MANEMIZTHMIO NMEIPAIQL

TMHMA OIKONOMIKHZ ENIZTHMHL

ITPOI'PAMMA METAIITYXIAKQN ZIIOYAQN
«OIKONOMIKA kat AIOIKHZH tng YI'EIAZ»

Aanaveg yua tnv Yyeia Kat AnNpHOGLOVORLKY)
Blioowpotnta: ItolXeia ano tig xwpeg tou OOTA

Xprotonovdog Kwvotavtivog

Aumdepatikny Epyaocia unioBAn6eioa oto Tpnpa Owovopikng Emotpung tou
[Maveruotnpiou [epaiwg ya v anokinon Metantuyiakou AmA®patog

E1bikeuong ota Owovopika kat Aloiknon g Yyeiag

[Telpaiag, 2019



i



MANEMIZTHMIO NMEIPAIQL

TMHMA OIKONOMIKHZ ENIZTHMHL

ITPOI'PAMMA METAIITYXIAKQN ZIIOYAQN
«OIKONOMIKA kat AIOIKHZH tng YI'EIAZ»

Aanaveg yua tnv Yyeia Kat AnNpHOGLOVORLKY)
Blioowpotnta: ItolXeia ano tig xwpeg tou OOTA

Xplotonovdog Kwvotavtivog, A.M.: OAY/1651
EmBAéniov: EAsubBepiou Kovotaviivog / Enikoupog KaBnyntrg / [Mavermotqpio
[Melpaimg

AMmdepatkr Epyaocia unioBAnOesioa oto Tprpa Owovopikrg Emotiung tou
[Maveruotpiou Ielpaimg yia v anoktnon Metamtuytakou AMmAOPAtog

E16ikevong ota Owovopikd kat Atoiknor) g Yyeiag

[Mepatag, 2019

il



iv



MANEMIZTHMIO NMEIPAIQL

] [B& ﬁ

.-.n.-...-..-. TMHMA OIKONOMIKHZ ENIZTHMHL

M.Sc. in Health Economics and Management

Health Care Expenditure and Fiscal Sustainability:
Evidence from the OECD countries

Christopoulos Konstantinos

Master Thesis submitted to the Department of Economics of the University of
Piraeus in partial fulfilment of the requirements for the degree of M.Sc. in Health

Economics and Management

Piraeus, Greece, 2019



vi



vii

OTNV OUKOYEVELd UOU



viil



Evuyxapiotieg

®a 10sda va suxaploton tov ermBAénovia kabnynt pou K. Keovotaviivo EAeu-
Oepiou yia ) oupBoAr) Tou 010 va Eermepactouv 01 APKETEG GUOKOAIEG TTOU AVIIPETOITIOA
yla v OAOKANP®ON autng tng epyaociag, kabog kat tov K. Baoldn KataBéAn
IoU ntav maviote npodupog kat Siabéopog oe 0,11 Tov Ypetdomka. Emiong, eu-
Xap1otw 6Aoug 6ooug Bor|bnoav oe auty v rpoorddeia pe v otrpi§n, kabodrnynon
KAl UTIOPOVI] TOUS KAB®G Kal Toug avOp@Iioug ota (pOpoUl AOYIOHIKOU TIOU £ival
mavia npodupotl va Bonbrjoouv X®pig MPOooOITKO O(PEAOG OTIOI0VOLTIOTE AVIIHEI®-

et poBANpa.
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Aanaveg yua tnv Yyeia Kat AnHOGLOVORLKY)
Blroowpotnta: Itoxeia ano tig xopeg tou OOZA

Znpavtikoi ‘Opot: Yyeia, S1poolovopike) moAttiky), Samdaveg uyeiag, X®WPKr) OlIKOVOUETpia

HepiAnyn

Ot banaveg uyeiag ripoBAérnoviatl va au§nbouv akopa rmePlocOTEPO OTA EMOPEVA XPO-
Vid AOK®VIAS AKOPA PEYaAutepeg SNPOCIOVONIKEG THECELS. XKOTIOG TG MApoUoag
epyaoiag eivat va efetacel v enidpaon kat ta arotedéopara Siaxuong twv da-
navev uyeilag otnv uyeia tou mAnbuopou, petpoupevn pe ta [Mbava Xapéva 'Ein
Zorg (Potential Years of Life Lost) ka1 tnv oplakn eminmoworn nou £€xouv ota dnpoola
O1KOVOH1KA. Xpnotporowwviag dedopéva amnod 29 xopeg tou OOZA yua v repiodo
1990-2017, edpappooajle POVIEAA XMPIKHG OIKOVOUETPiag KABMS KAl Eva Pn-X®P1KO
poviédo. Ta tov UnoAoY10pO NG OPLAKNAG EMIMTI®ONG XPNOTHOIIOIOAE TO OUVIE-
A£0Tr] TOU X®P1KOU POVIEAOU OE £€vd AVAAUTIKO S1OC10VOIKO TTAAI010 TIOU TTEPIAG-
Bave ta péoa popodoyikd £€00da Kat KOOt yla g KuBepvrjoelg. Bprikape pia Seukn
oxéon petadu daravev uyeiag Kat tou deiktn uyeiag Kabmg Katl Onpavilkd arnoteAéo-
Hata diayuong ta onoia petappdaloviatl Snpootovouika os $2551.45 £é00da yia kabe

Katd kepaArnv darmavnBev SoAapo.
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Health Care Expenditure and Fiscal Sustainability:
Evidence from the OECD countries

Keywords: Health, fiscal policy, health spending, spatial econometrics

Abstract

Health care expenditures are expected to challenge the fiscal sustainability even
more in the coming years. The purpose of this study is to examine the relationship
and spillover effects between the Health Care Expenditures and health measured
by the Potential Years of Life Lost and the marginal impact they have on public
accounts. Using data from 29 OECD countries during the period 1990-2017, we
apply spatial health econometrics models as well as a fixed-effects model. For the
calculation of the marginal impact, we used the coeflicient of our spatial model into
a fiscal analytic framework consisting of averaged tax revenues and costs of the
government. We find a positive relationship between Health Care Expenditures
and health as well as significant spillover effects which are translated fiscally into

$2551.45 revenue for every per capita dollar spent.
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Chapter 1

Introduction

The ever increasing Health Care Expenditures (HCE) pose a burden to govern-
ments and tax payers around the world and will continue in doing so in the com-
ings decades. The health spending in 2017 for the OECD countries accounted
for the 9% of the GDP on average (OECD, 2017a). According to Burtless (2006)
who estimated the current and future tax burdens of four rich OECD countries,
the government transfer programs were a major source of income for dependent
elderly especially in Germany where the net social transfers of taxes and public
health benefits make up 65% of the income of people over the age of 65. In Japan,
the demographically oldest OECD country, with a dependency ratio equal to 47
in 2015 (OECD, 2017b), health spending has skyrocketed. The two-thirds of this
increase in spending, from 1990 to 2011 was the result of ageing and the rest
one-third resulted from the excessive increase in costs. HCE in Japan are pre-
dicted to increase even more with the ageing of the population alone raising it by
31% of GDP in the years 2010-30. Moreover, if excessive costs continue to grow
at the same rate as in 1990-2011, they will raise this percentage by an additional
2-3 percentage points of GDP. The government will have to increase its transfers
considerably in the coming years if this situation does not improve (Nozaki et al.,
2017).

There are many studies on the determinants of HCE. According to a literature
review done by José J. Martin Martin (2011) on the subject, the main variables re-
sponsible for their rise of HCE are income, population ageing, proximity to death

and technological advancements and territorial decentralisation. More specifi-



cally, a number of studies show the significance of income as a determinant such
as the one by Hitiris and Posnett (1992) who states that the GDP plays a signifi-
cant role as a HCE determinant in developed countries. Baltagi et al. (2017) who
also investigated the long-run economic relationship between healthcare expen-
diture and income on a global scale with the use of data for 167 countries from
the years 1995 to 2012, found that health care is considered on a global level a
necessity rather than a luxury and also that the position of each country into the
distribution of the global income affects the size of their income elasticity, with
lower-income countries showing a higher elasticity. Population ageing might not
be the main driver of the HCE but its economic effects, based on the notion of
age-based dependency!, will affect the amount of taxes that will fund the pay as
you go (PAYGO?) pensions Weil (2006). Moreover, it narrows the tax base and
widens the fiscal expenditure by reducing labor’s quality and productivity, chang-
ing the level and structure of the population’s consumption, lowering the saving
rate, and widening the gap between social security revenue and expenditure, all
of which challenge the balance of the fiscal system (Liu and Yang, 2018). Some
studies though claim that proximity to death is the main determinant of HCE and
not the ageing of the population. In a panel structure cohort study of seven years
Howdon and Rice (2018) use administrative data, which contains estimates of
inpatient HCE, time-to-death (TTD) and morbidities at the time of an admission,
to show that HCE is mainly determined by the proximity to death rather than the
age of individuals, and that proximity to death is itself a proxy for morbidity.This
conclusion is also confirmed by Layte (2007) who used random effects models in
a national panel data survey in Ireland to demonstrate that the expenditures on
General Practitioners and hospital services are affected more from the proximity to
death rather than age. Another study that shows the decreased role of population
ageing and sets technology as the main determinant and morbidity as second, is
that of Dormont et al. (2006). How much though is our health affected by this
spending and what does this mean for the fiscal sustainability of a country?

The link between health status and increased productivity therefore, more

!The demographic old-age dependency ratio is defined as the number of individuals aged 65
and over per 100 people of working age defined as those aged between 20 and 64 (OECD, 2017b)
2Financing expenditures with currently available funds



economic growth has been evident from the early work of Schultz (1961) and
Mushkin (1962) and later of Rivera (1999) and Heshmati (2001) who examined
also the convergence between countries. This effect is stronger on poor countries
(Well, 2007) but its effect on rich countries is not clear for long-term growth
(Hartwig, 2010). Gong et al. (2012) also confirms these claims but warns that
excessive investment in health may have a negative effect on economic growth.
But is this increase in productivity and growth enough to increase the tax revenue
to an amount that will balance the fiscal system under the pressure of the rising
health care expenditures or should the fiscal system change and seek more income
by widening its base and finding a way to reduce its expenditure?

Though the relationship between HCE and health indicators such as life ex-
pectancy and mortality has been studied in the literature only a few spatial econo-
metric studies exist and they are mostly focusing on comparing provinces within
a country and the spillover effects between them. The question raised by Baltagi
et al. (2018), whether health spending yields health benefits, has not yet been
answered using spatial health econometrics. Also the analytic fiscal framework
which has been developed by Connolly et al. (2017) has not been applied yet for
the case of the OECD countries. Our variable of choice for the measurement of
health, the Potential Years of Life Lost (PYLL) has not been studied as of now in
its relation with HCE and since it is measured in years the results can be used
in a OECD adjusted fiscal framework in order to calculate the fiscal impact it will
have.

The intent of this study is to examine the total, direct and indirect effect of the
Health care expenditures on the potential years of life lost for 29 OECD countries
between the years 1990 and 2017 using spatial econometric models and use
that information in order to calculate via an analytic framework the fiscal effect
HCE will have for the government. This study does not intent to cover the effect
HCE have on a global scale on PYLL since most of the countries do not provide
data for this index. The framework on its own can be used with the necessary
modifications for all cases and offers an alternative to the traditional methods
used to evaluate the health expenses which are oblivious to the fiscal aspect of

the matter. We find a negative relationship between HCE and PYLL which appears



to have ta significant impact on the fiscal sustainability.

The rest of the study is organised as follows: In section 2 we provide a literature
review on the subject. In the third section, we describe the data and the models
used for our estimations as well as the methods involved. The fourth section
entails the results of our study, the fifth is the discussion and in the last section

we draw our conclusions.



Chapter 2

Literature review

2.1 Health care expenditures and Health

There are several studies that have examined the effect of HCE on health using
variables like life expectancy on birth and mortality. Though the relationship
is not crystal clear, most studies find that HCE improve indicators especially
in lower-income countries. A study containing panel data from 175 countries
grouped according to the geographic position and income level and covering years
from 1995 to 2010 by Jaba et al. (2014) measured the relationship between health
care expenditures and life expectancy using fixed effects models showed a signif-
icant relationship with the variation being wider in the less developed countries.
Also, Liang and Tussing (2018) studied the effect the cyclicality of the government
health expenditures has on the health of the population (measured in various
indicators) in 135 developing countries from 1995 to 2014 using instrumental
variables on a two stage least squares models and found a pro-cyclical pattern
in low and middle income countries. Another study conducted by Arthur and
Oaikhenan (2017) for the sub saharan countries showed an increased in life ex-
pectancy and a decrease in mortality due to a complementary action of private and
public HCE. A panel data study performed by Rana et al. (2018) on 161 countries
for the years 1995 to 2014 studying the relationship between healthcare expendi-
ture and health outcomes (measured by infant mortality and life expectancy) for
different levels on income showed significant variance across the different levels of

income with the effect being stronger for the low-income countries. van den Heuvel



and Olaroiu (2017) studied the same relationship for 31 European countries us-
ing life expectancy as a health measure but found social protection expenditures
a more significant determinant than HCE. For the OECD countries, a study was
performed by Linden and Ray (2017) who examined the relationship between life
expectancy at birth and public and private health care expenditures. They anal-
ysed a panel of 34 OECD countries for the years 1970-2012. These countries were
placed into three groups according to the size of their public HCE as a share of
GDP. The study showed that in the highest public share cluster, life expectancy
was affected similarly by privet and public HCE but this was not the case for the
lower share clusters where this effect diminished and even turned negative for

private HCE in the smallest share cluster.

2.2 Spatial econometric studies for HCE and Health

There are many studies about the spillover effects of the health care expenditures
and health indicators but only a few that combine both the health and financial
aspect and these examine it on a local level. A study by Pérez-Pérez et al. (2019)
investigated the relationship between government expenditure on maternal health
and maternal mortality (MM) estimating a spatial error model (SEM). Using ad-
ministrative data from 2457 Mexican municipalities for the years 2000-2015, the
research showed that MM and government expenditure on maternal health had
no random distribution across the Mexican territories. Moreover, the highest
levels of MM were found in the most socially vulnerable municipalities which ex-
hibited the lowest levels of government expenditure on maternal health as well
as limitations in manpower and in the amount of physical resources available
for the promotion of maternal health. Another study performed by Rosenberger
et al. (2005) estimated the relationship between health care expenditures for the
treatment of circulatory problems, physical inactivity, obesity, and the supply of
recreation opportunities in West Virginia using a spatial econometric model and
maximum likelihood estimators. This research showed that the rates of physical
inactivity which in turn are related to obesity and therefore health in general, re-

late positively to expenditures on health care treatments of diseases and disorders



of the circulatory system. Finally a study carried by Castro et al. (2016) estimated
the direct as well as the spillover effect of a federal grant on local health indicators
in Brazilian municipalities using a Regression Discontinuity Design (RDD). The
estimates show that the federal grant’s spillovers improve local health indicators
such as infant mortality rate, morbidity rate, hospitalisation and other health ser-
vices both in major cities and small towns. The direct effects were reduced when
they controlled for neighbours’ federal grants, which showed the importance of
the spillover effects and spatial interactions in explaining the federal grant’s effect

on health outcomes.

2.3 Fiscal Analytic Framework

There has not been much research done connecting health care spending and
fiscal sustainability. The main framework for the examination of the fiscal conse-
quences of Health Care Expenditures was developed by Connolly et al. (2017) and
combines elements from human capital economics, public economics, and gener-
ational accounting in order to assess the intergenerational relationship between
lifetime tax burden and social transfers. This framework gave the opportunity
to examine inter-temporal and cross-sectoral consequences which are usually
ignored by the traditional welfare economic approaches for evaluating health pro-
grams such as cost-effectiveness analysis used by public decision makers. It also
allows us to study the impact of heath interventions on disability costs, loss taxes
and reduced productive output that is attributed to poor health. This analytic
approach can be applied to any public health intervention or policy change. For
example, this framework was later used to study the difference in the tax transfers
related to lifetime productive capacity, and the demand for government transfers
related to education and healthcare, caused by the rotavirus morbidity and mor-
tality between immunised and non-immunised cohorts up to the age of 65, in
Ghana and Vietnam. The estimated net revenue attributed to the immunised
cohort was $55.17 billion which was approximately a $29 million increase from
the non-immunised cohort proving the usefulness of the model for governments

in comparison to the traditional cost effectiveness analysis (Kotsopoulos et al.,



2013). The framework was also used to study the fiscal impact of smoking cessa-
tion in Thailand (Connolly et al., 2018). In particular, the effect of investments in
a pharmacological smoking cessation intervention on the country’s future public
economic budgets was investigated. This was accomplished by estimating the
fiscal changes between the group who quitted smoking and the group who still
continued to smoke. This changes included the health care costs, the increased
wage due to increased productivity after the smoking cessation which in result
translates into more tax revenue and the tax losses associated with the reduced
consumption of tobacco. The analysis showed that, the earlier these interventions
take place the more they will result in an increased tax revenue when compared
to the tax revenues from people who continue the tobacco consumption, other of
course than health benefits involved. This analytic framework is later described

in the method section.



Chapter 3

Data & Methods

In this section we provide the information on how the data were collected and
analysed in order to examine the relationship between HCE and PYLL. Also we
provide the same information about the fiscal analytic framework that we will use

to calculate the fiscal impact of health spending on the OECD countries.

3.1 Data

3.1.1 Data for the Econometric models

For the econometric models we use annual data as follows. For the measurement
of the Health Care Expenditures in line with all other OECD studies, we use as our
independent variable the per capita health spending retrieved from the OECD’s
health database. We study the years from 1990 to 2017 (T= 28) due to missing
values in previous years for many countries used in the model. The existing
missing values where filled by linear interpolation. This variable measures the
final consumption of health care goods and services including personal health care
(curative care, rehabilitative care, long-term care, ancillary services and medical
goods) and collective services (prevention and public health services as well as
health administration) but excluding spending on investments.

As a measure for health we used the Potential Years of Life Lost (PYLL) retrieved
from the OECD database. We use the same techniques as we did for the HCE
variable regarding the missing values. The reason we chose this variable instead

of a different health indicator, such as life expectancy at birth or mortality rates
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is the fact that this indicator is highly correlated to Life Expectancy at birth
(-0.833) in our data and it also summarises premature mortality by weighting
deaths occurring at younger ages which might be preventable. So in a way it
combines elements from the two main indicators commonly used. Another reason
we decided to use PYLL as our dependent variable is the fact that it is measured in
years per 100000 persons, something that will be proven very useful in the final
part of this study, the fiscal analytic framework. PYLL are calculated by adding
up the deaths that occur at each age and multiplying this with the number of
remaining years to live up to a selected age limit. The age limit that is used in
the calculation of this index which is 70 according to the OECD Health Statistics
which is very close to the retirement age. Finally, the PYLL are standardised for
cross-country and trend comparison, for each country and each year with the total
OECD population in 2010 as the reference population for age standardisation.
As for control variables for the non-spatial model we used four more variables.
Gini index was used as a proxy for the income inequality and was taken by the
World Bank database. The percentage of the population with tertiary education
from the age of 25 until the age of 64 was used as a proxy for eduction level since
most of our countries in the sample are fairly developed and was retrieved from the
OECD database. The Green House Gas emissions measured by tonnes per capita
were used as a proxy for the air pollution and were retrieved also from the OECD
database. Finally, the percentage of the population with access to improved water

source from the Aquastat database. All the data are described on Table 3.1.

3.1.2 Data for the Fiscal Analytic Framework

For the fiscal framework we used the latest data available from the OECD database.
The tax revenue indicator, measured in billion USD, was selected for the tax in-
come and was divided by the total population in order to get a per capita amount.
This indicator represents the revenue collected from taxes on income and profits,
social security contributions, taxes levied on goods and services, payroll taxes,
taxes on the ownership and transfer of property and other taxes (OECD, 2018b).
As for the government costs, we used a fragment of the general government spend-

ing average, which for 2017 was 18.9 thousand USD per capita (OECD, 2019d).
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Table 3.1: Descriptive statistics and sources of data

Variables Obs. Mean Std.dev Min Max
HCE ) 812 2576.8 1677.7 130.7 10209.4 (OECD, 2018a)
(per capita)
PYLL

. . 812 4470.3 2090.1 1863.2 23994.4 (OECD, 2016)
(per 100,000 inhabitants)
Gini Index 812 36.529 5.0913 21.2 46.2176 WorldBank (2018)

Education

812 27.241 11.665 1.753 73.7507 (OECD, 2019a)

(% of population with tertiary)
Green House Gas emissions

812 12.682 5.5594 5.012 34.73 (OECD, 2019b)

(tonnes per capita)
Water access

812 99.132 2.1641 83.6 100 (Aquastat, 2019)

(% of population)

HCE: Health Care Expenditures
PYLL: Potential Years of Life Lost

This fragment represented the average health, education and social protection
spending which accounted for the 46,9% of the central government spending in
2017 for the OECD (OECD, 2019c). The methodology with which this data was
treated is described in the next section.

The optimal choice of the discount rate for a government project in sectors
where market failures exist and market prices do not exist or are misleading due
to government intervention cannot be the market rate Park (2012). Therefore,
the use of a discount rate based on guidelines might be more appropriate. A
literature review done by Smith and Gravelle (2000) on the discounting economic
evaluation of Health Care Interventions found that the most frequently specified
rates are 3% and 5%. This is also the case in the guidelines of 9 OECD countries
as shown in the review of the Cancer Research Economics Support Team (CREST)
(Parkinson and Lourenco, 2015). We decided to use 3.5% as recommended by
the National Institute for health and Care Excellence (NICE) guidelines (for Health

and Excellence, 2013).

3.2 Methods

In this subsection we analyse the methods used for the econometric models as

well as for the fiscal framework.
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3.2.1 Econometric models

Health is a variable well known to have geographical concentration as it is well
described in the health economics literature. Regarding health care spending, as
was described in the previous chapter, the existence of unobservable risk factors of
HCE have been described by Revelli (2006), Moscone and Knapp (2005), Moscone
et al. (2007). Regarding health outcomes, conditions and pathologies, a number of
studies has been performed such as the ones by Lorant et al. (2001) on mortality,
Thouez et al. (1997) on cancer mortality, Alexander (1993) on child leukaemia,
Gatrell and Whitelegg (1993) on childhood cancer, Hsiao et al. (2000) on asthma.
As mentioned before some concentrations appear in a very localised form. On
the other hand, other factors such as the environment, diet and lifestyle of the
populations might have raised the prevalence of certain pathologies which will
subsequently create considerable geographical concentrations of these patholo-
gies also at the national level (Haining and Haining, 2003).

We chose spatial econometric models in order to study the short and long run
spillover effects of health due to health care expenditure given the spatial depen-
dence of our data which is also confirmed by the strongly statistically significant
spatial rho in the spatial models we estimated. In spatial econometric models,
the effect of an predictor variable that changes for a specific country will affect not
only that country but also its neighbours. Those are the indirect effects, the off-
diagonal elements of the matrix of total effects and indicate how a change in the
predictor variable in country : affects the dependent variable in country j through
a feedback process (Atella et al., 2014). The spatial autoregressive model (SAR) is
given by equation 3.2 and the spatial Durbin model (SDM) by equation 3.3. We
also estimate a non spatial fixed-effects model given by the equation 3.1 with more
predictor variables than the spatial models in order to compare the results. This
method was done in other studies with explanatory variables including, income
and inequality indexes, environmental pollution, lifestyle indexes, education and
others (van den Heuvel and Olaroiu, 2017), (Liang and Tussing, 2018). Our linear

heterogeneous panel regression models are listed below.
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The equation for the fixed effects model is:

Yir = Po + L1 + Booir + B3xzie + BaTaie + P55 + 0 + Uy (3.1)

where «; is the unknown intercept for each country, y;; is the dependent variable
PYLL , x4 represents the independent variables (i.e. HCE and other variables
used for control such as the gini index, education, air pollution measured by
green house gas emissions and access to water). Also (i is the coefficient for
the independent variable k£ and u;; is the error term. Moreover i represents the

country, ¢ the time.

For the spatial models:

n K
Yir = @+ TYir1 +p Y Wil + O T + 1 + Ve (3.2)
j=1 k=1

n K K N
Yit = 0+ TYu1 +p O Wil + > Tk + D Y Wil + i + Vi (3.3)
j=1 k=1 k=1j=1

where y;; our is health variable measured by PYLL in the ith country at time t, x;;
is the HCE, p; is the country-specific effect and v;; is the error term. The coefficient
p measures how health in one country is related to the health in neighbouring
countries on the condition of the explanatory variables. w is the contiguity ma-
trix. We use a binary matrix which is the most commonly used in spatial health
econometric studies according to Baltagi et al. (2018). This is a row-standardised,
non-negative spatial weights matrix whose specification is based on the distance
between the cross section observations, the OECD countries in our case. The

contiguity matrix follows the "no island" rule and takes the following form:

wij =0,if i =7
w;j = 1,1f i and j are contiguous
w;; = 0,1f i and j are not contiguous
where w;; the ijth element of a symmetric row standardised matrix of the coun-

tries’ contiguity.

13



The violation of strict exogeneity due to the inclusion of the lagged dependent
variable in dynamic spatial models is a problem that can be circumvented with
the use of a spatial version of the system Generalised Method of Moments (GMM)
methodology as proposed by Arellano and Bover (1995). However, we chose to use
a maximum likelihood estimation (MLE) instead for the following reasons. Accord-
ing to Elhorst (2005) and Lee and Yu (2010), when a dynamic spatial panel model
is present, if the spatial autoregressive variable and the time-lagged dependent
variable are the only endogenous variables, MLE is a proper estimation method.
The omission of several explanatory variables on the other hand, could lead to
biased estimations. In order to control for this bias we took advantage of the
format of the data and we also included a time lagged variable. More specifically,
panel data allows us to control for unobserved heterogeneity caused by omitted
variables by incorporating individual-specific effects (Baltagi et al., 2018). Also by
using the autoregressive approach by Wooldridge (2002), we use the first lag of the
dependent variable as an predictor variable in order to control for time-varying
omitted variables. This method was also done by Eleftheriou and Sambracos
(2019) in order to study the spillover effect of tourism on GDP growth.
Bidirectional causality between HCE and PYLL is a fact which could bias our
estimations due to more endogeneity problems caused by the HCE variable being
in that case endogenous. Despite the fact that there is no evidence in the litera-
ture suggesting the latter we performed a Granger Causality test for heterogenous
panel data using bootstrap replications which was developed by Dumitrescu and

Hurlin (2012). The test showed that HCE does not granger cause PYLL (Table 3.3)

Table 3.2: Hausman test

chi2(2) 2.32(0.3136)

H,: Difterence in coeflicients not systematic
P-value in parenthesis

While the Hausman test on the respective fixed and random effect variations
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Table 3.3: Granger causality test

Zvar 8.3435(0.2230)
Zpar—tide  6.8361(0.2230)

Hy: HCE does not Granger-cause PYLL
P-value in parenthesis

of the spatial models indicated the use of random effects, we chose to use fixed
effects based on the following rationale. he random-effects model assumes that
the country-specific random-effects are exogenous to the other included regres-
sors (in our case the HCE). However, it seems more plausible that country specific
characteristics shape the way the exogenous HCE common to most OECD coun-
tries impacts differentially on the individual country HCE. Having this in mind
and also that some of the p-values in the Hausman test are not so low (Table 3.2),
it might be preferable to focus on the fixed-effects specifications (Alexiadis et al.,

2013).

3.2.2 Diagnostic tests

We performed a series of diagnostic tests to our data for the existence of unit roots
and cross-sectional independence. First, we tested for the existence of cross-
sectional dependence (CD). We calculated the Breusch-Pagan Lagrange Multiplier
test statistic for cross-sectional independence in the residuals of the fixed effects
regression model following Greene (2003), the Pesaran test for cross-sectional
dependence (Pesaran, 2007) and the Moran’s I test statistic according to Kelejian
and Prucha (2001). The difference between Moran’s I and the other CD statistics is
that it exploits the spatial structure of the data and therefore treating with added
gravity the contiguity of countries (Baltagi and Moscone, 2010). All the tests,

shown in Table 3.4 demonstrate the existence of cross-sectional dependence .

Table 3.4: Cross-sectional dependence tests

Breusch-Pagan LM test = Pesaran test Moran’s I
4539.893(0.0000) 20.634(0.0000) 0.1088(0.0001)

Hy: No cross-sectional dependence
P-value in parenthesis
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Since cross sectional dependence was present in our data, we test for station-
arity using the Panel Unit Root Test in the Presence of Cross-section Dependence
(CIPS) developed by Pesaran (2007) both with intercept and intercept with trend.
This test has been designed to test the unit root hypothesis when the variable
under study has a factor structure. However, according to Baltagi and Moscone
(2010), this test is also robust when other sources of cross-section dependence
are present such as the spatial autoregressive process, as has been shown by
Monte Carlo simulations. The statistics for the CIPS tests are given in Table 3.5.
As a robustness check, we also calculated the Im Pesaran Shin (IPS) test Im et al.
(2003) and the panel unit roots test proposed by Breitung (2001), which do not
account for cross-section dependence in the data. The Breitung statistic is a mod-
ification of the augmented Dickey Fuller statistic and has more power than IPS
if individual specific trends are included (Baltagi, 2008). The statistics of these
tests are given in Table 3.6. These tests concluded that PYLL and HCE are non-
stationary variables but the CIPS tests on lagged values of PYLL show that some

panels might be stationary.

Table 3.5: Unit root tests: CIPS

Number of lags

1 2 3
PYLL -2.053 -2.073* -2.250**
HCE -1.463 -1915 -2.114*

with intercept
PYLL -2.601* -2.453 -2.685**
HCE -1.643 -1.975 -2.240

with intercept and trend

H, :Non-stationarity

HCE: Health Care Expenditures

PYLL: Potential Years of Life Lost

***Significance at 1% level; **significance at 5% level; and *significance at 10%
level.
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Table 3.6: Unit root tests

Variable IPS Z-t-tilde bar Breitung
with intercept
PYLL -0.1947(0.4228) 13.9136(1.0000)
HCE 17.0137(1.0000) 19.5511(1.0000)
with intercept and trend
PYLL -0.0866 (0.1932) 5.2029 (1.0000)
HCE 0.3354 (0.6313) 6.1635 (1.0000)

HCE: Health Care Expenditures
PYLL: Potential Years of Life Lost
Hy: Panels contain unit roots
P-value in parenthesis

3.2.3 Fiscal Analytic Framework

For the calculation of the fiscal impact we base our methodology on the analytic
framework developed by Connolly et al. (2017) adjusted for the case of the OECD
countries as shown in equation 3.4. For the time parameter, we use the long run
HCE coefficient (0.67) from the equation 3.3 as the time(7’) that will be used for
the calculation of the Present Value. This coefficient represents the mean change
in years if we increase the HCE per capita by $1. The T'ax is the total tax revenue
of the OECD countries ($15638.23 million) divided by the total OECD popula-
tion (1257.114 million persons, retrieved from OECD (2015)), in order to get a
per capita index ($12439.786). For the Cost, the average per capita government
spending is $18258 but we are not interested in the total amount. Instead, we
sum the average percentages health, education and social protection represent in
the government spending of OECD countries which is 46,9%. That percentage in
turn corresponds to $8563 per capita. So the annual per capita flow is $3876.786
or $323.065 per month. We hypothesise that the flow is the same for every time
period. We use the 3,5% discount rate as mentioned in the data section. Since,
the coefficient gives a time period smaller than a year we convert it to months (8).
We also convert our annual discount rate to a monthly rate (0.2916%). This in

result gives us a Present Value (PV) of $2551.04.
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T
Tax — Cost
Discounted tax (PV) fisca = Y Lar = ost

t=0 (1 + T)t

where, T'ax is the per capita revenue from direct and indirect taxes plus taxes
on the payroll (national insurance) and Cost the per capita government spending

on health, education and social protection. Also, r is the discount rate and ¢ the

time.
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Chapter 4

Results

In this section we provide the results regarding the relationship between the health
care expenditure and health. Also we estimate the fiscal effect they will have using

the analytic framework.

4.1 Estimates for the effect of Health care expendi-

tures on Health

The non-spatial fixed-effects model (Eq 3.1) shows a statistically significant neg-
ative relationship between HCE and PYLL as it was expected (Table 4.1). On the
other hand, the Gini index, Education and Green House Gas emissions does not
appear to be statistically significant. This may have occurred due to the relative
homogeneity OECD have in matters such as education, air pollution and inequal-
ity. The other statistically significant variable is the access to improved water
source which has however the smallest variance amongst the countries. Exper-
iments that were carried omitting some of the control variables showed no real
difference in the results regarding their statistical significance.

In the spatial models both the total short-run and long-run effects as well as
the coefficient of the HCE are negative. In the SDM model, which is our model
of choice, for the direct effects, the results show a short-run coefficient of -.7818
while for the long-run direct effects a coefficient of -.04977. This shows that given
all the other variables remain unchanged, an increase in HCE will have a bigger

effect in the short-run for a given country. The indirect effects show an interesting
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Table 4.1: Empirical results non-spatial model

Variable Coefficient Standard Deviation
HCE -.3623404%* .1359163
Gini Index 23.23093 14.44385
Education -12.37229 20.06619
Water access -400.6279%** 138.9434
GHG emissions 166.3163 116.7253

***Significance at 1% level; **significance at 5% level; and *significance at 10%
level.

result. The short-run effect appears to be positive which means that there will
be an increase in PYLL as a spillover effect. The long-run spillover effects though
appear negative with a coefficient of -.6205. The spatial effects are shown on Table
4.2, these results both on short and long run are strongly statistically significant.
The negative effect of the HCE on PYLL is also confirmed by the non-spatial model

as seen on Table 4.1.

Table 4.2: Empirical results spatial models

Variable SAR model SDM model
Lagged PYLL 40.999*%%(0.014251) 16.73576***(0.0141733)
Spatially lagged PYLL -172.5657#**(0.0274858) 86.86148***(0.0271023)
HCE -83.946***(0.0148775) -26.9368***(0.0171725)
Spatially lagged HCE -20.74227%**%(0.0184998)
Short-run direct effects -2.357535***(0.0004862) -.7818747***(0.0003254)
Short-run indirect effects 1.873876***%(0.0004665) .2392126***(0.0003387)
Short-run total effects -.4836597***(0.0000624) -.5426621***(0.0001473)
Long-run direct effects -.178755***(0.0005544) -.0497706***(0.0004212)
Long-run indirect effects -.4544884***(0.0005048) -.6205798***(0.0003292)
Long-run total effects -.6332433*** (0.0000946) -.6703505***(0.0002033)

***Significance at 1% level; **significance at 5% level; and *significance at 10%
level. Robust standard errors are reported in parentheses. The SDM model was
selected over the SAR for its lower value on the Akaike and Bayes - Schwarz
information criteria. The regression results were estimated in STATA using the
-xsmle- command.

4.2 Estimates for the fiscal analytic framework

Using the long run HCE coefficient from the equation 3.3 we get that a $1 increase

in HCE per capita will result in a decrease of 0.67 years ( 8 months) lost per 100000
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persons. Using the monthly flow and monthly rate (as described in the methods
section) for the 8 months in our equation 3.4, we calculated a PV of $2551.04.

This means a $2551.04 government revenue for a $1 increase in HCE per capita.
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Chapter 5

Discussion

Trying to determine whether HCE reduce PYLL (and therefore improve health),
our research gives an answer to a fundamental question raised by Baltagi et al.
(2018), whether more spending on health care yields health benefits. For the
OECD countries, both spatial and non-spatial models showed a negative rela-
tionship as expected. As for the spillover effects between countries, the results
were mixed. These spillover effects could be attributed to many factors such
as competition between health care providers of neighbouring countries, medical
tourism opportunities, existence of technological clustering, prevalence of trans-
mittable diseases and other environmental or social factors. That fact that the
short-run indirect effects had a positive coefficient was an unexpected; however,
this result does not negate the nature of the spillover effects since the long-run
indirect effects remain negative. This unexpected effect might have been created
due to the indirect effects of omitted variables such as environmental risks and
lifestyle which show geographical concentrations and affect the healths status of
neighbours resulting in a biased estimate of the spatial effects.

As for the fiscal sustainability, the fiscal analytic framework we calculated
showed that an increase in HCE per capita by $1 will return in the long run
$2551.04 as profit for the government. In that notion and given that PYLL is an
index that focuses on preventable diseases, governments should focus their HCE
on preventing diseases rather than treating them afterwards in order to improve
their fiscal sustainability and minimise their costs in the Health Care sector.

Of course, more research should be done using PYLL as a health indicator
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outside the OECD. Unfortunately, the countries that provide data are limited
but will increase in time. Since this research was carried on a specific group of
countries, conclusions for other countries should be made with caution. Future
research should focus on examining different groups of countries according to
income level, welfare indexes and health system. Certain components of HCE
should also be examined regarding their effect on PYLL in order to understand
better where to spend more and where to spend less. In this way, the results
will be more precise for governments and organisations to use. Policy makers
should focus on their country-specific data in order to get the most appropriate

estimations for their governments.
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Chapter 6

Conclusions

In conclusion, the purpose of this study was to examine the relationship between
Health Care Expenditure and Health as well as find their marginal impact on
fiscal budgets. Using a panel of 29 OECD countries followed over 28 years we
found a positive relationship between Health Care Expenditure and health which
translated financially in to $2551.04 profit for the government per $1 increase
in Health Care Expenditure per capita. This study contributes to the literature
by using the Potential Years of Life Lost as a health indicator as well as spatial
econometrics in order to study the relationship and the spillover effects between
health care expenditure and health in the OECD countries. The use of Potential
Years of Life Lost index into a Present Value fiscal analytic framework creates new
ways of evaluating of Health Care Expenditures and provides a new tool for the

calculation of the fiscal impact they have.
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