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BACKGROUND: Biomarkers of myocardial stress and fibrosis are elevated in people living with HIV and are associated with car-
diac dysfunction. It is unknown whether sex influences these markers of heart failure risk in sub- Saharan Africa, where HIV 
burden is high and where the vast majority of women with HIV live.

METHODS AND RESULTS: Echocardiograms and 6 plasma biomarkers (suppression of tumorigenicity- 2, growth differentiation 
factor 15, galectin 3, soluble fms- like tyrosine kinase- 1, NT- proBNP [N- terminal pro- B- type natriuretic peptide], and cystatin 
C) were obtained from 100 people living with HIV on antiretroviral therapy and 100 HIV- negative controls in Uganda. All par-
ticipants were ≥45 years old with ≥1 major cardiovascular risk factor. Multivariable linear and logistic regression models were 
used to assess associations between biomarkers, echocardiographic variables, HIV status, and sex, and to assess whether 
sex modified these associations. Overall, mean age was 56 years and 62% were women. Suppression of tumorigenicity- 2 
was higher in men versus women (P<0.001), and growth differentiation factor 15 was higher in people living with HIV versus 
controls (P<0.001). Sex modified the HIV effect on cystatin C and NT- proBNP (both P for interaction <0.025). Women had more 
diastolic dysfunction than men (P=0.02), but there was no evidence of sex- modifying HIV effects on cardiac structure and 
function. Cardiac biomarkers were more strongly associated with left ventricular mass index in men compared with women.

CONCLUSIONS: There are prominent differences in biomarkers of cardiac fibrosis and stress by sex and HIV status in Uganda. 
The predictive value of cardiac biomarkers for heart failure in people living with HIV in sub- Saharan Africa should be examined, 
and novel risk markers for women should be further explored.
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Cardiovascular disease (CVD) is a significant 
source of morbidity and mortality for people living 
with HIV (PLWH) globally.1 In sub- Saharan Africa, 

chronic HIV infection is prevalent and rates of CVD are 
rising.2- 4 A modeling study based on Global Burden of 
Disease data suggests that HIV contributes up to 10% 
to 15% of population- attributable risk for CVD in sub- 
Saharan Africa.4

The association between HIV and CVD is complex 
and multifactorial. One important pathway of risk ap-
pears to be HIV- induced inflammation and immune ac-
tivation,5- 7 leading to vascular disease but also systolic 

and diastolic dysfunction, and eventually clinical heart 
failure.8 Women with HIV tend to have higher levels 
of chronic inflammation and appear to be more sus-
ceptible to inflammation- induced comorbidities, such 
as heart failure and other CVDs,9 but are often un-
derrepresented in studies conducted in high- income 
countries, where they make up <25% of the HIV+ pop-
ulation.10 In addition to markers of generalized inflam-
mation, biomarkers of myocardial stress and fibrosis 
are also elevated in PLWH compared with controls and 
are associated with cardiac dysfunction independent 
of traditional CVD risk factors and HIV- related factors.5 
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In the general population, studies have shown sex dif-
ferences in these cardiac biomarkers and their associ-
ation with CVD risk.11- 13

Previous studies have investigated the effect of HIV 
on cardiac biomarkers and measures of cardiac struc-
ture and function, but little is known about how sex 
influences these associations. Studying the effects of 
both sex and HIV status is an important step in un-
derstanding the pathophysiological characteristics of 
HIV- related cardiac dysfunction, predicting disease 
progression, and developing potentially effective thera-
pies. Figure 1 is a conceptual model of our study, which 
is the first of our knowledge to investigate whether sex 
modifies the effect of HIV on cardiac biomarkers, the 
effect of HIV on cardiac structure and function, or the 
relationship between biomarkers and cardiac struc-
ture and function. We additionally aimed to describe 

sex effects on biomarkers and cardiac structure and 
function after adjusting for potentially confounding 
traditional risk factors. More important, to increase 
the relevance and generalizability of our findings to a 
global context, we planned our study in sub- Saharan 
Africa, where the vast majority of women with HIV live.

METHODS
The data that support the findings of this study are 
available from the corresponding author on reason-
able request.

Study Population
The study participants consisted of 100 PLWH and 
100 age-  and sex- matched HIV- uninfected people 
≥45  years of age. The PLWH were recruited from 
the Joint Clinical Research Center near Kampala, 
Uganda, and enrolled between April 2015 and May 
2017. PLWH were on antiretroviral therapy (ART) for 
>6  months with a stable regimen for >12  weeks, 
and had an HIV viral load <400 copies/mL. Controls 
were recruited from local internal medicine clinics. All 
participants (PLWH and controls) had ≥1 major CVD 
risk factor (hypertension, diabetes mellitus, smoking, 
low high- density lipoproteins, hypercholesterolemia, 
or family history of early coronary artery disease). 
Participants were excluded if they had a history of 
known coronary artery disease, peripheral artery dis-
ease, ischemic stroke, active chronic inflammatory 
condition, use of chemotherapy or immunomodu-
lating agents, or estimated glomerular filtration rate 
<30 mL/min per 1.73 m2. The Joint Clinical Research 
Center Community Advisory Board was consulted 

CLINICAL PERSPECTIVE

What Is New?
• Epidemiologic studies suggest that HIV- related 

heart failure risk may be higher for women com-
pared with men, but little is known about the 
mechanisms of this risk.

• This study examines sex as an effect modi-
fier of the associations between HIV infec-
tion, biomarkers of cardiac stress and fibrosis, 
and measures of left ventricular structure and 
function.

• A small number of prior studies from high- 
income countries have examined sex effects 
on cardiac biomarkers and echocardiographic 
measures in people living with HIV; this study 
examines these sex effects in a sub- Saharan 
African population, where most women with 
HIV live.

What Are the Clinical Implications?
• Mechanisms of subclinical cardiac dysfunction 

may differ between men and women in sub- 
Saharan Africa.

• The effect of HIV on biomarkers and echocardi-
ographic measures of heart failure risk appears 
to be different in women compared with men.
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Gal- 3 galectin 3
GDF- 15 growth differentiation factor 15
PLWH people living with HIV
sFLT- 1 soluble fms- like tyrosine kinase- 1
ST- 2 suppression of tumorigenicity- 2

Figure 1. Conceptual model.
The primary aim of our study was to investigate whether sex 
modifies the HIV effect on biomarkers of cardiac stress and 
fibrosis or echocardiographic measures of cardiac structure 
and function (solid arrows). Our secondary aim was to describe 
sex effects on biomarkers and cardiac structure and function 
after adjusting for potentially confounding traditional risk factors 
(dashed arrows).
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for the design, conduct, and dissemination of the 
research, which was reviewed and approved by the 
Institutional Review Boards of University Hospitals 
Cleveland Medical Center and the Joint Clinical 
Research Center and by the Uganda National Council 
for Science and Technology. All subjects signed writ-
ten informed consent.

Cardiac Biomarkers
The following 6 soluble protein biomarkers were 
measured in batch from cryopreserved plasma 
stored at −80°C: NT- proBNP (N- terminal pro- B- type 
natriuretic peptide), suppression of tumorigenicity- 2 
(ST- 2), galectin 3 (Gal- 3), cystatin C, growth differ-
entiation factor 15 (GDF- 15), and soluble fms- like 
tyrosine kinase- 1 (sFLT- 1). ST- 2, Gal- 3, sFLT- 1, and 
GDF- 15 were measured by ELISA (R&D Systems, 
Minneapolis, MN). NT- proBNP was measured by 
electrochemiluminescence (Roche Diagnostics, 
Indianapolis, IN). Cystatin C was measured by neph-
elometry (Siemens, Munich, Germany).

NT- proBNP is released under conditions of myo-
cyte stretch and is used to assess hemodynamic 
myocardial stress.5,11,14,15 ST- 2, a member of the in-
terleukin- 1 receptor family, is also upregulated with 
myocyte stretch and is a marker of cardiac stress16,17 
as it is induced in myocytes in response to mechan-
ical strain.5 In addition, ST- 2 is a marker for adverse 
cardiac remodeling and tissue fibrosis.14 Studies have 
shown ST- 2 to be involved in heart failure16,18 and in-
creased left ventricular (LV) mass14,19 as well as to be 
an initiator of cardiac fibrosis14,16,20,21 and ventricular 
remodeling.16,22,23 Gal- 3 is a proinflammatory and pro-
fibrotic protein expressed in macrophages, epithelial 
cells, and endothelial cells.14,16 Cystatin C is a marker of 
renal dysfunction,5,15 as it circulates in bodily fluids and 
is freely filtered across the glomerular membrane.11,24 
Higher cystatin C has also been correlated with greater 
cardiovascular mortality, heart failure, and increased 
LV mass, concentricity, and wall thickness.11,24 GDF- 
15 is a marker of apoptosis,5,15 is elevated in cardiac 
myocytes in response to inflammation, tissue injury, 
and pressure overload, and helps to regulate cell dif-
ferentiation and tissue repair.5 Higher levels of GDF- 15 
have been linked to mortality and greater number of 
cardiovascular events independent of traditional bio-
markers and other CVD risk factors.16,17,25- 27 sFLT- 1 is 
an endogenous inhibitor of endothelial growth factors, 
including vascular endothelial growth factor, which 
provides vasculature with essential survival and main-
tenance signals,28 and placental growth factor, which 
modulates cardiovascular remodeling.29 sFLT- 1 has 
been shown to be elevated in patients with heart fail-
ure and directly associated with ischemic heart dis-
ease and all- cause mortality in patients undergoing 
dialysis.28- 31

Additional Study Procedures
For both PLWH and controls, demographics and med-
ical history were obtained using standardized ques-
tionnaires and clinical chart review. Current and nadir 
CD4+ count, time since diagnosis, current ART, and 
total duration of ART were obtained for PLWH partici-
pants by chart review. Height, weight, waist, and hip 
measurements and blood pressure were measured by 
trained study staff. Participants in the control cohort 
were confirmed to be HIV uninfected with a rapid HIV 
test. Blood was drawn after a 12- hour fast for clinical 
laboratory analyses performed at the Joint Clinical 
Research Center, including blood cholesterol levels. 
Ten- year risk of atherosclerotic CVD was calculated 
using the pooled- cohort equations32 for White race, 
because the Black race equations are not validated 
for a sub- Saharan African population. We additionally 
chose not to use the Black race equations because 
of prior work showing a lower than expected rate of 
coronary disease in this cohort despite a high burden 
of risk factors.2

Echocardiograms were performed by a trained 
physician- sonographer using a Philips CX50 and 
a standardized protocol, as reported previously.33 
Briefly, American Society of Echocardiography 
guidelines34,35 were used for 2- dimensional echocar-
diographic measurements of chamber size, LV mass 
index, LV systolic function, and LV diastolic function. 
More specifically, the biplane method of disks was 
used to assess chamber sizes and LV ejection frac-
tion; however, when the LV endocardial border could 
not be traced, the LV ejection fraction was estimated 
to the nearest 5% using all possible views. LV mass 
index was calculated using the cube formula from 
linear measurements of the interventricular septum, 
the LV internal diameter, and the posterior wall at end 
diastole in the 2- dimensional parasternal long- axis 
view. The mitral E/A ratio, tissue Doppler of the mi-
tral annulus, tricuspid regurgitation velocity, and left 
atrial volumes were used to assess diastolic function. 
Images with poor quality, E- A wave fusion, or other 
missing wave forms were excluded from the relevant 
outcome measures. A cardiologist (C.L.H.), blinded to 
HIV status and clinical variables, performed speckle 
tracking strain measurements using Image Arena, 
TomTec 2D Cardiac Performance Analysis version 
1.1.3.

Statistical Analysis
Baseline participant characteristics were stratified by 
HIV and sex and summarized as frequency (percent-
age) for categorical variables and median (interquartile 
range) for continuous variables. Statistical compari-
sons between groups were made using t- tests and 
Wilcoxon rank- sum tests for continuous variables and 



J Am Heart Assoc. 2021;10:e018767. DOI: 10.1161/JAHA.120.018767 4

Kipke et al HIV, Sex, and Cardiac Stress and Fibrosis

χ2 or Fisher exact tests for categorical variables, as ap-
propriate. All biomarkers were nonnormally distributed 
and were natural log transformed as necessary for re-
gression models described below.

After describing the baseline characteristics, our pri-
mary analyses were guided by the conceptual model 
of our study (Figure 1). We first examined differences in 
cardiac biomarkers by sex and HIV status. Initial unad-
justed comparisons were made between groups using 
Wilcoxon rank- sum tests. Then, we constructed multi-
variable linear regression models adjusted for HIV, sex, 
age, and traditional cardiac risk factors (systolic blood 
pressure, diabetes mellitus, smoking, total cholesterol, 
and body mass index). An HIV*sex interaction term 
was added to assess whether sex modified the HIV 
effect. Where a significant interaction was observed at 
a P<0.05, we visually plotted the estimates separately 
for men versus women.

In a similar manner, the 4 echocardiographic out-
comes of interest (LV mass, diastolic dysfunction, LV 
ejection fraction, and LV global longitudinal strain) 
were described by sex and HIV status. We have pre-
viously examined in detail the HIV effect on these 4 
key echocardiographic variables of cardiac structure 
and function.33 For this analysis, we made additional 
multivariable- adjusted sex comparisons using regres-
sion models. Multivariable linear regression (LV mass, 
LV ejection fraction, and LV global longitudinal strain) 
and logistic regression (diastolic dysfunction) models 
were adjusted for the same variables as above. Effect 
modification was tested with the addition of an HIV*sex 
interaction term.

Finally, we assessed relationships between bio-
markers and the echocardiographic measures of car-
diac structure and function. Although the relationship 
may be bidirectional, for the purposes of this analysis, 
the echocardiographic measures were considered as 
outcome variables. Unadjusted associations were as-
sessed by linear and logistic regression. Again, using 
similar multivariable- adjusted models, we separately 
examined biomarker*HIV and biomarker*sex interac-
tions to assess whether HIV status or sex modified 
the relationship between biomarkers and echocardio-
graphic outcomes. Because of the large number of sig-
nificant (P<0.05) interactions for LV mass index, we then 
created separate multivariable- adjusted models with 
z- standardized estimates of the biomarker effect for 
men and women. We visually plotted these estimates 
for men versus women to facilitate interpretation of the 
data. In addition, because of the higher prevalence of 
hypertension diagnosis among women versus men de-
spite similar systolic blood pressure, we performed a 
sensitivity analysis of the biomarker*sex interaction in 
LV mass index models that were adjusted for hyperten-
sion diagnosis instead of systolic blood pressure.

SAS version 9.4 was used for statistical analy-
ses. P<0.05 was considered statistically signifi-
cant, and P values were not corrected for multiple 
comparisons.

RESULTS
Demographic and Clinical Characteristics 
Stratified by HIV Status and Sex
The demographic and clinical characteristics of the 
study population are described in Table 1 by sex and 
HIV status. Compared with controls, PLWH had less 
diabetes mellitus, lower body mass index, higher waist/
hip ratio, higher high- density lipoprotein, and lower 10- 
year atherosclerotic CVD risk (all P≤0.05). Women had 
higher body mass index but had lower waist/hip ratio 
than men (P<0.0001). Hypertension was also more 
prevalent, low- density lipoprotein was higher, and 
hemoglobin was lower in women compared with men 
(all P≤0.05). Among PLWH, women and men had simi-
lar HIV disease characteristics, except that women had 
higher current CD4+ count (median, 593 [interquartile 
range, 504– 718] versus 409 [interquartile range, 358– 
499] cells/mm3; P=0.007).

Cardiac Biomarkers
Table 2 displays cardiac biomarker levels stratified by 
HIV status and sex. In unadjusted analyses, ST- 2 was 
higher in men versus women (P<0.0001) and GDF- 15 
was higher in PLWH versus controls (P<0.0001). After 
adjustment for traditional risk factors, women had lower 
ST- 2 (P=0.0003). In adjusted models, sex modified the 
effect of HIV status on 2 biomarkers: (1) cystatin C was 
lower in men with HIV compared with uninfected men, 
but similar among women with and without HIV (P for 
interaction=0.002; Figure 2A); and (2) NT- proBNP was 
similar among men with and without HIV, but higher in 
women with HIV compared with uninfected women (P 
for interaction=0.021; Figure 2B).

LV Structure and Function
In a similar manner, sex and HIV effects were examined 
for each of the 4 echocardiographic outcomes of inter-
est (Table 3). As we have previously reported for this 
cohort,33 PLWH had higher LV mass index (P=0.03) 
and a trend toward worse LV global longitudinal strain 
(P=0.07) compared with controls. In models fully ad-
justed for traditional risk factors, women had 12 mg/
m2 lower LV mass index (P=0.02) and borderline sta-
tistically higher odds of diastolic dysfunction (adjusted 
odds ratio, 2.5; 95% CI, 0.86– 7.4; P=0.09; Table 4). In 
fully adjusted models, we did not find evidence of sex 
modifying the effect of HIV on measures of LV struc-
ture and function (all P for interaction >0.1).
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Association of Cardiac Biomarkers With 
Measures of LV Structure and Function
Of the biomarkers measured, NT- proBNP and GDF- 15 
were most strongly associated with measures of LV 
structure and function after adjusting for HIV, sex, age, 
systolic blood pressure, diabetes mellitus, smoking, 
cholesterol, and body mass index (Table S1). Both NT- 
proBNP and GDF- 15 were positively associated with LV 
mass index and diastolic dysfunction, and were nega-
tively associated with LV ejection fraction (all P≤0.05). In 
addition, ST- 2 and cystatin C were significantly asso-
ciated with LV mass index (P≤0.01). sFLT- 1 and Gal- 3 
were not significantly associated with any measures of 
LV structure and function.

Sex- Specific Relationships Between 
Biomarkers and LV Mass
In models that tested sex as a modifier of the relation-
ship between biomarkers and measures of LV struc-
ture and function, the most striking results were for 
LV mass index, where 4 of 6 biomarkers had statisti-
cally significant sex interactions. As shown in Figure 3, 
the standardized estimate of the relationship between 
the biomarker and LV mass index was consistently 
higher for men than women across all biomarkers 
measured (P for interaction <0.05 for cystatin C, NT- 
proBNP, Gal- 3, and sFLT- 1). Similar findings were seen 
when we adjusted for hypertension diagnosis instead 
of systolic blood pressure (P for interaction <0.05 for 

Table 1. Characteristics of Study Participants Stratified by Sex and HIV Status

Characteristics
Total Cohort 

(n=200)

Women Men
P Value: 
HIV vs 

Control*

P Value: 
Men vs 

Women*
Living With 
HIV (n=62)

Controls 
(n=62)

Living With 
HIV (n=38)

Controls 
(n=38)

Demographics

Age, y 55 (51– 60) 55 (51– 60) 56 (52– 60) 53 (50– 61) 55 (49– 60) 0.47 0.79

Medical history

Diabetes mellitus 71 (36) 15 (24) 24 (39) 11 (29) 21 (55) 0.005† 0.13†

Hypertension 170 (85) 57 (92) 56 (90) 32 (84) 25 (66) 0.11† 0.002†

Current smoker 8 (4) 1 (2) 2 (3) 3 (8) 2 (5) >0.999† 0.26†

CVD risk factors and score

Body mass index, kg/m2 29 (25– 33) 30 (26– 34) 32 (28– 34) 25 (22– 27) 28 (24– 30) 0.02 <0.0001

Waist/hip ratio 0.90 
(0.85– 0.96)

0.88 
(0.84– 0.92)

0.86 
(0.82– 0.89)

0.98 
(0.93– 1.0)

0.93 
(0.90– 0.97)

0.001 <0.0001

Systolic BP, mm Hg 152 (138– 170) 153 (144– 168) 152 (136– 175) 152 
(136– 160)

152 (134– 174) 0.40 0.44

Total cholesterol, mg/dL 215 (176– 246) 221 (176– 257) 217 (185– 248) 207 
(174– 240)

196 (169– 230) 0.42 0.41

LDL, mg/dL 138 (110– 169) 142 (113– 173) 141 (112– 174) 123 (94– 154) 137 (112– 168) 0.91 0.04

HDL, mg/dL 55 (45– 65) 60 (49– 71) 55 (47– 60) 56 (46– 62) 49 (40– 59) 0.01 0.02

10- y ASCVD risk, % 8 (4– 12) 5 (3– 8) 6 (4– 10) 11 (6– 17) 12 (8– 20) 0.05 <0.0001‡

Other laboratory tests

Hemoglobin,  g/dL 14 (13– 15) 14 (13– 15) 14 (13– 15) 15 (14– 16) 15 (15– 16) 0.19 <0.0001

Coronary artery calcium 
score 0

182 (91) 53 (86) 61 (99) 35 (92) 33 (90) 0.36 0.62

HIV characteristics

Current CD4+ count 593 (504– 718) 409 
(358– 499)

0.007§

Nadir CD4+ count 141 (75– 199) 138 (61– 216) 0.82‡,§

HIV duration, y 12 (10– 12) 12 (10– 13) 0.23‡,§

ART duration, y 11 (9– 12) 11 (9– 13) 0.24‡,§

Data reported as median (interquartile range) or number (percentage). ART indicates antiretroviral therapy; ASCVD, atherosclerotic CVD; BP. blood pressure; 
CVD, cardiovascular disease; HDL, high- density lipoprotein; and LDL, low- density lipoprotein.

*P value from independent 2- sample t test.
†P value from χ2/Fisher exact test.
‡P value from Wilcoxon rank- sum test.
§Comparisons between men and women in HIV+ subjects.
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cystatin C, Gal- 3, and sFLT- 1; P for interaction=0.180 
for NT- proBNP).
For the 3 other echocardiographic measures (dia-
stolic dysfunction, global longitudinal strain, and 
ejection fraction), the only other statistically signif-
icant sex interactions were for Gal- 3 and diastolic 
dysfunction (biomarker*sex interaction P=0.02) and 
sFLT- 1 and ejection fraction (biomarker*sex interac-
tion P=0.02).

DISCUSSION
In this innovative study, we examined the influence of 
sex on HIV- associated heart failure risk markers and 
subclinical cardiac dysfunction in a sub- Saharan African 
context. Similar to prior studies from the United States, 
we describe substantial sex differences in biomarkers 
of cardiac stress and fibrosis and measures of cardiac 
structure and function; however, our study additionally 
focused on sex as a modifier of the HIV effect and the 
relationship between biomarkers and subclinical cardiac 
abnormalities. The HIV effects on 2 of the 6 biomarkers 
were different for women compared with men. Most sig-
nificantly, the relationship between biomarkers and sub-
clinical alterations in cardiac structure and function, in 
particular, LV mass index, was stronger in men. Our find-
ings suggest that traditional biomarkers may ultimately 
prove less effective for predicting outcomes for women 
with HIV in sub- Saharan Africa, and additional, novel risk 
markers need to be further explored.

Sex and Subclinical Cardiac Dysfunction 
in PLWH
CVD remains a significant source of morbidity and 
mortality in the population with HIV. The ability to 
identify PLWH who are at increased risk for CVD has 

significant implications for heart failure prevention 
strategies and improved outcomes for these patients. 
Measuring cardiac- specific biomarkers may provide 
more accurate CVD risk stratification for the popula-
tion with HIV than traditional risk assessment models 
because of the inflammation and immune activation 
associated with HIV.5 More important, biomarkers 
differentially associated with LV structure and func-
tion in women versus men may open a window into 
being able to identify “high- risk” individuals with sub-
clinical disease.36

In the general population, sex differences in car-
diac biomarkers are well described.14,37 For example, 
Lau et al studied sex differences in circulating car-
diac biomarkers among Framingham Heart Study 
participants and found that of 71 biomarkers mea-
sured, 86% differed significantly between men and 
women, of which 37 were higher in women and 24 
were higher in men.13

Despite these known sex differences in cardiac 
biomarkers, few studies have studied sex differences 
in cardiac biomarkers among PLWH, primarily be-
cause most studies are performed in high- income 
studies, where men outnumber women with HIV. 
In an analysis of markers similar to ours, Fitch et al 
found that high- sensitivity cardiac troponin- T, Gal- 
3, and ST- 2 were significantly higher in participants 
with HIV versus participants without HIV, and in 
sex- stratified analysis, the HIV effect seemed to be 
more pronounced in men compared with women.14 
Although we studied some of the same markers 
(Gal- 3, ST- 2, and NT- proBNP), our results did not 
necessarily reflect a similar trend. For example, 
we found that men with HIV had lower NT- proBNP 
than controls but women with HIV had higher NT- 
proBNP than controls, even after adjustment for 
potential confounders. This may reflect differences 

Table 2. Cardiac Biomarkers Stratified by Sex and HIV Status

Biomarker Total Cohort

Women Men

PLWH Controls PLWH Controls

GDF- 15, pg/mL 1086  
(687– 2645)

1779  
(1038– 4379)

687  
(583– 906)

2135  
(1176– 4201)

828  
(592– 1353)

sFLT- 1, pg/mL 104  
(90– 118)

104  
(87– 123)

106  
(89– 122)

97  
(88– 108)

106  
(94– 116)

Gal- 3, ng/mL 10.4  
(8.5– 13.4)

11.0  
(8.7– 13.6)

10.7  
(8.9– 11.3)

8.9  
(7.5– 11.5)

10.4  
(8.6– 13.7)

NT- proBNP, pg/mL 49  
(21– 91)

58  
(32– 126)

48  
(18– 75)

42  
(12– 83)

39  
(22– 86)

ST- 2, pg/mL 10796  
(8369– 14174)

8965  
(7555– 11658)

9961  
(7889– 12038)

14468  
(10927– 16165)

12459  
(10123– 17498)

Cystatin C, μg/mL 0.78  
(0.70– 0.87)

0.79  
(0.71– 0.87)

0.79  
(0.69– 0.87)

0.72  
(0.61– 0.81)

0.8  
(0.73– 0.96)

Data reported as median (interquartile range). Gal- 3 indicates galectin- 3; GDF- 15, growth differentiation factor 15; NT- proBNP, N- terminal pro- B- type 
natriuretic peptide; PLWH, people living with HIV; sFLT- 1, soluble fms- like tyrosine kinase- 1; and ST- 2, suppression of tumorigenicity- 2.
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between US and sub- Saharan African populations, 
or differences in how we accounted for confounding 
variables. Although Fitch et al focused on coronary 
artery disease, we chose to evaluate associations of 
biomarkers with echocardiographic measures of LV 
structure and function, because we are particularly in-
terested in the risk of heart failure in women with HIV, 
which has been well described.38,39 In sub- Saharan 
Africa, in particular, it is likely that heart failure may 
be a more important cardiovascular outcome than 

atherosclerotic coronary disease, as suggested by 
our prior study of low rates of detectable coronary 
calcium in this cohort.2

To our knowledge, we are the first to show sex 
as a modifier of the association between biomarkers 
and LV mass index, which appears to be elevated in 
PLWH in African and US cohorts.33,40 Increases in 
echocardiographic- derived LV mass index may reflect 
true myocyte hypertrophy in response to LV pres-
sure overload (ie, chronic hypertension), but may also 

Figure 2. Graphical representation of the HIV*sex interaction for cystatin C (A) and NT- proBNP (N- terminal pro- B- type 
natriuretic peptide) (B).
Highlighted P value represents the P for interaction in the multivariable linear regression model. All estimates adjusted for age, sex, 
systolic blood pressure, diabetes mellitus, current smoking status, total cholesterol, and body mass index. LN, natural log.

Estimate
Standard 

Error
P-value

Males: 
HIV+ vs. HIV-

-0.1897 0.0611 0.0022

Females: 
HIV+ vs. HIV-

0.0430 0.0474 0.3656

Difference in effect: 
Male vs Female

-0.2327 0.076 0.0024

HIV-: 
Males vs. Females

0.1211 0.0555 0.0306

HIV+: 
Males vs. Females

-0.1117 0.0565 0.0498

A

Estimate
Standard 

Error
P-value

Males: 
HIV+ vs. HIV-

-0.3336 0.2795 0.2342

Females: 
HIV+ vs. HIV-

0.4763 0.2172 0.0295

Difference in effect: 
Male vs Female

-0.8099 0.3468 0.0206

HIV-: 
Males vs. Females

0.2025 0.2543 0.4267

HIV+: 
Males vs. Females

-0.6074 0.2588 0.0200

B 

 Cystatin C

NT-proBNP
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represent expansion of intercellular volume, whether 
from edema or fibrosis, as shown by T1 mapping in 
cardiac magnetic resonance imaging studies.41 Of 
note, increased LV mass index is highly correlated with 
hypertension, and a high percentage of participants 
in our study had hypertension. Whether similar HIV 
effects and sex interactions might be seen in a more 
metabolically healthy population with less hypertension 
should be examined in future studies. In our study, bio-
markers were less strongly associated with LV mass 
index in women, suggesting that the biomarkers may 
also be less strongly associated with downstream clin-
ical heart failure. Future studies such as our cohort and 

others are also needed to characterize heart failure risk 
among PLWH in sub- Saharan Africa and should be 
designed to evaluate sex as a modifier of that risk.

HIV Effects on Cardiac Stress and 
Fibrosis
In addition to knowledge of sex- specific differences, 
it is important to better understand mechanisms of 
HIV- associated heart failure risk beyond traditional risk 
factors in a sub- Saharan African context. With effec-
tive ART treatment, the primary phenotype of cardiac 
dysfunction in PLWH has changed from LV systolic 
dysfunction to LV diastolic dysfunction.42 PLWH have 
higher prevalence of diastolic dysfunction than people 
without HIV and are afflicted with diastolic dysfunction 
at a younger age.42 The exact mechanisms of HIV- 
associated diastolic dysfunction have yet to be fully 
elucidated, but evidence suggests that systemic inflam-
mation, myocardial stress, subclinical myocardial ne-
crosis, and myocardial fibrosis and remodeling may play 
a role.42 PLWH are more likely than people without HIV 
to have both focal and diffuse myocardial inflammation 
and interstitial fibrosis,41- 45 and myocardial fibrosis is as-
sociated with impaired myocardial function in PLWH.45 
Myocardial fibrosis has been shown to precede heart 
failure with preserved ejection fraction in adults with-
out HIV infection.42,46 Similarly, accelerated myocardial 
stress and fibrosis may be a major contributing factor to 
HIV- induced systolic and diastolic dysfunction.42

The effect of HIV on biomarkers of inflammation 
and immune activation and their associations with 
many markers of CVD risk is well documented, but 
much less is known about the specific markers of car-
diac stress and fibrosis included in our current study. 
Cardiac biomarker associations with LV structure and 
function, like those shown in our study, support the 
hypothesis that myocardial inflammation and fibrosis 
may help drive subclinical CVD in HIV.42 Overall, our 
study found 4 (NT- proBNP, GDF- 15, ST- 2, and cysta-
tin C) of 6 cardiac biomarkers to be associated with 
increased LV mass index, more diastolic dysfunction, 

Table 3. Measures of LV Structure and Function by Sex and HIV Status

Measure

Women Men

Total Cohort PLWH Controls PLWH Controls

LV mass index, g/m2 (n=179) 80  
(67 to 97)

77  
(67 to 98)

74  
(63 to 88)

94  
(74 to 110)

74  
(64 to 95)

Diastolic dysfunction (yes), % (n=177) 42 55 43 32 30

LV global longitudinal strain, % (n=196) −16.4  
(−18.8 to −14.6)

−16.5  
(−18.3 to −15.1)

−18.0  
(−19.3 to −14.4)

−15.8  
(−17.6 to −13.5)

−16.4  
(−18.3 to −15.2)

LV ejection fraction, % (n=194) 67  
(60 to 74)

70  
(61 to 75)

67  
(60 to 74)

65  
(59 to 71)

66  
(63 to 74)

Data reported as median (interquartile range) for continuous variables or percentage for categorical variables. LV indicates left ventricular; and PLWH, people 
living with HIV.

Table 4. Multivariable- Adjusted Effect of Female Sex on 
Cardiac Biomarkers and Echocardiographic Outcomes

Variable Adjusted β/OR* 95% CI P Value

Cardiac biomarkers†

GDF- 15 −0.154 (−0.435 to 0.127) 0.2820

sFLT- 1 −0.039 (−0.129 to 0.051) 0.3949

Gal- 3 −0.020 (−0.171 to 0.132) 0.7963

ST- 2 −0.318 (−0.489 to 
−0.148)

0.0003

LV structure and function

LV mass index 
(mg/m2)

−12.0 (−22.5 to −1.5) 0.0252

Diastolic 
dysfunction 
(yes)

OR, 2.5 (0.86 to 7.4) 0.0929

LV global 
longitudinal 
strain (%)

−0.81 (−1.97 to 0.36) 0.1749

LV ejection 
fraction (%)

−1.28 (−5.86 to 3.29) 0.5808

Gal- 3 indicates galectin 3; GDF- 15, growth differentiation factor 15; LV, left 
ventricular; OR, odds ratio; sFLT- 1, soluble fms- like tyrosine kinase- 1; and 
ST- 2, suppression of tumorigenicity- 2.

*Estimates for female sex adjusted for HIV status, age, systolic blood 
pressure, diabetes mellitus, current smoking status, total cholesterol, and 
body mass index.

†All biomarkers were natural log transformed before analyses. Cystatin C 
and NT- proBNP (N- terminal pro- B- type natriuretic peptide) are not shown 
herein because of the presence of a significant HIV*sex interaction, as shown 
in Figure 2.
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or both. We found that PLWH had significantly higher 
levels of GDF- 15 compared with controls in a sub- 
Saharan African cohort that included 60% women, a 
result that was similarly reported by Secemsky et al in 
a San Francisco, CA, population.5 GDF- 15 has been 
shown to be elevated in heart failure and correlate with 
disease severity in people without HIV5,47 and is asso-
ciated with all- cause mortality in PLWH.5 Soluble ST- 2 
is an additional biomarker associated with diastolic 
dysfunction, cardiac fibrosis, and mortality in PLWH. 
Our study found that ST- 2 was significantly associated 
with LV mass index in a Ugandan population. This re-
sult is also corroborated by findings in the Secemsky 
et al study, which reported that ST- 2 was strongly as-
sociated with diastolic dysfunction in a US population.5

Although the predictive value of cardiac biomark-
ers requires further investigation, the differential levels 
of biomarkers related to myocardial stress and fibro-
sis in PLWH versus controls and in association with 

measures of LV structure and function reported in our 
study and others5,14,15,48 may help to elucidate patho-
physiologic mechanisms of CVD in PLWH.

Strengths and Limitations
The sub- Saharan African setting and inclusion of a 
large proportion of women are significant strengths 
of our study. Limitations of our study include the 
cross- sectional design, which permits examination 
of associations but not establishment of causality. It 
is possible that observed associations (or, in some 
cases, lack of association) between biomarkers and 
outcomes are attributable to residual or unmeasured 
confounders. Our study was designed to focus on 
PLWH who are being treated with ART. Because our 
study did not include a group of untreated PLWH, our 
results are not generalizable to an untreated popula-
tion. We additionally cannot assess to what degree 
associations seen in our study are attributable to 

Figure 3. Sex modifies the relationship between cardiac biomarkers and left ventricular (LV) mass index.
The standardized estimate of the association of LV mass index with each of the cardiac biomarkers is plotted separately for men 
and women. Error bars represent 95% CI. All estimates are adjusted for HIV, age, systolic blood pressure, diabetes mellitus, total 
cholesterol, and body mass index. Gal- 3 indicates galectin 3; GDF- 15, growth differentiation factor 15; LN, natural log; NT- proBNP, 
N- terminal pro- B- type natriuretic peptide; sFLT- 1, soluble fms- like tyrosine kinase- 1; and ST- 2, suppression of tumorigenicity- 2.
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residual effects of the virus versus ART effects and 
how these effects may differ in women versus men. 
However, in the era of widespread availability of ART, 
the more relevant clinical question is whether there 
are sex differences in cardiovascular risk among 
ART- treated PLWH. Our population was older, with 
high rates of diabetes mellitus; thus, our results may 
not be applicable to younger populations with lower 
rates of diabetes mellitus. In addition, most partici-
pants in our study were hypertensive, with fewer of 
the male control participants having hypertension. 
Our results may not be generalizable to populations 
without hypertension. Finally, we acknowledge that 
further studies in larger and diverse populations are 
needed to bolster the external validity of our findings.

CONCLUSIONS
We demonstrate differences in biomarkers of cardiac 
fibrosis and stress by sex and HIV status in Uganda. In 
addition, sex may modify the relationships between bi-
omarkers and LV structure and function. Future studies 
should examine the predictive value of these differen-
tially expressed cardiac biomarkers for cardiovascular 
events in this population.
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SUPPLEMENTAL MATERIAL 

 



Table S1. Relationship between cardiac biomarkers and measures of LV structure and 

function. 

 LV Mass Index Diastolic 

Dysfunction (Yes) 

Global Longitudinal 

Strain 

LV Ejection 

Fraction 

     

LN (GDF-15)     

 or OR 8.47 1.90 -0.47 -2.43 

95% CI (3.33, 13.61) (1.07, 3.36) (-1.06, 0.13) (-4.80, -0.05) 

p-value 0.0014 0.03 0.13 0.05 

     

LN (sFLT-1)     

 or OR -7.24 0.36 1.24 -0.46 

95% CI (23.77, 9.29) (0.06, 2.16) (-0.61, 3.09) (-7.83, 6.90) 

p-value 0.39 0.26 0.19 0.90 

     

LN (Gal-3)     

 or OR 7.56 0.52 -0.59 1.16 

95% CI (-2.04, 17.16) (0.18, 1.47) (-1.70, 0.53) (-3.21, 5.53) 

p-value 0.12 0.22 0.30 0.60 

     

LN (NT-proBNP)     

 or OR 8.80 1.61 -0.20 -2.49 

95% CI (6.13, 11.47) (1.31, 2.29) (-0.53, 0.14) (-3.77, -1.22) 

p-value <.0001 0.0086 0.25 0.0002 

     

LN (ST-2)     

 or OR 11.17 1.54 0.001 -1.22 

95% CI (2.57, 19.77) (0.62, 3.82) (-0.99, 0.99) (-5.13, 2.68) 

p-value 0.01 0.36 0.999 0.54 

     

LN (Cystatin C)     

 or OR 21.59 1.72 0.36 -0.98 

95% CI (8.91, 34.27) (0.42, 7.06) (-1.16, 1.88) (-6.90, 4.95) 

p-value 0.001 0.45 0.64 0.75 

     

 

Multivariable linear regression models adjusted for HIV, sex, age, systolic blood pressure, diabetes, smoking, 

cholesterol, and body mass index. LN, natural log; OR, odds ratio; GDF-15, growth differentiation factor; sFLT-

1, soluble fms-like tyrosine kinase-1; Gal-3, galectin-3; NT-proBNP,  N-terminal pro-B-type natriuretic peptide; 

ST-2, suppression of tumourigenicity-2.  

 


