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ABSTRACT

Background: Hypertension (HT) is a major contributor to global morbidity and mortality. Many individuals remain
undiagnosed, while others remain uncontrolled despite treatment. May Measurement Month (MMM) is a global initiative
by the International Society of Hypertension aimed at improving awareness and detection of elevated blood pressure. South
Africa has participated since 2017, with data collected at the University of the Witwatersrand since 2019.

Aims and objectives: To determine the prevalence of HT and related cardiometabolic risk factors in a predominantly
educated, urban cohort at the University of the Witwatersrand, Johannesburg, South Africa, and to assess demographic
associations and compare risk profiles between younger (<40 years) and older (240 years) participants.

Methods: This cross-sectional study was conducted as a sub-study of MIMM. Data collected during May 2019, 2021, 2022,

and 2023 were analysed. Participants aged 218 years were included, while records with missing data of interest were excluded.

Results: Among 1749 participants (mean age 29.2 + 10.6 years), there was a female predominance, and 13.4% had HT, of
whom 41.5% were screened as potentially having newly identified HT. Self-reported diabetes mellitus (DM) ranged from
0.8-5.3%, overweight/obesity from 36.3-48.3%, alcohol use peaked at 41.5%, tobacco use at 35.5%, and physical inactivity at
58.5%. HT and DM were more prevalent in older participants, while younger participants demonstrated a high prevalence
of modifiable risk factors, including overweight/obesity, smoking, alcohol use, and physical inactivity. Age 240 years was the
strongest predictor of HT.

Conclusion: The high prevalence of modifiable risk factors in younger adults highlights the importance of early screening and
targeted prevention strategies to reduce future cardiometabolic disease burden.

INTRODUCTION

Non-communicable diseases are rapidly becoming the
leading cause of mortality in South Africa (SA).(1)
Mortality from communicable diseases such as tuberculo-
sis declined significantly between 2006 and 2018 due to the
rollout of antiretroviral therapy and the implementation of
integrated tuberculosis care programmes. However, deaths
due to non-communicable diseases have steadily increased

from 1997 to 2018, with diabetes mellitus (DM), cancer,

and cardiovascular disease (CVD) emerging as the three
leading causes of mortality. CVD-accounts for approxi-
mately one in every six deaths in SA.(1)

According to the World Health Organisation (WHO),
stroke, ischaemic heart disease (IHD), hypertensive heart
disease, DM, and kidney disease were among the top ten
causes of death in women in SA in 2019.(2) Similarly,
IHD, stroke, and DM were among the leading causes
of death in men.(2) Cardiometabolic diseases and their
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complications, therefore, remain a major public health con-
cern and an important focus for prevention, screening, and
management.

Cardiometabolic risk factors are often preventable and/
or manageable and include hypertension (HT), DM, over-
weight/ obesity, dyslipidaemia, smoking, excessive alcohol
use, obesogenic diet, and physical inactivity. According to
the WHO, the prevalence of HT in SA is approximately
42.2%.(3) However, the true burden is likely underesti-
mated due to high rates of undiagnosed and uncontrolled
disease. The South African Hypertension Society (SAHS)
estimates that one in every four men and one in every five
women in SA have elevated blood pressure (BP).(4) Data
from May Measurement Month (MMM) conducted in
SA between 2017-2019 and 2021 demonstrated a HT
prevalence of 29.7%, with only 54.3% of hypertensive par-
ticipants being aware of their diagnosis and only 53.7%
achieving BP control despite treatment.(5)

Additional cardiometabolic risk factors are also highly
prevalent in SA. Approximately 10.6% of South Africans
have elevated blood glucose levels, and 34% have elevated
cholesterol.(2) The International Diabetes Federation
(IDF) estimated a prevalence of DM of approximately
12% in SA in 2021.(6) Furthermore, nearly half of South
Africans are overweight or obese, with a female predomi-
nance and the highest prevalence among individuals aged
35-64 years.(7) More than half of South Africans are
physically inactive.(2) Smoking prevalence is estimated at
16.2%, with notable tobacco use among younger individu-
als (12.7%).(2) Among individuals who consume alcohol,
the average annual intake is 27.1 litres per person per year.
(2) Collectively, these findings highlight a substantial bur-
den of modifiable cardiometabolic risk factors and empha-
sise the need for screening and preventative strategies in
asymptomatic populations.

HT, defined as a BP 2140/90 mmHg, is one of the lead-
ing modifiable risk factors for cardiovascular morbidity
and mortality.(3,5,8-13) HT may be classified as primary
(essential), accounting for approximately 90% of cases, or
secondary.(3) Risk factors for primary HT include increas-
ing age, obesity, sedentary lifestyle, smoking, excessive alco-
hol intake, and unhealthy diet.(3)

Although HT has traditionally been regarded as a dis-
ease of older adults, there is increasing evidence that cardi-
ometabolic risk begins earlier in life. Rising rates of obesity,
sedentary behaviour, alcohol use, and smoking among
younger populations have contributed to increasing rates
of early-onset HT and CVD.(14,15) International data
demonstrate that younger adults with HT are significantly
less likely to be diagnosed, treated, or controlled, compared
to older populations.(14) Importantly, elevated BP in early
adulthood is associated with increased long-term risk of
coronary artery disease, stroke, left ventricular hypertro-
phy, and cardiovascular mortality. In South Africa, data on
cardiometabolic risk in younger and asymptomatic popu-
lations remain limited. However, local MMM studies have

consistently demonstrated high rates of undiagnosed HT,
particularly among younger individuals and men.(5,8-13)
This is particularly important as behavioural risk factors
such as smoking, alcohol use, obesity, and physical inactiv-
ity often begin during early adulthood and may contribute
to cumulative vascular injury over time.(15)

An additional important consideration in younger indi-
viduals with HT is the increased likelihood of secondary
HT. While primary HT predominates overall, second-
ary causes are proportionally more common in younger
populations.(3,16) These include renal parenchymal dis-
ease, renovascular disease, endocrine disorders, and med-
ication-related causes.(16) Early identification of HT in
young individuals therefore, provides an opportunity not
only for cardiovascular risk reduction but also for further
investigation of potentially reversible underlying pathology.

One of the largest international surveillance initiatives
aimed at improving HT awareness is MMM, established
by the International Society of Hypertension (ISH).(9,10)
Initiated in 2017, MMM aims to screen as many individuals
as possible during May for undiagnosed and uncontrolled
HT while simultaneously improving public awareness and
follow-up.(9,10) To date, nearly six million individuals
across more than 100 countries have been screened.(10)
South Africa has participated in MMM since 2017, with
local data consistently demonstrating substantial numbers
of undiagnosed and uncontrolled hypertensive partici-
pants.(5,8,11,12) While HT may traditionally be consid-
ered less prevalent in younger individuals, the increasing
burden of modifiable cardiometabolic risk factors in the
youth highlights the importance of early screening and
prevention strategies. Furthermore, there remains a paucity
of local data examining cardiometabolic risk in asympto-
matic young adults.

'This study aimed to assess South African MMM data
collected at a university over four years to assess the burden
of HT and associated cardiometabolic risk factors within
a predominantly young population of students and staff at
the University of the Witwatersrand.

METHODOLOGY
Study design, setting and population

'This is a retrospective, observational, cross-sectional study
conducted as a sub-study of the international MMM initi-
ative established by the ISH.(8) 'This study was conducted
at the University of the Witwatersrand, Johannesburg,
South Africa. This is an urban setting comprising a diverse
population of students and staft from different age groups,
ethnic backgrounds, and socioeconomic backgrounds. The
university environment, therefore, provided a heterogene-
ous cohort reflective of the broader South African urban
population. Convenience sampling was used to recruit
voluntary participants during the MMM campaigns con-
ducted in 2019,2021,2022, and 2023. The study population
included all participants aged 218 years who consented to
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screening. A total of 3911 participants were recruited over
the four study years.

DEFINITIONS

HT was defined as a BP = 140/90 mmHg.(3,5,8-13)
Uncontrolled HT was defined as a BP 2140/90 mmHg in
a participant with self-reported pre-existing HT receiv-
ing at least one antihypertensive medication.(5,8-13)
Overweight/obesity was defined as a body mass index
(BMI) 225 kg/m?.(9,17) DM was self-reported. Tobacco
use included any use of cigarettes, cigars, e-cigarettes, vap-
ing devices, pipe smoking, or chewing tobacco. Alcohol
use was analysed as a qualitative variable and categorised
according to frequency of intake. Physical inactivity was
defined according to WHO recommendations as engaging
in <150 minutes of moderate-intensity exercise or <75 min-
utes of vigorous-intensity exercise per week.(18) Education
level was categorised as <7 years or 27 years of formal edu-
cation, including primary, secondary, and tertiary levels.

DATA COLLECTION

Data were collected using a validated standardised ques-
tionnaire provided by the ISH (Supplementary data 1).
The questionnaire was administered by trained pharmacy
students, in a language understood by the participant fol-
lowing informed consent.

Information obtained included demographic charac-
teristics (age, sex, and ethnicity), self- reported previous
diagnoses of HT and DM, current antihypertensive treat-
ment, smoking and alcohol use history, physical activity,
diet, previous cardiovascular events, medication use, and
anthropometric measurements including weight, height,
BMI, and BP.

Standardised methods of measurement were used for
both BMI and BP assessment to ensure reproducibility of
results. Using OMRON automated BP cuffs, calibrated
yearly prior to the commencement of data collection, the
appropriate cuft size was selected based on the participant’s
mid-upper arm circumference, with paediatric, regular,
large, or extra-large cuffs used where appropriate. Blood
pressure measurements were obtained using standardised
ISH protocols.(5,8-13) Participants were seated comfort-
ably with their backs supported, legs uncrossed, and feet
flat on the floor for five minutes prior to measurement. The
arm used for measurement rested at heart level on a table.
Participants were instructed not to smoke or speak imme-
diately before or during BP measurements. Three BP read-
ings were recorded at one-minute intervals, and the final
systolic and diastolic BP values were calculated as the mean
of the final two readings.

DATA MANAGEMENT AND STATISTICAL ANALYSIS

Data were captured using the MMM bespoke electronic
application developed by Clarifi Media and securely stored

on Amazon Web Services (AWS), with access restricted to
authorised users.

Prior to analysis, comprehensive data cleaning was
undertaken to ensure accuracy and consistency. Duplicate
entries were removed, and participants who did not meet
the inclusion criteria, including individuals aged <18 years
or those with missing BP data, were excluded. Records with
missing data in key variables, including weight, height, eth-
nicity, sex, prior DM diagnosis, tobacco use, alcohol use,
education level, and physical activity, were also excluded
from the relevant analyses.

To minimise violation of independence assumptions due
to repeat participation across MMM campaigns, analyses
were conducted separately for each study year. Identified
repeat participants accounted for 20 participants in 2021,
51in2022,and 36 in 2023. These participants were retained
within the respective annual datasets, as excluding them
would have substantially reduced sample size and may have
introduced selection bias. HT status was assessed inde-
pendently within each annual cross-sectional campaign;
participants with known HT were not cumulatively reclas-
sified as newly identified HT across study years, and repeat
participation could reflect temporal changes in BP control
or HT status over time. Participant-level data were there-
fore not pooled across years for inferential analyses. Instead,
year-specific analyses were performed independently and
summary estimates synthesised using meta-analytic tech-
niques across study years.

Statistical analysis included both categorical and multi-
variable techniques. Pearson’s Chi-square test was used to
assess associations between cardiometabolic risk factors and
the presence of HT. A Generalised Linear Model (GLM)
with a logit link function was used to evaluate the mag-
nitude and direction of associations between demographic
and behavioural risk factors and HT. Data cleaning was
performed using Pandas (v2.2.3). Statistical analyses and
visualisations were conducted in Python using Matplotlib
(v3.10), Seaborn (v0.13.2), SciPy (v1.14.1), Statsmodels
(v0.14.4), and Scikit-learn (v1.5.2).

ETHICAL CONSIDERATIONS

The study was approved by the University of the
Witwatersrand Human Research Ethics Committee
(M2203101).

RESULTS
Study population flow and analytical subset

A total of 3911 participants were screened over the four
study years and included in the parent studies.(5,8-13)
Of these, 1642 participants were excluded due to missing
BP records or age <18 years. An additional 520 records
were excluded due to missing data relevant to the analy-
sis, including BMI (2019 and 2023), smoking status, alco-
hol use, self-reported DM, and ethnicity. Ultimately, 1749
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2019: 665 participants
2021: 792 participants :
2022: 1226 participants
2023: 1228

Total: 3911 participants

A 4
e o o o

Excluded (exclusion criteria met):

2019: 205 missing BP, weight, height and age <18 years
2021: 260 missing BP and age <18 years

2022: 440 missing BP and age <18 years

2023: 737 missing BP, weight, height, age <18

Total: 1642 excluded based on exclusion criteria

l

2019: 460 participants
2021: 532 participants
2022: 786 participants
2023: 491 participants
Total: 2269 participants

A 4

Excluded (missing data):
2019: 50 missing data
2021: 156 missing data
2022: 184 missing data
2023: 130 missing data
Total: 520 missing data

!

Final cohort for analysis:
2019: 410 participants
2021: 376 participants
2022: 602 participants
2023: 361 participants
Total: 1749 participants

Figure 1: Schematic representation of study population and subset analysis

participants (44.7% of the initial cohort) were included in
the final analysis (Figure 1).

DEMOGRAPHIC DISTRIBUTION OF THE COHORT

As expected for the study setting, the cohort consisted
predominantly of younger participants. Overall, 79.4% of
participants were < 40 years, while 20.6% were > 40 years.
The mean age across all four years was 29.2 + 10.6 years.
There was a female predominance (62.7%), and most par-
ticipants identified as Black African (65.5%), followed by
White (13.3%) and South Asian (11.3%). The remaining
9.9% comprised mixed ethnicity and other ethnic groups
(Table 1). South Asian refers to people from India and
Pakistan. Southeast Asian refers to people from Malaysia,
Thailand, and Vietnam. East Asian refers to people from
China. Other does not have a specific definition; this would
have been a participant’s choice with multi-ethnicity.

PREVALENCE OF CARDIOMETABOLIC RISK
FACTORS

The overall prevalence of HT across the four years was
13.4%, of whom 41.5% classified as newly identified HT
at screening. The mean systolic and diastolic BP across the
cohort were 119.5 + 15.5 mmHg and 80.9 = 10.6 mmHg,
respectively. Self-reported DM prevalence ranged from
0.8% to 5.3% across the study years. Overweight/ obesity
prevalence ranged from 36.3% to 48.3% in years where
BMI data were available. Alcohol consumption ranged
from 32.7% to 41.5%, tobacco use from 10.0% to 35.5%,
and physical inactivity from 54.0% to 58.5% (Table 2).

Among participants aged < 40 years, HT and self-re-
ported DM prevalence were lower than in older partici-
pants. However, modifiable cardiometabolic risk factors
remained prevalent in this younger age group, including
overweight/ obesity, alcohol use, tobacco use, and physi-
cal inactivity (Supplementary Appendix Table S1). Among
participants aged 240 years, HT, self-reported DM, and
overweight/obesity were more prevalent across all study
years than among younger participants (Supplementary
Appendix Table S2).

In 2019, uncontrolled HT and overweight/obesity were
significantly associated with older age (= 40 years) (both
p < 0.001). No other cardiometabolic risk factors demon-
strated significant associations with age that year. In 2021,
newly identified HT at screening (p = 0.02), uncontrolled
HT (p = 0.01), alcohol use (p < 0.001), and self-reported
DM (p = 0.01) were significantly associated with older age.
BMI data were unavailable for 2021. In 2022, both newly
identified HT at screening and uncontrolled HT remained
significantly associated with older age (both p < 0.001),
while BMI data were unavailable (excluded from the
screening initiative that year). In 2023, uncontrolled HT,
overweight/obesity, alcohol use, tobacco use, and physical
inactivity demonstrated significant associations with older
age (Table 3).

A generalised linear model (GLM) with binomial distribu-
tion and logit link function was used to evaluate factors asso-
ciated with HT across study years (Supplementary Appendix
Table S3). Female sex, Black African ethnicity, and younger
age (< 40 years) were used as reference categories. Older age
(2 40 years) was associated with significantly increased odds
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Table 1: Demographic characteristics of the overall cohort and subgroup-analysis per year.

Characteristics by year Overall 2019 2021 2022 2023
(n=1749) (n =410) (n=376) (n=602) (n=361)
Age Groups
Mean age, years 29.2£10.2 334+ 14.7 38.6x15.7 238+ 8.0 25.0£10.6
Median age, years 22 36 21 21
Youth (18-24) 1048 (59.9) 169 (41.2) 89 (23.7) 508 (84.4%) 282 (78.1)
Young Adult (25-39) 340 (19.4) 118 (28.8) 126 (33.5) 56 (9.3) 40 (11.1)
Middle Age (40-59) 281(16.1) 96 (23.4) 118 (31.4) 34 (5.6) 33(9.1)
Elderly (260) 80 (4.6) 27 (6.6) 43 (11.4) 4(0.7) 6(1.7)
Sex, n(%)
Male 649 (37.1) 139 (33.9) 134 (35.6) 227 (37.7) 149 (41.3)
Female 1096(62.7) 270 (65.9) 241 (64.1) 375 (62.3) 210 (58.2)
Other 4(0.2) 1(0.2) 1(0.3) 0 (0) 2(0.5)
Ethnicity, n(%)
Black African 1148 (65.5) 281 (68.6) 231 (61.4) 373 (62) 263 (72.7)
White 232 (13.3) 74 (18.0) 71 (18.9) 55(9.1) 32 (8.8)
South Asian 197 (11.3) 23 (5.6) 47 (12.5) 104 (17.3) 23 (6.4)
Arabic/Middle Eastern/east 108 (6.2%) 21(5.1) 12 (3.2) 50 (8.3) 25(6.9)
Asian/southeast Asian/other
Mixed 64 (3.7%) 11 (2.7) 15 (4.0) 20 (3.3) 18 (5.0)
Results are presented as frequencies and percentages for qualitative variables. Data presented as mean + SD.

Table 2: Prevalence of Cardiometabolic risk factors

Overall 2019 2021 2022 2023
Total Number of Participants n=1749 n =410 n=376 n =602 n =361
Blood pressure n(%) n(%) n(%) n(%) n(%)
Normotensive 1515 (86.6%) 345 (84.1%) 291 (77.4%) 556 (92.4%) 323 (89.5%)
Overall HT 234 (13.4%) 65 (15.9%) 85 (22.6%) 46 (7.6%) 38 (10.5%)
Newly identified HT at screening 97 (41.5%) 19 (29.2%) 42 (49.4%) 18 (39.1%) 18 (47.4%)
Pre-existing HT on therapy 137 (58.4%) 46 (70.8%) 43 (50.6%) 28 (60.9%) 20 (52.6%)
Uncontrolled HT (= 1 anti-HT) 25 (18.2%) 10 (21.7%) 6 (14.0%) 4 (14.3%) 5 (25.0%)
Controlled HT (= 1 anti-HT) 112 (81.8%) 36 (78.3%) 37 (86.0%) 24 (85.7%) 15 (75.0%)
Mean Systolic BP 119.5+15.5 118.8+16.4 121.6£17.5 1164+ 13.7 1232+ 14.1
Mean Diastolic BP 80.9+ 10.6 79.4+10.5 81.2+12.0 80.2+ 9.6 83.3+10.2
Other cardiometabolic risk factors
Self-Reported DM 39 (2.2%) 7 (1.7%) 20 (5.3%) 5 (0.8%) 7 (1.9%)
Overweight/Obese, n = 771 329 (42.7%) 198 (48.3%) Not recorded Not recorded 131 (36.3%)
Mean BMI 25.8%6.0 - - 23.1+ 8.6
Alcohol Consumption 631 (36.1%) 134 (32.7%) 156 (41.5%) 205 (34.0%) 136 (37.7%)
Tobacco use 303 (17.3%) 41 (10%) 42 (11.2%) 92 (15.3%) 128 (35.5%)
Physical Inactivity, n = 1339 755 (56.4%) 220 (58.5%) 325 (54.0%) 210 (58.2%)

Education (7 years), n = 1339 1224 (91.4%)

300 (79.8%)

583 (96.8%)

341 (94.5%)

Results are presented as frequencies and percentages for qualitative variables. Data presented as mean + SD.
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Table 3: Associations between cardiometabolic risk factors and older age (240 years)

by study year

2019 2021 2022 2023
Newly identified HT at screening ~ 0.09 0.02 <0.001 0.05
Uncontrolled HT <0.001 0.007 <0.001 <0.001
Self-reported DM 0.39 0.01 <0.001 <0.001
Overweight/Obesity <0.001 Not recorded  Not recorded <0.001
Alcohol Use 0.29 <0.001 0.74 0.02
Tobacco use 0.73 0.43 0.40 0.04
Physical Inactivity Not recorded 0.53 0.88 0.003
Education Not recorded  0.002 <0.001 0.75

Pearson’s Chi-square test and Fisher’s exact (two-tailed) test were used to analyse qualitative data. Statistical

significance p<0.05.

of HT across all study years analysed. The strongest associ-
ation was observed in 2021 (OR = 6.0; 95% CI: 3.3 — 10.9;
p < 0.001). Additional factors significantly associated with
HT included self-reported DM in 2021 (OR = 7.3; 95% CI:
2.3-22.9;p =0.003) and overweight/obesity in 2019 (OR =
2.3;95% CI: 1.2 -4.8; p = 0.02). Male sex, physical inactivity,
and alcohol use demonstrated increased odds of HT across
several study years; however, these associations did not con-
sistently achieve statistical significance. Younger participants
(< 40 years) demonstrated lower odds of newly identified
HT at screening, uncontrolled HT, and self-reported DM
across all study years (Supplementary Appendix Table S4).
Significant reductions in odds of HT were observed in 2021
(OR=0.3;95% CI: 0.2—-0.5; p = 0.02) and 2022 (OR = 0.2;
95% CI: 0.1- 0.2; p<0.001). However, younger participants
demonstrated increased odds of overweight/ obesity in 2019
(OR =2.3; 95% CI: 1.2-4.8; p = 0.02). Alcohol use, tobacco
use, and physical inactivity also demonstrated increased odds
among younger participants, although these associations
were not statistically significant.

DISCUSSION
This study evaluated the burden of HT and associated

cardiometabolic risk factors in a predominantly young
urban cohort at a university environment in Johannesburg,
South Africa. Despite a lower prevalence of HT than
national estimates, a substantial proportion of cases were
newly identified at screening. Older age (240 years) was
the strongest predictor of HT, while overweight/obesity
and alcohol use demonstrated increased associations with
HT. Younger participants also demonstrated a considerable
burden of modifiable cardiometabolic risk factors.

'The majority of participants were aged 18-39 years, con-
sistent with South Africa’s predominantly youthful popula-
tion.(19) The cohort demonstrated a female predominance
and ethnic diversity characteristic of urban South African
populations, with most participants identifying as Black

African.(19) However, as the study was conducted within
an urban university setting, the findings may not be fully
representative of rural South African populations.

The overall prevalence of HT was lower than national
estimates, likely reflecting the cohort’s predominantly
young age distribution.(3,5,14) However, 41.5% of hyper-
tensive participants were newly identified at screening,
highlighting the burden of undiagnosed disease even
within a population with presumed access to healthcare
services. These findings support evidence that younger
adults remain under-screened for HT and reinforce the
importance of opportunistic BP screening in asymptomatic
populations.(14,16)

The prevalence of overweight/obesity was high despite
the relatively young age of the cohort. Although preva-
lence increased with age, younger participants accounted
for a substantial proportion of overweight/obesity. This is
concerning, given the established association between obe-
sity and early-onset cardiometabolic disease.(7,20,21) As a
major contributor to HT, insulin resistance, dyslipidaemia,
and chronic inflammation, overweight/obesity represents
an important target for early public health intervention and
preventative strategies.(3)

Self-reported DM prevalence was lower than national
estimates.(6) 'This likely reflects both the younger age dis-
tribution of the cohort and limitations associated with
self-reported screening methods. As type 2 DM may
remain asymptomatic for several years prior to diagnosis,
reliance on self-report likely underestimates the true prev-
alence of DM within this cohort.

Both HT and self-reported DM were consistently asso-
ciated with older age (240 years) across the study years
analysed. In contrast, younger participants demonstrated
a higher prevalence of behavioural risk factors, including
alcohol use, physical inactivity, and overweight/obesity,
while tobacco use was more evenly distributed between

age groups. These findings suggest that although overt
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cardiometabolic disease remains more prevalent in older
adults, younger individuals are already accumulating mod-
ifiable risk factors associated with future cardiovascular
morbidity.(14,15,22) Early adulthood, therefore, represents
an important opportunity for preventative intervention and
risk factor modification.

Regression analysis demonstrated that older age (240
years) remained the strongest predictor of HT across all
study years analysed. Overweight/obesity and alcohol use
were associated with increased odds of HT, although these
associations were not consistently statistically significant.
Tobacco use, physical inactivity, and ethnicity demon-
strated variable associations across study years. This likely
reflects the multifactorial nature of HT and the complex
interaction between genetic, behavioural, environmental,
and socioeconomic factors.(3)

An important consideration in younger individuals with
HT is the increased likelihood of secondary HT com-
pared with older populations.(16) Persistent elevated BP in
younger adults should therefore prompt evaluation for sec-
ondary causes, particularly in those with severe, resistant,
or atypical presentations. Early identification of HT may
therefore provide opportunities not only for cardiovascular
risk reduction but also for detecting potentially reversible

underlying pathology.

LIMITATIONS
Several limitations should be acknowledged. The study

population consisted predominantly of younger univer-
sity students, which likely contributed to lower prevalence
rates of HT and DM compared with national estimates.
Convenience sampling may have introduced selection bias,
while the use of self-reported DM may have underestimated
the true prevalence of DM. In addition, single-occasion BP
measurements may have overestimated HT prevalence due
to the white-coat effect or other transient physiological
factors. Repeat confirmatory BP measurements and lon-
gitudinal follow-up would strengthen future surveillance
studies. Finally, the urban university setting may limit gen-
eralisability to rural South African populations.

CONCLUSION

This study demonstrates that HT and cardiometabolic
risk factors are already present in a predominantly young,
urban university population in South Africa. Although
the overall prevalence was lower than national estimates,
a significant proportion of participants were newly identi-
fied through the screening program. This underscores the
burden of undiagnosed disease even in an educated cohort.
While DM, overweight, and obesity were associated with
increased cardiometabolic risk, older age remained the
strongest predictor of HT. Overall, these findings highlight
the importance of ongoing surveillance and early identifi-
cation of cardiometabolic risk factors in younger, asympto-
matic populations and emphasise the need for a life-course

approach to cardiovascular prevention, with interventions
targeting modifiable risk factors before the development of
established disease. Opportunistic BP screening and early
identification of risk factors may provide important oppor-
tunities for prevention in urban South African populations.
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SUPPLEMENTARY APPENDIX

Table S1: Risk factor distribution within different age groups

2019 2021 2022 2023 Total
Age 18-39 n (%) n (%) n (%) n (%) n (%)
Total Number of Participants 287 215 564 322 1388
Total HT 18 (6.3%) 21 (9.8%) 24 (4.3%) 22 (6.8%) 85 (6.1%)
Newly identified HT at screening 9 (50%) 10 (47.6%) 11 (45.8%) 15 (68.2%) 36 (42.4%)
Uncontrolled HT 1 (5.6%) 0 (0%) 0 (0%) 0 (0%) 1(1.2%)
Controlled HT 8 (44.4%) 11 (52.4%) 13 (54.2%) 7 (46.7%) 39 (45.9%)
Self-Reported DM 3 (1.0%) 5(2.3%) 1 (0.2%) 5 (1.6%) 13 (1.0%)
Overweight/Obesity 108 (37.6%) Not recorded Not recorded 102 (31.7%) 210/609 (34.5%)
Alcohol Use 99 (34.5%) 99 (46.0%) 195 (34.6%) 125 (38.9%) 518 (37.3%)
Tobacco use 26 (9.1%) 28 (13.0%) 89 (15.8%) 119 (37.0%) 262 (18.9%)
Physical inactivity Not recorded 83 (38.6%) 260 (46.1%) 124 (38.5%) 467/1101 (42.4%)
Education (<7years) Not recorded 38 (17.7%) 14 (2.5%) 17 (5.3%) 69/1101 (6.3%)
Age =40
Total Number of Participants 123 161 38 39 361
Total HT 47 (38.2%) 64 (39.8%) 22 (57.9%) 16 (41.0%) 149 (41.3%)
Newly identified HT at screening 10 (21.3%) 32 (50.0%) 7 (31.8%) 3 (18.8%) 52 (34.9%)
Uncontrolled HT 9 (19.1%) 6 (9.4%) 4 (18.2%) 5(31.2%) 24 (16.1%)
Controlled HT 28 (59.6%) 26 (40.6%) 11 (50.0%) 8 (50.0%) 73 (49.0%)
Self-Reported DM 4 (3.3%) 15 (9.3%) 4 (10.5%) 2 (5.1%) 25 (6.9%)
Overweight/Obesity 90 (73.2%) Not recorded Not recorded 29 (74..4%) 119/162 (73.5%)
Alcohol use 35 (28.5%) 57 (35.4%) 10 (26.3%) 11 (28.2%) 116 (32.1%)
Tobacco use 15 (12.2%) 14 (8.7%) 3 (7.9%) 9 (23.1%) 41 (11.4%)
Physical inactivity Not recorded 73 (45.3%) 18 (47.4%) 27 (69.2%) 118/238 (49.6%)
Education (<7years) Not recorded 38 (23.6%) 5 (13.2%) 3 (7.7%) 46/238 (19.3%)

Results are presented as frequencies and percentages for qualitative variables. Data presented as mean £ SD.
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Table S2: Characteristics of newly diagnosed HT and uncontrolled HT participants

2019 2021 2022 2023 Total
Newly identified HT at screening  n(%) n(%) n(%) n(%) n(%)
Total Number of Participants 18 27 18 16 79
Young (18-39) 9 9 11 14 43 (54.4%)
Older (=40) 18 36 (45.6%)
Female 13 32 (40.5%)
Male 9 14 13 1 37 (46.8%)
Black African 11 19 12 14 56 (70.9%)
Other Ethnic group 7 8 6 2 23 (29.1%)
Self-reported diabetes 1 0 1 0 2 (2.5%)
Overweight/Obesity, n=34 14 Not reported Not reported 10 24 (70.6%)
Tobacco Use 2 4 5 3 14 (17.7%)
Alcohol Use 5 14 9 7 35 (44.3%)
Physical Inactivity, n=61 Not reported 15 12 8 35 (57.4%)
Education (<7years), n=61 Not reported 3 1 0 4 (6.6%)
Uncontrolled HT
Total Number of Participants 10 6 4 5 25
Youth (18-25) 0 0 0 0 0 (0%)
Young Adult (25-39) 1 0 0 0 1 (4.0%)
Middle Age *40-59) 5 3 4 3 15 (60.0%)
Elderly (260) 2 3 0 2 7 (28.0%)
Female 6 3 4 3 16 (64.0%)
Male 2 3 0 2 7 (28.0%)
Black African 6 2 3 4 15 (60.0%)
Other ethnic group 2 4 1 1 8 (32.0%)
Self-reported diabetes 0 4 2 1 7 (28.0%)
Overweight/Obesity, n=15 5 Not recorded Not recorded 5 10 (66.7%)
Tobacco Use 0 1 1 1 3 (12.0%)
Alcohol Use 4 2 1 1 8 (32.0%)
Physical Inactivity, n=15 Not recorded 3 2 5 12(80.0%)
Education (<7years), n=15 Not recorded 3 0 0 3 (20.0%)

Results are presented as frequencies and percentages for qualitative variables. Data presented as mean £ SD.
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Table S3: Associations between different risk factors and HT

2019 2021 2022 2023
OR (95%CT) OR (95%CT) OR (95%CT) OR (95%CI)
Age > 40, years 6.9 (3.6-13.2) 6.0 (3.3-10.9) 6.3 (3.1-12.7) 1.0 (0.2-4.4)
p<0.0001 p<0.0001 p<0.0001 p=0.97
Alcohol use 0.8 (0.4-1.7) 1.4 (0.8-2.6) 2.2 (1.1-4.5) 1.8 (0.6-5.0)
p=0.62 p=0.26 p=0.03 p=0.26
Self-reported DM 17.3 (2.5-118.3) 7.3 (2.3-22.9) 29.4 (1.7-515.0) -
p=0.003 p=0.0006 p=0.02
Physical Inactivity - 1.5(0.9-2.7) 1.5(0.8-3.1) 1.5 (0.5-4.4)
p=0.13 p=0.21 p=0.41
Male 1.4 (0.7-2.7) 1.5(0.9-2.7) 1.4 (0.7-2.9) 2.7 (1.0-8.2)
p=0.29 p=0.15 p=0.30 p=0.05
Overweight/obesity 2.3(1.2-4.8) - - 2.1(0.8-5.9)
p=0.02 p=0.14
Tobacco use 1.3 (0.5-3.8) 1.6 (0.7-3.8) 0.5 (0.2-1.5) 0.4 (0.1-1.2)
p=0.56 p=0.25 p=0.23 p=0.09
OR Odds ratio, CI confidence interval. Statistical significance P <0.05, shown in bold.
Table S4: Associations between Younger Age group (18-39) and risk factors
2019 2021 2022 2023
OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)
Newly identified HT at screening 0.2 (0.1-0.3) 0.3 (0.2-0.5) 0.2 (0.1-0.2) 0.2 (0.1-0.3)
p=0.10 p-value: 0.02 p-<0.0001 p=0.67
Uncontrolled HT 0.1 (0.1-0,2) 0.1 (0.02-0.1) 0.03 (0.01-0.08) 0.04 (0.02-0.11)
p-<0.0001 p=0.01 p-<0.0001 p-<0.0001
Overweight/Obesity 8.2 (6.4-10.4) 2.5(2.0-3.2)
p-<0.0001 p-<0.0001
Self-reported DM 0.07 (0.03-0.15) 0.2 (0.1-0.3) 0.04 (0.02-0.10) 0.07 (0.03-0.14)
p=0.24 p=0.006 p-<0.0001 p=0.36
Alcohol Use 3.1 (2.5-4.0) 4.2 (3.3-5.3) 4.0 (3.3-4.8) 2.7 (2.1-3.4)
p=0.28 p=0.05 p=0.388 p=0.26
Physical Inactivity 4.2 (3.3-5.3) 8.2 (6.7-9.9) 3.4(2.7-4.2)
p-value: 0.23 p=1 p=0.0004
Tobacco Use 0.5 (0.4-0.7) 0.5 (0.4-0.7) 1.1 (0.8-1.3) 2.4(1.9-3.1)
p=0.43 p=0.25 p=0.28 p=0.13

OR Odds ratio, CI confidence interval. Statistical significance P <0.05, shown in bold.








