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Abstract
Objective: Metabolic disturbances such as dyslipidemia and liver enzymes changes may be associated with the risk for developing cardiac disorder 
as well as liver toxicity in PLWH having HAART. This study investigated the biological pattern of PLWH on effective antiretroviral therapy in the 
Democratic Republic of Congo.

Methods: This was a case-control study including 45 PLWH who were going to initiate HAART and 40 drug-naive HIV-infected patients as a 
control group. Subjects were followed-up from baseline to six months by assessing their CD4+T cell counts and biochemical concentrations of 
serum cholesterols (CHOL, LDL-C, and HDL-C), TGs, aminotransferases (AST and ALT), creatinine, urea, and FPG. Atherogenic Indices (AI) were also 
calculated. Differences between groups were estimated using the student’s t test or analysis of variance if more than two groups. The p values ˂0.05 
was considered as statistically significant.

Results: After six months, the mean CD4+ T cell counts were significantly improved (p˂0.0001) in PLWH on HAART. However, there were significant 
increases of CHOL, LDL-C and TG levels (p˂0.0001), whereas HDL-C levels were significantly decreased (p˂0.0001) over six months of follow-up. 
Higher AIs were also observed in PLWH having HAART than in HAART-naive subjects (p˂0.0001). AST and ALT levels were higher in people living 
with HIV on HAART than in control group at baseline (p=0.007 and p=0.002), three months (p=0.059 and p=0.001) and six months (p=0.0140 and 
p=0.0142). However, the AST and ALT differences were found more pronounced in women PLWH on HAART (p˂0.05). In HIV subjects on HAART, the 
values of sCr and urea have not significantly changed over six months of follow-up (p=0.105 and p=0.06). There was a significant decrease of FPG in 
people living with HIV on HAART over six months (p˂0.0001).

Conclusion: This study showed biochemical abnormalities in PLWH on effective antiretroviral therapy. Thus, the monitoring of biological profile 
would be of great importance in the clinical follow-up of HIV subjects having HARRT.
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Introduction 
In Democratic Republic of the Congo (DR Congo), the prevalence 

of Human Immunodeficiency Virus (HIV) in adults (15-49 years) 
has decreased from 4% in 2005 to 0.8% in 2018[1-3]. One study has 
estimated the HIV prevalence at about 1.2% in Bukavu, a city in the 
Eastern of the DR Congo [4]. The advent of effective antiretroviral 
therapy, also known as Highly Active Antiretroviral Therapy (HAART), 
has substantially reduced HIV-associated mortality and morbidity in 
infected patients. HAART is recommended as a standard medication 
for the management of HIV infection [5,6]. As the number of people 
living with HIV (PLWH) on antiretroviral therapy is increasing, 
there is a need to improve a clinical, therapeutic drug and biological 
monitoring in low- and middle-income countries. Some PLWH would 
not adhere to HARRT due to the drug-related side effects such as 
lipodystrophy, peripheral neuropathy and anemia. These side effects 
and toxicity may lead to the drug therapy change and discontinuation 
[7,8].

Laboratory monitoring of HIV infection is essential in deciding 
to initiate antiretroviral therapy, assess the antiretroviral efficacy and 
detect drug toxicity [7]. In the past, the eligibility for antiretroviral 
treatment was assessed according to the World Health Organization 
(WHO) 2010 guidelines which recommended the initiation of HAART 
in patients with CD4+ T cell counts less than 350 cells per microliter 
[9]. According to the recent WHO guidelines, all people diagnosed 
with HIV should start HAART regardless of CD4+ T cell counts and 
viral load measurements [10].

Despite the benefits provided by the use of HAART, it was reported 
biological abnormalities and the development of drug resistance 
[11,12]. In fact, biological abnormalities have already been reported 
in PLWH. However, these could be accentuated in people receiving 
HAART [13]. Hematological abnormalities are more dominated by 
anemia, neutropenia, and thrombocytopenia [14]. On the other hand, 
liver diseases are recognized as one of the causes of mortality in PLWH 
[15]. Liver enzymes changes and dyslipidemia are currently reported 
in patients receiving HAART [16]. The HIV-related dyslipidemia is 
a disorder characterized by the elevated plasma Triglycerides (TGs), 
Low Density Lipoprotein Cholesterol (LDL-C) levels and the reduced 
level of high density lipoprotein cholesterol (HDL-C) [13,17]. The 
main antiretroviral agents involved in biochemical changes include the 
nucleoside reverse transcriptase inhibitors, Non-Nucleoside Reverse 
Transcriptase Inhibitors (NNRTIs) and Protease Inhibitors (PIs) [18].

In the DR Congo, there are few studies investigating biological 
abnormalities observed in PLWH receiving HAART. As biological 
abnormalities may be associated with the risk for developing cardiac 
disorder and liver toxicity, this study investigated the biological pattern 
of people living with HIV on HAART. The control of biochemical 
profile will be of great importance in the clinical and biological 
monitoring of the PLWH.

Materials and Methods
Patients

It is a prospective case-control study carried out at the General 
Referral Provincial Hospital of Bukavu, from August 2012 to March 
2013. This study enrolled 85 ambulatory people living with HIV aged 
at least 15 years: 45 PLWH who were going to initiate HAART and 
40 HAART-naive PLWH in control group. The 2010 WHO eligibility 
criteria recommend PLWH having CD4+ T cell counts less than 350 
cells/μL to HAART [9]. All PLWH in the study group were either at the 
clinical stage 2 or 3 of the HIV/AIDS disease classification [19]. The 

PLWH already on antiretroviral treatment, patients with viral hepatitis 
and heavy alcohol consumption were excluded of this study. Data 
related to the presence of hypertension, body mass index, smoking, 
last drug used were not available in clinical settings. Before starting 
the investigation, the informed patient consents were obtained from 
all participants. This study got an approval from the ethic committee 
of the Catholic University of Bukavu.

HAART regimens
Different combinations of antiretroviral regimens were used at the 

initiation of the treatment. These consisted of (1) zidovudine (AZT) 
+ lamivudine (3TC) + efavirenz (EFV) (20.1%), (2) AZT+3TC+NVP 
(nevirapine) (64.4%), TDF (tenofovir) + 3TC + EFV (11.1%) and (3) 
TDF+3TC+NVP (4.4%).

Laboratory analyses
All patients were checked for their serological status by a plasma 

qualitative rapid immunoassay test (Uni-Gold™ HIV, Trinity Biotech, 
Bray, Co Wicklow, Ireland). The confirmatory test was carried out on 
the Enzyme Linked Immunosorbent Assay (ELISA) analyzer (apDia 
n.v™, Turnhout, Belgium). Biochemical analyses and CD4+ T cell 
counts were performed in all PLWH before the initiation of first line 
antiretroviral regimen, at three months and six months.

The CD4 lymphocyte T cell counts were estimated in plasma using 
the FACS Count analyzer (Becton Dickinson, San Jose, California, 
USA). FACS Count analyzer is a microbead-based system that is 
designed specifically for enumerating the absolute CD4+, CD8+ and 
CD3+ T-cell counts in plasma. Reagents were provided by the National 
Multisectorial Program HIV/AIDS Control of DR Congo.

Biochemical parameters were measured on semi-automated 
clinical chemistry analyzer (Cyan Smart, Cypress Diagnostics, 
Langdorp, Belgium). All biochemical reagents used were from Cypress 
Diagnostics Company. The serum Aspartate Aminotransferase (AST) 
and Alanine Aminotransferase (ALT) were measured using ultraviolet 
kinetic methods at 340 nm. The upper limit of normal (ULN) ALT 
was 40 U/L in male and 32 U/L in women where as the ULN for AST 
activity was 38 U/L in men and 31 U/L in female [20,21].

Serum analyses of total cholesterol (CHOL), HDL-C and TGs 
were performed on fasting using appropriate enzymatic colorimetric 
methods. The indirect method of Friedwald was used to estimate the 
LDL-C. Abnormal lipid profile was defined as CHOL ≥ 200 mg/dL, 
HDL-C < 40 mg/dL, LDL-C ≥ 130 mg/dL and TGs ≥ 150 mg/dL [22]. 
The Atherogenic Index (AI), calculated as the ratio of CHOL/HDL-C, 
was considered as a marker for predicting cardiovascular diseases [23].

Fasting plasma glucose (FPG) was measured according to the 
glucose oxidase method. Diabetes was defined according to the 
American Diabetes Association Criteria (FPG less than 126 mg/dL) 
[24]. The picric acid kinetic method of Jaffe was used to estimate 
serum creatinine (sCr) (adult reference range 0.9-1.3 mg/dL for men, 
0.6-1.1 mg/dL for women) [25]. Urea was measured by an enzymatic 
method of urease (adult reference range 5-45 mg/dL) [26]. 

Statistical analysis
The MedCalc software version 19.3.1 (MedCalc Software Ltd, 

Ostend, Belgium; https://www.medcalc.org; 2020) was used for 
statistical analyses. Frequencies and percentages were calculated for 
the categorical variables. The normality of the data was evaluated by 
Kolmogorov-Smirnov test. Results were expressed as mean plus or 
minus standard deviation (SD). Differences between groups were 
estimated using the Student’s t-test. Chi-square test was used to 
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evaluate differences in frequency distribution. The repeated measures 
analysis of variance allowed the comparison between more than two 
groups. Further, the Bonferroni post hoc analysis provided a pairwise 
comparison of the means. P values less than 0.05 were considered 
statistically significant.

Results
This study investigated the biochemical profile of 45 PLWH on 

HAART, with 40 HAART-naive PLWH as a control group. The mean 
plus or minus age (mean ± SD) between two groups was respectively 
35 ± 13 and 34 ± 10 years. The majority of PLWH were women 
(61.2%). The mean weight (kg) between HAART-PLWH and control 
group were significantly different at the enrollment (47.43 ± 14.35 vs. 
60.1 ± 7.5, p=0.0001).

CD4+ T cell counts
As shown in table 1, the mean CD4+ T cell counts at the enrollment 

were significantly different between PLWH eligible to HAART and 
control group (156.4 ± 13.7 vs. 686.5 ± 118.5 cell/μL, p<0.0001). 
However, the mean CD4+ T cell counts were significantly improved 
in the HAART HIV-infected cohort from baseline to six months after 
the initiation of antiretroviral treatment (p<0.0001). In contrast, these 
significantly decreased in HIV- infected control group.

Lipid profile
Significant differences between PLWH on HAART and those in the 

HAART-naïve control group for CHOL, LDL-C, and TGs started only 

at six months after the initiation of antiretroviral therapy (p<0.0001), 
in exception for HDL-C ((p=0.710); Table 2)). These biochemical 
differences were also observed in both men and women groups (Table 
3). In the cohort of HAART people living with HIV, the CHOL, LDL-C 
and TGs levels increased more significantly during the 6 months 
of follow-up (p<0.0001), whereas HDL-C significantly decreased 
(p<0.0001); table 4 and figure 1. Since these values are out of their 
reference limits, they would reflect abnormalities in the lipid profiles 
occurring in antiretroviral-treated group. In the pair wise comparison 
table 5, we found significant mean differences between measurements 
for lipids in both PLWH on HAART and naive HIV control group. 
In order to evaluate the cardiovascular risk of these abnormal lipid 
patterns, the AI were calculated. We observed in this study that the 
increase of the AI values during the treatment were very high in 
PLWH on HAART, particularly after six months (p<0.0001; Table 4).

Liver enzymes
The concentrations of AST and ALT were significantly higher in the 

PLWH on HAART than in the drug-naive control group at baseline 
(p=0.007 and p=0.002), three months (p=0.059 and p=0.001) and after 
six months ((p=0.0140 and p=0.0142; Table 2). However, AST and 
ALT differences between PLWH on HAART and HIV-control group 
were found more pronounced in females (p<0.05). There were no 
significant aminotransferase changes between men PLWH on HAART 
and control group (Table 3). As shown in table 4, slightly no significant 
increases of AST and ALT levels were found in PLWH on HAART 
after six months of follow-up. Further, the pairwise comparisons 

Variable
Total PLWH on HAART HIV-Control group

p-value
n= 85 (100%) n=45 (52,9%) n=40 (47,1%)

Age (years)

Mean (SD) 34.2 (11.8) 34.6 (13.4) 33.9 (10.2) 0.780

<18 8 (9.4) 7 (15.6) 1 (2.5)

0.042
18-30 21 (24.7) 7 (15.6) 14 (35)

31-43 34 (40.0) 17 (37.8) 17 (42.5)

>44 22 (25.9) 14 (31) 8 (20)

Sex

Men 33 (38.8) 15 (33.3) 18 (45)
0.271

Women 52 (61.2) 30 (66.7) 22 (55)

Weight (Kg)

Mean (SD) 53.6 (13.3) 47.43 (14.35) 60.1 (7.5) 0.0001

CD4+ Tcell count (cells/μl)

Mean (SD) 412.7 (294.3) 156.4 (13.7) 686.5 (118.5) <0.0001

<200 29 (34.1) 29 (100) 0 (0.0)

<0.0001200-499 16 (18.8) 15 (93.8) 1 (6.3)

≥ 500 40 (47.1) 1 (2.5) 39 (97.5)

HAART regimens 

AZT+3TC+EFV (%) - 9 (20.1) - -

AZT+3TC+NVP (%) - 29 (64.4) - -

TDF+3TC+EFV (%) - 5 (11.1) - -

TDF+3TC+NVP (%) - 2 (4.4) - -

Table 1: Characteristics of PLWH on HAART vs. HIV-control group at the enrollment and different HAART regimens.
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showed no significant mean differences for AST and ALT in PLWH on 
HAART (Table 5). Significant increases of AST and ALT activities, but 
not greater than the upper normal limit, were only observed in control 
group (Table 4; p<0.0001).

Non-protein nitrogenous compounds
Significant differences for urea and creatinine levels between PLWH 

on HAART and control group were observed at three months (p=0.033 
and p=0.046) but not at six months (Table 2). As illustrated in table 4, 
no significant change was observed in sCr and urea in PLWH over 
six months of follow-up. However, sCr reached significantly in control 
group (p=0.0002).

Fasting plasma glucose
FPG values were not significantly different between PLWH on 

HAART and control group over six months (Table 2). The table 4 
shows a significant decrease of serum FPG in PLWH on HAART as 
well as in control group during the six months of follow-up (p<0.001).

Discussion and Conclusion
The HIV disease is associated with a depletion of lymphocyte 

CD4+ T cell counts [27]. This study showed a significant increase of 
CD4+ T cell counts in PLWH over six months of HAART, whereas 
a decline in CD4+ T cell counts was observed in the HAART-
naive patients. Therefore, antiretroviral drugs would improve the 
patients’ quality of life by reducing the occurrence of new acquired 
immunodeficiency syndrome-related opportunistic infections and 
deaths [27]. However, drug-related side effects are very common 
in PLWH. They would lead to metabolism disturbances which are 
generally characterized by biochemical abnormalities such as lipid and 
aminotransferase changes [27].

In both men and women PLWH enrolled in this study, significant 
differences for CHOL, LDL-C and TGs were observed between 
antiretroviral naive people living with HIV and those on HAART only 
at six months. Many studies evaluating lipid profile in PLWH receiving 
HAART are consistent with this finding [28-31]. HIV infection itself 
may have an effect on the metabolism of lipids, because we observed 
significant increases of total cholesterol, LDL-C and TGs values as well 
as a decrease of HDL-C in the drug-naive HIV-control group after six 
months of follow-up. The alterations in cholesterol metabolism that 
occur in PLWH naïve-HAART could be explained by lipid peroxidation. 
Modified lipid species, including oxidized forms of LDL-C and HDL-C, 
may contribute directly to monocyte and endothelial cell activation in 
HIV disease, placing them on the mechanistic pathway for increased 
inflammation and immune activation. These events are mediated by 
cytokines, including tumor necrosis factor, interleukin 1, interleukin 
6, and the interferons. The cytokine tumor necrosis factor-alpha plays 
a role in plasma lipoprotein peroxidation in PLWH by stimulating 
the production of reactive oxygen species [32,33]. An association 
between plasma levels of TG and circulating interferon gamma has 
been observed in PLWH. Interferon gamma is believed to increase 
TG levels by decreasing the TG clearance as well as increased hepatic 
de novo lipogenesis and very low-density lipoprotein cholesterol 
[34]. The changes of lipids were more pronounced in the cohort of 
PLWH receiving HAART (Figure 1). This finding confirmed evidence 
that patients using antiretroviral drugs for a prolonged period are 
four-fold more likely to develop lipid abnormalities or dyslipidemias 
[35,36]. Furthermore, high increase of the values of AI after six 
months of therapy observed in this study suggested that PLWH on 
HAART are at risk of cardiovascular diseases [23]. Other factors of 
cardiovascular diseases but not explored in this study may be type 2 

PLWH on HAART 
(n=45)

HIV-Control 
group (n=40) p

Mean (SD)

At Enrollment

Weight (Kg) 47.9 (14.7) 60.1 (7.5) <0.0001

CD4+ (cells/μL) 156.4 (132.7) 686.5 (118.5) <0.0001

CHOL (mg/dL) 144.0 (46.0) 165.7 (30.9) 0.012

TGs (mg/dL) 105.15 (51.3) 102.8 (24.3) 0.790

HDL-C (mg/dL) 41.0 (14.8) 44.1 (32.4) 0.570

LDL-C (mg/dL) 82.1 (39.4) 100.1 (31.2) 0.031

AI (CHOL/HDL-C) 4.2 (3.9) 5 (3.3) 0.35

FPG (mg/dL) 73.7 (13.2) 71.2 (8.5) 0.290

AST (U/L) 39.33 (26.0) 24.3 (19.7) 0.0007

ALT (U/L) 28.63 (20.0) 15.5 (12.9) 0.0002

UREA (mg/dL) 20.4 (8.7) 21.9 (7.5) 0.470

sCr (mg/dL) 1.12 (0.34) 1.10 (0.24) 0.720

After three 
months of study

Weight (Kg) 48.3 (12.7) 56.8 (7.4) 0.0005

CD4+ (cells/μL) 204.1 (138.5) 573.4 (83.3) <0.0001

CHOL (mg/dL) 172.8 (53.3) 170.1 (27.8) 0.731

TG (mg/dL) 114.2 (42.4) 109.9 (27.3) 0.388

HDL (mg/dL) 29.8 (13.6) 33.0 (20.0) 0.400

LDL (mg/dL) 120.1 (48.1) 110.9 (23.2) 0.220

AI (CHOL/HDL-C) 7.0 (4.5) 6.4 (3.0) 0.45

FPG (mg/dL) 66.9 (8.8) 69.0 (7.5) 0.290

AST (U/L) 35.8 (23.49) 26.2 (19.8) 0.059

ALT (U/L) 26.4 (17.2) 18.2 (12.8) 0.001

UREA (mg/dL) 17.8 (5.8) 21.2 (6.5) 0.033

SCr (mg/dL) 1.13 (0.32) 1.28 (0.30) 0.046

After six months 
of study

Weight (Kg) 51.3 (11.4) 52.2 (7.8) 0.670

CD4+ (cells/μL) 372.4 (208.1) 431.3 (98.2) 0.106

CHOL (mg/dL) 230.4 (50.7) 185.8 (25.5) <0.0001

TG (mg/dL) 158.4 (43.6) 121.8 (28.4) <0.0001

HDL-C (mg/dL) 27.6 (12.4) 26.2 (20.2) 0.710

LDL-C (mg/dL) 173.6 (44.39) 130.7 (21.6) <0.0001

AI (CHOL/HDL-C) 11,01 (9.8) 9.8 (5.1) 0.50

FPG (mg/dL) 64.0 (6.9) 65.5 (5.5) 0.310

AST (U/L) 42.08 (29.6) 30.3 (19.4) 0.0140

ALT (U/L) 30.2 (16.3) 21.4 (14.5) 0.0142

UREA (mg/dL) 19.5 (10.7) 22.9 (7.1) 0.150

SCr (mg/dL) 1.23 (0.34) 1.35 (0.29) 0.120

Table 2: Mean values of weight, CD4+ T cell counts, serum cholesterols 
(CHOL, HDL-C, LDL-C), TGs, aminotransferases (AST and ALT), FPG, urea 
and sCr between PLWH on HAART and HIV control group at enrollment, 
three months and six months.
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Parameters

Men (n=33) Women (n=52)

PLWH on HAART 
(n=15)

HIV-Control group 
(n=18) p-value PLWH on HAART 

(n=30)
HIV-Control group 

(n=22) p-value

Mean (SD) Mean (SD)
Enrollment

Weight (Kg) 47.5 (20.0) 61.1 (9.8) 0.0165 48.1 (11.7) 59.3 (5.0) 0.0001

CD4+ (cells/μL) 137.0 (113.6) 730.9 (136.6) ˂0.0001 166.1 (142.2) 650.2 (88.9) ˂0.0001

CHOL (mg/dL) 145.9 (36.7) 164.6 (38.2) 0.165 143.0 (47.9) 166.6 (24.1) 0.039

TGs (mg/dL) 103.0 (39.1) 101.6 (33.8) 0.913 106.8 (57.4) 103.7 (12.9) 0.809

HDL-C (mg/dL) 43.1 (16.7) 42.0 (29.1) 0.184 39.9 (14.2) 45.7 (34.3) 0.419

LDL-C (mg/dL) 86.3 (26.1) 102.3 (37.7) 0.176 81.9 (43.0) 98.3 (25.4) 0.118

FPG (mg/dL) 69.5 (15.7) 72.8 (9.3) 0.457 75.2 (11.3) 69.8 (7.8) 0.064

AST (U/L) 35.4 (19.9) 26.9 (28.5) 0.341 39.1 (27.7) 22.0 (6.9) 0.007

ALT (U/L) 32.5 (28.2) 16.1 (18.2) 0.051 24.5 (12.9) 15.0 (6.4) 0.009

UREA (mg/dL) 21.2 (8.1) 18.5 (4.0) 0.336 19.7 (8.7) 24.7 (8.5) 0.046

sCr (mg/dL) 0.98 (0.33) 1.16 (0.24) 0.088 1.18 (0.33) 1.05 (0.24) 0.112

Three months

Weight (Kg) 54.4 (10.3) 56.9 (9.2) 0.4584 45.3 (13.0) 56.6 (5.7) 0.0004

CD4+ (cells/μL) 195.0 (115.1) 592.2 (93.0) ˂0.0001 208.6 (150.5) 557.9 (72.9) ˂0.0001

CHOL (mg/dL) 167.5 (57.7) 167.7 (34.3) 0.625 176.8 (48.3) 172.0 (21.6) 0.718

TGs (mg/dL) 125.8 (43.2) 110.3 (32.8) 0.250 112.1 (42.0) 109.5 (22.7) 0.725

HDL-C (mg/dL) 27.5 (14.7) 32.0 (19.4) 0.463 30.4 (12.1) 33.8 (21.0) 0.472

LDL-C (mg/dL) 114.9 (44.3) 109.8 (32.0) 0.705 123.8 (47.4) 111.7 (13.0) 0.250

FPG (mg/dL) 70.9 (11.0) 70.6 (8.2) 0.927 64.4 (5.9) 67.6 (6.8) 0.074

AST (U/L) 26.5 (17.4) 29.1 (28.8) 0.763 38.4 (24.1) 23.9 (6.8) 0.009

ALT (U/L) 19.5 (10.6) 19.8 (17.9) 0.963 28.0 (18.3) 16.8 (6.4) 0.009

UREA (mg/dL) 16.3 (5.1) 20.0 (5.5) 0.053 18.2 (6.0) 22.2 (7.1) 0.032

sCr (mg/dL) 1.11 (0.20) 1.36 (0.30) 0.009 1.14 (0.35) 1.22 (0.29) 0.419

Six months

Weight (Kg) 54.7 (8.0) 53.5 (8.9) 0.6814 49.6 (12.5) 51.2 (6.7) 0.5938

CD4+ (cells/μL) 383.9 (207.4) 448.0 (90.8) 0.704 366.7 (211.8) 417.6 (103.9) 0.182

CHOL (mg/dL) 245.4 (51.6) 182.6 (33.2) 0.0002 226.9 (50.8) 188.3 (17.4) ˂0.0001

TGs (mg/dL) 164.5 (59.0) 122.6 (30.5) 0.001 154.0 (35.7) 121.1 (27.2) 0.0007

HDL-C (mg/dL) 26.7 (10.4) 25.8 (20.1) 0.870 27.7 (13.8) 26.6 (20.7) 0.810

LDL-C (mg/dL) 185.6 (50.3) 128.6 (28.5) 0.0003 171.8 (43.8) 132.5 (14.0) 0.0002

FPG (mg/dL) 62.2 (3.1) 65.8 (6.1) 0.049 64.8 (7.8) 65.0 (4.9) 0.910

AST (U/L) 36.5 (22.7) 31.9 (27.7) 0.611 42.5 (31.0) 28.9 (8.5) 0.052

ALT (U/L) 34.3 (18.1) 22.4 (20.3) 0.090 28.8 (15.7) 20.6 (7.4) 0.028

UREA (mg/dL) 16.7 (8.2) 19.7 (6.7) 0.247 21.0 (10.8) 25.5 (6.5) 0.086

sCr (mg/dL) 1.25 (0.30) 1.34 (0.30) 0.380 1.25 (0.35) 1.36 (0.29) 0.237

Table 3: Sex-related mean values of weight, CD4+ T cell counts, serum cholesterols, TGs, aminotransferases, FPG, urea and sCr between PLWH on 
HAART and HIV control group at enrollment, three and six months.
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Parameters PLWH on HAART (n=45) HIV-control group (n=40)

Variables
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Weight (Kg) 47.9 48.4 51.3 0.4103 60.1 56.8 52.2 <0.0001

CD4+ (cells/μl) 156.3 204.1 372.4 <0.0001 686.5 573.4 431.3 <0.0001

CHOL (mg/dL) 144.0 173.7 233.1 <0.0001 165.7 170.1 185.8 0.0046

TGs (mg/dL) 105.5 116.7 157.5 <0.0001 102.8 109.9 121.8 0.0070

HDL-C (mg/dL) 41.0 29.4 27.4 <0.0001 44.1 33.0 26.2 0.0066
LDL-C (mg/dL) 83.4 120.8 176.4 <0.0001 100.1 110.9 130.7 <0.0001

AI (CHOL/HDL-C) 4.3 7.0 11.2 ˂0.0001 5.0 6.4 9.8 ˂0.0001
FPG (mg/dL) 73.3 66.6 63.9 <0.0001 71.2 69.0 65.4 0.0021

AST (U/L) 37.8 34.4 40.5 0.6210 24.3 26.2 30.3 <0.0001
ALT (U/L) 27.2 25.2 30.6 0.4000 15.5 18.2 30.3 <0.0001

UREA (mg/dL) 20.2 17.5 19.5 0.0607 21.9 21.2 22.9 0.5639

sCr (mg/dL) 1.11 1.13 1.25 0.1051 1.10 1.28 1.35 0.0002

Table 4: Biochemical profiles of PLWH on HAART and HIV-control group over six months of follow-up.

PLWH on HAART (n=45) HIV-control group (n=40)
Variables Mean difference p-value Mean difference p-value

Weight (Kg)
(1) (2) -0.43 1.00 3.67 ˂0.0001
(1) (3) -2.66 1.00 8.28 ˂0.0001
(2) (3) -3.09 0.530 4.62 ˂0.0001

CD4+ (cells/μl)
(1) (2) -47.71 0.260 113.18 ˂0.0001
(1) (3) -216.04 ˂0.0001 255.23 ˂0.0001
(2) (3) -168.33 0.0007 142.05 ˂0.0001

CHOL (mg/dL)
(1) (2) -29,73 0.008 -4.38 0.007
(1) (3) -89,13 ˂0.0001 -20.08 ˂0.0001
(2) (3) -59,40 ˂0.0001 -15.70 ˂0,0001

TGs (mg/dL)
(1) (2) -11.16 0.840 -7.08 0.0017
(1) (3) -51.96 0.0001 -19.03 ˂0.0001
(2) (3) -40.80 ˂0.0001 -11.95 ˂0.0001

HDL-C (mg/dL)
(1) (2) 11.56 0.0015 11.08 0.0002
(1) (3) 13.6 0.0003 17.83 ˂0.0001
(2) (3) 2.04 1.000 6.75 ˂0.0001

LDL-C (mg/dL)
(1) (2) -37.44 ˂0.0001 -10.75 0.0021
(1) (3) -93.00 ˂0.0001 -30.60 ˂0.0001
(2) (3) -55,56 ˂0.0001 -19.85 ˂0.0001

AI (CHOL/HDL-C) 
(1) (2) -2.75 0.0097 -1.39 0.0001
(1) (3) -6.94 0.0002 -4.84 ˂0.0001
(2) (3) -4.19 0.0313 -3.46 ˂0.0001

FPG (mg/dL)
(1) (2) 6.46 0.012 2.23 0.065
(1) (3) 9.00 0.0002 5.80 0.0003
(2) (3) 2.55 0.504 3.58 0.0121

AST (U/L)
(1) (2) 3.44 1.000 -1.95 0.0053
(1) (3) -2.64 1.000 -6.03 ˂0.0001
(2) (3) -6.09 0.75 -4.08 ˂0.0001

ALT (U/L)
(1) (2) 1.98 1.000 -2.70 ˂0.0001
(1) (3) -3.44 1.000 -5.98 ˂0.0001
(2) (3) -5.42 0.315 -3.28 0.0007

UREA (mg/dL)
(1) (2) 2.67 0.21 0.68 1.000
(1) (3) 0.69 1.000 -1 1.000
(2) (3) -1.99 0.695 -1.68 0.183

sCr (mg/dL)
(1) (2) -0.015 1,000 -0.19 0.011
(1) (3) -0.134 0,26 -0.26 0.0001
(2) (3) -0.120 0,29 -0.07 0.671

Table 5: Pairwise comparisons of different measurements at baseline (1), three months (2) and six months (3).
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Figure 1: A more significant change of lipid profile in PLWH on HAART than in HIV control group from baseline to six months follow-up 
(p˂0.0001).

diabetes mellitus, obesity, hypertension, smoking, and family history 
[37]. After adjusting for these confounders, one study carried out in 
the Eastern DR Congo found that HAART was highly associated with 
metabolic syndrome, particularly with dyslipidemia in PLWH [38]. 
Another study carried out in the center DR Congo found that a NVP-
based regimen was significantly associated with high prevalence of 
hypercholesterolemia in PLWH [39]. In our study, we observed that 
the mean values of FPG in both PLWH on HAART and control group 
were in reference limits (Table 2). Indeed, all patients were not on PIs, 
which are the most incriminated in insulin resistance occurrence [40]. 
Nevertheless, there was an unexplained decrease of FPG in PLWH on 
HAART over six months (Table 4). The patients enrolled in this study 
were not on alcohol abuse.

Liver toxicity is very common in HIV-infection and 
aminotransferases are commonly used as biomarkers of hepatocellular 
injury [13,16]. Our results showed higher ALT and AST values in 
PLWH on HAART than in HAART-naive control group at baseline, 
three months and six months (Table 2). However, AST and ALT 

differences between PLWH on HAART and control group were 
found more pronounced in women. This could be explained by the 
fact that women are more susceptible than men to drug-derived liver 
toxicity, such as alcohol and antiretrovirals [41]. Further explanation 
in sex difference, but not explored in this study, could be the intake of 
oral contraceptives [42]. It was not noticed severe aminotransferase 
elevations (greater than 2-5 times the ULN) in both PLWH on HAART 
group and drug-naive control group (Table 4). Our observations 
were consistent with those reported in similar studies from Uganda 
and Namibia which also found a lower frequency of liver enzyme 
elevation in PLWH on first line HAART regimens [43,21]. A long-
term use (more than six months) of HAART may probably lead to 
important elevation of aminotransferases and can be associated with 
the development of chronic liver injury [16,44]. In some instances, a 
fulminant and early elevation of aminotransferases on HAART people 
living with HIV can be associated with risk factors such as chronic 
viral hepatitis, overdose to acetaminophen, alcohol consumption, 
age and tuberculosis [45,46]. In the selected HIV-infected cohort of 
this study, there was no subject with viral hepatitis.
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SCr and urea are non-protein nitrogenous metabolites which may 
also be affected by the HIV infection. In people living with HIV on 
HAART, the values of sCr and urea have not significantly changed 
at six months of follow-up. This was also reported in one Ghanaian 
study [47]. Nevertheless, a long-term use of HAART has a potential 
to cause renal disorders, particularly in HIV patients presenting some 
co-morbidities [48]. SCr and urea can also be affected by factors such 
as age, sex, muscles and the degree of metabolism [49]. The mean age 
of patients indicated that they were young. Besides, only 15% of people 
living with HIV on HAART were exposed to nephrotoxic HAART 
such as TDF [50].

Majority of PLWH received a first line regimen including AZT, 3TC 
and NVP. These drugs are known as potentially toxics. A mechanism 
underlying dyslipidemia and hepatotoxicity could be antiretroviral-
induced mitochondrial alterations, which are important for the energy 
production and metabolism of fatty acids. The subsequent depletion 
of mitochondrial deoxyribonucleic acid may impair the cellular 
respiratory chain and eventually inhibits oxygen-dependent catabolic 
pathways such as pyruvate and fatty acid oxidation [51]. NVP, a current 
NNRTI, is frequently associated with hypersensitivity reactions, direct 
cholestatic injury and dyslipidemia [39,48].

The findings observed in this study indicated that dyslipidemia, 
ALT and AST abnormalities as well as non-protein nitrogenous 
changes could be serious threats to PLWH on HAART, since it may 
lead to cardiac disorders, and to liver as well as renal damages. Thus, 
routine and close monitoring of lipid profile, aminotransferases and 
other biochemical parameters would be useful in improving a clinical 
follow-up of PLWH having HAART, in preventing drug toxicities and 
in promoting patient adherence to HAART.

Limitations of the Study
The alterations in the biochemical parameters caused by HAART 

would be better understood if comparisons were made with 
seronegative subjects. However, this study only included PLWH. 
Further, the study was limited to a shorter period of biochemical 
monitoring for PLWH.A small number of PLWH enrolled in this study 
may also be a limitation. Although this study found significant lipid 
abnormalities in PLWH on HAART, other clinical determinants not 
explored in this study such as body mass index, smoking, hypertension 
may affect the lipid profile of PLWH.
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