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ABSTRACT: Highly active antiretroviral therapy (HAART) has been associated with the 
development of a clinical group and metabolic disorders such as peripheral 
lipodystrophy syndrome in AIDS. The aim of this study was to analyze the lipid profile, 
the clinical aspects, and the body composition of HIV-1 infected individuals treated with 
or without protease inhibitor (PI) during the highly active antiretroviral therapy. In total, 
62 individuals were evaluated in this study; 15 healthy individuals (Control Group: CG), 
11 HIV-1 infected individuals treated without antiretroviral therapy (Group 1: G1), 14 
HIV-1 infected individuals treated with antiretroviral therapy plus protease inhibitor 
(Group 2: G2), and 22 HIV-1 infected individuals treated with antiretroviral therapy 
without protease inhibitor (Group 3: G3), mean age 35 years old. The time interval for 
G2 and G3 was greater than or equal to nine months. Patients receiving HAART with PI 
had significantly lower viral loads, hypertriglyceridemia, and low HDL levels (p<0.05). 
There were no differences between groups in relation to the lean body mass percentage 
obtained by mid-arm muscle circumference adequacy or by bioelectrical impedance. 
The lower percentage of body fat observed in all the HIV-1 infected patients by 
antropometric assessment and the decreased tricipital skinfold adequacy in the group 
treated with PI in relation to CG may suggest lipodystrophy in the upper limbs, especially 
on those treated with PI.  
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INTRODUCTION 
The widespread utilization of highly active antiretroviral therapy (HAART) has led to a 

sustained reduction in the morbidity and mortality associated with HIV-1 infection (26, 

30). On the other hand, HAART has a variety of adverse side effects (7, 8, 9) that can 

develop into a new clinical and laboratorial syndrome known as lipodystrophy (LD) 

syndrome. 

The main manifestations of the LD syndrome in patients with normal serum cortisol 

levels are fat accumulation in the dorsocervical spine (also known as buffalo hump), in 

the breasts, and in the abdomen, or fat reduction in the face and in the limbs. 

Lipoatrophy may occur isolated or together with fat accumulation. It was reported in 

some patients that these body changes are accompanied by metabolic disorders and 

dyslipidemia, resulting in serum levels alterations, including glucose, triglycerides, and 

cholesterol (6, 9, 35). LD has been associated with HAART with protease inhibitor (PI); 

however, there are reports of hyperlidemia and lipodystrophy associated with HAART 

without PI (22, 34, 38). Metabolic disorders, which include disturbances in the lipid 

metabolism and increases in the serum level of triglycerides and cholesterol, have been 

observed in all stages of the HIV-1 infection (3, 28, 31, 32). A recent study by Smith et 

al. demonstrated an excess of cardiovascular risk factors in HIV patients receiving 

HAART (37).

There are many reports and studies that have noted variations in the presence of 

lipodystophy among HIV-1 infected patients treated with PI. These reports have 

observed a difference between 0.1% and 64% (4, 5, 9, 42). The highest LD prevalence 

associated with HIV-1 infected patients treated with PI was reported by Carr et al. (11), 

who observed 80% of the patients with LD syndrome. In another study, Gerrior et al. 

(21) reported that from 39 patients with LD, 10% had never been treated with PI. In a 

published study comparing 96 HIV-1 infected individuals, it was reported that the 

abnormalities in fat distribution are characteristics of the HIV-1 infection, independent of 

the treatment (24). 

In another study, Boufassa et al. (5) reported that the average serum cholesterol levels 

as well as the serum triglyceride levels were higher among patients treated with PI in 

comparison to the patients not treated with PI. Another aspect related to LD reported is 
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the association between the HIV-1 infection and the duration of treatment with or without 

PI ranging from 7 to 22 months (3).  

Recently, metabolic disorders with decrease in the serum high-density lipoprotein (HDL) 

cholesterol levels have been observed in HIV-1 infected patients; a decrease in HDL 

has also been associated with an increase in the cardiovascular risk (29).  

Although the use of HAART has allowed changes in the prognostic, the quality of health 

and the morbidity of many HIV-1 infected patients, the development of LD, and 

dyslipidemia have been considered a very worrisome factor. There is a need to know if 

these new drugs are affecting the lipid profile of such individuals, therefore our objective 

is to evaluate the effectiveness of using HAARTs in HIV-1 infected individuals. This 

study was performed to analyze the lipid profile, the clinical and nutritional aspects of 

HIV-1 infected individuals during treatment with or without HAARTs in the region of 

Botucatu, São Paulo, Brazil. 

 

PATIENTS and Methods 
Patients 

From November 2000 to May 2001, 62 individuals between 19-53 years, including 27 

females and 35 males, were studied. From this total, 47 (76%) were HIV-1 infected 

outpatients from the Infectious and Parasitary Disease Area of Botucatu School of 

Medicine, UNESP, and 15 (24%) were healthy blood donors from the Blood Bank 

Center of Botucatu School of Medicine, UNESP. All the patients were organized in the 

following study groups: Control Group (CG), consisted of 15 healthy blood donors, 

ranging in age from 23 to 53 years old ( x  34 ± SD 8.8); Group 1 (G1), consisted of 11 

HIV-1 infected patients, ranging in age from 19 to 46 years ( x  35 ± SD 9.2), who did not 

receive HAART; Group 2 (G2), consisted of 14 HIV-1 infected patients, ranging in age 

from 24 to 48 years ( x  38 ± SD 7.0), who received HAART with PI for time interval 

greater than or equal to nine months; Group 3 (G3), consisted of 22 HIV-1 infected 

patients, ranging in age from 25 to 45 years ( x  34 ± SD 6.3), who received HAART 

without PI for time interval greater than or equal to nine months.  
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Body composition 

Anthropometric assessment included weight/height2 for Body Mass Index (BMI) 

measurements; skinfold thickness measured at four sites (subscapular, bicipital, 

tricipital, and suprailiac areas), taken at the non-dominant side; upper arm 

circumference; and upper mid-arm muscle circumference (MAMC) calculated from the 

formula: MAMC (cm) = mid-arm circumference - (0.314 x triceps skinfold [mm]) (12, 15, 

19, 39). MAMC adequacy in percentage was calculated using the formula: MAMC 

obtained (cm)/50 percentil MAMC x 100 of each patient, according to the age and 

gender (19, 20). Tricipital skinfold (TSF) thickness adequacy in percentage was 

obtained using the formula: TSF obtained (mm)/50 percentil TSF x 100 of each patient, 

according to the age and gender (19, 20). Body fat percentage (BFP) was estimated 

from the anthropometric assessment using the equations of Durnin and Womersley 

(1974) by the sum of subscapular, bicipital, tricipital, and suprailiac skinfold, according to 

the age and gender (14, 15). Total body fat percentage adequacy was obtained using 

the formula: BFP obtained/50 percentil BFP x 100 of each patient, according to the age 

and gender (19, 20). BMI adequacy in percentage was calculated using BMI/21.7x100, 

where 21.7 is the mean of 18.5 and 24.9, the range for eutrophic individuals according 

to the World Health Organization, 1995 and 1997. All the anthropometry measurements 

were performed by the same method (21) three times and averaged. Lange skin fold 

caliper (Cambridge Scientific Industries, Cambridge, Massachusetts, USA) was used to 

assess the skinfold measurement. 

 

Bioelectrical impedance 

After 8 to 12 hours overnight fasting, bioelectrical impedance analysis (BIA) was used as 

a technique to assess the nutritional status and body composition in the individuals of 

each group. BIA measurements were done by the same method, using standard 

electrode positions (36). Whole-body bioelectrical impedance was measured with Comp 

Corp® Version 2.5, and the reactance and resistance values were analyzed with the 

Corp® program estimating the lean body mass (LBM), the total body water (TBW), and 

the body fat mass (BFM) percentage.  

 

Clinical-Epidemiological Aspects 
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The following clinical-epidemiological aspects were analyzed during patient visits: HIV-1 

infection duration, age, race, gender, cigarette smoking (> 5 cigarettes/day), alcohol 

consumption (> 80 g/day), sedentary life style (< 1 h/week of sport activity), diarrhea (> 2 

liquid evacuations /> 2 days), weight loss (> 5% of total body weight), any episode of 

fever, anorexia and vomiting in the last two months. Patients were asked to describe any 

body shape changes observed during care for HIV-1 and lipoatrophy in the upper and 

lower limbs, and the face; accumulation of fat in the dorsocervical fat pad, breast 

enlargement, and fat accumulation in the abdomen were then analyzed based on the 

patients’ self-report interview.  

 

Laboratory assays 

Hematological, biochemical and immunologic assays were carried out. After 8 to 12 

hours overnight fasting, venous blood samples were collected and analyzed. These 

samples were analyzed in the Clinic Laboratories of Botucatu School of Medicine - 

UNESP. The hematological evaluation was characterized by hematocrit (Hct) and 

hemoglobin (Hb) by the photometric approach using the device CELL-DYN® 3500 

System Abbott. The serum biochemical evaluation was performed for triglyceride (TG) 

(18), glucose, albumin (13), total cholesterol (TC) (1), high density lipoprotein (HDL) 

cholesterol (40), and low density lipoprotein (LDL) cholesterol LDL was calculated by the 

Friedewald method, except in patients with TG levels>400mg/dL (LDL = total cholesterol 

- ([TG/5] + HDL cholesterol). Quantitative determination of both T CD4+ and CD8+ 

lymphocyte counts was carried out by the flow cytometer “Cyto-ulter Clone®. CD3 

(IgG1)-FIT/T4-RD1 by Cyto-Stat®/Coulter Clone®. CD3 (IgG1)-FIT/T8-RD1 and HIV-1 

viral load by the kit “Nuclisens TM HIV-1/QT NASBA DIAGNOSTICS” - ORGANON 

TEKNIKA techniques in the HIV-1 infected individuals were used to assess the 

immunological activity. 

 

Statistical analysis 

A power of 80% was considered with a 5% significant level, taking into consideration the 

average values and standard deviation in the literature with reference to the variables: 

cholesterol, triglyceride, and albumin. Comparison of qualitative variables was 
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determined using the Fisher’s exact test. The Analysis of Variance (ANOVA) was used 

to determine quantitative variables with normal distribution, followed by the Tukey’s 

multiple comparisons test to compare the means between groups. Kruskal-Wallis 

followed by multiple comparisons test was used to compare the non-parametric 

distribution (16). Probability levels of 0.05 or less were considered significant. The 

Ethical Committee of the Clinic Hospital, Botucatu School of Medicine, UNESP – São 

Paulo State University, approved the research protocol and an informed consent was 

obtained from all of the patients. 
 

RESULTS 
Table 1 shows that none of the groups presented differences with respect to gender, 

age, race, sedentary life style, fever, and weight lost (p>0.05), neither G2 or G3 with 

respect to infection duration and transmission mechanism, although the male gender 

was predominant in all the groups. CG and G2 had significantly lower number of 

individuals that used to consume alcohol (>80g/day). G2 had more cigarette smokers 

than CG (p<0.05) and more individuals with diarrhea than any other group. Vomiting 

was observed in higher proportion in G1 and G2 compared to CG and G3 (p<0.05), as 

shown in Table 1. There were no significant differences, as seen in Table 2, between 

the studied groups when the following were considered: accumulation of fat in the 

dorsocervical fat pad and in the breast, enlargement of the abdomen, and lipoatrophy in 

the face in HIV-1 infected individuals (p>0.05). However, G2 and G3 had significantly 

lower fat in the upper and lower limbs than G1 (p<0.05), Table 2. Though without 

statistical differences between them (p>0.05), T CD4
+ and CD8

+ counts were lower in all 

the HIV-1 infected groups. Analysis of the viral load, in Table 3, was higher in all the 

HIV-1 infected groups, however there was a significant difference (p<0.05) only between 

individuals (G1) not treated with HAART and those treated with HAART plus PI (G2), 

shown in Table 3. There were significant differences between groups in relation to the 

glucose and albumin levels, although within normal limits. G2 had increased triglyceride 

levels in relation to G1 and above the normal levels (p<0.05); nonetheless there were no 

differences from the other groups. Cholesterol and LDL levels were normal and there 

were no differences between the groups studied (p>0.05). HDL, hematocrit, and 

hemoglobin from both genders did not differ between groups (p>0.05), but the HDL 
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levels were below the normal levels in HIV-1 infected males and females (Table 3). In 

relation to anthropometry parameters, shown in Table 4, MAMC percentage was similar 

among all the study groups; BMI percentage was higher in G2 in relation to G1 (p<0.05); 

TSF percentage was significantly lower in G2 than in CG (p<0.05); and all the other 

groups presented lower BFP adequacy in relation to CG. BIA analysis of the body water, 

fat free mass, and total body fat percentage showed that all groups, including the control 

group, had no difference, as shown in Table 5.  

 
Table 1. Distribution of the 62 subjects, HIV-1 infected or not, according to the presence 
of clinical-epidemiological parameters. 
CG: Control group, blood donors 

G1: HIV-1+ individuals, without HAART 

G2: HIV-1+ individuals, with HAART and PI 

 CG G1 G2 G3 Total

 N N N N N 

Parameters      

Significance Comments 

Alcohol 

consumption* 

- 5 1 7 13 p<0.05 (CG=G2)<(G1=G3)

Cigarette 

Smoking 

3 6 10 12 31 p<0.05 CG<G2; 

CG=G1=G3 

Sedentary 

life style* 

10 10 11 15 36 p>0.05 CG=G1=G2=G3 

Fever - 2 2 3 7 p>0.05 CG=G1=G2=G3 

Weight loss 3 5 7 9 24 p>0.05 CG=G1=G2=G3 

Vomiting - 2 3 - 5 p<0.05 (CG=G3)<(G1=G2)

Diarrhea - - 5 1 6 p<0.05 CG=G1=G3<G2 

Anorexia - 3 4 5 12 p>0.05 CG=G1=G2=G3 

G3: HIV-1+ individuals, with HAART and without PI 

-: Numeric value is equal zero 

*: one patient was not interviewed 
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Table 2. Distribution of the 45* HIV-1 infected subjects, according to the study group, the 

presence of dorsocervical, abdominal and breast† fat accumulation and the presence of 

lipoatrophy in the face, upper and lower limbs. 

 

G1: HIV-1+ individuals, without HAART 

G1 G2 G3 Total 

(n=10) (n=13) (n=22) (n=45) 

 

Fat 

N N N N 

Significance Comments

Hipertrophy       

dorsocervical - 3 4 7 p>0.05 G1=G2=G3

Abdominal 2 6 13 21 p>0.05 G1=G2=G3

Breast† 1 3 3 7 p>0.05 G1=G2=G3

Atrophy       

Face - 4 4 8 p>0.05 G1=G2=G3

Limbs 1 12 12 25 p<0.05 G1<G2=G3

G2: HIV-1+ individuals, with HAART and PI 

G3: HIV-1+ individuals, with HAART and without PI 

-: Numeric value is equal zero 

*: 2 patients were not interviewed 
†: women 
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Table 3. Mean ( x ) and standard deviation (SD) of the serum parameters and viral load 

(copies/ml) in logarithm of the 62 subjects, HIV-1 infected or not, according to the study 

group. 

CG: Control group, blood donors; 

 

Laboratory 

CG G1 G2 G3 

Assays x  SD x  SD x  SD x  SD

Significance Comments 

Serum Glucose 

(mg/dl) 

 

86 

 

29 

 

90 

 

12 

 

109

 

29 

 

93 

 

11 

 

p<0.05 

 

G2>(CG=G1=G3) 

Serum Albumin 

(g/dl) 

 

4.2 

 

0.2 

 

3.9 

 

0.5

 

4.2 

 

0.4 

 

4.5 

 

0.5

 

p<0.05 

 

G1<G3; CG=G3 

CG=G1=G2 

Serum 

Cholesterol (mg%) 

 

175 

 

25 

 

162 

 

37 

 

168

 

41 

 

160

 

42 

 

p>0.05 

 

CG=G1=G2=G3 

 

Serum 

LDL (mg%) 

 

104 

 

30 

 

99 

 

30 

 

87 

 

32 

 

95 

 

39 

 

p>0.05 

 

CG=G1=G2=G3 

Serum 

Triglyceride 

(mg%) 

 

102 

 

38 

 

147 

 

89 

 

241

 

172

 

151

 

78 

 

p<0.05 

 

CG<G2;CG=G1=G3 

G1=G2=G3 

Serum 

HDL 

(mg% - female) 

 

46 

 

10 

 

41 

 

16 

 

33 

 

9 

 

37 

 

11 

 

p>0.05 

 

CG=G1=G2=G3 

Serum 

HDL 

(mg% - male) 

 

40 

 

8 

 

28 

 

13 

 

32 

 

10 

 

34 

 

8 

 

p>0.05 

 

CG=G1=G2=G3 

Viral load 

(log) 

- - 4.8 1.1 3.3 1.1 3.8 1.1 p<0.05 G1>G2=G3;G1=G3 

G1: HIV-1+ individuals, without HAART; 

G2: HIV-1+ individuals, with HAART and PI; 

G3: HIV-1+ individuals, with HAART and without PI; 

-: Numeric value is equal zero; LDL: low-density lipoprotein; HDL: high-density lipoprotein. 
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Table 4. Means ( x ) and standard deviation (SD) of percentage adequacy of 

anthropometric parameters of the 62 subjects, HIV-1 infected or not, according to the 

study group. 

CG: Control group, blood donors; 

CG 

(n=15) 

G1 

(n=11) 

G2 

(n=14) 

G3 

(n=22) 

 

Anthropometric 

Parameters x  SD x  SD x  SD x  SD

Signifi 

cance 

Comments 

BMI % 114 14 101 13 118 15 111 14 p<0.05 G2>G1 

GC=G1=G3 

GC=G2=G3 

TSF %* 138 42 106 60 92 27 102 31 p<0.05 GC>G2 

GC=G1=G3 

G1=G2=G3 

MAMC %* 94 12 87 10 97 10 95 14 p>0.05 CG=G1=G2=G3

BFP %# 115 16 92 22 98 10 100 11 p<0.05 GC>G1=G2=G3

G1: HIV-1+ individuals, without HAART; 

G2: HIV-1+ individuals, with HAART and PI; 

G3: HIV-1+ individuals, with HAART and without PI; 

BMI: Body Mass Index, TSF: Tricipital skinfold, MAMC: Mid-arm muscle circumference, BFP: Body fat 

percentage. 

BMI adequacy was adapted according to the World Health Organization; TSF% was adapted according to 

Frisacho AR. Anthropometric standards for the assessment of growth and nutritional status. Ann Arbor: 

University of Michigan Press, 1990; MAMC adequacy was adapted according to Blackburn, G. L. & 

Thornton, P.A., 1979; Body fat percentage adequacy was adapted according to Frisacho AR. 

Anthropometric standards for the assessment of growth and nutritional status. Ann Arbor: University of 

Michigan Press, 1990. 

*: one patient from G2 and one from G3 were not assessed. 

#: two patients from G2 and two from G3 were not assessed. 
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Table 5. Mean ( x ) and standard deviation (SD) of the bioelectrical impedance analysis 

(BIA) of the 62 subjects, HIV-1 infected or not, according to the study group and sex. 

CG: Control group, blood donors; 

 

BIA 

CG G1 G2 G3 

 x  SD x  SD x  SD x  SD

Significance Comment 

Female           

Water (%) 52 4 55 6 54 4 53 5 p>0.05 CG=G1=G2=G3

Lean mass 

(%) 

 

71 

 

5 

 

74 

 

7 

 

73 

 

5 

 

73 

 

7 

 

p>0.05 

 

CG=G1=G2=G3

Fat mass 

(%) 

 

30 

 

5 

 

26 

 

7 

 

27 

 

5 

 

28 

 

7 

 

p>0.05 

 

CG=G1=G2=G3

Male           

Water (%) 61 6 65 7 60 5 60 6 p>0.05 CG=G1=G2=G3

Lean mass 

(%) 

 

83 

 

6 

 

85 

 

6 

 

82 

 

6 

 

79 

 

10 

 

p>0.05 

 

CG=G1=G2=G3

Fat mass 

(%) 

 

17 

 

6 

 

15 

 

5 

 

18 

 

6 

 

21 

 

10 

 

p>0.05 

 

CG=G1=G2=G3

G1: HIV-1+ individuals, without HAART; 

G2: HIV-1+ individuals, with HAART and PI; 

G3: HIV-1+ individuals, with HAART and without PI. 

 
DISCUSSION 
Although there are significant studies about lipodystrophy (3, 10, 21, 29, 42), its fat 

accumulation etiology is still uncertain in HIV-1 infected individuals. Some recent studies 

have shown a strong association between PI use and lipodystrophy (9), however many 

reports have been done on these alterations in patients treated with HAART without PI 

(28, 34). In addition, many factors not related to drugs may be associated to a higher 

risk of developing these body changes, such as gender, age, race, and HIV-1 infection 

duration, among others (24, 27, 28). Although in this work we did not observe 

differences between the groups in relation to these variables. Protein energy 

malnutrition was not observed in any of the HIV-1 infected patients; being all of them 
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eutrophic, which showed a recent change in relation to the pre-HAART era, when 

malnutrition was frequent (23). Only G1, constituted of HIV-1 positive patients, 

presented decreased BMI percentage in relation to the group treated with HAART plus 

PI, probably because this group had not started HIV-1 therapy, consequently living the 

impact of HIV-1 infection on their nutritional status. Fat atrophy in the upper and lower 

limbs, evaluated by the patient’s self report, was significantly higher in the patients in 

treatment. Abdominal fat accumulation, also evaluated by the patient’s self report, was 

present in all the infected people. Triceps skinfold percentage, which assesses arm fat 

accumulation, appeared lower in the PI group compared to the control group, suggesting 

that there is lipoatrophy in this area. There was no differences between groups in 

relation to lean body mass percentage obtained by MAMC adequacy or by BIA, which 

was not good enough to assess fat accumulation in some areas, because whole-body 

impedance is predominantly determined (>90%) by the limbs impedance, even though 

the limbs contain less than 50% of the total body water (17), and because the electrical 

current mainly passes through the fat free mass, which is calculated by subtraction. 

Whole-body BIA does not assess regional body composition (33, 41), in contrast with 

anthropometric assessment. Since G2 presents higher IMC adequacy but it does not 

present higher BFP adequacy according to the sum of subscapular, bicipital, tricipital 

and suprailiac skinfold and it also shows lower arm fat according to TSF adequacy, it 

could be suggested that higher IMC was obtained by fat free mass, in this study 

presented by MAMC adequacy; on the other hand this was not observed either. There 

are two hypothesis left: that there is fat mass excess located in parts where the 

anthropometric assessment could not detect; or that these HIV-1 infected patients 

treated with PI weigh more as a consequence of higher body water concentration. The 

lower percentage of body fat observed in all the HIV-1 infected patients and the 

decreased TSF adequacy in the group treated with PI in relation to CG may suggest 

lipodystrophy in the upper limbs, especially in the group treated with PI. Patients 

receiving HAART treatment with PI had significantly lower viral loads, higher TG levels 

and low HDL levels. Moreover, some observations prompted the hypothesis that PI can 

determine an atherosclerotic damage of the vascular wall (2, 25). In this study, there 

were no differences between the groups in relation to lean body mass percentage 

obtained by anthropometric assessment or bioelectrical impedance, however the results 
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obtained by antropometric assessment in the group treated with PI in relation to CG may 

suggest lipodystrophy in the upper limbs; therefore, further study is needed to 

investigate these parameters after a longer therapy period, because we believe there is 

a relationship between lipodystrophy and longer therapy duration, as it has been 

described recently (27). In addition, there is a need to explore the relationship between 

HAART and metabolic changes. In our study, we provide information about the clinical 

role of HAART with PI in HIV-1 infected individuals and the possible association with 

lipodystrophy. 

 

ABNORMAL FAT DISTRIBUTION AND USE OF PROTEASE INHIBITORS 
All patients gave their written informed consent and the study was approved by the 

Ethics Research Committee of São Paulo State University, UNESP, Botucatu Campus, 

OF.031/2001-CEP, MVCR/asc.  
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