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Background: Despite highly active antiretroviral therapy (HAART) leading to a decline in human immunodeficiency virus (HIV)-
induced morbidity and mortality, in recent years HAART has been implicated in abnormal lipid profiles, diabetes mellitus (DM)
and predisposition of patients to cardiovascular disease (CVD).
Objectives: In this comparative study, the side effects of HAART as well as other lifestyle factors such as diet, exercise, alcohol
and/or smoking were assessed, as well as family history of diabetes between HIV-infected and HIV-uninfected patients of
African ancestry with DM.
Methods: The study population consisted of 80 Black African diabetic patients (18–65 years old) stratified by HIV status (HIV-
infected n = 40; HIV-uninfected n = 40). Anthropometric measurements (weight, height and BMI) and blood pressure (BP), as
well as biochemical tests for glucose, cholesterol, high-density lipoproteins (HDL), low-density lipoproteins (LDL) and
triglycerides were performed.
Results: The median BMI indicated overweight in the HIV-infected compared with the HIV-uninfected, which was congruent
with obesity. Systolic BP was higher in the HIV-infected compared with the HIV-uninfected groups, at 138.15 and 134.75
mmHg (p = 0.1651), respectively. Glucose was high in both groups, confirming diabetes (p = 0.3900). Cholesterol was high
(4.85 mmol/l) in the HIV-infected group while HDL was lower (0.95 mmol/l) in the HIV-uninfected group. Triglycerides were
elevated in the HIV-uninfected (1.90 mmol/l) compared with the HIV-infected (1.61 mmol/l) (p = 0.7500) group.
Conclusion: Despite HAART being documented as a contributor to DM and abnormal lipid profiles in the HIV-infected group,
lifestyle factors such as diet also affect obesity phenotype in the uninfected group. Thus, irrespective of DM and/or HIV status, a
lack of exercise, behavioural and lifestyle risk factors exacerbate abnormal lipid profiles. Notably, a family history of DM showed
a strong susceptibility to its development.
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Introduction
Despite the devastation and disruption of the coronavirus
disease 2019 (COVID-19) in the period 2019–2022, the world
is still grappling with human immunodeficiency virus (HIV)
infection/acquired immune deficiency disorder syndrome
(AIDS), a serious public health challenge. In 2020, 37.7 million
people worldwide were HIV-infected.1 South Africa (SA) is con-
sidered the epicentre of the HIV pandemic with an overall
prevalence of 13.7% (8.2 million) in 2021.2 Moreover, 20% of
all people living with HIV are from SA.3 The World Health Organ-
ization has listed the Sustainable Development Goals 2030
(SDGs), which includes 10 SDGs specific to the response to
AIDS that address advancing the right to health, gender equal-
ity, human rights, employment and social protection.1 South
Africa has the largest antiretroviral therapy (ART) rollout pro-
gramme in the world.4 Despite ART increasing the life expect-
ancy of HIV-infected patients,5,6 it has been associated with
predisposition to diabetes mellitus (DM) and other metabolic
disorders. The former threat leads to insulin resistance and
abnormal lipid profiles that increase the risk of cardiovascular
disease (CVD) development.7

The latest IDF Diabetes Atlas reports that the global prevalence
of diabetes is 536.6 million cases. It projects that by 2045, 783.2
million adults or 1 in 10 adults will be living with DM.8 This
would be an escalation of 46%, which is more than twice the

predicted population growth (20%) over the same time frame.
The reality is that DM is projected to be the leading cause of
death.9,10 Moreover, DM is associated with a higher risk of
serious and life-threatening complications, such as heart
attack, stroke, kidney failure, blindness and lower-limb amputa-
tion that eventuate in reduced quality of life and higher health-
care costs.11

The prevalence of adult DM in Africa is 19.8 million.12 Diabetes is
a metabolic disorder, characterised by an impairment of insulin
production/action, which results in abnormal metabolism of
carbohydrates, leading to elevated levels of blood glucose.13

The impaired activity of the hormone insulin is unable to regu-
late blood sugar levels. Diabetes is the second leading under-
lying cause of death in SA and the number one leading
underlying cause of death for females.14 The prevalence of
DM in SA has tripled from 4.5% in 2010 to 12.7% in 2019. In
2019, diabetes affected approximately 4.58 million people
between 20 and 79 years old.15 Notably, another grave public
health challenge in SA that leads to metabolic diseases such
as diabetes is obesity, which progresses to dyslipidaemia. Dysli-
pidaemia is characterised by abnormal lipid components in
plasma, which can lead to CVD. The varying levels of both
high-density lipoprotein (HDL) and low-density lipoprotein
(LDL) have a strong association with the incidence of CVD devel-
opment. Decreased HDL indicates marked abnormalities while
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increased LDL results put individuals at cardiovascular risk.16

High levels of triglycerides have also been associated with car-
diovascular risk.

The triad of HIV infection, DM and obesity synergistically impact
on one another. This relationship is further affected by ART,
which dysregulates normal lipid profiles, insulin resistance
and adipokine homeostasis, leading to body fat redistribution.17

Antiretrovirals (ARVs) also dysregulate circulating adipocyte-
secreted hormones, which contribute to metabolic disorders
such as DM. This is exacerbated by protease inhibitors and
nucleoside analogue inhibitor usage.18 In light of the high
prevalence of HIV infection, DM and obesity in SA, it is relevant
to examine lipid profiles to assess the metabolic process and
abnormalities that lead to DM in both HIV-infected and HIV-
uninfected individuals. This profile, together with social
factors, HIV parameters and drug interactions, may provide a
meaningful risk profile of HIV-infected patients with DM.

Methods

Ethics
After institutional ethics approval (Reference number: BE686/18),
this study was performed at a district hospital located in
Chatsworth, a suburb in the eThekwini, KwaZulu-Natal area of SA.

Sampling
Study participants were selected through a systematic random
sampling technique using daily clinic attendance as the
sampling frame.

Study population
The study population consisted of 80 patients with DM stratified
by HIV status into HIV-infected (n = 40) and HIV-uninfected (n =
40). Participants were recruited on clinic days if they met the
inclusion criteria, which were age between 18–60 years, clinical
diagnosis of DM and completion of written informed consent to

participate in the study. All HIV-infected patients received ART, a
standard of care in SA. Participants below the age of 18 years
and above 60 years old, no informed consent and severely ill
patients including those with Mycobacterium tuberculosis were
excluded from the study.

Methods
Fasting blood glucose was done at the clinic site using an Accu-
Check active blood glucose monitoring system (Roche, Indiana-
polis, IN, USA). Five millilitres of blood samples were collected
from each participant by venepuncture after overnight fasting
into collection tubes to procure biochemistry measurements of
plasma glucose and serum lipids (total cholesterol, HDL choles-
terol and total triglycerides). The blood samples were allowed
to coagulate and spun at 3 000 rpm for 10 minutes. The serum
samples were collected and stored at −80 degrees Celsius for
the subsequent lipid profile assays. The Atellica™ CH Analyzer
(Siemens Healthcare GmbH, Erlangen, Germany) was used for
the cholesterol_2 (Chol_2), triglyceride (concentrated) (Trig)
and direct HDL cholesterol (D-HDL) assay, which is an in vitro
diagnostic test used in the quantitative determination of choles-
terol, triglyceride and HDL cholesterol in human serum and
plasma (lithium heparin). LDL-C was calculated using the Friede-
wald formula: LDL-C (mmol/l)= TC – HDL-C – TG/2.2. Presence of
a derangement in any of the lipid profile parameters was defined
as dyslipidaemia according to the SA National Health Laboratory
Services reference range, therefore hypercholesterolemia (TC≥
6.2 mmol/l), hypertriglyceridemia (TG≥ 2.25 mmol/l), low HDL
(≤ 1.03 mmol/l), high LDL (≥ 4.11 mmol/l). Clinical demographics
included weight, height, and systolic and diastolic blood pressure
measurements. Body mass index (BMI) was calculated using the
formulae BMI = weight (kg) /height (m2), and CD4 T-cell count
and viral load was documented.

Oral hypoglycaemic agents included metformin, actrapid, pro-
taphane, actraphane, or glimepiride and insulin therapies. The
ARV treatment that was administered to the HIV-infected
patients were either a single drug such as zidovudine also
known as azidothymidine (AZT) or a combination of multiple
drugs (tenofovir disoprovil fumarate [TDF, Viread], emtricitabine
[FTC, Emtriva] and efavirenz [EFV]). The alternative drug combi-
nation administered to some of the patients was abacavar (ABC,
Ziagen), lamivudine (3TC, Epivir) and efavirenz (EFV).

Statistical analysis
Data were analysed utilizing GraphPad Prism 5.00 for Windows
(GraphPad Software, San Diego, CA, USA). The Kolmogorov–
Smirnov normality test was used to check for parametric or
non-parametric distribution. Non-parametric data are rep-
resented as median and interquartile range. Statistical signifi-
cance across study groups was determined using a Mann–
Whitney U-test. A p-value of < 0.05 was considered to be statisti-
cally significant.

Results
Of the 80 Black South African DM patients, 28 (35%) were male
and 52 (65%) were female. Demographic, clinical and biochemi-
cal results are given in Table 1. The BMI of the HIV-infected par-
ticipants was lower (median = 28.37 kg/m2; 95% CI 31.43–27.36)
than that of the HIV-uninfected individuals (median BMI =
30.86 kg/m2; 95% CI 35.21–27.73). Both the HIV-infected and
HIV-uninfected participants displayed high systolic blood
pressure of 138.15 and 134.75 mmHg respectively, despite the
diastolic blood pressure being within the normal range in
both cohorts. Only 3 (7.5%) HIV-infected patients and 5

Table 1 : Clinical, demographic and biochemical data of the study
population

Parameter

HIV-
uninfected
(n = 40)

HIV-infected
(n = 40) p-value

Age (years) 49.50 (12.50) 50.50 (11.50) 0.4671

Gender:
Male
Female

13
27

15
25

Body mass index (kg/m2) 30.86 (11.76) 28.37 (9.05) 0.4591

Systolic blood pressure
(mmHg)

134.75 (18) 138.15 (34) 0.1651

Diastolic blood pressure
(mmHg)

80.25 (21) 77.52 (13) 0.5078

CD4 count (cells/mm3) 74.52

Viral load (copies/ml) 31.08

Pulse (bpm) 90.00 (27.75) 84.00 (14.00) 0.0896

Glucose (mmol/l) 8.90 (4.60) 8.70 (8.40) 0.3900

Cholesterol (mmol/l) 4.57 (1.65) 4.85 (1.41) 0.3341

HDL (mmol/l) 0.95 (0.40) 1.16 (0.39) 0.0018*

LDL (mmol/l) 2.55 (1.40) 2.76 (1.15) 0.4945

Triglycerides (mmol/l) 1.90 (1.68) 1.61 (1.93) 0.7500

Data are represented as median (interquartile range).
*Statistically significant increase of HDL in the HIV-infected group compared to the
HIV-uninfected group
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(12.5%) HIV-uninfected patients had high cholesterol levels,
while the triglycerides were high in 15 (37.5%) and 12 (30%)
HIV-uninfected and HIV-infected participants respectively.
There was a statistically significant up-regulation of HDL in
the HIV-infected group (median = 1.16 mmol/l; 95% CI 1.311–
1.127) compared with the HIV-uninfected group (median =
0.95 mmol/l; 95% CI 2.887–2.034) (p = 0.0018) (see Table 1).

All the HIV-infected patients received antiretroviral treatment
over an average duration period of 108 months, whilst a low
CD4 count of 74.52 cells/mm3 was noted in most patients.
The majority of the study population consumed a diet rich in
high fat and oil content, being higher in the HIV-infected com-
pared with the HIV-uninfected (90% vs. 83%) groups respect-
ively. Some 60% of HIV-infected and 65% of HIV-uninfected
patients consumed a diet rich in red meat.

Only 15% of HIV-infected patients participated in some sort of
exercise (cycling, weights, running, soccer and gymnasium) and
these patients had low cholesterol, triglycerides and LDL. A few
patients indulged in alcohol (10%) and smoked cigarettes
(7.5%). Five patients from the HIV-uninfected group were
involved in some sort of exercise (weights, gym, soccer, running
or netball) and of these only one patient had high triglycerides.

Smoking was not a significant finding as below 7% of the par-
ticipants from both cohorts smoked cigarettes. There were
67.5% of patients in the HIV-uninfected group and 50% of the
patients in the HIV-infected group with a family history of dia-
betes (Figures 1, Table 2).

Although both cohorts in the study were diabetic, there were six
(15%) HIV-infected patients and five (12.5%) HIV-uninfected
patients with controlled glucose at below 5.5 mmol/l. Surprisingly,
although 35 (87.5%) HIV-uninfected patients had high glucose
levels, only 3 (7.5%) patients had abnormal cholesterol and LDL
levels. Similarly, of the 34 (85%) HIV-infected patients who had
highglucose levels, only 3 (7.5%) participants had increased choles-
terol levels and 3 (7.5%) had abnormal LDL levels. Of note, the sig-
nificant findings in both the HIV-infected and HIV-uninfected
groups was the low HDL readings, at 12 (30%) and 25 (62.5%)
respectively. The triglyceride level in 30% of the HIV-infected
group was abnormal in contrast to 37.5% being out of normal
range in theHIV-uninfectedgroup. TheBMI inboth theHIV-infected
andHIV-uninfected groups showed that 75% and 77.5%of the par-
ticipants had overweight or obese phenotypes respectively.

Of the 40 HIV-positive patients enrolled in the study, 20 (11%)
received nucleoside reverse transcriptase inhibitors, 68 (36%)
received a regimen containing a non-nucleoside reverse tran-
scriptase inhibitor and 64 (34%) received a protease inhibitor
containing regimen. A statistically significant difference was
noted in the parameters of the lipid panel (F = 106.13, p <
0.001) and by ARV regimen (F = 2.88, p = 0.03), although the
interaction between these variables was not significant.

A Tukey post-hoc test revealed no significant difference in
cholesterol, LDL and HDL among all the ARV treatments (i.e.
ABC/3TC/EFV, FDC = TDF/FTC/EFV, FDC and AZT). The only sig-
nificant increase was noted in triglyceride levels in patients
treated with FDC compared with TDF/FTC/EFV (p = 0.01).

Discussion
The main finding of this study was elevated blood glucose levels
in both HIV-infected and HIV-uninfected DM patients, with only

a small percentage (15% and 12.5% respectively) having
controlled glucose levels. The increased glucose levels are
expected, as HIV infection is associated with abnormal/worsen-
ing glucose metabolism in diabetes.19 Notably, there was also a
family history possibly reflecting a genetic link of DM derived
from either a mother, father or one of the siblings in our
study population. It is noteworthy to mention that preceding
1990 DM was rare in Africa. However, Africa has experienced a
surge in the burden of DM with a high prevalence of DM in
urban-dwelling South Africans.20 Of note too, the prevalence
of type 2 diabetes in Africa (1–2%) is lower than for those
ndividuals of African ancestry living in high-income countries
(11–13%).21

South Africa is considered a ‘fat’ nation, where 62.2% of women
and 25.1% men are overweight or obese. A strong correlation
between type 2 DM and overweight or obesity exists, with as
high as 75% of DM patients being overweight or obese.22 This
pre-empts a body mass index of ≥ 30 kg/m2 as noted in our
study, and correlates with increased metabolic disease risk
and excess adipose tissue accumulation, which intensify
insulin resistance.

It is surprising to report similar BMI in both HIV-infected and
HIV-uninfected DM groups. However, weight was unacceptably
high, with patients being either obese or overweight, hence this
may have contributed to the abnormal glucose handling.23 Pre-
vious studies have shown that the poor access to health care,
extent of HIV infection, large abdominal circumference,
obesity, inactive lifestyle and economic constraints led to
poor glucose profiles in Africa.24 Despite obesity being linked
to wealth in Africa,25 this discrepancy was obviated as our
study population were of similar economic status.

Additionally, our results are disparate with regard to wasting in
HIV infection26,27 compared with obesity. This disparity may
emanate from weight gain during ART.28,29 Nonetheless,
weight gain underwrites hyperlipidaemia, hypertension,
insulin resistance and cardiovascular disease development
among HIV-infected patients.30 The fact that both groups of
patients had a diet rich in red meat and high fats and oils was
a major contribution to their weight gain and exacerbates
their poor lipid profiles. It is possible that a lack of access to
wholesome food, poor health care and economic constraints
may have underwritten hypercholesteraemia and high lipids
in diabetic patients. Moreover, more than 80% of patients
from both groups did not include any form of exercise in their
routine daily activities except for walking to the closest area
normally to access public transport.

Dyslipidaemia may be defined as high levels of lipids in circula-
tion, and is associated with familial predisposition as well as life-
style factors that predispose to CVD risk and development.31

Our results of diabetic dyslipidaemia in the HIV-infected
(77.5%) and HIV-uninfected (92.5%) are corroborated by the
findings of Woyesa et al. (2021)23 who reported diabetic dyslipi-
daemia (41.7% and 37.5%) in both HIV-infected and HIV-unin-
fected diabetic patients, respectively. In contrast, Hadigan
et al.32 noted higher hypercholesterolaemia and hypertriglycer-
idaemia in HIV-infected diabetic patients compared with HIV-
uninfected diabetic patients.

Some 30% of the HIV-infected patients in our study showed
markedly high triglycerides and 30% showed abnormally low
HDL levels, while the HIV-uninfected patients showed high
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triglycerides (37.5%) and abnormally low (62.5%) HDL levels.
Our findings justify the findings of Lu et al.31 in that the high
levels of triglycerides and low levels of HDL may be major con-
tributors to CVD development.

Waters and Hsue33 demonstrate a low level of LDL in patients
receiving new HIV drugs with more favourable effects on lipid
levels. Diabetic complications include elevated levels of LDL-C

and triglycerides, and low levels of HDL-C.34 This was also con-
firmed in a study by Albrki et al.,35 who observed higher lipopro-
tein abnormalities in diabetics compared with the non-diabetic
patients.

There were no significant differences in the LDL levels of both the
HIV-infected and HIV-uninfected groups, as only 7.5% of patients
had increased LDL. The majority of the participants had low levels
of LDL. These findings are contrary to the previous studies men-
tioned above but are corroborated by Ugwu et al.,36 who found
the lipid and lipoprotein profiles of the diabetics were lower
than those of the control group. These findings are similar to
our study in both the HIV-infected and HIV-uninfected groups.
The findings in the current study could be due to the successful
drug therapy that has been administered to both cohorts of dia-
betics. A recent study by Choudhry et al.,37 who compared non-
diabetic and diabetic patients using serum and saliva samples,
found that the LDL levels were increased in both groups of
patients and the HDL was lower in the non-diabetic patients
when compared with the diabetic patients.37

Cholesterol levels were within normal limits in both groups;
however, 12.5% and 7.5% of HIV-uninfected and HIV-infected
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Figure 1: Lipid profile results in both the HIV-infected and HIV-uninfected patients

Table 2: Number of patients with abnormal demographics and lipid
profiles

Factor
HIV-

infected
HIV-

uninfected

Glucose (≤ 5.5 mmol/l) 6 5

Cholesterol (≥ 6.2 mmol/l) 3 5

HDL (≤ 1.03 mmol/l) 12 25

LDL (≥ 4.11 mmol/l) 3 3

Triglycerides (≥ 2.25 mmol/l) 12 15

BMI (≥ 25 – overweight
phenotype)

15 9

BMI (≥ 30 – obese phenotype) 15 22
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patients had high levels, respectively. Genetic variants in the
LPL locus are associated with abnormal serum lipid concen-
trations, and predisposition to CVD development.38 More
specifically, genetic polymorphisms of the pro-protein conver-
tase subtilisin/kexin type 9 (PCSK9) gene, apolipoprotein A1
(APOL-A1), ATP-binding cassette protein A1 (ABCA1), and
lecithin: cholesterol acyltransferase (LCAT) predispose to abnor-
mal LDL-C levels.39–41

In contrast to other studies where smoking was a risk factor for
DM development, we report minimal smoking across our study
population (7.5%). This may reflect lifestyle factors but most
probably emanates from economic constraints in our catch-
ment area. The results of the study by Calvo-Sanchez et al.42

showed that smoking, diabetes, hypertension, family history
of CVD and hypercholesterolaemia were more common in
both HIV-infected and HIV-uninfected patients with acute cor-
onary syndrome (ACS) than those without ACS.

HIV infection itself elevates cholesterol and triglyceride levels,
and this is further aggravated by ART.43 It is important to note
that the type of ART, lipodystrophy, co-infection with other
viruses, metabolic state and interaction of glycaemic drugs
with ART may influence the lipid profile of the diabetic HIV-
infected patient. Protease inhibitors (PI) such as saquinavir
may cause a fivefold increase in DM.44 Similarly, certain nucleo-
side reverse transcriptase inhibitors (NRTIs) are associated with
DM risk via mitochondrial dysfunction.45 All HIV-infected
patients in our study received ARVs, a standard of care in SA.
ARVs are associated with increase in bodyweight, a ‘return to
health’ phenomenon rather than from reduced energy intake
related to viral suppression,46 and may be accountable for the
high weight of HIV-infected patients. More specifically, inte-
grase inhibitors elevate body mass index compared with pro-
tease inhibitors as regards protection against weight gain.46

Furthermore, interactions between DM medications and ART
are known.

However, one limitation of this study is the small sample size.
Nonetheless, all patients received a triple ARV regimen, there-
fore we could not evaluate the effect of different ARV drugs.
Also, in SA, a single clinic glucose reading is a standard pro-
cedure in the diabetic clinic. A more universal approach is to
perform an HbA1c reading.

Conclusion
Blood glucose levels were upregulated in both HIV-infected and
HIV-uninfected DM patients and may reflect glucose dysregula-
tion in patients receiving ARVs. This study demonstrates similar
lipid profiles in diabetic HIV-infected and HIV-naive patients.
The dyslipidaemia may be attributed to obesity but it may
also have been exacerbated by ARV usage in the HIV-infected
group. Notably, a lack of exercise and poor diet in both our
study groups contributed to the obesity and resultant poor
BMI, hence their hypercholesteraemia and dyslipidaemia pro-
files. It is urgent that intensive measures be taken to promote
public awareness of DM risk factors such as obesity, ARVs and
lifestyle in South Africa, as behavioural/lifestyle adaptation will
ameliorate this susceptibility.

Future studies
Future studies should evaluate adipokine profiles in HIV-
infected diabetic patients receiving HAART. Moreover, consider-
ation of the exact type of new ARV drugs and lifestyle factors

requires a greater depth of study to understand their contri-
bution to abnormal lipid profiles.
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