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Redefining Lipodystrophy Syndrome
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Summary: Lipodystrophy syndrome comprises several conditions

(lipoatrophy; lipohypertrophy; mixed syndrome, often associated

with dyslipidemia; and insulin resistance). These conditions, though

sometimes occurring together, may occur independently, suggesting

a complex, multifactorial cause. To elucidate the relative contribution

of risk factors of drug, disease, and host to fat redistribution, large

epidemiologic studies using multivariate analysis were reviewed. In

studies assessing lipoatrophy, the most common statistically signifi-

cant risk factors were use of specific nucleoside analogues, increasing

age, presence of markers of disease severity (CD4/HIV RNA), dura-

tion of therapy, and white race. In studies assessing lipohypertrophy,

the most common statistically significant risk factors were duration of

therapy, markers of disease severity, and protease inhibitor use. The

pathogenesis of these disorders is complex, but recent hypotheses and

evidence suggest that impairment to adipocyte differentiation, impair-

ment of adipokine regulation, unopposed production of proinflammatory

cytokines, dysregulation of 11-b-hydroxysteroid dehydrogenase, and

mitochondrial toxicity may play a role.
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In 1998, 2 studies with dramatic implications for the manage-
ment of HIV infection were published. Palella et al,1 using

national surveillance data, reported a dramatic decline in HIV-
related mortality, from 29.4 per 100 person-years in 1995 to
8.8 per 100 person-years in 1997, and an equally dramatic
decline in opportunistic infections. These benefits were attrib-
uted to the introduction of protease inhibitor (PI)-based highly
active antiretroviral therapy (HAART). Carr et al2 concurrently
described a new syndrome in patients with HIV infection
receiving HAART. This syndrome was characterized by fat
redistribution and metabolic abnormalities (dyslipidemias and

glucose disorders). Fat redistribution was a concern because
the morphologic changes were viewed by many patients as
stigmatizing and highly undesirable. Subsequent studies revealed
a series of potential host-, disease-, and treatment-related risk
factors. This review examines literature on risk factors and
pathogenesis of lipodystrophy syndrome in HIV-1–infected
individuals.

REDEFINING LIPODYSTROPHY SYNDROME
Lipodystrophy syndrome is a common term in the liter-

ature traditionally used to describe several morphologic (fat
atrophy and hypertrophy) and metabolic (eg, dyslipidemia
and insulin resistance) disturbances found in patients with
HIV disease. Increasing evidence suggests these disorders,
though commonly clustering in a syndromal pattern, have
distinct pathologic pathways and can occur independently of
each other. For the purpose of this review, the following terms
are used to analyze the literature: peripheral lipoatrophy, or
localized fat wasting in the face, arms, legs, and buttocks;
central lipohypertrophy, or fat accumulation in the abdomen,
breasts, or dorsocervical region (‘‘buffalo hump’’); and fat
redistribution, or the presence of lipoatrophy, lipohypertrophy,
or both. Lipoatrophy should be distinguished from HIV wast-
ing, which is a generalized loss of body fat and lean body mass.
A literature search for epidemiologic data was conducted using
the following search parameters: lipodystrophy, lipoatrophy,
lipohypertrophy, fat redistribution, and HIV. Only studies
using multivariate analyses were reviewed. Where applicable,
relevant data reported at medical meetings were included.

It was initially thought that a decrease in peripheral fat
occurred in tandem with an increase in central adiposity.
However, preliminary data reported by Gripshover et al3 call
this perception into question. In this cross-sectional study,
412 HIV-positive men were compared with 153 age-matched
controls. Peripheral and central fat redistribution was assessed
by self-report and physical examination. Neither self-report
nor physical examination supported a correlation between pe-
ripheral fat and central fat in HIV-positive men. HIV-positive
men more frequently had peripheral lipoatrophy (38.9% vs.
4.6%, P , 0.0001) and central lipoatrophy (7.8% vs. 2.6%,
P , 0.0312) than did controls and less frequently had central
lipohypertrophy (40.3% vs. 56.2%, P , 0.0001). The most
intriguing finding was that in HIV-positive men, peripheral
lipoatrophy was associated with central lipoatrophy (odds ratio
[OR]: 18.3; CI: 5.5–61.2; P , 0.0001) but did not correlate
with central lipohypertrophy (OR: 0.70; CI: 0.45–1.07; P =
0.1002). These data, as well as the different profile of risk
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factors associated with lipoatrophy and lipohypertrophy re-
viewed here, suggest that a single pathogenic mechanism link-
ing peripheral lipoatrophy and central lipohypertrophy may
not exist.

Earlier perceptions regarding the lipodystrophy syn-
drome may be due in part to the lack of a universally accepted
case definition. Because many studies use different definitions
for body fat changes, studies cannot be easily compared. A
significant number of studies have subsumed analyses of
lipoatrophy and lipohypertrophy under the term lipodystrophy
and therefore may have failed to reveal associations applying
to one but not the other. Furthermore, interpretation of epi-
demiologic studies is complicated by differences in study de-
sign, patient populations, prior antiretroviral drug exposure
(both duration and type of drugs), and assessment of lipo-
dystrophy (subjective vs. objective measures). As a result of
these factors, it is not surprising that the incidence of lipo-
dystrophy syndromes varies widely in published reports, from
2% to 83%.4

Recently, a case definition for body composition changes
was introduced by the HIV Lipodystrophy Case Definition
Study Group.5 Based on a case-control study of patients with
(n = 417) or without (n = 371) features of fat redistribution, the
case definition includes 10 variables: sex, age, duration of HIV
infection, stage of disease, waist/hip circumference ratio, anion
gap, high-density lipoprotein cholesterol, leg fat percentage,
trunk/limb fat ratio, and intra-abdominal/superficial abdominal
fat ratio. Dual-energy x-ray absorptiometry (DEXA) scans and
CT scans were used in addition to anthropometric measure-
ments. Multivariate analysis using a random subset of subjects
was used to generate a fat-redistribution scoring model, which
was then validated using remaining cases and controls. This
case definition has 79% sensitivity (95% CI: 70%–85%) and
80% specificity (95% CI: 71%–87%) for the diagnosis of fat
redistribution. If this definition is accepted and used in future
studies, a better comparison may be obtained between studies
as well as a more precise estimate of the incidence and prev-
alence of the body composition changes in HIV, although
clinical utility of this definition may be hindered by the
requirement for DEXA and CT scans for measurements.

Risk Factors for Lipoatrophy and
Lipohypertrophy: Multivariate Analyses

Epidemiologic studies suggest that antiretroviral thera-
pies and nondrug factors are possible risk factors for fat re-
distribution. Table 1 summarizes statistically significant risk
factors identified after a literature search of epidemiologic
studies published or reported as of February 2005 and em-
ploying multivariate analysis using lipoatrophy and lipohyper-
trophy as dependent variables.

Studies that used univariate analysis or did not distin-
guish lipoatrophy from lipohypertrophy were excluded. The
cross-sectional design of these studies limits conclusions to
those of associated risk factors rather than direct causality.
These data should be interpreted with an understanding of the
limitations of epidemiologic studies, many of which are single-
site, retrospective, nonrandomized, and subject to the phenom-
enon of colinearity. Colinearity occurs when a variable that is
shared by a high percentage of subjects in a study sample

shows an association with fat redistribution that does not
necessarily exist, particularly in studies that are underpowered.
Avariable that occurs with a high frequency in a study sample
may be associated statistically irrespective of causality. For
example, we reported a prevalence study based on a survey of
1077 patients from the HIV Outpatient Study that found
a highly statistically significant relationship between lipo-
atrophy and increasing age in the multivariate analysis (Table 1).8

We subsequently conducted an incidence analysis 2 years later
utilizing a 2nd survey of 1244 patients, 546 of whom were
evaluated in the 1st survey.7 Of these same 546 patients, 337
(61.7%) had no signs of lipodystrophy at survey 1, but 44 of the
337 (13.1%) developed moderate/severe lipoatrophy at survey 2.
When these patients were stratified by CD4 cell count at the 2nd
survey, age .40 years was not statistically significant at any
CD4 stratification. In fact, lower CD4 cell count at the 2nd
survey was the strongest factor predicting new lipoatrophy (OR:
4.2; 95% CI: 1.34–13.07; P = 0.013). Patients whose CD4+ T-
lymphocyte cell counts did not improve with treatment were also
more likely to develop lipoatrophy (OR: 2.73; 95% CI: 1.14–
5.35; P = 0.024). Similarly, when CD4 cell counts spanning the
6-year period prior to the 2nd survey were analyzed, low CD4
cell counts were the strongest predictor of the development of
lipoatrophy. Even if significant in multivariate models, other
measures of disease severity (eg, viral load, body mass index)
added little predictive power. Because the 1st study measured
prevalence and the 2nd measured incidence, associated risk
factors differed due to the methods used and the patient
populations studied.

In the 9 studies assessing lipoatrophy, the most common
statistically significant risk factors were exposure to and
duration of thymidine analogues—most commonly stavudine
(d4T) (6/9), age (5/9), presence of markers of disease severity
(CD4/HIV RNA) (5/9), duration of therapy (3/9), and white
race (3/9) (Fig. 1). An additional nonrandomized, prospective
study in 40 HIV-positive patients beginning their 1st antire-
troviral therapy reported results after a mean of 96 weeks of
therapy. In multivariate analysis, treatment with d4T was the
strongest independent factor associated with rate of lipo-
atrophy (P = 0.05).15 In the 8 studies assessing lipohypertrophy,
the most common statistically significant risk factors were
duration of therapy (3/8), markers of disease severity (3/8), age
(3/8), and protease inhibitor use (4/8).14 A further study in 2258
HIV-positive patients assessed adipose tissue alterations by
gender.16 Logistic regression analysis demonstrated that men
had a significantly lower adjusted risk of presenting with any
alteration than women (OR: 0.47; 95% CI: 0.38–0.58; P ,
0.0001) and a significantly lower risk of lipohypertrophy (P =
0.0022) and mixed fat redistribution (P , 0.0001), whereas
risk of lipoatrophy was similar between genders.16 Thus, rig-
orous multivariate analyses controlling for numerous variables
reveal multiple risk factors, suggesting that the pathogenic
mechanisms for fat redistribution are likely the result of
complex interactions between host, disease, and drug factors.

Impact of Switch Therapy
on Fat Redistribution

Several recent studies have assessed the impact of
altering regimens to determine the impact of drug therapy on
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fat redistribution. Martin et al17 recently reported the 120-week
results from the Protease Inhibitor Induced Lipodystrophy
Reversal Study (PIILR) in which patients with moderate-to-
severe fat redistribution were randomly allocated to either stop
or continue PI therapy.17,18 At 24 weeks, all patients were

offered the option of stopping their PI therapy and switching to
a regimen containing nucleoside reverse transcriptase inhib-
itors (NRTIs) adefovir and hydroxyurea. This trial included
yearly DEXA and CT scans.18 At 120 weeks, a cohort of 45
patients from both arms with body composition measurements

TABLE 1. Independent Risk Factors for Fat Redistribution by Multivariate/Logistic Regression Analyses (associated with
lipoatrophy or lipohypertrophy in epidemiologic studies)

Lipoatrophy Lipohypertrophy

Risk Factor OR 95% CI P Value Risk Factor OR 95% CI P Value

Miller6 (n = 1348) Age 40–49 1.93 1.37–2.72 ,0.001 Age , 35 1.72 1.14–2.59 0.010

Age $ 50 2.24 1.47–3.42 ,0.001 Age 35–39 2.50 1.71–3.66 ,0.001

CDC disease category Age $ 50 5.08 3.26–7.92 ,0.001

B 1.99 1.46–2.71 ,0.001 CDC disease category

C 1.76 1.23–2.51 0.002 B 1.80 1.32–2.47 ,0.001

Baseline VL 501–10,000 1.52 1.00–2.32 0.049 C 1.84 1.28–2.64 ,0.001

Baseline VL # 500 2.04 1.45–2.87 ,0.001 Baseline VL 501–10,000 2.12 1.34–3.37 0.001

NRTI use . 57 mo 3.41 1.98–5.88 ,0.001 Baseline VL # 500 3.07 2.10–4.48 ,0.001

d4T # 17 mo 1.48 1.02–2.14 0.040 NRTI use . 57 mo 1.90 1.41–2.56 ,0.001

d4T . 17 mo 2.50 1.74–3.59 ,0.001 d4T . 17 mo 1.72 1.15–2.58 0.008

ddC . 9 mo 1.63 1.07–2.47 0.021 PI use # 22 mo 1.78 1.24–2.57 0.002

AZT # 20 mo 0.68 0.48–0.97 0.035 PI use . 22 mo 3.07 2.09–4.50 ,0.001

PI use # 22 mo 1.71 1.21–2.43 0.002 IDV . 15 mo 1.55 1.07–2.23 0.020

PI use . 22 mo 3.08 2.10–4.50 ,0.001

IDV . 15 mo 3.51 2.41–5.09 ,0.001

NFV . 7 mo 1.73 1.14–2.64 0.010

RTV # 12 mo 1.92 1.20–3.08 0.007

SQV # 15 mo 1.66 1.16–2.37 0.005

SQV . 15 mo 2.84 1.97–4.11 ,0.001

Lichtenstein7 (n = 1244) White race 5.2 1.9–17.1 0.003 NR NR NR NR

CD4 , 100 4.2 1.3–13.1 0.013

BMI , 24 kg/m2 2.4 1.1–5.4 0.024

Lichtenstein8 (n = 1077) White race 2.0 1.13–3.82 0.019 Age $ 50 2.0 1.11–3.65 0.02

CD4 Nadir , 100 1.5 0.99–2.34 0.05 Peak VL , 10 2.1 1.12–4.2 0.02

Age 40–49 2.5 1.64–3.88 0.001 Duration of Tx . 5 y 1.9 1.16–3.14 0.011

Age . 49 2.9 1.73–4.76 0.001 BMI gain 3.1 1.84–5.34 0.001

d4T 1.7 1.11–2.81 0.015

IDV . 2 y 2.7 1.59–4.63 ,0.001

BMI loss 1.7 1.11–2.43 0.012

Heath9 (n = 1261) d4T (duration) 1.2 1.09–1.27 ,0.001 d4T (duration) 3.7 1.61–8.38 0.002

AIDS diagnosis 2.1 1.20–3.56 0.009 PI 3.5 1.81–6.86 ,0.001

Saves10 (n = 614) Sex 2.6 1.29–5.35 ,0.01 CD4 increase 2.4 1.44–4.06 ,0.001

Age 1.3 1.07–1.63 ,0.01 Saquinavir 2.2 1.07–4.31 0.03

d4T 1.4 1.17–1.71 ,0.001 Lamivudine 1.3 1.00–1.55 0.05

Thiebaut11 (n = 581) Age 1.3 NR ,0.01 BMI . 25 2.9 NR ,0.01

Sex 2.2 NR 0.03 Waist-hip ratio 2.6 NR ,0.01

Duration of Tx 1.0 NR ,0.01

Martinez12 (n = 494) Duration of Tx 1.6 1.3–1.98 0.0001 Sex (women) 2.9 1.36–6.02 0.006

d4T (duration) 1.2 1.02–1.31 0.02 Duration of Tx 1.6 1.33–2.1 0.0001

Joly13 (n = 170) d4T 3.3 1.43–7.44 0.005 Sex 3.7 1.33–10.17 0.012

ddI 2.5 1.05–5.76 0.04 Age 1.8 1.18–2.66 0.006

Bogner14 (n = 115) White race 5.4 1.1–28.2 0.041 Duration of Tx 2.7 1.2–6.5 0.028

Duration of Tx 4.4 1.61–11.97 0.002 PI 3.8 1.3–11.2 0.014

Baseline VL . 100,000 4.3 1.7–11.2 0.004

Age . 40 y 3.2 1.25–8.4 0.016

BMI indicates body mass index; CDC, centers for disease control; ddC, zalcitabine; IDV, indinavir; NFV, nelfinavir; NR, not reported; RTV, ritonavir; SQV, saquinavir; Tx, treatment;
VL, viral load.
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was available for analysis. Linear regression analysis of this
cohort showed no association between fat redistribution indica-
tors, weight, triglycerides, initial treatment arm, PIs, adefovir,
or hydroxyurea, but a statistically significant association with
thymidine analogue use and limb fat mass reduction (d4T:
0.72 kg/y, P = 0.004; zidovudine [AZT]: 0.29 kg/y, P = 0.019)
and lipodystrophy score increase (d4T, P , 0.001; AZT, P ,
0.001).17 Conversely, Boyd et al19 reported preliminary results
on the impact of replacing an NRTI regimen with an NRTI-
sparing regimen (indinavir-ritonavir-efavirenz) in a 48-week
observational study of 61 patients. DEXA scans showed
statistically significant increases in limb fat after 48 weeks of
the NRTI-sparing regimen, and CT scans showed increases in
subcutaneous and visceral fat in the abdomen (P = 0.04) and
thigh (P, 0.001), suggesting a partial reversal of lipoatrophy.
There was also a notable mean decrease in lean limb tissue
(2955 g), suggesting that the increase in limb fat may reflect
a general increase in adiposity supported by the overall
increase in visceral adipose tissue.19

Preliminary data from a prospective, randomized,
controlled trial (AIDS Clinical Trials Group [ACTG] Substudy
5005 of Study 384)20 assessed fat redistribution in antire-
troviral-naive patients randomly allocated to 1 of 6 treatment
arms: AZT/lamivudine (3TC) plus nelfinavir (arm A), efavirenz
(arm B), or nelfinavir/efavirenz (arm C); or didanosine (ddI)/d4T
plus nelfinavir (arm D), efavirenz (arm E), or nelfinavir/efavirenz
(arm F). This study enrolled 330 patients from the 980 patients
enrolled in ACTG 384. DEXA was used to objectively quan-
tify fat redistribution over time relative to baseline (the pri-
mary outcome variable of the study), with all scans analyzed
at a central location. Of 330 subjects, 156 had DEXA at entry,
127 of 156 (81%) had DEXA at week 48, and 107 of 156
(69%) had DEXA at week 64. Patients receiving DEXAwere
similar to those not receiving DEXA (n = 823) in terms of
age, CD4 count, and body mass index, but the no-DEXA
group had a lower mean viral load (4.9 vs. 5.1; P = 0.014).
Limb fat increased early in patients randomly assigned to

AZT-3TC plus protease inhibitor or nonnucleoside reverse
transcriptase inhibitor (NNRTI), as well as in patients ran-
domly allocated to receive ddI-d4T plus PI or NNRTI. At
weeks 48, 64, and 80, patients randomly assigned to ddI-d4T
had greater decrease in limb fat than those on AZT-3TC. The
AZT-3TC arm had fat loss as well, although it occurred less
rapidly and to a lesser extent than in the ddI-d4T arm. At week
80, patients randomly assigned to receive nelfinavir had a
greater percentage loss of limb fat than those randomly
assigned to the efavirenz arm; limb fat in the efavirenz arm
also decreased, though to a lesser degree. The strength of this
study is its long-term follow-up of a prospectively defined
population. The final results of ACTG 5005 and similar trials
(ACTG 5142) prospectively evaluating antiretroviral-naive
populations treated with PI-, NRTI-, or NNRTI-sparing
regimens will help clarify the course of fat redistribution.
Recently reported data from the mitochondrial toxicity
(MITOX) study demonstrated that peripheral limb fat, as
assessed by DEXA and CT scans, increased over long-term
follow-up after switching from thymidine analogue–based
therapy to abacavir-based therapy.17 At week 104, patients who
switched to abacavir showed a 1.26-kg mean increase in limb
fat, relative to baseline (mean, 3.7 kg). Multivariate analysis
demonstrated that the increase in limb fat was associated with
less exposure to the thymidine analogues before the study
(AZT, P = 0.024) or on study (d4T, P = 0.004).

Pathogenesis
Several pathogenic mechanisms for fat redistribution in

HIV have been hypothesized. For lipoatrophy, these include
impairment of adipocyte differentiation, adipocyte apoptosis
mediated by proinflammatory cytokines such as tumor necro-
sis factor (TNF-a), dysregulation of 11-b-hydroxysteroid de-
hydrogenase (11-b-HSD), and mitochondrial toxicity. Bastard
et al21 showed that adipocytes from patients with lipoatrophy
treated with NRTIs and PIs have higher levels of sterol-
regulatory-element-binding-protein-1 (SREBP1c, an adipo-
cyte transcription factor) and higher expression of TNF-a than
do adipocytes from healthy controls. Furthermore, adipo-
cytes in patients with HIV were smaller and tended to cluster,
suggesting an impairment of differentiation despite the in-
creased amount of SREBP1c protein; the investigators posited
that the transcription factor for SREBP1c was sequestered in
an inactive form in the nuclear membrane, a phenomenon seen
in vitro when adipocytes are treated with protease inhibitors.21

Lipoatrophic tissue from HIV patients showed increased
expression of TNF-a, a cytokine known to induce apoptosis of
adipocytes.21 In a study of 56 subjects who had aspirations of
subcutaneous adipose tissue, Johnson et al22 also found ele-
vated TNF-a expression in HIV-positive patients with fat
redistribution (n = 28) compared with HIV-positive patients
who did not have fat redistribution (n = 16), suggesting that
HIV infection or its treatment may be involved in the patho-
genesis of lipoatrophy. Vigouroux et al23 similarly noted
a relationship between TNF-a and fat redistribution in 131
patients. These patients showed markedly elevated levels of
TNF-a and its soluble receptor, sTNFR1. In a subset analysis
of patients with lipohypertrophy, lipoatrophy, and mixed
syndrome, sTNFR1 was significantly elevated in patients with

FIGURE 1. Percentage of studies showing statistically signifi-
cant associations between risk factors and either lipoatrophy
(LA) (9 studies) or lipohypertrophy (LH) (8 studies) using
multivariate analysis. In the 4 studies finding an association
with PI use, 3 found a statistically significant association
between any PI use and LH.6,9,14 The 4th study found an
association with saquinavir and LH (P = 0.03) but not with
indinavir (P = 0.55), ritonavir (P = 0.23), or nelfinavir (P =
0.31).10 The 5th found an association between indinavir and LA.8
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lipoatrophy (P , 0.05) and mixed syndrome (P , 0.05) but
not in patients with lipohypertrophy. Similarly, in the study
by Mynarcik et al24 of sTNFR2, levels of sTNFR2 were
significantly higher in HIV-infected patients with lipodys-
trophy than in HIV-infected patients without lipodystrophy.
The elevation of TNF-a in HIV fat distribution and its proven
role in adipocyte apoptosis suggest a role in fat depletion. A
genetic case-control study conducted in HIV-positive patients
both with (n = 61) and without (n = 35) lipodystrophy found
a significant difference between groups in the frequency of
polymorphism2238 in the promoter region of the TNF-a gene
(P = 0.01), suggesting that the 2238 polymorphism is a
determinant in the development of HIV-related lipodystrophy.25

The enzyme 11-b-HSD1 has also been implicated as
potentially playing a role in fat redistribution syndromes. This
enzyme helps catalyze the conversion of the hormonally
inactive cortisone to cortisol, which is required for adipocyte
differentiation. It is expressed to a higher degree in visceral fat
than in subcutaneous fat and is elevated in the presence of
cortisol. The differential expression of 11-b-HSD1 in visceral
fat, its association with cortisol, and the well-established prev-
alence of elevated cortisol levels in HIV suggest that this enzyme
may play a role in the pathogenesis of central fat accumulation
in HIV.26 To date, no specific inhibitors of 11-b-HSD1 exist,
making it an attractive drug target.

Mitochondrial DNA toxicity via inhibition of DNA poly-
merase is associated with nucleoside analogues and has been
hypothesized to be pathogenic in lactic acidosis, hepatic
steatosis, myopathy, cardiomyopathy, peripheral neuropathy,
and pancreatitis,27 and its role in fat redistribution is yet to be
established. Some investigators28,29 have noted that fat redis-
tribution in HIV shares substantial similarities with other syn-
dromes (multiple symmetric lipomatosis) that are associated
with mitochondrial DNA dysfunction. It is theorized that mul-
tiple symmetric lipomatosis is characterized by a point mutation
at nucleotide position 8344 or by multiple or single mitochon-
drial DNA deletions.2 Cote et al27 have noted differences in the
ratio of mitochondrial to nuclear DNA in non–HIV-infected
controls (1.28 6 0.38), asymptomatic HIV-infected subjects
who had never received antiretroviral therapy (0.72 6 0.19),
and HIV-infected subjects with symptomatic mitochondrial
toxicity while on therapy (0.28 6 0.06). The latter value was
significantly different (P, 0.001) from that seen in the control
group or therapy-naive group, suggesting mitochondrial
DNA toxicity is multifactorial, with both a disease and drug
component.

Five recent studies have lent more weight to the hypoth-
esis that toxicity to mitochondrial DNA may contribute to fat
redistribution.30–34 Shikuma et al31 assessed the mitochondrial
DNA content in subcutaneous fat tissue from the neck, abdo-
men, and thigh. Nineteen of 23 patients (82.6%) with lipo-
atrophy and a history of antiretroviral therapy for .6 months
showed evidence of mitochondrial DNA depletion, compared
with 2 of 20 (10%), 0 of 15, and 0 of 20 specimens from HIV
patients treated with antiretroviral therapy but with no evi-
dence of fat loss, from HIV patients who were antiretroviral
naive, and from HIV seronegative patients, respectively (P ,
0.001 for all comparisons). No mitochondrial DNA deletions
or additions were noted in lipoatrophy, suggesting that a

mitochondrial dysfunction is the result of reduced DNA
content rather than DNA deletions. Similarly, Walker et al32

found that mean mitochondrial DNA content was 44% lower
in buttocks fat biopsies from NRTI-treated patients (n = 19)
than in the no-NRTI group (n = 5; P = 0.01), and patients with
lipoatrophy (n = 11) had a 39% lower mitochondrial DNA
content than patients without lipoatrophy (n = 13; P = 0.02).
No mitochondrial DNA point mutations or deletions were
observed. Shiramizu et al33 quantified mitochondrial DNA
content per adipocyte in HIV patients who were antiretroviral
naive or experienced, with or without lipoatrophy. As with
the other studies, mitochondrial depletion was greatest in
patients with lipoatrophy (50% depletion relative to seroneg-
ative adults), moderate in antiretroviral-experienced patients
who did not have lipoatrophy (40% depletion), and least
in antiretroviral-naive patients (16% depletion). Van der Valk
et al34 have recently reported similar findings. In 28 patients
treated with a d4T-containing regimen (n = 17) or AZT-
containing regimen (n = 11), lipodystrophy occurred in 15
patients (14 of 17 [82%] in the d4T arm, and 1 of 11 [9%] in
the AZT arm; P = 0.0001). Lower mitochondrial DNA content
per adipocyte from subcutaneous thigh biopsies was correlated
with severity of lipodystrophy (P = 0.007). Thompson et al30

have shown an increase of mitochondrial DNA (copies per
adipocyte) 48 weeks after switching from a d4T-containing
regimen to abacavir- or AZT-based therapy along with some
improvement in arm, leg, and trunk fat. The latter 3 studies are
significant, because each measured mitochondrial DNA on the
cellular level (per adipocyte), thus demonstrating a cellular
effect rather than a tissue effect.30,33,34

CONCLUSION
Use of the term lipodystrophy syndrome may need to be

reevaluated. The components of this syndrome can occur
independently, and recent data suggest that peripheral lipo-
atrophy and central lipohypertrophy are associated with dif-
ferent constellations of host, disease, and drug risk factors and
may have different pathogenic pathways. Future studies with
longitudinal rather than cross-sectional design will help to
clarify the nature of the relationships among these factors. The
continued elucidation of molecular pathways involving 11-b-
HSD, adipokines, cytokines, and mitochondrial DNA suggests
a complex disease process that is likely multifactorial. Switch
studies attempting to avoid or minimize metabolic or mor-
phologic complications tend to show some effect on adipose
tissue. There is no evidence that switching from a PI-based
regimen to a potentially less potent non-PI-based regimen
has a significant impact on fat redistribution measures, as
shown in the PIILR study. Given the growing evidence with
thymidine analogues, there is greater interest in exploring the
potential benefit of minimizing risk of lipoatrophy by using
nucleoside backbones that do not contain a thymidine analogue.
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