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Abstract

Background: Obesity, a known risk factor for non-communicable diseases, reduces
quality-adjusted life years (QALYSs) and life expectancy (LE), predicts all-cause
mortality and imposes a high economic burden. Overweight and obesity have become
epidemic in most regions of the world, including Ghana. Compared with other sub-
Saharan African countries, the rapid transition toward an ageing population in Ghana
makes it particularly vulnerable to the increased burden caused by an associated rise
in the prevalence of obesity. Although epidemiological studies aid understanding of
the distribution and determinants of obesity and inform prevention and intervention
programs aimed at reducing the impact of obesity, questions on which programs
should be funded using scarce health care resources remain unanswered. The
application of health economics allows the prevention and intervention programs that
represent best value for money to be identified. In Ghana, there are no data on the
health economics of obesity. Therefore, this thesis examined the health economics of
obesity in the Ghanaian population, particularly among older adults. The specific

objectives of this thesis were:

1. to determine the prevalence and factors associated with obesity in the adult
population;

2. to determine the prevalence of obesity at two time-points in older adults from
2007 to 2015;

3. toderive age- and sex-specific health state utilities (HSUs) and HSUs stratified
by body mass index (BMI) status in the adult population;

4. to examine the associations between health services utilization and direct
healthcare costs as a function of BMI status in the older adult population;

5. to estimate annual transition probabilities between healthy weight,

overweight and obese in the older adult population; and
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6. to quantify the long-term impact of overweight and obesity on remaining LE,
years of life lost (YLL), QALY and total direct healthcare costs in the older

adult population.

Methods: Ghanaian data from the World health Organization (WHO) Study on global
AGEing and adult health (SAGE) Wave 1 (2007/08, n=5573) and Wave 2 (2014/15,
n=4735) were used. SAGE is a study on the health and well-being of the older adult
populations aged >50 years that includes a smaller sample of adults aged 18—49 years.
SAGE collected individual-level data using a stratified, multistage cluster design.
Adult population was defined as those who were 18 years and above while older adult

population was defined as those 50 years and above.

Results: At Wave 2, the prevalence of overweight was 25%, obesity was 13% and
underweight was 7% in the adult population. In the seven years between SAGE Wave
1 and Wave 2, the prevalence of overweight increased by 25% from 20% in Wave 1
to 25% in Wave 2 and obesity prevalence increased by 47% from 10% in Wave 1 to
15% in Wave 2 among the older adults. Being female, having high socioeconomic
status, or low physical activity were associated with higher odds of overweight and
obesity. HSUs were negatively associated with obesity. Overweight and obesity were
associated with additional health service utilization and healthcare costs. Findings in
study five showed that the annual transition probability was 4.0% (95% CI: 3.4%, 4.8%)
from healthy weight to overweight, and 4.9% (95% CI: 3.8%, 6.2%) from overweight
to obesity; and the chances of remaining obese were higher especially among female.
Using estimates from aims one to four as input parameters for Markov modelling in
aim six, overweight and obesity were found to reduce the average remaining LE and

QALYs while increasing direct healthcare costs and YLL.
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Conclusion: These findings suggest that the prevalence of overweight and obesity has
increased in the population; that overweight and obesity impose substantial health and
economic burden in Ghana’s older adults. Therefore, urgent sustainable and cost-
effective interventions are needed to control and prevent overweight and obesity in

Ghana.
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intervention.

The rational response to economic incentives as a result of price elasticity of demand. For
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decisions at the margins.

A type of economic evaluation in which the net costs of an intervention are compared with
the benefits that arise as a consequence of applying that intervention using a single natural
unit. The natural unit mostly refers to the primary clinical outcome measure for the
interventions being compared.
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1 Introduction

1.1 Introduction to obesity

Obesity is medically defined as “a state of increased body weight, more specifically
adipose tissue of sufficient magnitude to produce adverse health consequences” [3].
This aligns with the World Health Organization (WHO) definition of both
overweight and obesity as “abnormal or excessive fat accumulation that may impair
health” [4]. Overweight and obesity result from an imbalance between calorie intake
and expenditure; and are commonly categorised based on body mass index (BMI).
BMI is an index commonly used to classify adult overweight and obesity and defined
as a person’s weight in kilograms divided by the square of his height in meters
(kg/m?) [4]. The WHO and National Institute of Health (NIH) classify BMI into the
following: underweight- BMI < 18.5kg/m?; normal weight- 18.5 -24.9 kg/m?;

overweight- BMI 25.0-29.9kg/m?; and obesity- BMI >30.0kg/m? [4, 5].

Since 1980, the prevalence of obesity has doubled and continues to significantly
increase among adults in most parts of the world including sub-Saharan Africa [6-
10]. In 2015, global adult obesity prevalence stood at 603.7 million [9]. A major
challenge for most low-and middle-income countries (LMICs) in sub-Saharan Africa
is that while the prevalence of overweight and obesity is rapidly increasing, it is co-
existing with underweight [11, 12]. In Ghana, the prevalence of obesity in the
general population has been rising steadily from as low as 0.9% in the 1980s to
approximately 14 % in 2003 [11, 13, 14]. Increasing prevalence of obesity from 1980
to 2014 among individuals aged 15-49 years has been well-documented in Ghana
[11, 15]. The Ghana Demographic and Health Surveys reported an increasing

prevalence of obesity from 3.4% to 15.3% among Ghanaian women aged 15-49
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years from 1993 to 2014 [11, 15, 16]. Based on the evidence of increasing obesity
prevalence in those aged 15-49, the Ministry of Health identify the need to reduce

obesity by 2% in this age group within five years starting from 2008 [17].

Obesity is one of the leading risk factors for non-communicable diseases (NCDs) and
has become a major global health concern [9]. It is known to increase the risk of type
2 diabetes mellitus, hypertension, dyslipidaemia, osteoarthritis, gallbladder disease,
strokes, cancers, heart attacks, obstructive sleep apnoea as well as overall mortality
[18-22]. Thus, obesity substantially increases morbidity, disability and mortality, and
poses significant economic burden on populations [6, 9, 23]. Aside from the strong
associations between obesity and NCDs, obesity has also been associated with poor
mental health especially among women [24, 25], poor school achievement and
employment prospects, and suboptimal productivity [26, 27]. The combination of
increasing prevalence of obesity, difficulties associated with its management [28],
associated health challenges and cost burden, [7, 8, 10] presents major challenges to
households, clinicians and especially, health policy decision makers when they
allocate resources to prevent, manage or treat obesity [29] and obesity-related
morbidities and disabilities [30]. An additional potential challenge for most low- and
middle-income countries (LMICs) is the findings that underweight, overweight and
obesity are regarded as risk factors for NCDs [11, 31, 32]. This is because increasing
prevalence of obesity may co-exist with overweight and may contribute to an

increased burden of NCDs.

Ghana is one of the LMICs in Africa experiencing both an ageing population
transition and increasing obesity prevalence [8, 11, 33]. Ageing population transition,

increasing obesity prevalence and longer life expectancy in Ghana are likely to have
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a combined effect which may lead to an increase in the prevalence of NCDs
especially in older adults [6, 8, 33-35]. The ageing population transition is as a result
of improved public health systems, faster fertility transitions, and increased life
expectancy [33]. In the next 25 years, Ghana is projected to be one of the LMICs that
will have higher numbers of old people [33]. Population growth and ageing transition
are also closely associated with nutritional and epidemiological transition [36]. The
increasing obesity prevalence has been attributed to increasing adoption of Western
diets, lower physical activity, and the cultural promotion of obesity as an expression
of beauty and affluence [37-39]. Thus, there is likely to be an ongoing increase in
risk factors like obesity and a growing disease burden from NCDs [6], which is quite
a shift from the usual communicable diseases mostly documented in Ghana [11]. In
recent times, the prevalence of NCDs including type 2 diabetes and hypertension
were reported to be increasing in Ghana [40-44]. A shift towards a growing burden
of NCDs or a double burden of NCDs and communicable diseases will require health
systems, policies and operational preparedness to meet these challenges. However,
the lack of evidence of whether the country is experiencing an entire shift towards a
growing burden of NCDs or a double burden of NCDs and communicable diseases
means planning and preparedness activities are very challenging. As overweight and
obesity are associated with increasing health and economic burden, increasing
prevalence in most LMICs requires deliberate attention, and proactive and pragmatic

actions to curb it.

In contrast to the evidence of increasing obesity prevalence in those aged 15-49
years, little is known about the trends in prevalence of obesity among populations of
older adults aged 50 years and above in the Ghanaian population. However, the

ageing and nutrition epidemiological transition, increasing obesity and NCDs
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prevalence may palpably affect the older adult population [11, 35]. Of note, the
health and productivity of those aged 50 years and above is as vital as for the
younger age groups, as they are also workers, taxpayers, business owners and
mentors of younger colleagues. Furthermore, they form the majority of the labour
force for agricultural productivity that is a key sector for sustainable development
and poverty reduction in Ghana [45]. Besides, they are also consumers in the larger
economy.

As preventing or controlling obesity in populations can be resource-intensive,
monitoring trends and identifying factors that relate to obesity provide essential
information that allows sustainable interventions to be appropriately and effectively
targeted [46, 47]. However, such data on obesity among older adults are lacking in
Ghana. Thus, the overarching aim of this thesis is to examine the health economics of
obesity in the Ghanaian population, particularly among older adults. Through this
thesis, | have generated the necessary evidence and developed a health economic

obesity model for the older adult population in Ghana.

1.2 Ghanain context

Located in the west of sub-Saharan Africa, Ghana has a population of approximately
30 million people. Between the 1980s and 1990s, the total fertility rate fell
significantly and has since stalled at around four children per woman in the last few
years [48]. The fertility rate is projected to be three children per woman by 2035 and
two children per woman by 2045 [49]. However, fertility rates remains higher in the
northern regions compared to the Greater Accra Region, and urban residents who
form approximately 57% of the total population, want fewer children than rural

residents. Even though 57% of the total population are less than 25 years old, the



reduced fertility rate has increased Ghana’s proportion of elderly persons [48]. In
addition, increased life expectancy since 1990 has also contributed to this trend [48,
49]. The proportion of persons aged 60+ is among the highest in sub-Saharan Africa
[48-50]. Increased life expectancy has been attributed to improved health care,
nutrition and hygiene, and overall economic conditions. Significant strides in
economic development have contributed to improve household’s economic
circumstances. About 45% of the population in the Ghanaian labour force are
engaged in agriculture, 25% in industry and 41% in the service sector. There are
several ethnic groups in Ghana but predominantly 48% are Akans, 17% are Mole-
Dagbon, 14% Ewes and 7% are Ga-Dangme. There are more than 30 spoken

languages in Ghana.

1.3 Economics of public health

Economics applied to public health encompasses the allocation of scarce public
resources to meet public health needs whilst ensuring value for money [2, 51, 52].
The processes and activities involved in economics of public health are considered as
both the science and art that supports decision making. Policy makers have often had
to deal with prioritizing resources due to scarcity of resource, but this has become
more important in recent times due to international economic downturns. Therefore,
as resources become increasingly scarce, much stronger evidence for investment
into public health initiatives is required [53, 54]. More than ever, public health
economics has been projected to the forefront in healthcare as governments and
institutions have recognised health economic evaluations can lead to more efficient
healthcare spending and increased sustainability of implemented programs [55].

Apart from using evidence from public health economics in decision making, it can



also be used to ensure equity in health care. It is well-documented that inequalities
exist in most human activities including health and healthcare [53, 54]. Rather than
focus on economics of public health, this thesis focuses on health economics which
utilizes concepts and methods from economics to understand and describe how

people make decisions regarding health behaviours and use of health care [2, 56].

1.4 Introduction to health economics

Health economics is the study of issues related to scarcity, efficiency and
effectiveness of health resource allocation, and the supply and demand of health and
healthcare. Health economics draws on principles from welfare economics, agency
theory, econometrics, and development economics [57, 58]. Kenneth Arrow’s paper
entitled “Uncertainty and the welfare economics of medical care” published in 1963
has been recognised as the major article that commenced the birth and creation of the
health economics discipline [59]. In his paper, Arrow discusses how the operations
of the ‘medical-care industry and the efficacy with which it satisfies the society’
differs from the norms of general economics [59]. The norms of general economics
are based on the principles of competitive model. However, in the medical-care
industry, he identified key distinguishing factors to include the extensive government
interventions, asymmetric information, externalities and moral hazard. Health
economics as a discipline has become important in the general economy due to the
increasing size and budget of the health sector, increasing health consumer concerns
resulting from the importance people attached to the economic problems encountered
when seeking and maintaining their health, and the substantial economic elements

attached to healthcare and healthcare industry [2].



Resources are generally scarce. Therefore, in meeting healthcare needs, planners,
providers, consumers and those who pay for healthcare face a barrage of questions
since choosing one course of action over another has consequences on health and
healthcare resources with some spillover beyond healthcare [1]. The anticipated
effects require a careful consideration of costs and benefits of the alternative actions.
The evaluation using a systematic analysis of alternatives before a final decision is
made on a choice action is called economic evaluation. Economic evaluations
provide evidence of costs, benefits and effects of alternative course of actions to
inform decision making in healthcare. Among others, they support the identification
of clear relevant alternatives and increase the explicitness and accountability in

decision making [1].

Economic evaluation provides evidence to inform decision making in health care [1].
As resources are scarce, we expect decision makers to be rational economic agents
who reason at the margins. Drummond et al described two key features of economic
evaluations. The first feature deals with inputs and outputs, thus costs and
consequences of alternative actions [1]. Costs include both the explicit and the
implicit (opportunity costs) costs. The consequences describe the benefits or
otherwise of the course of action. Just like mainstream economics, health economic
analysis uses reasoning at the margins and therefore includes incremental costs and

benefits at the margin which constitute marginal analysis [2].

While identifying and measuring the type of costs is similar across most economic
evaluations, the nature of the consequences (mostly benefits) differ and depends on

alternative course of actions under examination. Thus, depending on the nature of
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consequences, there are different forms of economic evaluations. Three commonly
used techniques in health economic evaluation are the cost-benefit analysis (CBA),
cost-effectiveness (CEA) and cost-utility (CUA). While in all three types of
economic evaluations the net costs of an intervention are compared with the benefits
that arise as a consequence of applying that intervention, the unit for measuring
benefits differ. CBA values benefits using monetary units, CEA uses a single natural
unit and CUA measures of benefits that reflect individuals’ preferences over the

health consequences of alternative interventions that affect them.

The second feature focuses on choices due to scarcity of resources. Key players in
health are faced with a range of outputs, each one of which has costs and
consequences for which they must make a choice. Thus, economic evaluations
establishes and uses explicit and systematic analysis to provide evidence to support
prioritization and decision making which provides “value for money” among
alternative choices. Economic evaluations requires that the costs and consequences
of two or more alternatives are under consideration, and models are developed to
characterize or depict the reality. As models are often abstract but must be
representative of the reality, the International Society for Pharmacoeconomics and
Outcomes Research (ISPOR) recommends the use of locally driven input parameters
to perform economic evaluations when available [60]. Such input parameters include
costs, outcome measures such as disability-adjusted life-years (DALY's) or quality-
adjusted life years (QALY- estimated from health state utilities (HSUs)), incidence
or prevalence (if it is disease or risk factor), transition probabilities, etc. Models
constructed for economic evaluations are first validated to ensure they depict the

reality [61, 62].



Beside economic evaluations developed models can be used to predict the long-term
impact of diseases or risk factor with results from this used for planning. To achieve
the Universal Health Coverage (UHC) and other health objectives in the Sustainable
Development Goal (SDG) 3, most countries including Ghana have identified the
need to improve the quality and efficiency in its healthcare services to provide fair
and equitable access to health [44, 63]. The overall aim of the SDG is to transform
the world by 2030 through sustainable development. The SDG on health is the third
of 17 goals and has nine objectives with 13 targets underpinning the broader health
goal. SDG 3 aims at ensuring healthy lives and promoting well-being at all ages
because it considers that health affects all facets of life [63]. This was built on the
backdrop of targets from the Millennium Development Goals on health. However,
the SDG 3 incorporates new targets on NCDs, mental health, substance abuse,
injuries, UHC, health impact from hazardous chemicals, water and soil pollution and
contamination, and the implementation of the WHO Framework Convention on
Tobacco Control (WHO FCTC) [9, 63]. Nevertheless, the lack of the necessary
parameters in most LMICs including Ghana, have been a major challenge hindering
the course of conducting health economic evaluations [64] and measuring the

achievement of SDG 3, hence the need to develop this evidence.

15 Evidence of long-term economic and health impact from obesity through
health economic modelling

Development and evaluation of policies for the management and control of NCDs and
their risk factors like obesity can be a complex process and poses a significant
challenge as they impose short, medium and long term health and economic effects

[65, 66]. While most studies are limited by time and therefore can provide evidence of



short- to medium-term effects of NCDs and their risk factors, economic modelling is
a method that can be used to provide estimates of likely long-term effects [1, 66].
Estimating the long-term effects of overweight and obesity are necessary to identify
major differences in sub-populations, inform the development of and correctly target
obesity preventive and control strategies, and allocation of health resources [67].
Constructing and validating a health economic model could form the basis for cost-
effectiveness analysis (CEA) which is an essential tool and a common method used to
develop and evaluate healthcare interventions. This method provides a broader context
in which to make judgements about the value for money of using a intervention/drug
for a particular health outcome. Constructing and validating a health economic model
for obesity in Ghana requires the estimation of key parameters mostly from the
population. Such parameters include establishing the incidence or prevalence of

obesity, calculating BMI-specific health state utilities, costs and mortality rates.

Since results from modelling are used to inform health care decisions and resource
allocation in specific populations, it is important that the parameters used are
developed from the same or very similar population [68]. This is because
circumstances like economic or political conditions, and how populations value their
health differ. Economics and health systems differ in different countries; therefore,
using parameters such as BMI-specific costs from different countries in economic
evaluation and using the results to inform local health care decisions and resource
allocation might lead to choosing unaffordable, inaccessible and unsustainable

interventions.

1.6 Data Source for this thesis
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Data from the World Health Organization’s (WHQO) 2007/8 (Wave 1) and 2014/15
(Wave 2) Study on global AGEing and adult health (WHO SAGE) were mostly used.
WHO-SAGE is a study on the health and well-being of adult populations aged 50
years and older in six countries: China, Ghana, India, Mexico, Russian Federation,
and South Africa [69]. In Ghana, trained SAGE teams collected individual-level data
from nationally representative households of adults using a stratified, multistage
cluster design. The sampling method used in both 2007/08 and 2014/15 was based on
the SAGE Wave 0 (2003) in which the primary sampling units were stratified by
region and locality (urban/rural) [70, 71]. Data collected in 2007/08 had 5573 and
2014/15 had a total of 4735 survey respondents. Various aspects of the data (cross
sectional or longitudinal) were explored depending on the objective for analysis.
WHO SAGE was approved by the WHO Ethics Review Committee (reference
number RPC149) with local approval from the University of Ghana Medical School
Ethics and Protocol Review Committee (Ghana). Further information on WHO

SAGE can be found at http://www.who.int/healthinfo/sage/cohorts/en/.

This thesis utilizes both responses from the individual and the household questionnaire.
The individual questionnaire responses used in the study covers the following domains:
socio-demographic characteristics, work history and benefits; health state descriptions;
anthropometrics, performance tests and biomarkers; risk factors and preventive health
behaviour; chronic conditions and health services coverage; health care utilization;
social cohesion; subjective well-being and quality of life; impact of caregiver; and the
interviewer’s assessment. The household questionnaire responses used include
housing characteristics, assets and household income. The final samples for each
analysis were determined after missing and biologically implausible weight, height

and waist circumference measurements were excluded. Biologically implausible
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values were height <100cm or >250 cm, weight <30.0 kg or >250.0 kg and waist

circumference < 25.0 cm or > 220 cm [72, 73].

1.7  Justification for studies in this thesis

Globally, increasing prevalence of risk factors for NCDs such as obesity is a major
concern particularly for older age groups [9]. This is likely to pose a major problem as
the management of NCDs is more challenging in LMICs [35]. As an ageing population,
Ghana is likely to experience an increasing burden of NCDs as the country is
concurrently experiencing ageing, nutritional and epidemiological transitions [6, 11].
For the most part, epidemiological studies have provided insight on the distribution
and determinants of obesity in Ghana but most of these studies neglected the older
adult population. To some extent, they have proposed weight reduction intervention
programs mostly in young adults [11, 15, 17, 74]. Notwithstanding, questions on which

interventions represents best and real value for money remain unanswered.

Ghana in recent years has identified the need to improve the quality and efficiency in
its healthcare services to be able to achieve Universal Health Coverage and the United
Nation’s Sustainable Development Goal 3 on health [63]. However, some of the
parameters required for economic evaluations are lacking in Ghana. With the
application of epidemiological methods and health economics tools, the necessary
parameters can be developed. These parameters in turn can be used to develop a health
economic model to identify strategies that represent best value for money. The paucity
of information on obesity in the older adult population and the lack of systematic data
on health economics of obesity convolutes the development of any cost-effective

interventions. Therefore, through this PhD | systematically generate health economic
12



parameters and apply the data to develop health economic model which can be used
for economic evaluations. Thus, this thesis aimed to examine the health economics of
obesity in the Ghanaian population, particularly among older adults. I used the outlined
aims to generate the necessary parameters and develops a health economic obesity

model for the older adult population.

1.8 Objectives of this thesis

The specific objectives of this thesis were to:

1. determine the current prevalence of obesity and the associations between
current and lifetime markers of socioeconomic status and body mass index
categories (underweight, healthy weight, overweight, obese) and central
adiposity in Ghanaian adults;

2. examine recent changes in obesity prevalence and associated factors among
older adults in Ghana between 2007/08 and 2014/15;

3. estimate age- and sex-specific health state utilities for Ghana, along with health
state utilities (HSUs) by weight status; and examined the associations between
HSUs and overweight and obesity;

4. examine the associations between health services utilization as well as direct
healthcare costs and overweight and obesity among older adults;

5. estimated annual transition probabilities between three body mass index
categories: healthy weight, overweight and obesity among older adults aged
>50 years in Ghana to be used in future modelling studies; and

6. construct and validate a health economic model and use it to quantify the long-
term impact of overweight and obesity on remaining life expectancy, quality-

adjusted life years and total direct healthcare costs.
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19 Structure of this thesis

Chapter 1 provides a background and justification for this study.

Chapters 2-4 are published and chapters 5-7 are under review. The outline of Chapters
2-7 follow the format of the peer-review journals in which the paper has been
published or under review.

Chapter 2 presents the prevalence of obesity validated by measures of central adiposity
in the general population. It also presents the associations between current and lifetime

markers of SES and BMI categories and central adiposity in the population.

Chapter 3 focuses on the older adult population and presents findings on trends and
factors associated with overweight and obesity in this population using the most

current data.

Chapter 4 presents the first estimated age- and sex-specific health state utilities (HSUs)
for Ghana, alongside with HSUs by weight status. It also presents the associations

between HSUs and overweight and obesity

Chapter 5 provides estimates of health services usage and direct health care costs

associated with overweight and obesity in the older adult population.

Chapter 6 presents the results for estimated annual transition proba