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Abstract

The objectives of this study were to determine the epidemiology and correlates of cardiovascular disease (CVD)
risk among Ugandans on first-line antiretroviral therapy (ART). We conducted a cross-sectional study at an HIV
clinic in southwestern Uganda. We enrolled adult patients on non-nucleoside-based ART regimens for a minimum
of 2 years. We collected anthropometric and clinical measurements, smoking history, and blood for fasting lipid
profile and blood sugar (FBS). Outcomes of interest were (1) presence of metabolic syndrome (at least two of the
following: FBS >100 mg/dL, blood pressure of ‡130/85 mmHg, triglycerides ‡150 mg/dL, HDL <40 mg/DL, or
waist circumference ‡94 cm in males or ‡80 cm in females); and (2) a Framingham score correlating to >5% 10-
year CVD risk. Of the 250 participants enrolled, metabolic syndrome was detected in 145/250 (58%) of partic-
ipants (62% in females and 50% in males). Forty-three participants (17%) had a Framingham risk correlating to a
5% or greater risk for CVD within 10 years (26% in males and 13% in females). In multivariate analyses, being
female (AOR 3.13; 95% CI: 1.0–9.70; p = 0.04) and over 40 years of age (AOR 1.78; 95% CI: 1.00–3.17; p = 0.05)
was independently associated with having metabolic syndrome. We found no independent risk factors for a
Framingham risk score 10-year risk exceeding 5%, or associations between ART regimen and CVD risk profiles.
We conclude that metabolic abnormalities are common among patients on first-line ART in rural Uganda, and
appear to be more common in women than men.

Introduction

The expanded delivery of antiretroviral therapy (ART)
in sub-Saharan Africa has increased life expectancy for

people living with HIV (PLWH) in the region.1–3 Conse-
quently, it is predicted that approximately 10 million people
over the age of 50 will be living with HIV in the region
by 2030.3,4 As such, an important public health priority is
determining the primary causes of morbidity and mortality
for this population.

In resource-rich settings, increasing availability of ART to
HIV-infected populations has been associated with both a
profound decline in overall mortality,5 and a shifting burden of
morbidity from AIDS-related opportunistic infections, to
chronic conditions of aging.6–10 In particular, multiple studies
have demonstrated increased risk of myocardial infarction6,11

and stroke12–14 for PLWH compared to uninfected popula-
tions. This trend has also been noted in some resource poor
settings.15 However, little data are available describing the
primary causes of morbidity for aging people with HIV on
ART in sub-Saharan Africa, where over 70% of the population
of people living with HIV reside. As such, there is a critical
need to assess the presence and extent of cardiovascular dis-
ease (CVD) risk in this population to plan the next generation
of HIV care in the region.

We sought to determine the CVD risk profile in a popu-
lation of older age individuals on ART at a public HIV clinic
in southwestern Uganda. Our primary outcomes of interest
were presence of metabolic syndrome and a Framingham
score correlating to >5% 10-year CVD risk. Our overarching
aim was to determine the epidemiology and correlates of
CVD risk among Ugandans on first line ART.
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Materials and Methods

Study site

The Mbarara Hospital Immune Suppression (ISS) is located
within the premises of Mbarara Regional Referral Hospital
(MRRH) in Southwestern Uganda. The total adult clinic en-
rolment is approximately 25,000 active patients, with over
9000 patients actively taking ART. Of these, 8858 (95%) are
on first-line regimens.

Participants

We conducted a cross-sectional cohort study at the
Mbarara Regional Referral Hospital Immune Suppression
Syndrome clinic in southwestern Uganda. The study popu-
lation consisted of adult patients on non-nucleoside-based
(first-line) ART regimens for a minimum of 2 years with a
self-reported adherence level of greater than 95%. Patients
were excluded if they had a history of ART substitutions or
were taking corticosteroids. Participants fulfilling the inclu-
sion criteria were consented 5–7 days prior to an upcoming
clinic appointment, and requested to fast for a minimum of
8 h prior to their visit.

Study procedures

Participants completed a study questionnaire to collect data
on demographics, medication use, and past medical history.
We collected serum for fasting lipid profile and fasting blood
glucose. We recorded clinical measurements including an-
thropometric measurements and blood pressure. Blood pres-
sures were measured on the day of enrollment by a single study
staff member using an aneroid sphygmomanometer. Whole
blood samples were immediately transported to the laboratory
where serum was separated and lipid assays were batched and
run by an automated enzyme-based chemistry analyzer (HU-
MASTAR� Random Access clinical chemistry analyzer,
HUMAN, Wiesbaden, Germany).

Quality controls done at the beginning of each batched run.
Serum LDL levels were measured directly. Fasting blood
glucose (FBS) was obtained at the time of enrolment using a
Bayer CONTOUR� blood glucose meter (Bayer, Ontario,
Canada). Patients found to have a blood sugar above 7 mmol/L
were asked to return for a repeat test at the next convenient
date. We reviewed chart records to extract data on HIV di-
agnosis date, clinic enrollment data, ART initiation date,
ART regimen history, CD4 count history, and weight history.

Statistical analysis

We first summarized participant characteristics including
demographics, medical history, and HIV history, and calculated
cohort prevalence of dyslipidemia, anthropomorphic measures,
and metabolic syndrome. We defined hypertension in any study
participant with a systolic blood pressure of ‡140 mmHg or
diastolic BP of ‡90 mmHg.16 Our primary outcomes of interest
were (1) presence of the metabolic syndrome (defined as having
at least two of the following: a fasting glucose of >100 mg/dL,
triglycerides >150 mg/dL, HDL-C <40 mg/dL, and waist cir-
cumference >102 cm in men and >88 cm in women17); and (2) a
Framingham score correlating to >5% 10-year CVD risk.18

We used the LDL-based CHD risk score to calculate the
Framingham risk score.18 We chose a cardiovascular disease

risk of greater than 5% to denote moderate to high risk, unlike
10–20% as is the acceptable standard, because of the antic-
ipated lower median age of the study participants. We fit
univariable and multivariable logistic regression models for
each outcome of interest.

Primary explanatory variables of interest included anti-
retroviral therapy regimen, [defined as tenofovir, lamivudine,
and efavirenz (TDF/3TC/EFV), zidovudine, lamivudine, and
nevirapine (AZT/3TC/NVP), zidovudine, lamivudine, and efa-
virenz (AZT/3TC/EFV), or tenofovir, lamivudine, and nevir-
apine (TDF/3TC/NVP)], age, gender, body mass index (BMI),
duration of ART use, family history of diabetes or hypertension,
and nadir CD4 count. Variables with a p value <0.20 in uni-
variable models were retained in multivariable models. Data
analysis was performed with Stata version 11 (StataCorp, Col-
lege Station, Texas, USA).

Ethics

Study procedures were reviewed and approved by the
Mbarara University of Science and Technology and all par-
ticipants signed informed consent.

Results

We screened a total of 271 patients. Of these, 21 were
excluded, resulting in a total of 250 patients included in this
analysis. Of the 21 who were excluded, 20 were on oral
corticosteroids or oral contraceptive pills and one declined
consent. Of the 250 patients enrolled, 68% (169/250) were
female and the median age was 36 years [interquartile range
(IQR) 30–43, Table 1].

The median current CD4 count was 466 cells/lL (IQR
341–624) and the median nadir CD4 count was 224 cells/lL
(IQR 144–292). The median duration of ART was 2.6 years
(IQR 2.5–2.7). One hundred and twenty nine participants
(52%) were taking TDF/3TC/EFV, 68 (27%) were taking
AZT/3TC/NVP, and 48(19%) were taking AZT/3TC/EFZ;
while the remaining 2% were taking other regimens.

Table 1. Cohort Characteristics

Characteristic
Total population

(n = 250)

Age, median (IQR) 36 (30–43)
Female, n (%) 169 (68%)
Nadir CD4 count, median (IQR) 224 (144–292)
Most recent CD4 count,

median (IQR)
466 (341–624)

Duration on ART in years,
median (IQR)

2.6 (2.5–2.7)

ART regimen
TDF/3TC/EFV, n (%) 129 (51.6)
AZT/3TC/NVP, n (%) 68 (27.2)
AZT/3TC/EFV, n (%) 48 (19.2)
TDF/3TC/NVP, n (%) 5 (2.0)

Change in weight from ART initiation
date in kilograms, mean (SD)

1.56 (6.9)

Evidence of lipodystrophy, n (%) 19 (7.6)

3TC, lamivudine; ART, antiretroviral therapy; BMI, Body Mass
Index; EFZ, efavirenz; IQR, inter quartile range; NVP, nevirapine;
TDF, tenofovir.
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Table 2 shows cohort prevalence for various risk factors
for cardiovascular disease. A majority of participants (86%,
214/250) had HDL <40 mg/dL, 12% (29/250) had high low
density lipoprotein (LDL) ‡130 mg/dL, and 30% (74/250)
triglycerides >150 mg/dL. Only 13 patients (5.2%) were
found to be hypertensive, but 35% (85/250) had a BMI of
greater than 25. Fifty patients (20%) were either current or
past smokers and 17% (42/250) had a family history of dia-
betes or hypertension.

Over half of participants (58%, 145/250) had metabolic
syndrome. Fifty-one percent (41/81) of the males and 62%
(104/169) of females met the definition of metabolic syn-
drome. In multivariate models, age over 40 (AOR 3.22, 95%
CI 1.06–9.82, p = 0.04) and female gender (AOR 1.81, 95%
CI 1.02–3.23, p = 0.04; Table 3) were both independently
associated with the presence of the metabolic syndrome.

Using the Framingham risk score for assessing 10-year
cardiovascular risk,17% (43/250) of participants had a 10-year
cardiovascular risk exceeding 5%, with the proportion in males
being double that of females (26% versus 13%, p = 0.01)
(Fig. 1). In the overall cohort, 4% (9/250) had a 10-year car-
diovascular risk exceeding 10% (Table 4). In multivariable
regression models, we found no independent risk factors for
a Framingham risk score corresponding to a 10-year risk
exceeding 5% (Table 5).

Discussion

In a cohort of relatively young people with HIV infection
stably on ART from a largely rural setting in southwestern

Uganda, over half of study participants had evidence of the
metabolic syndrome, and nearly 1 in 5 had a 10-year CVD
risk of >5%. Rates of metabolic syndrome were higher in
females, whereas males more commonly had elevated car-
diovascular disease risk scores. Given the relative paucity of
health systems infrastructure targeted to cardiovascular dis-
ease prevention and treatment in the region,19 there is an
important need to expand the focus of HIV care in the region
to non-AIDS defining conditions.

Our work is consistent with preliminary data from other
resource poor settings. A recent study investigating the
prevalence of metabolic syndrome among ART naı̈ve and
ART-experienced HIV infected Thai adults found an overall
prevalence of metabolic syndrome of 22.2%. Among the
ART-experienced, a prevalence of 24.9% was detected. As in
our study, female gender was cited among the risk factors
independently associated with metabolic syndrome.15

Within the sub-Saharan African region, a recent study in-
vestigating the prevalence of hypertension and Framingham
risk score stratification in a large HIV-positive cohort in
Uganda found that 20% of men were at least 10% or more
long-term risk of acute cardiovascular disease.20 Similar to
our study, the risk appeared to be gender dependent with
nearly all women in the 10% or less 10-year Framingham risk
score category.

The differences in CVD risk between that study and the
current one could be attributed to social or environmental fac-
tors. For example, our study population was derived from the
semi-rural environment in the Ankole region of southwestern
Uganda. This differs from the prior study in Uganda, whose

Table 2. Cardiovascular Disease Risk Factors Among Patients on ART

at an HIV Clinic in Rural Uganda

Characteristic
Total cohort

(n = 250)
Male

(n = 81)
Female

(n = 169) p Value

Total cholesterol (TC) mg/dL, median (IQR) 107 (77–139) 100 (77–126) 111 (81–142) 0.18
TC ‡200 mg/dL, n (%) 16 (6.4) 6 (7.4) 10 (5.9) 0.65

Triglycerides, median (IQR) 113 (74–157) 119 (89–170) 110 (62–154) 0.09
Triglycerides ‡150 mg/dL, n (%) 74 (29.6) 25 (30.9) 49 (29.0) 0.76

HDL-cholesterol, median (IQR) 30 (24–36) 27 (21–32) 30 (26–37) 0.0004
HDL-c £40 mg/dL, n (%) 214 (85.6) 73 (90.1) 141 (83.4) 0.16

LDL-cholesterol, median (IQR) 86 (68–106) 82 (65–102) 90 (69–110) 0.06
LDL-c ‡130 mg/dL, n (%) 29 (11.6) 5 (6.2) 24 (14.2) 0.06

Total cholesterol/HDL ratio, median (IQR) 3.5 (2.6–4.8) 3.7 (2.7–5.1) 3.4 (2.6–4.7) 0.24
TC/HDL-C ‡5, n (%) 56 (22.4) 21 (26) 35 (20.7) 0.35

Hypertensiona, n (%) 13 (5.2) 3 (3.7) 10 (5.9) 0.46
Body mass indexb

BMI <18 13 (5.2) 6 (7.4) 7 (4.1) 0.27
BMI 18–24.9, n (%) 150 (60.0) 62 (76.5) 88 (52.1) <0.001
BMI 25–29.9, n (%) 57 (22.8) 11 (13.6) 46 (27.2) 0.02
BMI >30, n (%) 30 (12.0) 2 (2.4) 28 (16.6) 0.001

Waist to hip ratio, median (IQR) 0.83 (0.79–0.87) 0.85 (0.82–0.90) 0.82 (0.78–0.86) <0.001
High WHR^, n (%) 74 (29.6) 18 (22.2) 56 (33.1) 0.07

Any current or former smoking, n (%) 50 (20.0) 36 (44.4) 14 (8.3) <0.001
Current smoker, n (%) 8 (3.2) 5 (6.2) 3 (1.8) 0.06
First degree relative with DM or HTN, n (%) 42 (16.8) 13 (16) 29 (17.2) 0.82
Metabolic syndrome, any 3 of the following: (high WHR,

high fasting glucose, HTN, high TG or LDL), n (%)
145 (58) 41 (50.6) 104 (61.5) 0.10

aHypertension defined as systolic blood pressure ‡140 mmHg or diastolic blood pressure ‡90 mmHg.
bWaist to hip ratio was categorized into abnormal if the value was >0.94 for males and >0.8 for females.
BMI, Body Mass Index; DM, diabetes mellitus; HDL, high density lipoprotein; HTN, hypertension; LDL, low density lipoprotein; WHR,

waist to hip ratio.
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participants were from in and around Kampala, the urban cap-
ital city of the country. Further work will be needed to further
clarify why CVD risk might differ in these sub-populations.

Another study investigating the incidence of metabolic
disorders and cardiovascular risk in treatment-naive HIV-
infected patients of sub-Saharan origin found a relatively
high cumulative incidence of both metabolic syndrome and
insulin resistance, at 14.4% and 19.2%, respectively.21 Si-
milar to our setting, being female was significantly associated
with developing metabolic syndrome. Unlike our study, they
found relatively low rates of CVD risk using the Framingham
risk calculator. Importantly, that study was conducted among
Africans, but in France, raising the possibility of an envi-
ronmental interaction with HIV and CVD risk.

Our study also found significantly higher rates of obesity
among women than men, including a nearly 8-fold increase
prevalence of morbid obesity (16% vs. 2%). Indeed, the

relatively high rate of metabolic syndrome we found in wo-
men versus men appears to be at least partially driven by
anthropomorphic measurements. This finding has been
demonstrated elsewhere in sub-Saharan Africa. For example,
a study investigating obesity in treated female HIV patients
from sub-Saharan Africa, found an overall prevalence of
28%. Women of African origin were most affected, 49%
being obese, with a further 32% overweight.22

Another study conducted in South Africa found that the
prevalence of obesity in women was 6.5 times higher than in
men.23 But associations between HIV infection, ART, and
obesity appear to be region specific, because gender-based
differences in obesity have not been reported to the same
extent in other locations.24 A study from the United States
documented greater increases in weight both in women and in
those of African American descent.25 Future research prior-
ities include identification of appropriate thresholds for

FIG. 1. Ten-year Framingham cardiovascular
disease risk and metabolic syndrome among a
cohort of HIV individuals on stable antiretroviral
therapy in southwestern Uganda.

Table 3. Factors Associated with Presence of Metabolic Syndrome
a

Characteristic

Univariate analysis Multivariate analysis

Odds ratio
Confidence

interval p Value
Adjusted

odds ratio
Confidence

interval p Value

Age
20–25 REF REF REF REF REF REF
26–40 1.32 0.48–3.62 0.58 1.54 0.56–4.31 0.40

>40 2.44 0.54–7.09 0.10 3.22 1.06–9.82 0.04
Sex, female 1.56 0.91–2.66 0.10 1.81 1.02–3.23 0.04
Duration on HAART 2.08 0.58–7.43 0.30 N/A – –
Nadir CD4 count, 1.00 0.99–1.00 0.73 N/A – –
Current CD4 count 1.00 1.00–1.00 0.81
ART regimen

TDF/3TC/EFV REF – – REF – –
AZT/3TC/NVP 1.76 0.95–3.25 0.07 1.67 0.89–3.14 0.11
AZT/3TC/EFV 1.00 0.51–1.94 0.99 1.05 0.53–2.08 0.88
TDF/3TC/NVP 1.26 0.20–7.82 0.80 1.23 0.19–7.96 0.83

Family history of diabetes
or hypertension

0.96 0.49–1.87 0.90 N/A

Current or former smoker 0.82 0.44–1.52 0.52 N/A

aMetabolic syndrome was defined as having two or more of the following: a fasting glucose of >100 mg/dL, triglycerides >150 mg/dL,
HDL-C <40 mg/dL; waist circumference >102 cm in men and >88 cm in women.17
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overweight and obesity in the sub-Saharan population that
predict morbidity,26 and discerning the impact of such high
rates of obesity on the long-term health of this population.

While it is well established that higher CVD profiles also
correlate with higher risk of stroke and myocardial infarction
among PLWH in the United States and Europe,11,14,27–30

whether this same relationship exists in Saharan Africa re-
mains to be elucidated. Much of the data on CVD outcomes
in the region are limited to cross-sectional studies and are
focused on hypertension prevalence,31,32 with studies from
South African being the primary exception.

A prospective analysis characterizing stroke in black South
African HIV-positive patients found that people with HIV
suffered strokes at relatively young ages (median 32 years
old).29 Another study of chronic co-morbidities among in-
dividuals aged 50 years and older in South Africa found over
twice the prevalence of angina among PLWH compared to
HIV-uninfected controls (13.7% vs. 5.8%).33 In contrast, a
recent study comparing carotid intima media thickness
measurements between PLWH and HIV uninfected controls
found no difference between groups, although the uninfected
population was slightly older and a higher proportion were
male.34

Nevertheless, another recent study noted strong associa-
tions between persistent immune activation after ART and
carotid atherosclerosis among HIV-infected persons in
Uganda, suggesting a role of HIV-associated inflammation in
increasing CVD risk in this population.35 As outcome data
begin to accrue, important questions for the field include
whether the increased risk of CVD seen in relatively young
people with HIV in sub-Saharan Africa will translate into
CVD morbidity and mortality, and whether current risk
scores accurately predict risk in this population.36

A number of limitations to this work should be considered.
First, the study was cross sectional in design, limiting our
ability to identify predictors and causative mechanisms of
cardiovascular disease risk in the study population. Second,
the Framingham risk scores calculated in our study were
developed and validated on western populations. HIV in-
fection,37 as well as other regional variations in risk,38 are
likely to cause divergence from the Framingham estimator.
For example, our study population was of a lower age than the
age distribution in the populations for whom conventional
CVD risk prediction models were developed.37 We expect
that we are likely to be under-estimating CVD risk, given the
known increased risk attributable to HIV infection that can be
under-estimated by current risk profiles.39

Third, we were unable to measure duration of HIV infec-
tion or its impact on CVD risk because it was unknown in
most study participants. To account for this limitation, we
used CD4 nadir as a surrogate for HIV disease duration and
severity. Fourth, we were unable to measure associations
between specific ART medicines and our CVD outcomes,
because the majority of patients were on one of two regimens
(TDF/3TC/EFV or AZT/3TC/NVP), preventing us from
comparing subclasses of drugs. Lastly, we did not have an
HIV-uninfected group in our study, which limits our ability to
assess the relative contribution of HIV infection to CVD risk.

In summary, we found a high prevalence of metabolic ab-
normalities among people living with HIV on first-line ART in
rural, southwestern Uganda. Our data add to a growing body of
information supporting an epidemiologic shift among people
with HIV infection with access to ART, even in low-income
and remote settings.3 Our finding of higher rates of metabolic
syndrome in females is keeping with other data from the region
and suggests the potential for a different CVD risk profile in

Table 5. Factors Associated with 10-Year Framingham Risk Score Corresponding

to Greater than 5% Risk of Cardiovascular Event

Characteristic

Univariate analysis Multivariate analysis

Odds
ratio

Confidence
interval

p
Value

Adjusted
odds ratio

Confidence
interval

p
Value

Sex, female 0.57 0.25–1.33 0.20 0.56 0.24–1.33 0.19
Duration on HAART 0.29 0.04–1.91 0.20 0.23 0.03–1.77 0.13
Nadir CD4 count, 1.00 0.99–1.00 0.87
Current CD4 count 1.00 1.00–1.00 0.34
ART regimen

TDF/3TC/EFV REF – – REF – –
AZT/3TC/NVP 1.25 0.51–3.06 0.62 1.71 0.65–4.53 0.28
AZT/3TC/EFV 0.36 0.08–1.63 0.18 0.46 0.10–2.18 0.32
TDF/3TC/NVP 0.00 N/A N/A

Weight change 0.98 0.92–1.04 0.60
Family history of diabetes

or hypertension
0.65 0.18–2.28 0.50

Table 4. Ten-Year Cardiovascular Disease Risk Using the Framingham Risk Score

Framingham risk (10-year CHD risk using LDL score) <2% 2–5% 6–10% >10%

Total population (n = 250), n (%) 106 (42.4) 101 (40.4) 34 (13.6) 9 (3.6)
Men (n = 81), n (%) 3 (3.7) 57 (70.4) 18 (22.2) 3 (3.7)
Women (n = 169), n (%) 103 (61.0) 44 (26.0) 16 (9.5) 6 (3.6)

CVD, cardiovascular disease.
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this population. Additional data are needed to further identify
the contribution of HIV infection to CVD risk and the impact
of cardiovascular disease on morbidity and mortality in this
population. The use of statins has been shown to reduce car-
diovascular risk potentially in HIV-infected patients else-
where.40–42 Further studies are required to assess the feasibility
of this and other scalable interventions that may decrease
morbidity and mortality for this population.
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