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Since morphologic changes caused by fat 
redistribution was first reported in subjects receiving 
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Abstract.  The prevalence of and risk factors for lipodystrophy (LD) among patients receiving combined antiretroviral 
treatment (cART) in the Asia-Pacific region are largely unknown.  LD diagnosis was based on the adverse event definition 
from the US NIH Division of AIDS (2004 version), and only cases with a severity grade of ≥ 3 were included.  TAHOD 
patients who had recently commenced cART with ≥ 3 drugs after 1996 from sites which had ever reported LD were included 
in the analysis.  Covariates for the forward multivariate logistic regression model included demographic variables, CDC 
disease classification, baseline CD4 and viral load, hepatitis B/C virus co-infection, and regimen and duration of cART.  LD 
was diagnosed in 217 (10.5%) of 2072 patients.  The median duration of cART was 3.8 (interquartile range, 2.2-5.3) years 
(stavudine, 2.0 (1.0-3.5) years; zidovudine, 1.8 (0.6-3.9) years; and protease inhibitors (PI), 2.6 (1.3-4.5) years).  In the 
multivariate model, factors independently associated with LD included use of stavudine (≤ 2 years vs. no experience: OR 
25.46, p<0.001, > 2 years vs. no experience: OR 14.92, p<0.001), use of PI (> 2.6 years vs. no experience: OR 0.26, p<0.001), 
and total duration of cART (> vs. ≤ 3.8 years: OR 4.84, p<0.001).  The use of stavudine was strongly associated with LD in 
our cohort.  Stavudine-sparing cART strategies are warranted to prevent the occurrence of LD in the Asia-Pacific region.
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combined antiretroviral treatment (cART) in 1998 
[1], lipodystrophy (LD) has become a recognized 
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and the local ethics committee for each site.  Because 
all data transferred to the NCHECR were collected 
in an anonymous fashion and entirely observational, 
informed consent was not obtained, unless specifically 
requested by the local ethics committee.  

Observational TAHOD data aggregated to NCHECR 
by April 2008, involving 17 institutions in 12 countries 
(Appendix), were included in this study.  Patients who 
had recently commenced cART with ≥ 3 antiretroviral 
drugs after 1996 in any TAHOD participating sites 
which had ever reported LD were eligible for the 
analysis.  Patients who had started treatment with < 3 
antiretroviral drugs before 1996 were not included in 
this study. 

Because TAHOD is a multicenter observational 
database, not all patients included in this analysis were 
receiving cART according to standardized guidelines.  
The timing of antiretroviral treatment and the regimens 
of combined antiretroviral drugs were decided upon 
by individual physicians depending on unique clinical 
circumstances. 

Data collection and definitions
The following were included as covariates: age, 

gender, race, country income category, reported mode 
of transmission, hepatitis B and C virus (HBV/HCV) 
co-infection status, and baseline and monitoring 
values at and after start of cART (e.g., age, US Centers 
for Disease Control and Prevention (CDC) disease 
classification [16], CD4+ T-cell and HIV-RNA viral 
load, BMI, and cART regimen and duration).  Country 
income category was divided into two groups based on 
the 2007 gross national income per capita, according 
to the World Bank criteria for classifying economies: 
low income country ($3,705 or less), and high income 
country ($3,706 or more) [17].  

In TAHOD, LD data was collected as 1) fat 
accumulation according to a clinical spectrum of 
central fat accumulation in the abdomen, breasts, and 
over the dorsocervical spine, or localized lipomas and/
or 2) lipoatrophy according to a clinical spectrum of 
peripheral fat loss in the face, limbs, or buttocks.  LD 
was diagnosed based on the clinical definition of the 
US Division of AIDS table for grading the severity 
of adult and pediatric adverse events (2004 version) 
[18].  Patients with a severity of grade 3, defined as 
disfiguring or obvious body shape changes on casual 
visual inspection, or higher were included in this 
analysis [18].  

complication in HIV-infected patients on cART around 
the world, with a prevalence ranging from 11% to 83% 
[2].  LD is acknowledged as an important adverse event 
in HIV-infected subjects in the era of cART, because 
it is associated with other metabolic abnormalities 
such as insulin resistance, dyslipidemia, and glucose 
intolerance, attributing to the development of 
cardiovascular disease [2].  In severe cases, LD can be 
disfiguring, which can cause stigma and discrimination 
against patients, leading to risks of medication refusal, 
poor adherence, and ultimately treatment failure [2-5]. 

Several characteristics, including older age, white 
race, lower body mass index (BMI), higher HIV-RNA 
levels, lower nadir CD4+ T-cell count, longer duration of 
cART and exposure of nucleoside reverse transcriptase 
inhibitors (NRTIs), especially stavudine (d4T), have 
been identified as risk factors for LD [2, 6].  Also, recent 
studies have reported that genetic variations can also 
influence the emergence of LD [7-9]. 

In East, South, and South-East Asia, the estimated 
number of people living with HIV and/or acquired 
immunodeficiency syndrome (AIDS) in 2007 was 5 
million, the second largest regional epidemic in the 
world, after Sub-Saharan Africa [10].  Except for a 
small number of single-institution studies, there is little 
data on the prevalence and risk factors of LD among 
HIV-infected patients receiving cART in the Asia-
Pacific region [11-14].  

The Therapeutics Research, Education, and AIDS 
Training in Asia (TREAT Asia) HIV Observational 
Database (TAHOD) is a multicenter, observational 
cohort study that was initiated in 2003 to assess regional 
HIV treatment outcomes in the Asia-Pacific region [15].  
Our objective was to examine the prevalence of and 
the risk factors for LD among HIV-infected patients 
receiving cART in TAHOD.  

Materials and Methods

Study design and patient population 
The structure of TAHOD and standardized 

mechanisms for data collection and follow-up has 
been previously described [15].  Data were combined 
via standardized formats and transferred electroni-
cally to the National Centre in HIV Epidemiology 
and Clinical Research (NCHECR), University of New 
South Wales, Sydney, Australia for central aggrega-
tion, quality control, and analyses.  Ethics approval 
was obtained from the University of New South Wales 
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Statistical analysis
Continuous data were represented using the median 

value (IQR) and categorical variables were reported 
by number (percent).  cART-related covariates were 
analysed as 1) never treated, 2) below the median 
duration (MD) of treatment, and 3) above the MD of 
treatment.  Associations of treatment duration between 
other antiretroviral drugs and d4T were evaluated using 
Spearman’s correlation coefficient ρ.  The difference in 
the number of patients who had an exposure history to 
both zidovudine (AZT) and d4T among the three groups 
according to time on AZT treatment was evaluated 
using a one-way ANOVA test. 

Predictors associated with diagnosis of LD were 
assessed by forward, stepwise multivariate conditional 
logistic regression models.  To control for different 
clinical practices in LD diagnosis, the final model was 
stratified by TAHOD sites.  All variables with p-value 
of less than 0.10 in univariate analyses were included in 
the multivariate logistic models.  All statistical analyses 
were performed using the STATA package (version 8.2, 
StataCorp, College Station, TX, USA).  All p-values 
were two-tailed, and p<0.05 was considered to be 
statistically significant.  

Results

Demographic and clinical characteristics of all study 
participants and in patients with LD

12 of the 17 participating TAHOD sites had 
previously reported LD according to our criteria and 
were included in the analysis.  LD was diagnosed in 
217 (10.5%) patients among a total of 2,072 study 
participants.  Upon univariate analysis, the prevalence 
of LD did not differ significantly according to age, 
gender, race, HBV co-infection status, CD4+ T-cell 
count or HIV-RNA levels, or BMI at cART initiation.  
Patients with HCV co-infection had a significantly 
lower prevalence of LD than those without (5% vs. 
12%; OR, 0.37; p=0.019).  The rate of LD in patients 
living in high-income countries was lower than that 
of patients living in low-income countries, though the 
difference was not statistically significant (5% vs. 13%; 
OR, 0.32; p=0.095) (Table 1).  

LD prevalence by cART exposure 
 The majority (72%) of patients received non-

nucleoside reverse transcriptase inhibitors (NNRTI)-
based cART as their first-line regimen; among these, 

Table 1	 Demographic and clinical characteristics of all study 
participants and patients with lipodystrophy 

Total Lipodystrophy Univariate
(n=2072) (n=217) OR p-value

Age (years) at cART initiation 
Median (IQR) 35 (30-41) 36 (31-41)
≤ 30* 549 (27) 45 (8) _ _

31~40 954 (46) 110 (12) 1.32 0.170
≥ 41 569 (27) 62 (11) 1.41 0.129

Gender
Male* 1485 (72) 127 (9) _ _

Female 587 (28) 90 (15) 1.20 0.330
Race

Chinese 871 (42) 50 (6) _ _

Thai 434 (21) 128 (29) 1.74 0.481
Indian 207 (10) 31 (15) 1.02 0.980
Other 560 (27) 8 (1) 0.89 0.849

Hepatitis B surface antigen 
Negative* 1257 (61) 144 (11) _ _

Positive 164 (8) 15 (9) 0.76 0.378
Not tested 651 (31) 58 (9) 0.60 0.025

Hepatitis C antibody 
Negative* 1236 (60) 145 (12) _ _

Positive 138 (7) 7 (5) 0.37 0.019
Not tested 698 (33) 65 (9) 0.68 0.066

CDC classification at cART initiation
Category A* 1000 (48) 93 (9) _ _

Category B 200 (10) 23 (12) 1.94 0.030
Category C 872 (42) 101 (12) 1.07 0.669

CD4 count (cells/µL) at cART initiation
Median (IQR) 103 (33-198) 70 (25-152)
≤ 100* 764 (37) 96 (13) _ _

101~200 414 (20) 36 (9) 0.96 0.842
201~300 235 (11) 23 (10) 1.50 0.141
≥ 301 135 (7) 7 (5) 1.14 0.760
Not tested 524 (25) 55 (11) 1.74 0.025

HIV viral load (copies/mL) at cART initiation
Median (IQR) – Log10 4.9 (4.3-5.5) 4.9 (4.3-5.5)
≥ 400* 690 (33) 56 (8) _ _

< 400 56 (3) 3 (5) 0.79 0.713
Not tested 1326 (64) 158 (12) 0.97 0.891

BMI (kg/m2) at cART initiation
Median (IQR) 20.3 (18.3-22.7) 20.4 (18.6-22.5)
≤ 18.5* 202 (10) 23 (11) _ _

18.5~25 437 (21) 63 (14) 1.44 0.218
> 25 73 (4) 9 (12) 1.70 0.277
Not available 1360 (65) 122 (9) 1.79 0.097

Country income category
Low-income* 1452 (70) 189 (13) _ _

High-income 620 (30) 28 (5) 0.32 0.095
Data are expressed as median (interquartile range) or number 
(percent). *Reference category. Abbreviations used: OR, odds 
ratio; cART, combined antiretroviral treatment; IQR, interquartile 
range; BMI, body mass index.
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Discussion

In general, the prevalence rates of LD were reported 
with ranges from 7 to 84% (average of 42%) in patients 
receiving PI-based cART, and from 0 to 38% (average 
of 13%) in those receiving NNRTI-based cART from 
various populations and countries with different clinical 
and metabolic characteristics [19].  This study, based 
on data from a multicenter observational database in 
the Asia-Pacific region, showed a lower prevalence 
of LD than the rates of 43 to 53% seen earlier in the 
cART era in large cohorts in Europe, Australia, and the 
United States [20-22].  However, in a Spanish cohort 
reported more recently, the prevalence of LD was 
17.8% (420 of 2358) [23] and, according to data from a 
Swiss HIV study, patients starting cART in 2003-2006 
were significantly less likely to experience LD than 
those starting between 2000 to 2002 [24].  As treatment 
patterns change with a decrease in thymidine analogue 
(d4T/AZT/ddI) use and an increase in tenofovir 
disoproxil fumarate (TDF) use, it is likely that LD rates 
will also decline [24].  

To our knowledge, our analysis is the first regional 
cohort study of LD in the Asia-Pacific.  Previous single-
institution studies in Thailand, Singapore, and South 
Korea reported the prevalence of LD as ranging from 
3.5% to 66.1% [11-14].  Because LD was identified 
clinically using a high threshold (i.e., severity grade ≥ 
3) and without the use of quantitative tools such as dual-
energy X-ray absorptiometry (DEXA) or computerized 
tomography (CT) scans, the true prevalence of LD may 
be higher than what we have reported.  Also, the lower 
prevalence of LD in our sites might have been caused 
by different host factors such as unknown genetic 
background and insufficient concern for LD in several 
resource-limited settings.  Actually, a few previous 
studies showed that LD was infrequent in non-white 
races as compared to caucasians [22, 25, 26], and that 
genetic variations can also influence the emergence of 
LD [7-9].  Further studies are warranted to confirm a 
more objective prevalence of LD through universalized 
and validated case definitions in the Asia-Pacific region. 

We confirmed that the use of d4T is a strong risk 
factor for the development of LD in the Asia-Pacific 
region.  Our results are consistent with other studies 
that show that treatment with NRTIs, and particularly 
with d4T, which has the greatest mitochondrial toxicity 
in the class, and longer duration of cART are key risk 
factors for the development of LD [20, 24, 26, 27].  The 

41% received efavirenz (EFV) and 59% nevirapine.  
There was no difference in the prevalence of LD 
between patients who used NNRTI or protease 
inhibitor (PI) as their first antiretroviral regimen (12% 
vs. 8%; OR, 0.66; p=0.499).  The median duration of 
cART in all the patients was 3.8 years overall, 1.8 years 
on AZT, 2.0 years on d4T, 1.9 years on didanosine 
(ddI), 2.9 years on any NNRTI, and 2.6 years on any 
PI.  The patients receiving cART for > 3.8 years had 
a significantly higher prevalence of LD than those 
receiving cART for ≤ 3.8 years (16% vs. 5%; OR, 
4.01; p=0.001).  In addition, patients who had received 
d4T had a significantly higher prevalence of LD than 
those who had never received d4T (> 2 years vs. no 
experience [NE], 19% vs. 1%; OR, 41.01; p<0.001, and 
≤ 2 years vs. NE, 12% vs. 1%; OR, 23.55; p<0.001].  
However, patients who received AZT for > 1.8 years 
had a significantly lower prevalence of LD than those 
who had never received AZT (3% vs. 8%; OR, 0.34; 
p=0.003).  Patients who received any PI for > 2.6 years 
had a significantly lower prevalence of LD than those 
who had never received any PI (3% vs. 13%; OR, 0.20; 
p=0.010) (Table 2). 

In the group receiving d4T for > 2 years, patients with 
NNRTI-based cART had a higher, but not statistically 
significant, rate of LD than those with PI-based cART 
(20.7% vs. 14.4%; p=0.098).  There were no significant 
differences in the rates of LD between NNRTI- and 
PI-based cART by d4T exposure (Fig. 1).  The duration 
of AZT or PI use had a significantly negative correlation 
with duration of d4T treatment (r= -0.43; p<0.001, r= 
-0.06; p=0.006, respectively) (Table 3). The group of 
those who had received AZT for ≤ 1.8 years (514 of 
690, 74.5%) had a significantly larger proportion of 
patients who had a history of both AZT and d4T use 
than did the groups who had never received AZT (0 of 
692, 0%, p<0.001) or who had received AZT for > 1.8 
years (285 of 690, 41.3%, p<0.001).

Independent predictive factors associated with the 
diagnosis of LD

In the multivariate logistic regression model, factors 
independently associated with LD included the use of 
d4T (≤ 2.0 years vs. NE, OR 25.46, 95% CI 9.01-71.97, 
p<0.001; and > 2.0 years vs. NE, OR 14.92, 95% CI 
5.29-42.06, p<0.001), use of PI (> 2.6 years vs. NE, 
OR 0.26, 95% CI 0.12-0.56, p<0.001), and the total 
duration of cART (> vs. ≤ 3.8 years, OR 4.84, 95% CI 
3.11-7.55, p<0.001) (Table 4).  
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Table 2. Prevalence of lipodystrophy according to combined antiretroviral treatment
Total Lipodystrophy Univariate

(n=2072) (n=217) OR p-value
Total duration on cART (years) 3.8 (2.2-5.3) 4.9 (4.0-5.9)

≤ 3.8 years* 1036 (50) 48 (5) _ _

> 3.8 years 1036 (50) 169 (16) 4.01 0.001
First-line combination

NNRTI-based cART* 1497 (72) 175 (12) _ _

PI-based cART 522 (25) 42 (8) 0.66 0.499
Other 53 (3) 0 (0) _ _

Time on NRTI treatment 
Time on zidovudine (years) 1.8 (0.6-3.9) 0 (0-0.2)

Never received* 692 (34) 53 (8) _ _

≤ 1.8 years 690 (33) 145 (21) 3.21 0.168
> 1.8 years 690 (33) 19 (3) 0.34 0.003

Time on stavudine (years) 2.0 (1.0-3.5) 2.4 (1.6-3.3)
Never received* 699 (34) 4 (1) _ _

≤ 2.0 years 687 (33) 82 (12) 23.55 <0.001
> 2.0 years 686 (33) 131 (19) 41.01 <0.001

Time on didanosine (years) 1.9 (0.9-3.4) 1.8 (1.0-2.6)
Never received* 1519 (74) 166 (11) _ _

≤ 1.9 years 277 (13) 29 (10) 0.95 0.938
> 1.9 years 276 (13) 22 (8) 0.71 0.544

Time on NNRTI treatment (years) 2.9 (1.7-4.4) 2.7 (1.7-3.6)
Never received* 355 (17) 25 (7) _ _

≤ 2.9 years 859 (42) 115 (13) 2.04 0.399
> 2.9 years 858 (41) 77 (9) 1.30 0.759

Time on PI treatment (years) 2.6 (1.3-4.5) 1.6 (0.7-2.5)
Never received* 1347 (65) 169 (13) - -
≤ 2.6 years 363 (18) 38 (10) 0.82 0.764
> 2.6 years 362 (17) 10 (3) 0.20 0.010

Time on atanazavir (years) 1.4 (0.7-1.6) 0 (0-0)
Never received* 1879 (90) 216 (12) - -
≤ 1.4 years 97 (5) 1 (1) 0.08 0.005
> 1.4 years 96 (5) 0 (0) - -

Time on indinavir (years) 2.0 (0.9-3.6) 1.6 (0.6-2.3) 
Never received* 1714 (82) 175 (10) - -
≤ 2.0 years 179 (9) 30 (17) 1.77 0.366
> 2.0 years 179 (9) 12 (7) 0.37 0.434

Time on nelfinavir (years) 2.1 (0.7-4.0) 0.6 (0.1-1.1)
Never received* 1951 (94) 205 (11) - -
≤ 2.1 years 61 (3) 12 (20) 2.09 0.216
> 2.1 years 60 (3) 0 (0) - -

Time on lopinavir (years) 1.8 (0.6-3.3) 1.2 (1.0-1.3)
Never received* 1798 (86) 213 (12) - -
≤ 1.8 years 138 (7) 4 (3) 0.22 0.007
> 1.8 years 136 (7) 0 (0) - -

Data are expressed as median (interquartile range) or number (percent). NNRTI-based cART indicates antiretroviral 
treatment composed of a combination of more than two NRTI and one NNRTI antiretroviral drugs, but without 
PI; and PI-based cART indicates the antiretroviral treatment which is composed of the combination of more than 
two NRTI and PI antiretroviral drugs, but without NNRTI. *Reference category. Abbreviations used: OR, odds 
ratio; cART, combined antiretroviral treatment; IQR, interquartile range; NRTI, nucleoside analogue reverse 
transcriptase inhibitor; NNRTI, non-nucleoside analogue reverse transcriptase inhibitor; PI, protease inhibitor.
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Table 3 	 Association with other antiretroviral drugs treatment duration and 
exposure duration of stavudine in total patients (n=2072)

Exposure duration of stavudine (months)
Median (IQR) Spearman’s ρ p-value

Time on zidovudine treatment -0.43 <0.001
Never received 23.6 (5.9-44.0)
≤ 1.8 years 14.6 (0-34.3)
> 1.8 years 0 (0-13.7)

Time on didanosine treatment 0.14 <0.001
Never received 10.0 (0-31.3)
≤ 1.9 years 13.7 (4.1-30.1)
> 1.9 years 25.4 (0-44.9)

Time on NNRTI treatment 0.31 <0.001
Never received 0 (0-18.6)
≤ 2.9 years 9.4 (0-22.8)
> 2.9 years 28.8 (0-47.4)

Time on PI treatment -0.06 0.006
Never received 13.1 (0-33.9)
≤ 2.6 years 12.2 (0-24.3)
> 2.6 years 10.4 (0-35.1)

Abbreviations used: NNRTI, non-nucleoside reverse transcriptase inhibitor; PI, 
protease inhibitor.

Fig. 1	 The prevalence of lipodystrophy between NNRTI-based and PI-based combined antiretroviral treatment in each group, 
according to time on stavudine treatment

	 NNRTI-based cART indicates antiretroviral treatment composed of a combination of more than two NRTI and one NNRTI 
antiretroviral drugs, but without PI; and PI-based cART indicates the antiretroviral treatment which is composed of the 
combination of more than two NRTI and PI antiretroviral drugs, but without NNRTI. Abbreviations used: NNRTI, non-
nucleoside reverse transcriptase inhibitor; PI, protease inhibitor; cART, combined active antiretroviral treatment; d4T, 
stavudine; NRTI, nucleoside reverse transcriptase inhibitor.
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drug [27]. 
Our study had several limitations.  The lack of a 

uniform, objective, diagnostic method for identifying 
LD could have led to a selection bias.  In this study, 
we tried to capture the rate of LD in the Asia-Pacific 
sites that are capable of diagnosing LD.  However, the 
sites themselves that have ever reported LD may add 
confounding factors such as antiretroviral regimens, 
race, and HCV infection.  Although we limited the 
inclusion criteria to higher-grade LD to reduce this 
risk, cases of LD could have been missed, due to local 
variations in diagnosis and reporting.  As this is an 
observational cohort across centers with varying levels 
of clinical and monitoring capacity, not all patients had 
baseline levels for all possible variables.  We excluded 
pre-ART lipid and glucose tests from our final analysis 
for this reason, but acknowledge that other missing 
data could have impacted our findings.   

Stavudine is one of the most commonly used NRTIs 
in the world and in the Asia-Pacific region [5, 33].  TDF 
is unavailable at many sites in the Asia-Pacific region, 
so d4T or AZT in combination with 3TC is usually the 
only NRTIs available for standard first-line regimens 
[5, 33].  Our findings emphasize the importance of 
phasing out d4T use and increasing access to TDF to 
minimize the risk of developing LD. 
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