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Abstract
A segment of the HIV infected population develops abnormal and excessive accumulation of
adipose tissue in the trunk, including accumulation of visceral (deep abdominal) adipose tissue. This
condition, known as HIV-related adipose redistribution syndrome (HARS), may also be
accompanied by fat accumulation in the upper back/neck (dorsocervical region) and/or depletion
of subcutaneous adipose tissue from the abdomen, face, limbs, or buttocks. HARS is estimated to
occur in up to 32% of patients and is associated with health risks similar to those of metabolic
syndrome. Techniques to detect and measure HARS include physician and patient assessments and
radiologic or anthropometric methods.

Background
Effective antiretroviral therapy has reduced AIDS
(acquired immune deficiency syndrome) mortality and
dramatically increased longevity to the point that the
long-term effects of HIV (human immunodeficiency
virus) infection and treatment are manifesting themselves
[1,2]. One particularly troublesome condition associated
with long-term treatment of HIV/AIDS is an alteration of
fat deposits in the body. In the late 1990s, reports of unu-
sual changes in body fat distribution in HIV patients
began to appear in the peer-reviewed literature [3-8].

Today, after almost a decade of study, the disturbance of
fat metabolism in HIV-infected patients remains inade-
quately understood and controversial [9-12]. Abnormal
accumulations of intra-abdominal fat [4,8,13-15],
enlarged dorsocervical fat masses [6,16-18], and fat loss

from the arms and legs, face, and buttocks [3,9,19-21] are
the most visible signs of metabolic disturbance in HIV-
infected patients with this syndrome. The term "lipodys-
trophy" is broad and is traditionally used to describe the
several morphologic changes related to fat distribution,
e.g. lipoatrophy (the loss of fat) and lipohypertrophy (fat
accumulation). Both lipoatrophy and lipohypertrophy
can occur separately or together in an individual.

In some HIV-infected patients, the body habitus changes
are characterized by increases in trunk fat, including accu-
mulation of visceral adipose tissue (VAT), which may
present as abdominal obesity or (more rarely) dorsocervi-
cal fat accumulation ("buffalo hump"). The term HIV-
associated adipose redistribution syndrome (HARS) has
been used to describe this syndrome [22-27], even though
it does not strictly represent "redistribution" of fat from

Published: 16 July 2007

AIDS Research and Therapy 2007, 4:16 doi:10.1186/1742-6405-4-16

Received: 26 February 2007
Accepted: 16 July 2007

This article is available from: http://www.aidsrestherapy.com/content/4/1/16

© 2007 Lichtenstein et al; licensee BioMed Central Ltd. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
Page 1 of 10
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17634130
http://www.aidsrestherapy.com/content/4/1/16
http://creativecommons.org/licenses/by/2.0
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/about/charter/


AIDS Research and Therapy 2007, 4:16 http://www.aidsrestherapy.com/content/4/1/16
one depot to another. The fat accumulation in HARS
patients may be accompanied by other metabolic distur-
bances including insulin resistance, glucose intolerance,
hypertension, and dyslipidemia, as well as by body image
distress [24,28-30]. HARS may also be accompanied by
lipoatrophy, typically involving loss of subcutaneous fat
of the face, arms, legs, and/or buttocks. Although the com-
bination of visceral adiposity and metabolic disturbances
is not unique to HIV, the pathogenesis and clinical pres-
entation appear to differ from those of "standard" obesity
in the general population.

In this review, we address the following topics regarding
central accumulation of fat in HIV-infected patients:
HARS characterization and case definition; health risks
associated with HARS; prevalence of HARS; signs of HARS
and its relationship to highly active antiretroviral therapy
(HAART), and HARS clinical presentation.

Lipohypertrophy and lipoatrophy: changing perspectives
Peripheral and central lipoatrophy affecting subcutaneous
fat is often associated with HIV infection [9,12,31].
Although central fat accumulation was noted in early
reports [5,7,16], appreciation of the clinical significance
of HIV-associated fat accumulation has come slowly in
studies of HIV-associated lipodystrophy.

There may be a number of reasons why fat accumulation
has received less attention than peripheral lipoatrophy in
the literature. Firstly, there appears to be a perception that
fat loss is more common than fat accumulation [9,32].
Secondly, patients may report fat loss more readily to their
physicians because of the undesirable cosmetic effects of
fat loss from the face, buttocks and extremities [33].
Thirdly, the presence of obesity may confound the detec-
tion of HIV-associated accumulation of fat [34]. Fourthly,
accumulation of VAT is not readily amenable to objective
measurement in the clinical setting [35,36], and sophisti-
cated imaging equipment is needed to visualize and spe-
cifically quantify HIV-associated accumulation of VAT
[36].

The 1998 Advisory Committee of the International Asso-
ciation of Physicians in AIDS Care (IAPAC) estimated that
approximately 1/3 of all treated HIV-infected patients
show evidence of intra-abdominal (visceral) fat accumu-
lation along with, or independent of, generalized obesity
[8]. This observation coincided with the introduction of
one of the first protease inhibitor (PI) drugs (indinavir)
that may have contributed significantly to lipodystrophy
with VAT accumulation [8]. In summary, HARS is a subset
of HIV-associated lipodystrophy in which there is abnor-
mal accumulation of trunk fat, including VAT, appearing
with or without concurrent lipoatrophy of subcutaneous
adipose tissue (SAT) in the limbs and face, or both.

Between 5% and 10% of HARS patients exhibit dorsocer-
vical fat accumulation [24].

To date, it has not been possible to bring the diverse
observations of altered fat distribution and metabolism
under the rubric of a single syndrome [32], and case defi-
nition remains a work in progress [37]. Without a clear
definition of what constitutes a "case" of HIV lipodystro-
phy, the field will continue to be plagued by a wide varia-
tion in prevalence estimates, uncertainty about risk factors
and indecision about proper course of treatment [38].

HARS case definition
Methodologic difficulties have plagued investigations of
HIV lipodystrophy. Differing case definitions, reliance on
detection methods with various levels of sensitivity and
specificity, and enrollment of different patient popula-
tions have made it difficult to compare results across stud-
ies. A low level of agreement between clinical and patient
assessments of fat redistribution has also contributed to
the problem of clarifying the case definition [39]. Finally,
the cross-sectional design of many studies is appropriate
for generating hypotheses about the possible association
of factors in lipodystrophy, but such studies cannot be
used to identify causal relationships.

To resolve these ambiguities, the HIV Lipodystrophy Case
Definition Study Group developed a statistical model for
the diagnosis of lipodystrophy (including age, sex, dura-
tion of HIV infection, HIV disease stage, waist-to-hip ratio
[WHR], anion gap, serum high-density lipoprotein-cho-
lesterol [HDL-C] concentration, trunk-to-peripheral fat
ratio, percentage leg fat, and intra- and extra-abdominal
fat ratio as variables) with a quantitative scale for detect-
ing cases [40,41]. The model efficiently captured cases of
HIV lipodystrophy (70% sensitivity, 80% specificity), but
this approach failed to develop a model specifically for
peripheral fat loss or central fat gain.

In fact, this case-definition exercise deliberately excluded
patients with moderate or severe "abdominal obesity"
without lipoatrophy on the assumption that it was "age-
related adiposity", and was thus biased against those with
central fat accumulation or HARS. Nevertheless, regional
fat accumulation was a prominent feature of the model
with high scores for fat accumulation on the dorsocervical
spine and abdominal region. There was no difference in
body mass index between the cases and the comparison
subjects (24.1 ± 3.7 vs 23.8 ± 3.8, P = 0.454). However, in
cases of lipodystrophy, WHR was greater (0.95 ± 0.09 vs
0.91 ± 0.07, P < 0.001), intra-abdominal fat was greater
(138 ± 88 cm2 versus 97 ± 71 cm2, P < 0.001), and the
ratio of intra-to-extra-abdominal fat was dramatically
greater (3.21 ± 9.87 vs 0.90 ± 1.16, P < 0.001) compared
with controls.
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Prevalence of HARS
In the Aquitaine Cohort (1999), in which 61% of the 581
patients were treated with PI, the overall incidence of fat
maldistribution was 38% [42]. Some form of peripheral
fat loss was observed in 90% of the patients, but 21% had
increased abdominal girth and 10% of the patients had
both peripheral fat loss and central fat accumulation. At
least one metabolic abnormality was seen in 54% of
patients; 51% of men and 45% of women had some form
of lipid or glucose abnormality. These results led the
authors of the Aquitaine study to suggest that there may
be 3 separate presentations of lipodystrophy – fat atrophy,
fat accumulation, and a mixed syndrome of both fat atro-
phy and accumulation [42].

A number of studies have consistently reported a signifi-
cant proportion of patients with central fat accumulation:
the Australian Prevalence Survey of Lipodystrophy Syn-
drome[43]the HIV Outpatient Study (HOPS) [44], the
LIPOCO Study [45], the Norwegian patient survey [46],
the Swiss cohort study [47], and the Australia cohort sur-
vey [43,48,49]. Safrin and Grunfeld (1999) surveyed
reports of localized fat accumulation and loss in HIV-
infected patients, and offered prevalence estimates of 1%
to 56% for fat accumulation, 1% to 24% for regional loss
of fat, and 2% to 83% for the pooled lipodystrophy syn-
dromes [10].

Lichtenstein et al. reviewed 15 published surveys with
>100 patients with descriptions suggestive of HARS [50].
They determined that prevalence estimates for HARS vary
widely, from 9% [51] to 48% [52] (mean 32%), depend-
ing on the criteria used for assessment: increased abdom-
inal girth, abdominal lipohypertrophy, abdominal
enlargement, central or abdominal fat accumulation,
truncal obesity, central fat gain, increased abdominal wall
thickness, or pseudo-obesity. From a review of published,
large cross-sectional and longitudinal studies, Tien and
Grunfeld determined similar estimates [12]; for any lipo-
dystrophy prevalence ranged from 30% to 62%, periph-
eral lipoatrophy from 22% to 38%, and any central fat
accumulation from 18% to 45%. The highest estimates in
the ranges reported by Tien and Grunfeld, however, all
came from one study, relying on physical examination
only and not on anthropometric or other objective meas-
urements [53].

Fat redistribution and metabolic changes in HIV infection 
study
The Fat Redistribution and Metabolic Changes in HIV
Infection Study (FRAM) was a large cross-sectional analy-
sis of 425 HIV-infected and 152 HIV-negative men, age 33
to 45, in which lipoatrophy or lipohypertrophy were
defined as concordance between subject report of the
direction of fat change and results of the physical exami-

nation [9,31]. The objective of this study was to compare
regional fat distribution (determined by self-report, phys-
ical examination and magnetic resonance imaging [MRI])
in HIV-positive men and population-based comparison
subjects. Whereas previous studies evaluated only the
presence of suspected changes, FRAM used bidirectional
instruments (increase or decrease, as well as scales) to
grade the magnitude of reported change as mild, moder-
ate or severe.

The FRAM study found no correlation between changes in
central fat and peripheral fat in HIV-infected men, meas-
ured either by self-report or physical examination [9,31].
In fact, the amount of central accumulation of fat was
equivalent in HIV-infected men and comparison men
without HIV, and peripheral fat loss did not necessarily
correlate with central fat loss. The study authors con-
cluded that central fat accumulation and peripheral fat
loss are not reciprocal processes; there is probably no
"relocation" of fat between these two depots.

The FRAM study results were somewhat controversial,
however. The researchers did not control for body mass
index and the HIV-negative control patients were signifi-
cantly heavier than the HIV-infected patients. This may
have contributed to the observation that increases in VAT
were more common in the control patients [54]. Further-
more, FRAM was a cross-sectional study; longitudinal
studies, such as ACTG 5005s (a substudy of ACTG 384),
have demonstrated an increase in truncal adiposity with
prolonged antiretroviral therapy [55]. In ACTG 5005s, the
prevalence of a high WHR increased from 35% at baseline
to 47% after 64 weeks of treatment with antiretrovirals.
This moderate relative change underscores the impor-
tance of knowing baseline values. However, unlike FRAM,
the ACTG studies did not include an HIV-negative control
group, so the extent to which the WHR compares with
age-matched HIV-negative controls is not clear.

The cross-sectional design of FRAM also does not shed
light on how quickly VAT might have accumulated after a
patient became infected with HIV or after initiating treat-
ment with HAART. Follow-up data from FRAM are
awaited with interest. With further study, perhaps the rate
of VAT accumulation may help distinguish HARS from
VAT accumulation related to general obesity.

Health risks associated with HARS
Physical symptoms associated with HARS primarily
include bodily discomfort due to local accumulation of a
large mass of VAT, with abdominal distension, respiratory
difficulty (similar to Pickwickian syndrome), umbilical
herniation, gastro-esophageal reflux, difficulty swallow-
ing, abdominal cramping, peptic ulcer, and constipation
or diarrhea [33]. It remains unknown if or how much the
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inflammation associated with HIV adds to or enhances
the effects of increased VAT.

VAT: independent predictor of all cause mortality
Visceral fat has been demonstrated as an independent pre-
dictor of all causes of mortality in a recent study of 291
non-HIV-infected men [56]. In the evaluation of all three
fat measures (subcutaneous, visceral and liver fat), age
and length of follow-up, only visceral fat was a significant
predictor of mortality in these non-HIV infected men
[56]. The derangements of fat metabolism and fat storage
seen in HARS may be similar to those seen in metabolic
syndrome [57] which, according to U.S. Cholesterol Edu-
cation Program Adult Treatment Panel III (ATP III), must
include three of the following five criteria: increased waist
circumference (>102 cm men, >88 cm women); increased
triglycerides (>150 ng/dL); reduced HDL-C (<40 mg/dL
men, <50 mg/dL women); high blood pressure (>130/
>85 mmHg); and elevated fasting glucose (>110 mg/dL)
[58].

This cluster of cardiovascular risk factors associated with
metabolic syndrome, and the prothrombotic state associ-
ated with them, may predispose HIV-infected patients
with HARS to premature cardiovascular disease [59].

Insulin resistance
VAT is an independent risk factor for insulin resistance
[60]. When Goodpaster et al. (1999) examined the effects
of weight loss on regional fat distribution and insulin sen-
sitivity in the general population with obesity, they found
that the reduction in VAT was the only adipose tissue
parameter that predicted the improvement in insulin sen-
sitivity [61].

An estimated 30% to 90% of patients receiving PI agents
are insulin resistant, although the incidence of diabetes
mellitus is less than 10% [62]. Lipodystrophy (peripheral
lipoatrophy and/or lipohypertrophy) is associated with
hyperinsulinemia and insulin resistance [13,63,64]. The
dorsocervical fat pad or "buffalo hump" has also been
associated with insulin resistance in an analysis of two
separate studies involving 1765 HIV-infected patients
[65]. In addition, impaired glucose tolerance is part of the
spectrum of metabolic changes seen in patients taking
antiretroviral therapy [29]. The direct effects of PI and
nucleoside reverse transcriptase inhibitor agents, and the
indirect effects of visceral adiposity and peripheral fat loss,
with fatty infiltration of muscle and liver, account in part
for the insulin resistance seen in the HIV-infected popula-
tion [66].

Cardiovascular risks
Cohort studies suggest that patients with HIV already face
an increased risk of acute myocardial infarction (MI) com-

pared with matched non-HIV-infected controls
[59,67,68]. In the subset of patients with HARS, the met-
abolic consequences of fat deposition may further
increase cardiovascular risk [59,68,69], although HIV
patients tend also to have high rates of other cardiovascu-
lar risk factors relative to age-matched HIV-negative indi-
viduals, including diabetes, hypertension and
dyslipidemia [67]. In addition, protease inhibitor use is a
strong predictor of MI in HIV-infected patients [70].

Waist-hip ratio and cardiovascular disease risk
WHR is an integrated index of body-composition changes
that reflects VAT stores. It is significantly related to cardio-
vascular disease risk in the general population [71] and
strongly predicts both fasting hyperinsulinemia and insu-
lin levels in both HIV-infected and -negative individuals
[28,72]. However, the extent to which WHR is a predictor
of cardiovascular disease in HIV has not yet been estab-
lished, especially since the WHR in HIV may be increased
by a low hip circumference (from lipoatrophy) in addi-
tion to an increased waist circumference.

A recent study investigated cardiovascular disease risk
indices in 100 consecutively recruited HIV-infected
women and 75 healthy female control subjects [28]. HIV-
infected women had more VAT and less extremity fat by
computerized tomography (CT) and dual-energy x-ray
absorptiometry (DXA) scan and demonstrated a higher
WHR than the control population. Among all subjects,
WHR, but not HIV status, was significantly related to high
levels of C-reactive protein and other cardiovascular dis-
ease risk indices. This could suggest that VAT (as indicated
by WHR) is accounting for most of the cardiovascular dis-
ease risk in both the HIV-positive and HIV-negative
cohorts. However, an earlier study found the coronary
heart disease risk estimate was greatest in HIV-infected
patients who had primary lipoatrophy, compared with
those who had either lipohypertrophy or mixed fat redis-
tribution [73].

The ACTG 362 study group found higher-than-normal
risk of cardiovascular disease among patients with
HAART-induced immune reconstitution, many of whom
had lipodystrophy [74]. The rate of atherosclerotic cardio-
vascular disease was 7.2 events per 1000 person-years (18
of 643 patients). These 18 patients experienced 20 athero-
sclerotic cardiovascular events (10 myocardial infarctions,
3 symptomatic coronary heart disease). Of 433 subjects
who agreed to remain in follow-up for evaluating risks of
cardiovascular disease and metabolic syndrome, 21% of
the men and 38% of the women had signs of metabolic
syndrome, 31% had a WHR 0.95 to 1.00, and 21% had
WHR >1.00.
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In a multicenter study of 788 HIV patients, Samaras et al.
found the prevalence of metabolic syndrome was 14% by
International Diabetes Federation criteria and 18% by
ATP III [75]. Many of these patients (49%) had at least
two features of metabolic syndrome (particularly elevated
lipids) but did not meet the waist circumference or WHR
cutoff criteria for metabolic syndrome [75]. It may be that
the waist circumference and WHR criteria for the Interna-
tional Diabetes Federation and the ATP III definitions of
metabolic syndrome are set too high and are too insensi-
tive for maximal detection of cardiovascular and diabetic
risk in HIV-infected adults [76]. In various general popu-
lations and ethnic groups, the optimal criteria for identi-
fying high risk abdominally obese patients (with excess
VAT) remains unclear [77].

Systemic steatosis, e.g. hepatic and intramyocellular fat accumulation
Comorbid liver disease is common in patients with HIV,
and the presence of fatty liver may be caused and/or exac-
erbated by concomitant hepatitis virus infection, use of
certain antiretroviral drugs, chronic inflammation and
metabolic derangements [78].

Fatty liver, as well as VAT, in non-HIV individuals is
related to metabolic risk factors such as dyslipidemia,
insulin resistance and inflammatory markers [79,80].
Similarly, patients with HIV and dyslipidemia have
increased insulin resistance, and greater amounts of intra-
hepatic fat and VAT compared to HIV patients without
dyslipidemia or normal controls even when total body fat
mass is comparable [81]. The insulin resistance impairs
insulin from suppressing lipolysis of triglycerides in SAT
stores leading to increased release of free fatty acids. These
could contribute to expanded VAT stores, which in turn,
can release free fatty acids into the portal circulation
(Table 1). The increase in free fatty acids in the portal cir-
culation could lead to a net retention of lipid in the hepa-
tocytes or steatosis, which in turn could contribute to
systemic insulin resistance [81,82]. In addition, free fatty
acid oxidation stimulates gluconeogenesis and hepatic
glucose output and thus favors insulin resistance [83].
This is consistent with data showing that, in patients with
HIV lipodystrophy, the severity of insulin resistance is
related to the accumulation of fat in the liver rather than
to the accumulation of intra-abdominal fat [84].

Excess systemic free fatty acids can also find their way to
other tissues. Luzi et al. found that triglyceride levels
within the myocytes of the soleus and tibialis anterior
muscles were significantly elevated in HIV-positive
patients compared with healthy controls [85]. This
increased accumulation of fat in skeletal muscle of
patients with HIV and lipodystrophy is associated with
insulin resistance; there was an inverse relationship

between insulin action and intramyocellular lipid con-
tent.

Psychosocial effects of HARS
Patient-reported health-related quality-of-life issues asso-
ciated with abnormal fat distribution in HIV-positive
patients came to the attention of investigators early [86].
Changes in body shape stigmatize patients [87] and may
interfere with treatment adherence [88]. In addition,
patients' anxieties regarding long-term skeletal and cardi-
ovascular risks can interfere with treatment decisions [89].
Although it is difficult to isolate the effect of body habitus
changes alone on quality of life in HIV patients [90], sig-
nificant body image distress is associated with adipose tis-
sue maldistribution [30].

Signs of HARS
Patients with HARS tend to exhibit excess visceral adipos-
ity without increased total body fat, and have more VAT
than non-obese HIV-negative people with similar height-
adjusted weight [91]. Patients exhibiting signs of HARS
also may have a higher WHR, trunk-to-limb fat ratio, and
VAT/SAT ratio [36] than would be expected from their
body mass index [92]. HIV-infected patients with truncal
enlargement had 2.5–4 times more VAT on MRI scan [4]
and 4 times more VAT on single-slice CT scan than healthy
control subjects of similar age, sex and height. Engelson
and colleagues found that VAT volumes could be quite
large in HARS patients, and ranged from 2.1–9.8 L in HIV-
positive men with truncal obesity compared with 0.3–1.7
L (P < 0.001) in HIV-positive comparison patients with-
out truncal enlargement [4]. Men with truncal enlarge-
ment had 6.5 times more VAT than men without truncal
enlargement [4].

Extra-abdominal fat accumulation
HARS patients may also exhibit fat accumulation at extra-
abdominal sites (e.g. "buffalo hump") [6], and patients
exhibiting excess dorsocervical fat are likely to have
abnormal truncal fat accumulation as well [18,65]. In an
analysis of data from two cross-sectional cohort studies of
patients with HIV-associated lipodystrophy, all of the
patients with "buffalo hump" also reported central fat
accumulation, and 97% to 100% reported facial or but-
tock lipoatrophy [65]. In multivariate analysis, blood
pressure and insulin levels were both significantly associ-
ated with the presence of a buffalo hump (P ≤ 0.007), as
was duration of ritonavir (P = 0.004) or zidovudine (P =
0.005) use. This particular form of fat accumulation is
often very troublesome for patients, who may develop
sleep difficulties, snoring or sleep apnea [93], as well as
limited range of upper extremity and neck motion, neck
and back discomfort [93,94]. In addition to buffalo
hump, patients may also develop lipomas, which they
often find disfiguring [93].
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In a cross-sectional analysis in 582 lipodystrophic patients
with HIV, the prevalence of suprapubic lipomas was
9.4%, but these lipomas were more common in patients
with dorsocervical fat deposition (18.5%), suggesting a
common pathogenesis between these two entities [95].
Other risk factors for pubic lipomas were female gender,
obesity (body mass index ≥ 30) and shorter duration of
HIV infection.

Detection of HARS
Body measurement of patients with fat redistribution syn-
drome is fraught with difficulties [96-99]. Studies of HIV
lipodystrophy have relied on several different means of
detecting and measuring changes in body shape: self-
report by means of questionnaires, scales for tabulating
clinicians' observations on physical examination, anthro-
pometric formulas, and radiographic techniques. Self-
report and questionnaires are open to subjective bias. In
general, levels of agreement (tested by kappa statistic)
between subjective measures have been poor [39].

Because HARS is marked by depots of VAT rather than
SAT, the condition may not always be evident on inspec-
tion or physical examination. In patients with mixed lipo-
dystrophy, the decrease in truncal SAT (lipoatrophy) may
contribute to a smaller than expected increase in waist cir-
cumference or WHR and thus lead to underestimation of
the amount of VAT [100]. The 4-year Multicenter AIDS
Cohort Study (MACS) suggested that, in at least some
HAART recipients, an increase in WHR could be attributed
to a relatively lower increase in hip circumference rather
than an increased rate of change in waist circumference
[101]. Visual inspection on physical exam in some HARS

patients may reveal abdominal distension as VAT pushes
the abdominal musculature forward [102]. In these, there
may be a lack of flabbiness or pinchable subcutaneous fat
stretched over a taut abdomen. However, other HARS
patients may present with large bellies that are difficult to
differentiate from general obesity.

Standard anthropometric tests have the advantage of
being readily available to clinicians [103,104]. Anthropo-
metric criteria, based on waist circumference and/or
WHR, have been used to estimate the relative mass of vis-
ceral fat [24,105,106]. Some studies have applied a com-
posite criterion of waist circumference >88 cm and WHR
≥ 0.95 for men, plus waist circumference >75 and WHR ≥
0.90 for women to effectively detect HIV-infected patients
with high VAT content [24,35,107,108]. These cutoffs for
WHR were based on published anthropometric criteria
considered to define visceral adiposity and increased car-
diovascular risk in adults [106,109]. As mentioned earlier,
WHR data may be misleading, especially if a patient has a
normal waist but massive loss of fat and muscle from the
hips and buttocks. Thus, in order to exclude patients with
apparently high WHR due to such dramatically reduced
hip circumference, a minimum waist circumference >88.2
cm was set for males and >75.3 cm for females [24]. While
these criteria should be subjected to independent valida-
tion, it has been suggested that they may be conservative
[108].

The most sensitive and specific methods for the detection
of VAT are CT scan and MRI because they provide quanti-
fiable data on the location and mass of visceral fat and
SAT [110]. DXA is sensitive and produces results within

Table 1: Functions of visceral adipose tissue compared with subcutaneous adipose tissue.

Visceral Adipose Tissue Subcutaneous Adipose Tissue

Major predictor of insulin resistance Preadipocytes have greater differentiation 
capacity

Associated with metabolic syndrome Unclear association with metabolic syndrome
Less responsive to adipogenic effects of insulin
Portal drainage
May enhance lipolysis of truncal subcutaneous adipose tissue May replenish visceral adipose tissue
Produces more interleukin-6 Produces leptin
Produces more plasminogen activator-1
More surface glucocorticoid receptors
High density of surface androgen receptors, inhibit expression of lipoprotein lipase and fatty 
acid uptake

Estrogen promotes accumulation

Altered glucose uptake Less glucose uptake
Enzyme 11-β hydroxysteroid dehydrogenase type 1 (11-β HSD1) converts cortisone to 
cortisol

Enzyme 11-β HSD1 barely detectable

Associated with impaired skeletal muscle fat oxidation
Associated with atherosclerosis May protect against atherosclerosis

Adapted from Freedland ES. Role of a critical visceral adipose tissue threshold (CVATT) in metabolic syndrome: implications for controlling 
dietary carbohydrates: a review. Nutr Metab (Lond). 2004;1(1):12. [13]
Page 6 of 10
(page number not for citation purposes)



AIDS Research and Therapy 2007, 4:16 http://www.aidsrestherapy.com/content/4/1/16
acceptable variability for measuring the subcutaneous fat
of the appendages (SAT), but is more difficult for estima-
tion of VAT since changes in SAT and VAT independently
affect the mass of truncal fat [111]. Limitations of these
methods include: expense and limited availability; radia-
tion exposure associated with CT scan, limit to single-slice
and not whole-body studies; few data exist on normal dis-
tribution of VAT and SAT, so it is difficult to make com-
parisons; subcompartments of SAT and VAT are not
homogeneous, so whole-body estimates may be simplis-
tic.

Useful as these radiologic techniques are, CT, MRI and
DXA instruments are too expensive to be practical for the
identification of HARS patients in routine clinical prac-
tice. Routine measurement of waist circumference and/or
WHR may be helpful and are recommended for all
patients as it enhances diagnostic sensitivity for cardiovas-
cular risk factors [112].

Conclusion
Body habitus changes resulting from either lipoatrophy or
lipohypertrophy, or both, have been combined under a
single syndrome known as lipodystrophy. HARS is a spe-
cific form of HIV-associated lipodystrophy characterized
by abnormal accumulation of trunk fat, including VAT,
and may appear with or without concurrent lipoatrophy
of SAT. The best current prevalence estimate for HARS is
up to 32% of HIV-infected patients. In addition to disfig-
uring the patient's appearance (enlarged abdomen, "buf-
falo hump," perhaps exacerbated by peripheral
lipoatrophy), HARS is associated with metabolic disor-
ders and health risk factors similar to those of metabolic
syndrome. A more precise definition of HARS will require
a consensus statement inclusive of clinical manifestations
and symptoms. Further research in this area is necessary to
understand this complex condition.

Abbreviations
ACTG AIDS Clinical Trials Group

AIDS Acquired immunodeficiency syndrome

ATP III U.S. Cholesterol Education Program Third Adult
Treatment Panel

CT Computerized tomography

DXA Dual-energy x-ray absorptiometry

FRAM Fat Redistribution and Metabolic Changes in HIV
Infection

HAART Highly active antiretroviral therapy

HARS HIV-associated adipose redistribution syndrome

HDL-C High density lipoprotein cholesterol

HIV Human immunodeficiency virus

HOPS HIV Outpatient Study

IAPAC International Association of Physicians in AIDS
Care

MACS Multicenter AIDS Cohort Study

MI Myocardial infarction

MRI Magnetic resonance imaging

PI Protease inhibitor

SAT Subcutaneous adipose tissue

VAT Visceral adipose tissue

WHR Waist:hip ratio

Competing interests
Dr. Eric Freedland is currently an employee of EMD
Serono, Inc. EMD Serono, Inc. holds rights to Serostim®

[somatropin (rDNA origin) for injection], a brand of
recombinant human growth hormone, which has been
submitted to the FDA for approval for the treatment of
HARS. Dr. Balasubramanyam and Dr. Sekhar have
received honoraria for consultative meetings with EMD
Serono regarding the possible use of growth hormone to
treat HIV lipodystrophy. The present manuscript does not
discuss growth hormone treatment of HIV lipodystrophy
in this condition. Dr. Lichtenstein has nothing to disclose.

Authors' contributions
All authors were involved in drafting the manuscript and
provided extensive comments and review. All authors per-
formed analysis and interpretation of data. All authors
have read and approved the final manuscript.

Acknowledgements
Financial support was provided by EMD Serono, Inc. We thank Adi Reddy, 
MD for incorporating the authors' comments throughout the development 
of this manuscript. Dr. Balasubramanyam acknowledges the National Insti-
tutes of Health for grant support (R01-HL73696).

References
1. Garcia-Viejo MA, Ruiz M, Martinez E: Strategies for treating HIV-

related lipodystrophy.  Expert Opin Investig Drugs 2001,
10:1443-1456.

2. Powderly WG: Long-term exposure to lifelong therapies.  J
Acquir Immune Defic Syndr 2002, 29(Suppl 1):S28-40.

3. Carr A, Samaras K, Burton S, Law M, Freund J, Chisholm DJ, Cooper
DA: A syndrome of peripheral lipodystrophy, hyperlipidae-
Page 7 of 10
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11772261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11772261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11832699
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9619798


AIDS Research and Therapy 2007, 4:16 http://www.aidsrestherapy.com/content/4/1/16
mia and insulin resistance in patients receiving HIV protease
inhibitors.  AIDS 1998, 12:F51-58.

4. Engelson ES, Kotler DP, Tan Y, Agin D, Wang J, Pierson RN Jr,
Heymsfield SB: Fat distribution in HIV-infected patients
reporting truncal enlargement quantified by whole-body
magnetic resonance imaging.  Am J Clin Nutr 1999, 69:1162-1169.

5. Herry I, Bernand L, de Truchis P, Perronne C: Hypertrophy of the
breasts in a patient treated with indinavir.  Clin Infect Dis 1997,
25:937-938.

6. Lo JC, Mulligan K, Tai VW, Algren H, Schambelan M: "Buffalo
hump" in men with HIV-1 infection.  Lancet 1998, 351:867-870.

7. Massip P, Marchou B, Bonnet E, Cuzin L, Montastruc JL: Lipodys-
trophia with protease inhibitors in HIV patients.  Therapie
1997, 52:615.

8. Miller KD, Jones E, Yanovski JA, Shankar R, Feuerstein I, Falloon J:
Visceral abdominal-fat accumulation associated with use of
indinavir.  Lancet 1998, 351:871-875.

9. Bacchetti P, Gripshover B, Grunfeld C, Heymsfield S, McCreath H,
Osmond D, Saag M, Scherzer R, Shlipak M, Tien P: Fat distribution
in men with HIV infection.  J Acquir Immune Defic Syndr 2005,
40:121-131.

10. Safrin S, Grunfeld C: Fat distribution and metabolic changes in
patients with HIV infection.  AIDS 1999, 13:2493-2505.

11. Sattler F: Body habitus changes related to lipodystrophy.  Clin
Infect Dis 2003, 36:S84-90.

12. Tien PC, Grunfeld C: What is HIV-associated lipodystrophy?
Defining fat distribution changes in HIV infection.  Curr Opin
Infect Dis 2004, 17:27-32.

13. Freedland ES: Role of a critical visceral adipose tissue thresh-
old (CVATT) in metabolic syndrome: implications for con-
trolling dietary carbohydrates: a review.  Nutr Metab (Lond)
2004, 1:12.

14. Vigano A, Mora S, Manzoni P, Schneider L, Beretta S, Molinaro M, di
Natale B, Brambilla P: Effects of recombinant growth hormone
on visceral fat accumulation: pilot study in human immuno-
deficiency virus-infected adolescents.  J Clin Endocrinol Metab
2005, 90:4075-4080.

15. Yin MT, Glesby MJ: Recombinant human growth hormone
therapy in HIV-associated wasting and visceral adiposity.
Expert Rev Anti Infect Ther 2005, 3:727-738.

16. Roth VR, Kravcik S, Angel JB: Development of cervical fat pads
following therapy with human immunodeficiency virus type
1 protease inhibitors.  Clin Infect Dis 1998, 27:65-67.

17. Torres RA, Unger KW, Cadman JA, Kassous JY: Recombinant
human growth hormone improves truncal adiposity and
'buffalo humps' in HIV-positive patients on HAART.  AIDS
1999, 13:2479-2481.

18. Zolopa A, Benson C, Bacchetti P, Tien PC, Grunfeld C: Buffalo
hump in men with HIV Infection: Larger, but not more com-
mon.  10th Conference on Retroviruses and Opportunistic Infections: Inci-
dence, Prevalence, and Impact of Body Composition Abnormalities; Boston,
MA 2003 2003.

19. Lichtenstein KA, Delaney KM, Armon C, Ward DJ, Moorman AC,
Wood KC, Holmberg SD: Incidence of and risk factors for
lipoatrophy (abnormal fat loss) in ambulatory HIV-1-
infected patients.  J Acquir Immune Defic Syndr 2003, 32:48-56.

20. Martin A, Mallon PW: Therapeutic approaches to combating
lipoatrophy: do they work?  J Antimicrob Chemother 2005,
55:612-615.

21. Parruti G, Toro GM: Persistence of lipoatrophy after a four-
year long interruption of antiretroviral therapy for HIV1
infection: case report.  BMC Infect Dis 2005, 5:80.

22. Fliers E, Sauerwein HP, Romijn JA, Reiss P, van der Valk M, Kalsbeek
A, Kreier F, Buijs RM: HIV-associated adipose redistribution
syndrome as a selective autonomic neuropathy.  Lancet 2003,
362:1758-1760.

23. Grunfeld C, Thompson M, Brown SJ, Richmond G, Lee D, Muura-
hainen N, Kotler DP: Recombinant Human Growth Hormone
to Treat HIV-Associated Adipose Redistribution Syndrome:
12-Week Induction and 24-Week Maintenance Therapy.  J
Acquir Immune Defic Syndr 2007, 45:286-297.

24. Kotler DP, Muurahainen N, Grunfeld C, Wanke C, Thompson M,
Saag M, Bock D, Simons G, Gertner JM: Effects of growth hor-
mone on abnormal visceral adipose tissue accumulation and
dyslipidemia in HIV-infected patients.  J Acquir Immune Defic
Syndr 2004, 35:239-252.

25. Kotler DP, Muurahainen N, Grunfeld C, Wanke C, Thompson M,
Saag M, Bock D, Simons G, Gertner JM: Effects of growth hor-
mone on visceral adipose tissue and dyslipidemia in HIV, an
erratum.  J Acquir Immune Defic Syndr 2006, 43:378-380.

26. Pond CM: Long-term changes in adipose tissue in human dis-
ease.  Proc Nutr Soc 2001, 60:365-374.

27. van Gurp PJ, Tack CJ, van der Valk M, Reiss P, Lenders JW, Sweep FC,
Sauerwein HP: Sympathetic nervous system function in HIV-
associated adipose redistribution syndrome.  AIDS 2006,
20:773-775.

28. Dolan SE, Hadigan C, Killilea KM, Sullivan MP, Hemphill L, Lees RS,
Schoenfeld D, Grinspoon S: Increased cardiovascular disease
risk indices in HIV-infected women.  J Acquir Immune Defic Syndr
2005, 39:44-54.

29. Hadigan C, Meigs JB, Corcoran C, Rietschel P, Piecuch S, Basgoz N,
Davis B, Sax P, Stanley T, Wilson PW, et al.: Metabolic abnormal-
ities and cardiovascular disease risk factors in adults with
human immunodeficiency virus infection and lipodystrophy.
Clin Infect Dis 2001, 32:130-139.

30. Turner R, Testa MA, Su M, Richmond G, Muurahainen N, Kotler DP,
Thompson M: The impact of HIV-associated adipose redistri-
bution syndrome (HARS) on health-related quality of life.
Antiviral Therapy 2006, 11:L25.

31. Gripshover B, Tien PC, Saag M, Osmond D, Bacchetti P, Grunfeld C:
Lipoatrophy is the Dominant Feature of the Lipodystrophy
Syndrome in HIV-infected Men.  Conf Retrovir Oppor Infect 2003.

32. Carr A: HIV lipodystrophy: risk factors, pathogenesis, diagno-
sis and management.  AIDS 2003, 17(Suppl 1):S141-148.

33. Engelson ES: HIV lipodystrophy diagnosis and management.
Body composition and metabolic alterations: diagnosis and
management.  AIDS Read 2003, 13:S10-14.

34. Mondy K, Tong S, Kessels L, Powderly W, Overton E: Metabolic
Syndrome in HIV within a Representative US patient Popu-
lation.  13th Conference on Retroviruses and Opportunistic Infections:
Metabolic Syndrome and Other Abnormalities of Fat, Lipid, Glucose and
Bone Metabolism. Denver, CO 2006.

35. Kotler D, Engelson E, Heymsfield S, Chang P, Muurahainen N, Gert-
ner J: Anthropometric Criteria define visceral fat excess in
patients with HIV-associated adipose redistribution syn-
drome (HARS), a subset of HIV lipodystrophy (abstract).  9th
Conference on Retroviruses and Opportunistic Infections: Incidence, Preva-
lence, and Pathogenic Correlates of Insulin Resistance and Lipodystrophy
Syndrome, Seattle, WA 2002.

36. Kotler DP, Muurahainen N, Chang P, Engelson ES, Wang J, Heymsfield
SB, Gertner JM: Anthropometric equations select HIV+ men
and women with distinctly abnormal fat accumulation and
distribution.  Int Conf AIDS; 2002 Jul 7-12;14:(abstract no.
WePeB5997) 2002.

37. Wanke C: Editorial comment: a case definition for HIV lipod-
ystrophy – a work in progress.  AIDS Read 2003, 13:492-493.

38. Benavides S, Nahata MC: Pharmacologic therapy for HIV-asso-
ciated lipodystrophy.  Ann Pharmacother 2004, 38:448-457.

39. Belloso WH, Quiros RE, Ivalo SA, Perman MI, Galich AM, Stern LD,
Barcan LA: Agreement analysis of variables involved in lipod-
ystrophy syndrome definition in HIV-infected patients.  J
Acquir Immune Defic Syndr 2003, 32:104-111.

40. Carr A, Emery S, Law M, Puls R, Lundgren JD, Powderly WG: An
objective case definition of lipodystrophy in HIV-infected
adults: a case-control study.  Lancet 2003, 361:726-735.

41. Carr A, Law M: An objective lipodystrophy severity grading
scale derived from the lipodystrophy case definition score.  J
Acquir Immune Defic Syndr 2003, 33:571-576. HIV Lipodystrophy Case
Definition Study Group

42. Thiebaut R, Daucourt V, Mercie P, Ekouevi DK, Malvy D, Morlat P,
Dupon M, Neau D, Farbos S, Marimoutou C, Dabis F: Lipodystro-
phy, metabolic disorders, and human immunodeficiency
virus infection: Aquitaine Cohort, France, 1999. Groupe
d'Epidemiologie Clinique du Syndrome d'Immunodeficience
Acquise en Aquitaine.  Clin Infect Dis 2000, 31:1482-1487.

43. Miller JE, Emery S, French M, Baker D, Cooper DA: The Australian
prevalence survey of lipodystrophy.  7th Conference on Retrovi-
ruses and Opportunistic Infections. San Francisco; CA; 2000 2000.

44. Ward DJ, Delaney KM, Moorman AC, Lichtenstein K, Palella F, Young
B, Wood KC, Holmberg SD: Description of lipodystrophy in the
HIV outpatient study (HOPS).  Antiviral Therapy 1999, 4(Suppl
2):.
Page 8 of 10
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9619798
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9619798
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10357734
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10357734
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10357734
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9356823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9356823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9525364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9525364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9734120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9734120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9525365
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9525365
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9525365
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16186728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16186728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10630518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10630518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12652376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15090886
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15090886
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15530168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15530168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15530168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15840750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15840750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15840750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16207164
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16207164
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9675453
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9675453
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9675453
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10597793
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10597793
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10597793
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12514413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12514413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12514413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15761072
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15761072
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16202141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16202141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16202141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14643128
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14643128
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17592343
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17592343
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17592343
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15076238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15076238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15076238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17079997
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17079997
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17079997
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11681811
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11681811
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16514309
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16514309
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15851913
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15851913
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11118392
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11118392
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12870540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12870540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12762288
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12762288
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12762288
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14596226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14596226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14755064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14755064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12514421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12514421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12620736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12620736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12620736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12902800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12902800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11096016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11096016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11096016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11403019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11403019


AIDS Research and Therapy 2007, 4:16 http://www.aidsrestherapy.com/content/4/1/16
45. Saint-Marc T, Partisani M, Poizot-Martin I, Rouviere O, Bruno F, Avel-
laneda R, Lang JM, Gastaut JA, Touraine JL: Fat distribution evalu-
ated by computed tomography and metabolic abnormalities
in patients undergoing antiretroviral therapy: preliminary
results of the LIPOCO study.  AIDS 2000, 14:37-49.

46. Bergersen BM, Sandvik L, Bruun JN: Body composition changes in
308 Norwegian HIV-positive patients.  Scand J Infect Dis 2004,
36:186-191.

47. Bernasconi E, Boubaker K, Junghans C, Flepp M, Furrer HJ, Haensel
A, Hirschel B, Boggian K, Chave JP, Opravil M, et al.: Abnormalities
of body fat distribution in HIV-infected persons treated with
antiretroviral drugs: The Swiss HIV Cohort Study.  J Acquir
Immune Defic Syndr 2002, 31:50-55.

48. Miller J, Brown D, Amin J, Kent-Hughes J, Law M, Kaldor J, Cooper
DA, Carr A: A randomized, double-blind study of gemfibrozil
for the treatment of protease inhibitor-associated hypertrig-
lyceridaemia.  AIDS 2002, 16:2195-2200.

49. Miller J, Carr A, Emery S, Law M, Mallal S, Baker D, Smith D, Kaldor
J, Cooper DA: HIV lipodystrophy: prevalence, severity and
correlates of risk in Australia.  HIV Med 2003, 4:293-301.

50. Lichtenstein K, Wanke C, Henry K, Thompson M, Muurahainen N,
Kotler DP: Estimated Prevalence of HIV-associated adipose
redistribution syndrome (HARS) – abnormal abdominal fat
accumulation – in HIV-infected patients.  Antiviral Therapy 2004,
9:L33.

51. Paparizos VA, Kyriakis KP, Polydorou-Pfandl D, Hadjivassiliou M, Sta-
vrianeas NG: Epidemiologic characteristics of Koebner's phe-
nomenon in AIDS-related Kaposi's sarcoma.  J Acquir Immune
Defic Syndr 2000, 25:283-284.

52. Rozenbaum W, Gharakhanian S, Salhi Y, Adda N, Nguyen T, Vigour-
oux C, Capeau J: Clinical and laboratory characteristics of lipo-
dystrophy in a French cohort of HIV-infected patients
treated with protease inhibitors.  Antivir Ther 1999, 4(Suppl
2):L34. 

53. Saves M, Raffi F, Capeau J, Rozenbaum W, Ragnaud JM, Perronne C,
Basdevant A, Leport C, Chene G: Factors related to lipodystro-
phy and metabolic alterations in patients with human immu-
nodeficiency virus infection receiving highly active
antiretroviral therapy.  Clin Infect Dis 2002, 34:1396-1405.

54. Kotler D: Update from the 7th international workshop on
adverse drug reactions and lipodystrophy in HIV.  The PRN
Notebook 2006, 11:16-21.

55. Mulligan K, Parker R, Komarow L, Tebas P, Grinspoon S, Robbins G,
Dube M, ACTG 5005S and 384 Study Teams: Mixed patterns of
changes in central and peripheral fat following initiation of
ART.  12th Conference on Retroviruses and Opportunistic Infections Feb-
ruary; Boston, MA; 2005 2005.

56. Kuk JL, Katzmarzyk PT, Nichaman MZ, Church TS, Blair SN, Ross R:
Visceral Fat Is an Independent Predictor of All-cause Mortal-
ity in Men.  Obesity (Silver Spring) Research 2006, 14:336-341.

57. Grunfeld C, Tien P: Difficulties in understanding the metabolic
complications of acquired immune deficiency syndrome.  Clin
Infect Dis 2003, 37(Suppl 2):S43-46.

58. NCEP: Executive Summary of The Third Report of The
National Cholesterol Education Program (NCEP) Expert
Panel on Detection, Evaluation, And Treatment of High
Blood Cholesterol In Adults (Adult Treatment Panel III).
JAMA 2001, 285:2486-2497.

59. Wohl DA: Body shape, lipid, and cardiovascular complica-
tions of HIV therapy.  Curr HIV/AIDS Rep 2005, 2:74-82.

60. Lebovitz HE, Banerji MA: Point: visceral adiposity is causally
related to insulin resistance.  Diabetes Care 2005, 28:2322-2325.

61. Goodpaster BH, Kelley DE, Wing RR, Meier A, Thaete FL: Effects of
weight loss on regional fat distribution and insulin sensitivity
in obesity.  Diabetes 1999, 48:839-847.

62. Calza L, Manfredi R, Chiodo F: Insulin resistance and diabetes
mellitus in HIV infected patients receiving antiretroviral
therapy.  Metabolic Syndrome and Related Disorders 2004, 2:241-250.

63. Balasubramanyam A, Sekhar RV, Jahoor F, Jones PH, Pownall HJ:
Pathophysiology of dyslipidemia and increased cardiovascu-
lar risk in HIV lipodystrophy: a model of 'systemic steatosis'.
Curr Opin Lipidol 2004, 15:59-67.

64. Hadigan C, Kamin D, Liebau J, Mazza S, Barrow S, Torriani M, Rubin
R, Weise S, Fischman A, Grinspoon S: Depot-specific regulation
of glucose uptake and insulin sensitivity in HIV-lipodystro-
phy.  Am J Physiol Endocrinol Metab 2006, 290:E289-298.

65. Mallon PW, Wand H, Law M, Miller J, Cooper DA, Carr A: Buffalo
hump seen in HIV-associated lipodystrophy is associated
with hyperinsulinemia but not dyslipidemia.  J Acquir Immune
Defic Syndr 2005, 38:156-162. HIV Lipodystrophy Case Definition
Study; Australian Lipodystrophy Prevalence Survey Investigators.

66. Shikuma CM, Day LJ, Gerschenson M: Insulin resistance in the
HIV-infected population: the potential role of mitochondrial
dysfunction.  Curr Drug Targets Infect Disord 2005, 5:255-262.

67. Triant VA, Lee H, Hadigan C, Grinspoon SK: Increased Acute
Myocardial Infarction Rates and Cardiovascular Risk Factors
Among Patients with HIV Disease.  J Clin Endocrinol Metab 2007,
92:2506-2512.

68. Tanwani LK, Mokshagundam SL: Lipodystrophy, insulin resist-
ance, diabetes mellitus, dyslipidemia, and cardiovascular dis-
ease in human immunodeficiency virus infection.  South Med J
2003, 96:180-188. quiz 189.

69. Henry K, Melroe H, Huebsch J, Hermundson J, Levine C, Swensen L,
Daley J: Severe premature coronary artery disease with pro-
tease inhibitors.  Lancet 1998, 351:1328.

70. Friis-Moller N, Reiss P, Sabin CA, Weber R, Monforte A, El-Sadr W,
Thiebaut R, De Wit S, Kirk O, Fontas E, et al.: Class of antiretrovi-
ral drugs and the risk of myocardial infarction.  N Engl J Med
2007, 356:1723-1735.

71. Yusuf S, Hawken S, Ounpuu S, Bautista L, Franzosi MG, Commerford
P, Lang CC, Rumboldt Z, Onen CL, Lisheng L, et al.: Obesity and the
risk of myocardial infarction in 27,000 participants from 52
countries: a case-control study.  Lancet 2005, 366:1640-1649.

72. Meininger G, Hadigan C, Rietschel P, Grinspoon S: Body-composi-
tion measurements as predictors of glucose and insulin
abnormalities in HIV-positive men.  Am J Clin Nutr 2002,
76:460-465.

73. Hadigan C, Meigs JB, Wilson PW, D'Agostino RB, Davis B, Basgoz N,
Sax PE, Grinspoon S: Prediction of coronary heart disease risk
in HIV-infected patients with fat redistribution.  Clin Infect Dis
2003, 36:909-916.

74. Williams P, Wu J, Cohn S, Koletar S, McCutchan J, Murphy R, Currier
J: Risk of Cardiovascular Disease in HIV-infected adults with
immune reconstitution.  12th Conference on Retroviruses and
Opportunistic Infections. Boston, MA; 2005 2005.

75. Samaras K, Wand H, Law M, Emery S, Cooper D, Carr A: Preva-
lence of Metabolic Syndrome in HIV-Infected Patients
Receiving Highly Active Antiretroviral Therapy Using Inter-
national Diabetes Foundation and Adult Treatment Panel III
Criteria: Associations with insulin resistance, disturbed body
fat compartmentalization, elevated C-reactive peptide, and
hypoadiponectinemia.  Diabetes Care 2007, 30:113-119.

76. Samaras K, Wand H, Law M, et al.: Metabolic syndrome in HIV-
infected patients using IDF and ATP-3 criteria, prevalence,
discordance, and clinical utility.  8th International Workshop on
Adverse Drug Reactions and Lipodystrophy in HIV. San Francisco, CA; 2006
2006.

77. Despres JP, Lemieux I: Abdominal obesity and metabolic syn-
drome.  Nature 2006, 444:881-887.

78. Ristig M, Drechsler H, Powderly WG: Hepatic steatosis and HIV
infection.  AIDS Patient Care STDS 2005, 19:356-365.

79. Kelley DE, McKolanis TM, Hegazi RA, Kuller LH, Kalhan SC: Fatty
liver in type 2 diabetes mellitus: relation to regional adipos-
ity, fatty acids, and insulin resistance.  Am J Physiol Endocrinol
Metab 2003, 285:E906-916.

80. Nguyen-Duy TB, Nichaman MZ, Church TS, Blair SN, Ross R: Vis-
ceral fat and liver fat are independent predictors of meta-
bolic risk factors in men.  Am J Physiol Endocrinol Metab 2003,
284:E1065-1071.

81. Reeds DN, Yarasheski KE, Fontana L, Cade WT, Laciny E, DeMoss A,
Patterson BW, Powderly WG, Klein S: Alterations in liver, mus-
cle, and adipose tissue insulin sensitivity in men with HIV
infection and dyslipidemia.  Am J Physiol Endocrinol Metab 2006,
290:E47-E53.

82. Meininger G, Hadigan C, Laposata M, Brown J, Rabe J, Louca J, Alia-
badi N, Grinspoon S: 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.  Metabolism 2002, 51:260-266.

83. Feve B: Adipogenesis: cellular and molecular aspects.  Best
Pract Res Clin Endocrinol Metab 2005, 19:483-499.
Page 9 of 10
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10714566
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10714566
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10714566
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15119363
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15119363
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12352150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12352150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12352150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12409741
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12409741
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12409741
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12859330
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12859330
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11115960
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11115960
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11981737
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11981737
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11981737
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12942373
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12942373
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11368702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11368702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16091252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16091252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16123512
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16123512
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10102702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10102702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10102702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15166810
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15166810
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16131513
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16131513
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16131513
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15671800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15671800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15671800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16181144
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16181144
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16181144
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17456578
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17456578
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17456578
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12630645
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12630645
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12630645
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9643798
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9643798
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17460226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17460226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16271645
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16271645
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16271645
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12145023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12145023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12145023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12652392
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12652392
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17192343
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17192343
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17192343
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17167477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17167477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15989431
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15989431
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12959938
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12959938
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12959938
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12554597
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12554597
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12554597
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16118251
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16118251
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16118251
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11833059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11833059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11833059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16311213


AIDS Research and Therapy 2007, 4:16 http://www.aidsrestherapy.com/content/4/1/16
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

84. Sutinen J, Hakkinen AM, Westerbacka J, Seppala-Lindroos A,
Vehkavaara S, Halavaara J, Jarvinen A, Ristola M, Yki-Jarvinen H:
Increased fat accumulation in the liver in HIV-infected
patients with antiretroviral therapy-associated lipodystro-
phy.  AIDS 2002, 16:2183-2193.

85. Luzi L, Perseghin G, Tambussi G, Meneghini E, Scifo P, Pagliato E, Del
Maschio A, Testolin G, Lazzarin A: Intramyocellular lipid accu-
mulation and reduced whole body lipid oxidation in HIV lipo-
dystrophy.  Am J Physiol Endocrinol Metab 2003, 284:E274-280.

86. Martinez E, Garcia-Viejo MA, Blanch L, Gatell JM: Lipodystrophy
syndrome in patients with HIV infection: quality of life issues.
Drug Saf 2001, 24:157-166.

87. Persson A: Facing HIV: body shape change and the (in)visibil-
ity of illness.  Med Anthropol 2005, 24:237-264.

88. Duran S, Saves M, Spire B, Cailleton V, Sobel A, Carrieri P, Salmon D,
Moatti JP, Leport C: Failure to maintain long-term adherence
to highly active antiretroviral therapy: the role of lipodystro-
phy.  AIDS 2001, 15:2441-2444.

89. Hawkins T: Appearance-related side effects of HIV-1 treat-
ment.  AIDS Patient Care STDS 2006, 20:6-18.

90. Burgoyne R, Collins E, Wagner C, Abbey S, Halman M, Nur M,
Walmsley S: The relationship between lipodystrophy-associ-
ated body changes and measures of quality of life and mental
health for HIV-positive adults.  Qual Life Res 2005, 14:981-990.

91. Engelson ES: Interventions for visceral adiposity associated
with human immunodeficiency virus: application of a
method for assessing efficacy.  Clin Infect Dis 2003, 37(Suppl
2):S96-100.

92. Grinspoon S, Gelato M: Editorial: The rational use of growth
hormone in HIV-infected patients.  J Clin Endocrinol Metab 2001,
86:3478-3479.

93. Reynolds NR, Neidig JL, Wu AW, Gifford AL, Holmes WC: Balanc-
ing disfigurement and fear of disease progression: Patient
perceptions of HIV body fat redistribution.  AIDS Care 2006,
18:663-673.

94. Gold DR, Annino DJ Jr: HIV-associated cervicodorsal lipodys-
trophy: etiology and management.  Laryngoscope 2005,
115:791-795.

95. Guaraldi G, Orlando G, Squillace N, Roverato A, De Fazio D, Vandelli
M, Nardini G, Beghetto B, De Paola M, Esposito R, Palella F: Preva-
lence of and Risk Factors for Pubic Lipoma Development in
HIV-Infected Persons.  J Acquir Immune Defic Syndr 2007, 45:72-76.

96. Chen D, Misra A, Garg A: Clinical review 153: Lipodystrophy in
human immunodeficiency virus-infected patients.  J Clin Endo-
crinol Metab 2002, 87:4845-4856.

97. Garg A: Lipodystrophies.  Am J Med 2000, 108:143-152.
98. Garg A: Acquired and inherited lipodystrophies.  N Engl J Med

2004, 350:1220-1234.
99. Garg A, Peshock RM, Fleckenstein JL: Adipose tissue distribution

pattern in patients with familial partial lipodystrophy (Dun-
nigan variety).  J Clin Endocrinol Metab 1999, 84:170-174.

100. Kosmiski L, Kuritzkes D, Hamilton J, Sharp T, Lichtenstien K, Hill J,
Eckel R: Fat distribution is altered in HIV-infected men with-
out clinical evidence of the HIV lipodystrophy syndrome.  HIV
Med 2003, 4:235-240.

101. Brown T, Wang Z, Chu H, Palella F, Kingsley L, Witt MD, Dobs AS:
Longitudinal Anthropometric Changes in HIV-Infected and
HIV-Uninfected Men.  J Acquir Immune Defic Syndr 2006,
43:356-362.

102. Palella FJ Jr, Chmiel JS, Riddler SA, Calhoun B, Dobs A, Visscher B,
Kingsley L: A novel pattern of lipoaccumulation in HIV-
infected men.  JAMA 2006, 296:766-768.

103. Schwenk A: Methods of assessing body shape and composition
in HIV-associated lipodystrophy.  Curr Opin Infect Dis 2002,
15:9-16.

104. Schwenk A, Breuer P, Kremer G, Ward L: Clinical assessment of
HIV-associated lipodystrophy syndrome: bioelectrical
impedance analysis, anthropometry and clinical scores.  Clin
Nutr 2001, 20:243-249.

105. Falutz J, Allas S, Kotler D, Thompson M, Koutkia P, Albu J, Trottier B,
Routy JP, Cote P, Abribat T, Grinspoon S: A placebo-controlled,
dose-ranging study of a growth hormone releasing factor in
HIV-infected patients with abdominal fat accumulation.  AIDS
2005, 19:1279-1287.

106. Molarius A, Seidell JC: Selection of anthropometric indicators
for classification of abdominal fatness – a critical review.  Int
J Obes Relat Metab Disord 1998, 22:719-727.

107. Chang P, Kotler DP, Engelson ES, Gertner JG, Kenley S, Muurahainen
N: Anthropometric equations distinguish between HIV+ sub-
jects affected and unaffected with HIV-associated adipose
redistribution syndrome (HARS).  40th ICAAC. Toronto, Canada
2000.

108. Fichtenbaum CJ, Hadigan CM, Kotler DP, Pierone G Jr, Sax PE, Stein-
hart CR, Tebas P: Treating morphologic and metabolic compli-
cations in HIV-infected patients on antiretroviral therapy. A
consensus statement of an advisory committee of the Inter-
national Association of Physicians in AIDS Care.  IAPAC Mon
2005, 11:38-46.

109. Larsson B, Svardsudd K, Welin L, Wilhelmsen L, Bjorntorp P, Tibblin
G: Abdominal adipose tissue distribution, obesity, and risk of
cardiovascular disease and death: 13 year follow up of partic-
ipants in the study of men born in 1913.  Br Med J (Clin Res Ed)
1984, 288:1401-1404.

110. Schambelan M, Benson CA, Carr A, Currier JS, Dube MP, Gerber JG,
Grinspoon SK, Grunfeld C, Kotler DP, Mulligan K, et al.: Manage-
ment of metabolic complications associated with antiretro-
viral therapy for HIV-1 infection: recommendations of an
International AIDS Society-USA panel.  J Acquir Immune Defic
Syndr 2002, 31:257-275.

111. Cavalcanti RB, Cheung AM, Raboud J, Walmsley S: Reproducibility
of DXA estimations of body fat in HIV lipodystrophy: impli-
cations for clinical research.  J Clin Densitom 2005, 8:293-297.

112. Wang J: Standardization of waist circumference reference
data.  Am J Clin Nutr 2006, 83:3-4.
Page 10 of 10
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12409740
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12409740
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12409740
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12388139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12388139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12388139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11347720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11347720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16081335
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16081335
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11740195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11740195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11740195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16426151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16426151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16041895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16041895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16041895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12942381
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12942381
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12942381
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11502766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11502766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16971273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16971273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16971273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15867641
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15867641
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17460472
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17460472
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17460472
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12414837
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12414837
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11126308
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15028826
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9920078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9920078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9920078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12859322
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12859322
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16980910
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16980910
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16980910
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16905782
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16905782
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11964900
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11964900
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11407871
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11407871
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11407871
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16052083
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16052083
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16052083
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9725630
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9725630
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15971353
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15971353
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15971353
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6426576
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6426576
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6426576
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12439201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12439201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12439201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16055959
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16055959
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16055959
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16400041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16400041
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Lipohypertrophy and lipoatrophy: changing perspectives
	HARS case definition
	Prevalence of HARS
	Fat redistribution and metabolic changes in HIV infection study
	Health risks associated with HARS
	VAT: independent predictor of all cause mortality

	Insulin resistance
	Cardiovascular risks
	Waist-hip ratio and cardiovascular disease risk
	Systemic steatosis, e.g. hepatic and intramyocellular fat accumulation

	Psychosocial effects of HARS
	Signs of HARS
	Extra-abdominal fat accumulation

	Detection of HARS

	Conclusion
	Abbreviations
	Competing interests
	Authors' contributions
	Acknowledgements
	References

