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José A. Carton, MD, PhD1,2, Mónica G. Castro, PhD1, Victoria Álvarez, PhD1, Cristina Fernández, RN1,
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Purpose: To evaluate the impact of acquired and inherited factors on the development of lipodystrophic syndrome

in patients on highly active antiretroviral therapy. Methods: Two hundred forty-three human immunodeficiency

virus-infected Caucasians on highly active antiretroviral therapy were prospectively followed-up for 3 years. Eleven

were naı̈ve and 232 were on antiretrovirals (mean, 93.0 months � 43.8 months). Lipodystrophic syndrome was

diagnosed clinically with a lipodystrophy severity grading scale. Polymorphisms of cytokines (IL-1�, IL-6, TNF-�),

TLR4, and NOS genes were genotyped. Results: Ninety (37%) patients developed lipodystrophic syndrome. The

polymorphic T allele of the (�3954C/T) polymorphism of IL-1� was less frequent in patients with lipodystrophic

syndrome compared with those without (17.8% vs. 27.0%, P � 0.03). Factors significantly associated with

lipodystrophic syndrome were time on stavudine (P � 0.001), use of stavudine (P � 0.001), absence of the T allele

of the (�3954C/T) IL-1� polymorphism (P � 0.02), acquired immune deficiency syndrome diagnosis (P � 0.005),

nadir levels of CD4 (P � 0.003), and time on highly active antiretroviral therapy (P � 0.003). Of these factors, only

the time on stavudine (hazard ratio [95% confidence intervals] 1.007 [1.001–1.013]), use of stavudine (1.678

[1.048–2.68]), and absence of the T allele of the IL-1� (�3954C/T) polymorphism (0.569 [0.347–0.931]) were

significantly associated with lipodystrophic syndrome by Cox regression. Conclusions: Genotyping of the

(�3954C/T) polymorphism of IL-1� could be useful in patients starting highly active antiretroviral therapy,

especially in potential users of stavudine, to predict their risk of developing lipodystrophic syndrome. Genet Med

2008:10(3):215–223.
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Lipodystrophic syndrome (LD) is a frequent medical condition
found in human immunodeficiency virus (HIV)-infected pa-
tients, characterized by redistribution of body fat (lipoatrophy
and fat accumulation) and metabolic abnormalities (hyperlipid-
emia, insulin resistance, and hyperlactatemia). Different studies
have reported a variable prevalence of LD in HIV-infected pa-
tients on highly active antiretroviral therapy (HAART), be-
tween 17% and 75%, probably due to clinical variability in the

diagnosis of LD.1– 8 LD is considered an inflammatory syn-
drome and is associated with increased serum cytokine lev-
els.9 –11 High serum levels of cytokines have also been observed
in HIV-related wasting syndrome, similar in its adipose tissue
alterations to the lipoatrophic form of LD.12,13

Early reports associated LD with the use of different protease
inhibitors,1,2 while later reports linked LD to thymidine nucle-
oside analogue use that produced mitochondrial toxicity, hy-
perlactatemia, and lipoatrophy.14 –17 LD improves after anti-
retroviral change, mostly after the switching of protease
inhibitors or stavudine to a non-nucleoside reverse transcrip-
tase inhibitor.18,19 Thus, the association between antiretrovi-
rals and LD seems clear. However, factors other than antiret-
rovirals could influence the development of LD, for example,
sex of the patient.20 In addition, there is support for a role of a
genetic background of patients in the development of LD: (1)
there are some congenital syndromes, not related to HIV in-
fection that are associated with LD21; (2) only some of the
HIV-infected patients on HAART develop LD, despite receiv-
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ing the same therapy1– 8; (3) some patients naı̈ve for antiretrovi-
rals develop LD; and (4) recent works have shown some associa-
tion between the TNF-� (�238) promoter polymorphism and
the development of LD.22–24

In addition to LD, HIV-infected patients who are carriers of
the TNF-� (�238) and (�308) promoter polymorphisms
have a higher susceptibility to developing HIV-associated de-
mentia, and these polymorphisms could play some role in the
evolution of HIV infection as well.25 Polymorphisms of other
cytokines have also been associated with susceptibility to, or
protection against, HIV and other infections.26,27

The presence of the HIV gp120 protein stimulates both the
nonadaptive immune response with release of IL-1 and
TNF-�, and the toll-like receptors (TLRs) of the surface of
monocytes and macrophages, contributing through nuclear
factor � B activation to the transcription of HIV and to the
expression of cytokines.28 Polymorphisms of the TLR 2, 4, and
9 genes have been associated, in addition to HIV infection,
with a predisposition to different infections by Gram-positive
bacteria (TLR2) or Gram-negative bacteria (TLR4).29 –32

Nitric oxide (NO) is a free-radical gas that has an important
contribution to the host defense against different microorgan-
isms including HIV. NO is formed by the action of NO syn-
thase (NOS). There are three isoforms of the NOS family: en-
dothelial (eNOS or NOS3), neuronal (nNOS or NOS1), and
inducible (iNOS or NOS2).33 Different polymorphisms of
NOS have been associated with abnormal serum levels of NO
as well as with susceptibility or protection against infec-
tions,34,35 although an association between HIV infection
pathogenesis or LD and NOS polymorphisms has so far not
been found.36

Because the etiology of LD remains elusive and its conse-
quences are so important for HIV-infected patients, the ge-
netic background, which could play a critical role in LD patho-
genesis, merits further evaluation. In the present work, we have
analyzed the incidence of LD in 243 HIV-infected Caucasian
patients on HAART followed for at least 3 years. In addition,
we have studied different demographic, clinical, analytical, and
therapeutic factors and their possible association with LD. Fi-
nally, we have analyzed a possible association between LD and
different polymorphisms of cytokines, TLRs, and NOS.

MATERIALS AND METHODS
Study population

HIV-infected patients at the Hospital Universitario Central
de Asturias, Oviedo, Spain, were considered for this study. All
patients had documented HIV-1 infection, were at least 16
years of age, and were already on HAART or started HAART at
the time of enrollment in the study. Patients with adherence to
HAART below 75% before and during the 3 years of follow-up
were excluded from the study. Antiretrovirals could be
changed during the study at the discretion of the attending
doctor. Patients receiving drugs with metabolic effects (such as
steroids, androgens, thyroid hormones and antithyroid agents,
ketoconazole, cytotoxic drugs, and lipid-lowering agents) were

excluded. Blood donors at the Blood Bank of Centro Comuni-
tario de Transfusiones del Principado de Asturias, matched for
age and sex with the patients, were used as controls for genetic
and analytical studies.

LD diagnosis was based on body fat changes measured in
every follow-up visit by a direct patient-self and doctor assess-
ment, following a previously reported visit score.7,37,38 Briefly,
the evaluation of body changes included enlarged abdomen,
dorsocervical fat accumulation, breast fat accumulation, thin-
ning of the arms, thinning of the legs, thinning of the hips/
buttocks, and sunken cheeks or other facial changes (fat dep-
osition over parotid glands, temporal wasting). All changes
were graded, both subjectively (by report) and objectively (by
examination), as “absent” (0 point), “subtle” (noticeable only
if specifically looked for, no change in clothing fit) (1 point),
“moderate” (easily noted by patient or physician, clothing has
become tight or loose) (2 points), and “severe” (obvious to the
casual observer, has required a change in clothing size) (3
points). The final severity rating for each sign was based on
patient and physician agreement. Patients with a total score �7
of 28 were diagnosed with LD. In addition, patients with the
severe sign were also diagnosed with LD independent of the
total score. Once diagnosed, LD was further subdivided into
lipoatrophic and lipohypertrophic, including the mixed forms
into the lipoatrophic category. Patients were evaluated 4 times/
yr. LD-associated metabolic abnormalities (total cholesterol,
high-density lipoprotein cholesterol, low-density lipoprotein
cholesterol, triglyceride levels, and insulin resistance) were also
evaluated although were not included in the clinical LD score
(these data have been published elsewhere7). Patients and con-
trols were members of a homogeneous population, all Cauca-
sians and residents of the same region (Asturias, Northern
Spain). Each participant gave informed consent for the study,
which was approved by the Ethics Committee of the Hospital
Universitario Central de Asturias.

General metabolic assessments

CD4� lymphocyte counts, HIV RNA viral load, total cho-
lesterol, low-density lipoprotein and high-density lipoprotein
cholesterol, triglycerides (all measured after a 12-hr overnight
fast), as well as renal and liver tests, and other metabolic pa-
rameters were evaluated at the start of the study and every 3
months thereafter.

Genotypic analysis

Blood (10 mL) from HIV-infected patients and controls was
collected in a tube containing potassium-EDTA. Genomic
DNA was extracted from peripheral leukocytes following a
salting-out method.39 Polymorphisms of cytokines [(�889C/
T) IL-1�, (�3954C/T) IL-1�, (�174G/C) IL-6 and
(�238G/A) and (�308G/A) TNF-�], TLR4 (Asp299Gly),
NOS3 [(�27 bp repeat, intron 4), (�786T/C), (E298D)], and
NOS2 (�37498G/A) were assessed by polymerase chain reac-
tion (PCR) following the characteristics described in Table 1.
The PCR results were confirmed by sequencing representative
samples for each genotype of each polymorphism. PCR prod-
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ucts were electrophoresed on a 2% low-melting agarose gel, the
fragments were excised from the gel, purified with spin col-
umns (DNA Gel Extraction Kit, Millipore, Billerica, MA), and
sequenced on an ABI Prism 310 Genetic Analyser (Applied
Biosystems, Foster City, CA).

Cytokine levels

Serum cytokine levels (IL-1�, IL-6, TNF-�) were measured
by ELISA (R&D Systems Inc, MN). The limits of detection of
each cytokine according to the manufacturer were as follows:
IL-1�, 0 –250 pg/mL; IL-6, 0 – 600 pg/mL; and TNF-�, 0 –1000
pg/mL.

Serum nitrate and nitrite levels

Serum nitrate and nitrite (NOx) determinations were per-
formed using the Griess reaction as previously described.40 Re-
sults were expressed as �M of NOx/sample.

Statistical analysis

The demographic and analytical variables were compared at
baseline among the groups by analysis of variance for the quan-
titative variables and �2 (Fisher exact test when appropriate)
for the qualitative variables. The �2 test was also used to com-

pare allelic and genotypic frequencies between the groups.
Odds ratios (ORs) and their 95% confidence intervals (CI)
were also calculated. All the reported P values were two-sided.
A P value �0.05 was considered significant. Only the signifi-
cant variables at P � 0.05 in the univariate analysis were used
for further LD predictive analysis. Cox proportional hazard
models were also used to determine the multivariate factors
associated with LD and its lipoatrophic and lipohypertrophic
variants. The statistical analysis was performed using SPSS
Software (Version 13.0, Chicago).

RESULTS
Study population

Two hundred forty-three HIV-infected patients were re-
cruited between July 2002 and July 2003 and observed until
July 2006. No missing patients were reported because those
individuals with a show-up at the trimester revisions below
75% were excluded from the study. A total of 11 (4.5%) pa-
tients were naı̈ve for antiretrovirals and 232 (95.5%) were al-
ready on HAART for at least 36 months (mean, 64.6 months �
36.5 months; range, 36 –141), had received antiretrovirals pre-
viously in a pre-HAART era for even longer (mean, 93.0

Table 1
Oligonucleotide primer sequences, PCR conditions and restriction enzymes used for genotyping and sequencing of the different polymorphisms studied

Gene Polymorphism Primers
PCR

length (bp)
Annealing

temperature (°C)
Restriction

enzyme

TNF-� �238G/A Forward: 5�-AAACAGACCACAGACCTGGTC-3� 154 56 Bam HI

Reverse: 5�-CTCACACTCCCATCCTCCCGGATC-3�

TNF-� �308G/A Forward: 5�-GCAATAGGTTTTGAGGGCCAT-3� 147 58 Nco I

Reverse: 5�-GGGACACACAAGCATCAAG-3�

IL-1� �889C/T Forward: 5�-ATCACACCTAGTTCATTTCCTCTATTTA-3� 195 58 Nco I

Reverse: 5�-GATTTTTACATATGAGCCTTCCATG-3�

IL-1� �3954C/T Forward: 5�-CTCAGGTGTCCTCCAAGAAATCAAA-3� 194 60 Taq� I

Reverse: 5�-GCTTTTTTGCTGTGAGTCCCG-3�

IL-6 �174G/C Forward: 5�-CACTTTTCCCCCTAGTTGTGTCTTTC-3� 160 55 Taq� I

Reverse: 5�-GAGACTCTAATATTGAGACTCATGGGA-3�

TLR4 Asp299Gly Forward: 5�-GATTAGCATACTTAGACTACTACCTCCATG-3� 263 56 NcoI

Reverse: 5�-GATCAACTTCTGAAAAAGCATTCCCAC-3�

NOS3 27-bp, intron4 Forward: 5�-CTATGGTAGTGCCTTGGCTGGAGG-3’ 195 63 Not applicable

Reverse: 5�-ACCGCCCAGGGAACTCCGCT-3’

NOS3 �786T/C Forward: 5�-TGGAGAGTGCTGGTGACCCCA-3’ 180 62 MspI

Reverse: 5�-GCCTCCACCCCCACCCTGTC-3’

NOS3 E298D Forward: 5�-CTGCTGCAGGCCCCAGATGC-3’ 160 62 CfoI

Reverse: 5�-CACCCCCTTGCAGGCCCT-3’

NOS2 �37498G/A Forward: 5�-CTCCCGGGATCACACGCCCAT-3’ 140 60 NcoI

Reverse: 5�-GCTGAATCTGAGTTGATGAACAGATG-3’

The underlined bases in the primers differ from the original sequences and served to introduce a restriction site or to disrupt a natural restriction site within the
primer sequence.
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months � 43.8 months; range, 36 –216), and 96 patients were
on or had received stavudine. Ninety (37.0%) patients were
diagnosed with LD, 65 (26.7%) in the lipoatrophic or mixed
variants and 25 (10.3%) in the lipohypertrophic variant, at the
end of the 3-year follow-up, whereas 153 (63.0%) patients did
not develop LD.

The demographic, clinical, and analytical characteristics of
the 243 HIV-infected patients and 300 individuals of the Blood
Bank of Centro Comunitario de Transfusiones del Principado
de Asturias, used as healthy controls, are described in Table 2.
After comparing the different variables between HIV-infected
patients with and without LD, those associated significantly
with LD were a diagnosis of acquired immune deficiency syn-
drome (P � 0.0004), nadir CD4 cell count (P � 0.003), dura-
tion of HAART (P � 0.003), having received stavudine (P �
0.006), and duration of stavudine therapy (P � 0.0001).

Genotype study

All the cytokines, NOS, and TLR polymorphisms studied
were in Hardy–Weinberg equilibrium in the HIV-infected pa-
tients with or without LD. Among the cytokine polymor-
phisms, carrying the polymorphic T allele of the (�3954C/T)
polymorphism of IL-1� gene (17.8% vs. 27.0%, OR 1.68
[95%CI 1.03–2.77]; P � 0.03) and the (�889C/T) polymor-
phism of the IL-1� gene (22.8% vs. 34.6%, OR 1.75 [95%CI
1.12–2.75]; P � 0.013) were significantly associated with the
absence of LD (Table 3). The heterozygous TC genotype of the
polymorphism of IL-1 � and � genes were significantly less
frequent in those patients with LD compared with those with-
out (24.4% vs. 38.4%, OR 1.93 [95%CI 1.03–3.64]; P � 0.04
for the IL-1� gene polymorphism and 30.0% vs. 43.5%, OR
1.79 [95%CI 0.99 –3.28]; P� 0.04 for the IL-1� gene polymor-

phism). No allelic or genotypic frequency differences between
HIV-infected patients with and without LD or with the nonin-
fected controls for the (�238G/A) and (�308G/A) promoter
polymorphisms of the TNF-� (�174G/C) of IL-6 and
(Asp299Gly) of theTLR4 genes were found (Table 3, other data
not shown).

With regard to the NOS genes, no significant associations
between the different polymorphisms studied and LD were
observed. Interestingly, carriers of the CC genotype (23.2% vs.
14.3%, OR 1.81 [95%CI 1.13–2.90]; P � 0.012) and of the C
allele of the (�786T/C) promoter polymorphism of NOS3
(51.3% vs. 37.2%, OR 1.78 [95%CI 1.38 –2.30]; P � 0.0001)
were significantly more frequent among HIV-infected patients
compared with noninfected controls. Similar observations
were found for carriers of the heterozygous genotypes of the
E298D polymorphism of NOS3 and (�37498 G/A) polymor-
phism of NOS2.

Cytokines and NOx serum levels

HIV-infected patients with and without LD had similar lev-
els of serum cytokines (Table 4). HIV-infected homozygous
carriers of the TT genotype of the (�3954C/T) polymorphism
of the IL-� gene had slightly lower serum levels of cytokines
compared with patients with other genotypes of this polymor-
phism. Similar cytokine results were observed with the TT ge-
notype of (�889C/T) of IL-1� and AA genotype of (�308G/A)
promoter polymorphism of TNF-� gene when compared with
HIV-infected patients with other genotypes of these polymor-
phisms (Table 4).

Patients without LD had minimally lower serum levels of
nitrates-nitrites (NOx) than those with LD, and HIV-infected
patients, with and without LD had significantly lower serum

Table 2
Demographic, clinical, and analytical characteristics of HIV-infected patients, with and without lipodystrophic syndrome (LD), and healthy controls

HIV-infected patients
without LD

HIV-infected patients
with LD

Non-infected
controls P

No. patients (%) 153 (63.0) 90 (37.0) 300 Not applicable

Age (yrs), mean � SD (range) 42.9 � 9.8 (16–76) 42.4 � 8.5 (26–71) 40.6 � 7.2 (23–55) 0.7

Gender, male/female ratio 109/44 68/22 182/118 0.6

AIDS diagnosis (%) 39 (25.5) 44 (48.9) Not applicable 0.0004

Nadir CD4 cell count (�106/L),
mean cells � SD (range)

281.5 � 235.9 (0–810) 205.5 � 162.0 (1–1236) Not applicable 0.003

HIV RNA load (log10 copies/mL),
mean � SD (range)

5.7 � 6.2 (1.9–8.1) 5.5 � 5.8 (4–6.5) Not applicable 0.6

Duration of antiretroviral
therapy (mo),
mean � SD (range)

89.3 � 43.9 (36–216) 99.3 � 43.0 (36–210) Not applicable 0.09

Duration of HAART (mo),
mean � SD (range)

59.3 � 37.8 (36–141) 73.0 � 31.8 (36–114) Not aplicable 0.003

Therapy with stavudine (%) 59 (38.6) 52 (57.8) Not aplicable 0.006

Duration of stavudine
therapy (mo),
mean � SD (range)

27.3 � 36.7 (0–117) 47.4 � 35.6 (0–114) Not aplicable �0.0001
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NOx levels compared with noninfected controls (Table 5). Fur-
thermore, HIV-infected patients with the TT genotype of the
(�786T/C) polymorphism of NOS3 had significantly lower
serum NOx levels than healthy controls (P � 0.0001). Finally,
serum NOx levels were similar in carriers of the different geno-
types of the IL-1� (�3954C/T) polymorphism (Table 5).

Multivariate analysis

Using multivariate Cox proportional hazard models to
study the variables that were significantly associated with LD,
in the univariate analysis it was found that the total time on
stavudine, the use of stavudine, and the absence of the T allele
of the (�3954C/T) polymorphism of the IL-1� gene were the
only variables independently associated with LD (Table 6). The
enhancing or protective effect of lacking or having the poly-
morphic T allele of the (�3954C/T) polymorphism of the
IL-1� gene on LD is shown graphically using Cox survival
function curves in Figure 1, A and B. As can be seen in the
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Table 4
Serum levels of cytokines in HIV-infected patients with different cytokine

polymorphisms

IL-1�
(pg/mL,

mean � SD)

IL-6
(pg/mL,

mean � SD)

TNF-�
(pg/mL,

mean � SD)

All patients

Lipodystrophy 1.5 � 2.6 6.02 � 13.5 19.6 � 32.7

No lipodystrophy 1.5 � 2.8 4.8 � 7.7 18.7 � 26.3

P 0.9 0.4 0.8

IL-1� (�3954C/T)

TT (n � 17) 1.1 � 1.3 4.6 � 8.1 12.7 � 10.4

TC (n � 69) 1.6 � 2.8 5.1 � 7.8 21.3 � 39.7

CC (n � 118) 1.7 � 3.1 5.8 � 12.7 19.2 � 26.6

P (TT vs. TT � TC) 0.1 0.4 0.07

IL-1� (�889C/T)

TT (n � 23) 1.1 � 1.3 4.8 � 7.1 13.1 � 9.9

TC (n � 77) 1.4 � 2.6 5.4 � 7.9 18.1 � 34.3

CC (n � 103) 1.7 � 3.1 5.8 � 13.3 21.9 � 29.5

P (TT vs. TT � TC) 0.1 0.3 0.015

TNF-� (�308A/G)

AA (n � 4) 0.4 � 0.4 3.3 � 1.9 9.9 � 5.0

AG (n � 42) 1.3 � 2.2 5.6 � 9.2 22.2 � 39.4

GG (n � 146) 1.7 � 3.0 5.8 � 11.8 19.6 � 28.3

P (AA vs. AG � GG) 0.001 0.084 0.016

TNF-� (�238A/G)

AA (n � 0) Not available Not available Not available

AG (n � 17) 1.3 � 1.5 3.0 � 2.5 17.8 � 18.3

GG (n � 166) 1.4 � 2.6 5.6 � 11.5 19.4 � 30.7

P (AG vs. GG) 0.8 0.016 0.8

IL-1� (�3954C/T) SNP protects against LD

March 2008 � Vol. 10 � No. 3 219



figure, the LD-protective effect of the polymorphic T allele is
more evident after longer exposure to antiretrovirals and did
not seem to differ between carriers of the homozygous TT and
heterozygous TC genotypes.

When we used multivariate Cox proportional hazard mod-
els to analyze the data, we found that the total time on stavu-
dine (P� 0.0018, hazard ratio 1.010, 95% CI 1.004 –1.016) was
the only variable significantly associated with lipoatrophy,
whereas the use of stavudine (P � 0.06) and the absence of the
polymorphic T allele of the (�3954C/T) polymorphism of the
IL-1� gene (P � 0.058) were at the limit of statistical signifi-
cance. Regarding lipohypertrophy, we found that the only
variable with a P value �0.1 was the absence of the polymor-
phic T allele of the (�3954C/T) polymorphism of the IL-1�
gene (P � 0.052, hazard ratio 0.330, 95% CI 0.108 –1.012).

DISCUSSION

In this study, we report for the first time that being a carrier
of the polymorphic T allele of the (�3954C/T) polymorphism

Table 6
Variables associated with lipodystrophic syndrome (LD) by multivariate Cox

proportional hazard models

P
Hazard
ratios 95% CI

Total time on stavudine (mo) 0.018 1.007 1.001–1.013

Absence of the T allele of
the (�3954C/T)
polymorphism of IL-1�

0.029 0.569 0.347–0.931

Use of stavudine (mo) 0.031 1.678 1.048–2.680

“Nadir CD4 (P � 0.286), diagnosis of AIDS (P � 0.3), absence of the T allele
of the (�889C/T) polymorphism of IL-1�, and total time on antiretrovi-
rals (P � 0.354) did not reach enough statistical significance to be incorpo-
rated into the model.”

Table 5
Serum levels of nitrates-nitrites (NOx) in HIV-infected patients with
different nitric oxide synthase polymorphisms (NOS) and in healthy

controls

NOx (�M, mean � SD) P

All HIV-infected patients

Lipodystrophy 85.9 � 43.9 0.3

No lipodystrophy 80.1 � 34.3

Total HIV-infected
patients (n � 216)

82.4 � 38.4 �0.0001

Healthy controls (n � 60) 152.8 � 35.4

NOS3 (�786 T/C)

TT (n � 50) 75.6 � 34.8 0.09a

TC (n � 108) 89.0 � 40.4

CC (n � 45) 77.7 � 32.6

NOS3 (VNTR 27-bp
repeat)

44 (n � 4) 76.1 � 25.2 0.6b

45(n � 42) 81.7 � 41.4

55 (n � 161) 82.9 � 37.2

NOS3(E298D)

TT (n � 27) 84.1 � 37.1 0.4a

TC (n � 86) 80.7 � 37.9

CC (n � 90) 85.2 � 38.3

NOS2 (exon 22)

AA (n � 18) 89.5 � 42.7 0.4c

AG (n � 128) 83.4 � 36.4

GG (n � 53) 80.7 � 41.4

IL-1� (�3954 C/T)

TT (n � 17) 78.6 � 25.9 0.4a

TC (n � 70) 84.7 � 37.7

CC (n � 117) 82.7 � 39.4

aTT vs. TC � CC.
b44 vs. 45 � 55.
cAA vs. AG � GG.
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Fig. 1. Cox survival function curves comparing the development of lipodystrophic
syndrome (LD) over time (months of antiretroviral therapy), according to the
presence or absence of the polymorphic T allele of the (�3954C/T) polymor-
phisms of IL-1� gene. In (A) carriers of the T allele (TT�TC) are represented
together while in (B) all the TT, TC and CC genotypes are represented separately.

Asensi et al.

220 Genetics IN Medicine



of the IL-1� gene had a protective effect against the develop-
ment of LD in HIV-infected patients on HAART. This protec-
tive effect counterbalanced, at least partially, the well-known
LD-inducing effect of stavudine, a thymidine nucleoside ana-
logue that despite its strong antiviral potency has been rele-
gated to a position of last choice or salvage-therapy nucleoside
in the current HIV infection guidelines because of its severe
lipoatrophic effect.8,41,42 Although the use of stavudine in-
creased the risk for developing LD by 68%, the presence of the
polymorphic T allele of the (�3954C/T) polymorphism of
IL-1� gene decreased the risk to 43%. No differences in the
protective effect against LD were observed between carriers of
the homozygous TT or heterozygous TC genotypes of the
(�3954) polymorphisms of the IL-1� gene, although a type II
error cannot be dismissed due to the relatively low number of
patients with the TT genotype. The strong association of the
lack of the (�3954C/T) polymorphism of the IL-1� gene
with LD in the multivariate analysis, but not of the
(�889C/T) polymorphism of IL-1�, suggests that the effect
of this IL-1� polymorphism is due to linkage disequilibrium
with the (�3954C/T) polymorphism of the IL-1� gene, be-
cause both IL-1 � and � genes are located very closely in the
long arm of chromosome 2.43 The protective effect of the poly-
morphic T allele of the (�3954C/T) polymorphism of IL-1�
gene against LD was less evident after separating lipoatrophic
from lipohypertrophic LD patients. This was most likely due
to the lower number of patients in each of these groups,
although this variable was at the limit of significance (P �
0.06). This suggests that the protective effect of this poly-
morphic T allele extends equally to two pathogenically dif-
ferent forms of LD and, consequently, it is not associated
with a specific drug or pathogenic mechanism.

LD is considered an inflammatory syndrome and is associ-
ated with increased serum levels of cytokines such as TNF-�,
IL-6, IL-1�,9 interferon-�,10 and IL-18.11 Therefore, different
authors have studied the association of cytokine polymorphisms,
especially TNF-�, and LD. Of them, only the (�238G/A) pro-
moter polymorphism of the TNF-� gene was associated with the
development of LD.22–24

Our results do not support these observations as we did not
find any association between the TNF-� gene (�238G/A) or
(�308G/A) promoter polymorphisms and LD despite geno-
typing a large Spanish Caucasian cohort, one of the largest
HIV-infected populations genotyped from a single hospital.
Our patients were on antiretrovirals for a longer period of time
(mean, 93 months) than those of Maher et al.23 (96 HIV-in-
fected Caucasians from the UK on antiretrovirals for 50
months) or Nolan et al.24 (220 HIV-infected Caucasians from
Australia on antiretrovirals for 45 months). Interestingly, the
frequency of the carriers of the heterozygous AG genotype
among HIV-infected patients was similar in the three series
(Maher et al., 8.3%; Nolan et al., 13.1%; and our cohort,
10.1%) and among patients with LD (Maher et al., 13.1% and
our cohort, 9.7%). Whereas Maher et al. did not find the AG
genotype among HIV-infected individuals without LD, we
found this genotype in 9.7% of our patients (Nolan et al. does

not report [�238G/A] TNF-� polymorphism genotypic data
regarding LD status). This discordance could be due to clinical
variability in the diagnosis of lesser forms of LD, perhaps less
accurately diagnosed in our cohort using Lipodistrophy Sever-
ity Grading Scale (LSGS) compared with a different LD clinical
scale reported by Maher et al.1,23 or with dual-energy x-ray
absorptiometry (DEXA) scanning described by Nolan et al.

So far only cytokine polymorphisms that are inducers of LD
were investigated, though there must be some mutations in-
ducing and some protecting against LD. The polymorphic T
allele of the (�3954C/T) polymorphism of the IL1-� gene
showed a strong association against LD in the Cox multivariate
analysis whereas the (�238) promoter polymorphism of the
TNF-� gene and the other cytokine, TLR, and NOS polymor-
phisms genotyped showed no statistically significant associa-
tion with LD. The (�3954C/T) IL-1� gene polymorphism TT
genotype has been associated with an increased in vitro LPS-
induced production of IL-1� by peripheral monocytes in in-
sulin-dependent diabetic patients,44 but no changes in IL-1�
serum levels were observed in carriers of this polymorphism in
other large healthy Caucasian populations.45,46 Interestingly,
in our study, the (�3954C/T) IL-1� gene polymorphism TT
genotype was associated with low serum levels of TNF-� and
other cytokines that are known to decrease body mass by in-
creasing the subcutaneous adipocyte apoptosis in the HIV-
related wasting syndrome and in the lipoatrophic form of
LD.47 Therefore, low serum levels of cytokines could imply
lower adipocyte apoptosis and lower LD. However, homozy-
gous carriers of other cytokine polymorphisms also had low
serum cytokine levels but did not show any protection against
LD implying that the effect of the IL-1� gene polymorphism
against LD could be due to other unknown factors.

HIV-infected patients had significantly lower serum NOx

levels compared with healthy controls. HIV infection normally
increases NOx serum levels; however, low NOx levels are ob-
served in HIV-infected patients on HAART, as was the case for
all the patients in our cohort.33 No clear association between
the different NOS3 and NOS2 polymorphisms studied and LD
was found. However, (�786T/C) promoter and (E298D) exon
7 polymorphisms of the NOS3 gene and (�37498G/A) of the
NOS2 gene were significantly more frequent among HIV-in-
fected patients compared with controls. The reason for this
association is not clear. We did not find any significant associ-
ation between NOx serum levels and any NOS2 or NOS3 poly-
morphism. This fact does not support a hypothesis based on
the effect of the NOx increase on HIV-infection, which needs
further research. In addition, because healthy controls in our
cohort were probably never exposed to HIV infection being
volunteer blood donors, we cannot conclude that a specific
polymorphism in the NOS gene enhances or protects against
HIV infection.

Recent reports emphasize the value of the genetic back-
ground in the response to different antiretrovirals or to HIV
infection. It was observed that abacavir and nevirapine sensi-
tivity were related to the HLA genes (HLA-B*5701 and HLA-
DRB1*0101).48,49 Genetic variations could also influence the
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response against HIV infection (CCR5delta32) and perhaps
could predispose or protect against LD as well.50

Limitations of our study include the lack of an objective
standardized measurement of LD by image techniques (DEXA
or computed tomography) that we replaced by LSGS. How-
ever, the LSGS we used has proved to be valuable in diagnosing
moderate to severe LD. In addition, LSGS showed a good cor-
relation with anthropometric and echographic measurements
of subcutaneous and visceral fat thickness for diagnosis of LD
in HIV-infected patients.38 Finally, although there could be
some LD adscription mistakes, errors would randomly affect
patients with and without the (�3954C/T) polymorphism of
the IL-1� gene and, expectedly, the results would not be sub-
stantially modified.

Although caution is needed due to the relatively small num-
ber of our Caucasian-only cohort—and our findings need to
be validated in larger populations of other ethnic back-
grounds— our results suggest that genotyping the (�3954
C/T) IL-1� gene polymorphism could be helpful for evalua-
tion of the risk of developing LD and for tailoring antiretroviral
therapy to each patient’s risk. In this context, stavudine, even
with its potential mitochondrial toxicity, could be introduced
at an earlier time of HAART in carriers of the polymorphic T
allele of the (�3954 C/T) IL-1� gene polymorphism, because
these individuals will have a lower probability of developing
LD due to this thymidine analogue.
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