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the etiology and pathogenesis of antiretroviral therapy-associated
morphologic complications—most notably loss of subcutaneous fat and
truncal obesity—remain something of a mystery. However, research con-
tinues to move forward. To bring prn members up to date on the various
work that is being done to better understand and manage the fat redis-
tribution that is synonymous with hiv-associated lipoatrophy and truncal
obesity, Dr. Donald Kotler took the podium at the November 2004 prn
meeting to review some of the newest, most important data that will
likely guide clinical research in this arena in the months and years to come.

Lipoatrophy
“perhaps the biggest advance we’ve seen, in trying to better
understand lipoatrophy, is the supplementing of in vitro data with actual
prospective studies enrolling patients beginning antiretroviral therapy,”
Dr. Kotler said. One study that has been referenced heavily is actg
384. A substudy of actg 384 (A5005S) was designed to monitor changes
in limb fat—adipose tissue in the arms and legs—and trunk fat using
dual-energy x-ray absorptiometry (dexa) scanning in association with
starting various antiretroviral combinations for the first time. actg 384

was the first clinical trial to prospectively follow hiv-positive patients who
had not taken other antiretrovirals in the past. In turn, the actg inves-
tigators were able to avoid the usual limitations associated with analy-
sis of data from retrospective and cross-sectional cohort studies, as
well as clinical trials involving antiretroviral-experienced patients. 

actg 384 was a complex study. It contained six study groups with two
randomizations. The first randomization involved an open-label as-
signment to receive stavudine (Zerit) plus didanosine (Videx) or zi-
dovudine (Retrovir) plus lamivudine (Epivir). The second randomization,
which was blinded, assigned patients to receive nelfinavir (Viracept),
efavirenz (Sustiva), or nelfinavir and efavirenz combined. Of the 980 pa-
tients enrolled into actg 384, 89 patients in the zidovudine/lamivu-
dine group underwent dexa scanning as a component of A5005S; 87 pa-
tients in the stavudine/didanosine group underwent dexa scanning. The
preliminary data from this study, reported at the 4th International
Workshop on Adverse Drug Reactions and Lipodystrophy in hiv by Dr.
Michael Dube, were based on 80 weeks of follow-up (Dube, 2002).
During the first 36 weeks of therapy, there was an increase in body
weight, trunk fat, and limb fat in both groups of patients. “These gains
were interpreted as a return to good health,” Dr. Kotler commented.
“There were a number of patients enrolled with cd4+ counts in the mid
to high 200s with some weight loss. Even though they didn’t have wast-
ing, they did see their weight return, which was pretty much universal
and considered to be healthy.” It was not until 12 weeks later that dif-
ferences in body composition were seen between the two groups.

After 48 weeks of treatment, there was a statistically significant de-
crease in limb fat in the stavudine/didanosine group, compared to the
zidovudine/lamivudine group. However, it should also be pointed out
that limb fat also decreased among patients receiving zidovudine and
lamivudine. “Another finding that is frequently overlooked was that

patients receiving nelfinavir had more lipoatrophy than those receiving
efavirenz. It’s very hard to single out the exact effects of these drugs, giv-
en that they were combined with nrtis. However, there were statistically
significant differences between the nelfinavir and efavirenz groups,
meaning that nrtis probably aren’t solely to blame. There appear to be
at least two effects in producing lipoatrophy.” 

Mitochondrial Toxicity and Lipoatrophy
all cells in the body, with the exception of erythrocytes, contain
hundreds of mitochondria (see Figures 1a and 1b on page 14). Found
within the ribbon-like structure of these energy powerhouses are the en-
zyme complexes and mitochondrial dna (mtdna) needed to help carry
out oxidative phosphorylation: the aerobic process of forming high-
energy bonds, primarily atp, that can be broken down and used by
cells to generate energy. A number of cellular enzymes—polymerases
(α, β, γ, δ, and ε)—are required to catalyze the formation of new nuclear
dna. Of these, polymerase-γ is responsible for the replication of mtdna.
Consequently, inhibition of polymerase-γ can have a profound effect on
mtdna synthesis.

hiv contains its own polymerase as well: reverse transcriptase. 
nrtis are triphosphorylated intracellularly to nucleotides; they are in-
corporated in the growing dna chain by reverse transcriptase. Because
they lack the hydroxyl group, the nrtis inhibit further hiv-dna elon-
gation. However, these nucleotides can be mistaken for natural 
substrates by polymerase-γ and, in turn, may do irreparable harm to 
mtdna during replication. “Inhibition of polymerase-γ causes mtdna
chain termination,” Dr. Kotler explained. “This leads to less mtdna,
reduced oxidative phosphorylation and, ultimately, diminished atp pro-
duction. This can result in cell dysfunction.” And because oxidative
phosphorylation is inhibited, lactate and fatty acids can accumulate in
the cytoplasm of cells. 

“Adipocytes need energy to deposit fat and to mobilize fat once it has
been deposited,” Dr. Kotler said. “If the energy is interrupted, the fat will
not be deposited. And if mitochondrial toxicity is significant, meaning
an 80% to 85% loss of functional mitochondria, the cell will die. This is
lipoatrophy.” 

Mitochondrial Toxicity and Lipoatrophy: Recent Data
dr. kotler shared data from a handful of recent studies further
exploring the hypothesis that mtdna depletion is the primary cause of
nrti-inducted toxicity, including lipoatrophy. In Sydney, Australia, a team
of investigators completed a prospective, randomized trial involving
20 hiv-negative adults receiving stavudine or zidovudine, both combined
with lamivudine, for six weeks, followed by a six-week washout period
(Mallon, 2004). The investigators were looking for changes in metabo-
lism gene expression in adipocytes, along with evaluations of lipid lev-
els, lactate levels, glucose tolerance, whole-body dexa scans, and three-
slice abdominal ct scans. Adipose tissue biopsies, collected from the
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flank region, were performed at baseline and at week 2. rna was ex-
tracted from the adipocytes and real-time rt-pcr was performed using
primers for the mitochondrial genes cox1, cox3, and cytochrome-b.
Primers were also used for the nuclear genes srebp1 and pparγ. 

Both groups were well matched for baseline parameters. No changes
in limb fat, lipids, glucose tolerance, or lactate levels were documented

between baseline and week 6. However, statistically significant reduc-
tions in the three mitochondrial genes—compared to baseline evalua-
tions—were seen after two weeks of therapy. cox1 decreased by 84%,
cox3 decreased by 90%, and cytochrome-b decreased by 75% in the
stavudine group, compared to 44%, 85%, and 43% reductions respec-
tively in the zidovudine group. Significant reductions in pparγ expres-
sion were documented, which correlated with the reductions in the mi-
tochondrial genes. srebp1 expression was unaffected. 

“This study showed that nrtis do indeed lower mitochondrial mes-
senger rna in vivo, just like others have shown in vitro using cell lines,”
Dr. Kotler said. “This tightens up the relationship between nucleoside
analogues and mitochondrial problems.” 

A study presented at the xv International aids Conference in
Bangkok, held in June 2004, evaluated the effects of switching from
nrti-based regimens to nrti-sparing therapy in cells collected from par-
ticipating patients (Boyd, 2004). hivnat-009 is a prospective, open-label
study that has enrolled 61 hiv-positive patients that switched patients
failing an nrti-based regimen to receive 800 mg indinavir (Crixivan) bid,
100 mg ritonavir (Norvir) bid, and 600 mg efavirenz (Sustiva) bid.
Forty-four patients consented to fat biopsies, collected from their right
inner thighs. Quantification of mtdna and mtrna content in pbmcs and
adipocytes were correlated with fat tissue changes seen using dexa
and ct at baseline and week 48. 

In the patients’ most recent regimens, 37 received zidovudine and 
29 received stavudine and the median time of previous thymidine 
analogue use was 4.2 years. After 48 weeks of the nrti-sparing regimen,
mtdna increased in the adipocyte samples by 109 copies/cell and mtrna
increased by 94 copies/cell. In the pbmcs, mtdna increased by 45
copies/cell and mtrna increased by 344 copies/cell. Taking into account
the previous nrti used, increases in adipose mtdna were only significant
with a switch from stavudine. Increases in pbmc mtdna was only sig-
nificant with a switch from zidovudine. No association between mito-
chondrial changes and alterations in fat measurements was reported. 

Other Mechanisms of Lipoatrophy
just as there are studies focusing on nrtis and mitochondrial
toxicity, there have also been credible studies exploring other mecha-
nisms of lipoatrophy. For example, in vitro studies have demonstrated that
protease inhibitors can affect adipocyte differentiation at an early step in-
volving srebp1. However, data from in vivo studies have been limited. 

In one study reported in The Lancet in 2002, a Parisian team evalu-
ated fat morphology, mrna and protein expression of major adipocyte
differentiation markers, and cytokines in subcutaneous adipose tis-
sue (sat) collected from 26 hiv-infected patients who developed lipoa-
trophy while on protease inhibitors and compared them to similar
samples from 18 hiv-negative controls (Bastard, 2002). The sat from the
hiv-infected patients contained a higher proportion of small adipocytes
than sat taken from the hiv-negative controls, together with lower
mrna concentrations of the adipogenic differentiation factors c/ebpα
and c/ebpβ, pparγ, and the 1c isoform of srebp1. The srebp1 protein
concentration was increased 2.6-fold, whereas the pparγ protein con-
centration was decreased by 70%. 

The expression of adipocyte-specific markers, including leptin, was
lower in fat collected from the hiv-positive patients than in fat from the
hiv-negative controls, whereas expression of tumor necrosis factor-al-
pha (tnfα) was higher and correlated negatively with the expression of
srebp1c and downstream adipogenic factors. srebp1c mrna concen-
trations also correlated negatively, and tnfα mrna concentrations pos-
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FIGURE 1A. Mitochondrial Metabolism
All cells in the body, with the exception of erythrocytes, contain hundreds
of mitochondria. Found within the ribbon-like structure of these energy
powerhouses are the enzyme complexes and mitochondrial dna (mtdna)
needed to help carry out oxidative phosphorylation: the aerobic process of
forming high-energy bonds, primarily atp, that can be broken down and
used by cells to generate energy. A number of cellular enzymes—poly-
merases (α, β, γ, δ, and ε)—are required to catalyze the formation of new
nuclear dna. Of these, polymerase-γ is responsible for the replication of
mtdna. Mitochondrial genes are translated into mitochondrial proteins that
are essential for mitochondrial function.
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FIGURE 1B. Effect of nrtis on Mitochondrial Metabolism
Nucleoside reverse transcriptase inhibitors (nrtis) can inhibit the repli-
cation of mtdna by inhibiting polymerase-γ, which is similar to hiv’s re-
verse transcriptase enzyme. After nrtis are triphosphorylated intracellu-
larly to nucleotides, they are incorporated in the growing dna chain by re-
verse transcriptase. Because they lack the hydroxyl group, the nrtis inhibit
further hiv-dna elongation. However, these nucleotides can be mistaken
for natural substrates by polymerase-γ and, in turn, may do irreparable
harm to mtdna during replication. This can lead to less mtrna, reduced
oxidative phosphorylation and, ultimately, diminished atp production.
The end result is cell dysfunction and the accumulation of lactate and fat-
ty acids in the cytoplasm of cells.



itively, with hyperglycemia and insulin resistance, but did not correlate
with cholesterol or triglyceride levels. 

In short, the investigators found that the altered differentiation
status of sat in hiv-infected patients with antiretroviral-induced lipoa-
trophy is associated with greatly reduced srebp1c expression. Since
the differentiation factor srebp1 is rapidly targeted by protease in-
hibitors in vitro, these results suggest that srebp1c could be an impor-
tant mediator of peripheral lipoatrophy in this setting, which can also
lead to metabolic alterations such as insulin resistance. 

Host factors are also believed to play a role in the development of
lipoatrophy, including low pre-treatment cd4+ cell counts. A prospec-
tive cohort analysis of 337 hiv-infected patients without any signs of
lipoatrophy at the initiation of the study was conducted to identify the
factors associated with the development of lipoatrophy 21 months lat-
er (Lichtenstein, 2002). Standardized interview and physician assessment
of clinical signs at each survey were performed. The incidence of mod-
erate or severe fat loss in the extremities—including the face—was
analyzed for its relationship to immunologic, virologic, clinical, and drug
treatment data for each patient.

Forty-four of the 337 (13.1%) patients developed moderate or severe
lipoatrophy between the two surveys. Significant risk factors were white
race, the cd4+ cell count at the time of the second survey (less than vs.
more than 100 cells/mm3; see Table 1), and body mass index less than
vs. greater that 24 kg/m2. There was no association with duration of use,
initiation, continuation, or discontinuation of any antiretroviral med-
ication with the development of lipoatrophy. When the comparisons
were controlled for the severity of hiv illness, there appeared to be lit-

tle, if any, effect of any antiretroviral agent or class of agents on the de-
velopment of lipoatrophy.

Dr. Kotler explained that another host factor—elevated tnfα—has
many actions that are consistent with the features of lipodystrophy.
In light of this observation, a study was carried out by researchers in the
United Kingdom to determine whether functionally active polymor-
phisms in the promoter region of the tnfα gene are associated with the
development of lipodystrophy (Maher, 2002). Individuals were genotyped
for the -238 and -308 polymorphisms in the tnfα gene using pcr-re-
striction fragment length polymorphism analysis. The tnfα genotypes
found in 61 hiv-positive patients with lipodystrophy were compared with
those found in 35 hiv-positive patients with no evidence of lipodystrophy
and 239 hiv-negative individuals.

The frequency of the -238 allele variant was significantly more com-
mon in hiv-positive patients with lipodystrophy than in those without
lipodystrophy. For the -308 polymorphism, no difference was found in
genotype and allele frequencies between hiv patients with and without
lipodystrophy. “While research such as this is very limited,” Dr. Kotler
commented, “it does suggest that there may be an inflammatory com-
ponent playing a role in the development of lipodystrophy.” 

Management of Lipoatrophy
when it comes to the management of lipoatrophy, there are
three basic principles: avoid, switch, and treat. “Avoid” refers to the
selection of antiretroviral agents, at least when planning first-line reg-
imens, that are not believed to be associated with lipoatrophy. “Switch”
refers to substituting an offending antiretroviral agent with an agent not
likely to be associated with lipoatrophy. Finally, “treat” refers to the
use of adjunctive therapies to manage lipoatrophy, especially when
changes to an existing antiretroviral regimen isn’t possible or doesn’t
yield a positive outcome.

Avoiding Lipoatrophy
when it comes to selecting an antiretroviral regimen, in terms
of reducing the risk of side effects like lipoatrophy, Gilead study 903—
much like actg 384—has contributed to the school of thought that
stavudine is best avoided, at least initially. Gilead 903 was a randomized,
double-blind studying comparing tenofovir (Viread) to stavudine. Both
drugs were combined with efavirenz and lamivudine. The study enrolled
approximately 600 hiv-positive patients with a mean cd4+ count of
279 cells/mm3. Two-hundred ninety-six patients received stavudine
and 296 received tenofovir. One-hundred forty-four-week follow-up
data were reported last year in the Journal of the American Medical As-
sociation (Gallant, 2004). 

The two groups demonstrated comparable efficacy in both the on-
treatment analysis and intent-to-treat analysis. Side effect risks, however,
were significantly different between the two groups. Lipoatrophy was di-
agnosed by investigators in 19% of those receiving stavudine, com-
pared to 3% of those receiving tenofovir. This difference was docu-
mented using dexa scanning, although it is important to note that
dexa scanning was not performed at baseline. In the stavudine group,
there was a mean reduction in limb fat of approximately 50%. The to-
tal limb fat, after 144 weeks, was 4.4 kg in the men and 6 kg in the
women receiving stavudine. In the tenofovir group, mean limb fat af-
ter 144 weeks was 8.7 kg in the men and 11 kg in the women. 

“To put these data into context,” Dr. Kotler explained, “the mean limb
fat measurements seen in the stavudine group are very similar to limb

TABLE 1. Risk of Lipoatrophy and Nadir cd4+ Cell Count
Nadir cd4+ Cell Count Last cd4+ Cell Count % with Lipoatrophy

>350 >350 3.3

200–349 >200 12.0

<200 >500 13.2

<200 350–499 17.0

<200 200–349 18.2

<200 <200 30.8

Host factors are believed to play a role in the development of lipoatrophy,
including low pre-treatment cd4+ cell counts. A prospective cohort analy-
sis of 337 hiv-infected patients without any signs of lipoatrophy at the ini-
tiation of the study was conducted to identify the factors associated with
the development of lipoatrophy 21 months later. Standardized interview
and physician assessment of clinical signs at each survey were performed.
The incidence of moderate or severe fat loss in the extremities—including
the face—was analyzed for their relationship to immunologic, virologic, clin-
ical, and drug treatment data for each patient.

Forty-four of the 337 (13.1%) patients developed moderate or severe
lipoatrophy between the two surveys. Significant risk factors were white
race, the cd4+ cell count at the time of the second survey (less than vs.
more than 100 cells/mm3), and body mass index less than vs. greater than
24 kg/m2. There was no association with duration of use, initiation, con-
tinuation, or discontinuation of any antiretroviral medication with the
development of lipoatrophy. When the comparisons were controlled for the
severity of hiv illness, there appeared to be little, if any, effect of any an-
tiretroviral agent or class of agents on the development of lipoatrophy.
Source: Lichtenstein, 2002.
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fat measurements seen in cohorts of patients with lipoatrophy. The
mean limb fat measurements seen in the tenofovir group are similar to
limb fat measurements seen in our cohort of hiv-negative healthy
controls at St. Luke’s-Roosevelt Hospital.”

Dr. Kotler hinted at the possibility that the results of Gilead study 903
and actg 384—along with those of other similar studies and the actual
experiences and observations of clinicians—are shaping attitudes toward
the use of stavudine as a component of first-line therapy. “Clinicians who
are starting their patients on therapy now are going to be less likely to
start their patients on a regimen that contains stavudine, or didanosine,
than they were several years ago,” he said. “We still have to do something
for those who already have lipoatrophy and need to do something
about it. But for patients beginning therapy today, it really does look like
we know what to avoid. In a sense, this could mark the end of lipoat-
rophy, at least new cases of it.” 

Careful selection of a protease inhibitor is also important in terms of
avoiding morphologic side effects of antiretroviral therapy. While it has
been known, for quite some time, that atazanavir (Reyataz) does not cause
the same lipid abnormalities as the other currently available protease in-
hibitors, only recently have data emerged indicating that atazanavir
may be less likely to cause changes to body fat composition as well. 

bms-034 compared outcomes of 810 antiretroviral-naive patients
randomized to receive either atazanavir or efavirenz, in combination
with zidovudine and lamivudine (Noor, 2004). A metabolic substudy was
also conducted and included both dexa scans, to measure truncal fat and
appendicular fat, and ct scans, to measure sat and visceral adipose 
tissue (vat). Two-hundred eleven patients were included in the metabolic
study, which compared data collected at baseline with data collected at
48 weeks. 

In short, patterns of fat gain were similar in the atazanavir and
the efavirenz groups. Moderate increase in truncal fat and appendicu-
lar fat were seen in both groups, with no significant differences between
the two. Similarly, moderate increases in sat and vat were seen in
both groups, again with no significant differences between the two.
“With these data,” Dr. Kotler commented, “it also looks like the pro-
moting effect of lipoatrophy from protease inhibitors may be avoidable.”

Switching Therapies
for hiv-positive patients who develop lipoatrophy while on a 
selected regimen, new data indicate that switching an offending drug
for a compound less likely to cause this complication does offer some
benefit. The data reviewed by Dr. Kotler comes from the mitox study,
conducted in Australia and the United Kingdom, which set out to de-
termine if long-term improvement in hiv lipoatrophy can be attained
by substituting the thymidine analogues zidovudine or stavudine with
the guanosine analogue abacavir (Martin, 2004). Forty-two patients
with lipoatrophy were randomized to switch from either zidovudine or
stavudine to abacavir while continuing their other previously selected
antiretroviral drugs. Forty-three patients with lipoatrophy served as
controls and were continued on their previously selected, thymidine-ana-
logue inclusive, regimen without switching. At week 24, 23 control
patients switched to abacavir. Twenty-nine patients remained on abacavir
for the entire 104-week follow-up period. Limb fat mass was measured
using dexa scans. 

At week 104, the mean increase in limb fat among those originally
randomized to receive abacavir was 1.38 kg, compared to a mean in-
crease in limb fat of 0.24 among those who remained on a thymidine
analogue for the entire study period. “This is actually the best of the

data,” Dr. Kotler commented. “All of the other studies show statistical-
ly significant, but clinically unapparent, changes. So, while we do see
some benefit associated with switching, the best solution is to avoid the
problem in the first place.” 

In a study reported in February at the 12th Conference on Retro-
viruses and Opportunistic Infection (croi), Dr. Graeme Moyle and his
colleagues evaluated a switch to either abacavir (Ziagen) or tenofovir as
a replacement for either zidovudine or stavudine in patients with mod-
erate-to-severe lipoatrophy (Moyle, 2005). One-hundred five patients were
enrolled in the study, all of whom had been on a zidovudine- or stavu-
dine-inclusive regimen and had undetectable viral loads for at least 24
weeks. The patients stopped their zidovudine or stavudine and were ran-
domized to receive either abacavir or tenofovir, in combination with their
other antiretroviral agents.

By week 48, more patients discontinued abacavir (15%) than tenofovir
(6%), primarily because of hypersensitivity reactions. Significant in-
creases in limb fat, compared to baseline values, were reported in both
the abacavir and tenofovir groups. The increases in limb fat were most
pronounced in patients who switched from stavudine. Patients who
were randomized to tenofovir were significantly more likely to experience
decreases in total cholesterol and triglycerides than those randomized to
receive abacavir. There were no significant differences in virologic or im-
munologic parameters between the two groups after 48 weeks.

Preliminary data from aactg 5110 were also presented at the 12th
croi, evaluating the effects of switching from zidovudine or stavudine
to abacavir or dropping all nrtis entirely by way of a switch to lopinavir/ri-
tonavir (Kaletra) plus nevirapine (Viramune) (Murphy, 2004). A total of
101 patients were enrolled in the study. One-third of the patients dropped
their zidovudine or stavudine for abacavir upon starting the study, another
third switched to nevirapine/lopinavir/ritonavir upon starting the study,
and the final third delayed any switch for 24 weeks. 

After 24 weeks, there was an 8% increase in limb fat among patients
who immediately switched to the nrti-sparing regimen, compared to no
change—either for the better or for the worst—among patients who
switched their stavudine or zidovudine for abacavir. A 3% decrease in
limb fat was documented in the patients who remained on stavudine or
zidovudine for the first 24 weeks of the study. Subcutaneous abdominal
fat increased in both switch groups, compared to steady or further de-
creasing subcutaneous abdominal fat in those who delayed switching. No
lipid data were reported by the investigators at croi.  

Treating Lipoatrophy
in vitro studies have demonstrated that thiazolidinediones—
typically used in the management of diabetes—stimulate pparγ and in-
crease adipogenesis, meaning that they are potentially useful as a treat-
ment to reverse lipoatrophy. Clinical trials, involving diabetic patients
without hiv infection, have demonstrated that their use are associated
with increased sat and decreased vat.

There have been a handful of studies evaluating either rosiglitazone
(Avandia) or pioglitazone (Actos) as potential treatments for lipoatro-
phy—and underlying metabolic complications—in hiv-infected pa-
tients. Unfortunately, the results of these studies have yielded con-
flicting results (see Table 2). Dr. Kotler briefly reviewed the results of five
studies. Three studies—two open-label evaluations and one randomized,
placebo-controlled trial—demonstrated statistically significant increases
in sat (Calmy, 2001; Gelato, 2002; Hadigan, 2004). One of these three
studies also demonstrated a statistically significant decrease in vat
(Gelato, 2002). Neither of the other two studies demonstrated a signif-
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icant increase in sat or a decrease in vat (Sutinen, 2002; Carr, 2004). 
As was reviewed in the December 2004 issue of The prn Notebook,

and was discussed in great detail in a panel prn presentation held in
February 2005, plastic surgery and other restorative modalities are
gaining momentum among hiv-infected patients who have grown
frustrated with the stigma and poor self-image that accompanies lipoa-
trophy. “Removal of buffalo humps through plastic surgery is one op-
tion,” Dr. Kotler said, “but as many as 50% of patients who undergo this
procedure see a recurrence.” As for correction of facial and buttock lipoa-
trophy, Dr. Kotler explained that approximately 20 options are available
through the international market, mostly in Europe. But permanent and
non-permanent fillers are available, although Sculptra—a non-perma-
nent filler—is the only product to be approved by the U.S. Food and
Drug Administration specifically for the restoration of facial fat loss.
“Bovine collagen for lipoatrophy is the most widely used method in the
United States,” he said. “It is associated with few adverse events, but is
reabsorbed over three to six months. As for autologous fat transfer, this
has proved difficult in lipoatrophic patients. If fat is harvested from dor-
socervical fat pads”—some surgeons have done this, especially when
there is a lack of sat that can be harvested from other parts of the
body—“it appears to endure longer than sat as a facial implant, but there
is the possibility that it will continue to grow.” 

Truncal Obesity
attempts to come up with a case definition for lipodystrophy
have been fraught with contradictions. For example, some data have led
experts to question the assumption that the two main morphologic
complications—lipoatrophy and truncal obesity—being seen in hiv-pos-
itive patients can actually be categorized as being of the same syn-
drome. A prime example of this can be found in data from the Fat Re-
distribution and Metabolic Change (fram) study, a multi-site, cross-sec-
tional cohort (Gripshover, 2003).

fram randomly selected 1200 hiv-positive patients through various
hiv research sites in the United States and 300 hiv-negative controls
(randomly selected from the Coronary Artery Disease Risk Development
in Young Adults [cardia] study, sponsored by The National Heart,
Lung, and Blood Institute). This allowed for a number of key compar-
isons using two distinct patient populations. fram was not conducted
with any preconceived notions as to what the syndrome is. And for fac-
tors to be considered a part of an hiv-specific syndrome, there needed
to be statistically significant differences between the hiv-positive patients

and the hiv-negative controls. There also needed to be statistically sig-
nificant positive associations between two factors for them to be included
in the same syndrome.

With respect to lipoatrophy, hiv-positive men in the fram study were
significantly more likely to self-report peripheral fat loss—in the cheeks,
face, arms, legs, and buttocks—whereas hiv-negative controls were
more likely to report gains in peripheral fat. Using mri, the fram in-
vestigators found that hiv-positive men, regardless of whether or not
they self-reported lipoatrophy, had significantly less sat than hiv-neg-
ative controls. And among the hiv-positive men, mri evidence of lipoa-
trophy was more pronounced in those who did self-report lipoatrophy
than those who did not. Peripheral fat in the legs suffered the most pro-
found loss, followed in decreasing order by peripheral fat in the arms,
lower torso, upper torso, and back.

Perhaps the most striking and unexpected finding was the com-
parison of vat content between the two groups. The hiv-positive sub-
jects were no more likely than the hiv-negative controls to self-report in-
creases in abdominal fat. Turning to the mri data, the fram investiga-
tors determined that vat was somewhat lower in the hiv-positive pa-
tients when compared to the hiv-negative controls—a finding that
was statistically significant. In other words, Dr. Kotler explained, there
was no linkage between fat lipoatrophy and fat accumulation. hiv-
positive patients with lipoatrophy weren’t any more likely to experi-
ence changes in vat than hiv-positive patients without lipoatrophy.

At odds with these preliminary study results are data from another
study reported at the 44th Interscience Conference on Antimicrobial
Agents and Chemotherapy, held in November 2004 (Saag, 2004). This
study involved a group of male patients who had waist circumferences
greater than 88.2 cm and waist-to-hip ratios greater than 95. A number
of characteristics were examined and results from 207 hiv-infected
men were compared with results from a control group of 144 hiv-
negative men. vat and sat were measured by ct scans in the hiv-in-
fected men and by mri in the hiv-negative men.

The hiv-infected men had a significantly greater amount of vat than
did hiv-negative men with the same waist circumference. Through mul-
tiple logistic regression analyses, the investigators determined that bmi
and age had minimal impact on differences between the hiv-infected men
and the hiv-negative men. While these data suggest that hiv infection is
associated with the accumulation of vat, weaknesses of this study are ap-
parent. For starters, it is not an epidemiologic study; participants were re-
cruited on the basis of existing accumulation of central adipose tissue.
Moreover, the data do not allow for a clear differentiation between the two

TABLE 2. Effect of Glitazones on Lipoatrophy
Study Design N= Insulin resistance vat sat

Gelato, 2002 Open label 8 Decrease Decrease Increase

Sutinen, 2002 Randomized, controlled 30 Decrease No significant change No significant change

Calmy, 2001 Open label 11 Decrease No significant change Increase

Hadigan, 2004 Randomized, controlled 28 Decrease No significant change Increase

Carr, 2004 Randomized, controlled 108 Decrease No significant change No significant change

There have been a handful of studies evaluating “glitazones”—either rosiglitazone (Avandia) or pioglitazone (Actos)—as potential treatments for lipoa-
trophy and underlying metabolic complications in hiv-infected patients. The results of these studies, including the five referenced here, have yielded
conflicting results. Three studies (Calmy, 2001; Gelato, 2002; Hadigan, 2004)—two open-label evaluations and one randomized, placebo-controlled 
trial—demonstrated statistically significant increases in sat. One of these three studies (Gelato, 2002) also demonstrated a statistically significant de-
crease in visceral adipose tissue (vat). Neither of the other two studies (Sutinen, 2002; Carr, 2004) demonstrated a significant increase in subcutaneous
adipose tissue (sat) or a decrease in vat.
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factors that may account for the observed vat increase: an actual higher
absolute quantity of vat or a lower absolute sat due to lipoatrophy. “I’m
not sure what’s going on,” Dr. Kotler commented. “We do see an increase
in vat among hiv-infected patients, but we also see an increase in vat
among hiv-negative patients as well. So it’s not clear what we’re seeing:
a significant difference in vat among hiv-positive patients or, more like-
ly, significant decreases in sat that are skewing vat comparisons be-
tween hiv-positive patients and hiv-negative people.” 

Management of Truncal Obesity
“regardless of what’s causing visceral fat accumulation, whether
it’s seen more or less in hiv or which antiretroviral agents it is associ-
ated with, it’s still a problem that needs to be dealt with,” Dr. Kotler said.
“In some ways, we need to get over the whole argument about what it
is and focus on finding and using an effective treatment. And the only
treatment that groups have really looked at so far is growth hormone.” 

Some of the more recent data involving recombinant human growth
hormone (rhgh) for truncal obesity was reported at the 11th Conference
on Retroviruses and Opportunistic Infections, held in San Francisco in
February 2004 (Kotler, 2004). This prospective, multicenter, randomized,
dose-finding extension study evaluated the efficacy and safety of rhgh
maintenance therapy, 1 mg or 2 mg daily, to sustain reductions of vat
and cholesterol concentrations achieved using higher-dose rhgh. In the
original study—dubbed the Serostim for the Treatment of Adipose Re-
distribution Syndrome (stars) trial—rhgh doses of 4 mg a day for 12
weeks significantly reduced trunk fat, vat, total cholesterol, and non-hdl
cholesterol, compared to placebo (see Figure 2).

Subjects in the reported extension study included 142 hiv-positive
patients with excess vat, without glucose intolerance, who initially had
been randomized to rhgh 4 mg/day, alternate-day rhgh therapy, or to
placebo in the stars trial for 24 weeks, and then were re-randomized to
rhgh 4 mg/day or alternate days for the first 12 weeks (weeks 24 to 36
from initiation of the stars trial). Subsequently, 127 were re-randomized
to receive 24 weeks of maintenance therapy (1 mg or 2 mg daily) for an
additional 24 weeks (36 to 60 weeks from stars trial baseline). 

Among clinical endpoints assessed (at baseline, weeks 12, 24, 36, and
60) were trunk fat (measured using dexa scans), total cholesterol, non-
hdl cholesterol, and glucose tolerance testing. 

Significant reductions from the start of the stars trial to week 60
were found in both the 1 mg and 2 mg maintenance groups for trunk
fat (–1.1 and –1.4 kg from 9.5 and 9.8 kg respectively), non-hdl cho-
lesterol (–21.2 and –23.8 from 175.6 and 172.1 mg/dL respectively), and
total cholesterol (–16.9 and –18.5 from baselines of 213.0 and 209.2
mg/dL respectively). There were no between-group differences in any
parameters from baseline to weeks 36 or 60 among patients who re-
ceived growth hormone 1 mg or 2 mg maintenance therapy, nor were
there any significant differences in the incidence of common adverse
events, with the exception of arthralgia—12.5% on 2 mg and 5.7% on
1 mg—during the 24 weeks that these therapies were administered.

“One of the main side effects we worry about with Serostim, espe-
cially when using superphysiologic doses of the drug, is insulin resis-
tance,” Dr. Kotler explained. “We saw an increase out to 36 weeks, but
the insulin levels came back down after 60 weeks, but they didn’t quite
come back down to normal. If we’re talking about trying to reduce
cardiovascular risk by reducing cholesterol, we still need to be con-
cerned about increased insulin levels. Fortunately, there will be at least
one study evaluating growth hormone in combination with rosiglitazone,
aimed at patients with vat accumulation and insulin resistance.”

The study Dr. Kotler referred to is being funded by the National In-
situtes of Health and will be conducted at St. Luke’s-Roosevelt Hospital
and on both campuses (Cornell and Columbia) of New York Presbyterian
Hospital. For the first 12 weeks of the study, patients will be randomized
evenly to receive either rhgh (2 mg every other day) plus rosiglitazone (4
mg twice daily), rhgh plus rosiglitazone placebo, rhgh placebo plus
rosiglitazone, or rhgh placebo plus rosiglitazone placebo. For weeks 13
through 24, all study participants will receive open-label rhgh plus
rosiglitazone. All subjects will undergo oral glucose tolerance testing with
insulin levels at screening at weeks 4, 12, and 24 and will undergo in-
travenous glucose tolerance tests at entry and week 12. Basal free fat-
ty acid flux, resting energy expenditure, and energy intake will also be de-
termined at entry and week 12. Patients will also undergo total body mri
scanning at St. Luke’s-Roosevelt at entry, week 12, and week 24 to mea-
sure vat and sat. dexa scans and sodium bromide and deuterated wa-
ter dilution tests will also be done at entry and week 12.

Conclusion
in summary, dr. kotler reiterated his belief that new incidences
of lipoatrophy in the United States may soon be on the decline, given
the awareness among clinicians that stavudine can and should be
avoided where possible. “As for the incidence of lipoatrophy in the de-
veloping world,” Dr. Kotler added, “we need to pay close attention to the
medications that are recommended and the medications that actually
make their way into the hands of patients in poor nations. But in de-
veloped nations, where there are numerous antiretrovirals to choose
from, we’re probably on the cusp of seeing a decrease—and quite pos-
sibly the disappearance—of new cases of lipoatrophy. Of course, there
will still be a residual burden of patients who have already developed
lipoatrophy and will continue to need care and treatment options for it.” 
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FIGURE 2. rhgh Maintenance Therapy for Truncal Obesity

Preliminary results from a prospective, multicenter, randomized, dose-
finding extension study evaluating the efficacy and safety of recombinant
human growth hormone (rhgh) maintenance therapy, 1 mg or 2 mg 
daily, to sustain reductions of vat achieved using higher-dose rhgh. In the
original study—dubbed the Serostim for the Treatment of Adipose Re-
distribution Syndrome (stars) trial—rhgh doses of 4 mg a day for 12
weeks significantly reduced trunk fat, vat, total cholesterol, and non-hdl
cholesterol, compared to placebo.

Significant reductions from the start of the stars trial to week 60 were
found in both the 1 mg and 2 mg maintenance groups for trunk fat (–1.1
and –1.4 kg from 9.5 and 9.8 kg respectively). There were no between-
group differences in any parameters from baseline to weeks 36 or 60
among patients who received growth hormone 1 mg or 2 mg mainte-
nance therapy.  

Source: Kotler, 2004.
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As for truncal obesity, Dr. Kotler reckons that both its incidence and
prevalence will continue and that it will continue to be difficult to dis-
tinguish it from the metabolic syndrome not associated with hiv, since
that may be the major pathogenesis influence. “I don’t really care who wins
the argument about what’s causing truncal obesity and metabolic prob-
lems,” he said. “The fact is, these problems are bad for our patients, no
matter what the cause is. Fortunately, we’re beginning to see some data
that may allow clinicians to select regimens that are less likely to cause
these problems, which appears to be the best current solution.” 
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(continued from page 7)

MMCs vs. PBMCs
to evaluate the impact of hiv infection
on the patient’s mucosal mononuclear cells
(mmc) as compared to pbmcs, he agreed to
undergo sigmoidoscopy and to allow a biop-
sy. In short, he had severe cd4+ cell deple-
tion in both pbmc and mmc, much more
so than is typically seen in other newly in-
fected patients. Also noted was significant
depletion in subpopulations of cells that ex-
press either cxcr4 alone or cxcr4 in con-
junction with  ccr5. Taken together, these re-
sults demonstrated marked depletion of
cd4+ cells in his gastrointestinal tract as
well as in blood. Moreover, the profound
loss of cxcr4+ cells from blood and gut is
not only striking, but also suggestive of the
functional dominance of X4 viral variants
in vivo in this case.

Host (Genetic) Factors in 
Rapid Progression?
the rapid disease progression in this
patient prompted the adarc investigators
to examine the possibility that he has a ge-
netic predisposition to accelerated disease

progression. However, no hla Class I or
Class II genotypes typically associated with
rapid progression were found. A larger pan-
el of disease accelerating genetic markers is
now being examined.

Viral Sequence Analysis
the adarc group has also characterized
the genomic diversity of this patient’s hiv.
dna extracted from his pbmc was subject to
limiting-dilution pcr to amplify a region of
gag p17 and env V3. The average intra-sam-
ple diversity for the p17 sequences was quite
small (0.4%), and slightly higher for the V3

sequences (1.7%). This homogeneity of the
viral population, Drs. Markowitz and Ho
commented, is consistent with early hiv in-
fection. However, both investigators admit
that it is difficult to use this sort of genetic
data to determine when this patient became
infected by the virus.

Conclusions
rapid disease progression following 
acute hiv infection has been described pre-
viously, as has the transmission of mdr virus-
es. The unique feature in this case is the
convergence of the two phenomena: the

transmission of an mdr hiv variant and the
extremely rapid disease progression. This,
virtually all experts agree, is an extremely
rare occurrence.  

Of course, questions do remain. Does
this case represent an anomaly or is it the
first of a new cluster of recent rapidly pro-
gressive, drug-resistant infections that have
yet to be documented? Is the rapid progres-
sion seen in this patient unequivocally as-
sociated with the dual-tropic infection? Or is
it possible that host genetics or environ-
mental factors, such as heavy crystal
methamphetamine use, are cofactors? With
only one case of this nature documented,
concrete answers to these questions may be
difficult to come by.

Still, this case report undeniably under-
scores the very real risk of hiv infection in
this day and age. Intensification of hiv pre-
vention and early diagnosis efforts must be
reinforced, with particular emphasis on the
epidemic that is being propelled by the use
of methamphetamine. However, in so do-
ing, care must be taken to avoid punitive
measures against the populations most vul-
nerable to hiv. 


