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Abstract

Background Understanding the burden of dyslipidemia and its associated factors among adult people living with
HIV on dolutegravir (DTG) based anti-retroviral therapy (ART) is critical to provide clinical guidance and risk reduction
strategies in our setting.

Methods We conducted a cross-sectional study on adult people living with HIV on DTG based ART between July
and August 2022 at Mengo Hospital, a private not for profit missionary hospital owned by the Church of Uganda.
Dyslipidemia was defined as: Total cholesterol (TC) > 5.2 mmol/I, or high-density lipoprotein (HDL) < 1 mmol/I for
men and < 1.3 mmol/I for women, or triglycerides (TG) > 1.7 mmol/l, and low-density lipoprotein (LDL) > 3.4 mmol/I.
A participant was considered to have dyslipidemia if they had any of the lipid profile parameters in the above ranges.
Socio-demographic information, clinical data and behavioral characteristics were collected. Fasting lipid profile and
fasting blood glucose levels were also measured. Bivariate and multivariate analyses were done using a generalized
linear model regression of the Poisson family with a log link (modified Poisson) using robust standard errors since
the prevalence of dyslipidemia was more than 10%. Adjusted prevalence ratios (PR) were reported with their 95%
confidence intervals (Cl). A p-value of less than 0.05 was considered statistically significant.

Results A total of 341 participants were included. The prevalence of dyslipidemia was 78.0%, (95%Cl:73.3-82.1). The
highest prevalence was for low HDL (72.1%, 95%Cl 67.1-76.7) followed by high TG (20.2%, 95%Cl: 16.3-24.9), high TC
(12.0%, 95%Cl: 9.0-15.9) and high LDL (6.5%, 95%Cl: 4.3-9.6). Female sex (aPR:1.55, 95%Cl: 1.32-1.84, p<0.001) and
previous use of protease inhibitor (Pl) based ART regimen (aPR:1.26, 95%Cl: 1.04-1.53, p=0.018) were significantly
associated with dyslipidemia.
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Conclusion We demonstrate that the prevalence of dyslipidemia is very high as it was present in more than three
quarters of the study participants. Female sex and previous use of Pl based ART regimen were significantly associated
with dyslipidemia. Management of dyslipidemia should be integrated in the HIV treatment package and we
recommend further inquiry into the temporal relationship between dyslipidemia and DTG among ART patients, if any.

Keywords Dyslipidemia, Dolutegravir (DTG), HIV/AIDS, Total cholesterol (TC), Triglycerides (TG), Low density
lipoprotein (LDL), High density lipoprotein (HDL), Uganda, Antiretroviral therapy (ART)

Introduction

In 2021, 38 million people were estimated to be living
with HIV world-wide, of whom 680,000 died from AIDS-
related illnesses [1]. Sub-Saharan Africa has more than
two-thirds of all people living with HIV (PLHIV) glob-
ally making it the hardest affected region in the world [2].
With this region, Eastern and Southern Africa regions
are the most heavily affected by HIV, accounting for
approximately 55% of all PLHIV [3]. The burden of HIV
in Uganda is still high with about 1.3 million adults (=15
years) living with HIV by 2020, accounting for more than
90% of the national burden by age [4]. In addition, HIV
related deaths were the third commonest in Uganda in
2019 [5]. However, there has been a steady increase in
PLHIV on ART which has saved and prolonged many
lives.

The World Health Organization (WHO) recommends
the use of dolutegravir (DTG) as the preferred first-line
and second-line treatment option for all PLHIV, includ-
ing pregnant women and those of childbearing age. This
is based on new evidence that DTG more effective, easier
to take and has fewer side effects than available alterna-
tive drugs used for treatment of HIV among PLHIV [6].

Since 2018, the Uganda Ministry of Health (MoH) rec-
ommends the use of DTG in combination with tenofovir
(TDF) and lamivudine (3TC) as the preferred first line
regimen for treatment of adults living with HIV [7].

PLHIV on ART are known to experience several side
effects and adverse drug reactions including dyslipidae-
mia [8]. For instance, patients on stavudine, didanosine,
zidovudine, lamivudine and efavirenz, protease inhibitors
(including atazanavir and ritonavir) reported elevated tri-
glycerides (TG), total cholesterol (TC) and reduced high-
density lipoprotein (HDL) [9-11]. PIs were also reported
to elevate low density lipoprotein (LDL) [12, 13]. How-
ever, DTG, together with other integrase strand trans-
fer inhibitors (INSTIs), seem to have a higher incidence
of dyslipidemia compared to those on non-nucleoside
reverse transcriptase inhibitors (NNRTIs) like efavirenz
[14].

Additionally, clinical trials in other settings have
reported a significantly greater increase in baseline total
cholesterol TC and LDL among PLHIV on DTG in black
African populations [15, 16].

In Uganda, studies have focused on hyperglycemia and
diabetes mellitus (DM) among PLHIV on a DTG-based

ART regimen [17, 18] and yet, poorly managed dyslipid-
emia is a risk factor for non-communicable diseases [like
hypertension (HTN), diabetes (DM)] and cardiovascular
disease [19].

Moreover, lipid profile levels are not routinely mea-
sured among PLHIV in Uganda due to cost. There is
a degree of uncertainty on the prevalence of dyslipid-
emia in PLHIV on DTG-based regimens and its associ-
ated factors. The current study determined the burden
and factors associated with dyslipidemia among adults
receiving DTG-based ART regimens at Mengo Hospital
in Kampala, Uganda.

Methods

This was a cross-sectional study with both descrip-
tive and analytical components carried out in the coun-
seling and home care department of a private not for
profit missionary tertiary hospital called Mengo Hospi-
tal in Kampala, Uganda from July to August 2022. The
clinic operates daily and has an estimated outpatient
attendance of about 400. The clinic serves about 8800
active PLHIV ART, with approximately 7000 adults on
DTG-based ART. Using the systematic sampling proce-
dure, every 4th participant was sampled and 341 adults
(=18-years) with confirmed HIV-positive infection were
enrolled into the study upon providing written informed
consent. These adults were on a DTG based ART regi-
men for more than 6 months and had self-reported fast-
ing for at least 6 h.

Participants who were bed ridden, had a history of use
of lipid - lowering therapy, with cardiovascular risk fac-
tors, or using lipid - affecting agents (such as thiazides,
beta blockers, antipsychotics, steroids) before switch or
initiation to a DTG-based ART, those who were unable
to comprehend either English or Luganda (the local lan-
guage used in central Uganda) were excluded from the
study.

Data collection

Two trained enumerators (diploma nurses) administered
a pretested questionnaire to collect sociodemographic
(age, sex, marital status, residence, education level,
employment status and distance from the health facility)
and behavioral characteristics i.e., smoking status, alco-
hol intake and physical activity. Clinical data collected
were past medical history, height, weight, blood pressure
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(BP), fasting blood sugar (FBS), baseline CD4+T cell
count, HIV duration in years, duration on DTG-based
ART in months and duration on ART in years.

Participant weight, exclusive of heavy outer garments,
hair ornaments and shoes, if any, was measured using the
seca weighing scale in complete kilograms. Height was
abstracted from the patient files. The body mass index
(BMI) was then computed as weight (in kg)/height (in
m?).

Blood pressure (BP) was measured by a pretested auto-
matic sphygmomanometer of mercury type in a sitting
position 10 min after rest. Two measurements, 5 min
apart were recorded for consistency. A third measure-
ment was taken as final in case of a 10mmHg difference
in systolic BP in the first two readings.

About 4 ml of a blood sample were aseptically col-
lected from each participant by a qualified laboratory
staff and placed in a yellow top vacutainer with clot acti-
vator for the determination of fasting lipid profile levels.
Patient files were sorted basing on whether they were on
DTG based ART regimen or not. In addition to being
reminded about their appointment date a day before the
scheduled visit, patients were also requested not to eat
anything after their last meal of that day. Fasting blood
sugar levels were determined using a Freestyle glucom-
eter (Abott Laboratories, Canada) for all eligible par-
ticipants. A sterile single use lancet was used to prick a
participant’s disinfected finger and a small drop of the
blood placed onto the glucometer strip already mounted
into the glucometer. The blood sugar levels were read off
and recorded in mmol/L. The results were recorded in a
laboratory results tool. Venous blood samples were col-
lected from the eligible participants early in the morn-
ing before they ate anything and were allowed to clot
for at least 3 min then later centrifuged at 2400 revolu-
tions/min for 5 min at Mengo Hospital ART clinic labo-
ratory. The serum obtained was pipetted into cryogenic
vials, stored in a refrigerator at <4° C. These were later
transported under cold chain in a sample carrier with
ice-packs and a temperature monitoring device by the
principal investigator for analysis of lipid profile using
the Cobas 3000 chemistry analyzer (Roche Diagnostics,
USA) at Jinja Regional Referral Hospital, Uganda labora-
tory in two lots. This was done to reduce the cost of lipid
analysis that was so high among laboratories in Kampala.

Statistical analysis

Data was analysed using STATA V.14.0 (StataCorp. 2013.
Stata Statistical Software: Release 14) in which all contin-
uous variables were summarised as medians and ranges
while the categorical variables were summarised as per-
centages and proportions. The prevalence of dyslipi-
daemia was calculated as the percentage of participants
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with dyslipidaemia over the total number of study par-
ticipants. Data was assessed for collinearity. At bivariate
and multivariate analysis, we used a generalized linear
model regression of the Poisson family with a log link
(modified Poisson) with robust standard errors to analyse
the factors associated with dyslipidaemia among study
participants since the prevalence was more than 10%
[20]. In the multivariate analysis, we included variables
with p-value of <0.2 at bivariate analysis as well as those
known from literature such as age, duration on ART,
physical activity, HIV duration and alcohol use. Inter-
action was assessed by forming two-way product terms
with variables which were significantly associated with
dyslipidaemias (p<0.05) using the chunk test. Confound-
ing was assessed by checking if the variables changed the
estimates by greater than or equal to 10%. ClIs were pre-
sented at 95% level of significance along with the p val-
ues. Statistical significance was considered at a p value of
less than 0.05.

Results

Majority of the participants were female 66.9% (228/341)
with median age of 43 years (IQR: 36-50), residing in
rural areas 71.3% (243/341) and married 54.8% (187/341).
Of the participants enrolled, 29.9% (102/341) were obese,
with median HIV duration of 9.5 years (IQR: 4.9-12.7)
and median DTG duration of 35.4 months (IQR: 23.8—
40.6). The majority of participants were on TDF/3TC/
DTG 96.5% (329/341) and were previously on an NNRTI-
based regimen 82.7% (282/341). Only 5.3% (18/341) of
the participants had a high FBG and 19.4% (66/341) of
them had HTN (Table 1).

The overall prevalence of dyslipidemia was 78.0%
(95%CI 73.3-82.1). The highest prevalence was for low
HDL 72.1% (95%CIl 67.1-76.7) followed by high TG
20.2% (95%CI 16.3-24.9), high TC 12.0%, (95%CI 9.0—
15.9) and high LDL 6.5%, (95%CI 4.3-9.6) (Table 2).

At bivariate analysis, being female (cPR:1.53, 95%CI
1.30-1.81, p<0.001), having up to primary education or
less (cPR - 1.14, 95%CI 1.02-1.27, p=0.021), being on
DTG based ART regimen for <2 years (cPR: 1.13, 95%CI
1.01-1.26, p=0.034), overweight (cPR: 1.13, 95%CI
0.98-1.31, p=0.093), obese (cPR: 1.24, 95%CI 1.09-1.31,
p=0.001) and previous use of PI based ART regimen
(cPR: 1.14, 95%CI 0.93-1.38, p=0.199) had a p-value
less than 0.2 hence they were considered for multivari-
ate analysis (Table 3). Additionally, age, duration on ART,
physical activity, duration of HIV infection, and alcohol
use were forced into multivariate analysis.

At multivariate analysis, being female (aPR:1.55, 95%CI
1.32-1.847, p<0.001) and previous use of PI based ART
regimen (aPR:1.26, 95%CI 1.04-1.53, p=0.018) were sig-
nificantly associated with dyslipidemia (Table 4).
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Table 1 Sociodemographic and clinical characteristics of study
participants on DTG-based ART in Mengo Hospital, Kampala,
Uganda, 2022 (n=341)

Variable Median All n (%)
Q1,
Q3)
Sex Female 228 (66.9)
Age 43 (36,
50)
Marital status Married 187 (54.8)
Unmarried 154 (45.2)
Education level None 21(6.2)
Primary 112 (32.8)
Secondary 149 (43.7)
Tertiary 59(17.3)
Employment status Unemployed 35(10.3)
Formally 54(15.8)
employed
Self employed 224 (65.7)
Informally 28(8.2)
employed
Residence Rural 243 (71.3)
Urban 98 (28.7)
Smoking history Yes 3(09)
Alcohol use Yes 72 (21.1)
Physical activity Low 209 (61.3)
BMI Normal 145 (42.5)
Overweight 94 (27.6)
Obese 102 (29.9)
HTN (by BP) Yes 66 (19.4)
FBG (= 7mmol/L) High 18 (5.3)
Baseline CD4* (n=340) 296
(149,
468)
DTG duration (months) 354
(23.8,
40.6)
HIV duration (years) 9.5 (4.9,
12.7)
Previous ART regimen
NNRTI based 282 (82.7)
Pl based 16 (4.7)
None 43(12.6)
Current ART regimen
ABC/3TC/DTG 7.1)
AZT/3TC/DTG 5(1.5)
TDF/3TC/DTG 329 (96.5)
Familial DM No 259 (76.0)
Familial HTN No 227 (66.6)

* Missing data, n - number of participants, Q1-1st quartile, Q3-3rd quartile, BMI
- body mass index, 3TC - lamivudine, TDF - tenofovir, AZT - zidovudine, ABC
- abacavir, DTG - dolutegravir, NNRTI — non-nucleoside reverse transcriptase
inhibitor, Pl - protease inhibitor, HTN- hypertension, WHO - World Health
Organization, ART - antiretroviral therapy, FBG - fasting blood glucose, DM -
diabetes mellitus, BP-blood pressure measurement
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Table 2 Dyslipidemia among study participants on DTG-based
ART in Mengo Hospital, Kampala, Uganda, 2022 (n=341)

Variable Mean n (%) 95%
(SD) cl
Lipid profile parameter
TC>=52 394 41 9.0-
mmol/I (1.05) (1200 159
HDL* 1.00 246 67.1-
(037) (72.1) 767

LDL>=34 219 22 4.3~

mmol/I (1.000 (65 96
TG>1.7 1.30 69 16.3—
mmol/I (062) (202) 249
Overall 266 73.3-
(78.0) 82.1

* <1.0 mmol/l in males and < 1.3 mmol/l in females, Cl - confidence interval, n -
number of participants, HDL - high density lipoprotein, TC - total cholesterol,
TG - triglycerides, LDL - low density lipoprotein, SD - standard deviation

Discussion of results

The overall prevalence of dyslipidemia in the current
study is 78.0% with the prevalence of low HDL choles-
terol at 72.1%. This prevalence is high as three quarters of
the respondents have dyslipidemia. In contrast, high TC,
high LDL and high TG are relatively low, with less than
a quarter of the population having any of these forms of
dyslipidemia. This high prevalence of dyslipidemia (low
HDL cholesterol) could reflect the high prevalence in the
general population. Female participants were twice the
male participants (66.9% vs. 33.1). In addition, there is
a positive association between increasing age and a rise
in the prevalence of low HDL, with a steeper increase
among women than for men [21]. In our study, the
median age was 43 years (IQR: 36-50) with more than
half of the participants aged 40 years and above. There-
fore, this high prevalence of dyslipidemia could have been
as a result of enrolling older patients and mostly female.

Previous studies have demonstrated that initiation of
NNRTI based ART regimens results in increases in HDL
of approximately 40% depending on the agent used, with
increases in TC, LDL and TG also seen, although the TG
increases are usually not as severe as those seen with
some PIs [22]. However, this finding is contrary to our
results in which the prevalence of low HDL cholesterol is
high among the study participants probably because not
all patients respond similarly to antiretroviral regimens
[23].

The high prevalence of dyslipidemia means that most
of the study participants are at a risk of atherosclerotic
cardiovascular disease events and could benefit from
statin initiation if clinically indicated [24].

A cross-sectional study of 597 PLHIV on the preva-
lence of low HDL among adults receiving ART for at
least 6 months in Zambia from April to December 2019
reported a high proportion of young adults (75%) and
adults (58%) with low HDL who were on DTG-based
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Table 3 Bivariate analysis for sociodemographic and clinical characteristics of study participants on DTG-based ART in Mengo

Hospital, Kampala, Uganda, 2022 (n=341)

Variable Dyslipidemia cPR 95%Cl  Pvalue
No Yes

Sex

Male 48 (42.5)  65(57.5) Reference

Female 27(11.8)  201(882) 153 1.30-1.81 <0.001
Age 25-49 51(21.2) 190(78.8) Reference

18-24 1(10.0) 9(90.0) 1.14 0.92-142 0.232

>50 23 (256) 67 (744) 0.94 0.82-1.08 0415
Education level Post 54(260) 154(740)  Reference

primary

Primaryor 21 (15.8) 112(84.2) 1.14 1.02-1.27 0.021

less
Physical activity High 38(233) 155(76.7)  Reference

Low 37(20.8) 141(79.2) 056 092-1.16 0.306
Alcohol Use No 55(20.5) '214(79.5) Reference

Yes 20(27.8) 52(72.2) 091 0.78-1.06 0.224
DTG duration (years) >2 62 (24.5) 191 (755)  Reference

<2 13(14.8)  75(85.2) 1.13 101-1.26 0.034
ART duration (years) <10 49 (24.1) 154 (75.9)  Reference

>10 26(288) 112(81.2) 1.07 0.96-1.20 0.237
HIV duration (years) <10 43(242) 135(758)  Reference

>10 32(19.6) 131(804) 1.06 095-1.19 0.313
Baseline CD4* (n=340) <200 30(24.8) 91 (75.2) Reference

200-499 30(206) 116(794) 1.08 0.92-1.25 0.347

>500 15(20.3)  59(79.7) 0.90 072-1.12 0311
Previous ART regimen NNRTI 65(23.1) 217 (76.9) Reference

based

Pl based 2(12.5) 14 (87.5) 1.14 0.93-1.38 0.199

None 8(18.6) 35(814) 1.06 0.90-1.24 0483
BMI normal 43(29.7) 102 (703)  Reference

overweight 19(20.2) 75(79.8) 1.13 0.98-1.31 0.093

obese 13(12.8) 89(87.2) 124 1.09-141 0.001
FBG Normal 72 (223) 251(77.7)  Reference

High 3(16.7) 15(83.3) 1.07 0.86-133 0.524

* Missing data, n- number of participants, Cl - confidence interval, cPR -crude prevalence ratio, BMI - body mass index, DTG - dolutegravir, NNRTI - non-nucleoside
reverse transcriptase inhibitor, Pl - protease inhibitor, ART - antiretroviral therapy, FBG - fasting blood glucose

Table 4 Multivariate analysis of factors associated with
dyslipidemia among study participants on DTG-based ART in
Mengo Hospital, Kampala, Uganda, 2022 (n=341)

Variable aPR 95% Pvalue
Cl
Sex Male Reference
Female 1.55 1.32- <0.001
1.84
Previous ART regimen
NNRTI Reference
based
Pl based 1.26 1.04- 0.018
153
None 1.08 094- 124
1.25

Cl - confidence interval, aPR - adjusted prevalence ratio, ART - antiretroviral
therapy, NNRTI - non-nucleoside reverse transcriptase inhibitor, Pl - protease
inhibitor

ART regimens [25]. Similar studies in SSA on the preva-
lence of dyslipidemia among PLHIV on ART regimens
other than DTG-based ones have reported prevalence
ranging from 15.9 to 83.3% [26—-30].

A recent cross-sectional study in Halibet National
Referral Hospital and Orotta National Medical Surgi-
cal Referral Hospital Eritrea from March to June, 2018
reported a prevalence of 86.6% among PLHIV [31].

The factors that were significantly associated with dys-
lipidemia among study participants on DTG based ART
regimen were being female and previous use of PI based
ART regimen. Surprisingly, age, duration on ART, physi-
cal activity, duration of HIV infection, alcohol use, edu-
cation level, being on DTG based ART regimen for less
than 2 years, being overweight and being obese were not
significantly associated with dyslipidemia.
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Females were 1.55 times as likely to have dyslipidemia
than males. This is line with findings from a cross sec-
tional study by Benson and colleagues in 2021. Benson
et al’s study reported that females were 2.54 times more
likely to have low HDL compared with males. Gender dif-
ferences have been partly explained by the dramatic lipid
profile changes in women than in men due to complex
hormonal modifications throughout their life time, espe-
cially those related to pregnancy and menopause [32]. In
addition, estrogen and testosterone have been reported
to have influence on the activities of hepatic lipase
which plays a role in HDL metabolism and its levels are
inversely related with those of HDL [33]. These hor-
mones respectively tend to decrease and increase hepatic
lipase levels and as a result, women tend to have higher
HDL levels than men [34—36].

Study participants taking a PI based ART regimen
before switching to a DTG-based regimen were 1.26
times as likely to have dyslipidemia than those on a previ-
ous NNRTI based ART regimen. Integrase strand trans-
fer inhibitors (INSTI) have been reported to have a lower
incidence of dyslipidemia than ritonavir boosted prote-
ase inhibitors but higher rate compared with those on
NNRTTI [14]. Therefore, dyslipidemia could have existed
among these participants due to previous exposure to
PIs. In a large observational cohort study to determine
the improvement of lipid profile after switching from
efavirenz or ritonavir-boosted PIs to rilpivirine or once-
daily integrase inhibitors, the TC and TC/HDL ratio sig-
nificantly decreased among participants switched from
PI based regimens to DTG-based regimens within one
year. However, reductions of LDL and TG levels were not
statistically significant [37]. In this study, baseline lipid
profile before switch were not established and therefore,
we could not ascertain if the dyslipidemia was due to the
previous ART exposure or other factors.

Strengths of the study

This is one of the first studies assessing dyslipidemia
among patients on a DTG based regimen in Uganda thus
laying a foundation for future research. Additionally, we
managed to collect complete data from all variables con-
sidered in the study and only had one missing entry on
CD4 count and the data collection process was standard-
ized which increases the replicability and comparability
of our findings with future studies.

Limitations of the study

We acknowledge the following limitations. First, a ques-
tionnaire was used to collect data with self-reporting
on some variables (like true fasting status, substance
abuse, alcohol use, smoking and familial diseases) which
increases the chances of patients reporting desirable
answers. Second, there was a possibility of selection bias
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due to elimination of potential study participants that
had taken breakfast. Third, some variables like WHO
stage, viral load and diet were not studied yet they have
been consistently reported to be associated with dyslip-
idemia in other studies. Fourth, this was a cross-sectional
study and therefore a temporal relationship between dys-
lipidemia and the covariates could not be determined.
Fifth, we excluded participants using lipid-lowering
therapy, with cardiovascular risk factors, or using lipid-
affecting agents (such as thiazides, beta blockers, antipsy-
chotics, steroids); no data available from these exclusions
and sixth, we were unable to determine the cumulative
exposure to PIs and NNRTIs at baseline and therefore the
difference in dyslipidemia risk between the two regimens
couldn’t be determined.

Conclusion

We demonstrate that the prevalence of dyslipidemia is
very high as it was present in three quarters of the study
participants on DTG based ART. This suggests that many
people are at an increased risk of developing compli-
cations like cardiovascular diseases which arise from
dyslipidemia. Female sex and previous use of Pls were
significantly associated with dyslipidemia among adult
patients on a DTG-based ART. We recommend further
research to understand whether there is a temporal rela-
tionship between dyslipidemia and DTG among ART
patients.
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