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Objectives: To compare the incidence of clinical lipodystrophy in HIV-1-infected
patients receiving zidovudine or stavudine, in combination with indinavir and lamivu-
dine, in a randomized trial.

Methods: NOVAVIR was a randomized multicentre trial comparing stavudine/lamivu-
dine/indinavir and zidovudine/lamivudine/indinavir in 170 patients pretreated with
zidovudine, didanosine or zalcitabine (> 6 months), but naive for lamivudine,
stavudine and protease inhibitors. The incidence of clinical lipodystrophy and meta-
bolic abnormalities was assessed in a subgroup of 101 patients after 30 months of
follow-up.

Results: The incidence of lipoatrophy was increased in the stavudine arm versus the
zidovudine arm, as followed: facial atrophy: 48 versus 22% of patients, P=0.011,
lower limb atrophy: 49 versus 22% of patients, P = 0.006, buttock atrophy: 47 versus
20% of patients, P= 0.009, venomegaly: 57 versus 24% of patients, P= 0.001. There
was no significant difference in the incidence of clinical signs of central fat accumula-
tion nor in fasting metabolic parameters at month 30 between the two arms. In
multivariate analyses, the stavudine arm, previous therapy with didanosine, and a
lower CD4 cell count at study entry were associated with an increased risk of
lipoatrophy, whereas older patients and women had an increased risk of lipohyper-
trophy.

Conclusion: Patients receiving stavudine/lamivudine/indinavir had a greater rate of
clinical lipodystrophy, mainly lipoatrophy, than those treated with zidovudine/lamivu-
dine/indinavir. © 2002 Lippincott Williams & Wilkins
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HIV-infected individuals receiving HAART [3]. This

Highly active antiretroviral therapy (HAART) for

HIV-1 therapy

was described a lipodystrophy syndrome occurring in

syndrome is characterized by body fat redistribution
loading to peripheral fat wasting and central adiposity.
has decreased AIDS-related mortality Metabolic abnormalities have also been reported, such
[1,2]. However, coincident with these advances, as elevated triglyceride and cholesterol levels, and
insulin resistance or type 2 diabetes mellitus. It is still
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unclear whether morphological changes and metabolic
abnormalities are related or if they represent several
distinct conditions.

The prevalence of lipodystrophy varies widely, because
of the lack of a consistent definition, variability in
diagnostic techniques, and various durations of follow-
up. It ranges from 5 to 83% in patients receiving a
protease inhibitor (PI) [3,4]. Although the initial
identification of this syndrome was coincident with the
widespread use of Pl-containing regimens, more recent
reports have concluded that it may occur in the
absence of PI [5,6], and the aetiology of this syndrome
remains unclear. The clinical changes, particularly
lipoatrophy, have a major psychological impact that
may alter the desire to continue antiretroviral therapy.

In both Pl-sparing or in Pl-containing regimens, the
role of nucleoside reverse transcriptase inhibitors
(NRTI) in the occurrence of lipodystrophy has been
studied in retrospective, non-randomized studies. Stav-
udine was shown in different studies to be associated
with a higher relative risk for the development of
lipodystrophy (primarily fat loss) [4,7—9]. Few random-
ized studies have evaluated the role of NRTI in
lipoatrophy [10—12].

NOVAVIR is a randomized multicentre trial compar-
ing the activity and toxicity of lamivudine and indina-
vir, in combination with zidovudine or stavudine, in
patients previously exposed to zidovudine, didanosine
or zalcitabine, but naive for stavudine, lamivudine and
PI. Antiviral activity and toxicity were similar in both
arms after 18 months follow-up [13]. The incidence of
clinical lipodystrophy and metabolic abnormalities was
assessed in a subgroup of patients after 30 months of
follow-up. As the two arms differed only by the
NRTI, zidovudine or stavudine, associated with lami-
vudine and indinavir, this trial gives the opportunity to
assess the influence of stavudine versus zidovudine on
the occurrence of lipodystrophy in a randomized trial.

Materials and methods

NOVAVIR trial

The NOVAVIR design has been described elsewhere
[13]. Briefly, NOVAVIR was a randomized, multi-
centre open-label trial that compared the safety and
efficacy of stavudine versus zidovudine in combination
with lamivudine plus indinavir in patients pretreated
with zidovudine, didanosine, or zalcitabine, but naive
for stavudine, lamivudine and PI. Randomization was
performed centrally in a 1:1 ratio, with stratification
according to the HIV-RNA copy number in the
plasma at the time of screening (10000 copies/ml or
fewer versus more than 10000 copies/ml). Patients

who completed 18 months of study were allowed to
continue in an extension phase that followed patients
for 12 additional months. Zidovudine was given as
250-300 mg twice a day, lamivudine as 150 mg twice
a day, stavudine as 40 mg twice a day (30 mg for
patients weighing less than 60 kg) and indinavir as
800 mg every 8h. Patients were advised to take
indinavir on an empty stomach. The patients enrolled
had documented HIV-1 infection, as determined by
positive enzyme-linked immunosorbent assay con-
firmed by Western blot, were aged 18 years or older,
and had more than 6 months previous zidovudine,
didanosine or zalcitabine cumulative treatment, either
as monotherapy or in combination. Patients had HIV-1
plasma RNA levels between 5000 and 200 000 copies/
ml. The primary measure of antiretroviral activity was
the time to virological failure, defined as the first HIV-
RNA level greater than 5000 copies/ml after at least 8
weeks of therapy, confirmed in a second specimen.
The trial was run in 43 centres in France.

Lipodystrophy substudy

The lipodystrophy substudy was a cross-sectional study
performed at the end of extended follow-up, i.e. 30
months after the initiation of a PI-containing regimen.
The study was run from January 2000 to May 2001.
Demographic factors, body mass index, CDC stage,
drug treatment history, baseline CD4 cell count and
viral load were obtained from the NOVAVIR database.
Fasting glucose, triglyceride and cholesterol blood
levels and body shape changes were assessed. Fat
redistribution was evaluated through a standardized
questionnaire. Body areas evaluated included buffalo
neck, increased breast size, increased waist size, in-
creased abdomen wall thickness, increased neck size,
sunken cheeks, lower limb atrophy, upper limb atro-
phy, buttock atrophy and veinomegaly. The presence
of these signs was based on patient and physician
agreement. We could thus determine the proportion of
patients with none or at least one symptom of per-
ipheral atrophy or fat accumulation. Because of a lack
of clear definition of the lipodystrophy syndrome, we
also investigated prognostic factors in patients with one
or two symptoms (moderate) and with three or more
symptoms (severe) of peripheral atrophy or fat accumu-
lation. Cholesterol, trigyceride and glucose blood le-
vels, CD4 cell count and viral load were routinely
determined in each clinical site at the time of lipody-
strophy evaluation.

Statistical analysis

The Kruskal-Wallis test for continuous variables and
Fisher’s exact test for categorical variables were used to
compare baseline characteristics between groups of
patients. The Wilcoxon two-sample test was used to
test for no differences in continuous variables (meta-
bolic parameters) by categorical variables (treatment
groups). Fisher’s exact test was used to test the ass-
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ociation between categorical variables (body shape
changes). Risk factors of lipoatrophy, and lipohypertro-
phy were assessed using logistic regression models.
Response variables in regression models were either a
binary response (none versus at least one sign), or an
ordinal response (none, one or two, or three or more
signs). For an ordinal response with three response
levels, we used a polytomous regression model with
two cumulative logits to determine predictors of more
signs of lipoatrophy or lipohypertrophy [14]. These
cumulative logits are the log odds of three or more
signs of lipoatrophy or lipohypertrophy to one or two
signs or no signs, and the log odds of one or more signs
of lipoatrophy or lipohypertrophy to no signs. Many
variables were considered in univariate analyses, includ-
ing sex, randomized group, age, HIV-1-RNA level in
logip copies/ml at baseline, CD4 cell count at baseline,
changes in CD#4 cell count from baseline to month 30,
duration of previous therapy, and previous NRTI
received (zidovudine plus didanosine versus zidovudine
plus zalcitabine). Stepwise logistic regression was used
to determine independent prognostic factors among
those in which the univariate P-value was lower than
0.20. All data were analysed using the SAS statistical
analysis software (version 8; SAS Institute, Cary, NC,
USA).

Results

Background

One hundred and seventy patients were randomly
assigned in NOVAVIR into stavudine/lamivudine/
indinavir or zidovudine/lamivudine/indinavir and were
followed for 18 months. Before month 18, virological
failure occurred in 14 patients (16%) receiving stavu-
dine plus lamivudine plus indinavir and 15 patients
(18%) receiving zidovudine plus lamivudine plus in-
dinavir, with no statistical difference between the
treatment arms (log-rank test, P=0.98) [13]. As
recommended by the Data Safety Monitoring Board,
patients who did not fail and who had HIV-1-RNA
levels below 5000 copies/ml at month 18 were asked
to participate in a 12 month extended follow-up, in an
attempt to assess the duration of the antiviral activity of
treatment. The primary endpoint was reached in a
further six patients during the extended follow-up,
three failures in each arm, with again no statistical
difference between both groups (log-rank test
P=10.98). At month 18, 67 and 73% of patients had
HIV-1-RNA levels below 500 copies/ml in the stavu-
dine and the zidovudine arms, respectively, with no
statistical difference between the two groups (P =
0.50). At the end of the extended follow-up, the
proportion of patients with less than 500 copies/ml was
76 and 78% in the stavudine and the zidovudine arms,
respectively.

Population of patients

The 12 months extended follow-up was run in 115
patients (68%) out of the 170 patients. One hundred
and one patients were included in the lipodystrophy
substudy: 47 patients in the stavudine arm and 54
patients in the zidovudine arm. Characteristics at
baseline, i.e. at day O (start of NOVAVIR study),
were well balanced across treatment arms of the
lipodystrophy substudy, and did not differ from base-
line characteristics of the whole population of the trial
(Table 1).

At the time of lipodystrophy evaluation, 30 months
after randomization, the median CD4 cell counts were
551 and 507 cells/mm?®, in the stavudine and the
zidovudine arms, respectively, consecutive to a median
increase from baseline of 272 and 237 cells/mm?,
respectively. Similar increases in CD4 cell counts in the
whole NOVAVIR population were observed with 260
and 237 cells/mm’ in the stavudine and zidovudine
arms, respectively. The HIV-RNA level was below
500 copies/ml in 81% of patients in both the stavudine
and zidovudine arms, compared with 78 and 84% of
the whole population of patients, in the stavudine and
the zidovudine arms, respectively. At month 30, 45
(96%) and 47 (87%) patients in the lipodystrophy
substudy were still assigned to stavudine and zidovu-
dine in the stavudine and zidovudine arms, respec-
tively. Forty (85%) and 47 (87%) patients were still
receiving indinavir in the stavudine and zidovudine
arms, respectively.

Metabolic parameters

At month 30, there was no significant difference
between the two arms in the median value of blood
levels of fasting cholesterol [5.29, interquartile range
(IQR) 4.3—6.3, and 5.40, IQR 4.6—6.3 mmol/] in the
stavudine and the zidovudine arms, respectively;
P=0.73], triglycerides (1.5, IQR 1.1-2.3, and 1.6,
IQR 1.1-2.4 mmol/] in the stavudine and zidovudine
arms, respectively; P=0.98) and glucose (5.1, IQR
4.7-5.8, and 5.1, IQR 4.7-5.7 mmol/] in the stavu-
dine and zidovudine arms, respectively; P = 0.62). The
percentages of patients with the occurrence of minor
(grade 1) or worse increases of cholesterol, triglyceride,
and glucose levels were no different between the two
treatments arms. Eight patients (8%) received lipid-
lowering agents (seven and one in the stavudine and
zidovudine arms, respectively, Fisher’s exact test P =

0.024).

Body shape changes

Twenty-three patients had only lipoatrophy, 11 pa-
tients had only lipohypertrophy, and 33 patients had
mixed lipodystrophy. Eight patients had three or more
clinical signs of both peripheral fat depletion and
central fat accumulation.
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Table 1. Characteristics of patients at baseline (start of NOVAVIR study).

Lipodystrophy substudy NOVAVIR study
d4T + 3TC + IDV ZDV +3TC + IDV Total
(n=47) (n=54) (n=170)
Sex, no. (%) male 38 (81) 44 (81) 135 (79)
Age, years
Median 38 39 37
25-75% 32-42 34-49 33-44
Previous NRTI
Median duration (months) 21.6 24.0 19.5
25-75% 12-47 13-49 12-37.9
N (%) patients exposed to:
ZDV/ddI 32 (68) 32(59) 89 (52)
ZDV/ddC 16 (34) 27 (50) 64 (38)
ZDV/ddC and ZDV/ddI (2) 6(11) 13 (8)
CDC status, no. (%)
CDC-A 22 (47) 2037) 80 (47)
CDC-B 19 (40) 29 (54) 72 (42)
CDC-C 6(13) 5(9) 18 (11)
CD4 cells/mm?
Median 295 283 291
25-75% 231-358 221-347 221-368
HIV-RNA level, logio copies/ml
Median 4.39 4.29 4.36
25-75% 4.07-4.68 4.05-4.63 4.08-4.66

CDC, Centers for Disease Control and Prevention; ddC, zalcitabine; ddl, didanosine; d4T,
stavudine; 1DV, indinavir; NRTI, nucleoside reverse transcriptase inhibitors; 3TC, lamivudine;

ZDV, zidovudine.

When considering the symptoms of central adiposity
there was no difference in the proportion of patients
with buffalo neck, increased breast size, increased waist
size, increased abdominal wall thickness or increased
neck size (Fig. 1a). Overall, 44% of patients had at
least one clinical sign of central fat accumulation.
When considering symptoms of peripheral fat deple-
tion, patients in the stavudine arm more frequently
had facial atrophy (48 versus 22%, P = 0.011), lower
limb atrophy (49 versus 22%, P = 0.006), buttock
atrophy (47 versus 20%, P = 0.009) and venomegaly
(57 wversus 24%, P =0.001) than patients in the
zidovudine arm (Fig. 1b). In the stavudine arm,
patients less frequently had no sign of lipoatrophy than
in the zidovudine arm (30 versus 57% of patients,
P =10.009). Overall, the proportion of patients with
none, one or two, or three or more clinical signs of
lipoatrophy was different between the two arms (Fig.
2a, P=0.013). In the stavudine arm, there was a trend
towards more patients with one or two clinical signs
of fat accumulation than in the zidovudine arm (Fig.
2b; P=10.14).

The median body mass indexes were 22.2 (IQR 20.3—
23.9) and 22.5 (IQR 20.7-24.7) in the stavudine and
zidovudine arms, respectively, with no statistical differ-
ence (P = 0.49).
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Fig. 1. Proportion of patients with central fat accumulation
(@) or peripheral fat depletion (b) according to each body
area, in the zidovudine and stavudine arms. [0 Zidovudine
arm; B stavudine arm. *Means significantly different from
zidovudine arm, P < 0.05.
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Fig. 2. Proportion of patients with none, one or two, or three or more body sites with peripheral fat depletion (a) or central fat
accumulation (b), in the zidovudine and stavudine arms. O Zidovudine arm; B stavudine arm. Body sites with peripheral fat
depletion or central fat accumulation are those reported in Fig. 1.

Risk factors of lipodystrophy

In multivariate analysis, using a binary response to
define the occurrence of lipoatrophy, patients in the
stavudine group were significantly more likely to
develop peripheral fat depletion than patients in the
zidovudine group, as patients who had received pre-
vious therapy with didanosine compared with zalcita-
bine and patients with lower CD4 cell counts at study
entry. When an ordinal response was investigated for
lipoatrophy, the final model provided that the stavu-
dine arm, and previous therapy with didanosine were
independently associated with the development of
peripheral fat depletion. For example, patients ran-
domly assigned into the stavudine arm had 3.26 times
higher odds of having more signs of lipoatrophy as
patients randomly assigned into the zidovudine arm,
both for three or more signs versus two or less signs
and for one or more signs versus no sign of lipoatrophy

(Table 2).

Univariate analysis of the occurrence of lipohypertro-
phy resulted in a significant association with age when
a binary response was used, and in addition, with sex,
randomization group and CD4 cell count at baseline
when an ordinal response was modelled. Final models
indicated that the increased risk of older patients
remained statistically significant when a binary response
was used, and that older patients and women had an
independent increased risk of central fat accumulation
when an ordinal response was modelled (Table 2).

Discussion

The lipodystrophy syndrome was described less than 2
years after the introduction of PI into routine clinical
practice. Initially assumed to be an effect of PI, this
syndrome was also reported in patients who were PI-
naive.

Different studies have suggested that stavudine could
favour the occurrence of lipoatrophy, but most of them
are cohort studies, and some results are conflicting. As
stavudine had not been used for as long as zidovudine,
didanosine and zalcitabine, there is potential bias in
cohort studies. Few randomized studies evaluated the
role of NRTI in lipoatrophy. The ALBI study [10]
compared the toxicity of zidovudine/lamivudine and
stavudine/didanosine, and thus could not assess the
toxicity of stavudine itself. The Prometheus study [11]
showed an increased risk of lipodystrophy in patients
receiving stavudine in combination with saquinavir/
ritonavir, compared with patients receiving saquinavir/
ritonavir only, but did not assess the specific risk linked
to stavudine compared with other NRTI. Law et al.
[12] compared the risk of lipodystrophy during treat-
ment with three NRTI combinations (zidovudine/
lamivudine, stavudine/lamivudine, stavudine/didano-
sine), with or without indinavir or nevirapine in a
comparative randomized trial. The combination of
stavudine and didanosine was associated with an in-
creased risk of peripheral lipoatrophy, but no specific
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Table 2. Multivariate analysis of factors associated with progression to lipoatrophy or

lipohypertrophy.

Odds P
ratio 95% ClI value

Risk factors of lipoatrophy
Binary regression model
Randomized group (d4T versus ZDV)

CD4 cell count baseline (per 100 cells increase) 0.58
Previous therapy (ZDV + ddl versus ZDV + ddC) 2.54

Polytomous regression model
Randomized group (d4T versus ZDV)

Previous therapy (ZDV = ddI versus ZDV + ddC) 2.46

Risk factors of lipohypertrophy
Binary regression model
Age (per 10 years older)
Polytomous regression model
Sex (female versus male)
Age (per 10 years older)

3.12 1.24-7.81 0.015
0.36-0.93 0.023
1.01-6.39 0.047

3.26 1.43-7.44 0.005

1.05-5.76 0.04

1.73 1.11-2.69 0.015

3.68 1.33-10.17  0.012
1.77 1.18-2.66 0.006

Cl, Confidence interval; ddC, zalcitabine; ddl, didanosine; d4T, stavudine; ZDV, zidovudine.

risk was associated with stavudine itself. The small size
of the sample (21-35 patients per group) may have
precluded the authors from observing a role of stavu-
dine independently from its combination with didano-
sine.

The long-term follow-up of patients enrolled in the
Novavir study provided a unique opportunity to assess
the relative contribution of stavudine in the develop-
ment of the lipodystrophy syndrome, because patients
in that trial had never received stavudine nor PI, had
the same duration of previous antiretroviral therapy
with zidovudine, didanosine or zalcitabine, and were
randomly assigned between stavudine and zidovudine.
All patients received indinavir and had the same dura-
tion of treatment with PI at the time of lipodystrophy
evaluation, thus reducing heterogeneity related to anti-
retroviral treatment duration and type of PI between
the two groups.

In our study, the evaluation of body shape changes was
subjective. Other studies, however, have found good
agreement between lipodystrophy, as assessed by physi-
cians and the use of objective measurements such as
dual energy X-ray absorptiometry [15] or sonography
[16]. The overall frequency of any lipodystrophy
detected in our population was relatively high, but in
agreement with that of other published studies [9,17].
This could result from the inclusion of many distinct
parameters in the body shape evaluation, with lipody-
strophy being reported present as soon as one clinical
symptom was reported.

We found a significantly increased incidence of periph-
eral fat depletion in the stavudine arm. Results obtained
through the standardized questionnaire were confirmed
by measurement of the thigh skinfold thickness in a
subgroup of patients (data not shown). By contrast, the

incidence of metabolic abnormalities did not difter
between the two arms, and the occurrence of lipohy-
pertrophy was not significantly associated with stavu-
dine treatment in multivariate analysis.

Several uncontrolled studies have evaluated the role of
stavudine in the occurrence of lipodystrophy. In a
cohort study, Mallal et al. [18] found that increased
cumulative time on a regimen containing stavudine
significantly increased the risk of fat wasting, compared
with time on a regimen containing zidovudine. Marti-
nez et al. [9] found that, even after adjusting for the
increased risk associated with increasing exposure to
HAART, there was a 16% increased risk of lipoatrophy
associated with each additional exposure to stavudine.
Carr et al. [19] showed the use of stavudine to be
associated with peripheral lipoatrophy, and lamivudine
duration to be associated with abdominal obesity.
Heath et al. [7] reported that, in multivariate analysis,
lipodystrophy was associated with having ever used a
PI and with the duration of stavudine therapy.

Some studies found that fat wasting was more frequent
in patients receiving PI and nucleosides than in patients
receiving nucleosides only [18]. It has also been
suggested that lamivudine causes fat wasting [20]. As in
our study, all patients received indinavir, the synergistic
toxicity of PI and nucleosides could not be evaluated.
It is likely that the backbone treatment of indinavir and
lamivudine increased the toxicity of stavudine.

Mulligan et al. [21] reported that metabolic parameters
and lipoatrophy were independent, but that in patients
with any sign of hypertrophy, a higher maximum for
cholesterol serum levels was observed. This is in
agreement with our data, showing the lack of a
difference in fasting triglyceride, cholesterol and glu-
cose blood levels between the two arms, in spite of an
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increased incidence of lipoatrophy in the stavudine
arm.

The multivariate analysis confirmed the role of the
randomized arm (stavudine versus zidovudine) in the
risk of lipoatrophy. We did not find the duration of
previous antiretroviral therapy exposure to be an addi-
tional independent risk factor for the development of
lipodystrophy, in contrast to many other observational
studies [4,18,20,22]. This may be explained by the
relatively short median time of previous NRTI expo-
sure in our study population, compared with some
observational studies, and is in agreement with data
reported by van der Valk et al. [11], who studied
patients previously exposed to NRTI for a median time
of 94 weeks. We found that previous treatment with
zidovudine plus didanosine increased the risk of lipoa-
trophy compared with zidovudine plus zalcitabine. This
finding had not been reported previously, and cannot
be explained by a longer exposure to didanosine
because we found no difference in the duration of
previous therapy between patients who had received
zidovudine plus didanosine or zidovudine plus zalcita-
bine. Our results confirmed the role of factors other
than drug toxicity in the development of lipodystro-
phy, such as the severity of HIV disease and age,
previously discussed in other studies [4,9,7,17,18].
Drug-induced mitochondrial dysfunction in adipocytes
has been suggested as a potential mechanism for the
induction of lipodystrophy by NRTI [23,24]. As
mitochondrial DNA defects would be expected to
increase with age [25], our finding of age as a predictor
of wasting is consistent with this hypothesis.

There are some caveats in our study. First, this is a
cross-sectional study. Second, the study was based on a
subjective evaluation of body shape changes and was
not blinded; thus, we cannot exclude the possibility
that our findings have been biased by physicians being
more likely to report lipodystrophy in the stavudine-
containing arm. Third, these results were obtained in
only 59% of the trial population, and this may have
introduced some bias and reduced the value of rando-
mization. Finally, these results were observed in the
context of previous exposure to zidovudine, didanosine
or zalcitabine for a median duration of 21.6 months,
and results could be different in a population of
antiretroviral-naive patients.

Conclusion

Patients receiving stavudine/lamivudine/indinavir had
a greater rate of clinical lipodystrophy, mainly lipoatro-
phy, than those treated with zidovudine/lamivudine/
indinavir. The risk of lipoatrophy was enhanced in
patients previously exposed to zidovudine/didanosine

compared with those exposed to zidovudine/zalcita-
bine. The mechanisms involved in stavudine toxicity
and the effect of treatment interruption warrants further
investigations.
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