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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 havevestigated prevalence of noncommunicable diseases and

associated risk factors at the district level have used esestional data that could not allow
d0dzReAy3 OKIy3aSa Fid 020K AYRAJmaramiwasitoy R S O?2
address tis gap by using two sebf longitudinal/panel data to profile and monitor the

spatial and temporal distribution of hypertension and body mass index (BMiategories

Ay {2dziK ! TNRAOI ® ¢KS t K5 Toéstiovate @il coinpd@®&dAi FA O 2
prevalence of hypertension over time and by districtsindividuals 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, antb(B)ofile systolidSBPand diastolic

blood pressurgdDBP)hanges by age and the effect of body mass index on the changes for
women aged 22 to 89 years from an urban townsHipis integrated analysis provislpolicy

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

these two risk factorshereby 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 stydthat is, estimation of the prevalence of
hypertension at district level, and estimation of transition rates between &i#Bgories
Designbased 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 Hr¢h to twenty Plus
Longitudinal StudyBT20) were used to fgrowth curve models to describe intrand inter
individualblood pressureBP trajectories, and the intraclass correlation coefficient (ICC)

used to measurélependency of observations from the sameividual.

Results After accounting for demographic, behavioural, socioeconomic, and environmental
factors, significant variation remained in the prevalence of hypertension at the district level.
Districts withhigherthan-averageprevalence were found ostly 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-ft&years (4.7kg/f), 1418

Xiii



years (3.3kg/r), 1924 years (3.2kg/®) age goups, and women (3.1kg/fh Overall,

prevalence of obesity increased from 19.4% to 23.5%, with th24l@ears 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 sipward BMI level were higher than those to the downward
BMI levelin the BT20 Plus datiur 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
decliningtrend; and another increase in advanced ages. These phases persisted but at
slightly low levels after BMI adjustmer®f the 1969 individuals, thregroupswere evident

based on theseverity of BP. In SBP, 1386 (70.4%), 482 (24.5%), and 101 (5.19%)lossre
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.

ConclusionsThe aim of this PhD was toonitor spatial and temporal distributioof
hypertension and BMI using two longitudinal data sets in South Afkitaough it has been
known that hypertension prevalence differed substantially by district, the use of model
based estimation in this studysing combined data over several time points provided
LINSOA &S SaidAYldSa GKFEG O2NNBOGte OflaaAaTAsSHk
average, or just average. BMI increased substantially between 2008 and 2017, and upward
transition rate exceded 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 measurétood pressure
earlyin life would be beneficial for control later in lif€he evidence generated in this thesis
enables public health decision makers to focus their resources on geographicajracsay
SouthWest districts of the countrygnd population segmentgnostly women,ages 1924

years, andndividuals withhigherlevel ofeducation)where they are most needed.
Furthermore, he comprehensive longitudinal methodology thiis study could be useful in
assessinfuture 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 genesaltistician, 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 researciViféc degree focussing

on the epidemiology of M. 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 Eraszé G K G G LINB @GSy A2y Aa o0SOGGSNI G
research is therefore inspired by this awakening of the importance of disease prevention,

and a deep conviction of the importance of data for decision maikiqgeventive medicine.

My driveto doa PhD began asresult of working as a Statistician, Data Analyst and
Monitoring & Evaluation Manager for organisations offering technical support tdShe
Departmentof Health This exposed me to various data sources that collect data, some
periodicaly and others onc®ff 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 continuousyastematic

collection and analysis of data to provide information on the burden of diseases. This would
enaded KS (NI O1Ay3 2F KSI f (TergfofeRésearch 2ldd@no i NSy F
indicators and targets set in relevant policy and strategic plans related tacaoymunicable
diseasegNCDsand their risk factors is needed on continuous babiss thesis therefore

utilises readily available longitudinal data for profiling the prevalence of hyperteyaimh

overweight and obesity two main risk factors €¥. The importance of prevention and

control of the risk factors for NCDs cannot be umeted in subSahara Africacountries

given the threat theyose,and the high cosassociated withreatment.

This thesis is constructed through a publication model consisting of threerpeiewed

journal articles. The thesis is made up of theeetins:
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Sectionl: Introduction

The firstsectionhas two chaptersChapter one consists of the backgrourderature
review, the problem statementheaim,and specific objective€hapter2 provides details

for a generalised methodologyf the study.
Section2: Empirical Chapteyr

This section is made up of chapters &nd consists of théhree publishedlinder 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. Longterm blood pressure trajectories and associations with age and bodg mdex

among urban women in Soufrica.
Section 3: Integrated discussion and conclusion

This section is made of chaptenfid consiss of a general discussioon the synthesis of the
findings from the previous three chapterfhechapter concludesvith an evaluaton of the
extent to which the study addressed tie(l dzZR&é Q& FAY | yR 2062SO0GA@OSa

study limitations, relevance and implications b&se findings andelated future work.
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SECTIOM INTRODUCTION

"A journey of a thousand miles begins with a single step” (Chgagseg



CHAPTER Backgroundndliterature synthesis

This chapter presents the background and literature reviewhenepidemiologyof

hypertension and body mass ind&MIl)and associated risk factors.
1.1 Background

In 2016, it was reported that NCDs contributed the highest number of giobehlities
accounting for an estimated 41 million deaths or 71% of all annual déaflase than three
quarters (~32 million) of the reported NEElated deaths fall in the lowand middle

income countries (LMIC3)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 (raisg#dod pressure, overweight/obesity, high
blood glucose (hyperglycaemia) and high fat levels (hyperlipidaemia) in the Blood).
Socioeconomic factors (poverty/unemployment/low income and low education) are also

indirectly linked to NCDs.

It isanticipated 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

I Gup: NBEFGADS NBRAzOGAZ2Y Ay GKSBHMNREHe 2F LN
G{5D 0 NBSKIA R NBRASIAZ2Y Ay LINBYISBrdgdid@EonRS | (K
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 develaopent 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 NCDe WHO global
monitoring framework developeah 2013a set of 9 discretionary targets with 25 specific
indicators for member states to achieve by 20Zthese 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 preparédness.

Excerpts for the targets and indicators for the risk factors are showigure 11. Since



these targets and indicators are voluntary, countries can modify them according to their

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

Framework

Element

Target

BEHAVIOURAL RISK FACTORS

Indicator

Harmful use
of alcohol

[

2. At least 10% relative
reduction in the harmful
use of alcohol”?,

as appropriate, within
the national context

.

wi

Total (recorded and unrecorded) alcohol per capita (aged 15+
years old) consumption within a calendar year in litres of pure
alcohol, as appropriate, within the national context

Age-standardized prevalence of heavy episodic drinking
among adolescents and adults, as appropriate, within the
national context

Alcohol-related morbidity and mortality among adolescents
and adults, as appropriate, within the national context

Physical inactivity

=%

3. A 10% relative reduction
in prevalence of insufficient
physical activity

o

Prevalence of insufficiently physically active adolescents,
defined as less than 60 minutes of moderate to vigorous
intensity activity daily

Age-standardized prevalence of insufficiently physically active
persons aged 18+ years (defined as less than 150 minutes of
moderate-intensity activity per week, or equivalent)

Salt/sodium intake

4. A 30% relative
reduction in mean
population intake
of salt/sodium

[+5]

Age-standardized mean population intake of salt (sodium
chloride) per day in grams in persons aged 18+ years

@ 0

Tobacco use 5.A 30% relative 9. Prevalence of current tobacco use among adolescents
refductnon mgrevalencg 10. Age-standardized prevalence of current tobacco use among
of current tobacco use in persons aged 18+ years
persons aged 15+ years
BIOLOGICAL RISK FACTORS
Raised blood 6. A 25% relative reduction 11. Age-standardized prevalence of raised blood pressure among
pressure ? in the prevalence of raised persons aged 18+ years (defined as systolic blood pressure
blood pressure or contain 2140 mmHg and/or diastolic blood pressure 290 mmHg) and
the prevalence of raised mean systolic blood pressure
blood pressure, according
to national circumstances
Diabetes and 7. Haltthe rise in 12. Age-standardized prevalence of raised blood glucose/
obesity diabetes & obesity diabetes among persons aged 18+ years (defined as fasting
plasma glucose concentration 2 7.0 mmol/L (126 mg/dl) or on
medication for raised blood glucose)
13. Prevalence of overweight and obesity in adolescents (defined

according to the WHO growth reference for school-aged
children and adolescents, overweight — one standard deviation
body mass index for age and sex, and obese — two standard
deviations body mass index for age and sex)

Figure 11: Global targets and indicators for monitoring the risk factors for NCDs

Timely, accurate and continuopsovision of reliable NCD and their risk factdedaare

therefore needed to appropriately inform prevention, control and improvement strategies
to deal wth the growing burden of NCDs in LMITke aim of thishesiswas 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 lifestylestacto



1.2 Hypertension, andwerweight and obesity

Elevated blood pressure (BP) or hypertension and overweight/obesity are considered major
contributing factors associated with cardiovascular disedsesluding hart diseases,

stroke, and transient ischemic attaBRhese two metabolic risk factors are also associated
with diabetes and certain cancets\°though study results on the relationship between high

blood pressure and many types of cancers seem inconsistent.
1.2.1 Hypertension(elevated blood pressure)

Hypertension is an important public health challenge worldwide contributing immensely to
premature deaths mostly from cardiovascular diseag@2019, 10-8 (95% uncertainty

interval 9-5%12-1) million deaths representing 19-2% [1@B 3] of all deaths we

attributable to high systolic blood pressuteéContinuousprovision of information on the
burden of hypertension is therefore essential in developing effective prevention and control

strategies!?

High blood pressure progressively rises over several years and gekhises with age

leading to a high proportion of the elderly subpopulation having hypertensidaASystolic
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 decrese from the age of 60 yeat$The rising of blood pressure with age is

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

Several studies hawadso reported a plateauing of the upward trajectory in the BPs followed
by decreasing trend at advanced ad&%’ These decreases have been associated with
antihypertensive treatments$? poor health?! 22including incident dementid3?®> and heart
failure and?® decreasing cholesterol and triglycericddypertensive related mortalities also

tend to leave healthy individuals with lower BPs.

Primary prevention of hypertension includes healthy lifestyle changes through diet, physical
activity (PA), gaiing smoking and alcohalse and stress management. If high blood

pressure is present and persists afteplementdion of these changes, medical

management is used as an appropriate optféim orderto prevent or slow enebrgan

damage (irreparable damage taarget organ).The Global Action Plan for the Prevention
4



and Control of Noncommunicable Diseases 22030 recommended a target of 25%
relative reduction in the prevalence of raised blgaessure through a total risk approach
for cardiovascular diseasésHowever the South AfricdNationalDepartment of Healthin

the NCD strategy 20187 set its own target of 20.0% be achievedy year 202¢?
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 tansgmed

than is expended. Globally, there has been an increased intake of enenggods that are

high in fat; and an increase in physical inactieypled withincreasingly sedentaryfestyle

in many forms ofdailywork activities changing modesfdransportation, andorogressie
urbanization3® 3'In adults 20 years and above for both sexes, overweight is defined as BMI
greater than or equal to 25 Kg/and obesity as BMI greater than or equal to 30 Kgifiin
children and teenagers, BMI is defined specific to sex and age, with overweight defined as a
BMI at least the 85tlpercentile and below the 95thercentile, and obesity as a BMI at least

the 95th percentile for children and teens of the same age andsex

People with increased BMI leading to overweight and consequently obesity are at increased
risk for many diseases and other health issues comparéio®e with a normal or healthy
weight. These health conditions includb-causes of deatf? 2°high blood pressuré®
dyslipidaemia’ type 2 diabetes? *coronary heart diseas®,stroke** gallbladder

disease’? osteoarthritis?® 44sleep apnoea and breathing disordéPsome cancerg °low

quality of life#¢ mental disorders} “8and challenges in physical functionitfg>°

In 2016, approximately 10% of merand 1502 2 F 62 YSy 2NJ Mmooz 2F (K S
years)population were obesé! Consumption of proessed and affordable foods that are
concertedly marketed is highly linked to rising prevalence of obé%ityis now

acknowledged that increasing overweight and obesity in-lamd middleincome countries

including South Africa is a major health burdkat potentially affects negatively the

economic wellbeing and quality of life, and also increases heailth budget$2in an

already stretched and fragile health systéfiin south Africa, tB 2016 SADHS found that in

women, 27.0% were overweight and 426 obese, of which 20.0% were severely obese



0. alxo?j.Inynank 20.0% were overweight, and 11.0% obese, of which 3.0% were

severely obesé®
1.2.3 Overweight and obesity as risk factor for hypertension

As already noted in the foregoing literatutagh BMI and high BP share many risk factors,
even though BMI is itself strongly and independently associated with hyperterigene is
therefore a beneficial effect on blood pressure with weight reducti®f’most importantly

if interventions are adopted earlier in life because this reduces the possibility of
cardiovascular diseases later in ffePrevention 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 yong women3® and generally for both gendef8 BMI slope which reflects
velocity of body weight change may be a better predictor of hypertension in young
adulthood.A longitudiral cohort study on Chinese aged 20 to 40 years provided results
showing that a rapid upward BMI trajectory for individuals between 20 tgez0's,
considerably increased the possibility of developing hypertension in oldet*agenother
similar study, BMI change between 13 and 33 years for both genders was shown to be the
best predictors of adult SBP over ayar period®® Nevertheless, high BMI levels in young
adulthood have also been found to be a risk factor for hyperten$idm.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 agefife.

In South Africa, the strategy for obesity prevention and control recommends dietary and
physical activity interventions that include, fisoaasures, lowered salt intake,
physician/dietitian counselling, worksite interventions, and mass media campighs.
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

Theresearchis basedon a hierarchicalconceptuaframeworkaccordingo Victoraet al.

199755 dueto assumechierarchicakelationshipsbetweenriskfactorsof diseaseThe



framework(Figure 12) 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 determinardsill health do not cause diseases, and are referred as
distals determinants as they act through other intermediary (mediating) factors. In the
dewvelopment of hypertension, demographic and socioeconomic factors may exert their

effect directly or indiredy through lifestyle factorglevel 2) overweight/obesitylevel 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.

o Demographic and socioeconomic factors (S

age, race, income, education, residency)

e Lifestyle/Behavioural factors
(Dietary choices, physical

inactivity, alcohol abuse, smoking

Q Overweight/obesity

Hypertension
vVy
NCDs

1.4 Interplay of riskkactorsfor hypertension andoverweight and obesityand

A 4

Figure 12: Conceptual framework

historicalprevalence in South Africa

Overweight and obesity is known to contribute strongly in the development of hypertension,
with proportionate increase in BMI associated with progressie@ence rate of

hypertension in all age®: 8’ number of studies have shown a high proportion of

hypertensive rate among overweight and obese individuals compared to normal weight

individuals in both adolescent8 8%and adults’®’? Poor dietary choices, physical inactivity,

7



and sedentary lifestyle contribute strongly &oxise 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 andliase two metabolic

risk factors for NCDs share, in addition to age, gender andatheecity, several modifiable
factors that includgphysical inactivity, excess alcohol, smoking, socioeconomic status,

excessive salt, low dietary potassium and stres$df3.
1.4.1 Age and gender
The likelihood of developing high blood psese increases with age

Figurel.3).”¢ Up toearly middle ages (about 45 years), raised blood pressure is higher in
men, while prevalence is higher in women for those at least 55 y€avith the increase

being more in LMICs than in the high income countries (H¥@s)South Africa, the

percentage of women that are overweight and obesity is much higher than that of n€&n.
Aging is also associated with lifestyle and environmental factors changiesfluence

blood pressur€? Early life environmental influences are also known to affect blood pressure
later in life® Evidence shows that blood pressure in urban dwellers rises steeply with age,
and this could be due to multiple and complmteraction between different environmental
and lifestyle factorg? Urban lifestyle that lead to this change include too much salty diets,
alcohol consumptiorfl 82and psychological stresseThevasoconstrictiveeffect of sodium
loading on blood vessels is increases by&drhysical inactity levels, which mostly

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

for higher BMI and hypertensidi.
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Figure 13: Prevalence of hypertension and BMI categories by age and gendef2016

Evidencdrom much older studies showed that rise in systolic blood pressure was much
lower in secluded dwellin§3and in rural areas in the developing countrf&gut when
theserural residents migratd to urban environments, blood pressure rose in accordance

with the adoption of the urban lifestyl®.
1.4.2 Racel/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 ofigthHowever, in South
Africa, national survey data indicate that the prevalence of both hypesiten and
overweight/obesity to be higher in those of European origin than in native Afriaffs.
However, these survey data report crudates, that are not adjusted for age, and a higher
proportion (almost50.0%)of the Caucasian population is eldefb+ yearsin contrast to

the African population in whick60.0% are below 35 years of g§egure 14). Similarly, the
proportion of mixed-ancestrysubpopulation that is below 35 years of age is also much
higher (>50.0%) than that of the Caucasians.
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Figure 14: 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 mutticial societie$? Socieeconomic factors

that affect health outcomes such as low education attainment, low income, and healthcare
inaccessibility characterising these mulicial societies have been found to contribute
prevalence of hypertensioff. 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 hypertensiott.
1.4.3 Physical inactivity

Physical activity includes daily unplanned body fitness activities incladimgehold chores

such as cleaning and gardening, commuting to veor#t other related occupational tasks; as
well as planned, structured, repetitive and intentional movement for physical fitness such as
brisk walking, cycling, and joggiffgPhysical inactivity increases the chances of becoming
overweight and obese and consequently imased risk of developing hypertensigfit®
Characteristics that influence change in dietary intake and physical inactivity include
perceived psychosocial stress and depression; and sseimgraphic characteristics

including education attainment, income, and race or ethnitify'lin South Africa, data
10



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 Hfioseoas

(Figure 15).

Women Men
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Figure 15: Prevalence (%) of levels of physical exercise by genderZQ008

1.4.4 Alcoholabuse

Heavy drinking has been identified as a modifiablefaskor for hypertension in a number

of studies!®?especially in meA%310 Heavy and episodic alcohol consumption has also been
found to increase risk of overweight and obesity\ccording to the 2016 SADHS, South
African men have a high prevalence of risky drinkingd@3than women (8%), and there

are great variations between men and women across the provirkagsie 16).
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Figure 16: Prevalence of risky drinking for age 15+ y&ars

1.4.5 Tobacco use

Conflicting results have been obtained in various studies on effect of smoking on
hypertension1° The prevalence of hypertension has been identified to be higher in smokers
(current and past) in comparison to n@mokerst?“1*while other studies have shown nen
significant association between smokers and somolers %115 Smoking has been shown to
be a contributing factor for increased BM1 However,current smokers have also been

found to have lower BMIs compared with nemokerst® 17In South Africa prevalence of

current smoking appeato be ~20.0% between 2008 and 20Figure 17 - Figure 19).
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Figure 17: Prevalence asmoking, 208-2017
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Figure 18: Prevalence of smoking012 (SANHANES, 2012)
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Figure 19: Prevalence of smokirg 2016 (SADHS

13



1.4.6 Excess sodium in the diet

Increased dietary sodiutffsourced in table saljan cause fluid retention in the body, which
in turn can increase blood pressuf¥.Excess salt in foods has also been shown to increase
risk of obesity’> 11°According to the 2016 SADHS, an estimate@%3f the population in

South Africa consume salty snacks, and¥#processed meafs.
1.4.7 Low dietary potassium

Higher and greater lorterm consumptionof fruits and vegetable@atural sources for
potassium)s a healthy dietarfifestyle that carcontribute positively to hypertension
prevention1?%122 Potassium helpi balancingexcesssodium in body cellgherebyreducing
its (sodium)accumulation in the bloodAdequate intake of potassium can also redtioe
risk of obesity’® 11°According to the 2016 SADHS, d®0% of adults reported consuming

vegetables and 49% reported consuing fruits.>®
1.4.8 Socioeconomic statugducation and income)

Low socieeconomic statugharacterised mostly by low education levels and low incomes
has been associatedlith rising trends irblood pressureprimarilydue toincreased
prevalenceof obesty and highuncontrolledalcohol intakeamong thesaleprived
socioeconomic groupr® 24Systematic review of studider the association between
socioeconomic status and obesitgveshown anincreasing positie associations and

decreasing negative associatidios countriesas income level decreasg?®
1.4.9 Sress andnsufficient sleep

Life stres®rs'?6: 127and short sleep durations'?® 2°are also independently associated with
weightchangeslIn stressful moments, sonmiadividuals increase their caloric intakg
consuming fattyfoods, dense incarbohydrates,*3%132put othershave decreasaappetite for

food_133, 134
1.5 GCeographicdly differerces in prevalence

Globallythe distribution of raisedblood pressureis knownto be disparateacrossregions
while at the sametime showingsomesimilaritieswithin divisionsof a region.Forinstancein
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2016,a studyon blood pressuretrendsbetween1975and 2015for 200 countriesfound that
raisedblood pressuredecreasedn HICsyemainedhighin centraland easternEurope,and
increasedn the LMICamostlyin SouthAsiaand sub-Saharamfrical® Evenwithin agiven
country,subnationalgeographiesanshowdisparitiesin prevalenceof elevatedblood
pressurenot necessarilyexplainedby existingbehaviouralor socicdemographic
characteristic$3® In the United Statesof America(USA)statesin the southeastern(Wa i N2 | S
o S fpdrt@fithe country,are knownto experiencea higherburdenof hypertensionin
comparisorwith other states3” Addtionally within a state, countiesmayalsoexhibit
differencesin prevalenceawarenesstreatment and control 13 Theseregionaldifferencesin
hypertensionprevalencehavealsobeenfoundto be associatedvith differential dietary
patternsacrosgshe regions,with regionsthat consumehighfatty acidsand sodium,with low
potassium calcium and magnesiumassociatedvith higherhypertensionprevalences??
Spatialanalysiof essentialkoil elementsin USA found that stateswith high decliningrate of
potassiumin the soilalsohad higherprevalenceof hypertensionand hypertensionrelated
mortality rates14° Existingdistinct spatialclustersof diseaseprevalencewithin a country
mayrequireinterventionsprogramsthat alignto, and mirror the prevalenceof the risk

factorsin specificsubnationalunits 14
1.5.1 Geographically differentiated studies in Africa and South &fric

Studiesin the Africancontinentare mostly characterisedy choiceof a singleadministrative
unit suchasa state within a countryand comparingprevalenceby rural andurban
divisions!*?144|n Ugandacompasdlifferentiated regions(East West,North, Southand
WestNile) havebeenusedto studydisparitiesin hypertensiont4® In WestAfrica,spatial
differencesin hypertensionand obesityprevalencehavealsobeenstudiedfor anurban
settingdisaggregatedy residentialtype (parcelledout or non-parcelledout areas)}*6 or by

hierarchicakegregatiorof an urbanareaby levelof infrastructuredevelopment4’

Studieson the distribution of hypertensionand related predisposindgactorsin SouthAfrica
just like other African countrieshavemostlybeenby either rural or urbandisaggregation,
andfor specificgeographicahreas. Ntuli et al 20158 studiedprevalencen arural
communitynot necessarilylescribedby an administrativedomain.Barnighauseret al
2007 *°andMalazaet al 20121%° studiedhypertensionand obesityprevalenceusingdata

from alargerural administrativeunit (district) with highprevalenceof HIV.Olderstudies
15



concentratedon geographicahreasinhabitedby a certaintribe, comparingprevalence
betweenrural andurbandwellers.Severet al 1980,15 comparedblood pressureandits risk
factorsfor Xhosadivingin ruralandurbanareaswhile Seedatet al 1982,similarlycompared

hypertensionprevalencen tribal Zulu?

Therehavealsobeendiversestudiesdifferentiated by administrativegeographicalinits.
OtangMbenget al 201753 studiedfactorsassociatd with obesityin a singleadministrative
areaof Nkonkobelocalmunicipalityof the EasternCapeProvince Okop,Levittand Puoane
2015%*lookedat prevalenceof excessivénodyfat for rural and urbandwellingsin two
different administrative(provincial)areas while Rousseawt al 2017,studieddistribution of
adiposityof rural and urban settingswithin the sameprovince(North West).Nationally
representativesurveyshavereported prevalenceby large (provincial)subnationalunitsin
additionto differingrural andurbansettings!> TheH3AfricaAWFGenStudywith 6 sitesin
SubSahararAfrica includingSouthAfrica,hascomparedhypertensionprevalenceby rural

andurbangeographiesdministativelydiversewithin countryand betweencountriesi®®

Surveysn SouthAfricawith nationalfocusincludedStudyof GlobalAgeingand! R dzf G & Q
Healthd { ! Dd thaseage50yearsandabovel® DemographidealthSurveygDHS}hat
havenationalrepresentationhoweveronly report statisticsat provinciallevelandthey are

not usuallydoneregularly.Similarlythe & { 2 A#ficKkNationalHealthand Nutrition
ExaminatiorSurveyo { ! b | ! whizHhasbeendoneoncealsoreported statisticsto the
provinciallevel. Other studiesat the nationallevelhaveusedselfreported dataon
hypertensionto studythe prevalencet>® Recentand concurrentstudieson CVDsand certain
riskfactorsat district levelusingcrosssectionaldata suchasSANHANES? and the 2016

DHSdata®° havebeenreported.
1.5.2 Social contexts in geographical distribution of healtitcomes

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 additiontte effects of individual

and household risk factof§! This as a result ofieighbourhood cohesion that incorporates
key social features of the neighbourhood environment. Neighbourhood social cohesion is

defined bys LIS NDSA PGSR 02y ySOiGSRySaas a2t ARFNARGRS
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I OG0 O 2% S Kdhdegudnce 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 siffit&eparating 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 obeslif{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, wih differentials also between men and womé?.

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 ordeftd S NI WS T F S (
O2y (SEldz £ f& &Sy aA®ih@8Sahad Africed HI spaiisd dadd Bayai A 2 v &
been used to provide evighce on how to improve HIV plannif prioritise key populations
andadministrative division at more risk of infection, and to tailor interventions to mirror the
local health need®® National trends can also mask substantial differences by place in
understanding of local level changes and monitoring of epidetfiiGpatial data can also

help in equitable allocation of scarce resouré&dn understanding differences between

area surveillance dat& and in tailoring localised services and targeted interventigis.
Subnational estimates characterise disease patterns in the local population, thereby
supporting the planning and delivery of prevention and management services that meet

local needs.”?
1.6 Research gapsndneed

With severalglobaland nationalpoliciesand strategiesbeingdevelopedfor dealingwith the
pandemicdueto NCDsandtheir riskfactors researchis indispensablgartly to guidepublic
health planningand partly to monitor and evaluatethe extentthe settargetsandindicators
areachieved Giventhat the SouthAfricand { G NJoilp&#&Btionand control of NCDs,
20132017,andthe Strategyfor preventionand control of obesity,2015H n Hhaeboth
matured,the followingresearchgapsand needshavebeenidentified asspecifiedin sub-
strategy3, that is,& a 2 y N@D&ahdtheir mainrisk factorsand conductinnovative
reseaNJO &f the NCDstrategy.
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A Surveillance to monitor trends and measure progress in addressing inequalities: This
requiredidentificationof datasetsond 6 S K I ZaRd@ndrhblitriskfactors
(harmfuluseof alcohol,physicalinactivity,tobaccouse,unhealthydiet, overweight
andobesity,raisedblood pressure raisedblood glucoseandK & LIS NI A LHEWR I SYA |
how they differ by keydimensionssuchasgender,age(children,adolescentsadults),
socioeconomistatusand place.

A Dissemination of resulsom innovative researchAs crosssectional 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 sher 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 t@me up with programs that mediate the effects
of the factors to the populace.

A Groupbased BP trajectory analysis has shown that a high (>140 mmHg SBP) in
midlife increases risk of stroke and dedtiPopulationrbased cohort studies
GadzlIL2 NI GKS @ASg (KL GA yK AGKKA TSR Giakay/Ral £ (1 S NJ
degree to which BP tracks from childhood to adulthood varies by sex and®ge,
there is need to study and identify the ages with the highest likelihood for
transitioning from hyprtensive to norhypertensive state, information which may be

helpful in policy formulation.

Anothergapin the literature discussedboverelatesto the methodsusedto obtain
subnationalestimatesof diseasesncidenceand prevalence Breakingdown datainto
subdomainsiltimately reducesthe samplesizesior eachsubdomaintherebyreducingthe
statisticalprecisionof the estimatesfor thesesmallerdomains.In suchscenariosan
averagingor poolingof dataacrosghe subnationaldomainscanbe usedto obtain more
reliableestimatesby usinghierarchicalor multilevelmodels.Thesemodelsare alsousefulin
improvingestimatesby combininginformation overtime suchasis availablein longitudinal

or pand studies.
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1.7 Justificationandrelevanceof the study

TheSouthAfricand { (i NJoriPEeationand Controlof Noncommunicabl®iseases

(NCDsP01317 andthe Strategyfor the Preventionand Controlof Obesityin SouthAfrica

2015H n H pointEd out the importanceof researcha (uBderstandthe contextspecfic
factorsandsocialR S (i S NJY dfNEDR iskfctorsin orderto implementa A y i SNBSSy (G A 2
effectively,especiallyin resourceconstrainedsettingswherethere are multiple competing
healthLINR 0 f254ThedN@Dstrategyalsomentionssourcesof surveillancedata, both

routine, for example the DistrictHealthInformation Systemand specificsurveyssuchas
thosecarriedout by StatisticsSouthAfrica(StatsSA)and other bodies.Thisstudytherefore,
alsodemonstrateshe usefulnesf the readily availabledatain SouthAfrical’®in

addresingthe publichealth challengeposedby 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. Thestudy may also be beneficial agaide for intersectoral action at district

level, in accordance with KS a & dza G+ Ayl 6t S RS@GSt2LIYSyd 32| f
Hamp UGKIFG OFfEtSR F2NJ aO2dzy iNRS&a (2 rhof ONBI & S
GKS FAY FT2NJ AGNBYy3IGKSYyAy3a REGE Y2y G2NAy 3 |

1.8 Aim, specifioobjectives and hypothesesf the thesis

Themainaim of thisthesiswas toprofile andmonitor the spatial and temporathanges in

hypertension and body mass indexSuth Africa.

Specific objective 1To estimate and compare th@revalence of hypertension over time and

by districtsfor individuals aged 15 years aatlove.

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

the factors associated with the transitions acrossagks.

Specific objective 3¢ 2 LINRPFAE S Gaeadz2t A0 FYyR RAFaaz2t A0
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¢ KS G LINBE @I £ Sy O0S 2 F K& kXemnNdn&dtdnatahty A Y
between 2008 and 201&crossthe 52 districts

Hypothesis2: Thereis no differencebetweenthe proportion of individualstransitingto an

upwardor downwardBMI levelby categoriesof any of the riskfactors.

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

BT20 Plus study

In the following chaptera brief methodology afhe data sourcescollection and settings discussed
A combined discussion of the statististlategiesemployed for the three journal articles aso

briefly included.
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CHAPTER METHODOLOGY

2.1 Data sources

The data for this study were acquired from two longitudinal/panel data sets; the National
Income Dynamic Study (NiDS) witdtional 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 paney, which started in 2008

with a sample of 28,000 individuals. The survey is taken approximately exdeyg&s. This

far, 5 waves of the study have been completétt®® 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
[ LIS ¢25yQa { OFigurei2l.) ZHe mar(pArgoRedoANIDS is tracking and

understanding poverty transitions in the population.

The Survey The Implementer The Funder

Department:
Planning, Monitoring and Evaluation
REPUBLIC OF SOUTH AFRICA

SCHOOL OF
ECONOMICS

VERSITY OF CAPE TOWN

\(aopsroc/
’ .
: ‘/I‘lya,\!un )\

. 49“

Reconstructed as sourced from: http://www.nids.uct.ac.za/ (Surevy); https://www.saldru.uct.ac.za/ (Implementer); https://www.dpme.gov.za/Pages/default.aspx (Funder)

Figure 21: Description of the survey, implementer dndder (NiDS)

South Africa is administratively made of 9 provinces and 52 dis(fgare 22). Of the 52

districts units, 44 are district municipalities and 8 metropolitan municipalities. According to
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the 2016 Community Survéf the population was estimated at 55,653,65%he 2020 mid

yearpopulationestimatewasat 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 livesin urban areas. It is reported that urbanization is one of the major factors

that contributeto 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 §4sis.
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Figure 22: Districts and Metropolitan Municipalities of Soutfrica

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
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YR YAfAGFNE o06F NNF Ol 4ad¢ ¢ K SstagelcldsteinesusedR &l YL
to sample study household and individuals. The 52 districts are used as the'&eie 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 itf200Biis case, a

PSU is a geographical area made up of at one or marmé&mation 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 &wmerlapping dwelling unitdn this

thesis data on those aged 15 years and above was fsedstimating hypertension

prevalence, while the combined under 15 years data and the 15+ years data were used in
estimating BMI transitionsAll 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 lagjet 15 years and

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

in a household, with a third measurement only if the difference between the first two is
Fo2@S neép 13 F2NJ ¢6SAITKUI miesériReanddlpod prassufe2 NJ K S A =
measurements are taken for those aged 15 years and above in the housBlaid.

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

Date, month, and years when the interviews and measurements veaden are also

recorded.

Individuals seffeported onpopulation 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 lemelployment status, marital status,
household income and household si#&The electronic version of the publicly availableadis

hosted by DataFirshitps://www.datafirst.uct.ac.za/dataportal/index.php/catalog/centiaand

disseminated to users through their online web catalogue. ihkelic elease data sedéxcludeshe
namesandaddresses of the responderds well as the names of towns and suburbs in which

they live.
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2.2.2 Data management and preparation for analysis

The data analysis procedures for the journal articles in Chapters 3 anddésuebed in the
respective methodsections A brief description of the data structures and files for each
wave of the NiD% provided hereThe following files were used to source the required data
items for this PhD study and merged accordingly usieggdures described in the NiDS

documentation8®

Link Filelists the individual and household identifiers for each wave enitbusehold in
which that person is resident. It has one record per individual, and the uniquely identified by

a personal ID.

Household Roster Fileas one record per person and provides dfataeach household
family member, even for those not residingtire household at the date of the survey.
¢tK24aS y2ynNBaARSyda NS RSSYSR (2 06S NBAaARA

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

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

guestionnaire, but excludes data in the household roster.

Adult Data Filewith one record per entry contains questionnaire data from those aed

years and above on the day ofetlinterview

Child Data Fildnas a single data record obtained using childspecific (<15 years)

guestionnaire. It has unique identifiers for household and individual.

Derived Variable Data Filkeeps data such as aggregated income and expenditure vagiable
These are not directligken 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 Dait Filewith one record per household is uniquely identified by a
household ID.

Individual Derived Filavith 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 Taventy (BT20) Plus Study

The Birth to Twenty (BT20) Plus Study is a continuing longitudinal study done in Soweto
(Figure 23), Johannesburg, South Afrit€& The study population is made up of children and
their families in this urban settintf* The original sample was made up of birthsaeted in

I aS@SyngSS| f 2y 3 -JBndzNRQ)heny5,460 Sigte Sirhy ocduira.o
women who provided concrete addresses within the study dPé8ased on the 2011
national censusSowetowhich hasa geographical area of approximately 200 km? 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/km? as per the 2011 census.

Data for thighesishowever camdrom 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 andthe fourth between 2011 and 2014.

§ SOWETO MAP

GOLD REEF CITY
APMTHEIOMUSEUM'

FNB srmuu i M

mmm

Figure 23: Map of Soweto

2.3.1 Data collection and management

During baseline recruitment, questionnaires were used to collecirsplbrt
sociodemographic and behavioural dataluding age/date of birth, socieconomic status

(SES), smoking, physical activity, alcohol use, and individual and family histories of
25



hypertension. Blood pressure was measured twice by an appropriate sphygmomanometer
and cuff using standard guidelingseated 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 angf 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 stratedgr the whole study

Detaileddata analyss specific to each objective are included in the relevant chapkézse |
include a general analytical strategy relatinghe type of data (longitudinal/panel)
characterisng the thesisThe main benefit of collectinigngitudind datais because it adws

analysis othangeor stabilityof an outcomeof interestat the individual (unit) level.

In this thesisstatistical approaches developed specifically for longitudinal detz
consderedappropriateas theyenable measuremenf the time effectson different cohorts
sincewe hal repeated measurementsver time fromthe same individualThe approach
also enabld limited control for unavailable/unknowrexplanatoryvariablesthat are
constant over time anthat possiblydetermine theoutcome (dependent) variabge
Multilevel model®3with 3 levels (repeated measurementsdividualand districk) was
appliedfor the first specific objectivahe event history model fotransition probabilities
with multiple states (competing risk¥f wasusedfor the second specific objectivand the

growth curve modéP3wasused for the thirdspecificobjective of the thesis.
2.4.1 Multilevel model

Logisticregressioris a statisticastrategyusedeither to predict a singlelependentbinary
variable using one or more oth@rdependentvariables orto determine the numerical
relationship between such a set of variabl€sMultilevel logistic regressiois an extension
of normal layistic regressiodeallysuitedif sampledata containrepeated(longitudinal)

measurenentsfrom the sameunit or have a clustered or hierarchical structdfé

Athree-levellogistic regressiomodelwith repeated measurement dataas usedor the

first objective of ths PhDstudy. The generdiorm for the model is as follow¥"19°
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For a dataset with rsubjecs or units, ‘Gndexes thesubjects, ‘Andexesthe clusters groups
(districts), andothe observatiortime. w =1 denotes presence of the event (hypertension),
whilew = 0 denotes absence of the event (normotensive state) at tinfde first twoterms in
the logit equation are the fixed effegtwhichshowthe expected valu®f the log odds of y
over timegivenvalues of thek covariates®w; denotesthe K" explanatory variables frorthe
"\ subjectin district jat time t The rest of the terms in the equation represent ttemdom
effects (or residuals)y denotesthe residualgepresenting group (district) effeeindaccounts for

the differences in y across the district§. Qi "G a@indicatorvariablefor observatiort. The

random interceps6  capture subjeci differences in the level of fpr the null model (without

covariate$ at the baselindi.e.aroundi o +Vj), [the log odds fopresenceof hypertensionin subject

“(rom district ' @ompared to the meaphandé captures individual differences in the rate of

change ofy 6 I NB gzyaRt, we have the residua;j, which captures timespecific

variationinyl N2 dzy R AY RA @A RdzE f 4 Q 3 NP adiih indivddiae S O (i 2 NA

trajectories due to noise, measurement error, or omitted thwrying covariates).

¢ KS { geheialhoation for fittinga three-level randomintercept modelfor repeated
measuresof hypertension giverthe covariatesat the individuatevel(level2) nested within

districts(level 3) is as follows:
Q£ WANT 0 QBHWEE B || QQi &) QO® QL 0QPs6 O

In the notation,@ 1 Qi 0 Qsaivafdabke with 0/lentriesindicating absence or presence
of hypertensionand@hw FE o are the covariates (independent variableSpeific

RSGFAfa 2F (GKS Y2RStQa O20FNAIGS& FNB IAQPSy
2.4.2 Event historymodel

Panel data such as obtaitién the NiDS give rise to sequence of discrete observable events
AY 'y AYRAQGRRKES & DAS dSYFBE ANBSIONS a Sy da 'y AYyRA
discrete state to another in a space of one or several other discrete sitEsenthistory

modelling is a statistical technique used to analyse t{toyevent data for research designs

= ~

where the state of subjectbver time is only known at discrete time points; 0 E h
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0 .2%99n the NiDS panel data, anthropometric measuremantsstudy participntshelps to
GN} OS Iy AYRAGARAzZ f Qad .alL O0dzyRSNBISAIKGZEZ y2N
data produce a geof events with multiple states or competing risksas shown irFigure

24.

Unchange

Normal

LowerBMllevel

UpwardBMllevel

Figure 24: Body weight transitions amongst normal, overweight and obese categories

For a dataset giving rise to E types of transitions/events, in an interval obtfofeepisodeQ
of individual’Q a categorical response variable for competing risk events can be defined as
b ey fEBAOMD

AEABD AT U BADA  phE o
W can be analysed in one of two approacHiesunderstandngthe transition probability of
a givenevent oftype ' Q 1) by using a multinomial model far with correlated random
effectsthat allow modelling ofshared unobserved risk factqiar 2) bydefining a binary
responsew for event typeQ treating all other types of events as censored (no event
observed), and analyse using a maitel binaryresponse modet®! In this PhD researchhe
multinomiallogit modelfor the probability() 0Dicd Qo 5 T OEW
phE 24 of transitionto an event of typéQwith the following notatior?® was usedor the

second objective.
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Where

- O are dummy functions for timand| the effect of time duration

- ® are covariates at the individual leyandf is the effect of tlose covariaten
the log oddsof the transition

- 0 M HE M capturerandom effectsf unobserved individudhctors specific to

each type okvent

Thed a ¢ "dnandin Stata version 152°was used in fiding out therelative riskfor
transiting upwardly, downwardly, remaining in overweigldte, 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
0Nl 2SO0G2NE RSaAaONAOGSa GKS S@2tdziA2y®27F |y
Growth curve model GCN) can be used foexamiring 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
A Y RA @A R dzR%AQidpledifear ynadél i time takes the forsy:

« I o4,
where ‘Gnd Gndexesperson and measurement occasia® represents theoutcome of
interest BRs).I  is the intercept for the BP trajectory for participe®y  the slope of the
trajectory for participan™@er unit change in timed "“Q~ e time corresponding to each
measurement, ani' represents the random error or unexplained deviations from the
trajectoryfor person‘QTheintercept{ ) andslopef ) carry the persorevel subscripQ
as they are assumewndomand allowed to vary across participarit§In this PhD thesis,
the results for Chapter 5 (Pape) &erebased orthis modelthat defined a cwilinear

growth form of thefourth degree(i.e. by including the quadratic, cubic a#ffl degree
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polynomid termsfor 6 "Q~.XThis model was fit on the BP data usa_Qw&@dnmandin
Stata SE Vsion 15.0°%?

The developing of raised blood pressure and body mass index in a population may produce
clusteringof persons bygroups that show decreasing, increasing or stable trajectofes.
special case of the growth curve modelling tries to identify clusters ahdistevelopmental
trajectoriesin ahealth or social outcoméor a givenpopulation?®’ Interestlies in findinghe
distribution ofan outcomeconditional on ageor more specificalljthe conditional
probabilitydistribution ofl Yy A Y R BEirajdRtdried dendted by OD "QQwhere &
andd "QQ@re the vectors ofhe repeatedmeasurement®f BP and agéor individual'Q
Mathematically this isvritten as 0 ¢ 0 "QOTIN} B “ 0 ¢ OB ,where* is
the probability of membership in grouf@and the unknown parameter determines the
shape of the grouspecific trajectoryln this studythe censored normal distributio(T obit
model) was considereal ideals since the repeated BReasuregnentswere on acontinuous
scale which may be censored by either a scale minimum or maximum aof%oth
Identifying distinct trajectories at different phases of life as well as examining the factors
related tothe trajectories is important for planning tailored and wergetedhealth
promotion strategies and interventiorf8’ 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 BMIK S { G I U | duigd © LIBS®ASAugedny 2
the identification of thke groupsin the procesdor finding out theidealnumber of groups of
trajectories and theshapes othe trajectories a null modelwith two groups was chosen as
the starting point This process was sequentially followsdimproving model complexity
usingcombinations ohull, linearand polynomialtermsand also by varying the number of
groups.The command provides outptr Walds test for the significance of model
parametes, andBayesian Information Criterion (Bl@)daAkaikenformation Criterion (AIC)

for comparingthe modeldifferences
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,tthdy $ooks at all the

districts in the country simultaneously and at multiple times thus making it uni@jse,
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giventhe use of advanced statistical methods of multilevel and panel data estimation
methods. In addition, each added panel/wave of both thBS8liand 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?19The 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 includegstiméion of the average rate of change using the first 3 waves of
data?landl 8 4SaaVYSyid 2F K2g F22R OK2A0S4a -l yR YSt
perceived health status using the 2014/15 wave d&f&ther studies have looked at how

BP variedseasonally antow it differs by socioeconomic standarés: 214

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

assessment of sefeported physical activity patterns and association with anthroptioe

measures and metabolic outcom&Sl YR O2 YLI NR &2y 2F K2g GNRAajJ
cardiovasculld RA a4 Sl 4Sa FyR (@@L H RAIOSHSROtHRA FTTF SN
studies have aimed to propose an acceptableaffippoint for determining metabolic
disorders?’’ yR K2g | O2YOoAYylLGA2Y 2F do2Reé& O02YLRar
LINS&dadz2NBE o0.t0 FYRZBRYOARSY(l KELISNISyarzydé
2.6 Ethicalconsiderations

Ethicalapproval(M170866)wasgrantedby TheHumanResearctand EthicsCommittee

(HREQ)f the Universityof the Witwatersrand,Johannesburglheresearchinvolvesno

direct healthriskto either the NiDSor BTT2Gsurveyrespondentsor anyrisk of regarding

diffusionof personaldetailssinceno personalidentifiersare providedto the publiclyavailed

data.
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SECTION 2: EMPIRICAL CHAPTERS
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CHAPTER PAPER

Wandai ME Norris SA, Aagaatdansen 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)84.
Abstract

BackgroundAs a response to the growing burden ofnracommunicable 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 atdbadministrative 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 Stupgnal survey,
were used for estimation by both desipased and multilevel analysis methods. In the
multilevel analysis, a threkevel hierarchy was used witkepeated measurementis the first

level, onparticipantsin the second level, and districts in the third level.

Results:After accounting for demographic, behavioural, seegmnomic and environmental
factors, significant variation remained in the prevalence of hypertension at the district level.
Districts withhigherthan-average prevalence were found mostly in the seutbstern part

of the country, while those with a prevalence below average were found in the northern
area. Age, body mass index and raogulation groupwere the individual factors found to

have a strong effect on hypertension prevalence for this sample.

ConclusionsThere were significant differences in hypertension prevalence between districts
and therefore the method of analysis and the results cowddibeful 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 dissace

as coronary heart disease, stroke, transient ischemic attack, and congestive heart#&ilure.
A study based on data from the 3@ar followup Framingham Study pointed out the urgent
need for primary prevention of hypertension by addressing assatiask factors through
weight control, exercise, and reduced salt and alcohol infakin 2015, global age
standardised prevalence of raised blood pressure was estimated to be 24-192721) 4f

men and 20-1% (17~&-5) ofwomen. 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 middléncome countries (LMICY> According to the 2012 South African
National Health and Nutritional Examination Survey (SANHANE®yJgnce of

hypertension was approximately 26.0%and the 2016 Demographic Health Survey
estimated the prevalence to be 46.0% and 44.0% for woared men respectivelip.A

number of studies have reported higher than global averagw@ences in the LMI€9222

and this has been attributed to necompliance 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 N@ommunicable Diseases, which targets to reduce
the prevalence of people with raised blood pressure by 20% by the year 2020, through
lifestyle and medicatios® 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
geographieg?® 77 224 22yt gaining a better understanding of variations at the finer
resolutions (district leel 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
shott as it does not account for factors that are known to be associated with the prevalence.
In one study, districbased prevalence of cardiovascular comorbidities, including

hypertension were estimated using an outdated dataset (1998 South African Derhagrap
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Health Surve{BADHS$Y26 National prevalence of disease can conceal important differences

in prevalence in subnational are#&.In most highincome countries (HICs) where dadre

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 subregions within a country?t 228 229

The aim of this study was therefore to profile the variations in hypertension prevalence
0SG6SSY RAAGNROGA Ay {2dziK ! FNAOI | FGSNJ Oz2y

economicbehaviouraland environmental variables.

3.2 Methods

3.2.1 Data source

The 2008, 2010/11, 2012, 2014/15 and 2017 samplemtbvidualsaged 15 years and
above from the National income Dynamics Study (INfi28el survey were used in the study.
The survey provides a large nationally representative sample that is stratified by the

O2dzy i NE Q& pH RAAGNAOGaD
3.2.2 Population and sample

The target population isomposed ofindividuals 15 yearsand abovejn private households
YR NBaARSYyda Ay ¢62NJSNBQ K2adGStaz O2y@dSyia
j dzF NIISNR &dzOK a4 &addzRSyitaQ KzadasStasz 2fR | 3€
The sampling technique employed in panel study is exinalgtdiscussed elsewheté&® The
sample retained for the study includes respondents who hadastlevo 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 pael were taken twice from each survey respondent. Valid BP measurements were
determined according to previously applied critedén?3°as follows: 1)f 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 datahsesystolic BP

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

blood pressure measurements.

Table3.1: Sample by wave for participants 15 years and al{Se@ith Africa)

Wave  Valid hypertension data Total sample Percentage valid

2008 14 135 18 617 75.9
2010/11 15128 21 943 68.9
2012 18 393 25 228 72.9
2014/15 22 526 28 460 79.1
2017 23 605 32123 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 thalBi®S

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
andpopulation group(selfidentification as African, Coloured, \tdy, 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 educatiorf levé Xt NA Y| NBE a4 OK2 2 f |
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/Farmsyl emcome 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 waken. 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) wsad or indicated as unknown if subject

was not in previous waves.
3.2.5 StatisticalAnalysis

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

reporting results at the district level.
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Designbasedanalysis

Desigid  aSR SalAYl (GSa datiakifigafon Wweights. AnizNd Stép Qfdhe LI2 &
analysis was to estimate the prevalence of hypertension nationally and by the levels of each
explanatory variable on univariate basis, followed by the estimation optegalence by

districts.
Multilevel analysis model

A threelevel multilevel analysis model where periodic (survey waves or the repeated
measurements) hypertension status@sst level) are nested in individual respondents
(second level) nested within drstts (third level). The risk factors listed above were adjusted
for in the model. Orhe basisof population group Caucasians and Asians were combined
due to relatively small sample sizes especially for Asians and referred in this analysis as
Wh { KopWEmon groups

1. Levelspecific distribution of hypertension varianc&his step aimed at estimating
the distribution of the hypertension prevalence variance between the three levels,
and the proportion of variance explained by the individlealel demographic,
behavioural and socteconomic risk factors. This involved first fitting a multilevel
model without the covaates (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 variangeartition coefficient (VPC) and the lexagecific change in
variance Ds?). The VPC measures the proportion of variance explained by each level
within the model and the levedpecific change in variance measures the proportion
of change in variance for eh 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 individdalel risk factorsUsing the
fully adjusted model, odds ratios anevalues were calculated for each risk factor in
the model.

3. Estimation of adjusted hypertension prevalence at the district uniths involved

using the predicted individual probability for hypertension in estimating the
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prevalence at districtevel. 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 exceshypertension risk was also presentsplatiallyto show the clusteng of
districts with either lower or higher than averaggpertensionprevalenceFurther

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 analysesvere performed using Stata version 3% For desigrbased prevalence
estimates, the O OdP B doimand for tweway tabulation was used, while the mixed effect
logit ( AT 1) @iErand was used for the multilevel analy3ise® | A(Thematicmaps)
packagé®!in the R Foundation foBtatistical Computinglatform was used to draw the

map.

3.3 Results

3.3.1 Designrbased (unadjusted) prevalence of hypertension

The univariate (weighted) analysiBaple3.2) show a decreased trend in hypertension
prevalence, except for a slight increase in 2012 period. On a pbyigeriod basis the
prevalence of hypertension in females was higher than that afesn 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/Mlor above (overweight or obesbaving a prevalence almost double that of
those with a BMI less than 25 Kg7khormal weight). Subjects who had primary level
education or no education had significantly higher prevalence compared to those with
relatively higher education levels, and tleowho were unemployed had lower prevalence
compared with the employed and economically inactiveosEtof Africanbackgroundhad

lower prevalence compared with the othpopulation grou. 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. Thaise were higher in the income

band had prevalences significantly higher than those in the lower income level.
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Table3.2: Percentage [95% confidence intervals] of hypertensyocovariate and period

(SouthAfrica)

Characteristic

2008

2010/11

2012

2014/15

2017

Average (all)

Gender

Female

Male

33.7[31.7,35.7]
28.7 [26.5,30.9]

31.9[30.2,33.7]
27.8[25.5,30.2]

33.5[31.8,35.2]
30.4 [28.0,32.9]

29.4[27.8,31.0]
26.8[24.7,28.9]

28.5[27.1,29.9]
27.3[25.6,29.1]

31.2[30.1,32.4]
28.1[26.5,29.8]

Age group

Xnn &SI N&

>40 years

16.4 [14.8,18.1]
58.0 [55.5,60.4]

16.0 [14.6,17.5]
55.0 [52.6,57.3]

17.3[15.8,18.9]
57.2 [54.8,59.5]

13.8[12.4,15.4]
53.0[51.0,55.0]

13.9[12.8,15.0]
52.7 [50.6,54.7]

15.3 [14.4,16.3]
55.0 [53.5,56.4]

Racépopulation group

African
Mixedancestry

Asian/Caucasian

29.2 [27.5,30.9]
41.7[37.4,46.1]
40.6 [35.8,45.7]

28.2[26.8,29.6]
41.1[35.1,47.3]
35.7[29.0,43.1]

30.0[28.3,31.7]
40.2[34.7,45.9]
40.1[35.1,45.4]

25.6 [24.4,26.9]
39.3 [35.8,42.8]
36.5[29.5,44.2]

25.4[24.3,26.6]
38.3[34.3,42.5]
39.9 [35.7,44.3]

27.5[26.5,28.5]
39.9 [36.2,43.7]
38.6 [34.7,42.6]

Residency

Urban

Traditional/Farms

33.4[31.2,35.6]
28.8[26.8,30.9]

32.6 [30.6,34.7]
26.2[24.6,27.9]

33.0[30.8,35.2]
30.6 [28.6,32.7]

29.5 [27.5,31.6]
25.9[24.5,27.3]

29.3[27.8,30.9]
25.2 [23.8,26.7]

31.3[29.9,32.7]
27.3[26.2,28.5]

Education level

XKt NRA Y NEB
High school
Cert/Dip/Bachelors+

46.1[43.4,48.8]
24.7[22.6,26.8]
28.1[24.6,31.9]

45.3[43.1,47.6]
23.4[21.6,25.3]
28.3[24.1,32.9]

48.9[46.3,51.4]
25.6 [23.6,27.8]
31.0[27.8,34.5]

48.1[45.9,50.3]
21.5[19.7,23.4]
26.8[24.0,29.9]

47.9[45.5,50.4]
21.5[20.1,23.0]
29.4[27.1,31.8]

47.2[45.4,49.0]
23.2[21.8,24.7]
28.7[26.8,30.7]

Income tertile

Low
Medium

High

29.1[27.3,31.0]
33.3[30.7,36.0]
34.3[31.3,37.4]

27.3[25.7,28.9]
31.8[29.4,34.3]
32.0[29.1,35.0]

28.7[26.5,30.9]
32.4[30.4,34.4]
34.4[31.8,37.1]

24.4[22.5,26.4]
27.7[25.9,29.6]
29.8[27.7,32.0]

23.5[20.6,26.7]
26.1[24.6,27.6]
29.8[28.3,31.3]

27.3[26.1,28.5]
29.9[28.6,31.2]
31.4[29.9,32.9]

Employment status

Employed
Unemployed

Economically inactive

32.8[30.6,35.1]
24.4[21.8,27.1]
33.8[31.3,36.3]

31.4[28.8,34.2]
23.1[19.9,26.7]
31.2[29.5,33.0]

32.9[30.7,35.2]
23.4[20.6,26.5]
34.6 [32.5,36.7]

28.6[26.6,30.7]
19.8 [16.8,23.1]
30.3[28.5,32.1]

27.8[26.2,29.4]
19.9[17.4,22.7]
30.4 [28.8,32.1]

30.3[29.0,31.8]
22.2[20.6,23.9]
31.9[30.5,33.3]

Medical aid

Yes

No

35.7 [31.3,40.4]
30.8[29.2,32.5]

31.7[26.7,37.2]
29.7[28.3,31.2]

36.8 [32.7,41.0]
31.3[29.7,32.9]

33.2[28.9,37.9]
27.2[25.9,28.6]

33.3[30.0,36.7]
26.9[25.7,28.2]

29.0 [28.0,30.1]
34.1[31.4,36.9]

BMI

Below overweight

Overweight/Obese

21.5[19.7,23.3]
40.7 [38.5,42.9]

20.1[18.5,21.7]
38.7 [36.7,40.8]

21.2[19.4,23.1]
41.9[39.7,44.0]

16.8 [15.4,18.2]
38.6 [36.6,40.7]

17.1[15.8,18.5]
38.2[36.6,39.7]

19.1 [18.1,20.2]
39.5 [38.2,40.9]

Never exercise

Some exercise

34.2[32.5,36.0]
26.7 [24.0,29.5]

32.2[30.5,33.9]
25.4[22.7,28.4]

34.0[32.3,35.8]
27.8[24.9,30.8]

31.1[29.5,32.6]
23.1[20.8,25.6]

30.7 [29.4,32.1]
22.8[21.1,24.5]

32.3[31.3,33.4]
24.9[23.2,26.7]

Alcohol use

Yes
No

Unknown

34.1[31.5,36.9]
30.6 [28.8,32.4]

30.5[27.4,33.8]
29.9 [28.3,31.5]

33.3[30.7,36.0]
31.6[29.9,33.3]

29.8[27.4,32.3]
27.3[25.9,28.9]

30.3[27.7,33.0]
28.4[27.0,29.8]
23.5[21.2,26.0]

29.5[28.3,30.8]
31.4[29.7,33.2]
23.5[21.2,26.0]

Smoking status

Never smoked

Ever smoked

30.6 [29.0,32.3]
33.9[31.2,36.7]

29.2[27.7,30.8]
33.2[29.8,36.9]

31.0[29.3,32.7]
35.9[32.2,39.8]

26.7 [25.3,28.2]
32.3[29.2,35.6]

26.9[25.7,28.1]
30.9 [28.6,33.4]

28.7[27.7,29.8]
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]

Figure3.1 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 bandppproximately 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 witlower-than-averageprevalence are found in the nortbastern
provinces of Limpopo and Mpumalanga. By contrast, the districts with higher preeale

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 KwaNdtial, Gauteng, parts of F¥eState and

Eastern Cape, and North West provinces.
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District
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Figure 31: Design based hypertension prevalence rates by districts in South Africa

3.3.2 Factors associated with hypertension

After accounting for othefactors, the greatest effect on hypertension was shown to be
basically from the demographic factors of age and feitmicity, 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 witbther populationgroups Whites and AsiansOther factors
associated with hypertension prevalence were BMI (OR=2.29, p=0.001 for those wigh BMI
least 25.0 Kg/¥), 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 maléslaoreased

with level of education. Medical aid and smoking status were not found significant predictor

of hypertension prevalence for these samples.

Table3.3: Fixed and random effects associated with hypertengiemalencgSouth Africa)

Odds ratio (95%  p-

Factor Category c) value
2010/11 0.72 (0.660.78) 0.000
. 2012 0.81 (0.750.88) 0.000
P .2
eriod/year (vs. 2008) 2014/15 0.75(0.760.81)  0.000
2017 0.64 (0.590.70) 0.000
Gender (vs. Male) Female 0.86(0.800.92) 0.000
Age Age 1.11 (1.161.11) 0.000
Racéethnicity (vs. African 1.52 (1.361.78) 0.000
Asian/Caucasian) Mixedancestry 2.56 (2.123.07) 0.000
Residency (vs. Traditional/Farms) Urban 1.12 (1.031.22) 0.011
: High school 0.86 (0.860.93) 0.000
E level (vs. P&bel .
ducation level (vs. P8below) o i /Bachelors+  0.76 (0.680.84)  0.000
Income tertile (vs. Low) Medium 0.90 (0.850.96) 0.001
' High 0.96 (0.891.03) 0.231
Unemployed 0.97 (0.961.04) 0.375
Empl . Empl i . .
mployment status (vs. Employec Economically inactive  0.93 (0.870.99) 0.014
Has Medical aid Yes 1.01 (0.911.11) 0.861
Cal 6@ad Xb2NYE éo‘:r:"z'gg“/‘)bes'ty 229 (2.162.42)  0.000
Physical exercise (vs. No exercise Some exercise 0.98 (0.921.03) 0.438
Yes 1.25(1.171.33) 0.000
Alcohol usvs. Never used) Unknown 1.06 (0.931.20)  0.384
Smoking status (vs. Never smoke Ever smoked 1.00 (0.931.08) 0.920
. Summer 0.80 (0.760.85) 0.000
Season (vs. Autumn/Spring) Winter 1.33(1.261.40)  0.000
District 0.11 (0.070.18)
Randomeffects Individual 3.32 (3.13.51)
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3.3.3 Hypertension variance

Table3.4 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 partitiom 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% (3.51.6%) of the variance in the higher level (district) is explained by the geographi

distribution of demographic, behavioural, so&@oonomic and environmental factors.

Table3.4: Variance patrtition and specifievel change in variance between the null and the
adjusted model

Variance Null model: Adjusted model: Change in variance
component Variance (SE) Variance (SE) (Ds?)

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%

Thelevel Lvarianceé 6 A G KAY AYRAQGARdzZ f 4Q 20 &HN&dhisA 2y 0

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 (weighteddlprnees
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 witlower-than-averageprevalences were found ithe
northern andnorth-easternpart of the country(Figure 31, Figure 3 & Figure 33), while

those withhigherthan-averageprevalence were mostly in the south and south western

y

LI NIa 2F GKS O02dzyiNE 0¢KS W/ ILISQ LINPZAYOSau

Cape Town, and all the provinces in Northern Cape except Frances Baard had prevalences
above average. All distts in Limpopo, Mpumalanga and Gauteng had prevalence below

average.
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Figure 3: Mean difference in hypertension prevalence and 95% confidence interval for SA
districts (Adjusted model)
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Low/Excess hypertension risk
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Figure 33: 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 inFigure 34) than its overall effect. These districts includerallimpopo Province, and
most of those in Kw&ulu Natal and Eastern Cape. The effect of BMI is relatitrelyger in

most of districts in Limpopo, Free State, Northern Cape andZaNatal, and least for

most districts in the Eastern Cape.
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District slopes for Age vs slopes for BMI
Western Cape Eastern Cape Northern Cape
02 - . .
017 - <
1] hd : = . . "
L |
~.01 4 L . * .
02 -
= Free State KwaZulu-Natal North West
s 024
[m] L]
7 014 = .. . LY
g . - p .
P 0 - ™ *
g— * * -
= -.014 at *
E
S 024
=
<
Gauteng Mpumalanga Limpopo
02
. »
014 L
(L]
4] hd ™
01 4 L . : .
-02 .
L T T T T L T T T T T T
02 04 06 .08 A .02 .04 .06 .08 A .02 .04 .06 .08 A
Random slopes: BMI (District)

Figure3dY { OF GGSNJ LX 20 FT2NJ RAAGNRAOGI&AQ NIyR2Y

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 ressaftthe 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 thisidy have been so found in other studi&8. 232235
The effect of gender on hypertension has been conflicting with some studies showing weak
association with females have chances of lower prevalence than rf¥4fé&while other
have showed no associatiéff 233 237The 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
studiesl®® 233, 238yhijle in another study no relationship was foutid Smoking status,
education, and employment status have also given conflicting results from various
studies!*® 234The mixedancestryand 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 ofmixedancestry?®® The univariate analysis showed that prevalence for those who
had subscription to a medical aid provider was higher compared with those withedical

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 educatio

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 showrotd ambient temperatures to be associated witlewated blood
pressure 240243 andtherefore the effect has also been found to be larger in winters than in
Summersz_l3, 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 thdats&r adjusted models
respectively. After adjusting for the effect of the Hfglctors, the levekpecific change in
variance Ds?) was equally important at both the individual and district levels. This implies
that the risk factors were unequaldistributed between the individuals and between
districts. This could possibly be the reason for the difference in'ettuaicity-wise results
between the unadjusted and the adjusted estimates. The unadjusted prevalence showed
that prevalence was highest Asian/Caucasians, followed by the mixatestryand 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 inidas/Caucasians, followed by the mixaacestryand lowest for
Africans. A previous study had found aggandardised selfeported hypertension to be
highest in mixedincestrywomen followed by African womet?®

There are important geographic variations in hypertension prevalence between districts in
South Africa even after controlling for soalemographic and behavioural background
factors. Districts withower-than-averageprevalence were mostly in the NorBastern part

of the country (Limpopo, Mpumalanga, and Gauteng provinces) while thoséigitler
than-averageprevalence are mostly found in Western, Eastern and Northern Capes
provinces. Most of these districts are atal districts that neighbour the Atlantic Ocean or

are in close vicinity to the Atlantic Oceaxprevious study that limited geographic variation
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of hypertension to provincial level had found similar clustering of hypertension
prevalence’®?

Identifying districts (swunits) 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 governmergtespecially in thé.ow and MiddlelIncomeCountries
(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 crtfeaf.

Our study has showthat, 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 efécts 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 @qet 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 witlgherthan-averageprevalence appear

to be clustered together as are those with lowtban-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 hypertensigorevalenceand whch are also distributed unequally between
the districts. Stillit 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 impl 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 resaf low incidenceates 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 besbf 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 enowadjovio
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, althougtthe present study we adjustddr 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 ralehnicity in the andysis, it is good to understand that

it is possible that there could be differences accountable by difference within the same
racgethnic groupespecially for the Africans wlhare also characterised by differendeag

tribes. The dataset did not hawketails on ethnicity or tribe. Few studies in sBaharan

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 resience and soci@conomic statug*® Similarly, some evihce of ethnic variation
has been reported in Kenya where statistically significant differences between ethnic groups
were reported after adjusting for socidemographic and other cardiovascular risk factsfs,
but a study from Nigeria and Cameroon did not find any association of hypertension with
ethnicity 25 It may be interesting to analyse other aspects of diet and culturareiffces 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

ObjectiveTo profile the prevalence of the thremategorybody mass index (BMI)
classificationby 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 fsm 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 categdi¥e 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.

FindingsBetween 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 agegR49/ears and those with at least high
schooleducation. 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.

Conclusionn the development of national strategies to control obesity and
noncommunicable diseases, our results will allow limited public health resources to be

focused orthe relevant population groups.
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4.1 Introduction

The mean body mass index (BMI) of the African population is incre®&simgulting in a

steady rise of the prevalence of people being overweight or obese across Africhevith
southern part of Africa being most affectéef: 253In 2016, the prevalence of the population
3SR % Mp &SIFENBR 0SAy3d 20SNBSAIKG 2N 20S4&S

menl®

Global efforts to combat obesity include the World Health Organization (WHO) Global
Strategy on Diet, Physical Activity and Heé&tttthe Global Action Plan fdhe Prevention

and Cotrol of Noncommunicable Diseases 2@282¢" and the United Nations (UN) High

level Meetings of the General Assembly on Prevention and Control cEdlomunicable
Diseases?> 2°6The GlobhAction Plan proposes the promotion of healthy diets by Member
States to halt the rise in the prevalence of schooldrkih, adolescents and adults being
overweight or obese. Similarly, the 2011 Sigixth session of the UN Political Declaration of
the Highlevel Meeting of the General Assembly on the Prévenand Control of Non
communicable Diseases committed to strengthening national policies and health systems by
promoting multisectoral and muhkstakeholder engagement to reverse, stop atetrease

the rising trends of obesity in child, youth and adult populatiétisn line with global

strategies and policieshé South African Department of Health developed the Strategic Plan
for the Prevention and Control of Nesommunicable Diseases 2G2®17° and the

Strategic Plan for the Bvention and Control of Obesity 204202054 the targets of these
strategic plans were to reduce obesity pagance by 3% by 2017 and by 10% by 2020 in all

I 3S 3INRdzZLJA® ¢KSaS Gog2 AGNIGSIAO0 LI LFya | NB
National Development Plan for the promotion of healthy diets and physical activity at

schools, workplaces and in the geaecommunity?>’

Promotion and support through research is an essential component of global and national
strategies for prevention and control of obesity and noncommunicdideased: 2° 64, 254

We anticipate that a better understanding of transitions between the BMI categqries
normal, overweight and obesd&#ble4.1)258 ¢ will allow the improvement of interventions

to reduce the prevalence of obesity. Our objectives adao(profile the prevalence of the
three BMI categories within a study poptita 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 categorid€8) to identify the factors associated with
transitions between BMI categories; and (iii) to discuss the key public health itpicaf

our findings for national obesity control strategies.

4.2 Methods
4.2.1 Study population

The National Income Dynamigsudy, first conducted in 2008, is a nationally representative
panel study that collects infaration on a wide variety of social, demographic, economic and
health characteristics of the civilian namstitutionalized populatior#®® 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 heigh
measurements for the calculation of BMI for 21 002 indigldu2323 (11.1%) were

immediately lost to followup. 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 (85 573,

(83.6%) and 14 463 (77.4%) are represemteithe 2010, 2012, 2014 and 2017 waves,

respectively.

Table4.1:Body mass index categories for children and adults, according t&*3HO

BMlcategory| z-~. aL 2 F OKA f RN BMIof adults (> 8 years) (kg/n¥)
Normal >ScH{5 (2 X mM{5/x mMmy®dp (2 § Hp
Overweight |H mM{ 5 G2 X H{lx Hp G2 § on
Obese >2SD X 0N

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 olee® overweight or from overweight

to normal); two upwards transitions (either from normal to overweight or from overweight

to obese);andthreend NI} yaA A2y 2dziO2YSazx gKSy | LISNE?2
from either normal, overweight or obese tveeen two waves of the surveay§rigure 24). 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 timanvariant variables were sexd racéethnicity, and baseline time
variant variables were age, whether urban or rural residence, education level, equivalized
income level and frguency of physical exercise. To account for the economies of scale in
household consumption, we used thewggalizaion method of the Organisation for
Economic Coperation and Develapent of dividing household income by the square root

of the number of people within the househoté
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 (Cl) and peaca. To visualize how prevalence
varies wth age, we calculated the prevalence of all three BMI categories for all ages and
averaged over all five data collection waves (2(HIBL7). We also calculated the percentage
within each population subgroup either transitioning to an upwards or downwakdis B
category or remaining within the same category during the four periods between subse
guent wavesi(e.,ending in 2010, 2012, 2014 and 2017). We used a multinomial logistic
regression to model the prability of transitioning (or not) from one BMategory to

another, relative to the probability of remaining within the normal category. We performed
all statistical analyses using Stata SEiarl5.0 (StataCorp, College Station, United States

of America).

4.3 Results

4.3.1 Average BMI angrevalence

Between 2008 and 2017, mean BMI increased by 2.3 ¥dfom 23.1 to 25.4 kg/rh We

observed that the age groupI3 years experienced the higét increase (by 4.7 kgh)n

followed by the age groups £48 years (3.3 kg/A) and 1224 years (3.Xg/m2; Table4.2).

2SS y20S8S 0KIFG GKS 3aINRdzLJA GKIF G RSY2YAaGNX GSR |
2.3 kg/n¥) include women, Africans and Caucasians, rural évglthose with some

education andhose whose level of physical exercise was unknown. When examining the

data by income, those with the lagt income demonstrated the largest increase in mean
BMI(25kgmo @ 2 S | fa2 20aSNIBSR GKIFG 62YSys (K2a¢
dwellers, hose with no formal schooling, those with a high school education or more, those

within the highestincome tertile and those exercising < 3 times per week had an average
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BMI of > 25.0 kg/rhfor most, if not all, of the study period, contributing to the hig

prevalence of people being overweight and ob@sigure 41).

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;29 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 frof625.2
(708/2811) to 40.1% (840/2093). The prevalence of people being overweight and obese was
lowest for those aged around £18 yearsigure 41). Theprevdence of obesity increases
steeply after this age up to around 50 years, when it reaches a plakéguré 41). Between

the ages of 40 and 70 yeqrthe prevalence of obesity is higher than that of normal BMI.

Table4.2: Mean body mass index and percentage of study population within each body mass
index category by sociodemographic characteristics and claltaction wave, South Africa,

2008;2017

Sociodemographic

Mean BMI (kg/n¥)

No. (%) within each category

Egﬂgi:g/nd\?vae N (95% CI) Normal Overweight Obese

Sex

Women

2008 10687 24.8(24.525.1) 5444 (50.9) 2374 (22.2) 2869 (26.8)
2010 7887  26.3(25.926.6) 3504 (44.4) 1881 (23.8) 2502 (31.7)
2012 8936  26.4(26.£26.7) 4033 (45.1) 2270 (25.4) 2633 (29.5)
2014 9040 27.3(27.@27.7) 3853 (42.6) 2154 (23.8) 3033 (33.6)
2017 8461  27.9(27.§28.2) 3473 (41.0) 2057(24.3) 2931 (34.6)
Men

2008 7992  21.1(20.821.3) 5885 (73.6) 1290 (16.1) 817 (10.2)
2010 5411  22.2(21.922.6) 3737 (69.1) 1054 (19.5) 620 (11.5)
2012 6395  22.4(22.@22.7) 4539 (71.0) 1196 (18.7) 660 (10.3)
2014 6583  22.4(22.1c22.7) 4985 (75.7) 1036 (15.7) 562 (8.5)
2017 6002  22.5(22.222.7) 4552 (75.8) 969 (16.1) 481 (8.0)
Baseline age (years

0c6

2008 2770  16.8(16.617.0) 1792 (64.7) 544 (19.6) 434 (15.7)
2010 1627  16.7(16.416.9) 1106 (68.0) 275(16.9) 246 (15.1)
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Sociodemographic

Mean BMI (kg/nf)

No. (%) within each category

Egﬂgﬁggi‘d@fw N (95% CI) Normal Overweight Obese
2012 2468 17.0 (16.817.3) 1780 (72.1) 387 (15.7) 301 (12.2)
2014 2571 17.9 (17.618.1) 2090 (81.3) 321 (12.5) 160 (6.2)
2017 2479 19.2 (18.919.4) 2029 (81.8) 314 (12.7) 136 (5.5)
7¢13

2008 3458 17.8 (17.418.1)  2781(80.4) 378(10.9) 299 (8.6)
2010 2327 19.8 (19.420.2) 1733 (74.5) 359 (15.4) 235(10.1)
2012 2973  20.7(20.§21.0) 2306 (77.6) 485(16.3) 182 (6.1)
2014 3026 21.8 (21.522.0) 2375 (78.5) 459 (15.2) 192 (6.3)
2017 2807 22.5 (22.222.8) 2128(75.8) 442 (15.7) 237 (8.4)
14¢18

2008 2384 215(21.221.8) 1899 (79.7) 329 (13.8) 156 (6.5)
2010 1761  23.1(22.2€23.4) 1230(69.8) 358(20.3) 173 (9.8)
2012 1803  23.7(23.824.0) 1254 (69.6) 368 (20.4) 181 (10.0)
2014 1953  24.2(23.%24.5) 1253 (64.2) 387(19.8) 313 (16.0)
2017 1803  24.8(24.425.3) 1070(59.3) 392 (21.7) 341 (18.9)
19¢24

2008 2079 23.5(23.223.9)  1445(69.5) 407 (19.6) 227 (10.9)
2010 1455  24.6 (24.25.1) 871(59.9) 334(23.0) 250 (17.2)
2012 1563  25.5(24.926.1) 847 (54.2) 395(25.3) 321 (20.5)
2014 1703  26.2(25.€26.7)  838(49.2) 431 (25.3) 434 (25.5)
2017 1581  26.7(26.127.2) 718 (45.4) 414(26.2) 449 (28.4)
25¢34

2008 2199  25.8(25.526.2) 1184 (53.8) 536 (24.4) 479(21.8)
2010 1597  26.4(25.926.9) 721 (45.1) 430(26.9) 446 (27.9)
2012 1721  26.9(26.527.4) 741 (43.1) 493(28.6) 487 (28.3)
2014 1831  27.6(27.128.0) 749 (40.9) 458 (25.0) 624 (34.1)
2017 1705  27.4(26.927.9) 689 (40.4) 425(24.9) 591(34.7)
35¢44

2008 1966  27.7(27.828.2) 790 (40.2) 495(25.2) 681 (34.6)
2010 1514  28.4(27.829.0) 539 (35.6) 387 (25.6) 588 (38.8)
2012 1634  28.6(28.@29.1) 562 (34.4) 425(26.0) 647 (39.6)
2014 1647  28.8(28.229.4) 560 (34.0) 376(22.8) 711 (43.2)
2017 1556  28.7(28.£29.2) 507 (32.6) 379 (24.4) 670 (43.1)
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Sociodemographic

Mean BMI (kg/nf)

No. (%) within each category

Egﬂgﬁggi‘d@fw N (95% CI) Normal Overweight Obese
45¢54

2008 1687 28.8 (28.229.3) 630 (37.3) 400 (23.7) 657 (38.9)
2010 1305 29.3 (28.629.9) 424 (32.5) 330(25.3) 551 (42.2)
2012 1415 29.4 (28.830.0) 458(32.4) 378 (26.7) 579 (40.9)
2014 1370 29.6 (28.930.2) 425 (31.0) 343 (25.0) 602 (43.9)
2017 1260 29.5 (28.930.2) 403 (32.0) 320(25.4) 537 (42.6)
>55

2008 2136 28.4 (27.928.9) 808 (37.8) 575(26.9) 753 (35.3)
2010 1712 28.4(27.9;28.9) 617 (36.0) 462 (27.0) 633 (37.0)
2012 1754 28.0 (27.628.4) 624 (35.6) 535(30.5) 595 (33.9)
2014 1522  28.1(27.528.7) 548(36.0) 415(27.3) 559 (36.7)
2017 1272  28.0(27.428.6) 481(37.8) 340(26.7) 451 (35.5)
Racéethnicity

African

2008 15621 22.9(22.623.1) 9592 (61.4) 3049 (19.5) 2980 (19.1)
2010 11536 24.3(24.Q24.6) 6262 (54.3) 2569 (22.3) 2705 (23.4)
2012 12941 24.2 (24.Q24.5) 7312 (56.5) 2937 (22.7) 2692 (20.8)
2014 13228 24.8(24.525.0)  7581(57.3) 2714 (20.5) 2933 (22.2)
2017 12317 25.3(25.@25.5) 6945 (56.4) 2557 (20.8) 2815 (22.9)
Mixed ancestry

2008 2360 24.0(23.824.6)  1441(61.1) 405(17.2) 514 (21.8)
2010 1400 24.4(23.625.2) 821(58.6) 254 (18.1) 325(23.2)
2012 1887  24.9(24.825.4) 1091 (57.8) 356 (18.9) 440 (23.3)
2014 1923  25.4(24.926.0) 1087 (56.5) 332 (17.3) 504 (26.2)
2017 1770  25.8(25.826.3) 949 (53.6) 348(19.7) 473(26.7)
Asian

2008 199 23.4(22.923.9) 116 (58.3) 46 (23.1) 37(18.6)
2010 128 23.8(22.924.7) 72 (56.3) 31 (24.2) 25 (19.5)
2012 141 25.5(25.026.0) 66 (46.8) 45 (31.9) 30 (21.3)
2014 152 24.4 (23.525.2) 77(50.7)  42(27.6) 33 (21.7)
2017 145 24.0(22.925.1) 63 (43.4)  49(33.8) 33 (22.8)
Caucasian

2008 499 25.7 (24.626.8) 180 (36.1) 164 (32.9) 155 (31.1)
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Sociodemographic

Mean BMI (kg/nf)

No. (%) within each category

Egﬂgﬁggi‘d@fw N (95% CI) Normal Overweight Obese
2010 234 26.9 (25.£28.7) 86 (36.8) 81 (34.6) 67 (28.6)
2012 362 27.8 (26.828.8) 103 (28.5) 128(35.4) 131(36.2)
2014 320 28.2 (26.829.6) 93 (29.1) 102 (31.9) 125(39.1)
2017 231 28.3(26.829.7) 68 (29.4) 72 (31.2) 91 (39.4)
Residence

Rural

2008 10849 22.2 (21.922.5) 6916 (63.7) 2060 (19.0) 1873 (17.3)
2010 7937  23.8(23.524.1) 4374 (55.1) 1791 (22.6) 1772 (22.3)
2012 8420  23.6(23.323.9) 4912 (58.3) 1916(22.8) 1592 (18.9)
2014 8152 24.2 (23.924.4) 4825 (59.2) 1646 (20.2) 1681 (20.6)
2017 7501  24.7 (24.425.0) 4369 (58.2) 1546 (20.6) 1586 (21.1)
Urban

2008 7830  24.0(23.224.3)  4413(56.4) 1604 (20.5) 1813 (23.2)
2010 5361  25.1(24.6025.5) 2867 (53.5) 1144 (21.3) 1350 (25.2)
2012 6911  25.3(24.225.7) 3660 (53.0) 1550 (22.4) 1701 (24.6)
2014 7471  25.7(25.426.1) 4013 (53.7) 1544 (20.7) 1914 (25.6)
2017 6962  25.8(25.§26.2) 3656 (52.5) 1480 (21.3) 1826 (26.2)
Education

None

2008 1761  25.2(24.825.6) 921(52.3) 382(21.7) 458 (26.0)
2010 1391  26.3(25.826.7) 638(45.9) 324(23.3) 429 (30.8)
2012 1437  25.8(25.426.1) 687 (47.8) 384(26.7) 366 (25.5)
2014 1345 25.9(25.526.2) 672(50.0) 316 (23.5) 357 (26.5)
2017 1168  26.1(25.€26.5) 583(49.9) 274 (23.5) 311 (26.6)
Pre-school

2008 2603 16.8 (16.616.9) 1666 (64.0) 522 (20.1) 415 (15.9)
2010 1508  16.7 (16.§16.9) 1020 (67.6) 251 (16.6) 237 (15.7)
2012 2324  16.9(16.817.1) 1677 (72.2) 358 (15.4) 289 (12.4)
2014 2418  17.5(17.417.7) 1969 (81.4) 295 (12.2) 154 (6.4)
2017 2338  18.9(18.219.0)  1919(82.1) 290 (12.4) 129 (5.5)
Primary schodl

2008 11504 23.0(22.923.2) 7356 (63.9) 2043 (17.8) 2105(18.3)
2010 8441  24.6 (24.524.7) 4760 (56.4) 1823 (21.6) 1858 (22.0)
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Sociodemographic

Mean BMI (kg/nf)

No. (%) within each category

Egﬂgﬁggi‘d@fw N (95% CI) Normal Overweight Obese
2012 9335 24.8 (24.124.9) 5374 (57.6) 2057 (22.0) 1904 (20.4)
2014 9573 25.4 (25.825.6) 5416 (56.6) 1953 (20.4) 2204 (23.0)
2017 8 864 25.9 (25.1%26.0) 4848 (54.7) 1884(21.3) 2132 (24.1)
High school and

above

2008 2811 26.3 (26.%,26.6) 1386 (49.3) 717 (25.5) 708 (25.2)
2010 1958  27.4(27.27.6) 823 (42.0) 537 (27.4) 598 (30.5)
2012 2235 27.9(27.628.2) 834 (37.3) 667(29.8) 734 (32.8)
2014 2287  28.6(28.%28.9) 781 (34.1) 626(27.4) 880 (38.5)
2017 2093  29.0(28.t29.3) 675(32.3) 578(27.6) 840 (40.1)
Income level

Low

2008 11220 22.1(21.922.4) 7236 (64.5) 2055 (18.3) 1929 (17.2)
2010 8162  23.7(23.623.9) 4625(56.7) 1771(21.7) 1766 (21.6)
2012 9264  23.4(23.823.6) 5548 (59.9) 2019 (21.8) 1697 (18.3)
2014 9582  24.0(23.924.1) 5861 (61.2) 1858 (19.4) 1863 (19.4)
2017 8974  24.6 (24.424.7) 5371 (59.9) 1770(19.7) 1833 (20.4)
Middle

2008 4564  23.5(23.1c23.9) 2738 (60.0) 868 (19.0) 958 (21.0)
2010 3243  24.6(24.424.9) 1777 (54.8) 683 (21.1) 783 (24.1)
2012 3780  24.6(24.8324.8) 2094 (55.4) 809 (21.4) 877 (23.2)
2014 3776  25.1(24.925.4) 2060 (54.6) 757 (20.0) 959 (25.4)
2017 3501 25.5(25.%25.8) 1866 (53.3) 745 (21.3) 890 (25.4)
High

2008 23895 25.0 (24.625.5) 1355 (46.8) 741 (25.6) 799 (27.6)
2010 1893  26.1(25.€26.4) 839 (44.3) 481(25.4) 573(30.3)
2012 2287 265(26.226.7) 930 (40.7) 638 (27.9) 719 (31.4)
2014 2265 27.0(26.€27.3) 917 (40.5) 575(25.4) 773 (34.1)
2017 1988  27.5(27.227.8) 788(39.6) 511(25.7) 689 (34.7)
Physical exercise

<3 times per week

2008 10452 26.3(26.@26.5) 5342 (51.1) 2404 (23.0) 2706 (25.9)
2010 7950  27.2(27.0;27.3) 3521 (44.3) 2002 (25.2) 2427 (30.5)
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Sociodemographic

Mean BMI (kg/nf)

No. (%) within each category

Egﬂgﬁggi‘d@fw N (95% CI) Normal Overweight Obese
2012 8315 27.5 (27.827.6) 3503 (42.1) 2239 (26.9) 2573 (30.9)
2014 8444 27.8 (27.€28.0) 3440 (40.7) 2068 (24.5) 2936 (34.8)
2017 7742 28.1 (27.928.3) 3056 (39.5) 1935 (25.0) 2751 (35.5)
2 3times per week

2008 1460  24.0 (23.524.6) 981 (67.2) 274(18.8) 205 (14.0)
2010 985 24.7 (24.825.0) 591 (60.0) 228(23.1) 166 (16.9)
2012 1135  25.2(24.925.5) 646 (56.9) 288 (25.4) 201 (17.7)
2014 1143 25.6 (25.225.9) 623 (54.5) 266(23.3) 254 (22.2)
2017 1040 25.8 (25.426.1) 550 (52.9) 255(24.5) 235 (22.6)
Unknown

2008 6767  17.6(17.417.8) 5006 (74.0) 986 (14.6) 775 (11.5)
2010 4363  19.0(18.819.1) 3129 (71.7) 705 (16.2) 529 (12.1)
2012 5881  19.3(19.1c19.4) 4423 (75.2) 939 (16.0) 519 (8.8)
2014 6036  20.2(20.@20.3)  4775(79.1) 856 (14.2) 405 (6.7)
2017 5681  21.2(21.@21.3) 4419 (77.8) 836 (14.7) 426 (7.5)
Total

2008 18679 23.1(22.923.4) 11329 (60.7) 3664 (19.6) 3686 (19.7)
2010 13298 24.5(24.224.7) 7241 (54.5) 2935 (22.1) 3122 (23.5)
2012 15331 24.6 (24.824.8) 8572 (55.9) 3466 (22.6) 3293 (21.5)
2014 15623 25.1 (24.825.3) 8838 (56.6) 3190 (20.4) 3595 (23.0)
2017 14463  25.4 (25.125.6) 8025 (55.5) 3026 (20.9) 3412 (23.6)
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Prevalence of BMI categories by age
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Figure 41: Prevalence of body mass index categories by age, South Africa

4.3.2 Transitions betweerwategories

We provide percentages of the study pdation groups who transitioned (or not) from one
BMI category to another durg the four periods ending 2010, 2012, 2014 and 20T7aivle

4.3. As the cohort for each risk factor aged throughout the study period, the percentages
transitioning generally decreased as the percages remaining within a particular BMI
category increas The exceptions to this general observation, that is, the groups that
demonstrated decreasing percages of retaining a normal BMI, included those of age 14

18 years (from 61.7%; 1086/1761 to 54.6%; 984/1803) am@4 9ears (from 51.6%;

751/1455 to 410%; 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
gK2 NBLR2NISR LKeaAOlt SESNDAAS x o GAYSa LIS
505/1040).Within all these groups, our data show that the decreasing peages 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 grq@g 19
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 nanal BMI remained relatively constant throughout the studyipér
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for women (~35%) and for those aged > 35 years (~28%). At the end of every period, the
LISNODSy Gt 3s
times per week (e.g. for the period ending 2010, 53.0%; 522/985) comparedheitke ivho
exercised < 3 times per week (e.g. for the period ending 2010, 36.1%; 2868/7950).
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Table4.3: Number and percentage of study population transitioning from one body mass
index category to another (or not) Bpciodemographic characteristics and year of end of
transition period, South Africa, 2042017

2 No. transitioned  No. transitioned
:__E' = upwards (%) downwards (%) No. unchanged (%)
g 2 s E £ = =
S = n Lo 2, o3 oo =2
gz 2 58 °% CE o8 w T
88 B £z =& 25 &3z £ = @
So s 5¢ £o° ¢<c 2¢ 5 g 3
nao Z 5 o L o2 O o P @) @]
2010 7887 750 845 526 575 2752 782 1657
(9.5) (a0.7) (6.7) (7.3) (349 (9.9 (21.0)
c 2012 8936 844 790 602 826 3097 934 1843
GE) (9.4) (8.8) (6.7) (9.2) (34.7) (10.5) (20.6)
§ 2014 9040 775 876 546 470 3142 1074 2157
(8.6) (9.7) (6.0) (5.2) (34.8) (11.9) (23.9)
2017 8461 521 481 382 364 3022 1241 2450
P (6.2) (5.7) (4.5) (4.3) (35.7) (14.7) (29.0)
n 2010 5411 563 390 361 285 3201 381 230
(10.4) (7.2) (6.7) (5.3) (59.2) (7.0) 4.3)
2012 6395 559 362 531 441 3725 479 298
S (8.7) (5.7) (8.3) (6.9) (58.2) (7.5) 4.7)
= 2014 6583 388 227 530 359 4224 520 335
(5.9 (3.4) (8.1) (5.5) (64.2) (7.9) (5.1)
2017 6002 288 142 269 164 4232 568 339
(4.8) (2.4) (4.5) (2.7) (70.5) (9.5) (5.6)
2010 1627 128 168 189 177 806 81 78
(7.9) (10.3) (11.6) (10.9) (49.5) (5.0) (4.8)
2012 2468 165 223 254 309 1333 106 78
© (6.7) (9.0) (10.3) (12.5) (54.0) (4.3) (3.2)
. © 2014 2571 142 92 243 247 1668 111 68
o (5.5) (3.6) (9.5) (9.6) (64.9) (4.3) (2.6)
§ 2017 2479 130 62 116 80 1868 149 74
° (5.2) (2.5) 4.7) (3.2) (75.4) (6.0) (3.0)
2 2010 2397 244 178 137 130 1501 80 57
o (20.5) (7.6) (5.9 (5.6) (64.5) (3.4) (2.4)
§ 2012 2973 278 117 224 227 1914 148 65
o ] (9.4) (3.9 (7.5) (7.6) (64.4) (5.0) (2.2)
< 2014 3026 237 114 220 125 2068 184 78
(7.8) (3.8) (7.3) 4.1) (68.3) (6.1) (2.6)
2017 2807 181 109 128 50 1984 227 128
(6.4) (3.9 (4.6) (1.8) (70.7) (8.1) (4.6)
< 2010 1761 237 128 105 68 1086 92 45
(23.5) (7.3) (6.0) (3.9 (61.7) (5.2) (2.6)

61



Sociodemographic

No. transitioned
upwards (%)

No. transitioned
downwards (%)

No. unchanged (%)

©
(O]
2 n 25 5, 5z o5 5
2 2 T8 23 TE LT 3 g
g B £s =& 25 9z £ = &
S & ¢ g0o g < 8 5 2 3
a _FE Z o o 8 o2 O & z @) @)
2012 g0 219 102 157 90 1043 113 79
12.1) (7)) @7 (5.0 (57.8) (63) (4.4
2014 oo, 202 188 133 63 1095 147 125
(10.3) (9.6) (6.8) (32 (56.1) (7.5) (6.4)
2017 g0 162 112 76 46 984 194 229
9.0) (6.2) (42) (2.6) (54.6) (10.8) (12.7)
2010 .. 187 139 100 47 751 120 111
(12.9) (9.6) (6.9) (32  (51.6) (82) (7.6)
L2012 .. 209 144 102 78 713 140 177
N (134) (9.2) (65  (5.0)  (45.6) (9.0) (11.3)
S 2014 1703 190 171 107 63 708 201 263
(11.2) (100) (6.3) (3.7)  (41.6) (11.8) (15.4)
2017 o, 118 97 62 50 648 254 352
75 (61 (39 (32  (41.0) (16.1) (22.3)
2010 186 175 97 500 188 271
1597 116) (10 61 P08 (369 (118 @70
L2012 ... 199 165 117 113 583 222 322
> (11.6) (9.6) (6.8) (6.6)  (339) (12.9) (18.7)
B 2014 a3 148 167 116 75 612 256 457
81 (91) (63) (41)  (334) (140) (25.0)
2017 1,05 84 85 80 70 598 282 506
4.9) (50) (47  (41)  (351) (165) (29.7)
2010 ., 121 147 84 112 423 186 441
8.0) (9.7) (55  (7.4)  (27.9) (12.3) (29.1)
L 2012 .., 110 156 89 123 439 226 491
3 6.7) (95 (5.4) (75  (26.9) (13.8) (30.0)
B 2014 o4 91 141 82 80 458 225 570
(55) (86) (5.0 (49)  (27.8) (13.7) (34.6)
2017 o 65 64 60 77 438 246 606
42) (41 (39 (49)  (281) (15.8) (38.9)
2010 oo 92 130 64 96 334 168 421
(7.0)  (100) (49) (7.4)  (256) (12.9) (32.3)
L2012 L, 9l 11 67 130 355 193 468
R 6.4 (78) (47  (92)  (251) (136) (33.1)
& 2014 a0 68 113 66 78 343 213 489
(5.00 (82) (48  (57)  (250) (155) (35.7)
2017 ey 32 48 53 64 344 230 489
25) (38) (42) (51)  (27.3) (183) (38.8)
2010 ., 118 170 111 140 462 248 463
6.9 (9.9 (65 (82  (27.0) (145) (27.0)
2012 ., 132 134 123 197 442 265 461
19 (75 (76) (7.0)  (112) (25.2) (15.1) (26.3)
«~ 2014 . 85 117 109 98 414 257 442
(5.6) (7.7) (7.2)  (64)  (27.2) (16.9) (29.0)
2017 oy 37 46 76 91 390 227 405
2.9 (36) (6.0) (72)  (30.7) (17.8) (318)




No. transitioned
upwards (%)

No. transitioned
downwards (%)

No. unchanged (%)

©
e
o
o @
(@) ()
>\ +— = — s b
e, 5 " 25 5, 53 of 5
5% % g: E& 5 3 T ¢ g
cs § =5 8t g g5 : § &
- — Z 0o o 8 o 8 O 5 z @) @)
2010 .. 1192 1134 777 764 5120 969 1571
(103) (9.8) (67) (66) (445 (84) (13.6)
. 2012 ., 1225 981 1033 1130 5709 1152 1711
g 95 (7.6) (80) (87  (441) (89) (13.2)
£ 2014 . 1021 950 971 746 6234 1323 1983
77 (7.2)  (73) (56)  (471) (10.0) (15.0)
2017 .. 696 531 583 451 6251 1521 2284
57  (43) (47 (37  (508) (12.3) (18.5)
2010 86 78 88 2 696 134 247
2 1400 651y  (56) (63) (51) (497) (96) (17.6)
2 2012 130 116 77 107 975 158 324
2 1887 69) (61) (@1) (57) (51.7) (84) (17.2)
5 2014 100 122 70 56 1001 183 382
_ é’ 1923 57y (63 (36 (29  (521) (95) (19.9)
g 2017 o1 76 48 63 892 203 397
£ 770 51y @3 @7  (36) (504) (115) (22.4)
3 2010 o 10 5 5 4 66 18 20
g 78 (39 (39 (31 (51.6) (14.1) (15.6)
o 2012 ,,, 13 8 7 5 58 28 22
g 92 (57 (50) (35  (411) (19.9) (15.6)
7]
2 2014 13 9 11 7 65 23 24
152 86 (59 (7.2) (46)  (428) (151) (15.8)
2017 . 11 7 7 6 56 32 26
(76) (48) (48  (41)  (386) (221) (17.9)
2010 25 18 17 21 62 42 49
_ 234 107 @7 (73  (90)  (265) (17.9) (20.9)
§ 2012 ., 35 47 16 25 80 75 84
2 ©7) (130) (44) (69  (221) (20.7) (23.2)
S 2014 20 22 24 20 66 65 103
]
S 320 63 (69 (75  (63)  (206) (20.3) (32.2)
2017 11 9 13 8 55 53 82
281 48 (39) (56) (35)  (238) (22.9) (355)
2010 .. 882 826 536 508 3585 654 946
(111) (104) (68) (64) (452) (8.2) (11.9)
_ 2012 0 BOL 625 711 793 3780 743 967
s 95 (7.4) (84  (94)  (449) (88) (115)
o
£ 2014 . 609 572 639 515 3920 788 1109
3 75 (7.0) (78) (63) (481 (9.7)  (13.6)
s 2017 _. . 410 289 365 283 3920 928 1207
G 55 (39 (49 (38  (524) (12.4) (17.3)
i 2010 ., 431 400 351 352 2368 509 941
_ 80) (7.6) (65  (66) (442) (9.5)  (17.6)
§ 2012 ., 602 527 422 474 3042 670 1174
£ 87) (7.6) (61) (69  (440) (9.7)  (17.0)
2014 _, . 554 531 437 314 3446 806 1383
74)  (71) (58 (42)  (461) (10.8) (18.5)
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No. transitioned
upwards (%)

No. transitioned
downwards (%)

No. unchanged (%)

©
e
& 3
(@) () - - -
E_ £ on £ 5, Bs <5 5
£& =2 e 28 CE ST B 2
o0 7] c S s 9 S5 3 = c s 3
S8 3 50 ¢ o ¢ < 29 5 ¢ 2
na _E Z 0 O 8 o 8 O 5 z @) @)
2017 oo, 399 334 286 245 3325 881 1492
(5.7) (48 (41) (35)  (47.8) (127) (21.4)
2010 .o, 115 145 84 104 506 153 284
83) (104) (6.0) (7.5)  (36.4) (11.0) (20.4)
2012 ., 134 105 102 156 519 160 261
2 9.3) (7.3) (7.1)  (10.9) (36.1) (11.1) (18.2)
2 2014 taas %0 85 107 76 543 172 272
6.7) (6.3) (80) (57)  (40.4) (12.8) (20.2)
2017 ,e0 52 36 65 53 506 181 275
45 (31 (56) (45  (433) (155) (23.5)
2010 | o0g 116 160 181 165 735 74 77
(7.7)  (106) (12.0) (109 (48.7) (49 (5.1)
g 2012 ,,,, 153 212 245 295 1247 95 77
£ 6.6) (9.1) (105) (127) (53.7) (41) (3.3)
$ 2014 0 127 87 224 238 1571 104 67
& (53) (3.6) (9.3) (9.8)  (65.0) (43) (2.8)
5 2017 ppae 118 59 106 78 1768 139 70
3 (5.0) (25) (45 (33) (756) (59) (3.0)
3 2010 o,,, 868 718 505 477 4041 692 1140
TS (10.3) (85) (6.0) (57) (479 (8.2)  (13.5)
2 2012 o335 865 617 657 671 4389 849 1287
2 (9.3) (6.6) (7.0) (7.2)  (47.0) (9.1)  (13.8)
§ 2014 ., 75 685 631 415 4608 962 1519
E (7.9)  (7.2) (6.6)  (43)  (481) (10.0) (15.9)
T 2017 g4, 518 402 405 317 4391 1101 1730
(58) (45) (46)  (3.6)  (495) (12.4) (19.5)
_ 2010 oo 214 212 117 114 671 244 386
2 (10.9) (10.8) (6.0)  (5.8)  (34.3) (12.5) (19.7)
5 2012 .. 251 218 129 145 667 309 516
j (11.2) (9.8) (5.8) (65)  (29.8) (13.8) (23.1)
52014 o, 193 246 114 100 644 356 634
5 (8.4) (10.8) (5.0) (44)  (282) (156) (27.7)
T 2017 L4, 121 126 75 80 589 388 714
(58) (6.0) (36) (38)  (281) (185) (34.1)
2000 o, 897 803 555 529 3798 617 963
(11.0) (9.8) (6.8) (65)  (465) (7.6) (11.8)
2012 ., 894 647 779 811 4330 753 1050
= 3 9.7y (7.00 (84) (88)  (46.7) (81  (11.3)
§ - 2014 . 733 644 747 541 4827 871 1219
° (76) (6.7) (7.8) (5.6)  (50.4) (9.1) (12.7)
£ 2017 oo, 525 373 418 298 4876 1024 1460
2 (5.9) (42) (47)  (33)  (543) (114) (16.3)
, 2010 .. 276 254 216 187 1486 295 529
= 85 (7.8) (6.7) (58) (458 (9.1) (16.3)
S 2012 a7gg 294 297 238 289 1734 348 580
(7.8) (7.9 (63) (7.6)  (45.9) (9.2)  (15.3)
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No. transitioned
upwards (%)

No. transitioned
downwards (%)

No. unchanged (%)
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L2 2 = © O 0 o c =D = o
8d @ £z 29 S5 3 = £ = 3
88 = 5¢ g0° 2 < 29 5 2 3
»a _E zg bge b8 03 z o o)
2014 . 271 266 216 174 1769 387 693
(7.2) (700 (5.7) (4.6) (46.8) (10.2) (18.4)
2017 oo, 193 140 154 148 1673 443 750
(55) (4.0) (4.4) (4.2) (47.8) (12.7) (21.4)
2010 g0, 140 178 116 144 669 251 395
(7.4)  (9.4) (6.1) (7.6) (35.3) (13.3) (20.9)
2012 ,,0, 215 208 116 167 758 312 511
< (9.4) (9.1) (5.1) (7.3) (33.1) (13.6) (22.3)
T 2014 .. 159 193 113 114 770 336 580
(7.00 (85  (5.0) (5.0) (34.0) (14.8) (25.6)
2017 o001 110 79 82 705 342 579
(46) (55) (4.0 (4.1) (35.5) (17.2) (29.1)
x 2010 Lo, 769 792 487 497 2868 902 1635
o (9.7)  (10.0) (6.1) (6.3) (36.1) (11.3) (20.6)
5 2012 oo . 799 724 530 648 2754 1011 1849
S (9.6) (8.7 (6.4 (7.8) (33.1) (12.2) (222
8 2014 ., 636 784 502 412 2823 1135 2152
= (75 (9.3) (5.9 (4.9) (33.4) (13.4) (255)
© 2017 ., 399 387 354 349 2653 1236 2364
(52) (5.00 (4.6 (4.5) (34.3) (16.0) (30.5)
o ¥ 2010 oo 125 64 5 40 522 81 102
2 ¢ (127) (65 (5.2 (4.1) (53.0) (8.2) (10.4)
g = 2012 1135 119 73 85 57 546 127 128
g a (105) (6.4) (7.5) (5.0) (48.1) (11.2) (11.3)
S & 2014 1143 102 87 75 35 536 141 167
o E (8.9) (7.6) (6.6) (3.1) (46.9) (12.3) (14.6)
e
T ©° 2017 ., 64 47 38 38 505 160 188
~ 6.2) (45) (3.7) (3.7) (48.6) (15.4) (18.1)
2010 .., 419 379 349 323 2563 180 150
(9.6) (8.7) (8.0 (7.4) (58.7) (4.1) (3.4)
S 2012 oo, 485 355 518 562 3522 275 164
S (8.2) (6.0) (8.8) (9.6) (59.9) (4.7) (2.8)
£ 2014 .. 425 232 499 382 4007 318 173
= (7.0) (3.8) (8.3 (6.3) (66.4) (5.3) (2.9)
2017 .o, 346 189 259 141 4096 413 237
6.1) (3.3) (4.6) (2.5) (721) (7.3) (4.2)
2010 5,0 1313 1235 887 860 5953 1163 1887
9.99 (93 (6.7 (6.5) (44.8) (8.7) (14.2)
2012 | ., 1403 1152 1133 1267 6822 1413 2141
I (9.2) (75) (7.4) (8.3) (445) (9.2)  (14.0)
L 2014 lsep3 1163 1103 1076 829 7366 1594 2492
(7.4)  (7.1)  (6.9) (5.3) (47.1) (10.2) (16.0)
2017 | ,40q 809 623 651 528 7254 1809 2789
(5.6) (43) (4.5 (3.7) (50.2) (12.5) (19.3)
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4.3.3 Likelihood of transitions

The probability of transitioning upwards or downwards to another BMI category decreased
with time, while the probabity of remaining within the overweight or obese categories
increased with timeThe particular groups that demonstrated the largest probabilities of
remaining within the overweight or obese categgs, compared with other groups, also
demonstrated the greatest likelihoods of transitioning either upwards or deands. These

groups ncluded women, Caucasians, and those with at least a high school education and

with a high incomeTable 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 mdsethke

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 timesgenltikely 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 edemon
strated a higher probability of retaining @mmal BMI than Africans and Casans. 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 lsigh school edaation and greater were more likely than the
other educationlevel groups to ¢her transition upwards or downwards or to remain within

the overweight or obese categories. Compared with those with a low or middle income,
high-income groupsvere more likely to transition upwards or downwards and remain within
the overweight or obese categes; highincome groups were therefore less likely to retain

a normal BMI than loweincome groups. Those who®NJOA 4 SR x o GAYSa LIS
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 exercisetirie® per week.
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Table4.4: 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, 2010
2017

Odds ratio P-value) relative to that of retaining a normal BMI
Transition downwards
(from obese to

Sociodemographic

factor/year of end of Transition upwards (from

: Remain obese or
normal to overweight, or

transition period overweight to obese) overwe?ght, or overweight
overweight to normal)

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)

0¢6 1.00 1.00 1.00

7¢13 0.93 (0.565) 0.72 (0.009) 1.14 (0.435)

14c18 1.21 (0.196) 0.71 (0.021) 1.50 (0.028)

19c24 1.40 (0.029) 0.81 (0.180) 2.75 (0.000)

25¢34 1.59(0.003) 1.19 (0.276) 4.92 (0.000)

35¢44 1.65 (0.001) 1.54 (0.007) 8.33 (0.000)

45¢54 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)

Racéethnicity

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 scho6! 1.16 (0.005) 1.18 (0.002) 1.50 (0.000)
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Odds ratio P-value) relative to that of retaining a normal BMI

Sociodemographic Transition upwards (from Transition downwards

factor/year of end of . (from obese to Remain obese or
L . normal to overweight, or ) .
transition period . overweight, or overweight
overweight to obese) :
overweight to normal)
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: oddso.

aTransition from normal to overweight, or overweight to obese.

bTransition from obese to overweight, or overweight to normal.

¢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 124 years between 2008 and 2017. This age grlso

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@mal categorynmean BMI during the fitswo

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 groupsohigh diet and physical activi#y.%*To determine

whether this target was achieved, we must compare data from diffeisfividuals 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
LISNE2Y Qa fAFSOHAYS RdzNA y 3l Gukdat®showrthattheExiSty G A 2
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 fromitih 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.

DdzA R yOS F2NJ KSFHfdKeée SFdAy3d ¥ 2N SoutbAfricdbyldz |
the Guidelines for Early Childhood Development Senf®e¥!and the National School
Nutrition Programme Annual Repéftand Guidelines for Tuck Shop Operaté&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 .54 In averaging our data for all ages over the period 22087, we found that the

lowest combined preMance of being overweight and obese was for those aged ¥ears;

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?8+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 itheir neighbourhooc’®” The population of age 124 years has also

been identifed as the largest consumers of sugareetened beverage¥?

Low levels of physical activity, especially in female adolescents (ag&é ¥6arsi®®and in

older teenagers (aged £@&8 years) of both sexes, could also be contributing to the existing
prevalence of bimg overweight and obes&?Physical activity policies include tBérategic

plan 20022013: An active and winning nati@ft of which one of the aims was to facilitate

the implementation of sports in schools.thre National sport and recreation plaone of

the objectives is to maximize access to sport, recreation and physical education in every
school?”? Consolidated findings on the level of physical activity in children aged Bears

(e.g. early childhood physical activity, organized sport participation, active play and active
trangportation) showed an average participation of around 50%, although the percentage of
those in early childhood (age;8 years) participating in physical activity was generally found
to be high (~80%)° Since preschool children are naturally active, a physical activity
intervention for this age group was only deemed necessary for promoting the engagement
of teachers and parestor caregivers, and for outcomes such as cognitive developfiéent.
The South African noncommunicable diseatrategy® targeted an increase in the

prevalence of physical activity (150 minutes of modetiatensity physical activity per week,

or equivalent) by 10% by 2020, atiet WHO global action plan for noncommunicable
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disease$targeted a 10% relative reduction in the prevalence of insufficient physical activity
by 2020. Although our data do not allow a diégd analysis of types of physical activity, we
RSY2Yy&aGNI GSR GKS AYLRNIFIYyOS 2F LIKearOFt SES
times per week maintained a normal BMI even as the cohort aged. However, the fact that
the proportion of this group whonaintained 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 overweidnt 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 fithess, possibly attributable to a lack of kigknsity physical activity:>

274 Suggested interventions include encouraging participation in-trigmsity activities,

such as sports and aerobics, and discouraging sedentary behdduloseresponse
relationshipis known to exist betweephysical activityand cardiorespiratory fitness’®

The recent introduction of higher tax on products such as segaetened beveragé¥’ will
probably reduce consumption drconsequently reduce the percentages transitioning
upwards. However, the life course approach, the basis of many WHO strategies and
recommendations for disease prevention and confrél® may be a better strategy for
maintaining normal BMI from this agé&he life course approach stresses the importance of
SINI & AYyuSNBSyiuAzy o0& O2YyaARSNAY3a gKAOK adl
critical for promoting or restoring healtif? For example, the workplace has been found to

be an important setting for health promotion during adultho&d Effective interventions

include the promotion of healthy food options in canteens, and the provision of nutrition
education and counselling§! Similar interventions in settings such as community centres,
churches and recreational facilities should also be prom@té&il Barriers to lsure activity
participation, including lack of time and facilities, safety issues and negative community
perceptions regarding weight loss, may also need to be addre€3athng with the

accessibility and affordability of healthy food options through subsitfies.

Population groups that demonstrated a higy 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 pgrammes of private healthare providerg8 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 charf§es$2®maintaining this weight loss

over the longer term can be difficult; only approximately difth (20.6%; 47/228%" of

thosS K2 I OKAS@S 4 SAIKG 28 P8and thevmajorifyloftiose whholi F 2 N
embark on a weightoss programme give up before achieving sucé&s82 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 thereforedoadithat the South African
target®* of achieving a 10% reduction in the prevalence of obesity by 2020 witienmet.

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 associatechigher BMI
categories in this study, such as household income, education level and amount of physical
exercise, were selfeported and therefordikely to producebiased results especiallydueto
seltreporting onphysical exerciséA secondimitation was loss to follovup from one wave

of data collection to another. Since we assume those lost to fellpwere randomly

distributed throughout the study population, and the remaining numbers at each
subsequent data collection wave were suffidig 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. €@moverweight 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 Sah 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 PAPER 3

Wandai ME Manda SOM, Aagaatdansen Jand Norris SALongterm blood pressure
trajectories and associations with age and body mass index among urban women in South
Africa.Cardiovasc Afr. 2021;32: online publicationwww.cvja.co.zaDOI:10.5830/CVJA
2021-014. (Submitted 24/8/20, accepted 31/3/21)

Abstract

BackgroundBlood pressure (BP) is known to increassvitably with age. Understanding
the different ages at whichreat gains could be achieved for intervention to prevent and
control BP would be of public health importance.

Methods: Data collected between 2003 and 2014 frofB@9women aged 22 to 89 years
were used in this study. Growtturve models were fitted to describe intrand inter
individualtrajectories. For BP traakg, the intraclass correlatiooefficient (ICC) was used
to measure dependency of observatioinem the same individual.

Results:Four patterns were identified: a slow decreasdip with age before 30 years; a
period of gradual increase midlife up to60 years; a flattening and slightly declining
trend; and another increase in BP in advanced age. Tplesses persisted but at slightly
lower levels after adjustmerfor body mass index. Three groups of increasing trajectories
were identified. The respeste number (%) in the low, mediuand highly elevated BP
groups were 1 386 (70.4%), 482 (24.5%4) 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. 0L 7hfbr systolic
and diastolic BPrespectively.

ConclusionThese results show that BP preventative @odtrol measures early in life
would be beneficial for contrdater in life, and since increase in body mass index may

worsenhypertension, it should be prevented early and indeperitien

Keywords:blood pressure, hypertension, body mass index, trajectory, iol@as correlation

coefficient

5.1 Background

Hypertension is a major risk factor for natommunicable diseases (NCDs) especially stroke
and heart attackg23and in South Africa, it was estimated to account for 19.0% of

cardiovascular diseases deaths in 26%¥6lhe prevalence of hypertension for women aged
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15 years and above was also estimage®8.5%7°° and increased steeply with age, with
84.0% of women aged 65 years and above having hypertefsidrhan populations have

been shown to have higher hypertension prevalence compared with their rural
counterparts?®®>and women in such dwellings have also been reported to have higher
percentages than mefP® 297

Accelerated global efforts for the Prevention and Control of NCDs began during the High
Level Meeting of Heads of State and Governments at tffes@8sion of the United Nations
General Assembly in September 2G¢¥8Folbwing this, the South African department of
health developed a strategy in line with the declaration in 2013, of which one of the ten
32Kfta FyR GFINBSGA gl a (2 WYwSRdz0S GKS LINBGJI f
20.0% by 2020 (through lifestylgdR Y SRADI G A2y 0 Q®

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 yé&¥! However, from
approximately 50 years, diastolic blood pressure may plateau, and thereafter start to
decline3©:30l v Xy RA@GARdzZ £ Qa .t GNI2SOG2NER OlFly o685
vascular stiffening or for existence of an underlying diséé&e.

Growth curves (trajectories) plays an important role in life course epidemié®®and can

be used in identifying groups of individuals at risk of developing high blood pressure using
known risk factors®4In addition, population subgroups with different BP trajectories can be
useful in selecting people who might benefit most from intervention for prevention of CVD
risk39°

Although age is highly correlated with an incregsiBP 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
America3®¢3%8 and this decrease is usually attributed to lifestyle and pharmacological
interventions3%®! Yy RSNEGF YRAY3 K26 AYRAODGARIzZEfAQ .ta C
occur (Intraindividual change) through the life course and the patterns for people with
different attributes (interindividual differences in the intrandividual 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 {tamgn 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 82 gadrs; (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 antheasurements

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 rathhowever 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 swwaments 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 spmamanometer and appropriately sized cuf.

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 indexNB in Kg/nt was classified according to World Health
Organisation (WHO) alzy RSNB SA IKG 6f my ®p-0 I pyY ZNIIGIS N SR K

Fonov yR 206SaArde é6xonovud
5.2.2 Statistical analysis

Multilevel (ML) growth curve models (technique to describe arldlexr Ay 'y A Y RA A |
change over time) were used to describe the iatdividual BPs trajectories and the inter

individual differences in the intrandividual changes with age used as the time metric. Three
models were used to describe the patterns ofnolge. 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 traje@tsras 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 linea¥? mostly characterised bincreases or decrease&ge was centred

Fd G0KS YAYAYdzy 13S 2F HuH &SIENBR (G2 KStLI Ay 0

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 effecttbe BP trajectoriesThe intraclass
correlation coefficient (ICC) was used to measure the degree of dependency among
observations within an individuah group-based trajectory model was used to identify
distinct groups for the BP%$8. 209

5.3 Results

Summary measures for age, BPs and BMI at the four time points are sh@ahbl@d.1. The
mean age at first occasion (2003) was 41.1 years and 49.6 years ifi tieeakion. Systolic
and diastolic BPs increased from one time point to another, but the increases became
smallerwith time, and almost remained unchanged especially for SBP betweeri‘tand

4™ 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?fg/the
fourth occasion. There is indication of constant variation of the BPs and BMI across the

measurement occasions.

Table5.1: Mean and standard deviation for age, SBP, DBP and body mass index at the four
data collectiortime 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)

Table5.2 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%, arat 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 @.4 years), where it almost doubled. For those with normal or overweight BMI
statuses, the peeentage of hypertension almost tripled between théadnd 4" occasions.
Between the 8 and the 4" time points (@.3 years), the percentage of those with

hypertension among participants in the obesity category remained almost unchanged

(50.7% in 8 occasion and 51.4% iri"4ccasion), 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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Table5.2: Hypertension percentages by Bbéitegories at the four data collection time

points

Tir_ne BMI EII(()Jrc:d pressure category

point Category n (%) hypertensive  Hypertensive Total
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)

2003 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)
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)

2005/6  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)
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)

2007/9  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)
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)

2011/14 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

Table5.3 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 respectivebut that change decreased substantially between tfe 3
and 4" time points to about 1.7and 1.1 mmHg. Majority remained in their BP status
between observation times but with time (age), the percentage remaining in the
hypertension state increased whillkat 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 percentader the counter transition was 33.3% or a net recovery of
11.8%. By the®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 (recovey) rate was 15.6% or net increase of 25.0% to the hypertensive state.
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Table5.3: Average BP changes and shifts between categories at the four data collection time

points
. Average BPcategory Mean change
Time (SD)
oints  Years BP category n Nom
P apart . Hypertensive| SBP  DBP
hypertensive
Non-

2003& 24 hypertensive 824 647(78.5)  177(21.5) 11.3 4.1
2005/6 ' Hypertensive 159 53 (33.3) 106 (66.7) (19.3) (12.1)
Total 983 700 (71.2) 283 (28.8)

Non-

2005/6& - hypertensive 512 354 (69.1) 158 (30.9) 45 6.4
2007/9 ' Hypertensive 237 72 (30.4) 165 (69.6) (20.4) (11.9)
Total 749 426 (56.9) 323 (43.1)

Non
2007/9& 53 hypertensive 234 162(69.2) 72(30.8) 1.7 1.1
2011/14 Hypertensive 154 39 (25.3) 115 (74.7) (19.0) (11.2)
Total 388 201 (51.8) 187 (48.2)
Non-

2003& » hypertensive 493 303 (61.5) 190 (38.5) 164  10.9
2007/9 ' Hypertensive 99 26 (26.3) 73 (73.7) (20.9) (12.6)
Total 592 329 (55.6) 263 (44.4)

Non-

2005/6& 73 hypertensive 460 291 (63.3) 169 (36.7) 8.1 8.1
2011/14 Hypertensive 185 49 (26.5) 136 (73.5) (22.3) (12.6)
Total 645 340 (52.7) 305 (47.3)

Non
2003& 97 hypertensive 549 326(59.4) 223 (40.6) 19.1 126
2011/14 Hypertensive 96 15 (15.6) 81 (84.4) (20.4) (12.3)
Total 645 341(52.9) 304 (47.1)

Figure 51 and Table5.4 shows how the progression of BPs evolve. A crest (inversthpe)

marks a negative (decrease) change while a trougbh@pe) marks a positive (increase)

change. The figure however shows titlae 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 coefficie®t$or SBP and

1.5 for DBP) for ag@ able5.4), and the second around 60 years, and shown by the negative
coefficient (¢0.004 for SBP an@.003 for DBPfpr age cubed. Similarly, theaughs are

identifiable around ages 30 and 70 years and marked by the positive coefficients for age

squared and age raised to power#abple5.4).
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Figure 51. 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 iop#ee BMI adjustment

gl a 2y GKS AYyGSNOSLIiaz akKAFaAaAy3a SFEOK .t Qa
SBP, and 75.7 to 63.3 for DBP). Model 2 as showahle5.4 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 &fiéict (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 10aufd 63.3 mmHg respectively, and each

individual value varies randomly around these baselialees with 24.3 standard deviations
F2NI{.t FYR mMT®dp FT2NI5.td ¢KSNEF2NE op: 27
between 105.0£1.96x24.3 = (57.4, 152.6) for SBP and 63.3+1.96x17.5= (29.0,96.7) for DBP.
The estimated increases in the BPs foergvl Kg/m 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 hetween 0.41+1.96x0.65 =0(86,1.68) for SBP and 0.46+1.96x0.52

= (:0.56,1.48) for DBP.

The correlation between the random intercepts and BMI random slopes is strongly inversely

proportional €0.82 for SBP an@.87 for DBP) implying thaigher values bbaseline BP at the

individual levelere associateavith a relatively smaller effect dMlon BP and vicgersa.

By including a random BMI effect, thariaclass correlation (correlation among observations

within an individual) increased from 0.47 (Mdd to 0.72 (Model 3) for SBP and from 0.49

to 0.79 for DBPIn 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.

Table5.4: Coefficients and 95% confidence interval (in parenthesis) for the three models
predicting SBP and DBP trajectories with standard deviations (Sbé f@ndom effects.

Age to power 4

0.00003
(0.00001,0.00005)

0.00003
(0.00001,0.00005)

BP | Fixed effects Model 1 Model 2 Model 3
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)

0.00003
(0.00001,0.00005)

(&)
S | 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, 10.82 (0.91:0.66)
Intercept)
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)
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 (2.470.4) -1.4 (2.470.4) -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)
o | Age to power 4 0.00003 0.00002 0.00002
= (0.00001,0.00004) (0.00001,0.00004) (0.00001,0.00004)
g BMI 0.41 (0.35,0.47) 0.46 (0.39,0.53)
A | 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, 10.87 €0.92:0.79)
Intercept)
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 groujpased trajectories by average ageodtservation times

There were three distinct groups from the 1,969 individukig\re 52). The low BP

trajectory group comprised the majority of the study participa(6.4% for SBP and 59.3%

for DBP)and showed #&ajectory that was initially ithe normotensive statdéut gently rose

to the pre-hypertensive region. Mmedium BP trajectory24.5% for SBP and 36.0% for DBP)

had aninitial averageBP in thepre-hypertensivestate thatgradually ose to the

hypertensive levelwhile the third group ofibout 5.0% had highly elevateacreasing 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.
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Figure 52. 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 g&ng 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 ydagafe 51 and Table5.4). Although our sample
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for ages below 30 years was small, which could ledfexted 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 adaptiing? 3Possible vascular repair

could be reason for our results showing that the percentage recovering from hypertensive to
normotensive stée was highestTable5.3) inrelatively younger ages. A second phase of

rapid increases in the trajectories begins from around 30 years up to 60 yiéassclosely

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® Increasing SBP and DBP are associatedindgteased peripheral vascular
resistance (PVR) up to around 50 years, while lartgrial stiffness (LAS) leads to the

steeper rise in SBP after §6ars3'? Studies have shown that younger women have less stiff
arteries compared with men of similar ag; *'“but increased stiffness occurs after
menopause. Attention for control of BP in paaenopausal women would thereferreduce

risk for cerebrovascular and cardiovascular evétit&lnderstanding 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 thNational Strategic Plat.

A third phase from around 60 years of age show a flattening or slightly decreasing trajectory
for both BPsKigure 51 and Table5.4). Similar studies have shown a decreasing trend for SBP
at ages >65 year§,and forDBP from >55 yeaf3° A decline in BP in old age has been linked
to deteriorating health?!: 22 Decreasing SBP with age has been associated with dementia,
depression, polpharmagy (use of a large number of medicationand increased number of
comorbidities?® 316 A steeper decrease in both SBP and DBP has been associated with
diagnosis of diabete¥/ and an increase in altause and cardvascular
mortality 218 However, longeterm decreases in BP have also been shown to roadtin or
without the presence of hypertension, heart failure, atrial fibrillation, or strékanplying

that decreasing BP could be due to low cardiac output, a featfingeing'® The deceleration

and decline of BP in old age is also associated with use of antihypertensive medidatiich

we did not account for in this study.

The results of the three grodpased 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 ihése 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 associatins being stronger in women than mé#.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 albtwaimeatinine ratio (UACR) and

risk of SRD later in lif8* Some studies have suggested that individuals with high BPs
especidly SBP in midlife are at a higher risk of arterial stiffedfdg’>>Evidence has shown
that continuously Hgh BP for years is closely correlated with subclinical
atherosclerosi$?#intima media thickness, and left ventricular mass inééx.

The unadjusted trajectories reflect the added effect of ageing and the influence of other life
course risk factorsuch 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 usuallapidty

take place early in lifeAccelerated weight gaiand increased BMI iohildhood andearly

adult lifeincrease the risk of elevated BRd the development of hypertensian later life326:

327 Surveys in South Africa have shown that the agerBMI for women by age 30 is more
than 28.0 kg/m,*®+18 which is in the upper range of the overweight level. Majodfythe
women in this study were at least 30 years old, and the average BMI at the first encounter
was 29.9 kg/m An increase in BMI could lead to arterial stiffness, which may cause
development of higher BFS8 Higher systolic BP levels reflect the stiffening of the arterial
walls in aeas exposed to increased presstféwhile coronary perfusion of the myocardium
may be related to diastolic B

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 byindividuals 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 motimeotensive
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 iddal 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 highTB&sking of a
characteristic is the stability of a certain featureeo time or its predictability based on earlier

measurement®! 332Tracking stability oBPs is of considerable public health interest because
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those at high risk to develop hypertension might be identified at an early St&glerough
screening.Theinfluence of BMI change on BP tracking emphasizegtpertance of weight
control in early ages. Maintenance of normal weight gain in childhood may prevent clustering
of hypertension and cardiovascular disease risk factors in adulthtjod.

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 Bfelated exposues such as lifestyle and di€f: 33¢Few studies from isolated
communities such as fogerfarmers have shown minimal agelated BP increases in
comparison to western societi€d! These communities however have adopteal
predominantly vegetarian diet with very low salt content, physically active lifestyle, and very
low or nonexistent obesity level&”33%|ndividuals 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 Bl 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 padsaiaiger

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 ®ing repeated BP and
anthropometric measurements which helped in analysing {targ 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 pfofS 8 @ ! y2 G KSNJ aGNBy 3G K ¢
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 increasingstylic 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 whainitially 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 BNTEGRATED DISCUSSION AND CONCLUSION

OAfter all, you must make careful plans before you fight a battle, and the more good advice

you get, the more likely you are to wi(King Solomon, Proverbs 24:6, GNT.)
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CHAPTER GENERARISCUSSION

This chapter consolidasghe research findings based on the aim and specific objectives. It
alsodiscusses the emerging themes identified by the researahrelevance of findings to
the South African and seBaharan context. Finally, thieesislimitations and future research

focusare highlighted.

6.1 Summary ofindings

Themainaim of thisPhDstudy was tgrofile andmonitor the spatial and €mporal changes
of hypertension and body mass index, two major risk factors for noncommunicable diseases,
using o sets of longitudinal data. The summary of the findings related to eatie three

specificobjectives of the study are shown ifiable6.1 below.

Table6.1: Summary of théhesiskey findingdased orthe specifiobjectives

Objective Key findings Conclusions
Objectivel (Chapter3): |A The national A Thefindings from this study
Toestimate and hypertension prevalencg  showedthat therewere
compare the prevalence| averaged 29.8% significant differences in the
of hypertension over between 2008 and 2017  prevalence ohypertension
time and by district$or but was lowest in 2017 at the district levein South
individuals aged 15 year,  at 27.%4 By district Africa
and above. municipality, itwas A Lower-than-average
lowest (19.1%) at prevalence wasfound inthe
Vhembe district of northern and northeastern
Limpopo province and districtsof Limpopo,
highest (47.0%) at Mpumalanga, and Gauteng
Central Karoo and provinces while districts
Overberg districts of the]  with higher prevalence than
Western Cape province average were from the
Westemn Cape andNorthern
Cape provinces.

86



Objective

Key findings

Conclusions

A

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(Chapter4):
To estimate the
transition rates between
BMI categories and to
assess the factors
associated with the
transitions across all

ages

A 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.

To transit to a
downward BMI, women
were 1.82 more likely
than men, those with
higher level of educatior
1.43 more likely than
those with no education,
and those from high
income tertile
households 1.28 more

likely than those from

A

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
Once overweight or obese,
the likelihood of
transitioning to a normal
BMl is low, particularly for
women, those of higher age
groups, and those with a
higher income and a highe
level of education.

Based on these findings,
scarcepublic health
resourcesshould be
channelledto 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 b

made.

Objective 3(Chapters):
To profile systolic and
diastolic blood pressure
changes by age and the
effect of body mass
index on the changes fo|
women aged 22 to 89
years from an urban

township

Theages betweer80 to
60yearsmark aperiod
of sharpincrea® for
BPs, especially 8B
The ICC wastrong 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.
Three subgroups of
increasing systolic and
diastolic BP trajectories
were identified, with
majority (70.4%for SBP
and 59.3% for DBIeJ
the women for each BP
type falling in theddbwQ
group.

The effect of BMI on th¢
BP trajectory for age
was highest in women
who initially had
relatively lowerinitial

BPs.

Based on thse findings,
preventiveinterventions
implementedearly in life
(30to 40 years of agdrom
when BP starts to steeply
increasecould possibly helg
lower therate of BP

increase with age
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6.2 Themes emerging from the thesis

Thisthesistmainaim was toprofile andmonitor two important risk factors for NCDs, that is,
hypertension andncreasedbody mass indegoverweight/obesity) Thishopefully would add

to andprovide necessary informatiatmat can behelpful in the improvementsof the SA

strategy for prevention ad control of NC3¥8 and the strategy for prevention and control of
obesity%4 According to thenationalNCD strategythe comprehensive approach to

combating NCDs consists of three sitategies of whichthe8g I & (G2 da2y A G2 NJ
GKSANI YFEAY NARal Fl Od 2 NA ®ResdarciiLalsdratresientimly y 2 @1
component in the SA stratedgr obesityprevention and controto help understand

distribution of factors determining its prevalence. This study could be usefubinding

information that can contribute tahe planning and evaluation of interventions based on the

following themegshat 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 reverseiticeeasingrends
especially in the prevalence of obesity should still be prioriti€steway that
this could be done is throughstrengthered health systempreferably by
empowering community health workers and use of technological advancement
for improvedNCDs prevention and management

il. Achievement of set targets relating to these two risk factors for NCD as per the
32 @S Ny sfr&tefic flans mayot havebeen achieed by the set time.

iii. There is need foanimproved monitoring and surveillansystemfor the

tracking of therisk factors for NCDs

6.2.1 Srengtheningof the health care systerior improved NCDs prevention, contrand

management

The focus of thi®hD study was spatial and temporal chanigeBP and BMiand the result
finding identified areas androups of individuals at increased rigts pointed out in the
literature review and alst thisthesis age is known to be a major determimtor both
hypertension and overweigh/obesitin thisthesis, it was furtheshown the ages whe

great gains could be made for prevention and control @s&two risk factors for NCDs
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where the likelihood to maintain or revse to a normalise@®P or BMstateis highest.
Improving interventiongailored to localisecheedswould therefore be key in achieving the

O 2 dzy i NEB Q &for &oBtinl arid lprsh@rliah &f NCDs. An important aspect tatde is
through a strengthened health system.

Strengthening of the health system for service availability and readiness in terms of access to
careand quality of interventions was core in th@ SICD strategic plan. Thissproposed in

the strategyandwasto be implemented throughhe district health system (DHS) principles
based on prevailing and unique health conditions of each district, where more resources
could be committed to thosdistricts with high disease burden and in dire need of
preventative and control measuré$?

Health systenQ éffectivenessn subSahara countries could negatively be impacted due to
ripple effectthat canoccasioned by lack of prevention and control of the common risk
factors for overweight/obesity and hypertensiodealth systems in LMICs have been
reported tofocus on curative carat the expense of prevention, even though the high cost

of curative services is unaffordable for most individuals in these populatféitie

importance of primordial and primary prevention of social determinants of health such as
poverty, and unkalthy lifestyles (smoking, alcohol use, and physical inactivity) as proposed
in the SA NCD Strate§ppecomes more critical given the ripple and multiplier effect on the
health system effectiveness to deal with NCBlsysical 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 camsecg of this is

that in most cases patients with hypertension will develop CVD and most likely be diagnosed
with diabetes mellitusTreating multimorbid conditions poses a big challengbl@®s are
known to be costly, and many health systems in Africamtites may be unable to cope

with the rising burden due to limited resources and infrastructéffe-ealth system
capacitation especially in the primary health care setting would be key for @iadyosis
particularly in the high risk districts and individuals.

It has been noted that therare challenges associated with timely screening and diagnosis
for blood pressure and excessive body mass that cause overweight and cidbity

primary healthcare setting®*® Among the challenges include inadequate health workforce to
undertake these activitiecommunityunawareness regarding BP, overweight/obesity and
NCDs and inaccessible health services related to individual circumstances (lack of transport,

time, health geking behaviourj#* In this study majority of those identified with
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hypertey A 2y O6{ . txmnn 2NJ 5.t xdn 2N OdNNBy i dza$s
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 aratin th

state not to seek healthcare services. Empowering Community Health Workers (CHWSs) can
help ease the barriers to healthcare accesBl\Ws are considered an indispensable asset in

the health system set up as they live within the community they serve, laey inderstand

the cultural dynamics of the people who live around thekdequate 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 referredsessary*®

Efficiency, accuracy, and reliability are key in disease monitoring and surveillance, and the
use of mobile technology could be useful in empowering the CHWSs. The mobile technology
has been associated with reduced training for CHWs and CVD risk scre@eing

elimination of calculation errors of CVD risk score, and end user satisfaction when compared
with paperbased applicatiord#6

PreventonoRA 4SSl aSa> NBRdzOGIAZ2Y 2F GKSANI 0dzNRSyYy |
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 Afica mHealth strategy 201801934’ 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 chagefor prevention of norcommunicable diseasesn 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:

G ¢ Kublic 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 tréfgel. { dzOK | g1 NSy S & :
raised through the mobile technology as a large proportion of the South Africa population
have acess to a mobile phone and national network coverage is over 9%0Phe

department of health recently has proved that it has that capacity as at the onset and peak
of the COVIEL9 pandemic, it used to send text messages to raise awareness on importance
of adhering to the WHO guidelines for prevention and control of thema 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.
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6.2.2 Relevancén monitoring of theset targetsas per thegovernme/ (i NCIDstrategies

The SA NDoH had a set of 10 targets in the NCD strategy of which one of them was to
GNBRdAzOS (KS LINBGItSyOS 2F LIS2LX S 6AGK NI AaS
fATSaGetsS YR YSRAOLI (A 2yh@dectesssSin heoptiantel & & G N
of overweight and obesity by 2017, and a 10.0% decrease by 2020 for all age groups.

The prevalence of hypertension based on4fesgtor unadjusted and adjusted results

showed a decreasing trend between 2008 and 2017. In absolute terms, the whgbdesam
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 achievitgrges 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 hygresive rather than
through lifestyle change.

Although this PhD study did not analyse the change in the BMI prevalencesexgmally

by age, it was able to show that the prevalence of obesity decreased from the tender age to
end of teenage life from wire 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 ofthose 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 anticipattdfth

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 BMbhwa®ngfactor

associated with hypertension prevalence.
6.2.3 Improvement in the monitoring andurveillance of NCD risk factors

Thisthesis alsalemonstratedthe usefulness afegularly collected datéor the surveillance
of changes in the risk factors for NGRigh an indirect inferencen how the SAsurveillance
systemfor NCDgan be strengthenedue to themultimorbidity of the NCDs anithe
interrelationships irtheir risk factors an effective surveillance system should allow
monitoring of these conditions comprehensivelyn this thesisthe NiDS datéhat have a
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national representatioronly facilitatedstudying changes in BP and BMeasurement data

for trackingchangesn otherimportant metabolic risk factos such afHyperglycaemiand
hyperlipidaemia wees unavailable.

Detailed and regulacollection 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, pland

population groups.The WHO STEPwise approach to Surveillance (STEPSjap angthod

for collecting, analysing, and disseminating NCD risk factor data that has been proposed by
WHO for its member statg§igure 61.34°) The three steps for the data collection

instruments consist of: Step 1 (questionnaim@selfreport measureson sociceconomic,
tobaccoandalcoholuse,dietary behaviourand physicalinactivity markerg, Step 2
(measurements on anthropometry and blood pressure) and Step 3 (biochemical
measurenents such as total cholesterol, blood glucose and cotinine from blood and urine

samples)

Figure 61: WHO STEPwise approach

In South Africa howevefprmalised WHO STEPS surveys are not conducted, even though
some of the STEPS questions are included in the-Ergle national surveys such as SADHS,
SANHANES, and NiDS. For reliable monitoring and surveillance of NCD lifestyle risk factors,
data will neal to be comprehensive and regular for it to advise synergistic interventions for
control of hypertension, BMI, and consequently NCDs. The NiDS datanubkesithesisan

be considered as a STEPwise survey consisting of the first two steps, and safagabd

regularity (22% 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 consumpfifmiits and

vegetables, and salt intake cannot be analysed as such data elements are not included in the
NiDS gquestionnaires. Sadly also, it appears that NiDS questionnaire nodapgeesdata

on alcohol consumptioas of wave 5. However, NiDS beinganel 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 surviytiae 3 steps, but they are both
irregular. Other site and smadtale comprehensive surveys conducted in SA include HDSS
survey in Dikgale HDSS sitéand the BT20 Plus studyrioritising initiativegor

improvements in thesurveillancesystem can greatly enable a holistic tracking of NCDs and

their risk factors.
6.3 Conceptuaframeworkrevisited

The hierarchical conceptual framewdifgure 12) includingthe different levelsthat
describedevelopmentakelationshipbetweenthe riskfactorsfor NCDgormed the basis of
this PhDresearch Eachlevelof the hierarchyformsanimportant point for preventionand
controlinterventionseither separatelyor jointly. Theconceptualframeworkshowed
demographicandsocioeconomidactorsare at the first levelof the hierarchyformingthe
distalriskfactorsfor both BMIandhypertension Educationrandhouseholdincomewere the
mostimportant socioeconomidactorsin this thesis.While lower levelsof thesetwo factors
were riskfactorsfor hypertension highereducationand higherincomewere risk factorsfor
overweightand obesity(resultsnot reported). Thisshowsa needfor differentiated
interventions.Lowsocioeconomistatus(SES§anleadto delayedhealth seekingoehaviour
dueto limitationsin accessingnealthcareand information, while high SESanleadto more
sedentanylife.

Thebehaviouralor lifestylefactors(physicainactivity,alcoholuse,and smoking)Yormedthe
secondevelin the hierarchyandare usuallyinfluencedby demographiand socioeconomic
factors.Althoughdata limitation neither allowedanalysisof dietary behaviour(salt, fruit and
vegetableintake),nor how the other lifestylefactors(alcoholand smokeuse,and physical
exercis@ variedby demographicand socioeconomidactors,literature doesshowfor

exanple, that genderis associatedvith alcoholuse>° smoking physicakxerciseand
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dietary choices®®! Thesebehaviouralfactorsalsodiffer by socioeconomi¢actors (income,
educationand employment3®?) In this thesis, alcoholusehad a positiveassociatiorwith
hypertensionanda negativeassociatiorwith overweightand obesity.

BMIlactingasa proximalriskfactor and anintermediarylevelin the hierarchybetween
lifestylefactorsand hypertensionwasstronglyassociatedvith hypertension anditself (BMI)
asanoutcomewaspositivelyassociatedvith low levelof physicalinactivity (proxiedin this
studyby low levelsof physicalexercise)and negativelyassociatedvith smoking Thesetwo
lifestylefactors(physicainactivity and smokirg) did not showsignificantcorrelationwith
hypertension While smokingcannotbe usedasa strategyfor weightcontrol, lifestyle
interventionsfor preventionand control of overweightand obesitywill inadvertentlyleadto

preventionand control of hypertension.
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Figure 62: Extended conceptual framework with data and risk factors hierarchies

While the thesisconfirmsthis framework, it alsoaddsanotherdimensionin the hierarchical
structuresasintroducedin the analysisstrategy,andwhich canhelpin improvingprevention
and control interventions.Accordingo this improvedframework,indid A R d@Mlfarid Q
hypertensionstatusesform hierarchiesovertime, where previousstatusesnfluenced
subsequenstatus.Knowledgeof individualhistorywould be beneficialin designing
individualisednterventionsespeciallyfor thoserequiringphysiciandietitian counselling.
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Theother levelsof nestinginvolvetheseindividualsbeingnestedin householdsvhichin
turn are nestedin geographizones(healthdistricts).Asthe resultsfrom the thesisshowed,
districtsexplainedvariationin the prevalenceof hypertensionoverand abovethe effect of
individualriskfactors. Thisknowledgeis of importanceascommunity-basedinterventions
canbe implementedthroughthe district health system.Theadjustedconceptualframework

isshownin Figure 62.
6.4 Relevance of the study in SA and African context

It is projected that by the year 2030e¢aths arising fronthe burden due to NCDa the
African countriesvill exceed thatlue toinfectious maternal and childauses®? 3%4In

South Africa, the probability of dying from one of the four main NCarslipvascular
diseases, cancer, chronic respiratory diseases and diabetes) between ages 30 and 70 is
25.0%3%° To effectively adress these cHienges South Africaand the rest obub-Saharan
Africa require epidemiological data on NCDs and their risk faétbvghich wasthe focus of
this research

The availability of data othe majorrisk factors for NCOsimportantin the formulationof
policies and strategiefor the prevention and control of NCrsthe population. These data
are also critical for programme planning, monitoring and evalua#iatording to theSA
strategies for ND and obesity, data fanonitoring the settargetswere tobe source from
varioussurveys such as General household SusuyeyStatistics South Africéhe South
African National Health and Nutrition Examination Survey (SANHAN&8)eDemographic
and Health Surveyrhey were also be sourcém routine sygtems such as th®istrict

health information System, National cancer registry, and the Chronic Disease Reg#ster. Th
presentresearch sourced data from two important panel/longitudistudies, that is the
NiDS and BT20 plstudyto address its aimThis as noted in sectio®.2.3 shows the
importance and need fostrengtheninghese data sourceso that they carcontinuously be
relevant in providing information necessary to combat theden of NCDs in South Africa
One of the research priorgsaccording to the SA strategy fprevention andcontrol of

NCDs wasdinter-sectoral and multidisciplinary research to understand the influence of the
macroeconomic and social determinants of NCDs #oak risk factors as an important

guide for intersectoral action at district lev&P°® The results from the first section of this

97



studylooked atthe prevalence ohypertension disaggregated at the district level, findings

which can be reliably used forggramming 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
trendsof NCDs and related risk factarsorder to determineprogress 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 factwthesisis

therefore relevant in thatt used data from already established longitudinal/panel studies to
monitor obesity and raised blood pressufesalready mentioned earliethe NiDSbeing a

national studycan further be strengthenetly addingcollection of other biomarkers such as

blood glucose, hyperlipigdemia, nicotine concentrations in the blood, and cardiovascular

fitness using the 3ninute step testThe BT20 plus study can also be utilised to collect

similar data items on spouses and partners of the women caregivers in this study.

I O0O2NRAY3 G2 GKS Hnmm a! Hevel NebtihgiohtlizlGeneral S Of | NI
Assembly on the Prevention andr@rol of NonO2 Y'Y dzy A Ol 0 {28thethdads®f 4 Sa = ¢
states and governments, committed to a number of resolutions. One ofebelutions

(Number 45 (e)) was tstrengthen national policies and health systemsphysuing and

LINE Y 2 (i A y-Based ApprgarieNibr the prevention and controN&Dgounded on

data disaggregated by sex and age in an effort to address the cdiife@akences in the risks

of morbidity and mortality frorNCDSF 2 NJ ¢ 2 Y Sy 255inythisthesiSsyich ®

disaggregation was caed out and it showed the burden of hypertension and BMI changes
varied greatly by age and sdr addition, the disaggregation wéeken one step further by

adding spatial and temporal dimensiohsy’ G KS {! @aadG N} G§S3& F2NJ LN
obesity201sH nHné X GKS GIFNBSGA aSi 6SNB alyYS T2NJ
reviewed to practically address the degree of the variation in the burden

The study section on BMI transitioftShapterd) clearly identified the ages (end of teage)

from when transitions to obesity start picking up. These results therefore provide a basis for
directing fund allocation andampaigns on improvement of interventions that promote

healthy food options post high school years at the tertiary educatiorsitutions, the

workplace and the community at large. National and subnational policies could focus on
improvingthe physical and social environmeiotmake itmore accessible and saftar

planned physicactivities such awalking, joggingand cyclingespecially in the urban

environment. These initiatives should support and encourage physical activity fas eil®
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years), and especially for those above 40 years from when the probability for resistance to
transit out of obesity state isighest.In the school/educatiomndworkplaceenvironments
the time-restricted interventior®’ could be ideaas it may be relativelgasier to selfestrict
access to foods compared to the home environmémthistype of intervention meal
consumption is restrictetb certain hourq8-12) of the dayallowing a continuousgaily
fasting period of more than 12 hours
Understanding théiologicalmechansm of how excessive weight and hypertensiaffiects
the cardiovascular functiomayhelp an appreciation othe benefitsfor preventon of
obesityand hypertensionat an early gagein life as recommendedrom findings in this
study. As confirmed in tle study, obese individualbad a high prevalence of hypertension
Blood pressure is calculated by multiplying the cardiac oufgotount of blood the heart
pumps in a minute Py the systemicascular resistancéhe amount of force exerted on
circulating blood by the blood vessels of the bdefy3°9 This relationship is expressed
mathematically as:

"1 THAAOC 0CAH AOARNDE#/C 3UOOAD AEAQA BBHCBADR AA

BMI is usually used as a proxy measure for excess body fat althougkhititised as it does
not differentiate lean muscle mass and body fat m#8s*6'BMI therefore represents other
causal exposures such as diets high in fat and sodium and low in vegetables and fruits;
sedentary lifestyl®r aphysicaly inactive lifestylg3®?all which can contribute to huild-up

of fatty plaques (athersclerosisjo the arterial walf®3thereby potentially lowering blood
flow due to increased SVRIthough an increasm eitherCO oISVRcan cause increase in
BP, agmented SVR iwainly responsible for elevated BPahese individualé.Obesity is
alsoassociated with vascular endothelial dysfunction (impaired vasodiftipby

interfering with the production of sufficientitric oxide which is vital for vascular relaxation,
contraction and control of blood clotting (thrombost$) 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 pressUhesulin resstanceis alsogreatly increased

in obese subject®® andthis lowersthe biologic activity of natriuretic peptide, whideads to
retention of sodiumcausnganincreased cardiac outpuit’

As mentionedabove, interventions foweightloss through diet anghysicalexerciseare
usuallyrecommended in the maagement of obesity 3¢However it has been shown that

during exercises, obesity is associated with persistence of elevated cardiac filling
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pressures’®® Elevated right ventricular and left ventricular filling pressures contribute to
many of the symptoms of patients with advanced heart faiR#elhis reinforces the
importance ofweight controlmeasures at an early stage in litepreventtransitionfrom a
normal weight to overweighand consequently obese state

Physicaexercises suchs@ndurancetraining helps inthe redudion of arterialwall thickness
and increased lumen diamete¥° For individuals mataining a physically act life,
vascular function is improved through increasemonary artery size and dilatiarapacity®’*
These factors helm maintainingnormal SVRand consequently normal BP measures.
Physical activitexercisealsoincreasesnsulin sensitivity andlucose metabolisrby
decreasng production of glucose by the livandincreasinghe number of muscle cellhat
usemore glucose than adipose tissuberebyredudngbody fat3’? Physicallyactive
individuals have also been found to hawveich lower arteriaktiffness neasurescompared

with individuals who have a sedentary lifestylé
6.5 Limitationsof 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 leMelvertheless, 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 similastudies 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 studie$or 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 ahdemography (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 dnaedition,sincethe

spatial and temporathanges observefibr both excess weight and high blood pressure

involvean underlying biological procesdustering of such processgeographically andge
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wiseshould be explored in the future as more data especgdiyonic data becomes

available at the population level.
6.6 Future research direction

This sectioroutlinesfuture researctlprioritiesrelating to the monitoring of the risk factors

for NCDs which can be dobg usingreadily available data sets.

An important aspect in the prevention and control of NCDs and their risk factors is timely
identification of warning signs through continuousesening 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 sinttee promulgation of the 201-2017 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 measurean 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
KSFHfGK OSYiNBs SiO0d0x 3IS23ANI LKA Olorkloads2 OF (A 2y
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 ifrthkas 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 theeren and Control

of Noncommunicable Diseases 264@20# Although in this thesis it was shown that
overweight/obesity was strongly associated with hypertension for the objective dealthg

the spatial and temporal prevalence of hypertension, it may begmgptive 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 ingurtesearch question would

0S a2 KSOKSNI 20SNJ GAYSET GKS LINBGItSyOS 2F 2¢
I ONRPaa (KS { 2 dziiths knownNFaBNI lyas sRoktcriinglaCatiodyin&asure

for bodyfat as it cannotdifferentiate fat and lean body mas$* In line with the South Africa
2015 Strategy foPrevention and Control of Obesitywaist circumferenceswhichis

considered a good estimate ekcess abdominddody fatcantherefore be used to study distribution
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of those at risk o€hronicdiseaseslue to excess adiposit similar question for diabetes can be
focus of inquiry. Data from 81NiDS can be used to answer these research questions. Since
the NiDS data does not have actual measurements on blood sugars from study participants,
selfreported data on whether one has ever been informed by a health practitioner (doctor
or nurse) that hey have diabetes can be used in the analysis. Multilevel statistical modelling
can once again be used to do this analyBiee General Household Survey (GHS) repeated
crosssectional data by Statistics South Africa which collects similar data elementg can

used to validate the results on the prevalence of diabetes due to shortcomings (recall bias)

associated with selfeport data.

6.7 Conclusiondased on theostulated hypothesefor the PhD research
6.7.1 Hypotheses revisited

There were three maihypotheses that were stated for this thesis, and here the conclusions

based on the result findings from each objective are provided.

Hypothesis 1The prevalence of hypertension in South Africa has remained constant

between 2008 and 2017 across the 52 dits.

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 municipalitissids with lower
than-average prevalence remained in the North/No#astern parts of South Africa, and

those with highetthan-average prevalence in SoutNest parts of the country.

Hypothesis2: Thereis no differencebetweenthe proportion of individualstransitingto an

upwardor downwardBMI levelby categoriesof any of the riskfactors.

This hypothesis of equal proportions of individuals transiting upwardly or downwardly is
rejected. The findings based on the specific objective for this hypothesis showetth¢hat
proportion transiting upwardly was in most instances higher than that ttangsi

downwardlyby 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 Bff'sughout 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 slighttlecrease.

6.7.2 Final remarks

In conclusion, thisesearch demonstrated the importance of sahtional analysis of health
outcomes specifically for hypertension and BMI at the disteieélasthe resultsshowed
that there were great variabilitesbetween the districtsThese results therefore could be
used in designing localised interventions grams.The thesis also highlighted the
importance ofinvestigating theransition rates between the BMlategories Upward
mobility rateswere found toexceed downward mobility rates, and ttdppears to
contribute to the ever increasing overweight and siig prevalenceThe BMI transition
results together with blood pressure trajectories identified ages when obesity prevalence
and blood pressure start to increase, thereby providing an opportunityiricely
implementation of preventive interventionsln short, by using longerm spatial and
temporal analyses of existing SA survey dtta,present PhD thesis hasveakd
geographical areas arsbciodemographic groups/here public health interventions for

NCDs should bi®cused,and resources concentrated
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Hypertension is a major risk factor and consistent predictor for
cardiovascular diseases, such as coronary heart disease, stroke,
transient ischaemic attack and congestive heart failure” 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.’

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 has increased from 594 million in 1975 to 1.13 billion
in 2015, with the increase largely in low- and middle-income
countries (LMICs).* According to the 2012 South African
National Health and Nutritional and Health Examination
Survey (SANHANES), the prevalence of hypertension was
approximately 26.0%,* and the 2016 Demographic Health Survey
estimated the prevalence to be 46.0 and 44.0% for women and
men, respectively.® A number of studies have reported higher-
than-global average prevalence in LMICs,™ 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."

In 2013, the South African National Department of Health
developed a strategic plan for the prevention and control
of non-communicable diseases, which targets reducing the
prevalence of people with raised blood pressure by 20% by the
yvear 2020, through lifestyle change and medication." While
prevalence has been estimated at both 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.

136



CARDIOVASCULAR JOURNAL OF AFRICA = Advance Online Publication, September 2019

In South Africa. existing surveillance and estimation of
hypertension and other non-communicable disease (NCD)-
related risk factors are overwhelmingly focused at the first
(national) or second (provincial) level geographies,®*'" 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 prevalence. In one study, district-based prevalence of
cardiovascular co-morbidities, including hypertension. were
estimated using an outdated data set (1998 South African
Demographic Health Survey).” National prevalence of disease
can conceal important differences in prevalence in sub-national
areas. In most high-income countries where data are available
to finer geographies such as counties, NCD-related studies
have shown substantial heterogeneity in the prevalence of these
diseases and associated risk factors between sub-regions within
a country.'™"

The aim of this study was therefore to profile the variations in
hypertension prevalence between districts in South Africa after
controlling for the individual’s demographic, social, economic,
behavioural and environmental variables.

Methods

The 2008, 2010/11, 2012, 2014/15 and 2017 samples for adults
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 country’s 52 districts.

The target population was adult (15+ years) individuals in
private households and residents in workers’ hostels, convents
and monasteries, but excluded other living quarters such as
students’ hostels, old-age homes, hospitals, prisons and military
barracks. The sampling technique employed in the panel study
is exhaustively discussed elsewhere.” The sample retained for the
study includes respondents who had at least two blood pressure
(BP) measurements taken at the time of the survey.

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 criteria™* 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 higher
AND if the systolic BP was at least 15 mmHg higher than the
diastolic BP level. A final systolic/diastolic blood pressure was
calculated as the average of the valid BP measurements (Table 1).

Several risk factors known to be associated with hypertension
and recorded in the NiDS data were adjusted for in estimating
the prevalence of hypertension, using multilevel logistic
regression. Important factors at the individual level were (1)
demographic factors: age, gender and race (self-identification as
African, Coloured, white, Asian/Indian); (2) biological factors:
specifically body mass index (BMLI); (3) behavioural factors:

alcohol use (never used and past/current user), smoking status
(never and past/current) and physical exercise (none or some
exercise); (4) social and economic factors: education level (<
primary school, high school, 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 (5) 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 the subject was not in previous
waves.

Ethics approval was granted by the Human Research and
Ethics Committee of the University of the Witwatersrand.
Johannesburg, South Africa

Statistical analysis
The prevalence of hypertension was estimated using the following
two statistical methods reporting results at the district level.

Design-based estimates used the survey’s post-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.

A three-level analysis model was used 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.
¢ Level-specific distribution of hypertension variance. This step

aimed at estimating the distribution of the hypertension prev-

alence 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 (Ag?). The VPC measures the proportion of vari-
ance explained by each level within the model, and the Ag?
measures the proportion of change in variance for each level

Table 1. Sample by wave for participants 15 years and above

Wave Valid hypertension dara Toral sample FPercenrage valid
2008 141235 18617 759
20010011 15128 21943 68.9
2012 18393 25228 729
2014/15 22526 28 460 79.1
2017 22605 2123 735
Total 93787 126 371 742
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between the null and the adjusted model. Together, these two
measures describe how much of the variation is explained by
the variables included in the model.

» Association of hypertension prevalence with individual-level
risk factors. Using the fully adjusted model, odds ratios (OR)
and p-values were calculated for each risk factor in the model.

« Estimation of adjusted hypertension prevalence at the district
units involved using the predicted individual probability for
hypertension in estimating the prevalence at district level.
The estimated prevalences and 95% confidence intervals (CI)
were graphically presented to profile districts. This procedure
allowed a wisualisation of which units were significantly
different from the national 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. For design-
based prevalence estimate, the ‘svy: tab’ command for two-way
tabulation was used, while the mixed-effect logit (melogit)
command was used for multilevel analysis.

Results

Design-based (unadjusted) prevalence of hypertension: the
univariate (weighted) analysis (Table 2) shows a decreased trend

Table 2. Percentage (95% Cl) of hypertension prevalence in South Africa by covariate and period

Characteristic 2008 2000011
Gender
Female 337 (3L.7-35T) 31.9(30.2-33.7)
Male 28.7(26.5-30.9) 27.8(25.5-30.2)
Age group
< 40 years 16.4 (14.8-18.1) 16.0 (14.6-17.5)
> 40 years 58.0(55.5-60.4) 55.0 (52.6-57.3)
Race
African 29.2(27.5-30.9) 28.2 (26.8-29.6)
Mixed race 41.7(37.4-46.1) 41.1 (35.1-47.3)
Asian/Caucasian 40.6 (35.8-45.T) 35.7(29.0.43.1)
Residency
Urban 33.4(31.2-35.6) 32.6 (30.6-34.7T)
Traditional/farms 28.8(26.8-30.9) 26.2 (24.6-27.9)

Education level

< Primary 46.1 (43,4 48.8) 453 (43.1-47.6)

High school 24.7(22.6-26.8) 23.4(21.6-25.3)

Certificate/diploma/bachelors’+ 28.1(24.6-31.9) 28.3(24.1-32.9)
Income tertile

Low 29.1(27.3-31.0) 27.3(25.7-28.9)

Medium 33.3(30.7-36.0) 3B (294343

High 343(31.3-374) 32.0(29.1-35.0)
Employment status

Employed 32.8 (30.6-35.1) 31.4(2R8-34.2)

Unemployed 244 (21.8-27.1) 23.1(19.9-26.7)

Economically inactive 338 (31.3-36.3) 31.2(29.5-33.0)
Medical aid

Yes 357(31.3-404) 31.7(26.7-37.2)

No 30.8(29.2-32.5) 29.7(2R.3-31.2)

Body mass index
Below overweight 21.5(19.7-23.3)

40.7 (38.5-42.9)

20.1 (18.5-21.7)
Overweight/obese 38.7 (36.7-40.8)
Exercise

Never exercise 34.2(32.5-36.0)

26.7 (24.0-29.5)

32.2(30.5-339)

Some exercise 254 (22.7-284)

Alcohol use
Yes 34.1(31.5-36.9) 30.5(27.4-33.8)
No 30.6 (28.8-32.4) 29.9 (28.3-31.5)
Unknown

Smoking status
Never smoked
Ever smoked

Season of BP measurement

30.6(29.0-32.3) 29.2(27.7-30.8)
33.9(31.2-36.7) 33.2(29.8-36.9)

Summer 29.3(26.8-31.8) 244 (21.3-27.8)
Winter 35.8 (32.8-39.0) 319 (29.8-34.1)
Autumn/spring 32.2(29.7-349) 28.8 (26.6-31.2)
All 31.5(29.9-33.1) 30.0 (28.6-31.5)

2012 2014115 2017 Average (all)
33.5(31.8-35.2) 29.4(27.8-31.0) 28.5(27.1-29.9) 3L.2(30.1-32.4)
30.4 (28.0-32.9) 26.8 (24.7-28.9) 27.3(25.6-29.1) 28.1 (26.5-29.8)
17.3(15.8-18.9) 138(124-154) 13.9 (12.8-15.0) 153 (144-16.3)
57.2(54.8-59.5) 53.0(51.0-55.0) 52.7(50.6-34.7) 55.0 (53.5-56.4)
30.0(28.3-31.7) 25.6(244-26.9) 25.4(24.3-26.6) 27.5(26.5-28.5)
40.2(34.7-45.9) 39.3(35.8-42.8) 38.3(34.3-42.5) 39.9(36.2-43.7)
40.1(35.1-45.4) 36.5(29.5-44.7) 39.9(35.7-44.3) IR6(34.7-42.6)
33.0(30.8-35.2) 29.5(27.5-31.6) 29.3(27.8-30.9) 31.3(29.9-32.7)
30.6 (28.6-32.7) 259(245-27.3) 25.2(23.8-26.7) 27.3(26.2-28.5)
48.9 (46.3-51.4) 481 (45.5-50.3) 47.9 (45.5-50.4) 47.2(45.4-49.0)
25.6(23.6-27.8) 21.5(19.7-23.4) 21.5(20.1-23.0) 23.2(21.8-24.7)
31.0(27.8-34.5) 26.8 (24.0-29.9) 29.4(27.1-31.8) 28.7 (26.8-30.7)
28.7(26.5-30.9) 24.4(22.5-264) 23.5(20.6-26.7) 27.3(26.1-28.5)
32.4(304-344) 27.7(25.9-29.6) 26.1 (24.6-27.6) 29.9(2R.6-31.2)
344 (31.8-37.1) 29.8(27.7-32.0) 29.8 (28.3-31.3) 31.4(29.9-32.9)
32.9(30.7-35.2) 28.6 (26.6-30.7) 27.8(26.2-29.4) 30.3(29.0-31.8)

23.4(20.6-26.5) 19.8 (16.8-23.1) 199(174-22.7) 22.2(20.6-23.9)
346 (32.5-36.7) 30.3 (28.5-32.1) 30.4(28.8-32.1) 31.9(30.5-33.3)
36.8 (32.7-41.0) 33.2(289-37.9) 33.3(20.0-36.7) 20.0(28.0-30.1)
31.3(29.7-329) 27.2(25.9-28.6) 26.9(25.7-28.2) 34.1(31.4-36.9)
21.2(19.4-23.1) 16.8 (15.4-18.2) 17.1 {15.8-18.5) 19.1 (18.1-20.2)

41.9(39.7-44.0) 38.6 (36.6-40.7) 38.2(36.6-39.7) 39.5(3R8.2-40.9)

34.0(32.3-358)
27.8(24.9-30.8)

31.1(29.5-32.6)
23.1(20.8-25.6)

30.7(29.4-32.1)
22.8(21.1-24.5)

323(31.3-33.4)
24.9(23.2-26.7)

6.0) 29.8(27.4-32.3)
13) 27.3(259-28.9)

30.3(27.7-33.0)
28.4(27.0-29.8)
23.5(21.2-26.0)

29.5(2R.3-30.8)
31.4(29.7-33.2)
23.5(21.2-26.0)

31.0(29.3-32.7)
35.9(32.2-39.8)

26.7(25.3-28.2)
32.3(29.2-35.6)

26.9(25.7-28.1)
30.9(28.6-33.4)

28.7(27.7-29.8)
331 (31.0-35.3)

253 (20.4-30.9)
32.9(30.7-35.2)
31.6(294-33.9)
32.1(30.5-33.8)

254 (24.0-26.9)
32.2(27.9-36.8)
30.5(27.9-33.3)
28.2(26.8-29.6)

24.7(23.0-26.5)
31.3(29.2-334)
29.0(27.1-30.9)
27.9(26.7-29.1)

26.1 (25.0-27.3)
32.5(31.2-33.9)
30.4 (29.0-31.8)
29.8 (2R.7-30.9)
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in hypertension prevalence, except for a slight increase in the
2012 period. On a period-by-period basis, the prevalence of
hypertension in females was higher than that of males. Age,
BMI status and educational level had the highest differentials,
with those relatively older (40+ vyears) having a prevalence that
was about four times that of the younger adults (< 40 years), and
those whose BMI was 25 kg/m? or above (overweight or obese)
having a prevalence almost double that of those with a BM1 less
than 25 kg/m*(normal weight).

Subjects who had primary-level education or no education had
asignificantly higher prevalence compared to those with relatively
higher educational levels, and those who were unemployed had
lower prevalence compared with the employed and economically
inactive. The African race had a lower prevalence compared with
the other races. Urban dwellers, 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.

Fig. 1 shows the unadjusted weighted hypertension prevalence
and 95% CI for South African districts. The average national
prevalence was 29.8% (95% CI: 28.7-30.9%: green band).
Approximately eight districts showed a prevalence that was lower
than that of the national level, while about 16 districts showed a
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Fig. 1. Design-based hyperiension prevalence rates by

districts in South Africa.

prevalence that was significantly higher than that of the national
level. However these estimates 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 a lower-than-average prevalence
were found in the north-eastern provinces of Limpopo and
Mpumalanga. By contrast, the districts with a higher prevalence
than average were from the Western and Northern Cape
provinces. In between these two extremes lay the majority of
the districts whose prevalence was approximately equal to the
average. These districts were mostly found in KwaZulu-Natal,
Gauteng, parts of the Free State and Eastern Cape, and North
West provinces.

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,
where the OR was approximately 5.5 times more for every five
years increase in age, while the Coloured and black African
populations, respectively, were about 2.5 and 1.5 times more

Table 3. Fixed and random effects associated with

hypertension prevalence in South Africa

Facror Odds rario (95% CI) p-value
Period/year (vs 2008)

2010611 0.72 (0.66-0.78) 0.000

2012 0.81 (0.75-0.88) 0.000

201415 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 LIT(L10-1.11) 0.000
Race (vs Asian/Caucasian)

African 1.52 (1.30-1.78) 0.000

Mixed race 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 and below)

High school 0.86 (0.80-0.93) 0.000

Certificate/diploma/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 0.92 (0.87-0.99) 0.014
Has medical aid 1.01 (0.91-1.11) 0.861
BMI (vs = normal weight)

Overweight/obesity (2 25 kg/m?) 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 080 (0.76-0.85) 0.000

Winter 1.33 (1.26-1.40) 0.000
Random effects

District 011 (0.07-0.18)

Repeated observations 332(3.13-3.51)
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likely to be hypertensive compared with the combined races of
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/m?), alcohol use (OR = 1.25, p < 0.001), season (OR = 1.33,
p < 0.001 for winter vs autumn/spring) and residence (urban vs
traditional/ffarm, 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 to be significant predictors of hypertension
prevalence for these samples.

Hypertension variance: Table 3 presents the distribution of
hypertension variance at the individual and district levels. Most
of the variance for both the unadjusted and adjusted models
was at the individual level. The 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 4). Level 1 variance
(within individuals® observation) is the fixed value 3.29 (m%/3),
which is the value assigned for a multilevel logistic regression.

Adjusted prevalence at the district level: the risk-factor adjusted
prevalence estimates, unlike the unadjusted (weighted) prevalence,
had narrower confidence intervals, and only about 10 districts had
a prevalence approximately equal to the average prevalence. A
common scenario under both estimation methods was that most
of the districts with a lower-than-average prevalence were found
in the northern and north-eastern part of the country, while those
with a higher-than-average prevalence were mostly in the south
and south-western parts of the country (the *Cape’ provinces).
All the districts in the Western Cape, except Cape Town, and
all the provinces in MNorthern Cape except Frances Baard had
prevalences above average. All districts in Limpopo, Mpumalanga
and Gauteng had prevalences below average (Fig 2).

Random district slopes for age and BMI. the effect of age for
some districts was lower (districts whose slopes were below
the red horizontal line in Fig. 3) than its overall effect. These
districts included all from the Limpopo Province, and most of
those in Kwa-Zulu Natal and Eastern Cape. The effect of BMI
was relatively stronger in most of the districts in Limpopo, Free
State, Northern Cape and Kwa-Zulu Natal, and least for most
districts in the Eastern Cape.

Discussion

The purpose of this study was to analyse the degree of

Table 4. Variance partition and specific-level change in variance

between the null and the adjusted model

Null model: Adjusted model: Change in
Variance component variance [ SE) variance (SE)  variance (%) Ds*)
Individual 8.47(0.224) 3.32(0.0963) 60.8
District 0.430 (0.082) 0.110 (0.026) T4.4
Individual VPC (%4) 69.4 49.4
Geographic VPC (%) 35 1.6

VPC: variance partition coefficient.

hypertension prevalence variation for adults aged 15 vears 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 to be consistent in
certain aspects with previous research. For example, age and BMI
were the two strongest factors affecting hypertension prevalence
in this study, which is in agreement with other studies.**

The effect of gender on hypertension has been conflicting,
with some studies showing a weak association, with females
having a lower prevalence of hypertension than males,” while
other studies have showed no association.”** The results of the
multivariate analysis in this study showed that females had a
lower hypertension prevalence compared with males.

Alcohol use (past or current) has also been found to increase
the risk of hypertension in some studies,*** while in another
study no relationship was found.* Smoking status, education,
and employment status have also yielded conflicting results from
various studies.**

The mixed race and Africans were found in the multilevel
logistic 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
mixed races.”!

Univariate analysis showed that prevalence of hypertension
for those who had subscription to a medical aid provider was
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Cl for South African districts (adjusted model).
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Fig. 3. Scatter plot for districts’ random slopes for age and BMI.

higher compared to those without medical aid, but 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 educational level.

The study also found seasonal effects with the odds of
increased hypertension prevalence being higher in the winter
months compared with summer. This is consistent with other
studies that have shown cold ambient temperatures to be
associated with elevated blood pressure,”* and therefore the
effect has also been found to be larger in winter than in
summer.* =

Analyses of variance at the individual and district level
showed differences in the hypertension prevalence variance
distribution at the higher level (district), with a VPC of 3.8
and 2.1% for the null and the risk-factor-adjusted models,
respectively. After adjusting for the effect of risk factors, the
level-specific change in variance (Ds*) was equally important at
both the individual and district level.

This implies that the risk factors were unequally distributed
between individuals and between districts. This could possibly
be the reason for the difference in race-wise results between the
unadjusted and adjusted estimates. The unadjusted prevalence
showed that prevalence was highest in Asian/Caucasians, followed
by the mixed race, and lowest in Africans, while the adjusted
estimates showed lower chances of hypertension in Asians/
Caucasians. This most likely was due to the reduced confounding

effect of age, whose average was highest in Asians/Caucasians,
followed by the mixed race and lowest for Africans. A previous
study found age-standardised self-reported hypertension to be
highest in mixed-race women followed by African women.”

There were important geographic variations in hypertension
prevalence between districts in South Africa, even after
controlling for socio-demographic and behavioural background
factors. Districts with a lower-than-average prevalence were
mostly in the north-eastern part of the country (Limpopo,
Mpumalanga and Gauteng provinces) while those with a higher-
than-average prevalence were mostly found in the Western,
Eastern and Northern Cape provinces. Most of these districts
are coastal districts in close vicinity to the Atlantic Ocean. A
previous study that limited geographic variation of hypertension
to the provincial level found similar clustering of hypertension
prevalence.”

Identifying districts (sub-units) with high and low
hypertension prevalence could be useful in programming
public health interventions. Districts with a high hypertension
burden could be considered for targeted prevention and control
programmes, rather than one national intervention programme.
As governments, especially in LMICs, are faced with multiple
needs and limited resources, their role of ensuring that all people
have equitable access to preventative, curative and rehabilitative
health services involves preventing them from developing
hypertension and its complications®* Qur study has shown
that, although the majority of South African districts had
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approximately the same burden of hypertension, some had
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, showing their slopes were
higher in some districts relative to others. Health services that
address the risks of hypertension, for example body mass, should
target such areas.

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
was large 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. Second, although we adjusted
for seasonal variation when BP measurements were taken for
each subject, it was not possible to fully adjust for ambient
temperatures since these measurements were not available in our
data set.

Third, although we adjusted for race in the analysis, it is
possible that there could be differences within the same race,
especially for black South Africans, who are also characterised
by different ethnicities/tribes. The data set did not have details
on ethnicity or tribe. A few studies in sub-Saharan Africa have
shown wvariability 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.* Similarly, some evidence of
ethnic variation has been reported in Kenya where statistically
significant differences between ethnic groups were reported
after adjusting for sociodemographic and other cardiovascular
risk factors,® but a study from Nigeria and Cameroon did not
find any association of hypertension with ethnicity.* [t 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 data set, and are known
for their strong influence on hypertension.

Conclusions

The results from this study show that there were significant
differences in the prevalence of hypertension at the district level.
Districts with a higher-than-average prevalence appeared to
be clustered together, as were those with a lower-than-average
prevalence. An implication of these results is that 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.

It could also mean that there were differentials in the
clusters of districts in prevention, management and control of
hypertension. Effective management without complete control
could imply people living longer with the condition, thereby
increasing the prevalence of hypertension. On the other hand,
districts with a low prevalence could indicate poor management,
which could result in hypertension-related deaths. Alternatively,

low prevalence could be a result of either low incidence or
effective prevention and control interventions. These could
be issues for further related research and in particular an
examination of the impact of district-level covariates/factors.

The data sets analysed during the current study are available in the NiDS
DataFirst repository: https://www.datafirst.uct.ac.za/dataportalfindex.php/
catalog/NIDS. We acknowledge the NiDS for providing access to data used
for this study.
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Transitions between body mass index categories, South Africa
Muchini E Wandai? Jens Aagaard-Hansen ® Samuel OM Manda® & Shane A Norris?

Objective To profile the prevalence of the three body mass index (BMI) categonies by sociodemagraphic charactenistics, and o caloulate
the pescentage transitioning for not) from one BMI category o anathes, 1o inform South Aftican health policy for the control of obesity
and noncommunicable diseases.

Methods We used data from the National Inoome Dynamics Study, induding sedodemagraphic chamctenstics and BMI measurements
collected im 2008, 2010, 2012, 2014 and 2017 For each data collection wave and each population group, we calulsted mean BMI and
prevalence by ctegory. We also caboulated the percentage making an upwards transition (eg. from overweight 1o obese], a dowrwards
‘rarsition of remaining within a particulas category. We used a multinomial kogistic regression mode to estimate transition Bkelibood.
Findings Between 2008 and 2017, mean BMI inceased by 23 kg/m”. We cloulated an inceased prevalence of obesity from 19.7%
[F36BGBET to 236% (3412014 463), with the lesgest inceases in prevalence for those aged 19-24 years and those with at lesst high
schaol edwcation The percentages of upwards transitions ta overweight or obese cateqories increased sharply between the ages of 19
and 50 years. Once overweight or obese, the likelhood of transitioning to a nommal BMI i lows, particulary for women, those of highes age
geoups, and those with a higher income and a higher level of education.

Condusion In the development of natianal strategies to control obesity and noncomemunicable diseases, our results will allow limited
public health resounces to be focused on the relevant population groups.

Adatracte in (J /2, 2 Prangih, Fcrnal nasl el a totnd aftach astice.

Intreduction

The mean body mass index (BMI) of the African population
is increasing,' resulting in a steady rise of the prevalence of
people being overweight or obese across AfTica, with the
southern part of Africa being most affected - In 2014, the
prevalence of the population aged = 15 years being overweight
or obese in South Africa was 8% for women and 31% for men.*

Global efforts to combat obesity include the Workd Health
Cwganization (WHO) Global strafegy on dief, physical activity
and health,! the Global action plan for the prevention and con-
trol of noncommunicebie diseases 2003-2020° and the United
Mations (UM High-level meetings of the General Assembly on
prevention and control of now-communicable diseases > The
(lobal action pian 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.
Similardy, the 2011 Sixty-sixth session of the UM Political Dec-
laration of the High-level Meeting of the General Assembly on
the Prevention and Control of Non-communicable Diseases
commitied o strengthening national policies and health systems
by promoting multisectoral and multistakeholder engagement
o reverse, stop and decrease the rising trends of obesity in child,
youth and adult populations.® In ine with global sirategies and
Sirategic plan for the prevention and comtrol of non-commumicable
diseases 2003-20017° and the Strategy for the prevention and
control of obesity in South Africa 201 5-2020:" the targets of these
strategic plans were to reduce obesity prevalence by 3% by 2007
and by 10% by 2020 in all age groups. These two strategic plans
are aligned with the agenda of the country’s 2030 National de-
velopenent pilan for the promotion of healthy diets and physical
activity at schools, workplaces and in the general commanity. '™

Promotion and support through research is an essential
component of global and national strategies for prevention
and control of obesity and noncommunicable diseases 5% We
anticipate that a better understanding of transitions between
the EMI categories — normal, overweight and obese (Table 1)
- 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 popula-
tion according to variows sociodemographic characteristics,
and to estimate the percentage of these population groups that
underwent transitions {or not) between BMI categories; (i) to
identify the factors associated with transitions between BMI
categories; and (iii) to discuss the key public health implica-
tions of our findings for national obesity control strategies.

Methods
Study population

The Mational Income Dynamics Study, first condwected in 2008,
is a nationally representative panel study that collects infior-
mation on 4 wide variety of social, demographic, economic
population_ ™" We used data from the five completed waves of
the panel survey (the subsequent four waves were conducted
im 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 caloulation of BMI for 21 002 individu-
als; 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, 13298 (71.2%), 15331
(BZ.1%), 15623 (B3.6%) and 14 463 (77.4%) are represented in
the 2010, 2012, 2014 and 2017 waves, respectively.

* SAMRC Dewelopmental Pattrways for Health Research: Unit, Uiniversity of the Witwatereand, 27 5t Andrew's Aoad, Parktown, kobannesburg 2193, South Africa

* Seeni Dizhetes Cemter Copeniagen, Gentofte, Denmark

* Banstatistics Research Unit, South Afica Medical Research Council (SAMEC), Pretoria, South Africa

Comespondence 1o Muchiri E Wandai (emai: muchiriwandzi@gmailoom].

(obmittact 15 Morch 2020 - Revited verrion recevedt 3T Auquest X0 - Acrepted: 1T August NI — Rublehed oniine: 28 Septermber X020}

878 Bl Wk Pt Chgen 23038878885 | doi: httpufién.clo g/ 1247 VLT 2005578

144



145



















































