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Abstract

Background: Abnormalities of lipid metabolism are common in 
human immunodeficiency virus (HIV)-infected patients and tend 
to be accentuated in those receiving highly active antiretroviral 
therapy (HAART). However, data on lipid profile of treatment-
naive HIV-infected patients in India are limited. So, the study was 
conducted to describe the pattern of lipid profile among treatment-
naive HIV-positive patients and changes following HAART initia-
tion in Haryana.

Methods: Data were collected from 100 normotensive, non-diabet-
ic and non-obese, treatment-naive HIV-infected patients (65 men 
and 35 women, mean age 36.4 years) and 100 healthy controls. The 
study was carried out at ART center in PGIMS, Rohtak for a period 
of 1 year. Fasting lipid profiles were analyzed enzymatically. Values 
of lipid parameter were retrieved after 3 and 6 months on HAART.

Results: The study observed a significant increased level of tri-
glyceride (TG) (178.46 ± 58.41 mg%) and low density lipopro-
tein cholesterol (LDL-C) (108.62 ± 38.67 mg%) and a significant 
decreased level of high density lipoprotein cholesterol (HDL-C) 
(26.86 ± 12.69 mg%) as compared to HIV-negative healthy con-
trols. Total cholesterol (TC) was also low (171.17 ± 52.24 mg%) as 
compared to controls though this is not significant statistically. Fol-
lowing HAART initiation, there were large increases in mean TC, 
TG and LDL-C values at 3 months and further increase at 6 months 

of therapy (12.01, 17.26 and 16.71 mg% respectively) with statisti-
cally highly significant P value (< 0.001). HDL levels remained low 
throughout follow-up. A total of 61% patients showed dyslipidemia 
following HAART.

Conclusions: HIV-1 replication alone without any influence of 
antiviral drugs or other human genetic factors induces changes in 
serum lipid profile parameters which could be used to determine 
HIV-infected persons with high risk of myocardial infarction be-
fore enrollment for HAART. Therefore, fasting plasma lipid profile 
should be done of all HIV-infected persons before starting HAART 
with periodic repetitions after enrolling on HAART, since signifi-
cant increases in plasma TG, TC and LDL-C concentrations have 
been reported in HIV patients on HAART. Lipid profile results can 
therefore be a good index for disease progression, intervention and 
management of HIV patients.
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deficiency virus; Low density lipoprotein; Very low density lipo-
protein; High density lipoprotein; Triglyceride; Total cholesterol

Introduction

The advent of highly active antiretroviral therapy (HAART) 
has modified the natural history of human immunodeficiency 
virus (HIV) infection through reduction in risks of death as-
sociated with the condition and improvement of the quality 
of life of people living with the infection [1]. However, an-
tiretroviral drugs also have side effects like dyslipidemia of 
varying order of severity. Between 33 and 75% of patients 
with HIV infection receiving HAART develop a syndrome 
often referred to as lipodystrophy, consisting of elevations 
in plasma triglycerides (TGs), total cholesterol (TC) and 
apolipoprotein B, as well as hyperinsulinemia and hyper-
glycemia. Many of the patients have been noted to have a 
characteristic set of body habitus changes associated with 
fat redistribution, consisting of truncal obesity coupled with 
peripheral wasting. These changes may develop at any time 
ranging from about 6 weeks to several years following the 
initiation of HAART [2].

Metabolic effects of HIV infection such as hypertriglyc-
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eridemia are well recognized [3], and side effects of HAART 
such as dyslipidemia and insulin resistance were described 
very soon after its introduction [1]. HAART causes increase 
in TC and low density lipoprotein (LDL) [4]. However, 
with protease inhibitors (PIs)-based therapies, HDL levels 
remain low [5], and hypertriglyceridemia may be seen [6], 
giving rise to a distinctly atherogenic lipid profile [7]. In 
contrast, initiation of NNRTI-based HAART regimens has 
been shown to result in increases in high density lipoprotein 
(HDL) by approximately 40%, with increases in TC, LDL 
and TGs also seen, although the TG increases are usually not 
as severe as those seen with some PIs [8].

Increased insulin resistance and higher prevalence of 
diabetes is a well-known side effect of exposure to HAART 
in HIV-infected individuals [9]. All of these factors likely 
act in combination with dyslipidemia to increase overall 
cardiovascular risk for those infected with HIV. Effects of 
HAART regimens on lipid profile and cardiovascular sys-
tem in different studies have shown different results [10-14]. 
With increasing use of HAART in many countries specially 
in India, with differing baseline risk factors for cardiovas-
cular disease, it is important to determine the prevalence of 
HAART-associated complications, such as dyslipidemia. 
Patients initiating HAART in these settings may experience 
different rates and types of lipid abnormalities than patients 
in developed countries because of differences in genetic 
background, dietary intake and lifestyle factors. In addition, 
patients in resource-limited settings are more likely to have 
advanced HIV disease and lesser access to relatively lipid 
friendly antiretroviral drugs.

From these evidences, it has been clear that HAART has 
effects on lipid profile but different studies have shown dif-
ferent alterations in lipid profile. However, in India dyslipid-
emia as side effects of HAART has not been studied in detail, 
and data regarding lipid abnormalities in treatment-naive 
HIV-infected patients in India are limited. So, the study 
was conducted to describe the pattern of lipid profile among 

treatment-naive HIV-positive patients and changes follow-
ing HAART initiation (after 3 and 6 months) in Haryana.

 
Materials and Methods

The study population included 108 normotensive, non-dia-
betic and non-obese, treatment-naive HIV-infected patients 
and 100 healthy controls. The study was carried out at ART 
center in PGIMS, Rohtak for a period of 1 year. HIV-positive 
symptomatic/asymptomatic patients were given HAART, 
and followed for a period of 6 months. Patients with past his-
tory of diabetes mellitus, hypertension, ischemic heart dis-
ease, renal failure, hepatic failure and acute or chronic pan-
creatitis were excluded from the study. Patients who were 
already taking lipid lowering agents were also excluded. 

After obtaining informed consent from the subjects, 12 
h fasting venous blood samples were collected from median 
cubital vein aseptically. Serum was separated and analyzed 
on the same day. HIV infection was diagnosed by ELISA 
method as per NACO guidelines. Clinical, anthropometrical 
and laboratory data were recorded at the start of the study 
and after 3 and 6 months of HAART. TC, TG and HDL-C 
were analyzed enzymatically using kits obtained from Ran-
dox Laboratories Limited, Crumlin, UK on an automated 
clinical chemistry autoanalyzer (Erba Diagnostics). LDL 
values were calculated using the formulae of Friedewald et 
al (1972). The CD4+ T lymphocyte cell count was estimated 
by fluorescence-activated cell sorter count system (Becton 
Dickinson).

Diagnosis of dyslipidemia was based on cholesterol lev-
els ≥ 230 mg/dL and TG levels ≥ 160 mg/dL. A body mass 
index (BMI) above 25 kg/m2 was considered to be high.

Standard treatment (HAART) as per NACO (National 
AIDS Control Organization) guidelines was given to all pa-
tients included in the study, and patients were followed up 
in ART clinic at 0, 3 and 6 months. Patients were prescribed 

Parameter HIV-positive patients 
(n = 100)

HIV-negative controls 
(n = 100) P value

Triglyceride (mg/dL) 178.46 ± 58.41 136.26 ± 23.21 < 0.001**

Total cholesterol (mg/dL) 171.17 ± 52.24 175.09 ± 42.3 0.08

LDL cholesterol (mg/dL) 108.62 ± 38.67 98.62 ± 2.94 < 0.05*

VLDL cholesterol (mg/dL) 35.69 ± 11.76 27.25 ± 4.6 < 0.05*

HDL cholesterol (mg/dL) 26.86 ± 12.69 49.22 ± 34.76 < 0.001**

Table 1. Lipid Profile of HIV-Positive Patients and Controls

*Significant; **Highly significant; all values are in mean ± SD.

    25                                     26



J Endocrinol Metab. 2014;4(1-2):25-31   Lipid Profile in HIV-Infected Patients

Articles © The authors   |   Journal compilation ©  J Endocrinol Metab and Elmer Press Inc™   |   www.jofem.org

four different HAART regimens. Patients took stavudine 
(d4T) and lamivudine (3-TC). In addition, nevirapine (NVP) 
was also allocated. Patients with Hb <9 g/dL were given d4T 
containing regimen, instead of zidovudine (AZT). Patients 
taking opportunistic infection treatment especially anti-
tubercular treatment were given efavirenz (EFV) instead of 
NVP. So, in total 47 patients received d4T + 3-TC + NVP 
regimen, 20 patients were given d4T + 3-TC + EFV regimen, 
20 were given AZT + 3-TC + NVP regimen and 13 patients 
received AZT + 3-TC + EFV regimen. PIs were not used in 
any patient because our center provides only first-line ART 
according to NACO guidelines.

Following values were taken as normal (our lab refer-
ence values): TG (60 - 160 mg%), TC (130 - 230 mg%), 
HDL (30 - 60 mg%), LDL (< 160 mg%) and VLDL (16 - 32 
mg%).

Outcome measurement

The mean percentage changes of total TG, TC, HDL and 
LDL between baseline (month 0) and month X after start of 
treatment were determined for each individual patient using 
the formula by Van Leth and colleagues [15].

Increase (%) = (concentration at month X - concentra-
tion at month 0 × 100)/concentration at month 0

Where X is the study endpoint at which follow-up takes 
place (6 months) after the start of treatment (baseline or 
month 0).

All statistical analysis was performed using the Statisti-
cal Package for the Social Sciences (SPSS) version 20 for 
windows. Values shown in the text, tables and figures are 
mean ± SD. Student’s t test was applied for comparison of 
means of study groups. P values < 0.05 were considered sig-
nificant. Correlations between groups were analyzed using 
Pearson’s correlation coefficient (r) formula.

 
Results

Out of 108 patients included in the study, eight patients did 
not complete the programmed follow-up because of AIDS-
related deaths. So, at the end of study, the data were collected 
from 100 patients. The mean age of the patients was 36.43 ± 
9.62 (18 - 66) years and of controls was 39.23 ± 4.5 (20 - 70) 
years. Ratio of male to female was 65:35 in HIV-infected 
patients and 63:37 in controls. The main source of exposure 
in majority of patients was heterosexual source. 

Table 1 shows the pattern of lipid profile among HIV-
positive patients and HIV-negative healthy controls. The 
study observed a significant increased level of TG and LDL-

Table 2. Anthropometric and Biochemical Parameters of the HIV-Positive Patients

*Significant; **Highly significant; all values are in mean ± SD.

Parameter Treatment-naive HIV-
positive patients

3 months on 
HAART P value 6 months on 

HAART P value

Number of patients 100 100 - 100 -

Weight (kg) 51.41 ± 9.95 54.14 ± 10.23 < 0.001** 54.78 ± 9.75 < 0.001**

BMI (kg/m2) 23.27 ± 4.21 24.21 ± 3.25 < 0.001** 25.61 ± 3.89 < 0.001**

Waist circumference (cm) 70.57 ± 7.88 72.29 ± 8.15 < 0.001** 72.97 ± 8.16 < 0.001**

Hip circumference (cm) 81.03 ± 7.34 81.95 ± 7.56 < 0.001** 82.04 ± 7.42 < 0.001**

Waist/hip ratio 0.87 ± 0.06 0.88 ± 0.06 < 0.001** 0.89 ± 0.06 < 0.001**

CD4 count (/mL) 150.86 ± 67.32 210.45 ± 35.62 < 0.001** 361 ± 194.01 < 0.001**

Triglyceride (mg/dL) 178.46 ± 58.41 196.41 ± 64.44 < 0.001** 209.28 ± 71.34 < 0.001**

Total cholesterol (mg/dL) 171.17 ± 52.24 186.20 ± 53.37 < 0.001** 191.73 ± 53.68 < 0.001**

LDL cholesterol (mg/dL) 108.62 ± 38.67 122.26 ± 38.29 < 0.001** 126.78 ± 39.74 < 0.001**

VLDL cholesterol (mg/dL) 35.69 ± 11.76 39.28 ± 12.93 < 0.001** 41.85 ± 14.43 < 0.001**

HDL cholesterol (mg/dL) 26.86 ± 12.69 24.66 ± 11.58 < 0.001** 23.10 ± 11.44 < 0.001**
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C and a significant decreased level of HDL-C. TC was also 
low as compared to HIV-negative healthy controls, though 
this is not significant statistically. Even though the mean 
LDL-C was higher than control, it did not reach dyslipid-
emic levels.

The anthropometric and biochemical parameters of 
HIV-positive patients after 3 and 6 months follow-up are 
shown in Table 2. Figure 1 shows the mean value of lipid 

profile in treatment-naive HIV-infected patients and after 3 
and 6 months of follow-up. As shown, there were significant 
increase in TC, TG, LDL-C and VLDL-C, and significant 
decrease in HDL-C values. Mean CD4 count increased sig-
nificantly from 150.86 ± 67.32 to 361 ± 194.0, and there was 
an observed significant weight gain with increase in waist 
hip ratio and BMI. Percentage of patients with dyslipidemia 
before and after 6 months of HAART is shown in Table 3. 

Figure 1. Mean value of lipid profile in treatment-naive HIV-infected patients and after 3 and 6 months of follow-up.

Table 3. Percentage of Patients With Dyslipidemia Before and After 6 Months of HAART

*Significant; **Highly significant.

Parameter Treatment-naive 
patients

After 6 months of 
HAART P value

TC (> 230 mg/dL) 8% 12% < 0.001**

TG (> 160 mg/dL) 29% 52% < 0.001**

LDL-C (> 160 mg/dL) 7% 9% < 0.001**

VLDL-C (> 32 mg/dL) 23% 48% < 0.001**

HDL-C (< 30 mg/dL) 10% 33% < 0.001**
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Thirty-one percent of treatment-naive patients were found to 
have dyslipidemia and after 6 months of HAART, the value 
increased to 61%. Mean TG changed by 17.26% over the 
study period, while TC, LDL-C and VLDL-C changed by 
12.01%, 16.71% and 11.03% respectively (Fig. 2).

Discussion
  
This study included data on 100 HIV-positive patients and 
100 HIV-negative controls. In this study, we found a signifi-
cant increase in TG and LDL-C with significant decrease 
in HDL-C values. HIV-1 infection causes a specific pattern 
of dyslipidemia, resulting from a combination of increased 
production and decreased clearance of lipoproteins. It has 
been seen that out of 18 differentially expressed proteins in 
HIV-infected cells, six enzymes/kinases are expressed ex-
clusively in HIV-infected cells (CO3, P3C2B, KPCB, FAS, 
ACSL1 and GPX1) and one isomerase (PDIA3) is slightly 
downregulated after chronic HIV infection. Melzi et al were 
first to conclude that HIV-1 replication alone (namely, with-
out any influence of antiviral drugs or other human genetic 
factors) induces these novel cellular enzymes and proteins. 
These further enhance fatty acid synthesis, secrete TGs, in-
crease the quantity of LDL, alter the lipid transport and me-
tabolism and oxidize lipids [16].

HAART induces raised levels of TC, LDL and TG, and 
variables effects on HDL levels [10, 11, 17, 18]. Hyperlip-
idemia, defined as an increase in TG and TC levels, was 
observed in this study, con¬sistent with a previous report 
[19]. The pathogenesis of HAART-associated dyslipidemia 

is complex, and several factors are involved, including di-
rect effects of HAART on lipid metabolism, endothelial and 
adipocyte cell function and mitochondrial dysfunction. Cy-
tokines, especially TNF-α, interleukin-1 and interleukin-6, 
which mediate the host acute-phase response to infection and 
inflammation, also mediate changes in lipid metabolism and 
HAART leads to activation of these proinflammatory cyto-
kines [20]. TNF suppresses lipoprotein lipase activity in adi-
pose tissues. IFN-α increases TG by two main mechanisms: 
a decrease in TG clearance and an increase of de novo he-
patic lipogenesis and VLDL production. Both decreased TG 
clearance and increased hepatic very low density lipoprotein 
overproduction have been found in HIV-positive patients, 
and the hepatic increased lipogenesis correlates to IFN-α 
[21]. HIV-infected patients are very much prone to infections 
both acute and chronic with multiple pathogens such as HSV-
1, HSV-2, CMV, H. pylori, C. pneumonia and hepatitis A 
virus. These infections lead to continuous low-level produc-
tion of cytokines, increasing TG and TC, and lowering HDL 
concentrations producing an atherogenic lipid profile [16]. 
Acute infections might increase TG by the way of hormones 
(steroids) or cytokines other than TNF-α or IFN-α [21]. Also, 
endotoxins released by bacteria decrease macrophage LPL 
mRNA, independently of TNF. They interfere with process-
ing of LPL oligosaccharide chains and disrupt the surface 
of the vascular endothelium. As LPL is normally anchored 
to heparin sulfate proteoglycans on the endothelial surface, 
damage of the latter by endotoxin would release LPL into the 
circulation, enabling it to be rapidly cleared by the liver [22].

Derangements of lipid metabolism associated with 
HAART have been described particularly in patients on 

Figure 2. Percentage change in lipid profile at 3 and 6 months on HAART.
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treatment regimens including PIs and d-4T [23], but also for 
treatment regimens including NVP and EFV [24, 25]. Our 
study did not assess the global cardiovascular risk of partici-
pants. However, the increased risk of cardiovascular diseas-
es associated with the significant lipid derangement is well 
known [26-30] and would therefore suggest that HAART 
may actually have harmful effects on the cardiovascular sys-
tem.

Results of our study should be interpreted in light of 
some limitations. Limitation of our study was that PIs were 
not used in any patient because our center provides only 
first-line ART according to NACO guidelines. In fact, un-
treated HIV infection is associated with low LDL and low 
HDL [31], particularly in those patients with severe immune-
suppression [32]. It is therefore possible that high levels of 
LDL found in our study actually just reflect a “catch-up phe-
nomenon”. In this context, their lipid profile is likely closer 
to that in the general population without HIV infection. The 
selection of patients without lipid lowering treatment may 
bias our study population to a lipid-disturbances protected 
group of patients. Also, we did not collect individual-level 
dietary history and cannot comment on the role of dietary in-
take. Furthermore, our follow-up endpoint of 6 months may 
not have been enough to assess long-term changes in lipids.

Conclusion

From the above findings, it is evident that HIV-1 replication 
alone without any influence of antiviral drugs or other hu-
man genetic factors induces changes in serum lipid profile 
parameters which could be used to determine HIV-infected 
persons with high risk of myocardial infarction before en-
rollment for HAART. Therefore, fasting plasma lipid profile 
should be done of all HIV-infected persons before starting 
HAART with periodic repetitions after enrolling on HAART, 
since significant increases in plasma TG, TC and LDL-C con-
centrations have been reported in HIV patients on HAART. 
Lipid profile results can therefore be a good index for disease 
progression, intervention and management of HIV patients.
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