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Abstract

South Africa has one of the highest levels of hypertension globally, coupled with poor rates of diagnosis, treatment and
control. Risk factors that predict hypertension in high income countries may perform differently in the African context,
where communicable disease, obesity and malnutrition co-exist. This study investigated traditional risk factors alongside
other health and sociodemographic indicators to determine predictors of hypertension prevalence and management.
Participants were recruited from households across South Africa as part of WHO’s Study on global AGEing and adult health
(WHO SAGE) Wave 2 (2015). Blood pressure (BP) was measured in triplicate and sociodemographic and health data
collected by survey (n = 1847; 30% 18-39 years, 39% 40-59 years, 31% 60 years+; median age 51 years; 68% female). Of
all adults, 43% were hypertensive (n = 802), of which 58% (n =398) were unaware, 33% (n =267) were on medication,
with only 18% (n = 141) controlled on medication (BP < 140/90 mmHg). Multivariate logistic regression showed waist-to-
height ratio > 0.5 and diabetes comorbidity were the most significant predictors of hypertension presence, awareness and
treatment. Individuals with diabetes were twice as likely to have hypertension, 7.0 times more likely to be aware, 3.3 times
more likely to be on antihypertensive medication, and 2.4 times more likely to be controlled on medication. Women
and individuals reporting lower salt use were more likely to be aware and treated for hypertension. Applying the 2017
AHA/ACC hypertension guidelines showed only 1 in 4 adults had normal BP. As with HIV, similarly intensive efforts are
now needed in the region to improve non-communicable disease diagnosis and management.

Introduction
>4 Aletta Elisabeth Schutte Sub-Saharan Africa has a high hypertension burden with
altaschutte@nwu.ac.za many individuals remaining undiagnosed or inadequately
' SA MRC Developmental Pathways for Health Research Unit, treated [1]. The most recent national and regional surveys
School of Clinical Medicine, Faculty of Health Sciences, estimate that 35-49% of adults are hypertensive, with at
University of the Witwatersrand, Johannesburg, South Africa least one third unaware of their hypertensive status, and,
2 Hypertension in Africa Research Team (HART), North-West at best, 25% controlled on medication [2, 3]. With South
University, Potchefstroom, South Africa Africa’s overburdened public healthcare systems and low
3 School of Medicine, University of Wollongong, levels of private medical aid coverage [4], preventing
Wollongong, Australia hypertension is as important as management. However,
4 Tllawarra Health and Medical Research Institute, identifying vulnerable individuals at risk for hypertension
Wollongong, NSW, Australia who are not aware or not treated for the condition remains a
> MRC Research Unit for Hypertension and Cardiovascular Disease, ~ challenge. Many predictive models have been described that
North-West University, Potchefstroom, South Africa typically include ‘traditional’ risk factors such as: age, sex,
5 University of Newcastle Research Centre for Generational Health ~ body mass index, systolic and diastolic blood pressure,
and Ageing, Newcastle, Australia family history of hypertension, and cigarette smoking; [5]
7 Chiang Mai University Research Institute for Health Sciences, though few include socioeconomic predictors such as edu-
Chiang Mai, Thailand cation, employment or marital status [6]. While one recent
8 World Health Organization (WHO), Geneva, Switzerland model to predict gestational hypertension was developed for
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Ghanaian women [7], the majority of these predictive
models have originated outside of the African continent.
Data from neighbouring sub-Saharan African countries
suggest that psychosocial and economic indicators may be
important for hypertension risk within the African context.
For example, in Burkina Faso stress, religious well-being
and household income were associated with the presence
of pre-hypertension [8]. In Cameroon and Ethiopia, edu-
cation was related to hypertension status [9, 10]. In Ghana,
education and household income also predicted hyperten-
sion status, as did depression [11, 12]. Data from an adult
population living in the slums of Nairobi, Kenya again
suggested that income and marital status were important
predictors of hypertension [13]. Some of these predictors
may also be important in detecting awareness, treatment
and control of hypertension. For example, in Mexico,
younger age and having no health insurance predicted
lower levels of awareness and control [14]. In New York,
access to a routine place of medical care predicted better
control among treated hypertensives [15]. The presence of
co-morbidities (diabetes, renal impairment) and multidrug
regimens has also been associated with poorer blood pres-
sure control in hypertensives [16]. Several of the 'traditional’
risk factors, such as obesity and smoking, may also predict
blood pressure control in individuals receiving treatment
[17, 18]. While data in Africa is scarce, one study con-
ducted in primary healthcare clinics in Western Cape, South
Africa showed lower education level predicted poorer
blood pressure control [19]. However, as many studies
recruit populations from clinics or hospitals, it is difficult
to assess the predictors of hypertension awareness, treat-
ment and control outside of these clinical populations.
The aim of this study was therefore to assess ‘traditional’
and other potential predictors of hypertension status,
awareness, treatment and control in South African adults
as part of a World Health Organization (WHO) country-
wide population survey.

Participants and methods

The WHO Study on global AGEing and adult health
(WHO SAGE) is a multinational longitudinal study exam-
ining the health and wellbeing of adult populations and the
ageing process in over 42,000 respondents from six coun-
tries (China, Ghana, India, Mexico, Russia and South
Africa) [20]. This ongoing study aims to collect data on a
range of health and well-being outcomes of public health
importance in adults from the participating low-income and
middle-income countries. SAGE South Africa Wave 2 data
collection was implemented in 2015 (August-December)
using a clustered household sampling strategy described
in detail elsewhere [21].
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Participants

In 2007, WHO-SAGE South Africa Wave 1 recruited 4223
respondents from selected probability sampled enumeration
areas (EAs) using a multistage cluster sampling strategy,
with stratification by province, residence and race designed
to recruit nationally representative cohorts. The wave
2 sampling strategy was designed to follow-up these indi-
viduals (including a verbal autopsy for those participants no
longer alive), with replacements for sample attrition using a
systematic sampling approach as previously described [21].

Data collection

The SAGE survey instruments and methods are adapted
from those used by the World Health Survey (WHS,
2002-2004; 70 countries), with details available on the
WHO-SAGE website (http://www.who.int/healthinfo/sage/
en/). Data collection included: sociodemographic informa-
tion (sex; age; marital status; education; ethnicity/back-
ground; and employment history); social cohesion
(community involvement and social networks; perceptions
of other people and institutions; safety in local area; stress);
physical health including self-rated health plus blood pres-
sure and anthropometric measures (height, weight, waist
and hip circumferences); mental health and cognitive
function including executive functioning (verbal recall,
digit span forwards and backwards, verbal fluency); and
subjective well-being and quality of life (perceptions
about quality of life and well-being; 8-item WHO Quality
of Life measure (WHOQoL) [22]). Blood pressure was
measured by trained nurses using validated wrist-worn BP
devices with positioning sensor (R6, Omron, Japan) [23].
Respondents were seated for at least 5min before three
sequential measures were taken on the left arm (1 min
between each measure), with the wrist resting precisely
at the level of the heart and the respondent seated with
legs uncrossed. Hypertension status was determined by
an average systolic blood pressure (SBP) reading of
>140 mmHg; and/or an average diastolic blood pressure
(DBP) reading of 290 mmHg; and/or current use (within the
last 2 weeks) of antihypertensive medication. Assessment
of hypertension status using the 2017 American Heart
Association/American College of Cardiology (AHA/ACC)
Guidelines [24] was also undertaken using the categories:
Normal (<120 and <80 mmHg), Elevated (120-129 and
<80 mmHg), Stage 1 (130-139 or 80-89 mmHg), Stage 2
(2140 or 290 mmHg), and Hypertensive crisis (>180 or
>120 mmHg).

All respondents provided written informed consent prior to
taking part in the study. The study complied with the
Declaration of Helsinki [25], with ethical approval
from the WHO Ethics Review Committee [RPC149],
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the North-West University Health Research FEthics
Committee (Potchefstroom, South Africa) and the University
of the Witwatersrand Human Research Ethics Committee
(Johannesburg, South Africa). Interviewers spoke the
respondents’ home languages with consent forms available in
the most widely spoken languages for each area.

Data capture, analysis and statistical methods

Data was captured using an electronic data capture system.
Stata Statistical Software: Release 15 (StataCorp LLC,
2017; College Station, USA) was used for statistical
analysis. Normality of data was checked by visual inspec-
tion of histograms and tests of skewness and kurtosis, with
non-parametric data presented as medians and interquartile
range. Variables included in the logistic regression models
(Table 2) were selected based on previous literature
including analysis of SAGE Wave 1 data by Basu
and Millet [26]. Further Chi-square, Mann—Whitney U and
T-tests between hypertensives and normotensives across
the measurement domains identified additional candidate
variables for entry into the logistic regression models.
Categorical variables where individual response items were
less than 10 cases were recoded to combine categories.
Within group correlation of independent variables was
checked to remove any that were highly correlated, select-
ing those that were most significant for each condition to
remain in the models, for example, waist-to-height ratio
showed a more consistent significant association with the
hypertension outcome variables when compared to body
mass index. Logistic regression analyses (unadjusted, age-
adjusted and fully adjusted) were performed to determine
the variables that best predicted hypertension status, diag-
nosis, treatment and control. Awareness was based on self-
reported previous diagnosis of hypertension by a health
professional. Treatment was determined from self-reported
medication use for hypertension within the last 2 weeks.
Hypertension control was determined by self-reported
medication use within the last 2 weeks and a measured
BP less than 140/90 mmHg. Individuals reporting a pre-
vious diagnosis of hypertension, with no current medication
use and a measured BP < 140/90 mmHg were categorised
as non-hypertensive. No further data was collected to
determine, for example, if these were hypertension cases
that had been resolved by lifestyle change or pregnancy-
induced hypertension that had resolved post-partum.

Results

A total of 1847 participants had valid blood pressure mea-
surements with data on health, comorbidities and demo-
graphics. Anthropometry and/or education data were

missing for 634 individuals. The characteristics of the
sample are presented in Table 1. Data on health insurance
was not included as coverage was poor with only 16 par-
ticipants having used health insurance to pay for medical
treatment within the 3 years (2012-2015) preceding the
survey.

Prevalence of hypertension was high, with 43% of
the sample having a measured mean BP of >140/90 mmHg
and/or currently taking antihypertensive medication. Of the
individuals with hypertension, less than half were aware
(42%), one third (33%) were currently taking medication,
and 18% were on effective medication with measured
BP < 140/90 mmHg. The degree of awareness increased
as blood pressure increased but remained low at all
levels (SBP 140-159 mmHg, 70% unaware; SBP 160-179
mmHg, 64% unaware; SBP > 180 mmHg, 58% unaware).

Based on logistic regression models (Tables 2, 3 and
supplementary table 1), hypertension prevalence increased
with older age, larger waist-to-height ratio, alcohol use,
lower levels of education, diabetes comorbidity, and
Coloured/mixed race (compared with black African). Older
age, larger waist-to-height ratio, lower levels of education,
and diabetes comorbidity were also predictive of individuals
with hypertension being aware of their status. Additionally,
women and individuals reporting not adding salt to food at
the table were also more likely to be aware of their hyper-
tension. Elevated waist-to-height ratio and having a diabetes
diagnosis were the greatest predictors of both having
hypertension and being aware of hypertension status.

Older age, female sex, larger waist-to-height ratio, dia-
betes comorbidity, lower levels of education, and not add-
ing salt to food at the table were also predictive of current
antihypertensive medication use. Effective blood pressure
control with medication was more frequently observed in
older individuals, those with diabetes comorbidity and those
reporting not adding salt to food at the table. When asses-
sing hypertension prevalence using the 2017 AHA/ACC
hypertension guidelines [24], 63% of the population were
hypertensive (50% of 18 to 39-year olds, 67% of 40 to
59-year olds, and 71% of 60-plus year olds with either
Stage 1 or Stage 2 hypertension). Of the 654 Stage 2
hypertensives, 71 (11%) were classified as in hypertensive
crisis based on measured BP.

Discussion

The aim of the study was to assess factors related to
hypertension prevalence, awareness, treatment and control
in South African adults. Overall prevalence in this sample
was 43% of adults using the 140/90 mmHg diagnostic
threshold of which 58% were unaware and untreated for the
condition. Using the 2017 AHA/ACC lower thresholds,
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Table 1 Characteristics of

.. . All No hypertension Hypertensive Aware Treated Treated
participants by hypertension
controlled
category (n=1847)

Sample size, n 1847 1045 (57) 802 (43) 340 267 141
(%)
Age (years) 51 (35-62) 45 (30-57) 57 (48-67) 62 (53-69) 61 (53-69) 61 (53-68)
Female, n (%) 1249 (68) 698 (67) 551 (69) 271 (80) 217 (81) 117 (83)
Urban, n (%) 1128 (61) 609 (59) 519 (65) 214 (63) 170 (64) 88 (62)
Ethnicity, n (%)
Black African 1281 (72) 782 (77) 499 (65) 198 (59) 147 (56) 82 (60)
White 73 (4) 36 (4) 37 (5) 16 (5) 13 (5) 9
Coloured/mixed 270 (15) 122 (12) 148 (19) 67 (20) 55 (21) 24 (18)
race
Indian/Asian 159 (9) 73 (7) 81 (11) 53 (16) 47 (18) 22 (16)
Depression, n (%) 49 (3) 19 (2) 30 4) 20 (6) 16 (6) 7()
Working, n (%) 391 (21) 253 (24) 138 (17) 44 (13) 34 (13) 16 (11)
Systolic BP 129 146 141 137 124
(mmHg) (118-143)  (113-129) (136-161) (127-158)  (123-154) (115-131)
Diastolic BP 80 (73-89) 76 (70-81) 91 (82-98) 84 (75-95) 82 (73-92) 68 (68-81)
(mmHg)
Diabetic, n (%) 229 (12) 64 (6) 165 (21) 138 (41) 110 (41) 60 (43)
Never used 1536 (83) 880 (84) 656 (82) 273 (81) 211 (80) 112 (80)
tobacco, n (%)
Never used 1479 (80) 840 (80) 639 (80) 276 (81) 219 (82) 112 (80)
alcohol, n (%)
Anthropometry 1174 679 495 219 179 86
and education
data, n
BMI (kg/m?) 28 (24-34) 28 (24-33) 29 (25-35) 30 (26-36) 30 (26-37) 31 (26-37)
Waist 92 96 99 99 100
circumference (80-104) (78-101) (86-106) (88-111) (88-111) (89-110)
(cm)
Hip 101 103 107 107 107
circumference (90-114) (89-112) 91-115) (96-118) (96-118) 96-117)
(cm)
Waist-to-height 0.58 0.56 060 0.63 0.63 0.63
ratio (0.50-0.66) (0.49-0.64) (0.53-0.68)  (0.56-0.72) (0.56-0.73) (0.58-0.71)
Education (years) 10 (7-12) 11 (8-12) 9 (7-11) 8 (6-10) 8 (6-10) 8 (6-10)

All data are presented as median (Interquartile range, IQR) unless otherwise indicated. Hypertension defined
as measured mean systolic blood pressure (SBP) > 140 mmHg or mean diastolic blood pressure (DBP) =90
mmHg or currently taking medication for blood pressure. Treated refers only to current use (within the last
2 weeks) of blood pressure medication. Treated controlled; on medication for blood pressure with reading

less than 140/90 mmHg

hypertension prevalence increased to 63%. Abdominal
obesity (waist-to-height ratio>0.5) and diabetes comor-
bidity were the largest predictors of hypertension presence,
awareness and treatment, with sociodemographic variables
(sex, age, education, ethnicity), and health behaviours (salt
and alcohol use) also predictive of hypertension status.
These results support previous work in sub-Saharan
Africa showing high levels of hypertension with poor
diagnosis, treatment and control rates, including the pre-
vious WHO SAGE data collection (2007-2010) reporting
78% of over 50-year olds South Africans were

SPRINGER NATURE

hypertensive, of which 38% were unaware of their condi-
tion [27]. Older age, abdominal obesity, and lower educa-
tion levels remain a clear risk for hypertension in both
Wave 1 and the current Wave 2 of data collection in South
Africa. Older, more overweight/obese, or less educated
hypertensive individuals are also more likely to be aware of
their hypertension status. Although it is unclear if this is due
to more frequent interaction with healthcare services, more
likely recipients of blood pressure assessments when at
healthcare facilities, or a combination of these and other
factors. Individuals with diabetes were twice as likely to
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Table 2 Unadjusted logistic regression to identify determinants of: hypertension (BP > 140/90 mmHg or on antihypertensive medication); and in
hypertensive individuals, determinants of previous diagnosis (awareness of hypertensive status); antihypertensive medication use within the last
two weeks (treatment); and of having controlled blood pressure (BP < 140/90 mmHg) on antihypertensive medication

Hypertension

Awareness

Treatment

Control

n

OR (95% CI) p

n

OR (95% CI) p

n

OR (95% CI) p

n

OR (95% CI) p

Age, years

Sex
Male

Female

Ethnicity
Black African
White

Coloured/mixed race

Indian

Waist-to-height ratio

Ever used alcohol
No
Yes

Ever used tobacco
No
Yes

Do you add salt to food at the table?

No
Yes

Exercise
No
Yes

Residence area
Urban

Rural
Education, years

Currently working
No
Yes

Diabetic diagnosis
No
Yes

1847 1.04
(1.04-1.05)

598  Ref

1249 1.09
(0.90-1.33)

1281 Ref

73 1.6l
(1.00-2.58)

270 1.90
(1.46-2.48)

154 1.74
(1.24-2.43)

1546 8.60
(3.72-19.83)

1479 Ref

366 1.04
(0.83-1.31)

1536 Ref

308 1.19
(0.93-1.53)

565 Ref

1282 0.85
(0.70-1.04)

1682 Ref

163 0.70
(0.50-0.98)

1128 Ref

711 0.78
(0.64-0.94)

1447 0.89
(0.87-0.92)

1455 Ref

391 0.65
(0.52-0.82)

1618 Ref

229 3.97
(2.93-5.39)

<0.001

0.385

<0.001

<0.001

0.715

0.159

0.111

0.034

0.009

<0.001

<0.001

<0.001

802

251
551

499
37

148

81

660

639
162

656
145

261
541

742
58

519
283

616

663
138

637
165

1.05
(1.03-106)

Ref

2.55
(1.85-3.53)

Ref

1.16
(0.59-2.27)

1.26
(0.87-1.82)

2.88
(1.76-4.71)

33.12
(8.82-124.43)

Ref

0.84
(0.59-1.19)

Ref

1.17
(0.82-1.68)

Ref

0.36
(0.27-0.49)

Ref

1.29
(0.75-2.20)

Ref

1.14
(0.85-1.53)

0.89
(0.85-0.94)

Ref

0.58
(0.40-0.86)

Ref

11.01
(7.05-17.17)

<0.001

<0.001

<0.001

<0.001

0.321

0.391

<0.001

0.358

0.368

<0.001

0.006

<0.001

802

251
551

499
37

148

81

660

639
162

656
145

261
541

742
58

519
283

616

663
138

637
165

1.04
(1.03-105)

Ref

261
(1.83-3.72)

Ref

1.30
(0.64-2.62)

1.42
(0.96-2.08)

3.31
(2.04-5.36)

29.91
(7.71-116.06)

Ref

0.78
(0.54-1.14)

Ref

1.29
(0.89-1.87)

Ref

0.39
(0.28-0.53)

Ref

1.34
(0.78-2.32)

Ref

1.07
(0.78-1.45)

0.92
(0.87-0.96)

Ref

0.61
(0.40-0.92)

Ref

6.11
(4.22-8.86)

<0.001

<0.001

<0.001

<0.001

0.200

0.186

<0.001

0.298

0.663

<0.001

0.016

<0.001

802

251
551

499
37

148

81

660

639
162

656
145

261
541

742
58

519
283

616

663
138

637
165

1.03

0.001

(1.01-1.04)

Ref
2.55

<0.001

(1.60-4.07)

Ref
1.63

0.101

(0.74-3.59)

0.98

(0.60-1.62)

1.90

(1.10-3.27)

9.56

0.007

(1.88-48.65)

Ref
0.98

0.942

(0.62-1.55)

Ref
1.16

0.525

(0.73-1.84)

Ref
0.48

(0.33-

Ref
0.85

0.41-

Ref
1.13

(0.77-

0.97

0.91-

Ref
0.57

(0.33—

Ref
3.92

(2.65-

0.0001
0.69)

0.657
1.77)

0.530
1.64)

0.245
1.02)

0.037
0.99)

<0.001
5.81)
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Table 2 (continued)

Hypertension Awareness Treatment Control
n OR (95% CI) p n  OR@O5%CI) p n  OR@O5% CI) p n  OR 5% CI) p
Depression diagnosis
No 1798 Ref 722 Ref 772 Ref 772 Ref
Yes 49 2.10 0.011 30 2.83 0.006 30 2.37 0.021 30 145 0.416
(1.17-3.76) (1.30-6.12) (1.14-4.94) (0.61-3.45)
Sleep quality
Very good/good 1571 Ref 676 Ref 676 Ref 676 Ref
Moderate 230 1.09 0.648 104 1.08 0.044 104 1.13 0.003 104 0.77 0.556
(0.83-1.44) (0.71-1.64) (0.73-1.74) (0.43-1.38)
Poor/very poor 46 1.21 22 3.03 22 4.56 22 135
(0.67-2.18) (1.22-7.53) (1.83-11.36) (0.49-3.73)

have hypertension, 7.0 times more likely to be aware of the
condition, 3.3 times more likely to be taking anti-
hypertensive medication, and 2.4 times more likely to be
controlled on medication suggesting that more frequent
interaction with healthcare services may be key. The finding
that women are more likely than men to be managing their
hypertension is also consistent across the two most recent
waves of SAGE data collection in South Africa. Analysis of
Wave 1 data from all six LMICs suggests that women are
more likely to use outpatient services [28], possibly as men
see public clinics as facilities for women [29]. This suggests
campaigns that target men specifically may be needed. Our
finding of elevated risk in particular ethnic groups is sup-
ported by previous work in South African adults, showing
that coloured/mixed race adults have higher risk of hyper-
tension, while Asians/Indians are at increased risk for
multimorbidity [30].

With regard to modifiable risk factors, obesity as asses-
sed by waist-to-height ratio and self-reported salt use
behaviour were most consistently associated with hyper-
tension, awareness, treatment or control. The prevalence of
obesity within South Africa is increasing, in line with
increases in Type II diabetes incidence [31], with many
diabetics also unaware of their status [32]. The National
Strategic Plan for prevention and control of non-
communicable disease (NCD, 2013-2017) presents physi-
cian counselling, food taxes on unhealthy foods, and
reduced salt intakes as cost effective interventions [33].
While great leaps have occurred in sugar tax and toward
sodium reduction, there are yet to be nationally coordinated
efforts to support physician counselling for obesity. Our
data indicate national strategies for salt reduction may at
least have impacted awareness. In 2016, the South African
Government implemented regulations mandating maximum
sodium levels in a range of foods [34]. With significant
media coverage in the 3 years leading up to the imple-
mentation, alongside targeted hypertension and salt public
health campaigns [35], it is likely that increased awareness
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of the association between salt and blood pressure has
improved, explaining the lower self-reported salt use in
individuals with diagnosed hypertension.

In contrast to SAGE South Africa Wave 1 showing
alcohol intake to have an inconsistent relationship with
hypertension [27], we found alcohol intake to be a risk
factor for hypertension and also observed, between Waves 1
and 2, a 5% reduction (from 85 to 80%) of the population
reporting lifetime abstinence. The trend is in line with WHO
findings that South Africa is now ranked in the top twenty
countries for high alcohol consumption globally [36].

Rates of effective BP treatment, while remaining still too
low at 18% of hypertensives, may also represent a con-
siderable improvement when compared to SAGE Wave 1
reported at 8% [27] and 5% [37]. Although data on the
factors associated with effective BP control in Africa are
scarce, one study conducted in primary healthcare clinics in
the Western Cape, South Africa showed lower education
level predicted poorer blood pressure control, with sub-
sequent treatment intensification more likely in patients
with higher blood pressure at baseline, concurrent diabetes,
higher education level, and where clinics offered off-site
drug supply, had a doctor every day or more nurses [19].
While we failed to find a relationship with education, our
findings do show diabetes comorbidity is associated with
better BP control on medication.

The results of this study should be reviewed within the
limitations of this research. While the survey takes place in
households across the country, the specific aims of the
WHO-SAGE study are to evaluate ageing across the six
low-middle income countries. As such, there is an over-
representation of older individuals and underrepresentation
of younger individuals that is likely to overestimate the true
population prevalence of hypertension, though the results
suggest that hypertension is also prevalent in younger
groups. Our prevalence rate of 43% hypertension is similar
to the 35% reported by the national SANHANES survey
conducted in 2011-2012 in South Africans from 15 years of
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Table 3 Fully adjusted logistic regression to identify determinants of: hypertension (BP > 140/90 mmHg or on antihypertensive medication); and in
hypertensive individuals, determinants of previous diagnosis (awareness of hypertensive status); antihypertensive medication use within the last
2 weeks (treatment); and of having controlled blood pressure (BP < 140/90 mmHg) on antihypertensive medication

Hypertension Awareness Treatment Control
n OR (95% CI) p n OR (95% CI) p n OR (95% CI) p n OR (95% CI) p
Age (years) 1176 1.04 <0.001 497 1.04 <0.001 497 1.03 0.001 497 1.03 0.006
(1.03-1.05) (1.03-1.06) (1.02-1.05) (1.01-1.05)
Sex
Male 402 Ref 168 Ref 168 Ref 168 Ref
Female 774  0.84 0.287 329 1.89 0.027 329 1.94 0.025 329 2.11 0.050
(0.63-1.12) (1.13-3.16) (1.15-3.29) (1.09-4.06)
Ethnicity
Black African 802 Ref 291 Ref 291 Ref 291 Ref
White 50 1.07 0.030 26 0.52 0.635 26 0.83 0.895 26 0.87 0.612
(0.55-2.06) (0.18-1.50) (0.30-2.29) (0.28-2.73)
Coloured 206 1.57 117 0.54 117 0.60 117 0.44
(1.10-2.23) (0.31-0.94) (0.34-1.04) (0.22-0.90)
Indian 118  1.30 63 146 63 1.70 63 1.33
(0.83-2.03) (0.69-3.10) (0.85-3.40) (0.64-2.77)
Waist-to-height ratio 1176 4.30 0.008 497 13.17 0.014 497 9.54 0.032 497 1.76 0.726
(1.44-12.86) (2.02-85.68) (1.53-59.41) (0.22-14.08)
Ever used alcohol
No 933  Ref 382 Ref 115 Ref 382 Ref
Yes 243 1.49 0.025 115 1.07 0.968 382 0.88 0.595 115 1.58 0.301
(1.04-2.14) (0.57-1.99) (0.47-1.65) (0.77-3.23)
Ever used tobacco
No 977 Ref 394 Ref 394 Ref 394 Ref
Yes 199  0.93 0.852 103 1.39 0.448 103 1.64 0.193 103 1.27 0.651
(0.63-1.38) (0.72-2.69) (0.86-3.11) (0.62-2.60)
Add salt to food at the table?
No 372 Ref 174 Ref 174 Ref 174 Ref
Yes 804 0.94 0.757 323 0.38 <0.001 323 041 <0.001 323 0.56 0.009
(0.71-1.24) (0.24-0.60) (0.26-0.64) (0.33-0.95)
Residence area
Urban 740  Ref 322 Ref 322 Ref 322 Ref
Rural 436  0.85 0272 175 1.12 0.839 175 1.13 0.798 175 1.07 0.903
(0.66-1.11) (0.70-1.78) (0.72-1.79) (0.62-1.84)
Education (years) 1176 0.95 0.014 497 0.93 0.014 497 0098 0.381 497 1.03 0.479
(0.92-0.99) (0.87-1.00) (0.91-1.05) (0.95-1.12)
Currently working
No 905 Ref 403 Ref 403 Ref 403 Ref
Yes 271  0.94 0.671 94 126 0.379 94  1.00 0.926 94 0.92 0.831
(0.69-1.29) (0.70-2.27) (0.55-1.82) (0.44-1.91)
Diabetic diagnosis
No 1041 Ref 403 Ref 403 Ref 403 Ref
Yes 135 2.01 0.002 94 7.04 <0.001 94 3.27 <0.001 94 2.35 0.001
(1.31-3.07) (3.65-13.56) (1.88-5.67) (1.31-4.23)
Depression diagnosis
No 1146 Ref 481 Ref 481 Ref 16 Ref
Yes 30 1.22 0.675 16 3.65 0.058 16 3.37 0.056 481 1.43 0.577
(0.55-2.72) (0.91-14.70) (0.94-12.03) (0.39-5.20)
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Table 3 (continued)

Hypertension Awareness Treatment Control
n OR (95% CI) p n OR (95% CI) p n OR (95% CI) p n OR (95% CI) p
Sleep quality
Very good/good 1002 Ref 416 Ref 416 Ref 416 Ref
Moderate 147  0.89 0.126 68 0.73 0.907 68 0.96 0213 68 047 0.068
(0.60-1.32) (0.38-1.40) (0.52-1.79) (0.20-1.07)
Poor/very poor 27 0.48 13 2.88 13 472 13 033
(0.21-1.11) (0.55-14.94) (0.99-22.40) (0.06-1.79)

age and above [2]. A further limitation is the under-
representation of other groups, predominantly whites and
men, possibly also due to the nature of household surveys
being less likely to capture data from individuals in full-
time employment out of the home. Our 4% White partici-
pation rate is around half the estimated 8.9% representation
of white population within South Africa. Blood pressure
measurement, and therefore classification of hypertension,
may have been influenced by the devices used, the context
within which measurements were taken, and the nature of
fluctuations in blood pressure—all of which could result in
over-diagnosis or under-diagnosis. The study protocols and
interview techniques were intended to reduce these biases.
Additionally, the wrist BP monitors used were validated
using the European Society of Hypertension Protocol
(2010) [23]. This Omron wrist monitor has positional sen-
sors ensuring the reading is taken with the bladder at the
level of the heart to avoid the influence of hydrostatic
pressure. Ambulatory 24-h blood pressure measurement
(ABPM) is the ‘gold-standard’ for hypertension diagnosis,
and using ABPM we have previously shown that office
brachial blood pressure measurement underestimates
hypertension in South African adults due to high levels of
masked hypertension [38]. However, ABPM is not practical
for large population surveys and wrist devices with posi-
tional sensors have been shown to correlate well with
ABPM, with normotension/hypertension false classification
rates at least as reliable as office brachial measures [39].
Furthermore, these devices may be better suited to field-
work in low socioeconomic homes where there may not be
a place to rest the forearm when taking brachial measures,
or placement of a brachial cuff is challenging in individuals
with mid-upper arm circumference exceeding the capacity
of large brachial cuffs.

Despite potential limitations, our main findings from this
household survey are similar to findings from previous
studies in the South African population conducted in clinics
or screening events. Indeed, the strength of this research lies
in the household survey approach, as populations recruited
from within clinics or attending screening events may
introduce further selection bias. A further limitation is the

SPRINGER NATURE

cross-sectional analysis. SAGE Wave 3 data collection is
currently being implemented in South Africa (2018),
whereby we plan to combine multiple waves of data col-
lection to conduct longitudinal analysis in this cohort.

Conclusion

Hypertension prevalence remains high in South African
adults. When assessed against the latest ACC/AHA guide-
lines, our results suggest only 1 in 4 adults had a ‘normal’
blood pressure. Intensive efforts are now needed to build on
the momentum of recent sodium legislation and public
health campaigns to improve hypertension awareness and
management. With awareness rates higher in older, more
obese, females and individuals with known diabetes,
screening campaigns targeted at individuals outside these
groups may broaden hypertension diagnosis. The parallels
between HIV and hypertension in sub-Saharan Africa are
many, including largely asymptomatic presentation and
‘easy’ diagnosis from screening. As with HIV screening and
treatment in the region, hypertension now requires more
rigorous and extensive interventions to identify asympto-
matic hypertension cases. South Africa can build on its
recent public health successes through additional targeting
of key populations, including younger men.

Summary table

What is known about the topic:

e Risk factors for hypertension in Africa are generally
assumed from research in high-income countries.

e The predictors of hypertension and its management in
African populations require clarification.

What this study adds:

e Hypertension prevalence is high, while awareness and
effective treatment remain low.
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e Hypertensive individuals with co-morbidities, such as
diabetes, are much more likely to be diagnosed with
hypertension.
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