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ABSTRACT: The extensive use of Highly Active Antiretroviral Therapy (HAART) has 
transformed HIV infection into a chronic condition. Thus, metabolic alterations 
including lipodystrophy and dyslipidemia have been associated with the use of such 
medications. The objective of the present study was to analyze clinical metabolic 
alterations and the profile of TNF-α, IFN-γ, IL-2, IL-10, and TNF-α type II soluble 
receptor in serum of HIV-1 individuals with and without lipodystrophy. Eighty-four 
adults were evaluated, 42 males and 42 females, mean age 37 years, and HAART 
time of at least 15 months. Two groups were formed, G1: 42 individuals with 
lipodystrophy, and G2: 42 without lipodistropy. From the HAART used, stavudine was 
more associated with the lipodystrophy group and zidovudine with the non-
lipodystrophy group. CD4 and CD8 values, viral load, glucose, albumin, and lipids 
were not different between groups, except for triglycerides, which were high in the 
lipodystrophy group, and HDL, whose concentration was reduced in G1. TNF-α, 
TNF-RII, and IL-10 profiles were high and had positive correlation; IL-2 and IFN-γ had 
reduced levels in the lipodystrophy group. High TNF-α and its receptor levels seem to 
be associated with lipodystrophy development in individuals under HAART therapy. 
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INTRODUCTION 
The extensive use of potent combined antiretroviral therapy (HAART) has lead to an 

important reduction in morbidity and mortality associated with the HIV virus, 

transforming this disease into a chronic condition (35). Therefore, changes in 

prognosis, quality of life, and survival of many patients have been observed (30,35). 

Changes in the nutritional status associated with the use of these new therapies have 

also been observed in association with the patient’s longer survival (6). Alterations in 

glucose, triglycerides and cholesterol serum levels, other metabolic alterations, and 

body fat redistribution (lipodystrophy) have been reported (2,5,6,36) and lipid 

metabolism has been associated with cytokines which are produced during infections 

(20). 

Biochemical alterations and participation of the immune system in lipodystrophy 

pathogenesis are still unknown. However, reports have been made in an attempt to 

explain these alterations and their possible involvement with antiretroviral therapy 

and the immune system (5, 6, 11, 17, 25, 26). Several authors have reported 

Protease Inhibitors (PI) with cytokines such as TNF-α, IFN-α, IFN-γ, IL-1, IL-6, and 

IL-12, in the involvement in both immune reconstitution and lipid manipulation (5, 6, 

10, 11,25, 26). In addition, the HIV PI immunomodulatory effect cannot be excluded 

in T cells. Such drugs suppress physiological apoptosis by inhibiting cellular 

proteases (39) and have a direct impact on cytokine production (1). 
Ledru et al. (25) showed that the PI direct effect on cell proteases also have to be 

considered as a mechanism contributing to the accumulation of T cells, producers of 

TNF-α. Therefore, such polarization of T cells to synthesize TNF-α seems to favor 

lipodystrophy by contributing to changes in lipid metabolism. In fact, significant 

positive correlations were seen between the absolute number of CD8 T cells, 

production of TNF-α, and lipid parameters generally altered in lipodystrophy including 

cholesterol, triglycerides and the B/apo A1 alipoprotein atherogenic ratio (25). In 

another study, the same authors (26) did not see increased Th2 cytokine profile in 

HIV infected patients, even those under HAART therapy, which suggests the role of 

apoptosis in TNF-α physiological regulation and negative regulation by T cells. 

Based on previous considerations, it is extremely important to study the interaction 

between nutrition, infection, and immunity in AIDS, especially the production of TNF-

α, IFN-γ, IL-2, IL-10 and TNF-α type II soluble receptor (sTNF-RII), in serum 
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produced by HIV-1 infected individuals with or without lipodystrophy by analyzing the 

patients clinical metabolic characteristics and possible association with lipodystrophy. 

Such studies improve knowledge on these very complex aspects and certainly 

contribute to a better approach in managing this disease. 

 

PATIENTS AND METHODS 
Patients 
Between January 2003 and September 2004, 84 adults with confirmed HIV infection 

were analyzed, 42 (50%) were female, and 42 (50%) male, mean age was 37 years; 

they were under HAART for 15 or more months. They were seen at the Special 

Infectious Diseases Outpatient Clinic, Botucatu School of Medicine, UNESP. 

Excluded from the study were those with severe acute diseases or on steroids, 

anabolic steroids, glucocorticoids, immunomodulatory drugs or other drugs which 

could interfere with their metabolism, and those under 18 or pregnant. 

Individuals were divided into the following two groups: G1 – 42 individuals of both 

sexes, with HIV-1 and lipodystrophy; G2 – 42 individuals of both sexes, with HIV-1 

and without lipodystrophy. 

This study was approved by the Ethics Committee of Botucatu Medical School, and 

informed consent was obtained from all patients. 

 

Methods 
Diagnosis of Lipodystrophy Syndrome: Individuals with lipodystrophy were those 

who showed clinical evidence of at least two of the following morphological 

alterations, adapted from Carr et al., (7) loss of fat from the face, arms, legs, or 

buttocks (with or without prominent veins in legs or arms); fat accumulation in the 

abdomen, breast or dorsocervical region. These patients might also have 

dyslipidemia. The clinical factors were identified by both the doctor and the patient, 

and both needed to agree with fat accumulation or loss for the patient to be included 

in G1.  

 

Clinical Epidemiological Aspects: The following clinical epidemiological aspects 

were considered: age, smoking (>5 cigarettes/day), sedentariness (<1h/week 

physical exercise), alcoholic beverages (>80g/day), weight loss (>5% total body 
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weight), diarrhea (>2 liquid evacuations/>2 days), any fever episode, anorexia, and 

nausea in the last two months. Evaluation of body composition included 

measurement of weight/height2 (kg/m2) to obtain Body Mass Index (BMI). 

 

Laboratory Investigation: Biochemical and immunological examinations were 

performed. Peripheral blood samples were obtained through venous puncture in the 

morning after 8–12 hours fasting. 

 

Biochemical Examination: Serum glucose (mg%) was determined using the 

colorimetric enzymatic method (GOD-PAP), Biotrol Diagnostic Kit, and albumin (g%) 

was determined using the Bromo Cresol Green colorimetric method, Proti Kit, Wiener 

Lab., in a model RA-XT Technicon Auto-analyzer. Serum total cholesterol (mg%) was 

determined using enzymatic method, Flex® Cholesterol Kit, DADE BEHRING, and 

triglycerides (mg%) were deteremined using enzymatic method, Flex® Triglycerides 

Kit, DADE BEHRING in a DADE BEHRING Dimension® Clinical Chemistry System. 

Serum HDL, LDL, VLDL were determined using gel electrophoresis in a REP 

Electrophoresis apparatus, Helena BioSciences Europe. 

 

Immunological Examination: To evaluate immunological activity, we used the 

quantitative determination of T lymphocyte sub-population (cells/mm3) with CD4
+ and 

CD8
+ markers through flow cytometry using a Cyto-Stat®/Coulter Clone® CD3 (IgG1)-

FIT/T4-RD1 and Cyto-Stat®/Coulter Clone® CD3 (IgG1)-FIT/T8-RD1. For plasmatic 

viral load (number of copies/ml), NuclisensTM HIV-1/QT NASBA DIAGNOSTICS-

ORGANON TEKNIKA kit was used. 

 

Serum Cytokine Determination: Serum levels of TNF-α, IFN-γ, IL-2, IL-10, and 

sTNF-RII were determined through ELISA, using Quantikine R&D Systems kits, 

Minneapolis, MN, USA, according to the manufacturer’s instructions. Sensitivity limit 

for all parameters was 10pg/ml. 

 

Statistical Analysis: Comparisons between groups, expressed in proportion of 

occurrences per group (G1 and G2), were performed using the χ2 test or Fisher’s 

exact method. Mean and standard deviations were calculated for quantitative 
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variables in each group and comparisons between groups were made using the 

Student’s t test for two independent samples. Correlation between pairs of 

quantitative variables was by linear coefficient of correlation in each group 

separately. In all analyses, significance was p<0.05 (14). 

 

RESULTS 
Comparison between G1 and G2 for gender, sexual transmission mechanism, and 

clinical epidemiological parameters such as smoking, fever, diarrhea, weight loss, 

and anorexia was not statistically different; however, G1 had fewer alcohol drinker 

and sedentary individuals than G2 (p<0.05). There was also no statistical difference 

between groups for age and time of the last therapy. Duration of HIV-1 infection and 

total antiretroviral therapy were both significantly longer in G1 (99.4±43.0 and 

78.5±29.5 months) than in G2 (71.4±35.6 and 58.6±24.8 months), respectively 

(p<0.05). 

For antiretroviral drugs and regimen, statistical difference was seen between the 

groups for number of patients under treatment for at least 15 months with zidovudine 

(AZT) (G1<G2) and stavudine (d4T) (G1>G2), but there was no difference between 

groups in relation to the antiretroviral class (p>0.05; Table 1). 

Analysis of albumin, glucose, total and LDL cholesterol, T lymphocyte count with 

CD4
+ and CD8

+ markers, BMI, and viral load showed no significant difference 

between groups (Table 2). Only G1 triglyceride serum levels were higher than that of 

G2 (p<0.05). Reduced or normal HDL levels, considering gender, revealed more G1 

patients with lower than normal values, compared with G2 (p<0.05; Table 3). 

G1 cytokine serum levels of TNF-α, TNF Receptor II, and IL-10 were significantly 

higher, and IL-2 and IFN-γ levels were significantly lower than those of G2 (p<0.05; 

Table 4). 

Tables 5 and 6 show no association between lipid profile and cytokines between 

groups. However, there was correlation between cytokines and lipid profile within 

each group; G1 had positive correlation between IL-10, TNF-α, and sTNF R-II, and 

between TNF-α and sTNF R-II; and negative correlation between TNF-α and IFN-γ, 

and between IFN-γ and sTNF R-II. 

Table 6 shows G2 with the same correlations and significant correlation between IL-

10 and IL-2, and between IL-10 and INF-γ. 
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Table 1. Antiretroviral drug and regimen distribution of 83* HIV-1 infected individuals, 

according to groups. 

Parameters Significance Comments

 

G1 
(n=41*) 

G2 
(n=42)   

 n (%) n (%)   

Drugs       
AZT 19 45 34 81 p<0.01 G1<G2 
3TC 32 76 35 83 p>0.50 G1=G2 

d4T 21 50 8 19 p<0.02 G1>G2 

ddI 8 19 7 17 p>0.50 G1=G2 

IDV 13 31 6 14 p>0.05 G1=G2 

RTV 7 17 2 5 p>0.05 G1=G2 

NFV 5 12 9 21 p>0.10 G1=G2 

NVP 5 12 10 24 p>0.10 G1=G2 

EFV 8 19 9 21 p>0.5 G1=G2 

Anti-retroviral 
regimen 

      

PI + NRTI 23 27.7 20 24.1 p>0.50 G1=G2 

RTINN + NRTI 15 18.1 19 22.9 p>0.50 G1=G2 

Others 3+ 3.6 3# 3.6 p>0.50 G1=G2 
G1: HIV-1+ individuals with lipodystrophy; G2: HIV-1+ individuals without lipodystrophy. 

*: It was not possible to discriminate the antiretroviral therapy of one patient 
+: One patient on antiretroviral therapy only with analogues, and two patients on antiretroviral therapy 

with nucleotide analogue, non-analogue and protease inhibitor in G1 
#: Three patients on antiretroviral therapy only with analogues in G2. 

AZT: zidovudine; 3TC: lamivudine; d4T: stavudine; ddI: didanosine; IDV: indinavir; RTV: ritonavir; 

NFV: nelfinavir; NVP: nevirapine; EFV: efavirenz; PI: protease inhibitor; NRTI: nucleotide reverse 

transcriptase inhibitors; NNTRI: non-nucleoside reverse transcriptase inhibitors. 
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Table 2. Mean ( x ) and Standard Deviation (SD) of biochemical parameters, CD4 

and CD8 T lymphocyte counts and body mass index of 84 HIV-1 infected individuals, 

according to groups. 
Serological Exams G1 G2 Statistics Comments 

 x  SD x  SD   

Albumin 
(g%) 

4.49 0.38 4.52 0.41 t=0.349; p>0.50 G1=G2 

Glucose 
(mg%) 

100.69 57.41 90.38 8.92 t=1.150; p>0.10 G1=G2 

Total Cholesterol 
(mg%) 

165.74 35.62 167.14 33.44 t=0.186; p>0.50 G1=G2 

Triglycerides 

(mg%) 
266.71 168.34 167.80 109.91 t=3.188; p<0.01 G1>G2 

LDL 
(mg%) 

114.87 28.89 118.01 29.31 t=0.494; p>0.50 G1=G2 

BMI 
(kg/m2) 

23.29 3.30 23.77 3.34 t=0.663; p>0.50 G1=G2 

CD4 
(cell/mm3) 

412.21 232.57 383.88 170.80 t=0.636; p>0.50 G1=G2 

CD8 
(cell/mm3) 

1067.38 442.86 1018.95 383.65 t=0.536; p>0.50 G1=G2 

CD4/CD8 
 

0.405 0.242 0.408 0.201 t=0.061; p>0.50 G1=G2 

Viral load 
(log of copies/ml) 

3.01 1.14 2.95 1.08 t=0.248; p>0.50 G1=G2 

G1: HIV-1+ individuals with lipodystrophy; G2: HIV-1+ individuals without lipodystrophy. 

LDL: low density lipoprotein; VLDL: very low density cholesterol; BMI: body mass index, Log: logarithm 

of number of RNA copies of HIV/ml. 
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Table 3. Distribution of 84 HIV-1 infected individuals, according to groups, and 

classification of HDL level into normal or reduced in relation to gender. 

HDL 
mg% 

G1 G2 Total 
(n=42) (n=42) 

G1: HIV-1+ individuals with lipodystrophy; G2: HIV-1+ individuals without lipodystrophy. 

(n=84) 
Significance Comments

 n (%) n (%) n (%)   

Normal 26 62 37 88 63 75 p<0.05 G1=G2 

Reduced 16 38 5 12 21 25 p<0.05 G1>G2 

 

 
 
 
 
 
 
 
Table 4. Mean ( x ) and standard deviation (SD) of serum cytokines in 84 HIV-1 

infected individuals, according to groups. 

Parameter G1 G2 
(n=42) (n=42) 

Significance Comments

TNF-α (pico/μl) 635.5±131.9 351.8±146.9 p<0.001 G1>G2 

TNF-α Receptor II (pico/μl) 820.4±126.5 539.0±148.1 p<0.001 G1>G2 

Interleukin-10 (pico/μl) 49.2±12.6 39.2±16.5 p<0.01 G1>G2 

Interleukin-2 (pico/μl) 101.8±23.5 113.3±23.0 p<0.02 G1<G2 

IFN-γ (pico/μl) 361.1±149.6 568.5±174.3 p<0.001 G1<G2 
G1: HIV-1+ individuals with lipodystrophy; G2: HIV-1+ individuals without lipodystrophy. 
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Table 5. Correlations between lipid profile and cytokines in G1 (with lipodystrophy). 

 

Correlation 

G1 

Recepto

r TNFII 

IL-10 IL-2 INF-γ TNF-α Cholesterol LDL HDL VLDL Triglycerides 

Receptor TNFII - 0.36* -0.22 -0.34* 0.92** 0.15 0.16 0.08 -0.26 -0,11 

IL-10 - - 0.27 -0.22 0.36* 0.11 0.20 -0.067 -0.08 0.09 

IL-2 - - - -0.05 -0.25 0.02 0.02 0.02 0.13 0.04 

INF-γ - - - - -0.36* -0.22 -0.17 -0.07 0.01 -0.24 

TNF- - - - - - 0.18 0.20 0.09 -0.29 0.10 

Cholesterol - - - - - - 0.94** 0.63** -0.15 0.06 

LDL - - - - - - - 0.46** -0.17 -0.03 

HDL - - - - - - - - -0.45** -0.42** 

VLDL - - - - - - - - - 0.65** 

Triglycerides - - - - - - - - - - 

 

G1: HIV-1+ individuals with lipodystrophy. 

 

HDL: high density lipoprotein; LDL: low density lipoprotein; VLDL: very low density cholesterol. 

 

*: p<0.05; **: p<0.01. 
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Table 6. Correlations between lipid profile and cytokines in G2 (without 

lipodystrophy). 

 
Correlation 
G2 

Receptor 
TNFII 

IL-10 IL-2 INF-γ TNF-α Cholesterol LDL HDL VLDL Triglycerides

Receptor 
TNFII 

- 0.69** -0.25 -0.44** 0.90** -0.05 -0.15 0.03 0.16 -0.02 

IL-10 - - -0.52** -0.43** 0.70** 0.04 -0.10 0.10 0.16 0.08 

IL-2 - - - 0.30 -0.21 -0.14 0.05 -0.22 0.03 0.16 

INF-γ - - - - -0.46** -0.04 0.15 -0.23 0.05 0.12 

TNF-α - - - - - 0.02 -0.06 0.03 0.09 -0.02 

Cholesterol - - - - - - 0.89** 0.50** -0.11 -0.04 

LDL - - - - - - - 0.20 -0.06 0.08 

HDL - - - - - - - - -0.33* -0.44** 

VLDL - - - - - - - - - 0.75** 

Triglycerides - - - - - - - - - - 

 

G2: HIV-1+ individuals without lipodystrophy. 

 

HDL: high density lipoprotein; LDL: low density lipoprotein; VLDL: very low density cholesterol. 

 

*: p<0.05; **: p<0.01. 

 
DISCUSSION 
Non-drug-related factors such as gender, age, and HIV-1 infection duration (28) also 

seem to be associated with these body changes, but in the present study there was 

no association between gender or age and the presence of lipodystrophy (38). Mean 

disease duration and mean total antiretroviral therapy time were higher in HIV-1 

infected individuals with lipodystrophy (G1) than in those without lipodystrophy (G2). 

Therefore, there seems to be an association between infection time, antiretroviral 

therapy time, and lipodystrophy. So, G2 individuals may develop such syndrome 

sometime in the future. However, mean time since last therapy was not associated 

with lipodystrophy. 

Another important aspect reported by several authors is that lipodystrophy may be 

related to antiretroviral type (31). In the present study, G1 had fewer patients on AZT 

and more on d4T, without differences for other drugs used, which agrees with 

literature, where (24) lipodystrophy is associated with d4T. Joly et al. (24) showed 

differences between AZT and d4T in relation to lipid plasmatic levels, revealing 
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higher values in patients on d4T. However, analyzing the antiretroviral regimens 

used, it was not possible to see differences between G1 and G2.

Clinical epidemiological alterations have been related to possible alterations in the 

lipid and immunological profiles. However, smoking, fever, diarrhea, recent weight 

loss, nausea, and anorexia did not show differences between groups in the present 

study, thus eliminating their association with lipodystrophy. On the other hand, 

sedentarism was high in G1, probably due to advice and orientation that these 

patients received about practicing exercise. Alcohol consumption can interfere with 

the analysis of lipid profile metabolic parameters (3), but in the present paper it was 

absent in G1 and at low proportions in G2. Transmission mechanism in developing 

countries is generally by heterosexual relationship (40), which was similar to the 

present study. 

Albumin, a classic nutritional reference standard, like a negative acute-phase protein 

(15), was normal in both groups. Therefore, it probably did not interfere with the 

overall evaluation of clinical metabolic nutritional and immunological alterations. 

Several studies have shown that patients on antiretrovirals have increased serum 

levels of glucose, triglycerides, total cholesterol, and LDL (21). In the present study, 

there was no difference in glucose concentrations between groups; mean 

concentration was within reference values. This agrees with Carr (5), who also 

reported that hypertriglyceridemia is relatively rare in lipodystrophy patients as most 

patients can compensate insulin resistance with increased pancreatic insulin 

secretion. 

Mean G2 triglyceride levels were higher than reference values, similar to the results 

obtained by Pujari et al. (37). Total and LDL cholesterol serum levels were within 

normal values between groups, which agrees with a recent study by Mallon et al. 

(29). 

HDL cholesterol serum concentration, when separately analyzed according to 

gender, was lower in G1; this agrees with Carr et al. (7), who reported a tendency to 

lower serum levels of such variable in HIV-1 infected individuals with lipodystrophy. 

Individuals in both groups were eutrophic, which has been reported by several 

authors (33) who stated there is not necessarily a compromised nutritional state. 

Other studies reported an association between CD4 and CD8 T lymphocyte count, 

viral load and lipodystrophy (27); this was not observed in the present study, in which 
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patients in both groups had CD4 T lymphocyte count above 380 cells/mm3 and 

controlled viremia, thus such variables cannot be associated with lipodystrophy. 

Lichtenstein et al. (27) reported that a fast increase in CD4 T cell count may be a risk 

factor for lipodystrophy. 

Knowledge of the immune profile through cytokine analysis and a possible 

relationship between lipodystrophy and lipid profile are important but not well-known 

factors. 

Imami et al. (22) reported that lipodystrophy associated with HIV could be the result 

of complex interactions between viral factors and antiretroviral agents. At the 

beginning of antiretroviral therapy, CD4 T cells are predominantly Th2 profile and 

primarily secrete anti-inflammatory cytokines such as IL-10, later changing to Th1 

profile, secreting inflammatory cytokines such as IL-2, IFN-γ, and TNF-α. 

Higher levels of TNF-α and its receptor sTNF R-II were observed in G1, compared to 

G2. This agrees with other authors, who reported high serum concentrations of TNF-

α and sTNF R-II in patients with lipodystrophy under HAART therapy, compared to 

controls (10), and correlation between peripheral fat loss and high sTNF R-II levels in 

HIV-1 infected patients with lipodystrophy (32). 

Constans et al. (13) associated increased TNF-α plasma levels during opportunistic 

infections with reduced total cholesterol plasma levels in HIV infected patients in the 

pre-HAART period (13). As a consequence, increases in IFN-α and TNF-α serum 

levels, which occurred secondarily to HIV-1 infection, seem to be related to an 

alteration in lipid metabolism. However, Ledru et al. (26) demonstrated that apoptosis 

plays an essential role in the negative regulation of TNF-α synthesis by T cells. 

During natural progression of HIV infection, the susceptibility to apoptosis of TNF-α-

producing cells progressively increased, correlating with lower serum levels (26). 

Apoptosis in TNF-α-producing T cells is highly suppressed by antiretroviral therapy 

through the progressive accumulation of such cytokine in the blood, therefore, 

creating a pro-inflammatory environment that can contribute to lipodystrophy 

development with immunological restoration. Also, such polarization of T cells to TNF 

synthesis could favor the development of lipodystrophy syndrome by contributing to 

lipid metabolism alteration (25). However, in vitro studies have suggested that TNF-α 

is not involved with fat accumulation in the breasts or decrease in the lower limbs, 

seen as early changes in women on HAART. Lipodystrophy, then, could have a 
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multifactorial pathogenesis, and increased breast fat in these women could represent 

a different syndrome (16, 19). 

Although their in vivo action is unclear, cytokines such as IL-2 play a crucial role in 

promoting both the survival and proliferation of lymphocytes and cytokine promoters, 

which activate lymphocytes highly susceptible to apoptosis (4). Higher levels of such 

cytokine were observed in G2, compared to G1. Therefore, low IL-2 and IFN-γ serum 

concentrations, as per Ostrowsk et al. (34), are associated with the progression of 

HIV-1 infection, which suggests that the disease was more advanced in G1. 

High levels of IL-10, TNF-α and its soluble receptor, and the lower IFN-γ and IL-2 

production in lipodystrophy patients suggest that IL-10 participates in the control of 

inflammatory cytokine synthesis, as it can suppress IFN-γ response (16, 18). 

Different cell types such as T CD4+, CD8+, and NK secrete IFN-γ, which has a 

negative regulatory effect on Th2-profile cytokine secretion (8). In the present study, 

higher IL-10 levels in G1 than in G2 could suggest a regulatory effect over IFN-γ 

production in G1. Also, TNF-α and IFN-γ can induce virus-infected target cell death 

by cytotoxic T lymphocyte (23). In another study on IFN-γ participation in 

lipodystrophy, Clerici et al. (12) reported that some important immune functions, 

including IL-2 and IFN-γ production, remain compromised in AIDS women whether 

they have lipodystrophy or not. Similar results were found in the present study in the 

lipodystrophy group (G1). 

However, G2 patients had significantly higher levels of IFN-γ and IL-2 associated with 

lower production of TNF-α and its receptor, suggesting that TNF-α synthesis is 

controlled in these patients. Lower TNF-α serum concentration in G2 patients seems 

to show its participation in the onset of such metabolic disorder. 

According to some authors (9, 20), most hypertriglyceridemia cases are associated 

with immune dysfunction. But, in the present study, it was not possible to associate 

the immunological profile with the lipid profile, as the cytokines analyzed in these 

individuals did not correlate to the lipid profile. Finally, such data suggest G1 patients 

had high serum concentrations of TNF-α, its receptor, and IL-10, and low 

concentrations of IL-2 and IFN-γ, compared to G2. 
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Therefore, we believe that different TNF-α-producing cell populations need to be 

studied to help understand the mechanisms leading to lipodystrophy in HAART 

patients. 
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