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Abstract

Background Hypertension is the second leading risk factor for death in South Africa, and rates have steadily
increased since the end of Apartheid. Research on the determinants of hypertension in South Africa has received
considerable attention due to South Africa’s rapid urbanization and epidemiological transition. However, scant work
has been conducted to investigate how various segments of the Black South African population experience this
transition. Identifying the correlates of hypertension in this population is critical to the development of policies and
targeted interventions to strengthen equitable public health efforts.

Methods This analysis explores the relationship between individual and area-level socioeconomic status and
hypertension prevalence, awareness, treatment, and control within a sample of 7,303 Black South Africans in three
municipalities of the uMgungundlovu district in KwaZulu-Natal province: the Msunduzi, uMshwathi, and Mkhambat-
hini. Cross-sectional data were collected on participants from February 2017 to February 2018. Individual-level socio-
economic status was measured by employment status and educational attainment. Ward-level area deprivation was
operationalized by the most recent (2011 and 2001) South African Multidimensional Poverty Index scores. Covariates
included age, sex, BMI, and diabetes diagnosis.

Results The prevalence of hypertension in the sample was 44.4% (n = 3,240). Of those, 2,324 were aware of their
diagnosis, 1,928 were receiving treatment, and 1,051 had their hypertension controlled. Educational attainment was
negatively associated with hypertension prevalence and positively associated with its control. Employment status was
negatively associated with hypertension control. Black South Africans living in more deprived wards had higher odds
of being hypertensive and lower odds of having their hypertension controlled. Those residing in wards that became
more deprived from 2001 to 2011 had higher odds of being aware of their hypertension, yet lower odds of receiving
treatment for it.

Conclusions Results from this study can assist policymakers and practitioners in identifying groups within the Black
South African population that should be prioritized for public health interventions. Black South Africans who have
and continue to face barriers to care, including those with low educational attainment or living in deprived wards had

*Correspondence:

NW Harriman

nharriman@hsph.harvard.edu

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-023-15247-0&domain=pdf

Madela et al. BMC Public Health (2023) 23:417

Page 2 of 15

worse hypertension outcomes. Potential interventions include community-based programs that deliver medication

to households, workplaces, or community centers.

Keywords Hypertension, Black South Africans, Socioeconomic status, Area-level deprivation

Background

Noncommunicable diseases (NCDs) are the leading
cause of mortality worldwide. Collectively, NCDs, includ-
ing cardiovascular disease, cancers, respiratory disease,
and diabetes account for more than 71% of global deaths
[1]. The burden of NCD mortality is disproportionately
borne by low- and middle-income countries (LMIC),
with 77% of deaths occurring in these nations. Deaths
due to cardiovascular disease (CVD), which include heart
and cerebrovascular diseases, make up the largest pro-
portion of NCD deaths (43%) and are similarly patterned
by economic development — over 75% of these deaths
also occur in LMICs [1].

One such nation is South Africa, which has received
increased attention in scientific research due to its rapid
urbanization and progression through the epidemio-
logical transition over the past 30 years [2, 3]. In South
Africa, recent estimates suggest that NCDs account for
43% of deaths, 18% of which are due to CVD [4]. Hyper-
tension is a well-documented and preventable risk fac-
tor for CVD and other NCDs, such as cerebrovascular
accident, myocardial infarction, congestive heart failure,
and kidney injury. It is the second leading risk factor for
death in South Africa, and nationally-representative esti-
mates have indicated a marked increase in hypertension
prevalence in the past two decades [5-7]. The national
prevalence of hypertension has more than doubled from
the first Demographic and Health Survey (DHS) in 1998
(23%) to the most recent data from 2016 (48.3%) [8—10].

Hypertension management strategies have typically
been informed by estimates of the hypertension care
cascade, which includes hypertension screening, preva-
lence, awareness, treatment, control, and their correlates.
For this management to be effective, both the health-
care workers and the patients need to adhere to the
treatment guidelines and prescribed treatment respec-
tively [11]. As the prevalence of hypertension in South
Africa has increased, large gaps in this care cascade have
emerged. National data from the 2011-2012 South Afri-
can National Health and Nutrition Examination Survey
(SANHANES) indicated that half of all hypertensive indi-
viduals were unaware of their condition and only 8.9%
had their hypertension controlled [12]. More recent esti-
mates from probability samples have revealed care con-
tinuum gaps of similar magnitude. Data from the second
wave of the World Health Organization’s Study on Global
Ageing (WHO-SAGE) obtained in 2015 showed that

58% of hypertensive adults were unaware of their condi-
tion and 18% had their hypertension controlled [13]. The
most recent nationally representative estimates, obtained
from the 2016 DHS, confirmed these gaps, with 45% of
hypertensive individuals unaware of their condition, and
16% controlled [9]. The early detection and control of
hypertension are vitally important, firstly to reduce the
rates of CVD and secondly to decrease the incidence and
burden of other NCDs described above.

South Africa’s epidemiological transition and urbaniza-
tion have led the burden of NCDs to impact groups dif-
ferently, based on individual and area-level measures of
socioeconomic status (SES) [14—18]. Interestingly, recent
nationally representative analyses have revealed complex
patterns in the association between SES and hyperten-
sion. According to an analysis from the National Income
Dynamics Survey (NIDS), educational attainment was
only associated with hypertension control in females,
while income was associated with control in males [15].
Analyses from the 2016 DHS have revealed a similar
divergence between income and education with educa-
tional attainment being inversely related to hypertension
but household wealth positively associated with elevated
risk in bivariate analyses [9]. Data from the 2015 WHO-
SAGE had similar findings for education but did not
include a measure of household income or wealth [13].
Furthermore, the reported positive association between
urban residence and hypertension in this study is incon-
sistent with other nationally representative analyses —
including the 2011-2012 SANHANES, which found that
hypertension prevalence was higher in rural residential
settings [12]. It is well-documented that the epidemiolog-
ical transition occurs at varying rates across segments of
a population [19, 20]. In South Africa, the unclear direc-
tion of the socioeconomic gradient with hypertension
may be due to a limitation of aggregate data to account
for different sub-populations experiencing the transition
at varying rates. As such, it is important to investigate
these sub-populations to better understand where they
lie within the transition; and to tailor public health pre-
vention efforts accordingly.

South Africa’s historical context informs which sub-
populations should be prioritized for epidemiologic
inquiry. The effects of discriminatory Apartheid-era
policies manifest themselves in marked racial inequal-
ity in the present day. One such policy, the Group Areas
Act, created mass racial segregation across most areas in
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South Africa; restricting employment and educational
opportunities for generations — resulting in vast racial
disparities in individual-level SES (i.e., income, house-
hold wealth, and educational attainment) today [21-23].
Furthermore, such policies presented geographical bar-
riers that limited access to desirable societal resources,
including healthcare institutions (i.e., primary health
centers, and outpatient health centers), which contrib-
uted to area-level deprivation, the effects of which are
disproportionately experienced by Black South Africans
[24, 25]. In tandem, these inequities impact Black South
Africans’ proximity to care, awareness of health-promot-
ing behaviors, and ability to afford care.

While nationally representative data does not currently
suggest that Black South Africans experience dispropor-
tionately high levels of hypertension at the national level
in South Africa, existing research has suggested that this
may be due to the Black South African population being
in an earlier stage in the epidemiological transition, com-
pared to other racial groups [26]. The aforementioned
individual and area-level socioeconomic inequities
resulting from Apartheid-era policies have the poten-
tial to adversely affect the hypertension care continuum
within this population as it undergoes the epidemiologi-
cal transition. As the Black South African population
progresses through the transition, information on the
correlates of the prevalence of hypertension and its care
cascade can be of immense value, to better inform initia-
tives and policies to alleviate the burden of disease.

Compared to the plethora of empirical research on the
determinants of hypertension at an aggregate population
level, scant attention has been given to the determinants
within the Black South African sub-population. Indeed,
Black South Africans are often treated as a homogenous
group in the scientific literature, despite the documented
geographic, cultural, and socioeconomic variation within
the population [7]. Few studies in South Africa have
attempted to highlight these differences and investigate
their relation to hypertension. The sparse extant work
that does focus on this subpopulation’s different geo-
graphic and socioeconomic patterns and their relation
to hypertension was conducted over a decade ago and
requires revisiting [27-30]. Furthermore, recent work has
concentrated on the associations between hypertension
and clinical factors, such as the presence of comorbidi-
ties, and modifiable behaviors, such as diet and alco-
hol intake, rather than on socioeconomic determinants
[31-33].

Understanding the socioeconomic heterogeneity
within the Black South African sub-population and its
associations with hypertension is critical to identifying
the risk factors for hypertension that exist in a popula-
tion that is progressing through the epidemiological
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transition. This information is vital to the development
of policies and targeted interventions to bolster public
health efforts. To that end, this paper aims to explore
the relationship between individual and area-level SES,
including change in area-level deprivation over time,
and hypertension prevalence, awareness, treatment, and
control within a sample of Black South Africans in the
Umgungundlovu district of KwaZulu Natal, South Africa.

Methods

Data source

Data were analyzed from the HealthRise South Africa
Study, a community-based project designed to improve
screening, diagnosis, management, and control of hyper-
tension and diabetes in underserved communities [34].
The HealthRise Study was sponsored by the Medtronic
Foundation and implemented by Expectra Health Solu-
tions; a non-governmental organization (NGO) accred-
ited by the Health & Welfare Sector Education Training
Authority (SETA) in Level 4 community health work. The
National Qualification Framework is used to measure
the skills and knowledge of learners in South Africa; it
ranges from 1 to 10, with higher values indicating greater
mastery of knowledge. A Level 4 certificate is equivalent
to what students in South Africa receive after grade 12,
and Expectra Health Solutions is accredited to confer
this level of expertise to its community health workers
(CHWs). Cross-sectional data were collected from Feb-
ruary 2017 to February 2018 from three local munici-
palities of the uMgungundlovu district in KwaZulu-Natal
province: the Msunduzi, uMshwathi, and Mkhambathini.
The district and its local municipalities were purposively
selected in a consultative process with the KwaZulu-
Natal Department of Health and the Institute for Health
Metrics and Evaluation (IHME). Eligible catchment areas
included those with minimal or no existing Department
of Health CHWs. The selected areas were also required
to include residents living in rural informal, rural formal
(farm), urban formal, and urban informal areas. The final
selected areas had a catchment population of 163,995.
More detail on the eligibility criteria and consultative
process is described in detail elsewhere [35-38].

Data collection was implemented by twenty-five CHWs
trained by Expectra Health Solutions to adhere to the
KwaZulu-Natal Department of Health Adult Primary
Care (APC) guidelines for diagnosing hypertension and
diabetes [39, 40]. Data were collected over the study
period through three methods: door-to-door household
visits, community outreach campaigns, and workplace
visits. Overall, 7,954 people consented to be screened
from the 10,658 door-to-door household visits. Five hun-
dred and twenty-five people consented to be screened
from the sixteen workplace visits. Finally, 2,353 people
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were screened from 24 community outreach campaigns
that took place over the study period. The analyses pre-
sented in this paper were restricted to Black South Afri-
cans who were 18 years and older and whose data were
obtained during door-to-door survey visits (n=7,303).
This restricted sample was chosen because information
on participant SES and area-level data were only col-
lected in the surveys used during the door-to-door data
collection process.

Dependent variables

This analysis included four dichotomous hypertension-
related dependent variables: hypertension prevalence,
awareness, treatment, and control. Blood pressure was
measured using digital blood pressure machines fol-
lowing the KwaZulu-Natal Department of Health APC
guidelines. Specifically, patients were seated and had
their arms supported at heart-level for 3-5 min. Two
measurements were obtained 1-2 min apart, and if these
readings differed by more than 5 mmHg, a third read-
ing was obtained. If any of the measurements were over
140/90 mmHg, the patient had their blood pressure con-
firmed 6 — 24 h later.

Individuals were defined as hypertensive if their meas-
ured blood pressure at the time of the study was con-
firmed to be >140/90 mmHg, if they indicated they had
been previously diagnosed with hypertension by a health-
care professional, or if they reported taking anti-hyper-
tensive medication. Participants were defined as aware
of their hypertension if they were 1) hypertensive, and
2) reported that a healthcare professional had previously
diagnosed them. Hypertensive treatment was conditional
upon hypertension awareness — subjects were considered
in treatment if they were 1) aware of their hypertension
and 2) reported that they were currently receiving anti-
hypertensive medication for it. Finally, subjects were con-
sidered in control of their hypertension if they 1) were
currently receiving treatment for their hypertension, and
2) their measured blood pressure at the time of the study
was below 140/90 mmHg.

Individual-level independent variables

Demographic variables included age (18—30, 31-60, over
60) and sex (male vs. female). Regarding the proxies for
SES, the education variable had five categories (none,
some primary school, incomplete high school, completed
high school, and tertiary). Employment status was self-
reported. When possible, unemployment was verified by
confirming that the individual received unemployment
benefits from the South African government. Individuals
who indicated they were self-employed were categorized
as employed, and our final variable was dichotomous
(unemployed vs. employed). The body mass index (BMI)
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variable had four categories: underweight (<18.5 kg/
m?), normal weight (18.5-24.9 kg/m?), overweight (25—
29.9 kg/m?), and obese (> 30 kg/m?). The KwaZulu-Natal
Department of Health APC guidelines were followed to
diagnose individuals with diabetes. Blood was obtained
from a finger prick, and individuals were defined as
having diabetes if their level in a random blood glucose
test at the time of the examination was 11.0 mmol/L or
higher or if they reported a healthcare professional had
previously diagnosed them with diabetes.

Area-level independent variables

Geographic data at the municipality and ward levels were
also collected as part of the HealthRise project. To assess
area-level deprivation, we linked this information to the
2011 (most recently available) and 2001 census multidi-
mensional poverty data. We utilized the South African
Multidimensional Poverty Index (SAMPI), which was
developed by Statistics South Africa to measure area-
level deprivation unique to the South African context
[41]. SAMPI scores range from 0 to 1 with higher scores
indicating greater area-level deprivation. The SAMPI is
comprised of four household indicators of deprivation —
education, health, the standard of living, and economic
activity — the specific cut points and weights of these are
described elsewhere [41]. The SAMPI score for a geo-
graphic area is the product of two metrics: 1) the poverty
headcount — the proportion of households in the area
that are deprived on at least one of the four indicators,
and 2) the poverty intensity — the average proportion of
the four indicators that deprived households are deprived
in. For example, if 50% of the households in an area were
deprived, and the deprived households were deprived on
three of the four indicators (75%), on average, the SAMPI
score for this area would be 0.50.75=0.375.

The SAMPI has been linked in prior research to vari-
ous dimensions of health, including self-rated health and
cardiovascular disease [42, 43]. It has typically been mod-
eled as a categorical variable with cut points based on
the quintiles of the distribution of scores. In this study,
SAMPI scores were modeled as a categorical variable
with cut points based on the quintiles of the distribution
of SAMPI scores for all of South Africa, giving us an indi-
cation of how deprived the areas from which we obtained
our sample were. Using this methodology, we computed
SAMPI quintile variables for 2001 and 2011. We also
constructed a variable to determine if a ward’s relative
SAMPI quintile had changed from 2001 to 2011.

Statistical analyses

First, we calculated descriptive statistics for the depend-
ent and independent variables (unweighted percentages)
including missing values. To maintain the power of the
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analyses, we imputed missing values for all the vari-
ables included in the regression models using multiple
imputation with chained equations. We produced and
performed analyses on 10 imputations of the dataset.
We also conducted sensitivity analyses of our regres-
sion models including only those with no missing data to
ensure the robustness of our reported results to missing
data, and our results were consistent with the imputed
models.

Following the imputation procedure, we conducted a
series of six hierarchical logistic regression models for
each of the four hypertension outcomes (Prevalence,
Awareness, Treatment, and Control) using Stata 15.0.
Model 1 estimated the association between the hyperten-
sion outcome of interest and demographic variables (age
and sex). Model 2 added variables that captured individ-
ual-level markers of SES (education level and employ-
ment status). Model 3 included area-level deprivation
measures to model 2. Finally, in model 4, individual risk
factors (BMI and diabetes prevalence) were added to
model 3. For each hypertension outcome, models 3 and
4 were each run with an “a” and “b” counterpart for our
different measures of area-level deprivation — “a” models
used the 2011 SAMPI quintile, while “b” models used the
change in SAMPI quintile from 2001 to 2011.

Results

Sample description

In Table 1, we present the descriptive statistics of the
study sample. The majority of the sample was between
the ages of 31 and 60 (53.9%). There was a high propor-
tion of females in the sample (72.4%). Regarding the
markers of SES, many of the respondents had no formal
education (32.5%); the next highest percentage was those
who had completed high school (23.3%). Five percent of
the sample had attained a tertiary education level. The
majority of the sample was unemployed (70.7%). Eleven
percent of the sample was underweight (BMI:<18.5 kg/m?),
38% of the sample had normal weight (18.5-24.9 kg/m?);
22% were overweight (25-29.9 kg/m?); and 24% were
obese (>=30 kg/m?). The prevalence of diabetes in the
sample was 13.9%.

Regarding the area-level measures of deprivation, most
of the sample lived in Wards in the 4™ Quintile of South
Africa’s 2011 deprivation score distribution (62.4%). No
respondents lived in Wards that were in the 1% (least
deprived) or 5™ (most deprived) quintiles of South Afri-
ca’s 2011 area deprivation distribution. The majority of
respondents lived in Wards with deprivation levels that
did not change from 2001 to 2011 (75.7%). None of the
respondents lived in Wards whose deprivation quin-
tile improved from 2001 to 2011 (i.e., areas that became
less deprived). Detailed descriptions of the geographic
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Table 1 Sample Description
N Percentage
Hypertension
Hypertension Prevalence
No current or previous hypertension 4,063  55.6%
Current or previous hypertension 3240  444%
Missing 0 0.0%
Hypertension Awareness
Unaware 916 28.3%
Aware 2324 71.7%
Missing 0 0.0%
Hypertension Treatment
Untreated 396 17.0%
Treatment 1,928 83.0%
Missing 0 0.0%
Hypertension Control
Uncontrolled 877 45.5%
Controlled 1,051 545%
Missing 0 0.0%
Demographics
Age
18-30 1,709 23.4%
31-60 3938  53.9%
Over 60 1,656 22.7%
Missing 0 0.0%
Sex
Male 2016 27.6%
Female 5287 724%
Missing 0 0.0%
Socioeconomic Status
Education Level
None 2375  325%
Some Primary School 1,384  19.0%
High School Incomplete 1,244 17.0%
High School Complete 1,701 233%
Tertiary 366 5.0%
Missing 233 3.2%
Employment Status
Unemployed 5162  70.7%
Employed 1,858  254%
Missing 283 3.9%
Risk Factors
Body Mass Index
Underweight < 18.5 kg/m2 813 11.1%
Normal weight 18.5-24.9 kg/m2 2,744 37.6%
Overweight 25-29.9 kg/m?2 1622 222%
Obese > =30 kg/m2 1,767 24.2%
Missing 357 4.9%
Diabetes
No previous or current diabetes diagnosis or 6291 86.1%
not eligible for screening
Current or previous diabetes 1,012 13.9%
Missing 0 0.0%
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Table 1 (continued)
N Percentage
Area Deprivation
2011 Deprivation Quintile
Q1 Least Deprived 0 0%
Q2 182 2.5%
Q3 1,664  22.8%
Q4 4,559  624%
Q5 Most Deprived 0 0%
Missing 898 12.3%
Deprivation Quintile Change (2001 to 2011)
No change 5525  757%
Quintile Worsened 880 12.1%
Missing 898 12.3%

variables and linked census data can be found in supple-
mentary material 1.

The prevalence (current or previous diagnosis) of
hypertension in the sample was 44.4% (n=3,240). Of
those who were hypertensive, 71.7% were aware of
their diagnosis (#=2,324). Among those aware, 83%
were currently receiving treatment for their hyperten-
sion (n=1,928). Finally, of those who were receiving
treatment, 54.5% had their hypertension controlled
(n=1,051).

Logistic regression models

Hypertension prevalence

Table 2 presents the results from the hierarchical logis-
tic regression models for hypertension prevalence among
Black South African adults (#=7,303). Across all mod-
els, we observed a positive association between age and
hypertension prevalence, and that sex was not associated
with hypertension prevalence.

Model 2 considers the role of individual-level indica-
tors of SES (educational attainment and employment sta-
tus). Compared to Black South Africans with no formal
education, those with some high school education (OR
0.778, p=0.001), as well as those who completed high
school education (OR 0.611, p<0.001), and those with
tertiary education (OR 0.604, p <0.001) had lower odds of
hypertension.

In Model 3a, adults living in more deprived areas had
higher odds of being hypertensive (3™ quintile: OR 1.818,
p=0.002 and 4" quintile: OR 2.014, p <0.001), compared
to those in the least deprived wards (2™ quintile). The
consideration of area derivation did not materially alter
the graded negative association between educational
attainment and hypertension but a significant difference
in the odds of being hypertensive for employed adults
compared to the unemployed (OR 0.882, p=0.048)
emerged once area deprivation was added to the model.
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In model 4a, as expected, both BMI and a history
of diabetes are significantly associated with increased
hypertension risk. However, the consideration of these
risk factors reduced the association of employment sta-
tus to non-significance but did not lead to a change in the
association of education. The hypertension disparities
linked to area deprivation widened in this model (Q3 vs
Q2: OR 1.863, p=0.003; Q4 vs Q2: OR 2.252, p<0.001).

In Model 3b, change in area deprivation over 10 years
is unrelated to hypertension prevalence. However, as
noted in model 3a, after adjustment for area deprivation
changes, the association between educational attainment
and hypertension prevalence remained evident and, addi-
tionally, employment status emerged as significant with
employed adults having lower odds of hypertension than
those who were unemployed (OR 0.882, p =0.049).

In model 4b, change in area deprivation is not signifi-
cantly associated with hypertension prevalence, and with
the inclusion of BMI and diabetes in this model, while
employment status is no longer associated with hyper-
tension prevalence, education remains inversely related
to hypertension.

Hypertension awareness

In Table 3, we present the results of the logistic regres-
sion models for hypertension awareness, in which the
sample is restricted to those who are currently hyper-
tensive (n=3,240). In model 1, and all subsequent mod-
els, we observed a positive association between age and
hypertension awareness, and females had significantly
higher odds of hypertension awareness than men.

In model 2, compared to adults with no formal educa-
tion, those with some high school education (OR 0.73,
p=0.016) and those who completed high school (OR
0.486, p<0.001) have significantly lower odds of hyper-
tension awareness. Employment status is not significantly
associated with hypertension awareness. In model 3a,
area deprivation is unrelated to hypertension awareness
and the earlier noted protective associations between
education status and hypertension awareness persist in
this model. With the inclusion of BMI and diabetes in
model 4a, disparities in the odds of hypertension aware-
ness between Black South Africans with no formal edu-
cation and those with some high school education (OR
0.646, p=0.002) and those who completed high school
(OR 0.461, p<0.001) increase by 34% and 6%, respec-
tively. There is a positive association between BMI and
hypertension awareness, but a diagnosis of diabetes is
unrelated to hypertension awareness.

In model 3b, residing in areas of increasing deprivation
is associated with nearly 60% higher odds of hyperten-
sion awareness, compared to those living in wards whose
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Table 2 Odds Ratios (OR) and Standard Errors (SE) for Hierarchical Logistic Regression Models for Hypertension Prevalence (n=7,303)

Hypertension Prevalence Model 1: Model 2: Model 3a: Model 4a: Model 3b: Model 4b:
Age + Sex Model 1+SES Model Model Model Model
2+ Area 3a-+BMI 2+ Area 3b+BMland
Deprivation and DM Deprivation DM Prevalence
Quintile Prevalence Change
Variables OR SE OR SE OR SE OR SE OR SE OR SE
Age
31-60 Ref Ref Ref Ref Ref Ref
18-30 0.324** 0023 0366* 0027 0372*% 0027 0429* 0032 0366* 0027 0421* 0.032
Over 60 4869 ** 0328 4.021* 0288 3.997* 0287 3563* 0269 4.023* 0289 3585* 0270
Sex
Male Ref Ref Ref Ref Ref Ref
Female 111 0.064 1.083 0.064 1.092 0.064 0.946 0.060 1.082 0.064 0.942 0.059
Education
None Ref Ref Ref Ref Ref
Some primary education 1.150 0.085 1.156 0.086 1.160 0.090 1.150 0.085 1.145 0.089
High school incomplete 0.778** 0.060 0.777* 0060 0.766* 0.062 0.779* 0060 0.763** 0.062
High school complete 0611* 0046 0.603** 0046 0.631* 0050 0611* 0.046 0.635** 0.050
Tertiary 0.604** 0.080 0.589** 0078 0574* 0.079 0.606* 0080 0592* 0.081
Employment Status
Unemployed Ref Ref Ref Ref Ref
Employed 0.885 0.056 0.882* 0056 0912 0060 0.882* 0056 0919 0.061
2011 Area Deprivation Quintile
Q2 Ref Ref
Q3 1.818* 0353 1.863* 0387
Q4 2014 ** 0375 2.252* 0444
Body Mass Index
Normal weight 18.5-24.9 kg/m2 Ref Ref
Underweight < 18.5 kg/m2 0.898 0.086 0.896 0.086
Overweight 25-29.9 kg/m2 1.141 0.083 1.131 0.082
Obese > =30 kg/m2 1479* 0.107 1456 * 0.105
Diabetes
No current or previous diabetes diagnosis Ref Ref
Current or previous diabetes diagnosis 7.840** 0.799 7.747 ** 0.788
2001 to 2011 Area Deprivation Quintile Change
No change in quintile Ref Ref
Quintile worsened 1.038 0.082 0.942 0.078

" p<0.05
" p<0.01

quintiles did not change (OR 1.593, p=0.001). This asso-
ciation is reduced (by 33%) but remains significant when
adjusted for BMI and diabetes in model 4a.

Hypertension treatment

Table 4 displays the results of the logistic regression
models for the odds of receiving treatment for hyper-
tension, conditional upon being aware (previously diag-
nosed) (n=2,324). Across these models, we find that
increased age was significantly associated with treatment

for hypertension and that females had significantly
higher odds of receiving treatment than men. We did not
observe any significant individual-level SES-related dis-
parities in hypertension treatment in any of the models.
While area deprivation was unrelated to hypertension
treatment in model 3a, residing in areas with increasing
area deprivation (model 3b) was associated with lower
odds of receiving treatment for one’s hypertension (OR
0.54, p=0.001), compared to living in areas with no
change in area deprivation. With the addition of BMI and
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Table 3 Odds Ratios (OR) and Standard Errors (SE) for Hierarchical Logistic Regression Models for Hypertension Awareness (n = 3,240)

Hypertension Awareness Model 1: Model 2: Model 3a: Model 4a: Model 3b: Model 4b:
Age + Sex Model 1+SES Model Model Model Model
2+ Area 3a-+BMI 2+ Area 3b+BMland
Deprivation and DM Deprivation DM Prevalence
Quintile Prevalence Change
Variables OR SE OR SE OR SE OR SE OR SE OR SE
Age
31-60 Ref Ref Ref Ref Ref Ref
18-30 0443 ** 0057 0.509** 0068 0502*% 0067 0561* 0080 0.501* 0067 0.560** 0.080
Over 60 2967 ** 0287 2.525* 0261 2533* 0263 2460* 0267 2564** 0265 2485* 0270
Sex
Male Ref Ref Ref Ref Ref Ref
Female 2667 ** 0238 2626** 0237 2557* 0232 2220* 0219 2585* 0234 2233* 0.220
Education
None Ref Ref Ref Ref Ref
Some primary education 0.885 0.104 0.872 0.102 0.876 0.108 0.895 0.105 0.893 0.110
High school incomplete 0730* 0095 0.722* 0094 0646* 0090 0.737* 0097 0658* 0.092
High school complete 0486 ** 0.064 0482** 0064 0461** 0064 0489** 0.065 0468** 0.065
Tertiary 0.962 0.232 0988 0.240 0.903 0.228 0973 0236 0.892 0.224
Employment Status
Unemployed Ref Ref Ref Ref Ref
Employed 0.871 0.091 0.855 0.090 0916 0.103 0.838 0089 0904  0.102
2011 Area Deprivation Quintile
Q2 Ref Ref
Q3 1422 0.509 1.541 0.606
Q4 0.833 0291 0.984 0376

Body Mass Index
Normal weight 18.5-24.9 kg/m2
Underweight < 18.5 kg/m2
Overweight 25-29.9 kg/m2
Obese > =30 kg/m2
Diabetes
No current or previous diabetes diagnosis
Current or previous diabetes diagnosis
2001 to 2011 Area Deprivation Quintile Change
No change in quintile
Quintile worsened

Ref Ref
0.631* 0.09 0.636 **  0.096
1.293* 0154 1.300* 0155
1616** 0.191 1.631* 0.192

Ref Ref
7.119* 1054 7142 1056

Ref Ref

1.593*¢ 0223 1369* 0206

* p<0.05
" p<0.01

diabetes in Model 4b, this disparity remained significant
but was reduced by 6% (OR 0.558, p <0.001).

Hypertension control

Finally, in Table 5, we analyze the log odds of controlling
one’s hypertension with medication (n=1,928). Across
all models, we did not observe significant differences in
hypertension control by age or sex.

In model 2, higher odds of having one’s hypertension
controlled are evident among those with some high
school education completed, compared to those with
no formal education (OR 1.377, p=0.044). In contrast,
Black South Africans who were employed have signifi-
cantly lower odds of having their hypertension controlled
than those who were unemployed (OR 0.716, p=0.018).
In model 3a, area deprivation is not significantly associ-
ated with hypertension control, but the patterns noted
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Table 4 Odds Ratios (OR) and Standard Errors (SE) for Hierarchical Logistic Regression Models for Hypertension Treatment (n=2,324)

Hypertension Treatment Model 1: Model 2: Model 3a: Model 4a: Model 3b: Model 4b:
Age + Sex Model 1+SES Model Model Model Model
2+ Area 3a-+BMI 2+ Area 3b+BMland
Deprivation and DM Deprivation DM Prevalence
Quintile Prevalence Change
Variables OR SE OR SE OR SE OR SE OR SE OR SE
Age
31-60 Ref Ref Ref Ref Ref Ref
18-30 0.090** 0.019 0.098* 0021 0097** 0021 0.103* 0022 0.097* 0021 0.103* 0.022
Over 60 4348 % 0652 4.038* 0635 4.026** 0634 4257* 0677 3.942* 0623 4.144** 0661
Sex
Male Ref Ref Ref Ref Ref Ref
Female 1.579*% 0228 1.569** 0227 1.594** 0232 1391* 0209 1.623* 0237 1415* 0213
Education
None Ref Ref Ref Ref Ref
Some primary education 1.132 0.183 1.139 0185 1.227 0201 1.103 0.180 1.188 0.196
High school incomplete 0.873 0.161 0.874 0.162 0931 0.174 0.856 0.159 0.906 0.171
High school complete 0.725 0.143 0.728 0.144 0.748 0.150 0.717 0.142 0.736 0.147
Tertiary 1.013 0.347 1.009 0346 1.056 0367 1.029 0354 1.074 0374
Employment Status
Unemployed Ref Ref Ref Ref Ref
Employed 0919 0.140 0928 0.142 0879 0.137 0973 0.151 0922 0.145
2011 Area Deprivation Quintile
Q2 Ref Ref
Q3 0.742 0368 0.752 0.382
Q4 0.924 0443 0.909 0.446
Body Mass Index
Normal weight 18.5-24.9 kg/m2 Ref Ref
Underweight < 18.5 kg/m2 0.725 0.163 0.743 0.169
Overweight 25-29.9 kg/m2 1.183 0.200 1.185 0.201
Obese > =30 kg/m2 1.715%* 0.278 1.721 % 0.279
Diabetes
No current or previous diabetes diagnosis Ref Ref
Current or previous diabetes diagnosis 0.835 0.109 0.871 0.115
2001 to 2011 Area Deprivation Quintile Change
No change in quintile Ref Ref
Quintile worsened 0.540** 0.088 0.558** 0.093

* p<0.05
" p<0.01

for individual-level SES remained significant when area
deprivation is added to the model.

In model 4a, with the addition of BMI and diabetes,
the direction, strength, and significance of the associa-
tions of high school completion and employment with
hypertension control persisted, with little change to the
parameter estimates. In this model, compared to Black
South Africans living in the least deprived wards (2™
quintile), those living in more deprived areas have signifi-
cantly lower odds of having their hypertension controlled

(Q3 vs Q2: OR 0.403, p=0.038; Q4 vs Q2: OR 0.399,
p=0.033).

In model 3b, the hypertension control gap between
Black South Africans with no formal education and some
high school education is no longer significant. The dif-
ferences in hypertension control by employment status
remained significant and the magnitude of this associa-
tion did not change appreciably. Change in area depriva-
tion was not significantly associated with hypertension
control.
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Table 5 Odds Ratios (OR) and Standard Errors (SE) for Hierarchical Logistic Regression Models for Hypertension Control (n=1,928)

Hypertension Control Model 1: Model 2: Model 3a: Model 4a: Model 3b: Model 4b:
Age + Sex Model 14+SES Model Model 3a+BMI Model Model
2+ Area and DM 2+ Area 3b+BMland
Deprivation Prevalence Deprivation DM Prevalence
Quintile Change
Variables OR SE OR SE OR SE OR SE OR SE OR SE
Age
31-60 Ref Ref Ref Ref Ref Ref
18-30 1837 0677 1728 0643 1723 0642 1652 0617 1747 0651 1680 0627
Over 60 0936 0087 0909 0091 0915 0092 0913 0093 090 0091 0899  0.091
Sex
Male Ref Ref Ref Ref Ref Ref
Female 1201 0143 1.191 0.143  1.190 0143  1.235 0152 1.207 0.145 1.250 0.154
Education
None Ref Ref Ref Ref Ref
Some primary education 0.970 0.105 0.969 0.105 0967 0.106 0959 0.104 0.957 0.105
High school incomplete 1377* 0219 1371% 0218 1390* 0223 1365 0217 1382* 0222
High school complete 1.195 0223 1.198 0225 1.194 0225 1.193 0223 1.189 0223
Tertiary 0950 0282 0961 0.285 0.960 0286 0953 0282 0948 0282
Employment Status
Unemployed Ref Ref Ref Ref Ref
Employed 0716* 0101 0723* 0102 0714* 0102 0726* 0103 0717* 0.103
2011 Area Deprivation Quintile
Q2 Ref Ref
Q3 0438 0.190 0403* 0.176
Q4 0.441 0.189 0399* 0.172
Body Mass Index
Normal weight 18.5-24.9 kg/m2 Ref Ref
Underweight < 18.5 kg/m2 0.876 0.168 0880  0.169
Overweight 25-29.9 kg/m2 0.898 0.120 0906  0.120
Obese > =30 kg/m2 0.842 0.101 0.851 0.103
Diabetes
No current or previous diabetes diagnosis Ref Ref
Current or previous diabetes diagnosis 0.764**  0.075 0.784* 0.076
2001 to 2011 Area Deprivation Quintile Change
No change in quintile Ref Ref
Quintile worsened 0792 0116 0807 0.118

* p<0.05
" p<0.01

In model 4b, we observe significant protective associa-
tions between some high school education and hyperten-
sion control (OR 1.382, p=0.044), and the differences in
hypertension control by employment status remained sig-
nificant. Control of one’s hypertension was not significantly
associated with a change in area deprivation.

Discussion

This is one of the few studies to investigate individual
and area-based socioeconomic factors linked to not only
hypertension prevalence, but also levels of hypertension

awareness, treatment, and control among Black South
Africans. It showed that level of education was inversely
related to the odds of hypertension prevalence — a pat-
tern that has been repeatedly documented around the
world and is most pronounced in LMICs like South
Africa [44, 45]. Furthermore, socioeconomic disparities
in secondary prevention of hypertension were also the
widest in these countries, suggesting that this relation-
ship could be driven by differences in access to health-
care [44]. Other research in South Africa has posited that
individuals of higher SES are also protected from acute
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negative economic events and the stress that accompa-
nies them; with consequently lower prevalence of hyper-
tension [46].

Surprisingly, this study demonstrated that those
with no education were more likely to be aware of their
hypertension than those with some level of education.
This association was also observed in a nationally repre-
sentative sample of South Africans, wherein the authors
argued that individuals with low education are likely
recipients of targeted public health interventions and
therefore have more frequent interactions with primary
healthcare services [13]. In addition, those with no edu-
cation are more likely to be at home and accessible to
community healthcare workers who conduct home visits,
measure their blood pressure, and educate them about
hypertension.

Education was unrelated to the receipt of treatment
for one’s hypertension. This finding is unanticipated, yet
consistent with existing research in South Africa con-
ducted among rural Black South Africans [33]. In this
earlier study, as well as ours, the samples were drawn
from populations of primarily lower SES adults, residing
in more deprived areas, with limited variation in educa-
tional status in the sample. It may be that in communi-
ties like this, individuals with low education were likely
to receive treatment through outreach from community
health workers, while those of higher education were
more likely to receive it through general practitioners
using health insurance or out-of-pocket expenditures.
Future research should assess the extent to which this
pattern of hypertension treatment by education persists
in samples of Black South Africans that are more hetero-
geneous concerning educational attainment.

A final intriguing education finding was that individu-
als with some secondary education had higher levels
of control of hypertension than those with no educa-
tion; but adults who completed primary, secondary,
and tertiary education did not differ from those with no
education in the control of hypertension. A study con-
ducted among a sample of low-SES Black South Afri-
cans attending primary care facilities in the Western
Cape had similar results in that only secondary educa-
tion was predictive of hypertension control [47]. Prior
nationally-representative research in South Africa has
also found similar associations between secondary edu-
cation and hypertension control among women [15,
18]. While these findings were largely attributed to the
increases in health literacy that accompany a second-
ary school education, it may be that educational aware-
ness of hypertension does not necessarily translate into
an understanding of the value of early treatment, the
consequences of treatment delay, and the benefits from
treatment in general.
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When considering why Black South Africans in our
study who had a tertiary level of education did not dif-
fer in their odds of controlling their hypertension com-
pared to those with no education, several avenues for
future research can be considered. In the context of
the community under study, people with higher lev-
els of education often commute to urban areas to work
long hours, in poorly paid jobs that have high levels of
job-related stressors, including racial discrimination,
and limited prospects for advancement [37]. The nega-
tive health effects of these job-related stressors and the
unhealthy copying strategies that accompany them have
received some attention in the South African context,
however, more sustained research efforts have been con-
ducted in the United States [48—51]. Furthermore, in
our sample, we found that employed Black South Afri-
cans had lower odds of hypertension control compared
to their unemployed counterparts. It may be that work-
related demands and stressors may challenge the initia-
tion and maintenance of the treatment of hypertension
for employed adults, especially those who lack the time
to access health services regularly due to their work com-
mitments. Indeed, another study of Black South Africans
in KwaZulu-Natal found that employed individuals had
lower odds of being screened for hypertension by com-
munity health workers, with the authors suggesting that
these individuals were less likely to be present at the time
of data collection due to their work commitments [52].
This association has been observed nationally as well, the
WHO-SAGE study found that employed individuals were
less likely to be surveyed during at-home data collection
procedures [13].

However plausible these potential explanations for our
results may be, future work should investigate whether
exposure to work-related stressors and demands is the
etiological agent for our observed associations between
education, employment status, and hypertension out-
comes - and whether this association holds in differ-
ent South African contexts. Outside of South Africa,
the non-equivalence of socioeconomic status indicators
across races, and their health benefits is well documented
in scientific literature [53-55].

While other studies have investigated the association
of poverty with hypertension in South Africa; this study
is unique in its investigation of the association between
hypertension risk and a multidimensional measure
of social and economic deprivation at the ward level,
both cross-sectionally and over time. Our results indi-
cated that individuals living in more deprived areas had
significantly higher odds of hypertension prevalence
and lower odds of hypertension control. To our knowl-
edge, only one other study has assessed the relationship
between this measure of area-level deprivation with
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cardiovascular health outcomes. In that analysis, which
used data from SANHANES-1, area-level deprivation
was positively associated with the prevalence of ischemic
heart disease, but not hypertension [43].

Environmental exposures, such as air pollution, indus-
trial toxins, and contaminated water may contribute to
some of the observed associations between area-level
deprivation and hypertension. Existing research from
other LMICs has proposed that exposure to air pollu-
tion mediates some of the association between neigh-
borhood deprivation and hypertension [56]. In South
Africa, the stark racial patterning of urban and rural
geographies that resulted from Apartheid-era policies
such as the Group Areas Act, combined with the unregu-
lated industrial mining complexes that surrounded them,
have ensured that areas that have been disproportion-
ately impacted by environmental pollutants were and
continue to be those primarily occupied by Black South
Africans [57-59]. One such contemporary example in
the literature on environmental racism in South Africa is
the impact of the Durban South Industrial Basin on the
disproportionately high rates of respiratory illness expe-
rienced by the primarily Black South African population
nearby [60]. Although we were unable to assess whether
our observed associations were caused by exposure to
environmental stressors, future empirical inquiries in
South Africa should aim to examine the relationship
between hypertension outcomes and environmental
stressors unique to Black South African neighborhoods.

Other potential explanations for these observed asso-
ciations between area-level deprivation and hypertension
risk are related to the changes in nutrition and lifestyle
that accompany the epidemiological transition. Concep-
tualized by Abdel Omran, the epidemiological transition
is a theory that seeks to explain the shift in the preva-
lence and burden of disease from primarily infectious
diseases to NCDs that accompanies urbanization, tech-
nological modernization, and advancements in medi-
cine [19]. As a result of this transition, South African
diets increased reliance on highly processed foods due
to accelerated marketing and their increased availabil-
ity over a relatively short time, supporting the creation
of ‘obesogenic’ environments, which are strongly asso-
ciated with hypertension [61, 62] [63, 64]. The negative
effects of these changes in nutrition are compounded by
declining physical activity due to changing lifestyles and
work patterns. However, individuals in more deprived
areas may be further at risk due to the non-availability
of resources and facilities for sports and exercise [65].
Physical activity for these individuals is usually confined
to walking and household chores which can include tend-
ing to home gardens or livestock. Furthermore, deprived
areas often lack green spaces for communal activity and
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recreation, which have well-documented health benefits
and have been shown to mitigate the negative health
effects of environmental pollutants in deprived commu-
nities [66—70].

Concerning the change in area-level deprivation, our
results indicated that hypertensive individuals residing
in places that had become more deprived from 2001 to
2011 had higher odds of being aware of their condition
yet lower odds of receiving treatment for it. The higher
awareness might reflect that in areas of increasing dep-
rivation, there was greater outreach from the com-
munity health workers over time which could have led
to increased diagnoses in these communities. Future
research in South Africa is needed to elucidate why indi-
viduals who are the recipients of such campaigns may not
experience the desired outcomes concerning treatment
and control. A mixed-methods study of rural South Afri-
cans found that although study participants had interme-
diate to high knowledge about hypertension, qualitative
data highlighted structural barriers preventing treat-
ment, such as distance to healthcare institutions, inability
to afford more nutritious foods, and exposure to social
stressors, including interpersonal conflict due to eco-
nomic stress [71]. Although South Africa has been well-
intentioned and ambitious in its attempts to increase
access to primary care in rural settings, several barriers
exist to successful implementation. One such barrier is
the pervasive staffing shortages in these healthcare facili-
ties, which not only results in gaps in care; but makes
some individuals reluctant to utilize these facilities, espe-
cially individuals who have the means to access well-
staffed hospitals [72].

Conclusions

Our findings can inform policies and interventions aim-
ing to improve the health of Black South Africans liv-
ing in these communities, such as screening programs,
health education, and health promotion interventions.
Our study found that Black South Africans in our sam-
ple who had low levels of education and lived in deprived
areas were at disproportionately high risk for hyperten-
sion. In addition to health education programs designed
to reduce the nutritional and lifestyle risk factors for
hypertension in these communities, interventions aimed
to reduce the structural barriers to hypertension preven-
tion should be considered. One such example is the Cen-
tralised Chronic Medication Dispensing and Distribution
Programme by the KwaZulu-Natal Department of Health,
which delivers medication to households, workplaces, or
community-based depots to expand access to healthcare
to those who have historically and currently face barri-
ers to care [73]. According to a systematic review of NCD
prevention programs in LMICs, empowerment-based
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educational programs in South Africa have reduced
patients’ HbAlc across several years of follow-up, which
may inform similar initiatives designed to reduce blood
pressure [74, 75]. Additionally, research conducted across
urban and rural geographies in Cameroon has dem-
onstrated that shifting care to non-physician clinician
(NPC) facilities resulted in significantly reduced blood
pressure among the patients at these clinics [76, 77]. For
Black South Africans already diagnosed with hyperten-
sion, tailored and targeted health counseling following
a hypertension diagnosis may enhance treatment and
control, as has been found in previous NCD screening
programs in the United States [78, 79]. Counseling pro-
grams in South Africa can also be informed by existing
human immunodeficiency virus (HIV) interventions,
where HIV counseling services and linkage strategies led
to improved treatment after HIV diagnoses [80].

We acknowledge the multiple limitations of our anal-
yses presented in this paper. Despite its size and wide
geographic catchment area, our sample was purposively
selected without the utilization of probability sampling,
and as such, there is potential for selection bias to impact
our observed results. We recognize that our obtained
sample was drawn from individuals living in wards that
were on average, more deprived. While this reduces the
generalizability of our findings to outside our analytic
sample, it should be noted that Black South Africans are
more likely than other racial groups to reside in more
deprived areas and that these findings shed light on chal-
lenges faced by a large proportion of Black South Afri-
cans [81]. The analysis presented in this manuscript is
also limited in that it does not include household-level
data, because it was not collected as part of the Heal-
thRise study. Without household-level indicators, more
robust analyses which could better distinguish socioeco-
nomic factors at the individual and area level, including
multi-level modeling, could not be conducted. Finally,
our data are cross-sectional, and therefore none of our
reported associations should be interpreted as causally
related. Despite its limitations, this study is one of the
first to examine area-level determinants of hypertension
among Black South Africans and the results of this analy-
sis can inform future epidemiological research to better
understand their individual-level and area-level corre-
lates of hypertension risk. This study can also inform tar-
geted public health interventions and policy initiatives
aimed at improving hypertension detection, awareness,
treatment, and control in South Africa.
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