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Background Background 
The burden of non-communicable diseases (NCDs) is rapidly increasing in low- and 
middle-income countries, but remains largely unknown among people living with HIV 
(PLWH) in most sub-Saharan African countries. 

Methods Methods 
We estimated the proportion of PLWH in Uganda with raised blood pressure and high 
total cholesterol, and used a modified cardiovascular disease (CVD) risk prediction model 
(Globorisk) to assess the 10-year risk of atherosclerotic cardiovascular disease using 
individual-level data on cardiometabolic risk factors, population-level data on HIV 
prevalence and ART coverage, and the impact of HIV on blood pressure and cholesterol. 

Results Results 
Among PLWH aged 30 to 69 years, the prevalence of raised blood pressure was 30% (95% 
uncertainty range, UR=27-33%) in women and 26% in men (95% UR=23-29%). The 
predicted mean 10-year CVD risk was 5% for HIV-infected women, and 6% for 
HIV-infected men. Five percent (n=41,000) of PLWH may experience a CVD event from 
2016 to 2025 with an estimated 38% of these events being fatal. Full ART coverage would 
have little effect on the predicted number of CVD cases. 

Conclusions Conclusions 
Despite having a high prevalence of raised blood pressure, the burden of atherosclerotic 
CVD among PLWH in Uganda remains low. ART programs should prioritize routine 
screening and treatment of raised blood pressure. An approach of using HIV treatment 
delivery platforms to deliver care for NCDs may miss the larger burden of disease among 
HIV-uninfected individuals that are not routinely seen at health facilities. 

Increased access to antiretroviral therapy (ART) for peo-
ple living with HIV (PLWH) has substantially improved sur-
vival in countries with a high HIV prevalence.1 In Uganda, 
ART coverage reached 70% by 20172 while life expectancy at 
birth increased from 45 years in 2004 (the year ART services 

were initially rolled out) to 62 years in 2017.3 In the mean-
time, there has been an increase in the burden of noncom-
municable diseases (NCDs) in most of sub-Saharan Africa.4 

With better survival and subsequent ageing, PLWH are 
faced with the increasing risk of NCDs,5,6 predominantly 
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cardiovascular diseases (CVD).7 This has partly been attrib-
uted to inflammatory processes in HIV infection that are as-
sociated with an increased risk for CVD.8 In addition, as a 
result of increased ART coverage, PLWH increasingly have 
similar cardiometabolic risk profiles as those of HIV-unin-
fected individuals.9 

Several studies in high-income countries found a higher 
CVD risk in PLWH compared with HIV-uninfected individ-
uals.7 A pooled analysis of these studies estimated a 79% 
increased risk for myocardial infarction due to HIV infec-
tion and more than double the risk for stroke.7 In sub-Sa-
haran Africa, studies comparing CVD risk by HIV status re-
main limited. Most studies are cross-sectional comparisons 
of traditional CVD risk factors by HIV status and have con-
cluded that PLWH have more favorable CVD risk profiles.9 

A systematic review estimated that PLWH in sub-Saharan 
Africa have on average 2·3 kg/m2 lower body mass index 
(BMI) than HIV-uninfected individuals, and their systolic 
blood pressure is on average 5·6 mmHg lower.9 Longitudinal 
studies assessing CVD events are also sparse in sub-Saharan 
Africa due to challenges establishing these cohorts and in 
documenting CVD events. A case-control study from Tanza-
nia found that HIV infection was associated with five times 
higher odds of stroke.10 

Furthermore, national estimates on the prevalence of 
CVD risk factors and CVD risk in PLWH are not available in 
most of sub-Saharan Africa where countries do not have na-
tionally representative surveys that jointly assess HIV/ART 
status and cardiometabolic risk factors and lack complete 
vital registration systems. In the absence of primary data 
on hard CVD endpoints, risk prediction models are a practi-
cal alternative but most of these models were developed us-
ing data from high-income countries that are not applicable 
to PLWH in sub-Saharan Africa. In addition, most models 
do not account for the direct effect of HIV on CVD,8 an ef-
fect that is independent of changes in risk factors like blood 
pressure, diabetes and total cholesterol. Excluding this ef-
fect would potentially underestimate CVD risk among HIV-
infected individuals as was shown in a Ugandan study that 
predicted lower CVD risk in PLWH than in matched HIV-un-
infected controls.11 This comparison was based on predic-
tions made with Framingham and American Heart Associ-
ation’s pooled cohort risk scores, neither of which include 
this direct effect. Other studies have used the Data collec-
tion on Adverse Effects of Anti-HIV Drugs Study (D:A:D) 
prediction model which takes into account the effects of low 
immunity (CD4 cell count) and specific ART drugs on CVD 
risk.11,12 However, the D:A:D model was also developed for 
high-income countries and has not been recalibrated for use 
in sub-Saharan Africa.13 

To fill this gap, we developed a microsimulation model 
to quantify the proportion of PLWH in Uganda with raised 
blood pressure and high total cholesterol, and used a risk 
prediction model calibrated for Uganda that takes into ac-
count the direct effect of HIV on CVD, to predict the burden 
of atherosclerotic CVD (stroke and coronary heart disease) 
among PLWH. 

METHODS 

We used various data sources to create a nationally rep-

resentative sample of Ugandans aged 30 to 69 years, with 
estimates on traditional CVD risk factors (systolic blood 
pressure, diastolic blood pressure, total cholesterol, dia-
betes and smoking), as well as HIV and ART status. We 
then quantified the proportion of individuals with raised 
blood pressure and high total cholesterol using standard 
clinical thresholds. Thereafter, we used values on systolic 
blood pressure, total cholesterol, diabetes, smoking status, 
as well as age, sex and HIV status to predict each individ-
ual’s 10-year risk for fatal and non-fatal CVD. 

DATA SOURCES 

Individual-level values on systolic blood pressure, diastolic 
blood pressure, total cholesterol, diabetes and smoking 
were available from the nationally representative 2014 
Uganda STEPS Survey.14 Age and sex-disaggregated esti-
mates for HIV prevalence were taken from the 2016 Uganda 
Population Based HIV Impact Assessment Survey (supple-
mentary Table S1).15 We derived ART coverage estimates by 
sex for 2016 from a report by Uganda’s Ministry of Health.16 

EFFECT OF HIV AND ART ON CVD RISK FACTORS 

HIV infection and ART have both been associated with 
changes in traditional CVD risk factors.9 We identified from 
a pooled analysis of sub-Saharan African studies, the mean 
differences in systolic blood pressure, diastolic blood pres-
sure and fasting blood glucose by HIV and ART status.9 We 
updated findings of this pooled analysis by including re-
cently published articles (Table 1Table 1). 

CREATING A NATIONALLY REPRESENTATIVE SAMPLE 

We created a nationally representative sample of adults 
aged 30 to 69 years with individual-level data on HIV/ART 
status and on traditional CVD risk factors. This enabled us 
to take into account the direct effect of HIV on CVD, as 
well as the effects of HIV and ART on CVD that are mediat-
ed through traditional CVD risk factors. We included indi-
viduals aged 30 to 39 years because CVD events have been 
observed to occur at younger ages in HIV-infected individ-
uals17; we did not include individuals older than 69 years 
because this age group represents a small population in 
Uganda (1% in 2016)15 and was not included in the STEPS 
survey. As HIV status is not assessed in the STEPS survey, 
we used data on HIV prevalence and ART coverage to im-
pute each individual’s HIV and ART status by five-year age 
groups and sex, to create three categories of individuals: 
HIV-uninfected, HIV-infected not on ART, and HIV-infected 
on ART. We thereafter used data on the distributions of tra-
ditional CVD risk factors in the STEPS survey by age group 
and sex, mean differences of these risk factors by HIV and 
ART status (Table 1), as well as estimates for HIV prevalence 
and ART coverage to impute each individual’s systolic blood 
pressure, diastolic blood pressure and total cholesterol lev-
els. We kept the individual-level observed values from the 
STEPS survey for diabetes and smoking as there is no evi-
dence for an effect of HIV, or ART on these two risk factors 
in Uganda (Figure 1Figure 1). 
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Table 1. Estimated mean differences in cardiometabolic risk factors by HIV and ART status Table 1. Estimated mean differences in cardiometabolic risk factors by HIV and ART status 

Risk factor Risk factor 
EstimateEstimate†  

HIV-infected vs. HIV-uninfectedHIV-infected vs. HIV-uninfected‡  ART-treated vs. ART-naïveART-treated vs. ART-naïve§ § 

Systolic blood pressure, mmHg -5·57 (-7·53, -3·61) 0·73 (-2·89, 4·35) 

Diastolic blood pressure, mmHg|| -3·21 (-4·91, -1·50) 0·66 (-0·44, 1·76) 

Total blood cholesterol, mmol/L -0·39 (-0·77, -0·02) 0·57 (0·25, 0·89) 

Fasting blood glucose, mmol/L|| 0·11 (-0·59, 0·80) -0·09 (-0·37, 0·20) 

† 95% uncertainty ranges indicated in parentheses 
‡ Negative values represent lower means in HIV-infected as compared to HIV-uninfected individuals 
§ Negative values represent lower means in patients on ART as compared to ART-naïve individuals 
|| Globorisk CVD risk prediction model only uses systolic blood pressure, total cholesterol and prevalence of diabetes 
ART: antiretroviral therapy 

Figure 1: Flowchart for assigning CVD risk factors by HIV and ART status for individuals aged 30 to 69 years in Uganda. Figure 1: Flowchart for assigning CVD risk factors by HIV and ART status for individuals aged 30 to 69 years in Uganda. 
STEPS: STEPWise approach to surveillance survey, MOH: Ministry of Health, UPHIA: Uganda Population Based HIV Impact Assessment Survey, SD: Standard deviation, CVD: 
cardiovascular diseases, ART: antiretroviral therapy, SBP: systolic blood pressure, DBP: diastolic blood pressure, TC: total cholesterol, DM: diabetes mellitus. 
†Observed proportions of smokers and people with diabetes in the STEPS survey maintained because these two risk factors do not differ by HIV and ART status in Uganda. 

ESTIMATING CVD RISK AND CVD EVENTS IN HIV-
INFECTED AND HIV-UNINFECTED INDIVIDUALS 

We modified the Globorisk model which was developed to 
estimate 10-year risk of stroke and coronary heart disease 
globally.18 This model uses pooled data from eight large 
prospective cohorts in the US and can be recalibrated for 
use in other countries. For Uganda, this was done by using 
age- and sex-specific CVD rates, and average CVD risk fac-
tor levels in the population (from the STEPS survey). We 
used CVD rates in Uganda from the World Health Organi-
zation (WHO)18 that are comparable to those of the Glob-
al Burden of Disease (GBD) study19 (Online Supplementary Online Supplementary 
DocumentDocument, Figure S1). We modified the risk prediction 
equation to include the direct effect of HIV on CVD that 

is not mediated through traditional CVD risk factors (OnOn--
line Supplementary Documentline Supplementary Document, Figure S2). To quantify the 
direct effect, we re-analyzed studies included in a recent 
meta-analysis.20 We identified studies in this meta-analysis 
with estimates of effect of HIV on CVD that is not mediated 
through metabolic risk factors, and pooled them separately 
for coronary heart disease and stroke. We combined the two 
pooled hazard ratios (HR) using the incidence rate of coro-
nary heart disease and stroke in Uganda per the most recent 
estimates of the GBD study19 as weights to calculate a sin-
gle HR for the direct effect of HIV on CVD (HR=1·63, 95% 
confidence interval, CI=1·31-1·93). The modified model that 
includes the direct effect of HIV is: 
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where  is the CVD rate for individual  of HIV status 
at age ;  is the age- and sex-specific CVD rate;  de-
notes CVD risk factors in the model (systolic blood pressure, 
total serum cholesterol, diabetes, and smoking);  is the 
log hazard ratio of each risk factor from Globorisk18; 
are mean levels of risk factor  for each age-sex and HIV sta-
tus;  represents the interaction between age and risk fac-
tor , and  represents the interaction term between dia-
betes/smoking and sex;  represents the direct effect of HIV 
on CVD (in log relative risk scale); and  is the age-sex-
specific prevalence of HIV. We assume a constant risk factor 
profile over the ten-year prediction period to estimate the 
CVD risk for an individual  aged  as: 

where  is the individual’s age at each of the subsequent 
nine years, and  is defined in (1). 

We compared the estimated CVD risk under ART cover-
age levels of 2016 to a hypothetical scenario where all HIV-
infected individuals would be on ART (i.e. full coverage). 
Next, we assessed the distribution of fatal and non-fatal 
CVD risk in the population by sex and HIV status. Following 
the American College of Cardiology/ American Heart Asso-
ciation’s (ACC/AHA) criteria,21 we used a 7·5% 10-year CVD 
risk threshold to identify high-risk individuals that would 
benefit from using statins for primary prevention of CVD. 
To quantify the number of CVD events for each age (30 to 
44, 45 to 59, and 60 to 69 years) and sex group, we multi-
plied its mean CVD risk with the size of the corresponding 
population using estimates from the United Nations Pop-
ulation Division (Online Supplementary DocumentOnline Supplementary Document, Figure 
S3).22 

To incorporate uncertainty in our modeling, we ran 
n=1000 simulations and extracted the 2.5, 50 and 97.5 per-
centile values for the point estimate and the confidence 
bounds. In each simulation, we extracted values from in-
dependent distributions of the following input parameters: 
cardiometabolic risk factors, their mean differences by HIV 
and ART status, HIV prevalence, and the HR for the direct 
effect of HIV on CVD. All analyses were performed using 
Stata version 15 (Stata Corp., TX, USA). 

ETHICS APPROVAL 

No informed consent was required because study proce-
dures did not involve research on human subjects. The 
study was approved by the ethical review boards of Mbarara 
University of Science and Technology (# MUREC 14/09-17), 
the Uganda National Council of Science and Technology, 
and the Harvard Chan School of Public Health 
(IRB16-2062). 

RESULTS 

A total of 6,975,373 adults aged 30-69 years were included 
in the analysis and a majority (58%) were women. The 
prevalence of HIV was 11% in women and 9% in men, and 
ART coverage was 77% for women and 54% for men. 

The estimated mean systolic blood pressure in women 
was 129 mmHg in those who were HIV-uninfected and 122 
mm Hg in HIV-infected individuals. For men, mean systolic 
blood pressure was 129 mm Hg in those who were HIV-
uninfected and 123 mmHg for HIV-infected counterparts. 
HIV infection was associated with a lower prevalence of 
raised blood pressure (Figure 2Figure 2). The estimated mean total 
cholesterol levels were generally low, more so in men. The 
mean total cholesterol level in HIV-infected women was 4·0 
mmol/L, and 3·9 mmol/L in women who were HIV-infect-
ed. For men, the mean total cholesterol level was 3·8 mmol/
L in those who were HIV-uninfected men, and 3·5 mmol/
L in HIV-infected individuals (Online Supplementary DocuOnline Supplementary Docu--
mentment, Table S2). 

The predicted mean 10-year risk for CVD was 5.0% in 
HIV-infected women, 3.5% in HIV-uninfected women, 6.3 
% in HIV-infected men and 4.7% in HIV-uninfected men 
(Figure 3,Figure 3, panel A). Although HIV infection led to a higher 
estimated 10-year risk of CVD (Figure 3Figure 3, panel A), a large 
proportion of HIV-infected individuals were at low risk for 
CVD as shown by a mean 10-year CVD risk of 5% in women 
and 6% for men. 19% of HIV-infected women and 28% of 
HIV-infected men would meet criteria for primary preven-
tion of CVD according to ACC/AHA guidelines (Figure 3, Figure 3, 
panel B). Our model predicted about 41,000 CVD cases to 
occur from 2016 to 2025 among HIV-infected individuals 
(19,000 in women and 22,000 in men), and about 320,000 
cases among HIV-uninfected individuals (140,000 in women 
and 180,000 in men, Figure 4Figure 4), a reflection of the respective 
numbers of HIV-infected and HIV-uninfected individuals in 
Uganda. Thirty-eight percent of the predicted CVD cases in 
HIV-infected individuals were fatal (44% in women; 33% in 
men). Among HIV-infected women, the predicted number 
of CVD cases was on average similar across the three age 
groups (ranging from 5,400 to 7,800), a pattern that is ex-
plained by the prevalence of HIV, the CVD rate and the pop-
ulation from each specific age group. For example, although 
HIV prevalence and population sizes were highest among 
women aged 30 to 44 years, higher CVD rates in women of 
older age groups resulted in almost similar CVD cases pre-
dicted for the three age groups. A different pattern was pre-
dicted for HIV-infected men: CVD cases doubled from 6,000 
cases in men aged 30 to 44 years to over 12,000 cases in 
those aged 45 to 59 years because of the higher prevalence 
of HIV in older men (5·6% in men aged 30 to 34 years vs. 
14·0% in those aged 45 to 49 years) and a higher CVD rate in 
older age groups. The predicted number of CVD cases sub-
sequently declined to 3,000 cases in HIV-infected men aged 
60 to 69 years due to the small population figures in this 
age group. Full ART coverage would have little impact on 
CVD risk due to already high ART coverage levels in 2016. 
For example, full ART coverage in 60 to 69 year-olds would 
result in a similar 10-year risk for CVD to the one that was 
predicted for ART coverage levels of 2016 (17% vs. 16% for 
women, and 18% vs. 20% for men). The predicted number 
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Figure 2: Estimated prevalence of raised blood pressure and high total cholesterol by HIV status in Uganda in 2016. Figure 2: Estimated prevalence of raised blood pressure and high total cholesterol by HIV status in Uganda in 2016. 
BP: blood pressure, TC: total cholesterol, ART: antiretroviral therapy. 
Raised blood pressure defined as systolic blood pressure ≥ 140 mmHg, or diastolic blood pressure ≥ 90 mmHg, or being on antihypertensives. 
High total cholesterol defined as total blood cholesterol ≥ 5.0 mmol/L, or being on treatment for hyperlipidemia. 
Note: 77% of HIV-infected women and 54% of HIV-infected men were on ART. 

of CVD cases over ten years would also remain fairly un-
changed (Online Supplementary DocumentOnline Supplementary Document, Figure S4). 

DISCUSSION 

We estimated the burden of CVD among PLWH in Uganda. 
Overall, we found that HIV infection was associated with 
a lower prevalence of raised blood pressure but a higher 
10-year risk for CVD due to the harmful direct effect of HIV 
on CVD risk. Our findings further highlight that despite the 
higher risk of CVD in PLWH, the predicted burden of CVD is 
still low among this population with 5% (41,000) of all cas-
es of stroke and CHD estimated to occur among PLWH from 
2016 to 2025. To our knowledge, this is one of the first stud-
ies that uses a CVD risk prediction model calibrated for a 
specific sub-Saharan African country, and that includes the 
direct effect of HIV to quantify the national burden of CVD 
among PLWH. 

Our estimates on traditional CVD risk factors (blood 
pressure and total cholesterol levels) are consistent with 
those of a study in western Uganda where PLWH had lower 
odds of hypertension than matched HIV-uninfected con-
trols but where no difference was observed in mean total 
cholesterol levels by HIV status.23 Our estimates are repre-
sentative of the CVD risk profile in Uganda in 2016: the low-
er proportion of raised blood pressure in HIV-infected indi-
viduals is in part due to immunosuppression in those who 
had not started ART by 2016 (23% of women and 46% of 
men).16 These observed differences in CVD risk factors by 
HIV status are likely to reduce as more HIV-infected indi-
viduals start ART early. Yet, almost a third of adults living 

with HIV require treatment for raised blood pressure, a ser-
vice that might not be readily available in most HIV treat-
ment facilities. As per ACC/AHA guidelines, a sizable pro-
portion (19% of women and 28% of men) would also require 
statins for primary prevention of CVD, a therapy that is even 
more difficult to access in Uganda than treatment of raised 
blood pressure. 

The estimated higher risk of CVD among HIV-infected 
individuals is due to the direct effect of HIV that outweighs 
the beneficial effect of having lower CVD risk factor levels 
when compared to HIV-uninfected individuals. We used a 
direct effect of HIV from a pooled estimate of studies in 
high-income countries.20 This HR is likely to be conserv-
ative because most HIV patients in these studies were on 
ART, a factor that was linked to lower risk for CVD in the 
Strategies for Management of Antiretroviral Therapy 
(SMART) trial.24 Our findings are consistent with previous 
studies that predicted low mean CVD risk among PLWH in 
Uganda.11,12 Only 17% of individuals (26% males and 13% 
females) in one study had a 10-year CVD risk that exceed-
ed 5%.12 However, even slightly higher risk of CVD associ-
ated with HIV infection is concerning, particularly in old-
er ages, given the increasing longevity of HIV-infected in-
dividuals. In addition, annual new HIV infections in adults 
are still high in Uganda with over 83,000 new cases reported 
in 2015.2 A continued trend of a high adult HIV incidence 
together with effects of aging on CVD risk factors will po-
tentially lead to a larger burden of CVD among PLWH in the 
future. 

The total number of CVD events predicted among HIV-
infected and uninfected individuals over ten years (362,000) 
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Figure 3: Estimated 10-year risk for fatal and non-fatal cardiovascular disease (CVD) in Uganda under different ART Figure 3: Estimated 10-year risk for fatal and non-fatal cardiovascular disease (CVD) in Uganda under different ART 
coverage scenarios (Panel A) and distributions of predicted 10-year risk for fatal and nonfatal CVD in the population by coverage scenarios (Panel A) and distributions of predicted 10-year risk for fatal and nonfatal CVD in the population by 
HIV status (Panel B) HIV status (Panel B) 

ART: antiretroviral therapy. 
Note: 77% of HIV-infected women and 54% of HIV-infected men were on ART in 2016. 
Panel A: Estimated 10-year risk for cardiovascular disease by age, sex, HIV and ART status. 
Panel B: Estimated distribution of CVD risk by sex and HIV status. Dotted vertical lines represent a 7.5% 10-year risk threshold that would be used to identify high-risk individ-
uals who would benefit from primary CVD prevention approaches. 

Figure 4: Estimated fatal and non-fatal cardiovascular disease (CVD) cases in Uganda from 2016 to 2025. Figure 4: Estimated fatal and non-fatal cardiovascular disease (CVD) cases in Uganda from 2016 to 2025. 
ART: antiretroviral therapy. 
Note: 77% of HIV-infected women and 54% of HIV-infected men were on ART 

is comparable to estimates from the Global Burden of Dis- ease study.19 The overall burden of CVD is much higher 
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among HIV-uninfected individuals due to their larger num-
bers in the population (adult HIV prevalence was 6% in 
Uganda in 2016; Online Supplementary DocumentOnline Supplementary Document, Figure 
S3). The number of CVD events in PLWH (about 4,100 cases 
per year) is smaller than that of common opportunistic con-
ditions in HIV. For example, an estimated 34,000 new cases 
of tuberculosis (TB) occur among PLWH in Uganda each 
year.25 The predicted number of CVD cases is also likely to 
increase as PLWH survive to older ages. Yet, our findings 
underscore the growing evidence that cardiovascular condi-
tions are a leading non-HIV related cause of death in PLWH 
in sub-Saharan Africa.5 The high burden of CVD among 
HIV-uninfected individuals (about 32,000 cases per year) is 
alarming because the Uganda’s current healthcare delivery 
system is unlikely to adequately address these large num-
bers. There has been increased advocacy for building onto 
existing HIV treatment platforms to deliver care for NCDs 
to the general population in countries with a high preva-
lence of HIV.26 There is however limited empirical evidence 
on how to achieve this, and this NCD-HIV integration ap-
proach is also likely to miss the larger burden of NCDs 
among HIV-uninfected individuals that are not routinely 
seen at health facilities. 

We estimated that increasing ART coverage to 100% 
would have little impact on the number of CVD cases among 
PLWH over ten years. This is due to the minimal impact of 
ART on blood pressure and total cholesterol (Table 1) and 
the moderately high ART coverage in PLWH in 2016 (77% 
for women, 54% for men in Uganda) as a result of nation-
al policies that have promoted early initiation of ART.16 By 
2011, in line with WHO recommendations, the Ministry of 
Health of Uganda enforced new guidelines requiring ART 
initiation at higher CD4 cell counts (≥ 350 cells/mm3) than 
before27; and the test-and-treat initiative that was rolled 
out in 2016 will lead to even earlier ART initiation.27 

Our analysis has several major strengths. First, we used 
nationally representative data on CVD risk factors, HIV 
prevalence and ART coverage to quantify the proportion of 
individuals with specific risk factors and each individual’s 
10-year risk for CVD. We also took into account the effect 
of HIV and ART on CVD risk factors in sub-Saharan Africa 
by updating findings of a recent meta-analysis.9 Addition-
ally, our analysis incorporated uncertainty in several para-
meters by accounting for their distributions and variations 
in the population. We used the Globorisk CVD prediction 
model as it could be easily calibrated to fit Uganda’s CVD 
risk profile,18 to prevent over- or under-estimation of CVD 
risk when models developed for high-income countries are 
used in sub-Saharan African populations.28 We also revised 
the model to include the direct effect of HIV. 

Nevertheless, our results should be interpreted with cau-
tion. First, as is conventional with most risk prediction 
scores, our risk equations did not consider competing risks. 
Although CVD has been shown to be a leading non-AIDS 
cause of death in PLWH in sub-Saharan Africa,5 there are 
other common causes of death like tuberculosis. Our risk 
prediction also did not include non-atherosclerotic CVD 
events like heart failure and sudden cardiac death that have 
been linked to HIV-infection.29,30 Second, our model did 
not incorporate the effects of low immunity and those of 
some antiretroviral drugs that have been linked to higher 

risk for CVD.8 Our analysis did not use age-disaggregated 
estimates of ART coverage and did not incorporate uncer-
tainty in ART coverage because such data were not avail-
able. Lastly, as with other models, we are unable to validate 
the predicted CVD cases due to lack of hard clinical end-
points in this setting. 

CONCLUSIONS 

We found that the predicted burden of atherosclerotic CVD 
among PLWH remains low despite a high prevalence of 
raised blood pressure, and that the CVD burden is much 
higher among HIV-uninfected individuals. HIV treatment 
programs should prioritize screening and treatment of 
raised blood pressure so to avoid the missed opportunities 
that have been previously reported.31 Specific emphasis 
should be put on studying the clinical effects of Dolute-
gravir-based ART as countries in sub-Saharan Africa tran-
sition to this recommended first line therapy. Addressing 
the larger burden of CVD and other emerging NCDs among 
HIV-uninfected individuals will necessitate more empirical 
evidence on how to build onto existing HIV care and treat-
ment platforms to deliver this care to the general popula-
tion.32 
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