
Vol.:(0123456789)

High Blood Pressure & Cardiovascular Prevention (2022) 29:451–461 
https://doi.org/10.1007/s40292-022-00534-5

ORIGINAL ARTICLE

Developing and Validating Risk Algorithm for Hypertension in South 
Africa: Results from a Nationally Representative Cohort (2008–2017)

Handan Wand1   · Cassandra Vujovich‑Dunn1 · Jayajothi Moodley2 · Tarylee Reddy3 · Sarita Naidoo2

Received: 12 April 2022 / Accepted: 4 July 2022 / Published online: 2 August 2022 
© The Author(s) 2022

Abstract
Introduction  There is compelling evidence of significant country-level disparities where African countries, particularly 
South Africa, have the highest hypertension rates in the world.
Aim  To develop and validate a simple risk scoring algorithm for hypertension in a large cohort (80,270) of South African 
men and women.
Methods  Multivariable logistic regression models were used to build our hypertension risk scoring algorithm and validated 
externally and internally using the standard statistical techniques. We also compared our risk scores with the results from 
the Framingham risk prediction model for hypertension.
Results  Six factors were identified as the significant correlates of hypertension: age, education, obesity, smoking, alcohol 
intake and exercise. A score of ≥ 25 (out of 57) for men and ≥ 35 (out of 75) for women were selected as the optimum 
cut-points with 82% (43%) and 83% (49%) sensitivity (specificity) for males and females, respectively in the development 
datasets. We estimated probabilities of developing hypertension using the Framingham risk prediction model, which were 
higher among those with higher scores for hypertension.
Conclusions  Identifying, targeting and prioritising individuals at highest risk of hypertension will have significant impact 
on preventing severe cardiometabolic diseases by scaling up healthy diet and life-style factors. Our six-item risk scoring 
algorithm may be included as part of hypertension prevention and treatment programs by targeting older individuals with 
high body fat measurements who are at highest risk of developing hypertension.
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1  Introduction

Hypertension is a significant health problem and the leading 
cause of severe cardiometabolic conditions and premature 
deaths worldwide [1–3]. Over the past decades, the burden 
of hypertension has increased substantially with significant 
geographical disparities where African countries, includ-
ing South Africa, have been estimated to have the highest 
prevalence in the region [4–6]. In fact, besides HIV/AIDS 
epidemic, increasing hypertension rates are considered one 
of the major health challenges that Black South Africans 
face [7–9].

Following the United Nation’s meeting in 2011, hyper-
tension prevention research has been accelerated across 
the African nations by developing and implementing new 
guidelines [10–13]. Despite these efforts, hypertension 
affects African countries, including South Africa [14, 
15]. According to the World Health Organization (WHO), 
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more than half of the African populations are hyperten-
sive [16, 17]. Based on the most recent guidelines, two-
thirds of South Africans are reported as hypertensive [18]. 
Although these estimates are useful for making global 
comparisons, they do not provide the most relevant coun-
try-specific risk factors for hypertension, which is known 
to be a proxy for severe cardiometabolic diseases [19, 20]. 
Therefore, identifying those at increased risk of hyperten-
sion and offering appropriate care and treatment before 
developing its sequelae remains a research priority. This 
information is particularly crucial due to the asymptomatic 
nature of the hypertension, which may be undetected until 
it is too late.

Risk scoring algorithms are known to be one of the most 
common and effective ways of identifying individuals at 
increased risk of disease. They have been frequently used 
in clinical settings and considered alternative diagnostic 
methods for specific diseases. Several algorithms have been 
developed and validated in various populations to identify 
those at high risk for non-communicable diseases, including 
hypertension [21–24]. The most recent systematic review 
identified 26 studies that developed risk prediction models 
exclusively for hypertension using the populations from the 
United States, Europe, China, Korea, Japan, Iran and India 
[25]. Although these models mainly included the estab-
lished risk factors to quantify an individual’s risk, they can 
only be relevant to the populations analyzed and may not 
apply to South Africans. Given the current status of hyper-
tension and its sequelae in the country, there is an urgent 
need for a risk-scoring algorithm exclusively for South Afri-
cans. Aligned with this urgency, we aimed to develop a risk-
scoring algorithm by identifying the minimum information 
to quantify individuals’ risk for hypertension using a set of 
simple anthropometric, socioeconomic, and lifestyle charac-
teristics without any laboratory measurements which can be 
impractical outside the clinical settings. Our gender-specific 
algorithms was validated (internally and external) using the 
data from more than 80,000 Black South Africans who par-
ticipated in the five-rounds of the South African National 
Income Dynamics Studies between 2008 and 2017 [26]. In 
an additional analysis, using the Framingham risk model, 
we also predicted the risk of developing hypertension within 
1-, 2- and 4-year among those who had normal blood pres-
sure when the surveys were conducted [24].

There is extensive research to report country-level esti-
mates; however, to date, there has not been an attempt to 
develop and validate a simple risk scoring algorithm that can 
quantify individuals’ risk for hypertension in South Africa. 
Considering the asymptomatic nature of hypertension and 
the benefits of early diagnosis and treatment, the results from 
our study may have significant implications in public health 
and clinical settings.

2 � Methods

2.1 � Study Population

We used data from the five-rounds of cross-sectional South 
African National Income Dynamics Study (SA-NIDS) 
surveys conducted in 2008- 2017 by the South African 
Labour and Development Research Unit based at the 
School of Economics (University of Cape Town). Details 
of the surveys were described elsewhere (SA-NIDS) [26]. 
Briefly, study populations were selected from households 
using a two-stage random cluster sampling design from 52, 
district councils across the country where clusters were 
household units. The current study only included Black 
South African men and women aged 15 years or older 
whom constituted approximately 85% of all respondents. 
Participants provided written informed consent; parent or 
legal guardians provided consent for those younger than 
18 years of age.

2.2 � Characteristics

We considered the following characteristics: age, gender, 
smoking status, frequent alcohol use, exercise per week 
and education. Participants’ weight (kg) and height (cm) 
were measured twice by a field personal; we used the mean 
of these two measurements to calculate the body mass 
index (BMI) (kg/m2). The World Health Organisation clas-
sification was used to categorize participants as under-
weight: BMI: <24.9 kg/m2, overweight: BMI: 25–29.9 kg/
m2 and obese: BMI: ≥ 30 kg/m2.

2.3 � Primary Outcome Measurement

All the anthropometric measures were collected by the 
trained study team workers. After a 5-minute rest period, 
the diastolic and systolic blood pressures were measured 
twice using an automated monitoring device with an 
adjustable cuff (Omron M7 BP) by trained study person-
nel. Quality controllers checked the data for completeness 
and verification. We restricted the analysis to non-miss-
ing data only. After averaging the two measurements of 
systolic and diastolic pressure measurements, the study 
population was classified as hypertensive according to the 
most recent definition suggested by the American College 
of Cardiology/American Heart Association task force in 
2017: a systolic blood pressure ≥ 130 mm Hg and/or dias-
tolic blood pressure ≥80 mm Hg [27]. Individuals with a 
pre-existing condition based on a medical history and/or 
medication were also considered as hypertensive.
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2.4 � Statistical Analysis

2.4.1 � Deriving Hypertension Risk Algorithm: Split‑Sample 
Method

Using the random number generation function in Stata 16.0, 
which allocated 67% of the randomly selected population 
who participated in one of the first three rounds of sur-
veys conducted between 2008 and 2014, and allocated to 
the development data set (n = 11,401 men and n = 16,773 
women); 33% of the same population (n = 5744 men and n 
= 8349 women) was used to validate the final model inter-
nally. Data from the most recent two rounds of survey par-
ticipants were used to validate the risk models externally 
(n = 15,541 and n = 22,462 women). Our models were 
finalized using the backwards-selection method with p < 
0.05. The Hosmer–Lemeshow goodness-of-fit test was used 
to assess the statistical appropriateness of the models. The 
hypertensive risk scoring algorithm included the weighted 
rounded regression coefficients (i.e. logarithms of the odds 
ratio, which were multiplied by 10) for each risk factor. This 
approach was commonly used in various risk scoring algo-
rithms and have been shown to be statistically robust com-
pared to single point approaches [28].

Gender-specific hypertension risk scores were calculated 
for each participant by adding up the final weighted scores 
for each risk factor. Using the data-driven techniques such 
as “quintiles”, each participant were classified as being at 
“low”, “mild”, “moderate”, “high”, and “severe” risk for 
hypertension. We also identified the “optimum” cut-point 
with high discriminatory power. For this analysis, standard 
statistical measures including sensitivity, specificity, Area 
under the curve (AUC), likelihood ratio positive (LR+) and 
likelihood ratio negative (LR-) were calculated for devel-
opment as well as internal and external validation datasets 
where 70% ≤  AUC < 80% was considered to be at statisti-
cally acceptable while AUC ≥  80% was regarded as excel-
lent discriminative power [29].

2.4.2 � Framingham Risk Prediction Model for Hypertension

In an additional analysis, we used the Framingham risk pre-
diction model to predict the risk of developing hyperten-
sion based on the following characteristics: (1) age (20–79 
years old), (2) gender, (3) diastolic blood pressure (<80 mm 
Hg), (4) systolic blood pressure (<130 mm Hg), (5) current 
smoker, (6) Age by diastolic blood pressure which were all 
available in our data sources except parental hypertension 
[23]. This analysis excluded a total of 41,838 individuals 
who were classified as hypertensive and/or reported to have 
high blood pressure (diastolic ≥  80 mmHg or systolic ≥ 130 
mmHg), heart diseases as well as those reported to receive 
medication/treatment for these conditions (Supplementary 

Table S2). Finally, we presented age x BMI specific pre-
dicted probabilities using a data visualization technique 
(Fig. 1a, b: “heat maps”).

3 � Results

80,270 people who participated in one of the five rounds 
of national surveys from 2008 to 2017 were analyzed. The 
overall median age of the study population was 32 years 
old (Interquartile-range (IQR): 22–49), in all time points. 
Gender distribution also remained similar over time, with 
60% women and 40% men. Overall hypertension preva-
lence for women ranged from 44% (2017) to 56% (2008) 
and for men 48% (2017) to 54% (2008). In our development 
datasets, 32% of the men and 42% of the women were 40 
years or older (Table 1a, b). The vast majority of the study 
population had some levels of education (89% for men and 
85% for women), one third of the men and women reported 
their household incomes as being < 3000 ZAR (South Afri-
can Rand). Based on BMI, 44% of the men and 64% of the 
women were overweight/obese. Similarly, high waist cir-
cumference was also more prevalent in women compared to 
men (68% and 45% respectively); while 38% of the men and 
3% of the women reported being a regular smokers. Frequent 
alcohol use was more common in men (35% and 10% for 
men and women respectively); men were also more likely to 
report exercise (at least once a week) compared to men (42% 
vs 16% for men and women, respectively). These character-
istics were remarkable similar in all validation (i.e. internal 
and external) datasets (Supplementary Table S1a and S1b).

3.1 � Development and Internal/External Validations 
of the Risk Assessment Tool

In gender-specific multivariable models, seven factors were 
identified as the significant correlates of hypertension in 
both genders (Table 1a, b): (1) older age; (2) lack of edu-
cation; (3) being married or cohabitating; (4) overweight/
obesity; (5) high-waist circumference; (6) smoking cigarette; 
(7) frequent alcohol intake; (8) lack of exercise. Living in an 
urban area was only significantly associated with increased 
odds of hypertension in men. These risk factors were also 
significantly associated with increased odds of hyperten-
sion in internal and temporal (external) validation datasets 
in both genders. Results from all the multivariable models 
were remarkably similar in internal and external validation 
datasets (Supplementary Table S1a (for men) and S1b (for 
women)). Non-significant p-values for the Hosmer-Leme-
show test ranged from 0.329 to 0.735 across the develop-
ment and all validation models, which were interpreted as 
statistically valid models. Finally, Supplementary Figures S1 
presents our 6-item risk scoring tool for men and women 
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Fig. 1   a Mean hypertension risk scores by the deciles of age and BMI categories: men. b Mean hypertension risk scores by the deciles of age 
and BMI categories: women
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separately. These figures also included risk assessment 
scales (i.e. predicted probabilities of hypertension) for the 
mean scores.

3.2 � Impact of the Presence of Multiple Risk Factors

Table 2 presents the odds ratios from the gender-specific 
logistic regression models across the quintiles of the subject-
specific risk scores in development and all validation data-
sets. We observed strong linear trends between the increas-
ing quintiles of the hypertensive risk scores and the odds of 
being hypertensive in development and all validation data-
sets ( P

trend
< 0.001 ). For example, men in the highest risk 

score category (i.e. 5th quintile) were 8 times more likely 

to be at increased odds of being hypertensive compared to 
those who had the lowest risk category (i.e. 1st quintile) in 
development and all validation datasets.

3.3 � Gender‑Specific Optimum Cut‑Points

For men, a total score of 25 or more, which fell into the third 
quintiles of the total risk score (i.e. at least moderate risk), 
was associated with hypertension prevalence of 60% and had 
Area under the curve (AUC) of 75% (95%CI: 72%, 78%). 
Therefore score ≥  25 was identified as the optimum cut-
point with 82% sensitivity and 43% specificity, indicating 
a statistically acceptable discriminative power (Table 3a). 
For women, a score of ≥  35, which also fell into the third 
quintiles of the total risk score (i.e. moderate-to-severe risk 
score), was associated with hypertension prevalence of 64% 

Table 1   Gender-specific multivariable logistic regression models for hypertension:

§ Included individuals with BMI <18.5 kg/m2 (<4%)
§§ >94 cm for men and >80 cm for women

Development model for men: 2008–2014 (n= 11,401) Development model for women: 2008–2014 (n=16,773)

% Adjusted OR (95% CI) P-value נ10 � Score % Adjusted OR (95% CI) P-value נ10 � Score

Age
<25 38% 1 29% 1
25–29 12% 1.88 (1.66, 2.13) < 0.001 6.2 6 12% 1.53 (1.37, 1.72) < 0.001 4.3 4
30–34 10% 2.26 91.96, 2.60) < 0.001 8.1 8 9% 2.23 (1.98, 2.53) < 0.001 8.0 8
35–39 8% 2.80 (2.38, 3.27) < 0.001 10.2 10 8% 3.13 (2.75. 3.55) < 0.001 11.4 11
40+ 32% 4.51 (4.08, 4.97) < 0.001 15.1 15 42% 7.63 (7.00, 8.30) < 0.001 20.3 20
Education
Some education 89% 1 0 85% 1 0
No education 11% 2.50 (2.57, 2.88) < 0.001 9.1 9 15% 3.41 (3.08, 3.78) < 0.001 12.2 12
Marital status
Single/not cohabiting 69% 1 0 72% 1 0
Married 31% 2.25 (2.10, 2.43) < 0.001 8.1 8 28% 1.94 (1.80, 2.10) < 0.001 6.6 7
BMI
<25§ kg/m2 66% 1 0 36% 1 0
25–29 kg/m2 18% 2.07 (1.87, 2.29) < 0.001 7.3 7 25% 1.77 (1.63, 1.91) < 0.001 5.7 6
30+ kg/m2 16% 2.98 (2.60, 3.43) < 0.001 10.9 11 39% 3.45 (3.20, 3.73) < 0.001 12.4 12
Waist circumference
Normal 55% 1 0 32% 1 0
High§§ 45% 2.43 (2.24, 2.63) < 0.001 8.9 9 68% 1.61 (2.44, 2.80) < 0.001 9.5 10
Smoke regularly
No 72% 1 0 97% 1 0
Yes 28% 1.31 (1.20, 1.43) < 0.001 2.7 3 3% 1.58 (1.29, 1.94) < 0.001 4.6 5
Alcohol intake
Never 65% 1 0 90% 1 0
<3+ days/week 30% 1.37 (1.26, 1.50) < 0.001 3.2 3 8% 1.20 (1.06, 1.34) 0.003 1.8 2
3+ days/week 5% 1.73 (1.43, 2.08) < 0.001 5.5 6 2% 1.62 (1.12, 2.35) 0.010 4.9 5
Frequency of exercise/week
Never 58% 1 0 84% 1 0
Less than once 42% 1.58 (1.46, 1.70) < 0.001 4.5 5 16% 1.51 (1.38, 1.65) < 0.001 4.1 4
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had AUC of 83% (95% CI: 79%, 86%), and was identified as 
the optimum cut-point with 83% sensitivity and 49% speci-
ficity which were considered to be statistically acceptable 
discriminatory power.

3.4 � Hypertension Risk Assessment Tool: Age נ
BMI‑Specific Probabilities of Hypertension

Age-specific mean hypertension risk scores were presented 
across the deciles of the BMI categories for in heat-maps 
(Fig. 1a for men and 1b for women). As expected, there was 
a strong positive correlation between the increasing levels 
of hypertension risk score across the increasing deciles of 
age and BMI categories. In gender-specific analysis, every 
5-point increase in the risk score resulted in a 4% and 5% 
increase in the predicted probabilities of being hyperten-
sive for men and women, respectively. The highest predicted 
hypertension probabilities were observed in BMI categories 
≥30 kg/m2 regardless of age and gender. For example, indi-
viduals younger than 30 years of age with normal weight had 
a mean hypertension risk score ranging from 0 to 10 in both 
genders. The probability of these individuals being hyper-
tensive was < 8% for men and < 10% for women (Fig. 1b). 
These probabilities more than doubled among those who 
were obese or severely obese in both genders (24% to 40% 

for men and 21% to 42% for women). Individuals with scores 
of ≥ 25 (men) and ≥ 35 (women) were considered to be at 
“moderate-to-severe risk”, and they were more than 3 (for 
men) and 5-times (for women) more likely to be hyperten-
sive (data not shown).

3.5 � Framingham Risk Prediction Model 
for Developing Hypertension

The risk of developing hypertension within 1, 2 and 4 years 
was presented using the Framingham hypertension risk 
prediction model across the categories of the quintiles of 
the risk scoring algorithm developed in the current study 
(Supplementary Table S2). There was a positive correlation 
between the two scoring tools. For example, individuals in 
the increasing risk score categories based on our scoring 
algorithm were also estimated to be at higher risk of devel-
oping hypertension based on the Framingham risk model.

4 � Discussion

The current study identified the most influential risk factors 
and developed a 6-item risk scoring algorithm for hyperten-
sion in a nationally representative of Black South African 

Table 2   Gender-specific odds ratios and 95% confidence intervals for hypertension during across the risk score categories in the development 
dataset

a) Men: 

 Development model Valida�on model #1 (internal) Valida�on model #2 (external)
  Odds Ra�o  
 (95% CI)

p-
value‡

  Odds Ra�o  
 (95% CI)

p-value‡   Odds Ra�o  
 (95% CI)

p-value‡

Risk score categories †
     Low risk 1 1 1
     Mild risk 1.85 (1.71, 2.00) <0.001 1.83 (1.64, 2.04) <0.001 1.95 (1.78, 2.14) <0.001
     Moderate risk 3.05 (2.81, 3.31) <0.001 3.41 (3.03, 3.83) <0.001 3.47 (3.15, 3.82) <0.001
     High risk 5.06 (4.61, 5.55) <0.001 4.86 (4.27, 5.54) <0.001 5.52 (4.96, 6.15) <0.001
     Severe risk 8.00 (7.05, 8.86) <0.001 8.73 (7.40, 10.32) <0.001 8.38 (7.30, 9.63) <0.001

          b) Women:  

 Development model Valida�on model #1 (internal) Valida�on model #2 (external)
  Odds Ra�o  
 (95% CI)

p-
value‡

  Odds Ra�o  
 (95% CI)

p-
value‡

  Odds Ra�o  
 (95% CI)

p-value‡

Risk score 
categories †
     Low risk 1 1 1
     Mild risk 1.68 (1.53, 1.84) <0.001 1.72 (1.51, 1.96) <0.001 1.75 (1.56, 1.97) <0.001
     Moderate risk 3.37 (3.10, 3.68) <0.001 3.34 (2.05, 3.78) <0.001 3.56 (3.20, 3.97) <0.001
     High risk 6.74 (6.16, 7.39) <0.001 6.41 (5.63, 7.28) <0.001 7.20 (6.44, 8.03) <0.001
     Severe risk 12.51 (11.41, 13.71) <0.001 12.07 (10.61, 13.74) <0.001 12.50 (11.19, 14.0) <0.001

Cut-points: †1st quin�le (score: <10 points); 2nd quin�le  (score: 10-19);  3rd quin�le  (score 30-35); 4th quin�le (score: 
36-49); 5th  quin�le (score: 50+ points)
Cut-points: †1st quin�le (score: <10 points); 2nd quin�le (score: 10-19);  3rdquin�le  (score 20-35); 4th quin�le (score: 
36-49); 5th  quin�le (score: 50+ points)
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men and women. Besides traditional risk factors such as 
age, body composition measurements (BMI or waist circum-
ference), smoking, alcohol use and exercise, our algorithm 
also included socioeconomic condition indicators such as 
education and marital status. Most of the risk factors used 

in our risk prediction models have been well recognized and 
identified as significant predictors of hypertension in other 
populations and ethnic groups, including Europeans, North 
Americans, and Asian populations [21, 25]. However, their 
weighted and clustering impacts on hypertension were not 

Table 3   Performance of the risk scoring algorithm for different cut-points.

AUC​ area under the curve; LR likelihood ratio

For men

Score Development model
AUC  (95% CI): 75% (95% CI: 72%, 78%)

Median (IQR) 20 (7–36) points

Cut points Sensitivity (specificity) Correctly classified LR+ (LR−)

≥  10 points 100% (0%) 66% 1 (–)
≥ 15 points 95% (22%) 68% 1.38 (0.25)
≥ 20 points 88% (31%) 70% 1.42 (0.43)
≥ 25 points 82% (43%) 78% 1.62 (0.50)
≥ 30 points 61% (68%) 83% 1.93 (0.57)

Internal validation model
AUC  (95% CI): % (95% CI: %, %)

Score cut points Sensitivity (specificity) Correctly classified LR +/LR−

≥ 10 points 100% (0%) 62% 1 (–)
≥ 15 points 91% (19%) 64% 1.28 (0.22)
≥ 20 points 85% (28%) 68% 1.32 (0.49)
≥ 25 points 80% (39%) 75% 1.58 (0.48)
≥ 30 points 58% (71%) 79% 1.81 (0.61)

For women

Score Development model
AUC  (95% CI): 83% (95% CI: 79%, 86%)

Median (IQR) 34 (16-48) points

Score cut-points Sensitivity (specificity) Correctly classified LR + 
(LR−)

≥ 10 points 100% (0%) 50% 1 (–)
≥ 20 points 95% (22%) 58% 1.20 (0.25)
≥ 25 points 94% (23%) 63% 1.40 (0.30)
≥ 30 points 89% (36%) 66% 1.52 (0.50)
≥ 35 points 83% (49%) 71% 2.01 (0.40)
≥ 40 points 75% (60%) 75% 2.37 (0.52)

Internal validation model
AUC  (95% CI): % (95% CI: %, %)

Score cut-points Sensitivity/specificity Correctly classified LR +/LR−

≥ 10 points 100% (0%) 46% 1 (–)
≥ 20 points 91% (25%) 54% 1.18 (0.22)
≥ 25 points 93% (27%) 59% 1.37 (0.28)
≥ 30 points 83% (46%) 61% 1.42 (0.45)
≥ 35 points 80% (47%) 68% 1.81 (0.41)
≥ 40 points 73% (63%) 71% 2.10 (0.50)
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explored for South Africans. Most importantly, we quanti-
fied individuals’ risk of hypertension with high precision 
(>80%) and robustness without using laboratory measure-
ments which can be impractical outside the clinical settings. 
For example, previous risk prediction models included blood 
glucose, high-density lipoprotein cholesterol and triglyceride 
levels as independent predictors of developing hypertension 
[30]. However, their discriminative powers were not superior 
to our risk prediction model, which only included simple 
anthropometric measures (AUC <70%).

In our scoring algorithm, older age and obesity were iden-
tified as the most influential risk factors for hypertension. 
These two characteristics have been consistently reported as 
key predictors of hypertension and included in all previous 
risk prediction models [24, 25, 28, 30]. Despite their sub-
stantial positive impacts on the prevalence of hypertension, 
their individual discriminative powers were lower than their 
combination effect. For example, AUC was calculated as 
62% (men), 59% (women) for age and 60% (men) and 64% 
(women) for obesity alone compared to the AUC: 75% and 
83% for the combination of the risk factors. A similar strong 
association was observed between high waist circumference 
and hypertension. In our risk prediction models, BMI and 
waist circumference measurements were identified as sig-
nificant correlates of hypertension with similar weighted 
scores. However, because of their strong correlation with 
each other, individuals who have one of these risk factors 
would likely to have the other one (spearman correlation 
coefficient ~ 90%). In practice, waist-circumference is a sim-
pler measurement than BMI calculation and is also reported 
to be a better predictor for visceral fat [30]. Therefore, the 
final self-assessment questionnaire included the waist cir-
cumference measurement as an alternative to BMI. To our 
knowledge, this is the first study to give an option for both 
measurements.

Our study also highlighted significant associations 
between hypertension and smoking status, alcohol use, and 
lack of exercise. These results are also consistent with previ-
ous research, where they are considered as traditional risk 
factors for several cardiometabolic diseases, including CVD, 
diabetes, stroke and hypertension in other populations. How-
ever, despite statistically significant odds ratios associated 
with these factors, their weighted risk scores were modest. 
Other characteristics, marital status and education had mod-
erate impacts on hypertension with weighted scores ranging 
between 8 and 12. Previous research reported a correlation 
between obesity and marriage in sub-Saharan Africa [22]. 
This association was primarily explained by a sedentary life-
style of married couples compared to unmarried [31–33]. 
Consistent with these reports, lack of exercise was also more 
common among married couples than single individuals 
who exercise more. These results were also confirmed in our 
study. For example, 71% of the married men and 85% of the 

married women reported that they never exercise, compared 
to 50% and 77% of unmarried men and women, respectively 
(data not shown).

Similar to the other developing countries, in South 
Africa, the burden of hypertension is shifting towards the 
populations with low socioeconomic conditions which 
was also supported by our findings [34]. For example, in 
our study population, individuals with no education were 
approximately three times more likely to be hypertensive 
than those who had some levels of education. A possible 
explanation is the strong bi-directional correlation between 
the lack of education and high levels of unemployment and 
low-income rates, which potentially lead to disadvantaged 
socioeconomic conditions [15]. This is the first study to 
include socioeconomic indicators in identifying individuals 
at high risk of hypertension; individuals with these charac-
teristics alone cannot be categorized as hypertensive without 
the presence of others. Nevertheless, they can be consid-
ered potential confounders and adjust the results for their 
impact. These results collectively indicate the importance of 
population-specific risk scoring algorithms rather than those 
developed in other populations. Our findings confirmed that 
individuals with high scores were also at increased risk of 
developing hypertension according to the Framingham risk 
prediction model [18]. Although we cannot conduct direct 
comparisons, we believe that the Framingham risk scoring 
model is likely to underestimate individuals’ risk of devel-
oping hypertension in our study population for several rea-
sons, including the scores assigned to BMI and age-specific 
diastolic blood pressure categories, which are expected to be 
much higher in Black South African populations compared 
to the population used in Framingham study who were pri-
marily white. For example, in our study population, every 
one-unit increase in BMI leads to a 12% increase in the odds 
of being hypertensive compared to a 4% increase in the haz-
ard ratio from the Framingham risk model [23].

4.1 � Comparison with Existing Risk Prediction 
Models

We compared our results with 26 risk prediction models 
developed for hypertension presented in the most recent sys-
tematic review, and four additional studies were published 
later on [24, 25]. Similar to the results from our study, tradi-
tional risk factors including age, BMI/waist circumference 
and smoking were included in almost all hypertension risk 
prediction models. There were only two studies with physi-
cal activity, and another included dietary factors. At the same 
time, several of them used other laboratory measurements, 
including lipoprotein, C-reactive protein, cholesterol, uric 
acid and glucose levels [25]. None of the models included 
socioeconomic characteristics, and only one of them had 
an indicator for marital status [22]. A gender-specific risk 
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prediction model was reported in one study, while the others 
included “gender” as a risk [25]. While these studies used a 
diversity of population and ethnicities, none was conducted 
in South Africa. However, we observed a strong correlation 
between the predicted probabilities from the Framingham 
risk scoring algorithm and the risk scores calculated from 
the current study.

4.2 � Clinical Implications

Given the current status of hypertension in South Africa, 
identifying those at high risk of hypertension would provide 
an opportunity to offer appropriate care and treatment before 
the development of severe cardiometabolic conditions. This is 
particularly crucial given the asymptomatic nature of hyperten-
sion; most individuals would not be aware of their status. In 
this setting, our risk scoring algorithm can serve as an initial 
step by identifying and alerting those who may need non-rou-
tine screening and further clinical assessments and treatment. 
For example, in our study population, 15,976 (51%) men and 
22,993 (50%) women were classified as being hypertensive. 
However, only 12% of the men (1992/15,976) and 29% of 
the women (6772/22,993) were aware of their status (data 
not shown). Most importantly, hypertension is an established 
risk factor for severe cardiometabolic diseases and premature 
death. Therefore, it is one of the most commonly used risk fac-
tors to predict individuals’ risk of developing cardiovascular 
diseases (CVD), diabetes and stroke. For example, a risk of 
CVD is reported to be increased by 15.82 for every one-unit 
increase in the log of systolic blood pressure [23]. Hyperten-
sion was also linked to development of diabetes and stroke in 
various populations globally [18].

4.3 � Limitations

The current study has several limitations. Our risk scoring mod-
els were developed using serial cross-sectional data. However, 
based on the current evidence, same risk factors to play key role 
in predicting incidence of hypertension in prospective design 
settings which was also confirmed in our data. However, our 
findings are exclusively unique to the Black South African men 
and women who have the highest burden of hypertension and 
related adverse outcomes in the world.

Despite these limitations, this is also the first study to 
compare the burden of hypertension using the current and 
previous definitions in South Africa. As expected, the crude 
prevalence was higher according to the 2017 guidelines 
compared to the previous definition of hypertension. How-
ever, this difference was not as pronounced as for the other 
populations. For example, in our population, there was a 5% 
relative increase in hypertension prevalence based on the 
new guidelines compared to the previous guideline (61% 

versus 58%) while this increase was 44% in the US popula-
tion (46% versus 32%).

5 � Conclusion

The score-specific probabilities may be used as a screening 
tool before the more costly laboratory assessments in local 
health care and clinical research setting. Our study particu-
larly highlighted significant associations between hyperten-
sion and smoking status, alcohol use, and lack of exercise 
which are all considered as traditional risk factors for several 
cardiometabolic diseases, including CVD, diabetes, stroke 
and hypertension in other populations. Identifying, targeting 
and prioritising individuals at highest risk of hypertension 
will have significant impact on preventing severe cardio-
metabolic diseases by scaling up healthy diet and life-style 
factors. Implementing targeted screening strategies remain a 
crucial and effective approach to targeting those at high risk 
of hypertension and have significant implications in public 
health and clinical settings.
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