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ABSTRACT

In Sub-Saharan Africa, the rapid increase in the prevalence of diabetes has resulted in
significant public health and socioeconomic liability in the face of scarce resources. Faced
with a growing pandemic of non-communicable diseases, developing countries need to be
proactive in investigating alternative cost-effective interventions, with the primary aim
being to minimize illness and maximize health benefits relative to the limited available

resources.

The aim of this research study was to quantify the economic impact of an exercise
intervention as a preventative strategy for type 2 diabetes in a developing country. The
research also sought to investigate if there was an economic case for physical activity as a
primary and secondary preventative measure in the management of non-communicable

diseases.

The study was quantitative in nature and used both primary and secondary data to conduct
the cost analysis. A questionnaire was administered to 40 patients at a diabetic clinic in a
peri-urban community health care centre. Secondary data, consisting of clinic records and
an extensive literature review, was used to source the remaining inputs needed for the cost

analysis.

Results revealed that the implementation costs of a physical activity intervention exceeded
the costs of a pharmaceutical programme. Physical activity resulted in decreased
productivity loss, with significant economic implications at a household level. Evidence
reviewed in the literature suggested that physical activity could be used in primary
prevention as a viable substitute to pharmaceutical therapy. For secondary disease
prevention, however, physical activity was complementary in the production of health
benefits, limiting disease progression and morbidity caused by illness.
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CHAPTER 1: INTRODUCTION

Chapter 1 serves as an introduction to the research project. In this chapter, the research
problem is briefly defined and motivation is provided for the study. The research aims are
clearly described, as is the expected contribution to current literature and clinical practice.

Finally, an overview is provided of each chapter contained in this research report.

1.1 Research Title

An economic evaluation of physical activity in the management of type 2 diabetes in

developing countries.

1.2 The Research Problem

The economic consequences of non-communicable diseases have been repeatedly
investigated in first world countries for the past decade (Bertram, Lim, Barendregt, & Vos,
2010; Diabetes Prevention Program Research Group, 2012; Olin, Machlin, & Rhoades,
2008). Fewer studies have been conducted in developing countries, which suffer from the
double burden of communicable and non-communicable diseases (Cecchini et al., 2010;
Ortegon, Lim, Chisholm, & Mendis, 2012; Shroufi et al., 2013). There exists an urgent
need to investigate the economic impact of alternative interventions in order to curb this

escalating pandemic.

Diabetes Mellitus is one of four non-communicable diseases (NCDs) that have become a
major health, policy and economic threat worldwide (World Health Organisation, 2011).
Cardiovascular disease, cancer and chronic respiratory disease constitute the remaining
three NCDs that pose a significant threat to human health and development (Shisana et al.,
2013). In Sub-Saharan Africa, the rapid increase in the prevalence of diabetes has resulted

in a significant public health and socioeconomic liability in the face of scarce resources
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(Mbanya, Motala, Sobngwi, Assah, & Enoru, 2010).

Diabetes, and complications of diabetes, result in a decreased quality of life for those
affected, and also causes morbidity that decreases workforce participation, and in turn,
adversely effects per capita gross domestic product (Engelgau, Rosenhouse, El-Saharty, &
Mahal, 2011). Developing countries are particularly vulnerable to the consequences of
NCDs, which cause more than 36million deaths each year globally, 80% of which occur in
low- and middle-income countries (Ali et al., 2013). In Africa, the economic cost of
diabetes care is substantial, with direct and indirect costs of diabetes per person affected
estimated to be more than double the gross national income per head (Mbanya et al., 2010).
It is estimated that the greatest increase (24%) in the incidence of NCDs will occur in
Africa over the next 10 years (World Health Organisation, 2011), with the prevalence of
diabetes, specifically, increasing by an alarming 98% between 2010 and 2030 (Mbanya et
al., 2010). If the incidence of diabetes continues to increase as projected, the economic
effect will widen the equity gap evident at household (microeconomic) and country
(macroeconomic) level, as poorer populations in the developing world continue to be
disproportionately affected by this growing pandemic (Engelgau et al., 2011).

For the past century, the gold standard treatment strategy for NCDs was the prescription of
pharmaceutical medication (Anderson et al., 2013). In recent years, however, lifestyle
modification is increasingly being recognized as a key component in the primary and
secondary management of diabetes and other NCDs (Mbanya et al., 2010). Studies
conducted globally show that pharmaceutical costs to Government rise in large, step-wise
patterns as NCDs progressively become more severe (Anderson et al., 2013). Although the
benefits of pharmaceutical interventions are well documented, there is an increasing
amount of evidence suggesting that prescribed physical activity could be equally effective,
and cost effective, in the management of NCDs such as diabetes, hypertension and

cardiovascular disease (South African Ministry of Health, 2013).

In developing countries resources are scarce yet the burden of NCDs continues to cripple
the health sector and, by limiting available workforce, threatens to thwart much needed

economic development. Alternative cost-effective interventions need to be thoroughly
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investigated with the primary aim of minimizing illness and maximising health benefits

relative to the limited available resources.

1.3 Research Motivation

An important component of public policy is to advance health so that a country may thrive
economically (Zhang & Bao, 2012). To this end, most countries allocate a significant
proportion of their national budget to healthcare. The World Health Organisation reports
that in 2012, African countries devoted 9.8% of total government expenditure to health
care compared to a global average of 10.5% (World Health Organisation, 2013).
Unfortunately, this health expenditure is failing to translate into improved health status
thereby raising questions about the efficacy of health care delivery and health promotion
interventions (Zhang & Bao, 2012).

1.3.1 Africa’s Socio-Political Context

In Africa, cultural beliefs and lay perceptions strongly influence health behaviour (Mbanya
et al., 2010). In most rural and some urban Africa settings, for example, obesity is
perceived as sign of wealth and, in contrast to wasting associated with HIV, a sign of good
health (Hurley et al., 2011). These beliefs may inhibit people from taking appropriate
measures to control or prevent diabetes and its risk factors (Mbanya et al., 2010). Health
promotion interventions in Africa will only succeed if they address these perceptions and
are developed and implemented in a socioculturally appropriate manner (Mbanya et al.,
2010).

A major challenge faced by patients in Africa is lack of reliable health care and consistent
availability of medication (Ortegén et al., 2012). Late diagnosis and poor access to health
care lead to earlier onset of complications and premature deaths which worsen the
economic burden caused by these illnesses, both in terms of costs of medical care and loss

of human resources (Mbanya et al., 2010).
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Africa faces a growing pandemic of type 2 diabetes with potentially dire consequences
(Peer, Kengne, Motala, & Mbanya, 2014). As health behaviours and outcomes in Africa
are highly related to cultural variables, a multi-disciplinary, culturally inclusive approach
needs to be undertaken to curb this growth (Greaves et al., 2011). Intervention programmes
need to be politically driven, and include a coordinated effort between relevant government
departments such as health, finance, sports, education and agriculture (Mbanya et al.,
2010). Finally, strategic partnerships with traditional leaders and other groups not typically
associated with health, but whose activities have an effect on health or health perceptions,
need to be established and urgently mobilized in order to effect meaningful and substantial
change (Mbanya et al., 2010).

1.3.2 Physical Activity As A Strategy To Combat NCDs

Prospective cohort studies suggest that regular physical activity causes a 30 — 50%
reduction in the risk of type 2 diabetes (O'Donovan et al., 2010). Encouraging evidence
from one such study showed a 58% reduction in the incidence of type 2 diabetes following
a physical activity intervention compared to a 31% decrease with a pharmaceutical
intervention (Diabetes Prevention Program Research Group, 2012). The emergence of
campaigns such as ‘Exercise is Medicine’ launched in 2007 and ‘Vuka South Africa- Move
your Health’ are evidence that globally physical activity is increasingly being recognised
as an important component of primary and secondary disease prevention (Kolbe-
Alexander & Lambert, 2012). Unlike high-technology solutions, a physical activity
programme can be simple, require minimum or no equipment, and, because it can be
delivered in primary health care settings, it can be easily brought to scale in low-income
countries (Lim et al., 2007).

1.3.3 Relevance Of Conducting An Economic Analysis In Africa

Modeling the potential health effects and costs of scaling up is essential for building
political will for action and mobilising resources (Lim et al., 2007). Although numerous
economic studies have been conducted on physical activity as an intervention, they are

almost all derived from high-income countries such as North America, Western Europe
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and Australia (Bertram et al., 2010; Diabetes Prevention Program Research Group, 2012;
Olin et al., 2008). Because high-income “western” countries have a very different
economic climate, health-care infrastructure and socio-political context, findings from
these studies cannot simply be extrapolated and applied to African countries. Instead,
independent localized studies need to be conducted in Africa in order to determine realistic
figures that will accurately guide policy and enable successful and sustainable

implementation of relevant health interventions.

1.4 Research Aim And Objectives

The aim of the study is to quantify the economic impact of an exercise intervention as a
preventative strategy in an African country using a cost-benefit analysis calculated over a

pre-defined timeframe.

A cost analysis will be conducted to quantify the costs associated with implementation of a
physical activity intervention. The change in productivity loss will be the main outcome
measure used to calculate the benefit of this intervention. The result will first be explored
on its own, and thereafter be measured against pharmaceutical management in order to
determine if a structured physical activity intervention would be a viable substitute or

complement for current clinical practice.

1.5 Scope of Research

This study is a pure economic analysis of two alternative production technologies in the
management of diabetes - physical activity and pharmaceutical therapy. In this study, data
used and projections made were on one peri-urban clinic in South Africa. Inputs were
determined from available clinic financial reports detailing expenditure, and from surveys

and interviews conducted on patients and key personnel at this specific clinic.
This study pre-supposes that the literature regarding exercise efficacy is accurate, and

draws from primary data, secondary data and available literature in order to create an

economic model relevant to the South African context. Limitations and assumptions are
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clearly stated in the model presented. Amounts are reported in 2014 ZAR for the period
2015 to 2025.

1.6 Key Concepts Defined

e Type 2 Diabetes: Also known as non-insulin-dependent diabetes, type 2 diabetes is
the most common form of diabetes. Unlike type 1 diabetes, type 2 diabetics do
produce insulin but the body is unable to use it. This is called insulin resistance. All
forms of diabetes cause a person’s blood glucose levels to rise higher than normal,
which may lead to short term and long term health complications.

e Non-Communicable Disease: A non-infectious illness or medical disease. NCDs
are also known as chronic diseases, or diseases of chronic lifestyle, as they develop
over a prolonged period and progress slowly.

e Primary Prevention: Refers to health promotion activities aimed at preventing
illnesses and prolonging life expectancy.

e Secondary Prevention: Early detection and management in order to halt disease
progression and limit disability caused by the illness.

e Tertiary Prevention: Aims at reducing damage caused by symptomatic disease,
and maximize remaining function in the individual concerned. Goals of tertiary
prevention include: pain management, minimizing the impact of complications

caused by illness, and restoring functionality in the affected individual.
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1.7 Outline of Research Report

Chapter 1: Introduction

This chapter served as an introduction to the research problem. Rationale was provided
justifying the need for this research and its relevance to health care. The relationship
between the research problem and the research objective was explained, as was the scope

of research.

Chapter 2: Literature Review

This chapter provides a detailed review of the empirical and theoretical literature relevant
to type 2 diabetes and physical activity. Evidence is presented supporting physical activity
as an effective intervention for chronic diseases. A review of the different techniques used
for economic evaluation of health care interventions is conducted in order to determine the

most appropriate tests for the research study.

Chapter 3: Research Questions

In this chapter the precise purpose of the research is defined by posing three questions that

the study aims to answer.
Chapter 4: Methodology

The research approach and design are described in this chapter. Details are provided about
the sampling, research tools, data collection and analytical methods used to perform and
interpret this research. Limitations of the study methodology are specified and, finally, the

ethics of the study are noted.
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Chapter 5: Results

This chapter presents the findings of the questionnaire conducted. It also details the results
of the cost calculation conducted on both interventions, as well as the results of the
productivity outcomes and cost-effectiveness ratios.

Chapter 6: Discussion

Chapter 6 provides a detailed discussion of the results presented in chapter 5 in relation to

the research objectives and questions.

Chapter 7: Summary and Recommendations

This final chapter summarises the research report. Briefly reviewed are the research aims,
research findings, and the practical implications of the study. Recommendations are

provided for future research.

1.8 Summary

In this chapter, the research problem was introduced. Motivation was provided for the
study and the research aims and objectives were identified. The scope of the study was
defined and, finally, an outline of the research report was given.
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CHAPTER 2: THEORY & LITERATURE REVIEW

2.1 Non-Communicable Diseases and their Disease Burden

Diabetes affects people of all ethnic and socioeconomic groups worldwide (Matsha,
Hassan, Kidd, & Erasmus, 2012; Mbanya et al., 2010). Previously thought to be rare in
rural Africa, it is now estimated that diabetes is prevalent in approximately 3% of people in
East and West Africa, and 3-10% in urban and peri-urban South Africa (Mbanya et al.,
2010). Furthermore, due to uncontrolled urbanisation and major changes in lifestyle, this
prevalence is expected to increase exponentially in the coming years (Dalal et al., 2011;
Matsha et al., 2012). In 2009, the International Diabetes Federation estimated that the
number of diabetic adults in sub-Saharan Africa would grow by 98% between 2010 and
2030, from 12.1 million to 23.9 million (Mbanya et al., 2010). The prevalence of impaired
glucose tolerance, a precursor to diabetes, was also predicted to rise significantly by
75.8%, more than double the anticipated global increase of 37% (Mbanya et al., 2010).

The impact of this disease is felt at both household and country level (Engelgau et al.,
2011). The high prevalence of diabetic complications causes or worsens other NCDs such
as hypertension, retinopathy, renal disease and coronary artery and cerebrovascular disease
(Mbanya et al., 2010). Furthermore, mortality attributed to diabetes is estimated to be 6%
with the highest relative and absolute mortality rates in the most economically active
population, the 20 — 39 year age group (Mbanya et al., 2010). Although some authors make
a direct correlation between the microeconomic and macroeconomic effects of disease
((Engelgau et al., 2011), others argue that the relationship is not necessary linear, as health
accounts for only a fraction of the variance of output per capita across countries (Bleakley,
2010). By combining estimates from micro-economic studies with epidemiological data on
health, however, one could attempt a rather complex calculation that would give an
estimate of the macroeconomic effect of certain illnesses (Bleakley, 2010). Although the
figure would not necessarily be exact, the calculation would demonstrate an order of
magnitude that could be used to make inferences about the economic cascade from micro
to macro (Bleakley, 2010).
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Mbanya et al. (2010) warn that most of the studies reporting on disease prevalence in Sub-
Saharan Africa are cross-sectional by design with few reliable longitudinal studies, and as
such, statics should be interpreted carefully and inferences made with caution. Despite this
warning, the authors do concede that the incidence of diabetes is increasing at an alarming
rate and acknowledge the numerous studies that provide overwhelming evidence of the
socio-economic burden of this disease (Arredondo, 2014; Matsha et al., 2012; Olin et al.,
2008). Using various means to build an argument, many authors agree that if the incidence
continues to increase as projected, the economic effect of NCDs will widen the equity gap
evident at household (microeconomic) and country (macroeconomic) level, as poorer
populations in the developing world continue to be disproportionately affected by this

growing pandemic (Bleakley, 2010; Engelgau et al., 2011) (Bleakley 2010).

2.2 Current Gold Standard: Pharmaceutical Therapy

Pharmaceutical medication is the primary treatment modality for all non-communicable
diseases (Anderson et al., 2013; Suhil, Hassali, & Ibrahim, 2010). Specific medication and
doses depend on the severity of the disease and budget constraints (Seedat & Rayner,
2012; Suhil et al., 2010). In 2012, the total estimated direct cost of diagnosed diabetes in
the United States was $176 billion (American Diabetes Association, 2013). Of this amount,
12% was used for antidiabetic medication and supplies, while 18% was apportioned to
prescription medications to treat the complications of diabetes (American Diabetes
Association, 2013). Studies conducted globally show that pharmaceutical costs to
Government rise in large, step-wise patterns as NCDs progressively become more severe
(Anderson et al., 2013), and as such, this expenditure is expected to grow exponentially

with time.
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2.3 The Case for Physical Activity

Available research strongly links the present increase in NCDs with westernization of
lifestyle characterized by decreased physical activity and increased consumption of
energy—dense diets (Mbanya et al., 2010; Shisana et al., 2013). Globally, physical
inactivity is recognized as the fourth leading risk factor for mortality associated with NCDs
such as coronary artery disease, type 2 diabetes and breast and colon cancer (Matheson et
al., 2011; Shisana et al., 2013). It is estimated that physical inactivity costs some countries
more than 2.5% of their annual health budget (Steyn, Fourie, & Temple, 2006).
Epidemiological data on the magnitude and impact of physical inactivity in sub-Saharan
Africa is scarce (Mbanya et al., 2010; Steyn et al., 2006), however, latest surveys estimate
the incidence of physical inactivity in South Africa to be approximately 30% in males and
45% in females (Shisana et al., 2013).

2.3.1 The Importance of Health Promotion

Although it is recognized as a major risk factor in the morbidity and mortality resulting
from NCDs, physical inactivity has been inadequately addressed in both developed and
developing countries (Shisana et al., 2013). The benefits of physical activity extend far
beyond aesthetics and, in fact, physical activity is beneficial to health with or without
weight loss (O'Donovan et al., 2010). Scientific evidence supports physical activity as a
primary, secondary and tertiary intervention for inactivity-related chronic diseases
(Matheson et al., 2011). Regular physical activity has been shown to result in structural and
functional vascular adaptations that protect against cardiovascular and metabolic
disease(McDonnell et al., 2013; Thijssen et al., 2010). Matheson et al. (2011) suggest that
physical activity also has a concomitant effect on other lifestyle interventions such as
weight loss and smoking cessation and argue that of all other lifestyle interventions,
including nutrition and alcohol moderation, physical activity is the most effective single

therapy.
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According to current recommendations, in order to reap health benefits, adults should
engage in at least 150 minutes of moderate intensity activity each week (O'Donovan et al.,
2010). In a consensus statement released by the British Association of Sport and Exercises
Sciences, a recommendation is made that adults at increased risk of type 2 diabetes should
exercise more than the average healthy adults and should aim to engage in 300 minutes or
more moderate-intensity aerobic activity each week or 150minutes or more of vigorous-
intensity activity each week (O'Donovan et al., 2010). Aerobic exercise should be
undertaken 5 times weekly, while muscle-strengthening activities should be performed 2 or

more days a week (O'Donovan et al., 2010).

Prospective cohort studies indicate that the recommended doses of activity are associated
with a minimum 20 — 30 % decrease in the risks of type 2 diabetes (Gill in O’Donovan et
al., 2010). While this may sound modest, the figure represents a conservative estimate
calculated by statistically isolating physical activity from other confounders, such as age
and smoking, that may act as mediators in the causal pathway between physical activity
and health (O'Donovan et al., 2010). Higher doses of activity (300minutes per week)
recommended for “conditioned individuals” and high-risk individuals are associated with a
40 — 50% reduction in the risks of chronic diseases and premature death (Hu in O’Donovan
et al., 2010). These studies suggest that there is a dose-response relationship between
physical activity and health, strengthening the argument for causality (Matheson et al.,
2011; O'Donovan et al., 2010).

Physical activity has a direct and indirect impact on productivity (Boles, Pelletier, &
Lynch, 2004). The psychological and physiological changes induced by exercise have
direct short term and long-term benefits on productivity (DeVries, 2010). Furthermore,
regular physical activity is effective in the secondary prevention of chronic diseases, and
by reducing the symptoms and complications of illness, has an indirect positive effect on
productivity (Sigal, Kenny, Wasserman, & Castaneda-Sceppa, 2004).

The evidence provided above suggests that physical activity has an impact on both direct

and indirect costs associated with diabetes. By decreasing the risks and complications of

12

© 2014 University of Pretoria. All rights reserved. The copyright in this work vests in the University of Pretoria.



diabetes, physical activity results in reduced expenditure on medication, consultations and
hospitalisation (Durstine, Gordon, Wang, & Luo, 2013). Exercise also reduces indirect
costs by improving labour force participation and reducing productivity losses secondary to
impaired or reduced employment (American Diabetes Association, 2013).

2.3.2 Physical Activity Interventions

Heath, Parra, Sarmiento et al. (2012) classify PA interventions into the following three
categories:

1. Campaigns and informational approaches — aimed at changing knowledge, attitudes
and behaviour.

2. Behavioural and social approaches — aimed at teaching behavioural management
skills necessary for successfully adopting and maintaining behaviour change. This
approach also targets organisations to create environments that enable change.

3. Environmental and policy approaches — aimed to restructure physical and
organizational environments in order to ensure that people have accessible, safe and

convenient places to perform physical activity.

Counseling in primary health care settings has been recommended by numerous authors
(Garret et al., 2011; National Institute for Health and Care Excellence, 2006). Guidelines
from the United Kingdom National Institute for Health Care Excellence (2011) suggest
that rendering opportunistic advice, discussions and encouragement in primary care
settings is an effective strategy for health promotion (National Institute for Health and Care
Excellence, 2006). The authors argue that there is insufficient evidence to recommend
either exercise referral schemes, or the use of walking and cycling schemes, other than for
use in research that evaluates effectiveness of these interventions (National Institute for
Health and Care Excellence, 2006). Exercise referral schemes commonly require direct
supervision or instruction, and indeed, have been found to be less cost-effective than
walking, exercise groups or brief advice delivered in person or by phone or email (Garret
etal., 2011).
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A review of the literature on physical activity interventions shows distinct differences in
successful physical activity interventions amongst different communities, specifically, a
higher prevalence of community-based interventions in low-income countries compared to
individual-based interventions in high-income countries (Heath et al., 2012). These
differences could, in part, be explained by sociocultural and geopolitical variability in how
public health issues are addressed and highlight the importance of factoring in regional and
cultural differences when designing successful physical activity interventions in different
communities (Heath et al., 2012; Netto, Bopal, Lederle, Khatoon, & Jackson, 2010).

2.4 Health Economics

The health care sector constitutes a large portion of a country’s economy (Folland,
Goodman, & Stanp, 2013). In South Africa approximately 11% of the national budget is
reserved for the delivery of health care, and this proportion rises every year (National
Treasury, 2012). Of this Health budget approximately 2.4% is used for the management of
NCDs (Department of Health, 2012). As such, the study of health economics is important
and relevant in three ways: 1) The contribution of the health sector to the economy, 2)
national policy concerns related to health and economic participation, 3) the numerous

health issues that have a significant economic element (Folland et al., 2013).

2.4.1 Health as Human Capital

Human beings can be described as capital because ‘they provide a flow of services that,
utilized with time, can be used in employment to earn income and other work-related
rewards’ (Gardner & Gardner, 2014). Ashraf, Lester & Weil (2009) suggests that an
individual’s human capital is a function of their education, experience and health. As such,

health is a human capital investment (Rice, 2000).

According to Bleakley (2010) there are two ways in which adult health affects income
through human-capital channels. The first is directly, as poor health reduces ones ability to
work. The second is as a consequence of reduced utilization rate when idle due to illness.

Utilization rate is lower when more time is spent idle due to disease (Bleakley, 2010).
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The human capital approach values productivity based on market earnings, and the value
of life is the discounted future earning stream (Center for Disease Control and Prevention,
US Department of Health & Human Services, n.d.; Rice, 2000). Morbidity and mortality,
which inhibit or limit labour, decrease productivity and the stream of output valued
(Gardner & Gardner, 2014; Rice, 2000). Gardner & Gardner (2014) suggest that
preventative and therapeutic medicine increases the stock of human capital and, as a result,
improve workers’ productivity and quality of life. NCDs are associated with increased
levels of absenteeism, on-the-job productivity losses and, in cases of threatened job
security or in high-pressured environments, presenteeism, which poses its own unique
challenges (Schultz, Chen, & Edington, 2009). Gardner & Gardner (2014) build an
argument for firms to invest in preventative and therapeutic medicine reasoning that
investing in the health of their workers will enhances productivity and make labour more

valuable to the firm.

Decreased workforce productivity negatively influences company output and may have
spill over effects on income received and therefore tax payable, as well company profit
margins (Burton, Conti, Chen, Schultz, & Edington, 1999) By these means, some authors
argue that poor health has both micro-economic and macro-economic consequences,
reasoning that the burden of disease in low-income countries is a barrier to economic
growth (Commission on Macroeconomics and Health, 2001). Ashraf, Lester & Weil
(2009), however, suggests that even large improvements in health only lead to modest
increases in GDP per capita, adding that these increases take decades to occur. While the
authors do recognize the relationship between health and economic performance at a
household (microeconomic) level, they are less convinced about the methods used to
extrapolate macroeconomic evidence from these microeconomic studies (Ashraf, Lester,
& WEeil, 2009)
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2.4.2 Measuring Health-Related Productivity

The costs associated with employee ill-health should not only be measured by calculating
explicit health care costs, but also by measuring indirect costs such as time lost due to
employee disability and absenteeism (Von Thiele Schwarz & Hasson, 2011).

Uegaki, de Bruinje et al (2010) identified four categories of lost work time used to quantify
health-related productivity: 1) Worker being absent from work due to non-compensatable
health problem 2) Worker being absent due to compensatable “work-related” health
problem 3) Workers present at the workplace but on limited or modified duty due to
incomplete recovery 4) Workers present but performing less effectively due to their ill-

health (presenteeism).

In most economic studies, absenteeism forms the basis of productivity loss estimates
(Adepoju et al., 2014; Carls et al., 2012; Leoppke et al., 2011). There exists no gold
standard for collecting sick leave data and studies vary in data collection methods with
most using either databases or questionnaires to collate this information (Leoppke et al.,
2011; Uegaki, De Bruijne, Van der Beek, A. J., Van Mechelen, & Van Tulder, 2011)
According to the American Diabetes Association (2013), self-reported annual missed days
are higher in diabetic labourers. Specifically, diabetics average 1.8% - 7% excess missed
work days than their peers without diabetes (American Diabetes Association, 2013). If an
accurate measure is to be made and underestimation avoided, however, productivity loss
due to sick leave must be supplemented by productivity loss due to presenteeism, which
can be done using a validated questionnaire (Brooks, Hagen, Sathyanarayanan, Schultz, &
Edington, 2010; Uegaki et al., 2011). A 2007 study controlling for the impact of factors
correlated with diabetes, revealed that diabetes-attributed presenteeism causes a 6.6%

productivity loss (American Diabetes Association, 2008).

A common method used to calculate productivity loss is the basic human capital formula:
time lost units x price weight per time unit (Adepoju et al., 2014). Other studies use actual
compensation payments to quantify costs related to illness (Uegaki et al., 2011). A
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comparison of studies using the human capital approach highlighted variations in
methodology specifically, the type, composition and source of price weight used (Adepoju
et al., 2014; Uegaki et al., 2011). Time units used could be reported in hour or days, though
most studies used days. There was also inconsistency regarding whether worker-specific or
a job-specific price weight was used and in terms of composition, whether or not secondary
benefits were included in the calculation (Uegaki et al., 2011). Recommendations were
that in future studies mention needs to be made of the source of price weight and whether
information was obtained from companies, published literature, national data-base or
participant self-report. Productivity loss costs are a significant cost driver (Adepoju et al.,
2014; Uegaki et al., 2011). As such, it is vital that time units are correctly valued, that
price-weights used for all subjects are consistent, and that a sensitivity analysis be
conducted on all key assumptions (Uegaki et al., 2011).

Despite limitations in methodology (Burton et al., 1999; Lerner, Rodday, Cohen, &
Rogers, 2013), and inconsistency in results (Goetzel & Ozminkowski, 2008) most studies
suggest that physical activity and other such work place health interventions, when
properly designed, increase employees' health and productivity (Goetzel & Ozminkowski,
2008; Pronk & Kottke, 2009; VVon Thiele Schwarz & Hasson, 2011). Larger longitudinal
case controlled intervention studies have shown that employees who improved their health
risk levels demonstrated relative improvement in absenteeism(Loeppke et al., 2008). These
studies provide evidence that integrated population health enhancement positively impacts
employees' health risk and productivity, (Loeppke et al., 2008; Shi, Sears, Coberley, &
Pope, 2013).

2.4.3 Evaluating Health Care Methods

An economic evaluation should form part of a broader strategy for programme evaluation
(Honeycutt et al., 2006). The overall evaluation should assess whether the programme
meets certain sectoral or epidemiological goals, and should also evaluate outcomes such as

reach, adoption, implementation and maintenance (Honeycutt et al., 2006). In research
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conducted by Romé (2014), Scott et al. (2011) and Academy Health (2006), it is
highlighted that when evaluating healthcare methods the base assumption is that society
has scarce resources, and as such, strategic choices must be made when allocating these

resources.

An economic evaluation provides information to decision makers about how to allocate
resources based on the usefulness, efficacy and availability of a health promotion
programme (Romé, 2014). Three common ways of performing economic evaluations of
healthcare include Cost-effective analysis (CEA), cost-utility analysis (CUA) and cost-
benefit analysis (CBA) (Romé, 2014). These analyses differ in the consequences that each
examines, however, the identification and measurement of costs are generally similar
(Uegaki et al., 2011). CEA expresses outcome as a unit of effect (eg function or symptom
severity), CUA uses quality-adjusted life years as the unit of effect, and CBA assigns
monetary value to all health consequences including, but not limited to, benefits of
improved health, future costs avoided, and increased productivity (Uegaki et al., 2011),
(Honeycutt, Clayton 2006). Table 1 illustrates the similarities and differences of these
methods of analyses.

Table 1: Comparative Economic Evaluations

Type of Measurement & Valuation | Valuation of Theoretical

Analysis of Costs Consequences Foundation

CEA Monetary  unit  (from | Natural Units (e.g life | Goal: Technical
decision-makers’ years gained, response | efficiency
perspective) rates etc)

CUA Monetary unit (ideally | Health  adjusted life | Goal: Technical or

but more often from a | adjusted life  years
policy-makers perspective) | (QALYS).

from a societal perspective | years. Usually quality | allocative efficiency

CBA Monetary  unit  (from | Monetary units. Usually | Goal: Allocative

societal perspective) willingness to pay (WTP) | efficiency
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CEA and CUA do not determine if the monetary or dollar benefit of the intervention
outweighs the cost as can be done with CBA. Unlike CEA and CUA, in CBA costs and
consequences are valued in the same unit- money (Uegaki et al., 2011). Romé (2014)
argues that an advantage of using CBA in health evaluations is that the outcome measure
reflects the individual’s preference for different health benefits, by measuring willingness
to pay. CBA is, however, controversial as it assigns a monetary value to all health
outcomes, including life, and although different methods are used to do this calculation,

they all have certain limitations (Honeycutt et al., 2006)

CEA and CUA can be used to compare cost-effectiveness ratios of programmes (Romé,
2014). A sectoral CEA is also used to identify allocative inefficiencies and opportunities
presented by new interventions (Hutubessy, Chisholm, Edejer, & WHO-CHOICE, 2003).
The variety of methods and outcome measures used by different researchers conducting
economic evaluations, however, complicates the interpretation and comparability of results
of CEAs (Hutubessy et al., 2003; Uegaki et al., 2011). In order to facilitate meaningful
comparisons between studies and across regions, certain guidelines have been prescribed:
costs are reported in international dollars (ie US dollars); health outcomes are converted to
a common measure (eg Disability Adjusted Life Years — DALYS); and as such, cost-
effectiveness is the cost per DALY averted (Honeycutt et al., 2006; Hutubessy et al.,
2003).

CEAs can be used to determine the cost effectiveness of a single programme compared to
no intervention or, to compare a number of different programmes designed to achieve
similar outcomes (Honeycutt et al., 2006). Results from this type of analysis are useful
when deciding whether to expand an existing programme or change approach and
implement and alternative intervention (Honeycutt et al., 2006).
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2.5 Economic Concepts

2.5.1 Economic Efficiency

Economic efficiency is defined as achieving maximum output from productive inputs
(Scott, Solomons, & McGowan, 2001). In the practice of health economics, inputs refer to
resources used to deliver health-care (Scott et al., 2001) while output refers either to the
number and quality of health-care services delivered, or health outcomes (Academy
Health, 2006).

According to an Academy Health Report (2006) entitled ‘Efficiency in Health Care’,
defining, measuring and achieving efficiency in healthcare delivery is problematic. The
authors argue that there exist different types of efficiencies in health, which are not always
aligned. For example, technical efficiency (combination of inputs produce maximum
output) and productive efficiency (outputs produced at lowest possible cost), may not be
aligned to social efficiency (one person benefits without another becoming worse off)
(Academy Health, 2006). The authors suggest that until one is able to define efficiency,
one will not be able to accurately and meaningfully measure it. Feldstein (2012) indicates
that despite being complicated, a significant degree of economic efficiency can be achieved
when delivering medical care if decision-makers consider the relative costs of different
inputs and their relative productivities. Economic efficiency is achieved by selecting the
least costly combination of inputs each of which is technically efficient (Feldstein, 2012).
Li Shaodong (cited in Zhang & Bao, 2012) describes medical service efficiency as
effective use of social resources in the field of medical services. Other authors, such as
Wang Yun (cited in Zhang & Bao, 2012) suggest that medical health service efficiency is

health service system optimization of output under limited health resources.
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2.5.2 Production Function in Health

The production function proposed by mathematicians Cobb and Douglas in the nineteen
thirties describes the relationship between the maximum amount of output that can be
produced, and the combination inputs required to make that output (Zhang & Bao, 2012).
Scott et al. (2001) explain that being able to identify the relationship between output and

input enables one to find the best combination that maximizes economic return.

In health care, the production function can be used to understand two types of research
methodologies. In comparative effectiveness research, the efficacy of two or more
interventions is compared without any consideration of costs (Chandra, Jena, & Skinner,
2011). The aim is to improve productive efficiency and adopt any intervention that
improves health outcomes regardless of costs or allocative inefficiency (Chandra et al.,
2011). Cost effectiveness studies, on the other hand, account for both costs and benefits of
healthcare interventions (Hutubessy et al., 2003). In cost effectiveness studies, a hurdle rate
is predetermined, and interventions that result in the best health outcomes at or below this

rate are recommended (Chandra et al., 2011).
The health care production function is illustrated in Figure 1.

Figure 1: Cost Effectiveness and Comparative Efficiency in a Health Care Production
Function (Chandra et al., 2011)

Survival /Quality of lifc
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The curve demonstrates how changes in input will cause variation in output produced
(Scott et al., 2001). If the goal of healthcare were simply to maximise output and achieve
comparative effectiveness, then production would occur at an input of B. However, as
inputs are not free, and resources are limited, the health economist or policy maker must
calculate the point before maximum (B) at the cost of additional input exceeds the value of
this additional input — the “hurdle” rate (Scott et al., 2001). The cost-effectiveness
approach would take one to point C, where all treatments have been considered, but only
the only one hat improves health below the hurdle rate is chosen (Chandra et al., 2011).
Understanding the relationship between health-care inputs and outputs, and identifying
where resources are being over-employed with no real gain in output is central to

determining efficiency and, therefore, savings in healthcare cost (Scott et al., 2001).

2.6 Summary

The literature review provided detailed evidence of the growing burden of chronic diseases
globally. Regarding diabetes specifically, it was highlighted that uncontrolled urbanization
and lifestyle changes were the key causes of the current 3-10% prevalence of disease in
urban and peri-urban South Africa; a figure expected to grow by up to 98% by 2030
(Mbanya et al., 2010). In the review, it was emphasized that developing countries are
particularly vulnerable to the consequences of NCDs with numerous authors arguing that
poor health results in both micro-economic and macro-economic consequences, creating a
barrier to economic growth (Commission on Macroeconomics and Health, 2001; Engelgau
et al., 2011). Although pharmaceutical therapy is currently the gold standard treatment for
all forms of diabetes, the literature provided compelling evidence of physical activity as an
effective and cost effective intervention for primary, secondary and tertiary prevention of

diabetes and other inactivity related illnesses (Matheson et al., 2011).

The study of health economics, though complex, is pertinent (Folland et al., 2013). In
developing countries, specifically, there exists an urgent need to identify interventions that
are culturally acceptable and economically viable (Mbanya et al., 2010). A number of

economic and health economic theories were discussed, and a review of the different
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techniques used for economic evaluation of health care interventions was conducted in
order to determine the most appropriate tests for this research study. Although numerous
economic studies have been conducted in developed countries, similar studies are scarce in
developing countries due to lack of resources and infrastructure to conduct such research.
This research project aims to contribute to the literature available on health economic

analyses conducted in African countries.
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CHAPTER 3: RESEARCH QUESTIONS

The research discussed in Chapter 2 highlights the need to appropriately allocate scarce
resources so that they produce maximum output (Feldstein, 2012; Scott et al., 2001). As
the incidence and severity of diabetes increases, so too will the pharmaceutical costs to
Government rise in large step-wise patterns (Anderson et al., 2013). Alternative cost-
effective interventions need to be thoroughly investigated with the primary aim being to
minimise illness and maximise health benefits relative to the limited available resources.
Although numerous economic studies have been conducted in high-income countries
(Hutubessy et al., 2003), low- and middle-income countries have a unique socio-economic
and political climate and, as such, results from these previous studies cannot be

extrapolated and assumed to apply in all contexts (Mbanya et al., 2010).

In light of the above literature, a case for physical activity as a primary and secondary

intervention strategy for type 2 diabetes in developing countries will be investigated.
The following three research questions have been identified:

Question 1: How much would a physical activity intervention cost to implement in a
community health care centre in South Africa?

This research study will attempt to quantify the direct costs of developing and
implementing a sustainable community based physical activity intervention at a

community health care centre in South Africa.

Question 2: What short-term and long-term economic cost savings would result from

a physical activity intervention at a community health care centre in South Africa?

Due to positive correlation between physical activity, disease progression and productivity,
this research will attempt to quantify the economic impact of a physical activity
intervention at both individual and community level. Costs and cost-savings will be

calculated for a ten-year period from 2015 to 2025. The research project will test for the
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following changes that may result from a physical activity intervention: cost of clinic

labour, prescribed medication, onset of comorbid illnesses, and productivity.

Question 3: Would a physical activity intervention best act as a complement or

substitute to current clinical practice?

In this research study, the costs of pharmaceutical management without intensified lifestyle
changes will be quantified and projected over a ten-year period from 2015 to 2025 so that a
comparison can be made with the proposed physical activity intervention. By drawing this
comparison and testing for certain sensitivities, this research study will attempt to highlight
advantages and disadvantages of both interventions and, backed by literature, make

recommendations for the future.

Summary

The questions outlined in this chapter focus on the costs and potential cost savings of two
alternative production functions: physical activity and pharmaceutical intervention. The
consistency matrix shown in Table 2 shows the conceptual framework for this research

project.
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Table 2: Consistency Matrix

Honeycutt et al.,
2006; Hutubessy et
al., 2003; Lim et al.,
2007; Mayosi et al.,
2012)

Research Question Literature Review Data Collection Analysis
(Source)
Question 1: How (Center for Disease | Patient Descriptive statistics
much would a Control and questionnaires Cost analysis
physical activity Prevention, US Clinic Data
intervention cost to | Department of PubMed Search
implement in a Health & Human
community health Services, n.d.;
care centre in Department of
South Africa? Health, 2012;

Question 2: What
short term and long
term economic cost
savings would
result from a
physical activity
intervention at a
community health
care centre in
South Africa?

(Adepoju et al.,
2014; Arredondo,
2014; Ashraf et al.,
2009; Carls et al.,
2012; Cecchini et
al., 2010; Diabetes
Prevention Program
Research Group,
2012; Garret et al.,
2011; Rome,
Persson, Ekdahl, &
Gard, 2009)

Patient
Questionnaires
PubMed Search

Descriptive tests
Cost benefit analysis
(CBA)

Sensitivity Analysis

Question 3: Would
a physical activity
intervention best
actasa
complement or
substitute to
current clinical
practice?

(American Diabetes
Association, 2013;
Anderson et al.,
2013; Greaves et al.,
2011; Haskell, Lee,
Pate, Powel, &
Blair, 2007; South
African Ministry of
Health, 2013;
Warburton, Nicol, &
Bredin, 2006)

Results of CBA
PubMed Search

Comparative
analysis of CBA and
Present Value results
Marginal Analysis
Analytic statistics:
chi-tests and non-
parametric tests to
assess for
correlations.
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CHAPTER 4: RESEARCH METHODOLOGY

4.1. Nature of the Study

This study followed the essence of experimental research investigating if the change in one
independent variable or production technology (choice of intervention) would cause a
change in a dependent variable (Saunders & Lewis, 2012). As the focus of the study was
to define, explain and predict future costs associated with both interventions, the
investigation was quantitative in nature (Cooper & Schindler, 2014). Previous research
investigating the efficacy of physical activity and pharmaceutical therapies in diabetic

patients provided the exploratory basis on which this research was based.

It is hoped that this research will serve as a pilot study for a larger study about physical
activity as a primary and secondary intervention for chronic illnesses. Pilot tests enable the
researcher to detect flaws in their research design and implementation and provide proxy
data for selection of a probability sample for the full-scale study to follow (Cooper &
Schindler, 2014). Time and resource constraints did not allow for optimally sized sample
reflective of all public health care facilities in South Africa, and as such, this study will be
used to develop, and check the feasibility and reliability of the questionnaire and cost-

benefit analysis techniques applied.

4.2. Population of Relevance

The population of a study is ‘the entire repository of information where you can find

answers to your problem’ (Chipp, 2014). In this study, the population included:

) Patients attending the diabetic clinic at the Alexandra Community Health Care
Centre

The population was extended to include sources that would enable the researchers to

construct an economic model. These sources included:
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i) Key personnel at the Alexandra Community Health Care Centre — HR Manager,
Pharmacy Manager, Chief Executive Officer, Matron in charge of Diabetic
Clinic.

iii) A PubMed search of literature detailing community based physical activity

interventions.

4.3. Sampling Method and Size

Non-probability judgment sampling was used to determine which clinic to select.
Considerations included number of diabetic patients serviced, accessibility to patients,
availability of financial records and availability of key personnel at the clinic to participate

in interviews.

The location of the clinic was important. As the aim of this study was to determine the
economic impact of disease, the clinic chosen needed to be in an area that services an
economically active population. Rural clinics were excluded, and both urban and peri-
urban clinics were considered until eventually a peri-urban clinic was selected for this
research. The clinic is located in the Gauteng province of South Africa in Alexandra
Township. Alexandra Township is 17km from Johannesburg, which is the largest city in
South Africa and has the largest economy of any metropolitan region in Sub-Saharan
Africa (SouthAfrica.info, n.d; Statistics South Africa, 2011). The clinic services
approximately 400 patients per month (100 per week) at its diabetic clinic. A total of 40

patients were interviewed for this research project.

4.4. Data Types

Both primary and secondary data was used in this research. Primary data refers to original
data collected by the researcher and includes questionnaires, focus groups, interviews,
experiments and direct observations (Saunders & Lewis, 2012). In this research study
primary data was collected from patient questionnaires, which focused on severity of
diabetes, level of economic activity, and physical activity status.

28

© 2014 University of Pretoria. All rights reserved. The copyright in this work vests in the University of Pretoria.



Secondary data refers to data collected by other researchers, which usually has at least one
layer of interpretation between the event and its recording, and may include survey results,
interview recordings, or experimental outcomes (Cooper & Schindler, 2014). Secondary
data allows the researcher access to a large variety of high quality data sets which saves the
researcher significant amounts of time and money (Saunders & Lewis, 2012).
Disadvantages of secondary are that the data may only partially meet the needs of the
researcher and that the accuracy and quality of data collection and analysis may be
unknown (Saunders & Lewis, 2012). In this research study secondary data was collected
from clinic records documenting number of patients serviced, costs of pharmaceutical
treatment and medical personnel required to facilitate treatment. Data collected was

quantitative in nature and included both categorical and numerical inputs.

4.5. Data Collection Process

Previous research conducted on similar topics was used to inform the data collection tools
and process used for this research study. Three tools were identified for data collection
purposes: a questionnaire, clinic records supported by staff interviews, and a literature

search on PubMed.

4.5.1 Questionnaire and Questionnaire Design

A literature review conducted beforehand enabled a good understanding of information
that needed to be included in the questionnaire. Although questionnaires enable the
researcher to collect data relevant to their research question and objective from a large
number of respondents (content validity), it is also important that all questions are carefully
structured to measure what they are intended to measure, ensuring construct validity
(Saunders & Lewis, 2012).

The questionnaire used in this research study was modeled on previous questionnaires
related to the topic and included four distinct sections (Appendix 1). Section 1 consisted of

classification questions covering demographic variable so that during analysis participants’
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answers could be grouped and any emerging patterns studied accordingly (Saunders &
Lewis, 2012). Section 2 consisted of target questions about the respondent’s current health
status, specifically, diabetic history, severity of illness, management, and presence of
comorbid illnesses. The South African Income and Expenditure Survey 2010/2011 was
used to model the questions in Section 3, which included target questions about
employment status (Statistics South Africa, 2012). A validated physical activity
questionnaire was used in section 4 in order to ensure that respondents’ physical activity
status could be accurately captured and meaningfully interpreted (Physical Activity Policy,

Health Improvement Directorate, 2009).

The questions included in all sections were structured, presenting participants with a fixed
set of choices organized as dichotomous (yes/no), multiple choice or checklist responses.
Due to the varying literacy levels of the respondents, questionnaires were conducted face

to face by the researcher who then recorded each respondent’s answers.

4.5.2 Clinic Records

Access to specific clinic records was sought in order to confirm inputs needed for the cost
analysis and economic model. Three departments were approached for information:

Diabetic clinic: Clinic records sought documented number of patients seen per day, per
week and per month. Patient files were used to confirm details patients might not have
been certain about, such as date of commencing pharmaceutical therapy, as well as names
of medication used. Staff time sheets were used to establish number of staff, and working

hours of staff, running the diabetic clinic.

Pharmacy: Stock inventory was examined to ensure medication prescribed was consistent
with medication in stock and dispensed. A quotation was requested from the National
Health Laboratory Service in order to confirm prices of medication (Appendix 4).

Human Resource Department: Once the number and designation of staff were
established, the human resource department was approached for records documenting staff

pay grade and remuneration packages (Appendix 2 and 3).
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Short semi-structured interviews were conducted with key personnel in each of these
departments in order to clarify any uncertainties in the records and to confirm that records

Were accurate.

4.5.3 PubMed Search

An extensive literature review was conducted on Pubmed/Medline and Google Scholar in
order to obtain information about the relative risks of diabetic outcomes and complications,
productivity losses associated with chronic illness, and, finally, discounting and sensitivity
testing in cost benefit/effectiveness analysis. This information would be used to construct
an economic model in conjunction with information obtained in the questionnaires and

from the clinic records.

Epidemiological studies on physical activity and diabetes mellitus were identified through
the PubMed search engine. Key words search terms were “type 2 diabetes mellitus”,
“management of type 2 diabetes”, “lifestyle interventions for type 2 diabetes”, and
“diabetes in Africa” for diabetes, and “community based physical activity interventions”,
“physical activity in Africa”, “physical activity and health”, “exercise and diabetes” for
physical activity. A search for economic evaluations in health care was also conducted on
Google Scholar using the key words “economic evaluations of health care”, “cost-benefit

analysis in health care”, “cost benefit analysis in diabetes”, “cost-effective diabetic

interventions”, and “cost-effective studies for diabetes™.

Initially more than 2000 articles were identified. The search was then limited to include
entries from 2005 to 2014. Articles outside this time frame were included only if identified
as relevant and cited in the reviewed articles. All applicable studies were used to construct
the model or included in the discussion, with a specific focus on studies conducted in

developing or low- to middle- income countries.
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4.6 Description of the Experiment

The research objective was to quantify the economic impact of a physical activity
intervention as a preventative strategy for type 2 diabetes in an African country.
Furthermore, the research aimed to establish if a causal relationship exists between choice
of intervention and economic outcome by comparing a physical activity intervention with a
pharmaceutical intervention. An experiment was conducted in order to determine if such a
relationship exists. The experiment required three distinct phases: phase 1 involved
building a model for both interventions; phase 2 involved conducting a cost analysis for the
interventions; and phase 3 involved calculating the benefit and cost-effectiveness ratios for

both interventions.
4.6.1 Phase 1

In Phase 1, a model of both interventions was created. Pharmaceutical therapy represents
the current standard management protocol used in public health care. As such, a
retrospective analysis was conducted in order to establish a model that accurately
represented frequency of consultations at clinic, medication used, and laboratory tests
conducted. The physical activity intervention was modeled from available literature, as no
such intervention formally exists in South Africa. The modeling was based on
interventions successfully implemented in developing countries informed by international

guidelines.
4.6.2 Phase 2

In Phase 2, a cost analysis was conducted for both interventions. This analysis quantified
the costs associated with implementation of the interventions from year 1 to year 10. The
cost of intervention measures the value of all the resources used in the intervention (Center
for Disease Control and Prevention, US Department of Health & Human Services, n.d.).
The cost of an intervention, in many cases, influences which intervention is implemented.
The Centre for Disease Control and Prevention (n.d) suggest that a cost of intervention be

calculated and analysed using the following six steps:
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I.  Frame the Cost Analysis

In this first step the research strategy was defined, and a framework was developed in order
to guide data collection and analysis efforts. The outcome of the step 1 is summarised in
the table below:

Table 3: Summary of Intervention Framework

Community based physical activity
Intervention intervention that includes both health education

and exercise prescription

Pharmaceutical Intervention (Current Clinical

Comparison ]
Practice)
Target Diabetic patients serviced in the public health
Population care system in South Africa
] ) Community Health Centres (Public Clinics) in
Delivery site .
South Africa.
Personnel Needed Medical doctor, clinical associate, biokineticist.

) Laboratory tests, resting and stress ECG,
Technology/Materials . . )
printed information brochures.

Perspective Department of Health/Government

Scope Analysis of programme costs for both health

education and the exercise intervention

Intervention Duration 4 weeks
Analytical Time Frame 10 years: 2015 - 2025
Study Format Model: Costs are based on estimated values

from other studies.

Outcome Measures Direct Health Care Costs

Indirect Costs measured by productivity loss
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Il.  Develop Cost Inventory

Economic evaluations of healthcare interventions classify costs into three distinct
categories: direct costs, indirect costs, and intangible costs. It is important to remain
mindful of which costs have been included in an evaluation so that one can critically assess

outcomes and make accurate comparisons where necessary.

The study perspective determines which costs and consequences should be included in an
economic analysis (Schlander, 2010; Uegaki et al., 2011). In this study, a payer perspective
was adopted and, as such, only direct and indirect costs incurred by the Department of

Health were included in the analysis.

Figure 2: Schematic representation of costs included in economic analysis

Total Costs

Direct Costs Indirect Costs
[
I I
é ) N ( NonMedical R ( L R
Medical Productivity Losses
. . - Program .
- Diagnostic tests and AdiremEian - Time spent by
procedures i patient seeking care
- Physical Space &
- Drugs Utilities - Work and nonwork
- Medical Personnel days lost
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1. Evaluate Resource Use

Once the cost inventory was established, it was necessary to estimate the quantities of
resources that would be used in the delivery of the intervention. The following sources

were used to assess resources used:

- Primary data: clinic records and staff time sheets
- Published guidelines/practices from successful PA interventions in other

countries

IV. Select a Discount Rate

In Health Economics a standard discount rate of 3% is used on all CEAs and CBAs
(Ortegon et al., 2012; Weinstein, Siegel, Gold, Kamlet, & Russell, 1996). The same
discount rate was used in this research study.

V. Calculate Cost Analysis Results

The cost analysis results were calculated using the cost inventory and resource use
outputs. The first series, base-case scenarios, reflected the researchers best estimate of

true levels of resources used and include the following calculations:

a. Total Costs
b. Average Costs = annual cost per capita

c. Marginal Costs = change in total costs/ change in output produced.

V1.  Perform a Sensitivity Analysis

As with any other economic evaluations, there always exists an element of uncertainty
when parameter estimates are used in analysis. There may exist measurement errors,
conflicting estimations from literature, or omissions of important costs components
(Center for Disease Control and Prevention, US Department of Health & Human Services,
n.d.). A sensitivity analysis accounts for uncertainty by testing how easily influenced the

analysis results are to a change in base-case (Weinstein et al., 1996). Key input parameters

35

© 2014 University of Pretoria. All rights reserved. The copyright in this work vests in the University of Pretoria.



underlying the measure of population health need to be tested, as do the estimates of
efficacy of the intervention (Hutubessy et al., 2003). The sensitivity analysis conducted in

this research included:

e Physical activity compliance best- and worst-case scenarios

e Productivity losses calculated using varying average wage of participants

The sensitivity analysis was presented in two alternative scenarios.

4.6.3 Phase 3

A cost benefit analysis was used to determine the potential value of both interventions. A
CBA was used so that costs and consequences could be valued in the same unit- money
(Uegaki et al., 2011). Health consequences typically include, but are not limited to,
benefits of improved health, future costs avoided, and increased productivity (Uegaki et al.,
2011). In this research study the main outcome evaluated was productivity. Future costs

avoided were included in the discussion.

CBAs are controversial as they assign a monetary value to all health outcomes, including
life (Uegaki et al., 2011). As such, recent studies use CEA when evaluating economic
consequences of health interventions using a unit of effect as a measure of outcome, eg
compliance rate or disability adjusted life years (Uegaki et al., 2011). It was not possible to
do a comparative CEA in this particular study as time constraints and scarcity of relevant
data made it difficult to accurately predict how much pharmaceutical therapy would be
needed to achieve the same therapeutic effect as a physical activity intervention, and then
compare the costs of the relevant doses of pharmaceutical and physical activity
intervention. This study is being used as a pilot for future research, which should include a
CEA so that they are comparable to other international studies. For simplicity, only a CBA

was conducted in this research project.
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4.6.4 Equations used in Experiment

Equations were used to calculate programme costs, productivity loss and cost-effectiveness

ratios.

4.6.4.1 Programme Costs

The table below illustrates how programme costs were calculated.

Table 4: Hlustration of Programme Costs and Calculation Used

Fixed Programme Costs

Variable Programme Costs

Inventory Facilities Part time personnel/providers
Administrative Diagnostic Tests and
Procedures
Personnel
Hospitalisation
Materials
Time spent seeking care
Calculation Facility Cost = additional | Part time personnel cost =

space used by programme X
cost per square meter for

space

Administrative costs =
proportion of time spent on
intervention x administrator

salary

salary x average duration of
service X number of services

provided in period

Material cost = specific
resource X cost per unit X
number of units used in

period
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An inflation rate equal to the CPl was used for inflation adjustments for the ten-year
analysis.

4.6.4.2 Productivity Loss

Productivity loss was calculated using the basic human capital formula (Adepoju et al.,
2014):

Productivity loss = time lost units x price weight per time unit

Although other studies use actual compensation payments to quantify costs related to
illness (Uegaki et al., 2011), this was not relevant in the South African setting as most
patients serviced by the public health care system do not have health insurance that
compensates for illness. Patient questionnaires (patient self-report) were used as the source
for price weight in all subjects.

4.6.4.2 Net Present Value

The Net Present Value (NPV) is used in capital budgeting to calculate the profitability of
an investment (Investopedia, 2015). NPV is also described as “a formula used to determine
the present value of an investment by the discounted sum of all cash flows received from
the project” (Finance Formulas, n.d). In this research study, the NPV was calculated by
discounting the projected total costs of both interventions. In keeping with current health

economics practice, a discount rate of 3% was used.

The formula for the discounted sum of all cash flows can be written as:

T C-
NPV — —C, + Z —
— (1+7)
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Where:

- Co = initial investment
C = Cash flow

r = discount rate

T =Time

In this research project an excel formula was used to calculate the NPV for total costs of
both programmes. The NPV of the physical activity intervention was compared to the NPV
of the pharmaceutical therapy programme.

4.7. Data Analysis

The questionnaire was conducted on 43 participants. The sample was refined to 41 (N=41)

participants as incorrectly completed questionnaires were excluded from the final sample.

The analysis process was conducted in three phases: capturing the data, descriptive
statistics, and analysis to test the hypothesis (Tharenou, Donohue, & Cooper, 2007).

4.7.1 Capturing the Data

The questionnaires were conducted using an online tool called Survey Monkey. Responses
given by participants were captured online as the survey was conducted. The programme
generates intermittent and final reports in the form of an excel spreadsheet or pdf
document. There were some questions that allowed participants to select more than one
answer. These needed to be recounted in order to allow accurate analysis. All results were

then coded, grouped and counted.

Information sourced from the clinic data was captured on a separate excel spreadsheet

documenting resources, resource use, and cost of resource.
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The PubMed search yielded a large volume of results which needed to be grouped
(physical activity vs pharmaceutical therapy) before relevant information was extracted,

and considered for use in the study.

4.7.2 Descriptive Statistics

Descriptive statistics (means, standard deviation and relative frequencies) were used to
describe the samples and to summarise the outcome from the questionnaires, the cost

analysis and the economic evaluation.
The formula for grouped data is as follows:
Mean = (sum of all frequencies x midpoint) + sample size

Standard Deviation =

\/sum of all frequencies X squared deviations + (sample size — 1)

4.7.3 Statistical Analysis

Statistical analysis was conducted using the SPSS version 20 software. Cross tabulations
and scatter plots were used to summarise data in a way that revealed a possible relationship
between two variables. Chi-tests were used to test for associations between nominal

variables.

Due to the small sample size, further analytic tests were done using spearman’s rank
correlation. The spearman correlation coefficient is a non-parametric test that assesses for a
relationship between two nominal/ordinal variables. The spearman correlation coefficient
lies between -1 and +1, with the values close to 1 indicating strong relationship and values
close to 0 indicating a weak relationship. A negative sign indicates negative relationship
between variables while a positive sign indicates a positive relationship between variables.
A correlation coefficient is said to be significant if the p-value is less than 0.01 or 0.05
(Creswell et al., 2014).
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The insignificance of the correlation coefficient means that the data does not provide
sufficient evidence to conclude that the relationship exists (Creswell et al., 2014). It should
be noted that the insignificance of the probability value is not evidence that the null
hypothesis is true (Creswell et al., 2014)). It is also important to note that significance is
also affected by the sample size, i.e. the larger the sample size is the lower the p-value will

be (more significant).

4.8. Research Limitations

The limitations identified in this research project are listed below:

e The sample size used in this research study was neither large enough nor diverse
enough to represent all patients using the public health care facilities in South
Africa. As nonprobability sampling was used, the results of this study are not
transferrable to the larger population and cannot be used to make inferences
applicable to the larger population.

e Statistical analysis was limited by the small sample used in this study. A larger
sample would have resulted in more reliable and statistically significant results.

e In this study only a single intervention was evaluated and compared to the standard
treatment of pharmaceutical therapy. Future studies must evaluate groups of
interventions that are interrelated together, first assessing costs and health effects
independently and then in combination as the costs and health impact of two or
more interventions together are not necessarily additive.

e The variation and inconsistency in methods, measurements and costs used in
economic evaluations of health care interventions limits the comparability and
usability of studies (Uegaki et al., 2011). This also meant that there was no gold
standard or recognized template available on which to base the model used in this
research. Although informed by literature and previous studies, the researcher
relied on their own understanding to create a model to suite the needs and
objectives of this research study.

e Only a CBA was conducted in this study and no CEA was done. This limits
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comparability to more recent studies, which typically use CEAs for economic
analysis of health interventions.

e Only one outcome measure, productivity, was used to evaluate for benefit.
Including a calculation of other outcomes, such as improved health and future costs
avoided, would enable a more accurate cost benefit analysis.

e The ten year period of analysis used to calculate costs is short, relative to expected
realization of long term health outcomes such as quality adjusted life years or
changes in epidemiologic and sociocultural trends that influence health.

e Finally, economic models and financial projections are never entirely reliable as
they may exclude unforeseen costs, and one can never accurately predict future

variables such as inflation, interest, and all future expenses.

4.9 Research Ethics

This research study was approved by the Ethics Committee at the Gordon Institute of
Business Science. As the topic of the research study relates to health, further approval was
needed, and granted, by the Faculty of Health Sciences at the University of Pretoria. All
patients approached for this study were informed of the nature and aim of the study and
gave their informed consent. Participation was voluntary and no incentives were offered to
the participants. Full confidentiality and anonymity was guaranteed and maintained

throughout the research process.

4.10 Summary

This chapter outlined the research design and research tools used for this study.
Furthermore, detail and logic behind the equations used was provided to enable a sound
understanding and interpretation of the results that will be reported in Chapter 5. Finally,

research limitations and ethical considerations were described.
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CHAPTER 5: RESULTS

This chapter presents the results obtained from the patient questionnaires and the economic
analysis conducted. The results are presented in tiers representative of the phases of
analysis: phase 1 results are the descriptive results from the questionnaire; phase 2 results
are the cost analysis and ten year economic model; and phase 3 results are the cost benefit
analysis.

5.1 Phase 1 Results: Descriptive Analysis of Questionnaire

The questionnaire was administered to 43 participants and all participants were willing to
respond. Of the 43 responses, 41 yielded viable data as 2 questionnaires contained

conflicting information and were excluded from the final analysis.

The questionnaire was divided into four distinct sections: section 1 consisted of
classification questions covering demographic variables; section 2 consisted of target
questions about the respondent’s current health status, specifically, diabetic history,
severity of illness, management, and presence of comorbid illnesses; Section 3, included
target questions about employment status; and finally, section 4 asked questions related to

physical activity status. Results will be presented by section.

5.1.1 Section 1: Classification Questions

The classification data in Table 5 below enables one to group responses and assess if trends

exists amongst certain subsections.
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Table 5: Demographics of Respondents

Frequency | Percentage

Gender
Male 11 26.8
Female 30 73.2

Age
18 - 24 1 2.4
25-34 0 0.0
35-44 9 22.0
45 — 54 12 29.3
55 - 64 12 29.3
65— 74 7 17.1
75 or older 0 0.0

Mean Age: 53

Std Dev: 11

Ethnicity
White 0 0.0
Black 41 100.0
Coloured 0 0.0
Indian 0 0.0
Asian 0 0.0
Prefer not to answer 0 0.0

Primary Language
English 0 0.0
Afrikaans 0 0.0
Zulu 16 39.0
Sotho 8 19.5
Tswana 1 2.4
Sepedi 9 22.0
Ndebele 1 2.4
Xhosa 1 2.4
Swati 0 0.0
Tsonga 4 9.8
Venda 1 2.4
Other 0 0.0

The demographic information shows that the 30 (73.2%) of respondents were female,

while 11 (26.8%) were male. In this sample, the mean age of diabetic patient was 53 years.
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Twenty-four (58.6%) of the respondents were aged between 45 and 64 years, 9 (22.0%)
were aged between 35 — 44 years, and the remaining 8 (19.5%) were either 18 — 24 years
old or 65 — 74 years of age. All 41 respondents were of black ethnicity, with the most
common primary language being isiZulu (39.0%) followed by Sepedi (22.0%) and then
seSotho (19.5%).

5.1.2 Section 2: Health Status of Respondents

Table 6: Diabetic Status of Respondents

Frequency | Percentage
Duration of illness (years)

1 9 22.0
2-4 7 17.1
5-7 6 14.6
8-10 8 19.5
11-15 5 12.2
16 - 20 3 7.3

> 20 years 3 7.3

Mean years : 8

Std Dev : 7

Patients using medications 41 100.0
Number of years on

medication

1 9 22.5
2-4 8 20.0
5-7 8 20.0
8-10 6 15.0
11-15 4 10.0
>15 5 125

skipped guestion 1 2.4

Mean years on medication: 7

Std Dev: 6

Number of times medication

has been changed/modified
Never 29 72.5
Once 9 22.5
More than twice 2 5.0
Skipped question 1 2.4

45

© 2014 University of Pretoria. All rights reserved. The copyright in this work vests in the University of Pretoria.



Table 6 illustrates the diabetic status of the respondents. In this sample, patients had
diabetes for an average (mean) of 8 years. Nine (22.0%) of the respondents have had
diagnosed diabetes for a year or less, while 7 (17.1%) have had diabetes for 2 — 4 years, 6
(14.6%) for 5 — 7 years, 8 (19.5%) for 8 — 10 years, and the remaining 11 (26.8%) have had
diabetes for more than 11 years. All patients who completed the questionnaire were using
pharmaceutical therapy as a primary treatment modality with (17) 42.5% having been on
medication for less than 5 years, 14 (35.0%) on medication for 5 — 10 years and 9 (22.5%)
on treatment for more than 11 years. Most respondents (72.5%) were still on the same
treatment regime prescribed at the onset of their diabetes, while 9 (22.5%) had changed

regime once, and 2 (5.0%) had modified their treatment twice or more.

Figure 3: Treatment Regime used by Respondents

i Oral Medication

24%

i Injectable
5%

Both Oral and
Injectable

Figure 4: Classes of Medication used by Participants

78.1%
53.7%
Sulfonylureas (glimepiride, Biguanides (metformin)
glyburide, chlorpropamide, and
glipizide)
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Figure 3 and 4 show the treatment used by the patients. Figure 3 illustrates that 70.7% (29)
respondents were using oral medication alone, while 24.3% (10) were using both oral and
injectables, and 4.9% (2) were using only injectable medications. Of the 95% of
respondents using oral medication, biguanides were the most commonly prescribed
medication (78.1%). Sulfonureas were prescribed in 53.7% of the patients sampled, while
alpha-glucosidase inhibitors and glyburide and metformin combination were not prescribed
at this clinic. Patients on these medications had been changed to either sulfonylureas or
biguanides. Note that 43.8% of the respondents were on more than one oral medication.

Figure 5: Respondents with Comorbid IlInesses
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N

& History Comorbid
Illnesses

i No history of cormid
illnesses

Two respondents skipped the questions about comorbidity (Question 12 and 13). Of the
remaining 39 respondents, comorbid illnesses were reported in 82% (32) of the
respondents (Figure 5). Of those that reported comorbidity, 74.4% (29) had hypertension,
30.8% had high cholesterol, and 17.9% (7) had cardiovascular illness (Figure 6). Other
comorbidities were reported in 17.9% (7). This category included conditions such as

arthritis, asthma and peptic ulcer disease.
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Figure 6: Profile of Comorbidities in Respondents
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Table 7: Breakdown of Comorbidities per Participant

Response | Response
Count Percentage
Hypertension 14 34.1
Hypertension + Other 15 36.6
Cardiovascular illness 1 2.4
High Cholesterol 3 7.3
Other 1 2.4
Not applicable 7 17.1
Total 35 99.9

Table 7 illustrates the combination of comorbidities in the response group. Fourteen

(34.1%) of the respondents suffered from only hypertension, while 15 (36.6%) suffered

from hypertension and an additional comorbid illness. The most common combination of

comorbidities was hypertension and high cholesterol (14.6%).
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Figure 7: Respondents using Pharmaceutical Therapy for their Comorbid IlInesses
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Of the 32 participants with comorbidities, 96.9% (31) of them were using additional

pharmaceutical therapy to treat the comorbidity, while 3.1% (1) of the participants were

not on any medication for their comorbid illness (Figure 7).

Table 8: Respondents with Diagnosed Diabetes Complications or Symptoms of
Diabetes Complications

Frequency | Percentage
Diagnosed Complications
Stroke 3 7.3
Heart Attack 0 0.0
Both 0 0.0
Neither 38 92.7
Symptoms of complications (no diagnosis yet
made)
Loss of sensation of the face or one side of body | 11 26.8
Loss of sensation or pins and needles in feet 17 41.5
Poor eyes sight or visual disturbances 25 61.0
Chest pain or shortness of breath 12 29.3
Fluid retention causing swollen feet and ankles 11 26.8
Puffiness around the eyes 1 2.4
| have never experienced any of these symptoms | 3 7.3

Although 26.8% (11) participants had diabetes for more than 11 years and 34.1% (14) had
the illness for between 5 — 10 years (Table 6), only 7.3% (3) respondents had suffered from

a stroke and none had suffered from a heart attack (Table 8). While no formal diagnosis
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had been made, a significant number (38 or 92.7%) of respondents had symptoms of
diabetic complications and end organ disease. The most common symptoms experienced
were poor eyesight (61%), loss of sensation in the feet (41.5%) and chest pain or shortness
of breath (29.3%). These symptoms are suggestive of micro vascular disease, a common

complication of chronic diabetes or poorly controlled diabetes.

5.1.3 Section 3: Income Status of Respondents

Figure 8: Employment Status of Respondents

& Employed

& Unemployed

Figure 9: Reasons for unemployment

i Related to

Illness/poor
health

& Unrelated to
health/illnes
S

Figures 8 and 9 describe the employment status of the respondents. In Figure 8, 56% (23)
of the respondents were employed at the time of the survey. Of the 44% (18) that were
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unemployed, 61% (11) said their unemployment status was unrelated to their health, while

39% (7) commented that they were unemployed due to poor health.

Figure 10: Sources of Income

Social welfare grants _53-7%

Salaries and wages | 51.2%

Net profit from business or

0,
professional practice/activities [FF—= 17.1%

Alimony, maintenance and similair

0,
allowance [ 2.8%

Regular allowances from non-

0,
household members [ 9%

Other r 2.4%

Figure 10 illustrates the various sources of income of all the respondents. When the data
was grouped, it showed that 28 respondents (68.3%) had only one source of income, while
13 (31.7%) had more than one source of income. The most common source of income was
social welfare (53.7%), followed by salaries and wages (51.2%), and net profit from
business activities (17.1%). Only one respondent indicated a source of income not listed in
the options provided. This participant received disability cover from a private insurance

company.
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Figure 11: Economic Sector in which respondents are employed

Private households _ 47.8%

Wholesale/ retail L 21.7%

Transport, storage and communication iy 13.0%

Community, social and personal
services

Finance, real estate and business
services

L 87%

b 4.3%

Construction F 4.3%

Most of the respondents (47.8%) were employed in private households as domestic
workers, gardeners, or handymen. Respondents working as vendors or sales staff were
categorized as wholesale/retail (21.7%). Other industries are represented in the percentages

illustrated in Figure 11.

Figure 12: Income Range

more than R11000 but less than R18000
equal to R11000

more than R5900 but less than R11000
equal to R5900

more than R3100 but less than R5900
equal to R3100

more than R1300 but less than R3100
equal to R1300

more than R600 but less than R1300
less than R600

Total Respondents 39
Mean Income R 3,580
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Different income brackets are shown in Figure 12. Of significance is that 58% (23) of the
respondents earn only R1300 or less per month in social welfare or wages. In 2014, the
value of the grant received by the majority of the respondents was R1300, an amount
determined by the South African department of Social Welfare. The mean wage is shown
below Figure 12, and was calculated using the following formula: Mean = (sum of all
frequencies x midpoint) + sample size. Rounded off, the mean income of the participants
was R3 580. There were 2 participants who earned more than R11 000. These outliers
positively skew the results resulting in a mean wage that does not justly represent the
sample group. If the outliers are removed, the recalculated mean wage with 37 respondents
IS R2991 per month.

5.1.4 Section 4: Physical Activity Status

Figure 13: Physical Activity Score

Active L 7.3%

Moderately Active

36.6%

Moderately Inactive | 17.1%

Inactive — 36.6%

Section 4 of the questionnaire consisted of 3 questions. The answers were then grouped,
scored and correlated to a physical activity level. Final results shown in Figure 13 show
that 36.6% of the respondents were classified as inactive and only 7.3% were classified as
active. Activity status is influenced by the amount of physical activity required by
employment, the amount of purposeful physical activity conducted outside of work, and

the amount of physical activity experienced while doing household and domestic activity.
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5.2 Phase 1 Results: Inferential Statistics

This tier of analysis aimed to test for evidence of associations between variables identified
in the questionnaire. It was important to test for relationships in the data set as these
influenced the assumptions on which the economic model was based. These tests were
also conducted in order to ascertain if the research findings were consistent with trends
identified in the literature. Due to the small size of the sample, however, statistical
significance could not be demonstrated. As stated in Chapter 4, the insignificance of the
probability value is not evidence that the null hypothesis is true, but rather, that it cannot be
rejected and more evidence needs to be sought, or more data collected in order to
accurately test that hypothesis.

5.2.1 Associations with Disease Status

The following illustrations tested the relationship between disease status and various

variables.

Table 9: Relationship Between Number of Years on Medication and Number of
Times Medication has been Changed

Correlations

In the past five years how
many times has the doctor
How long have you had had to change your
diabetes? (Years- if less medication because you
than 1 write 1) needed stronger medicine?
Spearman’s How long | Correlation 1.000 444
rho have you Coefficient
had
diabetes? | Sig. (2- .004
(Years- if | tailed)
lessthan1 | N 41 40
write 1)

**_Correlation is significant at the 0.01 level (2-tailed).

The correlation coefficient of (0.44) showed a moderately strong positive relationship
between the variables. The p-value of 0.004 was significant, indicating that the data

provided sufficient evidence of a relationship between the answers given in Q7 and Q10 of
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the questionnaire. The meaning of the positive relationship is that the longer the patient had

diabetes the more likely it was that the doctor had had to change the medication more than

once.

Table 10: Relationship between Duration of 1liness and Number of Diabetic

Complications Experienced

Have you ever
How long experienced any
have you had of the following
diabetes? symptoms?
(Years- ifless | (Please select all
than 1 write 1) that apply)
Spearman's rho How long Correlation 1.000 118
have you had | Coefficient
diabetes?
(Years- if less
than 1 write 1) | sig. (2-tailed) 480
N 41 38
Have you ever | Correlation .118 1.000
experienced Coefficient
any of the - -
following Sig. (2-tailed) .480
symptoms?
(Please select
all that apply) [ 38 38

The correlation coefficient (0.1) showed a positive relationship between the variables
suggesting that the more years a patient had diabetes, the more likely the patient was to
have more than 1 symptom suggestive of diabetic complications. A p-value of 0.480
(greater than 0.05), however, means that this was not statistically significant. The
relationship was also tested using the Pearson Chi-test and resulted in a p>0.05 of 0.554,
implying that the data did not provide sufficient evidence of a relationship between these

variables.
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Figure 14: Relationship between Unemployment Status and Poor Health

F? Linear = 0,820

Are you currently employed?

T T T T
10 15 20 25 30

If not, please indicate the reason:

Contrary to what may have been expected, the trend line in the scatter plot showed a
negative relationship between these variables; if a patient said they were unemployed they
were most likely to say that it was unrelated to health/iliness matters. The Pearson Chi-test

yielded a value of p < 0.01 thus there was sufficient evidence of a significant relationship
between variables.
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5.2.2 Physical Activity Index Trends and Associations

The illustrations below demonstrate the relationship between physical activity index and

variables such as gender, age, and medication prescribed.

Table 11: Relationship between Gender and Activity Status

Gender * Physical Activity Index Crosstabulation

Physical Activity Index

Moderately | Moderately
Inactive inactive active Active Total
Gender male Count 5 4 2 0 11
% within 45.5% 36.4% 18.2% 0.0% 100.0%
Gender
female Count 11 3 13 3 30
% within 36.7% 10.0% 43.3% 10.0% 100.0%
Gender
Total Count 16 7 15 3 41
% within 39.0% 17.1% 36.6% 7.3% 100.0%
Gender

Of all the males in the sample, 45.5% (5) were inactive, 36.4% (4) were moderately

inactive and 18.2% (2) were moderately active. Of all the females in the sample, 36.7%

(11) were inactive, 10% (3) were moderately inactively, 43.3% (13) were moderately

active and 10% (3) were active. Interestingly, and contrary to literature, females gave a

history of a higher physical activity index than their male counterparts.
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Table 12: Relationship between Age and Physical Activity Status

Age range * Physical Activity Index Crosstabulation

Physical Activity Index
Moderately Moderately
Inactive inactive active Active Total
Age range 18t0 24 Count 0 0 1 0 1
% within Age range 0.0% 0.0% 100.0% 0.0% 100.0%
351044 Count 2 2 4 1 9
% within Age range 22.2% 22.2% 44.4% 11.1% 100.0%
4510 54 Count 3 3 5 1 12
% within Age range 25.0% 25.0% 41.7% 8.3% 100.0%
55 to 64 Count 7 1 4 0 12
% within Age range 58.3% 8.3% 33.3% 0.0% 100.0%
65 to 74 Count 4 1 1 1 7
% within Age range 57.1% 14.3% 14.3% 14.3% 100.0%
Total Count 16 7 15 3 41
% within Age range 39.0% 17.1% 36.6% 7.3% 100.0%
% within Physical 100.0% 100.0% 100.0% 100.0% 100.0%
Activity Index
% of Total 39.0% 17.1% 36.6% 7.3% 100.0%
Table 12 shows the relationship between age and physical activity status. Findings from

this sample suggest that elderly patients (>55years) were more likely to be inactive. The 18

— 24 and 35 — 44 age group categories had the largest number of moderately active

individuals.
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Figure 15: Relationship between Physical Activity Index and Number of Times
Diabetic Medication was Changed Over Time

R? Linear = 0.007
404 ©

357

PHYSICAL ACTIVITY INDEX

104 © e} o

T T T T T
10 15 20 25 30

In the past five years how many times has the doctor had to
change your medication because you needed stronger medicine?

The trend line in the scatter plot showed a negative relationship, the more active a patient
was they were more likely they were never to have changed their medication in the past
five years. The Spearman correlation coefficient yielded from this data was -0.084 with p >

0.05, which illustrated a weak negative relationship and no statistical significance.

Figure 16: Relationship between Physical Activity Index and Medication Used for
Comorbid Ilinesses

R? Linear = 0.009
404 ©

357

304 © o o

204 © o

PHYSICAL ACTIVITY INDEX
b

1097 © o o

T T T T T
10 15 20 25 30
Are you taking medication for any of these illnesses mentioned in
the previous question?

The trend line in the scatter plot showed a positive relationship; the more inactive a patient
was, the more likely they were to be taking medication for other chronic illnesses. The

Spearman correlation coefficient of 0.11 showed a weak positive relationship between the
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variables with a p > 0.05 suggesting that these variables lacked a statistically significant

relationship.

5.3 Phase 2 Results: Cost Analysis

5.3.1 Cost Inventory

Inputs used for the cost analysis are shown in Table 13 and 14 below. The programme
costs were based on intention-to-treat estimations. Apart from the development costs,
which are once off, the costs increase by inflation each year for the 10-year period of

analysis.

Note:

e Development Costs: monthly costs equal annual costs as the development process
was calculated to be 1 month long and a once-off process

e Labour inputs were received from the Human Resources Department at the clinic
sampled. Salary packages are standardized for all government employees in the
Department of Health, and are determined by job title as well as duration of
employment/level of experience. Since the diabetic clinic only runs on some
mornings in the week, labour expenditure is for part time employment at the clinic.

e Laboratory costs were sourced from the National Health Laboratory Service which
servicing most public clinics in South Africa.

e The cost of medication was sourced from the Pharmacy at the clinic sampled.

e Indirect medical costs refer to productivity losses. These losses were calculated by
using the average wage (Figure 12) and figures from the literature relating to
productivity losses due to physical inactivity and type 2 diabetes. The final result is
an addition of the amounts calculated for absenteeism, presenteeism and inability to

work due to illness. The detailed calculation is shown in 16 below.
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Table 13: Cost Inventory Of Physical Activity Intervention — Year 1 (reported in

ZAR*)

Inputs Cost Item Monthly Annual
Direct Costs Development Labour (Biokinteticist) 10 000 10 000
Labour (Marketing) 3000 3000

Labour (Clinical Associate) 3871 3871

Stationary 10290 10290

Capital Costs: Equipment 17350 17350

Subtotal 44 511 44 511

Implementation | Labour 51 200 614 400

Laboratory Costs (Blood Tests) 20 276 243 312

Laboratory Costs (Stress ECG) 2 500 30 000

Stationary 2 145 25740

Telecoms 549 6 588

Consumables (Diabetic Medication) 2675 32102

Chronic Medication 2261 27 134

Facility 0 0

Subtotal 81 606 979 277

Indirect Costs Productivity 400 960 4811520

*ZAR = South African Rands
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Table 14: Cost Inventory Of Pharmaceutical Therapy Programme — Year 1 (ZAR)

Cost Item Monthly Annual

Direct Costs Development - 0 0
Implementation | Labour 46 200 554 400

Laboratory Costs (Blood Tests) 20 276 243 312

Equipment 0 0

Stationary 2145 25740

Telecoms 0 0

Consumables (Diabetic Medication) 2675 32103

Chronic Medication 2261 27 134

Facility 0 0

Subtotal 73 557 882 689

Indirect Costs Productivity 400960 | 4811520
Total Costs 474517 | 5694 209

Note that the implementation costs for the physical activity programme are the same as the
pharmaceutical programme, except for the cost of additional labour, laboratory and
telephone required for the exercise intervention. This is because when it is implemented,
the physical activity programme will be introduced as a complement rather than substitute

to pharmaceutical therapy.

5.3.2 Total Cost, Average Cost and Present Value

The annual discounted direct, indirect and total medical costs of a physical activity
intervention and pharmaceutical therapy programme over 10 years are summarized in
Table 15 below. The calculation is based on the projected costs of servicing 400 patients
per month at one diabetic clinic. The Present Value (PV) was calculated by discounting the
projected total costs of both interventions. In keeping with current health economics
practice, a discount rate of 3% was used. The cumulative discounted cost of the physical

activity intervention (PV= ZAR 70 748 321) was greater than the pharmaceutical therapy
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intervention (PV = ZAR 70525 198). A breakdown of the total costs into direct and
indirect medical costs showed that the direct medical costs of the physical activity
intervention exceeded the pharmaceutical programme costs every year for ten years,
however, the indirect medical costs of the exercise intervention were less than those of the
pharmaceutical programme from year 2 (2016) to year 10 (2025) post intervention. There

were significant costs savings or productivity gains with the physical activity intervention.

Key Assumptions:

e Inflation Rate: 5.8%

e Discount Rate: 3.0%

e Calculated for 400 patients per month (x 12 months) at one South African
community health centre

e Number of patients seen stays constant over ten years therefore number of staff
stays constant

e An additional benefit of the exercise intervention is decreased expenditure on
medication, but this cannot be factored in due to a lack of data giving an accurate
measure of this impact. Although the cost of chronic and antidiabetic medication
increases with inflation each year, disease progression influencing amount of
medication required has not been factored into base calculation. As such, it is
assumed the patients stay on the same amount of medication over ten years.

e Direct medical costs = development costs + implementation costs (labour,

equipment, stationary, consumables, facility).
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Table 15: Medical Costs of a Physical Activity Intervention and Pharmaceutical Therapy Intervention (reported in ZAR)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Direct Costs *PAI 1023 788 1083 168 1145991 1212 459 1282 782 1357 183 1 435 900 1519 182 1607 294 1700 517 1799 147

*pTP 882 689 933 885 988 050 1045 357 1 105 988 1170 135 1238 003 1 309 807 1385776 1466 151 1551 188
Indirect Costs | *PAI 4 811 520 5048 831 5 306 255 5614 018 5939 631 6 284 130 6 648 609 7034 229 7442214 7 873 862 8 330 546
(Productivity PTP 4811 520 5090 588 5385 842 5698 221 6028 718 6 378 384 6 748 330 7139733 7 553 837 7991 960 8 455 494
loss)
Total Costs | *PAI 5835 308 6 131 999 6 452 247 6 826 477 7222 413 7641 313 8 084 509 8 553 410 9 049 508 9574380 | 10129 694
(direct + [ "PTP 5694 209 6 024 473 6 373 893 6 743578 7 134 706 7 548 519 7 986 333 8 449 540 8939 614 9458 111 | 10006 682
indirect costs)
Average Cost | *PAI 14 588 15 330 16 131 17 066 18 056 19 103 20211 21 384 22 624 23 936 25324
(annual  cost | PTP 14 236 15 061 15 935 16 859 17 837 18 871 19 966 21124 22 349 23 645 25017
per capita)
Present Values | *PAIl Total Costs *PAl Direct Costs *PAI Indirect Costs
(PV) PV =70748 321 PV =12 547 833 PV =58 200 488

*PTP Total Costs *PTP Direct Costs *PTP Indirect Costs

PV =69 789 821 PV =10818 484 PV =58 971 337
*PAI = Physical Activity Intervention; *PTP = Pharmaceutical Therapy Programme; TC = Total Costs
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5.4 Phase 3 Results: Cost Benefit Analysis

Productivity losses are considered to be an indirect cost in economic calculations (Uegaki
et al., 2011). In this research study, productivity was used as the main outcome measure to
evaluate the benefit of both interventions. The costs reported in the section above were

compared to the benefits of productivity gains (i.e. decreased losses). Table 16 below

shows the inputs used to calculate indirect costs i.e. productivity losses.

Table 16: Inputs Used for Calculation of Indirect Medical Costs in Year 1 (ZAR)

Per Per Annual/per
month/per | day/per person
person person

Average Wage 3580 170 42 960

Time loss units Hours

Price Weight per time unit R19/hour

Annual Cost/clinic

Absenteeism 756 096 (4.4% of total work days)
Presenteeism 1134 144 (6.6% of annual productivity)
Inability to work 2921 280 (7/41 = 17% of the total
(unemployment due to illness) diabetic clinic population)
Total Indirect Costs 4 811520

Productivity losses due to diabetic illness were established by calculating, and then adding,
values for absenteeism, presenteeism and inability to work. The average daily wage was
used as a proxy for the economic impact of reduced and impaired employment. Statistics
from the literature review were used to determine the influence of diabetes on productivity
loss for absenteeism and presenteeism. The figure used to determine the value of loss due

to “inability to work™ was derived from the questionnaire, which established that 7 out of

the 41 respondents (i.e 17%) were unemployed due to illness.
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Table 17: Impact of Physical Activity Intervention on Productivity Loss (reported in ZAR)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Productivity | 4811520 | 5090588 | 5385842 | 5698221 | 6028718 | 6378384 | 6748330 | 7139733 | 7553837 | 7991960 | 8455494
loss (before
intervention)
Effect of *PA 0| 5048831 | 5341663 | 5651479 | 5979265| 6326063 | 6692974 | 7081167 | 7491874 | 7926403 | 8386135
Effect of *PA 0| 5048831 | 5306255 | 5614018 | 5939631 | 6284130 | 6648609 | 7034229 | 7442214 | 7873862 | 8330546
and #SDP
(post
intervention)
Net 0 41757 79 587 84 203 89 087 94 254 99 721 105 504 111 624 118098 124 947
Benefit/Cost
Savings
*PA = Physical Activity (direct effect of physical activity on productivity)
#SDP = Slowed Disease Progression (indirect effect of physical activity on productivity)
Table 18: Marginal Cost Benefit Analysis Of A Physical Activity Intervention (ZAR)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

*Marginal 81099 | 85803 | 90779 96 045 | 101615 | 107509 | 113744 | 120341 | 127321 | 134706 | 142519
Cost
*Marginal 0| 41757 | 79587 84203 | 89087 | 94254 | 99721 | 105504 | 111624 | 118098 | 124947
Benefit

*Marginal cost was calculated by determining the additional costs of a physical activity intervention implemented at a clinic servicing
the same number patients ie direct costs of PAI minus direct cost of PTP
*Marginal benefit was determined by calculating the difference in productivity loss pre and post intervention
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Table 17 shows the economic impact of the physical activity intervention on productivity
losses over a ten-year period. Physical activity impacts productivity in two ways; 1)
directly, by inducing psychological and physiological benefits that reduce impaired
employment, and 2) indirectly, by decreases the symptoms and complications of chronic
diseases which negatively influence productivity. The direct effects of physical activity on
productivity can be felt as early as Year 1, but as a conservative estimate were only
included from Year 2 (2016), while the effects of a slowed disease progression (prolonged
good health) were included from Year 3 (2017). The Net Benefit refers to the difference in
productivity loss pre- and post- intervention. A physical activity intervention results in
decreased productivity losses compared to standard pharmaceutical therapy. As such, net

benefit can be seen as cost savings incurred by adopting the physical activity intervention.

Table 18 compares the additional costs of a physical activity programme with the
additional benefits it produces. The marginal costs refer to the difference in direct costs
between a physical activity intervention and the current standard treatment (i.e.
pharmaceutical therapy). Note that the costs of increasing dose of medication and
hospitalisation were excluded in the calculation of direct costs for both interventions and
these would have significantly increased costs of the pharmaceutical programme, and
resulted in comparatively lower costs of the physical activity programme, potentially
decreasing the figure reflected under marginal costs. The results of the cost benefit analysis
conducted in this research (Table 18) show that the costs of a physical activity intervention

outweigh its benefits.

5.5 Sensitivity Analysis

A sensitivity analysis accounts for uncertainty by testing how easily influenced the analysis
results are to a change in base-case (Hutubessy et al., 2003). The sensitivity analysis

conducted in this research included:

e Physical activity compliance best- and worst-case scenarios

e Productivity losses calculated using varying average wage of participants

67

© 2014 University of Pretoria. All rights reserved. The copyright in this work vests in the University of Pretoria.



5.5.1 Scenario 1: 50% Uptake

In the base-case, an assumption was made that 100% of the clinic patients enrolled in the exercise intervention. In scenario 1, 50%

compliance is tested. Table 19 illustrates how this change would influence the calculation of productivity losses, while Table 20 gives

a comparison of the marginal cost and benefit of the base case versus scenario 1.

Table 19: Productivity Losses with a 50% Uptake of the Physical Activity Intervention

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Productivity | 4811520 | 5090588 | 5385842 | 5698221 | 6028718 | 6378384 | 6748330 | 7139733 | 7553837 | 7991960 | 8455494
loss (before
intervention)
Effect of *PA | 4811520 | 5069749 | 5363795 | 5674895 | 6004039 | 6352273 | 6720705| 7110506 | 7522915 | 7959244 | 8420881
Effectof *PA | 4811520 | 5069749 | 5345887 | 5655948 | 5983993 | 6331065 | 6698267 | 7086766 | 7497799 | 7932671 | 8392766
and #SDP
(post
intervention)
Net 0 20 839 39 955 42273 44725 47319 50 063 52 967 56 039 59 289 62 728
Benefit/Cost
Savings
*PA = Physical Activity (direct effect of physical activity); #SDP = Slowed Disease Progression (as an indirect effect of physical
activity)
Table 20: Marginal Analysis of Base Case vs Scenario 1
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Base Case | Marginal Cost 81099 | 85803 | 90779 96 045 | 101 615 | 107509 | 113 744 | 120 341 | 127 321 | 134706 | 142519
Marginal Benefit 0| 41757 | 79587 84203 | 89087 | 94254 | 99721 | 105504 | 111624 | 118098 | 124 947
Scenario 1 Marginal Cost 81099 | 85803 | 90779 96 045 | 101615 | 107509 | 113744 | 120341 | 127321 | 134706 | 142519
Marginal Benefit 0| 20839 | 39955 42273 | 44725| 47319 | 50063 | 52967 | 56039 | 59289 | 62728
68
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5.5.2 Scenario 2: Alternative Average Wage

In the base case, the mean wage was calculated to amount to R3580 (Figure 12), however, there were two outliers whose earnings of
more than R11 000 significantly skewed the data. In Scenario 2, the outliers were removed and the productivity losses were
recalculated using a mean wage of R2 991 per month. Table 21 illustrates how this change would influence the calculation of

productivity losses, while Table 22 gives a comparison of the marginal cost and benefit of the base case versus scenario 2.

Table 21: Productivity Losses Recalculated Using Average Wage of R2 991

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Productivity 4019 904 4 253 058 4 499 736 4760720 5036 842 5328979 5638 060 5965 067 6311041 6 677 082 7 064 352
loss (before
intervention)
Effect of *PA 0 4218171 4 462 825 4721 669 4 995 526 5 285 266 5591 812 5916 137 6 259 273 6 622 311 7 006 405
Effect of *PA 0 4218171 4 433 243 4690 371 4962 413 5250 232 5554 746 5876 921 6217 783 6578414 6 959 962
and #SDP
(post
intervention)
Net 0 34 887 66 493 70 350 74 430 78 747 83314 88 146 93 259 98 668 104 390
Benefit/Cost
Savings

*PA = Physical Activity (direct effect of physical activity); #SDP = Slowed Disease Progression (as an indirect effect of physical
activity)
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Table 22: Table 20: Marginal Analysis of Base Case vs Scenario 2

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Base Case | *Marginal Cost 81099 | 85803 | 90779 96 045 | 101 615 | 107 509 | 113 744 | 120 341 | 127321 | 134706 | 142519
*Marginal Benefit 0| 41757 | 79587 84203 | 89087 | 94254 | 99721 | 105504 | 111624 | 118098 | 124 947

Scenario 2 | Marginal Cost 81099 | 85803 | 90779 96 045 | 101 615 | 107 509 | 113 744 | 120 341 | 127321 | 134706 | 142519
Marginal Benefit 0| 34887 | 66493 70350 | 74430 | 78747 | 83314 | 88146 | 93259 | 98668 | 104390
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CHAPTER 6: DISCUSSION

This chapter provides a detailed analysis and discussion of the results presented in chapter
5. These findings are used in conjunction with relevant literature to address the research
questions raised in chapter 3. Reference is made to documents in the appendix where

arguments need to be substantiated by further evidence.

6.1 Cost Analysis

Question 1: How much would a physical activity intervention cost to implement in a

community health care centre in South Africa?

A cost analysis includes both development and implementation costs which may be direct
or indirect (opportunity costs) (Honeycutt et al., 2006). The direct medical cost of
implementing a community based physical activity intervention at one South African clinic
servicing 400 patients a month for year 1 (2015) was calculated to amount to ZAR
1023 788, while the present value (PV) of the discounted direct costs over ten years
amounted to ZAR 12 547 833 (Table 15).

6.1.1 Principles on which Physical Activity Model was based

Phase 1 of the research experiment required that a model be built for a community based
physical activity intervention. As stated in the Chapter 4, as no such intervention exists in
South Africa, modeling was based on interventions successfully implemented in other
developing countries. Heath et al. (2012) suggest that successful physical activity
interventions must contain an educational element that informs communities about
recommended levels of PA, performed in accessible and convenient sites such as work
places, community centres, their homes, or clinics of targeted specific populations. The
authors further write that interventions must use evidence-based methods for planning and
implementation of community-based interventions but ensure that they are tailored to the
targeted community in terms of design and methods of communication in order to ensure

adherence and sustainability (Heath et al., 2012). Factoring in regional and cultural
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differences is key to successful implementation of physical activity interventions (Netto et
al., 2010), and as such, the patient questionnaire was particularly valuable in shaping this

model and ensuring it included these principles.

The questionnaire was organized into 4 sections: demographics, health status, income
status, and physical activity questionnaire. Understanding the demographics of the target
population, including age, ethnicity and primary language, informed the type of
intervention proposed in terms of selecting activities and materials deemed to be culturally
acceptable and age appropriate. Table 5 illustrates that at the clinic sampled, 100% of the
participants were of black African ethnicity, and predominantly spoke isiZulu (39%),
sePedi (22%) or seSotho (19.5%). In order to be meaningful, any educational sessions or
material distributed at this clinic would need to be issued in these vernacular languages. As
such, costs of translating material from English into vernacular need to be considered.
Relationships between gender and activity status (Table 11), as well as age and physical
activity (Table 12) need to be considered when planning a physical activity intervention so
that it is relevant to the target group.

6.1.2 Inputs for Costing Model

Both medical and non-medical costs were included in the calculation. Medical costs
included diagnostic tests and procedures, medication and medical personnel, but excluded
costs of hospitalisation.

The Health Status section of the questionnaire contained questions about the duration and
severity of diabetes, and an enquiry into diabetic complications and the onset of other
comorbidities. This information was used to quantify the cost of medication prescribed.
Table 6 shows the diabetic status of the respondents. All (100%) of the respondents were
using medication with 72.5% reporting that they had not had to change or increase the dose
of their medication in the past five years. On average, patients had been on prescribed
medication for the illness for 7 years. Figure 3 provides valuable information about the
types of medication used and Figure 4 provides information about the class of medication

used, while Figures 5, 6 and 7 give insight into chronic disease management in the
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participants. The information provided by these illustrations was used to determine the cost

of medication included in the model - a key input for direct medical costs.

Findings from this study (Table 9) and other studies (American Diabetes Association,
2013; Anderson et al., 2013) suggest that, without intervention, the dose of anti diabetic
medication required by a patient increases with time as the disease progresses. Conversely,
studies conducted on physical activity interventions in diabetic patients show that, over
time, a physical activity intervention decreases the amount of medication, hence costs of
medication, required compared to standard pharmaceutical therapy (Diabetes Prevention
Program Research Group, 2009). Balancing the effect of an exercise intervention with the
influence of natural disease progression is a challenging task if done theoretically and
would best be determined using observations from longitudinal case studies. While there
are indeed numerous such studies, they typically report on the decreased cost of medication
(in general), the decreased incidence of diabetes, or decreased number of diabetic
complications, following a physical activity intervention but none that were reviewed
reported on the exact change in dosage over time (Diabetes Prevention Program Research
Group, 2009; Li et al., 2008; Lindstrom et al., 2006). As such, this effect was not included
in the base model of the study. If there were studies available quantifying the effect of
physical activity on the dose of medication taken, including this factor would have
produced a more accurate costing, however, hypothesizing using the information available
at the time of this research would have yielded significantly unreliable results.

Non-medical expenses included programme administration overheads and costs for
physical space and utilities. No expense was included for physical space and utilities as 1)
the educational component would be conducted at the existing clinic in the waiting room or
during consultation and 2) the exercise intervention used in the model comprised of
walking groups and home-based activities which did not require additional facilities. If the
programme were to be expanded (beyond the 400 patients seen monthly at the diabetic
clinic) or adopted by another clinic or community without the same infrastructure, costs

would need to include a budget for facilities.
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6.1.3 Limitations of Costing Model

This research study attempted to quantify the direct costs of developing and implementing
a sustainable community based physical activity intervention at a community health care
centre in South Africa. Due to time constraints and limited access to relevant data, this
study did not include all cost items included in other economic analyses of a similar nature.

The following items/influences were not included in this economic projection:

e Cost of hospitalisation
e Confounding variables such as
o Increased dose of medication required as a result of natural disease
progression (for the pharmaceutical programme)
o Decreased dose of medication required as a result of the physical activity
intervention
o Influence of diet, smoking and other lifestyle behaviours known to affect

glyceamic control and symptoms and complications of diabetes

As the study was conducted from a health provider/payers perspective and not a societal

perspective, it also excluded costs such as:

e Time lost for clinic visits
e Transportation (to clinic and to engage in physical activity)
e Expenses incurred by caregiver

e Those falling on other public sector budgets (such as social support)

The cost of hospitalisation is a significant cost driver in an economic analysis of this nature
(Diabetes Prevention Program Research Group, 2012). As the costs of hospitalisation have
been excluded in the cost analysis of both the exercise intervention and pharmaceutical
programme, results are still comparable within this study, however, caution would have to
be exercised if comparing results from this study to other studies, which may include

hospitalisation costs or any of the other costs excluded in this study.
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6.2 Cost-Benefit Analysis

Question 2: What short term and long-term economic cost savings would result from a

physical activity intervention at a community health care centre in South Africa?

In this research study productivity was the main outcome measure used to assess benefit.
As discussed in Chapter 2, most studies suggest that physical activity interventions
increase employees' health and productivity (Goetzel & Ozminkowski, 2008; Pronk &
Kottke, 2009; Von Thiele Schwarz & Hasson, 2011). Conversely, morbidity and mortality,
which limit labour force participation, decrease productivity and the stream of output
valued (Gardner & Gardner, 2014; Rice, 2000). Applying morbidity and mortality statistics
from relevant literature to this study sample yielded results corroborating the value of

physical activity on short term and long-term productivity.

Productivity losses were calculated by estimating and then adding the costs of absenteeism,
presenteeism and reduced labour force participation due to illness (Table 16). Previous
studies also include premature mortality associated with reduced future productivity
(American Diabetes Association, 2013). Due to time constraints and limited access to
epidemiological data relevant to South Africa, premature mortality was not included in the

equation used in this research study.
6.2.1 Microeconomic Gains

6.2.1.1 Short-Term

Short-term productivity gains are the direct result of the hormonal and psychological
effects of physical activity (Deslandes et al., 2009). The surge in endorphins that occurs
while exercising causes motivation to peak, while the increase in mood-enhancing
hormones such as serotonin, dopamine and norepinephrine post-exercise improve mood
and increase self-confidence (Deslandes et al., 2009). Exercising also increases the flow of
blood and oxygen to the brain, making one alert and better focused after exercise
(Deslandes et al., 2009). Although short-term benefits of exercise were not evaluated in

this research study, it is important to consider these benefits in order to fully appreciate all
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productivity gains resulting from physical activity.

6.2.1.2 Long-Term

Physical activity is effective in the primary and secondary prevention of diabetes mellitus
(O'Donovan et al., 2010; Warburton et al., 2006). Moderate levels of physical activity have
been shown to be protective against the development of type 2 diabetes in both men and
women, preventing progression from pre-diabetes to diabetes by 36% - 58% (Deslandes et
al., 2009; Lindstrom et al., 2006). In this research study, the mean age of the sample was
53 years (Table 5), and the mean duration of illness in the sample group was 8 years (Table
6). If the above-mentioned literature is indeed accurate, the implication is that by
participating in regular exercise from an early age, 36% - 58% of the research participants
could have prevented the onset of diabetes and would have been spared the daily
inconvenience, medical repercussions and financial implications of this illness. In other
words, because physical activity delays or prevents the onset of chronic diseases, if the
youth engage in regular exercise, a large percentage of them may be spared from certain

ilinesses in later stages of life (Cecchini et al., 2010).

Questions about absenteeism and presenteeism were not included in the study
questionnaire and instead statistics from relevant literature were used to calculate
productivity losses. Using results from a cross-sectional analysis of 2264 employees, Boles
et al. (2004) concluded that the odds of having absenteeism and presenteeism as a result of
health problems were significantly higher in employees with risks for physical inactivity
and diabetes. The authors report a mean percentage lost productivity from absenteeism of
2.37% in physically inactive workers and 4.24% in diabetic workers, and 8.08% and 9.25%
lost productivity from presenteeism in physically inactive and diabetic patients respectively
(Boles et al., 2004). For the study group used in this research, the standard working day is
9 hours long and the average month contains 21 working days (timeanddate.com, 2015).
The average income in this group was ZAR 3580 per month, or ZAR 170 per day (Figure
10). This translates to 4.5 hours of absence due to inactivity in a month and 8 hours of
absence due to diabetes in a month resulting in a lost income of ZAR 236 per month,
approximately 7% of the patient’s monthly income. If these individuals are paid according

to output, for example labour-only subcontractors, diabetes and inactivity would result in
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32.75 hours of lost productivity per month translating into a lost income of R619 per

month per individual, almost 20% of their standard monthly income.

Physical activity reduces risks associated with other chronic diseases (Artinian et al.,
2010). Patients with hypertension and hypercholesterolaemia reported 1.92% and 2.19%
lost productivity due to absenteeism respectively, and 6.89% and 7.76% lost productivity
due to presenteeism (Boles et al., 2004). In this study sample, 82% of the respondents
reported comorbidities (Figure 5), with 74.4% reporting hypertension and 30.8%
hypercholesterolaemia (Figure 6). These individuals would be subject to the cumulative
effects of numerous risk factors which would cause a significant reduction in the monthly

income generated by each individual.

According to Hu et al. (2004), physically inactive middle-aged women have a 52%
increase in all cause mortality and a 29% increase in cancer-related mortality with similar
relative risks for hypertension, hypercholesterolemia, cardiovascular disease, cancer and
obesity (Warburton et al., 2006). In this study sample, which consisted of more women
(30) than men (11), more than 50% of the participants were inactive or moderately inactive
(Figure 13). If one applies the relative risk of mortality to this population, more than 50%
of our sample would be subject to a 52% increased relative risk of mortality. As mentioned
previously, the impact of increased mortality risk was not included in the cost analysis and
as such, this remains a theoretical discussion. Information about unemployment status
(Figure 14) was used to calculate income losses that were factored into the productivity
calculation. Lost household income due to both unemployment and death of a primary care
giver is noteworthy, especially in poorer communities disproportionately affected by the

growing diabetes pandemic (Engelgau et al., 2011).

6.2.2 Macroeconomic Gains

The relationship between microeconomic and macroeconomic consequences is not
necessarily linear as health accounts for only a fraction of the variance of output per capita
across countries (Bleakley, 2010; Engelgau et al., 2011). Ashraf, Lester & Weil (2008)
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argue that even large improvements in health only lead to modest increases in GDP per
capita, adding that these increases take decades to occur. The counter-argument is that
decreased workforce productivity negatively influences company output and may have
spill over effects on company profit margin, which does influence GDP (Burton et al.,
1999). Using this logic, some authors argue that poor health has both micro-economic and
macro-economic consequences, reasoning that the burden of disease in low-income
countries is a barrier to economic growth (Commission on Macroeconomics and Health,
2001).

In this research study, no attempt was made to quantify the influence of workforce
productivity on company output. Health care expenditure, however, constitutes a large
portion of a country’s economy (Folland et al., 2013). In South Africa approximately 11%
of the national budget is reserved for the delivery of health care, and this proportion rises
every year (National Treasury, 2012). As the study was conducted from the payer
perspective, with the payer in this case being Government, an estimation of the costs of
different interventions could provide the basis for a theoretical discussion on possible
macroeconomic consequences. Table 15 shows that the cost of implementing a physical
activity intervention is greater than the cost of implementing a pharmaceutical intervention.
Existing literature, however, provides abundant evidence of numerous benefits of physical
activity that could offset these costs at a macroeconomic level (Diabetes Prevention
Program Research Group, 2012; Garret et al., 2011). Garret et al. (2011) state that physical
inactivity contributes to approximately 1.5% - 3.0% of direct medical healthcare costs in
developed countries. Put differently, physical activity could decrease the costs of
healthcare by up to 3.0%, a significant amount when dealing with big national budgets.
Evidence from a study conducted by the Diabetes Prevention Program Research Group
showed a 58% reduction in the incidence of type 2 diabetes following a physical activity
intervention compared to a 31% decrease with a pharmaceutical intervention (Diabetes
Prevention Program Research Group, 2012). Theoretically, decreasing expenditure on
medication prescribed and hospitalisation required, due to reduced incidence of illness,

could significantly offset this implementation cost. If this effect were replicated across all
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clinics in South Africa, it would result in significant cost savings in the Health Care budget

—an obviously beneficial macroeconomic consequence.

6.3 Comparative Analysis

Question 3: Would a physical activity intervention best act as a complement or substitute

to current clinical practice?

A major challenge for developing countries with a limited health care budget is
determining how to achieve the lifestyle changes needed to prevent type 2 diabetes without
overstretching existing resources (Mbanya et al., 2010). Decision-makers need to consider
the costs of different inputs (interventions) and their relative productivities (health
outcomes). The goal is to maximise economic efficiency, which is achieved by selecting
the least costly combination of inputs each of which is technically efficient (Chandra et al.,
2011; Feldstein, 2012).

6.3.1 Correlations

In patients with impaired glucose tolerance (a precursor to diabetes), regular physical
activity can reduce the risk of progression to type 2 diabetes by up to 50% (Greaves et al.,
2011; Warburton et al., 2006). In this way, physical activity could be used in primary

prevention as a viable substitute to pharmaceutical therapy.

This study did not analyse any factors related to primary prevention but instead focused on
factors related to secondary prevention. Statistical analysis was used to test data for
relationships between variables that would influence the model. For example, the statistical
analysis showed a moderately strong positive relationship between the number of years a
patient was on medication and the number of times medication had been changed (Table
9). This means that the longer a patient had diabetes, the more likely it was that the patient
required an increased dose or change in medication. These findings are consistent with
previous studies that have found the cost of pharmaceutical medication to rise with disease

progression (Anderson et al., 2013). Conversely, regular physical activity reduces
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medication requirements with time (Diabetes Prevention Program Research Group, 2012).
In patients with established diabetes, physical activity would best act as a compliment to
pharmaceutical therapy, reducing the rate of disease progression and medication
requirements with time (Haskell et al., 2007).

6.3.2 Net Present Value

Both pharmaceutical interventions and physical activity interventions have been shown to
be effective in the management of type 2 diabetes (Diabetes Prevention Program Research
Group, 2012). At the time of this research being conducted, pharmaceutical therapy was
the gold standard management in South Africa and this research study aimed to assess the
viability of physical activity as alternative intervention by considering the inputs required
and comparing outcomes expected with each intervention. The research findings show that
implementing a physical activity intervention at a clinic in South Africa is more costly than
continuing with pharmaceutical therapy, with the present value (PV) of the direct costs
over ten years for the exercise intervention amounting to ZAR 12 547 833 compared to the
PV for the pharmaceutical management which was ZAR 10 818 484 (Table 15).

The direct medical costs in year 1 (2015) of the intervention were higher for a physical
activity programme than for the pharmaceutical programme (Table 15). This is because the
calculation for the exercise intervention included significant development costs, while no
such costs were needed (and included) for the pharmaceutical intervention (Table 13 and
Table 14). Implementation budget included labour, equipment, stationary, laboratory costs,
consumables and facility costs. Labour and laboratory expenditures contributed to the
higher annual direct costs of the exercise intervention (Table 13). Although both
interventions required three staff members for the clinic, the salary of the additional
medical professional (biokineticist) needed to develop and implement the physical activity
programme was significantly higher than the salary of the educator employed for the
pharmaceutical therapy programme. Furthermore, the exercise intervention required

equipment and laboratory tests (a relatively small cost) that were not needed for the
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pharmaceutical management, such as stress electrocardiograms, laptop, and Internet.

The cost of consumables (medication) used in the model was the same for the exercise
intervention and pharmaceutical programme from year 1 - 10. This is somewhat inaccurate
and is different to other cost studies that account for the decreased dose of medication
needed in patients engaging in physical activity (Diabetes Prevention Program Research
Group, 2012; Steyn et al., 2006). This cost is better monitored, and therefore included, in
longitudinal studies in which medication usage is observed on a case-by-case basis. A
detailed analysis of this nature was beyond the scope of this research, however, the study
was able to demonstrate a possible relationship between physical activity index and
medication usage (Figures 15 and 16), although the small sample size compromised the
reliability of these tests (p > 0.05). The illustrations suggested (but failed to prove
statistical significance) that more active patients required less interference with medication
over time (Figure 15), and also that inactive patients were more likely to be on chronic
medication (Figure 16). Table 10 illustrates the relationship between duration of illness and
number of chronic complications experienced. On inspection, here appears to be a positive
relationship between the two variables, however, the data did not provide sufficient
statistical evidence of such a relationship. Other larger studies have successfully
demonstrated a relationship between duration of diabetic illness and comorbid illnesses
(Mbanya et al., 2010; Steyn et al., 2006), which would increase the costs of medication
with time. The present study did not quantify the relationship between disease progression
and cost of medication and, as such, the base model was created without incorporating this
factor. For this reason, the values projected for the cost of consumables (medication) in the
pharmaceutical intervention are, in fact, an underestimation of actual costs, and as such, the

total direct costs (and PV calculated) are in fact undervalued.

6.3.3 Marginal Cost vs. Marginal Benefit

In economics, additional units of goods (healthy patients) should continue to be produced
as long as marginal benefit exceeds marginal cost (Baye, Prince, & Squalli, 2013). From
the Government’s perspective, the marginal benefit is the extra productivity gained by

improved health, while marginal costs refers to the expense of producing this effect (ie
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pharmaceutical or exercise intervention). The results of the cost benefit analysis conducted
in this research show that the costs of implementing a physical activity intervention
outweigh its benefits (Table 18).

It is important to again point out that the costs of increasing dose of medication and
hospitalisation were excluded in the calculation of direct costs for both interventions and
these would have significantly increased costs of the pharmaceutical programme, and
resulted in comparatively lower costs of the physical activity programme, potentially
decreasing the figure reflected under marginal costs. This is an important limitation of the
study as including this detail could have resulted in significantly difference results that

show benefits that outweigh costs.

In this particular study, physical activity was introduced and analysed as a complement to
pharmaceutical therapy. In many studies using diagnosed diabetics as subjects, the same
approach has been taken, comparing the outcome of pharmaceutical treatment alone versus
pharmaceutical and lifestyle intervention (Artinian et al., 2010; Diabetes Prevention
Program Research Group, 2009). As such, the pre-intervention state refers to current status,

which is pharmaceutical treatment.

Table 17 shows the economic impact of the physical activity intervention on productivity
losses over a ten-year period. Physical activity impacts productivity in two ways; 1)
directly, by inducing psychological and physiological benefits that reduce impaired
employment (DeVries, 2010) and 2) indirectly, by decreases the symptoms and
complications of chronic diseases which negatively influence productivity (Sigal et al.,
2004). Table 17 shows that pre-intervention productivity losses are higher than post-
intervention losses. As such, net benefit can be seen as cost savings incurred by adopting

the physical activity intervention.

Despite the fact that the study demonstrates that the benefits of a physical activity
programme outweigh those of the pharmaceutical programme, the decision rule in
economics relates to costs and benefits of the same intervention. In this case, the costs of
the intervention outweigh the benefits, and such, if only the economic consequences are
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considered, the physical activity programme would not be recommended as a substitute for

the pharmaceutical programme.

6.4 Sensitivity Analysis

A sensitivity analysis accounts for uncertainty by testing how easily influenced the analysis
results are to a change in base-case (Hutubessy et al., 2003). The base case in this study
assumed that 100% of the patients at the clinic would enroll in the physical activity
intervention and based changes in productivity on a 100% participation rate. Previous
research suggests that in long-term interventions of a similar nature, there are varying drop
out rates amongst participants (Diabetes Prevention Program Research Group, 2009; Li et
al., 2008; Lindstrom et al., 2006). A sensitivity analysis assuming that only 50% of the
patients participated in and complied with the intervention showed that the net benefit of
the programme would decrease substantially (Table 19). One might assume that a counter
strategy would be to try decrease the costs of the programme, however, it would be
unethical to offer an intervention scientifically proven to have numerous health benefits to
only some participants. As such, the costs of labour, already only accounted for half days,
would remain the same. There might be a reduction in the costs of laboratory tests (stress
tests) performed but this is an insignificant cost unlikely to dramatically reduce the overall
marginal cost of the programme. Table 20 illustrates that with a 50% uptake, the cost
benefit ratio would increase, making the intervention even more unattractive from the

payers perspective.

The second scenario presented in Table 21 and Table 22 recalculated productivity losses
using an alternative average wage. In the base case, the mean wage was calculated to
amount to R3580 (Figure 12), however, there were two outliers whose earnings of more
than R11 000 significantly skewed the data. In Scenario 2, the outliers were removed and
the productivity losses were recalculated using a mean wage of R2 991 per month. Using a
lower average wage resulted in a less impressive change in productivity loss after
implementation of the physical activity intervention (Table 21). Again, the cost benefit

ratio would increase, making the intervention unattractive from the payer’s perspective.
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What this scenario does illustrate, however, is how wage influences the value of
productivity loss. The literature emphasizes that diabetes affects people of all ethnic and
socioeconomic groups worldwide (Matsha et al., 2012; Mbanya et al., 2010). The same
formula applied to participants of a different socio-economic group and a higher Living
Standards Measure (LSM) would results in considerably greater productivity losses. Due to
its history and Apartheid laws, South Africa is still largely geographically segregated
according to race, which, in the South Africa context, is highly related to income. As such,
the study sample taken from this one clinic only represent a particular demographic group
and the results are not reflective of the productivity losses that would be incurred by

patients that earn a higher income.

6.5 Summary

When it comes to chronic diseases, focusing on primary prevention and management of
risk factors is more cost effective as it lowers the expenditure on health care by reducing
overall morbidity and mortality (van de Vijver, Oti, Addo, de Graft-Aikins, & Agyemang,
2012). Evidence reviewed in literature suggests that physical activity could be used in
primary prevention as a viable substitute to pharmaceutical therapy. For secondary disease
prevention, physical activity is complementary in the production of health benefits,

limiting disease progression and morbidity caused by illness (Haskell et al., 2007).

The cost analysis conducted in this study showed that the cumulative discounted cost of the
physical activity intervention (PV= ZAR 70 748 321) was greater than the pharmaceutical
therapy intervention (PV = ZAR 70525 198). Productivity losses were calculated by
estimating and then adding the costs of absenteeism, presenteeism and reduced labour
force participation. The physical activity intervention resulted in a significant reduction in
productivity losses. A sensitivity analysis testing for the impact of a change in wage or
change in compliance (to the intervention) showed that productivity loss is directly
proportional to wage and inversely proportional to compliance. Finally, the cost benefit
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analysis conducted on the physical activity intervention showed that the marginal costs of
the intervention outweighed its benefits and, therefore, from an economist’s perspective,

the programme would not be recommended.

An important limitation of the study was the exclusion of specific costs, specifically costs
of changing dose of medication and expenses related to hospitalisation. Both of these
inputs are significant cost drivers in these types of economic analyses, however, were
excluded due to time constraints and limited access to relevant data. Including these costs
would have significantly affected the outcome of this study and very likely would have

resulted in a different conclusion.
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CHAPTER 7: CONCLUSION

Chapter 7 highlights the main findings of the results and provides a summary of the
discussion in Chapter 6. The research objectives are revisited and recommendation to

stakeholders and future researchers are offered.

7.1 Summary of Findings

The aim of this study was to quantify the economic impact of a physical activity
intervention as a preventative strategy in an African country. A cost analysis was
conducted in order to quantify the costs associated with implementation of the intervention.
Benefit was measured by calculating productivity loss and analysing how this changed

with different interventions and different inputs.

7.1.1 Question 1

How much would a physical activity intervention cost to implement in a community

health care centre in South Africa?

A cost analysis includes both development and implementation costs which may be direct
or indirect (Honeycutt et al., 2006). The medical cost of implementing a community based
physical activity intervention at one South African clinic servicing 400 patients a month
was calculated to amount to a present value of ZAR 12 547 833 for direct costs, and ZAR
70 748 321 for total costs.

Phase 1 of the research experiment required that a model be built for a community based
physical activity intervention. Netto Bophal (2012) highlight the importance of factoring in
regional and cultural differences when planning successful implementation of physical
activity interventions, and as such, the patient questionnaire was particularly valuable in
shaping this model and ensuring it was tailored to the targeted community in terms of

design and methods of communication (Heath et al., 2012).
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An important limitation of this study was the exclusion of certain cost items. Due to time
constraints and limited access to relevant data, this study did not include all the medical
costs included in other economic analyses of a similar nature. Medical costs included
diagnostic tests and procedures, medication and medical personnel, but did not factor in the
annually decreasing dose of medication resulting from physical activity, and excluded any
costs of hospitalisation. Including these cost drivers would have significantly impacted the
calculation and inflated the present value of the programme.

7.1.2 Question 2

What short term and long-term economic cost savings would result from a physical
activity intervention at a community health care centre in South Africa?

The analysis conducted in this research showed that there were significant costs savings or

productivity gains with the physical activity intervention.

Short-term productivity gains are the direct result of the hormonal and psychological
effects of physical activity, which cause increased motivation, improved mood and self-
confidence, and enhanced focus (Deslandes et al., 2009). These short-term changes

positively influence performance at work.

In terms of long-term gains, the literature provides evidence that physical activity is
effective in both the primary and secondary prevention of diabetes mellitus (O'Donovan et
al., 2010; Warburton et al., 2006). If the literature is indeed accurate, the implication is that
by participating in regular exercise from an early age, 36% - 58% of the research
participants could have prevented the onset of diabetes (Diabetes Prevention Program
Research Group, 2009; Lindstrom et al., 2006), and would have been spared the daily
inconvenience, medical repercussions and financial implications of this illness (primary
prevention). Used as a tool for secondary prevention, physical activity decreases the

complications of diabetes, slows disease progression and also reduces risks associated with
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other chronic diseases (Artinian et al., 2010). Boles et al. (2004) report that the odds of
having absenteeism and presenteeism as a result of health problems were significantly
higher in employees with risks for physical inactivity, diabetes and other chronic diseases.
The findings of the present research study suggest that if these risks could be reversed,
productivity losses would decrease. Lost household income due to impaired or reduced
employment is an important microeconomic consequence in developing countries where
poorer populations continue to be disproportionately affected by this growing pandemic
(Engelgau et al., 2011).

The relationship between microeconomic and macroeconomic consequences is not
necessarily linear as health accounts for only a fraction of the variance of output per capita
across countries (Bleakley, 2010; Engelgau et al., 2011). Health care expenditure, however,
constitutes a large portion of a country’s economy (Folland et al., 2013). The findings of
this research study showed that the cost of implementing a physical activity intervention
was greater than the cost of implementing a pharmaceutical intervention. Existing
literature, however, provides abundant evidence of numerous benefits of physical activity
that could offset these costs at a macroeconomic level (Diabetes Prevention Program
Research Group, 2012; Garret et al.,, 2011). Theoretically, decreasing expenditure on
medication prescribed and hospitalisation required, due to reduced incidence of illness,
could significantly offset this implementation cost. If this effect were replicated across all
clinics in South Africa, it would result in significant cost savings in the Health Care budget

—an obviously beneficial macroeconomic consequence.

7.1.3 Question 3

Would a physical activity intervention best act as a complement or substitute to

current clinical practice?

When it comes to chronic diseases, focusing on primary prevention and management of
risk factors is more cost effective as it lowers the expenditure on health care by reducing

overall morbidity and mortality (van de Vijver et al., 2012). Evidence reviewed in the
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literature suggests that physical activity could be used in primary prevention as a viable
substitute to pharmaceutical therapy. For secondary disease prevention, physical activity is
complementary in the production of health benefits, limiting disease progression and
morbidity caused by illness (Haskell et al., 2007).

The cost analysis conducted in this study showed that cumulative discounted cost of the
physical activity intervention (PV= ZAR 70 748 321) was greater than the pharmaceutical
therapy intervention (PV = ZAR 70 525 198). Despite the fact that the study demonstrates
that the benefits of a physical activity programme outweigh those of the pharmaceutical
programme, the decision rule in economics relates to costs and benefits of the same
intervention. In this case, the costs of the physical activity intervention outweigh the
benefits, as such, if only the economic consequences are considered, the physical activity
programme would not be recommended as a substitute for pharmaceutical therapy in the

secondary prevention of type 2 diabetes.

7.2 Implications for Clinical Practice

The literature provides compelling evidence of the efficacy of physical activity in the
primary and secondary management of diabetes and other NCDs (Mbanya et al., 2010; van
de Vijver et al., 2012). The findings in this study showed that the value of productivity
gains resulting from physical activity had significant economic implications at a household
level. The significance of the microeconomic benefits alone should be motivation enough

for practitioners to encourage patients to become physically active.

The challenge may lie in developing a cost effective exercise intervention, one that uses
fewer inputs to derive the same or greater benefits. For example, the site of implementation
may need to be reconsidered as work site health promotion initiatives have been shown to
be cost-effective in numerous studies (Cecchini et al., 2010; DeVries, 2010; Matheson et
al., 2011). Alternatively, by empowering existing clinic staff with skills in exercise
prescription and behaviour modification, development and implementation costs could be

contained. Finally, programme developers could capitalize on innovative trends in
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technology that would make it easier, and cheaper, to disseminate information and

encourage patient participation in exercise activities (DeVries, 2010).

While cost effective programmes still being developed, clinicians should take initiative,
educating patients about the benefits of exercise and following up on physical activity
status at each consultation. Practitioners should be aware of the various barriers to exercise,
and be willing to engage patients about these challenges so they can jointly find a solution
that will enable sustainable participation in exercise (Pekmezi et al., 2013; Ries, Voorhees,
& Gittelsohn, 2010).

In summary, the literature suggests that physical activity can be used in primary prevention
as a viable substitute to pharmaceutical therapy. For secondary disease prevention,
however, physical activity should be prescribed as a complement to pharmaceutical
therapy in order to limit disease progression and morbidity caused by illness (Haskell et al.,
2007).

7.3 Recommendations for Future Research

Although numerous economic studies have been conducted on physical activity as an
intervention, they are almost all derived from high-income countries such as North
America, Western Europe and Australasia (Bertram et al., 2010; Diabetes Prevention
Program Research Group, 2012; Olin et al., 2008). More studies need to be conducted in
developing countries, which continue to be disproportionately affected by the growing
pandemic of non-communicable diseases (Bleakley, 2010; Engelgau et al., 2011). This

presents exciting research opportunities in Africa.

This study exposed the complexity of conducting an accurate economic analysis of health
interventions. Due to time constraints and limited access to relevant data, this study did not
include all the cost items included in other economic analyses of a similar nature. The
exclusion of certain data was an important limitation of the research study. Future studies

should include all relevant cost drivers, including costs of hospitalisation and changing
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costs of medication. Including these costs will improve the accuracy of financial

projections and enable comparison of results with international studies.

The sample size used in this research study was neither large enough nor diverse enough to
represent all patients using the public health care facilities in South Africa. An obvious
encouragement would be to expand the sample used in future studies and include a larger
number of clinics, using a wide geographical radius in order to capture patients from a

variety of LSMs. A larger sample will also allow for meaningful statistical analysis.

Future researchers should consider conducting a cost effective analysis (CEA) either as a
complement to, or substitute of, a cost benefit analysis. CEAs can be used to determine the
cost effectiveness of a single programme compared to no intervention or, to compare a
number of different programmes designed to achieve similar outcomes (Honeycutt et al.,
2006). In recent years, CEAs have become the preferred tool used for economic analysis of
health interventions, as it effectively identifies allocative inefficiencies and opportunities
presented by new interventions (Hutubessy et al., 2003). Conducting a CEA will enable
comparability with more recent and international studies. Importantly, the period of
analysis should be carefully determined in the context of long-term health outcomes, which

may take longer than ten years to be appreciable.

7.4 Concluding Remarks

In Sub-Saharan Africa, the rapid increase in the prevalence of diabetes has resulted in
significant public health and socioeconomic liability in the face of scarce resources
(Mbanya et al., 2010). Although African countries devote a significant percentage of
government expenditure on health care (World Health Organisation, 2013), this health
expenditure is failing to translate into improved health status raising questions about the
efficacy of health care delivery and health promotion interventions (Zhang & Bao, 2012).
Alternative cost-effective interventions need to be thoroughly investigated with the
primary aim of minimizing illness and maximising health benefits relative to the limited

available resources. Physical activity is one such intervention. Since intervention
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programmes need to be politically driven, and include a coordinated effort between
relevant government departments (Mbanya et al., 2010), modeling the potential health
effects and costs of scaling up is essential for building political will for action and
mobilising resources (Lim et al., 2007).

This study was planned as a pilot study for larger future studies about physical activity as a
primary and secondary intervention for chronic illness. The research process exposed
important flaws in research design and implementation, and results can be used to provide
proxy data for the selection of a probability sample for the full-scale studies to follow. This
report contributes to the growing pool of health economics research conducted in

developing countries, providing a basis for improved future research in Africa.
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APPENDICES

Appendix 1: Patient Questionnaire

Project Title: An economic appraisal of physical activity in the management of non-

communicable diseases in developing countries.
Section 1: Demographics

Please complete the following Information:

2. Gender

Male

Female

3. What is your age?

18 to 24

25t0 34

35t0 44

4510 54

55 to 64

6510 74

75 or older

4. What is your ethnicity?

White

Black

Coloured

Indian

Asian

Prefer not to answer

choose only one.)

5. What was the primary language spoken in your childhood home? (Please

English

Afrikaans

Zulu

Sotho

Tswana

Sepedi

Ndebele

Xhosa

Swati

Tsonga
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Venda

Other (please specify)

Section 2: Health Status

The following questions are about your health:

6 | Have you ever been told by a doctor, nurse or health care Yes | No
professional that you have Diabetes or high blood sugar?
7 | How long have you had diabetes? (Years- if less than 1 write 1)
8 | Are you currently using medication for diabetes? Yes | No
9 | How many years have you been using medication? (Years- if less
than 1 select 1)
1
2-4
5-7
8-10
10-15
>15
10 | In the past five years how many times has the doctor Never | Once | More
had to change your medication because you needed than
stronger medicine? twice

11 | Which medication are you currently taking to manage your diabetes?
(Please select all that apply)

Oral Medication

Injectable (ie Insulin)

BOTH Oral and injectables

Sulfonylureas (glimepiride, glyburide,
chlorpropamide, and glipizide)

Biguanides (metformin)

Alpha-glucosidase inhibitors (acarbose and miglitol)

Glyburide and Metformin Combination

Other

| don't recall
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12

Do you have any other chronic illnesses? Eg high blood
pressure, high cholesterol, heart problems?

Yes

No

13

If you selected yes to the previous question, please select which illnesses may

apply:

Not Applicable

High Blood Pressure

High Cholesterol

Cardiovascular illness (heart problems including coronary
artery disease)

Thyroid Disease

Other (please specify)

15

Have you ever been told by a doctor, nurse or health care
professional that you have had either a stroke or heart
attack?

Yes

No

Stroke

Heart Attack

Both

Neither

16

Have you ever experienced any of the following symptoms?
(Please select all that apply)

Yes

No

Loss of sensation on the face or one side of the body

Loss of sensation of the feet

Poor eye sight or visual disturbances

Chest pain or shortness of breath

Fluid retention causing swollen feet and ankles

Puffiness around the eyes

I have never experienced any of these symptoms
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Section 3: Income

The following questions will give us information about your employment and income.

17 | Are you currently employed? Yes | No
18 If not, please indicate | Related to Unrelated to | Not

the reason: Iliness/poor health | health/illness | applicable
19 Which sources of income do you have? Please tick

appropriate
box

Salaries and wages

Net profit from business or professional practice/ activities or
commercial farming

Income from subsistence farming

Income from letting of fixed property

Royalties

Interest received and/or accrued on deposits, loans, savings
certificates, and dividends on building society shares

Dividends on shares other than building society shares

Regular receipts from pension from previous employment
and pension from annuity funds ..

Social welfare grants (including old age pension)

Alimony, maintenance and similar allowances from divorced
spouse, family members, etc., living elsewhere

Regular allowances received from non-household members

Other income: specify

We understand that earnings are a difficult and sensitive question. However, due to its

importance, we would like to ask you a range into which your last months take home pay

falls:
20 How much was your take home Please tick the appropriate box
salary last month?
More than or less than R3100? More About | Less than
than equal to
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More than or less than R1300?

More than or less than R59007?

More than or less than R600?

More than or less than R110007?

More than or less than R180007?

Refused

Don’t know

21

In which economic sector do you work in your
primary job?

Please tick the
appropriate
box

Agriculture, fishing, forestry

Mining and quarrying

Manufacturing (e.g. clothing, food)

Electricity, gas, water

Construction

Wholesale/ retail

Catering and accommodation

Transport, storage and communication

Finance, real estate and business services

Community, social and personal services

Private households

Other - Specify

Don’t know

Refused

Section 4: Physical Activity Questionnaire

22

Please tell us the type and amount of physical activity
involved in your work. Choose one.

Tick the
appropriate
box

I am not in employment (e.g. retired, retired for health reasons,

unemployed, full-time carer etc.)

| spend most of my time at work sitting (such as in an office)

| spend most of my time at work standing or walking.
However, my work does not require much intense physical
effort (e.g. shop assistant, hairdresser, security guard,
childminder, etc.)
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My work involves definite physical effort including handling of
heavy objects and use of tools (e.g. plumber, electrician,
carpenter, cleaner, hospital nurse, gardener, postal delivery
workers etc.)

My work involves vigorous physical activity including
handling of very heavy objects (e.g. scaffolder, construction
worker, refuse collector, etc.)

23 During the last week, how many hours did you spend on each of the
following activities? Please answer regardless of whether you are in
employment or not.

None Some 1 hour 3 hours

butless | butless |or more
than 1 than 3
hour hours

Physical exercise such as

swimming, jogging,

aerobics, football, tennis,

gym workout etc.

Cycling, including cycling to

work and during leisure time

Walking, including walking

to work, shopping, for

pleasure etc.

Housework/Childcare

Gardening/DlY

24 How would you describe your usual walking pace? Please tick the

appropriate box

Slow pace (less than S5km/hour)

Steady Pace

Brisk Pace

Fast Pace (more than 7km/hour)
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Appendix 2: Department of Health Pay Scales 2014

Appendix Hto DPSA Circular 2 of 2014

TRANSLATION KEY (PERSAL TABLES 267 & 268): OSD FOR MEDICAL OFFICERS, MEDICAL SPECIALISTS,
DENTISTS, DENTAL SPECIALISTS, PHARMACOLOGISTS, PHARMACISTS AND EMERGENCY CARE
PRACTITIONERS: 1 APRIL 2014

Salary notches/total TCE packages (increments) Salary notches/total TCE packages (increments)
on 1 April 2013 (Rpa) on 1 April 2014 (Rpa)
Part-time Part-time
OSD Post (and Grade . .
. No Full-time Full-time
where applicable) 6/8th 5/8th 3/8th 6/8th 5/8th 3/8th
Medical Officer
_ _ TCE package TCE package
1 | Medical Officer (Intern) 1 332 622 249 468 207 888 124 734 357 237 267 927 223 272 133 965
337 611 253 209 211 008 126 603 362 595 271 947 226 623 135972
2 | Medical Officer (Community
Service) 1 445 974 334 482 278 733 167 241 478 977 359 232 299 361 179 616
3 | Medical Officer Gr 1 1 555 045 416 283 346 902 208 143 596 118 447 090 372 573 223 545
2 563 376 422 532 352 110 211 266 605 067 453 801 378 168 226 899
3 571 821 428 865 357 387 214 434 614 136 460 602 383 835 230 301
4 580 398 435 300 362 748 217 650 623 346 467 511 389 592 233 754
5 589 104 441 828 368 190 220 914 632 697 474 522 395 436 237 261
6 597 945 448 458 373716 224 229 642 192 481 644 401 370 240 822
3 | Medical Officer Gr 2 1 634 641 475 980 396 651 237 990 681 603 511 203 426 003 255 600
2 644 154 483 117 402 597 241 557 691 821 518 865 432 387 259 434
3 653 817 490 362 408 636 245 181 702 198 526 650 438 873 263 325
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4 663 624 497 718 414 765 248 859 712 731 534 549 445 458 267 273
5 673 575 505 182 420 984 252 591 723 420 542 565 452 139 271 284
6 683 679 512760 427 299 256 380 734 271 550 704 458 919 275 352
7 693 936 520 452 433 710 260 226 745 287 558 966 465 804 279 483
Medical Officer Gr 3 1 736 518 552 390 460 323 276 195 791019 593 265 494 388 296 631
2 747 564 560 673 467 229 280 338 802 884 602 163 501 804 301 083
3 758 781 569 085 474 237 284 544 814 932 611 199 509 334 305 601
4 770 163 577 623 481 353 288 810 827 154 620 367 516 972 310 182
5 781710 586 284 488 568 293 142 839 556 629 667 524 724 314 835
6 793 434 595 077 495 897 297 537 852 147 639 111 532 593 319 554
7 805 341 604 005 503 337 302 004 864 936 648 702 540 585 324 351
8 817 419 613 065 510 888 306 531 877 908 658 431 548 694 329 217
9 829 677 622 257 518 547 311 130 891 072 668 304 556 920 334 152
10 842 124 631 593 526 329 315798 904 440 678 330 565 275 339 165
11 854 751 641 064 534 219 320 532 918 003 688 503 573 753 344 250
12 867 579 650 685 542 238 325 341 931779 698 835 582 363 349 416
13 880 587 660 441 550 368 330 219 945 750 709 314 591 093 354 657
14 893 799 670 350 558 624 335175 959 940 719 955 599 964 359 979
15 907 203 680 403 567 003 340 200 974 337 730 752 608 961 365 376
16 920 817 690 612 575 511 345 306 988 956 741717 618 099 370 860
6 1100 931 825 699 688 083 412 848 1182 399 886 800 738 999 443 400
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Appendix 3: Biokineticist Pay Scales

PERSONEELBEGROTIG VIR 2014

2009 2010 2011 2012 2013 2014 Posisie
R 141 459,00 R 157 023,00 R 170 373,00 R 192 969,00 R 206 091,00 R 236 508,00 | Biokinetikus Gr Il
R 141 459,00 R 157 023,00 R 170 373,00 R 192 969,00 R 206 091,00 R 236 508,00 | Biokinetikus Gr Il
R 98 952,00 R 88 610,00 R 122 243,00 R 136 509,00 R 145 794,00 R 202 572,00 | Sportwetenskaplike Gr Il
R 72 168,00 R 85 782,00 R 136 075,00 R 141 975,00 R 151 632,00 R 202 572,00 | Sportwetenskaplike Gr Il
R 147 440,00 R 169 914,00 R 187 404,00 | Biokinetikus Gr Il
R 73 936,00 R 105 855,00 R 136 509,00 R 145 794,00 R 202 572,00 | Sportwetenskaplike Gr Il
R 126 924,00 R 144 249,00 R 224 043,00 R 239 280,00 R 274 593,00 | Biokinetikus Gr |
R 49 500,00 R 126 924,00 R 170 373,00 R 224 040,00 R 239 280,00 R 274 593,00 | Biokinetikus Gr |
R 128 781,00 R 159 092,00 R 169 914,00 R 202 572,00 | Biokinetikus Gr II
R 49 500,00 R 126 924,00 R 170 373,00 R 213 683,00 R 228 216,00 R 274 593,00 | Biokinetikus Gr |
R 67 428,00 R 74 547,00 R 85 329,00 R 91 134,00 R 112 932,00 | Dept Administrateur B
R 119 775,00 R 132 948,00 R 136 500,00 R 159 093,00 R 169 914,00 R 202 572,00 | Dept Administrateur B
R 109 647,00 R 121 710,00 R 126 500,00 R 134 163,00 R 171 162,00 R 206 427,00 | Dept Administrateur B
R 21 420,00 R 39 658,00 R 62 871,00 R 62 871,00 R 75 600,00 | Ontvangs
R 21 420,00 R 39 658,00 R 62 871,00 R 62 871,00 R 75 600,00 | Ontvangs
R 21 420,00 R 39 658,00 R 62 871,00 R 62 871,00 R 120 000,00 | Vioerinstrukteur
R 62 871,00 R 118 392,00 | Vioerinstrukteur
R 68 400,00 | Ontvangs
R 118 392,00 | Vioerinstrukteur
R 21 420,00 R 39 658,00 R 62 871,00 R 62 871,00 R 68 400,00 | Ontvangs
R 782 460,00 | R1350912,00 | R1814874,00 | R2399298,00 | R2648571,00 | R 3461 202,00
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Appendix 4: NHLS Quotation for Blood Tests

&}, NATIONAL HEALTH Quotation

LABORATORY SERVICE

13 Jamaary IME

Toc Phatho Cala

Talaphone Number, 0412 470 E0&T

Fax Mumber, 012 362 S850

E-mal Address: Phatho Celeffupac.za

Expicabice Diste of Oucdabion: 15 Febryary 2004

Conisi Farsn Tawrmars Tezme D Dl
. 30 davys from daie af
Phatka Cale Slate price irvaica
Tn::' Tarifl Description CuantitY | it Price || Line Total
4051 Gheiabed Hasrmogkabin 1 78.82 TE42
3375 Sodium (k) 1 v aTaz
3X30 Petassium (@) i 27.32 27.32
2060 Craalining i 27.32 27.32
2645 Chioride 1 195 1850
2E45 Bicarbonaba 1 &8, 27 ABZT
455 Urea 1 g v
2BET Lipogram 1 205.82 205482
Total Ra44.89
Quatation praparad by T.B, Mashaha
HHLS Banking gedails; ; Matonai Heaith Laboratony Seneog, Accownl nombar 588 711 5258 24,

Eranch ; Park Town, Branch Cpda; 5504 55
Qucdation valid for 30 days from date of preparation,

This is a quataticn an the goods named, subgact 1o the condiions noded balow:

Please nole that the quolation above doss not incude any further tariffs or charges that will be
required for 1ha conciusion of the resul, Plaese consull your docior o ensure thal all tanffs
pangining o the specific bests are proviced,
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