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Abstract

Background

Cardiovascular diseases (CVDs) are increasing at an alarming rate among the South Afri-

can population. This study aimed to determine the prognostic value of modifiable CVD risk

factors for fatal and non-fatal events to inform cardiovascular health promotion practices in

the South African public health system.

Methods

Data was collected from individuals participating in the South African leg of a multi-national

prospective cohort study. Binary logistic regression was applied to estimate odds of total,

non-fatal and fatal cardiovascular events.

Results

Binary logistic regression analyses identified age as a predictor of non-fatal and fatal CV

events, with ORs of 1.87 to 3.21, respectively. Hypertension increased the odd of suffering

a non-fatal CV event by almost two and a half (OR = 2.47; 95% CI = 1.26, 4.85). Moreover,

being physically active reduced the odd of non-fatal CVD events by 38% (OR = 0.62; 95%

CI = 0.46, 0.83 for 1 Standard deviation increase of the weighted physical activity index

score (WPA)). On the one hand, gamma-glutamyltransferase (GGT) was associated with a

higher fatal cardiovascular disease risk OR = 2.45 (95% CI = 1.36, 4.42) for a standard devi-

ation increase.

Conclusions

Elevated blood pressure, GGT, and physical activity have significant prognostic values for

fatal or non-fatal CV events. These findings emphasise the importance of highlighting
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hypertension and physical activity when planning cardiovascular health education and inter-

vention programmes for this population, with attention to the monitoring of GGT.

Introduction

Incidence and prevalence rates of cardiovascular diseases (CVDs) have been on the rise in

Sub-Saharan African countries, including South Africa, since the 1990s [1]. Researchers have

since turned the spotlight towards CVD risk factors and prevalence in the African context,

especially in black populations [2]. Most studies have been conducted in high-income coun-

tries, which differ from the African context in terms of social macro-environments [3, 4],

health care systems, access to health care [5] and rates of epidemiological transition [6, 7].

The epidemiological transition has led to a health transition, rural-urban migration and

improved living conditions in some rural parts of Africa, including South Africa [8, 9]. Never-

theless, in South Africa, cardiovascular (CV) events such as coronary heart disease (CHD),

hypertension, stroke, angina, myocardial infarction and heart failure are steadily emerging as

the leading causes of mortality in the working group and older populations [10]. A few decades

ago, CVDs were not as prevalent amongst the black South African population as they are today

[4, 11]. Possible reasons for the noticeable increase in CVDs might include that most black

populations i) lived in rural areas, following a traditional prudent diet, rich in high-density

lipoproteins (HDL), serving as protection against CHD development [12], ii) had limited tech-

nology and were physically very active (i.e. walking distances, fetching wood, water and other

resources) [13], iii) had a short life expectancy due to communicable diseases [14] and malnu-

trition [15, 16] being the common causes of death, poverty and scarcity of health facilities [13].

Therefore, it is crucial to research the prevalence and incidences of CVDs and their associated

modifiable risk factors within the black populations in the African context [4, 17, 18].

According to the WHO’s 2018 country profiles report, non-communicable diseases

accounted for 51% of all South African deaths [19]. This number exceeds the 2019 HIV disease

burden in South Africa [20]. The country’s quadruple disease burden (non-communicable dis-

eases [NCDs] including HIV and tuberculosis; communicable diseases; conditions related to

poverty, violence and injuries; and diseases related to mothers and children) in addition to a

dichotomous health system imply overburdened public healthcare and costly private health-

care. South African public health systems have responded to the disease burden on multiple

levels through re-engineered primary healthcare (PHC) and related services. The South Afri-

can health promotion policy and strategy (2015–2019) calls for targeted primary, secondary

and tertiary prevention, yet cardiovascular health promotion is not a clear priority [21].

The Prospective Urban and Rural Epidemiology (PURE) study became entrenched into the

CVD profile of participants residing within a rural cohort and urban cohort in the North West

province of South Africa [22]. PURE is an international longitudinal epidemiology consortium

of 27 countries, exploring the demographic and epidemiological transitions related to CVDs

in urban and rural communities [22]. Data collected over 16 years enabled a comprehensive

perspective of the CVD profile within these communities [23–29]. Because the PURE-SA

study paralleled government initiatives to address CVD, the research team learned of partici-

pants’ continuous uncontrolled hypertension status during data collection, a rise in CVD inci-

dents, and the need for targeted cardiovascular health promotion interventions [30]. This

research aimed to identify the five-year prognostic value of modifiable risk factors for fatal and

non-fatal CV events within a selected group of South Africans residing in the Dr Kenneth
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Kaunda District, the urban cohort of the PURE-SA study. The aim was to inform targeted car-

diovascular health promotion interventions to strengthen South Africa’s public health system.

Methods

Study design and population

The study protocol complied with the Declaration of Helsinki (as revised in 2004) and was

approved (04M10 and NWU-00016-10-A1) by the Health Research Ethics Committee of the

North-West University, South Africa. Written informed consent was obtained. Participation

was voluntarily and participants could withdraw from the study at any time. Participants were

informed that all personal information related to this research will be shared with a third

party: Population Health Research Institute, McMaster University, Canada. The bio-statisti-

cian was granted access to a de-identified data set for performing all statistical analyses.

Reporting of the study conforms to the STROBE statement and references to STROBE [31]

and the broader EQUATOR guidelines [32].

The multi-national PURE study is a longitudinal study that aims to examine the relation-

ship of societal influences on human lifestyle behaviours, CV risk factors and incidence of

chronic NCDs [22]. The current study is part of PURE’s South African leg (PURE-SA), using

pre-collected data. A quantitative research approach was followed, pursuing non-experimental

research design. Baseline data were collected in 2005 and follow-up data in 2010. Relevant data

were investigated retrospectively by identifying associations between exposure (modifiable CV

risk factors) and outcomes (fatal and non-fatal CV events) over five years. Since this study

aimed to identify the five-year prognostic value of modifiable risk factors for fatal and non-

fatal CV events, the analyses included only participants who suffered a CV event(s) 5 years

after collecting baseline data. Data from 746 men and 1,263 women, aged 29 to 94 years, were

included for analyses.

Questionnaires

Trained, Setswana-speaking African fieldworkers, emic to the cohorts, conducted the inter-

views. Standardised semi-structured questionnaires (S1 File) were used to collect socio-demo-

graphic data regarding participants’ educational level, smoking and alcohol consumption

habits. In addition, information regarding participants’ physical activity level was collected

with the validated International Physical Activity Questionnaire (BAECKE) [33].that was

modified and validated for this population [34] (S2 File).

Binary outcome variables

Participants were asked whether they had a medical diagnosis of CVD (angina pectoris, CHD,

stroke, myocardial infarction, or heart failure), whether they were receiving any CVD medica-

tion, and recorded all their medications. CVDs were self-reported and verified with medical

records (clinic cards). Qualified researchers assisted by trained health care workers performed

verbal autopsies for all participants who had suffered a fatal CV event. A medical doctor

received all the reported events and supporting documents for adjudication and verification of

each case and assigned ICD-10 codes.

Anthropometrical measurements

Anthropometrical measurements were performed at baseline and followed-up according to

the standardised methods prescribed by the International Society of Advancement of Kinan-

thropometry [35]. Height was measured to the nearest 0.1 cm using a stadiometer (Leicester
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height measure, Seca, Birmingham, UK). Weight was recorded on a portable electronic scale

(Precision Health Scale, A & D Company, Japan) to the nearest 0.01 kg with participants in

light underwear and shoes removed. Waist- and hip circumferences were measured with a

steel tape (Lufkin, Cooper Tools, Apex NC, USA) and recorded to the nearest 0.1 cm. Body

mass index (BMI) was calculated by dividing weight in kilograms by height in meters squared

and classified using the WHO categories [36] of BMI of< 18.5 kg/m2 as underweight, 18.5–

24.99 kg/m2 as healthy weight, 25–29.99 kg/m2 as overweight, and� 30 kg/m2 as obese.

Cardiovascular measurements

After a 10-minute rest period, brachial blood pressure measurements were performed in dupli-

cate (5 minutes apart) on the right upper arm, with a suitable size cuff. The participant was

seated upright with the right arm supported at heart level. Systolic blood pressure (SBP), dia-

stolic blood pressure (DBP) and heart rate were measured with a validated OMRON HEM-

757 device (Omron Healthcare, Kyoto, Japan).

Biochemical analyses

Serum and plasma samples were collected and prepared according to standard protocol.

Plasma samples were stored on ice until processing, while serum samples were allowed to clot

at room temperature for 30 minutes. All samples were stored at –80˚C in cryotubes until fur-

ther processing.

Serum lipids and gamma-glutamyltransferase (GGT) were analysed with a Sequential Mul-

tiple Analyser Computer (SMAC), using the Konelab analyser (Thermo Fisher Scientific Oy,

Vantaa, Finland). Low-density lipoprotein (LDL) cholesterol was calculated using the Friede-

wald formula [37]. Plasma glucose was measured with a hexokinase method using the Vitros

DT6011 Chemistry Analyser (Ortho-Clinical Diagnostics, Rochester, New York, USA) and

reagents. Glycated haemoglobin was determined from whole blood (EDTA) samples, based on

ion-exchange high-performance liquid chromatography, with the D-10 Haemoglobin testing

system from Bio-Rad (Bio-Rad Laboratories Ltd., Hercules, CA, USA, #220–0101).

HIV testing

Written informed consent was obtained from each participant individually after pre-counsel-

ling was complete. Participants were given a choice to proceed with the testing. Participants’

HIV status was determined from whole blood using the First Response rapid HIV card test

(PMC Medical, India). This test was performed according to the protocol of the National

Department of Health of South Africa. Any positive First Response test results were confirmed

with the Pareeshak card test (BHAT Bio-tech India). Feedback about the results was provided

by two trained counsellors during individual sessions shortly before the participants were

transported back to their homes. Infected participants were referred to their local clinic or hos-

pital for follow-up and determination of CD4 cell counts.

Framingham risk score

The Framingham risk score (FRS) was first developed based on the Framingham Heart Study

data. It estimates the risk of developing CHD over ten years or more [38]. The FRS uses major

risk factor measurements, including age, sex, diabetes, LDL and HDL cholesterol, SBP and

smoking, to calculate a score indicative of an individual’s potential future CHD outcome risk

[38, 39]. This score is useful for both the individual patient and the clinician to decide whether

lifestyle modification and preventive medical treatment are necessary [38, 40]. Ten-year CHD
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risk can be presented in three categories based on the calculated results, i.e.,� 10% is regarded

as low risk; 10–20% as an intermediate risk; and> 20% as high risk [41].

Statistical analyses

Frequencies (N) were reported as percentage (%) values, while arithmetic means, medians,

interquartile range (IQR), standard deviations (SD) and 95% confidence intervals (CI) were

used to summarise the data. Either parametric statistical analyses or non-parametric statistical

analyses were used depending on data distribution. Data are presented as median and inter-

quartile ranges (IQR) [Q1–Q3]. Note that IQR is reported as a range Q1– Q3. One-way analy-

sis of variance (ANOVA) was performed to compare means. Two-sample z-tests were

performed to compare proportions. To enhance normality and to rescale to a standardised

normal distribution, all continuous variables were transformed using Blom’s inverse rank

transformation [42]. Notably, when applied to variables included in further logistic regression,

this will correspond to an odd for 1 Standard deviation increase.

Point-biserial correlations along with 95% confidence limits performed by Fisher’s transfor-

mation were used to explore associations between risk factors (continuous data) and CV event

outcomes (binary outcomes). Binomial multivariate logistic regression analyses were used to

determine associations between binary outcomes (CV event outcomes) and categorical risk

factors. Multicollinearity among factors under investigation was evaluated using visual inspec-

tion of heatmaps and variable clustering. Aggregation between strongly collinear variables was

performed to avoid multicollinearity. The least absolute shrinkage and selection operator

(LASSO regression) was the chosen strategy to define variables for inclusion in the model.

Briefly, based on the glmnet package of the R software (vers. 3.1.6), we performed a LASSO

regression in which the optimal tuning parameter (Lambda) was chosen after model cross-val-

idation using a random training dataset made by half of the observation. Afterwards, the

model selected by LASSO was also investigated through sequential modelling, adding variables

to the model unless stability of estimates. This evaluation was performed, adding variables

hierarchically from demographic factors to known risk determinants of CVD (biochemical

profile, hypertension, Framingham risk score, etc.).

The Receiver Operating Characteristic (ROC) curves were assessed to analyse the prognos-

tic value and model fitting of independent predictors on CV event outcomes for nested mod-

els. In addition, the ordinary odds ratio with 95% confidence limits was reported. Finally, the

ROC curves on the sequential nested model were reported. Briefly, we started from a mini-

mally adjusted model (age sex, education, locality) and considered an intermediate model with

lifestyle variables (WHO BMI categories, hypertension, nested smoking and alcohol use,

weighted physical activity index and Framingham risk score) and a fully adjusted model also

considering the biochemical profile (gamma-glutamyltransferase, fasting glucose, glycated

haemoglobin, total cholesterol, and total triglycerides). All statistical tests were two-tailed, and

the type-I error rate was set to 5% (α = 0.05). Unless specified otherwise, all analyses were per-

formed using SAS version 9.4 (SAS Institute, Cary (NC), USA).

Power calculations

A power calculation based on performances of the binomial logistic model was applied based

on the wp.logistic function of the WebPower package, using R software vers 3.6.2. Briefly, con-

sidering the number of fatal and non-fatal outcomes, we computed statistical power consider-

ing the proportion of outcomes in exposed and non-exposed subjects, where exposure was

defined as a binomial variable. Statistical power above 80% or false positive rate below 20% (β
< 0.2) were considered meritorious. According to this evaluation, we considered the analysis
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of non-fatal outcomes as sufficiently powered. According to our evaluations, the analyses of

fatal outcomes could be affected by false-negative results.

Results

Table 1 displays the baseline characteristics of the participants (N = 1,918). Participants who

suffered fatal CV events (N = 25) had a median age of 60.43 (50.34–65.90) years old, while

those who suffered non-fatal CV events (N = 69 were 57.12 (48.93–65.68) years old. Those

who had no CV events were 47.81 (41.62–55.73) years old (p < 0.001). Of the participants who

lived in rural areas, 56.0% suffered fatal CV events compared to 34.8% who suffered non-fatal

CV events (p = 0.010). Those who had suffered a fatal CV event were more likely to have no

formal education (64%) than those who reported non-fatal CV events (~30%). Noteworthy is

that participants who had reported non-fatal CV events had a more detrimental cardiovascular

profile. Their measurements for SBP, DBP, mean arterial pressure (MAP), and FRS were

higher compared to those who had suffered fatal events, even though the use of blood pres-

sure-lowering medication was higher within the non-fatal group (p = 0.002). Furthermore, the

non-fatal group reported the lowest weighted physical activity index (p = 0.001) and the high-

est diabetic prevalence (9.7%) (both p< 0.001). The highest HIV-positive status (16.6%) was

reported in participants with no CV events, followed by those who suffered non-fatal CV

events (11.6%) and then fatal CV events (4.2%). No differences were observed in lipid and

body composition measures between the groups.

Point-biserial correlations were performed to determine the relationship between CV

events and modifiable risk factors (Table 2). There was a positive correlation between age and

suffering a non-fatal (rpb = 0.126, p< 0.0001) and fatal (rpb = 0.099, p< 0.0001) CV event. Suf-

fering a non-fatal CV event was related to SBP and DBP (rpb = 0.115 and 0.098 with

p< 0.0001 for SBP and DBP, respectively). Moreover, WPA and FRS were also significantly

associated to non-fatal CVD (rpb = -0.097 and rpb = 0.107 with p< 0.0001 for WPA and FRS,

respectively). When looking at fatal CVDs we reported a borderline significant association

with WPA (rpb = -0.045, p = 0.050). Among the biochemical risk factors, a positive relationship

between fatal CVD and GGT emerged (rpb = 0.067, p = 0.004).

We observed relevant collinearity among a limited number of potential predictors of car-

diovascular disease. In particular, we observed a familiar correlation between systolic blood

pressure and diastolic blood pressure. As expected, those variables were inversely correlated to

the use of lowering blood pressure drugs. To avoid multicollinearity, a hypertension variable

was created according to WHO definition: having systolic blood pressure above 150 mmHg or

diastolic blood pressure above 90 mmHg or positive use of lowering blood pressure drugs [43].

Moreover, current smoking and alcohol use also resulted in collinearity, so we merged these

two factors to define a four-level variable of dichotomous values defined as current smoking or

alcohol use. Several alternative models were performed considering sociodemographics and

education, locality, lifestyle and biochemical profiles. According to the LASSO analysis, a com-

prehensive multivariate model emerged (age, sex, location, education, BMI, Framingham risk

score, merged current smoking and alcohol use, hypertension, gamma-glutamyltransferase,

fasting glucose, glycated haemoglobin, total cholesterol and total triglycerides). In the second

step, comparing three alternative and hierarchical multivariate binomial logistic models, the

mutually adjusted, most comprehensive model having all CVD events as outcomes (non-fatal

+ fatal) was selected over simpler models. In particular, when comparing the simplest vs more

complex models, we observed an AUC improvement from 0.732 to 0.776 for the overall CVD

outcome. Binary logistic regression analyses were performed (Table 3) to ascertain the effects

of modifiable risk factors on the likelihood that participants will suffer from a CV event.
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According to our analyses, a 5-year increase in age would result in an increased odd of

CVD, ranging between 87% for non-fatal CVD to more than threefold for fatal CVD. On the

contrary, among other demographics and general features, sex, education and location were

not related with a significant odd for CVD. More than twofold higher odd of non-fatal CVD

was also reported for subjects with hypertension (comprehensive of subjects taking blood

Table 1. Baseline demographic characteristics of study participants.

No CVD outcomes N = 1,918 Non-fatal CVD outcomes N = 69 Fatal CVD outcomes N = 25 Pvalue

Age 47.81(41.62–55.73) 57.12(48.93–65.68) 60.43(50.34–65.90) < 0.001

Sex
Men 37.0 36.2 52.0 NS
Women 63.0 63.8 48.0 NS

Area
Urban (%) 49.5 65.2 44.0 0.010

Rural (%) 50.5 34.8 56.0 0.010

Formal educ (%) 62.9 30.4 64.0 0.010

HIV positive (%) 16.6 11.6 4.2 NS
Lifestyle

Current tobacco (%) 51.8 53.6 52.0 NS
Current alcohol (%) 39.2 46.4 36.0 NS
GGT (U/l) 45.15(29.35–85.00) 48.29(31.34–94.51) 73.82(46.00–173.00) 0.031

WPA index 2.87(2.54–3.23) 2.64(2.28–2.90) 2.66(2.42–2.92) 0.001

Body composition
Waist circum. (cm) 77.25(70.20–87.80) 80.18(70.04–87.43) 74.88(64.53–84.74) NS
Hip circum. (cm) 93.20(84.90–106.1) 93.48(84.75–104.9) 86.85(76.33–98.28) NS
Waist: hip ratio 0.83 (0.78–0.88) 0.85(0.80–0.90) 0.86 (0.80–0.91) NS
BMI (kg/m2) 22.98(19.31–28.96) 23.53(19.33–28.64) 21.27(16.00–25.51) NS

CVD measurement
SBP (mmHg) 129 (116–146) 144 (130–171) 127 (106–150) <0.001

DBP (mmHg) 87 (77–96) 94 (87–108) 80 (72–93) <0.001

MAP (mmHg) 100 (91–120) 110 (100–132) 96 (87–111) <0.001

BP medication (%) 7.3 17.4 12.5 0.002

Framingham score 5.0 (3.0–8.0) 10.0 (4.0–16.0) 7.0 (2.5–10.0) <0.010

Glycaemic status
Glucose (mmol/l)� 4.80 (4.30–5.30) 4.90 (4.00–5.50) 5.00 (4.45–5.35) NS
HbA1c (%) 5.50 (5.30–5.80) 5.50 (5.20–5.95) 5.40 (5.03–5.98) NS
Diabetic (%) 5.2 9.7 4.8 < 0.010

Lipid profile
HDL (mmol/l) 1.41 (1.07–1.87) 1.44 (1.00–1.82) 1.61 (1.22–2.25) NS
LDL (mmol/l) 2.77 (2.07–3.64) 2.91 (2.07–3.51) 2.72 (1.71–3.70) NS
Trig (mmol/l) 1.07 (0.82–1.54) 1.21 (0.88–1.67) 1.06 (0.80–1.49) NS
Total chol. (mmol/l) 4.81 (3.40–5.87) 4.98 (4.33–5.98) 4.54 (3.83–6.51) NS
Trig:HDL 0.78 (0.49–1.25) 0.83 (0.55–1.35) 0.62 (0.46–1.21) NS

Two-tailed hypotheses, z-test and p-values, were calculated between the three groups; only the lowest p-trend was reported between-group differences. Continuous

variables reported using median and the range between first quatile and third quartile (Interquartile range Q1-Q3).

NS: not significant; HIV: Human immunodeficiency virus; GGT: gamma-glutamyltransferase; WPA index: weighted physical activity index; HbA1c: Glycated

haemoglobin; SBP: systolic blood pressure; DBP: diastolic blood pressure; MAP: mean arterial pressure; HDL: high-density lipoprotein; LDL: low-density lipoprotein;

Trig: triglycerides

� Fasting plasma glucose

https://doi.org/10.1371/journal.pone.0271169.t001
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pressure-lowering drugs) versus subjects without hypertension. When considering the bio-

chemical profile, one standard deviation increase of gamma-glutamyltransferase was related to

two and half time increased odd of fatal CVD outcome. Finally, multiplicative interaction

terms between the above-reported variables did not result as statistically significant.

When looking at the results from ROC curve analysis, we observe that sequential modelling

with the inclusion of behavioural and biochemical profile variables improves the model (Fig

1). Specifically, when considering non-fatal CVD events, we observed that the inclusion of

behavioural (Fig 1-Panel B) and biochemical profile variables (Fig 1-Panel C) resulted in an

AUC of 0.780 and 0.804, respectively. Furthermore, a more considerable increase concerning

the AUC = 0.726 of a simple model based on socio-demographic factors (Fig 1-Panel A). Simi-

larly, when looking at models of fatal CVD, we observed an improvement of the AUC from

0.787, resulting in the simplest model based on socio-demographic factors (Fig 1-Panel D) to

0.806 to 0.856 when considering models further considering behavioural (Fig 1-Panel E) and

biochemical profile variables (Fig 1-Panel F), respectively. Finally, a limited number of selected

modifiable risk factors are capable of predicting CVD outcomes. Specifically, a satisfactory

association with non-fatal CVD was observed for hypertension (AUC = 0.652) and physical

activity (AUC = 0.659), the comprehensive model having both predictors had an AUC of

0.743 (Fig 2, panel A). When looking at fatal CVD, the only predictor was GGT with an

AUC = 0.723 (Fig 2, panel B).

Discussion

The central aim of this research was to identify the 5-year prognostic value of modifiable risk

factors for non-fatal and fatal CV events within a selected group of South Africans. Our analy-

ses suggest that hypertension, GGT and weighted physical activity are associated with cardio-

vascular outcomes. On the one hand, we confirmed how hypertension and physical activity

are related to non-fatal CVD outcomes when explicitly looking at the type of CVD outcome.

On the other hand, it seems that only gamma-glutamyltransferase was a predictor of fatal

events. The existing CV management tools (PC101, EDL, ICDM) used within the South

Table 2. Point-biserial correlations with 95% confidence limits between CVD outcomes and sample’s features.

Non-fatal CVD outcomes Fatal CVD outcomes

rpb (95% CI) Pvalue rpb (95% CI) Pvalue

Age .126 (.083, .169) < .0001 .099 (.056, .143) < .0001

BMI (kg/m2) .004 (-.040, .047) NS .006 (-.006, .010) NS
WPA-index -.097 (-.141, -.053) < .0001 -.045 (-.089, .000) .050

FRS .107 (.064, .150) < .0001 .021 (-.023, .065) NS
SBP (mmHg) .115 (.072, .158) < .0001 -.010 (-.054, .034) NS
DBP (mmHg) .098 (.055, .142) < .0001 -.030 (-.074, .014) NS
GGT (U/l) .014 (-.031, .060) NS .067 (.022, .112) .004

Fasting glucose (mmol/l)� .004 (-.042, .050) NS .009 (-.037, .054) NS
HbA1c (%) .005 (-.040, .049) NS -.026 (-.070, .019) NS
Total chol. (mmol/l) .015 (-.030, .060) NS -.001 (-.046, .044) NS
Trig (mmol/l) .040 (-.005, .085) NS -.003 (-.049, .042) NS

CVD: Cardiovascular disease; BMI: Body Mass Index; WPA: Weighted Physical Activity Index; FRS: Framingham

Risk Score; SBP: Systolic Blood Pression; DBP: Dyastolic Blood Pression; GGT: Gamma Glutamyltransferase;

HbA1c: Glycated Haemoglobin; Total chol.: Total Cholesterol; Trig: Total Tryglicerides; NS: Not significant

� Fasting plasma glucose

https://doi.org/10.1371/journal.pone.0271169.t002
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African public health system present a risk assessment of modifiable and non-modifiable risk

factors (presented as an integrated process) for especially myocardial infarction over ten years,

and do not differentiate between risks for fatal or non-fatal CV events. This is of great impor-

tance since the aetiology of fatal and non-fatal CV outcomes may be due to entirely different

aetiology [44].

Our results confirm the significant role of age in developing CV events. Participants who

suffered fatal CV events were older (median age of 60.43 years) than those who suffered non-

fatal CV events (average age of 57.12 years). Interestingly, the prevalence of HIV positive par-

ticipants was higher in those with no cardiovascular events. This finding is in contrast with

previous findings by Hyle et al. [45], who found that due to improvements in curbing commu-

nicable diseases like HIV and freely available antiretroviral treatment [46], people are becom-

ing more prone to developing CVDs because they are living longer [47]. An increased life

expectancy has been proven to increase the risk of developing CVDs due to physical inactivity

and a weakened immune system in older people [48]. However, CVDs do not only affect older

people [49]. Most people suffer from CVDs in their youth because of poor lifestyle choices and

proceed with these CVDs into adulthood [49]. Because the immune system is still robust at an

early age, a CV episode at a younger age may, therefore, result in a non-fatal event [48, 50].

Interestingly, results from a study conducted in Uganda (East-Central Africa) revealed that

people living with HIV have 30% lower odds of having hypertension [51]. This observation of

Okello et al. [51] is aligned with a meta-analysis [52] of studies conducted in sub-Saharan

Africa examining the association between HIV and cardiometabolic traits. The results from

the meta-analysis found that HIV infection is associated with lower SBP as well as DBP. Given

the fact that hypertension emerged as a significant risk factor for non-fatal CV outcomes, a

Table 3. Odds ratios (OR) and 95% confidence intervals (95% CI) of sample‘s features in relation to non-fatal and fatal cardiovascolar outcomes.

Non-fatal CVD outcomes Fatal CVD outcomes

OR (95% CI) Pvalue OR (95% CI) Pvalue

Age (5 year increase) 1.87 (1.29, 2.71) < .0001 3.21 (1.86, 5.55) < .0001

Sex (Men vs. Women) 0.68 (0.34, 1.36) NS 1.41 (0.41, 4.85) NS
Location (Urban vs. Rural) 0.92 (0.48, 1.75) NS 1.03 (0.33, 3.23) NS
Education (Any vs. None) 0.55 (0.28, 1.09) NS 1.76 (0.59, 5.31) NS
BMI <18.5 vs. BMI 18.5–25 0.88 (0.38, 2.04) NS 1.65 (0.53, 5.16) NS
BMI 25–30 vs. BMI 18.5–25 0.79 (0.34, 1.80) NS 0.37 (0.04, 3.21) NS
BMI� 30 vs. BMI 18.5–25 0.85 (0.38, 1.90) NS 0.32 (0.03, 3.10) NS
WPA (+ 1 STD) 0.62 (0.46, 0.83) 0.002 0.85 (0.50, 1.45) NS
FRS (+ 1 STD) 1.35 (0.90, 2.01) NS 0.49 (0.23, 1.03) NS
S/A-YY vs. S/A-NN 1.62 (0.75, 3.54) NS 0.40 (0.11, 1.49) NS
S/A-YN vs. S/A-NN 1.02 (0.43, 2.41) NS 1.29 (0.28, 5.95) NS
S/A-NY vs. S/A-NN 1.10 (0.37, 3.29) NS 0.70 (0.12, 4.08) NS
Hypertension (Yes vs. No) 2.47 (1.26, 4.85) 0.009 0.38 (0.11, 1.27) NS
GGT (+ 1 STD) 0.89 (0.65, 1.21) NS 2.45 (1.36, 4.42) 0.003

FGL (+ 1 STD) 0.89 (0.68, 1.17) NS 1.25 (0.70, 2.24) NS
GHB (+ 1 STD) 0.82 (0.62, 1.09) NS 0.60 (0.34, 1.04) NS
TCH (+ 1 STD) 0.75 (0.55, 1.03) NS 1.01 (0.56, 1.82) NS
TGL (+ 1 STD) 1.10 (0.79, 1.53) NS 0.96 (0.50, 1.83) NS

CVD: Cardiovascular disease; OR: Mutually adjusted Odds Ratio; BMI: Body Mass Index; WPA: Weighted Physical Activity Index; FRS: Framingham Risk Score; S/A:

Smoking and alcohol; Y: Yes; N: No; GGT: Gamma Glutamyl Transferase; FGL: Fasting Glucose; GHB: Glycated Haemoglobin; TCH: Total Cholesterol; TGL: Total

tryglicerides.

https://doi.org/10.1371/journal.pone.0271169.t003
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possible explanation for the low prevalence of HIV infected participants observed in this CV

outcome group might be that HIV infected participants within our study population did not

present with elevated blood pressure levels. However, more comprehensive analyses of the

data are needed to clarify this observation, but that is beyond the scope of this study.

Rural areas reported a higher prevalence of fatal CV events, whereas urban areas reported

higher non-fatal CV events. These results agree with findings from Kapral et al. [53], who

reported that CV-related mortalities were higher in rural than in urban communities. Other

studies also reported that, although CV-related mortalities were higher in rural than in urban

communities, the risk-factor burden was higher in urban than in rural communities in the

countries included in their studies [53, 54]. Although locality was not a significant predictor

for CV events, a higher prevalence of fatal CV events was observed in the rural community

than in urban areas. The reason for this status quo could be the difficulty in accessing preventa-

tive health care programmes and that health care services generally remain substantially

underdeveloped [55]. Also, rural populations are generally more resource-constrained than

their urban counterparts, making them more vulnerable to social determinants of health and

less likely to have the means to access care [56]. Some barriers faced by people in the rural

Fig 1. ROC curve of risk factors related to all, non-fatal and fatal CV outcomes. M0 (panels A and D): model of age, sex, locality and education; M1 (panels B and E):

M0 supplementary adjusted for lifestyle (merged current smoking and alcohol use and weighted physical activity index); M2 (panels C and F): M1 supplementary adjusted

for CVD risk factors (Framingham risk score and hypertension) and biochemical profile.

https://doi.org/10.1371/journal.pone.0271169.g001
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communities of South Africa, and which could affect the high CV mortality rates reported in

these areas, have been listed. These barriers include (i) cost and time for patients travelling

long distances to access services are more significant for rural people, (ii) higher cost and time

of conducting outreach services and the resulting need for more healthcare workers per capita

compared to urban areas, (iii) diseconomies of scale exist, making the cost of delivering ser-

vices per capita higher, (iv) ambulances take longer to reach patients, (v) healthcare workers

may be reluctant to live in rural areas as these are often far from desirable amenities (schools,

banks, malls, gyms), and (vi) fewer opportunities exist for the employment of family members,

e.g. a spouse [57]. The role of COPC and WBOTs in cardiovascular health promotion of

patients with modifiable and non-modifiable risk factors for fatal and non-fatal CV events

necessitates attention.

This current study also found a relationship between CV events and having some form of

education. It can be assumed that people who attained formal education are more likely to

reside in urban areas where the socio-economic status is higher compared to those in rural

areas [58]. Individuals with some education level have relatively greater knowledge about dis-

ease conditions than those without formal education [57]. Education plays a role in socio-eco-

nomic status; people who attained higher education have better occupational and economic

opportunities than those who obtained lower/no education levels, impacting their quality of

life [58]. Health literacy and knowledge of cardiovascular risk factors may encourage people to

Fig 2. ROC curve of risk factors related to non-fatal and fatal CV outcomes. HYP: Hypertension, WPA: Weighted

Physical Activity Index, GGT: Gamma-glutamyl-transferase.

https://doi.org/10.1371/journal.pone.0271169.g002
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make behavioural changes and reduce risk factors within the communities [57, 58]. Health lit-

eracy and education levels were not explicitly listed within the existing South African CVD

management tools (Primary Care 101(PC101) [59] and the Essential Drug List (EDL)) [60].

However, the Integrated Chronic Disease Management model of care [61] does reiterate the

importance of empowering patients with chronic diseases towards assisted self-management.

Elevated blood pressure is an essential modifiable CV risk factor, especially in black popula-

tions [62]. The South African National Health and Nutrition Survey (SANHANES) reported

an increased prevalence of hypertension, especially in the elderly [63]. Our results from ROC

curve analyses identified hypertension as an essential predictor for non-fatal CV events. These

findings add to the longstanding knowledge that the control of high blood pressure and its risk

factors deserve attention in the black population [64].

Evidence exists in support of both SBP and DBP as essential measures of CV risk but at dif-

ferent ages of an individual [65, 66]. DBP increases until approximately the age of 50, where-

after it tends to level off over the next decade and may remain the same or decrease further

later in life, whereas SBP continues to increase throughout life [65]. Therefore, DBP seems to

be a more potent CV risk factor than SBP until the age of 50 years, and after that, SBP becomes

more critical [64]. This is particularly relevant to sub-Saharan Africa, particularly in South

Africa, where life expectancy has improved beyond the age of 50 [67]. In addition, controlling

SBP reduces total mortality, cardiovascular mortality, stroke and heart failure events [65].

Our findings of the association of CV events with the use of antihypertensive medication

may suggest that factors other than traditional risk factors may be necessary for determining

outcomes in this area of study. Possible contributing factors could include access to and afford-

ability of health services and medications, thresholds for diagnoses and treatments, and the

population’s educational level [63]. There may be more significant differences between urban

and rural communities, including their level of education, and access to, quality of, and afford-

ability of health care, which may contribute to higher rates of death from CVDs in rural areas,

despite a lower risk factor burden [49, 55, 62]. The social determinants of health remain a tax-

onomy to comprehend the multifaceted realities in managing CVDs, especially in cardiovascu-

lar health promotion.

Study limitations and strengths

Considering that data were collected at different intervals, there may have been concerns with

missing data. Some variables did not show a normal distribution, but the use of rank transfor-

mation allowed us to manage such an issue. In addition, the sampling framework was not

nationally representative, and therefore, the information from this study cannot be used to

represent the entire country’s status. Finally, the limited number of fatal CVD negatively influ-

enced the power to detect associations so that a possible number of false-negative results arose.

However, this study’s findings impact the community and primary healthcare practice,

research, education, and policy development, contributing to primary prevention and control

of the prevalence of CVDs in South Africa. It is also recommended that the ICDM model of

South Africa ensures that CVD prevention is included in HIV prevention through patient-cen-

tred health education. Furthermore, health promoters should be informed about these results

to enrich the health promotion awareness campaigns on the primary health care level.

Conclusion

We found that high blood pressure, GGT, and physical activity have significant prognostic val-

ues for fatal and non-fatal cardiovascular events in the research population. These findings fur-

ther emphasise the importance of highlighting health behaviours (modifiable risk factors)
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when planning this population’s cardiovascular health education and intervention pro-

grammes. The South African health system’s response to the rising CVD burden is reflected in

various care initiatives such as PC101, ICDM model of care, and risk assessment within the

EDL. The current care initiatives integrate risk factors, whether modifiable or non-modifiable

and acknowledge the role of assisted self-management of CVDs. However, considering the

complexity of CVD integrated into the social determinants of health, patients with CVD are

still falling through the cracks in the current health system. Therefore, more focused cardiovas-

cular health promotion is recommended to (i) contextualise physical activity index to adapt to

the robust South African health context, (ii) add alcohol abuse and sedentary lifestyle to the

major risk factors for CVDs in the EDL, (iii) reduce the time frames for risk assessment for

myocardial infarction and CVD risks from 10 years to 5 years, (iv) strengthen cardiovascular

health promotion interventions through Community Orientated Primary Care, and Ward

Based Outreach Teams on an individual level through motivational interviewing rather than

one-directional health education, (v) establish cardiovascular health promotion interventions

aimed to enhance not only assisted self-management, as highlighted within the ICDM model

of care but to enhance cardiovascular self-care and (vi) highlight the trilogy of hypertension,

physical inactivity and alcohol consumption in cardiovascular health promotion.

Thus, to conclude, it is essential to fortify established risk assessment and CVD manage-

ment tools, currently used in South African health promotion strategies, with the trilogy of

hypertension, physical inactivity and alcohol consumption to enhance self-care of CVDs and

build on the established health system.
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Investigation: Jacobeth T. Kganakga.

Methodology: Jacobeth T. Kganakga, Minrie Greeff, Iolanthé M. Kruger.
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