
Elevated Concentrations of Free Fatty Acids Are Associated With Increased
Insulin Response to Standard Glucose Challenge in Human Immunodeficiency

Virus-Infected Subjects With Fat Redistribution

Gary Meininger, Colleen Hadigan, Michael Laposata, Joanne Brown, Jessica Rabe, Joseph Louca,
Negar Aliabadi, and Steven Grinspoon

Fat redistribution, defined by both increased abdominal visceral fat and/or decreased abdominal, extremity, and facial

subcutaneous fat, is increasingly recognized among human immunodeficiency virus (HIV)-infected patients treated with

combination antiretroviral therapy. Fat redistribution in this population is associated with insulin resistance and dyslipidemia

and is often referred to as the HIV lipodystrophy syndrome (LIPO). Fatty acids are known to modulate insulin resistance in

other disease states, but a comprehensive evaluation of fatty acids has not been undertaken among HIV-infected patients

with fat redistribution. In this study, we investigated fatty acid concentrations in 64 HIV-infected individuals (45 men and 19

women) with evidence of fat redistribution (LIPO) in comparison to 30 HIV-infected individuals (20 men and 10 women)

without evidence of fat redistribution (NONLIPO) and 32 HIV-negative healthy control subjects (C) (21 males and 11 females)

of similar age and body mass index (BMI). Glucose, insulin, and free fatty acid (FFA) levels were measured in response to a

75-g oral glucose tolerance test (OGTT) in the LIPO, NONLIPO, and C subjects. In addition, fasting lipids were obtained, and

body composition was determined by anthropometric measurements and dual-energy x-ray absorptiometry (DXA). Fasting

FFA concentrations were significantly increased in the LIPO group as compared with NONLIPO and C subjects (0.74 6 0.03 v

0.60 6 0.04 [mean 6 SEM] mmol/L, P 5 .002, LIPO v NONLIPO; 0.74 6 0.03 v 0.59 6 0.03 mmol/L, P 5 .001, LIPO v C). In

contrast, fasting FFA concentrations were not increased in the NONLIPO group (0.60 6 0.04 v 0.59 6 0.03, P 5 .909, NONLIPO

v C). Similarly, fasting triglycerides and 120-minute OGTT FFA were significantly increased in the LIPO group as compared

with the NONLIPO and C group. FFA decreased in HIV-infected LIPO, NONLIPO, and C subjects in response to OGTT, but the

120-minute FFA concentrations remained significantly elevated in LIPO patients compared with NONLIPO and C subjects. In

a multivariate regression model of LIPO patients, fasting FFA (P 5 .027) was a strong independent predictor of insulin area

under the curve (AUC), controlling for age, BMI, gender, and body composition (r2 for model 5 .31). No differences were

observed in FFA concentrations in the LIPO group in an analysis based on current protease inhibitor (PI) use. These data

suggest that FFA concentrations are increased in HIV-infected patients with fat redistribution. Increased fasting concentra-

tions of fatty acids are associated with abnormal insulin responses to standard glucose challenge in HIV-infected patients

with fat redistribution. Further studies are necessary to determine the mechanism of increased fatty acid concentrations and

the role played by increased FFA in mediating insulin resistance in this population.

Copyright © 2002 by W.B. Saunders Company

FAT REDISTRIBUTION IS increasingly recognized
among human immunodeficiency virus (HIV)-infected

patients treated with combination antiretroviral therapy and
is characterized by increased trunk fat, loss of extremity fat,
dyslipidemia, and insulin resistance.1-3 Detailed body compo-
sition analysis using computed tomography (CT) and/or mag-
netic resonance imaging (MRI) imaging suggest that abdominal
visceral fat is increased, whereas abdominal subcutaneous and
extremity fat are decreased.4 The specific mechanisms of fat
redistribution in this population remain unclear, but may relate
to both drug and non-drug factors.5-7 Furthermore, it is un-
known if the observed increase in visceral fat and reduction in
subcutaneous fat represent distinct processes or linked phenom-
enon of a single syndrome. Insulin resistance is significant

among patients with HIV lipodystrophy,1,2,6,8 but the specific
mechanisms of insulin resistance in this population are also not
known. Increased free fatty acid (FFA) concentrations may
contribute to insulin resistance in the HIV lipodystrophy syn-
drome (LIPO) through effects on hepatic gluconeogenesis,
muscle glucose oxidation, or glucose transport.9-15

Few studies have investigated FFA concentrations in the
HIV lipodystrophy syndrome in relationship to body composi-
tion and indices of insulin resistance.3,16,17 We compared
plasma FFA concentrations in a well-characterized cohort of
HIV-infected male and female subjects with fat redistribution
to both HIV-infected subjects without fat redistribution and
HIV-negative healthy controls of similar age and body mass
index (BMI) and assessed the relationship of FFA concentra-
tions to indices of insulin resistance.

MATERIALS AND METHODS

HIV-Infected Subjects With Fat Redistribution

Sixty-four patients (45 men and 19 women) with HIV infection
reporting recent change in body fat distribution were prospectively
evaluated between December 1998 and July 1999 at the Clinical
Research Center of the Massachusetts Institute of Technology. Subjects
were recruited using community-based advertisements seeking HIV-
infected patients with fat redistribution or were referred by their phy-
sicians for evaluation of fat redistribution. Subjects were screened by
telephone and asked if they had experienced any of the following: (1)
loss of fat in the face, (2) increased fat under the chin or back of the
neck, (3) increased abdominal girth, (4) increased chest or breast fat, or
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(5) loss of fat in the arms or legs. Subjects who identified a change in
fat distribution in any 1 or more body areas were invited to participate,
and fat redistribution was confirmed by physical examination in all
subjects (see case examination protocol below). Prior to the determi-
nation of anthropometric measurements, degree of fat deposition in the
trunk and neck or fat atrophy in the extremities and face was objec-
tively rated by a single investigator (C.H.) based on a 0 to2-point scale
with 0.5 point increments. A score of 0 indicated that no discernible
change in fat was present, and a score of 2 signified the presence of
severe fat deposition and/or atrophy. A composite score was deter-
mined by adding up the score at each of the 4 sites (trunk, neck, face,
and extremities). Patients with an abnormal umbilical waist-to-hip ratio
(for men, greater than 0.9; for women, greater than 0.8) and physical
evidence of significant fat deposition were determined to have lipodys-
trophy. HIV-infected patients without lipodystrophy did not exhibit
significant fat redistribution at any site. Mean lipodystrophy scores
were significantly different between the HIV-infected groups (see be-
low).

Subjects were excluded if they had changed antiviral medications
within 6 weeks of the study, had a history of diabetes mellitus or
previous treatment with an antidiabetic agent, had a BMI greater than
35 kg/m2, reported use of testosterone, estrogen, growth hormone, or
other steroids in the past 6 months, had active alcohol or substance
abuse, or were not between 18 to 60 years of age. A subsample of the
subjects who participated in this evaluation was subsequently enrolled
in a treatment study of metformin for HIV lipodystrophy.18 Further-
more, metabolic and anthropometric data have been published on these
subjects, in comparison to age- and BMI-matched subjects of the
Framingham Offspring Study.19 Fatty acid data have not previously
been published on this cohort. Written informed consent was obtained
from each subject prior to testing in accordance with the Committee on
Human Experimentation with Subjects of the Massachusetts Institute of
Technology and the Subcommittee on Human Studies at the Massa-
chusetts General Hospital.

HIV-Infected Subjects Without Fat Redistribution

Twenty HIV-infected male subjects and 10 HIV-infected female
subjects without any evidence of fat redistribution, but of similar age
and BMI as HIV-infected subjects with fat redistribution, served as
control groups.20 With the exception of fat redistribution, these HIV-
infected control subjects met the same criteria for eligibility as the
HIV-infected case patients.

HIV-Negative Healthy Control Subjects

Thirty-two (21 men and 11 women) HIV-negative healthy subjects
of similar age and BMI as HIV-infected subjects with fat redistribution
served as additional control subjects. Control subjects were healthy,
without major medical illnesses, and were not receiving any medica-
tions known to affect glucose or fatty acid metabolism.

Study Procedures

Subjects underwent a complete medical history and physical exam-
ination to confirm the presence or absence of fat redistribution. Weight,
height, BMI, waist (at the umbilicus), hip, midarm, and midthigh
circumference were determined.19 All measurements were obtained by
a licensed nutritionist with the patient undressed, in triplicate, using a
tape measure and then averaged. The waist-to-hip ratio was calculated
from the waist circumference measured at the umbilicus divided by the
hip circumference measured at the horizontal level of maximum ex-
tension of the buttocks.21 Interrater measurements varied by less than
0.5 cm. Following a 12-hour fast, a standard 75-g oral glucose tolerance
test (OGTT) was completed according to World Health Organization
(WHO) standards22 with determination of blood glucose and insulin

level at 0, 30, 60, 90, and 120 minutes. Fatty acid concentrations were
also obtained at 0 and 120 minutes. In addition, fasting triglyceride
concentrations were obtained. Dual-energy x-ray absorptiometry
(DXA) was performed to determine total and regional fat mass using a
Hologic-4500 densitometer (Hologic, Waltham, MA). Regions of in-
terest (including arms, legs, and trunk) were standardized (1995 Users
Guide, Hologic). Trunk fat and extremity fat (sum of fat in the arms and
legs) measured in grams are reported.

Biochemical and Immunologic Assays

Levels of glucose and triglyceride (Hitachi 917 Autoanalyzer,
Boehringer Mannheim, Mannheim, Germany) were determined by
methods previously reported.23 Serum FFA concentrations were drawn
into plain serum tubes, centrifuged, and stored at -80°C. Serum FFA
concentrations were later measured using an in vitro enzymatic color-
imetric assay kit (Wako Chemicals, Richmond, VA). The intra-assay
coefficient of variation for FFA ranged from 1.1% to 2.7%. The
published normal range for FFA is 0.1 to 0.6 mmol/L. Insulin levels
were measured in serum by radioimmunoassay (Diagnostic Products,
Los Angeles, CA). Insulin intra-assay and interassay coefficients of
variation ranged from 5.0% to 10.0%, and cross reactivity with proin-
sulin at midcurve was at least 40%.

Statistical Analysis

An overall test for significance between the 3 groups: HIV-infected
subjects with fat redistribution (LIPO), HIV-infected subjects without fat
redistribution (NONLIPO), and healthy control (C) subjects was per-
formed for each variable using 1-way analysis of variance (ANOVA).
Separate pairwise comparisons usingt tests were then only performed for
those variables that were significant by ANOVA (P , .05). The percent of
patients with FFA concentrations greater than the upper limit of the normal
range was compared between patient groups byx2 analysis. Univariate
regression analysis was used to determine the relationship between FFA
and anthropometric and metabolic parameters. Multivariate regression
analysis was performed to determine the independent effects of body
composition on FFA and the independent effect of FFA on indices of
insulin resistance in this population. Insulin area under the curve (AUC)
(measured inmIU/mL) was calculated from the following formula:
([(insulin0min 1 insulin30min)/2] * 30) 1 ([(insulin 30min1 insulin60min)/2]
* 30) 1 ([(insulin60min 1 insulin90min)/2] * 30) 1 ([(insulin90min 1
insulin120min)/2] * 30). FFA suppression (measured in mmol/L) was cal-
culated from the following formula: (FFAfasting - FFA120min).

Statistical analyses were performed using JMP (Version 3.2.2; SAS
Institute, Cary, NC).24 Statistical significance was determined using
2-tailed tests with aP value of .05 or less. Results are presented as
mean6 SEM unless otherwise indicated.

RESULTS

Baseline clinical characteristics, including age, weight, BMI,
body fat distribution, lipid concentrations, and insulin levels in
the LIPO, NONLIPO, and C subjects are shown in Tables 1 and
2. Mean lipodystrophy scores were significantly different be-
tween subjects with and without fat redistribution (4.16 0.24
v 0.5 6 0.12, P , .0001). Fasting FFA concentrations were
significantly increased in the LIPO subjects compared with the
NONLIPO and healthy control subjects (Table 2). Fasting FFA
concentrations were increased above the normal range (0.1 to
0.6 mmol/L; Wako Chemicals) in 71.9%, 50%, and 40.6% of
LIPO, NONLIPO, and C subjects, respectively (P 5 .004,
LIPO v C; P 5 .61, NONLIPOv C). Fasting FFA tended to be
increased to a greater relative extent in female LIPO subjects
than in male LIPO subjects (0.816 0.04 v 0.71 6 0.03
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mmol/L, P 5 .06). Similarly, fasting triglycerides and 120-
minute OGTT FFA were significantly increased in patients
with HIV lipodystrophy as compared with their respective
nonlipodystrophic and healthy controls (Table 2). Fasting FFA
concentration was significantly associated with triglyceride
concentration (r 5 .38, P 5 .002) among the HIV-infected
subjects with fat redistribution. Fasting FFA concentrations and
FFA suppression were both normally distributed among HIV-
infected subjects. In contrast, the 120-minute OGTT FFA con-
centrations were not normally distributed among these same
subjects. Log transformation of the 120-minute OGTT FFA
concentrations resulted in a normal distribution. In the compar-
ison of the log-transformed FFA data between HIV-infected
patients with and without fat redistribution, the difference be-
tween the groups remained significant (data not shown).

Among HIV-infected patients with lipodystrophy, there was
no significant association between fasting FFA and insulin
levels obtained at 0, 30, and 60 minutes during the OGTT
(insulin

0 minutes
, r 5 .05,P 5 .708; insulin30 minutes, r 5 .19,P 5

.133; insulin60 minutes, r 5 .22,P 5 .088). In contrast, there was
a significant association between fasting FFA and insulin levels
obtained at 90 and 120 minutes during the OGTT (insulin90 minutes,
r 5 .29, P 5 .019; insulin120 minutes, r 5 .33, P 5 .008) and
between fasting FFA and insulin AUC (r 5 .35, P 5 .005).

Significant differences were observed between the groups in
the glucose to insulin ratio at 120 minutes during the OGTT

(LIPO v NONLIPO v C, 2.46 0.19v 5.26 0.67v 4.86 0.53,
P , .0001 by ANOVA). Both fasting FFA and 120-minute
OGTT FFA were inversely associated with the 120-minute
OGTT glucose to insulin ratio in HIV-infected subjects with fat
redistribution (fasting FFA,r 5 .30, P 5 .017; 120-minute
OGTT FFA, r 5 .27, P 5 .033, respectively).

No differences were observed in FFA concentrations in the
LIPO group in an analysis based on current protease inhibitor
(PI) or non-nucleoside reverse transcriptase inhibitor (NNRTI)
use (Table 3). Because all subjects in the LIPO group were
receiving nucleoside reverse transcriptase inhibitor (NRTI)
therapy, as distinguished from NNRTI therapy, comparisons
were not made on NRTI status.

The 120-minute OGTT FFA concentrations were signifi-
cantly increased in LIPO subjects compared with their respec-
tive NONLIPO and healthy controls (0.456 0.01 v 0.39 6
0.01 mmol/L,P , .001, LIPOv NONLIPO; 0.456 0.01 v
0.306 0.01 mmol/L,P , .0001, LIPOv C). Trunk fat was a
significant positive predictor (P 5 .04, r2 for the model5 .16)
of the 120-minute OGTT FFA concentration, after controlling
for gender, BMI, and extremity fat (Table 4) among the patients
in the LIPO group.

In multivariate regression modeling of LIPO subjects, fasting
FFA was a significant independent predictor (P 5 .027,r2 for
model5 .31) of insulin AUC, controlling for age, gender, BMI,
and body composition parameters (trunk and extremity fat)
(Table 5). Identical multivariate modeling performed separately
in NONLIPO and C subjects did not show any significant
relationship between fasting FFA and insulin AUC (data not
shown). Among HIV-infected patients with fat redistribution,
insulin AUC increased 954mIU/mL (approximately 10%) for
every 0.1 mmol/L increase in fasting FFA concentration.

DISCUSSION

In this study, we demonstrate increased fasting and post-
glucose challenge FFA concentrations in HIV-infected subjects
with evidence of fat redistribution compared with both HIV-
infected subjects without fat redistribution and HIV-negative
healthy controls of similar age and BMI. Fasting FFA concen-
trations were significantly associated with insulin responses to
standard glucose challenge, controlling for age, weight, gender,
and indices of fat distribution in HIV-infected patients with fat
redistribution. An effect of gender on FFA concentrations was
observed in the subjects with lipodystrophy, with generally
higher fasting FFA concentrations found in female subjects
compared with male subjects. In the LIPO group, increased

Table 3. Fasting and 120-Minute OGTT FFA Concentrations in

HIV-Infected Patients With Lipodystrophy by Current

Medication Status (N 5 64)

PI NNRTI

Yes
(N 5 45)

No
(N 5 19)

Yes
(N 5 18)

No
(N 5 46)

Fasting FFA
(mmol/L) 0.74 6 0.03 0.75 6 0.04 0.80 6 0.04 0.72 6 0.03

120-minute
OGTT FFA
(mmol/L) 0.45 6 0.02 0.44 6 0.02 0.45 6 0.02 0.45 6 0.02

NOTE. Since all LIPO subjects were on a NRTI, a subanalysis of
fasting and 120-minute OGTT FFA levels by NRTI status was not
performed. Results are expressed as mean 6 SEM. P value . .05 for
all comparisons.

Abbreviations: PI, protease inhibitor; NNRTI, non-nucleoside re-
verse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase
inhibitor.

Table 4. Univariate Analyses and Multivariate Regression Model to Predict 120-Minute OGTT FFA in HIV-Infected Patients With

Lipodystrophy (r2 5 .164 for multivariate model)

Variable

Univariate Analyses Multivariate Model

r P Value Estimate 95% CI P Value

Age (yr) .27 .028 0.0029 20.0003, 0.0061 .072
Gender .16 .215 20.0312 20.0971, 0.0347 .347
BMI (kg/m2) .08 .547 20.0066 20.0206, 0.0073 .345
Extremity fat by DXA (g) .11 .387 20.00001 20.00002, 0.00001 .244
Trunk fat by DXA (g) .14 .285 0.00001 0.000001, 0.00003 .040

263FREE FATTY ACIDS IN HIV LIPODYSTROPHY



trunk fat was a significant independent predictor of FFA con-
centrations post-glucose challenge.

Our data demonstrate significant increases in FFA and tri-
glyceride concentrations in HIV-infected patients with fat re-
distribution as compared with HIV-infected subjects without
fat redistribution and with healthy control subjects, both of
similar age and BMI and provide preliminary evidence that
increased FFA may be an important mechanism of insulin
resistance in this population. Vigouroux et al17 demonstrated
insulin resistance, glucose intolerance, hypertriglyceridemia,
and increased FFA concentrations before and after glucose
challenge in 14 HIV-infected patients (4 women, 10 men) with
fat redistribution, without direct comparison to age- and BMI-
matched control subjects or detailed assessment of body com-
position. In contrast, Carr et al6 did not observe a significant
difference in FFA concentrations between HIV-infected sub-
jects with and without lipodystrophy (98% of whom were
male), but demonstrated increased FFA concentrations in HIV-
infected patients receiving PI therapy with abnormal glucose
tolerance.3

More recently, Mynarcik et al16 demonstrated normal FFA
concentrations in 15 HIV-infected patients with fat redistribu-
tion. Using hyperinsulinemic clamp, Mynarcik et al16 demon-
strated that decreased extremity fat and increased soluble type
2 tumor necrosis factor-a receptor, but not FFA, contributed to
insulin resistance in this group of patients with normal FFA
concentrations. Our study was of a sufficient size to demon-
strate that increased FFA predicted hyperinsulinemic response
to glucose challenge in HIV-infected patients with fat redistri-
bution. In contrast, no effect of fasting FFA on insulin AUC
was seen in HIV-infected patients without fat distribution or
among healthy control subjects. Our study suggests that there
may be subpopulations of HIV-infected patients with relatively
greater increases in FFA concentrations, such as older patients
or patients with severe increases in trunk fat.

The mechanism of increased FFA concentrations in HIV
lipodystrophy is not known. Increased trunk fat was a signifi-
cant predictor of FFA response to glucose challenge, but re-
duced extremity fat did not appear to contribute to either fasting
or 120-minute OGTT FFA concentrations. Assessment of trunk
fat by DXA combines measurement of both visceral and sub-
cutaneous fat. Prior studies have shown a strong correlation
between FFA and visceral fat in HIV-negative subjects.13,25-27

Visceral fat was not specifically assessed in this study, but has
been shown to be significantly increased in the HIV lipodys-
trophy syndrome and may contribute to the markedly elevated

FFA levels in this population. Our cross-sectional data using
DXA do not suggest a significant effect of extremity fat, but
rather a more important effect of trunk fat in mediating 120-
minute FFA concentrations. Further studies are necessary to
determine the relative contribution of visceral and subcutane-
ous abdominal fat to increased FFA in HIV-infected patients
with fat redistribution.

Age, like increased trunk fat, was a significant predictor of
FFA response to glucose challenge in HIV-infected patients
with lipodystrophy. The body fat redistribution that occurs in
patients with HIV lipodystrophy parallels the known changes
that occur in body fat distribution with normal aging, including
increased visceral fat and decreased extremity fat.5,28

Although Heijligenberg et al29 demonstrated increased FFA
concentrations in a small study of 6 HIV-infected patients
without reported lipodystrophy, our data, in a larger compari-
son, do not suggest that FFA concentrations are increased as a
function of HIV per se. Comparison of gender-matched HIV-
infected patients without evidence of lipodystrophy versus
HIV-negative control subjects of similar age and BMI showed
no difference in fasting FFA levels, although 120-minute
OGTT FFA were significantly higher in the NONLIPO versus
C subjects.

One factor influencing FFA may be gender. Relatively in-
creased fasting FFA concentrations were observed in female
HIV-infected subjects with fat redistribution compared with
male HIV-infected subjects with fat redistribution. The sex
differences that exist in fasting FFA concentrations in subjects
with HIV lipodystrophy are not unlike those found in other
populations.30,31 Byrne et al30 demonstrated that FFA concen-
trations were statistically greater in women compared with
men. In our study, trunk fat was significantly greater in female
HIV-infected patients with fat redistribution as compared with
male HIV-infected patients with fat redistribution, perhaps
contributing to the observation of increased FFA in these
female patients.

We investigated FFA pre-and post-OGTT to determine the
degree to which glucose (and by extension, insulin) suppresses
lipolysis. The 120-minute OGTT FFA concentrations remained
increased in the HIV-infected subjects with fat redistribution as
compared with both HIV-infected subjects without fat redistri-
bution and HIV-negative control subjects. The degree of FFA
suppression (change from baseline) during glucose challenge
was similar in all 3 groups despite a 2-fold greater insulin
response among the HIV-infected patients with fat redistribu-
tion (combined analysis including male and female subjects).

Table 5. Univariate Analyses and Multivariate Regression Model to Predict Insulin AUC in HIV-Infected Patients With Lipodystrophy

(r2 5 .313 for multivariate model)

Variable

Univariate Analyses Multivariate Model

r P Value Estimate 95% CI P Value

Age (yr) .29 .025 214.5 6.1, 422.9 .044
Gender .05 .685 1,089.4 23,433.0, 5,611.8 .631
BMI (kg/m2) .21 .104 68.6 2856.1, 993.3 .882
Fasting FFA (mmol/L) .35 .005 9,542.1 1,133.8, 17,950.5 .027
Extremity fat by DXA (g) .004 .973 20.6835 21.428, 0.0614 .071
Trunk fat by DXA (g) .29 .023 0.8064 20.0317, 1.644 .059
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Taken together, these data suggest increased basal lipolytic
rates in HIV-infected patients with fat redistribution and po-
tential resistance to the action of insulin with respect to sup-
pression of lipolysis in HIV-infected subjects with lipodystro-
phy. Indeed, preliminary data using stable isotope infusion
suggest increased basal rates of lipolysis in HIV lipodystro-
phy,32 but further studies investigating the sensitivity of lipol-
ysis to suppression with insulin have not been performed.

Our data suggest that fasting FFA is a strong predictor of
insulin AUC and reduced glucose to insulin ratios in response
to glucose challenge. Randle et al33 proposed a causal relation-
ship between elevated FFA concentrations and impaired glu-
cose tolerance, suggesting that increased fat oxidation leads to
insulin resistance by interfering with glucose oxidation. Still
others have shown that FFA limits insulin-mediated suppres-
sion of hepatic glucose output or promotes gluconeogene-
sis.10-15 In recent years, the mechanism originally suggested by
Randle et al33 has been refined. With the use of a hyperinsu-
linemic-euglycemic clamp and lipid infusion, Dresner et al9

have shown that the insulin resistance induced by free fatty
acids results from inhibition of glucose transport activity.

In conclusion, we have shown increased FFA concentrations
in HIV-infected subjects with fat redistribution, suggesting
increased lipolytic rates. Our data demonstrate that increased
trunk fat may contribute to increased lipolysis in this popula-
tion. Moreover, we show for the first time that basal FFA
concentrations are a strong independent predictor of hyperin-
sulinemia in HIV lipodystrophy. Further studies are necessary
to determine lipolytic rates, the contribution of visceral adipos-
ity, and the role played by increased FFA in mediating the
insulin resistance in this population.
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