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Abstract  The study is to characterize  lipid  panels with an emphasis on HDL-C (h igh density lipoprotein cholesterol) 

sub-fractions among HIV infected subjects in Lagos, Nigeria, in order to ascertain the pattern of alterations of these 

parameters in patients on HAART (h ighly active antiretroviral therapy) fo r 52 weeks . Serum concentrations of HDL-C and 

the HDL sub-fractions, HDL-C 2 and HDL-C 3, were measured in 20 HIV positive, HAART naïve and 20 HIV positive, 

first-line HAART experienced subjects and compared with those of HIV negative control group matched for sex and age. 

Serum total cholesterol (T-Chol) and low-density lipoprotein (LDL-C) levels were increased in HAART naïve patients and 

decreased in HAART experienced patients as compared to controls . Triglycerides and fasting blood sugar levels were 

significantly elevated in HAART naïve group in comparison with the other groups. Total HDL-C and HDL-C 3 

concentrations were significantly lower in HAART naïve patients than in other groups while HDL-C 2 and HDL-C 2 / 

HDL-C 3 ratio  in contrast, were not significantly different among all the groups. It is suggested that quantitation of HDL-C 

sub-fractions is not a valuable risk indicator for heart d isease in HIV patients HAART naïve or experienced.  
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1. Introduction 

High-density lipoprotein (HDL) is one of the five major 

groups of lipoproteins which are chylomicrons, VLDL, IDL, 

LDL, and HDL. These part icles transport cholesterol and 

triglycerides with in the water-based b loodstream. Those 

with higher levels of HDL-C seem to have fewer problems 

with cardiovascular diseases, while those with low HDL-C 

cholesterol levels (less than 40mg/dL or about 1mmol/L) 

have increased rates for heart disease
1
. While higher HDL 

levels  are correlated  with  card iovas cu lar health , no 

incremental increase in HDL has been proven to improve 

health. The concentration value of HDL-cholesterol alone 

gives no informat ion about the coronary risk of a patient. 

There are numerous reports that pat ients suffering  from 

atheroscleros is  and  myocard ial in farct ion  have lower 

high-density lipoprotein (HDL) p lasma concentrat ions as 

compared to control individuals
2,3,4

. High HDL levels thus 

point toward  an act ive removal of the “atherosclerot ic” 

VLDL and VLDL remnants. There are, however, many other 

theories discussed in that context. Since the hydrolysis of 

VLDL g ives rise main ly to the HDL sub-fraction HDL-2
5
, 

this latter lipoprotein class should mirror more precisely the 

activity of the lipolytic system than total HDL. The HDL-2  
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plasma concentrations thus may serve as a better risk 

indicator than total HDL. The serum concentration of several 

lip ids, including high-density lipoprotein-cholesterol 

(HDL-C) and the HDL sub-fract ions, HDL-2-C and 

HDL-3-C, were measured in 44 male and 26 female 

survivors of myocardial infarction  and compared with those 

of a control group matched for age, sex, and body weight. 

Serum concentrations of total cholesterol (TC) and 

low-density lipoprotein (LDL-C) were significantly 

increased in patients as compared to control individuals. The 

total HDL-C concentration was lower in patients than in 

controls. By differential quantitation of HDL sub-fractions 

with a precipitation method using polyethylene glycol, it was 

found that HDL-3-C was not significantly  different between 

female patients and controls. The reduction of HDL-3-C in 

male patients was only of borderline significance. HDL-2-C 

in contrast was significantly reduced in both male and female 

patients. The greatest difference between patients and 

controls was found in the HDL-2/HDL-3-C ratio. It  is 

therefore concluded that HDL-2-C quantitation is a valuable 

risk indicator fo r myocard ial infarct ion yielding a better 

discrimination of patients from controls than total HDL-C 

quantitation
6
. Protease inhibitors (part of HAART) have 

been shown to cause hyper- and dyslipoproteinemia. Since 

antiretroviral therapy is able  to delay  disease progression and 

possibly extend life expectancy in HIV-infected individuals, 

the precise nature of serum lip id disturbances may become of 

clin ical interest with respect to its atherogenicity and to 

finding treatment options. Berthold et al., investigated 
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prospectively, in 19 subsequent HIV-positive male patients 

(mean age 42±13 years), mult iple  lip id parameters in p lasma, 

before and during treatment with a protease inhibitor 

(nelfinavir, ritonavir, or ind inavir) and two nucleoside 

analogue reverse transcriptase inhibitors (NRTI). The 

median (range) treatment duration was 22 (7-40) weeks. 12 

patients were treatment-naive; 7 had already NRTI 

medication at baseline. Their data indicate that the 

predominant feature of dyslip idemia  under protease 

inhibitors is an increase in triglyceride-containing 

lipoproteins. This observation is in accordance with the 

hypothesis of increased apoptosis of peripheral adipocytes, 

release of free fatty acids and subsequent increased synthesis 

of VLDL. The lipid profile, based on the ratio of total 

cholesterol to HDL cholesterol and the ratio HDL2 to HDL3, 

is significantly more atherogenic
7
. 

2. Materials and Methods 

2.1. Research Subjects 

Human immunodeficiency virus (HIV) infected subjects 

on first line highly  active antiretroviral therapy (HAART) for 

an average of 52 weeks; HIV infected subjects naïve to 

HAART all recru ited at the APIN-PEPFAR (AIDS 

Prevention Init iative in Nigeria -President’s Emergency Plan 

for AIDS Relief) clin ic of the Lagos University Teaching 

Hospital (LUTH), Id i-araba, Surulere, Lagos and 

non-infected human subjects. A minimum of 25 subjects for 

each group - HAART experienced, HAART naïve and 

non-infected human subjects (determined by the Cochran 

formula and a 4.1% prevalence rate) were involved in this 

study. All subjects were at least 18 years old as at the time of 

this study. Gender balance was taken into consideration. 

Also, no form of financial or material inducement was given 

for subjects’ participation in this study. 

2.2. Experimental Procedure and S ample Collection 

8ml whole b lood samples were collected in  lithium 

heparin and fluoride oxalate vacutainers from volunteer 

HAART experienced (as indicated by their patient 

registration/PEPFAR identities and data, visit to clin icians, 

and collecting ARVs at the APIN-PEPFAR clin ic) and naïve 

HIV positive (as confirmed by the HIV screening done in 

APIN-PEPFAR clinic using the serial testing algorithm) 

subjects in the research location site, while sampling for 

volunteer HIV negative subjects within  LUTH and CMUL 

was done after a serial screening algorithm using determine 

HIV-1 rap id test kit showed a negative result. The process of 

specimen collect ion brought some slight discomfort to the 

patients but nothing was done outside the normal 

management of the patient. However, the benefits of this 

project outweigh the risk. Necessary bio-safety level 

facilit ies required for major stages in the research were put to 

use. In addition, laboratory standard operating procedures 

were strict ly adhered to. 

2.3. Blood Chemistry  

2.3.1. HDL And Sub-Fractions 

The exact procedure of this method has been published 

Kostner et al.,
8
: Quantolip consists of two reagent solutions, 

A and B with 9.5% and 15% polyethylene glycol (PEG) 

dissolved in 0.1mmol phosphate buffer, and 0.9g/l sodium 

azide, respectively; 100µl of serum/plas ma samples are 

mixed with 200µl solutions A or B respectively, and 

centrifuged in  an Eppendorf centrifuge. So lution A 

precipitates all Very Low Density Lipoprotein Cholesterol 

(VLDL-C) and Low Density Lipoprotein Cholesterol 

(LDL-C), and total HDL-C remains in  the supernatant. 

Solution B precip itates VLDL, LDL, and HDL-C 2, leaving 

HDL-C 3 in the supematant. A 3µl measure of the 

supernatant from reagent A and 3µl supernatant from the 

reagent B were used to assay for total cholesterol. The 

content of HDL-C 2 was obtained by calcu lating the 

difference between total HDL-C and HDL-C 3 subclass as 

described in the Quantolip kit. 

2.3.2. Total Cholesterol 

The Roeschlau and Allain enzymatic  method of 1974 was 

used
9,10

. This is based on the determination of 

∆
4
-cholestenone after enzymatic cleavage of the cholesterol 

ester by cholesterol esterase, conversion of cholesterol by 

cholesterol oxidase, and subsequent measurement by the 

Trinder reaction of the hydrogen peroxide formed
11

. 

2.3.3. Triglycerides 

This is based on the work by Wahlefeld using a lipoprotein 

lipase (LPL) from microorganis ms for the rap id and 

complete hydrolysis of TGs to glycerol followed by 

oxidation to dihydroxyacetone (DHAP) and hydrogen 

peroxide under the catalysis of glycerol kinase (GK) and 

glycerol phosphate oxidase (GPO)
12

 and also subsequent 

measurement by the Trinder reaction of the hydrogen 

peroxide fo rmed
11

. 

2.3.4. LDL-Cholesterol 

This was done using the Friedewald equation
13

 by 

subtracting the amount of cholesterol associated with HDL 

and VLDL assuming a pro longed fasting state (12 – 14hours): 

Total Cholesterol – Total HDL-C – (0.45 X TG) = LDL-C, if 

all the quantities are measured in mmol/L. 

2.3.5. Glucose  

This hexokinase method based on the work of Schmidt, 

Peterson and Young was used
14,15

. Hexokinase catalyzes the 

phosphorylation of glucose to glucose-6-phosphate by ATP. 

Glucose-6-phosphate dehydrogenase oxid izes glucose-6-

phosphate in the presence of NADP
+
 to 

gluconate-6-phosphate. The rate of NADPH formation 

during the reaction is direct ly proportional to the glucose 

concentration and was measured photometrically at 340nm. 



46 Osaretin Albert Taiwo Ebuehi et al. :  Characterization of Lipid Panel in Hiv-1 Infected   

Patients: A Study of Baseline and 52 Weeks Haart Patients 

 

3. Stastistical Analysis 

Statistical analysis was performed using commercially  

available  software (Prism for Windows, version 5.00; 

GraphPad Software). A ll data were expressed as mean ± 

standard error of the mean (SEM). Inter-group differences 

were analyzed using one-way ANOVA for the comparison 

of three or more groups and values were considered 

significant at p<0.05. 

4. Results and Discussion 

4.1. High Density Lipoprotein Cholesterol (HDL-C) and 

sub-fractions 

The results of High Density Lipoprotein Cholesterol 

(HDL-C) and sub-fract ions are presented in Figure 1. There 

was a significant elevation of HDL-C and HDL-C 3 for the 

Human Immunodeficiency Virus positive/infected, Highly 

Active Anti-Retroviral Therapy positive/experienced (HIV 

+VE HAART +VE) group as compared with the HIV +VE 

HAART –VE group while no significant variat ion was 

observed as compared with the HIV –VE group. No 

significant variat ion was also observed for the HDL-C 2 

sub-fraction and HDL-C 2:HDL-C 3 ratio among the three 

groups. The only significant variation for the HIV –VE and 

the HIV +VE HAART –VE groups is in the HDL-C 3 

concentration. 

The activity of cholesterol ester transfer protein (CETP), 

which transfers cholesterol esters from HDL-C to 

apolipoprotein-B containing proteins
16

, is elevated in HIV 

infection, and its activity correlates inversely with serum 

HDL-C concentrations
17

. This may help exp lain why HDL-C 

levels are lower in the HIV +VE HAART –VE subjects. 

Although the reason for elevated CETP activ ity is still to be 

determined, CETP functions more efficiently in the setting 

of high TG levels
18

, and this could help exp lain the increased 

activity in the HIV +VE HAART –VE subjects who also 

have significantly (p<0.001) elevated TG levels when 

compared with the other study groups as shown in Figure 2. 

The pattern of HDL-C and its sub-fractions concentration for 

the three study groups is similar i.e. there is no 

discrimination whatsoever because the HIV +VE HAART 

+VE group which had the highest HDL-C concentration also 

had the highest values of the sub-fractions (although not 

significantly d ifferent from the HIV –VE group) while the 

HIV +VE HAART –VE group with the least HDL-C 

concentration had it low also for the sub-fractions in line 

with the report by Grunfeld et  al. that HDL-C levels are 

reduced in untreated HIV in fection suggesting that HIV itself 

apart from HAART may also increase cardiovascular disease 

risk
19

. In HIV +VE indiv iduals who start HAART that 

effectively  suppresses HIV replication, HDL-C levels 

increase, regardless of whether a protease inhibitor is 

used
20,21,22

, implying that the HIV effect on HDL-C levels is 

greater than the HAART effect. The HIV –VE group was 

somewhere mid-way between the two extremes. This does 

not go with the conclusion of Brugger et al. that HDL-C 2 

quantitation is a valuable risk indicator fo r myocardial 

infarct ion yielding a better discrimination of patients from 

controls than total HDL-C quantitation
6
. It rather seems to 

agree with the findings of Sweetnam et al. that both HDL-C 

2 and HDL-C 3 (which  are a reflection of HDL-C 

concentration) are inversely associated with incidence of 

heart disease because the prediction of the risk of heart 

disease from total HDL-C alone was not improved upon by 

measurement of the two HDL-C sub-fractions. The relative 

value of the two HDL-C sub-fractions as predictors of risk is 

still unresolved. The uncertainty may be due, at least in part, 

to problems associated with their measurement
23

.  

4.2. Lipid Panel and Fasting Blood Sugar (FBS) 

The results of lipid  panel and fasting blood sugar (FBS) 

are presented in Figure 2. Only the triacylg lyceride (TG) 

concentration of the HIV +VE HAART –VE is significantly 

elevated when compared with the other study groups while 

its FBS is significantly higher than only that of the HIV –VE 

group. No noteworthy variation was seen in the Total 

Cholesterol (T-Chol) and the Low Density Lipoprotein 

Cholesterol (LDL-C) levels among the three groups while 

only the HIV +VE HAART +VE group had a significantly 

higher HDL-C than that of the HIV +VE HAART –VE 

group. 

In HIV patients not treated with HAART, HDL-C levels 

are low and triglyceride levels are high
19,24

. The high 

triglyceride levels may be a result of decreased triglyceride 

clearance, which  has been correlated with h igher 

interferon-α levels
19

. Smoking also reduces HDL-C levels
25

, 

but none of the HIV +VE HAART –VE subjects in th is study 

responded positively to “Do you smoke?” i.e. all are 

non-smokers. This observation is in accordance with the 

hypothesis of increased apoptosis of peripheral adipocytes, 

release of free fatty acids and subsequent increased synthesis 

of VLDL
7
. In a study by Schmitz et al., two major alterations 

in the metabolism of apoB – containing lipoproteins were 

identified as contributing to HAART associated 

dyslipidemia: first, a doubling of the rate of total 

apolipoprotein B synthesis, in particular of VLDL1 and 

VLDL2 apo B, and second, a decrease of the transfer rate of 

triglyceride-rich VLDL1 to denser more cholesterol 

ester-rich VLDL2 by more than 80%
26

. However, the 

observed differences between metabolic parameters are not 

necessarily attributable in total to the effects of HAART 

alone but may also be assigned to some extent to HIV 

infection itself. 
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Figure 1.  HDL-C and sub-fractions mean values (±SEM). Brackets indicate differences between groups as determined by a 1-way ANOVA with Tukey's 

Multiple Comparison Test (  p<0.01,    p<0.001) 
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Figure 2.  Lipid panel and fasting blood sugar (FBS) mean values (±SEM). Brackets indicate differences between groups as determined by a 1 -way 

ANOVA with Tukey's Multiple Comparison Test ( p<0.05,    p<0.001) 
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Delipidation of trig lyceride-rich VLDL1 part icles to 

denser lipoproteins, such as VLDL2 and IDL, is mediated 

predominantly by the lipolytic enzyme lipoprotein lipase 

(LPL)
27

. A significantly decreased transfer rate of VLDL1 to 

VLDL2 demonstrates a reduced delipidation of VLDL1, 

either because of an absolute reduction in LPL activ ity or 

because in the presence of VLDL1 overproduction, the 

lipolyt ic capacity of the available LPL becomes rate limiting 

in the delipidation process. A significant increase in the 

triglyceride content of IDL and LDL is also consistent with 

impaired LPL action. In addition to its lipolytic activity, LPL 

plays an important role in mediat ing the cell surface binding 

and subsequent receptor-dependent endocytosis of 

triglyceride-rich lipoprotein remnants
28

. Reduced activity of 

both lipoprotein lipase and hepatic triglyceride lipase has 

been described by Baril et al.
29

 in patients with 

HAART-associated metabolic disturbances. However, 

another study in healthy subjects treated with the protease 

inhibitor ritonavir demonstrated only decreased activity of 

hepatic lipase, but not of LPL, and supposed an increased 

VLDL production as the main cause of drug-induced 

hypertriglyceridemia
30

. Elevated plasma T-Chol resulted 

from the increased VLDL and in part also to higher levels of 

LDL. The latter finding is primarily caused by slightly lower 

rates of LDL catabolism in keeping with a delayed clearance 

of the predominant small dense LDL through the LDL 

receptor pathway
31

. Insulin resistance, however, through a 

lack of inhib ition of hepatic VLDL secretion and a lack of 

activation of lipoprotein lipase results in 

hypertriglyceridemia that in turn facilitates the generation of 

small dense LDL and is often associated with low HDL-C 

levels
32

. An alternative mechanism exists by which 

RTI-induced mitochondrial toxicity–possibly due to 

interaction with DNA polymerase – could impair oxidative 

phosphorylation, thus resulting in hypertrig lyceridemia and 

subsequent insulin resistance
33

. Another pathway for 

hypertriglyceridemia involves cytokines, such as 

interferon-α or tumor necrosis factor, which  has been found 

to be increased in HIV patients
34

. Hypertriglyceridemia in 

the HIV +VE HAART –VE subjects may be a response to a 

systemic inflammatory  response against persistent viral 

infection. TG concentrations, and TG clearance time in 

untreated HIV-infected patients have been shown to 

correlate with serum interferon-alpha (IFN-α)
19

, which is 

overproduced in HIV infection
34

. In these untreated subjects 

the activity of lipoprotein lipase (LPL) and hepatic lipase, 

which are both involved in  TG clearance from the circulation, 

are decreased compared to controls. Treatment of 

hepatocytes in-vitro with IFN-α (and other cytokines such as 

Il-1) causes increases in lipogenesis
35

 and hepatic 

lipogenesis in-vivo is higher in HIV-infected individuals
36

. 

In hepatitis C virus (HCV) in fected individuals receiving 

IFN-α therapy hypertriglyceridemia  combined with low 

HDL-C levels have also been reported
37,38

, with levels 

returning to normal upon cessation of IFN-α therapy. 

Hyperglycemia and hypertriglyceridemia may be viewed as 

a mild indicat ion of insulin resistance that comes as part of 

the metabolic syndrome associated with HIV infection and 

HAART. Pre-d iabetes indicates a condition that occurs when 

a person's blood glucose levels are h igher than normal but 

not high enough for a diagnosis of type 2 diabetes mellitus – 

Fasting plasma glucose level ≥ 7.0mmol/L or 126mg/dl
39

. 

Many people destined to develop type 2 diabetes mellitus 

spend many years in a state of pre-diabetes which has been 

termed "America's largest healthcare epidemic
40

." 

5. Conclusions 

With the lack of tangible indicators from HDL-C 

sub-fractions, total HDL-C is sufficient in assessing the risk 

of card iovascular diseases especially  in low income settings 

like ours. The assemblage of increased T-Chol chiefly the 

LDL-C sub-fraction and total trig lycerides, together with 

low HDL-C levels and reduced insulin sensitivity as can be 

inferred from fasting hyperglycemia constitutes a highly 

atherogenic risk profile for HIV patients indistinguishable 

from that observed in patients with the metabolic syndrome. 

A beyond question appraisal of the impact of HAART on the 

risk for cardiovascular events demands prospective studies 

with a longer fo llo w-up and more patients. 
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