922, 2524)
$100,000 (n 5 19) 297 (2106, 295) 282 (287, 278) 2098 (1824, 2321)
P 0.22 0.34 0.28

Median (IQR) reported. P values based on Kruskal-Wallis or Wilcoxon rank-sum tests.
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participants with BMI ,25 kg/m2 and least dense for
obese participants. SAT and VAT density also varied by
sex at birth, race, and baseline CD41 T lymphocyte
count, with men having denser SAT than women and
non-Hispanic blacks and participants with CD41

T lymphocyte count #200 cells per cubic millimeter
having denser VAT (Table 2). SAT and VAT density did
not vary by smoking status or HIV-1 RNA. Mean adi-
pocyte area was smallest for participants with normal
BMI at study entry and largest for obese participants
(although with overlapping distributions); these again
varied by clinical and demographic characteristics.

SAT adipocyte area correlated with SAT density
(r 5 20.49; 95% CI, 20.67 to 20.24; P 5 0.002),
indicating larger adipocytes had lower density, an as-
sociation that was driven by participants with normal
BMI at study entry (BMI 18.0 to 24.9 kg/m2, r520.57,
P5 0.009; BMI 25.0 to 30.0 kg/m2, r520.21, P5 0.42;
BMI .30.0 kg/m2, r 5 20.24, P 5 0.43; Fig. 1A). This
relationship persisted in partial Spearman correlations
(r520.41, P5 0.0003) adjusted for age, race, sex, SAT
area, CD41 T lymphocyte count, and HIV-1 RNA, and
in regression models adjusting for age, race, sex, CD41

T lymphocyte count, and SAT area (Table 3). Addi-
tionally, CT-quantified AT area and density correlated
strongly with each other (SAT, r 5 20.71, P , 0.0001;
VAT, r 5 20.59, P , 0.0001), as did SAT and VAT
density (r 5 0.58; 95% CI, 0.36 to 0.73; P , 0.0001).

Week 96 AT area, AT density, and adipocyte area
After 96 weeks of ART, median SAT area increased to

223 (180, 361) cm2, and SAT density decreased to2104
(2107, 2100) HU. Median VAT area increased to 116
(65, 132) cm2, and VAT density decreased to 290
(294, 284) HU. Mean SAT adipocyte area increased to

2759 (2304, 3029) mm2. For the 30 participants with
paired baseline and week 96 data, these changes repre-
sent 18% (P 5 0.002) and 35% (P , 0.001) median
increases in SAT and VAT area, 3% (P 5 0.01) and 6%
(P , 0.001) decreases in median SAT and VAT density,
and a 22% increase (P , 0.001) in mean SAT adipocyte
area, respectively. Although analyses were exploratory
and sample sizes were small, some variations in re-
lationships by ART regimen were observed (Table 4).

Similar to baseline, mean SAT adipocyte area on ART
correlated with SAT density (r 5 20.57, P 5 0.003;
Fig. 1B), with the strength of correlation decreasing with
increasing BMI (data not shown). Again, this relationship
persisted in partial Spearman correlations (r 5 20.56,
P 5 0.012) adjusted for age, race, sex, CD41 T lym-
phocyte count, and week 96 SAT area, and in regression
models adjusting for age, race, sex, CD41 T lymphocyte
count, and SAT area (Table 3), with some differences
observed byART regimen (Table 4). Again, CT-quantified
AT area and density correlated with each other (SAT,
r 5 20.35, P 5 0.072; VAT, r 5 20.55, P 5 0.003), as
did both week 96 SAT and VAT density (r 5 0.55, P 5

0.002) and percentage change in VAT and SAT density
(r 5 0.77, P , 0.001).

Discussion

In this analysis of abdominal SAT biopsy and CT scan
data from a completed trial of ART initiation, we
demonstrate that CT SAT density reflects SAT adipocyte
size in PLWH before and during ART. This relationship
persists after adjustment for important confounding
factors such as AT quantity and lays the foundation for
the use of CT as a noninvasive tool to assess AT quality or
function in future studies. We also demonstrated that

Figure 1. CT SAT density correlates strongly with SAT adipocyte area. (A) Week 0. (B) Week 96.
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there were baseline differences in AT density by sex at
birth, race, and CD41 T lymphocyte count; in explor-
atory analyses, that changes in AT density on ART varied
somewhat by ART regimen, but overall AT density de-
creased as AT area increased; that, as in the general
population, physiologically expected relationships be-
tweenAT density and BMIwere observed (i.e., in general,
AT density decreased as BMI increased) (15); and that

SAT and VAT density tended to track together before
and during ART, suggesting that redistribution of fat
from the subcutaneous to the visceral spaces did not
occur with initiation of these more modern ART
regimens.

The theory that adipocyte density can reflect adipocyte
function is based on the knowledge that healthy adipo-
cytes are small and well differentiated and contain a

Table 3. Multivariate Regression Estimates for Relationship With Mean SAT Adipocyte Area

Baseline Week 96

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

SAT density, HU 226.1 (244.9 to 27.3) 0.008 263.7 (2115.3 to 212.1) 0.02
SAT area, cm2a 20.9 (22.5 to 0.7) 0.26 20.3 (22.6 to 2.0) 0.80
Age, y 27.8 (220.9 to 5.3) 0.24 20.8 (228.0 to 26.4) 0.95
Race or ethnicity
Black 243.6 (2395.6 to 308.5) 0.80 23.3 (2830.1 to 876.7) 0.95
Hispanic white 27.5 (2342.6 to 397.6) 0.88 129.1 (2630.3 to 888.5) 0.72
Other 293.4 (2551.7 to 365.0) 0.68 290.1 (21073.8 to 893.5) 0.85

Female sex at birth 26.6 (2451.5 to 504.6) 0.91 91.2 (21194.5 to 1376.8) 0.88
CD41 T lymphocyte count, cells per mm3 0.8 (20.1 to 1.7) 0.08 0.4 (21.9 to 2.7) 0.72
HIV-1 RNA, log10 copies per mL 237.9 (2285.7 to 210.1) 0.76 N/Ab N/Ab

Abbreviation: N/A, not applicable.
aArea at baseline or week 96, respectively.
bHIV-1 RNA ,50 copies per milliliter for all participants at week 96.

Table 4. Distribution of AT Outcomes by ART Regimen at Week 96

NNRTI or PIa NRTIa

Week 96
Overall
(n 5 30)

EFV
(n 5 13)

RTV/ATV
(n 5 17)

ABC/3TC
(n 5 11)

TDF/FTC
(n 5 19)

SAT density, HU 2104 (2107, 2100) 2102 (108, 299) 2105 (2107, 2102) 299 (2104, 295) 2105 (2108, 2103)
VAT density, HU 290 (294, 284) 291 (296, 286) 288 (293, 282) 284 (287, 281) 291 (294, 286)
Adipocyte area, mm2 2759 (2304, 3029) 2455 (2158, 3007) 2761 (2444, 3148) 2488 (2072, 3029) 2827 (2427, 3057)
SAT area-adipocyte
size correlationb

20.57 (0.003) 20.60 (0.09) 20.67 (0.005) 20.73 (0.02) 20.37 (0.18)

NNRTI or PIa NRTIa

96-Week Change
(%, P)

Overall
(n 5 30)

EFV
(n 5 13)

RTV/ATV
(n 5 17)

ABC/3TC
(n 5 11)

TDF/FTC
(n 5 19)

SAT density, HU 23%, P 5 0.01 21%, P 5 0.70 23%, P 5 0.003 21%, P 5 0.50 23%, P 5 0.02
VAT density, HU 26%, P , 0.001 24%, P 5 0.08 28%, P 5 0.004 25%, P 5 0.25 27%, P 5 0.002
Adipocyte area, mm2 22%, P , 0.001 18%, P 5 0.07 26%, P , 0.001 22%, P 5 0.04 23%, P 5 0.001

96-Week Change
(%, P)

Overall
(n 5 30)

EFV 1
TDF/FTC
(n 5 8)

EFV 1
ABC/3TC
(n 5 5)

RTV/ATV 1
TDF/FTC
(n 5 11)

RTV/ATV 1
ABC/3TC
(n 5 6)

SAT density, HU 23%, P 5 0.01 1%, P 5 1.00 22%, P 5 0.63 23%, P 5 0.004 1%, P 5 0.81
VAT density, HU 26%, P , 0.001 24%, P 5 0.30 26%, P 5 0.25 28%, P 5 0.004 2%, P 5 0.81
Adipocyte area, mm2 22%, P , 0.001 20%, P 5 0.22 8%, P 5 0.19 25%, P 5 0.002 36%, P 5 0.16

Median (IQR) reported. P values for percentage change overall or within treatment arms based on Wilcoxon signed-rank test.

Abbreviations: NNRTI, non-nucleoside reverse transcriptase inhibitor; PI, protease inhibitor.
aParticipants are in the EFV or RTV/ATV group and in the ABC/3TC or TDF/FTC arms.
bSpearman r (P value).
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modest lipid droplet. In the absence of tissue inflammation
or fibrosis, during weight gain adipocytes become larger,
less well differentiated, and lipid engorged, making them
less dense (4, 5), whereas during weight loss adipocytes
become smaller and contain fewer lipids, making them
denser (16, 17). Although this theory has been the basis for
the use of CT density in several large studies outside HIV,
data confirming this hypothesis have previously been
limited to nonhuman primate data, where denser VAT and
SAT were associated with smaller adipocytes (VAT,
r520.76, P, 0 0.001; SAT, r520.59, P5 0.003) (10).
Given the complex relationships between HIV, ART, and
traditional risk factors affecting AT quantity and function,
it was important to document thatCT SATdensity reflected
histologic adipocyte size, the gold standard for adipocyte
quality assessment, before the use of CT AT density data
as a surrogate noninvasive marker of AT quality in PLWH.

Regarding our observed baseline differences in AT
density by sex, race, and CD41 T lymphocyte count, be-
cause these relationships are novel, it is difficult to know
whether they are physiologically expected. The Health,
Aging and Body Composition and the Age, Gene and/or
Environment Susceptibility–Reykjavik observational stud-
ies of older adults stated that “sex, race, adipose depot, and
study site-specific quintiles of adipose density were created
as the distribution of adipose density varied within these
strata” (10). The Framingham Heart Study reported that
women had SAT than was less dense but VAT that was
more dense than men’s, without differential reporting by
race (15). This finding of greater SATdensity amongmen vs
women parallels what we observed in our analysis of adults
living with HIV. Interestingly, premenopausal, nonobese
genetic women can modulate adipocyte size and function
better than genetic men, in whom detrimental (hypertro-
phic) responses to fat gain predominate (18). Therefore,
adipocyte hypertrophy in men on ART may be a mal-
adaptive response influenced by genetic sex.

Although there are no previous studies specifically
assessing the relationship with CD41 T lymphocyte count
and abdominal SAT or VAT quality, lower nadir CD41

T lymphocyte count has been associated with greater gains
in AT quantity on ART in some studies (19, 20). Given our
observed relationship between decreasing SAT density and
increasing SAT quantity, it may therefore be reasonable to
expect greater changes in AT density in people with lower
nadir CD41 T lymphocyte counts. We observed denser
VAT among participants with lower nadir CD41

T lymphocyte counts in our analysis, which may reflect
being in a more prolonged catabolic state or greater VAT
inflammation among those participants, although VAT
biopsies are not available to confirm this finding and current
imaging techniques cannot distinguish between causes of
density (smaller lipid droplets vs fibrosis vs inflammation).

Finally, changes in AT density over 96 weeks of ART
varied somewhat by ART regimen in our cohort. It must
be emphasized that these analyses were purely explor-
atory and hypothesis generating, and sample sizes were
small. However, some provocative findings emerged. For
nucleoside reverse transcriptase inhibitors (NRTIs), the
correlation between SAT density and adipocyte size was
much lower (and not statistically significant) among the
subset of participants receiving TDF/FTC. SAT and VAT
were less dense at week 96 among participants receiving
TDF/FTC vs ABC/3TC, and the changes in AT density
and adipocyte size were also greater for TDF/FTC. For
the third agent, SAT density was lower and adipocyte size
was larger for ATV/RTV-treated participants than for
EFV-treated participants, and the changes were also
larger for ATV/RTV vs EFV. Although NRTIs have been
associated with adipocyte mitochondrial dysfunction (2,
14), ABC increases AT gene expression of cell adhesion
molecules, which could lead to increased tissue AT
density (21), as suggested by our data. NRTI penetration
into AT is also limited (22), which could further affect the
AT inflammatory milieu, given recent documentation of
an AT HIV reservoir (23, 24).

Addressing the third agents, both EFV and ATV/RTV
have numerous potentially adverse effects on AT (2),
including proinflammatory effects (25–27), impaired
adipogenesis, adipocyte function or differentiation (25,
27), preadipocyte apoptosis, and impaired mitochondrial
function (25, 28, 29). There is also evidence that EFV
shifts SAT toward anaerobic metabolism (30), which is
conceivably proinflammatory. Although the ways in
which these changes ultimately affect AT density in
PLWH are unknown, tissue inflammation and sub-
sequent fibrosis can result in increased tissue density, and
poorly differentiated adipocytes are larger and less dense
than well-differentiated adipocytes. Thus, it is reasonable
to expect that individual ART regimens may affect AT
density differently through their effects on AT function.

AT quality or function has important implications: AT
is an active immune and endocrine organ, and AT dys-
function has been linked to proinflammatory cytokine
expression and inflammatory diseases including insulin
resistance and CVD (1). The ability to use noninvasive
measures such as CT to measure AT quality may facil-
itate pathophysiologic understanding of metabolic dis-
ease states and the effectiveness of interventions to
improve AT health in both research and clinical settings.
To date, examples of the use of AT density to explore
correlates of disease and clinical outcomes include the
following. In the Health, Aging and Body Composition
and the Age, Gene and/or Environment Susceptibility–
Reykjavik observational studies of older adults, denser
VAT was associated with lower leptin levels, and denser
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VAT and SAT were associated with higher adiponectin
levels (10). In the Framingham Heart Study, less dense
SAT and VAT were was associated with lower adipo-
nectin and leptin receptor levels but higher leptin and
fatty acid binding protein-4 (a fatty acid transporter)
levels in men and women after adjustment for con-
founding factors, including fat area (31). The Framing-
ham Heart Study also observed a relationship between
lower VAT and SAT densities and greater coronary ar-
tery calcium (32); lower VAT density and greater ab-
dominal aortic calcium deposition (32) and higher serum
triglyceride levels (33); and higher SAT density and di-
abetes and hypertension risk, which the authors hy-
pothesized was secondary to greater AT fibrosis and
dysfunction (34). Now that we have determined that CT
SAT density accurately reflects SAT adipocyte size in
PLWH, our next steps will be to use CT data from
multiple longitudinal cohorts to investigate relationships
between AT quality and cardiometabolic disease.

This analysis has several limitations. First, only a
subset of A5224s participants had available biopsy
specimen and CT data, and we were limited in our ability
to pursue complete AT profiling, including adipocyte
phenotypes, staining for fibrosis, and differential ART
penetration into SAT vs VAT. However, the availability
of 54 baseline CT and biopsy pairs and 30 longitudinal
pairs is a unique and valuable resource that allowed us to
achieve our main goal: assessment of the correlation
between SAT CT density and SAT histopathologic adi-
pocyte size. Second, this analysis contained a minority of
women and racial or ethnic minorities, which may limit
the generalizability of our results to other populations.
Third, sample size limited exploratory subset analyses
(including ART subset analyses); however, these data
provided provocative, hypothesis-generating informa-
tion for future work, which is the ultimate goal of a pilot
study. Fourth, although we used the standard definition
of CT fat density validated at our central reading center
(2190 to230HU), reported cutoffs in the literature vary
slightly, which limits comparability with studies using
other cutoffs.

In conclusion, CT SAT density correlates strongly
with biopsy-quantified SAT adipocyte size in PLWH
before and during ART. CT may be a useful tool for
noninvasive assessment of AT quality. Future, larger
studies will better assess the contributions of clinical and
demographic factors to AT density in PLWH, as well as
the effects of therapeutic interventions on AT density.
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