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Abstract

Background

Uncontrolled hypertension determined by systolic blood pressure greater than 140 mmHg

and diastolic blood pressure greater than 90 mmHg is among the leading cause of death in

the whole world. In Agincourt a sub district of Mpumalanga in South Africa, uncontrolled

hypertension prevalence is very high approximately 40%. This figure is believed to be

higher since almost half of the population does not know their blood pressure status.

This might be due to poor management of chronic illness in this area. In this study, lay

health workers (LHWs) were used in managing uncontrolled hypertension in Agincourt.

The aim of this study was to assess the impact of using multilevel logistic regression models

with random effects instead of the mixed effects model which was used in the primary

study to assess the effectiveness of LHW intervention in the management of uncontrolled

hypertension in Agincourt, South Africa.

Methods

The current study was a secondary data analysis of a cluster randomized controlled trial

for data collected in Agincourt from 2013 to 2015. It adopted the primary study design

as well as the sample size. The data consisted of population of hypertension patients aged

18 years and above. About 4000 people were allocated in each study arm which means

that at least 500 people were allocated in each cluster. Demographic characteristics of

the participants were shown as frequencies and percentages. The adjusted chi-squared

test was used and the p-values were used to identify the association between uncontrolled

hypertension and other factors. The treatment effect of lay workers was estimated using

propensity score matching. Patient factors associated with the effectiveness of LHW in

Agincourt were identified using level 1 ( with individual level random effects) and level 2

(with both individual and cluster random effects) multilevel models.

iii



Results

The descriptives statistics were focusing on the participants who were recorded both at

baseline and at end of the intervention. The number of participants who were recorded

both at baseline and end of intervention were 810 out of 4000. In the control arm, about

250 participants were recorded at baseline and 213 at the end of the intervention. In the

intervention arm, 185 participants were recorded at baseline and 162 at the end of the

intervention. There was no much difference on the social demographic variables between

the control and the intervention arms at baseline and at the end of the intervention. Mul-

tilevel logistic regression model with individual random effects(level 1 multilevel model)

was the best model compared to the model with both individual and cluster random effects

(level 2 multilevel model) using intraclass correlation coefficient. The model highlighted

that age, obesity, gender and smoking history were highly associated with uncontrolled

hypertension. The odds (OR = 14.75; 95% CI: 8.1669 - 26.6513) of the elderly (40 years

and above) of having uncontrolled hypertension is approximately seven times than that of

young aged (18 - 39 years). The odds (OR = 2.8629; 95% CI: 1.5412 - 5.3178) of having

uncontrolled hypertension among those who are obese is approximately three times than

that of those who are not. The odds (OR = 2.2616; 95% CI: 0.9758 - 5.2414) of males of

having uncontrolled hypertension is approximately twice than that of females.

Conclusion

The findings in this study reported that lay health workers intervention was not effective in

reducing uncontrolled hypertension. The results align with those obtained in the primary

study by Goudge et al. (2018). However, findings were made that LHW are important

in undertaking some of the clinical duties such as measuring of blood pressure, booking

of patient’s appointments, retrieval of patient’s files a day before the appointment and

refilling afterwards, providing of health education and assisting nurses with pre-packing

of medication (11).
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Chapter 1

Introduction and Background

1.1 Outline of the Introduction chapter

In this introduction chapter, the rationale for this study was explained and an overview

of the burden of hypertension globally and on a local scale in Africa was outlined. This

research starts off by presenting the background of the study on which more emphasis is

given on hypertension particularly in Agincourt, South Africa. This is then followed by

problem statement that clearly outlines the problem at hand. It then proceeds to briefly

describe the rationale or justification of the study, study aim and research questions.

Finally, the chapter ends by describing the study objectives.
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1.2 Background of the Study

Hypertension determined by systolic blood pressure (SBP) greater than 140 mmHg and

diastolic blood pressure (DBP) greater than 90 mmHg is among the leading cause of death

and disabilities in the whole world (1). Addo et al. (2007), pointed that hypertension

has caused about 7.6 million deaths and contributed to 92 million disability adjusted life

years (DALYs) worldwide in 2001. In another study, Limbani et al. (2019), highlighted

that approximately 26.4% of the people from the age of 18 and above had hypertension,

globally. The actual figure approximated is around 972 million people of the world’s pop-

ulation with hypertension counting from the year 2000 (1). The projection of this global

burden was expected to rise from 972 million to 1.6 billion by 2025 by Egan et al. (2019).

Sub Saharan Africa due to her poverty is heavily affected by hypertension.

In Sub Saharan Africa (SSA), hypertension might be the leading cause of death amongst

all other chronic illnesses across the continent. A study by Perkovic et al. (2007), hyper-

tension has been considered a major public health problem in SSA. In a cross-sectional

study by Gawattude et al. (2015) pointed out that out of the 650 million people in SSA,

between 10 to 20 million may have hypertension and most of these people are not aware of

their hypertension status. This might be so, because most of the SSA states are resource

limited and most people don’t have access to health services. Moreover, delivery of care is

usually performed by lower-skilled healthcare workers, especially in rural areas, and access

to medical care may require lots of money. South Africa is among the top countries that

are heavily affected by hypertension worldwide.
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According to the WHO-SAGE (World Health Organization Study on Global Ageing and

Adult Health), South Africa has the highest prevalence of uncontrolled hypertension in

Southern Africa. According to WHO data, approximately 27.4% of men and 26.1% of

women in South Africa have hypertension, though prevalence of up to 60% has been

reported (10). In South Africa, one of the districts with the highest prevalence of hyper-

tension is Mpumalanga. Uncontrolled hypertension prevalence in Mpumalanga is slightly

above 57% (11). Furthermore, Agincourt a subdistrict of Mpumalanga has prevalence

of uncontrolled hypertension of approximately 30% (11). The estimate is believed to be

higher since almost half of the population in Agincourt does not know their blood pres-

sure. Goudge et al. (2018) argued that this might be due to poor management of chronic

illnesses in this area. The condition only managed is less than 10% of the people with

hypertension (11).

The general focus in chronic condition management is to improve patient care efficiency

and ensure that the chronic conditions are well managed. However, the current nursing

staff are already overburdened and struggle to effectively carry out these and provide

proper consultations to the chronic patients (11). In the absence of an effective inter-

vention strategy to control this epidemic, it is expected that uncontrolled hypertension

prevalence will continue to rise leading to increase in mortality and disability. Therefore,

the aim of this study was to assess the effectiveness of the Lay Health Worker interven-

tion in the management of hypertension using multilevel logistic regression models with

random effects.
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1.3 Problem Statement

Researchers have discovered that mostly in Africa, there is a serious shortage of health

workers (3). In South Africa, most of the resources are being channelled towards HIV

treatment programs resulting in the neglection of hypertension, which now has higher

prevalence percentages than HIV (11). Hypertension is being managed poorly with lower

levels of awareness and control (11). There is sufficient evidence which shows a gap on how

hypertension is being managed compared to other diseases. One of the reasons might be

poor primary health care facilities. These facilities have a record of focusing on programs

such as maternal and child health rather than chronic diseases (25). In most health care

facilities, nursing staff are over-burdened with the management and clinical consultations

of the chronic patients (3). Hypertension is being managed in less than 10% of the to-

tal population with uncontrolled hypertension (3). LHWs may ease the workload and a

task-shifting approach can be considered to close the gap in hypertension management (3).

Most of the previous studies on hypertension used basic statistical methods such as linear

regression models, general t-tests and general chi-squared test. All of these methods are

not really suitable for cluster randomised study design because they all tend to ignore the

clustering effect. In most cases, ignoring the clustering effect lead to biased results. In

this study, robust statistical methods such as Multilevel regression modelling, adjusted

t-test, adjusted chi squared test were used to account for the clustering effect of the study

design. Also in most of the previous studies, they used the clinic link data which was

collected from the clinic records which in most cases generalise the treatment decisions for

a group of patients. However, in this study individual level data was used in the analysis.

Egan et al. (2019), reported that individual level data analysis is more vital in that the

treatment decisions is tailored to each patient.
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1.4 Justification of the Study

Lay Health Workers(LHW) intervention have a positive impact on the management of

patients especially those with chronic illnesses (25). The intervention might also have a

positive impact on the primary care clinics in Agincourt. The intervention might bring

improvement on hypertension management by improving the diagnosis of patients, pa-

tient care retention, and patient adherence to treatment (11). LHW might also facilitates

task shifting where nurses in Agincourt clinics can only focus on the clinical manage-

ment of patients with uncontrolled hypertension (3). Task shifting might help to control

hypertension and to maintain it within patients (3). Most of the studies which were

done on hypertension were focusing on European countries and mainly urban areas (1).

However, this current study will be focusing on Agincourt rural South Africa (14). In

this study, multilevel models will be used to assess the effectiveness of the LHW in the

management of uncontrolled hypertension in Agincourt, South Africa. Multilevel models

enables the simultaneous examination of group level (cluster and division) and individual

level variables on individual level outcomes while accounting for the non-independence of

observations within groups (34). The analysis allows the examination of between group

(clinics) and within group (clinics) variability as well as how group level and individual

level variables were related to variability at both levels (34).

1.5 Current Study Aim

To assess the impact of using multilevel logistic regression models with random effects to

assess the effectiveness of LHW intervention in the management of uncontrolled hyper-

tension in Agincourt, South Africa.
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1.6 Primary study Aim

To assess the effect of hypertension management of lay health workers (LHW) working

in South African rural primary healthcare clinics to support the provision of integrated

chronic care (3).

1.7 Current Study Research Question

Does using multilevel logistic regression models with random effects to assess the effec-

tiveness of LHWs give different results from the primary study by Goudge et al. (2018).

1.8 Primary study research question

Does LHWs intervention improve the management of hypertension by providing extra

support from LHWs to the nurses who are responsible for the management of chronic

conditions in primary care clinics (11).

1.9 Objectives of the study

• To describe the social demographic characteristics of the participants at baseline

and post-intervention adjusting for the cluster-randomized design.

• To assess the effectiveness of the LHWs intervention given baseline and end-line

differences in proportions for uncontrolled hypertension between control and inter-

vention groups.

• To assess the effectiveness of the LHW intervention and to identify patient fac-

tors associated with uncontrolled hypertension using multilevel logistic regression

models.
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Literature Review

2.1 Outline of the literature review chapter

The literature review starts by defining controlled and uncontrolled hypertension. It then

discusses hypertension effects on a global scale which constitute the whole world and on a

local scale looking at Africa and South Africa focusing more with Mpumalanga province.

The role of Lay Health Workers in the management of hypertension has been discussed.

Management of hypertension is key in lowering mortality and the cardiovascular diseases

associated. Therefore, more detail has been discussed on the management and risk factors

of hypertension. Previous methodologies that were used in different studies have been

discussed in comparison to the current methodologies highlighting the strengths of the

current methodologies in filling the gap left by the previous methods.
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2.2 Controlled and Uncontrolled Hypertension

Controlled and uncontrolled hypertension can be defined differently. In 2007, system-

atic review of hypertension by Addo et al., defined controlled hypertension as systolic

blood pressure (SBP) less than 140 mmHg and diastolic blood pressure (DBP) less than

90 mmHg. Uncontrolled hypertension was defined as SBP greater than or equal to 160

mmHg and DBP greater or equal to 95 mmHg or SBP greater than or equal to 140 mmHg

and DBP greater than or equal to 90 mmHg (2). Singh et al. (2017), defined controlled

hypertension as SBP less than 120 mmHg and DBP less than 80 mmHg (15). Uncontrolled

hypertension was defined as the average blood pressure determined by SBP greater than

140 mmHg and DBP greater than 90mmHg (15). Both authors have a similar definition of

uncontrolled hypertension and a slight difference on controlled hypertension. Controlled

hypertension is not harmful to patients because the disease is managed. In another early

review in 2009, Hurlburt et al., defined controlled hypertension as SBP less than 140

mmHg and DBP less than 90 mmHg (16). In the same study, controlled hypertension

was described as SBP less than 130 mmHg and DBP less than 80 mmHg only in patients

with diabetes which offers yet another definition of controlled hypertension (16). In a

cross-sectional study, Masilela et al. (2020), defined controlled hypertension as SBP less

than 140 mmHg and DBP less than 90 mmHg. Uncontrolled hypertension was defined as

SBP greater than 140 mmHg and DBP greater than 90 mmHg. The definitions used in

this current research are from the primary study.

The primary study of this research defined controlled hypertension as SBP less than 140

mmHg and DBP less than 90 mmHg (11). Uncontrolled hypertension in the primary

study was defined as SBP greater than 140 mmHg and DBP greater than 90 mmHg

which confirms the definition Addo, Hurlburt and Masilela findings. Therefore, in the

current study, the definition of controlled and uncontrolled hypertension of the primary

study, Goudge et al. (2018) will be used. High BP can be a cause of death.
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2.3 Controlled and Uncontrolled Hypertension Glob-

ally

Hypertension might be one of the leading causes of death amongst all other chronic ill-

nesses in the world today. Hansen and Taylor (2017), suggested that hypertension can

be a leading preventable cause of premature death and disabilities. A systematic review

of population studies, has examined that approximately 31.1% of the world’s population

aged 18 and above had hypertension (1). In high income countries 28.5% of the adults had

hypertension and in lower and middle income countries about 31.5% had hypertension

(1). In 2010, about 1.39 billion people in the whole world had hypertension. Those from

high income countries were about 349 million and about 1.04 billion were from low and

middle income countries (1). The global statistics for mortality from hypertension are

well documented.

The systematic review of population-based studies from 90 countries detailed the statis-

tics. The data estimated that 26.4% of the adult population, or approximately 972 million

people of the world’s population had hypertension in the year 2000. (4). By 2010 adult

population with hypertension was expected to rise (4). Out of 1.4 billion people, only

14% had controlled SBP, which was below 140 mmHg, and DBP below 90 mmHg (4).

According to the 2019 Journal of Hypertension, the projection of this global burden was

expected to rise even further from 972 million to 1.6 billion by 2025. Africa has been

affected severely by hypertension.

2.4 Controlled and Uncontrolled Hypertension in Africa

Hypertension is the leading cause of death amongst all other chronic illnesses on the con-

tinent of Africa. Across Africa, uncontrolled hypertension is estimated to be higher in

urban areas than in rural areas (5). Refined diets and lots of starchy food often cause
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obesity in adult populations and hence increase hypertension (5). In of the reviews, Addo

et al. (2007), the level of hypertension in Cameroon rural was about 11% of people (2).

About 10% of people in urban Cameroon obtained treatment for hypertension. In Ghana

by comparison, 32% of people got treatment (2). In South Africa, Addo reported that

47% of females had hypertension. The same study argued that females were more likely

to be on treatment for uncontrolled hypertension as compared to males (2). Seedat et

al. (2010), reported that over 500 000 people were estimated to have hypertension in

South Africa (6). In a cross sectional study, Gawatudde et al. (2015), hypertension was

considered a widespread problem reported in some African communities to be as high as

38% (7). Out of 650 million people, an estimate of 10 to 20 million have uncontrolled

hypertension (7). The prevalence of uncontrolled hypertension in African countries is

rising.

In Ethiopia, adult population with uncontrolled hypertension is approximated to be 150

million by 2025 (8). In a cross-sectional study, Tesfaye et al. (2017), emphasised con-

trolled hypertension is very low in Africa ranging from 2.6% in Kenya to 17.8% in Namibia

(8). Tesfaye et al. (2017), stressed that only few studies done in Ethiopia were in agree-

ment with the prevalence of uncontrolled hypertension among patients on treatment. The

study reported 53.4% in Gondar hospital to 59.9% in Tikur Anbessa Hospital. In a case

control study, Nyaradzai et al. (2015), hypertension prevalence among patients on an-

tiretroviral therapy (ART) in Kadoma City in Zimbabwe was estimated to be 30% (9).

Approximately 61% HIV patients on antiretroviral therapy had uncontrolled hyperten-

sion, compared with 46% in the general population who had uncontrolled hypertension (9).

The hypertension levels are increasing rapidly in Sub Saharan Africa (SSA). According

to an early study by Addo et al. (2007), about 25% of the people on treatment for

uncontrolled hypertension seem to be well controlled (2). Across Sub Saharan Africa, it is

estimated that less than a quarter of the patients reach their treatment goal (2).Goudge
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et al. (2018), argued that this could be due to the over burdening of health workers,

in general. In SSA, it is estimated that less than 30% of the people with hypertension

are on drug treatment, and less than 20% have achieved controlled hypertension (2).

South Africa is believed to be amongst the countries with high prevalence of uncontrolled

hypertension.

2.5 Controlled and Uncontrolled Hypertension in South

Africa

South Africa is considered to have the highest prevalence of uncontrolled hypertension

in Southern Africa. Jongen et al. (1983), discovered that about 25% of people from the

zulu tribe had uncontrolled hypertension. The figure was considered to be the highest

in urban blacks of the Zulu tribe (10). Uncontrolled hypertension in white people was

around 17%, slightly lower in ethnic Indians, and 9% in blacks in rural areas (10). About

90% of the Zulu patients had undiagnosed hypertension. Approximately 58% of Indian

patients and 77% of whites had hypertension that was untreated or uncontrolled (10).

According to Norman et al. (2007), figure 2.1, the impact of uncontrolled hypertension on

mortality in South Africa was approximately 71.5%. The impact was more dominant in

people aged 30 years and above. In that year, hypertension recorded the highest mortality

rate than ischaemic heart diseases with 41.7%, stroke with 49.6% and other cardiovascular

diseases (CVD) with 21.6%. Different scholars reported different hypertension levels in

South Africa.
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Figure 2.1: Impact of hypertension on mortality in people aged 30 and above
years in South Africa in 2000

Jongen et al. (2019), reported high uncontrolled hypertension in South Africa approxi-

mated to be 60% which is divided to be 30.4% men and 29.6% women. In a cross-sectional

study, Masilela et al. (2020), uncontrolled hypertension prevalence in South Africa was

56.83%. Results from both authors are lower than the 75.5% that was reported in an

earlier study by Adeniyi et al. (2016), for Eastern Cape province. Masilela et al. (2020),

also found that mostly individuals aged 50 years and above had the highest levels of un-

controlled hypertension in South Africa. In his findings, almost eight out of ten people

aged 50 and above had hypertension (17). Another finding from the Heart and Stroke

Foundation of South Africa highlighted that at least one in three South Africans who

are 15 years and older had hypertension (17). Therefore, the foundation reports com-

pliments Masilela’s findings. This study will be focusing on hypertension in Agincourt,

South Africa.
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Agincourt is a subdistrict of Mpumalanga province in South Africa. Uncontrolled hyper-

tension prevalence is approximately 40% in Agincourt (11). The figure is believed to be

greater since almost half of the population does not know their blood pressure status.

Goudge et al. (2018) argued that this might be due to poor management of chronic ill-

nesses in this area. In response to poor chronic illness management, lay health workers

(LHW) intervention was used in managing hypertension in Agincourt.

Figure 2.2: Trends in the prevalence of uncontrolled hypertension in South
African men by age group

Bradshaw et al. (2011) highlighted that hypertension prevalence in South African men

increases by age. Both in 1998 and 2008, the prevalence of hypertension in South African

men was increasing by age. The elderly men 65 years and above had the highest prevalence

of uncontrolled hypertension and hence men in the age group 15 to 24 had the least

prevalence of uncontrolled hypertension.
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Figure 2.3: Trends in the prevalence of uncontrolled hypertension in South
Africa women by age group

Bradshaw et al. (2011), highlighted that hypertension prevalence in South African women

increases by age. Both in 1998 and 2008 the prevalence of hypertension in South African

women was increasing by age. The elderly women 65 years and above has the highest

prevalence of uncontrolled hypertension.Young women in the age group 15 to 24 has the

least prevalence of uncontrolled hypertension.

Bradshaw et al. (2011), made a point that uncontrolled hypertension is affected by age.

The graphs by Bradshaw et al. (2011), show that the hypertension prevalence in both

males and females increases by age. However, according to the graphs, prevalence of un-

controlled hypertension is more higher in men than in women in South Africa.
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2.6 The role of Lay Health Workers intervention in

the management of hypertension

Daniels et al. (2012), defined LHWs as any health worker carrying out duties that are

health related. LHWs are trained in context of the intervention, and they may not have

formal professional qualifications like degrees (18). Hodgins et al. (2016), emphasised that

LHWs are very important in that they can form part of interventions that aim to serve

individuals and communities that might be hard to reach. They deliver health activities

with the support from health professionals (13). Therefore, the difference of LHWs from

other health workers is mainly on their lack of formal professional training (13).

The concept of LHWs programs began in many countries around the 1970s and 1980s, for

example, in national programs such as China’s Barefoot Doctors according to DiCarlo et

al. (2018). The evidence of their effectiveness in the health workforce crisis has increased

investments in national programs for the service they provide in many countries (11). ,

LHWs services are critically important in the African context. LHWs fill the gap where

there is an inadequate training of qualified health professionals and understaffed health-

care facilities due to poverty and emigration (11).

LHWs interventions play a vital role in health facilities. LHWs perform tasks such as man-

agement of nutrition, monitoring of maternal and child health (20). LHWs also help in

improvement of primary health care, assisting malaria patients, monitoring, and assisting

tuberculosis patients and HIV/AIDS prevention and control. LHW assist in psychiatric

wards, and in dealing with non-communicable diseases (20).
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Traditionally, controlled hypertension is assumed to be treated by medication and other

medical drugs (21). In this study, LHWs intervention effectiveness will be assessed in hy-

pertension management. DiCarlo et al. (2018) revealed that there is a rise in the interest

of LHWs in the modern world. European countries are leading in utilising LHWs and

Africa is also taking a positive path regarding the appreciation of LHWs (22).

2.7 The role of Lay health Workers in managing and

controlling hypertension in a resource constrained

environment

Lay Health workers help in improving the health of the patients in a resource constrained

environment. LHWs also help connect patients who do not have access to health facilities

with organizations that offers free or cheap primary care visits (35). The connection as-

sists participants to stay updated on their hypertension condition. Tsolekile et al. (2018),

highlighted that LHW offers different roles in managing and controlling hypertension.

Figure 2.4 highlighted most reported roles that LHWs perform. The distribution of med-

ication has the highest percentage which is 84%. This is followed by advise on diet with

72%, blood pressure measurement with 63% and physical activity sessions with 53%. Only

21% were doing pill counts (35).
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Figure 2.4: Roles of Lay Health Workers in a resource constrained environment

2.8 The intervention Management of Hypertension

Hypertension control is crucial in lowering the risk of cardiovascular disease (CVD), which

is linked to a high rate of death and disability in adults. Controlling hypertension is essen-

tial for lowering the risk of future cardiovascular events (CVE) in a population. Controlled

hypertension may be the most essential indicator for assessing the intervention overall

effectiveness (23). Improving hypertension management has usually been described as

increasing awareness, medication, and control. Assessing indicators’ progress can help

uncover potential service gaps and provide opportunity for intervention (14). In South

Africa, few people are aware of their hypertension status.
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A population’s lack of awareness of hypertension could imply little access and involvement

with the healthcare system (23). Low awareness necessitates community- and clinical-

based strategies to enhance BP screening. If more people with hypertension are to be

found, action is needed. Low treatment rate can be identified by lacking of access to

health care, cost barriers and low rates of health literacy. Nonadherence to recommended

treatment by individuals or no action by clinicians may be indicative of low treatment. In

clinical setups and communities, effective interventions that offer knowledge, tools, and

resources are needed in reducing treatment gaps to ensure that people receive recom-

mended care (23). Educating people to manage hypertension is essential.

Goals and strategies can be used to control hypertension in adults due to high popula-

tion rates (24). Many of the clinical and community approaches are applicable across

the lifespan. Strategies and resources are required for young people’s unique aspects of

blood pressure management. Jackson et al. (2018), presented their findings in different

publications (24). Clinicians have suggested different treatment methods.

In 2018 Ritchey et al., reported that in most cases patients with uncontrolled hypertension

respond well to recommended treatments. Clinicians use proof-based interventions which

help to avoid the negative impacts of uncontrolled hypertension in patients (25). Arnett

et al., found in 2019 that sectors can help in adapting, executing, and extending these

interventions across Africa. However, most of the times hypertension control is mostly

achieved in clinical settings and communities.
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Young et al. (2018), medical services providers have shown significant improvements in

hypertension control. Clinicians have prioritised management of hypertension, executing

evidence based procedures, committed to observing improvement after some time (26).

The same study found that methods such as enhancing electronic health record systems

and providing decision support tools can help in monitoring hypertension. Moreover, in-

tensifying the use of integrated care teams might also helps. Ultimately, using endorsed

shared management through self-measuring blood pressure monitoring was significant

(26). Obstacles might be experienced in the management of hypertension.

Most health systems and communities have managed to contain uncontrolled hyperten-

sion, however, some difficulties still exist. Hindrances incorporate people having insuffi-

cient health care coverage inclusion, high deductibles and co-instalments (26). Lack of

access to health care services also affects uncontrolled hypertension treatment. Lower

levels of health literacy could prevent patients from using medications. Technology may

also help in making instruments that measures blood pressure which might be of impor-

tance in monitoring uncontrolled hypertension (26). Advice from a clinician might be

a crucial step that engages patients to deal with their blood pressure. Patient freedom

can be inadequate when not enough upheld by strategy, foundational, and natural medi-

ations, which might make it simpler for patients to settle on sound decisions (26). Mental

challenges also affect management of hypertension and in order to obtain constructive

goals, there is need for a mental health clinician. Hindrance might occur in cycle and

can be either joined or eased by individuals’ authentic or existing encounters, convictions,

inclinations, and societies (26). Role players are vital in the management of hypertension.

In 2019, Ghosh and Kumar found that significant improvement in hypertension control

will take pensive efforts by the key players. Patients can be encouraged to make use of

facilities of the different sectors. The sectors include public health, clinical medicine, to

mention just a few (27). Making hypertension control a national priority allows individ-
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uals from different sectors to work together to accomplish the best cardiovascular health

for our nation (27).

In summary, although hypertension management has improved significantly over the years,

hypertension remains a silent killer and major public health problem in Africa (27). Africa

is incapacitated by poverty which according to other studies it is an underlying factor

for hypertension and CVDs (28). Controlled hypertension reduces the risk of associ-

ated CVDs. The complications associated with uncontrolled hypertension include stroke,

death, chest pain, heart attack, and others (29).
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2.9 Risk Factors of Uncontrolled Hypertension

There are different types of risk factors of uncontrolled hypertension. In most cases, the

factors can be categorised into modifiable and non-modifiable risk factors. The modifiable

risk factors involves things like life style for example excessive salt consumption, a diet

high in fat and acids (27). Modifiable risk factors also include lack of physical activities,

too much tobacco and alcohol consumption, and low intake of fruits and vegetables (27).

Non-modifiable risk factors are hereditary for example a family history of hypertension,

being over the age of 65 years, and other co morbidities such as diabetes (30).

Boaten et al. (2019), stressed that age, gender (female), absolute lack of exercise, lots of

salt, fast and homemade foods have a positive association with uncontrolled hypertension

(31). Singh et al, (2017), also reported that age, marital status, occupation, social-

economic status, education, BMI, abdominal obesity, tobacco use, alcohol use and lack

of physical activities to have a positive association with uncontrolled hypertension(15).

Andriolo et al. (2019), reported a list of high-risk factors such as abdominal adiposity,

general adiposity, smoking, low adherence to physical activity and diet which helps stop

hypertension to be positively associated with uncontrolled hypertension(32).

Different authors reported that lack of physical activities is associated with uncontrolled

hypertension. However, other factors such as age, use of drugs and poor diet were also

flagged to be associated with uncontrolled hypertension and medical doctors were encour-

aged to consider those factors as important when treating the hypertensive patients (32).
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2.10 Statistical Methods Used in Previous studies

The multilevel mixed effect regression model was only mentioned in the primary study

that it was intended to be used for the sensitivity analysis which was to test the difference

in the change in the proportions with moderate or greater added risk of CVD in the in-

tervention and control clusters. However, sensitivity analysis was not conducted for both

primary and secondary outcome in the primary study (11). In this study, multilevel mixed

effect regression models were used to assess the effectiveness of the LHWs intervention

and to identify factors that are associated with uncontrolled hypertension.

Jongen et al. (2019), Basic descriptive statistics and logistic regression models were used

to analyse quantitative data. One of the advantages of using a logistic regression is that it

is very easy to implement and to interpret. Logistic regression models are good for simple

data sets and they perform well when the data set is linearly separable. However, logistic

regression models have some weaknesses such as, they are normally used to make predic-

tions for discrete functions. They also make assumptions that the relationship between

dependent and independent variables is linear. Furthermore, logistic regression models

do not consider the clustering effect for hierarchical data.

John et al. (2021), Baseline SBP as well as SBP at 12 and 24 was modelled using a linear

mixed-effects model with repeated measures. The analysis model included the cluster

random effects for clinic, for the participants as well as the Gaussian error distribution

with the identity link function (33). The linear mixed models are good in preventing

false positive association which might be as a result of the population structure. They

also increase power in studies without sample structure. However, linear mixed models

always make assumption that the outcome variable is normally distributed. Therefore, in

cases where the outcome variable is binary for example in this current study, these models

cannot be used.
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In the current study, multilevel regression models with random effects that use robust

standard error methods were used. The robust standard errors caters for the clustering

and health care effect which violates the assumption of statistical independence of the

data in a randomized trial.

2.11 Summary

In the Literature review, different authors defined hypertension differently. However,

Addo, Hurlburt and Goudge, defined controlled hypertension as the BP greater than

140/90mmHg. Uncontrolled hypertension was defined as BP less than 140/90mmHg.

Statistics for hypertension effects were presented on a global and local scale in Africa.

The use of Lay health workers in clinical activities is rising in Africa. Hypertension

management was discussed and in Africa controlled hypertension levels are very low.

Gelband and Duse in 2011 argued that this might be due to high rates of poverty in

Africa which leads to low access to health care and poor health care services. Statistical

methodologies for previous studies were discussed and, in most studies, methods used

ignores the clustering effect and statistical dependency of data.
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Methodology

3.1 Introduction

In this chapter, the study design, study site, study population, study sampling, data

collection, study outcomes, study variables, data management were described. Different

statistical methods were used in coming up with the results. The chi square and t-test

adjusting for clustering were used to obtain the descriptive statistics for socio-demographic

and self reported health and risk variables at baseline and end of intervention. Descriptive

statistics were presented using frequencies, means and standard deviations. Propensity

score matching was used to reduce bias in the calculation of treatment effect of the

LHW intervention in reducing uncontrolled hypertension. Lastly, factors associated with

uncontrolled hypertension were determined using multilevel logistic regression models.

3.2 Primary Study Overview

3.2.1 Primary Study Design

The primary study was a pragmatic cluster randomised controlled trial with repeated

cross-sectional surveys (11). The primary study randomized eight clinics of which four of

the clinics received the intervention (11).
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3.2.2 Primary Outcome

The primary outcome was the change in the difference of percentage of clinic users who

had elevated cardiovascular risk associated with high blood pressure (BP) before and after

the intervention, as measured by two cross-sectional population surveys (11).

3.2.3 Primary Study Site and Population

The primary study was conducted in Agincourt rural, a subdistrict of Mpumalanga

province in South Africa (11). The estimated population considered for the primary

study was about 90,000 people (52,592 older than 18 years) who lived in 15,500 house-

holds in 26 villages within Agincourt rural from 2013 up to 2015 (19). The study site is

marked by the arrow on the map below. Hypertension patients aged 18 years and above

and residents of Agincourt rural area were the study target population (3).
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Figure 3.1: South African Map showing Agincourt sub district of Mpumalanga

3.2.4 Primary Study Sampling

Primary sampling was done using cluster randomized sampling and the clinics in Agin-

court were considered as clusters (11). Participants considered in the two cross-sectional

surveys where approximately 4000 meaning that 500 people were allocated on each of the

8 clusters (19).
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3.2.5 Primary Data Collection

The data was collected by the MRC/Wits Rural Public Health and Health Transitions

Research Unit (Agincourt) from 2013 to 2015 using questionnaires(11). Data collected

includes previous hypertension status, previous diabetes status, previous stroke incident,

previous and heart failure incident. Also, data on previous angina status, heart attack

history, the history on family members who once had myocardial infarctions (MI) was

collected. Data on the use of primary care clinics for the past one year, stroke, smoking

and the clinic they prefer most was collected (1). More patients information such as

blood pressure levels for participants, random blood glucose using [model M6W]) and

total cholesterol of patients was collected (1).

3.3 Current Study Design

This current research was a secondary analysis based on data generated from a cluster

randomized controlled primary study design. The current study adopted the design of

the primary study and its sample size. The study aimed to investigate the effectiveness of

lay health workers (LHWs) intervention on the management of hypertension using robust

statistical methodology.

3.4 Current Study Outcome

The primary outcome for this current study was the difference of the population with

uncontrolled hypertension within control and intervention groups at baseline and end

line.
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3.5 Current Study Variables and their Scales

Variables for this current study included Hypertension (ordinal), Systolic and diastolic

BP (average normal readings for systolic diastolic). Obesity (ordinal), blood glucose

(ordinal), total cholesterol, age, gender (nominal) were also used in the study. In addition,

education status (nominal), marital status, social-economic status (Kuppuswamy scale),

smoking (ordinal), self-reported health and risk (ordinal) were also used in the study.

3.6 Current Study Data Management

Stata 15 was used for data cleaning, coding, and generating new variables. A do file was

created to capture all the codes which were used for data cleaning. A binary variable to

capture hypertension status was generated using mean systolic (SBP) and diastolic blood

pressure (DBP). Patients with uncontrolled hypertension were represented by 1 and those

with controlled hypertension by 0. Stata 15 was also used for labelling of variables and

generating new categorical variables from the existing ones.

3.7 Missing data

Exploratory data analysis was used to determine the data structure for each variable and

identify any missing values. The missing data was checked to see if whether it was missing

at random (MAR) or not. Multivariate imputation by chained equations (MICE) package

in R statistical software was used for imputation of the missing values (36). A sensitivity

analysis using the propensity score matching on both complete case data and imputed

data was used to make an inference on the data if the missing percentage was below 20%.
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3.8 Statistical Analysis Plan

Objective 1: To describe the social-demographic characteristics of the participants at

baseline and post-intervention adjusting for the cluster-randomized design.

Descriptive statistics adjusting for clustering were used to describe the demographic char-

acteristics of the participants. The mean and standard deviation were used to describe

normally distributed continuous variables. Categorical variables such as gender, were

summarized using frequencies and proportions. Bivariate analysis to compare differences

in proportions between intervention and control arms were done using the cluster ad-

justed Pearson’s Chi squared test and the cluster adjusted t-test. Stata syntax used can

be viewed in appendix C1.

Objective 2: To assess the effectiveness of the LHWs intervention given baseline and

end-line differences in proportions for uncontrolled hypertension between control and in-

tervention groups.

There were imbalances in some of the explanatory variables between patients who had

uncontrolled hypertension and those who had controlled hypertension (19). Due to the

imbalances, there was a higher likelihood of bias. Therefore, to address the issue, propen-

sity scores matching was used. A logistic regression model was used with a binary outcome

for hypertension and explanatory variables with imbalances to generate propensity scores.

The generated propensity scores were then used to match the two groups. The propen-

sity score kernel density graphs were used to assess matching. Stata syntax used can be

viewed in appendix C2.
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3.9 Propensity Score

Kurth et al. (2005), defined propensity score as the probability of receiving the treatment

being compared, given the covariates under investigation. Propensity score matching

reduces the imbalances between the treatment groups in observed covariates and hence

decreases the bias in the resultant estimator according to Rosenbaum (1983). In this

study, let the Z (0,1) indicate the LHW intervention, and let X be the vector of covariates.

The propensity score e(X) for an individual is defined as the conditional probability of

intervention given covariates X : e(X) = Pr(Z = 1|X).

3.9.1 One to One Propensity Score Matching

In this current study, the technique was used to identify pairs of treated and untreated

subjects. Only the subjects with similar propensity score values were grouped together.

After forming a matched sample, the treatment effect was estimated by comparing out-

comes between treated and untreated subjects. Since our outcome variable was binary,

the treatment effect was described using relative risk, Austin et al.(2008), suggested.

3.9.2 Average Treatment on the Treated (ATT)

Assuming that each observation was described with a pair of random variables (Y, X),

let Y be an outcome variable and X an objective characteristics. For observations in the

treatment group, observations in the control group with similar X values were identified.

The Y values of these matching observations from the control group were used to compute

the counter-factual outcome without treatment for the observation from treatment group.

An estimate for the average treatment effect was obtained as the mean of the differences

between the observed values from the treatment and the matched counter-factual values

from the control group.
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The Average Treatment on the Treated (ATT) equation

ATT =
∑

i

Y 1
i = E(Y 0

i |T = 1) (3.1)

The Average Treatment Effect (ATE) equation

ATE = T = 1
N

ˆATT + T = 0
N

(∑
i

E(Y 1
i |T = o)

)
(3.2)

Objective 3: To assess the effectiveness of the LHW intervention and to identify patient

factors associated with uncontrolled hypertension using multilevel logistic regression mod-

els.

Multilevel models were used to identify factors that were associated with uncontrolled

hypertension. The binary outcome variable was regressed with the independent variables

adjusting for clustering. The independent variables were considered as factors associated

with the uncontrolled hypertension if the p-values where less than 0.05. The variables with

p-values greater than 0.05 were considered as factors not associated with the effectiveness

of the intervention. Level 1 multilevel logistic regression model with individual and group

random effects were used to identify factors associated with uncontrolled hypertension.

Stata syntax used can be viewed in appendix C3.
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3.10 Multi-level logistic regression models

Multilevel models were used to identify patient factors that are associated with uncon-

trolled hypertension in Agincourt. The advantage of using multilevel models is that they

take into consideration the clustering effect (34). Multilevel models help with the simul-

taneous examination of group level (cluster and division) and individual level variables.

This is done on individual level outcomes while accounting for the non-independence

of observations within groups. This analysis allows the examination of between group

(clinics) and within group (clinics) variability and how group level and individual level

variables are related to variability at both levels (34).

Since our outcome variable Yij is a binary response (0 or 1) for the ith individual in the jth

unit, and let πij denote the probability of having uncontrolled hypertension (i.e Yij = 1).

The binomial distribution is characterised by two parameters: the probability of success

πij and the number of trials n. For a logistic regression model, when each data item

refers to an individual response with a dichotomous outcome rather than a proportion,

the denominator is always equal to one. This means that we have Yij ∼ Bernoulli(1, πij)

It is generally defined as

L{Yij = yij} =
(

rij

yij

)
π

yij

ij (1 − πij)rij−yij (3.3)

Where πij represents the probability of the subject i from sub-location j who has a covari-

ate vector xij and yij = 1 indicates uncontrolled hypertension and controlled hypertension

if it takes value zero.

There are rij totals and E(yij) = µij = rijπij and the variance is V ar(yij) = σy =

rijπij(1 − πij). Considering that a logistic regression model can be defined as follows with

cluster-level random effect uij,
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logit(πij(yij)) = xijβ + ϕ + θj + ϵij (3.4)

Considering the binomial mixed-effects model, for the sub clusters, j = 1, 2, 3, . . . .n, the

function of yj = (yj1, yj2, . . . .., yjn)T given a set of sub location level random effects uij;

is expressed as

f(Yij | µij) =
nj∏

i=1

[(
rij

yij

)
{H(ηij)}yij {1 − H(ηij)}rij−yij

]
(3.5)

where

ηij = xT
ijβ + Zijuij (3.6)

Then, the exponentiation and log transformation of H(ηij), can be written as

logit(πij) = log( πij

1 − πij

) = β0 + β1x1ij + uj (3.7)

Then making πij the subject of the formula

ln( πij

1 − πij

) = β0 + β1x1ij + uj (3.8)

πij

1 − πij

= eβ0+β1x1ij+uj (3.9)

πij = (1 − πij)eβ0+β1x1ij+uj (3.10)

πij = eβ0+β1x1ij+uj − πije
β0+β1x1ij+uj (3.11)

πij + πij(eβ0+β1x1ij+uj ) = eβ0+β1x1ij+uj (3.12)
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πij(1 + eβ0+β1x1ij+uj ) = eβ0+β1x1ij+uj (3.13)

where

πij = e(β0+β1Xij+uj)

1 + e(β0+β1Xij+uj) (3.14)

The response probability for individual i in group j. β0 defines the model intercept;

β1, β2, . . . , βn defines the regression coefficients corresponding to the different fixed effects

covariates or independent Xij in the model; Uij, ij = 0, . . . .n are the random effects in

the model which define the clustering.

Consider ηij to be the linear predictor

ηij = xT
ijβ + Zijuij (3.15)

let yij and ηij be the ith individual elements of yi and ηj, i = 1, ..., ηj. let f(yij|ηij) be the

conditional density function for the response at observation i. Because the observations

are assumed to be conditionally independent, f(.) with vector inputs means

logf(yj|ηj) =
ni∑

j=1
log(yij|ηij) (3.16)

The random effects uj are assumed to be multivariate normal with mean 0 and variance∑. The likelihood for cluster j is given by

Lj(β,
∑

) = (2π)
−q
2 |
∑

|
−1
2

∫
Rq

f(yj|ηj)exp

(
−1
2 u′

j

−1∑
uj

)
duj (3.17)

= (2π)
−q
2 |
∑

|
−1
2

∫
Rq

exp

{
logf(yj|ηj) − 1

2u′
j

−1∑
uj

}

Where R denote the set of values on the real line and Rq is the analog in q dimensional

space. The multilevel integral of equation (3.17) is generally not tractable, We make use
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of numerical methods to approximate the integral. The change of variable technique will

be used to convert the integral into a set of nested integrals. Gaussian quadrature will be

used to evaluate the integrals.

Let uj = Lvj, where vj is a q random vector whose elements are independently standard

normal variables and L is the Cholesky decomposition of ∑,
∑ = LL′

Then ηj = xjβ + ZjLvj, and the likelihood in (3.17) becomes

Lj(β,
∑

) = (2π)
−q
2

∫
Rq

exp
{

logf(yj|ηj) − 1
2v′

jvj

}
dvj (3.18)

= (2π)
−q
2

∫ ∞

−∞
...
∫ ∞

−∞
exp

{
logf(yj|ηj) − 1

2

q∑
k=1

v2
jk

}
dvj1, ..., dvjq

Consider a q-dimensional quadrature grid containing r quadrature points in each dimen-

sion. Let ak = (ak1, ..., akq)′ be the vector of corresponding weights. The GHQ approxi-

mation to the likelihood is

LGHQ
j (β,

∑
) =

r∑
k1=1

...
∑

kq=1

[
exp {logf(yj|ηjk)} Πq

p=1wkp

]
(3.19)

=
r∑

k1=1
...
∑

kq=1

[
exp

{ nj∑
i=1

logf(yij|ηij)
}

Πq
p=1wkp

]

Where ηjk = xjβ + ZjLak and etaijk is the ith element of etajk.
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3.10.1 PARAMETER ESTIMATION

There are different methods of estimating multilevel parameters. The Penalized quasi-

likelihood was explored since the outcome variable for this study is binary.

3.10.2 Penalized quasi-likelihood

If we consider a level 1 outcome Yij taking on a value of 1 with conditional probability

πij. Then the generalized linear model or the logit model is given by,

ln[ πij

1 − πij

] = ηij = XT
ijγ + ZT

ijuj (3.20)

When looking at level one unit i nested within level two unit j, We assume variable Yij

to be conditionally distributed as Bernoulli and the random effects with vector uj to have

mean zero and standard deviation one. However,in the case of binary outcomes with logit

link, we will then start with the level-1 model

Yij = Pij + eij (3.21)

Where the E(eij) = 0 and V ar(eij) = pij(1 − pij) This is a non-linear model which we

linearize by means of the first-order Taylor series expansion. At this iteration, we have

pij ≈ ps
ij + dpij

dηij

(ηij − ηs
ij) (3.22)

and we evaluate at ps
ij the derivative

dpij

dηij

= pij(1 − pij) = ωij (3.23)

Substituting the linear approximation for pij in a linear equation yields
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Yij = ps
ij + ω

(s)
ij (ηij − η

(s)
ij ) + eij (3.24)

Making use of algebra to rearrange all known quantities to the left-hand side of the

equation result in.

Yij − P
(s)
ij

ω
(s)
ij

+ η
(s)
ij = ηij + eij

ωij

(s)
(3.25)

This equation has the form of a level 2 hierarchical linear model

Y
∗(s)

ij = XT
ijγ + ZT

ijuj + ϵij (3.26)

which gives a straightforward updating scheme. This is known as penalized quasi-likelihood

because it is obtained by optimizing a quasi-likelihood (involving only 1st and 2nd deriva-

tives) with a penalty term on the random effects. Here

Y
∗(s)

ij =
Yij − P

(s)
ij

ω
(s)
ij

+ η
(s)
ij , ϵ = eij

ω
(s)
ij

∼ N(0, ω
(s)−1
ij ), uj ∼ N(0, T ) (3.27)

The estimate of η
(s)
ij can be written as below

η
(s)
ij = XT

ij γ̂
(s) + ZT

iju
∗(s)
j (3.28)

3.11 Goodness of fit

3.11.1 Intraclass correlation (ICC)

Intraclass correlations was used to test the goodness of fit for the multilevel logistic regres-

sion model. For a G-level nested random-intercept model, the g-level intraclass correlation

is defined as

ρ(g) =
∑G

l=g σ2
l

γ +∑G
l=2 σ2

l

(3.29)
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The formula also applies in the presence of fixed effects covariates X in a random effects

model. In this case, interclass correlations are conditional on fixed effects covariates and

are referred to residual intraclass correlations.

Since the variance components are non negative, the ICC falls in the class [0,1]. To cater

for the ICC range, logit transformation is used to obtain confidence intervals. Let ρ̂(g)

be a point estimate of the intraclass correlation and ŜE(ρ(g)) be its standard error. The

(1 − α) × 100% confidence interval for logit(ρ(g)) is

logit(ρ(g)) ± zα
2

ŜE( ˆρ(g))
ρ(g)(1 − ρ(g)) (3.30)

3.11.2 Likelihood ratio test

The likelihood ratio test was used to compare the ratio of the likelihoods of level 1 and

level 2 multilevel models. The comparison was done on the log scale and the difference

in log likelihood. The likelihood ratio test was used to choose the model with higher log

likelihood provided that the higher likelihood was high enough.

Let L0 and L1 be the log-likelihood values associated with the full and constrained models,

respectively. The test statistic of the likelihood-ratio test is LR = 2(L1 − L0). If the

constrained model is true, LR is approximately χ2 distributed with d0 − d1 degrees of

freedom, where d0 and d1 are the model degrees of freedom associated with the full and

constrained models, respectively (Greene 2018, 554 - 555).

3.12 Methods Comparison

The primary study used the mixed effects model adjusting for covariates to assess the

effectiveness of LHW intervention. This method is different from the multilevel logistic

regression model with random effects which was used in the current study. Multilevel
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models with random effects were able to account for the individual differences in the

response to the intervention. However, the mixed effects models only estimated the overall

population level coefficient. More comparison was explored in the discussion section.



Chapter 4

Results

4.1 Introduction

In this chapter, the results for the Nkateko trial data for the period between 2013 to 2015

were presented. Descriptive statistics were presented for the control and for the interven-

tion arms. Frequencies, means and standard deviations were presented for patients with

uncontrolled hypertension for both arms. The results from the propensity score matching

were presented together with the associated graphs. Multilevel logistic regression models

results were presented.
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4.2 Descriptive statistics

The descriptives statistics were focusing on the participants who were recorded both at

baseline and at the end of the intervention. The number of participants who were recorded

at both baseline and end of intervention were 810 out of 4000. This means that above 70%

of the participants were recorded only once. In the control arm, about 250 participants

were recorded at baseline and 213 at the end of the intervention. In the intervention arm,

185 participants were recorded at baseline and 162 at the end of the intervention. There

was no much difference in control and the intervention arms on the social demographic

variables at baseline and end of intervention. In the control arm, at baseline 14% of the

participants had controlled hypertension and they were on treatment. At the end of the

intervention, about 12.68% remained on treatment. In the intervention arm, at baseline

9.19% of the participants had controlled hypertension and they were on treatment. At the

end of the intervention, there was an increase of the participants to 13.58% who were on

treatment. In the control arm, at baseline, 11.20% of the participants had uncontrolled

hypertension and were on treatment. At the end of the intervention, there was an increase

to 19.25% of participants on treatment. This was the same case with the intervention

arm, there was a rise of the participants with uncontrolled hypertension on treatment

from 10.27% to 21.60%. Since most people were on treatment, there was a decrease of

the participants not on treatment both at baseline and at the end of intervention in both

arms. In the control arm, the participants not on treatment decreased from 31.60% to

24.41%. In the intervention arm, the participants not on treatment decreased from 31.89%

to 19.14%. The proportion of participants on treatment and with controlled hypertension

were higher in the control arm at baseline compared to the intervention arm. This was

not the case at the end of the intervention for both arms. The proportion of patients

on treatment and with controlled hypertension was higher in the intervention arm than

control arm at end-line.
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Table 4.1: Socio-demographic and health variables for respondents observed both at base-
line and end of intervention

Variables control Intervention

baseline end of intervention P-values baseline end of intervention P-values
n=250 n = 213 n=185 n=162

Mean Age (± SD) 63.58(17.26) 65.51(17.04) 61.31(17.79) 65.04(17.00)

n(%) n(%) n(%) n(%)
Gender
Male 65(26.00) 55(25.82) <0.001* 65(35.14) 48(29.63) 0.088
Female 185(74.00) 158(74.18) 120(64.86) 114(70.37)
Marital status
In a union 101(40.40) 82(38.50) 0.428 73(39.46) 57(35.19) 0.038*
Education level
No education 131(53.04) 116(54.46) 81(43.78) 79(48.77)
Primary 69(27.94) 51(23.94) <0.001* 52(28.11) 42(25.93) 0.002*
Secondary 40(16.19) 42(19.72) 45(24.32) 36(22.22)
tertiary 7(2.83) 4(1.88) 7(3.78) 5(3.09)
Social economic status
Upper 60(24.49) 55(25.94) 27(15.17) 28(17.39)
Upper-middle 36(14.69) 47(22.17) 29(16.29) 27(16.77)
Lower-middle 45(18.37) 35(16.51) 0.384 37(20.79) 36(22.36) 0.884
Upper-Lower 47(19.18) 44(20.75) 37(20.79) 38(23.60)
Lower 57(23.27) 31(14.62) 48(26.97) 32(19.88)
Smoking history
Never smoked 215(86.00) 175(82.16) 148(80.00) 134(82.72)
Previous 16(6.40) 14 (6.57) 0.002* 24(12.97) 16(9.88) 0.040*
Less than one a day 5(2.00) 8(3.76) 1(0.54) 1(0.62)
One or more a day 14(5.60) 16(7.51) 12(6.49) 11(6.79)
Blood pressure category
Normal 143 (57.20) 120(56.34) 107(57.84) 96(59.26)
Stage one hypertension 74(29.60) 63(29.58) <0.001* 46(24.86) 34(20.99) <0.001*
Stage two hypertension 21(8.40) 20(9.39) 20(10.81) 20(12.35)
Stage two plus hypertension 12(4.80) 10(4.69) 12(6.49) 12(7.41)
Health and risk
Family history of CVD 26 (10.40) 27(12.68) 16(8.65) 10(6.17)
Diabetes 13(5.20) 20(9.39) 14(7.57) 13(8.02)
Coronary heart disease 15(6.00) 3(1.41) 0.019* 1(0.54) 2(1.23) 0.793
Stroke 10(4.00) 15(7.04) 5(2.70) 3(1.85)
Heart failure 10(4.00) 6(2.82) 5(2.70) 3(1.85)
obesity
Male 12(18.46) 13(23.64) <0.001* 15(23.08) 19(39.58) <0.001*
Female 147(79.46) 137(86.71) 98(81.67) 90(78.95)
Hypertension
No hypertension 108(43.20) 93(43.66) 90(48.65) 74(45.68)
On treatment and controlled 35(14.00) 27(12.68) <0.001* 17(9.19) 22(13.58) <0.001*
On treatment but not controlled 28(11.20) 41(19.25) 19(10.27) 35(21.60)
Not on treatment 79(31.60) 52(24.41) 59(31.89) 31(19.14)
Blood glucose
Normal <11, not fasting 232(92.80) 196(92.02)) 162(87.57) 152(93.83)
High 7 <11, fasting 4(1.60) 2(0.94) 1(0.54) 1(0.62)
Diabetic 11 or more 14(5.60) 15(7.04) 22(11.89) 9(5.56)
* p<0.05, is significant at a 5% significance level

Table 4.1 reported that, in the control arm, there is an association between baseline and

end of intervention factors such as gender (p-value <0.001), educational level (p-value

<0.001), smoking (p-value = 0.002), BP(p-value <0.001), health risk factors (p-value =

0.019), and obesity (p-value <0.001). In the intervention arm, there is an association

between baseline and end of intervention factors such marital status (p-value = 0.038),

educational level (p-value = 0.002), smoking (p-value = 0.040), BP(p-value <0.001), and
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obesity (p-value <0.001).



Results 44

4.3 Propensity Score matching

The logistic regression model was used in computing propensity scores. The classifica-

tion or assignment of participants to groups was 61.67%. The goodness of fit test by

Hosmer-Lemeshow was performed to test the significance of the logistic regression model

in predicting accurate propensity scores and the results (chi2(8) = 8.95) and (P = 0.3465)

were obtained. The evidence was sufficient and enough to conclude that the model was

the best fit for the data in estimating propensity scores. After obtaining the propensity

scores, the distribution of the propensity score was examined using the Kernel density

plot in Figure 4.1.

Figure 4.1: The distribution of propensity scores before matching at baseline
and at end-line respectively
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Figure 4.1 above shows the propensity scores distribution of a randomised controlled

trial before matching at baseline and at end-line.These graphs shows that there was not

much of an overlap as such the matching procedures should not reduce the sample sizes

drastically as that would not be necessary.

4.4 Propensity score matching

Table 4.2: Average treatment effect on the treated using one to one propensity score
matching

Variable Sample Treated controls Difference S.E T-stat
hypertension Unmatched 0.4272 0.4324 -.0051 0.0363 -0.14

ATT 0.4272 0.4272 0 0.0390 0.00

Table 4.2 shows the treatment effect in the treated patiences before and after matching.

The average treatment effect of the unmatched was 42.72% and of the matched was

42.72%. This shows that there is no difference of the treatment effect in both matched

and unmatched observations using the treatment effect scale from 0 − 100%.

Table 4.3: The treatment effect using inverse propensity weighting

hypertension Coefficient [95% C-interval] P>|z|
ATE 0.0006 [-.0686, 0.0698] 0.986

ATET 0.0019 [-.0686, 0.0725] 0.957

Table 4.3 shows the average treatment effect in the whole population and in the treated

population after matching the propensity scores. The treatment effect of the intervention

in the population (P = 0.986) and in the treated (p-value = 0.957) is not statistically

significant . Hence, in both populations groups the treatment effect was not effective in

reducing hypertension levels.
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Figure 4.2: The distribution of propensity scores After matching at baseline
and end-line

Figure 4.2 shows the distribution of the propensity scores of a randomised controlled trial

after matching for baseline and end-line data. There was not much bias as the unmatched

data were very similar to the matched , hence not much need of matching was necessary.
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Figure 4.3: All graphs before and after matching at baseline and at end-line

Figure 4.3 shows all the combined graphs before and after matching. There was not much

bias as the unmatched data were very similar to the matched , hence not much need of

matching was necessary.



Results
48

Table 4.4: Checking for bias before and after matching

Unmatched Matched

Variable Treated Control % Bias ttest P>|t| Variable Treated Control % Bias ttest P>|t|

Marital status 1.625 1.605 4.200 0.600 0.552 Marital status 1.616 1.632 -3.200 -0.410 0.685

Gender 1.326 1.259 14.600 2.070 0.039 Gender 1.322 1.288 7.500 0.940 0.348

Age 63.053 64.473 -8.200 -1.150 0.249 Age 63.375 63.185 1.100 0.140 0.888

Education attained 0.842 0.689 17.400 2.460 0.014 Education attained 0.824 0.802 2.500 0.310 0.754

Total cholesterol 4.021 3.968 4.900 0.680 0.498 Total cholesterol 4.009 4.042 -3.100 -0.390 0.694

Obesity 1.640 1.667 -5.800 -0.820 0.414 Obesity 1.635 1.635 0.000 -0.000 1.000

Family risk 0.075 0.115 -13.500 -1.880 0.061 Family risk 0.081 0.077 1.100 0.150 0.884

Smoking history 0.326 0.315 1.300 0.180 0.857 Smoking history 0.316 0.338 -2.700 -0.340 0.735

Glucose level 1.184 1.138 8.600 1.230 0.220 Glucose level 1.099 1.093 1.200 0.190 0.852

Social economic status 3.204 2.899 21.300 2.950 0.003 Social economic status 3.232 3.232 0.000 -0.000 1.000

pscore 0.447 0.402 44.500 6.070 0.000 pscore 0.447 0.436 10.800 1.450 0.147
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Table 4.4 shows that matching was effective in reducing bias in the variables. All P-values

of the matched propensity scores for all the variables are not statistically significant which

support randomization bias reduction.

Figure 4.4: Checking for Bias in covariates Before and after matching

Figure 4.4 shows the bias in matched and unmatched propensity scores. There is much bias

in unmatched propensity scores compared to matched propensity scores. The majority

of the matched propensity scores are closer to have zero bias. Matching has a significant

effect in reducing selection bias.
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4.5 Multilevel logistic regression models results

Only patients who were observed at both the baseline and the end of intervention (n=810)

were included. Multilevel models were used to identify patient factors associated with

uncontrolled hypertension in Agincourt, South Africa. Factors such as marital status,

gender, age, social economic status, total cholesterol, obesity, smoking history and family

risk of cardiovascular were also included in the models. The analysis includes the use of

the multilevel models, one only has individual random effects (level 1) and the other has

individuals nested with a cluster random effects (level 2). The intra cluster correlation

and the likelihood ratio test was used to compare the two multilevel models in order to

come up with a model which best fit the data.
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Table 4.5: Level one multilevel model

Covariates Odds ratio Std.Error (95% C-Interval) P-value

Fixed effects

Maritalstatus
In a union Base
Not in a union 0.8204 0.2360 (0.4668, 1.4419) 0.492

Gender
Female Base
Male 2.2616 0.9699 (0.9758, 5.2414) 0.057

Age
18-29 Base
30-39 2.3726 0.5105 (1.5562, 3.6173) 0.607
40-49 3.7356 0.8427 (2.4007, 5.8129) 0.416
50-59 6.5870 1.6643 (4.0144, 10.8082) 0.203
60-69 6.6023 1.6921 (3.9952, 10.9108) 0.164
70-79 8.8023 2.3945 (5.1647, 15.0021) 0.148
80+ 14.7532 4.4515 (8.1669, 26.6513) 0.050*

Education attained
No Schooling Base
Primary 0.9403 0.3112 (0.4915, 1.7986) 0.852
Secondary 0.5040 0.2361 (0.2012, 1.2624) 0.144
Tertiary 1.9529 1.6804 (0.3617, 10.5461) 0.437

Obesity
No Base
Yes 2.8629 0.9045 (1.5412, 5.3178) 0.001*

Family risk of CVD
No Base
Yes 1.6526 0.6557 (0.7593, 3.5965) 0.205

Smoking history
Never Base
Previous 0.2842 0.1536 (0.0985, 0.8199) 0.020*
Less than one a day 1.2334 1.0719 (0.2246, 6.7734) 0.809
One or more a day 0.5876 0.3500 (0.1828, 1.8888) 0.372

Glucose level
Normal<11, not fasting Base
High 7 <11, fasting 3.7787 4.8536 (0.3048, 6.8462) 0.301
Diabetic 11 or more 0.7715 0.4551 (0.2428, 2.4516) 0.660

Social economic status
Upper Base
Upper-Lower 1.0729 0.4041 (0.5128, 2.2446) 0.852
Upper-middle 1.2926 0.4817 (0.6228, 2.6835) 0.491
Upper-Lower 1.1882 0.4429 (0.5722, 2.4671) 0.644
Lower 1.4962 0.5732 (0.7062, 3.1701) 0.293

Total Cholesterol 1.1119 0.1286 (0.8865, 1.3947) 0.359

LHW intervention
Control Base
Intervention 1.012 0.2428 (0.6323, 1.6196) 0.960

Intercept 0.0093 0.0157 (0.0003, 0.2554) 0.006*

Random effects
Individual 2.9913 1.0131 (1.5402, 5.8097)

ICC 0.4762 0.0845 (0.3189, 0.6385)
* p<0.05, is significant at a 5% significance level
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Table 4.5 reported the fixed effects and the estimated variance components of a level

one multilevel model with individual random effects. From the list of fixed effects, Age

(80+)(p-value = 0.050), obesity (p-value = 0.001) and previous smoking history (p-value =

0.020) were highly associated with uncontrolled hypertension. Gender (p-value = 0.057)

was marginally associated with uncontrolled hypertension and the risk of males(OR =

2.2616; 95% CI: 0.9758 - 5.2414) of having uncontrolled hypertension was approximately

twice that of females. The risk level of the elderly aged people (80+)(OR = 14.75;

95% CI: 8.1669 - 26.6513) of contracting uncontrolled hypertension was approximately

fourteen times than that of young people aged (18 - 29). The risk level of people who

were obese (OR = 2.8629; 95% CI: 1.5412 - 5.3178) of having uncontrolled hypertension

was approximately three times than that of those who were not obese . The random effects

showed the estimated variance components for individuals which was about 2.9913 and

the related standard error was 1.0131. The intra cluster correlation (ICC) for individuals

in this model was low (ICC = 0.4762; 95% CI: 0.3189 - 0.6385) which indicated a higher

variability within the clusters and consequently lower variability between the clusters.

The result also highlighted that the Lay health workers intervention (p-value = 0.960)

was not effective in managing uncontrolled hypertension.
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Table 4.6: Level two multilevel model

Covariates Odds ratio Std.Error (95% C-Interval) P-value

Fixed effects

Maritalstatus
In a union Base
Not in a union 0.7721 0.2543 (0.4049, 1.4725) 0.432

Gender
Males 2.4702 1.2154 (0.9417, 6.4795) 0.066

Age
18-29 Base
30-39 1.9079 0.2978 (1.4050, 2.5908) 0.637
40-49 2.6172 0.4042 (1.9338, 3.5424) 0.444
50-59 3.8858 0.6204 (2.8417, 5.3134) 0.212
60-69 3.9197 0.6383 (2.8487, 5.3934) 0.169
70-79 4.7354 0.7821 (3.4259, 6.5454) 0.154
80+ 6.8045 1.1613 (4.8700, 9.5073) 0.053

Education attained
No schooling Base
Primary 0.9293 0.3487 (0.4454 1.9390) 0.845
Secondary 0.4773 0.2545 (0.1679, 1.3570) 0.165
Tertiary 2.2424 2.1946 (0.3294, 15.2679) 0.409

Obesity
No Base
Yes 3.4134 1.3438 (1.5779, 7.3840) 0.002*

Family risk of CVD
Yes 1.7676 0.8009 (0.7273, 4.2962) 0.209

Smoking history
Previous 0.2314 0.1475 (0.0663, 0.8074) 0.022*
Less than one a day 1.4989 1.4976 (0.2115, 10.6237) 0.685
One or more a day 0.5923 0.3951 (0.1602, 2.1893) 0.432

Glucose level
Normal<11,not fasting Base
High 7 <11, fasting 4.6775 6.917802 (0.2577, 8.8992) 0.297
Diabetic 11 or more 0.7231 0.4835 (0.1950, 2.6811) 0.628

Social economic status
Upper Base
Upper-Lower 1.0555 0.4493 (0.4582, 2.4312) 0.899
Lower-middle 1.2637 0.5303 (0.5551, 2.8765) 0.577
Upper-Lower 1.1263 0.4772 (0.4909, 2.5842) 0.779
Lower 1.4789 0.6387 (0.6343, 3.4479) 0.365

Total Cholesterol 1.1408 0.1512 (0.8799, 1.4791) 0.320

LHW intervention
Control Base
Intervention 1.0492 0.2931 (0.6068, 1.8139) 0.864
Intercept 0.0049 0.0097 (0.0001 0.2367) 0.007*

Random effects
Individual 2.9927 1.2903 (1.2855, 6.9670)
Individual>cluster 1.6149 1.5958 (0.2328, 11.2016)
ICC 0.5834 0.1107 (0.3645, 0.7737)
* p<0.05, is significant at a 5% significance level



Results 54

Table 4.6 reported the fixed effects and the estimated variance components of a level two

multilevel model with both individual and cluster random effects. From the Table 4.6, the

fixed effects Age (p-value = 0.053), obesity (p-value = 0.002) and previous smoking his-

tory (p-value = 0.022) were associated with uncontrolled hypertension. Gender (p-value

= 0.066) was marginally associated with uncontrolled hypertension and the males(OR =

2.4702; 95% CI: 0.9417 - 6.4795) were more likely prone to having uncontrolled hyperten-

sion than females. The results showed that, the elderly and those who were obese were

more likely prone to contracting uncontrolled hypertension. The odds of the elderly(OR

= 6.8045; 95% CI: 4.8700 - 9.5073) of having uncontrolled hypertension was very high,

approximately seven times than that of the young aged (18 - 29 years). Also those who

were obese(OR = 3.4134; 95% CI: 1.5779 - 7.3840) were more likely at risk of contracting

uncontrolled hypertension than those who were not. The random effects showed the esti-

mated variance components of the individual separately and those nested within clusters.

The variation between individuals in clusters was (V = 1.6149) and the standard error

(SE = 1.5958). The inter cluster correlation (ICC) for patients between clusters for this

model was a bit high (ICC = 0.5834) which indicated a lower variability within the clus-

ters and consequently higher variability between the clusters. This was evidence in favour

of retaining the random intercepts in the model. The result also indicated that the Lay

health workers intervention (p-value = 0.864) was not effective in managing uncontrolled

hypertension.

Summary

Both models level one with individual random effects and level two with individuals and

cluster random effects reported findings of fixed and random effects. From fixed effects of

both models, age, obesity and smoking history are factors that are associated with uncon-

trolled hypertension. In both models, gender is marginally associated with uncontrolled

hypertension. In both models risk of males in having uncontrolled hypertension is higher
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than that of females. The elderly, the obese, and those with a previous smoking history

had a higher risk of having uncontrolled hypertension in both models. From the random

effects, the individual random effects for both models were almost the same. The varia-

tion of the individuals nested within clusters (V = 1.6149) were lower than the variation

between individuals across the study (V = 2.9927; 95% CI: 1.2855 - 6.9670). The intra

cluster correlation (ICC) for level one model was very low indicating a higher variability

within the clusters and consequently lower variability between the clusters. The intra

cluster correlation (ICC) for level two model was a bit high indicating a lower variability

within the clusters and consequently higher variability between the clusters..

4.6 Goodness of fit using Log Likelihood ratio test

The null hypothesis for the likelihood ratio test states that there is no significant difference

between the two models (level 1 model with individual random effects and level 2 model

with both individual and cluster random effects). The likelihood ratio value chi2(1) =

1.65 and a Prob > chi2 = 0.1989. The probability of the likelihood test showed that there

is not enough evidence to reject the null hypothesis, Therefore, we concluded that there is

no statistically significant difference between the two models. This implies that the level

two model with both individual and cluster random effects is not an improvement of level

one model with individual random effects only.
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Discussions and Recommendations

5.1 Introduction

This chapter discusses the key findings from the analysis and comparing them with find-

ings from previous studies on some of the key results. The strengths and limitations of

the models used in this current study will be discussed and conclusion will be made.

5.2 Study findings

The main aim of this study was to apply different statistical methodology from that used

in the primary study by Goudge etal. (2018), in assessing the effectiveness of LHW in-

tervention in the management of uncontrolled hypertension. The descriptive statistics for

this current study reported that there were no important difference in socio demographic

and health variables between the control and the intervention arm. This was the same

findings made in the primary study (11). The current study found that Lay health workers

intervention was not effective in reducing uncontrolled hypertension in patients. The find-

ing was in agreement with that of Goudge et al. (2018), in the primary study. However,

even though the intervention was not effective in reducing uncontrolled hypertension, lay

health workers were important in some of the clinical duties such as measuring of blood

pressure, booking of patient’s appointments, retrieval of patient’s files a day before the
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appointment and refiled afterwards, providing of health education and assisting nurses

with pre-packing of medication (11). They were also important in reminding patients of

their appointments and following up with those patients who might have missed an ap-

pointment (11). LHW are affordable and flexible and they might be of help to the South

African public health especially on task shifting. In this study, multilevel logistic regres-

sion models with random effects were used to identify factors that are associated with

uncontrolled hypertension. Smoking history, obesity, age, gender were found to be factors

associated with uncontrolled hypertension. Comparing the results with other studies, in

a cross sectional study, Aherhe et al. (2020), age, gender and obesity were also found

to be associated with uncontrolled hypertension (37). In another study, Shapo et al.

(2003), smoking, obesity and gender where also found to be associated with uncontrolled

hypertension (38).

5.3 Strengths and Limitations of the Study

This study allowed the use of propensity score matching which played a very important

role in reducing the imbalances which were there between the participants with controlled

and uncontrolled hypertension. The method was not used in the primary study leaving

the imbalances being present in the patients with hypertension resulting in higher chances

of bias. The treatment effect of the treated obtained after matching was not significant

in reducing uncontrolled hypertension in patients. In the primary study, they have also

found that LHW intervention was not effective in reduction of uncontrolled hypertension

in patients.

The use of multilevel models to identify factors associated with uncontrolled hypertension

was important compared to mixed effects models which were used in the primary study.

Multilevel models with random effects account for the individual differences in the re-

sponse to the intervention compared to the mixed effects which only estimates the overall



Discussions and Recommendations 58

population level coefficient. Multilevel models with random effects enables the analysis

of unbalanced study designs, including unequal spaced and missing data. In this study,

multilevel models made it possible to estimate the within and between groups effect at

the same time. Multilevel models also provided an accurate representation of the sources

of variability in the data which gave more reliable test statistics, p-values and confidence

intervals. The testing of the hypothesis about the variability of the treatment effects

across subgroups defined by individual level covariates, through the inclusion of cross

level interaction terms was made possible. Multilevel models also offered convenience,

flexibility and greater statistical power during the analysis. Also, this study enhanced

the modelling of possible risk factors of hypertension and symptomatic condition adjust-

ing for other confounding factors using multilevel logistic regression models on baseline

characteristics. The modelling approach used was robust in a way that it accounted for

individual and cluster heterogeneity. However, multilevel models are advanced statistical

technique, which requires a solid grounding in statistics. In most cases, there is misinter-

pretation of results from multilevel models. Another limitation is that the data set had

few time points which made it difficult to use other statistical methods that take into

consideration the time effect (interrupted time series analysis).

5.4 Conclusion

The propensity score matching improved the imbalances which was there between con-

trolled and uncontrolled hypertension patients. The matching made it easy for the cal-

culation of the treatment effect. The LHW treatment effect from a one to one matching

showed that LHW intervention was not effective in reducing uncontrolled hypertension

within patients. In South Africa, management of HIV by LHW is more successful com-

pared to the management of uncontrolled hypertension. In a study by Mahomed et

al.(2016), Findings were made that below 50% of the patients who attends regular clinic

visits, had controlled hypertension (39). On the other hand, approximately 90% of the
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patients who attends regular clinic visits for HIV had a controlled CD4 count (39). This

is an indication that the management of hypertension is not being prioritised in South

Africa and hence the need for more attention on hypertension management. This study

also showed that when analysing randomised controlled trial data, it is important to use

different statistical methods to see if whether there might be any difference on the results.

If the results do not change, this increases the confidence and reliability on the results.

But if the results change, there will be need to make some comparisons on the methods

and make use of the results from the best model. In our case, the primary study obtained

the same results as this current study. Therefore, there wont be much questions or doubts

about the decisions made based on the results.
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