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Background.  Heart failure is a prominent cardiovascular disease (CVD) manifestation in sub-Sarahan Africa. Myocardial fibrosis is a 
central feature of heart failure that we aimed to characterize among persons with human immunodeficiency virus (PWH) in South Africa.

Methods.  Cardiovascular magnetic resonance (CMR) imaging was performed among PWH with viral suppression and uninfected 
controls, both free of known CVD. Plasma levels of N-terminal pro B-type natriuretic peptide (NT-proBNP) were measured. Comparisons 
by human immunodeficiency virus (HIV) status were made using linear and logistic regression, adjusted for age, sex, and hypertension.

Results.  One hundred thirty-four PWH and 95 uninfected persons completed CMR imaging; age was 50 and 49 years, with 63% and 
67% female, respectively. Compared with controls, PWH had greater myocardial fibrosis by extracellular volume fraction ([ECV] abso-
lute difference, 1.2%; 95% confidence interval [CI], 0.1–2.3). In subgroup analyses, the effect of HIV status on ECV was more prominent 
among women. Women (vs controls) were also more likely to have elevated NT-proBNP levels (>125 pg/mL; odds ratio, 2.4; 95% CI, 
1.0–6.0). Among all PWH, an elevated NT-proBNP level was associated with higher ECV (3.4% higher; 95% CI, 1.3–5.5).

Conclusions.  Human immunodeficiency virus disease may contribute to myocardial fibrosis, with an effect more prominent 
among women. Research is needed to understand heart failure risk among PWH within sub-Saharan Africa.

Keywords.   cardiovascular disease; HIV; myocardial fibrosis; South Africa.

Among persons with human immunodeficiency virus (PWH), 
global efforts to increase access to effective antiretroviral 
therapy (ART) have reduced acquired immune deficiency syn-
drome (AIDS) progression and shifted the paradigm of mor-
bidity and mortality towards noninfectious diseases, such as 
cardiovascular disease (CVD) [1, 2]. Data on human immuno-
deficiency virus (HIV)-associated CVD in the modern ART era 
have largely been drawn from high-income countries (HICs), 
where ischemic complications (ie, myocardial infarction) from 
atherosclerotic disease are the most common CVD manifest-
ations [3, 4]. However, approximately 80% of the global CVD 
burden exists in low- to middle-income countries (LMICs) with 
70% of the HIV epidemic existing in sub-Saharan Africa [5, 6]. 

There is reason to suspect that HIV-associated CVD may be dif-
ferent in this context.

South Africa (SA) has the largest population of PWH 
worldwide at >7 million, with >50% provided access to ART 
treatment [2, 6, 7]. In “The Heart of Soweto” study, a seminal 
epidemiologic study of CVD in SA, the most common “pri-
mary” CVD etiology among persons presenting for cardiology 
evaluation was heart failure ([HF] at 44%), followed by hyper-
tension (19%), with ischemic coronary disease being infrequent 
(10%) [8]. Classically, HF associated with advanced untreated 
HIV involved a phenotype of cardiomyopathy with global sys-
tolic dysfunction [9, 10], but data among PWH on ART with 
higher CD4+ counts also demonstrate an excess burden of di-
astolic dysfunction [11–14]. When compared with uninfected 
controls, PWH from the US Veterans Aging Cohort Study had 
a higher incidence of HF, including both reduced and preserved 
ejection fraction phenotypes (HFrEF and HFpEF, respectively) 
[15, 16]. Contemporary data are needed to understand the 
pathogenesis of HIV-associated myocardial injury and HF risk, 
specifically in LMICs such as SA where CVD risk factor profiles 
differ from those in HICs.

Myocardial fibrosis represents a central underlying patho-
genic feature of HF that is apparent before clinical presentation 
and can help identify potential factors contributing to disease 
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risk [17–25]. Myocardial fibrosis is a complex process that may 
be triggered by injury, stress, and inflammation, resulting in ex-
tracellular matrix accumulation within the myocardium [26]. 
It is typically classified as either replacement or interstitial fi-
brosis, with the former resulting in focal patterns of fibrosis and 
the latter resulting in a diffuse pattern. Although causal mech-
anisms can overlap, focal scar is typically the result of ischemic 
injury, whereas the pathogenesis of diffuse fibrosis is often in-
fluenced by hypertension, ventricular hypertrophy, and aging 
[27–29].

Cardiac magnetic resonance imaging (CMR) permits non-
invasive direct visualization and quantification of both replace-
ment and interstitial fibrosis. Recent advancements in CMR 
have allowed for the assessment of myocardial extracellular ma-
trix volume fraction (ECV). As a surrogate measure for early 
cardiac remodeling in multiple diseases that affect that heart, 
ECV is a powerful independent predictor of subsequent HF in 
people with apparently normal hearts, as defined by conven-
tional functional and structural measures [30]. In the Multi-
Ethnic Study of Atherosclerosis (MESA), both focal and diffuse 
patterns of myocardial fibrosis were associated with increased 
risk for a composite of CVD events [31].

The purpose of this study was to detect the frequency of my-
ocardial fibrosis and characterize the associated patterns by 
CMR, which may be detectable before the development of clin-
ical HF, among a healthy cohort of PWH in SA in the contem-
porary ART era.

METHODS

Study Population

Participants receiving routine care were recruited and enrolled 
at Site B health clinic within Khayelitsha township outside of 
Cape Town, SA. Eligibility criteria for PWH included the most 
recent HIV ribonucleic acid level <200 copies/mL (within prior 
year) and history of being on continuous ART for ≥1 year up 
until enrollment. Age criteria ranged between 30 and 70 years, 
with half of the study population prespecified to be ≥50 years 
old. Human immunodeficiency virus-uninfected participants 
were enrolled at the same Khayelitsha Site B health clinic. To 
facilitate prespecified subgroup comparisons, HIV-uninfected 
participants were frequency matched to PWH on the following: 
(1) age ≥50 years, (2) sex at birth, and (3) hypertension status 
(by clinical diagnosis or taking blood pressure [BP]-lowering 
therapy). Exclusion criteria included known heart disease (eg, 
HF, structural heart disease, coronary heart disease, or prior 
peri-/myocarditis), active treatment for tuberculosis or bacte-
rial infection, an AIDS-defining illness within the prior year, or 
a body mass index (BMI) ≥45 kg/m2.

After verbal and written informed consent procedures (in 
English and/or Xhosa as indicated), participants underwent a 
medical history and chart review to ascertain clinical diagnoses, 

medications, and historic laboratory monitoring. A blood draw was 
obtained on the day of enrollment, and clinical laboratory meas-
ures were performed at Groote Schuur Hospital. Transportation 
was then arranged for participants to attend a second study visit at 
the University of Cape Town for CMR procedures.

Cardiovascular Magnetic Resonance

Participants underwent a standardized contrast-utilization 
CMR protocol in a large bore 3T Skyra MR system (Siemens 
Healthcare). T1 mapping was performed using the shortened 
Modified Look-Locker Inversion Recovery (MOLLI) sequence, 
T2 mapping using SSFP imaging, and T2-weighted imaging 
was performed with the black-blood short-Tau inversion re-
covery (STIR) sequence, as previously published [32, 33]. Late-
gadolinium enhancement (LGE) imaging and typical imaging 
parameters were the same as previously published [32, 34]. The 
CMR images were analyzed by 3 independent reviewers, who 
were each blinded to clinical factors (eg, HIV status) as well as 
the analysis of the other reviewers.

Postcontrast T1 mapping to quantify diffuse fibrosis within 
the extracellular matrix was performed by MOLLI technique, 
[35] at 2 time points between 10 and 25 minutes after contrast 
injection. Global extracellular volume (ECV) fraction was cal-
culated as [partition coefficient] × [1 − HCT], where the par-
tition coefficient was determined by the slope of the linear 
relationship of 1/T1 times of myocardium against the blood 
pool, assessed pre- and postcontrast. Myocardial edema was es-
timated by a T2 mapping and T2 signal intensity (SI) ratio using 
STIR imaging of myocardium and remote skeletal muscle.

Late-gadolinium enhancement imaging, based on a 
T1-weighted phase-sensitive inversion recovery sequence, was 
performed after administration of gadolinium [36]. The inver-
sion time was adjusted for optimal nulling of normal myocar-
dium. Images were evaluated qualitatively for the presence or 
absence of LGE. Semiquantitative analysis of LGE volume frac-
tion was estimated by manually contouring endocardial and ep-
icardial region of interest. Focal areas of LGE were defined by an 
SI ≥2.0 standard deviations (SDs) above the mean SI of normal 
myocardium.

Analysis of left ventricular (LV) volumes, mass, and ejec-
tion fraction was performed using CVI42 (v5.9; Circle 
Cardiovascular Imaging, Calgary, Canada). Myocardial func-
tion was assessed by calculating circumferential, radial, and 
longitudinal strain parameters during both diastole and systole. 
Strain and strain rates were assessed using feature tracking, and 
semiautomated analysis was performed using CVI42.

Cardiac Biomarkers

Plasma was processed from blood samples on the day of 
collection and stored at −80°C until biomarker analyses 
were performed. N-terminal pro B-type natriuretic pep-
tide (NT-proBNP) was measured with a Roche Diagnostics 
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sandwich electrochemiluminescence assay (Elecsys ProBNP), 
and high-sensitivity cardiac Troponin-T (cTnT) was measured 
utilizing Roche Generation 5 STAT assay.

Statistical Methods

Participant characteristics, CMR parameters, and laboratory 
measures were summarized by mean (SD) for continuous vari-
ables and proportion (percentage) for categorical variables. 
Complete case analysis was performed to determine the effect 
of HIV status (primary input) on clinical characteristics as well 
as CMR parameters of cardiac structure and function (response 
variables). Inference was made using linear and logistic regres-
sion models for continuous and dichotomous characteristics, 
respectively, adjusting for continuous age, sex at birth, and hy-
pertension diagnosis as the factors that were frequency matched 
between groups a priori. Subgroup analyses were also per-
formed by sex, dichotomous age (≥50 years), dichotomous BMI 
(>30 kg/m2), hypertension status, current smoking status, and 
prior tuberculosis infection. To aid interpretation of continuous 
parameter comparisons by HIV status, percentage differences 
and 95% CIs comparing adjusted means were calculated using 
the delta method [37]. All analyses were conducted using SAS 
version 9.4 with a 2-sided Type I error probability of 0.05.

RESULTS

Study Participants

Among 261 participants screened, 255 were enrolled, and 250 
attended a second CMR study visit. Among these, 229 (n = 134 
PWH and n = 95 uninfected controls) completed the full CMR 
protocol including pre- and postcontrast images and were thus 
included in our analysis sample. Table  1 presents participant 
characteristics by HIV status. All participants were residents 
of Khayelitsha township and 99% were black African race; 1 
PWH and 2 controls identified as mixed race. The PWH and 
uninfected participants were similar with respect to age and 
cardiometabolic risk factors including hypertension, smoking, 
and diabetes. The proportion of female sex at birth was similar 
between PWH and controls, 63% and 67%, respectively; how-
ever, PWH had a more frequent history of prior active tubercu-
losis infection (55% vs 16%).

Among PWH, mean (SD) time since HIV diagnosis was 10 
(6) years, current CD4+ count was 534 (270) cells/µL, nadir 
CD4+ count was 271 (213) cells/µL, and 43% had prior AIDS 
diagnosis. Duration of viral suppression was >4  years among 
31% of participants. With regard to therapy, 98% (n = 131) took 
a nucleoside reverse-transcriptase inhibitor (NRTI), 85% of 
which was tenofovir disoproxil fumarate and emtricitabine in 
combination, whereas 88% (n = 118) took a non-NRTI, 94% of 
which was efavirenz.

For comparisons restricted to female sex at birth, PWH and 
controls had mean (SD) age of 49 (9) and 49 (10), BMI of 29.6 

(6.2) and 33.0 (7.0), and the frequency of hypertension of 31% 
and 39%, respectively. Corresponding characteristics for men, 
respectively, were age of 50 (10) and 49 (9), BMI of 23.4 (5.6) 
and 23.0 (4.5), and hypertension of 41% and 26%.

Cardiovascular Magnetic Resonance Measurements

Table  2 presents participant CMR parameters for PWH and 
uninfected controls, as well as HIV effect estimates—adjusted 
mean differences for continuous parameters and odds ratios 

Table 1.  Participant Characteristics by HIV Status (n = 229)

Characteristics 

Mean (SD) or % (n)

P 
Valuea

PWH 
(n = 134)

Uninfected 
(n = 95)

Demographics

  Age, years 49.5 (9.4) 48.7 (9.5) .54

  Sex at birth, female 63% (85) 67% (64) .58

Clinical Characteristics

Body mass index, kg/m2 27.3 (6.7) 29.7 (7.8) .01

Systolic blood pressure, mmHg 134 (19) 135 (16) .45

Diastolic blood pressure, mmHg 81 (12) 81 (12) .82

Heart rate, beats per minute 67 (11) 67 (12) .98

Total cholesterol, mg/dL 178 (34) 184 (45) .28

High-density lipoprotein cholesterol, 
mg/dL

64 (22) 68 (30) .29

Low-density lipoprotein cholesterol, 
mg/dL

87 (29) 93 (44) .23

Hemoglobin, g/dL 13.0 (1.4) 13.4 (1.2) .02

eGFR (CKD-EPI), mL/min/1.73 m2 115 (18) 118 (15) .15

Current smoker 30% (40) 34% (32) .57

Hypertension diagnosis 34% (46) 35% (33) 1.00

Diabetes diagnosis 7% (9) 9% (9) .46

Hepatitis B infection 5% (7) 2% (2) .31

Hepatitis C infection 0% (0) 0% (0) --

Prior active tuberculosis infection 55% (74) 16% (15) <.001

HIV-Related Characteristics

CD4+ count, cells/μL 534 (270) -- --

CD4+ nadir count, cells/μL 271 (213) -- --

HIV viral load <200 copies/mL 94% (126) -- --

HIV diagnosis duration, years 9.5 (5.8) -- --

Years receiving antiretroviral therapy 7.0 (4.3) -- --

Antiretroviral regimen contains -- -- --

    Nucleoside reverse-transcriptase 
inhibitor

98% (131) -- --

    Nonnucleoside reverse-transcriptase 
inhibitor

88% (118) -- --

  Protease inhibitor 6% (8) -- --

HIV suppression duration 4+ years 31% (42) -- --

Prior AIDS 43% (58) -- --

Cardiac Biomarkers

NT-proBNP levels, pg/mL 92 (131) 92 (136) .99

TnT levels, %detectable (>6.00 ng/L) 26% (35) 28% (27) .76

Abbreviations: AIDS, acquired immunodeficiency syndrome; CKD-EPI, chronic kidney dis-
ease epidemiology collaboration; eGFR, estimated glomerular filtration rate; HIV, human 
immunodeficiency virus; NT-proBNP, N-terminal pro B-type natriuretic peptide; PWH, per-
sons with human immunodeficiency virus; SD, standard deviation; Tnt, Troponin-T. 
aP value computed for between-group difference in mean or proportion using 2-sample t 
test or Fisher’s exact χ 2 test, respectively.



4  •  ofid  •  Shuldiner et al

(ORs) for dichotomous parameters, comparing PWH with un-
infected controls. There was no evidence of myocardial dys-
function by systolic or diastolic parameters in either group. The 
LV ejection fraction and global systolic circumferential strain 
were significantly higher among PWH compared with controls 
after adjustment (P = .02 and P = .05, respectively), although 
mean values were within normal ranges for both groups. The 
frequency of LV hypertrophy was low at 10% and 7%, respec-
tively, and there were no differences in LV mass index between 
PWH and controls, respectively. There were no differences 
in end-diastolic or end-systolic LV volumes between groups. 
The difference in LA area index among PWH versus controls 
was 12.8 vs 12.3 cm2/m2, respectively (P = .05), although both 
groups were within normal range and there was no corre-
sponding difference in LV mass index. However, among PWH, 
greater LV mass index was associated with lower CD4 count 
(0.48  g/m2 higher per 100 cells/µL lower; 95% CI, 0.07–0.89) 
and prior AIDS (4.94 g/m2 higher with vs without prior AIDS 
diagnosis).

Among both PWH and controls, there was a high frequency 
of scarring or fibrosis within the LV myocardium as indicated 
by LGE (72% in each group). Precontrast T1 time did not 

significantly differ between PWH (1247  ms) and uninfected 
controls (1242 ms). However, CMR estimates of ECV, consid-
ering pre- and postcontrast T1 images, demonstrated greater 
degree of myocardial fibrosis among PWH compared with con-
trols (30.4% and 29.3%, respectively; adjusted P = .04).

Subgroup Analyses

The effect of HIV infection on ECV fraction was further analyzed 
by a priori-defined subgroups (Figure 1). The effect of HIV in-
fection on ECV fraction observed in the total study population 
was present among females but not among males (P = .12 for in-
teraction). Likewise, a pattern was present where the association 
between HIV status and higher ECV fraction was more apparent 
among participants <50 years, those with a BMI ≤30 kg/m2, those 
who were normotensive, those who were current nonsmokers, 
and those with no history of prior tuberculosis infection. Tests for 
heterogeneity did not reveal any significant interactions.

Cardiac Biomarkers

Among all participants, median NT-proBNP levels were 47.8 
pg/mL (interquartile range, 18.9 to 93.8), and 21% had elevated 
levels >125 pg/mL and 7% had levels >300 pg/mL. Cardiac TnT 

Table 2.  CMR Measures by HIV Status (n = 229)

Characteristics 

Mean (SD) or % (n)
Adjusted Mean Difference or  

Odds Ratio (95% CI)a P ValueaPWH (n = 134) Uninfected (n = 95)

Functional Characteristics

LV ejection fraction, % 59.3 (6.7) 57.4 (7.1) 2.0 (0.3–3.7) .02

LV ejection fraction, <50%b 7% (10) 11% (11) 0.59 (0.24–1.49) .26

Global systolic circumferential strain, % −21.9 (3.1) −20.8 (5.5) −1.1 (−2.2 to 0.0) .05

Peak diastolic circumferential strain rate, %s−1 1.36 (0.33) 1.30 (0.30) 0.07 (−0.01 to 0.15) .09

Myocardial Chamber Characteristics

LV end diastolic volume, mL 138 (31) 142 (25) −3 (−11 to 4) .35

LV end systolic volume, mL 56.9 (19.4) 60.8 (17.3) −4.3 (−8.7 to 0.2) .06

LA dilation 30% (40) 25% (24) 1.24 (0.67–2.28) .50

LA area index, cm2/m2 12.8 (2.2) 12.3 (1.7) 0.54 (0.01–1.07) .05

LV hypertrophy 10% (14) 7% (7) 1.36 (0.51–3.63) .55

LV mass index, g/m2 55.4 (13.2) 55.0 (11.0) −0.2 (−2.8 to 2.4) .88

LV mass/volume ratio 0.72 (0.12) 0.73 (0.12) −0.02 (−0.05 to 0.01) .28

LV septal wall thickness, mm 10.11 (1.94) 9.88 (1.62) −0.15 (−0.58 to 0.28) .50

LV anterior wall thickness, mm 7.44 (1.52) 7.53 (1.51) 0.15 (−0.22 to 0.53) .42

LV lateral wall thickness, mm 7.69 (1.73) 7.52 (1.65) −0.11 (−0.53 to 0.31) .60

LV anterior wall thickness, mm 8.23 (1.68) 8.05 (1.59) −0.13 (−0.54 to 0.28) .54

Myocardial Tissue Characteristics

LV LGE presence 72% (93) 72% (65) 0.98 (0.54–1.80) .95

Native T1, ms 1247 (44) 1242 (40) 6 (−5 to 16) .29

Native T2, ms 39.2 (2.5) 39.2 (2.4) 0.0 (−0.7 to 0.6) .92

T1W imaging, signal intensity ratio 0.90 (0.15) 0.87 (0.13) 0.04 (0.00–0.07) .07

T2W imaging, signal intensity ratio 1.46 (0.24) 1.44 (0.21) 0.02 (−0.03 to 0.08) .50

Extracellular volume fraction, % 30.4 (5.1) 29.3 (2.7) 1.2 (0.1–2.3) .04

Pericardial effusion 13% (18) 9% (9) 1.56 (0.66–3.68) .31

Abbreviations: CI, confidence interval; CMR, cardiac magnetic resonance; HIV, human immunodeficiency virus; LGE, late-gadolinium enhancement; LA, left atrial; LV, left ventricular; PWH, 
persons with HIV; SD, standard deviation.
aComputed via linear or logistic regression for continuous and dichotomous parameters, respectively, adjusted for age, sex, and diagnosis of hypertension.
bTwo participants (1 person with HIV and 1 uninfected) had a LV ejection fraction <40%.
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levels were detectable (>6.00 ng/L) among 27% of participants. 
There were no differences between PWH and controls in ab-
solute NT-proBNP level, proportion with elevated NT-proBNP 
(>125 pg/mL), or proportion with detectable cTnT level 
(Figure  2). However, when compared with controls, women 

with HIV were more likely to have elevated NT-proBNP (OR, 
2.4; 95% CI, 1.0 to 6.0), whereas men showed the opposite ef-
fect (OR, 0.2; 95% CI, 0.1 to 0.8). The presence of an elevated 
NT-proBNP was also associated with significantly higher CMR 
estimates of myocardial fibrosis in ECV (3.4% higher; 95% CI, 

All participants

Percent di�erence,a PHIV vs. uninfected controls

Female

Male

Age <50 years

Age ,≥50 years

Body mass index ≤30 kg/m2

Body mass index >30 kg/m2

Normotensive

Hypertensive

Current Non-smoker

Current smoker

No prior tuberculosis infection

Prior tuberculosis infection

–10% –5%

Lower ECV
fraction in PHIV

Higher ECV
fraction in PHIV

0% +5% +10% 15%

Figure 1.  Percentage difference in myocardial fibrosis (extracellular volume [ECV]) by human immunodeficiency virus (HIV) status overall and among subgroups defined by 
risk factor (n = 229). aComputed via linear regression, adjusted for age, sex, and hypertension. PHIV, persons with HIV.
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1.3 to 5.5; P = .002) and native T1 mapping (14.7  ms higher; 
95% CI, −2.7 to 32.2; P = .10) among PWH, after adjustment 
for age, sex, and hypertension status. However, no associations 
were present between elevated NT-proBNP and ECV (0.9; 95% 
CI, −0.6 to 2.4; P = .24) or native T1 mapping (−1.5; 95% CI, 
−22.5 to 19.6; P = .89) among uninfected controls.

Comparisons of Persons With Human Immunodeficiency Virus and 
Uninfected Controls From High-Income Countries

Table 3 presents clinical characteristics and CMR imaging param-
eters for studies that compared PWH and uninfected controls 
within the United Kingdom and the United States [38–41]. When 
compared with these cohorts from HICs, our study had higher 
proportion of women (except for Zanni et al [41] who studied 
only women) and higher prevalence of hypertension. Differences 
in magnetic resonance imaging systems between the studies 
limit direct comparisons of T1 mapping parameters used to in-
form ECV. However, in HICs, HIV status had a large effect on the 
presence of LGE and a consistent effect on ECV that was greatest 
among the cohort that only studied women (Zanni et al [41]). 
The difference in ECV in an LMIC in our study is consistent with 
these data from HICs, but they did not detect a difference in LGE 
due to the higher proportion of uninfected persons with LGE in 
SA when compared with the United Kingdom.

DISCUSSION

We describe the frequency and characteristics of myocardial 
fibrosis by CMR among PWH without clinical HF or known 

CVD living in Khayelitsha, SA, and we assess the potential in-
fluence of demographics and clinical characteristics. A number 
of key findings emerged from this study. First, the prevalence 
of myocardial fibrosis by LGE (72%) was high among both per-
sons with and without HIV infection. However, in the absence 
of HIV among uninfected controls, the frequency of any LGE 
in our study in SA was 3- to 4-fold higher when compared with 
that reported in HICs [38, 39]. Second, despite the higher-than-
expected prevalence of fibrosis in the control population, ART-
treated PWH had evidence of greater myocardial fibrosis by 
ECV. Third, the effect of HIV status on myocardial fibrosis was 
more prominent among women, among younger patients, and 
in the absence of several key risk factors. Fourth, women with 
HIV who had myocardial fibrosis by ECV were also more likely 
to have elevated levels of NT-proBNP (>125 pg/mL).

Our findings add to data from recent CMR studies describing 
higher frequencies of myocardial fibrosis and inflammation 
among PWH, when compared with uninfected controls [32, 
38–41]. In a US study, 95 PWH on ART demonstrated higher 
CMR estimates of ECV at an absolute degree of approximately 
2%, when compared with 30 uninfected persons [40]. Likewise, 
2 cross-sectional studies conducted in the United Kingdom re-
ported higher estimates of myocardial fibrosis among PWH, as 
estimated by native T1 mapping and prevalence of LGE [38, 
39]. In these 3 studies, approximately three quarters of parti-
cipants were men, limiting comparisons among women. In a 
recent report including only women with and without HIV in-
fection from the United States, women with HIV had signifi-
cantly greater ECV measures by CMR with a higher absolute 

NT-proBNP >125 pg/mL, all participants

cTnT detectable, >6 ng/L, all participants

Female

Male

Female

Male

0.05 0.5

Adjusteda odds ratio of  elevated biomarker in PHIB vs. uninfected controls

5

Figure 2.  Odds ratioa of elevated cardiac biomarkers by human immunodeficiency virus (HIV) status overall and among subgroups defined by sex (n = 229). aComputed via 
logistic regression, adjusted for age, sex, and hypertension status. cTnT, cardiac Troponin-T; NT-proBNP, N-terminal pro-B-type natriuretic peptide; PHIV, persons with HIV. 
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difference of approximately 5% (34% vs 29%, respectively), 
which is similar to the magnitude we describe in subgroup 
analyses by sex (Figure  1) [41]. In the US study of women 
with HIV, measures of monocyte activation (eg, plasma sol-
uble CD163 levels) were correlated with ECV [41]. Research 
is needed to better understand the pathogenesis of myocardial 
fibrosis among PWH in sub-Saharan Africa, the influence of 
ongoing systemic inflammation despite plasma viral suppres-
sion with ART, and potential differences in this pathogenesis 
among women with HIV.

In addition to differences by sex, subgroup analyses in our 
study demonstrated a greater effect of HIV status on myocar-
dial fibrosis among those that would be categorized as having 
lower CVD by traditional cardiometabolic factors (Figure  2). 
Reasons for this are unclear but may be influenced by the ad-
ditive effects of HIV factors in the presence of traditional 
cardiometabolic risk factors and/or by the eligibility criteria in 
our study. Specifically, the combination of risk from HIV and 
cardiometabolic factors could be additive, subadditive, or syn-
ergistic for myocardial fibrosis in an SA setting. If subadditive, 
as the risk from HIV disease is combined with other risk fac-
tors, the absolute increase in myocardial fibrosis would be less 
than the sum of each individual effect, consistent with a “ceiling 
effect.” Such a relationship could explain the pattern we ob-
served in subgroup comparisons (Figure 2), where the isolated 
effect of HIV status was greater in the absence of traditional risk 
factors. Conversely, if additive or synergistic, the effect on my-
ocardial fibrosis might increase substantially among PWH and 
traditional cardiometabolic risk factors. However, the exclusion 
of persons with known CVD in our study target population 
could have systematically reduced the ability to detect an addi-
tive or synergistic effect from HIV disease when in the presence 
of hypertension, obesity, or smoking. These cardiometabolic 
risk factors are associated with both myocardial fibrosis [22, 28, 
42] as well as clinical CVD, [43] which, if present, would have 
excluded the participant.

Consistent with our eligibility criteria, the majority of parti-
cipants in our study had normal LV systolic and diastolic func-
tion by CMR strain parameters as well as NT-proBNP levels. 
This is in contrast to other western cohorts that have described 
HIV-associated reductions in systolic function even during 
treated HIV infection [16]. One potential explanation is that 
systolic dysfunction among PWH on ART in the United States 
and Europe may be influenced by increased risk for ischemic 
heart disease, whereas this remains less common in sub-Sa-
haran Africa. In addition, the mean nadir CD4 count of 271 
reflects that many participants in our study had not previously 
progressed to advanced AIDS where HIV-associated cardio-
myopathy with systolic dysfunction would be more common. 
However, among women, HIV status was associated with a 
greater likelihood of having elevated NT-proBNP levels but 
not cTnT levels. Elevations in NT-proBNP were associated Ta
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with greater myocardial fibrosis by ECV and native T1 map-
ping among PWH but not among controls. Within SA, rates of 
several cardiometabolic risk factors also differ between women 
and men, respectively, including for hypertension (21% vs 12%) 
and obesity (39% vs 10%) [44]. Prospective studies are needed 
in LMIC settings such as SA that focus on characterizing the 
prevalence of clinical HF in the current era of ART, along with 
understanding the combined and individual effects of HIV in-
fection, sex, as well as traditional cardiometabolic risk factors 
on HF risk.

In contrast to HICs that have seen recent declines in CVD 
mortality, the percentage of deaths due to CVD are increasing 
in LMICs [5]. In SA and other areas in sub-Saharan Africa, hy-
pertensive heart disease and risk for HF is more prominent than 
in other global regions [5, 8]. We describe a high prevalence 
of myocardial fibrosis among both PWH and uninfected per-
sons in the absence of known CVD, which was also severalfold 
higher than the prevalence of myocardial fibrosis reported 
among uninfected persons in HICs [32, 38–40]. The high prev-
alence of myocardial fibrosis estimated by LGE among patients 
in SA may be an important mechanism of CVD in this setting, 
contributing to a phenotype of CVD characterized by an in-
creased risk for HF and sudden cardiac death [22, 31, 42, 45].

This study provides important novel descriptions of myocar-
dial fibrosis among PWH in SA in the current era of ART but 
includes several limitations. The CMR measures are an indirect 
assessment of tissue fibrosis, the clinical signficance of absolute 
differences in ECV are not clearly defined, and differences by 
HIV status were not robust overall. The sample also had lim-
ited power to study interactions and mediation analyses with 
clinical factors. The design approach to frequency match groups 
on hypertension status also limited our ability to explore the 
degree to which HIV-associated changes in myocardial fibrosis 
were accounted for by BP. The cross-sectional design has in-
herent potential for unmeasured confounding. We lack objec-
tive assessments of mental health and substance abuse that may 
contribute to risk, and clinical data available through usual care 
were limited to HIV measures and did not include metabolic 
assessments (ie, to characterize the metabolic syndrome). Men 
without HIV enrolled as controls in our study also had more 
frequent CVD risk factors than men with HIV in our sample, 
which may have actually mitigated differences in CMR meas-
ures by HIV status overall.

CONCLUSIONS

The study findings support that HIV disease may increase my-
ocardial fibrosis, an effect that was more prominent among 
women and may have important implications for understanding 
HF risk. The manifestations of CVD among PWH in SA differ 
in important ways, in part, due to the unique profile and com-
bined influence of cardiometabolic and HIV or other infectious 

factors. Further research is needed to continue to evaluate this 
hypothesis, particularly among women with HIV, to better 
understand the clinical consequences of myocardial fibrosis 
among PWH, specifically within LMIC countries such as SA.
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