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Abstract

Background

Data on the burden of dyslipidaemia among people with HIV undergoing antiretroviral ther-

apy (ART) in sub-Saharan Africa are limited and little is known about the factors contributing

for poor lipid profiles. The aim of this study was to determine the prevalence of dyslipidaemia

and factors associated with lipid levels among HIV-infected patients receiving first-line com-

bination ART in North Shewa, Ethiopia.

Methods

A cross-sectional study was conducted between April and December 2018 among 392 HIV-

infected adults receiving first-line ART for at least six months at the ART clinic of Mehal

Meda Hospital in North Shewa, Ethiopia. Blood samples were collected for determination of

total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-c), low-

density lipoprotein cholesterol (LDL-c), and CD4 counts. Logistic regression analysis was

used to determine factors associated with lipid abnormalities.

Results

The prevalence of dyslipidaemia was 59.9% (95% CI 55.0–64.7%). High TC, high TG, low

HDL-c, and high LDL-c were obtained in 47.3%, 30.9%, 19.4% and 29.6%, respectively.

Fifty-four participants (13.8%) had high ratio of TC/HDL-c (TC/HDL-c ratio� 5). Older age

was independently associated with high TC (AOR = 2.51, 95% CI 1.64–3.84), high TG

(AOR = 2.95, 95% CI 1.85–4.71), low HDL–c (AOR = 2.02, 95% CI 1.17–3.50), and high

LDL–c (AOR = 3.37, 95% CI 2.08–5.47). Living in an urban area (AOR = 2.61, 95% CI 1.16–

6.14) and smoking (AOR = 3.61, 95% CI 1.06–12.34) were associated with low HDL–c. Par-

ticipants with longer duration of ART use were more likely to have high TG (AOR = 1.86,
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95% CI: 1.13–3.07), low HDL–c (AOR = 3.47, 95% CI: 1.75–6.80), and high LDL–c (AOR =

2.20, 95% CI 1.30–3.71). High BMI was independently associated with higher TC (AOR =

2.43, 95% CI 1.19–4.97), high TG (AOR = 4.17, 95% CI 2.01–8.67) and high LDL–c (AOR =

6.53, 95% CI 3.05–13.98).

Conclusions

We found a high prevalence of dyslipidaemia among HIV-infected patients receiving first-

line ART in North Shewa, Ethiopia. There is a need for monitoring of blood lipid levels in

patients with HIV on long term first-line ART with a special attention to be focused on older

age, urban residents, longer duration of ART use, high BMI and smokers.

Introduction

The introduction of combined active antiretroviral therapy (ART) for human immunodefi-

ciency virus (HIV) infection has dramatically reduced morbidity and mortality from AIDS-

related causes and increased the life expectancy of HIV-infected people [1]. With improved

life expectancy and prolonged survival of people living with HIV, metabolic (dyslipidaemia,

insulin resistance, and diabetes) and cardiovascular complications are being observed with

increasing frequency among these patients with access to ART [2, 3]. Dyslipidaemia is a well-

recognized complication of combination ART; occurring in up to 70%–80% of HIV-infected

subjects who are receiving combined ART and is mainly associated with specific antiretroviral

agents of the nucleoside reverse transcriptase inhibitors (NRTIs), nonnucleoside reverse tran-

scriptase inhibitors (NNRTIs) and protease inhibitor (PI) classes [3–6].

Dyslipidaemia associated with combination ART use is characterized by increased levels of

serum total cholesterol (TC), low-density lipoprotein cholesterol (LDL-c) and triglycerides

(TG) and a decreased high density lipoprotein-cholesterol (HDL-c) level [3, 5, 6]. These

changes in lipid level occur early after the initiation of combined ART, and have been associ-

ated with an increased risk for cardiovascular disease and mortality [7–9]. In patients receiving

combination ART, changes in lipid profiles have been also shown to be an independent risk

factor for adverse outcomes, including cardiovascular-related events, reduced life expectancy

and increased use of medical resources, which can greatly increase healthcare costs of the dis-

ease and reduce quality of life of patients with HIV [8, 10]. Assessment and early detection of

these lipid changes is, therefore, crucial during ART use to facilitate the employment of inter-

vention strategies (changes in diet and lifestyle, treatment switching, and pharmacotherapy)

and to prevent adverse outcomes related to dyslipidaemia and preserve life expectancy among

patients with HIV [6, 8].

There is evidence demonstrating an increased risk and prevalence of dyslipidaemia among

HIV infected persons in Africa [11]. Furthermore, lipid abnormalities associated with ART

use are suggested to contribute to increased cardiovascular risk among patients with HIV/

AIDS in sub-Saharan Africa (SSA) [12]. Despite this, limited data are available on the burden

of dyslipidaemia among people with HIV undergoing long-term ART in SSA and little is

known about the factors contributing for poor lipid profiles. Such data are of great relevance

to inform prevention, early detection and prompt management of cardiovascular disease risk

within HIV care and treatment programs. Therefore, in this study we determined the preva-

lence of dyslipidaemia and factors associated with lipid levels among HIV-infected patients

receiving first-line combination ART in North Shewa, Ethiopia.
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Methods

Study setting and study population

This was a cross-sectional study conducted between April and December 2018 at the ART

clinic of Mehal Meda Hospital (MMH). MMH; located in Mehal Meda town of Menz Gera

Midir in North Shewa, Eastern Amhara state, Ethiopia, provides HIV/AIDS interventions

including free diagnosis, treatment and monitoring. HIV-infected patients attend the ART

clinic once in a month for clinical evaluation and prescription refill for combination antiretro-

viral (ARV) regimens. All HIV-infected patients aged 18 years or older who had been receiving

first-line combination ARV regimens for a minimum of six months were consecutively

enrolled. Critically ill patients, patients already on anti-dyslipidemic drugs, pregnant women,

known diabetes mellitus and renal failure patients were excluded from the study. A total of 422

eligible patients visiting the ART clinic were recruited for this study. This was based on sample

size calculation using 80% power, 5% level of significance, 50% prevalence and non-response

rate of 10%. A total of 30 patients were excluded from this study (due to faulty laboratory

results and not being fasting at the time of appointment), leading to a total of 392 patients.

Data collection

Data on socio-demographics, medical history (including diabetes mellitus, renal failures, anti-

dyslipidemic drug use), and lifestyle behaviors (smoking and alcohol consumption) were col-

lected using a structured questionnaire which was developed in English with modification from

the WHO STEPS. Clinical data including duration since HIV diagnosis, duration of ART use

and types of ART-regimens were collected from patient records. Anthropometric measurements

(weight and height) were taken by a trained nurse. Body mass index was calculated as weight in

kilograms divided by height in meter square (kg/m2). Blood sample was collected from each par-

ticipant in the mornings after an overnight fasting and centrifuged at 3000 cycles/ minute, and

then serum was obtained for lipid profiles. Serum total cholesterol, triglycerides and HDL-c con-

centrations were assessed by specific colorimetric assays, using an automated analyzer system

(BS-200, Shenzhen Mindray Bio-medical Electronics Co., Nanshan, China). LDL-c concentra-

tion was determined using the Friedewald et al. formula [13]. Abnormal lipid profile was defined

as TC� 200 mg/dl, TG� 150 mg/dl, HDL-c< 40 mg/dl, LDL-c� 130 mg/dl and TC/HDL-c

ratio� 5 in accordance with the United States National Cholesterol Education Program, Adult

Treatment Panel III (NCEP-ATP III) guidelines [14]. CD4 cell count was measured using the

BD FACSCOUNT system (Becton Dickenson and Company, California, USA).

Statistical analysis

Data were entered in to “EpiData version 3.1” and exported to Statistical Package for Social

Sciences (SPSS) Version 20 for analysis. Chi squared (x2) test was used for comparison of cate-

gorical variables while the Student t-test (or in case of asymmetry the Kruskal-Wallis test) was

used to compare continuous variables. A multivariable logistic regression was used to deter-

mine the factors independently associated with abnormal level of each lipid profile. Adjusted

odd ratios (AOR) and their 95% confidence intervals (95%CI) were also obtained. P value less

than 0.05 was used to indicate statistical significance.

Ethical consideration

The study was approved by the Institutional Review Board of College of Medicine and Health

Sciences, Wollo University. A written informed consent was obtained from each study

participants.
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Results

Characteristics of study participants

The study included 392 patients who were attending the ART clinic of MMH for their routine

prescription refill and monitoring. Of these, 256 (65.3%) were females and 136 (34.7%) were

males. The mean (± standard deviation [SD]) age of patients was 41.2 ± 14.4 years (ranging

from 18–80 years). The mean BMI of patients was 20.4 ± 3.1 kg/m2 and 40 (10.2%) were over-

weight/obese. Thirty-eight (9.7%) patients reported using alcohol and only 13 (3.3%) were cur-

rent smokers. The mean CD4 lymphocyte count was 400.9 ± 290.9 cells/mm3. All patients

received a triple-drug regimen including 2 NRTIs and an NNRTI, with lamivudine (3TC) con-

stantly present in all the first-line triple combination ARV regimens. One hundred and sixty-

five (42.1%) patients were using tenofovir (TDF)-based NRTIs regimens, and 215 (54.8%)

were on nevirapine (NVP)-based NNRTI regimen. There were no significant differences in

patient characteristics between males and females except for smoking which was significantly

higher in males than in females (P = 0.001) (Table 1).

Table 1. Characteristics of study participants in North Shewa, Ethiopia.

All participants N = 392, n (%) Males N = 136, n (%) Females N = 256, n (%) P-value

Age (years) 41.2 ± 14.4 42.6 ± 14.4 40.5 ± 14.3 0.166

Residence

Urban 316 (80.6) 109 (80.1) 207 (80.9) 0.894

Rural 76 (19.4) 27 (19.9) 49 (19.1)

Education

< high school 196 (50.0) 70 (51.5) 126 (49.2) 0.750

� high school 196 (50.0) 66 (48.5) 130 (50.8)

Duration of HIV infection

� 5years 85 (21.7) 25 (18.4) 60 (23.4) 0.303

> 5 years 307 (78.3) 111 (81.6) 196 (76.6)

Duration on ART

� 5years 147 (37.5) 47 (34.6) 100 (39.1) 0.443

> 5 years 245 (62.5) 89 (65.4) 156 (60.9)

ARV regimen combinations

TDF/ 3TC/NVP 89 (22.7) 30 (22.1) 59 (23.0) 0.212

TDF/ 3TC/EFV 76 (19.4) 33 (24.3) 43 (16.8)

AZT/ 3TC/NVP 88 (22.4) 23 (16.9) 65 (25.4)

AZT/ 3TC/EFV 68 (17.3) 21 (15.4) 47 (18.4)

D4T/ 3TC/NVP 38 (9.7) 16 (11.8) 22 (8.6)

D4T/ 3TC/EFV 33 (8.4) 13 (9.6) 20 (7.8)

CD4 count (cells/mm3) 400.9 ± 290.9 401.8 ± 297.6 400.5 ± 287.9 0.967

< 200 120 (30.6) 45 (33.1) 75 (29.3) 0.490

� 200 272 (69.4) 91 (66.9) 181 (70.7)

Smoking 13 (3.3) 11 (8.1) 2 (0.8) 0.001

Alcohol use 38 (9.7) 17 (12.5) 19 (7.4) 0.197

Body mass index (Kg/m2) 20.5 ± 3.1 20.3 ± 3.4 20.5 ± 3.0 0.464

< 25 352 (89.8) 121 (89.0) 231 (90.2) 0.727

� 25 40 (10.2) 15 (11.0) 25 (9.8)

ARV, antiretroviral; TDF, tenofovir; AZT, zidovudine; D4T, stavudine; 3TC, lamivudine; EFV, efavirenz; NVP, nevirapine

https://doi.org/10.1371/journal.pone.0250328.t001
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Mean lipid levels

The mean lipid levels of HIV infected adults on ART are summarized in Table 2. Mean levels

of TC, TG, HDL-c, and LDL-c were 213.89 ± 61.66 mg/dL, 132.83 ± 55.91 mg/dL,

70.99 ± 25.89 mg/dL, and 116.33 ± 54.72 mg/dL, respectively, with no significant differences

between males and females (P> 0.05).

Prevalence of dyslipidaemia and other abnormal lipid levels. Dyslipidaemia prevalence

was 59.9% (95% CI 55.0–64.7%), and the main type of lipid abnormality was high TC

(TC� 200 mg/dl); which was found in 185 (47.3%) participants (Fig 1). High TG (TG�150

mg/dl) was found in 121 (30.9%) participants, low HDL-c (below 40 mg/dl) in 68 (19.4%), and

high LDL-c (LDL-c�130 mg/dl) in 116 (29.6%) participants. Fifty-four participants (13.8%)

had a high ratio of TC/HDL-c (TC/HDL-c ratio� 5).

Table 3 shows the distribution of lipid abnormalities by types of ARV regimen. There were

no significant differences in the prevalence of lipid abnormalities in patients on regimens that

included TDF as compared with those using other NRTI–based regimens. The prevalence of

lipid abnormalities was not different in the patients using NVP when compared with those

using EFV–based regimen.

Table 2. Mean lipid levels among HIV infected adults receiving ART stratified by gender.

Total Male Female P-value

TC(mg/dl), Mean ± SD 213.89 ± 61.66 216.77 ± 65.09 212.36 ± 59.84 0.501

TG(mg/dl), Mean ± SD 132.83 ± 55.91 137.03 ± 58.60 130.60 ± 54.41 0.279

HDL-c(mg/dl), Mean ± SD 70.99 ± 25.89 68.60 ± 27.09 72.27 ± 25.19 0.181

LDL-c(mg/dl), Mean ± SD 116.33 ± 54.72 120.77 ± 59.51 113.97 ± 51.96 0.242

TC, total cholesterol; TG, triglyceride; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol, SD, standard deviation

https://doi.org/10.1371/journal.pone.0250328.t002

Fig 1. Prevalence of dyslipidaemia among HIV-infected patients receiving combination antiretroviral therapy.

https://doi.org/10.1371/journal.pone.0250328.g001
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Factors associated with abnormal lipid levels. Univariate and multivariable analysis

were applied to assess factors associated with each lipid abnormality. All variables with univari-

ate P values� 0.25 were included in multivariable logistic regression analysis (ie, age, sex, resi-

dence, education, duration since HIV diagnosis, duration of ARV drug use, smoking, alcohol

use, BMI and CD4 counts) (Table 4).

The multivariable logistic regression analysis revealed that older age (AOR = 2.51, 95% CI

1.64–3.84; P = 0.001), high BMI (AOR = 2.43, 95% CI 1.19–4.97; P = 0.015) and lower CD4 cell

count (AOR = 1.65, 95% CI 1.05–2.58; P = 0.031) were significantly associated with higher TC.

Older age (AOR = 2.95, 95% CI 1.85–4.71; P = 0.001), longer duration of ART use

(AOR = 1.86, 95% CI: 1.13–3.07; P = 0.015) and high BMI (AOR = 4.17, 95% CI 2.01–8.67;

P = 0.001) were associated with a high risk of raised TG. A lower HDL–c was independently

associated with older age (AOR = 2.02, 95% CI 1.17–3.50; P = 0.012), living in an urban area

(AOR = 2.61, 95% CI 1.16–6.14; P = 0.021), longer duration of ART use (AOR = 3.47, 95% CI

1.75–6.80; P = 0.020) and smoking (AOR = 3.61, 95% CI 1.06–12.34; P = 0.040). In addition,

participants with older age (AOR = 3.37, 95% CI 2.08–5.47; P = 0.001), who had longer dura-

tion of ART (AOR = 2.20, 95% CI 1.30–3.71; P = 0.020), and high BMI (AOR = 6.53, 95% CI

3.05–13.98; P = 0.001) were more likely to have high LDL–c.

Discussion

This study has demonstrated a high prevalence of dyslipidaemia (59.9%) in HIV-infected

patients receiving ART at a hospital in Northeast Ethiopia. The most frequent form of dyslipi-

daemia was high TC (47.3%), followed by high TG (30.9%) and high LDL-c (29.6%). The over-

all prevalence of dyslipidaemia (59.9%) in this study was relatively lower than that reported in

HIV-infected patients receiving first-line HAART in Southern Ethiopia (82.3%) [15]. It was

also lower than those reported in HIV-infected patients receiving ART in the region, including

70.2% in rural Cameroon [16], 72.5% in Togo [17] and 77.5% in Dar es Salaam, Tanzania [18];

but higher than the 32.4% prevalence reported from Brazil [19]. The prevalence of high TC

(47.3%) in our study was comparable with the prevalence rate reported among HIV patients

on ART from Addis Ababa (42.1%) [20] and Southern Ethiopia (43.4%) [15], and from Tanza-

nia (53.5%) [18]. However, it was higher than the prevalence reported from Southern Malawi

(15.5%) [21] and rural Cameroon (29.8%) [16]. We found that the prevalence of high TG was

Table 3. Prevalence of lipid abnormalities among patients receiving ART by types of ART regimen.

ART regimens TC� 200 mg/dl TG� 150 mg/dl HDL-c < 40 mg/dl LDL-c� 130 mg/dl TC/HDL-c ratio�5

n = 185 (%) n = 121 (%) n = 76 (%) n = 116 (%) n = 54 (%)

NRTI regimens

TDF-based 81 (49.1) 49 (29.7) 30 (18.2) 53 (32.6) 24 (14.5)

AZT-based 76 (48.7) 50 (32.1) 32 (20.5) 45 (28.8) 21 (13.5)

D4T-based 28 (39.4) 22 (31.0) 14 (19.7) 18 (25.4) 9 (12.7)

P-value 0.350 0.901 0.867 0.560 0.920

NNRTI regimens

NVP-based 103 (47.9) 65 (30.2) 40 (18.6) 67 (31.2) 26 (12.1)

EFV-based 82 (48.3) 56 (31.6) 36 (20.3) 49 (27.7) 28 (15.8)

P-value 0.755 0.764 0.666 0.453 0.287

ART, antiretroviral therapy; TC, total cholesterol; TG, triglyceride; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol, NRTIs,

nucleoside reverse transcriptase inhibitors; NNRTIs, nonnucleoside reverse transcriptase inhibitors; TDF, tenofovir; AZT, zidovudine; D4T, stavudine; EFV, efavirenz;

NVP, nevirapine

https://doi.org/10.1371/journal.pone.0250328.t003
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30.9%. This prevalence is lower than that reported from Addis Ababa [20] and Southern Ethio-

pia [15] among HIV patients who were on HAART (46.8 and 55.8%, respectively). This is also

lower than the prevalence reported from rural Cameroon (51.8%) [16], but comparable to that

Table 4. Factors associated with abnormal lipid levels among HIV-infected patients receiving ART in North Shewa, Ethiopia.

Variables TC� 200 mg/dl TG� 150 mg/dl HDL-c < 40 mg/dl LDL-c� 130 mg/dl

Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI)

Age (years)

� 40 1 1 1

> 40 2.51 (1.64–3.84) 2.95 (1.85–4.71) 2.02 (1.17–3.50) 3.37 (2.08–5.47)

P-value 0.001 0.001 0.012 0.001

Sex

Male NA 1.22 (0.75–1.98) 1.68 (0.97–2.94) NA

Female NA 1 1 NA

P-value 0.428 0.067

Residence

Rural 1 NA 1 1

Urban 1.48 (0.86–2.52) NA 2.61 (1.16–6.14) 1.81 (0.95–3.44)

P-value 0.154 0.021 0.070

Education

< High school NA 1 NA NA

�High school NA 1.32 (0.81–2.16) NA NA

P-value 0.272

Duration of infection (years)

< 5 1 1 1 1

� 5 1.12 (0.56–2.24) 1.38 (0.61–3.18) 0.64 (0.18–2.25) 1.08 (0.45–2.57)

P-value 0.743 0.441 0.277 0.869

Duration on ART (years)

< 5 1 1 1 1

� 5 1.54 (0.99–2.38) 1.86 (1.13–3.07) 3.47 (1.75–6.80) 2.20 (1.30–3.71)

P-value 0.050 0.015 0.020 0.003

Smoking

No 1 1 1 1

Yes 1.83 (0.59–5.68) 2.85 (0.77–10.52) 3.61 (1.06–12.34) 1.81 (0.93–3.36)

P-value 0.292 0.117 0.040 0.383

Alcohol use

No 1 1 NA NA

Yes 0.51 (0.24–1.08) 0.89 (0.38–2.13) NA NA

P-value 0.078 0.808

Body mass index (Kg/m2),

� 25 1 1 1 1

> 25 2.43 (1.19–4.97) 4.17 (2.01–8.67) 2.04 (0.92–4.52) 6.53 (3.05–13.98)

P-value 0.015 0.001 0.078 0.001

CD4 count (cell/mm3)

> 200 1 1 1 NA

� 200 1.65 (1.05–2.58) 0.81 (0.86–11.84) 0.58 (0.31–1.09) NA

P-value 0.031 0.379 0.090

TC, total cholesterol; TG, triglyceride; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; ART, antiretroviral therapy; NA, not

available.

https://doi.org/10.1371/journal.pone.0250328.t004
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of 28.7% reported from Malawi [21] and 29.6% from Tanzania [18]. The prevalence of raised

LDL-c in our patients receiving ART (29.6%) was comparable to those reported from Southern

Ethiopia (33.6%) [15] and Cameroon (33.3%) [16]. However, it was higher than the prevalence

rate reported from Addis Ababa, Ethiopia (23%) [20], and lower than that of 59.8% reported

from Tanzanian [18]. The prevalence of low HDL-c in our study was 19.4%, and this is compa-

rable with the prevalence reported from Malawi (15.9%) [21], Tanzania (16.5%) [18] and Cam-

eroon (18.4%) [16]. It was; however, lower than the prevalence reported from Addis Ababa

(50.8%) [20] and Southern Ethiopia (43.4%) [15].

Nearly 14% of our participants on ART had a high TC/HDL-C ratio. Previous studies have

reported prevalence of high TC/HDL-C ratio ranging from 16.7% to 45.1% in patients on stan-

dard combination first line ART [15, 16]. This finding has important implication as elevated

TC/ HDL-c ratio may increase the risk of CVD [21]. A high TG/HDL-C ratio present in 3.7%

of the patients on ART at a rural and an urban HIV clinic in Zomba district, Malawi was asso-

ciated with all-cause mortality [9].

We found that older age was significantly associated with poor lipid profiles (TC, TG, LDL-

c and HDL-c), and this was consistent with findings of previous studies [15, 18, 19, 22, 23]. In

this and the above related studies, a significantly higher TC, LDL-c and TG levels, but lower

HDL-c level was observed among older patients living with HIV which may cumulatively con-

tribute to higher rates of cardiovascular disease. Thus, the diagnosis and management of lipid

abnormalities in HIV-infected patients on standard combination first line ART are increas-

ingly important with aging of this population. Although earlier study from Malawian adults on

ART showed that lipid abnormalities were not significantly different between rural and urban

patients on similar ART regimens [21], we found that living in urban areas is associated with

lower plasma HDL-c levels. The observed alterations in the blood levels of HDL-c might be as

a consequence of a less physically active life style in urban areas than those in rural settings per-

haps due to more access to modern transportation systems and sedentary behaviours in the

urban setting [24, 25]. HDL-c is a lipoprotein of cardiovascular protection and, it can be sug-

gested that low levels of HDL-c may be significant factor of cardiovascular risk in urban

patients on ART.

In the current study, being on ART for five or more years was associated with higher levels

of TG and LDL-c but with lower levels of HDL-c. This is probably related to a combination of

the effects of an aging HIV-infected population coupled with improved health due to suppres-

sion of viral load and the effect of ARV drugs on lipid metabolism. This was comparable to

previous findings, which showed that long term exposure to ART was associated with poor

lipid profiles [16, 18, 19]. Atherogenic serum lipid changes were observed among HIV-infected

patients early after the initiation of ART, which may worsen over time [7]. A meta-analysis of

data examining the impact of ART on the lipid profiles of people living with HIV worldwide

also demonstrated that the risk of dyslipidaemia only emerges in patients on ART for no less

than one year, and increases thereafter with prolonged treatment [26]. Patients with advanced

HIV disease, i.e. lower CD4 lymphocyte count were more likely to have higher TC levels in

our study. This is consistent with the results of Ceccato et al. [19]; who found that among

patients with dyslipidaemia, most individuals had lower CD4 counts (< 200 cells/mm3). A

study from a South African population on ART also reported unfavorable lipid profile changes,

with lower CD4 count being risk factor for elevated cholesterol [27]. This is; however; in con-

trast with the previous reports involving patients on ART where lower CD4 count was associ-

ated with better lipid profile [15, 16, 18].

The present study revealed that patients with high BMI (� 25 kg/m2) were significantly

associated with poor lipid profiles (raised TC, TG and LDL-c). This is in line with the findings

of the study in Southern Ethiopia [15] and Tanzania [18] in which high BMI was significantly
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associated with lipid profile alterations in patients on ART. A study by Muya and Kamuhabwa

[23], in Tanzania also reported a significant association between BMI of� 25 kg/m2 with

raised levels of TC and LDL-c. Changes in body fat distribution expected to occur with contin-

ued exposure to ART could offer a potential explanation for these findings. This study also

found an association between smoking and decreased levels of HDL-c. Though the proportion

of smokers in our sample population was very small and made up exclusively of men, the asso-

ciation is in agreement with previous reports, which indicated that ART-exposed smokers had

poorer lipid profiles compared with non-smokers [16, 23, 26]. Given the effects of smoking on

lipid levels and it’s contribute to the increased risk of cardiovascular disease endpoints among

patients living with HIV, smoking cessation efforts should be made a priority in HIV care.

Our study found no significant differences in the prevalence of lipid abnormalities in

patients on regimens that included TDF as compared with those using other NRTI–based regi-

mens, which was similar to the findings in Southern Ethiopia [15], rural Cameroon [16], and

Tanzania [18]. However, the Brazilian study found higher prevalence rate of dyslipidaemia

among patients using NRTI-based regimens, especially when the regimen included stavudine

(D4T) [19]. The non-TDF NRTIs regimens have been shown to increase TC in the South Afri-

can population on first-line ART [27]. The literatures also presented data suggesting that treat-

ment with NRTIs-based ART (stavudine, didanosine, zidovudine or lamivudine) has been

frequently associated with lipid alterations, particularly lipoatrophy and hypertriglyceridemia

[3, 5]. Similarly, no difference was observed in prevalence of lipid abnormalities between

patients receiving NVP and those receiving EFV. The findings of this study are in line with

other cross-sectional studies [15, 16, 18]. In contrast, treatment with efavirenz-based regimens

were associated with a significantly higher risk of higher TC and TG levels than were nevira-

pine-containing NNRTI regimens [3, 28]. Therefore, further studies are required to identify

the possible association between specific antiretroviral drugs and the development of lipid

abnormalities in HIV infected patients.

Limitations of the study

Our present study is limited by its small sample size, and lack of ART-naïve or HIV negative

controls. Its cross-sectional nature also made it impossible to assume any causality. Well-con-

trolled cohort studies would be appropriate to evaluate lipid profile alterations in patients

using combination first-line ART regimen and their potential impact on cardiovascular health

of people living with HIV in our settings.

Conclusions

In conclusion, our study findings indicate a high prevalence of dyslipidaemia among HIV-

infected patients receiving first-line ART. This study also identified some modifiable risk fac-

tors associated with abnormal lipid levels in the study population. There is a need for monitor-

ing of lipid levels in patients with HIV on long term first-line ART with a special attention to

be focused on older age, urban residence, longer duration of ART use, high BMI and smokers.
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