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ABSTRACT 

Background: Hypertension and obesity are major risk factors for cardiovascular diseases and 

other chronic diseases, and their prevalence rates have been increasing in South Africa. 

Previous studies that have investigated prevalence of noncommunicable diseases and 

associated risk factors at the district level have used cross-sectional data that could not allow 

ǎǘǳŘȅƛƴƎ ŎƘŀƴƎŜǎ ŀǘ ōƻǘƘ ƛƴŘƛǾƛŘǳŀƭ ŀƴŘ ŜŎƻƭƻƎƛŎŀƭ ƭŜǾŜƭΦ  ¢Ƙƛǎ tƘ5 ǎǘǳŘȅΩǎ main aim was to 

address this gap by using two sets of longitudinal/panel data to profile and monitor the 

spatial and temporal distribution of hypertension and body mass index (BMI) by categories 

ƛƴ {ƻǳǘƘ !ŦǊƛŎŀΦ ¢ƘŜ tƘ5 ǎǘǳŘȅΩǎ ǎǇŜŎƛŦƛŎ ƻōƧŜŎǘƛǾŜǎ ǿŜǊŜΥ όмύ To estimate and compare the 

prevalence of hypertension over time and by districts for individuals aged 15 years and 

above; (2) to estimate the transition rates between BMI categories and to assess the factors 

associated with the transitions across all ages, and (3) to profile systolic (SBP) and diastolic 

blood pressure (DBP) changes by age and the effect of body mass index on the changes for 

women aged 22 to 89 years from an urban township. This integrated analysis provides policy 

makers with an improved and more accurate evidence in the variation of the burden of 

these two risk factors thereby enabling planning and resource allocation. 

Methods: Data from the National income Dynamics Study (NiDS) panel survey were used for 

the first two specific objectives of the study, that is, estimation of the prevalence of 

hypertension at district level, and estimation of transition rates between BMI categories. 

Design-based and multilevel analyses were used for the estimation of hypertension 

prevalence, and multinomial regression model used for the analysis of the factors associated 

with BMI transitions. For the third specific objective, data from the Birth to twenty Plus 

Longitudinal Study (BT20) were used to fit growth curve models to describe intra- and inter-

individual blood pressure (BP) trajectories, and the intra-class correlation coefficient (ICC) 

used to measure dependency of observations from the same individual. 

Results: After accounting for demographic, behavioural, socioeconomic, and environmental 

factors, significant variation remained in the prevalence of hypertension at the district level. 

Districts with higher-than-average prevalence were found mostly in the South Western part 

of the country while those with prevalence below average were found in the Northern area. 

Between 2008 and 2017, the highest BMI increase was by the 7-13 years (4.7kg/m2), 14-18 
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years (3.3kg/m2), 19-24 years (3.2kg/m2) age groups, and women (3.1kg/m2). Overall, 

prevalence of obesity increased from 19.4% to 23.5%, with the 19-24 years age group (10.9% 

to 28.4%) and those with at least high school education (25.2% to 40.1%) having the highest 

increases. The transition rates to upward BMI level were higher than those to the downward 

BMI level. In the BT20 Plus data, four BP patterns were identified: a slow decrease with age 

before 30 years; a period of rapid increase in midlife up to 60 years; a flattening and slightly 

declining trend; and another increase in advanced ages. These phases persisted but at 

slightly low levels after BMI adjustment. Of the 1969 individuals, three groups were evident 

based on the severity of BP. In SBP, 1386 (70.4%), 482 (24.5%), and 101 (5.1%) were in low, 

medium, and highly elevated BP levels. For DBP, 1167 (59.3%), 709 (36.0%), and 93 (4.7%) 

were in low, medium, and highly elevated BP levels. The ICC was strong at 0.71 and 0.79 for 

SBP and DBP, respectively. 

Conclusions: The aim of this PhD was to monitor spatial and temporal distribution of 

hypertension and BMI using two longitudinal data sets in South Africa. Although it has been 

known that hypertension prevalence differed substantially by district, the use of model-

based estimation in this study using combined data over several time points provided 

ǇǊŜŎƛǎŜ ŜǎǘƛƳŀǘŜǎ ǘƘŀǘ ŎƻǊǊŜŎǘƭȅ ŎƭŀǎǎƛŦƛŜŘ ǘƘŜ ŘƛǎǘǊƛŎǘǎΩ ǇǊŜǾŀƭŜƴŎŜ ŀǎ ōŜƭƻǿ ŀǾŜǊŀƎŜΣ ŀōƻǾŜ 

average, or just average. BMI increased substantially between 2008 and 2017, and upward 

transition rate exceeded downward rate. Due to high retention in the overweight/obesity 

states, life course approach interventions that prevent transition into these states may need 

improvement. Based on the BT20 data, preventive and control measures for blood pressure 

early in life would be beneficial for control later in life. The evidence generated in this thesis 

enables public health decision makers to focus their resources on geographical areas (mostly 

South West districts of the country) and population segments (mostly women, ages 19-24 

years, and individuals with higher level of education) where they are most needed. 

Furthermore, the comprehensive longitudinal methodology of this study could be useful in 

assessing future achievements of the South African strategies for prevention and control of 

these two risk factors of noncommunicable diseases. 
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PREFACE 

Although my career started as a general Statistician, working and interacting with health 

professional inspired my interest in applying my statistical expertise with a bias towards 

public health domain. This journey started with previous research for MSc degree focussing 

on the epidemiology of HIV. In the preparations leading to this research, the ABC 

(Abstinence, Being faithful, Condom use) approach for prevention of the spread of HIV 

infection featured prominently, and this reminded me of the old adage attributed to the 

Dutchman Desiderius Erasmǳǎ ǘƘŀǘ άǇǊŜǾŜƴǘƛƻƴ ƛǎ ōŜǘǘŜǊ ǘƘŀƴ ŎǳǊŜέΦ ¢ƘŜ ǇǊŜǎŜƴǘ tƘ5 

research is therefore inspired by this awakening of the importance of disease prevention, 

and a deep conviction of the importance of data for decision making in preventive medicine.   

My drive to do a PhD began as a result of working as a Statistician, Data Analyst and 

Monitoring & Evaluation Manager for organisations offering technical support to the SA 

Department of Health. This exposed me to various data sources that collect data, some 

periodically and others once-off on health, social and economic issues in South Africa. 

Interrogation of the data from these different sources beyond the work requirement made 

me have a sense of the richness of unexplored public health relevant information in the 

databases. This was a starting point in my journey for a PhD based research. 

Disease surveillance paradigm dictates the importance of continuous and systematic 

collection and analysis of data to provide information on the burden of diseases. This would   

enable ǘƘŜ ǘǊŀŎƪƛƴƎ ƻŦ ƘŜŀƭǘƘ ƛƴŘƛŎŀǘƻǊǎΩ ǘǊŜƴŘǎ ƻǾŜǊ ǘƛƳŜΦ Therefore, research relevant to 

indicators and targets set in relevant policy and strategic plans related to non-communicable 

diseases (NCDs) and their risk factors is needed on continuous basis. This thesis therefore 

utilises readily available longitudinal data for profiling the prevalence of hypertension, and 

overweight and obesity two main risk factors for NCDs. The importance of prevention and 

control of the risk factors for NCDs cannot be underrated in sub-Sahara African countries 

given the threat they pose, and the high cost associated with treatment. 

This thesis is constructed through a publication model consisting of three peer reviewed 

journal articles. The thesis is made up of three sections: 

 



xvi 
 

Section 1: Introduction 

The first section has two chapters. Chapter one consists of the background, literature 

review, the problem statement, the aim, and specific objectives. Chapter 2 provides details 

for a generalised methodology of the study.  

Section 2: Empirical Chapters 

This section is made up of chapters 3-5 and consists of the three published/under review 

journal articles.  

1. Geographical influence on the distribution of the prevalence of hypertension in South 

Africa: a multilevel analysis.  

2. Transitions between body mass index categories, South Africa  

3. Long-term blood pressure trajectories and associations with age and body mass index 

among urban women in South Africa. 

Section 3: Integrated discussion and conclusion 

This section is made of chapter 6 and consists of a general discussion on the synthesis of the 

findings from the previous three chapters. The chapter concludes with an evaluation of the 

extent to which the study addressed the ǎǘǳŘȅΩǎ ŀƛƳ ŀƴŘ ƻōƧŜŎǘƛǾŜǎΦ Lǘ ŀƭǎƻ ŘƛǎŎǳǎǎŜǎ ǘƘŜ 

study limitations, relevance and implications of these findings and related future work. 
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"A journey of a thousand miles begins with a single step" (Chinese saying) 
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CHAPTER 1: Background and literature synthesis 

This chapter presents the background and literature review on the epidemiology of 

hypertension and body mass index (BMI) and associated risk factors. 

1.1 Background 

In 2016, it was reported that NCDs contributed the highest number of global mortalities 

accounting for an estimated 41 million deaths or 71% of all annual deaths.1 More than three-

quarters (~32 million) of the reported NCDs related deaths fall in the low- and middle-

income countries (LMICs).2 The main contributing factors for NCDs include behavioural or 

lifestyle risk factors (smoking, physical inactivity, fatty and sugary diets and binge alcohol 

consumption) and metabolic risk factors (raised blood pressure, overweight/obesity, high 

blood glucose (hyperglycaemia) and high fat levels (hyperlipidaemia) in the blood).3 

Socioeconomic factors (poverty/unemployment/low income and low education) are also 

indirectly linked to NCDs. 

It is anticipated that since most countries especially the LMICs have low medical insurance 

coverage, they may be unable to provide universal care for reaching the globally set target of 

ŀ άнр҈ ǊŜƭŀǘƛǾŜ ǊŜŘǳŎǘƛƻƴ ƛƴ ǘƘŜ Ǌƛǎƪ ƻŦ ǇǊŜƳŀǘǳǊŜ ƳƻǊǘŀƭƛǘȅ ŦǊƻƳ b/5ǎ ōȅ нлнрέΣ4 and the 

ά{5D ǘŀǊƎŜǘ ƻŦ ŀ ƻƴŜ-ǘƘƛǊŘ ǊŜŘǳŎǘƛƻƴ ƛƴ ǇǊŜƳŀǘǳǊŜ ŘŜŀǘƘǎ ŦǊƻƳ b/5ǎ ōȅ нлолέΦ5 Prevention 

and reduction of the effect of the NCDs risk factors could therefore contribute immensely in 

reducing related deaths, thereby providing a huge boost for the economic development of 

these countries. 

Primordial (preventing development of risk factors) and primary (reversing existing risk 

factors) prevention strategies on leading modifiable behavioural risk factors are vital in 

addition to strategies for identifying and managing people with NCDs.1 The WHO global 

monitoring framework developed in 2013 a set of 9 discretionary targets with 25 specific 

indicators for member states to achieve by 2025.6 These targets and indicators are 

categorised into three groups that relate to (1) reduction of NCD morbidity and mortality, (2) 

reduction of prevalence of risk factors for NCDs, and (3) health systems preparedness.6 

Excerpts for the targets and indicators for the risk factors are shown in Figure 1.1. Since 
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these targets and indicators are voluntary, countries can modify them according to their 

capacities, needs and priorities through country specific policies and strategies.  

 

Figure 1.1: Global targets and indicators for monitoring the risk factors for NCDs4 

Timely, accurate and continuous provision of reliable NCD and their risk factors data are 

therefore needed to appropriately inform prevention, control and improvement strategies 

to deal with the growing burden of NCDs in LMICs. The aim of this thesis was therefore to 

monitor temporal and spatial prevalence and transitions of hypertension, and overweight 

and obesity in South Africa, and how they differed by socioeconomic and lifestyle factors. 
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1.2 Hypertension, and overweight and obesity 

Elevated blood pressure (BP) or hypertension and overweight/obesity are considered major 

contributing factors associated with cardiovascular diseases,7 including heart diseases, 

stroke, and transient ischemic attack.8 These two metabolic risk factors are also associated 

with diabetes and certain cancers,9, 10 though study results on the relationship between high 

blood pressure and many types of cancers seem inconsistent.11 

1.2.1 Hypertension (elevated blood pressure) 

Hypertension is an important public health challenge worldwide contributing immensely to 

premature deaths mostly from cardiovascular diseases. In 2019, 10·8 (95% uncertainty 

interval 9·51ς12·1) million deaths representing 19·2% [16·9ς21·3] of all deaths were 

attributable to high systolic blood pressure.12 Continuous provision of information on the 

burden of hypertension is therefore essential in developing effective prevention and control 

strategies.13 

High blood pressure progressively rises over several years and so the risk rises with age 

leading to a high proportion of the elderly subpopulation having hypertension.14, 15 Systolic 

blood pressure progresses continuously in an upward trajectory beginning from around 30 

years of age, while diastolic blood pressure, progresses upwardly to around 50 years and 

slowly starts to decrease from the age of 60 years.16 The rising of blood pressure with age is 

mostly related to the narrowing and stiffening of the blood vessel due to atherosclerosis.17  

Several studies have also reported a plateauing of the upward trajectory in the BPs followed 

by decreasing trend at advanced ages.18-20 These decreases have been associated with 

antihypertensive treatments,19 poor health,21, 22 including incident dementia,23-25 and heart-

failure and,26 decreasing cholesterol and triglycerides.22 Hypertensive related mortalities also 

tend to leave healthy individuals with lower BPs.22  

Primary prevention of hypertension includes healthy lifestyle changes through diet, physical 

activity (PA), quitting smoking and alcohol use, and stress management. If high blood 

pressure is present and persists after implementation of these changes, medical 

management is used as an appropriate option,27 in order to prevent or slow end-organ 

damage (irreparable damage to a target organ). The Global Action Plan for the Prevention 
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and Control of Noncommunicable Diseases 2013-20204 recommended a target of 25% 

relative reduction in the prevalence of raised blood pressure through a total risk approach 

for cardiovascular diseases.28 However, the South Africa National Department of Health in 

the NCD strategy 2013-17 set its own target of 20.0% to be achieved by year 2020.29 

1.2.2 Overweight and obesity 

Overweight and obesity are a result of excessive fat deposits or accumulation in the body 

with deleterious health effect. The excess body fat is due to more calories being consumed 

than is expended. Globally, there has been an increased intake of energy-rich foods that are 

high in fat; and an increase in physical inactivity coupled with increasingly sedentary lifestyle 

in many forms of daily work activities, changing modes of transportation, and progressive 

urbanization.30, 31 In adults 20 years and above for both sexes, overweight is defined as BMI 

greater than or equal to 25 Kg/m2 and obesity as BMI greater than or equal to 30 Kg/m2.32 In 

children and teenagers, BMI is defined specific to sex and age, with overweight defined as a 

BMI at least the 85th percentile and below the 95th percentile, and obesity as a BMI at least 

the 95th percentile for children and teens of the same age and sex.33 

People with increased BMI leading to overweight and consequently obesity are at increased 

risk for many diseases and other health issues compared to those with a normal or healthy 

weight. These health conditions include all-causes of death,34, 35 high blood pressure,36 

dyslipidaemia,37 type 2 diabetes,38, 39 coronary heart disease,40 stroke,41 gallbladder 

disease,42 osteoarthritis,43, 44 sleep apnoea and breathing disorders,45 some cancers,9, 10 low 

quality of life,46 mental disorders,47, 48 and challenges in physical functioning.49, 50  

In 2016, approximately 11.0% of men and 15.0҈ ƻŦ ǿƻƳŜƴ ƻǊ мо҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ŀŘǳƭǘ όмуҌ 

years) population were obese.51 Consumption of processed and affordable foods that are 

concertedly marketed is highly linked to rising prevalence of obesity.52 It is now 

acknowledged that increasing overweight and obesity in low- and middle-income countries 

including South Africa is a major health burden that potentially affects negatively the 

economic wellbeing and quality of life, and also increases health-care budgets,53 in an 

already stretched and fragile health system.54 In south Africa, the 2016 SADHS found that in 

women, 27.0% were overweight and 41.0% obese, of which 20.0% were severely obese 
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ό.aLҗор YƎκƳ2). In men, 20.0% were overweight, and 11.0% obese, of which 3.0% were 

severely obese.55 

1.2.3 Overweight and obesity as risk factor for hypertension 

As already noted in the foregoing literature, high BMI and high BP share many risk factors, 

even though BMI is itself strongly and independently associated with hypertension. There is 

therefore a beneficial effect on blood pressure with weight reduction,56, 57 most importantly 

if interventions are adopted earlier in life  because this reduces the possibility of 

cardiovascular diseases later in life.58 Prevention and control strategies for higher BMI would 

therefore directly and indirectly lead to prevention and control of hypertension. Although 

there is a linear increase in hypertension risk with increased weight gain, the effect is 

stronger in the young women,59 and generally for both genders.60 BMI slope which reflects 

velocity of body weight change may be a better predictor of hypertension in young 

adulthood. A longitudinal cohort study on Chinese aged 20 to 40 years provided results 

showing that a rapid upward BMI trajectory for individuals between 20 to 30 years, 

considerably increased the possibility of developing hypertension in older age.61 In another 

similar study, BMI change between 13 and 33 years for both genders was shown to be the 

best predictors of adult SBP over a 20-year period.62 Nevertheless, high BMI levels in young 

adulthood have also been found to be a risk factor for hypertension.61 In another study 

based on a cohort of males, overweight or obese men in early adulthood or middle age were 

found to be at a higher risk of hypertension in old age life.63 

In South Africa, the strategy for obesity prevention and control recommends dietary and 

physical activity interventions that include, fiscal measures, lowered salt intake,  

physician/dietitian counselling, worksite interventions, and mass media campaigns.64 The 

dietitian-physician intervention is shown to be the most effective but costly strategy. The 

aim of these interventions is that patients may transit from obesity, and or overweight to a 

healthier body normal weight. 

1.3 Conceptual framework 

The research is based on a hierarchical conceptual framework according to Victora et al. 

1997,65 due to assumed hierarchical relationships between risk factors of disease. The 



7 
 

framework (Figure 1.2) shows risk factors of overweight/obesity and hypertension in a 

hierarchical manner. Risk factors at level 1 (demographic and socioeconomic factors) though 

used in epidemiology as determinants of ill health do not cause diseases, and are referred as 

distals determinants as they act through other intermediary (mediating) factors. In the 

development of hypertension, demographic and socioeconomic factors may exert their 

effect directly or indirectly through lifestyle factors (level 2), overweight/obesity (level 3), 

and other proximal factors. Lifestyle factors in turn exert their effect on overweight and 

obesity directly, and on hypertension indirectly or directly. Finally the proximate risk factor 

of overweight/obesity is related directly with hypertension. 

 

 

 

 

 

 

 

 

 

Figure 1.2: Conceptual framework 

1.4 Interplay of risk factors for hypertension and, overweight and obesity, and 

historical prevalence in South Africa 

Overweight and obesity is known to contribute strongly in the development of hypertension, 

with proportionate increase in BMI associated with progressive incidence rate of 

hypertension in all ages.66, 67 number of studies have shown a high proportion of 

hypertensive rate among overweight and obese individuals compared to normal weight 

individuals in both adolescents 68, 69 and adults.70-72 Poor dietary choices, physical inactivity, 
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and sedentary lifestyle contribute strongly to a rise in the prevalence of overweight and 

obesity. Prevention and control measures for increased body mass include physical activities 

and diets rich in vegetables and fruits and low in carbohydrates and fat. These two metabolic 

risk factors for NCDs share, in addition to age, gender and race/ethnicity, several modifiable 

factors that include physical inactivity, excess alcohol, smoking, socioeconomic status, 

excessive salt, low dietary potassium and stressors.73-75 

1.4.1 Age and gender 

The likelihood of developing high blood pressure increases with age ( 

Figure 1.3).76 Up to early middle ages (about 45 years), raised blood pressure is higher in 

men, while prevalence is higher in women for those at least 55 years,77 with the increase 

being more in LMICs than in the high income countries (HICs).78 In South Africa, the 

percentage of women that are overweight and obesity is much higher than that of men.76, 77 

Aging is also associated with lifestyle and environmental factors changes that influence 

blood pressure.79 Early life environmental influences are also known to affect blood pressure 

later in life.80 Evidence shows that blood pressure in urban dwellers rises steeply with age, 

and this could be due to multiple and complex interaction between different environmental 

and lifestyle factors.79 Urban lifestyle that lead to this change include too much salty diets, 

alcohol consumption,81, 82 and psychological stresses. The vasoconstrictive effect of sodium 

loading on blood vessels is increases by age.83 Physical inactivity levels, which mostly 

increases with age is accompanied by a sedentary lifestyle which further increases the risk 

for higher BMI and hypertension.84 

 

https://www.synonym.com/synonyms/vasoconstrictive
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Figure 1.3: Prevalence of hypertension and BMI categories by age and gender 201615 

Evidence from much older studies showed that rise in systolic blood pressure was much 

lower in secluded dwellings85 and in rural areas in the developing countries,86 but when 

these rural residents migrated to urban environments, blood pressure rose in accordance 

with the adoption of the urban lifestyle.87 

1.4.2 Race/ethnicity 

A number of studies done in the USA show prevalence of hypertension to be higher among 

those from African origin compared with those from European origin.88-91 However, in South 

Africa, national survey data indicate that the prevalence of both hypertension and 

overweight/obesity to be higher in those of European origin than in native Africans.76, 77 

However, these survey data report crude  rates, that are not adjusted for age, and a higher 

proportion (almost 50.0%) of the Caucasian population is elderly (45+ years) in contrast to 

the African population in which ~60.0% are below 35 years of age (Figure 1.4). Similarly, the 

proportion of mixed-ancestry subpopulation that is below 35 years of age is also much 

higher (>50.0%) than that of the Caucasians. 
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Figure 1.4: Age distribution by race/ethnicity in South Africa (NiDS) 

Data collected from native Africans in Cape Town, South Africa have shown elevated blood 

pressures similar to those seen in US African Americans, and this has been attributed to 

racial discrimination traditional to these two multi-racial societies.92 Socio-economic factors 

that affect health outcomes such as low education attainment, low income, and healthcare 

inaccessibility characterising these multi-racial societies have been found to contribute 

prevalence of hypertension.93 Emerging knowledge on racial differences in genetic 

composition is also being shown to play a significant role in the development of high blood 

pressure and hypertension.94 

1.4.3 Physical inactivity 

Physical activity includes daily unplanned body fitness activities including household chores 

such as cleaning and gardening, commuting to work and other related occupational tasks; as 

well as planned, structured, repetitive and intentional movement for physical fitness such as 

brisk walking, cycling, and jogging.95 Physical inactivity increases the chances of becoming 

overweight and obese and consequently increased risk of developing hypertension.96-99 

Characteristics that influence change in dietary intake and physical inactivity include 

perceived psychosocial stress and depression; and socio-demographic characteristics 

including education attainment, income, and race or ethnicity.100, 101 In South Africa, data 
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show that women are less fit and engage in low physical exercise compared with men, but 

the prevalence of those not engaging in any form of physical exercise is high for both sexes 

(Figure 1.5). 

 

Figure 1.5: Prevalence (%) of levels of physical exercise by gender (2008-2017) 

1.4.4 Alcohol abuse 

Heavy drinking has been identified as a modifiable risk factor for hypertension in a number 

of studies,102 especially in men.103-105 Heavy and episodic alcohol consumption has also been 

found to increase risk of overweight and obesity.97 According to the 2016 SADHS, South 

African men have a high prevalence of risky drinking (28.0%) than women (5.0%), and there 

are great variations between men and women across the provinces (Figure 1.6). 
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Figure 1.6: Prevalence of risky drinking for age 15+ years55 

1.4.5 Tobacco use 

Conflicting results have been obtained in various studies on effect of smoking on 

hypertension.106 The prevalence of hypertension has been identified to be higher in smokers 

(current and past) in comparison to non-smokers,107-111 while other studies have shown non-

significant association between smokers and non-smokers.112-115 Smoking has been shown to 

be a contributing factor for increased BMI. 97 However, current smokers have also been 

found to have lower BMIs compared with non-smokers.116, 117 In South Africa prevalence of 

current smoking appears to be ~20.0% between 2008 and 2017 (Figure 1.7 - Figure 1.9). 
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Figure 1.7: Prevalence of smoking, 2008-2017 

 

Figure 1.8: Prevalence of smoking, 2012 (SANHANES, 2012) 

 

Figure 1.9: Prevalence of smoking in 2016 (SADHS15) 
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1.4.6 Excess sodium in the diet 

Increased dietary sodium ((sourced in table salt) can cause fluid retention in the body, which 

in turn can increase blood pressure.118 Excess salt in foods has also been shown to increase 

risk of obesity.75, 119 According to the 2016 SADHS, an estimated 13.0% of the population in 

South Africa consume salty snacks, and 14.0% processed meats.55 

1.4.7 Low dietary potassium 

Higher and greater long-term consumption of fruits and vegetables (natural sources for 

potassium) is a healthy dietary lifestyle that can contribute positively to hypertension 

prevention.120-122 Potassium helps in balancing excess sodium in body cells, thereby reducing 

its (sodium) accumulation in the blood. Adequate intake of potassium can also reduce the 

risk of obesity.73, 119 According to the 2016 SADHS, only 59.0% of adults reported consuming 

vegetables and 49.0% reported consuming fruits.55 

1.4.8 Socioeconomic status (education and income) 

Low socio-economic status characterised mostly by low education levels and low incomes 

has been associated with rising trends in blood pressure, primarily due to increased 

prevalence of obesity and high uncontrolled alcohol intake among these deprived 

socioeconomic group.123, 124 Systematic review of studies for the association between 

socioeconomic status and obesity have shown an increasing positive associations and 

decreasing negative associations for countries as income levels decrease.125 

1.4.9 Stress and insufficient sleep 

Life stressors126, 127 and short sleep durations128, 129 are also independently associated with 

weight changes. In stressful moments, some individuals increase their caloric intake by 

consuming fatty foods, dense in carbohydrates,130-132 but others have decreased appetite for 

food.133, 134 

1.5 Geographically differences in prevalence 

Globally the distribution of raised blood pressure is known to be disparate across regions 

while at the same time showing some similarities within divisions of a region. For instance in 
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2016, a study on blood pressure trends between 1975 and 2015 for 200 countries found that 

raised blood pressure decreased in HICs, remained high in central and eastern Europe, and 

increased in the LMICs mostly in South Asia and sub-Saharan Africa.135 Even within a given 

country, subnational geographies can show disparities in prevalence of elevated blood 

pressure, not necessarily explained by existing behavioural or socio-demographic 

characteristics.136 In the United States of America (USA), states in the south eastern (ΨǎǘǊƻƪŜ 

ōŜƭǘΩύ part of the country, are known to experience a higher burden of hypertension in 

comparison with other states.137 Additionally within a state, counties may also exhibit 

differences in prevalence, awareness, treatment and control.138 These regional differences in 

hypertension prevalence have also been found to be associated with differential dietary 

patterns across the regions, with regions that consume high fatty acids and sodium, with low 

potassium, calcium and magnesium associated with higher hypertension prevalences.139 

Spatial analysis of essential soil elements in USA found that states with high declining rate of 

potassium in the soil also had higher prevalence of hypertension and hypertension-related 

mortality rates.140 Existing distinct spatial clusters of disease prevalence within a country 

may require interventions programs that align to, and mirror the prevalence of the risk 

factors in specific subnational units.141 

1.5.1 Geographically differentiated studies in Africa and South Africa 

Studies in the African continent are mostly characterised by choice of a single administrative 

unit such as a state within a country and comparing prevalence by rural and urban 

divisions.142-144 In Uganda, compass differentiated regions (East, West, North, South and 

West Nile) have been used to study disparities in hypertension.145 In West Africa, spatial 

differences in hypertension and obesity prevalence have also been studied for an urban 

setting disaggregated by residential type (parcelled-out or non-parcelled-out areas),146 or by 

hierarchical segregation of an urban area by level of infrastructure development.147 

Studies on the distribution of hypertension and related predisposing factors in South Africa 

just like other African countries have mostly been by either rural or urban disaggregation, 

and for specific geographical areas. Ntuli et al 2015,148 studied prevalence in a rural 

community not necessarily described by an administrative domain. Bärnighausen et al 

2007,149 and Malaza et al 2012,150 studied hypertension and obesity prevalence using data 

from a large rural administrative unit (district) with high prevalence of HIV. Older studies 
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concentrated on geographical areas inhabited by a certain tribe, comparing prevalence 

between rural and urban dwellers. Sever et al 1980,151 compared blood pressure and its risk 

factors for Xhosas living in rural and urban areas, while Seedat et al 1982, similarly compared 

hypertension prevalence in tribal Zulu.152 

There have also been diverse studies differentiated by administrative geographical units. 

Otang-Mbeng et al 2017,153 studied factors associated with obesity in a single administrative 

area of Nkonkobe local municipality of the Eastern Cape Province. Okop, Levitt and Puoane 

2015,154 looked at prevalence of excessive body fat for rural and urban dwellings in two 

different administrative (provincial) areas, while Rousseau et al 2017, studied distribution of 

adiposity of rural and urban settings within the same province (North West). Nationally 

representative surveys have reported prevalence by large (provincial) subnational units in 

addition to differing rural and urban settings.155 The H3Africa AWI-Gen Study with 6 sites in 

Sub-Saharan Africa, including South Africa, has compared hypertension prevalence by rural 

and urban geographies administratively diverse within country and between countries.156 

Surveys in South Africa with national focus include άStudy of Global Ageing and !ŘǳƭǘǎΩ 

Health ό{!D9ύέ for those age 50 years and above.157 Demographic Health Surveys (DHS) that 

have national representation however only report statistics at provincial level and they are 

not usually done regularly. Similarly, the ά{ƻǳǘƘ Africa National Health and Nutrition 

Examination Survey ό{!bI!b9{ύέ which has been done once also reported statistics to the 

provincial level. Other studies at the national level have used self-reported data on 

hypertension to study the prevalence.158 Recent and concurrent studies on CVDs and certain 

risk factors at district level using cross-sectional data such as SANHANES,159 and the 2016 

DHS data,160 have been reported. 

1.5.2 Social contexts in geographical distribution of health outcomes 

The social and physical settings in which people live based on spatial disparities by 

socioeconomic status, race and or ethnicity for populations within countries are recognized 

as potential contributing risks of health disparities, in addition to the effects of individual 

and household risk factors.161 This as a result of  neighbourhood cohesion that incorporates 

key social features of the neighbourhood environment. Neighbourhood social cohesion is 

defined by άǇŜǊŎŜƛǾŜŘ ŎƻƴƴŜŎǘŜŘƴŜǎǎΣ ǎƻƭƛŘŀǊƛǘȅΣ ŀƴŘ ǎƘŀǊŜŘ ǊŜǎƻǳǊŎŜǎ ǘƘŀǘ ŀƭƭƻǿ ǇŜƻǇƭŜ ǘƻ 

https://sciprofiles.com/profile/72278
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ŀŎǘ ǘƻƎŜǘƘŜǊέΦ162, 163 A consequence of this connectedness in health issues is that lack or 

availability of health services will be shared, health seeking behaviour may be patterned, and 

cultural choices, perceptions and health outcomes could be similar.164 Separating disparities 

into within and between areal subdivisions may help in the understanding of the possible 

contribution of the socially disparate geographical entities in the prevalence and transitions 

of hypertension, and overweight and obesity.161 Geographical level analysis is also important 

as it has been shown that prevalence of hypertension and BMI differ by place with evidence 

that areas with higher levels of deprivation are more likely to have poor health services and 

outcomes, with differentials also between men and women.165 

Geographical differences have great implications in the surveillance and monitoring of the 

burden of diseases and planning for remedial actions. Approaches to understand how areal 

disparities affect health has been argued to be of importance in order to dŜƭƛǾŜǊ ΨŜŦŦŜŎǘƛǾŜΣ 

ŎƻƴǘŜȄǘǳŀƭƭȅ ǎŜƴǎƛǘƛǾŜ ǇƻƭƛŎȅ ƛƴǘŜǊǾŜƴǘƛƻƴǎΩΦ166 In sub-Saharan Africa, HIV spatial data have 

been used to provide evidence on how to improve HIV planning,167 prioritise key populations 

and administrative division at more risk of infection, and to tailor interventions to mirror the 

local health needs.168 National trends can also mask substantial differences by place in 

understanding of local level changes and monitoring of epidemics.169 Spatial data can also 

help in equitable allocation of scarce resources,170 in understanding differences between 

area surveillance data,171 and in tailoring localised services and targeted interventions.172 

Subnational estimates characterise disease patterns in the local population, thereby 

supporting the planning and delivery of prevention and management services that meet 

local needs.173 

1.6 Research gaps and need 

With several global and national policies and strategies being developed for dealing with the 

pandemic due to NCDs and their risk factors, research is indispensable partly to guide public 

health planning and partly to monitor and evaluate the extent the set targets and indicators 

are achieved. Given that the South African ά{ǘǊŀǘŜƎȅ for prevention and control of NCDs, 

2013-2017, and the Strategy for prevention and control of obesity, 2015-нлнлέ have both 

matured, the following research gaps and needs have been identified as specified in sub-

strategy 3, that is, άaƻƴƛǘƻǊ NCDs and their main risk factors and conduct innovative 

reseaǊŎƘέ of the NCD strategy.  
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Á Surveillance to monitor trends and measure progress in addressing inequalities: This 

required identification of data sets on άōŜƘŀǾƛƻǳǊŀƭ and metabolic risk factors 

(harmful use of alcohol, physical inactivity, tobacco use, unhealthy diet, overweight 

and obesity, raised blood pressure, raised blood glucose, and ƘȅǇŜǊƭƛǇƛŘŀŜƳƛŀύέΣ and 

how they differ by key dimensions such as gender, age (children, adolescents, adults), 

socioeconomic status and place. 

Á Dissemination of results from innovative research: As cross-sectional data does not 

allow studying of the changes and transitions between the different hypertension 

and BMI states at the individual level, the literature in the South African context is 

short of information that show how individuals move between these states and what 

factors characterises the transitions. Understanding the factors associated with BMI 

transitions from an adverse category (overweight/obese) to a normal status, and vice 

versa, would help policymakers to come up with programs that mediate the effects 

of the factors to the populace. 

Á Group-based BP trajectory analysis has shown that a high (>140 mmHg SBP) in 

midlife increases risk of stroke and death.174 Population-based cohort studies 

άǎǳǇǇƻǊǘ ǘƘŜ ǾƛŜǿ ǘƘŀǘ ƘƛƎƘ .t ƛƴ ƭŀǘŜǊ ƭƛŦŜ ƻǊƛƎƛƴŀǘŜǎ ƛƴ ŎƘƛƭŘƘƻƻŘΦέ175-177 Since the 

degree to which BP tracks from childhood to adulthood varies by sex and age,178 

there is need to study and identify the ages with the highest likelihood for 

transitioning from hypertensive to non-hypertensive state, information which may be 

helpful in policy formulation. 

Another gap in the literature discussed above relates to the methods used to obtain 

subnational estimates of diseases incidence and prevalence. Breaking down data into 

subdomains ultimately reduces the sample sizes for each subdomain, thereby reducing the 

statistical precision of the estimates for these smaller domains. In such scenarios, an 

averaging or pooling of data across the subnational domains can be used to obtain more 

reliable estimates by using hierarchical or multilevel models. These models are also useful in 

improving estimates by combining information over time such as is available in longitudinal 

or panel studies. 
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1.7 Justification and relevance of the study 

The South African ά{ǘǊŀǘŜƎȅ for Prevention and Control of Noncommunicable Diseases 

(NCDs) 2013-17 and the Strategy for the Prevention and Control of Obesity in South Africa 

2015ςнлнлέΣ pointed out the importance of research άǘƻ understand the context-specific 

factors and social ŘŜǘŜǊƳƛƴŀƴǘǎέ of NCD risk factors in order to implement άƛƴǘŜǊǾŜƴǘƛƻƴǎ 

effectively, especially in resource-constrained settings where there are multiple competing 

health ǇǊƻōƭŜƳǎέΦ29, 64 The NCD strategy also mentions sources of surveillance data, both 

routine, for example, the District Health Information System and specific surveys such as 

those carried out by Statistics South Africa (Stats SA) and other bodies. This study therefore, 

also demonstrates the usefulness of the readily available data in South Africa,179 in 

addressing the public health challenge posed by NCDs. 

It is anticipated that this research will contribute to the monitoring of hypertension and 

obesity prevalence, and as an indicator to the extent the targets set out in the strategies are 

being met. The study may also be beneficial as a guide for inter-sectoral action at district 

level, in accordance with ǘƘŜ άǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ Ǝƻŀƭǎ ό{5Dǎύέ ǘƘŀǘ ǿŜǊŜ ŀŘƻǇǘŜŘ ƛƴ 

нлмр ǘƘŀǘ ŎŀƭƭŜŘ ŦƻǊ άŎƻǳƴǘǊƛŜǎ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ ŘƛǎŀƎƎǊŜƎŀǘŜŘ Řŀǘŀ ŀǎ Ǉŀrt of 

ǘƘŜ ŀƛƳ ŦƻǊ ǎǘǊŜƴƎǘƘŜƴƛƴƎ Řŀǘŀ ƳƻƴƛǘƻǊƛƴƎ ŀƴŘ ŀŎŎƻǳƴǘŀōƛƭƛǘȅ ό{5D ǘŀǊƎŜǘ мтΦмуύέΦ180 

1.8 Aim, specific objectives, and hypotheses of the thesis 

The main aim of this thesis was to profile and monitor the spatial and temporal changes in 

hypertension and body mass index in South Africa. 

Specific objective 1: To estimate and compare the prevalence of hypertension over time and 

by districts for individuals aged 15 years and above. 

Specific objective 2: To estimate the transition rates between BMI categories and to assess 

the factors associated with the transitions across all ages. 

Specific objective 3: ¢ƻ ǇǊƻŦƛƭŜ άǎȅǎǘƻƭƛŎ ŀƴŘ ŘƛŀǎǘƻƭƛŎ ōƭƻƻŘ ǇǊŜǎǎǳǊŜέ ŎƘŀƴƎŜǎ ōȅ ŀƎŜ ŀƴŘ ǘƘŜ 

effect of body mass index on the changes for women aged 22 to 89 years from an urban 

township. 
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Hypothesis 1: ¢ƘŜ άǇǊŜǾŀƭŜƴŎŜ ƻŦ ƘȅǇŜǊǘŜƴǎƛƻƴ ƛƴ {ƻǳǘƘ !ŦǊƛŎŀέ Ƙŀs remained constant 

between 2008 and 2017 across the 52 districts. 

Hypothesis 2: There is no difference between the proportion of individuals transiting to an 

upward or downward BMI level by categories of any of the risk factors. 

Hypothesis 3: Systolic and diastolic BPs increase throughout life for women caregivers in the 

BT20 Plus study 

In the following chapter, a brief methodology of the data sources, collection and setting is discussed. 

A combined discussion of the statistical strategies employed for the three journal articles is also 

briefly included. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



21 
 

CHAPTER 2: METHODOLOGY 

2.1 Data sources 

The data for this study were acquired from two longitudinal/panel data sets; the National 

Income Dynamic Study (NiDS) with national representation, and the Birth to Twenty Plus 

Longitudinal study based on mothers and caregivers of a cohort of children born in Soweto, 

Johannesburg in 1990. 

2.2 Study setting and design: NiDS 

The National Income Dynamics Study (NiDS) is national panel survey, which started in 2008 

with a sample of 28,000 individuals. The survey is taken approximately every 2-3 years. This 

far, 5 waves of the study have been completed.181-185 The survey is funded by the 

Department of Planning, Monitoring and Evaluation (DPME) and implemented by the 

Southern Africa Labour and Development Research Unit (SALDRU) based at the University of 

/ŀǇŜ ¢ƻǿƴΩǎ {ŎƘƻƻƭ ƻŦ 9ŎƻƴƻƳƛŎǎ (Figure 2.1.) The main purpose of NiDS is tracking and 

understanding poverty transitions in the population. 

 

Figure 2.1: Description of the survey, implementer and funder (NiDS) 

South Africa is administratively made of 9 provinces and 52 districts (Figure 2.2). Of the 52 

districts units, 44 are district municipalities and 8 metropolitan municipalities. According to 
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the 2016 Community Survey,186 the population was estimated at 55,653,654. The 2020 mid-

year population estimate was at 59,622,350, with Gauteng (smallest geographically) 

accounting for more than a quarter of the population at 15,488,137. More than 60.0% of the 

population lives in urban areas. It is reported that urbanization is one of the major factors 

that contribute to increased consumption of fast food products in South Africa, as slightly 

more than 50% of the urban dwellers depend on fast food outlets on a daily basis.187 

 

Figure 2.2: Districts and Metropolitan Municipalities of South Africa 

In the NiDS, data are collected from individuals of all ages dwelling within sampled 

households stratified by districts. Person data from children (<15 years) are captured 

ǎŜǇŀǊŀǘŜƭȅ ŦǊƻƳ ǘƘƻǎŜ ŀƎŜŘ мр ȅŜŀǊǎ ŀƴŘ ŀōƻǾŜΦ ¢ƘŜ ǘŀǊƎŜǘ ǇƻǇǳƭŀǘƛƻƴ ƛǎ άƛƴŘƛviduals in 

ǇǊƛǾŀǘŜ ƘƻǳǎŜƘƻƭŘǎ ŀƴŘ ǊŜǎƛŘŜƴǘǎ ƛƴ ǿƻǊƪŜǊǎΩ ƘƻǎǘŜƭǎΣ ŎƻƴǾŜƴǘǎΣ ŀƴŘ ƳƻƴŀǎǘŜǊƛŜǎΣ ōǳǘ 

ŜȄŎƭǳŘŜǎ ƻǘƘŜǊ ƭƛǾƛƴƎ ǉǳŀǊǘŜǊǎ ǎǳŎƘ ŀǎ ǎǘǳŘŜƴǘǎΩ ƘƻǎǘŜƭǎΣ ƻƭŘ ŀƎŜ ƘƻƳŜǎΣ ƘƻǎǇƛǘŀƭǎΣ ǇǊƛǎƻƴǎΣ 
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ŀƴŘ ƳƛƭƛǘŀǊȅ ōŀǊǊŀŎƪǎΦέ ¢ƘŜ ǎǘǊŀǘƛŦƛŜŘ ǎŀƳǇƭƛƴƎ ƳŜǘƘƻŘΣ ǿƛǘƘ ǘǿƻ-stage clustering188 is used 

to sample study household and individuals. The 52 districts are used as the strata.188 The first 

stage involved selecting a sample of 400 Primary Sampling Units (PSUs) within strata, from a 

Master Sample of 3000 PSUs developed by Statistics South Africa in 2003.188 In this case, a 

PSU is a geographical area made up of at one or more Enumeration Areas (EAs), with each 

EA consisting of at least 74 dwelling units. The second stage involved systematically selecting 

clusters from each PSU, where a cluster consists of 8 non-overlapping dwelling units. In this 

thesis, data on those aged 15 years and above was used for estimating hypertension 

prevalence, while the combined under 15 years data and the 15+ years data were used in 

estimating BMI transitions. All individual respondents in the NiDS sample who had at least 

two BP measurements taken at the time of the survey were included in the study. 

2.2.1 Data collection 

Data are collected by trained fieldworkers using household and individual questionnaires. 

The individual questionnaires are designed separately for those aged below 15 years and 

those 15 years and above. Anthropometric measurements are taken twice for all individuals 

in a household, with a third measurement only if the difference between the first two is 

ŀōƻǾŜ лΦр ƪƎ ŦƻǊ ǿŜƛƎƘǘ ŀƴŘ лΦр ŎƳ ŦƻǊ ƘŜƛƎƘǘΦ ²ŀƛǎǘ ŎƛǊŎǳmference and blood pressure 

measurements are taken for those aged 15 years and above in the household. Blood 

pressure measurements are usually taken twice using an Omron Automatic BP monitor. 

Date, month, and years when the interviews and measurements were taken are also 

recorded. 

Individuals self-reported on population group (race), gender, alcohol use (Ever used, 

regularity, and amount), smoking status (Ever smoked, current and amount) and physical 

exercise (days per week) highest education level, employment status, marital status, 

household income and household size.189 The electronic version of the publicly available data is 

hosted by DataFirst (https://www.datafirst.uct.ac.za/dataportal/index.php/catalog/central) and 

disseminated to users through their online web catalogue. The public release data set excludes the 

names and addresses of the respondents as well as the names of towns and suburbs in which 

they live.  

https://www.datafirst.uct.ac.za/dataportal/index.php/catalog/central
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2.2.2 Data management and preparation for analysis 

The data analysis procedures for the journal articles in Chapters 3 and 4 are described in the 

respective methods sections. A brief description of the data structures and files for each 

wave of the NiDS is provided here. The following files were used to source the required data 

items for this PhD study and merged accordingly using procedures described in the NiDS 

documentation.189 

Link File lists the individual and household identifiers for each wave in the household in 

which that person is resident. It has one record per individual, and the uniquely identified by 

a personal ID. 

Household Roster File has one record per person and provides data for each household 

family member, even for those not residing in the household at the date of the survey. 

¢ƘƻǎŜ ƴƻƴπǊŜǎƛŘŜƴǘǎ ŀǊŜ ŘŜŜƳŜŘ ǘƻ ōŜ ǊŜǎƛŘƛƴƎ ƛƴ ŀƴƻǘƘŜǊ ƘƻǳǎŜƘƻƭŘΣ ƘŀǾŜ ŘƛŜŘ ƻǊ ƛƴ ŀƴ 

institution (boarding school or university residence, hospital, or prison). 

Household File data are unique by household ID, and holds data collected using a household 

questionnaire, but excludes data in the household roster. 

Adult Data File with one record per entry contains questionnaire data from those aged 15 

years and above on the day of the interview.  

Child Data File has a single data record obtained using children-specific (<15 years) 

questionnaire. It has unique identifiers for household and individual. 

Derived Variable Data File keeps data such as aggregated income and expenditure variables. 

These are not directly taken using the questionnaires but are calculated or estimated from 

other data points collected using the questionnaires. In the NiDS dataset, there are two 

derived data files, one on household level and the other at individual level. 

Derived Household Data File with one record per household is uniquely identified by a 

household ID. 

Individual Derived File with single record for each person residing in a household. The data 

has unique household and individual identifiers. 
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2.3 Study setting and design: Birth to Twenty (BT20) Plus Study 

The Birth to Twenty (BT20) Plus Study is a continuing longitudinal study done in Soweto 

(Figure 2.3), Johannesburg, South Africa.190 The study population is made up of children and 

their families in this urban setting.191 The original sample was made up of births recorded in 

ŀ ǎŜǾŜƴπǿŜŜƪ ƭƻƴƎ ŘǳǊŀǘƛƻƴ ōŜǘǿŜŜƴ !ǇǊƛƭ-June 1990, when 5,460 single births occurred to 

women who provided concrete addresses within the study area.192 Based on the 2011 

national census, Soweto which has a geographical area of approximately 200 km² had a 

population of 1,271,628 of which 640,588 were women and 1,253,037 (98.5%) were 

Africans. It is a densely populated suburb with density of 6,357/km² as per the 2011 census.  

Data for this thesis however came from women, who were mothers, grandmothers, sisters, 

aunties or other female caregivers of the Birth to Twenty Plus participants. There were four 

waves of data collection period with the first wave done in 2003, the second in 2005/6, the 

third 2007/9 and the fourth between 2011 and 2014.  

 

Figure 2.3: Map of Soweto 

2.3.1 Data collection and management 

During baseline recruitment, questionnaires were used to collect self-report 

sociodemographic and behavioural data including age/date of birth, socio-economic status 

(SES), smoking, physical activity, alcohol use, and individual and family histories of 
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hypertension. Blood pressure was measured twice by an appropriate sphygmomanometer 

and cuff using standard guidelines (seated position after reasonable rest). Anthropometric 

data used in the calculation of BMI were measured to one decimal point using calibrated 

equipment and standard procedures. Participants with missing data on blood pressures, 

height, and weight at any of the timepoints were excluded from the study. This total sample 

size was made up of 1969 women aged between 22 and 89 years. 

2.4 Statistical analysis strategy for the whole study 

Detailed data analyses specific to each objective are included in the relevant chapters. Here I 

include a general analytical strategy relating to the type of data (longitudinal/panel) 

characterising the thesis. The main benefit of collecting longitudinal data is because it allows 

analysis of change or stability of an outcome of interest at the individual (unit) level. 

In this thesis, statistical approaches developed specifically for longitudinal data were 

considered appropriate as they enable measurement of the time effects on different cohorts 

since we had repeated measurements over time from the same individual. The approach 

also enabled limited control for unavailable/unknown explanatory variables that are 

constant over time and that possibly determine the outcome (dependent) variables. 

Multilevel model193 with 3 levels (repeated measurements, individual and districts) was 

applied for the first specific objective, the event history model for transition probabilities 

with multiple states (competing risks)194 was used for the second specific objective, and the 

growth curve model193 was used for the third specific objective of the thesis. 

2.4.1 Multilevel model 

Logistic regression is a statistical strategy used either to predict a single dependent binary 

variable using one or more other independent variables, or to determine the numerical 

relationship between such a set of variables.195 Multilevel logistic regression is an extension 

of normal logistic regression ideally suited if sample data contain repeated (longitudinal) 

measurements from the same unit or have a clustered or hierarchical structure.196  

A three-level logistic regression model with repeated measurement data was used for the 

first objective of this PhD study. The general form for the model is as follows:197-199 
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ὰέὫὭὸ0Òώ ρ ‍ȟ ‍ȟὼȟ ὺὴὩὶὭέὨό ό Ὡ  

For a dataset with n subjects or units, Ὥ indexes the subjects, Ὦ indexes the clusters/groups 

(districts), and ὸ the observation time. ώ  = 1 denotes presence of the event (hypertension), 

while ώ  = 0 denotes absence of the event (normotensive state) at time t. The first two terms in 

the logit equation are the fixed effects, which show the expected value of the log odds of y 

over time given values of the k covariates. ὼȟ  denotes the kth explanatory variables from the 

Ὥ  subject in district j at time t. The rest of the terms in the equation represent the random 

effects (or residuals). ὺ  denotes the residuals representing group (district) effect and accounts for 

the differences in y across the districts.  ὴὩὶὭέὨ is an indicator variable for observation t. The 

random intercepts ό  capture subjectǎΩ differences in the level of y for the null model (without 

covariates) at the baseline (i.e. around ̡ 0 + vj), [the log odds for presence of hypertension in subject 

Ὥ from district Ὦ compared to the mean], and ό  captures individual differences in the rate of 

change of y όŀǊƻǳƴŘ ʲ1). Last, we have the residual, etij, which captures time-specific 

variation in y ŀǊƻǳƴŘ ƛƴŘƛǾƛŘǳŀƭǎΩ ƎǊƻǿǘƘ ǘǊŀƧŜŎǘƻǊƛŜǎ όƛΦŜΦΣ ǎŎŀǘǘŜǊ ŀǊƻǳnd the individual 

trajectories due to noise, measurement error, or omitted time-varying covariates). 

¢ƘŜ {ǘŀǘŀΩǎ general notation for fitting a three-level random-intercept model for repeated 

measures of hypertension given the covariates at the individual-level (level 2) nested within 

districts (level 3) is as follows: 

άὩὰέὫὭὸ ὬώὴὩὶὸὩὲίὭέὲ ὼȟὼȟỄ ȟὼ || ὨὭίὸὶὭὧὸ: || ὭὲὨὭὺὭὨόὥὰᾭὨȡ 

In the notation, ὬώὴὩὶὸὩὲίὭέὲ is a variable with 0/1 entries indicating absence or presence 

of hypertension, and ὼȟὼȟỄ ȟὼ are the covariates (independent variables). Specific 

ŘŜǘŀƛƭǎ ƻŦ ǘƘŜ ƳƻŘŜƭΩǎ ŎƻǾŀǊƛŀǘŜǎ ŀǊŜ ƎƛǾŜƴ ƛƴ ƳŜǘƘƻŘǎ ǎŜŎǘƛƻƴ ƻŦ ŎƘŀǇǘŜǊ оΦ 

2.4.2 Event history model 

Panel data such as obtained in the NiDS give rise to sequence of discrete observable events 

ƛƴ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ƭƛŦŜǘƛƳŜΦ194 ¢ƘŜǎŜ ŜǾŜƴǘǎ ǊŜǇǊŜǎŜƴǘǎ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ǘǊŀƴǎƛǘƛƻƴ ŦǊƻƳ ƻƴŜ 

discrete state to another in a space of one or several other discrete states.200 Event-history 

modelling is a statistical technique used to analyse time-to-event data for research designs 

where the state of subject Ὥ over time is only known at discrete time points ὸȟ   ὸȟ Ễȟ
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ὸ .200 In the NiDS panel data, anthropometric measurements on study participants helps to 

ǘǊŀŎŜ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ .aL όǳƴŘŜǊǿŜƛƎƘǘΣ ƴƻǊƳŀƭΣ ƻǾŜǊǿŜƛƎƘǘΣ ƻōŜǎŜύ ǘǊŀƴǎƛǘƛƻƴ ǎǘŀǘŜǎΦ ¢ƘŜǎŜ 

data produce a set of events with multiple states or competing risks201 as shown in Figure 

2.4.  

 

 

Figure 2.4: Body weight transitions amongst normal, overweight and obese categories 

For a dataset giving rise to E types of transitions/events, in an interval of time ὸ (of episode Ὦ 

of individual Ὥ), a categorical response variable for competing risk events can be defined as  

ώ
π ÉÆ ÎÏ ÅÖÅÎÔ ÉÎ Ô

Å ÉÆ ÅÖÅÎÔ ÏÆ ÔÙÐÅ Å ÉÎ Ô Å  ρȟỄȟ%
 

ώ  can be analysed in one of two approaches for understanding the transition probability of 

a given event of type Ὡ. 1) by using a multinomial model for ώ  with correlated random 

effects that allow modelling of shared unobserved risk factors, or 2) by defining a binary 

response ώ  for event type Ὡ, treating all other types of events as censored (no event 

observed), and analyse using a multilevel binary response model.201 In this PhD research, the 

multinomial logit model for the probability (ὴ ὖὶώ Ὡȿώ ȟ π Ὢέὶ Ὡ

ρȟỄȟ%) of transition to an event of type Ὡ with the following notation201 was used for the 

second objective. 

Upward BMI level 

Lower BMI level 

Unchanged 
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ὰέὫ ‌ Ὀ ‍ ὼ ό ,   Ὡ ρȟỄȟὉ 

Where: 

- Ὀ  are dummy functions for time and ‌ the effect of time duration 

- ὼ  are covariates at the individual level, and ‍ is the effect of those covariates on 

the log odds of the transition 

- ό ȟό ȟỄȟό  capture random effects of unobserved individual factors specific to 

each type of event. 

The άὰέὫὭὸ command in Stata version 15.0202 was used in finding out the relative risk for 

transiting upwardly, downwardly, remaining in overweight state, or obese state in 

comparison to remaining in the normal state. 

2.4.3 Growth curve trajectory model 

Repeated measures, panel or longitudinal data such as is produced in NiDS and BT20 

samples can be used to study life course health outcomes in a population. A growth curve 

ǘǊŀƧŜŎǘƻǊȅ ŘŜǎŎǊƛōŜǎ ǘƘŜ ŜǾƻƭǳǘƛƻƴ ƻŦ ŀƴ ƛƴŘƛǾƛŘǳŀΩǎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ ƻǾŜǊ ŀƎŜ ƻǊ ǘƛƳŜ.203  

Growth curve model (GCM) can be used for examining how individuals change on one (or 

more) observed outcome variable over time. In GCM repeated measurement of observed 

variables are used as indicators of latent variables that represent different aspects of 

ƛƴŘƛǾƛŘǳŀƭΩǎ ŎƘŀƴƎŜΦ204 A simple linear model in time takes the form:205 

ώ ‍ ‍ὸὭάὩὶ,  

where Ὥ and Ὦ indexes person and measurement occasion, ώ  represents the outcome of 

interest (BPs). ‍  is the intercept for the BP trajectory for participant Ὥ, ‍  the slope of the 

trajectory for participant Ὥ per unit change in time, ὸὭάὩ the time corresponding to each 

measurement, and ὶrepresents the random error or unexplained deviations from the 

trajectory for person Ὥ. The intercept (‍ ) and slope (‍ ) carry the person-level subscript Ὥ 

as they are assumed random and allowed to vary across participants.206 In this PhD thesis, 

the results for Chapter 5 (Paper 3) were based on this model that defined a curvilinear 

growth form of the fourth degree (i.e. by including the quadratic, cubic and 4th degree 
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polynomial terms for ὸὭάὩ.) This model was fit on the BP data using ᴂάὭὼὩὨᴂ command in 

Stata SE Version 15.0.202 

The developing of raised blood pressure and body mass index in a population may produce 

clustering of persons by groups that show decreasing, increasing or stable trajectories. A 

special case of the growth curve modelling tries to identify clusters of distinct developmental 

trajectories in a health or social outcome for a given population.207 Interest lies in finding the 

distribution of an outcome conditional on age, or more specifically, the conditional 

probability distribution of ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ BP trajectories denoted by ὖὣȿὃὫὩ where ὣ 

and ὃὫὩ are the vectors of the repeated measurements of BP and age for individual Ὥ. 

Mathematically this is written as, ὖὣȿὃὫὩȟὮȠ ‍ В “ὖὣȿὃὫὩȟὮȠ ‍ , where “  is 

the probability of membership in group Ὦ and  the unknown parameter ‍ determines the 

shape of the group-specific trajectory. In this study, the censored normal distribution (Tobit 

model) was considered ideals since the repeated BP measurements were on a continuous 

scale which may be censored by either a scale minimum or maximum or both.208 

Identifying distinct trajectories at different phases of life as well as examining the factors 

related to the trajectories is important for planning tailored and well-targeted health 

promotion strategies and interventions.207 An extended analysis for objective 3 of the PhD 

study focussed on identifying groups of BP trajectories and how these trajectories were 

influenced by the time varying effect of BMI. ¢ƘŜ {ǘŀǘŀΩǎ ǇƭǳƎƛƴ Ƴƻdule (ὸὶὥὮ)209 was used in 

the identification of the groups. In the process for finding out the ideal number of groups of 

trajectories and the shapes of the trajectories, a null model with two groups was chosen as 

the starting point. This process was sequentially followed by improving model complexity 

using combinations of null, linear and polynomial terms and also by varying the number of 

groups. The command provides output for Walds test for the significance of model 

parameters, and Bayesian Information Criterion (BIC) and Akaike Information Criterion (AIC) 

for comparing the model differences.  

2.5 Motivation for using NiDS and BT20 secondary data 

The focus of the study was estimation of hypertension prevalence, blood pressure changes, 

and the transition rates between BMI categories. Unlike many studies in South Africa which 

concentrate in a single geographical setting at a single time point, this study looks at all the 

districts in the country simultaneously and at multiple times thus making it unique, also 
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given the use of advanced statistical methods of multilevel and panel data estimation 

methods. In addition, each added panel/wave of both the NiDS and BT20 data used in this 

study potentially introduces new information, which needs to be understood, and this is in 

line with the data mining paradigm for knowledge discovery that builds up as databases 

grows.210 The analyses used in the study have not specifically been applied to the two 

datasets in answering the research questions stated in this study. 

The NiDS data at various waves has been used in hypertension and BMI related research. 

BMI work includes estimation of the average rate of change using the first 3 waves of 

data,211 and ŀǎǎŜǎǎƳŜƴǘ ƻŦ Ƙƻǿ ŦƻƻŘ ŎƘƻƛŎŜǎ ŀƴŘ ƳŜŀǎǳǊŜŘ .aL ǊŜƭŀǘŜǎ ǘƻ ǇŜƻǇƭŜΩǎ ǎŜƭŦ-

perceived health status using the 2014/15 wave data.212 Other studies have looked at how 

BP varied seasonally and how it differs by socioeconomic standards.213, 214 

Some of the studies done using the BT20 data for mothers and caregivers include 

assessment of self-reported physical activity patterns and association with anthropometric 

measures and metabolic outcomes,215 ŀƴŘ ŎƻƳǇŀǊƛǎƻƴ ƻŦ Ƙƻǿ άǊƛǎƪ ŦŀŎǘƻǊǎ ŦƻǊ 

cardiovasculaǊ ŘƛǎŜŀǎŜǎ ŀƴŘ ǘȅǇŜ н ŘƛŀōŜǘŜǎ ŘƛŦŦŜǊŜŘ ōȅ ƭŜǾŜƭǎ ƻŦ ǇƘȅǎƛŎŀƭƭȅ ŀŎǘƛǾƛǘȅΦέ216 Other 

studies have aimed to propose an acceptable cut-off point for determining metabolic 

disorders,217 ŀƴŘ Ƙƻǿ ŀ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ άōƻŘȅ ŎƻƳǇƻǎƛǘƛƻƴ ƳŜŀǎǳǊŜǎ ǊŜƭŀǘŜ ǿƛǘƘ ōƭƻƻŘ 

ǇǊŜǎǎǳǊŜ ό.tύ ŀƴŘ ƛƴŎƛŘŜƴǘ ƘȅǇŜǊǘŜƴǎƛƻƴΦέ218 

2.6 Ethical considerations 

Ethical approval (M170866) was granted by The Human Research and Ethics Committee 

(HREC) of the University of the Witwatersrand, Johannesburg. The research involves no 

direct health risk to either the NiDS or BTT20 survey respondents or any risk of regarding 

diffusion of personal details since no personal identifiers are provided to the publicly availed 

data.  
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CHAPTER 3: PAPER 1 

Wandai ME, Norris SA, Aagaard-Hansen J, Manda SO. Geographical influence on the 

distribution of the prevalence of hypertension in South Africa: a multilevel analysis. 

Cardiovasc J Afr. 2020;31(1):47-54. 

Abstract 

Background: As a response to the growing burden of non-communicable diseases, the South 

African government has set targets to reduce the prevalence of people with raised blood 

pressure, through lifestyle changes and medication, by 20% by the year 2020. It has also 

recognised that the prevalence varies at local administrative level. The study aim was to 

determine the geographical variation by district of the prevalence of hypertension among 

South African adults aged 15 years and above. 

Methods: Data from all five waves of the National income Dynamics Study, a panel survey, 

were used for estimation by both design-based and multilevel analysis methods. In the 

multilevel analysis, a three-level hierarchy was used with repeated measurements in the first 

level, on participants in the second level, and districts in the third level. 

Results: After accounting for demographic, behavioural, socio-economic and environmental 

factors, significant variation remained in the prevalence of hypertension at the district level. 

Districts with higher-than-average prevalence were found mostly in the south-western part 

of the country, while those with a prevalence below average were found in the northern 

area. Age, body mass index and race/population group were the individual factors found to 

have a strong effect on hypertension prevalence for this sample. 

Conclusions: There were significant differences in hypertension prevalence between districts 

and therefore the method of analysis and the results could be useful for more targeted 

preventative and control programmes. 

Keywords: district variability; hypertension prevalence; multilevel analysis; random effects. 
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3.1 Background 

Hypertension is a major risk factor and consistent predictor for cardiovascular diseases such 

as coronary heart disease, stroke, transient ischemic attack, and congestive heart failure.7, 8 

A study based on data from the 36-year follow-up Framingham Study pointed out the urgent 

need for primary prevention of hypertension by addressing associated risk factors through 

weight control, exercise, and reduced salt and alcohol intake.219 In 2015, global age-

standardised prevalence of raised blood pressure was estimated to be 24·1% (21·4-27·1) of 

men and 20·1% (17·8-22·5) of women. The number of adults with raised blood pressure 

having increased from 594 million in 1975 to 1·13 billion in 2015, with the increase largely in 

low-income and middle-income countries (LMIC).135 According to the 2012 South African 

National Health and Nutritional Examination Survey (SANHANES), prevalence of 

hypertension was approximately 26.0%,76 and the 2016 Demographic Health Survey 

estimated the prevalence to be 46.0% and 44.0% for women and men respectively.15 A 

number of studies have reported higher than global average prevalences in the LMIC,220-222 

and this has been attributed to non-compliance with treatment, urbanisation, population 

ageing and behavioural risk factors including tobacco and alcohol use, poor diet and physical 

inactivity.220, 222, 223  

In  2013, the South African National Department of Health (NDoH) developed a Strategic 

Plan for the Prevention and Control of Non-Communicable Diseases, which targets to reduce 

the prevalence of people with raised blood pressure by 20% by the year 2020, through 

lifestyle and medication.29 While prevalence has been estimated at both the provincial and 

national levels, little is known on the prevalence of hypertension at levels below the 

province due to limited data that can reliably be used for estimation.  

In South Africa, existing surveillance and estimation of hypertension and other NCD related 

risk factors are overwhelmingly focused at the first (national) or second (provincial) level 

geographies,76, 77, 224, 225 but gaining a better understanding of variations at the finer 

resolutions (district level in particular) could be important in decision making for improving 

the effectiveness and efficiency in the response to hypertension. While efforts have been 

made to estimate hypertension prevalence at the district level, the method used has fallen 

short as it does not account for factors that are known to be associated with the prevalence.  

In one study, district-based prevalence of cardiovascular comorbidities, including 

hypertension were estimated using an outdated dataset (1998 South African Demographic 
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Health Survey(SADHS)).226 National prevalence of disease can conceal important differences 

in prevalence in subnational areas.227 In most high-income countries (HICs) where data are 

available to finer geographies such as counties, NCD related studies have shown existing 

substantial heterogeneity in the prevalence of these diseases and associated risk factors 

between sub-regions within a country.141, 228, 229 

The aim of this study was therefore to profile the variations in hypertension prevalence 

ōŜǘǿŜŜƴ ŘƛǎǘǊƛŎǘǎ ƛƴ {ƻǳǘƘ !ŦǊƛŎŀ ŀŦǘŜǊ ŎƻƴǘǊƻƭƭƛƴƎ ŦƻǊ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭΩǎ ŘŜƳƻƎǊŀǇƘƛŎΣ ǎƻŎƛŀƭΣ 

economic, behavioural, and environmental variables. 

3.2 Methods 

3.2.1 Data source 

The 2008, 2010/11, 2012, 2014/15 and 2017 samples for individuals aged 15 years and 

above from the National income Dynamics Study (NiDS) panel survey were used in the study. 

The survey provides a large nationally representative sample that is stratified by the 

ŎƻǳƴǘǊȅΩǎ рн ŘƛǎǘǊƛŎǘǎΦ  

3.2.2 Population and sample 

The target population is composed of  individuals, 15 years and above, in private households 

ŀƴŘ ǊŜǎƛŘŜƴǘǎ ƛƴ ǿƻǊƪŜǊǎΩ ƘƻǎǘŜƭǎΣ ŎƻƴǾŜƴǘǎ ŀƴŘ ƳƻƴŀǎǘŜǊƛŜǎΣ ōǳǘ ŜȄŎƭǳŘŜǎ ƻǘƘŜǊ ƭƛǾƛƴƎ 

ǉǳŀǊǘŜǊǎ ǎǳŎƘ ŀǎ ǎǘǳŘŜƴǘǎΩ ƘƻǎǘŜƭǎΣ ƻƭŘ ŀƎŜ ƘƻƳŜǎΣ ƘƻǎǇƛǘŀƭǎΣ ǇǊƛǎƻƴǎ ŀƴŘ ƳƛƭƛǘŀǊȅ ōŀǊǊŀŎƪǎΦ 

The sampling technique employed in panel study is exhaustively discussed elsewhere.188  The 

sample retained for the study includes respondents who had at least two BP measurements 

taken at the time of the survey. 

3.2.3 Outcome variable 

The outcome of interest was hypertension prevalence for individuals with systolic/diastolic 

BP of more than 140/90 mmHg or on medication for hypertension. BP measurements for 

each panel were taken twice from each survey respondent. Valid BP measurements were 

determined according to previously applied criterion225, 230 as follows: 1) if the second 

systolic or diastolic BP differed by more than 5 mmHg, the first BP reading was excluded; and 

2) a set of BP readings (systolic and diastolic) was retained in the data set if the systolic BP 

was 80 mmHg or larger AND if the systolic BP was at least 15mmHg larger than the diastolic 
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BP level. A final systolic/diastolic blood pressure was calculated as the average of the valid 

blood pressure measurements. 

Table 3.1: Sample by wave for participants 15 years and above (South Africa) 

Wave Valid hypertension data Total sample Percentage valid 

2008 14 135 18 617 75.9 
2010/11 15 128 21 943 68.9 
2012 18 393 25 228 72.9 
2014/15 22 526 28 460 79.1 
2017 23 605 32 123 73.5 

Total 93 787 126 371 74.2 

3.2.4 Explanatory (risk factors) variables 

Several factors known to be associated with hypertension and recorded in the NiDS data 

were adjusted for in estimating the prevalence of hypertension using the multilevel logistic 

regression. Important factors at the individual level were demographic factors age, gender 

and population group (self-identification as African, Coloured, White, Asian/Indian); 

biological factor (specifically BMI); behavioural factors alcohol use (Never used and 

past/current user), smoking status (Never and Past/current) and physical exercise (None or 

some exercises); social and economic factors education leveƭ όҖtǊƛƳŀǊȅ ǎŎƘƻƻƭΣ IƛƎƘ ǎŎƘƻƻƭΣ 

and post high school), employment status (Employed, Unemployed or economically 

inactive), medical cover status (membership subscription to a registered medical aid 

provider), residency type (urban and Traditional/Farms), and income tertile calculated from 

equivalised per capita household income (household income divided by square root of 

number of people in household); and one environmental factor, the season (Summer, 

Autumn, Winter and Spring) when the BP measurements were taken. Subjects self-

identifying as Whites or Indians/Asians were combined in the analysis as they had relatively 

smaller sample sizes. The alcohol use variable was not available for wave 5 (2017), and so 

the last observed status (from previous waves) was used or indicated as unknown if subject 

was not in previous waves. 

3.2.5 Statistical Analysis 

The prevalence of hypertension was estimated using the following two statistical methods 

reporting results at the district level.  
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Design-based analysis 

Design ōŀǎŜŘ ŜǎǘƛƳŀǘŜǎ ǳǎƛƴƎ ǘƘŜ ǎǳǊǾŜȅΩǎ Ǉƻǎǘ-stratification weights. This first step of the 

analysis was to estimate the prevalence of hypertension nationally and by the levels of each 

explanatory variable on univariate basis, followed by the estimation of the prevalence by 

districts. 

Multilevel analysis model 

A three-level multilevel analysis model where periodic (survey waves or the repeated 

measurements) hypertension statuses (first level) are nested in individual respondents 

(second level) nested within districts (third level). The risk factors listed above were adjusted 

for in the model. On the basis of population group, Caucasians and Asians were combined 

due to relatively small sample sizes especially for Asians and referred in this analysis as 

ΨhǘƘŜǊΩ population groups. 

1. Level-specific distribution of hypertension variance. This step aimed at estimating 

the distribution of the hypertension prevalence variance between the three levels, 

and the proportion of variance explained by the individual-level demographic, 

behavioural and socio-economic risk factors. This involved first fitting a multilevel 

model without the covariates (a null model), which allowed partitioning the variance 

between the hierarchical levels. This was followed by constructing a full model that 

adjusted for the risk factors (covariates) stated above. The variance structure was 

described by the variance partition coefficient (VPC) and the level-specific change in 

variance (Ds2). The VPC measures the proportion of variance explained by each level 

within the model and the level-specific change in variance measures the proportion 

of change in variance for each level between the null and the adjusted model. Taken 

together, these two measures describe how much of the variation is explained by the 

variables included in the model. 

2. Association of hypertension prevalence with individual-level risk factors. Using the 

fully adjusted model, odds ratios and p-values were calculated for each risk factor in 

the model. 

3. Estimation of adjusted hypertension prevalence at the district units. This involved 

using the predicted individual probability for hypertension in estimating the 
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prevalence at district-level. The estimated prevalences and 95% CI for each district 

unit were graphically presented to profile districts. This procedure allowed a 

visualization of which units are significantly different from the national prevalence. 

Low or excess hypertension risk was also presented spatially to show the clustering of 

districts with either lower or higher than average hypertension prevalence. Further 

analysis was done allowing for hypertension prevalence to vary by age and BMI at the 

geographic (district) level. This analysis was used to graphically identify units with 

relatively steeper slopes by age and BMI.  

All analyses were performed using Stata version 15.202 For design-based prevalence 

estimates, the ȬÓÖÙȡ ÔÁÂȭ command for two-way tabulation was used, while the mixed effect 

logit (ÍÅÌÏÇÉÔ) command was used for the multilevel analysis. The ᴂÔÍÁÐ (Thematic maps) 

package231 in the R Foundation for Statistical Computing platform was used to draw the 

map. 

3.3 Results 

3.3.1 Design-based (unadjusted) prevalence of hypertension 

The univariate (weighted) analysis (Table 3.2) show a decreased trend in hypertension 

prevalence, except for a slight increase in 2012 period. On a period-by-period basis the 

prevalence of hypertension in females was higher than that of males. Age, BMI status and 

education level had the highest differentials with those relatively older (40+ years) having a 

prevalence that is about 4 times that of the younger adults (<40 years), and those whose 

BMI is 25 Kg/M2 or above (overweight or obese) having a prevalence almost double that of 

those with a BMI less than 25 Kg/M2 (normal weight). Subjects who had primary level 

education or no education had significantly higher prevalence compared to those with 

relatively higher education levels, and those who were unemployed had lower prevalence 

compared with the employed and economically inactive.  Those of African background had 

lower prevalence compared with the other population groups. Urban dweller, and those 

who had a medical aid, or engaged in no physical exercise, or had ever smoked, or had ever 

used alcohol, or whose BP measurements were taken in winter had hypertension 

prevalences higher than their respective counterparts. Those who were higher in the income 

band had prevalences significantly higher than those in the lower income level. 



39 
 

Table 3.2: Percentage [95% confidence intervals] of hypertension by covariate and period 
(South Africa) 

 

Characteristic 2008 2010/11 2012 2014/15 2017 Average (all) 

Gender 

Female 33.7 [31.7,35.7] 31.9 [30.2,33.7] 33.5 [31.8,35.2] 29.4 [27.8,31.0] 28.5 [27.1,29.9] 31.2 [30.1,32.4] 

Male 28.7 [26.5,30.9] 27.8 [25.5,30.2] 30.4 [28.0,32.9] 26.8 [24.7,28.9] 27.3 [25.6,29.1] 28.1 [26.5,29.8] 

Age group 

Җпл ȅŜŀǊǎ 16.4 [14.8,18.1] 16.0 [14.6,17.5] 17.3 [15.8,18.9] 13.8 [12.4,15.4] 13.9 [12.8,15.0] 15.3 [14.4,16.3] 

>40 years 58.0 [55.5,60.4] 55.0 [52.6,57.3] 57.2 [54.8,59.5] 53.0 [51.0,55.0] 52.7 [50.6,54.7] 55.0 [53.5,56.4] 

Race/population group 

African 29.2 [27.5,30.9] 28.2 [26.8,29.6] 30.0 [28.3,31.7] 25.6 [24.4,26.9] 25.4 [24.3,26.6] 27.5 [26.5,28.5] 

Mixed ancestry 41.7 [37.4,46.1] 41.1 [35.1,47.3] 40.2 [34.7,45.9] 39.3 [35.8,42.8] 38.3 [34.3,42.5] 39.9 [36.2,43.7] 

Asian/Caucasian 40.6 [35.8,45.7] 35.7 [29.0,43.1] 40.1 [35.1,45.4] 36.5 [29.5,44.2] 39.9 [35.7,44.3] 38.6 [34.7,42.6] 

Residency 

Urban 33.4 [31.2,35.6] 32.6 [30.6,34.7] 33.0 [30.8,35.2] 29.5 [27.5,31.6] 29.3 [27.8,30.9] 31.3 [29.9,32.7] 

Traditional/Farms 28.8 [26.8,30.9] 26.2 [24.6,27.9] 30.6 [28.6,32.7] 25.9 [24.5,27.3] 25.2 [23.8,26.7] 27.3 [26.2,28.5] 

Education level 

ҖtǊƛƳŀǊȅ 46.1 [43.4,48.8] 45.3 [43.1,47.6] 48.9 [46.3,51.4] 48.1 [45.9,50.3] 47.9 [45.5,50.4] 47.2 [45.4,49.0] 

High school 24.7 [22.6,26.8] 23.4 [21.6,25.3] 25.6 [23.6,27.8] 21.5 [19.7,23.4] 21.5 [20.1,23.0] 23.2 [21.8,24.7] 

Cert/Dip/Bachelors+ 28.1 [24.6,31.9] 28.3 [24.1,32.9] 31.0 [27.8,34.5] 26.8 [24.0,29.9] 29.4 [27.1,31.8] 28.7 [26.8,30.7] 

Income tertile 

Low 29.1 [27.3,31.0] 27.3 [25.7,28.9] 28.7 [26.5,30.9] 24.4 [22.5,26.4] 23.5 [20.6,26.7] 27.3 [26.1,28.5] 

Medium 33.3 [30.7,36.0] 31.8 [29.4,34.3] 32.4 [30.4,34.4] 27.7 [25.9,29.6] 26.1 [24.6,27.6] 29.9 [28.6,31.2] 

High 34.3 [31.3,37.4] 32.0 [29.1,35.0] 34.4 [31.8,37.1] 29.8 [27.7,32.0] 29.8 [28.3,31.3] 31.4 [29.9,32.9] 

Employment status 

Employed 32.8 [30.6,35.1] 31.4 [28.8,34.2] 32.9 [30.7,35.2] 28.6 [26.6,30.7] 27.8 [26.2,29.4] 30.3 [29.0,31.8] 

Unemployed 24.4 [21.8,27.1] 23.1 [19.9,26.7] 23.4 [20.6,26.5] 19.8 [16.8,23.1] 19.9 [17.4,22.7] 22.2 [20.6,23.9] 

Economically inactive 33.8 [31.3,36.3] 31.2 [29.5,33.0] 34.6 [32.5,36.7] 30.3 [28.5,32.1] 30.4 [28.8,32.1] 31.9 [30.5,33.3] 

Medical aid 

Yes 35.7 [31.3,40.4] 31.7 [26.7,37.2] 36.8 [32.7,41.0] 33.2 [28.9,37.9] 33.3 [30.0,36.7] 29.0 [28.0,30.1] 

No 30.8 [29.2,32.5] 29.7 [28.3,31.2] 31.3 [29.7,32.9] 27.2 [25.9,28.6] 26.9 [25.7,28.2] 34.1 [31.4,36.9] 

BMI 

Below overweight 21.5 [19.7,23.3] 20.1 [18.5,21.7] 21.2 [19.4,23.1] 16.8 [15.4,18.2] 17.1 [15.8,18.5] 19.1 [18.1,20.2] 

Overweight/Obese 40.7 [38.5,42.9] 38.7 [36.7,40.8] 41.9 [39.7,44.0] 38.6 [36.6,40.7] 38.2 [36.6,39.7] 39.5 [38.2,40.9] 

  

Never exercise 34.2 [32.5,36.0] 32.2 [30.5,33.9] 34.0 [32.3,35.8] 31.1 [29.5,32.6] 30.7 [29.4,32.1] 32.3 [31.3,33.4] 

Some exercise 26.7 [24.0,29.5] 25.4 [22.7,28.4] 27.8 [24.9,30.8] 23.1 [20.8,25.6] 22.8 [21.1,24.5] 24.9 [23.2,26.7] 

Alcohol use 

Yes 34.1 [31.5,36.9] 30.5 [27.4,33.8] 33.3 [30.7,36.0] 29.8 [27.4,32.3] 30.3 [27.7,33.0] 29.5 [28.3,30.8] 

No 30.6 [28.8,32.4] 29.9 [28.3,31.5] 31.6 [29.9,33.3] 27.3 [25.9,28.9] 28.4 [27.0,29.8] 31.4 [29.7,33.2] 

Unknown - - - - 23.5 [21.2,26.0] 23.5 [21.2,26.0] 

Smoking status 

Never smoked 30.6 [29.0,32.3] 29.2 [27.7,30.8] 31.0 [29.3,32.7] 26.7 [25.3,28.2] 26.9 [25.7,28.1] 28.7 [27.7,29.8] 

Ever smoked 33.9 [31.2,36.7] 33.2 [29.8,36.9] 35.9 [32.2,39.8] 32.3 [29.2,35.6] 30.9 [28.6,33.4] 33.1 [31.0,35.3] 
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Characteristic 2008 2010/11 2012 2014/15 2017 Average (all) 

Season of BP measurement 

Summer 29.3 [26.8,31.8] 24.4 [21.3,27.8] 25.3 [20.4,30.9] 25.4 [24.0,26.9] 24.7 [23.0,26.5] 26.1 [25.0,27.3] 

Winter 35.8 [32.8,39.0] 31.9 [29.8,34.1] 32.9 [30.7,35.2] 32.2 [27.9,36.8] 31.3 [29.2,33.4] 32.5 [31.2,33.9] 

Autumn/Spring 32.2 [29.7,34.9] 28.8 [26.6,31.2] 31.6 [29.4,33.9] 30.5 [27.9,33.3] 29.0 [27.1,30.9] 30.4 [29.0,31.8] 

All 31.5 [29.9,33.1] 30.0 [28.6,31.5] 32.1 [30.5,33.8] 28.2 [26.8,29.6] 27.9 [26.7,29.1] 29.8 [28.7,30.9] 

Figure 3.1 shows the unadjusted weighted hypertension prevalence and 95% confidence 

interval for SA districts. The average national prevalence was 29.8% (95% confidence interval 

28.7%-30.9%: green band). Approximately 8 districts show a prevalence that is lower than 

that of the national, while about 16 districts show a prevalence that is significantly higher 

than that at the national level.  These estimates though are imprecise as characterised by 

the large confidence intervals.  Except for A Nzo and OR Tambo (both in the Eastern Cape 

Province), the districts with lower-than-average prevalence are found in the north-eastern 

provinces of Limpopo and Mpumalanga. By contrast, the districts with higher prevalence 

than average are from the Western Cape and Northern Cape provinces. In between these 

two extremes lies majority of the districts whose prevalence is approximately equal the 

average. The districts are mostly found in KwaZulu-Natal, Gauteng, parts of Free State and 

Eastern Cape, and North West provinces.  
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Figure 3.1: Design based hypertension prevalence rates by districts in South Africa 

3.3.2 Factors associated with hypertension  

After accounting for other factors, the greatest effect on hypertension was shown to be 

basically from the demographic factors of age and race/ethnicity, where the odds ratio is 

approximately 5.5 times more for every 5 years increase in age, while the Coloured and 
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Black African populations respectively are about 2.5 and 1.5 times more likely to be 

hypertensive compared with other population groups (Whites and Asians.) Other factors 

associated with hypertension prevalence were BMI (OR=2.29, p=0.001 for those with BMI at 

least 25.0 Kg/M2), alcohol use (OR=1.25, p<0.001), season (OR=1.33, p<0.001 for winter vs. 

Autumn/Spring) and residency (urban vs. traditional/ farm, OR=1.12, p<=0.011). Adjusted 

prevalence was more likely to be lower for females compared with males and decreased 

with level of education. Medical aid and smoking status were not found significant predictor 

of hypertension prevalence for these samples. 

Table 3.3: Fixed and random effects associated with hypertension prevalence (South Africa) 

Factor Category 
Odds ratio (95% 
CI) 

p-
value 

Period/year (vs. 2008) 

2010/11 0.72 (0.66-0.78) 0.000 

2012 0.81 (0.75-0.88) 0.000 

2014/15 0.75 (0.70-0.81) 0.000 

2017 0.64 (0.59-0.70) 0.000 

Gender (vs. Male) Female 0.86 (0.80-0.92) 0.000 

Age Age 1.11 (1.10-1.11) 0.000 

Race/ethnicity (vs. 
Asian/Caucasian) 

African 1.52 (1.30-1.78) 0.000 

Mixed ancestry 2.56 (2.13-3.07) 0.000 

Residency (vs. Traditional/Farms) Urban 1.12 (1.03-1.22) 0.011 

Education level (vs. Pry &below) 
High school 0.86 (0.80-0.93) 0.000 

Cert/Dip/Bachelors+ 0.76 (0.68-0.84) 0.000 

Income tertile (vs. Low) 
Medium 0.90 (0.85-0.96) 0.001 

High 0.96 (0.89-1.03) 0.231 

Employment status (vs. Employed) 
Unemployed 0.97 (0.90-1.04) 0.375 

Economically inactive 0.93 (0.87-0.99) 0.014 

Has Medical aid Yes 1.01 (0.91-1.11) 0.861 

.aL όǾǎΦ ҖbƻǊƳŀƭ ǿŜƛƎƘǘύύ 
Overweight/obesity 
όҗнрύ 

2.29 (2.16-2.42) 0.000 

Physical exercise (vs. No exercise) Some exercise 0.98 (0.92-1.03) 0.438 

Alcohol use (vs. Never used) 
Yes 1.25 (1.17-1.33) 0.000 

Unknown 1.06 (0.93-1.20) 0.384 

Smoking status (vs. Never smoked) Ever smoked 1.00 (0.93-1.08) 0.920 

Season (vs. Autumn/Spring) 
Summer 0.80 (0.76-0.85) 0.000 

Winter 1.33 (1.26-1.40) 0.000 

Random effects 
District 0.11 (0.07-0.18)   

Individual 3.32 (3.13-3.51)   
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3.3.3 Hypertension variance 

Table 3.4 presents the distribution of variance at the individual and district levels. Most of 

the variance for both the unadjusted and adjusted models is at the individual level. The 

variance partition coefficient (VPC) shows the proportion of hypertension prevalence 

variation at the district level to be 3.5%. When adjusting for the explanatory variables, about 

1.9% (3.5-1.6%) of the variance in the higher level (district) is explained by the geographic 

distribution of demographic, behavioural, socio-economic and environmental factors. 

Table 3.4: Variance partition and specific-level change in variance between the null and the 
adjusted model 

Variance 
component 

Null model: 
Variance (SE) 

Adjusted model: 
Variance (SE) 

Change in variance 

(Ds2) 

Individual 8.47 (0 .224) 3.32 (0.0963) -60.8% 

District 0.430 (0.082) 0.110 (0.026) -74.4% 

Individual VPC 69.4% 49.4%  

Geographic VPC 3.5% 1.6%  

The level 1 variance όǿƛǘƘƛƴ ƛƴŘƛǾƛŘǳŀƭǎΩ ƻōǎŜǊǾŀǘƛƻƴύ ƛǎ ǘƘŜ ŦƛȄŜŘ ǾŀƭǳŜ оΦнф όˉ2/3), which is 

the value assigned for a multilevel logistic regression. 

3.3.4 Adjusted prevalence at the district level 

The risk factor adjusted prevalence estimates unlike the unadjusted (weighted) prevalences 

had narrower confidence intervals, and only about 10 districts had prevalences 

approximately equal the average prevalence. A common scenario under both estimation 

methods is that most of districts with lower-than-average prevalences were found in the 

northern and north-eastern part of the country (Figure 3.1, Figure 3.2 & Figure 3.3), while 

those with higher-than-average prevalence were mostly in the south and south western 

ǇŀǊǘǎ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅ ό¢ƘŜ Ψ/ŀǇŜΩ ǇǊƻǾƛƴŎŜǎύΦ !ƭƭ ǘƘŜ ŘƛǎǘǊƛŎǘǎ ƛƴ ǘƘŜ ²ŜǎǘŜǊƴ /ŀǇŜΣ ŜȄŎŜǇǘ 

Cape Town, and all the provinces in Northern Cape except Frances Baard had prevalences 

above average. All districts in Limpopo, Mpumalanga and Gauteng had prevalence below 

average. 

 

 



44 
 

 

Figure 3.2: Mean difference in hypertension prevalence and 95% confidence interval for SA 
districts (Adjusted model) 
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Figure 3.3: Spatial clustering of hypertension prevalence by districts 

3.3.5 Random district slopes for age and BMI 

The effect of age for some districts is lower (districts whose slopes below the red horizontal 

line in Figure 3.4) than its overall effect. These districts include all in Limpopo Province, and 

most of those in Kwa-Zulu Natal and Eastern Cape. The effect of BMI is relatively stronger in 

most of districts in Limpopo, Free State, Northern Cape and Kwa-Zulu Natal, and least for 

most districts in the Eastern Cape. 
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Figure 3.4Υ {ŎŀǘǘŜǊ Ǉƭƻǘ ŦƻǊ ŘƛǎǘǊƛŎǘǎΩ ǊŀƴŘƻƳ ǎƭƻǇŜǎ ŦƻǊ ŀƎŜ ŀƴŘ .aL 

3.4 Discussion 

The purpose of this study was to analyse the degree of hypertension prevalence variation for 

adults aged 15 years and above, at the district level, before and after adjusting for risk 

factors associated with hypertension. According to the results of the multilevel model, 

factors that explained variation in hypertension status in this study were found consistent in 

certain aspects with previous research. For example, age and BMI the two strongest factors 

affecting hypertension prevalence in this study have been so found in other studies.148, 232-235 

The effect of gender on hypertension has been conflicting with some studies showing weak 

association with females have chances of lower prevalence than males,234-236 while other 

have showed no association.148, 233, 237 The results in the multivariate analysis in this study 

showed that women have lower hypertension prevalence compared with men.   

Alcohol use (past or current) has also been found to increase risk of hypertension in some 

studies,103, 233, 238 while in another study no relationship was found.234 Smoking status, 

education, and employment status have also given conflicting results from various 

studies.148, 234 The mixed ancestry and Africans were found in the multilevel logistic 
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regression to have increased prevalence of hypertension compared with Asians/Caucasians. 

This is consistent with a study done in the United States of America where there are such 

groups of mixed ancestry.239 The univariate analysis showed that prevalence for those who 

had subscription to a medical aid provider was higher compared with those without medical 

aid, but the multivariate analysis showed no association. This is possibly because its 

confounding effect was reduced by income level and education. The percentage of those 

subscribed to a medical aid cover increased with higher income and education.  

The study also found seasonal effects with the odds of increased hypertension prevalence 

being higher in the winter months compared with the summer. This is consistent with other 

studies that have shown cold ambient temperatures to be associated with elevated blood 

pressure, 240-243 and therefore the effect has also been found to be larger in winters than in 

summers.213, 244, 245 

Analyses of variance at the individual and district levels showed differences in the 

hypertension prevalence variance distribution at the higher level (district), with a variance 

partition coefficient (VPC) of 3.8% and 2.1% for the null and the risk-factor adjusted models 

respectively. After adjusting for the effect of the risk-factors, the level-specific change in 

variance (Ds2) was equally important at both the individual and district levels. This implies 

that the risk factors were unequally distributed between the individuals and between 

districts. This could possibly be the reason for the difference in race/ethnicity-wise results 

between the unadjusted and the adjusted estimates. The unadjusted prevalence showed 

that prevalence was highest in Asian/Caucasians, followed by the mixed ancestry and lowest 

in Africans, while the adjusted estimates showed lower chances of hypertension in 

Asians/Caucasians. This most likely was due to reduced confounding effect of age whose 

average was highest in Asians/Caucasians, followed by the mixed ancestry and lowest for 

Africans. A previous study had found age-standardised self-reported hypertension to be 

highest in mixed ancestry women followed by African women.158 

There are important geographic variations in hypertension prevalence between districts in 

South Africa even after controlling for socio-demographic and behavioural background 

factors. Districts with lower-than-average prevalence were mostly in the North-Eastern part 

of the country (Limpopo, Mpumalanga, and Gauteng provinces) while those with higher-

than-average prevalence are mostly found in Western, Eastern and Northern Capes 

provinces. Most of these districts are coastal districts that neighbour the Atlantic Ocean or 

are in close vicinity to the Atlantic Ocean. A previous study that limited geographic variation 
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of hypertension to provincial level had found similar clustering of hypertension 

prevalence.232 

Identifying districts (sub-units) with high and low hypertension prevalence could be useful in 

programming public health interventions. Districts with high hypertension burden could be 

considered for targeted prevention and control program rather than one for all national 

intervention program. As governments especially in the Low- and Middle-Income Countries 

(LMICs) are faced with multiple needs and limited resources, their role of ensuring that all 

people have equitable access to the preventive, curative and rehabilitative health services 

they need to prevent them developing hypertension and its complications is critical.246-248 

Our study has shown that, although majority of South African districts have approximately 

the same burden of hypertension, some have a heavier burden than others, even after 

accounting for risk factors documented to have a strong influence on hypertension 

prevalence.  

The effects of age and BMI on hypertension prevalence were found to vary from district to 

district, whereby their slopes were higher in some districts relative to others. Health services 

that address the risks of hypertension, for example, body mass should more target such 

areas. 

3.5 Conclusions 

The results from this study shows that there are significant differences in the prevalence of 

hypertension at the district level. The districts with higher-than-average prevalence appear 

to be clustered together as are those with lower-than-average prevalence. An implication of 

these results is that there could still be other risk factors, not captured in the data, that are 

associated with hypertension prevalence, and which are also distributed unequally between 

the districts. Still, it could be that there are differentials at the clusters of districts in the 

prevention, management and control of hypertension. Effective management, even without 

complete control could imply people living longer with the condition, thereby increasing 

prevalence. On the other hand, districts with low prevalence could indicate poor 

management which could result in hypertensive related deaths. Alternatively, low 

prevalence could also be a result of low incidence rates or effective prevention and control 

interventions. These could be issues for further and related research and in particular an 

examination of the impact of district level covariates (factors). 
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3.6 Strengths and limitations 

To the best of our knowledge this is the only study to have estimated the prevalence of 

hypertension at the district level, taking into consideration the associated risk factors. The 

study, however, has a few limitations. First, while the study sample is big enough to allow 

credible estimates of hypertension at the national level, the samples at the district level 

were not large enough and this resulted in wide confidence intervals for the estimated 

prevalence rates. Secondly, although in the present study we adjusted for seasonal variation 

when the BP measurements were taken for each subject, it was not possible to fully adjust 

for ambient temperatures since the measurements were not available in our data set. 

Thirdly, although we adjusted for race/ethnicity in the analysis, it is good to understand that 

it is possible that there could be differences accountable by difference within the same 

race/ethnic group especially for the Africans who are also characterised by differences by 

tribes. The dataset did not have details on ethnicity or tribe. Few studies in sub-Saharan 

Africa (SSA) have shown variability of hypertension by ethnicity. In Nigeria, prevalence of 

hypertension was found to differ significantly by ethnicity after adjusting for age, gender, 

place of residence and socio-economic status.249 Similarly, some evidence of ethnic variation 

has been reported in Kenya where statistically significant differences between ethnic groups 

were reported after adjusting for socio-demographic and other cardiovascular risk factors,250 

but a study from Nigeria and Cameroon did not find any association of hypertension with 

ethnicity.251 It may be interesting to analyse other aspects of diet and cultural differences in 

food intake, such as salt and sugar consumption, both of which were not available in our 

dataset, and are known for their high influence on hypertension. 
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Abstract 

Objective To profile the prevalence of the three-category body mass index (BMI) 

classification by sociodemographic characteristics, and to calculate the percentage 

transitioning (or not) from one BMI category to another, to inform South African health 

policy for the control of obesity and noncommunicable diseases. 

Methods We used data from the National Income Dynamics Study, including 

sociodemographic characteristics and BMI measurements collected in 2008, 2010, 2012, 

2014 and 2017. For each data collection wave and each population group, we calculated 

mean BMI and prevalence by category. We also calculated the percentage making an 

upwards transition (e.g. from overweight to obese), a downwards transition or remaining 

within a particular category. We used a multinomial logistic regression model to estimate 

transition likelihood. 

Findings Between 2008 and 2017, mean BMI increased by 2.3 kg/m2. We calculated an 

increased prevalence of obesity from 19.7% (3686/18 679) to 23.6% (3412/14 463), with 

the largest increases in prevalence for those aged 19ς24 years and those with at least high 

school education. The percentages of upwards transitions to overweight or obese 

categories increased sharply between the ages of 19 and 50 years. Once overweight or 

obese, the likelihood of transitioning to a normal BMI is low, particularly for women, those 

of higher age groups, and those with a higher income and a higher level of education. 

Conclusion In the development of national strategies to control obesity and 

noncommunicable diseases, our results will allow limited public health resources to be 

focused on the relevant population groups. 

https://dx.doi.org/10.2471/BLT.20.255703
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4.1 Introduction 

The mean body mass index (BMI) of the African population is increasing,252 resulting in a 

steady rise of the prevalence of people being overweight or obese across Africa, with the 

southern part of Africa being most affected.252, 253 In 2016, the prevalence of the population 

ŀƎŜŘ җ мр ȅŜŀǊǎ ōŜƛƴƎ ƻǾŜǊǿŜƛƎƘǘ ƻǊ ƻōŜǎŜ ƛƴ {ƻǳǘƘ !ŦǊƛŎŀ ǿŀǎ су҈ ŦƻǊ ǿƻƳŜƴ ŀƴŘ ом҈ ŦƻǊ 

men.15 

Global efforts to combat obesity include the World Health Organization (WHO) Global 

Strategy on Diet, Physical Activity and Health,254 the Global Action Plan for the Prevention 

and Control of Noncommunicable Diseases 2013ς20204 and the United Nations (UN) High-

level Meetings of the General Assembly on Prevention and Control of Non-communicable 

Diseases. 255, 256 The Global Action Plan proposes the promotion of healthy diets by Member 

States to halt the rise in the prevalence of school children, adolescents and adults being 

overweight or obese. Similarly, the 2011 Sixty-sixth session of the UN Political Declaration of 

the High-level Meeting of the General Assembly on the Prevention and Control of Non-

communicable Diseases committed to strengthening national policies and health systems by 

promoting multisectoral and multi-stakeholder engagement to reverse, stop and decrease 

the rising trends of obesity in child, youth and adult populations.255 In line with global 

strategies and policies, the South African Department of Health developed the Strategic Plan 

for the Prevention and Control of Non-communicable Diseases 2013ς201729 and the 

Strategic Plan for the Prevention and Control of Obesity 2015ς2020;64 the targets of these 

strategic plans were to reduce obesity prevalence by 3% by 2017 and by 10% by 2020 in all 

ŀƎŜ ƎǊƻǳǇǎΦ ¢ƘŜǎŜ ǘǿƻ ǎǘǊŀǘŜƎƛŎ Ǉƭŀƴǎ ŀǊŜ ŀƭƛƎƴŜŘ ǿƛǘƘ ǘƘŜ ŀƎŜƴŘŀ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ нлол 

National Development Plan for the promotion of healthy diets and physical activity at 

schools, workplaces and in the general community.257 

Promotion and support through research is an essential component of global and national 

strategies for prevention and control of obesity and noncommunicable diseases.4, 29, 64, 254 

We anticipate that a better understanding of transitions between the BMI categories ς 

normal, overweight and obese (Table 4.1)258 ς will allow the improvement of interventions 

to reduce the prevalence of obesity. Our objectives are: (i) to profile the prevalence of the 

three BMI categories within a study population according to various sociodemographic 

characteristics, and to estimate the percentage of these population groups that underwent 
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transitions (or not) between BMI categories; (ii) to identify the factors associated with 

transitions between BMI categories; and (iii) to discuss the key public health implications of 

our findings for national obesity control strategies. 

4.2 Methods 

4.2.1 Study population 

The National Income Dynamics Study, first conducted in 2008, is a nationally representative 

panel study that collects information on a wide variety of social, demographic, economic and 

health characteristics of the civilian non-institutionalized population.188 We used data from 

the five completed waves of the panel survey (the subsequent four waves were conducted in 

2010, 2012, 2014 and 2017) from participants for which anthropometric measurements had 

also been recorded. In the first wave in 2008, the survey recorded weight and height 

measurements for the calculation of BMI for 21 002 individuals; 2323 (11.1%) were 

immediately lost to follow-up. Of the remaining 2008 sample of 18 679 individuals for which 

at least a second BMI calculation was recorded, 13 298 (71.2%), 15 331 (82.1%), 15 623 

(83.6%) and 14 463 (77.4%) are represented in the 2010, 2012, 2014 and 2017 waves, 

respectively. 

Table 4.1:Body mass index categories for children and adults, according to WHO258 

BMI category z-.aL ƻŦ ŎƘƛƭŘǊŜƴ όҖ му ȅŜŀǊǎύ BMI of adults (> 18 years) (kg/m2) 

Normal > ςн{5 ǘƻ Җ м{5 җ муΦр ǘƻ ғ нр 

Overweight Ҕ м{5 ǘƻ Җ н{5 җ нр ǘƻ ғ ол 

Obese > 2SD җ ол 

4.2.2 Study variables 

Our main study variable of interest is whether transition occurred from one BMI category to 

another during a particular period in time. This derived variable has seven possible 

outcomes: two downwards transitions (either from obese to overweight or from overweight 

to normal); two upwards transitions (either from normal to overweight or from overweight 

to obese); and three no-ǘǊŀƴǎƛǘƛƻƴ ƻǳǘŎƻƳŜǎΣ ǿƘŜƴ ŀ ǇŜǊǎƻƴΩǎ .aL ŎŀǘŜƎƻǊȅ ŘƻŜǎ ƴƻǘ ŎƘŀƴƎŜ 

from either normal, overweight or obese between two waves of the survey (Figure 2.4). If a 

population is experiencing a higher number of upwards than downwards transitions, the 

prevalence of adverse conditions will increase. 
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Our independent time-invariant variables were sex and race/ethnicity, and baseline time-

variant variables were age, whether urban or rural residence, education level, equivalized 

income level and frequency of physical exercise. To account for the economies of scale in 

household consumption, we used the equivalization method of the Organisation for 

Economic Co-operation and Development of dividing household income by the square root 

of the number of people within the household.259 

4.2.3 Statistical analysis 

For each BMI category and for each of the five waves of data collection, we calculated both 

average BMI with 95% confidence intervals (CI) and prevalence. To visualize how prevalence 

varies with age, we calculated the prevalence of all three BMI categories for all ages and 

averaged over all five data collection waves (2008ς2017). We also calculated the percentage 

within each population subgroup either transitioning to an upwards or downwards BMI 

category or remaining within the same category during the four periods between subse-

quent waves (i.e., ending in 2010, 2012, 2014 and 2017). We used a multinomial logistic 

regression to model the probability of transitioning (or not) from one BMI category to 

another, relative to the probability of remaining within the normal category. We performed 

all statistical analyses using Stata SE Version 15.0 (StataCorp, College Station, United States 

of America). 

4.3 Results 

4.3.1 Average BMI and prevalence 

Between 2008 and 2017, mean BMI increased by 2.3 kg/m2, from 23.1 to 25.4 kg/m2. We 

observed that the age group 7ς13 years experienced the highest increase (by 4.7 kg/m2), 

followed by the age groups 14ς18 years (3.3 kg/m2) and 19ς24 years (3.2 kg/m2; Table 4.2). 

²Ŝ ƴƻǘŜ ǘƘŀǘ ǘƘŜ ƎǊƻǳǇǎ ǘƘŀǘ ŘŜƳƻƴǎǘǊŀǘŜŘ ŀǘ ƭŜŀǎǘ ŀƴ ŀǾŜǊŀƎŜ ƛƴŎǊŜŀǎŜ ƛƴ ƳŜŀƴ .aL όƛΦŜΦ җ 

2.3 kg/m2) include women, Africans and Caucasians, rural dwellers, those with some 

education and those whose level of physical exercise was unknown. When examining the 

data by income, those with the lowest income demonstrated the largest increase in mean 

BMI (2.5 kg/m2ύΦ ²Ŝ ŀƭǎƻ ƻōǎŜǊǾŜŘ ǘƘŀǘ ǿƻƳŜƴΣ ǘƘƻǎŜ ŀƎŜŘ җ нр ȅŜŀǊǎΣ /ŀǳŎŀǎƛŀƴǎΣ ǳǊōŀƴ 

dwellers, those with no formal schooling, those with a high school education or more, those 

within the highest-income tertile and those exercising < 3 times per week had an average 



54 
 

BMI of > 25.0 kg/m2 for most, if not all, of the study period, contributing to the high 

prevalence of people being overweight and obese (Figure 4.1). 

Our data show an increase in the prevalence of obesity from 19.7% (3686/18 679) in 2008 to 

23.6% (3412/14 463) in 2017. In terms of age group, we observed the highest increase in the 

prevalence of obesity over this period in those aged 19ς24 years from 10.9% (227/2079) to 

28.4% (449/1581). In terms of education level, those with the most education (high school 

and above) demonstrated the largest increase in the prevalence of obesity from 25.2% 

(708/2811) to 40.1% (840/2093). The prevalence of people being overweight and obese was 

lowest for those aged around 11ς18 years (Figure 4.1). The prevalence of obesity increases 

steeply after this age up to around 50 years, when it reaches a plateau (Figure 4.1). Between 

the ages of 40 and 70 years, the prevalence of obesity is higher than that of normal BMI. 

Table 4.2: Mean body mass index and percentage of study population within each body mass 
index category by sociodemographic characteristics and data collection wave, South Africa, 
2008ς2017 

Sociodemographic 
property/data 
collection wave 

N 
Mean BMI (kg/m2) 
(95% CI) 

No. (%) within each category 

Normal Overweight Obese 

Sex 
     

Women 
     

2008 10 687 24.8 (24.5ς25.1) 5444 (50.9) 2374 (22.2) 2869 (26.8) 

2010 7 887 26.3 (25.9ς26.6) 3504 (44.4) 1881 (23.8) 2502 (31.7) 

2012 8 936 26.4 (26.1ς26.7) 4033 (45.1) 2270 (25.4) 2633 (29.5) 

2014 9 040 27.3 (27.0ς27.7) 3853 (42.6) 2154 (23.8) 3033 (33.6) 

2017 8 461 27.9 (27.5ς28.2) 3473 (41.0) 2057 (24.3) 2931 (34.6) 

Men 
     

2008 7 992 21.1 (20.8ς21.3) 5885 (73.6) 1290 (16.1) 817 (10.2) 

2010 5 411 22.2 (21.9ς22.6) 3737 (69.1) 1054 (19.5) 620 (11.5) 

2012 6 395 22.4 (22.0ς22.7) 4539 (71.0) 1196 (18.7) 660 (10.3) 

2014 6 583 22.4 (22.1ς22.7) 4985 (75.7) 1036 (15.7) 562 (8.5) 

2017 6 002 22.5 (22.2ς22.7) 4552 (75.8) 969 (16.1) 481 (8.0) 

Baseline age (years) 
     

0ς6 
     

2008 2 770 16.8 (16.6ς17.0) 1792 (64.7) 544 (19.6) 434 (15.7) 

2010 1 627 16.7 (16.4ς16.9) 1106 (68.0) 275 (16.9) 246 (15.1) 
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Sociodemographic 
property/data 
collection wave 

N 
Mean BMI (kg/m2) 
(95% CI) 

No. (%) within each category 

Normal Overweight Obese 

2012 2 468 17.0 (16.8ς17.3) 1780 (72.1) 387 (15.7) 301 (12.2) 

2014 2 571 17.9 (17.6ς18.1) 2090 (81.3) 321 (12.5) 160 (6.2) 

2017 2 479 19.2 (18.9ς19.4) 2029 (81.8) 314 (12.7) 136 (5.5) 

7ς13 
     

2008 3 458 17.8 (17.4ς18.1) 2781 (80.4) 378 (10.9) 299 (8.6) 

2010 2 327 19.8 (19.4ς20.2) 1733 (74.5) 359 (15.4) 235 (10.1) 

2012 2 973 20.7 (20.5ς21.0) 2306 (77.6) 485 (16.3) 182 (6.1) 

2014 3 026 21.8 (21.5ς22.0) 2375 (78.5) 459 (15.2) 192 (6.3) 

2017 2 807 22.5 (22.2ς22.8) 2128 (75.8) 442 (15.7) 237 (8.4) 

14ς18 
     

2008 2 384 21.5 (21.2ς21.8) 1899 (79.7) 329 (13.8) 156 (6.5) 

2010 1 761 23.1 (22.7ς23.4) 1230 (69.8) 358 (20.3) 173 (9.8) 

2012 1 803 23.7 (23.3ς24.0) 1254 (69.6) 368 (20.4) 181 (10.0) 

2014 1 953 24.2 (23.9ς24.5) 1253 (64.2) 387 (19.8) 313 (16.0) 

2017 1 803 24.8 (24.4ς25.3) 1070 (59.3) 392 (21.7) 341 (18.9) 

19ς24 
     

2008 2 079 23.5 (23.2ς23.9) 1445 (69.5) 407 (19.6) 227 (10.9) 

2010 1 455 24.6 (24.1ς25.1) 871 (59.9) 334 (23.0) 250 (17.2) 

2012 1 563 25.5 (24.9ς26.1) 847 (54.2) 395 (25.3) 321 (20.5) 

2014 1 703 26.2 (25.7ς26.7) 838 (49.2) 431 (25.3) 434 (25.5) 

2017 1 581 26.7 (26.1ς27.2) 718 (45.4) 414 (26.2) 449 (28.4) 

25ς34 
     

2008 2 199 25.8 (25.5ς26.2) 1184 (53.8) 536 (24.4) 479 (21.8) 

2010 1 597 26.4 (25.9ς26.9) 721 (45.1) 430 (26.9) 446 (27.9) 

2012 1 721 26.9 (26.5ς27.4) 741 (43.1) 493 (28.6) 487 (28.3) 

2014 1 831 27.6 (27.1ς28.0) 749 (40.9) 458 (25.0) 624 (34.1) 

2017 1 705 27.4 (26.9ς27.9) 689 (40.4) 425 (24.9) 591 (34.7) 

35ς44 
     

2008 1 966 27.7 (27.3ς28.2) 790 (40.2) 495 (25.2) 681 (34.6) 

2010 1 514 28.4 (27.8ς29.0) 539 (35.6) 387 (25.6) 588 (38.8) 

2012 1 634 28.6 (28.0ς29.1) 562 (34.4) 425 (26.0) 647 (39.6) 

2014 1 647 28.8 (28.2ς29.4) 560 (34.0) 376 (22.8) 711 (43.2) 

2017 1 556 28.7 (28.1ς29.2) 507 (32.6) 379 (24.4) 670 (43.1) 
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Sociodemographic 
property/data 
collection wave 

N 
Mean BMI (kg/m2) 
(95% CI) 

No. (%) within each category 

Normal Overweight Obese 

45ς54 
     

2008 1 687 28.8 (28.2ς29.3) 630 (37.3) 400 (23.7) 657 (38.9) 

2010 1 305 29.3 (28.6ς29.9) 424 (32.5) 330 (25.3) 551 (42.2) 

2012 1 415 29.4 (28.8ς30.0) 458 (32.4) 378 (26.7) 579 (40.9) 

2014 1 370 29.6 (28.9ς30.2) 425 (31.0) 343 (25.0) 602 (43.9) 

2017 1 260 29.5 (28.9ς30.2) 403 (32.0) 320 (25.4) 537 (42.6) 

> 55 
     

2008 2 136 28.4 (27.9ς28.9) 808 (37.8) 575 (26.9) 753 (35.3) 

2010 1 712 28.4 (27.9ς28.9) 617 (36.0) 462 (27.0) 633 (37.0) 

2012 1 754 28.0 (27.6ς28.4) 624 (35.6) 535 (30.5) 595 (33.9) 

2014 1 522 28.1 (27.5ς28.7) 548 (36.0) 415 (27.3) 559 (36.7) 

2017 1 272 28.0 (27.4ς28.6) 481 (37.8) 340 (26.7) 451 (35.5) 

Race/ethnicity  
     

African 
     

2008 15 621 22.9 (22.6ς23.1) 9592 (61.4) 3049 (19.5) 2980 (19.1) 

2010 11 536 24.3 (24.0ς24.6) 6262 (54.3) 2569 (22.3) 2705 (23.4) 

2012 12 941 24.2 (24.0ς24.5) 7312 (56.5) 2937 (22.7) 2692 (20.8) 

2014 13 228 24.8 (24.5ς25.0) 7581 (57.3) 2714 (20.5) 2933 (22.2) 

2017 12 317 25.3 (25.0ς25.5) 6945 (56.4) 2557 (20.8) 2815 (22.9) 

Mixed ancestry 
     

2008 2 360 24.0 (23.3ς24.6) 1441 (61.1) 405 (17.2) 514 (21.8) 

2010 1 400 24.4 (23.6ς25.2) 821 (58.6) 254 (18.1) 325 (23.2) 

2012 1 887 24.9 (24.3ς25.4) 1091 (57.8) 356 (18.9) 440 (23.3) 

2014 1 923 25.4 (24.9ς26.0) 1087 (56.5) 332 (17.3) 504 (26.2) 

2017 1 770 25.8 (25.3ς26.3) 949 (53.6) 348 (19.7) 473 (26.7) 

Asian 
     

2008 199 23.4 (22.9ς23.9) 116 (58.3) 46 (23.1) 37 (18.6) 

2010 128 23.8 (22.9ς24.7) 72 (56.3) 31 (24.2) 25 (19.5) 

2012 141 25.5 (25.0ς26.0) 66 (46.8) 45 (31.9) 30 (21.3) 

2014 152 24.4 (23.5ς25.2) 77 (50.7) 42 (27.6) 33 (21.7) 

2017 145 24.0 (22.9ς25.1) 63 (43.4) 49 (33.8) 33 (22.8) 

Caucasian 
     

2008 499 25.7 (24.6ς26.8) 180 (36.1) 164 (32.9) 155 (31.1) 
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Sociodemographic 
property/data 
collection wave 

N 
Mean BMI (kg/m2) 
(95% CI) 

No. (%) within each category 

Normal Overweight Obese 

2010 234 26.9 (25.1ς28.7) 86 (36.8) 81 (34.6) 67 (28.6) 

2012 362 27.8 (26.8ς28.8) 103 (28.5) 128 (35.4) 131 (36.2) 

2014 320 28.2 (26.8ς29.6) 93 (29.1) 102 (31.9) 125 (39.1) 

2017 231 28.3 (26.8ς29.7) 68 (29.4) 72 (31.2) 91 (39.4) 

Residence 
     

Rural 
     

2008 10 849 22.2 (21.9ς22.5) 6916 (63.7) 2060 (19.0) 1873 (17.3) 

2010 7 937 23.8 (23.5ς24.1) 4374 (55.1) 1791 (22.6) 1772 (22.3) 

2012 8 420 23.6 (23.3ς23.9) 4912 (58.3) 1916 (22.8) 1592 (18.9) 

2014 8 152 24.2 (23.9ς24.4) 4825 (59.2) 1646 (20.2) 1681 (20.6) 

2017 7 501 24.7 (24.4ς25.0) 4369 (58.2) 1546 (20.6) 1586 (21.1) 

Urban 
     

2008 7 830 24.0 (23.7ς24.3) 4413 (56.4) 1604 (20.5) 1813 (23.2) 

2010 5 361 25.1 (24.6ς25.5) 2867 (53.5) 1144 (21.3) 1350 (25.2) 

2012 6 911 25.3 (24.9ς25.7) 3660 (53.0) 1550 (22.4) 1701 (24.6) 

2014 7 471 25.7 (25.4ς26.1) 4013 (53.7) 1544 (20.7) 1914 (25.6) 

2017 6 962 25.8 (25.5ς26.2) 3656 (52.5) 1480 (21.3) 1826 (26.2) 

Education 
     

None 
     

2008 1 761 25.2 (24.8ς25.6) 921 (52.3) 382 (21.7) 458 (26.0) 

2010 1 391 26.3 (25.8ς26.7) 638 (45.9) 324 (23.3) 429 (30.8) 

2012 1 437 25.8 (25.4ς26.1) 687 (47.8) 384 (26.7) 366 (25.5) 

2014 1 345 25.9 (25.5ς26.2) 672 (50.0) 316 (23.5) 357 (26.5) 

2017 1 168 26.1 (25.7ς26.5) 583 (49.9) 274 (23.5) 311 (26.6) 

Pre-school 
     

2008 2 603 16.8 (16.6ς16.9) 1666 (64.0) 522 (20.1) 415 (15.9) 

2010 1 508 16.7 (16.5ς16.9) 1020 (67.6) 251 (16.6) 237 (15.7) 

2012 2 324 16.9 (16.8ς17.1) 1677 (72.2) 358 (15.4) 289 (12.4) 

2014 2 418 17.5 (17.4ς17.7) 1969 (81.4) 295 (12.2) 154 (6.4) 

2017 2 338 18.9 (18.7ς19.0) 1919 (82.1) 290 (12.4) 129 (5.5) 

Primary schoola 
     

2008 11 504 23.0 (22.9ς23.2) 7356 (63.9) 2043 (17.8) 2105 (18.3) 

2010 8 441 24.6 (24.5ς24.7) 4760 (56.4) 1823 (21.6) 1858 (22.0) 
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Sociodemographic 
property/data 
collection wave 

N 
Mean BMI (kg/m2) 
(95% CI) 

No. (%) within each category 

Normal Overweight Obese 

2012 9 335 24.8 (24.7ς24.9) 5374 (57.6) 2057 (22.0) 1904 (20.4) 

2014 9 573 25.4 (25.3ς25.6) 5416 (56.6) 1953 (20.4) 2204 (23.0) 

2017 8 864 25.9 (25.7ς26.0) 4848 (54.7) 1884 (21.3) 2132 (24.1) 

High school and 

above 

     

2008 2 811 26.3 (26.1ς26.6) 1386 (49.3) 717 (25.5) 708 (25.2) 

2010 1 958 27.4 (27.1ς27.6) 823 (42.0) 537 (27.4) 598 (30.5) 

2012 2 235 27.9 (27.6ς28.2) 834 (37.3) 667 (29.8) 734 (32.8) 

2014 2 287 28.6 (28.3ς28.9) 781 (34.1) 626 (27.4) 880 (38.5) 

2017 2 093 29.0 (28.7ς29.3) 675 (32.3) 578 (27.6) 840 (40.1) 

Income level 
     

Low 
     

2008 11 220 22.1 (21.9ς22.4) 7236 (64.5) 2055 (18.3) 1929 (17.2) 

2010 8 162 23.7 (23.6ς23.9) 4625 (56.7) 1771 (21.7) 1766 (21.6) 

2012 9 264 23.4 (23.3ς23.6) 5548 (59.9) 2019 (21.8) 1697 (18.3) 

2014 9 582 24.0 (23.9ς24.1) 5861 (61.2) 1858 (19.4) 1863 (19.4) 

2017 8 974 24.6 (24.4ς24.7) 5371 (59.9) 1770 (19.7) 1833 (20.4) 

Middle 
     

2008 4 564 23.5 (23.1ς23.9) 2738 (60.0) 868 (19.0) 958 (21.0) 

2010 3 243 24.6 (24.4ς24.9) 1777 (54.8) 683 (21.1) 783 (24.1) 

2012 3 780 24.6 (24.3ς24.8) 2094 (55.4) 809 (21.4) 877 (23.2) 

2014 3 776 25.1 (24.9ς25.4) 2060 (54.6) 757 (20.0) 959 (25.4) 

2017 3 501 25.5 (25.3ς25.8) 1866 (53.3) 745 (21.3) 890 (25.4) 

High 
     

2008 2 895 25.0 (24.6ς25.5) 1355 (46.8) 741 (25.6) 799 (27.6) 

2010 1 893 26.1 (25.7ς26.4) 839 (44.3) 481 (25.4) 573 (30.3) 

2012 2 287 26.5 (26.2ς26.7) 930 (40.7) 638 (27.9) 719 (31.4) 

2014 2 265 27.0 (26.7ς27.3) 917 (40.5) 575 (25.4) 773 (34.1) 

2017 1 988 27.5 (27.2ς27.8) 788 (39.6) 511 (25.7) 689 (34.7) 

Physical exercise 
     

< 3 times per week 
     

2008 10 452 26.3 (26.0ς26.5) 5342 (51.1) 2404 (23.0) 2706 (25.9) 

2010 7 950 27.2 (27.0ς27.3) 3521 (44.3) 2002 (25.2) 2427 (30.5) 
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Sociodemographic 
property/data 
collection wave 

N 
Mean BMI (kg/m2) 
(95% CI) 

No. (%) within each category 

Normal Overweight Obese 

2012 8 315 27.5 (27.3ς27.6) 3503 (42.1) 2239 (26.9) 2573 (30.9) 

2014 8 444 27.8 (27.7ς28.0) 3440 (40.7) 2068 (24.5) 2936 (34.8) 

2017 7 742 28.1 (27.9ς28.3) 3056 (39.5) 1935 (25.0) 2751 (35.5) 

² 3 times per week 
     

2008 1 460 24.0 (23.5ς24.6) 981 (67.2) 274 (18.8) 205 (14.0) 

2010 985 24.7 (24.3ς25.0) 591 (60.0) 228 (23.1) 166 (16.9) 

2012 1 135 25.2 (24.9ς25.5) 646 (56.9) 288 (25.4) 201 (17.7) 

2014 1 143 25.6 (25.2ς25.9) 623 (54.5) 266 (23.3) 254 (22.2) 

2017 1 040 25.8 (25.4ς26.1) 550 (52.9) 255 (24.5) 235 (22.6) 

Unknown 
     

2008 6 767 17.6 (17.4ς17.8) 5006 (74.0) 986 (14.6) 775 (11.5) 

2010 4 363 19.0 (18.8ς19.1) 3129 (71.7) 705 (16.2) 529 (12.1) 

2012 5 881 19.3 (19.1ς19.4) 4423 (75.2) 939 (16.0) 519 (8.8) 

2014 6 036 20.2 (20.0ς20.3) 4775 (79.1) 856 (14.2) 405 (6.7) 

2017 5 681 21.2 (21.0ς21.3) 4419 (77.8) 836 (14.7) 426 (7.5) 

Total 
     

2008 18 679 23.1 (22.9ς23.4) 11329 (60.7) 3664 (19.6) 3686 (19.7) 

2010 13 298 24.5 (24.2ς24.7) 7241 (54.5) 2935 (22.1) 3122 (23.5) 

2012 15 331 24.6 (24.3ς24.8) 8572 (55.9) 3466 (22.6) 3293 (21.5) 

2014 15 623 25.1 (24.8ς25.3) 8838 (56.6) 3190 (20.4) 3595 (23.0) 

2017 14 463 25.4 (25.1ς25.6) 8025 (55.5) 3026 (20.9) 3412 (23.6) 
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Figure 4.1: Prevalence of body mass index categories by age, South Africa 

4.3.2 Transitions between categories 

We provide percentages of the study population groups who transitioned (or not) from one 

BMI category to another during the four periods ending 2010, 2012, 2014 and 2017 in Table 

4.3. As the cohort for each risk factor aged throughout the study period, the percentages 

transitioning generally decreased as the percentages remaining within a particular BMI 

category increased. The exceptions to this general observation, that is, the groups that 

demonstrated decreasing percentages of retaining a normal BMI, included those of age 14ς

18 years (from 61.7%; 1086/1761 to 54.6%; 984/1803) and 19ς24 years (from 51.6%; 

751/1455 to 41.0%; 648/1581), Asians (from 51.6%; 66/128 to 38.6%; 56/145), individuals 

with at least a high school education (from 34.3%; 671/1958 to 28.1%; 589/2093) and those 

ǿƘƻ ǊŜǇƻǊǘŜŘ ǇƘȅǎƛŎŀƭ ŜȄŜǊŎƛǎŜ җ о ǘƛƳŜǎ ǇŜǊ ǿŜŜƪ όŦǊƻƳ роΦл҈Τ рннκфур ǘƻ пуΦс҈Τ 

505/1040). Within all these groups, our data show that the decreasing percentages of those 

retaining a normal BMI was accompanied by upwards transition percentages that were 

much higher than downwards transition percentages. For example, for the age group 19ς24 

years, the percentage transitioning upwards by 2010 (22.4%; (187+139)/1455) was more 

than double that of those transitioning downwards (10.1%; (100+47)/1455). The percentage 

of those retaining a normal BMI remained relatively constant throughout the study period 
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for women (~35%) and for those aged > 35 years (~28%). At the end of every period, the 

ǇŜǊŎŜƴǘŀƎŜ ƻŦ ǘƘƻǎŜ ǿƘƻ ǊŜǘŀƛƴŜŘ ŀ ƴƻǊƳŀƭ .aL ǿŀǎ ƘƛƎƘŜǊ ŦƻǊ ǘƘƻǎŜ ǿƘƻ ŜȄŜǊŎƛǎŜŘ җ о 

times per week (e.g. for the period ending 2010, 53.0%; 522/985) compared with those who 

exercised < 3 times per week (e.g. for the period ending 2010, 36.1%; 2868/7950). 

Table 4.3: Number and percentage of study population transitioning from one body mass 
index category to another (or not) by sociodemographic characteristics and year of end of 
transition period, South Africa, 2010ς2017 
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7887 

750 
(9.5) 

845 
(10.7) 

526 
(6.7) 

575 
(7.3) 

2752 
(34.9) 

782 
(9.9) 

1657 
(21.0) 

2012 
8936 

844 
(9.4) 

790 
(8.8) 

602 
(6.7) 

826 
(9.2) 

3097 
(34.7) 

934 
(10.5) 

1843 
(20.6) 

2014 
9040 

775 
(8.6) 

876 
(9.7) 

546 
(6.0) 

470 
(5.2) 

3142 
(34.8) 

1074 
(11.9) 

2157 
(23.9) 

2017 
8461 
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(6.2) 
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(4.5) 
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3022 
(35.7) 

1241 
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5411 
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(10.4) 

390 
(7.2) 
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285 
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(7.0) 

230 
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(8.7) 
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(5.7) 

531 
(8.3) 

441 
(6.9) 

3725 
(58.2) 
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(7.5) 
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(4.7) 

2014 
6583 

388 
(5.9) 

227 
(3.4) 

530 
(8.1) 

359 
(5.5) 

4224 
(64.2) 

520 
(7.9) 

335 
(5.1) 

2017 
6002 
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(4.8) 
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(2.4) 
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2010 
1627 

128 
(7.9) 

168 
(10.3) 

189 
(11.6) 

177 
(10.9) 

806 
(49.5) 

81 
(5.0) 

78 
(4.8) 

2012 
2468 

165 
(6.7) 

223 
(9.0) 

254 
(10.3) 

309 
(12.5) 

1333 
(54.0) 

106 
(4.3) 

78 
(3.2) 

2014 
2571 

142 
(5.5) 

92 
(3.6) 

243 
(9.5) 

247 
(9.6) 

1668 
(64.9) 

111 
(4.3) 

68 
(2.6) 

2017 
2479 

130 
(5.2) 

62 
(2.5) 

116 
(4.7) 

80 
(3.2) 

1868 
(75.4) 

149 
(6.0) 

74 
(3.0) 
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(5.9) 
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(3.4) 
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2973 
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(9.4) 
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(3.9) 
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(7.5) 
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(7.6) 

1914 
(64.4) 
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(5.0) 

65 
(2.2) 

2014 
3026 
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(7.8) 

114 
(3.8) 

220 
(7.3) 

125 
(4.1) 

2068 
(68.3) 

184 
(6.1) 

78 
(2.6) 

2017 
2807 

181 
(6.4) 

109 
(3.9) 

128 
(4.6) 

50 
(1.8) 

1984 
(70.7) 

227 
(8.1) 

128 
(4.6) 

1
4 ς 1
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1761 
237 
(13.5) 

128 
(7.3) 

105 
(6.0) 

68 
(3.9) 

1086 
(61.7) 

92 
(5.2) 

45 
(2.6) 
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1803 

219 
(12.1) 

102 
(5.7) 

157 
(8.7) 

90 
(5.0) 

1043 
(57.8) 

113 
(6.3) 

79 
(4.4) 

2014 
1953 

202 
(10.3) 

188 
(9.6) 

133 
(6.8) 

63 
(3.2) 

1095 
(56.1) 

147 
(7.5) 

125 
(6.4) 

2017 
1803 

162 
(9.0) 

112 
(6.2) 

76 
(4.2) 

46 
(2.6) 

984 
(54.6) 

194 
(10.8) 

229 
(12.7) 

1
9ς

2
4 

2010 
1455 

187 
(12.9) 

139 
(9.6) 

100 
(6.9) 

47 
(3.2) 

751 
(51.6) 

120 
(8.2) 

111 
(7.6) 

2012 
1563 

209 
(13.4) 

144 
(9.2) 

102 
(6.5) 

78 
(5.0) 

713 
(45.6) 

140 
(9.0) 

177 
(11.3) 

2014 
1703 

190 
(11.2) 

171 
(10.0) 

107 
(6.3) 

63 
(3.7) 

708 
(41.6) 

201 
(11.8) 

263 
(15.4) 

2017 
1581 

118 
(7.5) 

97 
(6.1) 

62 
(3.9) 

50 
(3.2) 

648 
(41.0) 

254 
(16.1) 

352 
(22.3) 

2
5ς

3
4 

2010 
1597 

186 
(11.6) 

175 
(11.0) 

97 
(6.1) 

90 (5.6) 
590 
(36.9) 

188 
(11.8) 

271 
(17.0) 

2012 
1721 

199 
(11.6) 

165 
(9.6) 

117 
(6.8) 

113 
(6.6) 

583 
(33.9) 

222 
(12.9) 

322 
(18.7) 

2014 
1831 

148 
(8.1) 

167 
(9.1) 

116 
(6.3) 

75 
(4.1) 

612 
(33.4) 

256 
(14.0) 

457 
(25.0) 

2017 
1705 

84 
(4.9) 

85 
(5.0) 

80 
(4.7) 

70 
(4.1) 

598 
(35.1) 

282 
(16.5) 

506 
(29.7) 

3
5ς

4
4 

2010 
1514 

121 
(8.0) 

147 
(9.7) 

84 
(5.5) 

112 
(7.4) 

423 
(27.9) 

186 
(12.3) 

441 
(29.1) 

2012 
1634 

110 
(6.7) 

156 
(9.5) 

89 
(5.4) 

123 
(7.5) 

439 
(26.9) 

226 
(13.8) 

491 
(30.0) 

2014 
1647 

91 
(5.5) 

141 
(8.6) 

82 
(5.0) 

80 
(4.9) 

458 
(27.8) 

225 
(13.7) 

570 
(34.6) 

2017 
1556 

65 
(4.2) 

64 
(4.1) 

60 
(3.9) 

77 
(4.9) 

438 
(28.1) 

246 
(15.8) 

606 
(38.9) 

4
5ς

5
4 

2010 
1305 

92 
(7.0) 

130 
(10.0) 

64 
(4.9) 

96 
(7.4) 

334 
(25.6) 

168 
(12.9) 

421 
(32.3) 

2012 
1415 

91 
(6.4) 

111 
(7.8) 

67 
(4.7) 

130 
(9.2) 

355 
(25.1) 

193 
(13.6) 

468 
(33.1) 

2014 
1370 

68 
(5.0) 

113 
(8.2) 

66 
(4.8) 

78 
(5.7) 

343 
(25.0) 

213 
(15.5) 

489 
(35.7) 

2017 
1260 

32 
(2.5) 

48 
(3.8) 

53 
(4.2) 

64 
(5.1) 

344 
(27.3) 

230 
(18.3) 

489 
(38.8) 

²
 5

5 

2010 
1712 

118 
(6.9) 

170 
(9.9) 

111 
(6.5) 

140 
(8.2) 

462 
(27.0) 

248 
(14.5) 

463 
(27.0) 

2012 
1754 

132 
(7.5) 

134 
(7.6) 

123 
(7.0) 

197 
(11.2) 

442 
(25.2) 

265 
(15.1) 

461 
(26.3) 

2014 
1522 

85 
(5.6) 

117 
(7.7) 

109 
(7.2) 

98 
(6.4) 

414 
(27.2) 

257 
(16.9) 

442 
(29.0) 

2017 
1272 

37 
(2.9) 

46 
(3.6) 

76 
(6.0) 

91 
(7.2) 

390 
(30.7) 

227 
(17.8) 

405 
(31.8) 
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2010 
11536 

1192 
(10.3) 

1134 
(9.8) 

777 
(6.7) 

764 
(6.6) 

5129 
(44.5) 

969 
(8.4) 

1571 
(13.6) 

2012 
12941 

1225 
(9.5) 

981 
(7.6) 

1033 
(8.0) 

1130 
(8.7) 

5709 
(44.1) 

1152 
(8.9) 

1711 
(13.2) 

2014 
13228 

1021 
(7.7) 

950 
(7.2) 

971 
(7.3) 

746 
(5.6) 

6234 
(47.1) 

1323 
(10.0) 

1983 
(15.0) 

2017 
12317 

696 
(5.7) 

531 
(4.3) 

583 
(4.7) 

451 
(3.7) 

6251 
(50.8) 

1521 
(12.3) 

2284 
(18.5) 

M
ix

e
d
 a

n
ce

s
tr

y 

2010 
1400 

86 
(6.1) 

78 
(5.6) 

88 
(6.3) 

71 
(5.1) 

696 
(49.7) 

134 
(9.6) 

247 
(17.6) 

2012 
1887 

130 
(6.9) 

116 
(6.1) 

77 
(4.1) 

107 
(5.7) 

975 
(51.7) 

158 
(8.4) 

324 
(17.2) 

2014 
1923 

109 
(5.7) 

122 
(6.3) 

70 
(3.6) 

56 
(2.9) 

1001 
(52.1) 

183 
(9.5) 

382 
(19.9) 

2017 
1770 

91 
(5.1) 

76 
(4.3) 

48 
(2.7) 

63 
(3.6) 

892 
(50.4) 

203 
(11.5) 

397 
(22.4) 

A
s
ia

n 

2010 
128 

10 
(7.8) 

5 
(3.9) 

5 
(3.9) 

4 
(3.1) 

66 
(51.6) 

18 
(14.1) 

20 
(15.6) 

2012 
141 

13 
(9.2) 

8 
(5.7) 

7 
(5.0) 

5 
(3.5) 

58 
(41.1) 

28 
(19.9) 

22 
(15.6) 

2014 
152 

13 
(8.6) 

9 
(5.9) 

11 
(7.2) 

7 
(4.6) 

65 
(42.8) 

23 
(15.1) 

24 
(15.8) 

2017 
145 

11 
(7.6) 

7 
(4.8) 

7 
(4.8) 

6 
(4.1) 

56 
(38.6) 

32 
(22.1) 

26 
(17.9) 

C
a
u
ca

s
ia

n 

2010 
234 

25 
(10.7) 

18 
(7.7) 

17 
(7.3) 

21 
(9.0) 

62 
(26.5) 

42 
(17.9) 

49 
(20.9) 

2012 
362 

35 
(9.7) 

47 
(13.0) 

16 
(4.4) 

25 
(6.9) 

80 
(22.1) 

75 
(20.7) 

84 
(23.2) 

2014 
320 

20 
(6.3) 

22 
(6.9) 

24 
(7.5) 

20 
(6.3) 

66 
(20.6) 

65 
(20.3) 

103 
(32.2) 

2017 
231 

11 
(4.8) 

9 
(3.9) 

13 
(5.6) 

8 
(3.5) 

55 
(23.8) 

53 
(22.9) 

82 
(35.5) 

R
e

si
d
e
n
ce
 R

u
ra

l 

2010 
7937 

882 
(11.1) 

826 
(10.4) 

536 
(6.8) 

508 
(6.4) 

3585 
(45.2) 

654 
(8.2) 

946 
(11.9) 

2012 
8420 

801 
(9.5) 

625 
(7.4) 

711 
(8.4) 

793 
(9.4) 

3780 
(44.9) 

743 
(8.8) 

967 
(11.5) 

2014 
8152 

609 
(7.5) 

572 
(7.0) 

639 
(7.8) 

515 
(6.3) 

3920 
(48.1) 

788 
(9.7) 

1109 
(13.6) 

2017 
7501 

410 
(5.5) 

289 
(3.9) 

365 
(4.9) 

283 
(3.8) 

3929 
(52.4) 

928 
(12.4) 

1297 
(17.3) 

U
rb

a
n 

2010 
5361 

431 
(8.0) 

409 
(7.6) 

351 
(6.5) 

352 
(6.6) 

2368 
(44.2) 

509 
(9.5) 

941 
(17.6) 

2012 
6911 

602 
(8.7) 

527 
(7.6) 

422 
(6.1) 

474 
(6.9) 

3042 
(44.0) 

670 
(9.7) 

1174 
(17.0) 

2014 
7471 

554 
(7.4) 

531 
(7.1) 

437 
(5.8) 

314 
(4.2) 

3446 
(46.1) 

806 
(10.8) 

1383 
(18.5) 
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2017 
6962 

399 
(5.7) 

334 
(4.8) 

286 
(4.1) 

245 
(3.5) 

3325 
(47.8) 

881 
(12.7) 

1492 
(21.4) 

E
d
u
ca

ti
o
n 

N
o
n
e 

2010 
1391 

115 
(8.3) 

145 
(10.4) 

84 
(6.0) 

104 
(7.5) 

506 
(36.4) 

153 
(11.0) 

284 
(20.4) 

2012 
1437 

134 
(9.3) 

105 
(7.3) 

102 
(7.1) 

156 
(10.9) 

519 
(36.1) 

160 
(11.1) 

261 
(18.2) 

2014 
1345 

90 
(6.7) 

85 
(6.3) 

107 
(8.0) 

76 
(5.7) 

543 
(40.4) 

172 
(12.8) 

272 
(20.2) 

2017 
1168 

52 
(4.5) 

36 
(3.1) 

65 
(5.6) 

53 
(4.5) 

506 
(43.3) 

181 
(15.5) 

275 
(23.5) 

P
re

-s
ch

o
o
l 

2010 
1508 

116 
(7.7) 

160 
(10.6) 

181 
(12.0) 

165 
(10.9) 

735 
(48.7) 

74 
(4.9) 

77 
(5.1) 

2012 
2324 

153 
(6.6) 

212 
(9.1) 

245 
(10.5) 

295 
(12.7) 

1247 
(53.7) 

95 
(4.1) 

77 
(3.3) 

2014 
2418 

127 
(5.3) 

87 
(3.6) 

224 
(9.3) 

238 
(9.8) 

1571 
(65.0) 

104 
(4.3) 

67 
(2.8) 

2017 
2338 

118 
(5.0) 

59 
(2.5) 

106 
(4.5) 

78 
(3.3) 

1768 
(75.6) 

139 
(5.9) 

70 
(3.0) 

P
ri
m

a
ry

 s
ch

o
o
la  

2010 
8441 

868 
(10.3) 

718 
(8.5) 

505 
(6.0) 

477 
(5.7) 

4041 
(47.9) 

692 
(8.2) 

1140 
(13.5) 

2012 
9335 

865 
(9.3) 

617 
(6.6) 

657 
(7.0) 

671 
(7.2) 

4389 
(47.0) 

849 
(9.1) 

1287 
(13.8) 

2014 
9573 

753 
(7.9) 

685 
(7.2) 

631 
(6.6) 

415 
(4.3) 

4608 
(48.1) 

962 
(10.0) 

1519 
(15.9) 

2017 
8864 

518 
(5.8) 

402 
(4.5) 

405 
(4.6) 

317 
(3.6) 

4391 
(49.5) 

1101 
(12.4) 

1730 
(19.5) 

H
ig

h
 s

ch
o
o
l 
a

n
d
 

a
b
o
v
e 

2010 
1958 

214 
(10.9) 

212 
(10.8) 

117 
(6.0) 

114 
(5.8) 

671 
(34.3) 

244 
(12.5) 

386 
(19.7) 

2012 
2235 

251 
(11.2) 

218 
(9.8) 

129 
(5.8) 

145 
(6.5) 

667 
(29.8) 

309 
(13.8) 

516 
(23.1) 

2014 
2287 

193 
(8.4) 

246 
(10.8) 

114 
(5.0) 

100 
(4.4) 

644 
(28.2) 

356 
(15.6) 

634 
(27.7) 

2017 
2093 

121 
(5.8) 

126 
(6.0) 

75 
(3.6) 

80 
(3.8) 

589 
(28.1) 

388 
(18.5) 

714 
(34.1) 

In
co

m
e

 l
e
v
e
l 

L
o
w

 

2010 
8162 

897 
(11.0) 

803 
(9.8) 

555 
(6.8) 

529 
(6.5) 

3798 
(46.5) 

617 
(7.6) 

963 
(11.8) 

2012 
9264 

894 
(9.7) 

647 
(7.0) 

779 
(8.4) 

811 
(8.8) 

4330 
(46.7) 

753 
(8.1) 

1050 
(11.3) 

2014 
9582 

733 
(7.6) 

644 
(6.7) 

747 
(7.8) 

541 
(5.6) 

4827 
(50.4) 

871 
(9.1) 

1219 
(12.7) 

2017 
8974 

525 
(5.9) 

373 
(4.2) 

418 
(4.7) 

298 
(3.3) 

4876 
(54.3) 

1024 
(11.4) 

1460 
(16.3) 

M
id

d
le

 2010 
3243 

276 
(8.5) 

254 
(7.8) 

216 
(6.7) 

187 
(5.8) 

1486 
(45.8) 

295 
(9.1) 

529 
(16.3) 

2012 
3780 

294 
(7.8) 

297 
(7.9) 

238 
(6.3) 

289 
(7.6) 

1734 
(45.9) 

348 
(9.2) 

580 
(15.3) 
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2014 
3776 

271 
(7.2) 

266 
(7.0) 

216 
(5.7) 

174 
(4.6) 

1769 
(46.8) 

387 
(10.2) 

693 
(18.4) 

2017 
3501 

193 
(5.5) 

140 
(4.0) 

154 
(4.4) 

148 
(4.2) 

1673 
(47.8) 

443 
(12.7) 

750 
(21.4) 

H
ig

h 

2010 
1893 

140 
(7.4) 

178 
(9.4) 

116 
(6.1) 

144 
(7.6) 

669 
(35.3) 

251 
(13.3) 

395 
(20.9) 

2012 
2287 

215 
(9.4) 

208 
(9.1) 

116 
(5.1) 

167 
(7.3) 

758 
(33.1) 

312 
(13.6) 

511 
(22.3) 

2014 
2265 

159 
(7.0) 

193 
(8.5) 

113 
(5.0) 

114 
(5.0) 

770 
(34.0) 

336 
(14.8) 

580 
(25.6) 

2017 
1988 

91 
(4.6) 

110 
(5.5) 

79 
(4.0) 

82 
(4.1) 

705 
(35.5) 

342 
(17.2) 

579 
(29.1) 

P
h
y
si

ca
l 
e

xe
rc

is
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 t
im

e
s 

p
e
r 

w
e
e
k 2010 

7950 
769 
(9.7) 

792 
(10.0) 

487 
(6.1) 

497 
(6.3) 

2868 
(36.1) 

902 
(11.3) 

1635 
(20.6) 

2012 
8315 

799 
(9.6) 

724 
(8.7) 

530 
(6.4) 

648 
(7.8) 

2754 
(33.1) 

1011 
(12.2) 

1849 
(22.2) 

2014 
8444 

636 
(7.5) 

784 
(9.3) 

502 
(5.9) 

412 
(4.9) 

2823 
(33.4) 

1135 
(13.4) 

2152 
(25.5) 

2017 
7742 

399 
(5.2) 

387 
(5.0) 

354 
(4.6) 

349 
(4.5) 

2653 
(34.3) 

1236 
(16.0) 

2364 
(30.5) 

²
 3

 t
im

e
s 

p
e
r 

w
e
e
k 2010 

985 
125 
(12.7) 

64 
(6.5) 

5 
 (5.2) 

40 
(4.1) 

522 
(53.0) 

81 
(8.2) 

102 
(10.4) 

2012 
1135 

119 
(10.5) 

73 
(6.4) 

85 
(7.5) 

57 
(5.0) 

546 
(48.1) 

127 
(11.2) 

128 
(11.3) 

2014 
1143 

102 
(8.9) 

87 
(7.6) 

75 
(6.6) 

35 
(3.1) 

536 
(46.9) 

141 
(12.3) 

167 
(14.6) 

2017 
1040 

64 
(6.2) 

47 
(4.5) 

38 
(3.7) 

38 
(3.7) 

505 
(48.6) 

160 
(15.4) 

188 
(18.1) 

U
n
kn

o
w

n 

2010 
4363 

419 
(9.6) 

379 
(8.7) 

349 
(8.0) 

323 
(7.4) 

2563 
(58.7) 

180 
(4.1) 

150 
(3.4) 

2012 
5881 

485 
(8.2) 

355 
(6.0) 

518 
(8.8) 

562 
(9.6) 

3522 
(59.9) 

275 
(4.7) 

164 
(2.8) 

2014 
6036 

425 
(7.0) 

232 
(3.8) 

499 
(8.3) 

382 
(6.3) 

4007 
(66.4) 

318 
(5.3) 

173 
(2.9) 

2017 
5681 

346 
(6.1) 

189 
(3.3) 

259 
(4.6) 

141 
(2.5) 

4096 
(72.1) 

413 
(7.3) 

237 
(4.2) 

T
o
ta

l 

2010 
13298 

1313 
(9.9) 

1235 
(9.3) 

887 
(6.7) 

860 
(6.5) 

5953 
(44.8) 

1163 
(8.7) 

1887 
(14.2) 

2012 
15331 

1403 
(9.2) 

1152 
(7.5) 

1133 
(7.4) 

1267 
(8.3) 

6822 
(44.5) 

1413 
(9.2) 

2141 
(14.0) 

2014 
15623 

1163 
(7.4) 

1103 
(7.1) 

1076 
(6.9) 

829 
(5.3) 

7366 
(47.1) 

1594 
(10.2) 

2492 
(16.0) 

2017 
14463 

809 
(5.6) 

623 
(4.3) 

651 
(4.5) 

528 
(3.7) 

7254 
(50.2) 

1809 
(12.5) 

2789 
(19.3) 



66 
 

4.3.3 Likelihood of transitions 

The probability of transitioning upwards or downwards to another BMI category decreased 

with time, while the probability of remaining within the overweight or obese categories 

increased with time. The particular groups that demonstrated the largest probabilities of 

remaining within the overweight or obese categories, compared with other groups, also 

demonstrated the greatest likelihoods of transitioning either upwards or downwards. These 

groups included women, Caucasians, and those with at least a high school education and 

with a high income (Table 4.4).  

We note that the likelihood of either transitioning upwards or downwards, or of remaining 

within the overweight or obese categories, relative to that of retaining a normal BMI, 

increased with age. Our data show that women were 2.56 and 1.82 times more likely than 

men to transition upwards and downwards, respectively, and 4.81 times more likely than 

men to remain within the overweight or obese category. Men were therefore more likely to 

retain a normal BMI.  

We note that Caucasians were 1.39 and 1.26 times more likely than Africans to transition 

upwards and downwards, respectively, and 1.21 times more likely than Africans to remain 

within the overweight or obesity category. Those of mixed ancestry and Asians demon-

strated a higher probability of retaining a normal BMI than Africans and Caucasians. Urban 

dwellers were slightly more likely (1.08 times) than rural dwellers to remain within the 

overweight or obese categories, but less likely to transition upwards or downwards. We 

observed that individuals with a high school education and greater were more likely than the 

other education-level groups to either transition upwards or downwards or to remain within 

the overweight or obese categories. Compared with those with a low or middle income, 

high-income groups were more likely to transition upwards or downwards and remain within 

the overweight or obese categories; high-income groups were therefore less likely to retain 

a normal BMI than lower-income groups. Those who exŜǊŎƛǎŜŘ җ о ǘƛƳŜǎ ǇŜǊ ǿŜŜƪ ŀƴŘ ǘƘƻǎŜ 

whose frequency of physical exercise was unknown (data were unavailable for those of age < 

15 years) were less likely to remain within the overweight or obese categories, and therefore 

more likely to retain a normal BMI, compared with those who exercised < 3 times per week. 
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Table 4.4: Probability of transitioning from one body mass index category to another (or not) 
by sociodemographic characteristics and year of end of transition period, South Africa, 2010ς
2017 

Sociodemographic 
factor/year of end of 
transition period 

Odds ratio (P-value) relative to that of retaining a normal BMI  

Transition upwards (from 
normal to overweight, or 
overweight to obese) 

Transition downwards 
(from obese to 
overweight, or 
overweight to normal) 

Remain obese or 
overweight 

End of transition period  

2010 1.00 1.00 1.00 

2012 0.93 (0.032) 1.24 (0.000) 1.13 (0.000) 

2014 0.77 (0.000) 0.93 (0.066) 1.28 (0.000) 

2017 0.50 (0.000) 0.59 (0.000) 1.56 (0.000) 

Sex     

Men 1.00 1.00 1.00 

Women 2.56 (0.000) 1.82 (0.000) 4.81 (0.000) 

Baseline age (years)    

0ς6 1.00 1.00 1.00 

7ς13 0.93 (0.565) 0.72 (0.009) 1.14 (0.435) 

14ς18 1.21 (0.196) 0.71 (0.021) 1.50 (0.028) 

19ς24 1.40 (0.029) 0.81 (0.180) 2.75 (0.000) 

25ς34 1.59 (0.003) 1.19 (0.276) 4.92 (0.000) 

35ς44 1.65 (0.001) 1.54 (0.007) 8.33 (0.000) 

45ς54 1.67 (0.001) 1.75 (0.001) 10.44 (0.000) 

² 55 1.65 (0.001) 2.17 (0.000) 9.68 (0.000) 

Race/ethnicity     

African 1.00 1.00 1.00 

Mixed ancestry 0.64 (0.000) 0.54 (0.000) 0.68 (0.000) 

Asian 0.68 (0.005) 0.60 (0.001) 0.71 (0.003) 

Caucasian 1.39 (0.002) 1.26 (0.043) 1.21 (0.037) 

Residence     

Rural 1.00 1.00 1.00 

Urban 0.85 (0.000) 0.92 (0.005) 1.08 (0.002) 

Education level     

None 1.00 1.00 1.00 

Pre-school 1.11 (0.448) 1.50 (0.003) 1.76 (0.001) 

Primary schoolc 1.16 (0.005) 1.18 (0.002) 1.50 (0.000) 
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Sociodemographic 
factor/year of end of 
transition period 

Odds ratio (P-value) relative to that of retaining a normal BMI  

Transition upwards (from 
normal to overweight, or 
overweight to obese) 

Transition downwards 
(from obese to 
overweight, or 
overweight to normal) 

Remain obese or 
overweight 

High school and above 1.69 (0.000) 1.43 (0.000) 2.27 (0.000) 

Income level    

Low 1.00 1.00 1.00 

Middle 0.98 (0.623) 0.94 (0.066) 1.18 (0.000) 

High 1.46 (0.000) 1.28 (0.000) 2.06 (0.000) 

Physical exercise     

< 3 times per week 1.00 1.00 1.00 

² 3 times per week 0.93 (0.160) 0.86 (0.014) 0.83 (0.000) 

Unknown 0.77 (0.001) 0.91 (0.322) 0.66 (0.000) 

BMI: body mass index; OR: odds ratio. 
a Transition from normal to overweight, or overweight to obese. 
b Transition from obese to overweight, or overweight to normal. 
c Includes those who may have started high school but dropped out before completing. 

4.4 Discussion 

Our data show a sharply rising prevalence of obesity coinciding with entry into adulthood in 

the community at large. We note that the prevalence of obesity increased by the greatest 

amount for the group aged 19ς24 years between 2008 and 2017. This age group also 

reported the highest percentage of upwards transitions, as well as the largest difference 

between the percentage transitioning upwards and the percentage transitioning 

downwards. Although this age group had a normal category mean BMI during the first two 

study periods, the subsequent sharp increase in BMI resulted in an increased prevalence of 

being overweight and obese with time. 

The South African Department of Health targeted a 3% reduction in the prevalence of 

obesity by 2017 for all age groups through diet and physical activity.29, 64 To determine 

whether this target was achieved, we must compare data from different individuals of the 

same age at different times. However, by examining how BMI values change as a particular 

cohort ages, we were able to identify periods of increased obesity prevalence within a 

ǇŜǊǎƻƴΩǎ ƭƛŦŜǘƛƳŜ ŘǳǊƛƴƎ ǿƘƛŎƘ ƛƴǘŜǊǾŜƴǘƛƻƴǎ Ƴŀȅ ōŜ ŎǊƛǘƛŎŀl. Our data show that there exists 

a decreasing trend in prevalence of being overweight or obese from birth to the age of 18 

years, when most children usually leave high school. As our results are not capable of 

attributing this downwards trajectory from birth to age 18 years to the effectiveness of 
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national strategies for obesity prevention and control (our data were obtained from an 

observational study), further research is required. 

DǳƛŘŀƴŎŜ ŦƻǊ ƘŜŀƭǘƘȅ ŜŀǘƛƴƎ ŦƻǊ ǘƘŜ ǇƻǇǳƭŀǘƛƻƴ ŀƎŜŘ Җ му ȅŜŀǊǎ ƛǎ ǇǊƻǾƛŘed in South Africa by 

the Guidelines for Early Childhood Development Services,260, 261 and the National School 

Nutrition Programme Annual Report262 and Guidelines for Tuck Shop Operators.263 The 

teaching of life skills in primary and high schools, which includes nutrition education, is 

aimed at educating students to make nutritious food choices and develop healthy eating 

habits.64 In averaging our data for all ages over the period 2008ς2017, we found that the 

lowest combined prevalence of being overweight and obese was for those aged 7ς18 years; 

the fact that prevalence rises steadily after this age highlights that, despite these strategies 

on controlling obesity, there remain substantial problems in communicating healthy food 

choices to children and adolescents. Other studies have also shown that these strategies are 

not functioning optimally.264-266 A synthesis of studies conducted between 2006 and 2014 on 

the South African school food environment revealed that over half (from 51.1%; 1233/2412 

to 69.3%; 330/476) of the students bought available and unhealthy foods from either tuck 

shops or vendors in their neighbourhood.267 The population of age 15ς24 years has also 

been identified as the largest consumers of sugar-sweetened beverages.268 

Low levels of physical activity, especially in female adolescents (aged 10ς19 years)269 and in 

older teenagers (aged 16ς18 years) of both sexes, could also be contributing to the existing 

prevalence of being overweight and obese.270 Physical activity policies include the Strategic 

plan 2009ς2013: An active and winning nation,271 of which one of the aims was to facilitate 

the implementation of sports in schools. In the National sport and recreation plan, one of 

the objectives is to maximize access to sport, recreation and physical education in every 

school.272 Consolidated findings on the level of physical activity in children aged 3ς19 years 

(e.g. early childhood physical activity, organized sport participation, active play and active 

transportation) showed an average participation of around 50%, although the percentage of 

those in early childhood (age 3ς6 years) participating in physical activity was generally found 

to be high (~80%).270 Since pre-school children are naturally active, a physical activity 

intervention for this age group was only deemed necessary for promoting the engagement 

of teachers and parents or caregivers, and for outcomes such as cognitive development.273 

The South African noncommunicable disease strategy29 targeted an increase in the 

prevalence of physical activity (150 minutes of moderate-intensity physical activity per week, 

or equivalent) by 10% by 2020, and the WHO global action plan for noncommunicable 
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diseases4 targeted a 10% relative reduction in the prevalence of insufficient physical activity 

by 2020. Although our data do not allow a detailed analysis of types of physical activity, we 

ŘŜƳƻƴǎǘǊŀǘŜŘ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǇƘȅǎƛŎŀƭ ŜȄŜǊŎƛǎŜΦ !ōƻǳǘ ƘŀƭŦ ƻŦ ǘƘƻǎŜ ǿƘƻ ŜȄŜǊŎƛǎŜŘ җ о 

times per week maintained a normal BMI even as the cohort aged. However, the fact that 

the proportion of this group who maintained a normal BMI decreased slightly over time may 

reflect decreasing levels of energy expenditure with age. Interventions that increase physical 

activity may therefore be necessary to reduce the large percentages of groups who remain 

either overweight or obese. Studies on obesity, especially in women, have identified obese 

participants who meet the WHO guidelines on physical activity but have very poor 

cardiorespiratory fitness, possibly attributable to a lack of high-intensity physical activity.215, 

274 Suggested interventions include encouraging participation in high-intensity activities, 

such as sports and aerobics, and discouraging sedentary behaviour.275 A dose-response 

relationship is known to exist between physical activity and cardiorespiratory fitness.276 

The recent introduction of higher tax on products such as sugar-sweetened beverages277 will 

probably reduce consumption and consequently reduce the percentages transitioning 

upwards. However, the life course approach, the basis of many WHO strategies and 

recommendations for disease prevention and control,4, 278 may be a better strategy for 

maintaining normal BMI from this age. The life course approach stresses the importance of 

ŜŀǊƭȅ ƛƴǘŜǊǾŜƴǘƛƻƴ ōȅ ŎƻƴǎƛŘŜǊƛƴƎ ǿƘƛŎƘ ǎǘŀƎŜǎΣ ǘǊŀƴǎƛǘƛƻƴǎ ŀƴŘ ǎŜǘǘƛƴƎǎ ƻŦ ŀ ǇŜǊǎƻƴΩǎ ƭƛŦŜ ŀǊŜ 

critical for promoting or restoring health.279 For example, the workplace has been found to 

be an important setting for health promotion during adulthood.280 Effective interventions 

include the promotion of healthy food options in canteens, and the provision of nutrition 

education and counselling.281 Similar interventions in settings such as community centres, 

churches and recreational facilities should also be promoted.28237 Barriers to leisure activity 

participation, including lack of time and facilities, safety issues and negative community 

perceptions regarding weight loss, may also need to be addressed,283 along with the 

accessibility and affordability of healthy food options through subsidies.282 

Population groups that demonstrated a higher probability of remaining within the obese 

category included women, higher age groups (> 35 years), and those with a higher income 

and higher level of education. These groups are usually the target of public interventions and 

of the weight management programmes of private health-care providers.284 However, our 

data show a high resistance to a downwards transition from either overweight or obese 

categories, and this resistance increases with time. Other studies have shown that although 
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weight loss can be achieved through lifestyle changes,285, 286 maintaining this weight loss 

over the longer term can be difficult; only approximately one-fifth (20.6%; 47/228)287 of 

thosŜ ǿƘƻ ŀŎƘƛŜǾŜ ǿŜƛƎƘǘ ƭƻǎǎ Ƴŀƛƴǘŀƛƴ ƛǘ ŦƻǊ җ м ȅŜŀǊΣ287, 288 and the majority of those who 

embark on a weight-loss programme give up before achieving success.289-292 Our results 

indicate that, despite considerable percentages of the cohort transitioning downwards, any 

reductions in the prevalence of obesity were cancelled out by the larger percentages of 

these population groups transitioning upwards; we therefore believe that the South African 

target64 of achieving a 10% reduction in the prevalence of obesity by 2020 will not be met. 

The main strength of our study was our analysis of BMI transitions within a nationally 

representative sample of participants from a panel survey spanning birth to adulthood. 

However, our study had limitations. Some of the risk factors associated with higher BMI 

categories in this study, such as household income, education level and amount of physical 

exercise, were self-reported and therefore likely to produce biased results, especially due to 

self-reporting on physical exercise. A second limitation was loss to follow-up from one wave 

of data collection to another. Since we assume those lost to follow-up were randomly 

distributed throughout the study population, and the remaining numbers at each 

subsequent data collection wave were sufficiently high, we consider our results to be free of 

bias. 

To conclude, we have demonstrated that the proportion of upwards transitions to 

overweight and obese categories in the South African population increases sharply between 

the ages of 19 and 50 years. Once overweight or obese, the likelihood of transitioning to a 

normal BMI is low, particularly for women, those of higher age groups, and those with a 

higher income and a higher level of education. With this evidence, we provide essential 

guidance for the South African Department of Health in the development of strategies to 

control obesity and noncommunicable diseases. Our study results will allow limited public 

health resources to be focused on the necessary population segments in which the largest 

reductions in the prevalence of obesity can be made. 
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CHAPTER 5: PAPER 3 

Wandai ME, Manda SOM, Aagaard-Hansen J, and Norris SA. Long-term blood pressure 
trajectories and associations with age and body mass index among urban women in South 
Africa. Cardiovasc J Afr. 2021; 32: online publication, www.cvja.co.za, DOI: 10.5830/CVJA-
2021-014 . (Submitted 24/8/20, accepted 31/3/21) 
 

Abstract 

Background: Blood pressure (BP) is known to increase inevitably with age. Understanding 

the different ages at which great gains could be achieved for intervention to prevent and 

control BP would be of public health importance. 

Methods: Data collected between 2003 and 2014 from 1,969 women aged 22 to 89 years 

were used in this study. Growth curve models were fitted to describe intra- and inter-

individual trajectories. For BP tracking, the intra-class correlation coefficient (ICC) was used 

to measure dependency of observations from the same individual. 

Results: Four patterns were identified: a slow decrease in BP with age before 30 years; a 

period of gradual increase in midlife up to 60 years; a flattening and slightly declining 

trend; and another increase in BP in advanced age. These phases persisted but at slightly 

lower levels after adjustment for body mass index. Three groups of increasing trajectories 

were identified. The respective number (%) in the low, medium and highly elevated BP 

groups were 1 386 (70.4%), 482 (24.5%) and 101 (5.1%) for systolic BP; and 1 167 (59.3%), 

709 (36.0%) and 93 (4.7%) for diastolic BP. The ICC was strong at 0.71 and 0.79 for systolic 

and diastolic BP, respectively. 

Conclusion: These results show that BP preventative and control measures early in life 

would be beneficial for control later in life, and since increase in body mass index may 

worsen hypertension, it should be prevented early and independently. 

 

Keywords: blood pressure, hypertension, body mass index, trajectory, intra-class correlation 

coefficient 

5.1 Background 

Hypertension is a major risk factor for non-communicable diseases (NCDs) especially stroke 

and heart attacks,293 and in South Africa, it was estimated to account for 19.0% of 

cardiovascular diseases deaths in 2016.294 The prevalence of hypertension for women aged 

http://www.cvja.co.za/
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15 years and above was also estimated at 28.5%,295 and increased steeply with age, with 

84.0% of women aged 65 years and above having hypertension.55 Urban populations have 

been shown to have higher hypertension prevalence compared with their rural 

counterparts,295 and women in such dwellings have also been reported to have higher 

percentages than men.296, 297 

Accelerated global efforts for the Prevention and Control of NCDs began during the High 

Level Meeting of Heads of State and Governments at the 66th session of the United Nations 

General Assembly in September 2011.298 Following this, the South African department of 

health developed a strategy in line with the declaration in 2013, of which one of the ten 

Ǝƻŀƭǎ ŀƴŘ ǘŀǊƎŜǘǎ ǿŀǎ ǘƻ ΨwŜŘǳŎŜ ǘƘŜ ǇǊŜǾŀƭŜƴŎŜ ƻŦ ǇŜƻǇƭŜ ǿƛǘƘ ǊŀƛǎŜŘ ōƭƻƻŘ ǇǊŜǎǎǳǊŜ ōȅ 

20.0% by 2020 (through lifestyle aƴŘ ƳŜŘƛŎŀǘƛƻƴύΩΦ29  

Changes in both systolic and diastolic blood pressure (BP) with age are known to show an 

increasing trajectory that mostly starts between 30 and 40 years.299-301 However, from 

approximately 50 years, diastolic blood pressure may plateau, and thereafter start to 

decline.300, 301 !ƴ ƛƴŘƛǾƛŘǳŀƭΩǎ .t ǘǊŀƧŜŎǘƻǊȅ Ŏŀƴ ōŜ ǳǎŜŘ ŀǎ ŀƴ ƛƴŘƛŎŀǘƻǊ ŦƻǊ ŀƎŜ ǊŜƭŀǘŜŘ 

vascular stiffening or for existence of an underlying disease.302  

Growth curves (trajectories) plays  an important role in life course epidemiology,303 and can 

be used in identifying groups of individuals at risk of developing high blood pressure using 

known risk factors.304 In addition, population subgroups with different BP trajectories can be 

useful in selecting people who might benefit most from intervention for prevention of CVD 

risk.305  

Although age is highly correlated with an increasing BP trajectory, some studies have 

however reported a decrease in systolic and diastolic BPs at the population level especially 

for communities in the developed countries of Western Europe, Australasia and North 

America,306-308 and this decrease is usually attributed to lifestyle and pharmacological 

interventions.308 ¦ƴŘŜǊǎǘŀƴŘƛƴƎ Ƙƻǿ ƛƴŘƛǾƛŘǳŀƭǎΩ .tǎ ŎƘŀƴƎŜ ŀƴŘ Ƙƻǿ Ŧŀǎǘ ǘƘŜǎŜ ŎƘŀƴƎŜǎ 

occur (Intra-individual change) through the life course and the patterns for people with 

different attributes (inter-individual differences in the intra-individual change) could be 

important in determining best methods for prevention at the appropriate timing. The aim of 

this study was therefore to find out the association of age with long-term BP observations. 

The study had three specific objectives: (1) to identify groups of women with similar systolic 

blood pressure (SBP) and diastolic blood pressure (DBP) between 22 and 89 years; (2) to find 

out how the trajectories are affected by body mass index (BMI); and (3) identify critical ages 
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when intervention measures would be more appropriate in slowing down a steep upward 

trajectory. 

5.2 Methods 

5.2.1 Study population and measurements 

The study consisted of four measurement time points of data collection on African women 

dwelling in urban Soweto, Johannesburg, who were care givers of children in the Birth to 

Twenty Plus cohort study. Majority of the caregivers were the mothers, however a few of 

the participants included other close relatives such as sisters, aunts, and grandmothers. Data 

included four waves collected between 2003 and 2014. The four waves provided a sample of 

1,969 individuals who had at least one wave of measurements for SBP, DBP, body weight 

and height resulting in 4,554 observations. Blood pressure measurements were taken in a 

seated position after 30 minutes of seated rest. The SBP and DBP were measured twice on 

the right arm using a standard mercury sphygmomanometer and appropriately sized cuff. A 

final systolic/diastolic blood pressure was calculated by taking the average of the blood 

pressures at each time point. Hypertension was defined as systolic/diastolic BP of more than 

140/90 and body mass index (BMI) in Kg/m2 was classified according to World Health 

Organisation (WHO) as ǳƴŘŜǊǿŜƛƎƘǘ όғмуΦрύΣ ƴƻǊƳŀƭ ǿŜƛƎƘǘ όҗмуΦр - ғнрύΣ ƻǾŜǊǿŜƛƎƘǘ όҗнр - 

ғолύ ŀƴŘ ƻōŜǎƛǘȅ όҗолύΦ  

5.2.2 Statistical analysis 

Multilevel (ML) growth curve models (technique to describe and exǇƭŀƛƴ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ 

change over time) were used to describe the intra-individual BPs trajectories and the inter-

individual differences in the intra-individual changes with age used as the time metric. Three 

models were used to describe the patterns of change. The first (Model 1) had time effect as 

the only covariate, Model 2 described the changes by adjusting for BMI and Model 3 built on 

Model 2 by allowing effect of BMI to also vary randomly between individuals. To estimate 

the mean SBP and DBP trajectories as a function of age, quadratic and cubic nonlinear 

models were used in the analysis as growth trajectories are known to take a variety of 

shapes other than linear,309 mostly characterised by increases or decreases. Age was centred 

ŀǘ ǘƘŜ ƳƛƴƛƳǳƳ ŀƎŜ ƻŦ нн ȅŜŀǊǎ ǘƻ ƘŜƭǇ ƛƴ ǘƘŜ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ ǘƘŜ ƳƻŘŜƭǎΩ ƛƴǘŜǊŎŜǇǘǎΦ !ǎ 

BMI is generally known to increase with age, it was included as a time varying covariate in 
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the second stage of modelling to find out its effect on the BP trajectories. The intraclass 

correlation coefficient (ICC) was used to measure the degree of dependency among 

observations within an individual. A group-based trajectory model was used to identify 

distinct groups for the BPs.208, 209 

5.3 Results 

Summary measures for age, BPs and BMI at the four time points are shown in Table 5.1. The 

mean age at first occasion (2003) was 41.1 years and 49.6 years in the 4th occasion. Systolic 

and diastolic BPs increased from one time point to another, but the increases became 

smaller with time, and almost remained unchanged especially for SBP between the 3rd and 

4th occasions. Mean BMI for the four occasions was high, at obesity state, and remained 

almost constant between first and third waves, but increased by at least 2.5 Kg/m2 by the 

fourth occasion. There is indication of constant variation of the BPs and BMI across the 

measurement occasions. 

Table 5.1: Mean and standard deviation for age, SBP, DBP and body mass index at the four 
data collection time points. 

Time point N Age (years) SBP DBP BMI 

2003 1,358 41.1 (7.9) 116.0 (20.1) 76.0 (12.4) 29.9 (6.4) 

2005/6 1,343 43.4 (8.0) 128.9 (21.6) 80.6 (13.5) 30.7 (7.0) 

2007/9 854 45.6 (8.2) 133.5 (21.0) 86.8 (12.9) 30.5 (7.1) 

2011/14 999 49.6 (5.7) 134.1 (21.9) 88.7 (12.6) 33.2 (7.2) 

Table 5.2 shows the percentage of hypertension by BMI categories at each data collection 

time point. The percentage that had hypertension in 2003 was 16.7% and by 2014, this had 

increased to 47.1%, and at each time point it was highest for those with an obese BMI as 

expected. The greatest percentage increase was between the first and the second occasions 

(after @2.4 years), where it almost doubled. For those with normal or overweight BMI 

statuses, the percentage of hypertension almost tripled between the 1st and 4th occasions. 

Between the 3rd and the 4th time points (@5.3 years), the percentage of those with 

hypertension among participants in the obesity category remained almost unchanged 

(50.7% in 3rd occasion and 51.4% in 4th occasion), even though the percentage of obesity 

increased by more than 15.6 (50.4% to 66.0%) points between the two occasions. 
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Table 5.2: Hypertension percentages by BMI categories at the four data collection time 
points. 

Time 
point 

BMI Blood pressure category 

Category n (%) 
Non-
hypertensive 

  
Hypertensive 

Total 

2003 

Underweight 24 (1.8) 22 (91.7) 2 (8.3) 24 (100.0) 

Normal 300 (22.1) 263 (87.7) 37 (12.3) 300 (100.0) 

Overweight 405 (29.8) 349 (86.2) 56 (13.8) 405 (100.0) 

Obese 629 (46.3) 497 (79.0) 132 (21.0) 629 (100.0) 

Total 1,358 (100.0) 1,131 (83.3) 227 (16.7) 1,358 (100.0) 

2005/6 

Underweight 19 (1.4) 12 (63.2) 7 (36.8) 19 (100.0) 

Normal 269 (20.0) 202 (75.1) 67 (24.9) 269 (100.0) 

Overweight 343 (25.5) 252 (73.5) 91 (26.5) 343 (100.0) 

Obese 712 (53.0) 467 (65.6) 245 (34.4) 712 (100.0) 

Total 1343 (100.0) 933 (69.5) 410 (30.5) 1343 (100.0) 

2007/9 

Underweight 10 (1.2) 5 (50.0) 5 (50.0) 10 (100.0) 

Normal 188 (22.0) 125 (66.5) 63 (33.5) 188 (100.0) 

Overweight 226 (26.5) 146 (64.6) 80 (35.4) 226 (100.0) 

Obese 430 (50.4) 212 (49.3) 218 (50.7) 430 (100.0) 

Total 854 (100.0) 488 (57.1) 366 (42.9) 854 (100.0) 

2011/14 

Underweight 7 (0.7) 4 (57.1) 3 (42.9) 7 (100.0) 

Normal 116 (11.6) 77 (66.4) 39 (33.6) 116 (100.0) 

Overweight 217 (21.7) 127 (58.5) 90 (41.5) 217 (100.0) 

Obese 659 (66.0) 320 (48.6) 339 (51.4) 659 (100.0) 

Total 999 (100.0) 528 (52.9) 471 (47.2) 999 (100.0) 

5.3.1 Blood pressure average change and state transitions between two time points 

Table 5.3 shows the mean change in the BPs and BMI between two observation periods. 

Between the first two time points, average SBP and DBP per individual changed by about 

11.3- and 4.1 mmHg respectively but that change decreased substantially between the 3rd 

and 4th time points to about 1.7- and 1.1 mmHg. Majority remained in their BP status 

between observation times but with time (age), the percentage remaining in the 

hypertension state increased while that of remaining in the normotensive state decreased. 

Between the first two occasions when the average age at both times was below 45 years, 

the percentage of those who were normotensive who transited to hypertensive state was 

21.5%, while the percentage for the counter transition was 33.3% or a net recovery of 

11.8%. By the 4th occasion when the average age was about 50 years, those initially in the 

non-hypertensive state that transited to hypertensive state were 40.6%, but the counter-

transition (recovery) rate was 15.6% or net increase of 25.0% to the hypertensive state. 
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Table 5.3: Average BP changes and shifts between categories at the four data collection time 
points. 

Time 
points 

Average 
years 
apart 

BP category n 
BP category 

Mean change 
(SD) 

Non-
hypertensive 

Hypertensive SBP DBP 

2003& 
2005/6 

2.4 

Non-
hypertensive 

824 647 (78.5) 177 (21.5) 
11.3 
(19.3) 

4.1 
(12.1) Hypertensive 159 53 (33.3) 106 (66.7) 

Total 983 700 (71.2) 283 (28.8) 

2005/6&
2007/9 

2.0 

Non-
hypertensive 

512 354 (69.1) 158 (30.9) 
4.5 
(20.4) 

6.4 
(11.9) Hypertensive 237 72 (30.4) 165 (69.6) 

Total 749 426 (56.9) 323 (43.1) 

2007/9&
2011/14 

5.3 

Non-
hypertensive 

234 162 (69.2) 72 (30.8) 
1.7 
(19.0) 

1.1 
(11.2) Hypertensive 154 39 (25.3) 115 (74.7) 

Total 388 201 (51.8) 187 (48.2) 

2003& 
2007/9 

4.4 

Non-
hypertensive 

493 303 (61.5) 190 (38.5) 
16.4 
(20.9) 

10.9 
(12.6) Hypertensive 99 26 (26.3) 73 (73.7) 

Total 592 329 (55.6) 263 (44.4) 

2005/6&
2011/14 

7.3 

Non-
hypertensive 

460 291 (63.3) 169 (36.7) 
8.1 
(22.3) 

8.1 
(12.6) Hypertensive 185 49 (26.5) 136 (73.5) 

Total 645 340 (52.7) 305 (47.3) 

2003& 
2011/14 

9.7 

Non-
hypertensive 

549 326 (59.4) 223 (40.6) 
19.1 
(20.4) 

12.6 
(12.3) Hypertensive 96 15 (15.6) 81 (84.4) 

Total 645 341 (52.9) 304 (47.1) 

Figure 5.1 and Table 5.4 shows how the progression of BPs evolve. A crest (inverted u-shape) 

marks a negative (decrease) change while a trough (U-shape) marks a positive (increase) 

change. The figure however shows that the 95% confidence band for ages above 70 years 

are quite big and therefore the shape in that age group could be spurious. The first crest 

occurs around 25 years of age and is indicated by the negative coefficients (-1.8 for SBP and -

1.5 for DBP) for age (Table 5.4), and the second around 60 years, and shown by the negative 

coefficient ((-0.004 for SBP and -0.003 for DBP) for age cubed. Similarly, the troughs are 

identifiable around ages 30 and 70 years and marked by the positive coefficients for age 

squared and age raised to power 4 (Table 5.4). 
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Figure 5.1. SBP and DBP trajectory with 95% confidence (greyed) by age 

Model 1 describes the BP trajectories without accounting for the effect of the BMI, while 

Model 2 and Model 3 show the adjusted changes. The biggest impact of the BMI adjustment 

ǿŀǎ ƻƴ ǘƘŜ ƛƴǘŜǊŎŜǇǘǎΣ ǎƘƛŦǘƛƴƎ ŜŀŎƘ .tΩǎ ƳŜŀƴ ǘǊŀƧŜŎǘƻǊȅ ŘƻǿƴǿŀǊŘǎ όммсΦн ǘƻ млрΦл ŦƻǊ 

SBP, and 75.7 to 63.3 for DBP). Model 2 as shown in Table 5.4 included a random effect in 

the baseline values (intercept) to address the variability in starting point for each individual 

in the sample. Model 3 in addition to Model 2, allowed a random BMI effect (slope) for each 

individual to explain variability in the slope (change by BMI). The estimated SBP and DBP for 

the whole sample at 22 years of age is 105.0- and 63.3 mmHg respectively, and each 

individual value varies randomly around these baseline values with 24.3 standard deviations 

ŦƻǊ {.t ŀƴŘ мтΦр ŦƻǊ 5.tΦ ¢ƘŜǊŜŦƻǊŜ фр҈ ƻŦ ǘƘŜ ŜǎǘƛƳŀǘŜŘ ƛƴŘƛǾƛŘǳŀƭǎΩ .tǎ ŀǘ ŀƎŜ нн ƭƛŜ 

between 105.0±1.96×24.3 = (57.4, 152.6) for SBP and 63.3±1.96×17.5= (29.0,96.7) for DBP. 

The estimated increases in the BPs for every 1 Kg/m2 increase in BMI are 0.41 for SBP and 

0.46 for DBP for the total sample. But the individual slopes (BMI effect) varies randomly 

around these values with standard deviation of 0.65 for SBP and 0.52 for DBP. Therefore the 
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95% CI for BMI slopes lie between 0.41±1.96×0.65 = (-0.86,1.68) for SBP and 0.46±1.96×0.52 

= (-0.56,1.48) for DBP. 

The correlation between the random intercepts and BMI random slopes is strongly inversely 

proportional (-0.82 for SBP and -0.87 for DBP) implying that higher values of baseline BP at the 

individual level were associated with a relatively smaller effect of BMI on BP and vice-versa. 

By including a random BMI effect, the intraclass correlation (correlation among observations 

within an individual) increased from 0.47 (Model 2) to 0.72 (Model 3) for SBP and from 0.49 

to 0.79 for DBP. In addition, the variability in the random intercepts also increased from 14.4 

(Model 2) to 24.3 (Model 3) for SBP, and from 9.1 (Model 2) to 17.5 (Model 3) for DBP. 

Table 5.4: Coefficients and 95% confidence interval (in parenthesis) for the three models 
predicting SBP and DBP trajectories with standard deviations (SD) for the random effects. 

BP Fixed effects Model 1 Model 2 Model 3 

S
ys

to
lic

 

Intercept 116.2 (106.7,125.7) 105.5 (95.7,115.3) 105.0 (95.1,114.9) 

Age -1.7 (-3.3,-0.1) -1.7 (-3.4,-0.1) -1.8 (-3.4,-0.2) 

Age squared 0.18 (0.08,0.27) 0.17 (0.08,0.27) 0.17 (0.08,0.27) 

Age cubed -0.004 (-0.006,-0.002) -0.004 (-0.006,-0.002) -0.004 (-0.006,-0.002) 

Age to power 4 
0.00003 
(0.00001,0.00005) 

0.00003 
(0.00001,0.00005) 

0.00003 
(0.00001,0.00005) 

BMI  0.39 (0.29,0.49) 0.41 (0.30,0.52) 

Random effects    

SD (Intercept) 14.5 (13.7,15.2) 14.4 (13.7,15.1) 24.3 (18.4,32.2) 

SD (BMI)   0.65 (0.43,0.96) 

Correlation (BMI, 
Intercept) 

  -0.82 (-0.91,-0.66) 

SD (Residual) 15.5 (15.1,15.9) 15.4 (15.0,15.8) 15.2 (14.8,15.7) 

ICC 0.47 (0.43,0.50) 0.47 (0.43,0.50) 0.72 (0.59,0.82) 

D
ia

st
o

lic
 

Fixed effects Model 1 Model 2 Model 3 

Intercept 75.7 (69.8,81.5) 64.5 (58.5,70.4) 63.3 (57.2,69.3) 

Age -1.4 (-2.4,-0.4) -1.4 (-2.4,-0.4) -1.5 (-2.4,-0.5) 

Age squared 0.15 (0.09,0.21) 0.14 (0.08,0.20) 0.14 (0.08,0.20) 

Age cubed -0.004 (-0.005,-0.002) -0.003 (-0.005,-0.002) -0.003 (-0.005,-0.002) 

Age to power 4 
0.00003 
(0.00001,0.00004) 

0.00002 
(0.00001,0.00004) 

0.00002 
(0.00001,0.00004) 

BMI  0.41 (0.35,0.47) 0.46 (0.39,0.53) 

Random effects    

SD (Intercept) 9.4 (8.9,9.9) 9.1 (8.6,9.5) 17.5 (14.2,21.7) 

SD (BMI)   0.52 (0.41,0.67) 

Correlation (BMI, 
Intercept) 

  -0.87 (-0.92,-0.79) 

SD (Residual) 9.4 (9.1,9.6) 9.3 (9.0,9.5) 9.0 (8.8,9.3) 

ICC 0.50 (0.47,0.53) 0.49 (0.46,0.52) 0.79 (0.71,0.85) 
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5.3.2 BMI adjusted group-based trajectories by average age at observation times 

There were three distinct groups from the 1,969 individuals (Figure 5.2). The low BP 

trajectory group comprised the majority of the study participants (70.4% for SBP and 59.3% 

for DBP), and showed a trajectory that was initially in the normotensive state but gently rose 

to the pre-hypertensive region. A medium BP trajectory (24.5% for SBP and 36.0% for DBP) 

had an initial average BP in the pre-hypertensive state that gradually rose to the 

hypertensive level, while the third group of about 5.0% had highly elevated increasing BPs 

throughout. Individuals in the medium and highly elevated BP groups were most likely to be 

in the ages 40 and above at baseline, while most of those in the low BP group were 40 years 

and below initially. 

 

Figure 5.2. Observed and BMI adjusted SBP and DBP trajectories by average age at data 

collection time points. 

5.4 Discussion 

This study examined BP life course trajectories for a period of approximately ten years for 

women from an urban setting in South Africa and how these trajectories were related to 

changes in BMI. The trajectories were initially characterised by a short instance of decreasing 

SBP and DBP with age up to around 30 years (Figure 5.1 and Table 5.4). Although our sample 
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for ages below 30 years was small, which could have affected the shape of the trajectories, 

other studies have shown small downward changes in BP in early adulthood, which could be 

associated with capacity for vascular repair or adaptions.19, 310, 311 Possible vascular repair 

could be reason for our results showing that the percentage recovering from hypertensive to 

normotensive state was highest (Table 5.3) in relatively younger ages. A second phase of 

rapid increases in the trajectories begins from around 30 years up to 60 years. This closely 

mirrors data from the Framingham Heart Study, which showed that SBP increases 

continuously between 30 and 84 years, but for DBP the continuous increase was between 30 

and 49 years.16 Increasing SBP and DBP are associated with increased peripheral vascular 

resistance (PVR) up to around 50 years, while large arterial stiffness (LAS) leads to the 

steeper rise in SBP after 50 years.312 Studies have shown that younger women have less stiff 

arteries compared with men of similar age,313, 314 but increased stiffness occurs after 

menopause. Attention for control of BP in post-menopausal women would therefore reduce 

risk for cerebrovascular and cardiovascular events.312 Understanding the variation in midlife 

BP trajectories and factors associated with this acceleration may be important in 

understanding the development and prevention of CVD risk, and strategies for lowering the 

BPs as per the National Strategic Plan.29 

A third phase from around 60 years of age show a flattening or slightly decreasing trajectory 

for both BPs (Figure 5.1 and Table 5.4). Similar studies have shown a decreasing trend for SBP 

at ages >65 years,18 and for DBP from >55 years.315 A decline in BP in old age has been linked 

to deteriorating health.21, 22 Decreasing SBP with age has been associated with dementia, 

depression, poly-pharmacy (use of a large number of medications), and increased number of 

comorbidities.23, 316 A steeper decrease in both SBP and DBP has been associated with 

diagnosis of diabetes,317 and   an increase in all-cause and cardiovascular 

mortality.318 However, longer-term decreases in BP have also been shown to occur with or 

without the presence of hypertension, heart failure, atrial fibrillation, or stroke,26 implying 

that decreasing BP could be due to low cardiac output, a feature of ageing.319 The deceleration 

and decline of BP in old age is also associated with use of antihypertensive medication,19 which 

we did not account for in this study. 

The results of the three group-based trajectories show that the averages for both BPs were 

either in the prehypertensive or hypertensive levels for the medium and highly elevated BP 

groups. The proportion of women in these two groups of trajectories aged 45 years or above 

was more than those in the lower BP trajectory group. Persistently elevated BP and 
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hypertension trajectories have been associated with increased incidence of atrial fibrillation 

(AF) with the associations being stronger in women than men.320 It has also been associated 

with higher risk of subclinical renal damage (SRD) since evidence shows that the higher the 

levels of SBP in early life course, the higher the urinary albumin-to-creatinine ratio (uACR) and 

risk of SRD later in life.321 Some studies have suggested that individuals with high BPs 

especially SBP in midlife are at a higher risk of arterial stiffening.322, 323 Evidence has shown 

that continuously high BP for years is closely correlated with subclinical 

atherosclerosis,324 intima media thickness, and left ventricular mass index.325 

The unadjusted trajectories reflect the added effect of ageing and the influence of other life 

course risk factors such as BMI. Generally, the effect of BMI on blood pressure trajectories 

affected the baseline value (intercept) more than the rate of change (slope). This could be an 

indication that the effect of BMI on BP is as result of BMI increases that usually and rapidly 

take place early in life.  Accelerated weight gain and increased BMI in childhood and early 

adult life increase the risk of elevated BP and the development of hypertension in later life.326, 

327 Surveys in South Africa have shown that the average BMI for women by age 30 is more 

than 28.0 kg/m3,181-185 which is in the upper range of the overweight level. Majority of the 

women in this study were at least 30 years old, and the average BMI at the first encounter 

was 29.9 kg/m3. An increase in BMI could lead to arterial stiffness, which may cause 

development of higher BPs.328 Higher systolic BP levels reflect the stiffening of the arterial 

walls in areas exposed to increased pressure,329 while coronary perfusion of the myocardium 

may be related to diastolic BP.330 

Allowing the effect of BMI to vary by individual brought about three more important findings. 

First, the standard deviation of the random intercepts increased, an indication that baseline 

BPs by individuals varied greatly. This was evident from the clear distinction in the group 

trajectories, that did not interact at any time point. Secondly, the results showed that the 

effect of the BMI on BP changes was higher in women who initially were in the normotensive 

status (low group), and the effect progressively becoming less in those initially in pre-

hypertensive (medium group) and hypertensive (highly elevated) states. The third issue 

relates to the correlation between measurements from the same individual which became 

more preeminent after allowing effect of BMI to be specific to individual. A stronger 

correlation can be helpful in tracking those likely to persistently have high BPs. Tracking of a 

characteristic is the stability of a certain feature over time or its predictability based on earlier 

measurements331, 332 Tracking stability of BPs is of considerable public health interest because 
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those at high risk to develop hypertension might be identified at an early stage,333 through 

screening. The influence of BMI change on BP tracking emphasizes the importance of weight 

control in early ages. Maintenance of normal weight gain in childhood may prevent clustering 

of hypertension and cardiovascular disease risk factors in adulthood.334 

The ideal trajectory for BP is one with minimal fluctuations within the normotensive ranges 

across all ages. Favourable (less steep trajectory) BP trends are attributed to socially patterned 

and modifiable BP-related exposures such as lifestyle and diet.335, 336 Few studies from isolated 

communities such as forager-farmers have shown minimal age-related BP increases in 

comparison to western societies.337 These communities however have adopted a 

predominantly vegetarian diet with very low salt content, physically active lifestyle, and very 

low or non-existent obesity levels.337-339 Individuals who undergo an urban migration from one 

of these isolated communities have been found to adapt quickly to BP profiles of their adopted 

communities.338 

The main limitation to the study was that we were unable to account for subjects on 

antihypertensive medications which could also have contributed to the decreasing BPs with 

increasing BMI in higher age groups and the majority of the women (>70.0%) having SBP in 

the lowest of the three trajectories groups. Nonetheless controlling BMI for this and similar 

populations should be prioritised as it could be beneficial in many ways and possibly cheaper 

in BP control than medication alone. Another limitation was that the sample size for women 

above 60 years at any time point was smaller and this was reason for the volatile trajectory in 

this age range. Notwithstanding, the major strength was in using repeated BP and 

anthropometric measurements which helped in analysing long-term trends of BP changes as 

they are influenced by age and BMI. This can be useful in guiding clinical practitioners to focus 

on population segments with particular risk profiƭŜǎΦ !ƴƻǘƘŜǊ ǎǘǊŜƴƎǘƘ ǿŀǎ ǘƘŜ ǎǘǳŘȅΩǎ ǊŜǎǳƭǘ 

showing that effect of BMI on elevation of BPs was not similar for all individuals and this could 

help in clinical practice by designing individualised interventions. 

5.5 Conclusions 

Three subgroups of increasing systolic and diastolic BP trajectories were identified, with 

majority of the women for each BP type falling in the lowest group that on average were 

initially in the normotensive state. The effect of BMI on the BP trajectory for age was highest 

in women who initially had relatively lower (mostly in normotensive state) initial BPs. This 
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BMI effect gradually dropped in tandem with increasing initial BP. The study also showed 

that steep increasing trajectories could be avoided if preventive interventions are 

implemented between 30 and 40 years of age from when BP starts to steeply increase. 

Follow up study is required to find out if these trajectories would be similar to findings from 

a larger and more diverse nationally representative sample. 
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SECTION 3: INTEGRATED DISCUSSION AND CONCLUSION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

άAfter all, you must make careful plans before you fight a battle, and the more good advice 

you get, the more likely you are to winέ (King Solomon, Proverbs 24:6, GNT.) 
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CHAPTER 6: GENERAL DISCUSSION 

This chapter consolidates the research findings based on the aim and specific objectives. It 

also discusses the emerging themes identified by the research and relevance of findings to 

the South African and sub-Saharan context. Finally, the thesis limitations and future research 

focus are highlighted. 

6.1 Summary of findings 

The main aim of this PhD study was to profile and monitor the spatial and temporal changes 

of hypertension and body mass index, two major risk factors for noncommunicable diseases, 

using two sets of longitudinal data. The summary of the findings related to each of the three 

specific objectives of the study are shown in Table 6.1 below.  

Table 6.1: Summary of the thesis key findings based on the specific objectives 

Objective Key findings Conclusions 

Objective 1 (Chapter 3): 

To estimate and 

compare the prevalence 

of hypertension over 

time and by districts for 

individuals aged 15 years 

and above. 

Á The national 

hypertension prevalence 

averaged 29.8% 

between 2008 and 2017 

but was lowest in 2017 

at 27.9%. By district 

municipality, it was 

lowest (19.1%) at 

Vhembe district of 

Limpopo province and 

highest (47.0%) at 

Central Karoo and 

Overberg districts of the 

Western Cape province. 

Á The findings from this study 

showed that there were 

significant differences in the 

prevalence of hypertension 

at the district level in South 

Africa.  

Á Lower-than-average 

prevalence was found in the 

northern and north-eastern 

districts of Limpopo, 

Mpumalanga, and Gauteng 

provinces, while districts 

with higher prevalence than 

average were from the 

Western Cape and Northern 

Cape provinces. 
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Objective Key findings Conclusions 

Á There could have been 

other risk factors not 

captured in the data that 

were associated with 

hypertension prevalence 

and were also distributed 

unequally between the 

districts. 

Objective 2 (Chapter 4): 

To estimate the 

transition rates between 

BMI categories and to 

assess the factors 

associated with the 

transitions across all 

ages 

 

Á To transit to an upward 

BMI, women were 2.56 

more likely than men, 

those with higher level 

of education 1.69 more 

likely than those with no 

education, and those 

from high income tertile 

households 1.46 more 

likely than those from 

low-income household 

tertile.  

Á To transit to a 

downward BMI, women 

were 1.82 more likely 

than men, those with 

higher level of education 

1.43 more likely than 

those with no education, 

and those from high 

income tertile 

households 1.28 more 

likely than those from 

Á This part of the PhD thesis 

demonstrated that the 

proportion of upward 

transitions to overweight 

and obese categories in the 

South African population 

increases sharply between 

the ages of 19 and 50 years. 

Á Once overweight or obese, 

the likelihood of 

transitioning to a normal 

BMI is low, particularly for 

women, those of higher age 

groups, and those with a 

higher income and a higher 

level of education. 

Á Based on these findings, 

scarce public health 

resources should be 

channelled to population 

segments in which the 

largest reductions in the 
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Objective Key findings Conclusions 

low-income household 

tertile. 

prevalence of obesity can be 

made. 

Objective 3 (Chapter 5): 

To profile systolic and 

diastolic blood pressure 

changes by age and the 

effect of body mass 

index on the changes for 

women aged 22 to 89 

years from an urban 

township  

 

Á The ages between 30 to 

60 years mark a period 

of sharp increase for 

BPs, especially SBP. 

Á The ICC was strong at 

0.71 and 0.79 for SBP 

and DBP, respectively 

showing that BP 

measurements from 

same individual were 

more similar from one 

period to another. 

Á Three subgroups of 

increasing systolic and 

diastolic BP trajectories 

were identified, with 

majority (70.4% for SBP 

and 59.3% for DBP) of 

the women for each BP 

type falling in the ΨlowΩ 

group.  

Á The effect of BMI on the 

BP trajectory for age 

was highest in women 

who initially had 

relatively lower initial 

BPs. 

Á Based on these findings, 

preventive interventions 

implemented early in life 

(30 to 40 years of age) from 

when BP starts to steeply 

increase could possibly help 

lower the rate of BP 

increase with age.  
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6.2 Themes emerging from the thesis  

This thesisΩ main aim was to profile and monitor two important risk factors for NCDs, that is, 

hypertension and increased body mass index (overweight/obesity). This hopefully would add 

to and provide necessary information that can be helpful in the improvements of the SA 

strategy for prevention and control of NCDs29 and the strategy for prevention and control of 

obesity.64 According to the national NCD strategy, the comprehensive approach to 

combating NCDs consists of three sub-strategies of which the 3rd ǿŀǎ ǘƻ άaƻƴƛǘƻǊ b/5ǎ ŀƴŘ 

ǘƘŜƛǊ Ƴŀƛƴ Ǌƛǎƪ ŦŀŎǘƻǊǎ ŀƴŘ ŎƻƴŘǳŎǘ ƛƴƴƻǾŀǘƛǾŜ ǊŜǎŜŀǊŎƘΦέ29 Research is also an essential 

component in the SA strategy for obesity prevention and control to help understand 

distribution of factors determining its prevalence. This study could be useful in providing 

information that can contribute to the planning and evaluation of interventions based on the 

following themes that emerged from the study findings. 

i. The results in this thesis show that prevalence of hypertension and 

overweight/obesity are still high, despite slight decrease in the prevalence of 

hypertension. This being the case, efforts to reverse the increasing trends 

especially in the prevalence of obesity should still be prioritised. One way that 

this could be done is through a strengthened health system, preferably by 

empowering community health workers and use of technological advancement 

for improved NCDs prevention and management. 

ii. Achievement of set targets relating to these two risk factors for NCD as per the 

ƎƻǾŜǊƴƳŜƴǘΩǎ strategic plans may not have been achieved by the set time. 

iii. There is need for an improved monitoring and surveillance system for the 

tracking of the risk factors for NCDs.  

6.2.1 Strengthening of the health care system for improved NCDs prevention, control, and 

management 

The focus of this PhD study was spatial and temporal changes in BP and BMI, and the result 

finding identified areas and groups of individuals at increased risk. As pointed out in the 

literature review and also in this thesis, age is known to be a major determinant for both 

hypertension and overweigh/obesity. In this thesis, it was further shown the ages when 

great gains could be made for prevention and control of these two risk factors for NCDs, 
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where the likelihood to maintain or reverse to a normalised BP or BMI state is highest. 

Improving interventions tailored to localised needs would therefore be key in achieving the 

ŎƻǳƴǘǊȅΩǎ ǎŜǘ ǘŀǊƎŜǘǎ for control and prevention of NCDs. An important aspect to do this is 

through a strengthened health system. 

Strengthening of the health system for service availability and readiness in terms of access to 

care and quality of interventions was core in the SA NCD strategic plan. This was proposed in 

the strategy and was to be implemented through the district health system (DHS) principles 

based on prevailing and unique health conditions of each district, where more resources 

could be committed to those districts with high disease burden and in dire need of 

preventative and control measures.340  

Health systemΩǎ effectiveness in sub-Sahara countries could negatively be impacted due to 

ripple effect that can occasioned by lack of prevention and control of the common risk 

factors for overweight/obesity and hypertension. Health systems in LMICs have been 

reported to focus on curative care at the expense of prevention, even though the high cost 

of curative services is unaffordable for most individuals in these populations.341 The 

importance of primordial and primary prevention of social determinants of health such as 

poverty, and unhealthy lifestyles (smoking, alcohol use, and physical inactivity) as proposed 

in the SA NCD Strategy29 becomes more critical given the ripple and multiplier effect on the 

health system effectiveness to deal with NCDs. Physical inactivity as proxied in this study by 

low levels of physical exercise, and socioeconomic factors were strongly associated with 

obesity, which in turn was a strong determinant of hypertension. A consequence of this is 

that in most cases patients with hypertension will develop CVD and most likely be diagnosed 

with diabetes mellitus. Treating multimorbid conditions poses a big challenge as NCDs are 

known to be costly, and many health systems in African countries may be unable to cope 

with the rising burden due to limited resources and infrastructure.342 Health system 

capacitation especially in the primary health care setting would be key for early diagnosis 

particularly in the high risk districts and individuals. 

It has been noted that there are challenges associated with timely screening and diagnosis 

for blood pressure and excessive body mass that cause overweight and obesity at the 

primary health care setting.343 Among the challenges include inadequate health workforce to 

undertake these activities, community unawareness regarding BP, overweight/obesity and 

NCDs and inaccessible health services related to individual circumstances (lack of transport, 

time, health seeking behaviour).344 In this study majority of those identified with 
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hyperteƴǎƛƻƴ ό{.tҗмпл ƻǊ 5.tҗфл ƻǊ ŎǳǊǊŜƴǘ ǳǎŜ ƻŦ ŀƴǘƛƘȅǇŜǊǘŜƴǎƛǾŜ ŘǊǳƎ ǘǊŜŀǘƳŜƴǘύ ƘŀŘ 

not previously been informed by a health practitioner they were hypertensive. This could be 

due to the asymptomatic nature of hypertension which could cause those who are in that 

state not to seek healthcare services. Empowering Community Health Workers (CHWs) can 

help ease the barriers to healthcare access. CHWs are considered an indispensable asset in 

the health system set up as they live within the community they serve, and they understand 

the cultural dynamics of the people who live around them. Adequate training and 

continuous retraining, could empower CHWs to screen for CVD risks such as raised blood 

pressure and excessive weight gain, and to make decisions on referrals as necessary.345 

Efficiency, accuracy, and reliability are key in disease monitoring and surveillance, and the 

use of mobile technology could be useful in empowering the CHWs. The mobile technology 

has been associated with reduced training for CHWs and CVD risk screening time, 

elimination of calculation errors of CVD risk score, and end user satisfaction when compared 

with paper-based application.346 

Prevention of ŘƛǎŜŀǎŜǎΣ ǊŜŘǳŎǘƛƻƴ ƻŦ ǘƘŜƛǊ ōǳǊŘŜƴ ŀƴŘ ƘŜŀƭǘƘ ǇǊƻƳƻǘƛƻƴ ƛǎ ƻƴŜ ƻŦ ǘƘŜ b5ƻIΩǎ 

goals according to the national development plan (NDP). Health promotion can be 

supported by using mobile technology to relay health lifestyle education according to the 

South Africa mHealth strategy 2015-2019.347 Health messaging is an invaluable tool for 

health promotion and dissemination of health information that can be used by governments, 

businesses, public health practitioners and community leaders to inspire behavioural and 

social change for prevention of non-communicable diseases. An important part of the 

strategies for NCD and obesity prevention and control is that of raising awareness. For 

example the strategy for prevention and control of obesity has the following statement:  

ά¢ƘŜ public at large should not only be aware of obesity and its consequences, but also be 

encouraged to become advocates for change, not only in their own lives, but also in the 

places in which they live, work and play, and to which they travel.64έ {ǳŎƘ ŀǿŀǊŜƴŜǎǎ Ŏŀƴ ōŜ 

raised through the mobile technology as a large proportion of the South Africa population 

have access to a mobile phone and national network coverage is over 90.0%.348 The 

department of health recently has proved that it has that capacity as at the onset and peak 

of the COVID-19 pandemic, it used to send text messages to raise awareness on importance 

of adhering to the WHO guidelines for prevention and control of the corona virus. It is 

interesting to note that fast food vendors use the mobile technology to promote their 

offerings to customers in their database, as the strategy is considered relatively cheap. 



92 
 

6.2.2 Relevance in monitoring of the set targets as per the governmeƴǘΩǎ NCD strategies  

The SA NDoH had a set of 10 targets in the NCD strategy of which one of them was to 

άǊŜŘǳŎŜ ǘƘŜ ǇǊŜǾŀƭŜƴŎŜ ƻŦ ǇŜƻǇƭŜ ǿƛǘƘ ǊŀƛǎŜŘ ōƭƻƻŘ ǇǊŜǎǎǳǊŜ ōȅ нлΦл҈ ōȅ нлнл όǘƘǊƻǳƎƘ 

ƭƛŦŜǎǘȅƭŜ ŀƴŘ ƳŜŘƛŎŀǘƛƻƴύέΦ ¢ƘŜ ƻōŜǎƛǘȅ ǎǘǊŀǘŜƎȅ ǘŀǊƎŜǘŜŘ ŀ 3.0% decrease in the prevalence 

of overweight and obesity by 2017, and a 10.0% decrease by 2020 for all age groups.  

The prevalence of hypertension based on risk-factor unadjusted and adjusted results 

showed a decreasing trend between 2008 and 2017. In absolute terms, the whole sample 

showed a decrease in the prevalence by approximately 5.0 percentage points between 2012 

(when the NCD strategy was put in place) and 2017. Although the target of 20.0% decrease 

in the prevalence was by 2020, the NDoH may not be close to achieving this target, given 

that the 5.0% decrease was achieved in a period of 5 years. This decrease could be more 

attributed to higher hypertension control through medication for those who may have 

reported being informed by a health professional that they were hypertensive rather than 

through lifestyle change. 

Although this PhD study did not analyse the change in the BMI prevalence cross-sectionally 

by age, it was able to show that the prevalence of obesity decreased from the tender age to 

end of teenage life from where it starts to increase. The results showed that the transition 

rates upwardly were higher than those downwardly for all age groups except for those 6 

years and below and the over 55 years age category. This together with the fact that the 

percentage of those remaining in the obesity state increase with time is an indication that 

overweight and obesity prevalence has not decreased, which could be as a consequence of 

non-adoption on lifestyle changes in diet and physical activity. It would be anticipated that if 

the prevalence of BMI were to decrease as targeted, the prevalence of hypertension would 

decrease further than what was already found in this study, as BMI was a strong factor 

associated with hypertension prevalence. 

6.2.3 Improvement in the monitoring and surveillance of NCD risk factors 

This thesis also demonstrated the usefulness of regularly collected data for the surveillance 

of changes in the risk factors for NCDs with an indirect inference on how the SA surveillance 

system for NCDs can be strengthened. Due to the multimorbidity of the NCDs and the 

interrelationships in their risk factors, an effective surveillance system should allow 

monitoring of these conditions comprehensively. In this thesis, the NiDS data that have a 
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national representation only facilitated studying changes in BP and BMI. Measurement data 

for tracking changes on other important metabolic risk factors such as Hyperglycaemia and 

hyperlipidaemia were unavailable. 

Detailed and regular collection of epidemiological data on NCDs and their risk factors is the 

basis for good public health monitoring and surveillance activities on health indicators, that 

could help in improving or modifying intervention strategies over time, place, and 

population groups. The WHO STEPwise approach to Surveillance (STEPS) is a 3-step method 

for collecting, analysing, and disseminating NCD risk factor data that has been proposed by 

WHO for its member states (Figure 6.1.349) The three steps for the data collection 

instruments consist of: Step 1 (questionnaire on self-report measures on socio-economic, 

tobacco and alcohol use, dietary behaviour and physical inactivity markers), Step 2 

(measurements on anthropometry and blood pressure) and Step 3 (biochemical 

measurements such as total cholesterol, blood glucose and cotinine from blood and urine 

samples) 

 

Figure 6.1: WHO STEPwise approach 

In South Africa however, formalised WHO STEPS surveys are not conducted, even though 

some of the STEPS questions are included in the large-scale national surveys such as SADHS, 

SANHANES, and NiDS. For reliable monitoring and surveillance of NCD lifestyle risk factors, 

data will need to be comprehensive and regular for it to advise synergistic interventions for 

control of hypertension, BMI, and consequently NCDs. The NiDS data used in this thesis can 

be considered as a STEPwise survey consisting of the first two steps, and so far, it has good 

regularity (2-2½ years). Nevertheless, for NiDS to be more usable in monitoring NCD risk 
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factors, improvement is needed to make it more detailed and comprehensive by including 

the biochemical measurements. Dietary behaviour on daily consumption of fruits and 

vegetables, and salt intake cannot be analysed as such data elements are not included in the 

NiDS questionnaires. Sadly also, it appears that NiDS questionnaire no longer captures data 

on alcohol consumption as of wave 5. However, NiDS being a panel survey remains 

particularly useful in tracking changes in the risk factors at the individual level. SADHS and 

SANHANES which have national representation are comprehensive and detailed and can be 

considered equivalent to a complete STEPwise survey with the 3 steps, but they are both 

irregular. Other site and small-scale comprehensive surveys conducted in SA include HDSS 

survey in Dikgale HDSS site,233 and the BT20 Plus study. Prioritising initiatives for 

improvements in the surveillance system can greatly enable a holistic tracking of NCDs and 

their risk factors. 

6.3 Conceptual framework revisited 

The hierarchical conceptual framework (Figure 1.2) including the different levels that 

describe developmental relationship between the risk factors for NCDs formed the basis of 

this PhD research. Each level of the hierarchy forms an important point for prevention and 

control interventions either separately or jointly. The conceptual framework showed 

demographic and socioeconomic factors are at the first level of the hierarchy forming the 

distal risk factors for both BMI and hypertension. Education and household income were the 

most important socioeconomic factors in this thesis. While lower levels of these two factors 

were risk factors for hypertension, higher education and higher income were risk factors for 

overweight and obesity (results not reported). This shows a need for differentiated 

interventions. Low socioeconomic status (SES) can lead to delayed health seeking behaviour 

due to limitations in accessing healthcare and information, while high SES can lead to more 

sedentary life.  

The behavioural or lifestyle factors (physical inactivity, alcohol use, and smoking) formed the 

second level in the hierarchy and are usually influenced by demographic and socioeconomic 

factors. Although data limitation neither allowed analysis of dietary behaviour (salt, fruit and 

vegetable intake), nor how the other lifestyle factors (alcohol and smoke use, and physical 

exercise) varied by demographic and socioeconomic factors, literature does show for 

example, that gender is associated with alcohol use,350 smoking, physical exercise and 
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dietary choices.351 These behavioural factors also differ by socioeconomic factors (income, 

education and employment.352) In this thesis, alcohol use had a positive association with 

hypertension and a negative association with overweight and obesity. 

BMI acting as a proximal risk factor and an intermediary level in the hierarchy between 

lifestyle factors and hypertension was strongly associated with hypertension, and itself (BMI) 

as an outcome was positively associated with low level of physical inactivity (proxied in this 

study by low levels of physical exercise), and negatively associated with smoking. These two 

lifestyle factors (physical inactivity and smoking) did not show significant correlation with 

hypertension. While smoking cannot be used as a strategy for weight control, lifestyle 

interventions for prevention and control of overweight and obesity will inadvertently lead to 

prevention and control of hypertension. 
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Figure 6.2: Extended conceptual framework with data and risk factors hierarchies 

While the thesis confirms this framework, it also adds another dimension in the hierarchical 

structures as introduced in the analysis strategy, and which can help in improving prevention 

and control interventions. According to this improved framework, indiǾƛŘǳŀƭǎΩ BMI and 

hypertension statuses form hierarchies over time, where previous statuses influenced 

subsequent status. Knowledge of individual history would be beneficial in designing 

individualised interventions especially for those requiring physician/dietitian counselling. 
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The other levels of nesting involve these individuals being nested in households which in 

turn are nested in geographic zones (health districts). As the results from the thesis showed, 

districts explained variation in the prevalence of hypertension over and above the effect of 

individual risk factors. This knowledge is of importance as community-based interventions 

can be implemented through the district health system. The adjusted conceptual framework 

is shown in Figure 6.2. 

6.4 Relevance of the study in SA and African context 

It is projected that by the year 2030, deaths arising from the burden due to NCDs in the 

African countries will exceed that due to infectious, maternal and child causes.353, 354 In 

South Africa, the probability of dying from one of the four main NCDs (cardiovascular 

diseases, cancer, chronic respiratory diseases and diabetes) between ages 30 and 70 is 

25.0%.355 To effectively address these challenges, South Africa and the rest of sub-Saharan 

Africa require epidemiological data on NCDs and their risk factors,356 which was the focus of 

this research. 

The availability of data on the major risk factors for NCDs is important in the formulation of 

policies and strategies for the prevention and control of NCDs in the population. These data 

are also critical for programme planning, monitoring and evaluation. According to the SA 

strategies for NCD and obesity, data for monitoring the set targets were to be sourced from 

various surveys such as General household Surveys by Statistics South Africa, the South 

African National Health and Nutrition Examination Survey (SANHANES) and the Demographic 

and Health Survey. They were also be sourced from routine systems such as the District 

health information System, National cancer registry, and the Chronic Disease Register. The 

present research sourced data from two important panel/longitudinal studies, that is the 

NiDS and BT20 plus study to address its aim. This, as noted in section 6.2.3, shows the 

importance and need for strengthening these data sources so that they can continuously be 

relevant in providing information necessary to combat the burden of NCDs in South Africa.  

One of the research priorities according to the SA strategy for prevention and control of 

NCDs was άInter-sectoral and multidisciplinary research to understand the influence of the 

macro-economic and social determinants of NCDs and their risk factors as an important 

guide for inter-sectoral action at district levelέ.29 The results from the first section of this 
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study looked at the prevalence of hypertension disaggregated at the district level, findings 

which can be reliably used for programming interventions at this level. 

The WHO Global Action Plan on NCDs, the SA NCD strategy and the SA obesity strategy 

include sections that address the importance of monitoring, evaluation and research on the 

trends of NCDs and related risk factors in order to determine progress in their prevention 

and control. One aspect of this monitoring requires establishing a surveillance system by 

identifying data sets and sources on behavioural and metabolic risk factors. The thesis is 

therefore relevant in that it used data from already established longitudinal/panel studies to 

monitor obesity and raised blood pressure. As already mentioned earlier, the NiDS being a 

national study can further be strengthened by adding collection of other biomarkers such as 

blood glucose, hyperlipidaemia, nicotine concentrations in the blood, and cardiovascular 

fitness using the 3-minute step test. The BT20 plus study can also be utilised to collect 

similar data items on spouses and partners of the women caregivers in this study. 

!ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ нлмм ά¦b tƻƭƛǘƛŎŀƭ 5ŜŎƭŀǊŀǘƛƻƴ ƻŦ ǘƘŜ IƛƎƘ-level Meeting of the General 

Assembly on the Prevention and Control of Non-ŎƻƳƳǳƴƛŎŀōƭŜ 5ƛǎŜŀǎŜǎΣέ255 the heads of 

states and governments, committed to a number of resolutions. One of the resolutions 

(Number 45 (e)) was to strengthen national policies and health systems by pursuing and 

ǇǊƻƳƻǘƛƴƎ άƎŜƴŘŜǊ-based approaches for the prevention and control of NCDs founded on 

data disaggregated by sex and age in an effort to address the critical differences in the risks 

of morbidity and mortality from NCDs ŦƻǊ ǿƻƳŜƴ ŀƴŘ ƳŜƴέΦ255 In this thesis such 

disaggregation was carried out and it showed the burden of hypertension and BMI changes 

varied greatly by age and sex. In addition, the disaggregation was taken one step further by 

adding spatial and temporal dimensions. Lƴ ǘƘŜ {! άǎǘǊŀǘŜƎȅ ŦƻǊ ǇǊŜǾŜƴǘƛƻƴ ŀƴŘ ŎƻƴǘǊƻƭ ƻŦ 

obesity 2015-нлнлέΣ ǘƘŜ ǘŀǊƎŜǘǎ ǎŜǘ ǿŜǊŜ ǎŀƳŜ ŦƻǊ ŀƭƭ ŀƎŜǎΣ ŀƴŘ ŀǎ ǎǳŎƘ ǘƘƛǎ Ƴŀȅ ƴŜŜŘ ǘƻ ōŜ 

reviewed to practically address the degree of the variation in the burden. 

The study section on BMI transitions (Chapter 4) clearly identified the ages (end of teenage) 

from when transitions to obesity start picking up. These results therefore provide a basis for 

directing fund allocation and campaigns on improvement of interventions that promote 

healthy food options post high school years at the tertiary educational institutions, the 

workplace, and the community at large. National and subnational policies could focus on 

improving the physical and social environment to make it more accessible and safer for 

planned physical activities such as walking, jogging, and cycling, especially in the urban 

environment. These initiatives should support and encourage physical activity for adults (>19 
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years), and especially for those above 40 years from when the probability for resistance to 

transit out of obesity state is highest. In the school/education and workplace environments, 

the time-restricted intervention357 could be ideal as it may be relatively easier to self-restrict 

access to foods compared to the home environment. In this type of intervention, meal 

consumption is restricted to certain hours (8-12) of the day allowing a continuous daily 

fasting period of more than 12 hours. 

Understanding the biological mechanism of how excessive weight and hypertension affects 

the cardiovascular function may help an appreciation of the benefits for prevention of 

obesity and hypertension at an early stage in life as recommended from findings in this 

study. As confirmed in the study, obese individuals had a high prevalence of hypertension. 

Blood pressure is calculated by multiplying the cardiac output (amount of blood the heart 

pumps in a minute ) by the systemic vascular resistance (the amount of force exerted on 

circulating blood by the blood vessels of the body.358, 359) This relationship is expressed 

mathematically as:7 

"ÌÏÏÄ ÐÒÅÓÓÕÒÅ "0  #ÁÒÄÉÁÃ ÏÕÔÐÕÔ #/ 3ÙÓÔÅÍÉÃ ÖÁÓÃÕÌÁÒ ÒÅÓÉÓÔÁÎÃÅ 362 

BMI is usually used as a proxy measure for excess body fat although it is criticised as it does 

not differentiate lean muscle mass and body fat mass.360, 361 BMI therefore represents other 

causal exposures such as diets high in fat and sodium and low in vegetables and fruits; 

sedentary lifestyle or a physically inactive lifestyle,362 all which can contribute to a build-up 

of fatty plaques (atherosclerosis) to the arterial wall,363 thereby potentially lowering blood 

flow due to increased SVR. Although an increase in either CO or SVR can cause increase in 

BP, augmented SVR is mainly responsible for elevated BP in obese individuals.7 Obesity is 

also associated with vascular endothelial dysfunction (impaired vasodilation364) by 

interfering with the production of sufficient nitric oxide which is vital for vascular relaxation, 

contraction and control of blood clotting (thrombosis.365) A decrease in the function of nitric 

oxide results in vasoconstriction and consequently an increase in vascular resistance that 

may predispose to risk of raised blood pressure.7 Insulin resistance is also greatly increased 

in obese subjects,366 and this lowers the biologic activity of natriuretic peptide, which leads to 

retention of sodium causing an increased cardiac output.367 

As mentioned above, interventions for weight loss through diet and physical exercise are 

usually recommended in the management of obesity.4, 366 However, it has been shown that 

during exercises, obesity is associated with persistence of elevated cardiac filling 
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pressures.368 Elevated right ventricular and left ventricular filling pressures contribute to 

many of the symptoms of patients with advanced heart failure.369 This reinforces the 

importance of weight control measures at an early stage in life to prevent transition from a 

normal weight to overweight and consequently obese state. 

Physical exercises such as endurance training helps in the reduction of arterial wall thickness 

and increased lumen diameter, 370 For individuals maintaining a physically active life, 

vascular function is improved through increased coronary artery size and dilation capacity.371 

These factors help in maintaining normal SVR, and consequently normal BP measures. 

Physical activity/exercise also increases insulin sensitivity and glucose metabolism by 

decreasing production of glucose by the liver and increasing the number of muscle cells that 

use more glucose than adipose tissue, thereby reducing body fat.372 Physically active 

individuals have also been found to have much lower arterial stiffness measures compared 

with individuals who have a sedentary lifestyle.373 

6.5 Limitations of the thesis 

This thesis had a major strength in that it studied hypothesis relating to differences and 

similarities of overweight/obesity and hypertension prevalences by person, place, and time, 

with the larger proportion of the thesis using data at the national level. Nevertheless, there 

were a few limitations for the thesis.  

The second objective, whose findings formed chapter 4 of the thesis focussed on the 

transition rates within the categories of BMI. While such studies have been done in some 

countries, no similar studies in the South African context were found for comparative 

purposes to gauge whether there have been changes in the transition rates over time. 

However, the findings from this section of the thesis can form a good basis for future 

comparative studies for tracking changes in the transitions rates.  

A second limitation relates to the structuring of the thesis. While the first two objectives 

(Chapters 3 & 4) focus on the national level, the third objective (Chapter 5) focus on a much 

smaller geography and demography (women). Nevertheless, future work can focus on such 

growth curve analysis for both BPs and BMI using nationally representative data to find out 

how the BT20 Plus results compare with findings at the bigger scale. In addition, since the 

spatial and temporal changes observed for both excess weight and high blood pressure 

involve an underlying biological process, clustering of such processes geographically and age-
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wise should be explored in the future as more data especially genomic data becomes 

available at the population level. 

6.6 Future research direction 

This section outlines future research priorities relating to the monitoring of the risk factors 

for NCDs which can be done by using readily available data sets. 

An important aspect in the prevention and control of NCDs and their risk factors is timely 

identification of warning signs through continuous screening as this is vital in reducing the 

development of hypertension. In a similar line of thought to the first objective of this thesis, 

an important research question along the line of blood pressure screening would be how it 

has evolved especially since the promulgation of the 2013-2017 NCD Strategic Plan. The 

investigation again can be over time and how it differs across the various administrative 

divisions (districts) through which healthcare services are delivered in South Africa. An 

important measure in this case would be the proportion of health facility clients (headcount) 

screened for hypertension, and how this is affected by type of facility type (clinic, community 

ƘŜŀƭǘƘ ŎŜƴǘǊŜΣ ŜǘŎΦύΣ ƎŜƻƎǊŀǇƘƛŎŀƭ ƭƻŎŀǘƛƻƴ ƻŦ ǘƘŜ ŦŀŎƛƭƛǘȅΣ ƴǳǊǎŜǎΩ ŀƴŘ ŘƻŎǘƻǊǎΩ ǿorkloads, 

facility utilisation rate and budgetary allocation at the facility. Data can be sourced from the 

District Health Information System (DHIS). This would be important in identifying the under 

resourced and incapacitated health facilities, and if there has been any improvements in 

increasing the number screened in primary care setting. 

Another aspect of future research building on the current one relate to the target to halt the 

rise in diabetes and obesity according the Global Action Plan for the Prevention and Control 

of Noncommunicable Diseases 2013-2020.4 Although in this thesis it was shown that 

overweight/obesity was strongly associated with hypertension for the objective dealing with 

the spatial and temporal prevalence of hypertension, it may be pre-emptive to assume that 

overweight and or obesity will be similarly distributed. Therefore, for research to find out if 

there is a halting of the rise in obesity and diabetes, an important research question would 

ōŜ ά²ƘŜǘƘŜǊ ƻǾŜǊ ǘƛƳŜΣ ǘƘŜ ǇǊŜǾŀƭŜƴŎŜ ƻŦ ƻǾŜǊǿŜƛƎƘǘκƻōŜǎƛǘȅ Ƙŀǎ ŘŜŎǊŜŀǎŜŘ ǳƴƛŦƻǊƳƭȅ 

ŀŎǊƻǎǎ ǘƘŜ {ƻǳǘƘ !ŦǊƛŎŀƴ ŘƛǎǘǊƛŎǘǎέΚ It is known that BMI has shortcoming as a proxy measure 

for body fat as it cannot differentiate fat and lean body mass.374 In line with the South Africa 

2015 Strategy for Prevention and Control of Obesity,64 waist circumferences, which is 

considered a good estimate of excess abdominal body fat can therefore be used to study distribution 
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of those at risk of chronic diseases due to excess adiposity. A similar question for diabetes can be 

focus of inquiry. Data from the NiDS can be used to answer these research questions. Since 

the NiDS data does not have actual measurements on blood sugars from study participants, 

self-reported data on whether one has ever been informed by a health practitioner (doctor 

or nurse) that they have diabetes can be used in the analysis. Multilevel statistical modelling 

can once again be used to do this analysis. The General Household Survey (GHS) repeated 

cross-sectional data by Statistics South Africa which collects similar data elements can be 

used to validate the results on the prevalence of diabetes due to shortcomings (recall bias) 

associated with self-report data. 

6.7 Conclusions based on the postulated hypotheses for the PhD research 

6.7.1 Hypotheses re-visited 

There were three main hypotheses that were stated for this thesis, and here the conclusions 

based on the result findings from each objective are provided. 

Hypothesis 1: The prevalence of hypertension in South Africa has remained constant 

between 2008 and 2017 across the 52 districts. 

The hypotheses of constant prevalence of hypertension over time across the districts of 

South is rejected and conclude that on average prevalence declined between 2008 and 

2017, and consistently differed greatly across the district municipalities. Districts with lower-

than-average prevalence remained in the North/North-Eastern parts of South Africa, and 

those with higher-than-average prevalence in South-West parts of the country. 

Hypothesis 2: There is no difference between the proportion of individuals transiting to an 

upward or downward BMI level by categories of any of the risk factors. 

This hypothesis of equal proportions of individuals transiting upwardly or downwardly is 

rejected. The findings based on the specific objective for this hypothesis showed that the 

proportion transiting upwardly was in most instances higher than that transiting 

downwardly by gender, age, and socioeconomic (household income and level of education) 

factors.  
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Hypothesis 3: Systolic and diastolic BPs increase throughout life for women caregivers in the 

BT20 Plus study 

The hypothesis of continuous increase in BPs throughout life is rejected and conclude that 

both SBP and DBP do not increase throughout life. There is a slight decrease in the BPs 

before 30 years, from where there is an increasing trajectory to around 60 years. Thereafter, 

the BPs plateau and slightly decrease. 

6.7.2 Final remarks 

In conclusion, this research demonstrated the importance of sub-national analysis of health 

outcomes specifically for hypertension and BMI at the district level as the results showed 

that there were great variabilities between the districts. These results therefore could be 

used in designing localised interventions programs. The thesis also highlighted the 

importance of investigating the transition rates between the BMI categories. Upward 

mobility rates were found to exceed downward mobility rates, and this appears to 

contribute to the ever increasing overweight and obesity prevalence. The BMI transition 

results together with blood pressure trajectories identified ages when obesity prevalence 

and blood pressure start to increase, thereby providing an opportunity for timely 

implementation of preventive interventions. In short, by using long-term spatial and 

temporal analyses of existing SA survey data, the present PhD thesis has revealed 

geographical areas and socio-demographic groups where public health interventions for 

NCDs should be focused, and resources concentrated. 
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