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ABSTRACT

Introduction: Majority of untreated or Anti-Retroviral (ARV) treated HIV subjects may experience a
lot of metabolic alterations including dyslipidemia, lipodystrophy and insulin resistance.

Aim: Due to the shortage of research data related to HIV infection. We conducted this study to
assess the lipid profile in HIV infected subjects and to find a correlation between liver function
enzymes and other biomarkers and serum lipid alterations among Libyan HIV subjects.

Materials and Methods: Case control study included 121 Libyan HIV-1 positive subjects (101
subjects were on First-line ARV treatment regimens and 21 untreated "Naive") from Benghazi
Medical Center (BMC) and Benghazi center for infectious diseases and immunology (BCIDI) during
2018-2019 to evaluate lipid profile and other biochemical parameters. Control group included 70
age-matched HIV negative individuals. The age range of the study participants was 20-45 years.
Results: The means of CD4 count in the ARV treated HIV subjects were significantly (P <0.014)
lower compared CD4 count of untreated HIV group. The mean total cholesterol (TC) level of ARV
treated HIV subjects (174 + 42 mg/dl) was significantly (P<0.012) increased compared to untreated
HIV subjects (149 + 31mg/dl). In accordance, LDL-C levels showed a significant (P <0.014)
increase in the ARV treated HIV subjects compared to the untreated HIV subjects. On the other

*Corresponding author: E-mail: Mustafa.younis@uob.edu.ly;



Younis et al.; JAMMR, 34(23): 470-481, 2022; Article no.JAMMR.94272

hand, mean HDL-C showed no significant alteration in the ARV treated HIV subjects compared to

untreated HIV subjects.

Conclusion: In ARV-treated HIV patients showed higher TC and LDL-C suggesting a role of these

drugs upon lipid metabolism.

The mechanism by which HIV drugs affect lipid profile need to be fully understood by further

research.

Unaltered HDL-C and LDL/HDL atherogenic risk ratio indicate reduced risk for developing

cardiovascular disease among HIV subjects.

Keywords: HIV/AIDS; antiretroviral drugs; infectious disease; Libyan HIV patients; dyslipidemia.

1. INTRODUCTION

HIV is one of the main public health issues and it
is one of the 10 leading causes of death
worldwide. Human immunodeficiency virus (HIV)
is classified as a member Retroviruses class and
sub family Lentiviridae. The HIV causes a life-
threatening condition known acquired
immunodeficiency syndrome (AIDS) which is
characterized by a marked disruption of immune
system. One of the most remarkable
manifestations is the progressive infection of
CDA4+ cells leading to immunosuppression that
finally resulted in AIDS [1].

HIV was discovered during the beginning of
1980's, and since then its incidence started to
increase worldwide to reach millions of infected
individuals. Since the beginning of the pandemic;
79.3 million individuals were infected with HIV
and total death numbers are about 36.3 million
people. According to WHO, in 2021, 38.4 million
individuals were living with HIV [2].

In a recent work, Daw et al., 2019, reported that
from 1993 to 2017 the total number of people
registered and living with HIV (PLHIV) in Libya
was 8486 which represents a low prevalence
rate [3]. Bannazadeh and Soroush 2019,
suggested that the decreased prevalence rates
of HIV are due to that the MENA countries
(including Libya) are religiously and culturally
conservative [4]. These facts were confirmed by
previous work between 1986 to 1987, which
found no positive HIV cases among 2064
Libyans form both genders screened for HIV
Giasuddin et al., [5]. Furthermore, in 1991, the
same group of scientists completed the
screening by testing 10 thousand samples and
again they found no HIV infections. Giasuddin et
al. [6].

In the early nineties (1990), the introduction of
highly active antiretroviral therapy (HAART)
resulted in a marked reduction in morbidity and

mortality from HIV infection [7,8]. The WHO
antiretroviral guidelines preferred the first-line
regimen of using two nucleotide/nucleoside
reverse  transcriptase inhibitors  (NRTISs),
such as, tenofovir (TDF) and lamivudine (3TC)
together with non-nucleotide/nucleoside reverse
transcriptase inhibitor (NNRTI), for instance,
efavirenz (EFV) and nevirapine (NVP) and a
second-line ARV regimen of boosted protease
inhibitor (PI) supported by NRTIs (WHO, ARVs
Guidelines, 2013) which caused a delay in the
progression of the disease, an increase in life
expectancy and made an improve in the quality
of life of HIV infected subjects [9,10]. Using ART
were accompanied by metabolic changes and
appearance of side effects including dyslipidemia
and insulin resistance [11,12]. Dyslipidemia
appeared during the first three months of using
ART were characterized by an increase in total
cholesterol, triglycerides, low density lipoprotein
(LDL-c), very low-density lipoprotein (VLDL), and
low levels of high-density lipoprotein (HDL-c)
[13,14].

Recent evidences showed up to 80% increase in
the prevalence of marked lipid alterations which
is considered as a risk factor for cardiovascular
disease (CVD) in HIV and AIDS cases receiving
ARVs and percentage of the prevalence of
dyslipidemia depends on the investigated
population and the design of the study [15,16].
Recent evidences reported that using Pls for a
long duration, exert atherogenic effects including
hypertriglyceridemia, increased levels of LDL,
and decreased HDL concentrations [17-19].
Furthermore; the changes on lipid metabolism
were also confirmed by the work of Galli et al.,
(2002) who reported alterations lipid metabolism
in healthy adult after using ARVs including
NRTIs, NNRTIs, and Pls [20].

The exact cause of metabolic disturbances
related to ARVs are not fully understood, during
the last decade, Cotter et al. [21] suggested that
HIV infection impairs the reverse cholesterol
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transport (RCT) in both macrophages and
monocytes; which finally leads to dyslipidemia
which is a major cardiovascular risk factor [21].

CD4" and CD8" are two types of the blood
instead of "your blood". CD4 cells are also called
T-helper cells, T-suppressor cells, and cytotoxic
T-cells. They help the body fight infections. CD8"
cells are also called cytotoxic T-lymphocytes.
The use of HAART for HIV-infected patients,
represented a new perspective on life for HIV
patients [22]. The use of HAART was shown to
effectively suppress the replication of HIV-1
indicated by reduction in HIV load followed by an
increase in CD4" cell count which is a sign of
recovery of the immune system. The overall
effect of ARV drugs was expressed by the
marked reduction in mortality and morbidity,
which has led to a longer and better quality of life
for HIV-1patients [23,24]. Due scarcity of HIV
research work in Libya, this research aimed to
investigate the effect of ARV drugs on lipid
profile, liver function enzymes and other
biochemical parameters among Libyan HIV
patients in the Libyan eastern area and Benghazi
city.

2. MATERIALS AND METHODS

Study design: This case control study was
conducted in the laboratory of Benghazi center
for infectious diseases and immunology (BCIDI)
and Benghazi Medical center (BMC) during the
period of 2018-2019 to evaluate Lipid profile and
liver enzymes in HIV cases under antiretroviral
drugs and HIV cases who were not on ARV
drugs (Naive). Control group included age-
matched HIV negative individuals.

Sample collection: Blood samples were
collected from the study participants into vacuum
test tubes (plain, ethylene diaminetetra acetic
acid "EDTA"). The blood collected in plain tubes
were centrifuged and transferred into secondary
tubes in clinical chemistry analyzer Cobas
Integra 400 plus for estimation of lipid profile,
glucose and liver function enzymes. HIV viral
load was performed by real time PCR from
Abbott. CD4 counts were assayed using whole
blood samples (drawn in EDTA-containing

tubes). CD4 counts were assayed by flow
cytometry using Facs calibuer.

Study population: 101 cases on different ARV
drug regimens and 21 cases not on ARV drugs
(Naive) were included in the study. Generally, the
age of the study ranged from 20 to 45 years old.
The selected HIV positive cases were single
genotype and were on ARV triple combination
and the cases were without previous hepatitis C
"HCV" or hepatitis B "HBV" infections. HIV
patients from different genotypes, or using old
ARV drug lines, or on statins were excluded from
the study. 70 HIV- negative age matched
subjects were considered as control group
(Table 1).

Table 1. Study population

Status Study population
HIV- positive cases on 101

ARVs

HIV- positive cases not 21

on ARVs

HIV- negative (control) 70

Total 192

The 101 HIV positive selected cases were
stratified into four groups according to the
treatment regimens (Table 2), These HIV-
infected patients who were using ARV drugs
triple combination therapy for more than 24
weeks.

Where; NRTIs include: Emtricitabine (FTC) and
Tenofovir (TDF); NNRTI is Efavirenz (EFV); Pl is
Lopinavir (LPV); INSTI (Integrase Strand
Transfer Inhibitor) include Elvitegravir (EVG) and
Raltegravir (RAL) which are Integrase inhibitors.
Fasting blood glucose was estimated by the
enzymatic-colorimetric reference method with

hexokinase. Lipid profile including; total
cholesterol (TC), HDL cholesterol, LDL
cholesterol and triglycerides (TAG) were

investigated by CHOD/PAP, PEG-precipitation,
homogeneous enzymatic colorimetric assay and
GPO/PAP methods respectively. Liver function
enzymes alanine transaminase (ALT) and
aspartate transaminase (AST) were checked by
standardized method described by IFCC.

Table 2. HIV positive cases on treatment regimens

S. No. ART classes Group No.
1 2NRTIs + NNRTI FTC + TDF + EFV 36
2 2NRTIs + PI FTC+ TDF + LPV/r 25
3 2NRTIs + INSTI FTC+ TAF + EVG/c or RAL 40
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Lymphocytes counts (CD4 and CD8) were
estimated by the fully automated BD FACS
Calibur depends on single platform technology
which designed to enable determination of both
absolute and percentage of lymphocytes.
Sample preparation and procedure were
performed according to manufacturer instruction.
HIV viral load was performed by real time PCR
(Abbott) fully automated device. It is estimated by
Abbott Real Time HIV-1 (m2000sp) assay uses
RT-PCR to generate amplified product from the
RNA genome of HIV-1 in clinical specimens.

Statistical analysis: The data collected in data
sheet were recorded in Microsoft Excel then
imported in (Statistical Package for Social
Sciences) SPSS version 26 and the statistical
analysis was chosen according to Kolmogorov-
Smirnov method and values were considered
significant at p<0.05 at confidence interval 95%.
Statistical work was done as follows: The
independent t-test is used to test the difference
between the two groups (patients on ARV drugs
and not on ARV drugs), in the variables; CD4,
CD4%, CD8, CD8%. while Mann-Whitney was
used to test the difference between the two
groups in HIV viral load. One-way analysis of
variance (ANOVA) was used to test the
difference between the variables (Blood Glucose,
Cholesterol, LDL, HDL and LDL/HDL) of the
three groups (patients on ART, not on ART and
control), while Kruskal-Wallis test was used to
test the different between the three groups in the
variables; ALT, AST and TG.

3. RESULTS

This work consisted, 101 ARV treated HIV
individuals, 21 untreated HIV individuals and of
70 HIV negative age and sex matched
individuals used as controls (Fig. 1).

In regard to gender, the study population
includes 112 females (58.9%) and 80 males
(41.1%) (Fig. 2).

Age: The ages of the participants were grouped
into 5 age groups generally the ages of the study
ranged from 20 to 45 years old (Fig. 3). The vast
majority of the cases were within the age
category = 25.

Viral Load: The viral load of the ARV treated
HIV group was 40311.9 copies/ml which was
increased compared to 5172.7 copies/ml of HIV
untreated group (Fig. 4).

3.1 Classification of HIV Positive Cases
According to their CD4

All HIV positive subjects were stratified according
to WHO classification of CD4 counts. The results
showed that the majority of the HIV positive
cases: 81 subjects (66.39%) had the highest
CD4 count more than 500 celll mm?® (clinical
stage 1), whereas the lowest CD4 count;16
cases (6.56%) had CD4 counts between 394-200
cells/mm?® (clinical stage 3) (Table 3).

B group1 with treatment

@ 9Foup2 without
treatment

Ccontrol

Fig. 1. The percentages of HIV cases and
control included in the study

Hmale
WFemale

N=112

Fig. 2. Percentages of male and female within
study subjects

Comparing CD4 and CD8 within the study
groups: The means of CD4 count and CD4% in
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the ART treated HIV subjects were 648.3 £ 400.5
and 24.6 + 11.1 which were significantly (P
<0.014 and P <0.039, respectively) lower
compared CD4 count and CD4% of untreated
HIV group (884.5 + 369.8 and 29.90 *+ 8.6,
respectively). On the contrary, the mean of CD8

count was higher (1322.77 = 667.080) in ARV
treated HIV group compared to HIV group not on
ARV (1239.6 + 538.8). CD8% was significantly
(P <0.025) increased in ARV treated
HIV group compared to CD8% of untreated
HIV group.

Age

Agein years
W25
H26-30
W31-35
M 36-90
Osa

Fig. 3. The distribution of age groups within study subjects

50,000

40,000

30,000

Mean HIV viral load

20,000

10,000

HIV czes on ARVS

Main HIV groups

HIV cases not on ARVS

Fig. 4. Viral load of treated HIV cases was increased compared to untreated HIV

Table 3. Classification of HIV positive cases according to their CD4

Clinical stages CD count HIV-associated No. of HIV % of HIV
cell/ mm?® immunodeficiency +ve cases +ve cases

1 =500 None significant 81 66.39

2 499-350 Mild 16 13.11

3 394-200 Advanced 8 6.56

4 <200 Severe 17 13.93
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1,500

1,000

500

Mean Lymphocytes counts

Clcoa
Clcos

HIV cases on ARVS

HIV main groups

HIV cases not on ARVS

Fig. 5. Comparing CD4 and CD8 between the study groups: CD4 increased in untreated group
(Naive) compared to ARV treated HIV group, but no significant change in CD8% between both
of the groups

Table 4. Cholesterol status among the study subjects according to its levels

Status N. Percentage
Normal 169 88.0%
Borderline high 12 6.3%

High 9 4.7%

3.2 Lipid Profile and Other Parameters in
ARV-treated HIV and Untreated HIV
and Healthy Control Subjects

The serum total cholesterol (TC) Ilevels
were stratified according to normal
range based on NCEP guidelines

(http://www.nhlbi.nih.gov/guidelines/cholesterol/a
tglance) as shown in the Table 5.

The mean total cholesterol (TC) level of ARV
treated HIV subjects (174 £ 42 mg/dl) was
significantly (P<0.012) increased compared to
untreated HIV subjects (149 £ 31mg/dl) (Fig. 4).
Meanwhile, TC levels of ARV treated HIV
subjects were highly significant (P<0.000)
increased compared to healthy control TC levels
(151 £ 27mg/dl) (Fig. 6).

In accordance, LDL cholesterol levels (118 +
34mg/dl) showed a significant (P <0.014)
increase in the ARV treated HIV subjects
compared to LDL-C of the untreated HIV

subjects (97 £ 31mg/dl). In the same manner, the
mean LDL-C level of the ARV treated HIV
subjects was highly significant (P <0.000)
increased compared to the mean of LDL-C of the
healthy controls (93 + 26mg/dl) (Table 5).

As clear from Fig. 6 the mean serum level of
triglycerides (147 + 112 mg/dl) of ARV treated
HIV subjects showed a high significant (P<0.019
and P<0.000 respectively, Table 5) increase
compared to mean TG levels (101 + 62mg/dl) of
untreated HIV subjects and mean TG of the
healthy control (79 + 36mg/dl). On the other
hand, mean serum levels of HDL cholesterol (48
*+ 17mg/dl) showed no significant alteration in the
ARV treated HIV subjects compared to untreated
HIV subjects and healthy control (49 + 24 mg/dl
and (50 = 16 mg/dl). In a similar way, no
significant change found in LDL/HDL ratio (2.8 +
1.3) of the ARV treated HIV subjects compared
to LDL/HDL ratio of untreated HIV subjects and
healthy control (2.3 £ 1.16 and 2.3 £ 1.5).
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Bl Cholestrol
mTG

CJLoL

200 I HDL

150

100

Mean Lipid profile

50—

HIV cases on ARVS HIV cases not on ARVS

All cases

Fig. 6. Mean levels of lipid profile (TC, LDL-C, HDL-C and TG) of ART treated and untreated HIV
groups and healthy control group

Table 5. Comparison between the mean levels of TC, LDL-C and TG between ARV treated,
untreated HIV and healthy control groups

Dependent Variable Groups P-value
| J
Cholesterol HIV cases on ARVs HIV not on ARVs 0.005*
Control 0.000*
HIV not on ARVs Control 0.851
LDL-C HIV cases on ARVs HIV not on ARVs 0.007*
Control 0.000*
HIV not on ARVs Control 0.573
TG HIV cases on ARVs HIV not on ARVs 0.019*
Control 0.000*
HIV not on ARVs Control 0.090

* Means that the test is significant at 5%

120

100

80

G0

Mean Blood glucose

HIV cases on ARVS HIV cases not on ARVS

control
All cases

Fig. 7. Mean levels of b. glucose of ARV treated, untreated HIV and control groups
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30—

CIsGPT
CscoT

Mean Liver enzymes

10-]

HIV cases on ARVS

HIV cases not on ARVS

All cases

comntrol

Fig. 8. Mean activity of ALT and AST of ART treated, untreated HIV and control groups

Blood glucose: A significant (P<0.004) increase
(Table 5) seen in the mean blood glucose
concentration (105 + 30) of the ARV treated HIV
subjects compared to healthy control group (95 +
13), but the change was not significant in the
mean level of Blood glucose in ARV treated HIV
subjects compared to glucose level (104 + 16) of
untreated HIV subjects (Fig. 7).

3.3 Liver Function Enzymes

The mean ALT levels for both ARV treated and
untreated HIV groups (22 + 16 u/l and 2312 u/l
respectively), showed a highly significant
(P<0.000 and P<0.001 respectively) increase
compared to the mean ALT activity of the healthy
control (17 = 15 u/l). In the same manner, the
mean AST values for both ARV-treated and
untreated HIV groups (23 + 14u/l and 26 + 15 u/l
respectively) were significantly (P<0.001 and
P<0.006 respectively) increased compared to the
mean AST level of the control (19 £ 6 u/l)

(Fig. 8).
4. DISCUSSION

In 1988, the wide spread of HIV in Libya made it
a national problem [25]. Recently the prevalence
in Libya increased from 0.13% in 2004 to 0.2% in
2019. This is very low compared to the African
country in Zimbabwe where HIV prevalence is
14.4% as mentioned in National AIDS Council
Preliminary Report, 2015 [26]. In the current
study, the mean levels of ALT and AST for both
ARV-treated and untreated HIV were highly
significant increased compared to the mean ALT

and AST activity of the healthy control but not
significantly changed when compared with that of
the untreated HIV group. This finding was in
contrast with the study of Shiferaw et al., [27]
who found increase in the mean levels of ALT of
ARV-treated compared to untreated HIV-1
Infected Patients (P value: 0.002). Furthermore,
the previous evidence showed that prevalence of
abnormally elevated liver enzyme was 20% in
ARV-treated and 22.0% in untreated HIV patients
which was higher compared to our findings [27].
In the same line, Owiredu et al. [28], found an
increased ALT activity of the ARV- treated HIV
subjects [28]. The high levels of liver enzymes in
the current research were very low compared to
the work of Gil et al, [29], who showed
prevalence of 22.6% among HIV patients in
Cameroon [29]. Murphy et al., [30] suggested
that Pl is the specific class of ARV drugs caused
the mitochondrial toxicity of the liver cells and
possibly other organs that may cause failure of
liver [30]. In the same line, a previous work of our
research group led by Menesi et al., [31], showed
significant increases in the liver enzyme activities
(ALT, AST and ALP) in patients suffering
pulmonary tuberculosis with HIV co-infection,
which indicate hepatic toxicity [31].

To our knowledge, this is the first study which
investigated lipid abnormalities among Libyan
HIV subjects. The current work showed
significantly  higher levels of serum total
cholesterol (TC), LDL-C and triglycerides (TG) of
the ARV-treated HIV subjects compared to those
of the untreated HIV (ARV-Naive). However, no
significant change existed by comparing HDL-C
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concentrations among the study groups. These
findings were in agreement with Low et al., [32]
who found similar results of the lipid profile by
comparing HIV subjects treated with ARVs for
more than one year and ARV-Naive [32]. In
accordance, Palios et al., [33] found an increase
in TC levels of ARV-treated and untreated HIV
subjects [33]. These findings were in the same
line with the work of Haubrich et al., in [34], who
found metabolic changes on lipid metabolism
after treatment of HIV-negative volunteers with
ARVs including; NRTIs, NNRTIs, and Pls [34].
These findings are in support of the changes on
lipid profile in the ARV-treated HIV subjects in
the current work. The alterations of lipid profile in
our study and the previous evidences indicated
an atherogenic effects of ARV drugs Protease
inhibitors (Pls) which were used by our study
patients, are believed to inhibit lipid biosynthesis
and promote lipolysis of subcutaneous fat.
Accordingly, NRTIs, decrease the rate of
lipogenesis and also implicated in mitochondrial
toxicity and reduced mitochondrial DNA by
inhibiting DNA polymerase y. Pls are also
implicated in reducing the uptake of remnant
chylomicrons and VLDL [35]. Moreover, Pls
promote TG production in the liver via up-
regulating the rate limiting enzymes participated
in TG synthesis leading to accumulation of TG-
rich lipoproteins in the liver [36].

The data of present research found no significant
change in lipid profile of ARV-Naive group
compared to HIV negative controls. These
results were in agreement with the study of
Fourie et al., [37] who found changes in lipid
parameters in HIV-1 and AIDS caused by the
effect of infection and before the ARV treatment
had been established. Lipid alterations included
hypertriglyceridemia but the TC, LDL-c and HDL-
c levels were reduced in untreated HIV subjects
compared to HIV-negative subjects [37]. In the
same line with the work of Zephy et al., [38],
reported a reduced cholesterol, HDL-C, LDL-C
levels and an increase in TG among ARV-
untreated HIV patients when compared to
healthy subjects which contradicted the present
study [38]. In contrast with the present work, the
study of Nayyar [39] also found a decreased
levels of TC and LDL-C in the HIV and AIDS
subjects. However, TG levels were increased
which is in accordance with the finding of our
study [39].

Dyslipidemia in ARV-treated HIV patients may
occur due to various factors including increased
serum levels of inflammatory cytokines (tumor

necrosis factor alpha (TNF-a and interleukin-6),
reduced lipid clearance, and elevated rate of
VLDL production by the liver. In 2000, Ducobu
and Payen suggested that increased levels of
TNF- a and IL-6 resulted in lipid peroxidation,
platelet activation and release of reactive oxygen
species [40]. It is worth mentioning that the
mechanisms behind changes in lipid parameters
in HIV subjects are stil not completely
understood, but evidence suggested may be
supported by other factors including genetic and
environmental factors, as well as by drugs [41].

Normal HDL levels in the present study may
reflect a positive prognosis status of the HIV
patients. This conclusion was in accordance with
Llibre et al., [42] and Bernal et al. [43] who
suggested that the low HDL levels before and at
early stage of ARV implementation may indicate
the incomplete control of the process of
inflammation [42,43]. In this respect, reduced
HDL levels may be utilized as biomarker to
reflect the degree of chronic inflammation. In the
same line with this conclusion, HDL levels in
ARV-treated HIV subjects in the current work,
showed a significant positive correlation with the
levels of CD4 (P<0.017), which means that HDL
values get increased as the CD4 counts
elevated. In addition, LDL/HDL ratio, which
reflects the degree of the risk of atherogenesis,
showed no significant change in the ARV-treated
HIV group compared to ARV-Naive subjects in
the current study. This finding is in agreement
with recent studies, which showed similar data
and partly consistent with the MACS study which
suggested that the high TC/HDL ratio and other
lipid parameters occurred during the early stages
of establishing ARV treatment [44,45]. However,
the current study is in contrast with the work of
Nguemaim et al. [46], who reported high
atherogenic risk ratio (TC/HDL) in ARV-treated
HIV compared to ARV-Naive HIV subjects in
Cameroon [46].

The current study showed an in increase in
cholesterol, LDL and TG among untreated-HIV
subjects the levels of these lipids were more
elevated in ARV-treated HIV group, the
mechanism that causes the elevation in these
lipid parameters requires excessive research
work to fully understand this mechanism.
However, normal HDL and LDL/HDL risk ratio
indicate a good prognosis of the patients in the
present work. The present work is case control
study. The present work does not investigate the
serum levels of the subject before establishing
ARV treatment and does not monitor the
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changes on lipid profile over different duration
periods. Future work is needed to assess the
effects of every treatment regimen upon lipid
profile as well as assessing serum levels of TNF-
a and IL-6 and measures of lipid peroxidation
and antioxidant profile Although the current work
has showed a link between HIV (ARV-treated
and untreated) and lipid alterations but its nature
as an observational study, it cannot confirm a
causal relationship between the HIV infection
and ARV-drugs induced dyslipidemia.

5. CONCLUSIONS

The levels of TC and LDL-C were higher in HIV
positive subjects under ARVs regimens than the
untreated HIV patients indicated a clear effect of
ARV drugs upon lipid metabolism. The
mechanism of the effects of ARV drugs upon
lipid profile is not fully illustrated and require
further investigation at the molecular levels. The
current results showed non-significant alteration
in the HDL-C and LDL/HDL risk ratio suggested
a decreased risk for developing cardiovascular
abnormalties among HIV subjects. The present
study suggests that a routine checkup of the lipid
profile should be established for monitoring the
cardiovascular risk especially for patients who
are on ARVs treatment.

CONSENT

As per international standard or university
standard, patient(s) written consent has been
collected and preserved by the author(s).

ETHICAL APPROVAL

As per international standard or university
standard written ethical approval has been
collected and preserved by the author(s).

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Deeks SG, Lewin SR, Havlir DV: The end
of AIDS: HIV infection as a chronic
disease. Lancet. 2013, 382:1525-33.

DOI: 10.1016/S0140-6736(13)61809-7

2. Global HIV & AIDS statistics - Fact sheet;

2021

10.

11.

12.

479

Available:https://www.unaids.org/en/resour
ces/fact-sheet

Daw MA, Daw AM, Sifennasr NEM, et al.
Spatiotemporal analysis and
epidemiological characterization of the
human immunodeficiency virus (HIV) in
Libya within a twenty-five years period:
1993-2017. AIDS Res Ther. 2019;16:14.
DOI: 10.1186/s12981-019-0228-0
Bannazadeh BH, Soroush MH. HIV/AIDS
in the Middle East and North Africa: A
positive future. Sex Transm Infect. 2018;
94:339.

DOI: 10.1186/s

Giasuddin ASM, Ziu MM, Abusadra A, et
al. Failure to find antibody to human
immunodeficiency virus type | in Libya. J
Infect. 1988;17:192-193.

DOI: 10.1016/S0163-4453(88)92131-7
Giasuddin ASM: The problem of AIDS in
eastern Libya. J Islam Acad Sci. 1991;
4:40-44.

DOI: 10.1177

Palella FJ Jr, Delaney KM, Moorman AC,
et al. Declining morbidity and mortality
among patients with advanced human
immunodeficiency virus infection. HIV
Outpatient Study Investigators. N Engl J
Med. 1998;26:853-60.

DOI: 10.1056/NEJM199803263381301
Bhaskaran K, Hamouda O, Sannes M.
Changes in the risk of death after HIV
seroconversion compared with mortality in
the general population. JAMA. 2008;
2(300):51-9.

DOI: 10.1001/jama.300.1.51

WHO, Consolidated Guidelines on the Use
of Antiretroviral Drugs for Treating
and Preventing HIV Infection.
Recommendations for a Public Health
Approach, WHO.
Available:https://data.worldbank.org/indicat
or/SH.DYN.AIDS.ZS.

Lohse N, Hansen AB, Pedersen G, et al.
Survival in patients with HIV infection.
Ugeskr Laeger. 2007;169:2529-32.
Grunfeld C, Kotler DP, Hamadeh R,
Tierney A, Wang J, Pierson RN.
Hypertriglyceridemia in the acquired
immunodeficiency syndrome. Am J Med.
1989;86:27-31.

Carr A, Samaras K, Burton S, Law M.
Freund J, Chisholm DJ, Cooper DA.
1998;12:51.

DOI: 10.1097/00002030-199807000-00003



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Younis et al.; JAMMR, 34(23): 470-481, 2022; Article no.JAMMR.94272

Sherer R. HIV: HAART, and
hyperlipidemia: Balancing the effects. J
Acquir Immune Defic Syndr. 2003;2:123-9.
DOI: 10.1097

Ducobu J, Payen MC. 2000;211117.
Available:https://pubmed.ncbi.nim.nih.gov/
10748683/.

Troll JG: Approach to dyslipidemia,
lipodystrophy and cardiovascular risk in
patients with  HIV  infection. Curr
Atheroscler Rep. 2011;13:51-6.

Souza SJ, Luzia LA, Santos SS. et al. Lipid
profile of HIV-infected patients in relation to
antiretroviral therapy: A review. Rev assoc
med bras. 2013;59:186-198.

DOI: 10.1016/j.

Van Der Valk M, Kastelein JJP, Murphy
RL.: Nevirapine-containing antiretroviral
therapy in HIV-1 infected patients results in
an anti-atherogenic lipid profile. AIDS.
15(18):2407:2414.

Fontas E, Van Leth F, Sabin CA. Lipid
profiles in HIV infected patients receiving
combination antiretroviral therapy: Are
different antiretroviral drugs associated
with different lipid profiles? The. Journal of
Infectious Diseases. 189(6):1056:1074.
DOI: 10.1086/381783

Yone EWP, Kengne AP, Ashuntantang G,
Betyoumin AF, Ngogang J. Dyslipidaemia
in  HIV-1-infected patients receiving
protease inhibitors after initial treatment
with  firstline- based non-nucleoside
reverse transcriptase inhibitors: A cross-
sectional study. BMJ Open. 2;4:1317.

Galli M, Ridolfo AL, Adorni F. Body habitus
changes and metabolic alterations in
protease inhibitor-naive HIV-1- infected
patients treated with two nucleoside
reverse transcriptase inhibitors. Journal of
Acquired Immune Deficiency Syndromes.
2002;29(1):21-31.

Cotter G, Satchell CS, O’Halloran JA,
Feeney ER, Sabin CA, Mallon PWG. High-
density lipoprotein levels and 10-year
cardiovascular risk in  HIV-1-infected
patients. AIDS, 25:6-867.

Mehta N, Reilly M. Atherosclerotic
cardiovascular disease risk in the HAART-
treated HIV-1 population. Clin Trials.
2005;6:5-24.

Hoffmann C, Jaeger H. Cardiology and
AIDS - HAART and the consequences.
Ann N Y Acad Sci. 2001;946:130-44.

DOI: 10.1310

Boccara F. Cardiovascular complications
and atherosclerotic manifestations in the

25.

26.

27.

28.

29.

30.

31.

32.

33.

480

HIV-infected population: type, incidence
and associated risk factors. 2008;3:19-26.
DOI: 10.1097/01.aids

Hamidi PR Regmi, van Teijlingen E. HIV
epidemic in Libya: Identifying gaps. J Int
Assoc  Provid AIDS Care. 2021,
20:23259582211053964.

DOI: 10.1177/23259582211053964
National AIDS Council Preliminary Report;
2015.
Available:https://www.unaids.org/sites/defa
ult/files/country/documents/SYC_narrative
_report_2015.pdf

Shiferaw MB, Tulu KT, Zegeye AM,
Wubante AA. Liver enzymes abnormalities
among highly active antiretroviral therapy
experienced and HAART Naive HIV-1
Infected Patients at Debre Tabor Hospital,
North West Ethiopia: A comparative cross-
sectional study. AIDS Res Treat. 2016,
2016:1985452-2016.

DOI: 10.1155/2016/1985452

Owiredu WK, Quaye L, Amidu N. Oxidative
stress and dyslipidaemia among Ghanaian
HAART-naive HIV patients and those on
HAART. West African Journal of
Pharmacy. 2011;22:58-66.

Gil ACM, Lorenzetti R, Mendes GB, et al.
Hepatotoxicity in HIV-infected children and
adolescents on antiretroviral therapy.
Sao Paulo Medical Journal. 2007;125:
205-209.

DOI: 10.1590/s1516-31802007000400002
Murphy RA, Sunpath H, Kuritzkes DR,
Venter F, Gandhi RT: Antiretroviral
therapy-associated  toxicities in  the
resource-poor world: the challenge of a
limited formulary. Journal of Infectious
Diseases. 2007;196(3):449-456.

DOI: 10.1086/521112 [PubMed] [Cross
Ref] [Google Scholar].

Menesi FA, Sherif FM, El-Gharadwi M. A
Comparative Study of Metformin alone, in
Combination with Insulin or Metformin plus
Insulin in Presence of Simvastatin in
Libyan Diabetic Patients. Pharm
Pharmacol Int J. 2017;5:58-62.

Low H, Hoang A, Pushkarsky T, et al.: HIV
disease, metabolic dysfunction and
atherosclerosis: A three years prospective
study. PLoS One. 2019;18:0215620.

Palios J, Ilkonomidis 1, Lekakis JT.
Microcirculatory vascular dysfunction in
HIV-1 infected patients receiving
highly active antiretroviral  therapy.
Microcirculation. 2010;17:303-10.

DOI: 10.1111/j



34.

35.

36.

37.

38.

39.

40.

41.

Younis et al.; JAMMR, 34(23): 470-481, 2022; Article no.JAMMR.94272

Haubrich RH, Riddler SA, Di Rienzo AG.
Metabolic outcomes in a randomized trial
of nucleoside, nonnucleoside and protease
inhibitor-sparing regimens for initial HIV
treatment. AIDS. 23:9-1109.

Vergés B, Petit JM: Blood lipid
abnormalities  during treatment with
protease inhibitors. Presse Med.
2001;30:911-4.

Calza L, Manfredi R, Chiodo F:
Hyperlipidaemia in patients with HIV-1
infection receiving highly active
antiretroviral therapy: epidemiology,
pathogenesis, clinical course and

management.
2003;22:89-99.
DOI: 10.1016/s
Fourie CM, Van Rooyen JM, Kruger A,
Schutte AE: Lipid abnormalities in a never-
treated HIV-1 subtype C infected African
population. Lipids. 2010;45:73-80.

DOI: 10.1007/s

Zephy D, Lakshmi LJ Ashraff R. Lipid
profile among art treated and untreated
patients in HIV positive cases. Arch Med.
2015;8:2.

Nayyar AS: Dyslipidemia in HIV infected
and AIDS patients: Association of serum
lipids with HIV status, a cross-sectional
study. J Med Trop. 2019;21:20-5.

DOI: 10.4103/jomt.jomt_1 19

Ducobu J, Payen MC: Lipids and AIDS.
Rev Med Brux. 2000;21:11-7.

Grinspoon S, Carr A: Cardiovascular risk
and body fat abnormalities in HIV infected
adults. N Engl J Med. 2005;352:48-62.

Int J Antimicrob Agents.

42.

43.

44,

45,

46.

DOI: 10.1056

Llibre JM, Domingo P, Palacios R.
Sustained improvement of dyslipidaemia in
HAART-treated patients replacing
stavudine with tenofovir. AIDS. 2006;
20:1407-14.

DOI: 10.1097/01

Bernal E, Masia M, Padilla S, Gutiérrez F.
High-density lipoprotein cholesterol in HIV-
infected patients: evidence for an
association with  HIV-1 viral load,
antiretroviral therapy status, and regimen
composition. AIDS Patient Care STDs.
2008;22:569-75.

DOI: 10.1089/apc

Zhou DT, Nehumba D, Oktedalen O,
Marange P, Kodogo V, Gomo ZA,
Esterhuizen TM. Stray-Pedersen B:
Changes in lipid profiles of HIV (+) adults
over nine months at a harare HIV clinic: A
longitudinal study. Biochem Res. 3204818.
7.

DOI: 10.1155/2016/3204818. Epub 2016
Mar 8.

Riddler SA, Li X, Chu H. Longitudinal
changes in serum lipids among HIV-
infected men on highly active antiretroviral
therapy. HIV Medicine. 8:287.

Nguemaim NF, Mbuagbaw J,

Nkoa T. Serum lipid profile in highly
active antiretroviral therapy-naive HIV
infected patients in Cameroon:

A case-control study. HIV Med. 2010;
11:353-9.

© 2022 Younis et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/94272

481


http://creativecommons.org/licenses/by/4.0

