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Abstract

Non-communicable diseases (NCD) cause the most death and disability globally, posing a significant
public health threat, with detrimental impact on productivity and economic growth. The United Nations
Sustainable Development Goal 3.4 targets reducing NCD related mortality by one third by 2030. In
order to accomplish this, domestic government expenditure on health (GEH) has been proposed as a
key policy tool to expand access to quality healthcare and reduce premature NCD mortality. GEH as a
percentage of gross domestic product (GDP) varies between countries at the global, regional and income
group level, however the relationship between domestic GEH and premature mortality from NCDs is
currently unknown. This study objectives were to investigate the relationship between domestic GEH
and premature NCD mortality from the four major NCDs, the mediating role of access to quality
healthcare on this relationship, and the moderating role of country income grouping on this relationship.
The study used panel data regression analysis to analyse country level secondary data for the years
2000-2016 for countries which are signatory to the UN SDG. Both fixed and random effects estimations
were conducted, with the Wu Hausman test used to identify the most appropriate model. This study
found an inverse relationship between domestic GEH and premature NCD mortality, controlling for
private expenditure on health, per capita GDP, tertiary education level, and government effectiveness,
with a coefficient of -0.049 (p value < 0.01) under a fixed effects assumption, which was favoured by
the Wu Hausman test. The study also found no role of access to quality healthcare, as measured using
the health access and quality index (HAQI) metric as a mediator in the relationship between domestic
GEH and premature NCD mortality. Finally, the study found that country income grouping was a strong
moderator in the relationship, becoming stronger and more significant as country income grouping rose.
The findings of this study are instructive to policy makers, particularly in ministries of health and
ministries of finance on the inverse relationship between domestic GEH and mortality from NCD and
provides data in support of the calls to increase public spending on health, particularly given the health
and economic benefits attainable from reducing NCD morbidity and mortality and achieving SDG 3.4.

Key words: health expenditure, NCD mortality, health access, health quality

viii



Acronyms
CRD: Chronic respiratory disease
CKD: Chronic kidney disease
CVD: Cardiovascular disease
DAH: Development Assistance in Health
DM: Diabetes Mellitus
GBD: Global burden of disease
GDP: Gross domestic product
GEH: Government expenditure on health
GNI: Gross national income
HAQI: Health access and quality index
HIV/AIDS: Human immunodeficiency virus/Acquired immunodeficiency syndrome
HIC: High Income Country
IHME: Institute for Health Metrics and Evaluation
LMIC: Low and middle income countries
NCD: Non-communicable diseases
OOP: Out of Pocket Payment
PEH: Private expenditure on health
PPP: Purchasing power parity
SSA: Sub-Saharan Africa
SDG: Sustainable development goals
THE: Total health expenditure
UN: United Nations
UHC: Universal health coverage
US5SMR: Under-five mortality rate
WDI: World Development Indicators



Chapter One: Introduction

1.1 Introduction

This chapter provides the background of the current study, introducing the key concepts in the fields of
non-communicable diseases, access to quality healthcare, and healthcare financing as relates to the
guiding policy framework of the UN 2030 sustainable development goals. It then describes the problem
statement that the study aims to address, states the research objectives and questions, and highlights the

significance of the study.
1.2 Background
1.2.1 Non-communicable diseases

NCDs refer to diseases which are not transmitted from one person to another. NCDs are often chronic
in nature, requiring long term treatment to prevent death and disability from their complications. NCDs
result from a mix of risk factors which are behavioural (e.g. physical inactivity leading to diabetes
mellitus), environmental (e.g. household air pollution causing chronic respiratory diseases), or genetic
(e.g. acquired mutations causing breast cancer) (Beaglehole et al., 2011). The four major NCDs are
cardiovascular disease (CVD), cancer, diabetes mellitus (DM), and chronic respiratory diseases (CRD)

(GBD 2017 DALYs and HALE Collaborators, 2018).

CVD includes stroke, heart attacks, hypertension, heart failure, venous thromboembolism and
peripheral artery diseases (GBD 2017 Causes of Death Collaborators, 2018). These diseases cause
significant morbidities such as disability and decreased functional capacity. Cancer is often life
threatening when not diagnosed early, and requires therapy in the form of chemotherapy or
radiotherapy. Treatment is not only expensive and unaffordable to most people in low and middle
income countries (LMIC) (Youlden et al., 2012), but also often leaves individuals debilitated during
treatment courses, requiring prolonged time off work and other productive activities (Kamal et al.,
2017). DM is a disease of high blood glucose, with significant complications if not treated appropriately
which include chronic kidney disease and CVD complications such as those described above (Harding
et al., 2019). CKD treatment often requires frequent dialysis, which is expensive and leads to loss of
time from work (Mushi et al., 2015). CRDs include chronic obstructive pulmonary disease and asthma
which require lifelong therapy with expensive treatment modalities such as oxygen, and may lead to

CVD complications such as heart failure (Burney et al., 2015).

Given their chronic nature and debilitating complications if untreated, governments, international
organisations such as the UN, and donor agencies the world over are in search of solutions to curb the

rise of NCDs, and it’s devastating impact on human life and global economies.
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1.2.2 The human cost of non-communicable disease

NCDs are the leading causes of death globally, responsible for 73% of all deaths in 2017 (GBD 2017
SDG Collaborators, 2018). The four major NCDs described above account for 80% of all these deaths
(NCD Countdown 2030 collaborators, 2018). LMICs shoulder the major burden of global mortality,
accounting for 80% of NCD deaths (Nugent et al., 2018). WHO estimates that by 2025, mortality from
NCDs will rise by 17% globally, and 27% in the Africa region.

In sub-Saharan Africa, an epidemiological shift is in progress, with urbanisation leading to higher
exposure of populations to NCD risk factors such as tobacco smoking, harmful alcohol use, poor diet,
and physical inactivity. Consequently, the burden of NCDs is on the rise. For example, prevalence of
diabetes mellitus rose from 3.4% to 8.9% between 1980 and 2014 (NCD Risk Factor Collaboration
(NCD-RisC) — Africa Working Group, 2017). Mortality from cardiovascular disease rose by 81% from
1990 to account for 11.3% of all deaths in 2013 (Mensah et al., 2015). In total, between 1990 and 2017,
the proportion of disability adjusted life years attributable to NCDs, a measure of morbidity, rose from
18.6% to 29.8% while the proportion of mortality attributable to NCDs in sub-Saharan Africa rose from
40% to 55% between 2002 and 2019, and is estimated to reach 60% by the year 2030 (Dalal et al., 2011;
Gouda et al., 2019)

The unequal burden and progress in addressing NCD mortality is thought to relate to varying levels of
investment in strengthening the healthcare infrastructure required to diagnose and treat NCDs, such as
the setting up and maintenance of cancer treatment centres (Stefan, 2015), and the availability of
essential medicines for the treatment of NCDs (Rockers et al., 2018; Wirtz et al., 2017). High income
countries (HICs) have invested in health systems strengthening while LMICs have lagged behind due
to their limited resources, dependence on development assistance for health (DAH), and competing
health priorities such as the HIV/AIDS pandemic (Jamison et al., 2018; Piatti-Fiinfkirchen et al., 2018).
With this in mind, there has been a call to action to national governments the world over to increase
investment in health to tackle the human cost of NCD, particularly given the devastating economic

impact on individuals, households and countries reviewed below.
1.2.3 The economic cost of non-communicable disease

NCDs deplete financial resources from individuals and households. Catastrophic spending on
healthcare for some NCDs e.g. cancer occur in up to 60% of households, driving them into poverty
(Alam & Mahal, 2014; Jan et al., 2018). Jaspers and colleagues reported that catastrophic healthcare
spending for care of NCDs occurs in up to 84% of affected households (Jaspers et al., 2015), regardless
of the income level. Jan and colleagues found that catastrophic healthcare spending rose to up to 92%
of households when considering individuals with NCDs in the LMIC settings of Tanzania and India
(Jan et al., 2018). Such spending includes out of pocket (OOP) payments to access NCD care, as well

as premiums for private insurance cover. NCD care becomes more expensive for individuals should
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they develop a complication of untreated NCD e.g. a heart attack following untreated hypertension, or
CKD following untreated DM (Mushi et al., 2015). This not only depletes households of finances spent
on obtaining care for individuals, but it also redirects these resources from potential alternative
consumption, savings and investments which could translate to increased GDP and per capita income

(Jan et al., 2018).

Over 40% of deaths from NCDs occur in individuals aged 70 and younger, with the majority (80%) of
these premature deaths occurring in LMICs (Nugent et al., 2018). This loss of labour and productivity
as a result of death, coupled with that lost from disability from NCDs such as stroke, prolonged time
off work due to hospitalisation and treatment complications (for example, among CKD patients getting
dialysis, or cancer patients getting radiotherapy) stifles economic growth, posing a significant threat to

socio-economic development (Jan et al., 2018).
1.2.4 Access to quality healthcare and amenable mortality

NCD care requires lifelong access to quality care to avert amenable mortality and morbidity. Two
concepts are inherent in the statement “access to quality healthcare”. Access refers to the availability
and affordability of healthcare services, and largely relates to healthcare utilisation by a populace
(Gulliford et al., 2002). Access incorporates four key domains as highlighted by Gulliford et al, first,
that health services are available to a population at need, which incorporates the availability of health
workers and health facilities, geographical considerations and the associated direct and indirect costs of
physically accessing the services. Second, available services must be usable by the population, that is,
they must be both affordable and acceptable. Third, that the use is in a timely fashion to enable
prevention, management and treatment of disease in order to prevent unnecessary death and disability.
Fourthly, and overarching the three domains above, that access is equitable — enabling all those in need

to receive health services.

Quality modifies access by measuring the effectiveness of healthcare services (GBD 2016 Healthcare
Access and Quality Collaborators, 2018). Quality for example, refers to whether health facilities not
only have available staff, but that the staff is sufficiently skilled (Kruk et al., 2018) or that available

medications are not sub-standard or falsified (Tran et al., 2017).

Amenable mortality refers to deaths that should not occur in the presence of quality healthcare (Nolte
& McKee, 2008). Access to quality care is a key health policy tool to prevent amenable NCD mortality
through the enabling of health services that promote and maintain health among healthy people at risk
for NCD, prevention of NCD related complications through appropriate management, and decreasing
unnecessary disability and premature deaths. The Health Access and Quality Index (HAQI) is a unique
measure that enables assessment of both of these concepts in a single measure — ranging from 0-100,
with 100 denoting the highest level of access to quality healthcare (GBD 2016 Healthcare Access and
Quality Collaborators, 2018).

12



1.2.5 Country income groupings

The World Bank groups countries based on their gross national income (GNI) per capita into four
categories: low income (< 1,035 USD), lower-middle income (1,036-4,045 USD), upper middle income
(4,045 — 12535 USD) and high income (>12536 USD) (Neil Fantom & Umar Serrajudin, 2016).
Countries are reclassified every year with new groupings announced on July 1. GNI per capita is
expressed in US dollars from the previous year, converted from local country currency based on the

atlas methodology — a three-year average of the official exchange rates.

While the income groups reflect country social-economic development, they do not do so fully.
Limitations of the methodology include the inability to capture the contribution of informal economic
activity in GNI determinations, a problem that may underestimate economic development in low and
lower middle income economies where the informal sector is large (Jerven, 2013). Nevertheless, the
World Bank Income grouping method is the standard approach to classifying countries based on wealth

(Neil Fantom & Umar Serrajudin, 2016).
1.2.6 Guiding policy frameworks

The sustainable development goals adopted by all 193 country members of the United Nations in 2015
aim at partnering to build a peaceful and prosperous world for all people in the planet by 2030. SDG 3,
which focuses on improving overall health, states: ‘ensure healthy lives and promote well-being for all
at all ages’. Specifically, SDG 3.4 focuses on NCD and states: ‘reduce by one third the premature
mortality from non-communicable diseases through prevention and treatment...” As of 2017 however,

no country in the world was on track to meet SDG target 3.4 (GBD 2017 SDG Collaborators, 2018).

Nugent and colleagues have demonstrated an integral relationship between SDG 3.4 and other key
SDGs related to poverty reduction, universal education, inequality reduction and economic growth
among others, emphasising that addressing SDG 3.4 is crucial to the accomplishment of related socio-

economic development SDGs (Nugent et al., 2018).

In Africa’s Agenda 2063, goal 3 in the first 10-year implementation plan (2014-2023) aspires at a
healthy and well-nourished society. While the specific health related targets spelled out in the first 10-
year implementation plan focus on reductions in maternal mortality, neonatal mortality and mortality
from HIV and Malaria, the proposed strategies which include expanded access to quality healthcare
services, increased investment in the healthcare workforce, and promotion of healthy lifestyles to
decrease the incidence of NCDs, all would translate to improved care for NCDs and potentially reduced

mortality from NCDs.

Kenya has embarked on a journey to achieve Universal Health Coverage (UHC) by 2022. UHC is a
plan that ensures all individuals can access essential health services equitably and without suffering

catastrophic spending (Global Burden of Disease Health Financing Collaborator Network, 2018).
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Kenya piloted UHC in four counties in December of 2018, that is, in Kisumu, Machakos, Nyeri and
Isiolo. Part of the urgency of having UHC as a key policy focus in the country is the recognition of the
inequalities in accessing NCD care in Kenya as a result of varying income levels. UHC aims at reducing
the prevalence of NCD through health promotion and prevention efforts at the primary care level
(community, dispensaries, health centres) and enabling affordable access to care for people with NCD

to prevent death and disability of associated complications such as heart attacks.

In summary, policy frameworks to address the health and economic threat that NCDs pose are at the
international, regional and country level. To attain the above targets in health will require significant
and sustained expenditure at both the national and international level dedicated to health financing

(Stenberg et al., 2017).
1.2.7 Health financing

Heath financing refers to the “function of a health system concerned with the mobilization,
accumulation and allocation of money to cover the health needs of the people, individually and
collectively, in the health system”. There are four sources of health financing in sub-Saharan Africa: i)
domestic government health spending; ii) prepaid private spending (e.g. insurance premiums); iii) out-
of-pocket spending (e.g. user fee for a health service); and iv) development assistance for health (Micah

et al., 2019). Sources (ii) and (iii) are collectively termed private expenditure on health (PEH).

Government health spending represents a crucial pillar to overall development of the health
infrastructure in a country, both in terms of human resources for health, and physical infrastructure
required for a functioning healthcare system e.g. diagnostic capacity, access to essential medicines and
access to treatment procedures (Nugent et al., 2018; Wirtz et al., 2017). In addition, government health
spending is a more equitable tool to deliver universal healthcare, as it shields low income populations
from being excluded from accessing health services due to high insurance premiums and out-of-pocket
payments (Jan et al., 2018; Niessen et al., 2018). Reliance on development assistance for health (DAH)
is largely seen as an unsustainable form of health financing and runs counter to regional policy guides

on increasing domestic financing for development, as set forth in the Addis Ababa Action Agenda.

Domestic government expenditure on health (GEH) in Africa is currently low, ranging from 0.3% in
the Democratic Republic of Congo, to 5.6% in Namibia. OOP payments comprises 40% of total
healthcare expenditure in Africa to plug the deficit, putting individuals at risk for catastrophic healthcare
spending and/or death and disability from untreated NCDs (Niessen et al., 2018; Piatti-Fiinfkirchen et
al., 2018).

In response to the growing infectious disease epidemic at the turn of the millennium, heads of African
states pledged to work towards allocating a minimum of 15% of their national budgets towards

improvement of the health sector, recognising the key role that government spending on healthcare has
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towards improving health infrastructure, and subsequently, health outcomes, a theme that has been re-
emphasised in the UN SDGs whereby SDG 3a aims at substantially increasing health financing in
developing countries. Current mean spending on health as a percentage of GDP is 5.6% in LMIC, lower
than the target 7.5% needed to achieve UHC and SDG health goals, and a far cry from the 15% set by
the Abuja declaration (Stenberg et al., 2017).

Underinvestment in health by governments impacts access to quality healthcare in several ways
(Niessen et al., 2018). First, it leads to a lack of adequate infrastructure for the diagnosis and treatment
of common diseases. Secondly, fiscal underinvestment leads to increased private expenditure on health,
thereby contributing to inequitable access to care since only those individuals able to make OOP
payments or procure insurance are guaranteed access to quality care. NCD care in particular, poses a
key challenge if relying on PEH. This is because the chronic nature of NCDs requires sustained access
to health services, often over an individual’s entire life after diagnosis e.g. medicine will be taken for
life for a disease like hypertension (Jan et al., 2018). In addition, diagnostic and treatment modalities
for cancer are particularly expensive, and unaffordable to most people in sub-Saharan Africa (Stefan,
2015). Consequently, low income populations are less likely to sustainably afford the high OOP
payments or insurance premiums required to care for NCDs and as such, are highly dependent on
government health system strengthening efforts to increase access to quality health services for NCD
care (Piatti-Fiinfkirchen et al., 2018). These effects are part of the reason why there has been a global
push since 1978 at the Alma Ata declaration to achieve UHC (Hone et al., 2018).

Health financing for control of NCDs has received special emphasis due to the growing burden of NCDs
and economic burden this poses to countries (Jan et al., 2018), their chronic nature which impose unique
barriers to sustaining care through private expenditure (Youlden et al., 2012), and the persistence of
communicable diseases such as AIDS, tuberculosis and Malaria which continue to attract majority of
DAH (Njuguna et al., 2018). Subsequently, GEH is thought to be the most sustainable path to health
financing for NCD control, while at the same time being cognizant of the government fiscal space, that
is, without adversely affecting other important government services (Meheus & Mclntyre, 2017). One
approach to this is to set reasonable targets that meet this balance for countries which ensures that a
minimum set of effective and cost-effective interventions have been deployed for the prevention and
control of NCDs. Current proposed targets based on empirical research using infant mortality rates and
domestic GEH levels in the MDG era (Meheus & Mclntyre, 2017) set this at 5% of GDP, while
modelling studies that forecast required spending in the SDG era to achieve UHC (Stenberg et al., 2017)

propose a more ambitious 7.5% of GDP.

The impact of inadequate GEH has been demonstrated on several disease outcomes and has been
associated with worse outcomes in infant, under five, and maternal mortality, as well as on life

expectancy (Li & Yuan, 2019; Noel, 2017). These findings have translated into increased investment
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in health and have led to significant progress, including the attainment of MDG 4: reducing child
mortality by more than two thirds as of 2015 (Moucheraud et al., 2016).

1.3 Problem statement

Non communicable diseases are the leading causes of death and disability globally, responsible for 73%
of all deaths in 2017 (GBD 2017 SDG Collaborators, 2018), the most recent year for which estimates
are available. Death and disability leads to losses in productivity which hampers economic growth,
particularly in developing countries which shoulder 80% of all premature deaths from NCDs, that is,
deaths occurring among individuals aged less than 70 years (Nugent et al., 2018). Morbidity and
mortality from NCDs can be averted through utilisation of healthcare services among at risk individuals,
and individuals with disease (Nolte & McKee, 2008), for example, daily use of medication for
hypertension can prevent future heart attacks and mortality, however, access to quality healthcare is
low in developing countries, leading to disparities in care and higher morbidity and mortality from
NCDs (GBD 2016 Healthcare Access and Quality Collaborators, 2018). Furthermore, given the chronic
nature of NCDs, the cost of care for NCDs leads to catastrophic spending for individuals and households
in the form of out of pocket spending (Jan et al., 2018), and in the long term, is unsustainable for the
majority of low and middle income individuals (Alam & Mahal, 2014). Calls for universal healthcare
coverage recognise the crucial need for government investment in health to protect individuals and
households from catastrophic healthcare spending associated with NCDs, improve access to quality
NCD care, and decrease mortality from NCDs for their population, and government expenditure on

health is seen as the key policy tool to achieve this (Piatti-Fiinfkirchen et al., 2018).

Government expenditure on health as a percentage of gross domestic product varies globally, ranging
from 0.3% in the Democratic Republic of Congo to 13.9% in the USA as at 2016 according to the World
Bank. The relationship between government expenditure on health and health outcomes has been
explored for life expectancy, infant mortality, under 5 mortality, and maternal mortality, where
increased government expenditure on health is associated with reduced mortality and increased life
expectancy. The relationship between government expenditure on health and mortality from non-
communicable disease however, has not been adequately described at the global level (Marton et al.,
2015). Secondly, GEH has been hypothesised to increase personal access to quality healthcare, a crucial
pathway to improved health outcomes in NCD care, but few studies have evaluated this relationship
(GBD 2016 Healthcare Access and Quality Collaborators, 2018). Finally, prior research has been
limited to specific regions e.g. East Africa (Bein et al., 2017) or the EU region (Maruthappu et al., 2015)
which often have similar levels of healthcare spending based on their GDP, and may miss to identify
important moderating effects of country level income on the relationships between government

expenditure on health, NCD mortality, and access to quality healthcare.
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From a policy perspective, while several targets for domestic GEH have been proposed for governments
to work towards, these are based on empirical research using infant mortality rates and domestic GEH
levels in the MDG era (Meheus & Mclntyre, 2017), or utilising modelling studies to forecast required
spending in the SDG era to achieve UHC (Stenberg et al., 2017). While these targets form a crucial
starting point, comparison of different health outcomes may lead to inappropriate conclusions on the
appropriate spending targets, while modelling techniques have residual uncertainties. Empirical
research on domestic GEH targets as they relate to NCD mortality is therefore required to further aid
policy making.

To address these research gaps therefore, this study investigates the relationship between government
expenditure on health and mortality from non-communicable diseases using panel data analysis of
available global data, spanning the period between 2000 and 2016. Secondly, the role of access to
quality healthcare as a mediator of this relationship is investigated. Finally, how this relationship is
moderated by country income level is assessed for the four World Bank income group classifications

(low income, lower-middle income, higher-middle income and high income).
1.4 Overall objective

To assess the relationship between government expenditure on health and non-communicable disease

mortality rates across the world
1.5 Specific objectives

i.  To investigate the relationship between government expenditure on health and premature
mortality from non-communicable diseases
ii.  To investigate access to quality healthcare as a mediator of the relationship between
government expenditure on health and premature mortality from non-communicable diseases
iii.  To investigate the moderating effect of country income grouping on the relationship between

government expenditure on health and premature mortality from non-communicable diseases
1.6 Research questions

i.  Is there an independent relationship between government expenditure on health and non-
communicable disease mortality rates in the world?

ii.  Is the relationship between government expenditure on health and non-communicable disease
mortality mediated by access to quality healthcare?

iii.  Is there a moderating effect of country level World Bank income group classification on the

relationship between government expenditure on health and non-communicable disease

mortality rates?
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1.7 Significance of the study

This study is of significance to academic scholars in that it adds to the literature that aims to understand
the relationship between health expenditure and health outcomes. Specifically, given that prior literature
on the relationship between GEH and NCD outcomes has focussed on individual countries, this study
addresses this gap by being the first study on global level data. In addition, debates continue on the
exact causal links between GEH, inequalities in access to quality healthcare, and NCD mortality (Curtis,
2018; Niessen et al., 2018; Stuckler, 2008), this study findings adds to these debates by exploring the

role of access to quality care as a causal pathway in the relationship between GEH and NCD mortality.

For policy makers, this study is of significance because a UN interagency taskforce on NCDs has
highlighted the need for building investment cases to governments to justify increased spending towards
achieving SDG 3.4. In addition, increasing government spending on health is only one policy tool to
improving health outcomes, and it’s effectiveness may vary depending on factors such as baseline
socio-economic development and the effectiveness of governance of public funds. In aid of this policy
goal, achievement of the study objectives above is expected to: inform governments of the impact of
domestic government spending on health on prevailing mortality rates from NCDs, which are the
leading causes of death globally; identify potential gaps and opportunities to better leverage GEH to
further address NCD mortality by directing resources towards addressing access to quality healthcare
barriers, and; identifying whether different policies in GEH should be in place in different regions based

on income groups to better prioritise financial resource use in combating NCD mortality
1.8 Scope

This study focusses on country level rates of NCD mortality deriving from the four major NCDs
(cardiovascular disease, cancer, diabetes mellitus and chronic respiratory diseases), country level data
on access to quality healthcare, and corresponding domestic GEH. Data is sourced for each of the 193
UN member states that have signed onto the UN SDGs and obtained from the World Development
Indicators (WDI) Database, the World Governance Indicators (WGI) Database, the Institute for Health
Metrics and Evaluation (IHME) database, and the WHQO’s global health observatory (GHO) for the
years 2000-2016. The global scope of this study is chosen for the following reasons: first, countries in
a specific region (e.g. sub-Saharan Africa) tend to have similar levels of domestic GEH, and clustered
health outcomes (GBD 2016 Healthcare Access and Quality Collaborators, 2018). This lack of
variability would make regression techniques unlikely to identify significant relationships, if indeed
they exist. Second, a key focus of this study is to evaluate the moderating effect of country level income
on any relationship between domestic GEH and NCD mortality — this objective would not be met if
there was only focus on an individual country or region, due to similar income grouping. Thirdly, as an

econometric method, panel data analysis is more robust if utilising more units (countries in this case)
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and time (years) data. Finally, prior studies have utilised a similar methodological approach successfully

(Rana et al., 2018; Ray & Linden, 2020).
1.9 Organisation of the Dissertation

Following the introduction provided in this chapter, Chapter 2 delves into prior relevant research that
summarises the relevant theoretical debates and empirical research, and unearths gaps and opportunities
amenable to research. Chapter 3 then describes the study methods used in this study. Chapter 4 presents
the study results in their entirety, while Chapter 5 discusses the study findings in the context of prior
research, and the theory. Chapter 6 provides the conclusion and policy recommendation based on the

findings of this study.
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Chapter Two: Literature Review

2.1 Introduction

This chapter provides a summary of relevant literature that informs the research questions proposed in
this study. It begins by discussing the theoretical framework that guides the study. It then proceeds to
review empirical literature around the specific relationship between government expenditure on health
(GEH) and disease related mortality, as well as other determinants of mortality. The chapter concludes
with a summary of the identified gaps, providing a conceptual framework for the proposed study, and

a description of how the study variables will be operationalized to test the research hypotheses.
2.2 Review of theoretical debates

Public health practitioners agree that NCDs are the number one threat to human health globally
(Marquez & Suhrcke, 2005), and rightfully so, because NCDs accounted for 73% of all deaths in 2017
(GBD 2017 SDG Collaborators, 2018). The four major NCDs (cardiovascular disease, cancer, diabetes
mellitus and chronic respiratory disease) account for 80% of all these deaths (NCD Countdown 2030
collaborators, 2018). In 2016, NCDs were responsible for 61% of the total disability adjusted life years
(Chen et al., 2018), a measure of the overall burden of disease that factors in both death and disability.
The mortality and morbidity effects of NCDs are a significant impediment to development, considering
that there are 8.3 million premature deaths annually, that is, deaths occurring among people aged less

than 70 years, from NCDs, with consequential losses on labour and productivity (Nugent et al., 2018).

The morbidity from NCDs detrimentally affects productivity directly and indirectly. Directly,
economists have argued that ill health results in days off work and reduced participation in the labour
market, with labour losses estimated at 4% and 6% of labour hours from women and men respectively.
Indirectly, spouses of ill persons and other close relations may also withdraw from the labour market
and/or education opportunities in order to serve as caretakers of the ill persons (Marquez & Suhrcke,
2005). Mortality from NCDs further decreases productivity in a more easily discernible fashion, that is
removal of persons who are still of productive potential from the workforce. Indeed, over 40% of deaths
from NCDs occur in individuals aged 70 and younger, with the majority (80%) of these premature
deaths occurring in LMICs (Nugent et al., 2018). Consequently, the economic costs of premature NCD
related mortality are estimated to lead to global losses of 47 Trillion USD between 2010 and 2030.
Finally, economists have also argued that the care for NCDs is costly to the affected individual and
household, and this leads to reduced disposable income to spend on consumption of non-health related
goods and services, savings, and investments, leading to reduced economic potential at the individual,
household and national level with consequent decline in national incomes consumption (Bertram et al.,

2019).
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NCDs as a barrier to economic growth is of particular concern to developing countries, where NCDs
occur earlier. For example, the prevalence of NCDs among people aged 60 years and below in low
income countries is four times higher than those in high income countries (Kostova et al., 2017). This
situation is made direr by estimates of a rising prevalence of NCDs. It is projected that in 2020, NCDs
will account for 70% of all deaths in developing countries, 50% of which will be premature (Islam et

al., 2014).

Increasing domestic government expenditure on health (GEH) has been cited as a necessary prerequisite
to decreasing premature mortality from NCD and achieving SDG 3.4 (Stenberg et al., 2017), however,
prior studies used to justify this have utilised forecasting techniques, with few studies utilising existing
data to justify a relationship between health expenditure and NCD related outcomes (Marton et al.,
2015; Mays & Smith, 2011). Furthermore, the disproportionally high mortality from NCDs, both in
overall and premature mortality terms, in lower income countries begs the question of what its drivers
are, and how they relate to development. Understanding the effect of GEH on NCD mortality is a crucial
first step to determining how effective GEH is as a policy tool in tackling the NCD burden. A discussion
of the theoretical underpinning for this relationship, the health production function is presented below.
Secondly, two additional theories have been advanced to account both for the disproportionately rising
prevalence of NCDs, and its higher mortality in developing countries. The first one is the rise of
behavioural risk factors in transitioning economies as they undergo development, while the second one
is concerned with socio-economic inequalities that reduce access to quality care for individuals in
developing countries. Both are also discussed, in order to elucidate additional theoretical considerations
on what role, if any, GEH has on reducing health access disparities and NCD mortality in countries at

different development stages.
2.2.1 Health production function theory

The health production function builds on the traditional economics production function which relates
the quantity of goods produced and the quantity of inputs required to produce it, which can be

represented by the general simple equation:
Y=f(k,L)
Where Y is the output, k represents capital, and L is labour.

The original health production model was formulated in 1972 by Michael Grossman (Grossman, 1972;
Nixon & Ulmann, 2006). The Grossman model was concerned with individual health, treating good
health as an inheritable capital good, that depreciates with time unless investment is made into it, and

can be represented as:

H=f(x)
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Where H is individual health output, and x is a vector of individual health inputs that include nutritional
intake, education, income, public goods consumption, health seeking behaviour, genetic and

environmental endowment.

Several studies have gone on to utilise the Grossman model to evaluate relationships between health
outcomes and health expenditure (Arthur & Oaikhenan, 2017). However, as argued by (Nixon &
Ulmann, 2006) application of the Grossman model to studies evaluating health outcome and health
expenditure relationships using aggregate level data may yield misleading findings, since assumptions
in the Grossman model consider individual level health. For example, they highlight that health is a
normal economic good, which individuals invest more of their income into, as their income rises, while
at the aggregate level, health becomes a luxury good, such that countries are unlikely to prioritise it,

until higher priority needs at the macro level such as national security, are first addressed.

Subsequently, researchers have built on the Grossman model to produce an appropriate health
production function at the macro-level, while retaining the theoretical grounding of the Grossman
model. In this instance, the overall healthcare system is treated as a production unit aimed at producing
good health as its output (Arthur & Oaikhenan, 2017), with the various resources that go into the
healthcare system considered as the inputs. Furthermore, acknowledging that health outcomes are also
affected by other socio-economic and environmental determinants, these are often also included as
inputs, albeit as control variables when the key relationship under investigation is that between health
expenditure and health outcomes. Fayissa and Gutema (Fayissa & Gutema, 2008), for example, derived

a health production function for SSA as below:
H=f (Y, S, V)

Where H, the health output is aggregate health defined by country-level life expectancy at birth, and
their inputs, Y, S and V, are vectors of per-capita social, economic and environmental inputs that

determine life-expectancy at birth.

Despite an overlap in the nature of the variables in the two models, for example, per capita income in
the health production function can be compared to individual income in the Grossman model, Nixon
and Ulmann’s arguments above still hold, and in addition, they add that in translating health research
findings to policy decisions, the macro-level health production function is more appropriate. The main
objective of this proposed study is to investigate how government expenditure affects NCD mortality,
the goal being to evaluate its relevance as a policy tool in achieving SDG 3.4. It plans on utilising
aggregate data at the country level, and therefore, adopts the health production function as proposed

by Nixon and Ulmann.

Depending on the health outcomes of interest, researchers have then specified the health production

function based on the key variables that they theorise affect their chosen health outcome. Makuta and
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O’Hare, for example, in their study in SSA, specify a health production function where the outputs are
life expectancy at birth and under-five mortality, and the inputs are public spending on health, quality
of governance measures, female literacy rate, and sanitation (Makuta & O’Hare, 2015). Similarly,
other studies, most of which are reviewed in the next section on empirical work, have utilised a
similar approach to evaluate the association between health expenditure and health outcomes such as
infant mortality, maternal mortality, under-five mortality and life expectancy (Akinlo & Sulola, 2019;

Fayissa & Gutema, 2008; Nicholas et al., 2016; Novignon & Lawanson, 2017).

The health production function theory thus provides the theoretical framework underpinning objective
one of this study which investigates the relationship between government expenditure on health and

premature mortality from NCDs.

With this overall framework in mind, the next two theoretical discussions dig deeper into the
underlying assumptions around health production in NCD mortality as far as NCDs are concerned,

pointing out key gaps of understanding.
2.2.2 Economic transition theory

Beaglehole and collegues argue that the majority of NCDs have five shared risk factors: tobacco use,
consumption of foods high in saturated and trans-fats, consumption of food and drinks high in salt and
sugar, physical inactivity, and harmful consumption of alcohol (Beaglehole et al., 2011). Economic
growth enables and promotes the urbanisation, technological advancement and ability to ‘consume’ all
the above risk factors. Urbanisation encourages more sedentary lifestyles, for example, instead of
having to walk or use bicycles from one place to the next, individuals can now afford to drive or be
driven to various destinations. Technological innovations have enabled cheap production of unhealthy
foods such as sugar sweetened beverages, and inclusion of trans-fat in foods, making unhealthy diets

more affordable, particularly among low income individuals (Lent et al., 2014).

Stuckler adds to this debate by positing that macroeconomic and macrosocial factors are key drivers of
NCD mortality (Stuckler, 2008). He commences with a health transition model from a healthy person,
to one at behavioural risk, then clinical risk, morbidity and finally mortality. To illustrate this, a healthy
person could consume a high salt diet (behavioural risk) that leads to hypertension (clinical risk).
Hypertension can progress to a disabling haemorrhagic stroke (morbidity) which if not intervened on,
could lead to death (mortality). Stuckler argues that economic flows, economic growth, and
technological advances shifts healthy individuals progressively towards the right of this spectrum.
Economic flows permit movement of unhealthy diets to developing countries. Economic growth raises
incomes and changes consumption behaviour and lifestyle habits, with strong marketing increasing the
desirability of unhealthy habits by promoting them as status symbols, for example dining out is
preferred to home cooked meals, while being driven is preferred to walking or riding a bike. Finally,

technological flows shift labour from an agrarian society to one related to intellectual property
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production — leading to more sedentary workplaces, more job opportunities in urban areas, and

migration from rural areas.

These authors successfully argue that economic growth leads to the rise of behavioural risk factors and
subsequently, the growth of NCDs. They however fail to discuss how this subsequently drives mortality
rates. Stuckler’s model for instance, explains the rising prevalence of NCDs, but doesn’t explain the
rising morbidity and mortality. Furthermore, he posits that economic growth has a varying effect on
behaviour and NCD mortality based on the wealth of the country, that is, that these factors increase
mortality in low income countries, do not affect mortality in middle income countries, and decrease
mortality in high income countries (Stuckler, 2008). Indeed, his supporting empirical work employing
multivariate regression on cross sectional data supports this theory, an interesting finding which he
supports by proposing that individuals in developing and developed countries change their lifestyle
habits differently in response to economic growth, with those in developed world adopting healthy
habits and the opposite happening in the developing world. Assuming this is true, however, it would
still explain a high prevalence, but not a high mortality from NCDs, because NCDs are treatable for the
most part, so long as there is access to quality healthcare (Kruk et al., 2018). Nevertheless, the economic
transition theory suggests that there are expected differences between countries in different economic
blocks as far as NCD outcomes are concerned, and as such form the theoretical underpinning for
objective three of this study, which examines the moderating effect that country income grouping may

have, on any relationship between government expenditure on health and premature NCD mortality.
2.2.3 Socio-economic inequality theory

The acquisition of an NCD should not equate to a death sentence (Kruk et al., 2018). Hypertension is
treatable with drugs that cost as low as 15 Ksh for a month’s dose (Rockers et al., 2018). Among patients
with diabetes mellitus, daily use of drugs such as statins significantly reduces the likelihood of future
fatal myocardial infarctions (heart attacks) and strokes (Stone et al., 2014). Among patients with a heart
attack, timely intervention in the form of percutaneous coronary intervention or coronary artery bypass
graft surgery saves lives (Ibanez et al., 2018). Even cancers with the worst prognosis are treatable if
diagnosed at an early stage (Hawkes, 2019). These examples have a common denominator that
interventions exist that can prevent mortality from NCDs, or at a minimum, prolong life among people
with NCDs. The second theory of what drives NCD mortality thus stems from this, and explores how a
country’s or individual’s wealth may affect their ability to access these interventions and subsequently,

how this affects mortality from an NCD.

Wagstaff argues that there is a complex relationship between health and wealth (Wagstaff, 2002). On
the one hand, as discussed earlier, ill health decreases productivity directly and indirectly, reduces
disposable income for education, savings and investments, and decreases individual, household and

country wealth. On the other hand, lower socio-economic status predisposes individuals to unhealthy
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habits such as the consumption of low cost, high calorie fast foods. There is therefore a clustering of
the behavioural risk factors described by (Beaglehole et al., 2011), in people of low socio-economic
status, not just those with increased income as described by (Stuckler, 2008), leading to a higher

prevalence of NCDs among this vulnerable population, a theory also supported by (Niessen et al., 2018).

Secondly, lower socio-economic status often accompanies lower education status, with a causal
relationship in both directions (Cutler & Lleras-Muney, 2010). Low education predisposes poorer
individuals to lack of knowledge on healthy lifestyle habits and the harm of unhealthy habits, limited
awareness of NCD risk factors, and limited awareness of how NCDs present, that is, early warning
signs for an NCD. This leads to a lower rate of early diagnosis of NCDs, meaning that by the time a
diagnosis is made, there is already substantial morbidity. For example, while uncomplicated
hypertension can be treated at relatively low cost, it is common for the first diagnosis of hypertension
to be made in an individual in an LMIC to be on presenting to a hospital with a disabling stroke, which

is more costly to manage, and has a high mortality risk (Yan et al., 2016).

Thirdly, even when early diagnosis is made, (Wagstaff, 2002) argues that poverty limits freedom to
access health services needed to care for NCD. By virtue of their chronic nature, NCDs require lifelong
care. For example, a patient with hypertension will likely need blood pressure control medications for
the rest of their life (Jan et al., 2018). Patients therefore face a high cost burden to treat NCDs over a
lifetime compared to acute conditions such as Malaria, leading to many poor people without the
capability to do so and foregoing treatment. Wagstaff posits that it is this requirement that introduces
inequalities in sustaining care of NCDs and subsequently, leads to worse outcomes in people of lower
socio-economic status. Even within individual countries, poorer individuals face worse health outcomes
than their wealthier counterparts. In support of this theory, (Curtis, 2018) recently concluded that there
is agreement on the fact that socio-economic inequalities affect health outcomes. However, he adds that
the gap that persists in this debate is understanding how exactly this relationship is mediated, that is the
specific causal pathway, in order to understand what government interventions are appropriate to

address this.

A key policy tool that has been advanced by authors, and accepted by national governments, and world
bodies such as WHO and the UN, is the scale up of universal healthcare (Global Burden of Disease
Health Financing Collaborator Network, 2018; Jamison et al., 2018; Kruk et al., 2018; Wirtz et al.,
2017). This argument simply builds on the preceding discussion on eliminating the disparities in
sustainably accessing healthcare for individuals of low socio-economic status with NCDs. The
backbone for universal healthcare is widely recognised to be domestic government expenditure on
health. However, to date, there has been significant underinvestment in NCD care, particularly by

governments in developing countries (Piatti-Fiinfkirchen et al., 2018).
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(Marquez & Suhrcke, 2005) have posited that this lack of investment in combatting the NCD crisis is
the absence of empirical, rigorous economic data, stating that “public health experts have failed to make
the case for adequate funding.” Other authors have supported this view, highlighting that economic
evidence is needed to spur the kind of multisectoral action at the national level that will prevent and
control NCDS (Bertram et al., 2019; Etienne, 2018). Consequently, they have called on countries to
conduct economic analyses, composed of both return on investment analysis and institutional and
context analysis in order to provide both the economic and political “lay of the land” to enable NCD

prevention and control action.

Recalling that the health production function theory is based on a production function that considers
health as an output of a health system with various inputs comprised of the health system’s resources,
the health system resources in this case may be viewed in the traditional economic production function
as labour (healthcare personnel and ancillary staff required for the health system to work) and capital
(financial resources, infrastructure, diagnostic and treatment technology and medicines). In applying
the health production function to expenditure based research, health expenditure is considered the
primary economic input since labour and all other components of the health system require expenditure
to be deployed within the health system, assuming social and environmental inputs are held constant.
All these components are theorised to improve access to quality healthcare, and lend themselves to an
investigation of how well government expenditure on health may improve, if at all, access to a

healthcare system, that is of sufficient quality to prevent amenable mortality.

Understanding the role of health inequalities in assessing the relationship between government
expenditure on health, and health outcomes was previously complicated by the conceptual and
methodological limitations of measuring inequalities in health access (Curtis, 2018; Leon et al., 2001).
The introduction of the healthcare access and quality index (HAQI) score which measures personal
access to quality healthcare, coupled with the availability of longitudinal data on health expenditures
and NCD mortality, may potentially address this prior limitation (Curtis, 2018; GBD 2016 Healthcare
Access and Quality Collaborators, 2018), creating a platform on which assessment of the impact of
government expenditure on NCD outcomes can be evaluated. The socio-economic inequality theory is
therefore the framework underpinning objective two of this study which investigates access to quality
healthcare, a measure of health inequality, as the mediating pathway between government expenditure

on health and premature mortality from NCDs.
The next section builds on these theoretical debates with empirical work.
2.3 Review of empirical literature

Section 2.3 focuses on prior work evaluating the relationships between health expenditure, health

outcomes, and access to quality healthcare, and other determinants that affect these relationships.
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Reviewed studies are organised starting with regional studies (developed regions, developing regions,

and the African region), global level studies, and finally individual country studies.
2.3.1 Health expenditure and health outcomes

The majority of studies evaluating the relationship between health expenditure and health outcomes
have focussed on outcomes such as infant mortality, under 5 mortality, maternal mortality, and life
expectancy (Som¢ et al., 2019). This was justified and informed by the UN Millennium Development
Goals which had a particular focus on reducing maternal and child mortality (Moucheraud et al., 2016).

Their findings have been mixed, yet offer translatable insights that are worth highlighting.

(Rahman et al., 2018) in their panel data analysis study of 15 countries in the SAARC-ASEAN region
evaluated the unique effect of GEH and PEH on health outcomes. Using data spanning 1995-2014, they
found that GEH increased crude death rate, decreased infant mortality, but had no effect on life
expectancy. PEH on the other hand, reduced crude death rate and infant mortality, but also had no effect
on life expectancy. In addition, they reported that the effect of PEH on reducing infant mortality was
higher than that on GEH. These findings suggest that how GEH is used, i.e., good governance, may be
a more important predictor of health outcomes than how much the GEH is (Akinlo & Sulola, 2019).
The authors however did not include any governance explanatory variables to explain this variation.
Another limitation of the study is the use of crude death rate as a health outcome variable which while
helpful in understanding overall death rates — mixes different causes of death and fails to account for
age and sex differences. Age and sex standardised death rates that disaggregate different causes of death
(e.g fatal injuries and accidents, disease related death etc) make for more meaningful comparisons

(GBD 2017 Causes of Death Collaborators, 2018).

Akinlo et al. reported that increasing GEH was associated with higher (worse) under-5 and infant
mortality in a panel data analysis study of 10 sub-Saharan Africa countries for the period 2000-2008.
In contrast, they found that increasing total health expenditure (THE), which was defined as both GEH
and private expenditure on health (PEH), was associated with reduced under-five and infant mortality,
concluding that GEH was more likely to be inefficiently used therefore not translate to improved health
outcomes (Akinlo & Sulola, 2019). Despite this assumption, the authors did not include any variables

to control for government efficiency to support their conclusion.

In another panel data analysis study including 48 African countries for the period 2000-2015, Some et
al. found that THE had a significant inverse relationship with infant mortality, under-five mortality
(USMR) and maternal mortality and a positive relationship with life expectancy (Somé et al., 2019). A
limitation of the study was the lack of disaggregation of GEH and PEH to assess for the specific effect
of both on health outcomes. Similar findings and limitations were found in the panel data analysis study
by (Nketiah-Amponsah, 2019) that included 46 countries for the period 1996-2015 for three health

outcomes: under-five mortality, maternal mortality and life expectancy.
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Bein and collegues found that increasing THE led to increased life expectancy, and reduced neonatal,
infant and under five mortality in a panel data analysis study of 8 East African countries for the period
2000-2014 (Bein et al., 2017). A key limitation of the study was the poor model specification which
only assessed one independent variable (health expenditure) and included no control variables, resulting
in low R-square values that make it difficult to draw conclusions from the study. In addition, they did

not disaggregate the impact of GEH and PEH on the health outcomes.

Novignon et al reported that in a panel data analysis study of 45 African countries for the period 1995-
2011, increasing THE led to a decrease in infant, under-five, and neonatal mortality. In evaluating the
unique effects of expenditure based on its source, they further found that GEH and not PEH,
significantly improved health outcomes (Novignon & Lawanson, 2017). Similarly, (Nicholas et al.,
2016) reported that in a panel data analysis study of 40 sub-Saharan Africa countries for the period
2000-2010, increasing GEH was associated with reduced infant and under-five mortality while PEH

had no significant association with either child health outcomes.

A key limitation of the above studies is the focus on an individual region, which may have less
variability in health spending and health outcomes, and in addition may not permit a meaningful
evaluation of the moderating effect of income on the relationship between health expenditure and health

outcomes.

At the global level, Rana et al. reported that THE was significantly associated with life expectancy,
infant and under-five mortality, but not with maternal mortality (Rana et al., 2018). Their panel data
analysis study included data from 1995-2014 for 161 countries. The authors proposed that other factors
such as road infrastructure and access to hospitals may better explain variation in maternal mortality,
while child mortality outcomes may be more sensitive to health expenditure due to direct impact of
immunization programs and other primary care activities. A key limitation of the study however was

the lack of disaggregation between GEH and PEH.

A second global level panel data analysis study by Ray and Linden overcame this limitation. These
authors included data from 195 countries and territories from 1995-2014 (Ray & Linden, 2020). They
found that GEH had a positive correlation with life expectancy, and an inverse correlation with infant
mortality. They also found that PEH only had significant correlation with life expectancy in poor
countries but not in rich countries, and had no correlation with infant mortality in either. The authors

therefore concluded that GEH was a more effective policy tool to improving health outcomes.

The glaring gap in the literature from the above review is the lack of global or regional data on the
relationship between health expenditure and NCD outcomes, the leading cause of death and disability

globally (GBD 2017 Causes of Death Collaborators, 2018). Only two studies were found to address this
question which are highlighted below.

28



In the first of these studies, (Marton et al., 2015) used panel data analysis and included data from 159
counties in Georgia, USA spanning the years 2000-2011. They reported that increased public health
spending was associated with increased early deaths, including increases in heart disease, diabetes
mellitus and asthma related deaths. The authors hypothesised that their negative findings may have been
due to either ineffective administration of public money earmarked for health or a simultaneous
decrease in PEH, however they did not control for either governance effectiveness or PEH, a key
limitation of their study. A contrasting study in the USA using panel data analysis of national data for
1993-2005 found that a 10% increase in public health spending in the USA led to a significant decrease
in cardiovascular disease, diabetes mellitus and cancer mortality by 3.2%, 1.4% and 1.1% respectively
(Mays & Smith, 2011). The findings from these studies however are not extrapolable to other global

settings as they focus on an individual high income country (HIC).

The above studies also highlight the important role of other determinants of health outcomes such as
private expenditure on health, education level, GDP per capita, and governance which may be

confounders. These are discussed in detail in sections 2.3.3 to 2.3.6.
2.3.2 Health expenditure and access to quality healthcare

Two concepts are inherent in the statement “access to quality healthcare”. Access refers to the
availability and affordability of healthcare services, and largely relates to healthcare utilisation by a
populace. Quality modifies access by measuring the effectiveness of healthcare services (GBD 2016
Healthcare Access and Quality Collaborators, 2018). Quality for example, refers to whether health
facilities have sufficiently skilled healthcare staff (Kruk et al., 2018) or that available medications are
not sub-standard or falsified (Tran et al., 2017). Access to quality care is a key health policy tool to
prevent amenable mortality, i.e. deaths that should not occur in the presence of quality healthcare (Nolte

& McKee, 2008).

In a landmark study, Kruk et al evaluated the impact of low utilisation or low quality of healthcare in
61 representative LMIC countries in 2016 (Kruk et al., 2018). They found that of 19.3 million total
deaths, 8.6 million (45%) were amenable through healthcare intervention. Of these 8.6 million
amenable deaths, 3.6 million (42%) were as a result of the lack of access to healthcare, while the
majority 5 million (58%) were due to low quality care among patients who did access healthcare
services. Furthermore, CVD deaths comprised 2.9 million (33%) of the amenable deaths, and of these,
84% were due to poor quality care. Amenable cancer deaths (477000) were more commonly caused by
the lack of access to healthcare (89%) than low quality care (11%). In addition, the authors reported
that poor quality care led to 224 million years of life lost, highlighting a significant blow to economic
productivity in these LMICs. An earlier study of OECD countries found amenable mortality was 23%
and 30% among men and women respectively (Nolte & McKee, 2008), lower than the 45% reported in
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this study, and highlighting that lower income countries have more ‘room for improvement’ to prevent

amenable mortality.

GEH represents the bulk of the funding by which public healthcare infrastructure is established and
maintained in a country. According to (Nicholas et al., 2016), GEH provides the health “inputs” —
physical infrastructure (both buildings that serve as health facilities, as well as diagnostic equipment),
human capital (training and remuneration), and essential drugs for the treatment of disease. This
provides the base from which other health financing resources enhance access to healthcare e.g. DAH
to fund specific programs such as vaccination efforts using the human capital trained and supported by
GEH, or OOP payments enabling access to medicines stocked at health facilities, but not provided for

free.

The availability of these health inputs has been correlated to important health outcomes related to access
to quality care. Vedanthan et al. reported that both the health worker density and mean hypertension
treatment rate rose with income group increases in their global level study of 68 countries (Vedanthan
etal.,2019), and found a significant association between health worker density (input) and hypertension
treatment rates (health outcome). In the study by (Nketiah-Amponsah, 2019) focussing on 46 African
countries, increased physician population was associated with increased life expectancy and reduced

under-five mortality.

Recently however, the Institute for health metrics and evaluation (IHME) has introduced a novel
comprehensive measure of access to quality healthcare — the health access and quality index (HAQI),
which measures access to personal quality health care on a scale of 0-100, with 0 being the worst and
100 being the best (GBD 2016 Healthcare Access and Quality Collaborators, 2018). As of 2016,
Norway had the best HAQI (96.6) while that of the Central African Republic (CAR) was the worst
globally (18.6). In addition, the authors found that best HAQI measures were concentrated in Europe

while most of the worst performers on the HAQI were in sub-Saharan Africa.

This global level study also evaluated the relationship between healthcare expenditure and HAQI and
found that both THE and GEH were significantly positively associated with HAQI, while health inputs
such as both the physical (available hospital beds) and human capital (staff) were positively associated
with HAQI. The study did not evaluate the relationship between HAQI and PEH, the relationship
between HAQI and NCD mortality, and did not examine the moderating effect of country income on
any of the relationships they examined. The authors proposed a need for other evaluations into the
relationships between other health financing measures and HAQI (GBD 2016 Healthcare Access and
Quality Collaborators, 2018).
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2.3.3 Private expenditure on health and health outcomes

PEH refers to individual OOP payments and insurance premiums made towards the purchase of
insurance by individuals. Higher PEH is expected to increase individual ability to access quality care

leading to less morbidity and mortality.

In the study from the SAARC-ASEAN region discussed above (Rahman et al., 2018), increasing PEH
was associated with decreased crude death rate whereas increasing GEH was associated with increased
crude death rate. In addition, PEH was inversely associated with infant mortality to a larger extent than
GEH. In the African region, Akinlo and collegues found that increasing THE (which included both
GEH and PEH) was associated with reduced child mortality whereas GEH alone was not (Akinlo &
Sulola, 2019). While it is reasonable then to conclude that PEH was responsible for the improved health
outcomes, the study did not appropriately disaggregate the two expenditures so it is difficult to draw
firm conclusions. Additional studies from the African region by (Novignon & Lawanson, 2017) and
(Nicholas et al., 2016) reported that PEH had no significant impact on child health outcomes in sub-
Saharan Africa. In the only global level study, (Ray & Linden, 2020) reported that PEH had no
significant association with infant mortality, and was associated with increased life expectancy only in

poor countries.
2.3.4 Education and health outcomes

Education has been proposed to improve understanding of individual health and comprehension of
health information such as the importance of adherence to medicines, and how the health system works
(Curtis, 2018). In addition, education is an important determinant of income capacity, that is, higher
education increases likelihood of earning more income (Somé et al., 2019), and potentially, the ability
to spend more on PEH (Grossman, 1972). Specifically in the case of NCDs, more educated people are
likely to adopt healthier behaviours such as regular exercise and improved diet, particularly after an
NCD diagnosis, and discontinue negative behaviours such as smoking, and harmful alcohol use and

sedentary lifestyle (Cutler & Lleras-Muney, 2010).

Three studies in the African region examined the relationship between health outcomes and education.
Some et al. found that increasing mean years of schooling was associated with lower infant mortality,
under-five mortality and higher life expectancy (Somé et al., 2019). When focussing specifically on
female education, they found that more years in primary schooling for women was associated with
lower maternal mortality, infant mortality, under-five mortality and increased life expectancy. Similar
findings were reported by (Novignon & Lawanson, 2017), who found that higher education, measured
as secondary school enrolment as percentage of gross school enrolment, was associated with lower
infant and under five mortality rates. Furthermore, (Nicholas et al., 2016) found that higher female

literacy rate was associated with reduced maternal mortality, infant and under-five mortality. In the only
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global level study available, (Ray & Linden, 2020) found that higher primary education completion

rates were associated with lower infant mortality rates, and higher life expectancy.
2.3.5 GDP per capita and health outcomes

The higher a country’s GDP per capita (also known as per capita income), the higher an individual’s
ability to spend on goods and services. This would not only include a higher capacity to spend on
healthcare, that is, PEH as described above, but could also indirectly lead to higher ability to spend on
better nutrition, better education, water, and sanitation which indirectly affects health outcomes
(Nicholas et al., 2016). In addition to reflecting individual capacity to spend, GDP per capita is also the
most commonly used indicator of country wealth. Consequently, higher GDP per capita increases the
government’s ability to spend — both on healthcare and on other indirect determinants of health such as

those described above (Nicholas et al., 2016).

GDP per capita was associated with increased life expectancy and reduced infant mortality in a study
from Asia but had no effect on crude death rate (Rahman et al., 2018). In the African setting, Akinlo et
al reported that increasing GDP per capita was associated with reduced child mortality (Akinlo &
Sulola, 2019). Increasing GDP per capita was associated with reduced under-five mortality, maternal
mortality and increased life expectancy in another African study (Nketiah-Amponsah, 2019). GDP per
capita was associated with reduced infant mortality but had a less significant association with neonatal
or under-five mortality in the sub-Saharan Africa study by (Novignon & Lawanson, 2017). In another
sub-Saharan Africa study, GDP per capita was significantly associated with improved maternal and

child health outcomes (infant mortality and under-five mortality) (Nicholas et al., 2016).
2.3.6 Governance and health outcomes

Increasing GEH is one policy tool to achieve better health outcomes, however, it is dependent on how
well assigned expenditure is used as earmarked. GEH is cited as highly fungible and liable to
misappropriation (Akinlo & Sulola, 2019). Therefore, similar GEH levels may translate to different

effects on health outcomes depending on how efficiently and effectively the money is used.

Several studies, all from the Africa region, have tried to control for the impact of governance when
assessing the relationship between health expenditure and health outcomes. Some et al found that
improved governance, measured by an author defined metric (index of governance) led to increased life
expectancy and reduced maternal mortality (Somé et al., 2019). Interestingly, they found no significant
relationship between governance and child mortality, highlighting that governance may be more
important for certain health outcomes but not others, or that funds dedicated to some programs may be
more fungible than others. The index of governance metric defined by the authors (an average of six

World Bank defined measures of governance: voice and accountability, political stability, government
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effectiveness, regulatory quality, rule of law, and control of corruption) is however a non-standard

measure, which may make it difficult to compare findings across different studies.

Government effectiveness is a measure developed by the World Bank group that rates government
performance based on the quality of public and civil service and their independence from political
influence, as well as the quality of policy formulation and implementation. Nketiah et al found that
increased government effectiveness was associated with reduced under-five mortality but not maternal
mortality, and increased life expectancy (Nketiah-Amponsah, 2019). Improved regulatory quality on
the other hand was associated with reduced maternal mortality but had no effect on life expectancy or
maternal mortality. A significant limitation of this study is the lack of a detailed methodology section
to permit contextualisation of the findings. A different measure of governance, government
effectiveness as defined by the International country risk guide (ICRG) group, was used by Nicholas
and collegues, who found that improved government effectiveness significantly reduced maternal

mortality, but had no significant effect on infant or under-five mortality (Nicholas et al., 2016).
2.3.7 Income group effect on the relationship between GEH and health outcomes

Income may be an important moderating variable in the relationship between health expenditure and
NCD mortality. (Rana et al., 2018) provide important considerations why this may be the case. First,
baseline levels of mortality may vary based on development and income such that with increased
development, higher income countries enjoy substantially better health outcomes, such that additional
health expenditure has a lower marginal return on health outcomes than would the same amount in
lower income countries with worse baseline health outcomes. Second, efficiency of resource use may
be higher in developed countries due to availability of better infrastructure and better governance e.g.
stronger institutions, lower corruption and misappropriation of funds allocated to the health sector.
Thirdly, individual income level differences introduce individual differences in their ability to demand
and consume for healthcare through OOP payments and better insurance coverage (Nicholas et al.,

2016).

Indeed, in their global level study, (Rana et al., 2018) demonstrated the moderating role of income
group on the association between THE and various health outcomes. Infant mortality, under-five
mortality and life expectancy were all significantly associated with THE at the global level, yet the
relationship was more pronounced and more consistently observed in low income and lower middle
income countries. The study however failed to disaggregate GEH from PEH, whose relationship with

health outcomes may be moderated differently by income group.

In the other global level study by (Ray & Linden, 2020), GEH significantly increased life expectancy
in lower income countries with no significant effect on higher income countries who already had
baseline high rates of life expectancy. Furthermore, GEH decreased infant mortality in lower income

countries but not in higher income countries while PEH had no effect on infant mortality in lower
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income countries, yet surprisingly was associated with higher (worse) infant mortality in higher income

countries.

In their country level study in Georgia, (Marton et al., 2015) found that stratifying counties by income
group demonstrated that the impact of increased public health funding on heart disease mortality was

smaller in high income counties than in low and middle income counties.
2.4 Summary of gaps in the theoretical and empirical literature

The above review reveals that NCDs are responsible for the majority of death and disability globally.
In addition, they are a significant barrier to country economic growth as a result of loss of labour through
lives lost and disability, loss of capital used up in addressing healthcare needs, and subsequently,
reduced productivity. It is also evident that the large burden of NCDs, morbidity from NCDs, and
mortality form NCDs is disproportionately borne by people of low socio-economic status, such as those
in developing regions such as Africa. The leading theory advanced for this finding is disparities in
accessing quality healthcare services which may be unaffordable in the long term for poorer individuals.
To address this, universal healthcare has been proposed, with domestic government expenditure on
health recommended as the backbone to fund NCD control efforts. A key gap in the theoretical literature
however, is how exactly government expenditure on health addresses these disparities, and contributes

to reduced NCD mortality.

The relationship between GEH and health outcomes has been extensively evaluated at the regional and
global level for important outcomes such as maternal mortality, infant mortality, under-five mortality
and life expectancy as reviewed above. This review however, only found two studies evaluating the
relationship between health expenditure and NCD related health outcomes, with both of them focussing
on a single country, the USA (Marton et al., 2015; Mays & Smith, 2011). There is therefore a key gap
in the empirical literature on the relationship between government expenditure on health and NCD

mortality rates at the global level.
2.5 Conceptual framework

Building on the theoretical frameworks emerging from (Curtis, 2018; Grossman, 1972; Wagstaff,
2002), it is anticipated that domestic government expenditure on health as a policy tool may improve
access to quality healthcare, particularly among individuals of low socio-economic status who are
unable to sustainably afford healthcare services for chronic NCDs. Increasing access to quality care can
prevent amenable mortality in NCD management, that is, mortality that should not occur in the presence
of effective healthcare (Nolte & McKee, 2008). One previous study found a significant relationship
between access to quality care and health expenditure in 2016 (GBD 2016 Healthcare Access and
Quality Collaborators, 2018).
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Reviewed studies also reveal that other determinants of access to quality care and health outcomes
including mortality include private expenditure on health, per capita income, education level, and
government effectiveness. In addition, country wealth may introduce baseline differences in socio-
economic development and consequently, health outcomes, with higher income countries being more
developed and having prevailing better outcomes in terms of NCD care. Indeed, LMICs shoulder 80%
of the global mortality from NCD (Nugent et al., 2018). Such differences imply that health expenditure
may have a different impact on NCD mortality, that is, that country income may moderate any
relationship observed between GEH, access to quality healthcare, and NCD mortality. These
relationships are summarised in the conceptual framework of this study (Figure 1). Objective one of the
proposed work aims to evaluate the relationship between GEH and NCD mortality, the leading cause
of death globally. Objective two aims to investigate the role of access to quality healthcare as a
mediating pathway in the relationship between GEH and NCD mortality. In the event of an insignificant
finding in Aim 1, a mediation analysis will help reveal whether there is truly a relationship between
GEH and HAQ)I, and if so, generate discussion and further points of research on what then keeps this
from translating to improved health outcomes as far as NCD mortality is concerned. On the contrary, if
there’s a significant finding (be it a positive or inverse correlation) in Aim 1, the mediation analysis
will assess whether the prior described theoretical assumptions are a potential mediating pathway, and
if not, generate discussion and future research on what it is that may mediate the relationship between
GEH and NCD mortality. Finally, objective three examines the moderating effect of income grouping
on the relationships explored in objective 1 and 2, by subdividing countries into their World Bank
defined country grouping: high income, higher middle-income, lower middle-income and low income.
The empirical literature reviewed identified that it is possible for the overall effect of GEH on a global
level to be different from what it is once baseline income grouping is factored in (Marton et al., 2015;
Rana et al., 2018; Ray & Linden, 2020). This suggested that while for example Aim 1 may show a
significant effect, such an effect may not be seen in one income group and vice versa, due to the
differences in baseline healthcare infrastructure, such that it’s possible that as a policy tool,
government’s expenditure may have differential effects on health outcomes in different income groups,

regardless of the overall effect at a global level.
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Figure 1: Conceptual framework of the relationship between government expenditure on health

Moderating Variable: World
Bank Income Grouping

and non-communicable disease mortality

2.6 Research hypotheses

Access to quality Non-communicable
. Objective 2 . .
Expenditureon Health | healthcare [ < disease mortality
Control Variables: Private expenditure on health; Gross
domestic product per capita; Education; Governance
f Objective 1
Objective 3

i Government expenditure on health is inversely correlated with NCD mortality rate

ii. Access to quality healthcare mediates the relationship between government expenditure on

health and NCD mortality rate

iii. Country income grouping moderates the relationship between government expenditure on

health and NCD mortality rate, with higher income reducing the significance of the

relationship

2.7 Operationalization of variables

The three dependent variables in this study are: percentage mortality from CVD, cancer, diabetes or
CRD between exact ages 30 and 70, a marker of premature mortality, NCD mortality rate quantified as
the age-standardised death rate per 100,000 persons; and access to quality healthcare, quantified as the
health access and quality index (HAQI). The main independent variable shall be domestic government
expenditure on health (GEH), quantified in terms of domestic GEH as a percentage of gross domestic
product (GDP). Control variables shall include: private expenditure on health (PEH) quantified as a
percent of GDP, GDP per capita, quantified as adjusted GDP per capita in current US international
dollars; education level, quantified as the percentage of individuals within a country enrolling into

tertiary education; and government effectiveness, quantified as the government effectiveness index

(Table 1).
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Table 1: Definition of variables and sources

Variable
Non-communicable disease
mortality

Access to quality healthcare

Government expenditure on
health

Private expenditure on

health
Education

Gross domestic product per
capita

Government Effectiveness

Definition

1. Mortality from CVD,
cancer, diabetes or
CRD between exact
ages 30 and 70 (%)

2. Age-standardised
death rate from NCDs
per 100,000 persons
for both sexes

Healthcare access and quality
index

Domestic government
expenditure on health as a % of
GDP

Domestic private expenditure
on health as a % of GDP
Tertiary school enrolment, (%
gross)

Purchasing power parity
adjusted GDP per capita in
international dollars
Government Effectiveness
Index
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Chapter Three: Methodology

3.1 Introduction

This chapter describes the methods used to explore the relationships between domestic GEH and NCD

mortality, including the data sources used, data analysis considerations and statistical tests utilised.
3.2 Research philosophy

This proposed study embraces a positivist research philosophy, relying on quantitative analysis of

available secondary data to test the stated hypotheses.
3.3 Study design

This was an exploratory study that employed the panel data analysis regression method of econometric
analysis. Panel analysis was appropriate for the evaluation as it permits analysis of both cross sectional
and longitudinal data, in this case, the evaluation of multiple country data on NCD mortality and
government expenditure on health over time (2000-2016). The base year was selected as it was the first
year that systematic data on NCD mortality begun to be collected at a global level, while the final year
2016, was the latest year for which this data was available at the time of this study commencement. The
panel data set was an interrupted data set since mortality data is availed periodically and not annually,

that is, for premature NCD mortality data, this was 2000, 2005, 2010, 2015 and 2016.
3.4 Data sources

The study utilised secondary data obtained from several publicly available sources (open source). Data
on premature NCD mortality, domestic GEH, PEH, education, GDP per capita, and income grouping
were obtained from the World Bank’s World Development Indicators database (WDI). Data on the
second measure of mortality, age-standardised NCD mortality for both sexes per 100,000 persons was
obtained from the WHO’s global health observatory database. Data on the health access and quality
index (HAQI) was obtained from the Institute for Health Metrics and Evaluation (IHME) database,
while data on government effectiveness was be obtained from the World Governance Indicators

Database (WGI).

The above data sources all permit open access download and use of their data in the form of excel

sheets. Once the data were downloaded, they were merged, cleaned and exported to Stata for analysis.
3.5 Sample size

Purposive sampling was used to obtain data for the 193 countries in the world who are member states
of the UN and have signed on to the UN 2030 SDGs which include SDG 3, a direct focus of this study.
All attempts were made to ensure that a balanced data set was obtained to enhance the rigor of the

analysis. The time period under study is 2000 to 2016. The choice of inclusion of all countries for whom
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data was available was based on the need to understand the relationship between GEH and NCD
mortality at the global level, in addition to further elucidating this relationship based on income group
differences to evaluate the moderating role of income on this relationship. Focussing on an individual
country, region, or income group would not enable the objectives of this study to be met. In addition,
the proposed approach did not preclude use of this data to disaggregate findings based on region e.g.
Africa, if necessary. A longer time period was also anticipated to increase robustness of the findings

(Rana et al., 2018).
3.6 Data analysis

Descriptive statistics are presented for all variables and covariates and summarised in appropriate
graphs and tables. Inferential analysis utilised the panel data analysis regression method of econometric
analysis. Panel data analysis is a form of regression analysis that is appropriate for this evaluation as it
permits analysis of both cross sectional and longitudinal data, in this case, the evaluation of multiple
country data on NCD mortality, access to quality healthcare, and government expenditure on health
over time (2000-2016) (Bein et al., 2017; Rahman et al., 2018). For objective two, simple mediation
analysis was used to first test the effect of domestic GEH on HAQI, then test the effect of HAQI on
NCD mortality, and finally test the effects of both domestic GEH and HAQI on NCD mortality to assess
for partial or full mediation (MacKinnon et al., 2002). For objective three, world bank income
classification, based on gross national income per capita, was introduced as a moderating variable to
the relationship between domestic GEH and premature NCD mortality, and its significance examined

using the F-test for moderation.
3.6.1 Approach to handle missing data

All available data from the 193 signatory countries of the UN SDG was sought for the variables of
interest from 2000-2016. However, it was anticipated that there would be some missing values for key
variables across some units and/or time, resulting in missing data. Where such values are missing at
random, the missing observations were ignored. The decreased sample size while leading to less precise
regression estimates, was expected to do so only slightly, if at all (Wooldridge, 2013). While imputation
of'this data was possible, it was not expected that such imputation would significantly improve precision
of the regression estimates in a panel data set (Wooldridge, 2013). For missing data that was not missing
at random, for example, individual countries in prolonged armed conflict, leading to missing data for
several years within the series, these countries were eliminated from the analysis altogether, as the non-
stochastic missingness of the data would introduce significant bias to the regression model.
Consequently, while the aim of the study was to include all 193 countries, in an effort to have a balanced
panel and improve the rigor of the analysis, the final number of units (countries) included in the
regression were less. Our approach to handling missing data was informed by prior econometric

methods theory (Wooldridge, 2013) as well as global level studies which employed a similar approach
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to missing data and yielded robust findings despite a final lower number of countries than originally

sought (Rana et al., 2018; Ray & Linden, 2020).
3.6.2 Model

The equation used for the panel data analysis was derived off the health production function as used in

prior similar studies (Nicholas et al., 2016; Rana et al., 2018), and specified for the study objectives.

The main health outcome of interest was premature NCD mortality, in line with SDG 3.4. The key
health input in the production function of interest was domestic government expenditure in health
(Stenberg et al., 2017), with consideration to other inputs that are known to impact risk of death from
an NCD such as private expenditure on health, per capita income, and education level (Jan et al.,
2018; Niessen et al., 2018; Rossier et al., 2014; Stuckler, 2008; Williams et al., 2018). Government
effectiveness was also included as a control variable as prior studies proposed it affects how well
public health resources are deployed in trying to improve health (Akinlo & Sulola, 2019; Nketiah-
Amponsah, 2019; Rajkumar & Swaroop, 2008; Somé et al., 2019). The health production function for

this study was therefore conceptualised as:

Yii= BotPiXict o T€ic )

Where:

i represents country

t represents time

Y represents the vector of dependent variables

Bois the y-intercept

X is a matrix of the independent variables

B is the vector of the coefficients of the independent variables
a; represents time constant errors that vary across countries

&i 1s a vector of time varying errors that also vary across countries

Objective 1: Relationship between GEH and NCD Mortality

Expanding equation (i) to fit objective 1 of this study gives:

NMR;; = Bo+B1GEHiBiZic + o + it i)

Where:
NMR = NCD mortality rate

GEH = Domestic government expenditure on health
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Bj = Vector of coefficients of control variables

7. = Matrix of control variables

Based on the literature review presented in chapter two, the equation was further expanded as below:
NMR;; = Bo+B1GEH;+B,PEH;; + B3Eduj; + BsGDPPCi; + BsG Vi + i + €t i)

Where:

PEH = Private expenditure on health
Edu = Tertiary enrolment rate
GDPPC = GDP per capita

GV = Governance effectiveness

Objective 2: Access to quality care as a mediator of the relationship between GEH and NCD

mortality

For objective 2, the Baron and Kenny model of mediation analysis was used to test for mediation of
the relationship between GEH and NCD mortality by access to quality healthcare (Baron & Kenny,
1986; MacKinnon et al., 2002). The model is summarised in figure 2 below.

Access to quality
¥| healthcare [ c
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Non-communicable
disease mortality

Government
Expenditure on Health A

Figure 2: Schematic relationship of the proposed mediation pathway between domestic

government expenditure on health and NCD mortality

Where A represents the direct relationship between domestic GEH and NCD mortality, B represents
the relationship between domestic GEH and the mediating variable, access to quality healthcare, and C

represents the relationship of both domestic GEH and access to quality healthcare to NCD mortality.
The Baron and Kenny model uses four steps to test for mediation:

Step 1: Test for a significant relationship between the dependent and independent variable. In this study,

this is the relationship represented as A and obtained using a modified form of equation (ii):

NMR;; = Bo+Bmi GEHit BiZic + Wi .. iv)

Where:
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Bmi is the coefficient of GEH in a single variable relationship to the NCD mortality rate
U is an error term

Step 2: Test for a significant relationship between the independent variable and the mediating variable.
In this study, this is the relationship represented as B in figure 2, and was obtained by equation (v)

below:

HAQI; = BotBiGEHot BiZic + Wit .. v)

Where

HAQ = Health access and quality index, the proposed mediating variable

Step 3: Test for a significant relationship between the mediating variable and the dependent variable, in
a model that uses both the independent variable and the mediating variable as predictors of the

dependent variable. In this study, this is the relationship represented as C and obtained by equation (vi)

below

NMR;; = BotBm2GEHct BrsHAQIL+ BiZic + Hit ... vi)
Where

Bmz is the coefficient of GEH in the relationship with NCD mortality rate

Bms3 is the coefficient of HAQI in the relationship with the NCD mortality rate

Step 4: Calculate the mediated effect using the coefficient differencing method. In this study, this was
obtained by differencing the coefficients of domestic GEH in equation (vi) and (iv), that is:

Mediated effect = By - B

Objective 3: Income group classification as a moderator of the relationship between government

expenditure on health and NCD mortality

For objective 3, world bank income classification, based on gross national income per capita, was
introduced as a moderating variable to the relationship between domestic GEH and premature NCD

mortality, and the F-test for moderation was conducted to assess for significance (Frazier et al., 2004).
3.6.3 Test for poolability of data

To test for poolability of the available data, that is, whether panel data analysis was needed versus a
standard ordinary least squares (OLS) regression. The Breusch and Pagan Lagrangian Multiplier test
was used. The null hypothesis of the test is that variances across the different cross-sectional units (in

this case countries) are zero, in which case panel analysis would be unnecessary.
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3.6.4 One-way versus two-way effects

Similar to adjusting for country effect if panel effects are demonstrated above where the assumption is
an unobserved country-specific heterogeneity that is time invariant (one way effects), the secular trend
(time effect) can also be adjusted for using a two-way effects model to account for unobserved time-
specific heterogeneity that is country invariant. This was also done for the study, with the more precise

model identified in objective one being selected for all the preceding analysis.
3.6.5 Fixed and random effects

Fixed and random effect methods are estimation techniques to deal with the effect of unobserved
(unmeasured) variables. The fixed effects estimator rids the regression model of all time constant
unobserved variables by utilising pooled ordinary least squares (OLS) based on time demeaned

variables. To illustrate, the time demeaned form of equation (i) in the general model:

Yii= BotPiXict o + €it )

Would become:

Yii= BiXicteit ... vii)

Note that in the time-demeaned equation (vii), By and ai, which represents all time constant factors that
affects the dependent variable have been removed. The fixed effects estimator is unbiased when four
assumptions hold (Wooldridge, 2013). First, it assumes that unobserved heterogeneity between
countries (ai) is correlated with one or more of the independent variables included in the model.
Secondly, that the relationship is strictly exogenous, that is, the independent variables are not dependent
in any way on the dependent variable. Thirdly, that the error term ¢; (unmeasured time varying errors)
are homoscedastic, that is, that the size of €; is the same regardless of the actual value of the independent
variables. Fourthly, that &; is uncorrelated across time. When these assumptions do not hold, the random

effects estimator is preferred.

The random effects estimator assumes that unobserved heterogeneity between countries isn’t correlated
to the independent variables across time, and as such retains ai in the regression model in order to
account for the effect of these unmeasured time-constant factors. The model relies on generalised least

squares (GLS) instead of OLS and results in a form of equation 1 that becomes:

Yii= BO+B1Xit+ Vit i

Where Vit is a composite error term that includes both time-constant and time-varying unmeasured

heterogeneity.
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Hypothesis testing for fixed versus random effects

The Wu-Haussmann test was used to evaluate which model between the fixed effects (i.e. that
unobserved heterogeneity between countries is related to the independent variables included in the
model) and random effects (i.e. that unobserved heterogeneity between countries occurs at random and
isn’t related to the independent variables) was most appropriate for drawing conclusions (Nicholas et

al., 2016; Rahman et al., 2018).

Under the null and alternate hypothesis of the Wu-Haussmann test:

H,: Cov (0, x;) =0

H;. Cov (o, Xir) # 0

The test of significance was set at 0.05, with a significant p-value. The null hypothesis assumes that
random effects produce better estimates of the regression model and therefore a significant p-value

result leads to rejection of the null hypothesis, meaning that the fixed effects model is more precise.
3.6.6 Sensitivity analyses

To test the robustness of the regression models used, two sets of sensitivity analyses were carried out:
the first one used a different NCD mortality outcome (age-standardised NCD mortality rate per 100,000
persons) for all three study objectives. This measure of NCD mortality is more inclusive than that used
in our main analysis as it measures out mortality from all NCDs, not just the four major NCDs, as well
as being more age inclusive. In the second sensitivity analysis, dynamic panel data analysis was

introduced, evaluating the effect of GEH in the prior year on present day NCD mortality.
3.7 Research quality

This study has several limitations that impacts the research quality. First, it relied on secondary data
from various publicly available databases. Therefore, inaccuracies in the original dataset may have
affected the study findings. However, the selected databases are historically considered to be reliable
and accurate and were also used in prior studies as reviewed in Chapter 2. Secondly, government
expenditure in health may not be an accurate reflection of the resources committed specifically towards
non-communicable disease care, and as such any relationship identified between GEH and NCD
mortality may not be a direct relationship. The hypothesis proposed however, is that overall GEH is a
good marker for investment in strengthening healthcare infrastructure and permitting gains in all disease
care. Furthermore, similar analysis has been conducted for communicable disease mortality, infant
mortality and maternal mortality with robust findings obtained (Nicholas et al., 2016; Rahman et al.,
2018; Rana et al., 2018). Thirdly, reverse causality is another problem that is inherent in all forms of

regression analysis (Curtis, 2018). For example, while the premise of this study was that improved GEH
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leads to reduced NCD mortality, it may be that reduced NCD mortality leads to improved GEH, perhaps
as a result of overall better health status of the population and subsequently, increased productivity,
higher GDP, and higher capacity for the government to spend on healthcare. The mediation analysis
(objective 2) however attempted to address this limitation by assessing a possible direction of the
relationship. Finally, it may be that while healthcare spending in a particular year does not affect the
NCD mortality rate for that year, but the investment in health infrastructure are realised several years
after. To address this limitation, we also performed sensitivity analyses using a lagged spending variable

in the model to test for effects on NCD outcomes one year later.
3.8 Research ethics

This study was approved by the Strathmore University Institutional Ethics Review Committee of the
and a research license to conduct the study was then obtained from the Kenya National Commission of

Science and Technology (NACOSTI).
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Chapter Four: Results

4.1 Introduction

This chapter presents the study findings, commencing with descriptive analysis of the main variables,

and then presenting the findings from the regression analysis for the three objectives of the study.
4.2 Data description

Of the 193 countries who are the UN member states sampled for this study, 13 countries were excluded
as they had missing data for key variables. Andorra, Dominica, Marshall Islands, Monaco, Nauru,
Palau, San Marino, St. Kitts & Nevis, and Tuvalu were missing NCD mortality outcome data for all
years, South Sudan was missing GEH and PEH data, Democratic People’s Republic of Korea (North
Korea) and Somalia were missing GEH, PEH and GDP per capita data and Liechtenstein was missing
all data except for government effectiveness. The final panel data set therefore had 180 countries. All
retrieved variables were continuous data, except for World Bank country income grouping data which

was ordinal data.
4.3 Descriptive analysis

The main dependent variable (premature NCD mortality) was available for the years 2000, 2005, 2010,
2015, and 2016, so all primary analysis was based on data from these years. The baseline characteristics
are summarized in Table 2 below over the study period, where mean and standard deviation were

reported for continuous variables, and proportion was calculated for categorical variables.

Table 2: Summary Statistics of Key Variables Over the Study Period

Year 2000 2005 2010 2015 2016
Continuous variables Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
N=105 N=113 N=118 N=114 N=112

Premature NCD mortality from 22.7 | (6.1) 21.5 | (6.1) 19.7 | (5.8) 179 | (5.6) 173 | (5.5)
CVD, cancer, DM and CRD (%)
Age standardized NCD mortality 655.8 | (169.4) NA 587.7 | (162.2) 5344 | (156.1) 516.8 | (155.3)
rate (per 100,000 persons, both
sexes)
Domestic government expenditure 3.0 | (1.8) 32 | (1.9 34 | (2.3) 39 | 24) 40 | 24
on health (%)
Private expenditure on health (%) 25 | (1.6) 24 | (1.2) 25 | (1.2) 25 | (1.3) 24 | (1.2)
HAQI (%) 544 | (23.0) 56.3 | (22.3) 59.7 | (23.1) NA 68.1 | (20.9)
GDP per capita ($) 10678.4 | (12022.1) 13555.0 | (15599.5) 17138.1 | (19069.8) 22980.0 | (22053.9) 25153.8 | (23045.8)
School enrolment (%) 26.1 | (21.4) 31.7 | (26.1) 364 | (27.6) 437 | (27.2) 478 | (28.4)
Government effectiveness 52.1 | (28.4) 513 | (26.9) 524 | (28.6) 57.1 | (26.2) 59.2 | (25.1)
(percentile rank)

Categorical variable Count (%) Count (%) Count (%) Count (%) Count (%)
Income class 105 | (100.0%) 113 | (100.0%) 118 | (100.0%) 114 | (100.0%) 112 | (100.0%)
Low 36 | (34.3%) 33 | (29.2%) 25 | (21.2%) 12 | (10.5%) 11 | (9.8%)
Lower-middle 27 | (25.7%) 33 | (29.2%) 30 | (25.4%) 28 | (24.6%) 27 | (24.1%)
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Upper-middle 19 [ (18.1%) 21 | (18.6%) 28 | (23.7%) 31 [ 27.2%) 30 | (26.8%)
High 23 | (21.9%) 25 | (22.1%) 35 | (29.7%) 43| (37.7%) 44 | (39.3%)
Missing classification 0 | (0.0%) 1| (0.9%) 0 | (0.0%) 0 | (0.0%) 0 | (0.0%)

NA: HAQI data not available for 2015

4.3.1 Trends in key study measures

Premature mortality from the four major NCDs (CVD, Cancer, DM and CRD) averaged 19.8% globally
over the 16-year period, trending downwards from 22.7% in 2000 to 17.3% in 2016, a trend that’s also
visualised in Figure 2 below. Similarly, over the same period, age-standardised NCD mortality rate also
decreased, from 655.8 to 516.8 per 100,000 persons. Over the same period, access to quality healthcare,
as measured using HAQI, increased globally from 54.4% to 68.1%.
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Figure 2: Box blot of mean premature NCD mortality over the study period

Domestic GEH, the study’s main independent variable averaged 3.5% over the 16-year period, rising
from 3% in 2000 to 4% in 2016. Over the same period, mean PEH, remained relatively stable, with a
global average of 2.4%.

Per capita GDP rose over the study period from a global average of 10678.4 in 2000 to 25153.8 USD
per capita in 2016. Gross tertiary school enrolment also rose over the same period from 26.1% to 47.8%.
Government effectiveness also rose, with the mean percentile rank of countries rising from 52.1 to 59.2

from 2000 to 2016 respectively.
4.3.2 Income grouping

Over the study period, country wealth improved, with the proportion of countries classified as low
income decreasing from 34.3% in 2000 to 9% in 2016, while that of countries classified as lower
middle-income decreased from 25.7% in 2000 to 24.1% in 2016. The proportion of countries classified
as upper middle income rose from 18.1% to 26.8% over the study period, while that of countries

classified as high income rose from 21.9% in 2000 to 39.3% in 2016.
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4.4 Objective 1: The relationship between government expenditure on health and non-

communicable disease mortality rate

The results of the panel regression analysis for objective 1, that is, the relationship between government
expenditure on health and non-communicable disease mortality rates globally, are presented in this sub
section. Prior to the regression analysis, findings for the diagnostic test: the test for poolability of data
is first presented which evaluates whether panel data analysis is actually needed, in lieu of simple

ordinary least squares (OLS).
4.4.1 Breusch and Pagan Lagrangian multiplier test

The Breusch and Pagan LM test returned a significant result, a chi-statistic of 510.6 (p <0.0000),
denoting that there was significant heterogeneity between the various cross-sections (countries), and

therefore simple OLS regression is inappropriate, that is, that panel effects are present in this data set.

Figure 3 below is a box plot of premature NCD mortality by country over the study period, visually

also showing the between country variability in the main dependent outcome.
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Figure 3: Boxplot of Premature NCD mortality rates by country and year
4.4.2 One-way versus Two-way error model

We ran both one-way and two-way error models for the primary objective. However, the two-way
model yielded inconsistent and imprecise findings, for example, in the fixed effects two-way model,
the adjusted R-squared was - 0.22. This is however expected, given the available panel data set has a
large number of countries over a smaller time period which is not long enough to see time effects,
making such an analysis severely underpowered. For this reason, all subsequent analyses are presented
using the one-way model, consistent with prior similar studies with large cross sections over a

comparatively smaller period of time (Rahman et al., 2018).
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4.4.3 Fixed and Random Effects

The dependent variable was found to be skewed (non-normal) and the relationship between the
dependent and independent variables mostly non-linear. It was therefore assumed that a multiplicative

(log-linear) model was most appropriate for econometric analysis, formulated as:

Y:nXﬁ < logY = Zﬁ’logX

Hence, in this case, the model in equation (iii) using logarithm transformation was expressed as

log NMR;; = By + f1logGEH;; + B,logPEH;; + f3logEdu + B4logGDPPC; + BslogGVy + a; + €t
Where

i is the index for country, and ¢ is the index for year

NMR indicates the outcome of premature NCD mortality rate

GEH, PEH, EDU, GV are short for domestic government expenditure on health, domestic private

expenditure on health, tertiary school enrolment rate, and government effectiveness, respectively

a; denotes the country-specific effects, and it is estimated individually for each country in a fixed effects

model, while assumed to follow a normal distribution with mean 0 in a random effects model

&t is the independent identically distributed error term for each observation following a normal

distribution with mean 0

Results of the panel regression are presented in Table 3 below, for both fixed and random effects

models.

Table 3: Fixed and Random Effects Regression Qutput for premature NCD mortality rate and
GEH

Premature NCD mortality rate ~

GEH
Fixed Random

Government expenditure -0.049  ** -0.048  **
Private expenditure -0.073  *** -0.074  ***
GDP per capita -0.234  ¥** -0.206  ***
School enrolment -0.022 -0.011
Government effectiveness 0.011 0.020
R-squared 0.584 0.783
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adj R-squared 0.416 0.781
Between-ind var share NA 89.1%

Hausman test ok

Note: "**" for p<0.01; "***" for p<0.001

Both the fixed and random effect models show consistent results that there is a significant inverse
relationship between GEH and NCD mortality. According to the fixed effect model, for instance, it is
expected that the NCD mortality rate would decrease by 0.049% for a 1% increase in GEH, controlling
for private expenditure on health, GDP per capita, tertiary school enrolment and government

effectiveness.

Of note, in both fixed and random effects models, the PEH and GDP per capita are also statistically
significantly inversely correlated with premature NCD mortality, while neither tertiary school

enrolment nor government effectiveness was.

The Hausman test yielded a significant result, with a chi-square statistic of 165.9 (p value <0.0000),

favouring the fixed effects model over the random effects model.

4.5 Objective 2: Investigating the role of access to quality healthcare as a mediating variable in

the relationship between GEH and NCD Mortality

The findings from objective 2, that is investigating access to quality healthcare as a mediator in the

relationship between GEH and NCD mortality is presented in this section.

Table 4 shows the results from the mediation analysis, under both the fixed and random effects
assumptions, using the Baron and Kenny Method (Baron & Kenny, 1986; VanderWeele, 2016) whereby
three regression equations were constructed and run: (1) Dependent variable (NCD mortality) ~
independent variable (GEH); (2) Assessed Mediator (HAQI) ~ Independent variable (GEH); and (3)
Dependent variable (NCD Mortality) ~ independent variable (GEH) + mediator (HAQI).

log NMR;; = o + f1logGEH;; + B,logPEH;; + B3logEdu + [4logGDPPCy + BslogGViy + a; + €t

(Mediation analysis equation 1)

log HAQI;; = By + f1logGEH;; + B,logPEH;: + f3logEdu + B4logGDPPCi + fslogGVyy + a; +

&+ (Mediation analysis equation 2)

log NMR;; = o + f1logGEH;; + B,logPEH;; + B3logEdu + [4logGDPPCyy + fSslogGVy, +
Pelog HAQI;; + a; + €;; (Mediation analysis equation 4)

For the establishment of a mediation effect, the independent variable must affect the mediator in

equation 2, and the mediator must affect the dependent variable in equation 3.
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As shown in Table 4 below, the association between the assessed mediator (HAQI) and the independent
variable (GEH) is model-specific, whereby it is non-significant in the fixed effects model, and
significant in the random effects model. In the random effects model, GEH is statistically significantly

positively associated with HAQI.

Table 4: Results of the mediation analysis for both fixed and random effects models
Premature NCD mortality rate ~
GEH

Fixed Random
Mediation
(1) Coefficient of GEH in Mortality ~ GEH -0.060  ** -0.056  **
(2) Coefficient of GEH in HAQI ~ GEH -0.009 0.029 *
(3) Coefficient of GEH in Mortality ~ GEH + HAQI -0.061  ** -0.059 **

Note: "." for p<0.1; "*" for p<0.05; "**" for p<0.01; "***" for p<0.001

However, even in the random effects model, the introduction of HAQI into the model (equation 3 in
table 4) leads to a higher coefficient of GEH (-0.059) than in the primary model (equation 1) which is -
0.056, contrary to what would be expected with a mediating variable in which case part of the
independent variable’s effect on the dependent variable is realized through the mediator pathway, so a
reduced magnitude of effect is expected when introducing the proposed mediator into the primary

regression model.

4.6 Objective 3: Investigating the role of income grouping as a moderating variable in the

relationship between GEH and NCD mortality

The findings from objective 3, that is, investigating the role of income grouping as a moderating variable

in the relationship between GEH and NCD mortality is presented in this subsection.

Two sets of analyses were carried out for objective 3. A moderation assessment was conducted by
adding the interaction term between income class and government expenditure in the model, as well as
all the corresponding lower-order terms (Frazier et al., 2004). The effect of the interaction term was

evaluated using the F test. The regression equation used for the moderation analysis was therefore:

log NMR;; = By + (B1logGEH;; * income class) + [,logPEH;; + f3logEdu + B41ogGDPPC;;
+ BslogGVy + a; + &t

Where income class was either low income, lower middle-income, upper middle-income or high

income.
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In addition, subgroup analysis of the main regression was also conducted to explore the association in
objective 1 stratified by income class. Table 5 shows the results of the moderation analyses under both

the fixed and random effects assumptions.

Both the fixed and random effects models found that the moderating effect of country income is
significant, with the strength of the inverse association between NCD mortality and GEH increasing
with rising country income, that is government expenditure had a stronger protective effect on NCD

mortality as the income level increases.

Table 5: Results of moderation analysis
Premature NCD mortality rate ~
GEH
Fixed Random
Moderation
F test for interaction term oAk oAk
Effect of Government expenditure on premature NCD
mortality
Low income countries 0.005 0.014
Lower-middle income countries -0.014 0.002
Upper-middle income countries -0.115  ** -0.127  ***
High income countries -0.295  x** -0.305  HHx*
Subgroup analysis
Effect of Government expenditure on premature NCD
mortality
Low income countries -0.021 -0.010
Lower-middle income countries -0.029 -0.012
Upper-middle income countries -0.071 . -0.071
High income countries -0.127  *** -0.158  ***

Note: "." for p<0.1; "*" for p<0.05; "**" for p<0.01; "***" for p<0.001

The trend is also visible in the subgroup analysis, whereby the inverse association between GEH and
NCD mortality only becomes significant for upper middle-income and high income countries, with its

effect been strongest in high-income countries.
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4.7 Sensitivity Analyses

Tables 6 and 7 show the results of the sensitivity analysis for all three study objectives.

Table 6: Sensitivity analyses using age-standardized NCD mortality rate for the three study
objectives

Age-standardized mortality rate ~
GEH
Fixed Random
Government expenditure -0.026 -0.038 *
Private expenditure -0.056  ** -0.051  ***
GDP per capita -0.208  *** -0.182  **x*
School enrolment -0.018 -0.014
Government effectiveness 0.012 0.007
R-squared 0.611 0.942
adj R-squared 0.399 0.941
Between-ind var share NA 88.5%
Hausman test HA
Moderation
F test for interaction term oAk oAk
Effect of Government expenditure on outcome
Low income countries 0.018 0.022
Lower-middle income countries 0.007 0.003
Upper-middle income countries -0.105  ** -0.123  ***
High income countries -0.228  *** -0.252  x*x
Subgroup analysis
Effect of Government expenditure on outcome
Low income countries -0.020 -0.005
Lower-middle income countries -0.015 -0.020
Upper-middle income countries -0.051 -0.053
High income countries -0.054 -0.099  **
Mediation
Coefficient of Geh in Mortality ~ Geh -0.037 -0.051 *
Coefficient of Geh in HAQI ~ Geh -0.009 0.029 *
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Coefficient of Geh in Mortality ~ Geh + HAQI -0.037 -0.053  **

Note: "." for p<0.1; "*" for p<0.05; "**" for p<0.01; "***" for p<0.001
Overall, the findings from the first sensitivity analysis are consistent with the main study with one
exception, in the fixed effects model of the main regression (objective one), the inverse relationship
between GEH and NCD mortality rate was not statistically significant when age standardised NCD

mortality rate is used.

The dynamic model also yielded consistent findings for the study objectives.

Table 7: Sensitivity analyses using dynamic panel data model with 1 year lagged GEH

NCD mortality rate ~ 1-year
lagged GEH
Fixed Random

Main regression
Government expenditure -0.031 . -0.034
Private expenditure -0.082  *** -0.083  **x*
GDP per capita -0.272  x*x -0.225 x*x
School enrollment -0.005 0.004
Government effectiveness 0.016 0.017
R-squared 0.566 0.745
adj R-squared 0.349 0.742
Between-ind var share NA 93.7%
Hausman test ok
Moderation
F test for interaction term HoAk HoAk
Effect of Government expenditure on outcome

Low income countries 0.023 0.033

Lower-middle income countries 0.002 0.017

Upper-middle income countries -0.086 * -0.106  **

High income countries -0.200 *** -0.227  x*x
Subgroup analysis
Effect of Government expenditure on outcome

Low income countries -0.007 0.008

Lower-middle income countries -0.073 -0.053
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Upper-middle income countries -0.084 -0.091 *
High income countries -0.121  ** -0.151  **x*
Mediation
Coefficient of Geh in Mortality ~ Geh -0.031 -0.034
Coefficient of Geh in HAQI ~ Geh 0.001 0.037 **
Coefficient of Geh in Mortality ~ Geh + HAQI -0.030 -0.034
Coefficient of HAQI in Mortality ~ Geh + HAQI -0.075 0.050

Note: "." for p<0.1; "*" for p<0.05; "**" for p<0.01; "***" for p<0.001

4.8 Chapter Summary

The study findings have been reported in the preceding chapter. In summary, the study finds that GEH
is inversely correlated to premature NCD mortality from the four major NCDs (CVD, cancer, DM and
CRDs). The study also found that this relationship is not mediated by access to quality healthcare, but
it also found a significant moderating effect of country income, been stronger as country income rises.

In the next chapters, all these findings are discussed in the context of prior research, study limitations

and policy implications.
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Chapter Five: Discussion, Conclusions and Recommendations

5.1 Introduction

This chapter discusses the study findings in light of existing research, commencing with the trends in
the main predictor and outcome variable, and then each of the study objectives and concludes with the

study limitations. The conclusions and policy recommendations then follow.
5.2 Trends in NCD mortality and domestic government expenditure on health

Premature mortality attributable to the four major NCDs (CVD, Cancer, DM and CRD) has decreased
globally between 2000 and 2016, confirming the trend observed by (Martinez et al., 2020) in their recent
study over the period of 1990 to 2017. The indicator used for premature mortality in this study, the
probability of death from one of the four major NCDs between exact ages 30 and 60 is the indicator for
tracking progress on SDG 3.4 (NCD Countdown 2030 collaborators, 2018), but is incomprehensive in
that it excludes other major causes of premature NCD deaths such as suicides related to mental health
disorders, which are a growing contributor to NCD deaths. The measure also arbitrarily excludes
premature deaths from NCDs that may occur outside the age bracket of 30-60 years (Martinez et al.,
2020). The secondary mortality indicator assessed in our sensitivity analysis, that is, age-standardised

NCD mortality rate per 100000 persons is more inclusive and showed a similar trend.

Domestic GEH as a percentage of GDP was low in this study, with a global average of 3.5%, slightly
increasing from 3.0% to 4.0% between 2000 and 2016, similar to a 2018 report by the WHO on public
spending on health. This is however short of the proposed 5% minimum identified in previous studies
as necessary to achieve SDG health goals, including UHC (Mcintyre et al., 2017; Stenberg et al., 2017).
Measuring GEH as a percentage of GDP offers several advantages, including the contextualization of
domestic GEH within a country’s economic activity level, and providing insight on how much a country
prioritizes health (Mcintyre et al., 2017). The trend in rise can be explained by economic growth, as
confirmed by global per capita GDP more than doubling, from USD 10,678 in 2000 to USD 25,154 in
2016. However, the 1% rise in domestic GEH compared with the rise in GDP over the same period of
time is inadequate, and may reflect a lack of prioritisation of public health spending as country income
rises. For example, if the same trend was to continue, it would take until 2032 to reach the 5% minimum
target of domestic GEH, past the 2030 SDG target. The economic case for investing in NCDs lies in
reducing avertable morbidity and mortality from NCDs that impairs labour, productivity and economic
growth (Jan et al.,, 2018) translating in the long-term to economic growth. Illustrative of this,
(Hutchinson et al., 2019) demonstrated that in Jamaica, spending on a package of NCD prevention and

treatment interventions required had a return on investment of 2.2.
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5.3 The relationship between NCD mortality and government expenditure on health

The main objective of this study was to evaluate the relationship between domestic GEH and NCD
mortality. We found that domestic GEH is inversely correlated with both premature NCD mortality
from the four major NCDs, and age-standardised NCD mortality rate per 100,000 persons, controlling
for domestic PEH, per capita GDP, education level and government effectiveness. From this study, a
1% increase in GEH is associated with a 0.049% decrease in premature NCD mortality. To illustrate
the effect of this intuitively, in 2016 the total premature deaths from NCDs in low and middle income
countries was 14.49 million. Therefore, a 10% increase in domestic GEH would be associated with a
reduction of approximately 700,000 premature deaths among individuals aged 30-70 years, the most

economically productive age group within a society.

These findings are similar to those of (Mays & Smith, 2011), who reported increased public health
spending was associated with decreases in deaths related to CVD, DM or Cancer in the USA. These
findings are also similar to those of (Ray & Linden, 2020) who found that domestic GEH was inversely
associated with infant mortality globally. These findings however differ from those of (Marton et al.,
2015), who reported that increased public spending on health was associated with increased early deaths
from heart disease, diabetes or asthma. Their study cited a moral hazard problem — whereby increased
public health resources may have crowded out PEH which led to worse outcomes, as well as potential
inefficient use of public funds. However, they did not control for PEH or government effectiveness in
their study, a limitation overcome by this current study. I also found that mean PEH did not change
much globally, actually decreasing from 2.5% to 2.4% between 2000 and 2016, while GEH consistently
rose over the same period from 3.0% to 4.0%, which may support the ‘moral hazard’ problem raised by
(Marton et al., 2015). However, given the potential for catastrophic health expenditure related to NCD
diagnosis and treatment when relying on PEH, the observed trend in declining PEH is a welcome one,

particularly in LMICs (Jan et al., 2018).

The relationship between domestic GEH and premature NCD mortality did not differ significantly
between the fixed and random effects model, for example, the coefficient for GEH is -0.049 and -0.048
in the fixed and random effects model. The Hausman test favoured the fixed effect model, a finding that
is supported by the violation of the base assumption of the random effects model — that
unmeasured/omitted variables are uncorrelated to the independent variables (Wooldridge, 2013). This
violation can be illustrated by considering a key omitted variable in this study — health seeking
behaviour. Health seeking behaviour is defined as “any action or inaction undertaken by individuals
who perceive themselves to have a health problem or to be ill for the purpose of finding an appropriate
remedy” (Latunji & Akinyemi, 2018), and varies between settings. For NCD care, health seeking
behaviour is positively associated with education level and income status, reflecting improved

understanding of ill health and its consequences, as well as increased financial capacity to access
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medical care (Rasul et al., 2019). This omitted variable would therefore be expected to be correlated

with variables such as per capita GDP, education level and domestic PEH in this study.

This study also found that domestic PEH, and per capita GDP were inversely correlated with premature
NCD mortality. While there are no studies to make direct comparisons to NCD related outcomes for
either domestic PEH or per capita GDP, these findings are similar to those by (Rahman et al., 2018),
who found that in the SAARC-ASEAN region, PEH was inversely correlated with crude death rate and
infant mortality. Our findings however differ from those of (Ray & Linden, 2020) who reported PEH
had no effect on global rates of infant mortality, as well as two studies in the African setting by (Nicholas
et al., 2016; Novignon & Lawanson, 2017) who also reported PEH was not associated with child
mortality outcomes. Our dissimilar findings are likely due to differences in the choice of health
outcomes which make direct comparison difficult. Infant and under-five mortality may not be as
sensitive to PEH as NCD outcomes, as interventions to avert the former, such as infant and child
vaccination programs to prevent diarrhoeal illness, the leading cause of under-five mortality, are more
amenable to GEH and improved socio-economic status. In support of this, multiple studies reported that
per capita GDP was inversely associated with infant and child mortality and overall, our study findings
on reduced premature NCD mortality with increasing per capita GDP is consistent with other findings
of improved health outcomes such as maternal mortality, infant mortality, under-five mortality and life
expectancy, with increasing country wealth (Akinlo & Sulola, 2019; Nicholas et al., 2016; Nketiah-
Amponsah, 2019; Rahman et al., 2018).

This study found that education level and government effectiveness were not significantly associated
with premature NCD mortality. The finding of an insignificant association between education and
premature NCD mortality is inconsistent with prior studies and theory. (Ray & Linden, 2020) in their
global study reported reduced infant mortality with higher levels of education, while regional studies in
Asia and Africa consistently found that increased education level was associated with lower infant,
neonatal, maternal and under five-mortality (Nicholas et al., 2016; Novignon & Lawanson, 2017;
Rahman et al., 2018; Somé et al., 2019). Theoretically, higher education levels are expected to increase
health seeking behaviour, access to, and awareness of health information, and personal income, all of
which should lead to improved health outcomes (Curtis, 2018; Cutler & Lleras-Muney, 2010). This
study’s counterintuitive findings therefore may be due to the choice of our education variable — tertiary
school enrolment rate, which is different from the prior studies which used female literacy rate, mean
years of schooling, primary education completion rate or secondary school enrolment rates. Our choice
of tertiary school enrolment was informed by two reasons: firstly, it may be a better correlate to critical
thinking skill development which would be required to make decisions on trade-offs and cost-offsets
that informed both policy decisions amidst limited resources at the government level, as well as personal
decisions about obtaining and sustaining access to NCD care. Secondly, of all the potential education

variables, it is the most consistently available over the study period.
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Our findings of an insignificant association between government effectiveness and premature NCD
mortality are similar to those of (Nketiah-Amponsah, 2019), who found no significant relationship
between GEH and either maternal mortality or life expectancy. They nevertheless differ from findings
of a significant inverse relationship between GEH and under five mortality in the same study. Other
studies have used alternative definitions or measures of good governance; however, we chose
government effectiveness as it is a measure of the quality of public and civil service delivery as well as
the quality of policy formulation and implementation — which are directly relevant to this study’s aims.
The lack of a significant relationship between premature NCD mortality and government effectiveness
may imply that more downstream factors such as resource availability, rather than the efficiency or
effectiveness of their use may be more important, consistent with frequent calls for increased investment

into NCD care (Nugent et al., 2018).

In summary, this study findings support the hypothesis for objective one, that domestic GEH is
significantly inversely associated with premature NCD mortality, controlling for domestic PEH, per
capita GDP, education level, and government effectiveness, and as such, may represent a crucial

policy tool to addressing premature NCD mortality.

5.4 Access to quality healthcare as a mediator of the relationship between NCD mortality and

GEH

This study found no mediating role of access to quality healthcare, as measured using the HAQI metric,
on the relationship between GEH and premature NCD mortality. While at first glance the role of HAQI
as a mediator seemed model specific, with the random effects model showing significance, a closer
look at the mediation analysis revealed that HAQI may actually be a mild confounder in the relationship
between domestic GEH and premature NCD mortality, instead of a mediator, since the coefficient of
domestic GEH rose once HAQI was introduced as a control variable, instead of decreasing as would be

expected with true mediation.

In this study, domestic GEH was not significantly associated with HAQI. Fullman and collegues
reported a positive but moderate correlation between government spending as a fraction of total health
expenditure and HAQI using 2016 data (GBD 2016 Healthcare Access and Quality Collaborators,
2018). Their different findings may be due to varying variable choice, per capita healthcare spending
versus spending as a percentage of GDP, or the different analysis choices, correlation in the study by
Fullman and collegues using 2016 data, versus panel data analysis using data spanning 2000-2016 in

this study.

Nevertheless, our counterintuitive findings suggest that the relationship between domestic GEH and
premature NCD mortality may be mediated by another pathway. The goal of mediation in regression
analysis is to further our understanding beyond correlation between the predictor and the outcome

variable, particularly when evidence of correlation already exists (Frazier et al., 2004). It helps identify
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how and why a predictor variable relates to the outcome variable. Our insignificant findings therefore
suggest only that HAQI in itself as a measure of access to quality healthcare, is not that pathway. Indeed,
our findings suggest that HAQI may function more as a control variable that affects NCD mortality
independently, rather than as a mediating variable. However, the coefficient of HAQI in the regression
model incorporating domestic GEH, HAQI and the other control variables was non-significant,
suggesting that it’s effect may be insignificant, controlling for other independent variables. HAQI
measures personal level of access to quality healthcare, which may be less sensitive to domestic GEH,
compared to other aggregate measures of access to healthcare such as health worker and health facility
density (Vedanthan et al., 2019). Nonetheless, these measures would only be able to quantify access

but not quality, which has a significant effect on mortality from NCDs (Kruk et al., 2018).

In summary, this study found that access to quality healthcare, as measured using the HAQI metric, is
not the mediating pathway in the relationship between domestic GEH and premature NCD mortality.

Future studies should investigate the role of HAQI as an independent predictor of NCD mortality.

5.5 Country income grouping as a moderating variable on the relationship between NCD

mortality and GEH

This study found that country income grouping had a moderating role on the relationship between
domestic GEH and NCD mortality. Specifically, rising income per capita enhanced the inverse
relationship between domestic GEH and NCD mortality, with domestic GEH predicting lower NCD
mortality in upper middle income and high income countries but not in low and lower middle income
countries. This finding was consistently observed in both fixed and random effects model, in the
sensitivity analysis, and when the relationship was assessed using sub-group analysis. This finding
however ran counter to theory and prior studies. (Rana et al., 2018) found that the effect of total health
expenditure on infant mortality, under-five mortality, and life expectancy was more pronounced and
consistent in low and lower middle income countries, while (Ray & Linden, 2020) found that GEH was
associated with higher life expectancy and lower infant mortality in lower income countries but not in
higher income countries. Several factors may explain our findings. First, and most importantly, health
status is poorest in lower income countries, including for NCDs, where mortality is highest in LMICs.
This implies that larger investments in the form of domestic GEH are required to improve health status
than those seen over the study period in LMICs. A WHO 2018 report on public health spending, which
relied on the same data as we used in this study, showed that between 2000 and 2016, public spending
on health as a percentage of GDP barely rose in low and lower middle-income countries, while that in
high income countries rose by more than 1.5%. This suggests that the mean rise in domestic GEH
observed in our study could be accounted for primarily by upper middle income and high income

countries, with far lower rises in low income and lower middle income countries.
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Second, our findings could be the result of using a different health outcome, NCD mortality, which
perhaps is less sensitive to GEH in lower income countries. Of note, in a study in Georgia, USA, a high
income country, (Marton et al., 2015) reported that public health funding had a higher effect on heart
disease mortality in lower income counties than higher income counties. Third, the efficiency of public
resource use that may be higher as country income rises — perhaps due to better health governance as
well as less misappropriation of public health funding, since lower income countries consistently

perform poorest acCross governance measures.

In summary, our study found a significant enhancing moderating effect of country income grouping on

the relationship between domestic GEH and NCD mortality rates.
5.6 Study limitations

This is the first study to evaluate the relationship between domestic GEH and premature NCD mortality
at the global level, explore a potential mediating pathway, and evaluate the moderating role of country
income on the relationship. Nevertheless, it has several limitations. The premature mortality indicator
chosen, only accounts for four NCDs (CVD, cancer, DM, and CRD), so is inadequate in
comprehensively addressing the relationship between domestic GEH and all premature mortality from
NCDs, excluding causes such as suicides from mental health disorders which are on the rise (Martinez
et al., 2020). Mortality proportion attributable to NCDs is also affected by changes in other causes of
death, for example, a higher mortality from other causes e.g. communicable, maternal and nutritional
disorders may lead to a lower proportion of deaths attributable to NCDs (Martinez et al., 2020). Using
age-standardised mortality rate in the sensitivity analyses however mitigates in part the above two
limitations, and reported similar and consistent findings. Nevertheless, some caution is needed for

interpretation of our findings.

The specific effect of domestic GEH on NCD is not discernible due to the use of aggregate level data.
Future studies will need to assess this relationship using program level funding data dedicated towards
NCDs which is unavailable at this time. Additionally, the analysis uses secondary data from 2000-2016,
and within this time period, relies on years when global mortality data is provided (2000, 2005, 2010,
2015 and 2016). This however reflects the period when global reports on NCD mortality have been
released, with the next iteration expected to be released in 2021. The use of secondary data may carry
over inaccuracies in the original dataset which may affect this study findings. However, the selected

databases are historically considered to be reliable and accurate.

Finally, endogeneity may be a problem in panel data analysis techniques and may arise if decisions
about healthcare spending are strongly influenced by the health outcome in question, e.g. a country with
higher rates of NCD mortality decides to spend more to combat the burden (Marton et al., 2015),

however, if this were the case, we’d expect the rise in domestic GEH to be higher in low income and
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lower middle income countries than it is in higher income countries given the higher NCD mortality

rates, a trend that is not seen.
5.7 Conclusions

Objective one of this study was to investigate the relationship between government expenditure on
health and non-communicable disease mortality rates globally. To this effect, the main hypothesis was
that domestic government expenditure on health is inversely correlated with NCD mortality rate. This
study confirmed this main study hypothesis by finding that domestic GEH is significantly inversely
correlated with premature NCD mortality from the four major NCDs (CVD, Cancer, DM, and CRD),
and also with age standardised NCD mortality per 100,000 persons, whereby increasing domestic GEH
is associated with a decrease in NCD mortality, controlling for domestic PEH, per capita GDP, tertiary

education level, and government effectiveness.

Objective two of this study was to investigate access to quality healthcare as a mediator of the
relationship between government expenditure on health and non-communicable disease mortality. To
this effect, the underlying hypothesis for objective two was that access to quality healthcare mediates
the relationship between government expenditure on health and NCD mortality rate. This study findings
however rejected this hypothesis, finding that access to quality healthcare, as measured using the HAQI
metric, is not the pathway by which the relationship between domestic GEH and either premature

mortality from the four major NCDs, as well as age-standardised total mortality from NCDs is mediated,

Objective three of this study was to investigate the moderating effect of country income grouping on
the relationship between government expenditure on health and non-communicable disease mortality.
To this effect, the underlying hypothesis for objective three was that country income grouping
moderates the relationship between government expenditure on health and NCD mortality rate, with
higher income reducing the significance of the relationship. This study findings confirmed that country
income grouping has a significant moderating effect on the relationship between domestic GEH and
premature NCD mortality as well age-standardised total mortality from NCDs, controlling for domestic
PEH, per capita GDP, tertiary education level, and government effectiveness. However, counter to the
study hypothesis, the moderating effect is enhancing, such that as income group rises, the strength of

the association between domestic GEH and NCD mortality increases.
These study conclusions form the basis of our policy recommendations.
5.8 Policy recommendations

Governments must prioritise domestic GEH, by increasing allocation of their own revenue towards
healthcare. As country income rises, there is generally an increase in expenditure, including towards
the health sector. While this study found a rising trend in domestic GEH globally, this was however

comparatively smaller, 1% over the study period, compared with a doubling of GDP over the same
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period — implying that governments have not prioritised domestic health spending, despite its notable
effects on health and economic growth. This prioritisation is particularly important in low income and
lower middle income countries, where even higher investment in the form of domestic GEH is needed
as these countries report higher premature mortality from NCDs, and have also had stagnant public
spending on health compared to their higher income countries over the period of 2000-2016, as noted
by a 2018 WHO report on public spending on health. In the same report, it was highlighted that
prioritisation reflects choices by politicians and policy makers. Such choices can be influenced through
findings such as those by this study, whereby we’ve demonstrated that increasing domestic GEH is
associated with a decrease in premature NCD mortality among a very productive age group in society,
that is, individuals aged 30-60 years. The potential of reducing premature mortality in this age group
through investment in health is supported by prior investment cases for NCD care, whereby the
downstream economic benefits of NCD control policies offset the cost that governments incur in

implementing such policies.

An illustrative example comes from an investment case analysis conducted in Jamaica (Hutchinson et
al., 2019), whereby investing in NCD prevention and control efforts targeting major risk factors for
cardiovascular disease, diabetes mellitus, and chronic respiratory diseases was estimated to cost 37.8
billion Jamaican dollars over a fifteen-year period, but offered corresponding economic benefits of 81.3
billion Jamaican dollars over the same period, a return on investment of 2.2. Of note, over the first five
years of the program, the program would nearly break even, with a short-term return on investment of
0.96. The economic benefits were tied to increased productivity as a result of an increased human labour
pool secondary to reduced absenteeism from work as a result of NCD related disability and mortality,
as well as decreased healthcare related expenditure, which diverts capital away from savings and

investments which spur economic growth.

In prioritising domestic GEH, the initial goal will be to achieve the identified minimum target of 5%
domestic GEH as a percentage of country GDP that is needed to achieve UHC, from the 2016 level
reported by our study of 4%. However, our study indicates that the current rate of increase is too slow,
since given the current trend, it would be expected that the 5% target as a global average would be
reached in 2032, two years after the SDG target of 2030. Of note though, this represents the global
average, and so it is the case that individual countries and governments yet to reach the target, may
reach it faster than others. The 5% target that is recommended by prior studies was proposed based on
the previous millennium development goals, and was formulated based on the target of decreasing

infant mortality to the MDG targets (Meheus & Mclntyre, 2017).

Our study findings however, suggest that the 5% target would still fall short of what’s required to
achieve SDG 3.4, that is decreasing premature NCD mortality by a third by 2030. To demonstrate this
based on our analysis, the risk of premature NCD mortality would need to fall by a third from its 2015
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level, to 11.9% by 2030. This represents a 31.2% reduction in the risk of premature NCD mortality
from the 2015 number, which corresponds to a 63.7% rise in domestic GEH from its 4% level in 2016,
to 6.5%. We estimate therefore, that domestic GEH will need to rise significantly beyond the 5% level,
to around 6.5%, to achieve SDG 3.4, and proposes this as the target that domestic governments need to

aspire to.

Expanding domestic GEH within a country’s fiscal space, that is sustainably doing so without adversely
affecting other important government services requires more broad based solutions such as increasing
government revenue generation through improved tax compliance as well as more novel solutions
which include excise taxes on tobacco, alcohol, trans fats, salt and sugar sweetened beverages which
have all demonstrated effectiveness in increasing government revenue, with important health effects on
NCD prevention. (Sassi et al., 2018) estimated that increasing taxes on tobacco products by 50% and
alcoholic beverages by 40% would generate as much as 25% more revenue for low and middle income

governments. Such windfall could be directed in part, towards supplementing domestic GEH.

Our finding of an absent mediating effect of HAQI on the relationship between domestic GEH and
premature NCD mortality also has an instructive policy implication. Theory suggests that government
spending on healthcare provides the base through which the majority of the population can sustainably
access health services, particularly in low and middle income countries. It is therefore concerning that
this relationship was not demonstrated by this study, implying a need for future investigations in this
domain. However, immediately, given that the goal of UHC is to expand access to healthcare, UHC
implementation should include access to quality healthcare as one of their monitoring and evaluation
measures to assess whether this goal is being met. If it is indeed demonstrated to be consistently absent,
then it may be that the individuals who depend on public healthcare are not the ultimate beneficiaries
of such efforts if government investment in health is not improving their access to quality healthcare

services, necessitating changes in the policies themselves, or their implementation.
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