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Abstract

Background: Hypertension is a non-communicable condition marked by consistently elevated
systolic and diastolic blood pressures. Hypertension is associated with adverse outcomes
including various manifestations of morbidity e.g. cardiovascular disease, and disability, and
mortality. Literature suggests that hypertension may be associated with socioeconomic status
(SES), in addition to a range of other explanatory variables. Yet, pathways of this relationship
in adolescence is not clear due to a paucity of data on hypertension and its correlates in this
population, particularly in low- and middle-income countries (LMIC). Therefore, this study
aimed to examine the relationship between SES and hypertension and identify the possible
pathways between SES as exposure and the onset of hypertension among adolescents in South
Africa.

Methods: The primary data accessed for this study were from the South African Demographic
and Health Survey of 2016. A secondary analysis of the data entailed a crude estimation of the
prevalence of hypertension and a survey-weighted investigation of correlates of hypertension
among adolescents. For this secondary analysis, SES was categorized into five quintiles
namely; poorest, poorer, middle, richer, and richest. Hypertension was defined as BP greater
than the 95" percentile for sex, height and age in adolescents aged 17 years and younger.
Among those aged 18 and 19 years, hypertension was defined as SBP above 140 mmHg and/or
DBP above 90mmHg. Logistic regression models and generalized structural equation
modelling (SEM) were then employed to examine the relationship between SES and

hypertension in adolescence.

Results: The overall prevalence of hypertension in the study was 26% and was higher in males
(28.3%) compared to females (24.6%). The relationship between SES and hypertension was
not statistically significant. After adjusting for potential confounders age, sex, BMI, and level
of education, the relationship between SES and hypertension remained one of no statistical
significance. However, the results still suggested an increased risk of hypertension by 17% and
18% among the lowest two SES quintiles while the highest SES quintile suggested a 32%
decreased risk of hypertension. From the GSEM results it was observed that age and BMI were
the only factors that influenced hypertension with OR = 0.72 (95% CI: 0.63 - 0.82) and OR =
1.06 (95% CI:1.02 - 1.11) respectively.

Conclusion: This study reported a high prevalence of hypertension among adolescents in

South Africa. Surprisingly, there was no association between SES and hypertension. This



study emphasizes a need for further social epidemiology research on hypertension in this age
group, preferably with other proxies of socioeconomic status besides the wealth index. There

is a need for such data to then influence health policies to address the high burden of
hypertension in adolescents.

Keywords: Hypertension, socioeconomic status, adolescents, South Africa, Demographic and
Health Surveys.
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Student number: 1475261

1.0 Introduction

This chapter presents the outline and structure of the research report. The chapter provides
detail on the background of the study, the literature review, the problem statement, justification

for the study, the research question, the aim of the study, and the objectives of the study.

1.1 Background

Hypertension is a condition characterized by sustained high levels of blood pressure, that is,
systolic blood pressure (SBP) equal or above 140 mmHg and or diastolic blood pressure (DBP)
equal or above 90mmHg in adults (1). In children and adolescents, the criteria for hypertension
differs slightly and is defined based on age, sex, and height-specific references. It is defined as
the average SBP and/ or DBP blood pressure above or equal to the 95" percentile for age, sex,
and height (2). Hypertension is a significant cause of premature mortality and disability

globally and is a leading risk factor for cardiovascular disease (3).

In 2010, the global prevalence of hypertension was estimated to be 31.1% in adults aged 20
and above. When stratified by high and low to middle-income countries, the prevalence
estimates were found to be higher in the low-and middle-income countries (LIMSs) with 31.5%
and lower in the high-income countries with the prevalence of 28.5% (4). In 2013, the number
of people living with hypertension globally was estimated to be 1.13 billion where two-thirds
of those people are in low- and middle-income countries (LIMCs) (5). A 2013 World Health
Organization (WHO) report suggested that globally that one billion adults had hypertension
and that more than nine million deaths annually could be attributed to hypertension. With
hypertension increasing in adults worldwide, there is also an observed parallel increase in

hypertension in the young population of ages from 15 years to 30 (5).

In Africa, across the continent, the WHO estimated that the age-standardized percentage of
people living with hypertension was 46% in the year 2013 (5). In South Africa (SA), the
prevalence of hypertension among adults was found to be higher than 50% in the year 2017, it
was estimated that 42-54% of South Africans are living with hypertension and that the number
are expected to increase exponentially (6). The prevalence of hypertension in children and
adolescents was thought to be approximately 10% in 2013 (7). Additionally, in a study that

was conducted among Grade 12 learners in SA in 2018, in their final year of high school, there
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was a high prevalence of pre-hypertension among the learners (29.7%) and the prevalence of

hypertension was 13.7% (8).

A few studies have estimated the prevalence of hypertension in both high and low to middle-
income settings. Further, these studies have attempted to examine the correlates of
hypertension prevalence. For example, a systematic review and meta-analysis of the prevalence
of hypertension in urban and rural regions of India led by Anchala and colleagues suggested
that the prevalence of hypertension among adults in India in urban areas was significantly
higher than in rural parts. Although the authors suggest that they only managed to access a few
studies conducted in rural parts of India of which most were cross sectional design, this is an
interesting finding. (9). Manus and colleagues who conducted a cross sectional study to
estimate the prevalence of hypertension in Madagascar found a significant relationship between
age, BMI, and hypertension (10). Shen and colleagues in a Chinese study on prevalence and
risk factors of hypertension and pre-hypertension showed that sex, age, education, BMI, job
position, ethnicity, hyperuricemia, diabetes, family history of hypertension, frequent drinking,
and obesity or overweight were correlates of hypertension (11).

There are several risk factors for hypertension and these can be either modifiable or non-
modifiable. Modifiable risk factors are those that can be reduced or managed with changed
behaviour and include excessive salt intake, sedentary lifestyle, or lack of exercise, high fat
diet, harmful use of alcohol, use of tobacco, socioeconomic status, and stress. Non-modifiable
risk factors are those that an individual is unable to change. These include sex, race, age, family
history of hypertension, growth-rate, metabolic factors, and genetic composition (12). In a
meta-analysis conducted by Leng and colleagues, low socioeconomic status, potentially a
modifiable risk factor, was found to be related to hypertension, especially among those with
low levels of education. This was particularly true for high-income country settings with a
stronger relationship between socioeconomic status (measured by income, education, and

occupation) and hypertension seen among women (13).

However, in another high-income setting, in Japan, Satoh and colleagues conducted a
nationally representative cross-sectional study of over 2000 adult participants. They suggested
a prevalence estimate of 48.9 % of hypertension. They found that SES was not significantly
associated with poor awareness of one’s hypertension nor treatment and control of the
condition after adjusting for a range of confounding variables (age, sex, BMI, smoking, alcohol

consumption, regular physical exercise, and a range of comorbid conditions). SES was not



clearly associated with unawareness, nor treatment, nor poor control of hypertension (14).
Another study by Mathews and colleagues suggested that hypertension was associated with
psychological stress in young adults (15) and the Satoh study suggested that being unmarried
or living alone (possible proxies for stress) was associated with a higher risk of hypertension.

Nutrition and diet are known to be crucial contributors. However, other factors also contribute
such as socioeconomic status (SES), growth rate, cultural influences, metabolic and genetic
factors, pubertal stage, racial and ethnic predispositions, and overweight and obesity (16).
Some of these risk factors are acquired by behaviour and are caused by lifestyle changes during
adolescence. Adolescence is a developmental stage from 10 to 19 years, where life is presented
with rapid growth and development of body, mind, and social relationship with behaviour
changes such as sexual maturity and independence. This stage comes with more exposure to
risky behaviours such as unsafe sex, and substance abuse. At this age, these risk factors are
well tolerated and are barely perceived by the adolescents as harmful due to their premature
state of neurological development (17,18). A systematic review and meta-analysis in 25
African studies revealed an 8.1 % prevalence of hypertension in South African children and

adolescents (19).

1.2 Literature review

A literature review was undertaken to examine epidemiological studies of hypertension in
adults and adolescents with a view to understanding gaps in the field. Several themes emerged
from my searches and are captured below. These include: 1.2.1. Prevalence and correlates of
Hypertension in adults and children. 1.2.2 Social correlates of Hypertension in adults and
children. 1.2.3 Biological correlates of Hypertension in adults and children, and 1.2.4

Behavioural correlates of Hypertension.

1.2.1. Prevalence and correlates of Hypertension in adults and children

In addition to studies estimating the prevalence of hypertension among adults in high and low
to middle-income countries described above, some epidemiological studies have been
undertaken to examine the prevalence of hypertension in children and adolescents (19-21).
These have been conducted in high and low to middle-income countries contexts and they

include a spectrum of meta-analyses and/or systematic reviews, and cross-sectional studies.



Many of these also include attempts to estimate correlates of hypertension such as gender , age

and socioeconomic status (22).

Meta-analyses have aimed to estimate a pooled prevalence of hypertension in children and
adolescents. A meta-analysis conducted by Akbari and colleagues who work in Iran, a low to
middle-income country context (published in 2017) suggests that the pooled prevalence of
hypertension in Iranian children was 8.9% and that hypertension was higher in male children,
a result that was statistically significant (23). Another recent systematic review and meta-
analysis suggested that the global prevalence of childhood hypertension has increased from
1994 to 2018. This study showed that in 2015, hypertension prevalence was 4.32% in children
aged 6 years, 3.25% among those who are 19 years while this peaked among those who are 14
years with a prevalence of 7.89% (24). The prevalence of childhood hypertension in SA had
increased substantially in a short period of about a decade. A systematic review of childhood
hypertension in SA suggested that the prevalence of hypertension ranges from 7.5 to 22.3% in
2008 (25).

A study conducted in Uganda to assess prevalence, awareness, and control of hypertension
revealed a linear relationship between age and hypertension. In the age range of 15-24 years,
women had a lower prevalence of hypertension with men far more likely to have hypertension
(26). When they examined the difference between rural and urban settings, men in urban
settings had a higher prevalence of hypertension compared to men in rural settings, as in the
study in India cited earlier (9). However, there was no difference observed between women in
rural and urban settings (26).

Similar results were observed in Ouagadougou, a city in Burkina Faso. The prevalence of
hypertension was significantly higher in those who lived in formal settings compared with
those in informal settings. However, this difference was no longer evident after adjusting for
age. Other independent risk factors observed were; being an unmarried woman, recent

migration from rural to urban, obesity, and physical inactivity (27).

1.2.2. Social correlates of Hypertension in adults and children

There has been an observed difference in the prevalence of hypertension between males and
females. Literature has shown that men tend to have higher blood pressure and more
hypertensive than women (28). In a study that explored sex differences in blood pressure during

adolescence, girls had lower SBP and DBP than boys. This difference was seen when they were



both at rest and during challenges. The composition of the body and insulin resistance were
found to play a part in these differences (29). Similar findings were obtained in a pilot study of
African American adolescent males and females where the mean SBP for males was higher
than that of females (30).

A review of the impact of SES on hypertension suggested that low SES was associated with
elevated levels of blood pressure in adults. This association was reported to be weak in this
study (31). A study that analysed socioeconomic determinants of hypertension in South Africa
showed that it is a complex issue in the country. SES was defined by two variables education
and income, which gave contrasting results between gender. Higher SES in women was

associated with lower BP while in men it resulted in higher BP (32).

Conflicting evidence on the association between SES and hypertension has been observed in
literature with some studies finding no association. For example, a study conducted in Europe
suggested that higher SES was found to have a protective effect on hypertension, but only in
univariate analysis. However, using education as a proxy to measure SES, after adjusting for
age and sex, education had no association with hypertension (33). In addition to this, studies
investigated the effect of SES change from low to high between childhood and adolescence to
observe whether there is an association between SES mobility, blood pressure, and
hypertension. Kagura and colleagues explored this relationship and found no association
between SES change and hypertension (34). The same results were found in a similar study by
Hallal and colleagues where there was no relationship between blood pressure and
socioeconomic trajectories from birth to 11 years of age (35).

It is important to note that SES can be measured by a number of proxies including financial,
occupational or educational variables (36,37). The education level of parents may be correlated
with their potential income earnings, access to resources, and social standing. Furthermore, it
is a reflection of one’s level of understanding of health and essential health practices that will
influence their child’s health status (38,39). One study conducted to explore the effect of
parental education attainment on adolescent blood pressure revealed that low parental
education is associated with elevated SBP and DBP. However, this association was mediated

by the mother’s body weight during pregnancy and the adolescent’s body weight (40).

BP levels in adolescence may be influenced by their parent’s SES in different pathways. These
pathways include maternal education level, paternal occupation status inter-linked to the level

of urbanization of the place of residence taking into consideration age, sex, and weight status



(41). Data from a cohort study of low-income population adolescents revealed that most
adolescents with normal weight have higher levels of BP. This cohort study also suggested that
a large number of adolescents in low-income had a high prevalence of hypertension and many
were undiagnosed. Dietary habits of adolescents in this low-income population such as rare
consumption of fast foods and engaging in regular exercise did not yield the expected low BP

but instead, the opposite was reported (42).

Contrasting results were obtained in another study which showed no significant disparities in
the prevalence of hypertension among adolescents from low to middle, and high-income
settings (43). Another set of results was obtained in a smaller sample size study of black
adolescents’ SES and BP reactivity at Virginia Commonwealth University, in the United States
of America. It was reported that those who lived in poorer neighbourhoods had lower BP only
when their parents’ level of education was higher. Furthermore, those who lived in poorer
neighbourhoods but whose parents’ income was higher had lower BP (44). The different
findings in these studies reveal that BP complexities and income disparities need to be explored
further for future use in preventive studies especially in the adolescence stage of life.

1.2.3. Biological correlates of Hypertension in adults and children

Body mass index (BMI) is an important risk factor for hypertension in adolescents. In a very
large cohort of 714, 922 healthy teenagers, BMI was found to have a positive significant
association with both SBP and DBP. This association was found in both female and male
participants in the study and the results from a dose-response curve also showed that BMI was
independently associated with an additional risk of higher blood pressure levels (45). Similar
results were obtained in another adolescent’s studies where with every increase in BMI
percentiles, there was a moderate increase in both SBP and DBP (46). Elevated BMI had an
association with an elevated risk of hypertension even when adjusting for various factors that

could be potential confounders (47).

The increasing risk of hypertension with increasing BMI may sometimes present differences
when it comes to sex. In one study within the normal range, BMI increase in males is associated
with hypertension while this may not be found in females (48). Another study yielded opposite
results from the previous study. Changes in BMI, particularly increase, seem to be related to
an increase in the risk of hypertension. The increased risk of high blood pressure was seen to

be four times higher in women who were obese and those who were overweight. However, in



males, the increased risk of high blood pressure was two times higher in only those who were

overweight (49).

1.2.4. Behavioural correlates of hypertension

Physical activity has been found to be associated with a decrease in BP. Increased levels of
physical activity have been associated with decreased blood pressure and this sometimes is not
dependent on the intensity of the activity but rather the volume of the activity (50). A cohort
study that was conducted to explore the cross sectional and longitudinal association between
BP and physical activity (objectively measured) also showed a similar trend that increased
physical activity is associated with lower BP. It showed that additional and more intensive
physical per day and is associated with decreased BP for both SBP and DBP. However, there

was an association between physical activity and SBP (51).

Conflicting results were found in another study that examined the association between physical
activity, fitness, and features of the metabolic syndrome, there was no association between

physical activity and BP (52).

Literature seems to give conflicting evidence of the relationship between smoking and
hypertension. One study in Europe observed that among women, smoking lowered SBP on
current smokers than those who never smoked and those stopped smoking, the accuracy on the
measurements on smoking as a habit, and other risk factors may have biased the results (53).
However, there has been evidence that shows a dose-response relationship between cigarette
smoking and hypertension although the relationship was not significant in men (54). Because
of this and similar findings, evidence supports that to have better BP, cigarette smoking should
be forbidden rather than continued (55).

In sub-Saharan Africa, a four-country cross-sectional study that investigated the burden of
hypertension revealed that smoking was among the risk factors associated with hypertension.
Results from that study showed a crude OR of the use of filtered tobacco which was
significantly higher than those who had stopped smoking, and those who used unfiltered
tobacco (56). Literature is scarce on the effects of smoking and hypertension among

adolescents; hence it gives enough reason for further studies to investigate the relationship.

An association between the level of education attained and hypertension in some studies has
been observed. After adjusting for other factors, a higher level of education attained was
associated with lower BP levels, however, this was a study that sought to explore the
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relationship in the older community-living adults, not adolescents (57). Another inverse
association of higher educational level and hypertension was observed only among women in
an Austrian population which showed a decrease in the risk of hypertension and diabetes
mellitus with a higher educational level after adjusting for other factors (58). Furthermore,
education was found to be one of the factors that were associated with hypertension in the study

of the burden of hypertension in sub-Saharan Africa (56).

Literature has revealed a coexistence between hypertension and types 2 diabetes in the same
individual. The reason for this is the aspects of pathophysiology which are used by both
hypertension and type 2 diabetes. This coexistence was observed in a San Antonio Heart Study
where 85% of participants with type 2 diabetes had hypertension by the time they reach 50
years of age, while 50% of participants with hypertension had type 2 diabetes (59). Also,
Hendricks and colleagues in a study conducted in four countries in sub-Saharan Africa found

that there is an association between obesity, diabetes, and hypertension (60).

1.3 Problem statement

Literature accessed for this report suggests that the prevalence estimates of hypertension in
children and adolescents vary but can be as high as 22 % (25). Correlates of the prevalence
estimates include nutrition and diet as important contributors along with other factors that may
have greater contributions such as socioeconomic status, growth rate, pubertal stage, racial and
ethnic predispositions, cultural influences, metabolic and genetic factors, overweight and
obesity (16). Moreover, early life hypertension and undiagnosed childhood hypertension may
lead to adult hypertension and organ damage, so an understanding of correlates of adolescent
hypertension might help understand the trajectory of the condition (8,61). Many of the studies
in literature described the relationship of hypertension and correlates using simple regression
models, thus, a complete image of pathways (direct and indirect) through which SES leads to
hypertension needs to be established.

The DHS 2016 is a nationally representative survey of SA and data from there presents an
opportunity to estimate the prevalence and correlates of hypertension in adolescents in a
nationally representative sample. Data on the pattern of association between SES and
hypertension is scarce and the influence of SES on hypertension is not clear especially in South
Africa (32). To our knowledge, there is limited data on hypertension and limited studies to

explore the relationship between hypertension and SES in adolescents.



1.4 Justification

Several factors contribute to the onset of hypertension including obesity, overweight stress,
and SES (12). To our knowledge, no study in SA has examined the indirect pathways in which
socioeconomic status follows leading to hypertension in adolescents in a nationwide sample.
Examining these pathways may provide more knowledge on adolescent hypertension and
inform on ways that may be helpful to the goal of reducing hypertension and essentially
cardiovascular disease (CVD) risk in later life. Given the prevalence of hypertension in South
Africa, it is a necessity to conduct this study to understand the prevalence and correlates of
adolescent hypertension and the trajectory of hypertension from pathways between
adolescence, adulthood, and possibly future generations. This will assist the National
Department of Health (NDoH) in creating health policies, and devising strategies that are
necessary for reducing the prevalence of childhood and adolescent hypertension.

Also, adolescence is a critical time in human development where children are at high risk of
adverse behavioural patterns and psychosocial stressors, which could lead to the onset of non-
communicable diseases (62).

1.5 Research Question

What is the relationship between socioeconomic status and hypertension in South African

adolescents?

1.6 Aim

To investigate direct and indirect pathways through which socioeconomic status leads to

hypertension in the South African adolescent population.

1.7 Specific objectives

1. To describe sex-specific prevalence of hypertension in South African adolescents from
15 to 19 years.

2. To describe the relationship between socioeconomic status and hypertension in
adolescents from 15 to 19 years.

3. To describe the pathways showing the relationship between socioeconomic status and
hypertension adolescents from 15 to 19 years using Generalised Structural equation
modelling approach.



2.0 Methodology

This chapter provides information on the methodologies that were employed in this study. The
chapter presents details of the study design followed, study setting, and study population. It
also provides detail on the measured outcome variable, exposure variables, and the data

analysis techniques employed in this study.

2.1 Primary Study

The primary data accessed for this thesis is the South African Demographic and Health Survey
of 2016 (SADHS 2016), which is a national survey carried out under the auspices of the
National Department of Health. The sample of the survey was patterned to provide updated
estimates of demographic and health indicators for the whole country with nine provinces with

urban and non-urban areas (63).

2.2 Study design

This study undertakes a secondary analysis of cross-sectional data from the SADHS 2016 to
estimate the prevalence of hypertension and investigate the association between SES
hypertension in adolescence.

2.3 Study setting

SADHS 2016 had a nationally representative sample of 8514 women aged 15- 49, and 3618
men aged 15-59. The interviews were conducted with women and men from all the selected
households. (63).

2.4 Study population and sampling

The study consisted of 2227 South African adolescents aged 15-19yrs. The respondents were
from all of the nine provinces of SA (Eastern Cape, Western Cape, Northern Cape, Free State,
KwaZulu-Natal, North West, Gauteng, Mpumalanga, and Limpopo). 1090 of those
adolescents did not have results on blood pressure, thus we were left with 1137 participants.
From the 1137 participants, those who had a history of hypertension (n = 59), and women who
were pregnant (n = 16) at the time of the survey were excluded. Therefore, the total number of
participants used in this study 1062. Figure 1 presents the flow chart which shows how the final

sample was obtained.
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Inclusion criteria

Males and females aged between 15 and 19 years who participated in the survey in the year

2016. The status of hypertension among the participants must be available.
Exclusion criteria

Participants who had missing data on SES and blood pressure were excluded. Participants who
had a history of hypertension (already told by the doctor that they have hypertension) and /or

were pregnant participants during the study period were also excluded.

2227 Total participants
aged 15-19 years

75 Excluded with either
Pregnancy or History of
hypertension

1137 Participants

75 Excluded with either
L—»| Pregnancy or History of
hypertension

1062 Final number of study
participants

Figure 1: Flow chart presenting the sampling strategy to obtain the final study sample

2.5 Measures

Outcome/dependent variable

The outcome variable in this study was hypertension. BP was classified as normal if BP was
less than the 90 percentile for age, sex, and height for adolescents less than 18 years. BP was
classified as hypertensive if BP was greater than the 95" percentile for age. On those who are
18 and 19 years old, the normotensive status was less than 120/80mmHg for systolic blood
pressure (SBP) and diastolic blood pressure (DBP) above 90mmHg, accordingly. Hypertension
was classified as SBP above 140 mmHg and/or DBP above 90mmHg (2).
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Exposure/predictor variables
Socioeconomic status was the main exposure variable in this study.

Socio-demographic variables: Type of residence, marital status, level of education, cigarette

use, household density, age, sex, BMI, and race/ethnicity.
Comorbid condition: Diabetes

2.5.1 Description of variables in this study

Age

Age was a continuous variable ranging from 15 years to 19 years.

Sex

This was a categorical variable with two categories for male and female
SES

SES was kept as it was in the primary study (SADHS 2016), a categorical variable named
“wealth index” consisting of five quintiles. These quintiles are derived from a score given to
each household based on their household possessions. These ranged from television, car,
bicycle, and others are housing characteristics such as toilet facility used, source of drinking
water, and flooring material. The five quintiles were; poorest, poorer, middle, richer, and

richest.
Race

There were four categories for this variable in the primary study for racial classification, typical
of the race categories used in South Africa and were; Black/African, White, Coloured,
Asian/Indian.

Type of residence

Participants in the primary study were grouped into two types of residence according to the

classification of the enumeration area of each participant and were; Rural and Urban
Marital status

This variable had three categories of marital status where participants reported their current

marital status. The categories were; Never married, Married, Divorced/Separated.
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Education

This variable consisted of the level of education each participant attained and were grouped
into five categories. However, during analysis (logistic regression) the categories with too few
numbers of participants (“no education, pre-school” “don’t know” and “higher”) presented as
outliers, and estimates could not be obtained. Thus, the variable was collapsed into two
categories namely; “Primary” and “Secondary” to obtain estimates. The five categories of the

primary study were; No education, pre-school, Primary, Secondary, Higher, Don’t know.
BMI

The variable was initially a continuous variable with the record of each participant’s BMI. The
following four categories were generated using the WHO classification of weight status and
were used in descriptive statistics only (64). In logistic regression and GSEM, BMI was used
as a continuous variable. The categories for classification were; <18.5 (kg/m?) - Underweight,
18.5 - 24.9 (kg/m?) - Normal weight, 25.0 - 29.9 (kg/m?) — Overweight, >29.9 (kg/m?) — Obese.

Household density

This was a continuous variable with the record of household members in each household and

was ranging from 1 to 24 members in a household.
Use of cigarettes

This variable was initially a continuous variable consisting of the number of cigarettes each
participant used within the last 24 hours before the survey and was used as such in the logistic
regression. Those with the record of 0 (zero) and “doesn’t smoke” were then categorized as
“No” meaning they are not smokers while those with the record of 1 and above were
categorized as “Yes” meaning that they do smoke. The variable was categorized as follows for

analysis were; Yes (smoker), No (non-smoker).
Diabetes status

The variable was a continuous variable which was a measure of glucose in the blood (HbAlc)
in each participant. The following categories were generated according to the American
Diabetes Association (ADA 2010), and were; Values from 4.8% to 5.6% - Normal, Values

between 5.7% to 6.4% - Pre-diabetic, VValues from 6.5% and above — Diabetic.

Hypertension status
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The primary study had three records for each of the blood pressures (SBP and DBP). Average
blood pressure was obtained using a mean of the three measures. Subsequently, the two
variables (average SBP and average DBP) were used to generate the outcome variable
“hypertension status” according to the definition of hypertension as described in the previous

chapters above. The variable was categorized as; Yes (Hypertensive), No (Non-hypertensive).

The list of variables and their codes are presented in appendix 6 .

2.6 Statistical Analysis

2.6.1 Data management

Data were obtained from the Health and Demographic Survey site in Stata format. Data
cleaning involved extracting the study age-group (15 -19 years) from the dataset and dropping
all variables not needed in this study. Some of the variables had to be generated and others
were re-coded for analysis.

2.6.2 Descriptive statistics

Data cleaning and exploratory analyses were conducted including testing for underlying
assumptions of the tests used. Continuous variables were tested for normality using the
histogram test and when data did not follow a normal distribution, they were presented as
median and interquartile range. To investigate the differences between the excluded and the
included sample Pearson Chi-squared test was performed. This was done in order to ensure
external validity and to control for bias. The difference between the two samples was addressed

and reported in a table in appendix 5.

Sex-specific prevalence of hypertension.

Characteristics for continuous variables were reported as a median and interquartile range
while for categorical variables they were reported as frequencies. Pearson Chi-squared test was
performed to test for association between different categorical variables and the outcome

variable. Tables and graphs were used to present the results.

2.6.3 Inferential statistics
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To account for the study design of the DHS 2016 survey, survey-weighted data analysis was

used in all models discussed below

Relationship between SES and hypertension

The relationship between SES and hypertension was explored using logistic regression.
Univariable logistic regression was performed on all explanatory variables listed in section 2.5
against the outcome variable of hypertension. Following the univariable analysis, stepwise
regression was used for the selection of variables using forward selection with a probability of
entry of p-value = 0.2. Age, sex, and SES were locked in the selection step along with the level
of education which was marginally significant in the univariable model. A multivariable
logistic regression model was fitted as the final model using the selected variables and the

results are presented and subsequently discussed.

Pathways between SES and hypertension

The pathways linking SES and hypertension were analysed using GSEM. The proposed
conceptual framework that guided the GSEM diagram is presented in figure 2. The direct and
indirect effects of SES on hypertension were explored using both the continuous and
categorical variables that were used on the final multivariable logistic regression. As the
outcome variable is binary, it was specified as binomial logit and the explanatory variables
were treated as normal observed variables. Ordinal logistic regression was conducted to assist
in generating variables for the GSEM because the outcome variable is categorical and some
of the independent variables were also categorical. The first model fitted was the model with

only direct pathways of all variables on the outcome variable hypertension.

The direct pathways between the outcome variable and explanatory variables were drawn in
the GSEM builder interface from each variable to the outcome. The exponentiated OR’s for
the direct effects were obtained from the coefficients produced. The second model fitted was
the model with both direct and indirect pathways to the outcome. Taken from the proposed
conceptual framework, the direct pathways between the outcome variable and explanatory
variables were drawn in the GSEM interface from each variable to the outcome and from one
variable to the other variable(s) where possible. The total effects for each variable were

generated by adding the direct effects and the indirect effects.
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Figure 2: A proposed analytical framework for the GSEM

All analyses were carried out using Stata version 16.0 at alpha 0.05 significance level.

2.7 Ethical considerations

Ethical approval for the study was obtained from the Human Research Ethics Committee
(HREC) of the University of the Witwatersrand and the ethics waiver certificate is presented
in appendices as appendix 3 with protocol number W-NN-200106-01.
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3.0 Results
This chapter presents the results of the study. It contains tables, graphs, and GSEM diagrams,

all of which present study participants’ characteristics and the prevalence of hypertension along
with the association that exists between the explanatory variables and the outcome variable.

The results in this chapter are presented in the order that follows the study objectives.

3.1 Sex-specific prevalence of hypertension.

Table 1 presents the socio-demographic and anthropometric measures of the study participants.
61.8% of the participants were aged below 18 years and 50.7% were males. The majority
(91.5%) of the study participants were Black/African while the minority (0.6%) were of
Asian/Indian descent. The majority of the study participants had normal range BMI (59.0%),
while 11.1% and 5.7% were pre-obese and obese respectively. At least 80% of the study
participants had a secondary level of education and 47.2% were in the lowest two SES quintiles.

The overall prevalence of hypertension in the study was 26% and was higher in males (28.3%)
compared to females (24.6%). SBP and DBP medians were higher among the hypertensives at
132 mmHg and 85 mmHg respectively compared to corresponding measures among the non-
hypertensives at 116 mmHg and 73 mmHg respectively. A total of 69 (6.5%) study participants
were cigarette smokers of which 14 (29.3%) were hypertensive. In addition, 85 (8.0%) study
participants were diabetic of which 27.1% were hypertensive. Statistical significance was
observed on the effect of age (p-value <0.001), level of education (p-value = 0.01), BMI (p-
value = 0.05), and glucose homeostasis (p-value=0.012) on the hypertensive status of the study

participants.
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Table 1: Socio-demographic and anthropometric measures of the study participants

Variable Hypertensive Non-Hypertensive  Total P-value
n=281 n=781 n = 1062

Age in years x* =399

15 n (%) 141 (66.20) 72 (33.80) 213 (20.06)  <0.001

16 n (%) 157 (65.42) 83 (34.58) 240 (22.60)

17 n (%) 142 (69.61) 62 (30.39) 204 (19.21)

18 n (%) 181 (85.78) 30 (14.22) 211 (19.87)

19 n (%) 160 (82.47) 34 (17.53) 194 (18.27)

Sex/Gender x*=18

Male n (%) 152 (28.25) 386 (71.75) 538 (50.66)  0.179

Female n (%) 129 (24.62) 395 (75.38) 524 (49.34)

Race

Black/African n (%) 253 (26.03) 719 (73.97) 972 (91.53)  0.425*

White n (%) 3(18.75) 13 (81.25) 16 (1.51)

Coloured n (%) 23 (33.82) 45 (66.18) 68 (6.40)

Indian/Asian n (%) 2 (33.33) 4 (66.67) 6 (0.56)

SES x:=44

Poorest n (%) 79 (28.83) 195 (71.17) 274 (25.8) 0.350

Poorer n (%) 63 (27.75) 164 (72.25) 227 (21.37)

Middle n (%) 58 (22.48) 200 (77.52) 258 (24.29)

Richer n (%) 61 (28.64) 152 (71.36) 213 (20.06)

Richest n (%) 20 (22.22) 70 (77.78) 90 (8.47)

Type of residence x*=08

Urban n (%) 132 (27.85) 342 (72.15) 474 (44.63) 0.357

Rural n (%) 149 (25.34) 439 (74.66) 588 (55.37)

Marital status

Never married n (%) 279 (26.57) 771 (73.43) 1050 (98.87) 0.807*

Married n (%) 2(18.18) 9(81.82) 11 (1.04)

Divorced/Separated n (%) 0 (0) 1 (2100.0) 1 (0.09)

Education x* =55

Primary n (%) 69 (32.86) 141 (67.14) 210 (19.77)  0.019

Secondary n (%) 212 (24.88) 640 (75.12) 852 (80.23)

BMI (kg/m?)

<18.5n (%) 57 (27.98) 191 (77.02) 248 (23.35)  0.053*

18.5-24.9 n (%) 166 (26.48) 461 (73.52) 627 (59.04)

25.0 - 29.9 n (%) 33(27.97) 85 (72.03) 118 (11.11)

> 29.9 n (%) 19 (31.67) 42 (68.33) 60 (5.65)

Missing n (%) 6 (66.67) 3(33.33) 9 (0.85)

Average Blood Pressure

SBP median (IQR) 132 (17) 116 (14) 119 (17)

DBP median IQR) 85 (10) 73 (10) 76 (12)

Household density median (IQR) 5 (3) 5@13) 5(3)
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Smoke cigarette x>=14

Yes n (%) 14 (20.29) 55 (79.71) 69 (6.50) 0.230

No n (%) 267 (26.89) 726 (73.11) 993 (93.50)

Diabetes status x? =110
Normal n (%) 27 (20.15) 107 (79.85) 134 (12.62)  0.012
Prediabetic n (%) 174 (25.36) 512 (74.64) 686 (64.6)

Diabetic n (%) 23 (27.06) 62 (72.94) 85 (8.0)

Missing n (%) 57 (36.31) 100 (63.69) 157 (14.78)

Note: (The symbol y2 denotes Chi-squared). * means that Fisher’s exact was used in that category.

Figure 3 presents a sex-specific crude prevalence of hypertension across the five different age
groups. In males, hypertension prevalence was highest at age 16 (40.0%) and was lowest at age
18 (18.8%). In females, the prevalence of hypertension was highest at age 17 (35.2%) and as it
was with males, was lowest at age 18 (9.90%).
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Figure 3: Sex-specific crude prevalence of hypertension in South African adolescents from 15
to 19 years 2016

Figure 4 presents the sex-specific prevalence of hypertension across the five different
quintiles of SES. The highest prevalence of hypertension among males was found in the
poorer quintile (35.5%) while for females the highest prevalence of hypertension (32.1%)
was found in the poorest quintile. Prevalence fluctuated across gender and SES, neither the
upper two nor the lowest two quintiles bore the highest burden.
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Figure 4: Sex-specific prevalence of hypertension in South African adolescents across SES
quintiles 2016

3.2 The relationship between SES and hypertension.

Table 2 presents the unadjusted (univariable) and adjusted (multivariable) ORs and 95%
confidence intervals (Cls) obtained from logistic regression. Results from univariable models
suggest that age (OR = 0.72, 95% CI: 0.64 - 0.81, p-value <0.001) and BMI (OR = 1.05, 95%
Cl: 1.01 - 1.08, p-value = 0.013) were the only two explanatory variable that were
independently associated with hypertension status of the adolescents. An increase in age by
years decreased the likelihood of developing hypertension by 25%, while an increase in BMI
by a kilogram per meter squared increased the likelihood of developing hypertension by 5%.
The level of education had a marginally significant effect on hypertension status with OR =
0.70, p-value = 0.067. All five SES quintiles did not present statistical significance in their
effect on hypertension status.

After adjusting for age, sex, BMI, and level of education, SES remained with no insignificant
effect on hypertension status. The marginal significance of the level of education on
hypertension status was lost in the multivariate analysis. Age and BMI remained the only two
factors that were associated with hypertension status with OR = 0.71, p-value <0.001, and OR
= 1.06, p-value = 0.007 respectively.
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Table 2: Results from the univariable and multivariable logistic regression of hypertension

and factors examined

Variable Univariable Multivariable
OR (95 % CI) P-value OR (95 % CI) P-value
Age 0.72 (0.64 - 0.81) <0.001 0.71 (0.63 - 0.81) <0.001
Sex
Female 0.96 (0.67 - 1.37) 0.818 0.82 (0.54 - 1.23) 0.328
Male Ref
Race
Black/African Ref
White 0.50 (0.08 - 3.24) 0.465
Coloured 1.40 (0.67 - 2.94) 0.375
Indian/Asian 1.33(0.15-12.11 0.801
SES
Poorest 1.20 (0.74 - 1.95) 0.453 1.20 (0.72 - 1.98) 0.486
Poorer 1.25 (0.77 - 2.03) 0.364 1.18 (0.71 - 1.96) 0.518
Middle Ref Ref
Richer 1.02 (0.61 - 1.72) 0.930 1.00 (0.58 - 1.73) 0.999
Richest 0.72 (0.32 - 1.64) 0.439 0.68 (0.30 - 1.55) 0.358
Type of residence
Urban Ref
Rural 1.13 (0.79 - 1.60) 0.508
Marital status
Never married Ref
Married 0.64 (0.12 - 3.44) 0.601
Divorced/Separated Empty*
Education
Primary Ref Ref
Secondary 0.70 (0.47 - 1.03) 0.067 0.98 (0.65 - 1.47) 0.907
BMI (kg/m?) 1.05 (1.01 - 1.08) 0.013 1.06 (1.02 - 1.11) 0.007
Use of tobacco 1.03 (0.99 - 1.08) 0.133
Household density 1.00 (0.94 - 1.06) 0.901
Diabetes status
Normal Ref
Prediabetic 1.28 (0.75 - 2.18) 0.370
Diabetic 1.25 (0.60 - 2.58) 0.547

Note: Blank spaces under the multivariate column denote that the variable was not selected in the stepwise
forward selection and was not included in the final model. Empty* denotes that no participant in that group was

observed as hypertensive thus, no estimations were found.

3.3 Pathways between SES and hypertension

Figure 5 presents results from the direct path analysis. The variables used are the same as those

that were used in the multivariable logistic regression model and the observed ORs in the direct
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path analysis were consistent with those from the multivariable regression. Age, sex, and

education had negative direct effects on hypertension with OR = 0.71 (95% CI: 0.63 - 0.81),
OR =0.82 (95% CI: 0.54 - 1.23), and OR = 0.98 (95% CI: 0.65 - 1.47) respectively. Between
the five SES, the richest quintile had a negative effect on hypertension although no statistical

significance was observed. Table 3 presents corresponding results from the direct path analysis,

the exponentiated odds ratios were generated for comparison with those observed in the

multivariable logistic regression.
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Figure 5: The direct path analysis of the different factors on hypertension displayed using

GSEM.
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Variables: Female (female), BMI (all_BMI), Age (age), SES poorest quintile (ses_1vs), SES
poorer quintile (ses_1vs3), SES richer quintile (ses_1vs4), SES richest quintile (ses_1vs5),
Secondary education (education_2)
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Table 3: GSEM results showing the beta coefficients (8) and the exponentiated OR’s from the
direct path analysis.

Variable Coefficient Exponentiated Odds ratio P-value
(95% CI) (95% CI)

Age -0.34 (-0.47,-0.21) 0.71 (0.63,0.81) <0.001

Sex (Female) -0.20 (-0.61, -0.20) 0.82 (0.54,1.23) 0.328

SES

Poorest 0.18 (-0.33,0.68) 1.20(0.72,1.98) 0.486

Poorer 0.17 (-0.34,0.67) 1.18 (0.72,1.95) 0.518

Middle Ref Ref

Richer 0.001 (-0.55,0.55) 1.00 (0.58,1.73) 0.999

Richest -0.38 (-1.21,0.44) 0.68 (0.30,1.55) 0.358

BMI (kg/m?) 0.06 (0.02,0.11) 1.06 (1.02,1.11) 0.007

Education (secondary) -0.02 (-0.43 - 0.38) 0.98 (0.65, 1.47) 0.907

Figure 6 presents the indirect path analysis that seeks to explore the influential factor of SES
on the other factors related to hypertension. The indirect effect of age did not show statistical
significance, but, the total effect remained statistically significant suggesting that with age,
there is a 28% decreased risk of hypertension. The total effects of sex suggested that being
female was associated with 2% odds of being hypertensive even though statistical significance

was not reached. The total effects of all the SES quintiles also remained insignificant
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Figure 6:The indirect path analysis diagram of the different factors on hypertension displayed

using GSEM

Variables: Female (female), BMI (all_BMI), Age (age), SES poorest quintile (ses_1vs), SES
poorer quintile (ses_1vs3), SES richer quintile (ses_1vs4), SES richest quintile (ses_1vsb5),
Secondary education (education_2).

Table 4: GSEM results showing the OR’s for indirect effects, direct effects, and total effects

from the indirect path analysis

Variable Indirect Effects Direct Effects Total Effects
Odds ratio (95%Cl) Odds ratio (95%CI) Odds ratio (95%CI)
Age 1.01 (0.98 - 1.05) 0.71 (0.6 - 0.81) 0.72 (0.63 - 0.82)
Sex (Female) 1.18 (1.03 - 1.36) 0.82 (0.54 - 1.23) 0.98 (0.67 - 1.39)
SES
Poorest 0.98 (0.92 - 1.03) 1.20 (0.72 - 1.98) 1.17 (0.70 - 1.95)
Poorer 1.00 (0.94 - 1.06) 1.18 (0.72 - 1.95) 1.18 (0.71- 1.97)
Middle Ref Ref Ref
Richer 1.00 (0.94 - 1.07) 1.00 (0.58 - 1.73) 1.00 (0.58 - 1.73)
Richest 1.04 (0.94 - 1.16) 0.92 (0.49 - 1.74) 0.71 (0.31 - 1.65)
BMI (kg/m?) None 1.06 (1.02 - 1.11) 1.06 (1.02 - 1.11)

Education (secondary)

0.92 (0.82 - 1.04)

0.98 (0.65 -1.47)

0.90 (0.60 - 1.35)

24



4.0 Discussion

This chapter presents the discussion of the main findings of the study, strengths, and limitations

of the study, conclusion, and recommendations.

The main findings of this study were that the prevalence of adolescent hypertension is high and

there was no obvious relationship between SES and hypertension.

4.1 The relationship between SES and hypertension.

The main objective of this study was to describe the relationship between SES and hypertension
in this study of SA adolescents. There was no relationship between SES and hypertension. The
findings of no association between SES and hypertension were consistent with previous
studies. Kagura and colleagues from their study in SA where they investigated the effect of
SES change from low to high between childhood and adolescence. They observed no
association between SES mobility from low to high between childhood and adolescence (34).
Similarly, Hallal and colleagues in their study in Brazil also found no association between SES

change between childhood adolescence (35).

One of the possible explanations for our findings is that SES in the primary study was derived
from a score that was given to each household and was based on the household’s assets. This
may not have been the best or the most sensitive indicator for SES which subsequently failed
to describe the relationship. A meta-analysis by Leng and colleagues used education as a
measure of SES (13), this is not possible in adolescents as most are still in school. This may

be the reason for the inconsistent findings.

It is noteworthy that studies that explored the relationship between household income and
hypertension also had complex but similar findings. Since 47.2% of our study participants was
found in the lowest two SES while 28.5% were in the highest 2 quintiles, the prevalence of
hypertension was high. These results are similar to previous findings where adolescents from
low-income settings had higher BP levels despite having a normal weight. As it was with our
study, the prevalence of hypertension was high and many were undiagnosed, this finding is

similar to the study that was conducted on paediatric patients in North Carolina (42).
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Again, these emphasize the intricacy of the cause of elevated blood pressure and how different

factors need to be explored together with SES disparities.
4.2 Pathways between SES and hypertension

The third objective of this study was to describe the pathways through which SES influences
the development of hypertension in South African adolescents. This was to explore the
combination of direct and indirect ways in which SES may lead to hypertension in this
population group. From the analysis of total effects, statistical significance was not observed
in all five SES quintiles and the effect size was not drastically changed when comparing the
results from the logistic regression and the GSEM. The decreased risk of hypertension with
increased SES remained, but this was not significant. Thus, the influence of SES on BMI did

not yield significant changes in its association with hypertension.

The total effects were not different and revealed a reduced risk of hypertension with an increase
in age by a year. This result is in contrast with the meta-analysis conducted by Leng and
colleagues which found that an increase in age results in an increased risk of hypertension (13).
Literature has revealed that the prevalence of hypertension has been higher among adults than
in adolescents, e.g. one study conducted in SA in 2017 suggested a high prevalence (42-54%)
of hypertension (7). Another study in SA conducted on teenagers in their final year of high

school suggested a prevalence of 13.7% (8).

The contrasting finding in our study could be explained by the disproportions in the number of
participants among the different ages of our study participants. It was observed earlier in the
study that 61.8% of our study participants were below the age of 18 which may have distorted
the age factor.

4.3 Sex-specific prevalence of hypertension

The first objective of the study was to investigate sex disparities in the prevalence of
hypertension in adolescents. In this study, a prevalence of 26% of hypertension was reported.
This is higher than the prevalence found in previous studies of less than 10% prevalence in
children and adolescents aged 6 to 19 years (7,8,24). Also, this is higher than the reported
prevalence in SADHS 2016 of 17% among women and 20% among men aged 15-24 years
(63). Nevertheless, the prevalence of 26 % found in this study is closer to the findings from a
systematic review which was conducted in SA and reported a prevalence range of 7.5 % to
22% in childhood hypertension (25).
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There was an observed difference in the prevalence of hypertension between males and females
but was not tested for statistical significance. This was expected as it has been found previously
on South Asian children in Birmingham where males had higher blood pressure and were more
likely to have hypertension compared to females (28). Additionally, sex differences in blood
pressure during adolescence show that boys usually have a higher blood pressure than girls, a
study on white adolescents in Canada by Syme and colleagues showed similar results. This
difference in blood pressures was been attributed to the difference in body composition
between males and females (29). Even though there was no statistical significance in the
association between sex and hypertension in this study, the results suggested that being female
reduced the risk of hypertension by 4% in the bivariate analysis and by 18% in the multivariate

analysis.

Ibekwe and colleagues in their study in Nigeria established that BMI is one of the factors that
contribute to an increased prevalence of hypertension (12). In our study, while the majority of
participants remained in the normal range of BMI (59.0%) while the prevalence of obesity and
overweight was 11.1% and 5.7%, there was an observed relationship between BMI and
hypertension status. When the association between BMI and hypertension was examined, there
was a 6% increase in the risk of hypertension with every kilogram per meter squared increase
in BMI.

4.4 Strengths and limitations of the study

The strength of this study is that was a national survey and the sample size was a large sample.
Another strength was that the blood pressure records which made up the outcome variable were
measured three times which limits the risk of misdiagnosed hypertension status. The first
limitation of the study is that as a cross sectional study, the attempts to infer causality are
tentative. The limitations of the study are that more confounding factors are associated with
hypertension which were not measured in the DHS 2016 survey which may lead to biased
results. Such factors include salt intake (65), stress (15,66), physical activity, alcohol intake,

and domestic violence(50,51,67).

4.5 Conclusion

This study has shown that the prevalence of hypertension in South African adolescents is high
but falls within the range of previous studies. The findings on hypertension prevalence in this

study were higher than expected but consistent with some findings made in prior literature.
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Surprisingly, there was no association between SES and hypertension, this indicates that wealth
index may not be a sensitive indicator of SES in this age group which warrants further studies
to be conducted using other proxies for SES. The high prevalence of hypertension in his study
demonstrates how important it is to develop strategies that will address this high rise in the
number of hypertensive adolescents and further decrease the chances of having more

hypertensive adults in the future.

4.6 Recommendations

There is need for efforts in addressing the high prevalence of hypertension among children and
adolescents. There is a need to work on this burden from the community level by engaging
parents and children on the risks associated with hypertension. This study also supports the
suggestion that there is a requirement for further studies which will make use of reliable and
authentic diagnostic measures and find detail on the factors and risks associated with childhood

hypertension.

We recommend cohort studies to follow adolescents through time and investigate pathways to
hypertension. Further studies on SES, metabolism, and genetics and their contribution to
adolescent hypertension are recommended. Prevention of childhood hypertension may play a
big role in decreasing adult hypertension which will further contribute to a decrease in CVD.
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Table 5: Comparison of differences between the study sample and the excluded sample.
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Excluded Included P-value
Variable sample sample Total

n=1165 n = 1062 n = 2227
Age in years
15 n (%) 196 (47.92)  213(52.08) 409 (18.37) 0.164
16 n (%) 258 (51.81) 240 (48.19) 498 (22.36)
17 n (%) 245 (5457) 204 (45.43) 449 (20.16)
18 n (%) 221 (51.16) 211 (48.84) 432 (19.40)
19 n (%) 245 (55.81) 194 (44.19) 439 (19.71)
Sex/Gender
Male n (%) 172 (24.23)  538(75.77)  710(31.88)  <0.001
Female n (%) 933 (65.46) 524 (34.54) 1517 (68.12)
Race
African n (%) 1014 (51.06) 972 (48.94) 1986 (89.18) 0.005
White n (%) 19 (54.29) 16 (45.71) 35 (1.57)
Coloured n (%) 123 (64.40) 68 (35.60) 191 (8.58)
Indian/Asian n (%) 9 (60.0) 6 (40.0) 15 (0.67)
SES
Poorest n (%) 264 (49.07) 274 (50.93) 538 (24.16)  <0.001
Poorer n (%) 282 (55.40) 227 (44.60) 509 (22.86)
Middle n (%) 231 (47.24) 258 (52.76) 489 (21.96)
Richer n (%) 223 (51.15) 213 (48.85) 436 (19.58)
Richest n (%) 165 (64.71) 90 (35.29) 255 (11.45)
Type of residence
Urban n (%) 613 (52.62) 474 (44.63) 1087 (48.81) <0.001
Rural n (%) 552 (47.38) 588 (55.37) 1140 (51.19)
Marital status
Never married n (%) 1141 (52.08) 1050 (47.92) 2191 (98.38) 0.050
Married n (%) 24 (68.57) 11 (31.43) 35 (1.57)
Divorced/Separated n (%) 0 (0) 1 (100.0) 1 (0.04)
Education
Primary n (%) 146 (41.01) 210 (58.99) 356 (15.99)  <0.001
Secondary n (%) 1019 (54.46) 852 (45.54) 1871 (84.01)
BMI (kg/m?)
<18.5 n (%) 22 (8.15) 248 (91.85) 270 (12.12)  <0.001
18.5-24.9 n (%) 55 (8.06) 627 (91.94) 682 (30.62)
25.0 - 29.9 n (%) 16 (11.94) 118 (88.06) 134 (6.02)
> 29.9 n (%) 11 (15.49) 60 (84.51) 71 (3.19)
Missing n (%) 1061 (99.16) 9 (0.84) 1070 (48.05)
Average Blood Pressure
SBP median (IQR) 122 (20) 119 (17) 119 (17)
DBP median (IQR) 80 (15) 76 (12) 76 (12)
Household density median (IQR) 5 (3) 5(3) 5(@3)
Use of tobacco
Yes n (%) 348 (25.95) 993 (74.05) 1341 (60.22) <0.001
No n (%) 37 (34.91) 69 (65.09) 106 (4.76)
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Missing n (%) 780 (100.0) 0(0) 780 (35.02)

Glucose Homeostasis

Normal n (%) 12 (8.22) 134 (91.78) 146 (6.56) <0.001
Prediabetic n (%) 47 (6.41) 686 (93.59) 733 (32.91)

Diabetic n (%) 8 (8.60) 85 (91.40) 93 (4.18)

Missing n (%) 1098 (87.49) 157 (12.51) 1255 (56.35)

Appendix 6: List of variables and sources table

Table 6: List of variables used in the study and their sources on the DHS datasets

Analysis Variable source
Variable Variable categories categories
and codes and codes and (name)
Continuous PR* (hv105)
Age Continuous variable variable
Sex Male - 1 Male - 1 PR* (hv104)
Female - 2 Female - 2
Race Black/African - 1 Black/African -1 MR*and IR* (mv131 and v131)
White - 2 White - 2
Coloured - 3 Coloured - 3
Indian/Asian - 4 Indian/Asian - 4
SES Poorest - 1 Poorest - 1 PR* (hv270)
Poorer - 2 Poorer - 2
Middle - 3 Middle - 3
Richer - 4 Richer - 4
Richest - 5 Richest - 5
Type of -
residence Urban - 1 Urban - 1 PR (hv025)
Rural - 2 Rural - 2
Never married - PR* (hv115)
Marital status Never married - 0 0
Married - 1 Married - 1
Divorced/Separated -  Divorced/Separat
4 ed-4
No education, PR* (hv106)

Education

preschool - 0
Primary - 1
Secondary - 2
Higher - 3
Don't know - 8

Primary - 1
Secondary - 2

Initially a continuous

PR* (ha40 (female)) (hb40 (male))

BMI (kg/m”2)  variable <185-1

18.5-24.9 - 2

25.0-29.9-3

>29.9-4
Household Continuous PR* (hv009)
density Continuous variable variable
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Initially a continuous

PR* (ha35 (female)) (hb35 (male))

Use of tobacco  variable Yes- 1
No -0
Glucose Initially a continuous - -
Homeostasis variable Normal - 0 MR* (shmhbalc) IR* (shwhbalc)
Prediabetic - 1
Diabetic - 2

Outcome variable

Initially a continuous
Hypertension variable

Yes-1

No -0

PR* (sh221a, sh221bh, sh228a, sh228b,
sh232a sh323b,

sh321a, sh321b, sh328a, sh328b, sh3323,
sh332h)

*PR denotes the Personal recode dataset from DHS. *MR denotes Men’s recode dataset from DHS. *IR denotes
Individual recode dataset which is the women recode.
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