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Characterization of Lipid Panel in Hiv-1 Infected Patients:
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Abstract The study is to characterize lipid panels with an emphasis on HDL-C (high 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 (highly active antiretroviral therapy) for 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 nawe and 20 HIV positive,
first-line HAART experienced subjects and compared with those of HIV negative control group matched for sex and age.
Serumtotal cholesterol (T-Chol) and low-density lipoprotein (LDL-C) levels were increased in HAART nawe patients and
decreased in HAART experienced patients as compared to controls. Triglycerides and fasting blood sugar levels were
significantly elevated in HAART nawe group in comparison with the other groups. Total HDL-C and HDL-C 3
concentrations were significantly lower in HAART nawe 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 disease in HIV patients HAART na'we 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 particles transport cholesterol and
triglycerides within the water-based bloodstream. 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’. While higher HDL
levels are correlated with cardiovascular health, no
incremental increase in HDL has been proven to improve
health. The concentration value of HDL-cholesterol alone
gives no information about the coronary risk of a patient.
There are numerous reports that patients suffering from
atherosclerosis and myocardial infarction have lower
high-density lipoprotein (HDL) plasma concentrations as
compared to control individuals®*#. High HDL levels thus
point toward an active removal of the “atherosclerotic”
VLDLand VLDL remnants. There are, however, many other
theories discussed in that context. Since the hydrolysis of
VLDL gives rise mainly to the HDL sub-fraction HDL-2°,
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
lipids, including high-density lipoprotein-cholesterol
(HDL-C) and the HDL sub-fractions, 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 for myocardial infarction yielding a better
discrimination of patients from controls than total HDL-C
quantitation®. 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 ofserum lipid disturbances may become of
clinical 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), multiple lipid parameters in p lasma,
before and during treatment with a protease inhibitor
(nelfinavir, ritonavir, or indinavir) 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 dyslipidemia 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’.

2. Materials and Methods

2.1. Research Subijects

Human immunodeficiency virus (HIV) infected subjects
onfirstline highly active antiretroviral therapy (HAART) for
an average of 52 weeks; HIV infected subjects nawe to
HAART all recruited at the APIN-PEPFAR (AIDS
Prevention Initiative in Nigeria-President’s Emergency Plan
for AIDS Relief) clinic of the Lagos University Teaching
Hospital (LUTH), Idi-araba, Surulere, Lagos and
non-infected human subjects. A minimum of 25 subjects for
each group - HAART experienced, HAART nawe 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 Sample Collection

8ml whole blood 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 clinicians,
and collecting ARVs at the APIN-PEPFAR clinic) and nawve
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-1rapid test kit showed a negative result. The process of
specimen collection 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
facilities required for major stages in the research were put to
use. In addition, laboratory standard operating procedures
were strictly 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.,%: 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; 100l of serum/plasma samples are
mixed with 200l solutions A or B respectively, and
centrifuged in an Eppendorf centrifuge. Solution 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 precipitates VLDL, LDL, and HDL-C 2, leaving
HDL-C 3 in the supematant. A 3ld measure of the
supernatant from reagent A and 3l supernatant from the
reagent B were used to assay for total cholesterol. The
content of HDL-C 2 was obtained by calculating 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 enzy matic method of 1974 was
used®®. This is based on the determination of
A*-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®*.

2.3.3. Triglycerides

This is based on the work by Wahlefeld using a lipoprotein
lipase (LPL) from microorganisms for the rapid 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)'? and also subsequent
measurement by the Trinder reaction of the hydrogen
peroxide formed*?.

2.3.4. LDL-Cholesterol

This was done using the Friedewald equation®® by
subtracting the amount of cholesterol associated with HDL
and VLDL assuming a prolonged 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'**. Hexokinase catalyzes the
phosphorylation of glucose to glucose-6-phosphate by ATP.
Glucose-6-phosphate dehydrogenase oxidizes glucose-6-
phosphate in  the presence of NADP® to
gluconate-6-phosphate. The rate of NADPH formation
during the reaction is directly proportional to the glucose
concentration and was measured photometrically at 340nm.
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3. Stastistical Analysis

Statistical analysis was performed using commercially
available software (Prism for Windows, version 5.00;
GraphPad Software). All 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-fractions 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 variation was
observed as compared with the HIV —VE group. No
significant variation 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®, is elevated in HIV
infection, and its activity correlates inversely with serum
HDL-C concentrations™ . This may help explain why HDL-C
levels are lower in the HIV +VE HAART —VE subjects.
Although the reason for elevated CETP activity is still to be
determined, CETP functions more efficiently in the setting
of high TG levels8, 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 ie. 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 different from the HIVV —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 infection suggesting that HIV itself
apart from HAART may also increase cardiovascular disease
risk!®. In HIV +VE individuals who start HAART that
effectively suppresses HIV replication, HDL-C levels

increase, regardless of whether a protease inhibitor is
used®??2 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 for myocardial
infarction yielding a better discrimination of patients from
controls than total HDL-C quantitation®. 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??.

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 triacylglyceride (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'®?. The high
triglyceride levels may be a result of decreased triglyceride
clearance, which has been correlated with higher
interferon-o levels®®. Smoking also reduces HDL-C levels?®,
butnone ofthe HIV +VE HAART —VE subjects in this study
responded positively to “Do you smoke?” ie. 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'. 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
VLDL2apo B, and second, a decrease of the transfer rate of
triglyceride-rich VLDL1 to denser more cholesterol
ester-rich VLDL2 by more than 80%%. 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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Delipidation of triglyceride-rich VLDL1 particles to
denser lipoproteins, such as VLDL2 and IDL, is mediated
predominantly by the lipolytic enzyme lipoprotein lipase
(LPL)?". A significantly decreased transfer rate of VLDL1 to
VLDL2 demonstrates a reduced delipidation of VLDLI,
either because of an absolute reduction in LPL activity or
because in the presence of VLDL1 overproduction, the
lipolytic 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 mediating the cell surface binding
and subsequent receptor-dependent endocytosis  of
triglyceride-rich lipoprotein remnants®. Reduced activity of
both lipoprotein lipase and hepatic triglyceride lipase has
been described by Baril et al?® 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®®. Elevated plasma T-Chol resulted
fromthe 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™. Insulin resistance, however, through a
lack of inhibition 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®>. 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 lyceride mia and
subsequent insulin resistance®. Another pathway for
hypertriglyceridemia  involves  cytokines, such as
interferon-o or tumor necrosis factor, which has been found
to be increased in HIV patients®*. 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-a)!°, which is
overproduced in HIV infection®*. In these untreated subjects
the activity of lipoprotein lipase (LPL) and hepatic lipase,
which are both involved in TGclearance fromthe circulation,
are decreased compared to controls. Treatment of
hepatocytes in-vitro with IFN-o (and other cytokines such as
II-1) causes increases in lipogenesis®® and hepatic
lipogenesis in-vivo is higher in HIV-infected individuals®®.
In hepatitis C virus (HCV) infected individuals receiving
IFN-o therapy hypertriglyceridemia combined with low
HDL-C levels have also been reported®®, with levels
returning to normal upon cessation of IFN-a therapy.
Hyperglycemia and hypertriglyceridemia may be viewed as
a mild indication of insulin resistance that comes as part of

the metabolic syndrome associated with HIV infection and
HAART. Pre-diabetes indicates a condition that occurs when
a person’s blood glucose levels are higher than normal but
not high enough for a diagnosis of type 2 diabetes mellitus —
Fasting plasma glucose level > 7.0mmoV/L or 126mg/dI*°.
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*®.”

5. Conclusions

With the lack of tangible indicators from HDL-C
sub-fractions, total HDL-C is sufficient in assessing the risk
of cardiovascular diseases especially in low income settings
like ours. The assemblage of increased T-Chol chiefly the
LDL-C sub-fraction and total triglycerides, 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
fromthat 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 follow-up and more patients.

REFERENCES

[1] Toth, P. (2005). The good cholesterol:
lipoprotein. Circulation, 111(5):89-¢€91.

high-density

[2] Goldbourt, U. & Medalie, J.H. (1979). High density
lipoproteins and incidence of coronary heart disease. The
Israeli Ischemic Heart Disease Study. Am J Epidemiol.,
109:296.

[3] Gordon, T., Castelli, W.P., Hjortland, M.C., Kannel, W.P., &
Dawber T.R. (1977). High density lipoproteins as aprotective
factor against coronary heart disease. The Framingham study .
AmJMed., 62:707.

[4] Miller, GJ., & Miller, N.E. (1975) Plasma high density
lipoprotein concentration and development of ischemic
heart-disease. Lancer 1., 16.

[5] Patsch, J. R., Gotto, A. M., Olivecrona, T., & Eisenberg S.
(1978). Formation of high density lipoprotein like particle
during lipolysis of very low density lipoproteins in vitro. Proc
Nut/Acud Sci USA, 75,4519

[6] Brugger, P., Kostner, G. M., Kullich, W. C., & Klein, G.
(1986). Plasma concentrations of High-Density Lipoprotein
(HDL)-2 and HDL-3 in myocardial infarction survivors and
in control subjects. Clin. Cardiol., 9:273-276.

[7]1 Berthold, H. K., Parhofer, K. G., Ritter, M. M., Addo, M.,
Wasmuth, J. C., Schliefer, K.,... Spengler, U. (1999).
Influence of protease inhibitor therapy on lipoprotein
metabolism. J Intern Med., 246(6):567-75.

[8] Kostner,G.M.,Molinari, E., & Pichler, P. (1985). Evaluation
of a new HDL2/HDL3 quantitation method based on
precipitation with polyethylene glycol. Clin chim Acta.,



(9]

[10]

[11]

(12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

American Journal of Medicine and Medical Sciences 2013, 3(3): 44-50 49

148:139-147

Roeschlau, P., Bernt, E., & Gruber, W. (1974). Enzymatic
determination of total cholesterol in serum. Z Klin Chem Klin
Biochem., 12(5):226.

Allain, C. C.,Poon, L. S.,Chan, C. S., Richmond, W., & Fu, P.
C. (1974). Enzy matic determination of total serum cholesterol.

Clin Chem., 20(4):470-475.

Trinder, P. (1969). Determination of glucose in blood using
glucose oxidase with an alternative oxygen acceptor. Ann
Clin Biochem., 6:24-27.

Wahlefeld, A. W., & Bergmeyer, H. U. (1974). Methods of
enzymatic analysis. 2nd English ed. New York, NY:
Academic Press Inc, 1974:1831.

Friedewald, W. T., Levy, R. ., & Fredrickson, D. S. (1972).
Estimation of the concentration of low-density lipoprotein
cholesterol in plasma, without use of the preparative
ultracentrifuge. Clinical Chemistry, 18(6):499-502.

Peterson, J. I., & Young, D. S. (1958). Anal Biochemistry,
23:301.

Schmidt, F. H. (1961). Klin Wschr, 39:1244.

Lewis, G. F. & Rader, D. J. (2005). New insights into the
regulation of HDL metabolism and reverse cholesterol
transport. Circ Res., 96:1221-32.

Rose, H., Hoy, J., & Woolley, I. (2008). HIV infection and
high density lipoprotein metabolism. Atherosclerosis,
199:79-86.

Guerin, M., Le Goff, W., & Lassel, T. S. (2001). Atherogenic
role of elevated CE transfer from HDL to VVLDL(1) and dense
LDL in type 2 diabetes: impact of the degree of
trigly ceridemia. Arterioscler Thromb Vasc Biol., 21:282-8.

Grunfeld, C., Pang, M., & Doerrler, W. (1992). Lipids,
lipoproteins, triglyceride clearance, and cytokines in human
immunodeficiency virus infection and the acquired
immunodeficiency syndrome. J Clin Endocrinol Metab.,
74:1045-1052.

Malan, N., Krantz, E., David, N., Kastango, K., & Frederick,
D. (2006). Efficacy and safety of atazanavir-based therapy in
antiretroviral naive HIV-1 infected subjects, both with and
without ritonavir: 48-week results from Al424-089 [abstract].
13th Conference on Retroviruses and Opportunistic
Infections; 5-8 February 2006; Denver, Colorado, United
States of America.

Johnson, M. A., Gathe, J. C. Jr., Podzamczer, D., Molina, J.
M., & Naylor, C. T. (2006). A once daily lopinavir /
ritonavir-based regimen provides noninferior antiviral
activity compared with a twice-daily regimen. J Acquir
Immune Defic Syndr., 43:153-160.

van der Valk, M., Kastelein, J. J.,Mumphy, R. L., van Leth, F.,
& Katlama, C. (2001). Nevirapinecontaining antiretroviral
therapy in HIV-1 infected patients results in an
anti-atherogenic lipid profile. AIDS, 15:2407-2414.

Sweetnam, P. M ., Bolton, C. H., Yarnell, J. W., Bainton, D.,
Baker, 1. A., Elwood P. C., & Miller, N. E. (1994).
Associations of the HDL2 and HDLS3 cholesterol subfractions
with the development of ischemic heart disease in British men.

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

(33]

[34]

[35]

(36]

[37]

The caerphilly and speedwell collaborative heart disease
studies. Circulation, 90:769-774.

Zangerle, R., Sarcletti, M., & Gallati, H. (1994). Decreased
plasma concentrations of HDL cholesterol in HIV-infected
individuals are associated with immune activation. J Acquir
Immune Defic Syndr., 11:1149-1156.

Freeman, D. J., Griffin, B. A., &Murmphy, E. (1993). Smoking
and plasma lipoproteins in man: effects on low density
lipoprotein cholesterol levels and high density lipoprotein
subfraction distribution. Eur J Clin Invest., 23:630—640.

Schmitz, M.,Michl, G. M., Walli, R., Bogner, J., Bedynek, A.,
Seidel, D.,... Goebel, F. D. (2001). Alterations of
apolipoprotein B metabolism in HIV-infected patients with
antiretroviral combination therapy. Journal of acquired
immune deficiency syndromes (JAIDS), 26:225-235.

Demant, T., Carlson, L. A., & Holmquist, L. (1988).
Lipoprotein metabolism in hepatic lipase deficiency: studies
on the turnover of apolipoprotein B and the effect of hepatic
lipase on high density lipoprotein. J Lipid Res., 29:1603-11

Beisiegel, U., Weber, W., & Bengtsson, O. G. (1991).
Lipoprotein lipase enhances the binding of chylomicrons to
low density lipoprotein receptor-related protein. Proc Natl
Acad Sci USA, 88:8342-6.

Baril, L., Idhammou, A., & Beucler, I. (1999). Are the
decreased lipolytic enzyme activities responsible for the
hypertrigly ceridemia in Pl-treated patients [abstract 664]? 6th
conference on retroviruses and opportunistic infections,
Chicago, Illinois, U.S.A.

Purnell, J. Q., Zambon, A., & Kn/./opp, R. H. (2000). Effect
of ritonavir on lipids and post-heparin lipase activities in
normal subjects. AIDS, 14:53-7

Swinkels, D. W., Hendriks, J. C., & Demacker, P. N. (1990).
Differences in metabolism of three low density lipoprotein
sub-fractions in Hep G2 cells. Biochim Biophys Acta.,
1047:212-22.

Taskinen, M. R. (1995). Insulin resistance and lipoprotein
metabolism. Curr Opin Lipidol., 6:153-160.

Brinkman, K., Smeitink, J. A., & Romijn, J. A. (1999).
Mitochondrial toxicity induced by nucleoside-analogue
reverse-transcriptase inhibitors is a key factor in the
pathogenesis of antiretroviral-therapy-related lipodystrophy.
Lancet, 354:1112-15

Grunfeld, C., Kotler, D. P., & Shigenaga, J. K. (1991).
Circulating interferon-alpha levels and hypertrigly ceridemia
in the acquired immunodeficiency syndrome. Am J Med.,
90:154-62.

Grunfeld, C., Dinarello, C. A., & Feingold, K. R. (1991).
Tumor  necrosis  factor-alpha,  interleukin-1,  and
interferon-alpha stimulate triglyceride synthesis in HepG2
cells. Metabolism, 40:894-8.

Hellerstein, M. K., Grunfeld, C., and Wu, K. (1993).
Increased de novo hepatic lipogenesis in  human
immunodeficiency virus infection. J Clin Endocrinol Metab.,
76:559-65.

Fernandez-Miranda, C., Castellano, G., & Guijarro, C. (1998).
Lipoprotein changes in patients with chronic hepatitis C



50

[38]

Osaretin Albert Taiwo Ebuehi etal.: Characterization of Lipid Panel in Hiv-1 Infected
Patients: A Study of Baseline and 52 Weeks Haart Patients

treated with interferon-alpha. Am J Gastroenterol.,
93:1901-4.

Hamamoto, S., Uchida, Y., & Wada, T. (2005). Changes in
serum lipid concentrations in patients with chronic hepatitis C
virus positive hepatitis responsive or non-responsive to
interferon therapy. J Gastroenterol Hepatol., 20:204-8.

[39] World Health Organisation (1999). Definition, Diagnosis and
Classification of Diabetes Mellitus and its Complications.

[40] Yehuda, H. (2009). A Doctor's Diagnosis: prediabetes. Power
of Prevention, 1(2):2009.



