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Abstract

Aims Efforts to improve access to antiretroviral therapy (ART) have shifted morbidity and mortality among persons living
with HIV (PLWH) from AIDS to non-communicable diseases, such as cardiovascular disease (CVD). However, contemporary
data on CVD among PLWH in sub-Saharan Africa in the current ART era are lacking. The aim of this study was to assess the
burden of cardiac stress among PLWH in South Africa via measurement of N-terminal prohormone of brain natriuretic peptide
(NT-proBNP).
Methods and results NT-proBNP was measured at baseline in 224 PLWH enrolled in a sub-study of a tuberculosis vaccine
trial in Khayelitsha township near Cape Town, South Africa. Thresholds were applied at the assay’s limit of detection
(≥137 pg/mL) and a level indicative of symptomatic heart failure in the acute setting (>300 pg/mL).
Mean (SD) age of participants was 39 (6) years, 86% were female, and 19% were hypertensive. Mean (SD) duration of HIV di-
agnosis was 8.3 (3.9) years and CD4 + count was 673 (267) with 79% prescribed ART for a duration of 5.6 (2.7) years. Thirty-one
percent of participants had NT-proBNP > 300 pg/mL. Elevated vs. undetectable NT-proBNP level was associated with older age
(P = 0.04), no ART (P = 0.03), and higher plasma tumour necrosis factor-α (P = 0.01).
Conclusions Among South African PLWH largely free of known CVD and on ART with high CD4 + counts and few comorbid-
ities, we observed a high proportion with elevated NT-proBNP levels, suggesting the burden of cardiac stress in this population
may be high. This observation underscores the need for more in-depth research, including the current effect of HIV on heart
failure risk among a growing ART-treated population in sub-Saharan Africa.
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Introduction

Cardiovascular disease (CVD) is a leading cause of morbidity
and mortality among persons living with HIV (PLWH) who
have access to antiretroviral therapy (ART).1,2 Extensive evi-
dence shows that HIV infection is an independent risk factor
for CVD.3 However, research on HIV-associated CVD has

largely been conducted in high-income countries with an em-
phasis on atherosclerotic disease (e.g. risk of myocardial in-
farction). Nearly 70% of the global HIV epidemic exists in
sub-Saharan Africa,4 where access to ART is increasing5 and
heart failure (HF) is a common CVD manifestation.6–10 De-
spite the high prevalence of HIV infection in countries such
as South Africa (SA), the magnitude and phenotype of CVD
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risk among PLWH in this region remains poorly characterized
in the current ART era.

N-terminal prohormone of brain natriuretic peptide (NT-
proBNP) is a powerful clinical biomarker secreted in response
to myocyte stretch due to increased ventricular preload.11,12

It is elevated with myocardial dysfunction during both systole
and diastole and is an important diagnostic test used in clini-
cal routine to support diagnosis of both HF with reduced and
preserved ejection fraction.13–16 In addition to aiding in the
diagnosis of HF, NT-proBNP also improves risk prediction for
CVD outcomes as well as mortality.17–30

Aim

The aim of this study was to assess the burden of cardiac
stress via measurement of NT-proBNP levels among a popula-
tion of PLWH with few comorbidities and at low risk for AIDS.

Methods

Study population

A phase IIB tuberculosis (TB) vaccine trial (C-030-485,
NCT01151189) conducted among PLWH in Khayelitsha town-
ship in SA recruited asymptomatic adults with few comorbid-
ities and at low risk for opportunistic illness.31 The current
study includes a subsample of participants from this vaccine
trial that were enrolled in the HIV-HEART sub-study and gave
written informed consent to storage of baseline blood speci-
mens for future testing. The study was conducted in accor-
dance with local and international ethics standards (UCT
HREC 307/2013).

Khayelitsha is a low-income, densely populated peri-urban
township located 35 km from Cape Town, SA with an esti-
mated HIV prevalence of 20%.32 The target population for en-
try into the parent TB vaccine trial was PLWH age 18–50 years
with CD4 + counts of >300 cells/μL if ART experienced or
>350 cells/μL if ART naïve. Exclusion criteria included acute
illness, fever, evidence of active TB disease, history of cancer,
history of liver disease, or history of renal failure at entry—
the time of blood draw for biomarker assessment. Partici-
pants were recruited from the community via radio and
newspaper advertisements as well as pamphlets distributed
at primary care clinics.

Clinical data

Clinical data were collected at the time of enrolment in the
vaccine trial and included both confirmed and participant
self-reported data. Confirmed data were obtained from med-
ical records (e.g. medical diagnoses, prior clinical labs, and

prescribed medications), and self-reported data were
ascertained by interview (e.g. drug use).

Biomarker measurement

Measurement of NT-proBNP as well as biomarkers of inflam-
mation [interleukin-6 and tumour necrosis factor-α (TNF-α)]
was performed using enzyme-linked immunosorbent assays
and standardized protocols on fasting serum samples col-
lected at parent trial baseline and stored at �70°C.

Statistical methods

Descriptive analyses involved examination of variable distri-
butions via histograms and frequency tables for continuous
and categorical variables, respectively. NT-proBNP levels
were assessed using thresholds applied at the assay’s lower
limit of detection (≥137 pg/mL) and the upper limit of normal
in the acute setting by European Society of Cardiology HF di-
agnostic guidelines (>300 pg/mL).33 Demographic and clinical
characteristics were then compared between participants
with NT-proBNP level < 137 pg/mL and those with
>300 pg/mL using complete case logistic regression. All anal-
yses were conducted using SAS version 9.4 with a two-sided
Type I error probability of 0.05.

Results

The C-030-485 trial enrolled 292 participants at the Cape
Town site. Excluded from analyses were those without con-
sent into the HIV-HEART sub-study or with no specimen avail-
able (n = 68), resulting in a final sample size of n = 224. Data
on demographics and clinical history were missing in up to 30
participants (13%), and recent HIV viral load and CD4 + cell
counts were missing in up to 75 participants (33%).

Participant demographic and clinical characteristics as well
as the distribution of NT-proBNP are presented in Table 1.
The overall study sample had a mean (SD) age of 39 (6) years
and was predominantly female participants (86%). Eleven
percent of participants were self-reported current tobacco
users, and 46% had history of prior TB infection. Nineteen
percent of participants were diagnosed with hypertension,
and the proportion with diabetes, dyslipidaemia, and known
prior CVD were each 2%. One or more cardiopulmonary
symptoms were observed in 10% of participants at the time
of the exam, including palpitations in 2%, angina in 3%, cough
in 4%, hemoptysis in 2%, dyspnoea in 2%, oedema in 2%, diz-
ziness in 3%, syncope in 2%, and fatigue in 3%. Two or more
of these symptoms were observed in 3% of participants.

The mean (SD) duration of HIV diagnosis was 8.3 (3.9)
years, and of those with historical HIV laboratory results
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available, the mean (SD) CD4 + count was 673 (267) cells/μL,
and 70% had an undetectable HIV viral load at their most re-
cent clinic visit. Seventy-nine percent of participants were on
ART, and of those, mean (SD) duration of ART treatment was
5.6 (2.7) years. Of those receiving ART, the precise regimen
was known in 60%, among which the most frequently pre-
scribed nucleoside reverse transcriptase inhibitors were
emtricitabine (89% of those on ART with known regimen)
and tenofovir disoproxil fumarate (64%). Non-nucleoside re-
verse transcriptase inhibitors were prescribed to 93% of
those on ART with known regimen, the most common of
which was efavirenz, and protease inhibitors were prescribed
to 8%, the most common of which was lopinavir.

Sixty-one percent of participants had an undetectable
low NT-proBNP (i.e. <137 pg/mL), with 39% having
detectable levels of NT-proBNP ≥ 137 pg/mL. The majority
of this detectable subgroup had NT-proBNP above the
clinical HF rule-out threshold of 300 pg/mL (31% of total

participants). When analysis was restricted to those with
complete clinical data, results were similar: 60% had NT-
proBNP <137 pg/mL, 8% between 137 and 300 pg/mL,
and 32% >300 pg/mL.

Comparedwith participantswithNT-proBNP _x0003C; 137pg/
mL, those with values > 300 pg/mL were slightly older with
a mean (SD) age of 38 (6) and 40 (6) years, respectively
(P = 0.04), and had slightly higher plasma TNF-α [3.0 (1.0) vs.
3.6 (1.9) pg/mL; P = 0.008]. There was no significant
between-group difference observed in the proportion of partici-
pants (86 vs. 86%; P = 0.92), current smokers (10 vs. 12%;
P = 0.69), or hypertensive (18 vs. 23%; P = 0.34) nor in mean
(SD) of body mass index [29.5 (7.7) vs. 28.6 (7.0) kg/m2;
P = 0.42]. There were also no significant between-group differ-
ences observed in the following HIV-related factors: prior TB (48
vs. 41%; P = 0.36), undetectable HIV viral load (72 vs. 70%;
P = 0.77), and mean (SD) CD4 + count [689 (298) vs. 641 (196)
cells/μL; P = 0.30]. However, more participants with NT

Table 1 Demographic and clinical characteristics of study participants (n = 224)

Mean (SD) or Proportion (n)a
High vs. low
NT-proBNP
P valuebOverall

Low NT-proBNP
< 137 pg/mL

NT-proBNP 137
to 300 pg/mL

High NT-proBNP
> 300 pg/mL

Participants 224 61% (136) 8% (19) 31% (69) -
Demographics
Age, years 39 (6) 38 (6) 40 (6) 40 (6) 0.04
Female sex at birth 86% (193) 86% (117) 89% (17) 86% (59) 0.92
Black African race 100% (224) 100% (136) 100% (19) 100% (69) --
Clinical history
Current tobacco user 11% (24) 10% (13) 16% (3) 12% (8) 0.69
Current alcohol user 31% (67) 58% (76) 58% (11) 68% (46) 0.17
Hypertension diagnosis 19% (36) 18% (20) 6% (1) 23% (15) 0.34
Diabetes diagnosis 2% (3) 2% (2) 0% (0) 2% (1) 0.92
Dyslipidaemia diagnosis 2% (4) 4% (4) 0% (0) 0% (0) --
Prior cardiovascular
diseasec

2% (4) 1% (1) 0% (0) 5% (3) 0.14

Prior tuberculosis 46% (88) 48% (54) 50% (8) 41% (26) 0.36
Duration of HIV
diagnosis, years

8.3 (3.9) 8.3 (3.9) 8.2 (3.7) 8.4 (4.0) 0.83

Currently on ART 79% (151) 84% (95) 75% (12) 70% (44) 0.03
Duration of ART, years 5.6 (2.7) 5.7 (2.6) 6.6 (3.2) 5.1 (2.7) 0.23
Clinical data
Body mass index, kg/m2 29.0 (7.3) 29.5 (7.7) 27.4 (6.2) 28.6 (7.0) 0.42
Systolic blood
pressure, mmHg

129 (15) 129 (15) 128 (12) 130 (18) 0.92

Diastolic blood
pressure, mmHg

82 (16) 81 (11) 80 (12) 84 (23) 0.21

Current cardiopulmonary
symptomd

10% (22) 11% (15) 16% (3) 6% (4) 0.31

Laboratory data
Most recent CD4 +
count, cells/μL

673 (267) 689 (298) 695 (294) 641 (196) 0.30

Most recent HIV viral
load undetectable

70% (105) 72% (62) 50% (6) 70% (37) 0.77

IL-6, pg/mL 1.11 (1.99) 1.14 (1.76) 0.70 (0.39) 1.14 (2.59) 0.98
TNF-α, pg/mL 3.20 (1.40) 2.98 (0.95) 3.37 (1.71) 3.58 (1.91) 0.008

aData on demographics and clinical history were missing in up to 30 participants, and recent HIV viral loads and CD4 + cell counts were
missing in up to 75 participants. When analysis was restricted to those with complete clinical data, 60% had NT-proBNP< 137 pg/mL, 8%
were 137–300 pg/mL, and 33% were >300 pg/mL.

bP value computed for between-group difference in mean or proportion using univariable complete case logistic regression.
cIncludes n = 1 prior stroke; n = 2 prior ischaemic heart disease; and n = 1 prior rheumatic heart disease.
dIncludes palpitations, angina, cough, hemoptysis, dyspnoea, oedema, dizziness, syncope, or fatigue.
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proBNP < 137 pg/mL were currently on ART compared with
those with values> 300 pg/mL (84 vs. 70%; P = 0.03). The effect
of no ART on elevated NT-proBNP was independent of age and
partially mediated by TNF-α in this population.

Conclusions

Among young and asymptomatic PLWH that presented for a
vaccine trial in a peri-urban township near Cape Town, SA,
we observed a very high proportion with elevated
NT-proBNP as defined by a validated diagnostic threshold.
This finding provides important and previously unavailable
contemporary data that suggest a substantial potential for
risk of cardiac stress and dysfunction among PLWH within
sub-Saharan Africa in the current era of widespread ART use.

Recent data from settings outside SA suggest that PLWH
are at a significantly higher risk for HF with both reduced
and preserved ejection fraction when compared with unin-
fected controls.34–36 HF is a heterogeneous condition that
can be caused by abnormalities of the myocardium, valves,
endocardium, and pericardium, all of which measurement
of NT-proBNP may detect and all of which may be of particu-
lar importance among PLWH in resource-limited settings.37

There are important limitations to this study. Elevated
NT-proBNP is an indirect assessment of cardiac dysfunction,
the interpretation of which depends on clinical context. A
very low proportion of this population had cardiopulmonary
symptoms (including dyspnoea and cough), and they largely
had high CD4 + cell counts and normal levels of circulating in-
flammatory biomarkers. We did, however, lack other impor-
tant contextual data, such as measurement of renal
function. Additionally, the convenience sampling of enrolees
in a separate vaccine trial may have affected generalizability
of our primary observation. For example, this sample had a
higher proportion of recent undetectable viral load and ART
use than is estimated in the overall population of South

African PLWH.38 Given that more advanced HIV disease with
immune suppression is classically associated with myocardial
dysfunction, the estimate of elevated NT-proBNP levels we
report may be conservative.

In summary, findings in this study suggest the burden of
cardiac stress may be high among PWLH in SA with few un-
derlying comorbidities. In a country where HIV prevalence is
one of the highest globally and access to ART is becoming
more widespread, this observation stresses the need for
more in-depth research on cardiac function in this
population.
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