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Abstract

The aim of this study was to determine the impact of antiretroviral therapy on the lipid profile of human immunodeficiency virus 
(HIV) patients before and after the initiation of highly active antiretroviral therapy (HAART). This was a cross-sectional analysis 
of patients receiving HAART at a reference center in Belo Horizonte, Brazil, on the basis of medical records from 2002 to 2006. 
Patients were included if they had at least one lipid test or a clinical or laboratory diagnosis of dyslipidemia/lipodystrophy. Among 
the 692 patients, 620 met the eligibility criteria. The majority were males (66.5%), middle age (average 39 years), had a low 
educational level (60.4%), and low income (51.0%). HAART duration ranged from 11 days to 4.6 years, with a mean of 28.6 
months (SD = ± 470.19 days). The prevalence of dyslipidemia/lipodystrophy nearly tripled (11.3% pre- and 32.4% post-HAART). 
Dyslipidemia was associated with older age (P = 0.007), nucleoside reverse transcriptase inhibitor (NRTI) + protease inhibitor (PI) 
regimens (P = 0.04), NRTI + non-NRTI (NNRTI) regimens (P = 0.026), the use of stavudine (d4T) in any regimen (P = 0.002) or 
in NRTI-based regimens (P = 0.006), and longer exposure to HAART (P < 0.000). In addition, there was no correlation between 
dyslipidemia and gender (P = 0.084). Only 2.0% of the patients received treatment for dyslipidemia during the trial. These results 
show a need for continuous monitoring of patients under antiretroviral therapy, particularly those using NRTI-based regimens, 
especially when combined with d4T and PIs. Secondly, interventions should be developed to correct metabolic changes.
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Metabolic changes such as the development of dyslipi-
demia, insulin resistance, glucose intolerance, and abnormal 
redistribution of body fat (loss of subcutaneous adipose 
tissue and increase of visceral fat), known as human im-
munodeficiency virus lipodystrophy syndrome (HIV-LS), 
represent a challenge in the treatment of HIV infection. 
These changes constitute risk factors associated with the 
development of cardiovascular diseases (1-3). Increased 
incidences of myocardial infarction (4), atherosclerotic 
disease and mortality related to cardiovascular events 
have been observed in people living with HIV/AIDS (5,6). 
Cardiovascular diseases constitute the third or fourth leading 
cause of death among HIV-positive individuals in Europe 
(7). Moreover, lipodystrophic body changes can jeopardize 
the quality of life of patients, leading to low adherence to 

highly active antiretroviral therapy (HAART) and subsequent 
virologic and clinical failure (8,9). 

Despite the impact of the lipodystrophic syndrome on the 
treatment of HIV infection, and although this syndrome was 
identified in 1998 (1), little is known about its pathogenesis, 
prevention, diagnosis, and treatment. Furthermore, there 
is no precise definition of lipodystrophy, which leads to 
significant variation in reports on prevalence (20 to 80%), in-
cidence, risk factors, and response to interventions (10,11). 
Current data suggest a multifactorial pathogenesis, with the 
major contributing factors being the choice of treatment and 
patient-related factors. The risk of developing this syndrome 
increases with the duration of treatment, patient’s age, the 
level of immunodeficiency, changes in the viral load, and 
the type of antiretroviral regimen (12-14).
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Dyslipidemia is a frequent side effect of antiretroviral 
therapy, especially in combinations that include protease 
inhibitors (PIs) and nucleoside reverse transcriptase inhibi-
tors (NRTIs). Hypertriglyceridemia, already known to be 
associated with HIV infection (15), is the most common lipid 
abnormality; it occurs alone or in association with hyper-
cholesterolemia, especially in patients with evidence of body 
fat abnormalities. Additionally, many HIV patients have low 
levels of high-density lipoprotein cholesterol (HDL-C), and 
these levels are further reduced by antiretroviral drugs. 

Studies have shown that PIs and some NRTIs, especially 
stavudine (d4T), increase the levels of triglycerides (TG), 
total cholesterol (TC) and low-density lipoprotein choles-
terol (LDL-C) but reduce HDL levels. In contrast, regimens 
with nevirapine and efavirenz (non-NRTIs - NNRTIs) show 
lower atherogenic effects on lipid profiles (4,8,16). The ef-
fects of HAART on the pathogenesis of dyslipidemia are 
compounded by environmental, genetic, nutritional, and 
behavioral factors (17,18).

The lack of a clearly defined pathogenesis for HIV-LS 
has limited the development of preventive and therapeutic 
strategies. Therefore, general recommendations include 
changes in diet and lifestyle, modification of antiretroviral 
therapy (replacing PIs with NRTIs or replacing d4T and 
zidovudine (AZT; NRTI), for example, with abacavir (ABC; 
NRTI) or tenofovir (TDF, NRTI) and the use of hypolipemics 
(19).

Patients on antiretroviral therapy should be monitored 
for cardiovascular events because, despite modifications 
in antiretroviral therapy, for example, replacing PIs with 
NRTIs and d4T and zidovudine (AZT; NRTI) with (ABC; 
NRTI), and the resulting decrease in TG levels, they remain 
at increased risk (5,18).

It is important to determine, recognize, follow-up, and 
treat metabolic changes and HIV-LS in individuals with 
HIV/AIDS. This has been well established, especially for 
patients with risk factors or with pre-existing lipid changes 
even before HAART, so as to prevent heart disease and 
other severe complications (20,21).

Therefore, this problem poses a challenge to the refer-
ence centers that provide follow-up services to individuals 
living with HIV and AIDS, and it requires a multidisciplinary 
approach. The aim of the present study was to analyze the 
impact of antiretroviral therapy on the lipid profile of HIV 
patients following an antiretroviral regimen as established 
by the Brazilian Consensus (22), and to determine the 
prevalence of dyslipidemia/lipodystrophy pre- and post-
HAART.

Material and Methods

Participants and design 
We conducted a cross-sectional analysis of patients 

receiving antiretroviral therapy at the Sagrada Família 
reference center, Belo Horizonte, MG. The study included 

patients with confirmed HIV infection who met Brazilian 
guidelines to initiate HAART (22), who were 18 years or 
older and who had received antiretroviral drugs at least 
once during the period of evaluation. Transfer from another 
reference center was the only exclusion criterion. The study 
was evaluated and approved by the Ethics Committee of 
Universidade Federal de Minas Gerais (322/06) and all 
patients gave written informed consent to participate. 

Exposure and outcome measurements
Standardized and tested forms were used to collect 

data from medical charts. Patients were included if their 
records included results for at least one lipid test [TG, TC, 
HDL-C, LDL-C, and very low-density lipoprotein cholesterol 
(VLDL-C)] within a period of three months before or after 
the first HAART prescription (23). Additionally, patients who 
received a diagnosis of dyslipidemia/lipodystrophy after the 
first HAART prescription were included.

We recorded demographic characteristics (gender and 
age), clinical characteristics (time between the positive HIV 
test and the first antiretroviral (ARV) prescription, initial 
clinical classification [according to the definition of the 
Centers for Disease Control and Prevention, CDC, (24)], 
initial immunological profile (CD4+ lymphocyte count) and 
characteristics related to antiretroviral treatment (prescribed 
ARV regimen).

Outcome variables
Dyslipidemia was defined according to two criteria after 

the beginning of HAART: 1) laboratory data showing lipid 
levels above reference values according to the US Na-
tional Cholesterol Education Program (NCEP III) (20) and 
IV Brazilian Guidelines (23), that is, TC ≥5.2 mM, HDL-C 
<1.0 mM (males), HDL-C <1.3 mM (females), TG ≥1.7 mM, 
LDL-C ≥4.14 mM, and VLDL-C >1.0 mM, and 2) clinical 
criteria, such as having at least one recorded diagnosis of 
dyslipidemia/lipodystrophy.

Lipodystrophy was defined on the basis of changes in 
the redistribution of fat deposits and included both lipohy-
pertrophy (visceral fat accumulation in the abdomen; ac-
cumulation of subcutaneous fat; accumulation of fat in the 
breasts; accumulation of fat in the cervical region (hump), 
and lipomas) and lipoatrophy (loss of fat in the legs, arms, 
gluteal region, and face; visible veins in upper and lower 
limbs). The diagnosis of lipodystrophy was established 
when the doctor identified and recorded at least one of 
these typical changes (22,23).

Statistical analysis 
A paired statistical test was used for the comparison 

of serum lipid levels pre- and post-HAART initiation. The 
Student t-test was used for independent samples and 
matched pairs. Nonparametric chi-square, Mann-Whitney, 
and Wilcoxon matched-pairs tests were used. For all tests, 
a P value <0.05 was considered to be statistically signifi-
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cant. The variability in TC, HDL-C, LDL-C, VLDL-C, and 
TG levels was evaluated using the mean, standard devia-
tion (SD) and interquartile variation (1st and 3rd quartiles). 
EpiInfo version 3.3.3 (CDC, USA) and SPSS® version 16 
were used for data analysis, and Paradox DOS® version 
4.5 was used for database maintenance.

Results

Study population 
Among the 692 patients identified from the medical re-

cords, 620 met the eligibility criteria for the current analysis. 
No statistically significant difference was observed between 
participants and non-participants in terms of age, gender, 
education, income, or employment. 

Of these 620 patients, the majority were males (66.5%) 
and more than half were under 39 years of age (55.2%; 
median = 38; mean ± SD = 39.2 ± 9.9 years), ranging in 
age between 18 and 78 years. The majority lived alone 
(68.8%) and had a low educational level (60.4%; median 
= 8.0 years; mean ± SD = 7.6 ± 3.9 years) and monthly 
income below US$198 (51.0%); 17.2% did not have a job 
when they started HAART. 

Dyslipidemia/lipodystrophy assessment 
The prevalence of dyslipidemia/lipodystrophy after 

initiation of HAART was 32.4% (95%CI = 28.8-36.3%) 
compared to 11.3% before HAART (95%CI = 10.5-16.0%), 
a statistically significant difference (Table 1). Laboratory 
test results were available for 112 patients (18.1%); 61 
of them (9.8%) showed alterations in lipid levels after 
HAART initiation, and 26.1% were diagnosed with dys-
lipidemia/lipodystrophy. In comparison, in the pre-HAART 
period, laboratory and clinical diagnoses of dyslipidemia/
lipodystrophy were found for 51 (8.2%) and 24 patients 
(3.9%), respectively; this difference was statistically sig-
nificant (Table 1). For the comparisons of serum lipid levels 
pre- and post-HAART, a matched-pairs test showed that 
the means for all lipid values increased after HAART and 
that there was a statistically significant difference in total 
cholesterol and VLDL-C (Table 2).

The characteristics of the study population investigated 
according to the presence of dyslipidemia are shown in Table 
3. Patients with dyslipidemia/lipodystrophy were generally 
older (average age 40.2 vs 38.5 years; P = 0.007). 

Based on clinical and immunological data (24), most 
participants had AIDS-related symptoms before the first 
ARV prescription (categories B and C = 60.7%). Among 
patients with dyslipidemia/lipodystrophy, most individuals 
had TCD4+ lymphocyte counts lower than 200 cells/mm3 
(P = 0.010; Table 3). 

Forty-four different antiretroviral regimens were being 
prescribed at the center; they included NRTIs, NNRTIs, 
PIs, and fusion inhibitors. Nearly all regimens included an 
NRTI (99.7%), and stavudine was prescribed for 15.0% of 

patients. NNRTIs were included in 65.9% of the prescribed 
regimens. Most of the patients received a triple-drug regimen 
including two NRTIs plus an NNRTI (64.8%) or a PI (31.8%). 
The most frequent regimen consisted of AZT + lamivudine 
(3TC) with efavirenz [2 NRTIs + 1 NNRTI] (45.3%). One 
hundred and ninety-nine patients (32.1%) used a PI, with 
nelfinavir being the most frequently used PI (12.5%). 

Table 3 shows the differences between ARV regimens 
and the association with dyslipidemia/lipodystrophy. It was 
noted that individuals using PI-based regimens with any 

Table 1. Laboratory and clinical characteristics of the participants 
according to dyslipidemia diagnosis, Belo Horizonte, 2009.

Pre-HAART Post-HAART

N % N %

Dyslipidemia¶ 70 11.3 201 32.4*
Laboratory diagnosis of 

dyslipidemia 
51 8.2 61 9.8*

Clinical diagnosis of dyslipidemia 24 3.9 162 26.1*
Laboratory results¶ 112 18.1 112 18.1
Total cholesterol& 11 9.8 19 17.0*
Triglycerides& 25 22.3 36 32.1*
HDL-C& 27 24.1 26 23.2
LDL-C& 2 1.8 3 2.7
VLDL-C& 13 11.6 20 17.9*

HAART = highly active antiretroviral therapy; HDL-C = high-
density lipoprotein cholesterol; LDL-C = low-density lipoprotein 
cholesterol; VLDL-C = very low-density lipoprotein cholesterol. 
¶N refers to the total number of participants (N = 620); &N refers 
to the lipid dosage records (N = 112). *P < 0.05 compared to pre-
HAART (chi-square test).

Table 2 - Pre- and post-HAART serum lipid levels (N = 620).

Pre-HAART  Post-HAART

Triglycerides (mM)a 1.69 (0.98-2.0) 1.94 (1.09-2.46)
Total cholesterol (mM)a 4.19 (3.20-4.96) 4.69 (4.02-5.31)*
HDL-C (mM)b 1.11 (0.33) 1.16 (0.38) 
LDL-C (mM)b 2.49 (0.84) 2.66 (0.90) 
VLDL-C (mM)b 0.78 (0.56) 4.46 (3.47)* 

Data for triglycerides and total cholesterol are reported as means 
(1st and 3rd quartiles) and for HDL-C, LDL-C and VLDL-C as 
means (± SD). HAART = highly active antiretroviral therapy; 
HDL-C = high-density lipoprotein cholesterol; LDL-C = low-den-
sity lipoprotein cholesterol; VLDL-C = very low-density lipopro-
tein cholesterol; aWilcoxon matched-pairs test; bStudent t-test for 
matched pairs; *P < 0.05 compared to pre-HAART. 
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Table 3. Distribution of dyslipidemia in the patients studied.

Characteristics Totala [N (%)]  Dyslipidemiab [N (%)]

Presence Absence 

General population 620 201 (32.4)
Gender

Female 208 (33.5) 64 (30.8) 144 (69.2)
Male 412 (66.5) 137 (33.3) 275 (66.7)

Age (means ± SD)c 39.2 ± 9.9 40.2 ± 10.4   38.5 ± 9.6*
Time between HIV test result and 1st ARV prescription (means ± SD)c 523.8 ± 730.8 539.4 ± 757.8 490.6 ± 699.6
Clinical classification

B/C 376 (60.7) 131 (34.8) 245 (65.2)
A 243 (39.3) 70 (28.8) 173 (71.2)

TCD4+ lymphocyte count 
<200 cells/mm3 283 (49.8) 106 (37.5) 177 (62.5)*
≥200 cells/mm3 285 (50.2) 78 (27.4) 207 (72.6)

ARV with NRTI and NNRTI scheme
Yes 402 (64.8) 118 (29.4) 284 (70.6)*
No 218 (35.2) 83 (38.1) 135 (61.9)

ARV with NRTI and PI scheme
Yes 197 (31.7) 75 (38.3) 122 (61.7)*
No 423 (68.3) 126 (29.9) 297 (70.1)

ARV with PI scheme
Yes 199 (32.1) 75 (37.9) 124 (62.1)
No 421 (67.9) 126 (30.0) 295 (70.0)

Scheme with NNRTI 
Yes 408 (65.9) 121 (29.7) 287 (70.3)*
No 212 (34.1) 80 (37.9) 132 (62.1)

Scheme with D4T (NRTI)
Yes 93 (15.0) 43 (46.2) 50 (53.8)*
No 527 (85.0) 158 (30.0) 369 (70.0)

Scheme with PI plus D4T (NRTI)
Yes 43 (6.9) 22 (51.2) 21 (48.8)*
No 577 (93.1) 179 (31.0) 399 (69.0)

Scheme with D4T without IP
Yes 48 (7.7) 18 (37.5) 30 (62.5)
No 572 (92.3) 183 (31.9) 390 (68.1)

Duration of HAART use (days; means ± SD)c 857.3 ± 470.2 978.9 ± 429.3 799.1 ± 478.2*
Duration of scheme with (days; means ± SD)

PIc 913.6 ± 484.0 1022.7 ± 461.9 847.1 ± 486.9*
NNRTId 830.0 ± 460.0 956.1 ± 399.4 777.3 ± 473.6*
D4Tc 1034.0 ± 445.4 1121.5 ± 384.5 961.1 ± 483.3
D4T without PIc 928.9 ± 434.4 1018.6 ± 367.8 875.1 ± 467.6

HIV = human immunodeficiency virus; ARV = antiretroviral; NRTI = nucleoside reverse transcriptase inhibitors; NNRTI = non-
NRTIs; PI = protease inhibitors; d4T = stavudine. aTotal for each variable differs due to the ignored values. bNumber and 
proportion of dyslipidemia in each variable category. Clinical classification according to Centers for Disease Control (24). 
Comparisons were made by the chi-square test except when otherwise indicated. cANOVA test. dMann-Whitney test. *P < 0.05, 
presence of dyslipidemia compared to absence of dyslipidemia.
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other drug class presented a higher prevalence of dyslipi-
demia/lipodystrophy, especially when the regimen included 
d4T (51.2%) versus any other drug class (31.0%; P = 0.006). 
A lower prevalence of dyslipidemia/lipodystrophy was found 
among patients using NNRTI-based regimens (29.7%) with 
any other drug class (37.9%; P = 0.041).

HAART duration ranged from 11 days to 4.6 years, with 
a mean of 28.6 months (SD = ± 470.19 days) and a median 
of 30.1 months. Individuals who developed dyslipidemia/
lipodystrophy had a longer exposure to HAART compared to 
those who did not develop dyslipidemia/lipodystrophy (978.9 
± 429.3 vs 799.1 ± 478.2 days; P <0.000; Table 3).

Discussion 

In this study, among the 620 individuals undergoing 
HAART, 201 (32.4%) had at least one metabolic change 
and one diagnosis of dyslipidemia/lipodystrophy recorded 
in their medical charts. There was an approximately 3-fold 
increase in the prevalence of dyslipidemia/lipodystrophy in 
this population after the initiation of HAART compared to the 
pre-HAART period. Although the prevalence observed here 
is consistent with estimates reported by other investigators 
(10,18), there is a great deal of variation in the literature, 
with estimates ranging from 18 to 83% (1,7-10,25).

There was a significant increase in the proportion of 
individuals with high levels of TG, TC and VLDL-C, while 
the proportion of individuals with high HDL-C remained 
the same after HAART. A matched-pairs statistical test 
comparing serum lipid levels pre- and post-antiretroviral 
treatment showed an increase in the mean values of all 
lipids and a decrease in the mean HDL-C level in patients 
receiving HAART, with no statistical significance for TG, 
HDL-C or LDL-C.

This finding is consistent with the results of Pujari et al. 
(8), who found that among patients with an average of 20 
months of HAART, 41 and 45% developed hypertriglyceri-
demia and hypercholesterolemia, respectively. The authors 
pointed out that increased LDL-C is the principal risk factor 
for the development of coronary artery disease. Moreover, 
Bergersen et al. (7) found an increase in cholesterol and 
a decrease in HDL-C in patients using HAART when com-
pared to a control group (no HAART). de Araújo et al. (26) 
pointed out an increase in TC and TG in patients receiving 
PIs. Carpentier et al. (27) reported a significant increase 
in VLDL-C after a short period of HAART (8 weeks). The 
DAD study (Data Collection on Adverse Events of Anti-HIV 
Drugs) found that hypercholesterolemia occurred in 27% 
of the patients using PIs, 23% of the patients using NRTIs 
and 10% of patients using NNRTIs, with the prevalence of 
hypertriglyceridemia being 40, 32, and 23%, respectively, 
among these subgroups (5). 

In the present study, after comparing serum lipid levels 
pre- and post-HAART initiation, a matched-pairs statistical 
test revealed an increase in mean TG values, with no statisti-

cal significance. This finding may reflect, at least in part, the 
wide variability in the duration of antiretroviral therapy (11 
days to 4.6 years) and the fact that a large proportion of pa-
tients used NNRTIs (65.9%). Buchacz et al. (28) compared 
changes in lipid profiles over 24 months among adults and 
found that the mean TG levels were higher at 12 months 
compared to baseline levels (P = 0.40). Over 24 months of 
treatment, TG decreased by an average of 3.8 mg/dL. The 
authors concluded that TC levels increased over the course 
of 24 months of NNRTI-based treatment but that relatively 
few patients developed high LDL-C or TG levels, although 
the overall HDL-C levels increased as well.

Our findings emphasize the need to establish strategies 
for the follow-up and control of dyslipidemia (29-31). Meta-
bolic abnormalities can increase cardiovascular risk in some 
patients in the long term. Our results confirm the influence 
of other factors besides ARV toxicity on the development 
of dyslipidemia/lipodystrophy, such as age and severity of 
the infection, which have already been discussed in other 
studies (10-13,25). 

The metabolic changes resulting from HAART can also 
occur in patients who receive regimens containing NRTIs 
without PIs. This suggests that PIs may not be the only 
antiretroviral drugs implicated in the pathogenesis of these 
alterations (13,17,25,26,28). Our findings corroborate this 
hypothesis. The patients exposed to PIs in regimens that 
also included any other drug class presented a higher preva-
lence of dyslipidemia/lipodystrophy (P = 0.051) compared 
to patients not exposed to PIs. The inclusion of reverse 
transcriptase analogues in PI-based regimens significantly 
increased the occurrence of dyslipidemia/lipodystrophy (P 
= 0.041) among the patients. Other studies have reported 
evidence that NRTIs are highly associated with dyslipidemia/
lipodystrophy (9,13,25).

Some studies have suggested a synergism between 
the action of NRTIs and PIs (8,24). Mallal et al. (11) 
showed that NRTIs contribute independently to the devel-
opment of metabolic syndrome but also that PIs seem to 
be the major risk factors, probably acting in synergy with 
NRTIs. In our study, a strong association was observed 
between d4T exposure (in association with any ARV) and 
dyslipidemia/lipodystrophy when compared to patients 
without d4T exposure (46.2 vs 30.0%; P = 0.002). The risk 
of dyslipidemia/lipodystrophy was increased when patients 
were exposed to the association of d4T with PIs in their 
regimen. Approximately 51.0% of these patients presented 
metabolic changes (P = 0.006). Among patients following 
d4T regimens without a PI, the prevalence of dyslipidemia/
lipodystrophy dropped from 51.2 to 37.5%. The results of 
this study suggest a synergistic effect of NRTIs and PIs, 
especially when d4T was included.

Antiretroviral regimens containing NNRTIs, especially 
nevirapine, have been associated with favorable changes 
in patients’ lipid profiles (smaller increase in TC, TG and 
LDL-C and a proportionally greater increase in HDL-C) 
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compared to PI-, NRTI- or efavirenz-based regimens (3,25). 
The present results support these reports, with patients on 
an NNRTI-based regimen or an NNRTI + NRTI regimen 
presenting a lower proportion of dyslipidemia/lipodystrophy 
when compared with patients on other regimens (29.7 vs 
37.9, P = 0.041, and 29.4 vs 38.1%, P = 0.026, respectively). 
However, controversy remains. Fontas et al. (32) found 
an association between NNRTI-based regimens and high 
levels of TC and LDL-C.

The longest duration of treatment observed was for 
d4T-based regimens (median 97.4 months). The duration 
of ARV use in our study population was sufficient to ob-
serve the development of ARV-related metabolic changes. 
Tomazic et al. (13) reported an association between longer 
duration of treatment and dyslipidemia. Our findings that the 
duration of antiretroviral treatment and the use of PI- and 
NRTI-based regimens significantly increased the preva-
lence of dyslipidemia/lipodystrophy corroborate the cited 
report (13). We should note that, even though patients on 
NNRTI-based regimens presented a lower prevalence of 
dyslipidemia/lipodystrophy, this prevalence increased with 
the duration of treatment (P = 0.001). 

The prevalence of dyslipidemia/lipodystrophy increased 
3-fold after the beginning of HAART. Patients receiving 
an NRTI + PI regimen or d4T (with any other ARV) had a 
higher rate of dyslipidemia/lipodystrophy than those treated 
with other regimens. The risk of dyslipidemia/lipodystrophy 
was exacerbated in patients previously exposed to a d4T 
+ PI regimen. The mechanisms involved in d4T toxicity 
and the effects of its association with PIs deserve further 
investigation. 

The limitations of the present study are primarily related 
to the data obtained from medical charts and laboratory 
tests. For example, TG analysis is not always conducted 

in a uniform manner when it comes to making the patient 
observe a 12-h fast and to avoid alcohol for 72 h prior to the 
test. This could contribute to the large standard deviations 
that we observed for TG levels. However, public health 
services comply with the national standards for serum lipid 
measurements. Secondly, due to the three-month interval 
between HIV follow-up consultations, the cut-off period for 
retrospective data on lipid levels was three months, even 
though lipid changes were already established after eight 
weeks of ARV treatment (20).

Additionally, there was no information regarding the 
use of hypolipemic drugs, diabetes, hypothyroidism, diet, 
exercise, or other important lifestyle issues (smoking) dur-
ing the study period. 

The authors emphasize the need for continuous monitor-
ing of patients on antiretroviral therapy, especially those on 
NRTI-based regimens and those using d4T and PIs. It should 
be pointed out that patients on NNRTI-based or NNRTI + 
NRTI regimens presented a lower risk of developing dyslipi-
demia/lipodystrophy. Interventions should be carried out to 
correct metabolic changes so as to attenuate the adverse 
effects of ARV on the health of HIV patients (29,32). 
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