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Introduction: The prevalence of cardiovascular disease (CVD) is rising in Sub-Saharan Africa, but it is not known
whether current risk assessment tools predict coronary atherosclerosis in the region. Furthermore, sex-specific
performance and interaction with HIV serostatus has not been well studied. Methods: This cross-sectional
study compared ASCVD risk scores and detectable coronary artery calcium (CAC>0) by sex in Kampala,
Uganda (n = 200). The cohort was enriched for persons living with HIV, and all participants had at least one CVD
risk factor. We fit log binomial regression models and constructed ROC curves to assess the correlation between
ASCVD scores and CAC>0. Results: The mean age was 56. 62% were female and 50% of both men and women
were living with HIV. The median 10-year ASCVD risk score was significantly higher in men (11.0%, IQR
7.6-19.4%) than in women (5.1%, IQR 3.2-8.7%), although the prevalence of CAC>0 was similar (8.1 vs 10.5%,
p = 0.63). Each 10% increase in ASCVD risk was associated with increased risk of CAC>0 in men (PR 1.59, 95%
CI 1.00-2.55, p = 0.05) but not women (PR 1.15, 95% CI 0.44-3.00, p = 0.77). ROC curves demonstrated an
AUC of 0.57 for women vs 0.70 for men. Adjustment for HIV serostatus improved the predictive value of ASCVD
in women only (AUC 0.78, p = 0.02). Conclusions: ASCVD risk score did not correlate with the presence of CAC
in women. When HIV status was added to the ASCVD risk score, correlation with CAC was improved in women
but not in men.

an essential component of the prevention strategy for atherosclerotic
cardiovascular disease (ASCVD). However, widely-used risk estimators

1. Introduction

The prevalence of cardiovascular disease is rising in sub-Saharan
Africa as countries in the region undergo both demographic and
epidemiologic transitions [1-4]. The trend is largely driven by a growing
burden of traditional risk factors for atherosclerosis, including hyper-
tension, diabetes, and obesity [5-7]. Accurate risk-prediction tools are

such as the Pooled Cohort Equations (PCE) [8] have not been adequately
validated in sub-Saharan Africa and may not accurately predict risk in
this heterogeneous population [9-11].

Previous work has identified specific patterns of ASCVD risk across
sub-Saharan Africa that suggest the PCE may not apply to this context.
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First, historic data established male sex as an independent cardiovas-
cular risk factor [12-14]. However, studies in sub-Saharan Africa have
identified higher rates of age-standardized cardiovascular mortality in
women [2] which may be partially explained by a higher burden of
traditional risk factors, particularly obesity and the metabolic syndrome
[15-17]. Second, the interaction between traditional and
non-traditional risk factors such as HIV may moderate risk profiles in
significant ways [18]. In the global north, there is a well-established
association between HIV infection, chronic immune activation and an
increased risk of coronary heart disease [19-24]. HIV is estimated to
increase the risk of cardiovascular disease 2-fold. In sub-Saharan Africa,
where HIV is more endemic, this translates to 10-15% of the population
attributable risk for ASCVD [21].

Ascertainment of clinical ASCVD outcomes can be challenging in
sub-Saharan contexts due to constrained healthcare resources, making
direct validation of risk estimators challenging. Coronary artery calcium
(CAC) scoring via computed tomography has been associated with HIV
serostatus elsewhere, and is therefore proposed as an important marker
of subclinical ASCVD in this setting [25]. We undertook the current
study to investigate the correlation of the PCE 10-year risk score with
CAC among adults living in Kampala, Uganda, with particular attention
to sex and HIV serostatus.

2. Material and methods
2.1. Participants

For this cross-sectional study, 100 persons living with HIV (PLWH)
were enrolled from a population of patients in ambulatory care currently
receiving antiretroviral therapy (ART) at the Joint Clinical Research
Centre near Kampala, Uganda. The Joint Clinical Research Centre was
established in 1991 to provide high-quality HIV care and has since
grown to support a wide variety of clinical services and academic
research initiatives. Enrollment for this study began in April 2015 and
extended through May 2017. We prospectively identified 100 age- and
sex-matched HIV-negative controls in a 1:1 ratio, recruited from the
community or hospital-based internal medicine clinics within the
catchment area of the Joint Clinical Research Centre. All participants
were 45 years of age or older. To enrich the study population for car-
diovascular risk, enrollment criteria required all participants to have at
least one traditional cardiovascular risk factor (hypertension, diabetes
mellitus, smoking, or high cholesterol) as assessed by self-report and
correlation with the enrolling clinic’s medical record.

2.2. Study procedures

Self-reported demographics, smoking status, and medical history
were obtained using standardized questionnaires and clinical chart re-
view. Socioeconomic status (SES) was defined using a previously vali-
dated survey of household asset ownership [26]. Diabetes and
hypertension were defined as having a self-reported history of the con-
dition or being on a medication for the condition. Smoking was defined
as a self-report of current use of cigarettes. Among PLWH, current and
nadir CD4" count, time since HIV diagnosis, current ART and total
duration of ART were abstracted from the medical record. A physical
examination was conducted, including height, weight, blood pressure,
waist and hip measurement. All control subjects were confirmed nega-
tive with a rapid HIV test. After a 12-h fast, blood was drawn for clinical
labs including a lipoprotein panel and inflammatory markers.

All subjects underwent non-contrast, electrocardiogram-gated car-
diac computed tomography (CT) for calcium scoring. Scans were per-
formed on a 128-slice multidetector CT scanner (Siemens; Munich,
Germany). Coronary artery calcium (CAC) score was measured offline
by a radiologist (GE) using a Siemens Syngo workstation. Calcified le-
sions were defined as having >6 pixels with density >130 Hounsfield
units, and total CAC score was calculated using the Agatston method
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[27].

Biomarkers of inflammation and immune activation were measured
in batch from cryopreserved plasma samples. Interleukin-6 (IL-6) was
measured by electrochemiluminescence (Meso Scale Diagnostics,
Rockville, MD, USA). Soluble CD14 (sCD14; R&D Systems) and soluble
CD163 (sCD163; R&D Systems) were measured by ELISA. High sensi-
tivity C-reactive protein (hsCRP) was measured by nephelometry
(Siemens, Munich, Germany).

2.3. Statistical analysis

We first described the demographic and cardiometabolic risk profile
among study participants stratified by sex. Statistical comparisons be-
tween groups (female vs male) were made using t-tests and Wilcoxon
rank-sum tests for continuous variables, and chi-squared or Fisher exact
tests for categorical variables as appropriate. Household asset ownership
data was used to generate an index of socioeconomic status using a
principal-components analysis. Biomarkers were analyzed after log
transformation and categorized by tertile to allow relative comparisons
with the cohort, due to the lack of standardized thresholds for clinical
disease prediction with the markers studied. Missingness was <3% for
all variables. The American College of Cardiology (ACC) Pooled Cohort
Equations Risk Estimator was used to assess the 10-year risk of an
ASCVD event among all study participants. ASCVD is defined as coro-
nary heart disease death, non-fatal MI, fatal stroke and non-fatal stroke.
Race was categorized as “other” for all participants due to a lack of data
supporting the applicability of US-defined racial constructs to this
context.

In the primary analysis, we first categorized the distribution of pre-
dicted ASCVD risk and detectable calcified coronary plaque (defined as
CAC score >0) for the entire cohort and among the cohort stratified by
sex. We then used log binomial regression to assess the relationship
between ASCVD risk score and CAC>0 both in a univariable model and
in multivariable models adjusted for 1) HIV status and 2) individual
inflammatory markers by sex. We assessed the predictive value of
ASCVD risk score for CAC>0 by generating ROC curves for 1) ASCVD
alone, 2) ASCVD and HIV and 3) ASCVD and inflammatory markers.
STATA 14.0 was used for analysis; p < 0.05 was considered statistically
significant.

2.4. Ethical review

All study procedures conducted in Uganda were reviewed and
approved by the Institutional Review Board of University Hospitals
Cleveland Medical Center, the Joint Clinical Research Centre (JCRC;
Kampala, Uganda) and the Uganda National Council for Science and
Technology. All participants signed written informed consent.

3. Results

Characteristics of study participants are displayed by gender in
Table 1 and by HIV serostatus in Supplemental Table 1. Women were
more likely than men to have hypertension (91% vs 75%, p < 0.01),
obesity (60% vs 16%, p < 0.01) and to fall in the lowest wealth tertile
(41% vs 21%. P = 0.02). Women had both higher mean LDL levels (144
mg/dL, SD 46 vs 128 mg/dL, SD 38, p < 0.01) and mean HDL levels (57
mg/dL, SD 14 vs 52 mg/dL, SD 14, p = 0.02).

Rates of smoking were low in both groups. Markers of systemic
inflammation were overall higher in women than men. Women were
more likely to have a CRP >3 pg/ml (46% of women vs 30% of men, p =
0.02), and more likely to fall into the highest tertile for sCD14 level (35%
vs 30%p = 0.04), and sCD163 level (38% vs 25%, p = 0.02). There was
no difference in IL-6 level by sex.

The median calculated 10-year ASCVD risk score was significantly
higher in men (11.0%, IQR 7.6-19.4%) than in women (5.1%, IQR
3.2-8.7%) and men were more likely to fall into a higher ASCVD risk
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Table 1
Demographic indicators.
Women (N = 124) Men (N = 76) p-
value

Age (mean, SD) 55.7 (6.2) 55.5 (7.0) 0.79

Systolic BP 157.1 (25.9) 154.1 (27.7) 0.44
(mean, SD)

Diastolic BP 93.0 (12.5) 94.9 (16.9) 0.37
(mean, SD)

Hypertension” (n, 113 (91.1) 57 (75.0) <0.01
%)

Total cholesterol 219.3 (55.4) 201.3 (49.7) 0.02
level (mg/dl,
mean, SD)

LDL level (mg/dl, 144.4 (46.2) 127.6 (38.1) <0.01
mean, SD)

HDL level (mg/dl, 57.4(13.9) 52.4 (14.2) 0.02
mean, SD)

BMI (n, %) <0.01
Underweight 0 (0.0) 3(4.0) -
<18.5 (n,%)

Normal 16 (13.0) 29 (38.2) -
18.5-24.9 (n,
%)
Overweight 34 (27.6) 32 (42.1)
25-29.9 (n, %)

Obese>30 (n, 73 (59.4) 12 (15.8) -
%)

Fasting glucose 119.3 (57.5) 124.6 (61.0) 0.54
(mg/dl, mean,

SD)

Diabetes” (n, %) 39 (31.5) 32 (42.1) 0.13

SES index (n, %) 0.02
First tertile 49 (41.2) 16 (21.3) -
Second tertile 35 (29.4) 30 (40.0) -
Third tertile 35 (29.4) 29 (38.7) -
(wealthiest)

Current smoker 3(2.4) 5 (6.6) 0.26
(n, %)

hsCRP (pg/ml, 2.8 (0.8-5.1) 1.2 (0.5-4.1) 0.02¢
median, IQR)

hsCRP (pg/ml, n, 0.02
prop)
hsCRP <1 37 (29.8) 37 (48.7) -
hsCRP 1-3 30 (24.2) 16 (21.1) -
hsCRP >3 57 (46.0) 23 (30.3) -

sCD14 (pg/ml, 1,534,371 1,433,311 0.04°
median, IQR) (1,328,543-1,826,348) (1,128,021-1,737,784)

sCD14 (pg/ml, n, 0.24
%)
First tertile 36 (29.0) 31 (40.8) -
Second tertile 45 (36.3) 22 (29.0) —
Third tertile 43 (34.7) 23 (30.3) -

sCD163 (ng/ml, 666.5 (530.5-910.5) 583.0 (427.5-805.5) 0.02°
median, IQR)

sCD163 (ng/ml, 0.05
n, %)
First tertile 34 (27.4) 33 (43.4) -
Second tertile 43 (34.7) 24 (31.6) -
Third tertile 47 (37.9) 19 (25.0) -

1L-6 (pg/ml, 0.7 (0.5-1.1) 0.6 (0.4-0.9) 0.74°
median, IQR)

HIV (n, %) 62 (50.0) 38 (50.0) 1.0

HIV-Specific Indicators

Women (n = 62) Men (n = 38) p-
value

Nadir CD4 141 (75-199) 148 (65-216) 0.99"
(median, IQR)

Current protease 16 (25.8) 3(8.1) 0.04
inhibitor use (n,

%)
Current abacavir 2(3.2) 4 (10.5) 0.20

use (n, %)

@ Hypertension and diabetes self-reported and confirmed w/clinic records.
b p-value via Wilcoxon rank sum.

¢ p-value via natural log transformation.
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category (p < 0.01, Table 2). However, there was no difference in the
prevalence of detectable coronary artery calcium (CAC>0) by sex (PR
0.77, 95% CI 0.32-1.86, p = 0.56, Table 3).

In univariable models, 10-year ASCVD risk score was correlated with
CAC>0 in men (PR 1.59 for each 10% increase in ASCVD risk, 95% CI
1.00-2.55, p = 0.05), but not in women (PR 1.14, 95% CI 0.44-3.01, p
= 0.78, Supplemental Table 2, Fig. 1). HIV was associated with CAC>0
in women (PR 9.0, 95% CI 1.18-68.92, p = 0.03), but not in men (PR
0.60, 95% CI 0.15-2.34, p = 0.46). The AUROC for ASCVD risk score as a
predictor of CAC>0 was 0.57 among women and 0.70 among men
(Table 3). When the model was adjusted to include HIV, the AUROC
improved from 0.57 to 0.78 for women (p = 0.02 for difference between
the models, Fig. 2A). There was no significant change in the AUROC for
men (adjusted AUROC 0.71, p = 0.71, Fig. 2B). Finally, when the ASCVD
risk model was adjusted for sCD163 (a general marker of macrophage
activation) rather than HIV, the AUROC improved to 0.75 for women (p
= 0.04) but remained similar at 0.68 for men (p = 0.52).

4. Discussion

Among this population of middle-aged adults in Uganda, there was
no statistically significant difference in prevalence of CAC by sex. Men
had higher predicted ASCVD risk scores using the PCE. Women had a
higher prevalence of hypertension, obesity, and elevated LDL choles-
terol. Higher ASCVD risk scores were associated with a higher likelihood
of detectable CAC among men but not women, and HIV was associated
with detectable CAC among women but not men. Including HIV status
into regression models improved model performance at predicting CAC
for women. Our results suggest that prevalence of subclinical coronary
atherosclerosis, as defined by CAC, is reasonably well balanced by sex in
this population, but that risk estimation via the PCE does not adequately
discriminate risk among women.

4.1. ASCVD risk estimation and CAC

The goal of ASCVD primary prevention is to match the intensity of
intervention to an individual’s risk of disease [28]. While we are unable
to link ASCVD risk to the prospective capture of overt clinical events in
this study, a strength of our data is the ability to correlate risk estimation
using the PCE with the presence of subclinical disease using CAC.

We found similar predicted levels of ASCVD risk using the PCE as the
large US-based CAC Consortium study. In both cohorts, the predicted
risk among women was about half the risk of men [29]. In that study,
Shaw et al. found that 40% of women and 63% of men had CAC >0.
These results were nearly identical to the US-based Multi-Ethnic Study
of Atherosclerosis (MESA) results published a decade earlier [30].
However, our cohort demonstrated a much lower prevalence of CAC
(~10%) among both men and women despite similar age and selection
for the presence of risk factors [31]. Our findings lend support to those
by Wu et al. that risk estimators developed in the United States or Europe
may significantly overestimate ASCVD risk in other settings [32].
Additionally, our findings suggest that differential risk for CAC between
men and women may not be consistent in all contexts.

Table 2

Comparison of ASCVD 10-year risk categories by sex (N, %) Race = other.
ASCVD Risk Female (N = 123) Male (N = 75) P-value
<5% 54 (43.9) 8(10.7)
5-7.5% 28 (22.8) 10 (13.3)
7.5-10% 18 (14.6) 15 (20.0)
>10% 23 (18.7) 42 (56.0)
Total 123 (100) 75 (100) <0.01
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Table 3
Adjusted prevalence ratio for coronary artery calcium score > 0 and AUROC for adjusted models.
Variables 4A. All 4B. Women 4C. Men
APR  P- AUROC  Pseudo- APR P- AUROC  Pseudo- APR P- AUROC  Pseudo-
value R? value R? value R2
ASCVD only (each 10 pt increase in 10-year ~ 1.46  0.05 0.62 0.03 115  0.77 0.57 <0.01 1.59  0.05 0.70 0.06
risk)
ASCVD + HIV 1.56 0.02 0.67 0.05 2.16 0.17 0.78 0.13 1.55 0.07 0.71 0.07
ASCVD + scd163 1.50 0.04 0.71 0.08 1.16 0.77 0.75 0.12 1.63 0.05 0.68 0.07
A: Women B: Men
06 06
mCAC=0 mCAC>0
0.5 0.5
) 2
e Q
g 04 2 04
3 3
? 03 = 03
c
3 . S 0.2
& o
] N
0 0
<S% 57.5% 7.510% >10% S% 57.5% 7.5-10% >10%

10-Year ASCVD Risk

10-Year ASCVD Risk

Fig. 1. Distribution of Coronary Artery Calcium Scores by ASCVD Risk Group. The percentage of the sample with and without detectable coronary artery calcium is
displayed by 10-year predicted risk of atherosclerotic cardiovascular disease. Prevalence of detectable coronary artery calcium is not significantly associated with 10-
year ASCVD risk in women (1A) but increases with increasing ASCVD risk in men (1B).
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Fig. 2. ROC Curves for the Predictive Value of ASCVD Risk for CAC>0. Receiver operating characteristic curves are demonstrated for the association between 10-
year ASCVD risk as predicted by the pooled cohort equations and the prevalence of coronary artery calcium in women (2A) and men (2B) with and without
adjustment for HIV. In women, the AUROC for 10-year ASCVD risk score as a predictor of CAC was only 0.58, indicating a poor correlation, but improved to 0.78
after adjustment for HIV. In men, the unadjusted AUROC was 0.70, indicating moderate correlation and did not change with addition of HIV to the model.

4.2. The role of HIV and sex

Due to the recognition of HIV as a significant risk-modifier for
ASCVD, an HIV-specific ASCVD risk estimator has been developed [33],
but lacks validation in HIV endemic countries [24]. Consequently, it is
not known how risk estimators perform among HIV-positive patients in
HIV-endemic settings, or how sex interacts with HIV in such
populations.

Our study sought to respond to this gap in the literature by including
a high proportion of women and PLWH in Uganda. In this study, risk
estimation using the PCE demonstrated poor discrimination for CAC
among women despite a significant burden of traditional risk factors.
Adding either HIV status or soluble CD163 (a marker of inflammation)
improved the performance of the risk prediction model for women only,

though we are not able to determine how this may translate into clinical
cardiovascular events over time.

There are several proposed mechanisms for sex-based differences in
the development of cardiovascular disease among PLWH. HIV infection
has been associated with early reproductive aging, which may reduce
the protective effects of naturally occurring female sex hormones over
time and result in relatively higher risk of atherosclerosis [34]. Inter-
estingly, residence in sub-Saharan Africa was associated with a more
advanced reproductive aging among women with HIV enrolled in the
REPREIVE trial in comparison to other world regions [35].
HIV-associated macrophage activation may additionally drive athero-
sclerosis among women to a greater degree than men, and this risk may
be modified by unmeasured, nontraditional risk factors In Sub-Saharan
Africa such as indoor air pollution that increase chronic inflammation
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[36].

A US-based study previously demonstrated that women with HIV
have lower rates of coronary plaque as assessed by coronary CT angi-
ography in compared to men [37]. While these results seem to contrast
with our findings, such discrepancies highlight the importance of
context-specific risk assessments for sub-Saharan populations. Addi-
tional social, cultural and dietary factors may play a significant role, and
these associations should be further investigated in subsequent research.

4.3. CAC and clinical outcomes

While this study evaluates CAC as marker of subclinical atheroscle-
rosis, CAC also has a role in future prediction of ASCVD events. Previous
work has demonstrated that CAC provides additional information pre-
dictive of future adverse events beyond risk estimators alone, particu-
larly for those with intermediate or uncertain risk profiles [38]. While
some work has shown that CAC may be more useful for reclassifying
ASCVD risk in men [39], Shaw et al. demonstrated that any detectable
CAC was associated with a higher risk of cardiovascular mortality
among women compared to men, and that this differential risk was
magnified in subgroups with multivessel CAC or large lesions [29].
Overall, incorporation of CAC into a risk-prediction model has been
shown to mitigate the relative contributions of other demographic fac-
tors such as age and sex [40]. CAC therefore remains compelling as a
technique to refine risk prediction tools, particularly in regions where
the role of traditional demographic risk factors remains uncertain and
the ascertainment of primary outcome events, such as stroke and
myocardial infarction, poses a clinical challenge.

4.4. Limitations

By nature of the cross-sectional study design and small sample size,
we are not able to draw conclusions about the directionality of effects of
HIV or CVD risk factors on CAC or assess for interaction with specific
HIV parameters such as type of antiretroviral therapy. We are also un-
able to assess the relationships between HIV, CVD risk factors and the
ultimate presentation with hard CVD events such as MI and stroke. Our
recruitment of patients through clinical sites may limit generalizability
to patients in contact with medical care. Finally, this work was not
designed to calibrate the PCE risk-assessment tool for specific risk per-
centages in this population, either globally or in reference to US-defined
race categories.

5. Conclusions

We found a substantive relative difference in 10-year ASCVD risk
estimation via the pooled cohort equations by sex among a study pop-
ulation in Uganda enriched for people living with HIV. However, there
were no sex-based differences in the presence of coronary artery calci-
fication as detected by CT. Inclusion of HIV improved model perfor-
mance among women but not men. Additional research is needed to
further explore the contributions of sex and HIV status to risk estimation
for this population, establish accurate risk prediction tools, and to build
mitigation strategies that respond to unique risk profiles.
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