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Abstract

The main scope of this study is to analyze the adflehealth on economic growth
assuming that health status is a component of hwagpital, therefore interacting with both,
human capital qualifications and economic perforoearHealth as an integrated part of
human capital has assumed an increasing importanttee growth literature over the past
decades, being now widely recognized that heaké,dducation, is also an essential factor of
labour productivity and, consequently, of econogriewth. Despite important achievements
made on health status allowing people to live bettel for a longer period of time, there are
still several issues to analyze in what conceresettonomic performance of the developed
countries. In fact, these countries face importatmllenges related to the ageing of the
population, the increasing incidence of chroniedses and an increasing financial pressure
on their health and social security systems.

In this context, the main objective of this disa@dn is to provide empirical evidence
that shows the impact of health status on econggnisvth and highlight the complex
interrelations between health, education and incam®ugh a cumulative causation
mechanism able to generate a virtuous circle oheeoc growth with expanding tendencies.
In order to capture the feedback effects betweetthheeducation and income, appropriate
econometric specifications and estimation techrigare used based initially on panel data
analysis. In a latter phase, a simultaneous equatiodel is built in order to capture the
cumulative causation tendencies between the caiables of the model. The models are
applied to the OECD countries and to Portugal.

Our empirical findings show that health is indeed important factor in explaining
growth and convergence in the OECD countries aadPtirtuguese regions at a district level.
Economic factors and education are also importaekplaining health status. It is also shown
that the cumulative causation mechanism is a used@llto explain the interactions between
health, education and economic growth in Portufiala deeper understanding of the growth
process, health factors and human capital qudiibica must be included in the empirical
analysis.

In general, our dissertation corroborates with tthesis that health improvements have
significant benefits on economic growth and therefoshould be considered as an important
component of human capital along with educationesting in individuals’ education and

health is important not only for an increasing Wweihg but also for a sustainable economic
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growth. Empirical evidence of this positive impastwell as on the linkages between health,

education and economic growth are important guiéslifor policy decision makers.
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Resumo

Este estudo tem por principal objetivo analisar apgd da saude no crescimento
econdémico, assumindo que o estado de saude é urponente do capital humano e,
portanto, que interage simultaneamente com ossdeiqualificacdo e com a performance
econdémica. Nas Ultimas décadas, a saude como ipéetgrante do capital humano tem
assumido uma importancia crescente na literatureestrescimento econémico, sendo hoje
amplamente reconhecido que a saude, como a edu@g¢dmbém um fator essencial da
produtividade do trabalho e, consequentemente, rdscimento econdémico. Apesar dos
importantes resultados ja alcancados no estadaltke glos paises mais desenvolvidos, que
permitem que as pessoas vivam mais e melhor, akgpetos que caraterizam as economias
destes paises justificam a sua andlise. De fastes gaises deparam-se com importantes
desafios relacionados com o envelhecimento da po@a) a crescente incidéncia de doengas
cronicas e a crescente presséao financeira solmespsctivos sistemas de seguranca social e
de saude.

Neste contexto, o principal objetivo desta disg@®aé evidenciar empiricamente o
impacto do estado de saude no crescimento econd@rdestacar as interligagdes complexas
entre saude, educacdo e rendimento, através de aganismo de causalidade cumulativa
capaz de gerar um ciclo virtuoso de crescimentm@uoico com tendéncias expansionistas.
No sentido de captar os efeitosfdedbaclentre saude, educacéo e rendimento, séo utilizadas
especificacdes econométricas adequadas e, numeinarifase, técnicas de estimacao
baseadas em analises de dados em painel. Numaosteeior, € desenvolvido um modelo de
equacOes simultaneas de modo a captar as tendéleciesusalidade cumulativas entre as
variaveis centrais do modelo. Os modelos séo ajggaos paises da OCDE e a Portugal.

Os nossos resultados empiricos mostram que a géadeléacto um fator importante para
explicar os processos de crescimento e converg@&usapaises da OCDE e das regides
Portuguesas ao nivel dos distritos. Os fatores G@omos e a educacdo sdo também
importantes para explicar o estado de salde. Eémmitemonstrado que o mecanismo de
causalidade cumulativa € Uutil para explicar asrligecdes entre saude, educacdo e
crescimento econémico em Portugal. Para um entemdarmais profundo do processo de
crescimento, os fatores de saude e a qualificag&apital humano devem ser considerados

na analise empirica.
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Em termos gerais, a nossa dissertacao corrobeseale que um melhor estado de saude
tem beneficios significativos para o crescimentonémico e, deste modo, deve ser
considerado um importante componente do capital anomn a par da educacdo. O
investimento na educacéo e saude dos individuogpériante ndo sé para um maior bem
estar mas também para um crescimento econémicensastl. Evidéncia empirica deste
impacto positivo bem como das ligacdes entre saédecacdo e crescimento econémico
constituem importantes linhas de orientagdo padeoisores politicos.
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Chapter 1

Introduction






In this dissertation we attempt to analyze theviaatee of health status on economic
growth explaining the mechanism through which Heaiteracts with human capital
and economic performance generating a cumulativesaten process that boosts
growth. Empirical evidence is given to support theseas with respect to the OECD
countries and Portugal.

It is widely recognized that improvements on healtler the last century in most
developed countries are a consequence but alsmdition for a better economic
performance. These health achievements are wetdtidited by the gain of about 30
years in life expectancy of the most developed tr@swhich is considered one of the
most important attainments of the™€entury (Christenseet al, 2009). However, it is
also consensual that additional gains will be hatdeobtain, since OECD countries
have already reached a high average level of kfeeetancy and now they must deal
with the challenges of sustaining an ageing pojuiaand the burden of an increasing
prevalence of chronic diseases.

These two trends — the ageing of the population #wedincidence of chronic
diseases (that are responsible for high levelsafathty and morbidity) — are important
issues of concern that need to be analyzed inighé df economic efficiency and the
way they affect economic performance. Our main scgpto contribute to a deeper
understanding of these trends that characteriz©E€D health systems and to provide
empirical evidence that measure their impact omeguc performance.

While the impact of health status is widely accdps a key factor for the worker’s
productivity and largely studied (at a microeconoihevel), the idea that human capital
in the growth perspective should include, beyondkeds education/skills, also health
factors is relatively recent. Moreover, most of thacroeconomic studies that analyze
the impact of health on economic growth focus dsalgnon less developed countries
or on comparisons between less developed and dghtiges. Nevertheless, in recent
years this analysis has also been extended exelysio rich countries with health-
related issues on the centre of the economic atiticabdebate in most developed
countries. In fact, in what respects the EuropeaiotJ (UE), the recognition of the
importance of health factors on labour markets edl vilustrated with the adoption of
the strategy — “Together for Health: A Strategigofgach for the EU 2008-2013- by

! Commission of the European Communities (2007).



the EU governments and the European CommissiorD@Y &nd it is crucial to the
implementation of the “Lisbon Stratedy”

Another important aspect to notice is that, white fess developed countries
empirical results are unanimous in finding a pesitimpact of health on economic
growth, in what concerns studies focusing excldgiwn rich countries the existing
empirical evidence is mixed, depending on the healdicators used or the countries
considered in the analysis. The great complexigt tharacterizes the interrelations
between education, health and economic growth nxgjam, at least partly, these
mixed results. Other reasons are related withictisins concerning data availability,
difficulties in measuring health or the use of thest adequate methodologies to take
into account some specific econometric issuesthkeendogeneity of the regressors or
the mutual causality effects between variablesgh&tsame time we consider that these
mixed results justify the need for further research

Having these difficulties in mind, our aim is tontobute to this debate providing
evidence of the impact of health factors on ecocoparformance of rich countries
applying different econometric methodologies tha&t more adequate to deal with the
reversal causality between health, education amshauic growth. The interaction
between these three dimensions is explained bycanoenic mechanism based on
cumulative causation characteristics with incregseturns to scale properties steaming
mostly from a broader notion of human capital timludes health status. As many
authors have already explored (Rivera and Curgf63; Fielding and Torres, 2005,
among others) there are reversal effects betweenaédn, health and standards of
living that can act simultaneously to stimulate amhance growth. Human capital
(education and health) improvements enhance ecangroivth but economic growth
also contributes to higher levels of human caghabugh improvements in education
and health conditions.

We structure this dissertation in six main partssiBes the introduction, the second
chapter reviews the concept of human capital andhiportance on economic growth.
We also analyze two different methodological apphes that illustrate the two main

streams in economic growth theory, the neoclassacal the endogenous growth

2 The Lisbon Strategy was adopted in the year 20@Damed to "make Europe, by 2010, the most
competitive and the most dynamic knowledge-baseda@uay in the world". It was followed by Europe

2020 strategy that aims a “smart, sustainable aeldsive growth” (European Council, 2010).
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perspectives. In Chapters 3 and 4 our study foout® OECD countries while chapters
5 and 6 consider exclusively the Portuguese econammch is one of the OECD
countries that has registered the most importamttiheamprovements in the last
decades.

In particular, Chapter 3 studies the impact of hantapital (including both
education and health) on economic growth using @ssa study a sample of the OECD
countries. To do so we estimate growth equationth®fSolow type using panel data
estimation technigues to overcome the endogensityigms. The sample is constituted
by 22 OECD countries and the time spans from 1882004 where data is available.
With this study we intend to evidence that heatihditions should be proxied by health
factors different from the usual ones, such aselfpectancy or infant mortality.

In Chapter 4 we analyze the determinants of lifeeetancy (at different ages) as a
proxy for the health status of the OECD countrgspulation for the period 1980-2004.
Despite the large increase in life expectancy irstndeveloped countries in the last
decades, there are still persistent differencewdmt genders, well reflected in life
expectancy at 65 years old (higher for women thannfen). Since socio-economic
factors, health resources and lifestyles can be ase¢he main determinants of health
status, we analyze whether these factors play fereift role in explaining life
expectancy according to age and gender. Howevethisnkind of analysis a very
common methodological problem is the reversal dayshetween education and
income level in determining health status. Themefto take into account this problem,
we use a production function of health to explafa expectancy (at birth for total
population and according to gender and at 65 yelakrsaccording to gender) and an
IV/IGMM estimation approach that accounts for pogsiéndogenous regressors. Our
evidence shows that income, education and heaitiurees (through consultations) are
important factors affecting positively life expeaty and that risky lifestyles (tobacco
and alcohol consumption) are harmful to health. Sameresting findings may help to
understand differences between males and femalese she major determinants
affecting men’s and women'’s health status are wdiffe

In Chapters 5 and 6 we analyze the role of healttiofs in the Portuguese
economy in two different perspectives. Two mairtdeg justify the pertinence of using
the Portuguese economy as a case study. Firste thex severe geographical
asymmetries betweelittoral and interior regions that are also reflected in strong

inequalities in the access to health care servareb that may affect the economic
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performance of these regions. Moreover, as far askmow there is no empirical
evidence of the role of health on regional growghthe Portuguese economy. On the
other hand, Portugal is one of the OECD countixed suffered major changes in its
demographic structure — due to both a huge increblfe expectancy and decrease of
fertility rates — being today characterized by ageiag society. Having these
characteristics in mind, in Chapter 5 we intendigghlight the contribution of health on
regional economic growth and convergence acrosPainieiguese regions at the district
level for the period 1996-2006. Once more, we arshuman capital in a broader
perspective encompassing not only educational figatlons but also health conditions.
Since empirical evidence at a regional level isrobust in the literature supporting this
issue, in this chapter we try to fill this gap abdng additional evidence of the
relevance of health on regional growth considetirggPortuguese districts. We employ
a panel data approach for the period 1996-2006gakito account specific regional
differences. We also analyze whether there areréifices between thigoral (coastal)
and theinterior (in-land) districts in what concerns health coiis and how they
affect their convergence process.

In Chapter 6 we implement a simultaneous equatistes with the aim to explain
the feedback effects between health, human caaitdl economic growth through a
cumulative causation mechanism with increasingrnstyroperties. The first relation
analyzes the determinants of infant mortality inrtégal, representing the most
significant reduction among the OECD countries sitite seventies. While this very
positive performance is a direct consequence ofinkiestments made in the health
sector, it is also important to note that it isesult of other socioeconomic factors
outside the health system (mainly in the educasgstem) that have contributed
significantly to an improvement of the living cotidns. Therefore, in order to
understand the decline of infant mortality in Pgetiwe must consider simultaneously
the improvements that have been made on educatidre@onomic performance. In
particular we consider a three equation system dterchine simultaneously the
interactions between infant mortality rate, eduwwatand per capita income growth
during the period 1972-2009. Our empirical evidesicews that the proposed model is
adequate to highlight the potential links betwdwsée core factors.

Finally, in Chapter 7 we summarize the main findirapd purpose some policy

implication issues.



Chapter 2

Human Capital, Health and Economic Growth: A

Review






2.1 Introduction

Gross domestic product (GDP) per capita is traaitily used as an indicator of the
standards of living of a nation’s population. Henagrimary goal for governments and
economic policy makers should be to raise the le¥elational output, assuring higher
standards of wellbeing. Having this in mind, ecomstshave tried from long time to
explain what the main sources of economic growth as well as to find the more
suitable approaches to describe the growth prod®kde for the former it is largely
accepted the role of capital investment and hunagital as the main driving forces of
economic growth, in what concerns the question @& ho model and describe the
economic growth process, there isn’'t a straightvengL6pez-Casasnovas al, 2005).
For simplicity, we can divide growth theories inotwnain streams, the exogenous and
the endogenous growth theories.

In the last decades the human capital concepititiaally associated to education,
has been developed to include also health fadiofact, health plays a relevant role in
explaining the worker’s productivity and, at thetioaal level, the economy’s
performance. Therefore, it was necessary to adepthteory of economic growth in a
way to capture the effects of health factors agrd@hants of economic growth and
convergence.

Assuming a broader notion of human capital thabergasses health along with
education implies, however, additional difficultiemmely with what concerns the
empirical analysis. These difficulties are relatgth restrictions on the availability of
adequate data, which limits international compargsdout also with the multiple and
complex pathways through which health can affecwtin and that are directly
associated with the reverse causality effects batvirealth, education and growth.

In this chapter our aim is to show how health Gpgiias been integrated in the
theory of economic growth. With this purpose in tlext section we explain the role of
human capital as a production factor. Section BtBduces health as a production
factor in the growth process and section 2.4 erpldhe main mechanisms through
which health affects economic growth. In sectioh ®e describe two main streams in
the economic growth theory that attempt to extemtidn capital to include health as an
input factor. In the last section, we conclude loa importance of human capital as a

determinant of economic growth.



2.2 Human capital as a factor of production

In the last decades economic theory has deservadcasasing attention to the
economic growth and convergence protelkcroeconomic analysis aiming to explain
the role and impact of different factors on ecomomitput is usually consensual on the
main determinants of economic growth and convergeiacusing crucially on the
accumulation of physical and human capital. Amoranyncontributions in this area,
the neoclassical Solow—Swan (1956) model is oner&®yence and the departing point
to explain growth. According to this model, physiczapital accumulation and
exogenous technological progress (seen as a pgbbtd) are the driving forces of
economic growth in the long term analysis. Dimimgh returns of factor inputs
(namely capital and labour) and decreasing ecor®toiescale of the total productive
factors will induce faster growth in countries wikbwer stock of capital (the less
developed economies) comparatively to countries Wigher capital stock (the most
developed economies). In other words, poorer camgrow faster than the richer ones

and this is related to the-absolute convergence hypothesis. Another propsrtye

neoclassical model is that, in the long run, alirddes will converge to the same
steady-state income level, holding the initial atinds constant. The Solow-Swan
model was tested in the empirical literature butvds unable to explain the ever
growing distance between the rich and poor ecomamibsolute convergence was only
found between countries with similar charactersstic between regions of the same
country.

The incapacity to explain the discrepancy betwebeatwheory predicts and what
empirical evidence shows, contributed to the dgwalent of new theories. It is still in
the eighties that new growth theories emerged, knas the endogenous growth
model$, that consider technological progress to be enumge to the growth process,
generating increasing returns to scale with impréxternality effects spread out in the
economy. The neoclassical growth model is extenddadclude human capital having

% See, for instance, Sala-i-Martin (1996).

“ It is mainly after the 80’s that an increasingenest on the convergence debate emerged. As Sala-i-
Martin (1996) notes, the convergence analysis carsden as a test to neo-classical growth model
explaining its validity. On the other hand, it isedto the relative recent availability of aggregdé¢a on

country-level that made international comparisoossible.
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increasing returns properties that compensateeheedsing returns of physical capital

One important contribution of the endogenous grothories is that they are able to
reconcile the economic growth processes with diffeisteady states that characterize
each country/economy. Since technical progreseea &s an economic process itself,
with economic determinants (Howitt, 2005), it ispegtable that different economies
with different structural conditions will have distt steady-state levels. As a

consequence, the rate of economic growth will ddpamthe distance of each country

to its respective steady state level, which is kmow the growth literature as time-

conditional convergence hypothesis. Countries woliverge to different steady-states
described by idiosyncratic structural charactersstiConvergence is not the rule as the
neoclassical theory assumes, but conditional arctstral characteristics which have to
be taken into account in the growth process.

Several endogenous growth models can be distinggdjstepending on the growth
sources that are considered: physical capital, huoagital, public infrastructures or
technological innovation. Among these models, Ro(h8B86) and Lucas (1988) make
two major contributions. Romer (1986) considersapction function with increasing
returns to scale due to the positive externaliiesanating from the physical capital
accumulation. Human capital was first introducedeirdogenous growth models by
Lucas (1988). According to this author, human @ptiust be seen as a cumulative
variable with positive externalities, and as themthiving force of a country’s growth
performance. The main idea is that more educatddiduals are more efficient and
more productive in their work. Education enhancexlpctivity, not only through the
knowledge or competencies incorporated on indiv&lbat also through the stimulation
of physical investment and adoption of technoldgievelopment (Sianesi and Reenen,
2003).

Although the traditional Solow-Swan growth modelsderestimated the role of
education, Mankiw, Romer and Weil (1992) — MRW Ilafter — showed that it is
possible to extend the model to incorporate humapital as a production factor.
However, contrary to new growth theories, the MRWpraach doesn't take into

account that education can have additional indieffetcts (externalities) on growth. In

® According to Bassetti (2006), while for endogenguswth theories human capital plays a crucial,role

it is secondary in the neo-classical models.
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spite of that and according to Bassetti (2006)hwhis approach MRW showed that the
data was fairly consistent with the underlined agstions of the model.

In fact, most of the theoretical and empirical eesh that analyzes the
determinants of economic growth generally followee @f the two approaches: either
the augmented neo-classical model or the endogempowth framework. This
distinction is also related to different human taptoncepts: while for the augmented
neo-classical growth model it is the stock of huncapital that matters, in the new
endogenous growth theories it is its accumulatiewve{) that plays a crucial role.
Although departing from different assumptions aheotretical developments that tend
to favour the preference for new growth theoribg, @émpirical literature is mixed and
there is no agreement on what is the most apptepaaproach to measure the impact
of human capital (education) on economic growth:ithtial stock or the human capital
accumulation over time. Sianesi and Reenen (20@3) similar empirical evidence on
the role of human capital on economic growth, wiatehe approach adopted. The
same argument is also discussed by Barro and $4¢atin (2004) considering that
both the neo-classical model and models of teclydd diffusion can explain
empirical facts as well. However, it is importanthave in mind that methodological
problems such as omitted variable bias, endogemediplems, sample selection bias
and restrictions on the availability of data mayrésponsible for these res(lts

® In fact, given the restrictions on the availapilif data, most studies use average years of scigoot
enrolment rates as human capital proxies. Howdkese are quantitative measures of human capéatl th
may be inappropriate to capture the qualitativeaff of education on economic growth, mainly in
developed countries.
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2.3 Health as a factor of production

Health as a component of human capital has gemei@atgreat interest in the
literature both from the theoretical point of vieand empirical perspectile If
traditionally human capital is associated to thek&ds education/skills, more recently
it has assumed a broader notion to include heatttofs. The idea that human capital
accumulation could be improved by investing in gupulation’s health was already
advanced in the sixties by Schultz (1961) and Mums(k962) and gained definitively
relevance after Grossman'’s (1972) pioneer workeéalg Grossman (1972) was the first
to consider explicitly this issue, relating a highpreference for health (as a
consumption good) to more educated individuals.oAding to the same author, health
can be also seen as a capital good, since the girodwf health determines how much
time is spent in labour. Healthier individuals &ss likely to be absent at work due to
illness and so they are more productive. In thigext, health status is an important part
of human capital, directly linked with educationdat can be defined as an individual’s
health stock Like physical capital, health capital depreciaiesr time but individuals
can invest to improve their health status.

At a macroeconomic level, the idea that human ahpitcorporates not only
education but also health status of the populaganore recent. Some pioneer studies
that relate health conditions with per capita ineoare due to Preston (1975), who
showed a positive link between national income lea®d life expectancy, and reports
of the World Bank (World Bank, 1993). Initially tHecus was on the role of health to
less developed countries (LDC) as a mean to edcayethe poverty trap Since then,
there was an increasing interest in the econonoevtlr literature, mainly to analyze
differences between rich and poor countries’ penforces. Several studies showed that

initial health conditions are the most robust praats of subsequent growth, having a

" For a review of the literature, see for instaneelr (2007).

8 WHO Constitution of 1948 defines health as “aestsftcomplete physical, social and mental wellbging
and not merely the absence of disease or infirmitgwever, in a context of health promotion, the W/H
has assumed a more objective notion of healthghbeimsidered as “a resource which permits people to
lead an individually, socially and economically guative life”. In this perspective, health mustdsen

as “a positive concept emphasizing social and patsesources as well as physical capabilities” @YH

1998). In the economic literature, health is oftesasured by life expectancy at birth or at othex. ag

° See Sala-i-Martin (2005), among others.
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higher explanatory power than the initial leveleofucation (Barro, 1996; Knowles and
Owen, 1997).

To a lesser extent, in the last years the anahassalso been extended exclusively
to rich countries. In fact, in what concerns thestndeveloped countries (OECD
countries for simplicity) health is also a centisdue both at academic and political
debates because of two main trends that affecteslyethis group of countries. One is
the ageing of the population (explained by highter éxpectancy and lower fertility
rates) and the other is the higher prevalence obnih diseases (major cause of
mortality and morbidity in the OECD countries (WHEZ008)). Higher average ages of
the working population in countries with longereliexpectancies may have negative
consequences on resistance to change or innovaacity, which is the driving force
of economic growth according to new growth theori€n the other hand, the
increasing incidence of chronic diseases, thatcaffet only the elderly but also
individuals still at working age, causes incapaahd absenteeism and, consequently,
lower productivity that affects negatively econorgrowth. Lastly, it is also important
to note the severe challenge that ageing populatpresents to the social security
systems and the pressure it causes on public #sanc

The consideration of the health dimension as a oot of human capital implies
the need to measure it. However, this is a veryptextask when compared with other
forms of human capital. First, it should be notbd ambiguity of the concept and,
consequently, the difficulty to choose which are thore adequate proxies to use. In
fact, this is a critical problem specially for aygmhg most developed countries. Efforts
to identify health proxies are strongly limited bye availability and quality of data
which constitutes a severe restriction for empiricasearch and international
comparisons. This is the main reason why the maosbhnoon used measures of
population health status are life expectancy ahBior at different ages, and mortality
rates. However, as Wilkie and Young (2009) notes tlse of raw mortality and
longevity indicators may underestimate health owmtes, mainly because health
spending in developed countries is increasinglyu$otg on improving the quality of
life. According to the same authors, other impdrtarmd even more interesting measures

of health outcomes in rich countries would be tke af indicators that would express

19| ife expectancy can be considered as the heaftitat®@f one person and it is defined as the nuralber

years a person is expected to live at birth omaibus ages (for instance at 65 years of age).
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also more qualitative aspects of the health casgesy, such as cancer survival rates.
However, once more the lack of data does not alldernational comparisons. As a
proxy for these qualitative aspects, some authors, like(2D00), use a premature
mortality indicator- “potential years of life lost that is available for OECD countries.
Nevertheless, in the OECD Health Data this indicdtzesn’t consider survival after 70
years old in the OECD Health Data, which stronglstrains its application since a large
amount of health resources in rich countries arecentrated at the elderly population
(Joumardet al, 2008%). Lastly, we should take into account that, likiieation, health
conditions generally have long term effects andefoge their economic impact is more

difficult to estimate.

1 Given these limitations on the availability of @lathese authors consider that mortality and loitgev

indicators are still good proxies of the healthigtaof OECD population health status.
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2.4 Channels through which health affects economic

growth

Assuming a broader notion of human capital in eatioagyrowth analysis implies
the need to disentangle the relations betweenoitsponents (education and he&h
and economic performance, which is a complex tasgtabise of the reverse causality
between them. Human capital (education and heithjovements enhance economic
growth but economic growth also contributes to @ase the levels of human capital
through improvements in education and the healtiogé In this section we are
interested in highlighting how improvements in tiealth status of the population have
a positive impact on economic performance througferént mechanisms widely
discussed in the literature. Following Howitt (2085 we can identify five main

channels:
(1) Productive efficiency

Health, like education, is a conditioning factorasf individual’s productivity and
efficiency. There is empirical evidence (Schultfl02; Cai and Kalb, 2006) that
healthier workers have more physical and mentatggnebeing more creative and
productive. Health also affects labour supply sihealth problems cause many times
absenteeismat work (Bloom et al, 2001; Bloom and Canning, 2008) but also
presenteeisira relatively recent concept meaning those indiisl that even feeling too
ill still go to work although being less productiyBroductivity Commission, 2006).
According to Edwards and Greasley (2010), the @bs&m average rate in Europe
(EU27 and Norway) is between 3% and 6% and hassamaged cost near 2.5% of
GDP. This absenteeism is explained chiefly by hepibblems, with musculoskeletal
and respiratory problems being the two major cau€esversely, healthier workers
have higher chances of receiving skill upgradingegiment from the part of the firms

they work. Usually more educated individuals are déimes who have better jobs, with

2 There are well established links between educaioth health documented by several authors like
Albert and Davia (2007), Currie (2009), Cutler daeras-Muney (2006; 2010).

13 See, for instance, Adares al (2003) for an analysis of feedback effects betwtbese dimensions.

14 See, for instance, Canning and Sevilla (2002)pBl@nd Canning (2005) and Suhrakeal (2005),

for a similar description of the channels of trarssion between health and economic growth.
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higher incomes and safer work conditions and sg #re likely to invest more on
health (Bloomet al, 2001).

(i) Life expectancy

One important outcome of health status improvemastshe raise of life
expectancy, which has consequences on educatiomaestment/saving decisions. It
makes investment in education more attractive anldeasame time it is an incentive to
save more for retirement, since individuals expedive longer (Kalemli-Ozcaset al,
2000). Therefore an increase of life expectancyukheoaise schooling qualifications
and saving raté3 An increase of life expectancy has also effectsh® demographic
structure of the population. By reducing infant mbty, a higher life expectancy will
be reflected on a raise of the proportion of wogkage population. However, in the
long term it is expectable that a decrease in &nglify rate will have the opposite
effect, so the final result will depend on the mmeihance of these two ford8sin what
concerns the OECD countries, the evidence showsthieaprevailing factor is the
decrease in fertility rate leading to a higher daefsscy ratio and lower proportion of

the working age populatioh
(i)  Learning capacity

At a microeconomic level many studies empiricallypgort the idea that an
improvement on health status and nutrition are aesible for better cognitive
capacities and educational outcomes. Miguel (20@&hg panel data methods for rural
areas of Kenya and India, shows that both chilthesalth status and parent’s death have
an important impact on education, namely on sclatt@ndance. Caset al (2005),
using a panel data for the Great Britain, analytedimpact of health (measured by

prenatal and childhood health) on educational on&s and found a strong relation

!5 |t is expectable that increased life expectancgftyears old will influence consumer’s life-cycle
behaviour, leading to higher saving rate in theduie age”, since individuals probably will live neor
years being retired.

' For a discussion on this issue and possible comesEgs on economic growth, see Pretetenl

(2010).

Y This is in fact a most relevant issue that jussifan increasing interest by policy decision mak@rs

this issue, see for instance a special report leyHdonomist (2009).
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between poor children’s health and lower educatiogtarns. In general it is expected
that healthier people have higher learning capaeiplained not only by showing less
absenteeism at school or at work but also for bemge capable to assimilate and
accumulate more knowledge. So it is expectablettbaltthier children will have better
education and will be more productive in the futuks Bloom (2006) points out, the
health of other family members and maternal healthich is closely connected with
child health (Currie and Moretti, 2003), also afseeducational performance.

(iv)  Creativity

Health improvements induce better educational aenments, which are likely to
have additional effects on the country’s creatiatyd innovation activity. This idea is
supported by Nelson and Phelps (1966) who showat @tlucational improvement
speeds technological diffusion since educated iddals are likely to become good
innovators and to be more flexible to technologahnges. Innovation and technical
progress are highly dependent on the educatiomal ighere health has an important
role to play for achieving higher standards in éhesctors. McCain and Mustard (1999;
2002) also evidence that better maternal and obildhhealth is related to a better
capacity to deal/manage with emotional stress.his tontext, it is assumed that
healthier workers are more able to have positivactiens to change, which is a
determining factor for a successful change implaatem. Healthier and more
educated workers will be more receptive to techgicld change and innovation

processes.
v) Inequality

Investment on human capital qualification is ongamiant explaining factor of
wage differentiaf®. Having this in mind, promoting health can be sasra vehicle to
reduce income inequalities, since health policieb affect more the less favoured
population. Considering that better health is eslato better education achievements
and labour productivity, it is expectable that altleer individual with higher school

enrolment will be more productive and will have mgob opportunities to explore with

8 According to Mincer (1994: 8), human capital invesnts consider, beyond years of schooling,
“formal and informal job training and learning agllvas job mobility involving search on and off the

job”.
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higher wage¥. As Howitt (2005) notes, a reduction of incomequality will allow a
higher proportion of individuals to finance thedueation and their health needs, being
therefore more able to improve their economic sibma Since the link between health
and income is reversal, a decrease of income ifigguéll cause a reduction on health
inequality’®. Investing in the health sector is a way to redimm®me inequalities, to
increase labour productivity and therefore growth.

Having all these linkages in mind it is importantriotice that the health sector
gains a growing share in the economy especiallhénmost developed countries. In
fact, the health sector (including social services)responsible for an increasing
proportion on total employment in the OECD courstrias it is shown in Figure 2.1 and
Figure 2.2 in the Annex 2.A. The average employnstmare in this sector is close to
10% in the OECD countries, with the highest recaetsistered in the Scandinavian
countries (20% in Norway). The employment sharthefhealth sector is relatively low
in Portugal, only 5.9%, showing that improvemeras ®e made for the sake of the
wellbeing of the population and better economicfgrerance. The health sector is
important not only for improving labour productiviend personal wellbeing but for
opening new employment and business opportunitits substantial multiplier effects

on economic growth.

9 This result is corroborated by Psacharopoulos atdr®s (2004) whose empirical results show that
the average rate of return to one more year ofdofgpis 10%. These authors also point out that the

highest returns are recorded for low-income anddieithcome countries.

% This idea is discussed by Deaton (2003) thatrdjsishes the absolute income hypothesis — which
considers that health is affected by absolute irctawel and not by income inequality — from thetiek

income hypothesis — health also depends on incoeguality.
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2.5 Modeling growth to include human and health capital

The economic literature that studies the macroemomdmpact of health on
economic growth usually follows two different metlso the aggregate production
function approach or the economic growth framewmaked on the regression analysis.
The first approach carries out an accounting decwitipn of the different sources that
affect aggregate output and was primarily followsd Klenow and Rodriguez-Clare
(1997) and more recently by Bloom and Canning (28050ome of the restrictions of
this method are that it imposes technology parammebased on microeconomic
evidencé® and it assumes an aggregate production functainvibrks in a similar way
as the production function at the firm level. Tlow@omic growth regression approach
(which is also based on the production functionk ke more solid theoretical
background than the production function accountiegomposition approach and it is
in fact the most used in the broader literatureecbnomic growth. Following this
approach, many studies show that the initial leeélsopulation health are a significant
predictor of future economic growith

In the following sub-sections we present two diéfdrgrowth models that attempt
to extend human capital to include health as aantifgctor of economic growth. At the
same time they illustrate two alternative approacliee MRW version of the Solow
Swan model extended to health and a model of iffmvhased on the Schumpeterian

growth theory.

2.5.1 The MRW (1992) model

The growth model

Empirical research that uses the growth regresapproach traditionally follows
the extended Solow-Swan model as proposed by MRY92A’. As Islam (2003)

L In this study, based on a panel of countriesterperiod 1965-1995, the authors show that healthe

form of adult survival rates has a positive andistiaally significant contribution to aggregatetput.

2 These parameters are used to calibrate the sihe @ffects at the aggregate level. For furthadireg,
see Bonckt al (2001).

28 Among these studies we can refer Barro (1996)pMlet al (2004) or Soukiazis and Cravo (2006).
4 See, for instance, Knowles and Owen (1997), RimehCurrais (1999a; 2004) or Soukiazis and Cravo

(2006).
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points out, with this version of Solow’s model, MR8t%owed that it is possible to
reconcile sustained growth rate differences betwemmtries. From the theoretical
point of view, this model reflects the conditiomanvergence hypothesis, showing that
the Solow model only predicts absolute convergencgpecial conditions. The model

assumes a Cobb-Douglas aggregate production fundéfined a5

Y(t) = Kt B H ) [ALOF (2.1)

where u=1-a—-pf—-n, with «,4,7>0 andO< u <1.

In this modelY denotes total income (aggregate outpkit)s the stock of physical
capital,L is labour andA the technology levelE andH represent the stock of human
capital, education and health, respectively.

A central assumption of the model is thaandA grow at a constant and exogenous
rate,n andg, respectively, given by(t)=L(0e" and At)= AD)e.

The model also assumes that output can be usedrisumption or saving and that
it is the proportion of the saved outp® € sY) that gives raise to investment. Physical
capital depreciates itself at a constant fate = sY - &K and human capital (education
and health) are also subject to the same depretigdite,s .

Dividing both sides of equation (2.1) By, we can express the production function

in terms of effective labour units:

y(t)=k(t) et) hity (2.2)

Wherey:i, k:L, e:E andh:i.
AL AL AL AL

The dynamic evolution of the economy (growth rates)determined by the

following equations:

k(t)=sy(t)-(n+g+s)k(t) physical capital accumulation (2.3a)

% The description of the model follows Rivera andr@is (2004).
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&t)=sy(t)-(n+g+5)dt)  labour growth (2.3b)
h(t)=s,y(t)-(n+g+5)h(t) human capital accumulation (2.3¢c)

The steady state conditions of the productive facaoe given by:

1

| 87 _”(Se);(sn)"_l‘“‘ﬂ"’ (2.4a)
n+g+
IICY, r%);’:g(sn)' baspon (2.4b)

[ Ey ey e
n+g+o

(2.4¢)

Replacingk, e andh by their respective steady state conditions iraéqno (2.2), we
find the steady state output per unit of effectatsour:

*()z((sK)l‘*”(se)"(sh)”J“*O;”’((SK)“(SQ)””(%)”T‘ﬁf”((sx)“(se)"(%)”‘j”% 25)

t
y N+g+o N+g+o N+g+o

: Y o . .
Given thaty=ﬁ, and taking into account equation (2.5), we caerd@ne the

steady state per capita output (or per effectilbeua unit), given by:

In[%} SN AT _(ﬂﬁj'”(m g+ 5)+%'”(3k)+§ln(se)+%In(sh) with

u=l-a-p-n (2.6)

This equation shows that there exists a directiogldbetween the steady state per
capita income and physical capital, education aadth investment rates and an inverse
relation between per capita income and active @l growth.

Alternatively, solving (2.4b) and (2.4c) usisgands, as a function oé* andh*

and replacing in equation (2.6), we can definecagita income as follows:
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Ir{tﬁt)} InA +gt— (1 ajln(n+g+5) (fta)In(s()+(1_ﬁajIn(e*)+(l_77ajln(h*)+a(t) (2.7a)

t)

Solving (2.4c) fors, and replacing it in equation (2.6), we have:

'F{MZ'”’“Q“[ jln(sK) [ jn(se [

jln(h )+£(t)

(2.7b)

jln(n+g+5) (

Therefore per capita income (or per effective lahanit) is explicitly determined
by the population (or labour) growth, the savingiwestment) ratio, the human capital

stock, and the health conditions.
The convergence approach

The convergence process relies on the followinggladjustment mechanism:

%ty(t):/i(ln y —Iny(t)) (2.8)

where 2 =(n+g+s)1-a-p-n) is the convergence rate.

Taking two different periods, this equation implibat

Iny(t,)=(1-e" iny +e " Iny(t,) (2.9)
where y(tl) is the effective per capita income at the inigatiod and T=tt; is the

time period under analysis.

If we subtracty(t,) from both sides of equation (2.9), we obtain tbavergence

equation that can be written as follows:

Iny(t,)-Iny(t)=[1-e )iny —([1-e" iny(t,)

or

Iny(t,)-Iny(t) =(1-e"" iny —Iny(t,) (2.10)
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Equation (2.10) represents a partial adjustmertga®y showing that the greater the
distance from the steady-steady income level teefahe growth of a specific country
is. Replacingy* by the expression found in (2.7b), we determireegkpression for the

long run income growth,

In[ y(('f[i))j| =In y(tz)_ In Y(tl)z

y

—[-e” {In A + gt+(lLJln(§<)+(lijln(e")+ (%)In(h*)—(ﬁjln(rH g+5)-In Y(tl)}

-«
(2.11)

If the model to estimate is a dynamic panel datadehowhere (1—e‘“)lnﬁb

represents the country individual effects, constesatr time, the equation to estimate is

given by:

Iy, (t,)-Iny,t)=1-e" )in A +{1-e" Jgt—[1-e " )iny,(t,)-(1-e {Laj In(n+g+5)+
+(i-e {ﬁj In(s, )+ (1-e™ X%} In(e’)+[1-e” (LJ (R )+v,, (2.12)

wherev;; represents the error term, different across camsand over time.

Having in mind equation (2.12), the convergenceaéiqo is usually presented in a
more simplified way:

Alny(t)=y+binyt-1)+ut) with b={1-e") (2.13)

Equation (2.13) reflects the absolute convergerypathesis, withb<O0. If we take
into account structural factors (human capital lthestatus, institutions, trade, etc) that

characterize the steady-state of different cow,{mé), we can establish the conditional

convergence hypothesis by the following equation:

Ay (t)=7 +binyt-1+c In X/ ©+ut)  with b=(1-e") (2.14)
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Having in mind the advantages already referreddiopéing panel data estimation
techniques, this is the approach used in most &mapistudies in the economic

literature, and this will be the approach to adoghis study.

2.5.2 A Schumpeterian growth model based on innovation

In recent years endogenous growth models havenadsle theoretical advances to
include health as an important human capital inpiowitt (20057° proposes an
endogenous economic growth model that highlightsseétveral channels through which
health can influence a country’s growth pathway.isTmodel also relies on a
neoclassical Solow-Swan model of growth extended irtolude human skills
accumulation and it assumes that the country’s eggde production function, that

exhibits constant returns to scale, can be expidsgéhe following equation:

Y =yF(K,AS1-¢)) (2.1)
whereY represents the Gross Domestic Product (GBIRndS are the capital and
the skills stocks, respectively, amdl stands for the aggregate productivity; the

parametersyy and £ represent the productive efficiency and schooératance,

respectively.

Equations (2.2) and (2.3’) describe net investmamid population growth

behaviour:
?j—it(:oY—éK (2.2)
dL
a =L (2.3)

where the parameter@, 6 and#n represent the saving rate, the depreciation rate

and the population (labour) growth rate, respebtive

% Other references include van Zon and Muysken (P00Bho developed an endogenous growth model
of the Lucas type extended to include demographé epidemiological conditions — or Jamisenal.
(2005) — that explored the hypothesis that healdly fme one of the potential endogenous sources of

technology progress.

25



According to this model, net investment of skilepénds on the number of persons
that are enrolled in the learning process and enathount of skills’ depreciation that
occurs with the death of people embodying skiksequation (2.4’) shows:

ds ,
oS (2.4

where the parameters$ |, 8(8<}§) and ¢ represent the learning efficiency, the

school attendance and the skill-adjusted death regpectively.

These first four equations represent a neoclasswcatlel extended to the
accumulation of skills.
The following four equations endogeneize the ratetezhnological progress,

defining investment ) as a proportion of the GDP that is spent on teldgy

investments and that depends on a country’s relsdmmsity,p(p <1):
R= pY (2.5)

Equation (2.6) below shows that the country’s texdbgical progress depends on

its domestic rate of innovatiowm)(and on its distance to the frontﬁé? —A):
‘;—'?:v(A* N (2.6)

with A* representing the global technological frontier.

Assuming that the country’s frontier grows at aegivateg*, we have:

dA* * * 1

The model also assumes that the innovation rateis( positively related to
investment whereu is the research efficiency. On the other hand ihversely related
to the country’s population (labour) size. The asnto avoid that more populous
countries would grow faster as a consequence opalgation scale effect as it is shown

in equation (2.8):
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yo R (2.8)

Following Howitt (2005), with this specification i$ possible to identify the main
channels through which health improvements affeahemic growth, already referred:

o the effect of a better health groductive efficiencycan be achieved by
raising the value of the parameterin equation (2.1) having a positive
contribution to economic performance;

e through equation (2.4’) it is expected that healtbrovements due to a raise
of life expectancywill have a direct effect on the average skilldeof the
population through the impact @n the skill-adjusted death rate; on the other
hand, an increase liife expectancymay have positive effects on the saving

rate (0') and school attendam(e);

e Detter health conditions (through better nutritimnd health care) play an
important role in education achievements whichrafiected in the model by
raising the parameterg - learning efficiency - and' - school attendance - in
equation (2.4");

e a better health status of the population is exjpgetiehave a positive impact

on the research-intensity paramefgr) in equation (2.8") and may also
contribute to increase the research-intensity paral(rp), in equation (2.5);

e reducing income inequality plays a critical roleiimproving poor peoples’
health, by satisfying their basic needs and habigiter access to health care.
On the other hand, it is shown in economic literffuthat reducing income
inequalities has an important positive impact omost attendance, which is
reflected in this model by increasing the valu¢hef parametef in equations
(2.1’) and (2.4").

The growth model we described above can still beiced if we take into account
that equations (2.3') and (2.4) — the populatiorovgh equation and the skills

investment equation, respectively — imply thatha tong run the stock of skills per unit

of effective labour, given bg= S(l— 8)/ L, will converge to:

%" See, for instance, Castell6-Climent (2005).
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Ae(l-¢)
¢+1

S=

2.9)

On the other hand, having in mind the first fouuaipns of the model and

equation (2.9’), the growth of the capital stock peit of effective labour, given by

k=K/AL, can be described as follows:

dk

a_agzzlr(k,s)—(5+77+g)k (2.107)

where g = (dA/ dt)/ A is the technological progress rate.

On the other hand, if a country’s relative produtyiis given bya= A/A* , We can

assume that in the long run, the proportional ineayap between a country and the
world’s technology leaders will be proportional @ Given this definition fora and
equation (2.7’), we get:

%ga(g_g*) (2.11)

From equations (2.1'), (2.5’), (2.6’) and (2.8’) wan define:

9= upyF(k,s)1-a) 2.12)

The model to estimate consists in a system of tvainnequations — (2.10") and
(2.11") — wherg is substituted by expression (2.12’).

While accounting for the endogeneity of technicalgpess rate, Howitt's growth
approach implies the use of predetermined parameteich reduces its applicability —
a major problem faced by several endogenous grawatiel specifications (Ertur and
Koch, 2010). Therefore in the empirical analysisam&ing the impact of health capital
on economic growth and convergence (at the OECBI lew the Portuguese districts

level in Chapters 3 and 5, respectively) we willde the MRW approach.
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2.6 Chapter concluding remarks

It is now consensual that health, along with edooatis a determining factor of
workers’ productivity and, consequently, of perit@apncome growth. Therefore, for a
more complete understanding of economic growth #red convergence processes,
economic theory has incorporated health as a coemai human capital.

However, efforts to measure the effects of healén macroeconomic level are very
complex, not only because of the reverse causeatfgcts between income, health and
education, but also because of additional diffieglton finding the more appropriate
proxies to characterize health dimensions. Theffecudiies are particularly strong
when the analysis focuses exclusively on most dgeel countries.

With this chapter our main scope was to explain hbe two main theoretical
approaches, the Solow-Swan neoclassical approatithannew growth theories, were
adapted to the evolution of the human capital con@& the same time we analyzed the
two main empirical methodological approaches conlgnaised in the literature: the
growth regression equation and the accounting @gpron what concerns the growth
regression analysis, in fact the methodology ma&idu we expose two alternative
modeling specifications: the MRW (1992) model armnitt’s (2005) model. While the
former considers health dimension as an extra irpahd so called “the augmented
Solow-Swan model” — on the production function &nghlights its impact on the level
of output, the later takes into account that higaeels of human capital (education and
health) will have spillover effects on the innowatirate and, consequently, on the
growth rate of productivity. Specifically, the degtion of Howitt's (2005) approach
allow us to a deeper understanding of how the gekabetween human capital and
economic performance may work and how they conteilbo enhance further economic
gains. Nevertheless a major problem faced with thael (and common to other
endogenous growth model specifications) is its ceduapplicability in the empirical
analysis, which explains why a great part of ersplrianalysis follows the MRW

approach.
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Annex 2.A.

Figure 2.1 — Employment in the health and social sectors akase of total civilian
employment, 1995 and 2008 (or nearest year avajlabl
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Figure 2.2— Employment growth rate in the health and so@atas compared with all
sectors in the economy, 1995 to 2008 (or nearestajailable)
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Chapter 3

Health Conditions and Economic Growth: Evidence
from the OECD Countries

* An initial version of this Chapter was presentgdthe XXIII International Congress on Applied
Economics — ASEPELT, in Covilhd, in June 2009. Wk grateful to the participants for their helpful

comments and suggestions.

It is available ifEd.) Manso, J.P. e Monteiro, J. (2008)ais de Economia Aplicada 2009.
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3.1 Introduction

As it has been discussed in the previous chapgadtthplays an important role on
economic growth through many channels. Improvedtine@nnot only contribute to a
better economic performance at an individual lelvet also at an aggregate level
affecting the whole econorffy On the other hand, a poor health status of tipelption
represents a loss of human capital potential amdsexjuently, of the economic
potential. In this way, investment in health mustdeen not only as a social benefit but
also as a key factor to economic growth.

Albeit the interest of the impact of health on emmic growth (and convergence
process), most of the economic literature in tikaaonsiders differences between rich
and poor countries but less research is dedicatétetdeveloped countries (Suhrake
al., 2005; Suhrckeet al, 2006). Additionally, while for less developeduodries
empirical studies are consensual on a positive sigificant relation between
economic growth and health improvements, the sameot true for rich countries.
According to several authors (Tompa, 2002; Suhak@ Urban, 2006), these unclear
results can be in part a consequence of the usemfentional health proxies such as
life expectancy or infant mortality rates. If thesemore consensus in the use of these
proxies when analyzing developing countries, othemables can be more relevant
when developed countries are concerned. Theserawghggest the use of proper health
proxies, such as cardiovascular disease mortadity of active population, mental
diseases or morbidity indicators. Among developedntries these indicators show
greater variability and so they can better refteetefficiency of the health system.

The aim of this chapter is therefore to analyze dbetribution of the extended
notion of human capital (including both human diiedtions and health) on economic
growth, considering a sample of 22 OECD countrigsaring in mind that OECD
countries are characterized by having higher educdgvels (although yet with large
differences between them), we think that to a bettederstanding of the mutual
influence of human capital qualifications and healh economic growth we should use
different proxies from the traditionally ones toptire the health conditions that are
more specific to this group of countries. At thensaime, analyzing the impact of some

of the most pertinent health indicators will allayg to describe the main trends on

8 See, Bloom and Canning (2005) or Wilkie and Yo(2@09), among others.
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health of the OECD countries. With this purpose weamine the impact of

cerebrovascular disease mortality, life expectaaic$5 years old, average length of
staying for acute care (days), among other indisatdn augmented Solow growth
model is used that considers human and healthat@sitconditioning factors to growth.
Panel data estimation techniques are applied ima&t growth equations, for a sample
of 22 OECD countries from 1980 to 2004.

The chapter is organized as follows. Section 3.2culees the reverse causality
effects between human capital qualifications andltheand explains how the two
dimensions and per capita income can establishtaous circle. In section 3.3 we
review some of the existing literature that focusgslusively on developed countries.
In section 3.4 we explain the growth model and ésemation approach suitable to
panel data to obtain consistent estimates. The rexapiresults are presented and
discussed in section 3.5. The final section coreduduggesting some policy

implications.
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3.2 Links between health, human capital and economic

growth

As already referred in Chapter 2, there are sevarks through which health
contributes to improve standards of living measubsd per capita income. One
important link is through education. In this chapiee give special attention to the
interrelations between education and health (thatin both ways) and the role they
play in explaining economic growth. If it is trubat health improves growth mainly
through its effects on education and productivitys also well recognized the crucial
role of education on the development of individpaychosocial competencies (crucial
to the promotion of health literacy and the adaptaf healthy lifestyles) and in
reducing income and health inequalities (Ricci &athariades, 2009; Currie, 2009;
Cutler and Lleras-Muney, 2010).

The relationship between education and health kas Bhown by several authors
(Cutler and Lleras-Muney, 2006; Albert and Davi&)0?2; Silles, 2009) usually
exploring three channels: productive efficiencylo@dtion efficiency and time
preference. The first approach states that moreageld people are more efficient in the
use of healthcare services. Under the second agpramucation is considered the
driving force of health improvement: more educatetividuals are more conscious of
the negative impact of their risk behavior and temthvest more time and resources on
healthcare. According to the time preference hygsit) improvements on individuals’
outlook in the future (which means an increaséhefgresent discounted value of future
lifetime utility) make people more likely to inveist protecting that future.

Taking into account these interrelations, it isentpble that at a macroeconomic
level both education and health will be a driviogce of economic growth with positive
externalities in the rest of the economy. As Sauiki§2008) explains there may exist a
mutual causation tendency between income, healthhaman capital with feed-back
and spillover effects. This reciprocal interrelatican give rise to a cumulative
causation process, with health improvements leadimghigher human capital
accumulation and therefore higher economic growtg the process continues to

expand in a virtuous cird@as it is explained in Figure 3.1:

29 Contrasting to situations characterized by poaitheand poor economic growth leading to poverty

trap. See, for instanc&ala-i-Martin(2005).
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Figure 3.1— Causality Effects between Heath, Human CapitdlEBconomic Growth

Health Status

v

Human Capital < Economic Growth

<

Source Soukiazis (2008).

As it can be seen, health has direct effects onamucapital and economic growth
due to better education and higher productive iefiicy. On the other hand, better
education contributes to improve health conditidghsough two channels: at the
individual level more educated people invest marehealth care and live in healthier
conditions, at the aggregate level, societies Wigiher levels of educational standards
invest more on research and development in théhhsettor. Another causation effect
is from economic growth to health and human capital countries improve their
economic performance they have the capacity tosinw®re on education, research and
development (R&D) activities and health servicekisTcumulative causation process
may be characterized by increasing returns to gwalgerties and positive externalities
stemming from human capital and health sectorsttinatthe process self-expanding.

However, we should also take into account some radviactors/tendencies that
may challenge this virtuous circle. It is well knowhe severe magnitude and impact
that chronic diseases have (especially) in moseldeed countries, being responsible
for high levels of morbidity and mortalf Among these diseases, stroke and other
cerebrovascular diseases, diabetes and cancehesmadin causes of deaths in high-
income countries (WHO 2008; 2008a). Moreover, théseases don't kill just the
elderly; they affect more and more lower age groupth all the drawbacks on labour

supply, especially in a context of increasing ageopulation in the OECD countries.

%0 The chronic diseases do represent a serious heaitilem that OECD countries have to face. As
Andersonet al (2007) point out, five of the most common chrodiseases (including diabetes, chronic
lower respiratory disease, heart disease, hypéotensancer, and HIV infection) are responsible for
approximately half to two-thirds of deaths in mdsgh-income countries. Using 2004 OECD health
spending data, the authors analyze the burdenrohichdisease, which makes up 80 per cent of most

OECD countries’ health care use.
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Although directly linked with age, the magnitudetbése diseases on more developed
countries also reflects the higher prevalence of-mealthy lifestyles in this group of
countrieg”.

In fact, in what respects more developed countribs, relationship between
economic performance and health is very complex afill a matter of some
controversial. While there should be a direct ais¢mn between per capita income and
health improvements through a better access tdhheate, there are some aspects of
the whole economy performance that may work asineisk factors, especially during
economic upturns, and that can contribute to athegaerformance of some health
indicators (namely, those related with mortalitiesaby specific causes).

The analysis of the association between economionpeance and mortality rates
was first studied by Brenner (1971) who providedpgimal evidence on a negative
relation between per capita GDP and risk mortalitg a positive relation between the
variability of GDP per capita and mortality riék The negative effects of economic
fluctuations concerned mainly the poorest segmetiteopopulation and became known
by the Brenner's hypothed?s Since this pioneer study, other studies, fromnBes
himself (1979}* but also other more recent contributions (such Rishm, 2000;
Laporte, 2004; Tapia Granados, 2005; Ruhm and Gamlt 2006) — applying more
complex tools to time series analysis — contributedn interesting debate around the
effects of economic growth on health. Ruhm (2008)ng fixed effects models for 50
states and the District of Columbia for the perib@72-1991, finds a procyclical
variation (stronger for individuals aged 20-44 yeatd) between mortality rates for
specific causes (with the exception of suicides$)e &uthor considers that his findings
highlight the importance of time costs of medicale; healthy lifestyles and job related
health effects. Empirical evidence from Laport€8d4) study, using data for the USA

31 According to the WHO (2009), more than 30% of @rmould be prevented by modifying or avoiding

key risk factors.

%2 The study analyses the relationship between ecimnohange and heart diseases mortality in New
York State and the United States over the peridiD11967.
3 According to the author, this phenomenon may ceflee fact that health harmful effects of economic

instability only correspond to higher mortalityeatsome years later.

% In this study, Brenner (1979) confirms that ecoiomecessions and subsequent periods of rapid
economic growth are associated with a decelerationortality for England and Wales, which is indin

with previous findings for the United States.

37



for the period 1948-1996, is also in line with Rusni2000) results showing that
unemployment reduce aggregate mortality risk. T&manados (2005), using data for
the USA economy during the 2@entury — and using methods that account for the
nonstationarity of the variables — finds that ecoimexpansions are directly linked
with mortality, with the exception of suicides. Thauthor also notes that this
phenomenon tends to be more pronounced in recard f@ women and non-whites.

In what concerns the OECD countries, Ruhm and Gandt(2006) also found
evidence that better economic conditions are aatsstiwith an increase of total
mortality rates by several sources of death, with éxceptions of deaths from cancer,
suicides and homicides. According to the authdis, procyclical mortality behavior is
explained in a great part by the fact that econoactivity is positively associated to
higher levels of alcohol and tobacco consumptieduced physical activity and worse
diet and, consequently, obesity — behaviours theat maflect higher time prices — with
all the harmful effects on health. Moreover, higgeonomic activity reflects in higher
industry and traffic-related atmospheric polluti@md it may be responsible for
increased stress problems related to a stronges pame and work tinf8 According to
Tapia Granados (2005), all these factors may bporesble for the precipitation of
deaths of persons suffering already from chronseases. Finally, as the same author
refers, in periods of economic expansion industingdries and traffic accidents are
more likely.

Another important aspect to notice is that the ycbcal mortality fluctuation is
associated with the social insurance system. Ruhoh Gerdtham (2006) found
empirical evidence of a larger procyclical mortalifluctuation in countries with
relatively weak social insurance protection (proxby public social spending as a share
of GDP). These results are in line with empiridgatlings of Nolte and McKee (2008)
that analyze the contribution of the healthcardesys in explaining the evolution of
avoidable mortality in the United States and in eighteen industridliz®untries
between 1997/98 and 2002/03. The authors showbatecline in amenable mortality

% See Tapia Granados (2005) or Ruhm and Gerdthaf6)d0r an analysis of the main mechanisms
between economic activity and health.

% The concept of avoidable mortality was first depeld by Rutsteirt al (1976) and refers to deaths
that can be avoided by the implementation of adeqpieeventive strategies or therapeutic treatmémts.
their study, Nolte and McKee (2008) analyze treimddeaths considered amenable to health care before

the age of seventy-five.
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in all countries averaged 16 percent over thatopemvith the exception of the United
States with a decline of only 4 percent. As thédarg highlight, healthcare system has
in fact an important role not only in treating poput also in developing strategies for
the prevention of diseases.

In spite of all the challenges referred before,car say that there is evidence that
health improvements go along with economic growthjnly through higher levels of
education, higher investment in R&D and the dewalept of health-related technology
(Ricci and Zachariades, 2009). So, it is expectdhét rich countries — with higher
levels of tertiary attainment — have more scientgroduction implying also higher
advances in the health sector and medical scignceever, the existence of other
factors that act in the opposite direction — withegative influence on the health status
— like the higher prevalence of unhealthy lifestyjestifies the need to consider in the

analysis different health proxies to capture ttadityeof this group of countries.
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3.3 Literature review

It is mainly after the nineties that there is acr@asing interest on the role of health
on economic growth and convergence among mosteofiédveloped countries. Some
studies try to replicate previous findings on leeveloped countries (Knowles and
Owen, 1995; 1997); others aim to highlight chanasties that are more specific to rich
countried’. Overall, although it is recognized the importanténcluding health capital
in growth analysis, in what concerns rich counirigge empirical evidence on the
positive impact of health on growth is mixed as tiodlowing literature review
illustrates.

A seminal study in this area is due to Fogel (1984} analyses the role of health
conditions on the economic performance of Unitedgdiom using time series for the
period 1780-1980. The author finds that health e by life expectancy) and
nutrition improvements have accounted for a 30%ease of Britain’s economic
growth. However, Knowles and Owen (1995; 1997) arass-country analysis couldn’t
find statistical significance of the same proxy 28 OECD countri€&. On the contrary,
Arora (2001) also analyses the impact of life exgpecy at different ages for ten
industrialized countries over periods of 100-12&rgeusing cross-section analysis, and
finds that health was responsible for an incredgskeair pace of growth by 30 to 40%.

Aghion et al (2010) also analyze the impact of health on ecoogrowth proxied
by life expectancy — both in the form of the raténoprovement of health and in level
of health — for OECD countries and for the perid@#d-1980. Using cross-country
panel regressions, they find empirical evidenca pbsitive and significant relationship
between health and economic growth. However, thieoasi results also show that this

positive association tends to weaken after 196Qhvis interpreted as evidence that,

%7 In this section we will restrict the literatureview to studies that concern exclusively more depet!
countries which is relatively scarce when compdcethe numerous studies that focus on less develope
countries or consider both developing and rich toem For a broader literature review, see fotanse,
Jack and Lewis (2009).

% The authors’ empirical results are reported féulesample of 77 countries and also for a sub-damp
of 55 less developed countries, over the period 1861985, and suggest a strong positive relatipnsh
between economic growth and health. Only when tloglahis estimated for the 22 high-income
countries, the authors find that the health stammeter is not significant. They consider thisule

expectable, given the lack of variation in life egancy over this sub-sample
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although a large share of the growth in life exaecy at birth is related to a reduction
in mortality at old age, it is mostly the decreasdahe mortality of individuals aged
forty or less that significantly affects economrogth.

In a more recent study and using Johansen mubiteadointegration methodology,
Swift (2011) analyzes the relationship betweentheahd GDP for 13 OECD countries
over the periods 1820-2001 and 1921-2001. The @sittmpirical evidence reveal a
long run cointegration relationship between lifepestancy and both total GDP and
GDP per capita for all of the countries includedhe sample. The results show that a
1% increase in life expectancy will lead to a 6%r&ase in total GDP in the long run
and 5% increase in GDP per capita. The authorfedds a significant influence of total
GDP and GDP per capita on life expectancy for moantries.

Using a different proxy for the health status — #dgilt survival rate — and cross-
country analysis, Bhargavet al. (2001) find an important link between health and
economic growth in poor countries, but are unableeplicate this result when only
developed countries are considered.

Rivera and Currais (1999, 1999a, 2003) use heajperaliture as a share of GDP
as a proxy for health and panel data methods faE@Eountried’. These studies show
a significant positive effect of this expenditune imcome per capita and growth. Also
Beraldoet al (2005) use the same proxy to analyze its impaagrowth applied to a
panel of 19 OECD countries over the period 1971819%ing a production function
approach and cross-country analysis, the authars/ shat the explaining power of
health expenditure on growth (between 16 and 2%®4tyreater than the education
expenditure (nearly 3%). Although they found stai&dly significant results, some
authors (Tompa, 2002) argue that this proxy fortheshould be used with caution,
since it is not a good measure of the efficienchiedlth systems and, on the other hand,
the positive association between GDP and healtleredifure may reflect a reverse
causation.

In fact, different results are reported by Amaef(7) and Hartwig (2008). Amaral
(2007) in a study that covers the European Unid) ¢buntries for the period 1980-
2000, analyses the impact of human capital andtthesd the convergence process.
Using a panel data approach, the author's empire=llts show that both dimensions

have a positive impact on the convergence processvthile fertility rate shows

% The first two studies cover the period 1960-199iJe the third study covers the period 1960-2000.
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statistical significance, spending on health andcation are not relevant. Hartwig
(2008) uses a dynamic panel Granger causality frarieto estimate the impact of
health capital formation (proxied by health expémdi) of 21 OECD countries on
economic growth and he doesn't find evidence ofoaitve effect in the long-term.
According to the author, a plausible explanationtfoes result is the Baumol's (1967)
model of unbalanced growth that predicts a tenddacyer capita output in mature
economies to stagnate (Hartwig, 2008*4Nevertheless, Nolte and McKee (2008) — as
already referred — found an important role of tiealthcare systems in explaining the
decline of avoidable mortality in industrializeducdries.

Soukiazis and Cravo (2008) implemented a dynamielpdata approach for 77
countries over the period 1980-2000 and they ditlde sample in three subgroups
according to their per capita income level. Théharg show that for the whole sample
both health (measured by infant mortality rate) Anchan capital (measured by article
publication rate) as well as physical capital ampartant determinants of economic
growth and convergence. The authors also analyzectimvergence process in the
different subgroups and they found that while ie thigh-income countries human
capital is more relevant, in the low-income cowedrihealth is more important to
differentiate these economies.

Using proxies for the incidence of mortality caudsdchronic diseases, Suhrcke
and Urban (2006) compare 26 rich countries for pexiod 1960-2000, using
cardiovascular disease mortality (CVD) rate as @xyrfor health. Implementing a
dynamic panel growth approach, the authors fouatl@vD mortality rate in working-
age population is a robust predictor of subsequettyear growth rates. Their
empirical analysis shows that a reduction of CVDrtalay by 10% was associated with
an increase in the growth of per capita income #y Last but not the least, Swift
(2010) also analyzed the effects of cancer on GiWth in Australia over the period
1907 — 2006 using Johansen multivariate cointegraflfhe author's empirical results
show that an increase of 1% in cancer mortalitggatill result in 1.6% decrease in
GDP per capita, while 1% increase in the dependeatip corresponds to a 0.9%

decrease in GDP per capita.

40 According to Baumol’s (1967) model, this tenderioy per capita income in a mature economy to
stagnate is due to differences in the productilgtiels between a ‘progressive’ (manufacturing) ect
and a ‘nonprogressive’ (services) sector and tananeasing shift of the expenditure share for the

‘nonprogressive’ sector (for instance, expendiwith health care services).
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3.4 Model, data and methodology description

Our empirical approach follows the MRW (1992) modehich as explained in
Chapter 2, improves the Solow model by including alscumulation of both human and
physical capital. In our model human capital i€imted in a broader sense that includes
education as well as health conditions.

The growth equation to estimate is given by:
9%, =bin(y, 1)+ + g +8)+ ¢ Inlk )+ en(E J+ein(H J+ac 5

where ¢, =« +U, with o denoting the country-specific effects or measurgme

errors andy,, refers to the idiosyncratic error term.

The dependent variablgy; , is the growth of per capita income considering f
year intervals. We regresp/: on Y1, the initial per capita income of each period
whose coefficient reflects the well-known convergehypothesi$ when appears with
negative sign;ni;+g+o is the annual growth rate of population plus tlae rof
technological progressgl and the rate of capital depreciatiod); (Ki; denotes the
investment shards; ; is human capital (proxied by the number of pat@etsmillion of
inhabitants aged 25 or oV&randH;; represents the health capftal

We estimate this equation using panel data for EZD countries (given by the
subscripti) over the period 1980-2004. With the aim of coltitig economic cycle

effects, we consider five year intervals, so eammtry has six observations (given by

“! Barro and Sala-i- Martin (1992) developed thisaide

2 Empirical evidence from recent studies (Soukiamisl Cravo, 2008; Antunes and Soukiazis, 2008)
show that in the OECD sample the “average yeasgloboling” is not the most suitable proxy for human
capital, and that other proxies must be used ttucaphe efficiency of human capital, such as, redie
production (proxied by the rate of published ae#}lor activities related to R&D (proxied by théeraf
registered patents). Therefore, to differentiatdelbehe OECD countries with respect to human eapit
we considered the “number of patents per millionirdfabitants aged 25 or over”. Nevertheless, as
alternative, we also estimated the model usingdfierage years of schooling” but since empiricalits

were not robust we opted not to report here.

“31n the Annex 3.A (Table 3.3) we explain the sevafiables considered in our empirical study are th

data sources.
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the subscript). Having in mind our aim — to capture the impaictliéferent dimensions
of health on economic growth — we opt to considsesal health proxies (one at a time
to avoid possible colinearity) that we considertipent to characterize the health
systems of the OECD countries.

In our empirical analysis we use several healthxipgaiming to capture three
different dimensions of health in the OECD coumstri¢) the health status of the
population, using life expectancy at birtHexpec), life expectancy at 65 years old for
female and maleslifexpect65fand lifexpect65m respectively), infant mortality rate
(IMR) and mortality rates caused by chronic diseasesdvc and canceAYC and
cancer respectively);i() the health care service, measured by the avéeagé of stay
(stay) and {ii) the health care resources measured by the awvigylabf practice
physiciané* and acute care bédgphysiciansandacbeds respectively’’.

In what concerns the role of each explanatory facie expect thatifexpect
lifexpect65fandlifexpect65mwill have a positive impact on economic growthmcg an
increase in these proxies means health improvem@mghe contraryMR, AVC and
cancerare mortality rates and so they represent a huossnand, consequently, should
have a negative impact on economic growth. In whapectsstay, a decrease of the
length ofstay is indeed a tendency in developed countries wischssociated with
increasing efficiency of health care services. &fme, we expect a negative
association between stay and economic growth. Th#er of acute care bedscbed3
is directly linked withstayand also shows a tendency to decrease in richtro@sinso
we expect a negative impact too. At last, we exgetiphysicianswill have a positive
contribute to economic growth since an increaserattising physicians is related to

easier access to health care services.

“ Practising physicians are those seeing patietitsrain a hospital or elsewhere (OECD, 2008).

> Acute care beds are defined as beds accommodztients in a hospital or hospital department whose

average length of stay is 30 days or less untill®®0s and 18 days or less afterwards (OECD, 2008).

“SWe also considered initially the share of publialtie expenditure on GDP as a proxy for the financia
resources devoted to health sector. The estimaeffident was negative — in line with results fauloy
Hartwig (2008) — although without statistical sifigance. However, since the Hansen test rejected th
null hypothesis (absence of autocorrelation betvisstnuments and errors (Arellano and Bond, 1941))

5% significance level, we opted not to report here.
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Table 3.1- Descriptive statistics of the variables (22 OE@Dntried’, 1980-2004)

Variable Observations Mean Desitgt.ion Viigfi;n Min Max
132 21233.22 5286.95 0.25 9956.71 36100.44
132 0.05 0.00 0.07 0.05 0.07
k 132 23.15 3.59 0.16 13.66 34.41
pat 132 178.55 180.05 1.01 0.95 988.50
lifexpect 132 76.93 2.18 0.03 71.50 82.10
lifexpect65f 132 18.92 1.42 0.08 15.70 23.30
lifexpect65m 132 15.24 141 0.09 12.50 18.20
IMR 131 7.16 3.34 0.47 2.80 24.20
AVC 130 70.78 38.95 0.55 29.20 273.90
cancer 130 177.60 20.77 0.12 136.20 222.50
stay 114 8.64 4.11 0.48 3.40 33.20
physicians 117 2.66 0.72 0.27 1.30 4.90
acbed 109 4.53 1.67 0.37 2.20 12.00

Table 3.1 reports some elementary descriptivessizgifor the variables considered
in our study in order to have an initial idea adtmensions. As we can see most of the
health proxies used assume a higher value of tefficdent of variation, namehAVC,
stay, IMR and acbed and so we expect them to have an important impadhe
estimation approach. We can also confirm that ttexypused for the human capital
gualifications —patents— shows the highest relative dispersion and sexyect this
variable to be an adequate proxy for differentgtimuman capital and innovation

activities among the OECD countries.

Methodology

When we add health conditions to the economic dgrawbdels, we must take into
account some additional difficulties in specifyitige empirical model. One of the
problems is related to unobservable heterogen€ityintries have different economic,
political and institutional characteristics andtse use of linear regressions that do not

take into account these differences are not adegiéat Islam (1995) notes, panel data

4" The 22 OECD countries considered in our sample \(fbich data was available) are: Australia,
Austria, Belgium, Canada, Denmark, Finland, Frar@@ermany, Greece, Iceland, Ireland, Italy, Japan,
Netherlands, New Zealand, Norway, Portugal, Spawmeden, Switzerland, United Kingdom and United

States of America.
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techniques are more suitable, since they take astmunt different structures across
countries, in the form of fixed or random effects.

Another problem has to do with measurement errdiefithere are several badly
measured variables or when they depart from clalsbigpotheses, the bias can be in
either direction (Temple, 1999). This is in faatréical issue when testing the effect of
health on economic growth because of the problenesifictions on the availability of
data (as already discussed in Chapter 2) but a¢gsmuse of the endogeneity of
regressors. Given this endogeneity problem, theotigerdinary Least Squares (OLS)
delivers biased and inconsistent estimates.

To avoid the endogeneity problem of the regressorstrumental variables
technigues are often used (Blooet al. 2001; Rivera and Currais, 2005). An
instrumental variable must satisfy two conditiofist, it should be correlated with the
endogenous explanatory variable and, second, itldhmt be correlated with the error
term. Usually lags of the endogenous variablescarsidered as instruments. Yet, as
Temple (1999: 129) notes, in what concerns humaitataaccumulation there may be
some delay in the effects of this factor and thegexeity of the instruments is not
always clear. Another problem to consider is thetteoh variable bias due to omission
of relevant factors that explain growth.

Having in mind these problems, and in order to inbtnsistent and efficient
estimates, we use the Generalized Method of Mom@atdM) panel estimation
technique designed by Arellano and Bond (1$9#8ccording to Arellano (2003), some
of the reasons that make the use of GMM technigqudgnamic panel data popular are
that the estimates are consistent in short paress, robust and have general
applicability. On the other hand, GMM methods alleantrolling for measurement
errors and omitted variables bias. According to®einal (2001), the use of difference-
GMM techniques in studying economic growth has irngot advantages over cross-
section regressions or other estimation methoddynamic panel data models. In fact,
it avoids the problem of omitted variables that aomstant over time (unobserved
country-specific effects) and so estimates willlolger be biased. On the other hand,
the use of instrumental variables allows parameterbe estimated consistently in
models that include endogenous right-hand-sidealibes even in the presence of
measurement error. However, it must be noted tifedrence GMM has also some

“8 This approach was first introduced in the grovitérature by Caselkt al (1996).
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disadvantages. When the time series are persistghtthe number of time series
observations is small, the first difference GMMmorly behaved because lagged levels
of variables are weak instruments for subsequestitdifferences.

There are two kinds of estimators obtained fromste@ and two-step estimations.
They differ in the errors assumptions. One-stepsiclans the errors to be i.i.d., while
two-step estimator assumes the heteroscedasticgyrars. According to Windmeijer
(2005), two step GMM estimates are better thanstep, because it has lower bias and
smaller standard errors and this was the methoglolgy used. Because the two-step
estimates of the standard errors tend to be dowhbiased (Arellano and Bond, 1991),
the standard errors are corrected via a finite-sangorrection to the two step
covariance matrix derived by Windmeijer (20%5)

We used lagged variables as instruments. The chaoicéhe number of the
instruments must have in consideration that there itrade-off between increased
efficiency of additional instruments and an aggtawa of the weak-instrument
problem, if additional time lagged instrumental isbltes are only weakly correlated
with the instrumented covariate (Suhrcke and UrR@06). As Roodman (2006) points
out, the use of too many instruments, although da#scompromise the coefficient
estimates, can weaken the Sargan/Hansen teste swithber of instruments should be
reported and check the robustness of the result@rder to reduce the number of
instruments we used the collapse command

The Hansen statistic of over-identifying restrioBotests the validity of the
instruments for the GMM models, assuming in thd hypothesis that the instruments
are not correlated with the residuals. The testareflano-Bond (AR) indicate whether
there are problems with serial correlation of thereterms. Test for AR(2) in first
differences assumes in the null hypothesis that d@trers in the first difference
regression exhibit no second order serial coratati

As Table 3.1 shows, some of the proxies of heattisiclered in our model have
missing observations, so in those cases we hawslalanced panel. In order to get
consistent estimates of the parameters of inteagst,following Roodman (2006), we

used two common transformations: the first-diffeerand the orthogonal deviations

9 The command xtabond2 designed by Roodman andablailin STATA version 9.2 performs

difference GMM (both one-step and two-step) and mates automatically this correction.

* This is available from the STATA command xtaboii@®@odman, 2006).
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transformation. The first-difference transformati@iminates the country-specific
effects, but has the disadvantage of increasing gapnbalanced panels. In those cases,
we used “forward orthogonal deviations” or “orthogb deviations” transformation
which subtracts the average of all subsequentablailobservations of a variable. This
procedure is computable for all observations exteptlast for each country and so it
minimizes the data l035 On the other hand, both transformations allow uke of

lagged variables as valid instruments and so theg@nsistent and comparable.

1 We ran this transformation using the command ‘mgthavailable on STATA version 9.2.
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3.5 Empirical evidence

Since our main aim is to analyze the impact of theabnditions on economic
growth, we will give a special attention to theuks related to health proxies we used.

Table 3.2 reports the results from the dynamic pasgmation using difference-
GMM. In the growth regressions of the Solow's typg&th physical capital and
population growth, we assume that physical capliéglreciation plus technical progress
is 0.05 as in MRW. In columns (1) to (8) we analylze effects of introducing different
proxies for health, one at a time, to avoid possdallinearity between the regressors.

As Table 3.2 shows, in all the regressions theainper capita income has a
negative impact on economic growth, as expectefjroang therefore the hypothesis
of conditional convergence. The annual growth cdt@opulation has a positive sign,
with the exception of models (3) and (7), but alsvayth no statistical significance. As
expected, physical capital has a positive and fsogmt impact, with the exception of
models (3) and (7) where the estimated coefficiesgs significance. In what respects
the variablepatents with the exceptions of models (1) and (2), it bgsositive impact
(as expected) on economic growth. However, it @tlpws a positive and statistical
significant impact (at the 10% level) in model (8).

One important aspect to notice is that introduchgnan capital and health
conditions in the growth model the convergence fameht in most cases gains
statistical significance, showing that human cdg@tal health are important factors for
explaining growth and convergence. On the othedhal the health proxies used are

shown to be statistically relevant.
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Table 3.2— The Relevance of Health Factors on Growth. GMMdP&Regressions,
OECD Countries, 1980-2004

Variable s 1) 2) (3) (4) (5) (6) ) (8)
Gy ..) -0.1781* | -0.1827**| -0.1211*1 -0.1742** -0.0872**| -0.543** | -0.1469*** | -0.1922***
H (-2.065) | (-2.433)| (-3.264) (-4.244 (-2.937 (-2.17p) .1®) (-6.105)
In(n, +g+5) 0.0647 0.0955 -0.0583 0.1207 0.1068 0.0185 -0.0622 0.1085
" (0.964) (0.893) (-0.482) (1.148) (1.120 (0.1207) (-1.199) (0.922)
(k. ) 0.0718* | 0.0981***| 0.0273 | 0.0640** 0.0825**| 0.0694% 0.094 | 0.0805**
" (1.788) (3.337) (0.597) (2.976) (2.432 (1.950) (1.394) .8%2)
In(pat, ) -0.0096 -0.0040 0.0019 0.0030 0.0107 0.0087 0.00119 0.0408*
" (-0.483) | (-0.190)| (0.0910 (0.255), (0.678 (0.49%) (0)23p (2.072)
. 1.1653*
In(lifexpect; )
(1.822)
) 0.4293*
In(lifexpect65f; ;)
(2.237)
) 0.0448
In(lifexpect65m ;)
(0.246)
-0.0553*
In(IMR ;)
(-2.473)
-0.0924***
In(AVC,,)
(-2.906)
-0.1177*
In(cancer, ;)
(-2.298)
-0.0919***
In(stay; ,)
(-3.490)
- 0.1417%*
In(physicians ;)
(6.142)
-0.0899**
In(acbed ;)
(-2.882)
Observations 88 88 86 86 86 77 79 74
Nr of countries 22 22 22 22 22 21 22 21
Nr of instruments 10 12 10 10 10 10 10 10
AR2 0.874 -0.492 1.641 0.0302 0.653 0.800 0.3411 -0.239
AR2 p-value 0.382 0.623 0.101 0.976 0.514 0.424 0.733 0.811
Hansen test 6.263 7.179 8.262 6.588 9.07p 5.250 3.139 3.279
Hansen p-value 0.281 0.305] 0.142 0.258 0.106 0.3B6 0.479 6570.

Notes:

The dependent variable is the annual average graahof per capita income considering five yetarirals with the
exception of the last regression which consideus year intervals; In(yit) is the initial per cegpincome of each period;
In(ni;t) is the annual average growth rate of pmjior considering five year intervals; the valuéaliother variables
refer to the initial year of each period.

Regressions (8) and (11) do not include New Zedamtiregression (9) doesn't include Ireland duadb of data.

AR?2 test for second order autocorrelation. Hanststltests for overidentifying restrictions.

t statistics in parentheses. *** p<0.01, ** p<0.0%<0.1
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As Table 3.2 shows, at the 1% statistical signiftza level, the variableAVC
(cerebrovascular diseases mortality rate), columstay (average length of stay for
acute care), column 6, aratbeds(number of acute care beds), column 8, have a
negative impact on economic growth, as expected.

Another significant result from the estimation apgoh is that the variable
physiciangcolumn 7) has a positive impact on growth atli#iesignificance level.

These results confirm the relevance of the heaftixips used in the growth
equation. In fact, mortality rates causeddwe are a severe problem (being a priority
issue on the agenda of WHO and other institutiomsainly in most developed
countries, responsible for a high loss of humaonugeses potentiality. It is important to
note that this kind of disease doesn'’t kill just #lderly but it affects also an increasing
number of people still at working age. Interpretomg results, we can predict that a 1%
increase in the mortality rate caused by cerebomlas diseases is responsible for
0.0924% decrease in the growth of income per caglitather things being constant.

In what concerns the variable that measures theagedength of stay for acute
care Acbeds its negative impact on per capita income maynierpreted as revealing a
kind of resource efficiency associated to the pgegrmade in the health sector. Our
model predicts (from column 8) that a 1% reductiorthe average length of stay is
responsible for 0.0919% increase in per capitanmegrowth, all other things being
constant. According to OECD (2007), most of thentoas of this group registered an
important decline in this indicator (average lengttstay for acute care has fallen from
8.7 days in 1990 to 6.3 days in 2005 - for the @6ntries for which consistent data
over time was available), which can be explainedneyadvances made on day surgery
that avoids long stay in hospitals and to the egjmmof early discharge programs that
allows patients to go home earlier and to recedew-up care. On the other hand, it is
also plausible to think that this impact is atttddle to the cost reduction policy made
possible by a reduction in the length of stay isgitals.

This downward trend instay is directly associated with the evolution of the
number of acute care bedsa¢bed). In fact, according to OECD (2007), most of the
countries of this group show a long-term trend talsaa decline in the number of acute
care beds: considering a group of 24 countries, aVwrage number of acute care
hospital beds dropped from 5.1 per 1000 populaticl®90 to 3.9 in 2005. Once more
this was possible, at least partly, by the progreasle in medical technology. At the

same time, health reforms in OECD countries hawn lmharacterized by cost-reducing
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strategies in the medical sector. At the 1% stasiksignificance level, our results show
(column 11) that a decrease iacbed has a positive impact on economic growth: it is
predicted that 1% decrease in the number of a@relweds is responsible for 0.0899%
increase in income per capita growth, all othandkibeing constant.

The variable physicians has a significant positive impact on the standaod
living, as expected. It is predicted that 1% ineeean the number of practicing
physicians causes a 0.1417% increase in incomegata growth, all other things
being constant. This is also an encouraging reshdtving the contribution of labour
force employed in the health sector for improvihg standards of living of the whole
population.

At the 5% significance levelMR (column 3) has the predicted negative effect on
income growth showing that, iIMR increases 1% income growth decreases 0.06%, all
other things being constant. It should be noted gdthough usually it is not given too
much attention to differential gains in what comsemfant mortality rate of developed
countries, there are still some important diffeemcaccording to OECD (2008a) in
2004 the lowest infant mortality rates were repiite Nordic countries and Japan but
in USA the same rate was relatively high (more tBadeaths per 1 000 live births
against 2.8 and 2.3 in Japan and Iceland, respdgtivThese differences can be
explained in part by the increasing number of pteneabirths (leading to a rising
number of babies born with low weight) which iski to the delay of motherhood
decision and to the rise in multiple births by ifeyt treatments. According to OECD
(2008a), there is a higher risk of neonatal de#ths has contributed to higher infant
mortality rates in some developed countries (lik&A)Y and that can lead to an inversion
of the downward trend in infant mortality ratesttbharacterized the OECD countries
over the past few years.

As expected, deaths caused by cancer have an smpanegative impact on
economic growth in the OECD countries, being onehef most important causes of
death. LikeAVC, this proxy reflects the burden of chronic dissase the OECD
countries and shows statistical significance at 3P level with elasticity equal to
-0.12% (column 5). While being in fact one of thaimcauses of death, it is also, in a
great part, avoidable. So, it is of extreme impm&athe investment in education to
enhance health literacy, the implementation of @néen strategies and the early

detection of health problems. At the same timeestiment in laboratory research, in
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technology progress and in treatment and care layucial role in controlling this
disease.

In what respects life expectancy at 65 years ototing to gender, this proxy has
statistical significance only for females, showiagpositive impact on growth as
expected. A possible explanation for this resulthat the number of years of life
expectancy gained (especially at 65 years oldjgkdn for women than for men and
that there are still disparities in the healthigatccording to gender.

At the 10% significance level, life expectancy atthb has a positive effect on
income with elasticity equal to 1.17% (column 1hisTis an expected result since
higher life expectancy (meaning an improvementefhealth status of the population)
Is an incentive for people to invest more in ediecadnd health care and save more for

retirement plans.
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3.6 Chapter concluding remarks

The aim of this chapter was to analyze the impabealth conditions on economic
growth, using a growth regression framework. Gitlenrelatively scarce literature that
concerns specifically developed countries, we fedusur attention on 22 OECD
countries in order to a better understand of tHe of health factors on economic
growth and convergence.

Having in mind some mixed results already obtaibgdther authors, depending
on the sample and methodologies used, in this ehap analyzed the impact of health
proxies that may characterize more properly OECDnt@es. Along with infant
mortality rate or life expectancy (the most trazhi@al used health proxies) we also
considered mortality rates caused by chronic desaw variables that measure
resources and the activity of health care systdinese proxies can differentiate more
properly health conditions of the developed coestand so they can be more relevant
in measuring their impact on economic growth anaveogence.

On the other hand, additional problems have toaker into account when health
factors are considered, mainly because of the eardoty of the regressors. Following
recent developments in the economic growth liteeatthe methodology we used was
based on panel data dynamic analysis and estinsatvere made for the period 1980-
2004 using GMM methods. This methodology is moreqgagte to deal with the
endogeneity of the regressors.

Our empirical analysis shows that health conditians important conditioning
factors to growth and convergence. Our findingsgsesg that the proxies we used for
chronic diseases, health care activity and ressutegoted to health care are pertinent
in explaining economic growth and convergence betwtis group of countries. In
fact, our empirical evidence shows that cerebravasanortality rates, average length
of stay, number of physicians and acute care bedtha most significant health factors
affecting the standards of living of these devetbpeuntries. These results reinforce
the idea that to analyze the impact of health @memic growth we need to go beyond
the use of the most conventional factors. Othertlimeeonditions, such as infant
mortality or life expectancy, have their expectegbact on income, but at a lower level
of statistical significance.

Our results suggest some policy implications. Ilowest in preventing and

controlling chronic diseases seems to be of extrengortance. For instance, it is
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important the implementation of educational pobcibat may influence lifestyles and
contribute to more conscious risk behaviour. Onattker hand, given the cost reduction
strategies that characterize rich countries’ heajtems and, at the same time, the need
to allocate more resources to control this kindistases, it is necessary to evaluate the

efficiency of resource allocation in the healthteec
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Annex 3.A.

Table 3.3— Description of variables and data sources

Variable Description Source
y ;if: fizlg(;rLcapna (Laspeyres), dollars in 2003 ot Penn World Table 6.2.
n Annual average growth rate of population Penn Woaldle 6.2.
K Icr:;/:sst;n:;tri:are as a percentage of RGDPL in 2000 Penn World Table 6.2.
pat Number of patents per milion of inhabitants aga@over Usi;goﬁeaéef;é? Z)Zilgﬁ;:?tional
lifexpect Life expectancy at birth, in years OECD, Health D228
lifexpect65f Life expectancy at 65 years old (females), in years OECD, Health Data 2008
lifexpect65m Life expectancy at 65 years old (males), in years CDHHealth Data 2008
IMR Infant mortality rate OECD, Health Data 2008
AVC Cerebrovascular diseases: deaths per 100 00@dqtalétion OECD, Health Data 2008
cancer Cancer: deaths per 100 000 total population OECDRJthi®ata 2008
stay Average length of stay for acute care, all corwiti¢days) OECD, Health Data 2008
physicians Practising physicians, density per 1 000 population OECD, Health Data 2008
acbed Acute care beds, density per 1 000 population OH@Ajth Data 2008
Notes:
Penn World Table Version 6.2 available at Hestogt al (2006),

http://pwt.econ.upenn.edu/php_site/pwt_index.phgressed 15 July 2008.
uU.S. and Trademark Office (USPT(Q available at
http://www.uspto.gov. Accessed 17 July 2008.

Data for Patent

Data for International Labour Office is availablehttp://laborstat.ilo.org. Accessed 28
July 2008.

OECD Health Data 2008 is available_at http://wwwdherg/topicstatsportal. Accessed
17 July 2008.
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Chapter 4

Health Status Determinants in the OECD Countries.
A Panel Data Approach with Endogenous

Regressors*

* An initial version of this Chapter was presentatl the 50th European Regional Science
Association Annual Congress, in Jénkoping, SwedeAugust 2010. We are grateful to the participants

for their helpful comments and suggestions.

It is available as the Discussion Paper no. 040 3iblished by GEMF, FEUC.
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4.1 Introduction

As it has been shown in the previous chapter, healbng with education, is
important not only for individuals’ wellbeing butsa for economic performance. One
important outcome of increasing standards of liviedghe raise of life expectancy at
birth by 10.6 additional years (on average) in@GHeCD countries since the sixtiésAs
our empirical results of the previous chapter shdife, expectancy is statistical
significant in explaining the economic growth araheergence among these countries
and so we consider pertinent to analyze its matierdgnants.

Contrasting with less developed countries, wheoeegsed longevity is explained
chiefly by a reduction in infant mortality rate, developed countries the raise in life
expectancy is mainly due to reductions in the ntityteates of the middle-aged and the
elderly. However, as people tend to live longeer¢hare new challenges to deal with.
Additional gains on life expectancy will be harderachieve and the effort will be
concentrated in offering better quality of life dmgh new treatments and better health
care. It is important to mention that as peoplealéer and live more years it is more
likely the prevalence of certain diseases — phemoménown as the effect of general
biological deterioratiofi - that imply the need for medical treatments améharease on
health care spending. In this context, it is cossahthe need to invest more in primary
prevention to reduce the rising incidence of dissaand to contribute to a healthier
aging population. Therefore, education, directhkéid with health literac§; must be
seen as one driving force of health spending efficy. As Phelan and Link (2003)

%2 According to OECD (2009), average life expectan€YDECD countries was 68.5 years in 1960 and
79.1 years in 2007.

3 As Kiuila and Mieszkowski (2007) argue, the gehdsmlogical deterioration is reflected by the
significant increase of the incidence of variousedses after the age of 65 and by the general
deterioration of physical robustness during old, ag@ch reduces the impact of socioeconomic faabors

health status and mortality.

* According to the WHO (1998), health literacy candefined as “[t]he cognitive and social skillsttha
determine the motivation and ability of individua¢sgain access to, understand, and use information
ways that promote and maintain good health. Helititnacy means more than being able to read
pamphlets and successfully make appointments. Byawing people’s access to health information and

their capacity to use it effectively, health liteyas critical to empowerment.”
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note, policymakers should look at the effects afigadion on poverty (or other social
factors that affect health) as a means to impr@adth status.

In this perspective, it is very important to knondaquantify, in a macroeconomic
perspective, which are the main health determinamdsto know the magnitude of their
potential impacts.

Having this in mind, in this chapter our aim isaioalyze the main determinants of
the health status of the OECD population expressetheir longevity (proxied by life
expectancy at different ages). To do so, we usanglpdata approach to estimate the
health status equations controlling for the endeggrof some of the determinants of
health, an issue often neglected in this kind tefditure. Since there are still persistent
differences between genders well reflected ind#pectancy at 65 years old (higher for
women than for men), with this analysis we also aim to highlight dii&erent role and
different impact of socio-economic factors, heakisources and lifestyles at various
ages or gender. With this approach we intend tendsgle and to better explain the
effects (and magnitude) of income, education afegtlyles on life expectancy at birth
(for total population, for males and females) arid6a years old (for males and
females®).

This chapter is organized as follows. Section 4#aens the determinants of health
status and section 4.3 reviews some of the exisiteigture. In section 4.4 we explain
the model, the data and the methodology used irethgirical analysis. The results
obtained from the estimation approach are presemedddiscussed in section 4.5. The

last section summarizes the main findings sugggsme policy implications.

%5 According to OECD (2009), life expectancy for fdesaat age 65 is, on average, over 20 years, while

for males it is almost 17 years.

* There is no data available for life expectanc§Gyears old for the total population.
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4.2 The determinants of health status

Most studies that concentrate their analysis on dbterminants of the health
outcomes at an aggregate level generally emph#sizele of socio-economic factors
(which include per capita income and educationjristance), the availability of health
care resources and the impact of lifestyles. Ashaee already discussed, health is
directly linked to education and income and these ia fact three very important
dimensions of wellbeing. In the economic literatthrere is consensus on the existence
of a positive association between them. However dinection of causality is not very
clear, because of the existence of reverse efiacisther factors that can influence
simultaneously education, health and income.

Since in this study our aim is to estimate a heplbduction function, we are
interested in analyzing the impact of education mmdme (along with other factors
that represent lifestyles) on health improvemenh tBe other hand, we want to
highlight the causality effects among health, etiooaand income.

There are well established conceptual links betwedncation and heafth
Increased education, as human capital theoriesigbrethakes individuals more
productive. Higher education in developed countiseassociated with better jobs and
better wage$ which allow for better health care and provisi@killed individuals
usually have safer jobs (as they do more intellctlan physical work) and better
work conditions. On the other hand, more educatedple are more informed and
aware of the risks of adopting less healthy liflesty Several studies also show
empirical evidence of a direct link between the cadion level of mothers and the
health status of their children (Buor, 2003; Mc@rand Royer, 2011).

" In a microeconomic perspective, a seminal work wae to Grossman (1972) that showed that
individuals with more education have a higher mesfiee for health capital levels. In a macroeconomic
perspective the existing relationship between etitutand health was shown by several authors (Alber
and Davia, 2007; Cutler and Lleras-Muney, 2006;2@mong others).

%8 |n the latest OECEducation at a Glance 200&port (OECD, 2009b), data show that earnings for
those with tertiary education relative to upperosetary education provide a good measure of thelgupp
and demand for individuals with higher educatichweell as the incentives to invest in higher edocat
Some countries have experienced a significant as&ren the earnings premium for tertiary educated
individuals over the period 1997-2007. Another im@nt conclusion is that earnings increase wittheac
level of education and that the earnings premiumtddiary education is substantial in most cowstri

exceeding 50% in 17 out of 28 countries.
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Individuals with higher levels of education alsové@a more efficient use of health
care resources. The adoption of a health-seekihgvi@ur is associated with health
literacy. At the same time, societies with highardls of tertiary education also invest
more in R&D, including the health sector. As Rierid Zachariadis (2009) note, a
country’s absorptive capacity for health-relatechteology and ideas is improved by a
higher average level of education in the econonocofding to these authors it is also
expectable that physicians will adopt and implemeetw treatments to the general
population where the average patient is more edd¢atnce he/she is more receptive to
new medical knowledge.

It is pertinent to assume that the relation betwéealth and education is
bidirectional. As it is widely accepted a raiselife expectancy makes investment in
education more likely, because individuals expedbdve the return of this investment
for a longer period of time. Therefore, educatioastrbe assumed endogenous when a
health equation is estimated. More educated peapde healthier for reasons we
explained above, but healthier people are alsotabdecumulate more knowledge over
the life cycle.

Another important determinant of longevity is inaamHigher income is also
associated with better health. It allows individutd have a better quality of life, which
can be related to a healthier nutrition and greateess to health care products and
services with positive consequences on healths l$o important to note that the
relation between health and income is reciproc#h Weedback effects and cumulative
characteristics; higher income implies better leadhd healthier people are normally
wealthier since they are able to have better jolxb lzetter payment (Adamst al,
2003). Therefore, the income variable has to beidened as endogenous in the health
equation.

As Kiuila and Mieszkowski (2007) note, it is expedule that, as people get older
these socio-economic factors tend to have lessriiapae in explaining mortality rates.
As they point out, there is a selection procesgoainger ages which results in the
narrowing of the mortality differentials of differesocioeconomic groups after the age
of 65. At these ages there are other factors, aadhe availability health care resources
and lifestyles that can play an important role deieing the health status of the
population. In what concerns lifestyles, it is wkHown the negative impact certain

behaviours have on health: most chronic diseas#® bbesity, diabetes or
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cerebrovascular diseases, also depend on behahoiges’. Although there are also
important genetic/biological factors explaining tiecidence of diseases, there is
consensus on the critical role of behavioural rizksealth. According to WHO (2009),
the most important (and modifiable) risk factors anhealthy diet and excessive energy

intake, as well as physical inactivity and tobaase®.

%9 According to Leeet al (2007), 50% of premature deaths are relatedsky rhealth behaviours, and

70% of disease burdens and costs are due to redkgMours.

% Besides psychosocial and genetic factors, the W20D8) considers that other risk factors for cheoni
disease include infectious agents, responsibledorical and liver cancers, environmental factersch

as air pollution), which cause asthma and othesrdhrespiratory diseases.
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4.3 Literature review

Most empirical studies that examine the determmaot health status at a
macroeconomic level usually follow either the proton function approach or the data
envelopment analysis (DEA) The health production function approach considers
healthcare resources, socio-economic and lifestgleers as the main determinants of
health status, while DEA is a nonparametric metbbdestimation that considers a
convex production frontier and allows for the cédton of technical efficiency
measures.

Using the first method Qet al (2005) showed that for 21 OECD countries, for the
1970-1998 period and using panel data regressibesmpact of health care measured
by the number of doctors on life expectancy athbamd at age 65 varies significantly
across countries. They found that the availabditadvanced medical technology plays
an important role too. Shaet al. (2005), following also the health production ftioo
for developed countries, found that pharmaceugsplenditures have a positive effect
on life expectancy at middle and advanced agesomdargy to these authors, another
important determinant of life expectancy is lifdstythey show empirical evidence that
a decrease in tobacco consumption by about twaetiga per day or an increase in
fruit and vegetable consumption by 30% raisesdKpectancy approximately one year
for 40-year-old females. On the other hand, Nixod Biman (2006) using fixed effects
panel regressions for the early 15 members of tm@gean Union over the period
1980-1995, found that increases in health carerelipge are significantly associated
with large improvements in infant mortality but pniarginally in relation to life
expectancy.

Some other recent studies are due to Ramesh andirsini (2007), Ricci and
Zachariadis (2009) and Joumatdal. (2008). Ramesh and Mirmirani (2007) analyzed
the health care system of 25 OECD countries, usifiged-effects panel data model for
the 1990-2002 period. They estimated two regressione for life expectancy and
another for infant mortality. Their empirical reukuggest that supply of physicians

and education levels are highly significant and ditbonal factors for both the life

%1 The health production function approach assumekthas an output that is produced by several sput
(see, for instance, Thornton (2002)). AlternativdEA is a nonparametric method of estimation & th

best practice frontier. See, for instance, Afonsd Aubyn (2006).
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expectancy and infant mortality. Ricci and Zachdiga(2009) in a cross sectional
analysis of 71 countries found empirical evidertza higher education is a significant
determinant of longevity and that it is more robtlsin female literacy, sanitation,
spending on medicine and per capita income. Findyrmancet al. (2008) used the

two different approaches - panel data regressiows REA analysis — to estimate
countries’ relative performance in transforming ltteaare resources into longevity.
Their empirical estimates suggest that potenti@tiehcy gains might be large enough
to raise life expectancy at birth by almost thremarg on average for the OECD
countries, while a 10% increase in total healtmdp® would increase life expectancy
by three to four months.

Some empirical studies that followed DEA approaatiude Puig-Junoy (1998),
Afonso and Aubyn (2006) or Verhoeven al (2007). Puig-Junoy (1998) studied the
OECD countries for the 1960-1990 period adoptirfg éxpectancy at birth as health
output and the number of physicians, non-physibiealth care employees and number
of hospital beds as inputs. They found empiricadence that, for similar health
outputs, non-efficient countries use on average 408te inputs than efficient ones.
Afonso and Aubyn (2006) estimated a semi-parametodel of the health production
function using a two-stage DEA approach for OECDntoes. They showed that life
expectancy is strongly related to GDP per capiagcation level and health behaviour
(obesity and smoking habits). Verhoevenal (2007), in an attempt to assess the
efficiency of education and health spending in @drdries, for the period 1998-2003,
used in their analysis, an index of 28 OECD coestraverage ranks for number of
hospital beds, physicians and health workses capita,immunizations and doctors’
consultations. One of the findings of this studyswhat more immunizations and

doctors’ consultations were associated with higtigciency in the health sector.
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4.4 Model, data and methodology description

An important technical issue in the health empirigarature is the endogeneity
problem of some of the determinants of health stébat has not been considered in
great deal. The existence of this problem can tffiee estimated results providing
biased and inconsistent estimates. In our anat@sisealth equation we estimate and
the estimation technique used take into accountet@dogeneity of the regressors
providing more reliable results.

Therefore, in this chapter we adopt a panel damdmwork, using data from the
OECD Health Data 2009. According to the health potidn function approaéf the
equation to estimate is defined as follows:

INLE;, = bln(lncomepg:’t )+ C, In(Educatior}t )+ C, In(HeaIth Res, )+ C, In(Tobaccq),t )+
+C, In(AIcohoIi't )+ &
(4.1)

where, ¢, =« +U, with ¢ denoting the country-specific effects or measurégme

errors andu, , refers to the idiosyncratic error term.

We estimate five equatiotis The dependent variableE;; , represents the health
status proxy considering first, life expectancyiath for total population, for males and
females, and alternatively, life expectancy at &arg old for males and females. The
determinants of health status are: the per capttane of each periodihjcomepg; the
average years of education of the population age@42Education; a proxy for the
resources devoted to health care represented byapér consultatioi§ HealthResg;

and two variables reflecting lifestyles, namelypdoco smokers (% of population of age

%2 See, for instance, Joumaetlal. (2008) for a similar production function specitica.

* The regressions were run on Stata 9.2., usingeg® which implements IV/GMM estimation of panel

data models with possibly endogenous regressors.

 OECD (2009) defines doctors' consultations as rthenber of contacts with an ambulatory care
physician divided by the population. It includesits/ consultations of patients at the physiciaffie;
physician’s visits made to a person in institutissettings or discharge planning visits, made hospital
or nursing home with the intent of planning for faéure delivery of service at home; visits maddhe

patient’'s home. It excludes telephone contacts.
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15 and over who are daily smoker$pbacce;, and alcohol consumption (litters per
capita of population aged 15 and o¥eilcohol,, respectivelSf.

Based on the links that characterize the relatietwben health, income and
education already explained in section 4.2, we exffeat both per capita income and
education are positively related with life expectanin what concerns health resources
proxied in our model by per capita consultations, a&n expect that the use of health
care services will be reflected in a better hesttus (the higher the consultations the
better health care is provided to populations).fdit, the choice of per capita
consultations as a proxy for health care resouscegplained mainly by two reasons: it
iIs a measure of an effective use of the availaddeurces (human and physical); on the
other hand, it is a different proxy from those cemvonally used in the health literature
(such as the number of doctors or the number gbitededs). In a certain way it may
also capture the efficiency of the health systesnyarhoeveret al (2007) found out
that doctors’ consultations were related with higb#iciency in the health sector of
rich countries.

Finally, we expect a negative impact of lifestyles life expectancy, as they
represent well known harmful habits for health. 8mg@ has been identified as the
major cause of preventable death in the OECD cmsnfOECD, 2009a). Health
problems related to smoking depend on the durafi@ars of smoking) and the
intensity of use (number of cigarettes smoked). fite@n causes of death associated
with smoking are cardiovascular diseases, chromim@nary diseases and lung cancer.
Additionally, it is also associated with suddenaimf death syndrome and respiratory
problems in children (WHO, 2008). In what conceahsohol consumption, excessive
consumption is considerable in most parts of thedvand responsible for high levels
of morbidity and mortality. As OECD (2009a) poimst, it is associated with the risk
increase of heart stroke and vascular diseases,dikrhosis and certain cancers. Foetal
exposure to alcohol also raises the risk of bird#fedts and intellectual capacity.
Excessive alcohol consumption is also often aststiaith death and disability caused

by accidents and injuries, and with assault, vioderhomicide and suicide. According

5 OECD (2009) defines alcohol consumption as ancosumption of pure alcohol in litters, per person,
aged 15 years and over. However, it is importarrnémtion that the methodology to convert alcoholic
drinks to pure alcohol may differ across countrigpically beer is weighted as 4-5%, wine as 11-16%

and spirits as 40% of pure alcohol equivalent.

% Table 4.4 in Annex 4.A resumes the descriptiothefvariables used and their respective source.
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to OECD (2009a), it is estimated to cause more tRamillion deaths annually.
Nevertheless, like tobacco, it is one of the majaridable risk factors for disease.

We estimate the health equation using panel data F@®OECD’ countries (given
by the subscript) for which data are available, over the period@2804. Table 4.1
explains the set of variables used in the empiaggroach providing some elementary

descriptive statistics.

Table 4.1— Descriptive statistics of the variables (17 OE€inntries, 1980-2004)

Variable Observations Mean De\S/itgtlion Vafr:ic;fi;n Min Max
income 425 23774.85 5176.09 0.218 10554.64 40906.35
education 424 10.69 1.61 0.151 6.30 13.40
patents 425 116.73 117.56 1.007 0.10 651.55
med.graduates 296 38.10 17.18 0.451 11.40 121.00
tobacco 264 30.24 7.25 0.240 16.20 50.50
tobacco (females) 264 23.70 7.25 0.306 5.10 45.00
tobacco (males) 264 37.00 11.70 0.316 15.00 70.80
alcohol 418 10.98 2.87 0.261 5.80 19.50
health expend 402 1661.90 869.50 0.523 276.00 6194.00
consultations 342 5.79 2.61 0.451 2.40 14.80
life expectancy (LE) 421 76.80 1.93 0.025 71.40 82.10
LE females 421 79.96 1.81 0.023 74.90 85.60
LE males 421 73.64 2.14 0.029 67.90 78.60
LE at 65 females 421 18.89 1.25 0.066 16.10 23.30
LE at 65 males 421 15.14 1.18 0.078 12.50 18.20

As we can see from Table 4.patents health expendmed. graduatesand
consultationsare the variables with higher relative dispersithvariables are defined
in logarithms so we can interpret the estimatedampaters as elasticities of life
expectancy with respect to each of its determinants

Having in mind the endogeneity problem, we neeihstrument the explanatory
variables referred to education and per capitam&to obtain unbiased and consistent
estimates in the regressions. These two deternsinainhealth status are potentially

endogenous since the healthier people are the mighbe possibility to enjoy higher

" The countries included in the sample are: Austrafiustria, Belgium, Canada, Denmark, Finland,
France, Germany, Greece, Italy, Japan, NetherlaRdgugal, Spain, Sweden, United Kingdom and
United States.
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income and to invest more on education. The endatetests for per capita income

and education confirmed that these variables shbeldreated as endogenBlLisThe

adequate estimation method that takes care ofptioblem is two step GMM using

instrument®’. In a first step, the choice of the instrumentafiables was based on the

statistical significance (at 1%) of the correladobetween the endogenous variables

(education and per capita income) and other vasatilat can serve as instruments, as

we can observe from the results reported in Talde 4

Table 4.2 —Correlation coefficients of pair of variables

, . . health med.
Variable income education patents
expend graduates
income 1.000
education 0.6796* 1.000

health expend 0.8837* 0.6060* 1.000

patents 0.6832* 0.7826* 0.5746* 1.000
med. graduates -0.1238* 0.0995 -0.3350* 0.1778* 1.000

Based on that criterion, the instruments choice tots expenditure on health (per
capita), number of medical gradudfeger practicing physicians (per million) and the
number of patents (per million). A good instrumemeds to be correlated with the
endogenous variables but uncorrelated with thetexquarrors. In what concerns total
expenditure on health, many empirical studies slowignificant link between this
variable, per capita income and education (OECDQ620 although there is no

consensus if more health expenditures necessarpyyimore health (and so may not

% The C-statistic used to test the exogeneity obiime and education is 15. 794 (with a p-value of
0.0004) rejecting therefore the null hypothesise T® statistic (also known as "GMM distance" or
"difference-in-Sargan" statistic) allows a test #osubset of the orthogonality conditions, i.eis & test of

the exogeneity of one or more instruments.
% See Baltagi (2005).

0 According to OECD (2009), medical graduates aee“tumber of students who have graduated in
medicine from medical faculties or similar instituts, i.e., who have completed basic medical edutat
in a given year”. It excludes graduates in pharmadgntistry/stomatology, public health and

epidemiology and individuals who have completedjgoaduate studies or training in medicine.
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cause higher life expectaridy Medical graduates represent people who have
completed tertiary education in the medical scieneftecting a significant investment
in education, which in turn can be associated mithie scientific production and higher
income level (Soukiazis and Cravo, 2008). The pgatatio is used as instrument for
education and income as well, and this is an adeqgahoice since in the more
developed countries higher levels of human capéhkdted to innovation differentiate
better these economies. This idea corroboratesemgrical study of Soukiazis and
Cravo (2008).

Since it is not clear that the instrumental vaeabare not uncorrelated with life
expectancy, in a second step we need to test flidtyaf the instruments. To do so,
we use the Sargan-Hansen test of over-identify@styictions. The joint null hypothesis
is that the instruments are valid (uncorrelatedhhie error term), and that the excluded
instruments are correctly excluded from the estuhaquation. A rejection of the null
hypothesis questions the validity of the instrursemthich was not the case. We also
performed tests for the orthogonality and redunglasanditiong? of the instrumental
variables. All the instruments used in our reg@ssiare in fact exogenous and they
revealed to be non-redundant, with the exceptiomedical graduates that revealed to
be redundant in the specification of Models (2) édidas Table 4.3 shows. As Baemn
al. (2007) note, “If some of the instruments are retdum then the large-sample
efficiency of the estimation is not improved by luding them”. However, excluding
this variable from the instruments the estimatiesuits are not satisfactory for these
two models.

Inferences about error autocorrelation and homcastesity have been made too.
The Wooldridge test for autocorrelatidnrejects the null hypothesis of error

independence, so we had to implement the bandwogtion* for correcting this

> See, for instance, Nixon and Ulmann (2006).

2 As already referred, the C statistic is a testhef exogeneity of one or more instruments and & wa
implemented using the “orthog” option; the “reduntiaoption allows to test whether a subset of

excluded instruments is redundant (Schaffer, 2007).

3 xtserial command in STATA implements the Wooldgdgst for serial correlation in the idiosyncratic
errors of a linear panel-data model. According takRer (2003) this test has good properties in dasnp

of moderate size.

™ We used in our regressions the option bw(#), Witk 5 (aroundT™?. When the GMM option is

combined with the bw(#) option, the estimates ate@orrelation-robust. See Bawghal (2007).
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problem. On the other hand, robust standard eamsobtained to take care of error
heteroskedasticity. The efficiency of the GMM esttors is checked through the
Hansen's J statistic (shown in Table 4.3). Thatisst is consistent in the presence of
heteroskedasticity and autocorrelation, testing tie null hypothesis the over-

identification of all instruments.
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4.5 Empirical results

In this section we report our empirical results {[€a4.3) by applying two step

GMM (fixed effects) which are efficient for arbitsa heteroskedasticity and

autocorrelation and also gives statistics robusieteroskedasticity and autocorrelation.

Table 4.3 —Panel regression results from the health statustiems (17 OECD
countries, 1980-2004)

Model (1) Model (2) Model (3) Model (4) Model (5)
Variables Life Expectancy Life expectangy Life expectapcy Lifeeetancyl Life expectancy
(total) (females) (males) at 65 (femaleg at 65 (males)
. 0.0484** 0.0351* 0.1011%* 0.0403 0.2896***
income
(2.039) (1.736) (3.480) (0.386) (3.561)
. 0.1479** 0.1559%** 0.0465 0.6676** 0.2573
education
(2.137) (2.801) (0.485) (2.399) (0.862)
. 0.0201** 0.0283*** 0.0071 0.0638** 0.0208
consultations
(2.114) (4.088) (0.530) (2.019) (0.403)
-0.0215***
tobacco
(-3.3711)
-0.0147* -0.0107 -0.0213** -0.0232 -0.0477*
alcohol
(-2.560) (-1.511) (-3.185) (-0.761) (-1.980)
-0.0053 -0.0042
tobacco (females)
(-1.115) (-0.217)
-0.0264** -0.0429
tobacco (males)
(-3.305) (-1.325)
Number of observations 163 163 163 163 163
Number of countries 17 17 17 17 17
root mse 0.00468 0.00535 0.00538 0.0187 0.0179
R-squared 0.922 0.853 0.929 0.785 0.903
adjusted R2 0.910 0.830 0.918 0.751 0.888
F test 183.7 71.81 216.1 42.32 184.4
Number of excluded instruments 3 3 3 3 3
Underidentification test (p-value) 0.0530 0.1292 0.0521 0.1292 0.0521
Hansen J statistic (p-value) 0.7909 0.75 0.5019 0.6886 0.2789
Tests for the instruments
Patent C statistic (p-value) 0.7909 0.75 0.9263 0.6886 0.425
atents
IV redundancy test (p-valug) 0.005 0.0042 0.0043 0.0042 0.0043
health |C statistic (p-value) 0.7909 0.75 0.5019 0.6886 0.2789
expend ||y redundancy test (p-valug) 0.0002 0.0003 0.0001 @000 0.0001
med. |C statistic (p-value) 0.7909 0.75 0.5019 0.6886 0.425
graduateq|v redundancy test (p-valug) 0.0552 0.1171 0.0426 @117 0.0426
Notes:

Robust t statistics in parenthes&s. p<0.01, ** p<0.05, * p<0.1

Instrumented variables: income; education.

Excluded instruments: Total expenditure on headthgapita; medical graduates, per 1 000 pract#iygicians; number of patents

per 1000

population.
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Model (1) is the life expectancy at birth for topadpulation, Model (2) for females,
Model (3) for males and Models (4) and (5) are rdgressions for life expectancy of
elderly people for females and males, respectively.

As can be seen from Table 4.3, all estimated aweffis have their expected sign.
Higher income levels, higher education and highificiency of the health system
(through consultations) affect positively healtlrgtards prolonging life expectancy.
On the other hand, unhealthy lifestyles relatedltohol and tobacco consumption have
damaging effects on health reducing life expectahiowever, not all of the estimated
coefficients are statistically significant or hatxe same impact across different ages or

gender.

Life expectancy at birth

In what respects the life expectancy at birth &aalt population, Model (1), all the
explanatory variables considered in the health ycbdn function show statistical
relevance. The most significant result (at the &¥el) comes from the tobacco variable
having its expected negative impact on longevitys Ipredicted that a 1% increase in
the ratio of population (with 15 years old or ovet)o are daily smokers is responsible
for 0.0215% decrease in life expectancy at birlerghing else remained constant. At
the 5% significance level, per capita income angcation have a positive effect on life
expectancy at birth, while alcohol consumption aasegative impact. Education is the
explanatory variable with the greatest impact (iagmtude) on life expectancy. It is
predicted that every 1% increase in the averagesyafaschooling (of the population
aged 25-64) is associated with 0.1479% increaskfanexpectancy, assuming that
everything else is constant. This is in line witle human capital theory that predicts a
strong association between education and heaftbe snore educated people are likely
to have safer and better jobs enjoying higher iredinat permits to have better health
care and provision. More educated people are biefteimed and aware of health risks
and are more likely to adapt themselves to a healliiestyle (Silles, 2009). New
treatments and new developments on the healthrséepend highly on the level of

education that allows for higher research and iation in this sector.
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These results do not differ significantly from athstudies, like those reported
recently by Joumaret al (2008), although they used a different methodplagd
sample siz&.

Life expectancy according to gender

When we analyze life expectancy regressions forafesnand males, Models (2)
and (3) respectively, it is evident that the vasi@xplanatory variables play a different
role according to gender. In fact, while for fensakle determining factors of life
expectancy are education and consultations (higigiyificant at 1% level), for males,
income and lifestyles (consumption of alcohol aodatco) are the most important
factors, both on magnitude and statistical sigairite.

These results, although different from those oleiiby Jourmaet al (2008)°, are
not surprising. In developed countries there amseshealth differences between women
and men that have been noticed for a long timés Well known that women have
higher life expectancy than men (as OECD (2009)wsh@nd this is possibly related to
a higher impact of the education level and betser of health services as our evidence
shows. However, women also experience higher mibybithan men. As Gambin
(2005) explains, the types of illness and main eausf death between genders are
different: while for men the main causes of death aardiovascular diseases, cancers
and accidents (possibly related to lifestyle armbme level as our evidence shows), for
women they are breast cancer and cancers of theogarinary system. These facts
corroborate with the idea that “women live longeat bare sicker than meff'which can
explain, at least partly, the fact that women dse ¢he ones who make a greater use of
health care services and this can be related tce¢idnal level.

> Joumardet al (2008) used Generalised Least Square (GLS) msthad health care resources are

measured by health practitioners. The sample c@Zc®untries.

S When they use health spending as a measure dhtueaé resources, the results are very similarsacr
gender and age, with inputs having the expectad aigl statistical significance. The exceptionsfare
tobacco and income that loose the statistical Sagmice for females when life expectancy at bigh i
considered. At age 65, alcohol has no statistigatificance for both men and women. In a similar
analysis, but considering practitioners insteadhexdlth spending, only alcohol has a different imzdc

age 65, having statistical significance only formemn.

" See Bérsch-Supast al (2005).
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Regarding the income factor, and in spite of ameasing female participation in
labour market mainly in developed countries, thare still important inequalities
related to professional opportunities and wagesvémt genders. Studies on labour
economics have shown significant differences imiegs between males and females,
after controlling for other common characterisfic3his fact may help to explain the
relative higher explaining power of the income ¢aain men’s life expectancy. On the
contrary, the empirical results show that the lefetducation, although not significant
related to men’s life expectancy, it is highly sfgrant for women.

In what concerns lifestyles, some risk behaviouke ltobacco and alcohol
consumption are more prevalent among males. Thideaexplained by socioeconomic
and cultural factord However, it is also true that since the eighteme significant
behaviour changes have been made across gendaoantties. Statistics show that
between 1980 and 2004, the time period analyzethis study, the percentage of
smokers in the male population of OECD countrieslided and the same trend was
observed for women too in most countries, with exoa of Finland and France.
However, since the decline in smoking was moreifsggmt for men than for women,
the gender gap narrowed: it was 18% in 1980 butdeamtined to 7% by 2004, as data
show for 16 OECD countries, for which unbroken tisexies are available (OECD,
2006; OECD, 2009).

In what concerns alcohol consumption OECD HealthtaDdoes not give
information by gender, so we can only analyze tseimdalcohol consumption across
countries. Statistics show that over the periodeunrahalysis there was a reduction in
alcohol consumption in the OECD countries, which oeflect a changing of drinking
habits that can also be related to a positive itnpaseveral policy measures (such as
advertising, sales restrictions and taxation) takerontrol alcohol use. Nevertheless, as
OECD (2009a) also points out, it has been obsdrvedme countries and social groups
(mainly among young males) a raise in consumptiolarge quantities of alcohol at a

single session, called "binge drinking”.

8 See Gambin (2005) for a review.

" Sassiet al (2009) suggest that men and women in poor samo@nic conditions may differ in their
lifestyle choices. As they point out, rates of singkor alcohol abuse are higher among men at the
bottom of the social scale.
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It is important to note that most of the negativasequences of risk behaviours on
individuals’ health are observed only some yeatsrldn what concerns the alcohol
consumption, data show in general, that countrieth viigh levels of alcohol
consumption tend to have higher death rates freer Icirrhosis 10 to 15 years later
relatively to those with lower levels of consumptidn most OECD countries, death
rates from liver cirrhosis have decreased overpgast two decades, which can be
related to the overall reduction in alcohol constiomp(OECD, 2009a).

Life expectancy of the elderly

When we look to the estimation results of Model} &d (5) explaining life
expectancy at age 65 for females and males, regpgctwe can conclude that the
major determinants of longevity for women and mea different. While for women
education and consultations are the most signifiGastors (at the 5% level), for men
per capita income (at the 1% level) and alcoholsaomption (at the 5% level) are the
major explanatory factors. Some of these resulbsitjpe effect of consultations for
women, negative impact of alcohol for men) areime lwith the tendencies described
above concerning the health status of the OECDtdesn

However, we should look to these results with scengion since it is after this age
that the incidence of various diseases increasesplyhas well as the general
deterioration of physical robustness, charactegizire biological deterioration process
we have already referred. Therefore, it is expdetétiat at this age, health status of
individuals also will reflect the cumulative effeadf their lifestyles in earlier periods.
This would imply the estimation of a dynamic panedel with a long lag history of
the variables used in the health production fumcteducing the sample size drastically.
On the other hand, data relative to tobacco consomploes not provide information
about the quantity of cigarettes smoked on avegageperson but only about the
proportion of population who is daily smoker, whishless relevant for the analysis of
the impact of smoking on health.
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4.6 Chapter concluding remarks

The aim of this chapter was to analyze the mairrdehants of health status in the
OECD countries. Life expectancy at birth and faleely people (aged 65) was used as a
proxy to express health improvements in these cmstLife expectancy was also
considered for males and females to verify whethere are differences on the factors
explaining health status according to age or gendempanel data approach was
employed to estimate the health equations that itaice account the endogeneity of
some determinants of health, such as income anchgdn. Two step IV-GMM which
is efficient for arbitrary heteroskedasticity andacorrelation is the adequate technique
to obtain more consistent estimates. Our approankiders the endogeneity of some of
the determinants of health status, which has nehlmnsidered in great deal in the
empirical literature. Therefore we think that oepported estimates for late age, although
different from others (Joumast al, 2008), are more reliable.

The health production function approach we use idens health care resources
(through consultations), socio-economic factorsclisias income per capita and
education levels) and lifestyles characteristicsiclis as tobacco and alcohol
consumption) as the main determinants of healttustahe number of consultations
(per capita) aims to capture the efficiency of hanf@nd equipment) resources in the
health system as an alternative to the conventieaahbles used related to number of
physicians, hospital beds, among others. Total dipgre on health (per capita),
number of medical graduates and the patents rageprpxy for innovation) are the
variables used to instrument income and educatioichware assumed (and shown) to
be endogenous in the health equation. These instritgnboth from the theoretical point
of view and by testing their validity are showno adequate in the estimation process.

Our empirical analysis shows that all socio-ecomoand lifestyles factors used
(income, education, consultations, tobacco andhalcoconsumption) are relevant in
explaining life expectancy at birth for total poatbn in the OECD countries.
Education is the factor with the highest positivepact on health and non-healthy
behaviour reflected in the consumption of toba¢worhost significant factor (at the 1%
level) with negative impact on life expectancy.

However, when we do the same analysis by gendesbizgn different impacts of
the explanatory variables. While for women the deieing factors of life expectancy

are education and consultations, strongly signiticet the 1% level; for men, income,
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alcohol and tobacco are the most important factaydaining life expectancy. These
results are in line with the statistical tendenabserved in the OECD data, namely, the
higher life expectancy of females which can bakaited to education and better use of
health care services, relatively to the lower éipectancy of males which can be due to
a higher prevalence of unhealthy lifestyle behargou

The same conclusions are obtained with respecifeoekpectancy of elderly
people. Once more, our findings suggest that fanam education and consultations are
the most significant factors, while for men peritajncome and alcohol consumption
are the major explanatory factors. However, siheelack of data does not allow us to
consider in our estimations the cumulative effeftendividuals’ lifestyles, we should
look to these results with some caution. At the esdgime, these results evidence the
need of more data concerning health conditions@¥tderly, allowing for international
comparisons.

Our study highlights the reversal causation effeatsthe main determinants
affecting population’s health, income level and &tion. Economic policies have to be
implemented aiming to improve the standards ofnliviand narrowing income
disparities. Income policies that reduce disparitiean have a direct impact in improving
health conditions and prolonging life expectancgu&ation policies are crucial with
this respect affecting both income and health impneents and this has been well
developed by the human capital theory. More eddcateople are wealthier and
healthier. Investing on the health sector with #w® to improve efficiency is very
important too and economically favourable, creatimgre jobs and economic activities
associated with the health sector. Finally, paide alter unhealthy behaviour (through
taxation, education and better information) areeseary for the sick of better health. It
is important to highlight the strong associatiotwsen health, education and income
with cumulative characteristics and the need toebbgv policies that tackle these areas
simultaneously.
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Annex 4.A.

Table 4.4 —Description of variables and data sources

Variables Description Source
Life Expectancy at birth (total) |Life expectancy at birth, total population, years GIE(2009)
= Life Expectancy at birth (femaleg)ife expectancy at birth, females, years OECD (2009)
(]
=]
§_ Life Expectancy at birth (males) |Life expectancy at birth, males, years OECD (2009)
3]
[a)] . .
Life Expectancy at 65 (females)|Life expectancy at 65, females, years OECD (2009)
Life Expectancy at 65 (males) |Life expectancy at 65, males, years OECD (2009)
Income Real GDP per capita (Laspeyres), RGDPL — dolagd@0 Hestoret al. (2007)
constant prices
Education Average years of education of population aged 25-64 Arnold et al. (2007)
-, |consultations Number of .contacts with an ambulatory care physidisided by OECD (2009)
s the population
«
(_% Tobacco Tobacco consumption % of population 15+ who arly daiokers OECD (2009)
o
>
= |Alcohol Alcohol consumption, liters per capita (15+) OECDQQ)
Tobacco (females) Tobacco consumption % of females 15+ who are dailgkers OECD (2009)
Tobacco (males) Tobacco consumption % of males 15+ who are daiykens OECD (2009)
< |Patents Number of patents per milion of inhabitants agéd®2over USPTO (2009)
c
(3]
g Health expend Total expenditure on health (per capita), US$ paseiy power pa  OECD (2009)
£ |Medical graduates Numper of stIUQent-s V\{ho‘ have graduated in medicora fmedical OECD (2009)
faculties or similar institutions
Notes:

Arnold, J.; Bassanini, A.; Scarpetta, S., 2007 o%abr Lucas? Testing Growth Models

Using Panel Data from OECD Countri€&gonomics Department Working Papéts.
5, http://www.olis.oecd.org/olis/2007doc.nsf/linkkoo-wkp(2007)52. Accessed 25

November 2008.

Hestonet al,, 2007,_http://pwt.econ.upenn.edu/. Accessed pdeBber 2009.

OECD, 2009. OECD Health Data 2009, http://www.oeagthealth/healthdata.
Accessed 12 September 2009.
U.S. Patent and Trademark Office (USPTQ), http:Mnuspto.gov. Accessed 11

October 2009.
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Health Factors as Determinants of Regional Growth
and Convergence. An Empirical Analysis for the

Portuguese Districts*
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5.1 Introduction

In this chapter our aim is to analyze the impachedlth conditions on economic
growth at a regional level in Portugal.

In recent years the Portuguese economy has faeegkitiforcement of two major
trends: the ageing of its populati8nand the desertification of thaterior (in-land)
regions. As most developed countries, Portugal bhas ageing society. Health
improvements and better quality of life allow peoph live longer; modern lifestyle and
increasing female participation in labour marketsdt to delay maternity and decisions
on the number of children. On the other hand areasing migration from thieterior
(less developed) to tHittoral (more developed) regions and from rural to urbaad!
(with higher job opportunities and better livingnciitions) has led to the desertification
of manyinterior regions (and mainly the rural ones, where poputais older and less
qualified), often described as “depressed regitns”

These trends have important consequences on thethgrpotentials of the
Portuguese regions. The systematic reduction ofptioportion of the working age
population in theinterior regions has negative consequences on the creafion
economic activities, demand is depressed andghas important handicap not only for
attracting business activities but also for invegtin basic infrastructures. On the other
hand, as people concentrate on large urban argae littoral there is strong demand
for public infrastructures especially on educat health sectors.

These economic disparities have important consemseon the access to education

and health care, two very important aspects ofbeeily. While there have been some

8 The ageing of population may be defined as theease over time of the share of people aged 65 and
over in the total population of a given area. Gitles definition, ageing depends not only on theréase

of the elderly but also on the decrease of youraplee In Portugal the share of population aged b a
over was 17.1% in 2006 against 14.9% in 1996. bdpminantly rural areas this share was 22.7% in
2006 (Eurostat, 2010).

81 Urban population has increased steadily in lasades: it was 29.4% in 1980 and 55.1% in 2005
(Campos, 2008). This phenomenon gives rise to mhajfenges to deal with, such as, the access to bas
infrastructures on health, education, transportust or environmental quality, necessary for a

sustainable growth of urban zones.

82 According to INE (2009), there is a significant dreigeneity in population density between urban
areas. Contrasting with tHigtoral urban areas, some capital districts of ititerior (Braganca, Guarda,

Portalegre, Evora and Beja) have a very low pojariatensity (bellow 100 inhabitants per km2).
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efforts to assure generalized access to primarysandndary education services in all
the Portuguese regions, which reflected in a redicf regional educational disparities
in the last years (INE, 2009), the same is not inu@hat concerns health care. In fact
the geographical distribution of health resourcesone important issue when we
consider health inequaliti®sand it can be a severe restriction to health eacess,
mainly to the elderly, to whom transport cost asacklof mobility are severe constraints
for health care utilization (Santana, 2000). Altbburelevant improvements were
achieved over the last years, and despite the taaivand equity goals of the National
Health Care System (NHY) there are still inequalities in health servickattaffect
people’s lives and their strength to be more pradecOne key finding of the WHO
(2010) report on the Portuguese health system ipeafoce that clearly illustrates this
situation is that life expectancy is shorter in libgs populated and less urban regions of
Portugal.

In what concerns human resources in the healthorsealthough Portugal has
already a number of physicians (per million inhabhi$) close to the European average
at the end of the period under analsiits distribution is far from being balanced. In
fact, according to Doorslaet al (2004), Portugal is one of the OECD countriesehe
access to doctors and to specialists is more diffidhis is a problem that does not
affect exclusively thenterior districts. The huge increase of urban populatias led
also to a shortage of family doctors on some Lisamas, Setubal, Oporto and Braga.
In fact one feature of the NHS is still the existef barriers to health care provided by
public services, with more than 700 thousand resggdeithout family doctor in 2005
(Campos, 2008).0n the other hand, the expectecematnt of many physicians will

8 However, it is important to note that health inelities may be caused by other reasons, different f
geographical ones. To better understand the nofithrealth inequalities it is worth mentioning thlaére

are different (health) equity concepts (Pereir®3)90ne possible definition refers to “equal raseg’
access for the same needs” and it takes place alhéme consumers, in all districts, have accesthéo
same services at the same cost, both in transpettand time loss. This definition implies a posti
discrimination towards those more disfavored, asguthat they will attend the health care they need
(Giraldes, 2002). Social gradients, income and afiloic are among the main determinants of health
inequalities (Graham and Kelly, 2004; Marmot, 2005)

8 This is the spirit of the Law 48/90, 24 August 138@1 the Law 27/2002, 8 November 2002.

8 According to OECD (2009), the number of practicistyysicians per million inhabitants in Portugal
was 3.42 in 2006, while the European Union (EU-d¥grage was 3.48 in the same year.
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make this problem more severe. As @ral (2008) point out, given that there is

evidence of a significant link between nationalregional health disparities and the

amount of medical resources, it is important teertbat, if physicians are scarce, access
to care will be more difficult for those with soelmonomic disadvantages (due, for

instance, to time and mobility costs).

During the period under analysis, and namely inrdoent past years, the closure of
several primary care emergency services was ortaeomost polemic government’s
decisions that caused a great displeasure amoafdopulation, justified by efforts to
reduce health expenses and to improve at the sameehealth care efficiency. To a
lesser extent the same has happened in some pratiaogls. Although these decisions
were motivated by efficiency goals and cost redunctpolicies, we may assume that
they would have consequences on the human cagftaleecy affecting regional
economic performance. The increasing returns tte snathese sectors (education and
health) can compensate the diminishing returnshysigal capital and lead to higher
growth, at least in the long-run analysis.

Having this in mind, and in line with the recenbgth literature, in this chapter we
intend to highlight the role of human capital (omoere in a broader perspective that
includes both education and health) as a conditgpfactor of regional growth. In order
to avoid omitted variable bias, physical capitabd amorkforce population are also
included in the growth regressions using a pania dpproach.

This chapter is organized as follows. Section 2dews some of the existing
literature on regional growth. In sections 5.3, thedel, the methodology and the data
used are explained, respectively. Section 5.4 ptesad discusses the empirical results
from the growth regressions. The final section daes the main findings and suggests

some policy recommendations.
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5.2 Literature review

Regional growth and the process of convergence mageived an increasing
interest since the eighties. Some pioneering workshis area are due to Aschauer
(1989) and Barro (1991) that tried to relate publieestment with economic growth.

Other well-known references on regional econommagin are Barro and Sala-i-
Martin (1992) that, using a neoclassical growth eidd study the convergence process
across 48 states of the USA, found clear evideh@anomic convergence; or Sala-i-
Martin (1996) that showed empirical evidence ofdibanal B-convergence across 110
countries (including the OECD sub-sample, stateb®flUSA and prefectures of Japan)
and conditionap-convergence was estimated to be close to 2% per ye

In what concerns Europe, the process of econontégiation and the goals of
economic and social cohesion justify the interesd the development of regional
policies with the aim to reduce regional dispasiti@/ithin this context, public policies
are important in achieving such goals not only witthe same country but also across
European regions.

Gonzalez-Paramo and LoOpez (2002) analyzed theiaeddip between public
investment and per capita income growth of the Bparegions for the period 1965-
1995. Private and different measures of human aathiit encompass health (public
investment in education, public investment in Hea#tnd the sum of both as a stock
variable) were used to explain regional growth.ngsan extended Solow growth model
and a panel data framework, the authors found dhahe estimates were consistent
with theory but human capital only has statistgighificant when it is approximated by
public investment in health or when it appeared asck variable (proxied by the share
of working-age population with secondary and caleggudies). They also found that
public investment in education is not significameixplain regional growth.

Similar results are reported by Riviera and Cur(@804) that also analyze the
Spanish regions to identify how the composition hefalth spending affects their
productivity over the period 1973-1993. Using agladata framework they found that
both education and health capital are not sigmfidga explaining the convergence
process between the 17 Spanish regions. Thesdsieasllthe authors point out, may
reflect the fact that the returns of investmenteducation and health infrastructures

emerge only some years later.
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Benos and Karagiannis (2009) studied the Greekagngr{iat NUTS3 level) for the
period 1981-2003 and analyzed the relation betwexkrcation, health and economic
growth using random effects and GMM regressiongirTampirical work shows that
health care resources (measured by the number dfcatedoctors) are important
predictors of regional economic growth. When thegineated growth equations for
poor and rich regions they found that while for poEgions health was more important
for growth than education, the opposite was truelfe richer ones. Taking into account
these results, the authors suggest that policy-rmagteould invest on education and
healthcare, proportionally more in education in leer regions and in health in poor
ones to enhance higher growth.

In spite of the existence of a broad literaturelyamag regional growth in Portugal
and economic disparities, most studies only comsitle traditional human capital
variable (education). Some recent studies includitds et al. (2005), Crespo and
Fontoura (2009), Martins and Barradas (2009) anki@ais and Antunes (2011).

Freitaset al. (2005) studied the impact of Portuguese domestiicies on regional
economic cohesion for the period 1990-2001 at NUTES2I. The authors notice that
during this period only Algarve and Norte regiomswg faster than the country average
(both in terms of gross value added per capitapardvorking age person). They also
evidence the strong asymmetries between NUTS2negio

Crespo and Fontoura (2009) analyzed the main fetgplaining the similarity in
productive structures at a regional level (municlpael). Their empirical results show
that geographical proximity, a common boundary,ilsinphysical and human capital
endowments, economic centrality and market dimengiay an important role
explaining the similarity in productive structurgsthis regional level.

Martins and Barradas (2009) studied the convergprmeess across the Portuguese
regions (at NUTS2 and NUTS3 levels) for the peri@95-2006. They highlight the
strong asymmetries across regions where Great mjsBeeat Porto and Peninsula of
Setubal (that correspond to 4.1% of the total am@®) responsible for 38.4% of
employment and 48.6% of gross value added in 2Z006.contrast betwedittoral and
interior is also very clear: according to the same authbedittoral (32.5% of the total
area) hosts 78.8% of the population and it is resiibe for 79.2% of employment and
83.6% of gross value added, in the same year.

Soukiazis and Antunes (2011) studied the convemggmocess across the 30
NUTS3 Portuguese regions for the period 1996-2Q6%ng a panel data framework
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and GMM regressions they found an important antissitally significant link between
regional economic growth and the employment shatee secondary sector but not in
the service sector. Trade and openness are alewanglfactors to explain regional
growth. The dichotomy betwedittoral and nterior is important for understanding the
persistence of regional disparitid#toral regions have better standards of living, are
more open to trade being more heterogeneous instesmper capita income.
Educational disparities are not significant betweke two groups of regions. The
authors emphasize the need to develop policiemgimai invert the deindustrialization
tendency by reallocating resources to industry masufacturing (tradable sectors) in
order to achieve higher regional growth in Portugal

In all the above studies health factors have nenbeonsidered in great deal to
explain growth. One of the reasons that may paKplain the lack of studies that
consider health capital for explaining regionalwito is the unavailability of data at a
regional level. Our study aims to fill this gap bynsidering 18 Portuguese distrféts
since this is the level recommended as appropioassalyze health related conditions

and inequalities (Oliveira and Bevan, 2003).

% portuguese districts correspond to health sulbnsgsee Figure 5ifh the Annex 5.A).
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5.3 Model, data and methodology description

The model

In this study we employ the MRW (1992) approacheggslained in section 2.5.1.)
that includes physical and human capital as thenmairces of growth. Human capital
is influenced by both education and health factbeg increase its productivity. The
model assumes increasing returns to scale steminunmgthe broader notion of human
capital that compensate the decreasing returndiygdigal capital accumulation as the
Solow’s model defined. Having in mind the need tmteol for individual effects
(Islam, 1995), we use a panel data set that inslatlehe 18 Portuguese districts (also
classified as sub-regions) over the period 199620¢here data is available for all
units.

The estimated growth equation can be specifiedlasfs:

Alny;, = bln(yi ‘t_1)+ C In(PopoveBSM )+ Cy In(Educatiori[t )+ C3 In(Empon‘t )+
+Cy In(Energy’t )+ Cs In(Birthi’t )+ Ce In(Prescriptior}’t )+ Cy In(Doctratiol’t )+ &y

(5.1)

where &, =, +U,, with & denoting the regional-specific effects or measmm

errors andu, referring to the idiosyncratic error term.

The dependent variabl¥i(t) is the annual growth rate of per capita incoméhef
districti at timet. Since we have no data on income at districtsl |leve had to make
some adjustments from the existing data for NUT&ans, as explained in the Annex
A.5. (Table 5.6);Popover6h represents the percentage of population with agangb
over on total populationEducation; is the transition/conclusion rate of secondary
school;Employ; is the number of employees that work on businetsbéshments of
districti; Energyy is total electricity consumpti6h (all sectors of activity) by district;

Birth;; denotes the number of newborns per million intzatg; Prescription, is the

87 A source of omitted variable bias can exist sida& on physical capital are not available at idtstr
level. To avoid this problem, total electricity samption is used as proxy for physical capitalha t
growth equation.
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number of per capita medical prescriptions; Badtratiq ; is the number of inhabitants

per doctor reflecting human resources devoted aftthearé®,

Data explanation and expected results

The first explanatory variable is the log of init@er capita income (lagged one
period) known as the convergence factor. If a negaand statistically significant
relation is established between the growth of agita income and its initial level then
the convergence hypothesis is confirmed meaningpihar regions grow faster than the
richer ones (Barro and Sala-i-Martin, 2004).

The standard growth regressions usually take intmunt the population growth
rate. Since one main demographic characteristtbePortuguese regions is the ageing
of its population (more pronounced in timerior and rural regions), it is pertinent to
evaluate its impact on regional growth. It is expda negative correlation between the
growth of per capita income and elderly populasarce this fraction stays out of work
and health expenses and social benefits are higitierrespect to this population. On
the other hand, the higher the elderly populati@nlower the fertility rate and this is a
serious handicap for the modern economies. Intamaltive specification of the model,
instead ofPopover6h we use the dependency ratidefpendengy), which gives the
proportion of dependent people (not at working ageler 15 and with 65 or more years
old) relative to economically active population ¢pee between 15 and 64 years old).

Employment is a factor of production and thus itync@ntribute to growth and
development. The number of workers on businesblegtanents is used to measure the
impact of employment on regional growth. These data available orQuadros de
Pessoaland the differences are once more significant eetwthelittoral and the
interior districts, as it is shown in Table 5.7 in the AxgeA. Job creation is higher in
the littoral (the more developed regions) attracting a sigamficoroportion of active
population. This employment factor captures noy dhé potential of labor markets but
also the dynamics of business activities in easkridi. As a proxy for physical capital

at the district level we used total electricity samption (all sectors of activity) by

% The description of all the variables used in oadel and the data sources are explained in TaBli5.
the Annex A.5.

90



district. We expect that botBmploy and Energy have a positive impact on regional
growth.

Another important factor strongly related with inoe is the access to education. It
is worth mentioning that educational asymmetriesiy at primary and secondary
levels) have been significantly reduced in the etades, as the statistics of INE
(2007) show. The success rate in secondary schagdad as proxy for human capital
qualificationd®. It is expected that the educational rate affqumisitively regional
growth as human capital theory predicts.

In what concerns the health sector, Portugal hadgens&rong efforts to improve
health standards through the NHS. Remarkable seeddte been achieved in the
increase of life expectancy and the reduction ¢drith mortality rate and Portugal is
among the top of the European countries with thet betes on this last indicat8r
Despite of the progress made in the health sestweral studies point out Portugal as
the country with more inequalities on the acceskealth care (Doorslaet al, 2004;
Looper and Lafortune, 2009), and the most recentONB010) report also evidenced
this problem. In our model, and having in mind thailability of health data at the
districts level, we use three proxies to evaludte $tatus of the health sector in
Portugal: () the birth rate, considered as a key factor olustasnable demographic
growth of a country in the long run, showing a sgadownward trend that makes
Portugal one of the European countries (EU-27) whih lowest birth rates (Eurostat,
2010); (i) the number of per capita medical prescriptiond ém) the number of
inhabitants per doctor. The impact of the secoraltheroxy on growth is dubious.
Higher medical prescriptions could imply betteatraeents and higher access to medical
care having positive effects on growth. On the ottend, it could mean a less healthy
population influencing negatively economic growffhe estimation approach will
identify the predominant impact. The third healtbyy (Doctratio) is a measure of the
availability of human resources in the health sectbe higher the ratio of inhabitants

per doctor the less are the medical resourcesaiaibnd the access to health services

8 Since data on scholar success rate in high sakoohly available at the NUTS3 level, the same
adjustments were made as with income per capitthéodistricts, explained in the Annex 5.A.

% |ife expectancy at birth has increased signifitaffom 71.4 in 1980 to 79.1 in 2007 and this isye
close to the EU15 average; infant mortality is ofithe most remarkable results achieved: in 1989 th
rate was one of the highest among the EU-15 cam(8i4.2 deaths per 1000 born), but in 2007 detline
to 3.4 that is below the EU-15 average (OECD, 20¥BO, 2010).
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is more difficult (especially for those with lowspcioeconomic status, as ©r al
(2008) note). It is expected that this variable daegative impact on growth.

In order to highlight socioeconomic disparitiesvibetn thanterior and thdittoral
districts, Table 5.1, Table 5.2 and Table 5.3 sunmeahe data used in the growth
model to estimate concerning the whole sample littegal and theinterior regions,
respectively. As can be seen, differences arefgignt between these two geographical
areas that justifies the estimation of two sepagetevth models.

Table 5.1— Descriptive statistics of the variables (18 Pguiese districts, 1996-2006)

Variable Observations Mean Deiit:t.ion V;iZECf;n Min Max
Income,,, 198 12.339 12.399 0.995 7.320 25.465
WorkagePop 182 65.80 2.606 25.249 60.9 70.7
Popover65 182 19.23 4.190 4.589 10.6 26.1
Education 198 64.69 3.584 18.050 55.48 73.41
Employ 198 144767.6 185608 0.780 11444 841178
Energy 198 1.59e+09 1.67e+09 0.952 1.25e+0 7.14e+09
Birth 198 9.76 1.624 6.010 6.5 13.7
Prescription 198 5.480 1.450 3.779 29 8.8
Doctratio 198 529.066 188.217 2.811 120 851

Table 5.2— Descriptive statistics of the variabléiti@ral districts, 1996-2006)

Variable Observations Mean Deiit:t.ion V;iZECf;n Min Max
Income,,, 110 13.836 3.779 3.661 8.189 25.465
WorkagePop 101 67.61 1.673 40.412 64.9 70.7
Popover65 101 16.50 3.067 5.380 10.6 21.3
Education 110 65.33 3.671 17.796 56.19 73.41
Employ 110 233363.1 210297.6 1.110 38801 841178
Energy 110 2.57e+09 1.68e+09 1.530 3.92e+( 7.14e+09
Birth 110 10.80 1.315 8.213 7.8 13.7
Prescription 110 5.457 1.350 4.042 3.6 8.2
Doctratio 110 457.190 203.623 2.245 120 761
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Table 5.3— Descriptive statistics of the variabl@stérior districts, 1996-2006)

Variable Observations Mean Deiit:t.ion V;i:\ECEn Min Max
Income,,. 88 10.604 1.629 6.510 7.320 14.510
WorkagePop 81 63.55 1.612 39.423 60.9 67.3
Popover65 81 22.62 2.637 8.578 16.5 26.1
Education 88 63.90 3.324 19.224 55.48 72.57
Employ 88 34023.27 16443.36 2.069 11444 85351
Energy 88 3.62e+08 1.82e+08 1.989 1.25e+0 9.57e+08
Birth 88 8.47 0.875 9.680 6.5 10.5
Prescription 88 5.508 1574 3.499 29 8.8
Doctratio 88 618.909 116.504 5.312 370 851

As the Tables above show there are sharp diffesebetveerittoral andinterior
districts. As we can see, tlerior districts show on average higher ratios of ageing
population, lower birth rates, lower levels of emyphent and per capita income and
face a more pronounced lack of physicians. Thergese analysis of the variables’
statistics also shows that education is one impbdanension where the asymmetries

are not relevant.
Methodology

There are several methods available to panel daitaaions, and the first step is to
decide whether fixed or random effects are moregpte. In our model the random
effects hypothesis is not a good choice becauassiimes that individual unobserved
effects are not correlated with the explanatoryiades, which is not a reasonable
assumption when we are analyzing regions with laggmmetries. Performing the
Hausman test we confirmed that the fixed effects model is thestrappropriate.

A problem with the estimation of the growth modsl|the endogeneity of the
regressors which is pertinent in the case of thgdd per capita income. Another source
of endogeneity is due to reverse causality betweeome, education and health, as
already discussed in previous chapters. If we igniois problem the obtained estimates
will be biased and inconsistent. According to Batdal (2001), the use of difference

GMM techniques avoids the problem of omitted vdealthat are constant over time

1 The Hausman statistics tests the random effectinsicfixed effects.
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(unobserved individual-specific effects) and sanestes will no longer be biased. On
the other hand, the use of instrumental variabllEsva parameters to be estimated
consistently in models that include endogenoust-tigimd-side variables even in the
presence of measurement error.

Having this in mind, we report results estimatimg tgrowth equation by fixed
effects and GMM as more appropriate to the dyngmaitel models. The comparison of
the results will show the dimension of bias andmsistency due to the endogeneity
problem.

Having observed significant differences between ithierior and thelittoral
districts we also want to implement two differestimations with respect to these two
distinct area¥. However, since this division results in a smailfnier of regions (small
N) and total observationd (s also low), GMM methods are no longer an op(idand
et al, 2001). When the time series are persistent &ednumber of time series
observations is small, the first difference GMMorly behaved because lagged levels
of variables are weak instruments for subsequest-differences. Therefore, in this
case we report results only from fixed effectsreations.

We used the Wooldridge test for checking the probté serial correlation in the
fixed-effects models and the null hypothesis obemdependence was not rejected. We
also performed a Likelihood-ratio test to check fiemoskedasticity which confirmed

not to be the case; therefore we report robustiatranerrors in the estimations.

92 As explained before, using this geographical ddteis almost equivalent to distinguishing between

rich and poor regions (with a per capita incomevatend below the country’s average, respectively).

94



5.4 Empirical results

We start our empirical analysis by presenting ibl&ab.4 the results from the
estimation of growth models at the district levelng panel data for the period 1996-
2006, emerged from fixed effects regressions (i three columns) and GMM
regressions (the last three columns).

The first aspect to notice is that the coefficientthe initial per capita income
(convergence factor) is negative and statisticgilipificant in all regressions and this is
evidence that a convergence process has been takicg across the Portuguese
districts.

In what concerns the fixed effects regressiongh wie exception oBirth;; (with
no statistical significance), all the explanatorgriables considered in the growth
regression have their expected sign and show tstatissignificance, except
Education;, andWorkagePoqp. It was not possible to establish a significanteation
between income growth and education although tarsable carries its expected sign.
This can be partly explained by the kind of infotima given by the proxy used for
education (transition/conclusion rate of secondschool), more quantitative than
qualitative. AlthoughWorkagePop has no statistical significance in Model (2), aad
it doesn’t add much explanatory power to modelsafid (3), we opted to report it for
allowing a direct comparison with the obtained GNVadults.
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Table 5.4— Growth regressions at the district level. Pala¢h, 1996-2006

Fixed Effects GMM
Variables
Model (1) Model (2) Model (3) Model (1) Model (2) Model3)
In(Y) -0.3277%* -0.3343** -0.3346*** -0.5468** -0.4243** -0.4466*+*
He (-6.054) (-5.333) (-6.849) (-5.175) (-4.295) (-5.556)
In(Education); 0.0167 0.045 -0.078
(0.301) (0.556) (-0.793)
* Ll
In(WorkagePop), 0.1016 1.4552 1.6850
' (0.301) (1.763) (2.159)
-0.1634** -0.1690**
In(Popover65),
' (-2.215) (-2.375)
-0.4674*
In(Dependency),
' (-1.777)
In(Employ) 0.0286 0.0294
' (0.64) (0.663)
0.1406%* 0.1263* 0.1443** 0.2643** 0.2013* 0.2190**
In(Energy); ,
' (2.614) (2.324) (2.766) (2.9) (2.081) (2.738)
In(Birth) -0.0344 -0.0071 -0.0358 0.2221*** 0.2004** 0.1886**
" (-0.870) (-0.188) (-0.915) (3.872) (3.233) (3.103)
- -0.0864*** -0.0961* -0.0840%* -0.0842% -0.0809*** -0.0877**
In(Prescription); ,
' (-4.430) (-5.740) (-4.731) (-3.801) (-3.350) (-4.080)
. -0.1218** -0.1305* -0.1207** -0.2707* -0.2517* -0.209*
In(Doctratio); ,
' (-3.629) (-2.857) (-3.629) (-2.569) (-1.955) (-2.032)
-1.0079 -1.39 -0.9986
Constant
(-1.235) (-0.729) (-1.228)
Number of districts 18 18 18 18 18 18
Observations 164 164 164 130 130 130
F test 14.69 22.77 16.89 10.98 9.86 10.35
R2 overall 0.00688 0.0018 0.00719
Hausman test Chi2(8) =5[L Chi2(8) = 47.47 Chi2(7) 43
Prob>chi2 0.000 0.000 0.000
Hansen test 10.57 7.38 8.9
Hansen p-value 0.158 0.287 0.179
AR(2) 0.786 0.767 0.804
AR(2) p-value 0.432 0.443 0.421
Notes:

The dependent variable is the annual growth rafgeptapita income.

Hausman statistic tests random effects against &tfcts. Hansen statistictest is the test of-@entifying
restrictions in the GMM estimation. AR(2) is theefiano and Bond test for second order serial aatetztion in

first differences. Numbers in brackets are t-ratits p<0.01, ** p<0.05, * p<0.1

As Table 5.4 shows, the most significant factorfeaing districts’ growth are

related with energy consumption (proxy for capé#taick) and health factors (significant

at the 1% level). As expected energy consumptiopositively related to districts’

growth, showing that a 1% increase in energy compsiem contributes to 0.14%
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increase in regional growth, all other things beingstant. As we explained before this
variable aims to capture the effects of potentisdibess dynamics on growth, which is
confirmed in this regression. In the absence ofadah capital stock, energy
consumption can be considered a good proxy, high$pciated with the accumulation
of investment goods. Per capita medical prescngtibave a negative impact on
districts income growth (with elasticity equal 1.09%) favoring the view that this
variable reflects a less healthy population whifflecis labour strength and involves
higher health expenses. In fact, this result isni@ with statistical evidence showing an
increase in the level of per capita medical presioms in Portugal, which contributes to
higher public health expenditure on medicatforThe ratio of inhabitants per doctor
also has a negative impact on growth (with elagtequal to -0.12%), as expected. This
can be taken as evidence that a shortage of huesmurnces in the health sector to
satisfy the health needs of the districts’ popolai has negative consequences on
growth.

As expected, ageing population also affects neglgtifsignificant at the 5% level)
the districts’ growth, being a serious shortcomargl suggesting that incentives are
needed to increase fertility and reverse the ageimglency of the population. Our
results show, that when the proportion of the paipoh aged over 65 increases 1%
regional growth decreases by 0.16%, all other thinging constant. According to the
OECD (2010), Portugal has th& 8ldest population in the world and this has negati
consequences not only on income, but also on thmutamarket efficiency and above
all on higher health and social costs.

In the GMM estimations we opt to exclude tamploy; variable since it had (once
more) no statistical significance and to avoidrgéa number of instruments. Instead of
using Popover6h, we opt to consider the ratio of the working agepydation
(WorkagePop), aiming to capture to some extent the impacthaf working force
potential availability (models (1) and (2)) andteahatively, the impact of an ageing
population (proxied by the dependency ratio) onareg growth.

GMM results also confirm the convergence processranthe Portuguese regions,
showing a higher speed of convergence (a commait iesGMM estimations). They
also highlight the importance of the energy constiwnpand the demographic structure
as good predictors of regional growth (althoughnigssome statistical significance in

% On this issue, see Europe Economics (2005) oroBamd Nunes (2011).

97



some of the models). In fact, energy consumptiod bimth rate positively affect
regions’ growth in Portugal. An important resultriotice, when comparing with the
fixed effects results, is that tH&irth;; variable gains explanatory power (at the 1%
level), pointing out once more the economic impaetaof the population structure in a
country’s performance. Portugal has one of the &bvertility rates of the EU-27 (1.33
in 2007 against an average rate of 1.55 in EU-@@oraling to the Eurostat (2010)) and,
as the INE (2011) statistics show, all over theqee2000-2009, the Portuguese total
fertility rate was below its replacement le¥eh all regions.

GMM regressions also confirm the negative impacpdscriptions and doctors
ratio on regional income growth. Regarding the gnipion variable’s marginal impact
and statistical significance, they are very similath that found in the fixed effects
regressions. With respect to doctors’ ratio, thegmitade of its impact on growth is
higher than in the fixed effects regression butsitgificance level is lower. There is
also evidence, from Model 3, of the negative impddhe dependency rate on regional
growth, which is an expected result. Since thdlityrtate in Portugal is very low, the
increase in the dependency rate is mainly dued@gfeing of the population. This trend
involves higher health and social security costsicivhaffect negatively growth

performance in Portugal.
Empirical evidence from the littoral and interioistticts
Table 5.5 presents separate growth regressionshéolittoral and theinterior

districts. The aim is to verify whether there aifedences in the growth processes

between these two main areas, lttieral being more developed than timéerior.

% A fertility rate of 2.1 is assumed as ensuringréy@acement of the previous generation and so aipw
for the population stability.
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Table 5.5— Growth regressions for ttigoral andinterior districts. Panel data, 1996-

2006, fixed effects regressions

Littoral Interior
Variables
Model (1) Model (2) Model (1) Model (2)
In(Y), -0.3460** -0.3275%* -0.5320*** -0.5377***
b (-6.234) (-7.169) (-5.792) (-6.182)
In(Educationy; -0.0356
(-0.593)
In(Popoveres), -0.1449 -0.1458 -0.3323
' (-2.057) (-2.079) (-2.210)
_ *k
In(Dependency), 0.4384
' (-2.829)
-0.0243 -0.0282 0.1485* 0.1133
In(Employ),
' (-0.423) (-0.495) (2.011) (1.664)
0.1434* 0.1393** 0.3619%* 0.3359***
In(Energy); ;
' (2.458) (2.415) (7.009) (7.739)
In(Birth) ., -0.0554 -0.0565 0.1256 0.1478
' (-1.369) (-1.405) (2.437) (2.911)
L -0.0765** -0.0811** -0.0532 -0.0610*
In(Prescription),
' (-3.794) (-4.368) (-1.601) (-2.008)
. -0.0715 -0.0731* -0.0104 -0.021
In(Doctratio);
' (-1.665) (-1.714) (-0.221) (-0.540)
-0.6304 -0.67 -6.4438*** -6.8027***
Constant
(-0.756) (-0.810) (-7.662) (-8.463)
Number of districts 10 10 8 8
Observations 91 91 73 73
F test 22 25.32 213.08 99.87
R2 overall 0.0134 0.0151 0.0038 0.00559
Hausman test Chi2(8) = 43.96 Chi2(7) = 45.0 Chi2(2p55 Chi2(7) =29.84
Prob>chi2 0.000 0.000 0.000 0.000

Notes:

The dependent variable is the annual growth rapeotapita income.

Hausman statistc tests the random effects agadast dffects hypothesis. Numbers in
brackets are t-ratio** p<0.01, ** p<0.05, * p<0.1

Our results evidence that the convergence facagigéd per capita income) is one
of the most significant for both groups of regioH®wever, the speed of convergence is
higher among the interior districts than in thral ones. Therefore, different forces
are in action to bring the economies closer to exlohr.

The energy consumption is another significant factahe distinct areas. Energy
consumption affects positively both areas, butriggginal impact and significance level

are higher in the interior districts.
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In what respects the employment factor in busiessablishments, it is shown to be
significant and positively affecting regional grdwbnly in the districts of the interior
(Model 1). It is important to notice that the sawsiable was not significant in the
regressions where all the districts were considered

These results also evidence that health factorg alalifferent role in the two
distinct areas. While for thigtoral districts the determining health factor is per tapi
prescription (with a negative impact and significarat the 1% level), for thaterior
districts the birth rate is the most relevant fadtt the 5% level) affecting districts
growth. This is an expected result, knowing that phoportion of elderly population is
higher and the birth rate is lower in timeerior. In spite of having significance only at
the 10% level, the prescription variable is alspantant in explaining regional growth
in theinterior area, with its negative impact on regional gro(itodel 2). As in all the
other cases, this result shows the harmful consegseof a less healthy population on
regional growth performance. Despite of the faet the doctors’ ratio has its expected
negative impact on regional growth, it is found#osignificant only in théttoral zone
(Model 2), the most populated area with higher sedcealth care.

Once more it was not possible to find any significavidence of the relevance of
the education variable. Although the results of skeparate main areas at the district
level are interesting, the conclusions should berpmeted with caution due to the small

sample size considered in these panel regressions.
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5.5 Chapter concluding remarks

In this chapter our main aim was to provide addaicevidence on the determinants
explaining regional growth in Portugal. Having ininch two main trends of the
Portuguese economy — the ageing of the populathchaastrong dichotomy between
littoral (the most developed regions) and therior (the “depressed” regions) — and
their consequences on the demand for public hezdte services, we estimated a
growth model that takes into account factors relate health care, in addition with
other demographic and economic determinants.

The estimation approach is based on panel regressii@t more properly control
for specific differences between the analyzed idistr Separate growth equations are
used to explain different growth performance oflitteral (the developed districts) and
interior (the less developed ones) with distinct socio-enunacharacteristics. GMM
estimations for the whole sample take into accahetendogeneity problem of some
regressors.

In spite of some data restrictions that conditioned empirical analysis and in a
certain way may weaken our results, we can stikenateresting inferences. Besides
the expectable significant impact of the convergefactor, we found that proxies for
the economic activity such as energy consumptiay ph important role in explaining
the districts’ growth process.

Our evidence also shows that demographic and hisaitbrs play a critical role on
regional growth. As expected, the ageing of popatatreflected by an increase of the
dependency ratio, has a significant negative impaategional growth and this impact
will be stronger in the long run if measures aré tagen to improve the fertility rate.
Therefore, policy-makers should pay much more #terto this issue. Reducing cost
strategies that affect fertility rates are not@éint and will be costly in the future. On
the contrary, incentives to increase fertility areverse the ageing tendency of the
population are urgent. Our results confirm a pesitand significant impact of an
increase in the birth rate on districts’ econonmavgh.

We also evidence that the availability of doctonsl ahe per capita prescriptions
(this last one can be seen as a proxy for populatioealth status) are good predictors
of regional growth. The higher ratio of inhabitatsdoctors reflects more difficulties
in accessing health care services and this is anmnproblem to most rural and more

isolated areas but also to the more populated wabeas. This result also points out the
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need to develop policies with the aim to assurachblasalth care to those who need
more. On the other hand, the significant and negathpact of medical prescriptions
(that affects especially tHetoral) can be taken as evidence of the “unhealthy” statu
the population and this should also be a matteontern.

Lastly, it was not possible to obtain evidence afkevant relationship between
district’'s growth and education. One explanationldde the adequacy of education
data. The other could rely on the fact that heattitus predominates in explaining

regional growth.
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Annex 5.A.

Figure 5.1— Portuguese districts

16

é_,_r“ 18 /B

Source Google’s maps.

NUTS2 Regions

Districts

Continent (sub-regions)
D) Braga
(2) Braganca
Norte 3 Porto
(4) Viana do Caste
(5) Vila Real
(6) Aveiro
(7)  Castelo Branco
Centro (8) Coimbra
(9) Guarda
(10) Leiria
(12) Viseu
Lisboa e Vale (12) LISbO&,‘
do Tejo (13) Santarém
(14) Setubal
(15) Beja
Alentejo (16) Evora
(17) Portalegre
Algarve (18) Faro
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Table 5.6— Territorial adjustment (approximation) betweestcts and NUTS3

Districts NUTS 1l
Aveiro Entre Douro e Vouga; Baixo Vouga
Beja Baixo Alentejo
Braga Cavado; Ave
Braganca Alto Tras-os-Montes
Castelo Branco Pinhal Interior Sul;, Cova da Beira; Beira Intei®ul
Coimbra Baixo Mondego; Pinhal Interior Norte
Evora Alentejo Central
Faro Algarve
Guarda Beira Interior Norte; Serra da Estrela
Leiria Pinhal Litoral; Oeste
Lisboa Grande Lisboa
Portalegre Alto Alentejo
Porto Grande Porto; Tamega
Santarém Médio Tejo; Leziria do Tejo
Setlbal Peninsula de Setubal; Alentejo Litoral
Viana do Castelo Minho-Lima
Vila Real Douro
Viseu Dao-Lafbes
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Table 5.7 —Descriptive statistics of the variables accordimgistricts, 1996 and 2006

Income Workage Pop Popover65 Education Employ Energy Birth Prescription Doctratio
1996 2006 1996 2006 1996 2006 1996 2006 1996 2006 1996 2006 6 192006 1996 2006 1996 2006
Interior (average) | 9.1562 11.8109] 63.99 63.50 20.69 23.7566.52 68.32| 26734.0p 39952.88 596583571 917741487 863 9 71.43.88 6.98 739.23 517.38
Braganca 8.1541 10.5609 64.80 63.%50 20{2 26 6606 6%.12 41144 20357 125468076 231805695 8.3 6.4 2.9 58 851 571
Via Real 8.0758 10.5133]  66.6( 66.3D 16.6 20/6 6501 67,62 1452 37662 178175920 338360996 9. 7.4 34 6|4 7B8 436
Castelo Branco 9.5325 11.700p 62.60 62.50 23.3 25.5 65.597.996| 37242 44873 349428323 546841774 8.p 714 1.1 107 530
Guarda 7.3197 10.259( 62.50 63.40 2216 252 68{19 68.00 624p0 33839 203166449 327864704 8.1 3.6 6.6 764 556
Viseu 8.1576 10.7886  65.3( 65.5p 17.1 2 62.p5 70|91 51400 10385 528867931 957234370 9.9 8.3 3.4 6.5 7Q7 566
Beja 10.6407 14.5098 63.6( 62.7p 21.6 2412 6552 68.90 18%4730116 276505031 431762568 8.1 7.9 4.3 7. 849 626
Evora 10.4379 13.0953 64.4 63.10 207 23|16 66/63 70.38 52941 42275 274500546 450391650 8.8p 8.40 5.p 82 612 484
Portalegre 10.9309] 13.0594 62.10 61.30 235 259 74.57 367.6 19465 25398 184535733 305490629 8.30 7.10 412 g1 686 370
Littoral (average) | 12.09419| 14.3846 67.7¢ 67.21L 15.00 .34 | 66.71 69.22| 193704.80 267137 2003754P94 3049841584091fL. 9.44 4.05 6.78 514.88 419.2
Braga 10.19590 11.5766¢  68.3p 69.70 10|6 12.7 7249 71.88 91690 268000 ( 1841433410 2537820902 137 10.2 38 6.5 700 551
Porto 12.0837 13.2468  69.7 69.50 11p 13(8 67(64 7126 58246 571325 | 3716860926 5445728882 - 127 10.2 3|7 g4 249 222
Viana do Castelo 8.1890 9.7473 65.50  65.F0 17.6 20.7 72.489.74 38801 59132 392262791 668472605 96 7|8 36 4.9 761 451
Aveiro 11.8973 13.1783 68.80 68.60 12.8 15[7 61.[78 71123 2685 226473 | 2164877601 3254429087 12)1 91 411 73 q47 551
Coimbra 10.8669| 13.5531 66.8)  65.70 178 2017 62|92  69.61 98177 107607 | 1458289688 2283418939 9.8 8.p 42 72 M1 124
Leiria 11.9400 | 14.4560| 67.2Q 66.49 16 18.p 62.y5 69|57 97355150834 | 1192663767 1953762464  10[7 9.p 45 77 7R9 651
Lisboa 19.6367 25.2232 69.6 67.20 148 173 68/80 69.16 66@13 841178 | 464431652 7144655171 10|19 13.2 1l g2 182 177
Santarém 11.5402] 13.2035 65.70  64.90 192 21.3 69.83  68.7104748| 120982 | 1034376306 1632298991 9.p 89 4(5 75 710 645
Settbal 11.2690|  12.9334 70.70  68.30 131 16.1 6464  66.73 02023 183243 | 2837157273 4233684733  10{7 11.2 .7 4.2 491 462
Faro 13.3232 16.7284 65.4 66.10 188 18|8 63]75 64.32 7547842596 755304658 1344143979  10.70 11.40 3|7 59 479 358
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Table 5.8— Description of the variables and data sources

Variables Description Source
Income, per capita income (thousand euros per inhabitafigtdd by CPI NUTS2, 2008=100) INED
Education | transition/conclusion rate of secondary school GEPE?
WorkagePop percentage of working age population on total exgtighopulation by district INE

Popover65 | percentage of resident population with age 65 ard on total resident population by distrjct INE

Employ number of employees that work on business estatgists by district MTSS®
Energy total electricity consumption (all sectors of aigtvby district DGEE"
Birth number of newborns per milion inhabitants by distr INE
Prescription| number of per capita prescriptions in district i DGS”
Doctratio number of inhabitants per doctor (registred inrkgpective professional order) DGS
Notes

(1) INE — Instituto Nacional de Estatistica (wwve.pt).
(2) Gabinete de Estatistica e Planeamento da Educa¢@&RE (www.gepe.min-

edu.pt).
(3) This data is available oQuadros de Pessoaht Direcdo Geral de Estudos,

Estatistica e Planeamente- MTSS (http://www.gepe.mtss.gov.pt). Accessed 3
December 2010.
(4) This data is available abirecdo Geral de Geologia e Energia DGE

(www.dgge.pt). Accessed 19 February 2011.
(5) This data is available &tireccdo Geral de Saude DGS (www.dgs.pt). Accessed
16 December 2010.

106



Chapter 6

Explaining the Interrelations between Health,
Education and Standards of Living in Portugal. A

Simultaneous Equation Approach*

* An initial version of this Chapter was presentedthe 14 International Network for Economic
Research Annual Conference, in Coimbra, in May 2042 are grateful to the participants for their

helpful comments and suggestions.

It is available as the Discussion Paper no. 062blished by GEMF, FEUC.
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6.1 Introduction

After the seventies the Portuguese economy hasteegd the most significant
reduction of infant mortality rate among the OEC®8uwtries. This indicator — that
measures deaths per 1000 live births in the fiear pf life — has fallen from 55 in 1970
to 3.3 in 2008, being at present one of the lowatts among the OECD countries
(OECD, 2011). Together with the decrease of pealnabrtality rates, the significant
reduction of infant mortality is a key factor toderstand the increase in life expectancy
at birth of the Portuguese populaffdamiccording to the OECD (2011) data, from 1970
to 2009 life expectancy has risen 12.8 years (fé@7 to 79.5 years), representing the
highest gain among the European Union (EU) cowtri€onsidering that life
expectancy is one of the most commonly used indlisab express the health status of
the population, we can assert that the Portuguepelgtion has achieved the most
significant gain in health status improvements miyithis period.

Although recognizing that these important healtbcomes cannot be dissociated
from the investment and strategies adopted in dadtth sector — in great part linked to
the creation of the National Healthcare System (NiH2.979 — there are other relevant
factors worth mentioning. In fact, in the past dlsatwo main events have contributed
significantly to the socioeconomic changes in Ryatuthe end of the dictatorial regime
in 1974 and the accession to the EU in 1986. Alentp health, the Portuguese
governments have assumed education as a prioritl these two factors have
contributed decisively to the improvements of ttendards of living. In this context,
we can assume that improvements in health and #docae strongly related with a
higher economic performance in this country throughcumulative causation
mechanism with expanding properties. There shoeldlstrong link with reciprocal
tendencies between health, education and economoevtly that explains the
improvement in economic performance in Portugakebdaon cumulative causation
characteristics that turn the growth process sgiading. Increasing returns to scale
generated in the health and education sector 4at Ie the long-run) can be a stimulus
to economic growth compensating for the decreastyns of physical capital. As the

endogenous growth theory states, a healthy humpitat#s the engine of economic

% See Figures 6.1 and 6.2 in the Annex 6.A.
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growth with externality effects spread-out over thirole economy improving labor
productivity and thus growth.

Having these potential cumulative causation charestics in mind, in this chapter
we aim to analyze the linkages between health,aducand economic performance in
Portugal. While there is a vast literature explgrthe reverse causality between these
three dimensions (Adanet al, 2003; Albert and Davia, 2007; Bloom and Canning,
2008, among others), the studies that highlightisosh evidence are scarce and, to our
knowledge, there is no empirical studies focusinghe Portuguese economy. By using
a simultaneous equation approach we attempt toigwoempirical evidence for
Portugal, highlighting and disentangling the bidiienal effects between education,
health and economic growth through a simultaneauston approach. In line with
Gregory’set al (1972) model, we propose a model that consistthersimultaneous
estimation of three main equatiorng: the health equation using infant mortality rate as
the health status proxyi) the human capital equation using the secondamylraent
rate as proxy for the education attainmgfiit) a standard augmented Solow-Swan
growth model as a proxy of standards of living. igsannual time series data from
1972 to 2009, we estimate the model Isjsand 3lIs to efficiently evaluate the feed-
back and endogeneity effects between the coreblasia

To do so, we structure the chapter as followshértext section we briefly analyze
historical achievements on health, education aod/ir performance in Portugal along
the period considered. In section 6.3 we presenitbdel specification, the data used
and explain the estimation methodology. In secighwe discuss the empirical results.
The final section summarizes the main conclusidribeochapter.
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6.2 Historical trends on health, education and economic

performance in Portugal.

Since the seventies a significant effort has beewento improve the health
standards of the Portuguese population. These weprents include the increase in life
expectancy, the reduction in infant and perinatartadity rates, the decrease in
mortality rates for specific causes and reductibpaiential years of life lost, among
others. All these health achievements are well omied® in national and
international statistics, showing a clear convecgeof wellbeing indicators in relation
to the average of OECD countries.

This remarkable progress in the health status wasid a great part, to the creation
of the National Health System (NHS) in 1979 thauasd the universality and equity in
the access to health care services. As Campos )2@@8s, “more and better health
infrastructures as well as more and better qudlifieman resources disseminated all
over the country, after the creation of the NHSremeesponsible for a strong equity
effect on the utilization of health care serviced &r an improvement on their quality”.

These improvements on the health sector have redgsenplied very strong
investments in several dimensions, such as infretstres, health equipment and human
resources. These investments made possible theafjeed access to public healthcare
services well illustrated by the evolution of satendicators: number of consultations,
acute care beds or average length of stay. The ewuailgualified human resources had
also an impressive evolution during the period uratelysis expressed by a notable
increase of the number of practicing physicians mamdges per million habitants (0.99
and 1.69 in 1972 to 3.8 and 5.6 in 2009, respdglie These investments
corresponded, along the period under analysis, t@ise of the total per capita
expenditure on health from 47US$ (measured in UB8hasing power parity) in 1972
to 2508US$ in 2008, with public expenditure havéngignificant role (28US$ in 1970
and 1632.6 US$ in 2008, respectivély)

This priority on the health sector is also wellleeted by the ratio of total
expenditure on health in relation to GDP: in 19'&2lth spending was 3.2% of GDP

% See, for instance, Barros and Simées (2007).
" The evolution of these (and other) indicatorsvisilable onOECD Health Datgseveral years).

% The source was OECD (2011).
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against 10.1% in 2088 In fact, the successive increase in health spend a
challenge that policymakers have to deal with & fiture. Although this problem is
common to other OECD countries, the lower growtte & the Portuguese economy
during the last decade justifies an increasing eonto control public finances and to
assure the sustainability of the social system.eitbeless, it is worth mentioning that
(as shown in Figure 6.3 in the Annex) the annuarage growth rate in health
expenditure per capita in real terms during the gasade was 1.5% in Portugal, clearly
below the 4.0% average growth rate in the OECD tasmfor the same period. On the
other hand, in 2009 the share of private experglitm GDP was already 3.5% in
Portugal, well above the 2.7% OECD average (sear&i§.4 in the Annex 6.A). Taking
into account the high income and health inequalftfehat characterize the Portuguese
economy, any health reform should emphasize theleity gains. As Campos (2008)
highlights, the main challenge that health sects to face is to control in a more
efficient way the expenditures in this sector.

In spite of the importance of all the efforts amyastments made in the health
sector, health outcomes are also the result ofrddwtors that simultaneously have
contributed to an important improvement of the gapon living conditions. Among
these factors, we can highlight the investmentasid infrastructures, like sanitation
and access to potable water, better nutrition amgsér conditions and, above all, the
generalization of the access to education.

In fact, it was only after a democratic regime tqbkce in 1974 that education was
really assumed by the policy makers as a prioignificant improvements in the
education sector were made, being direct and icitjréinked to health outcomes. As
evidence shows, countries with high literacy levelsd to have low infant mortality.
Moreover, it is important to note that the magngudf health inequalities can be
reduced by improving educational opportunities (kéabachet al, 2008; Rosa Dias,
2009; Cutler and Lleras-Muney, 2010)). On the otieerd, as Albert and Davia (2007)
refer, since schooling is a causal determinantcotipation and income, the effects of
education on health may also reflect its impacthensocioeconomic status.

The concern with education by the Portuguese govents was evident after the

seventies: low standards of living, high levelsilbferacy and a huge out-flow of

% The source was OECD (2011). See also Figure @fimnnex 6.A.
19 well documented by the WHO (2010).
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migration were very restrictive factors to econoévelopment that could not respond
to the increasing challenges of a higher integnat@ompulsory school first increased
from six to nine years and in 2008 it was extented? years. At the same time, the
educational system was extended to include pregpyirmstruction. Important reforms

were also introduced in the secondary and terBdncation system in order to improve
the educational standards in Portugal. Under th@gyef our analysis it was in the

secondary education system that the highest ennvlmeges’ happened. In what

concerns the tertiary education system there wasasignificant increase of degrees’
supply from both public and private institutionsainly after the eighties. The access to
tertiary education was extended all over the Porag districts, with polytechnic

institutions having a major role in this geogragphidistributiort®’.

Given that secondary schooling was not generale®dng a large part of the
working age population, other educational strategieere adopted more recently to
reintegrate this population into both the secondamy higher education lev&lé This
is at the same time a response to the increasied olea more qualified human capital
able to assimilate the new technologies. As a apresece, there was a strong demand
for secondary education that contributed to in@e#t®e gross enrolment rafid
However, despite the progress that was made fogeadccess in the schooling system,
the abandoning rate in the Portuguese educatioystéra is of great concern not
enabling to achieve higher educational levels.

In spite of all the efforts made in this sector,llweflected by the share of
education expenditure on GB® more qualitative achievements in this area are
somehow disappointing when compared with other tas results. According to the
2009 PISA report (OECD, 2010a), in the year 2008 Bortuguese students were
among the ones with the lowest reading performaincehe PISA’s assessment.
However, PISA’s 2009 results evidence a turninghpoi the Portuguese educational
performance. According to this report, Portugal was second country with the most

%1 For a detailed review and relevant statisticshenRortuguese educational system in the last 5&,yea
see GEPE (2010).

192«New Opportunities” and “Over 23” (respectivelyjeawo main examples of those measures.

19 The gross enrolment ratio (GER) provides a measfithe capacity of education systems. It is the

ratio of total enrolment, irrespective of age,te targeted population (UNESCO, 2011).
194 This share was 5.2% of GDP in 2008 (see Figurénftie Annex 6.A).
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important progress in sciences and the fourth adirgg and mathematics standards,
cited for the first time close to the OECD averaghis is a very relevant progress,
especially if we take into account the low socigewmaic background of a great part of
the schooling population.

The evolution of the educational and health sea®dearly a conditioning factor
of the country’s economic performance, mainly tigiothe role human capital plays to
enhance growth. St. Aubyn (2002) analyzes theieffay of the Portuguese health and
education sectors, providing evidence that can teegxplain the contribution that these
sectors have had on economic performance in thed&sades. In what concerns the
health sector, the author points out the existesiceome important inefficiencies,
meaning that the same expenditure level could r@sal better health, or, alternatively,
the same health status could be achieved by spgtels resources. The same study
also refers that the scarcity of some resourcesnergl practitioners, nurses or hospital
beds — and their asymmetrically distribution in giaphical terms may contribute to
reduce the efficiency in health care. Concerningcaton, the analysis must distinguish
the quantitative from the qualitative aspects. €héias been a very significant
investment in education that has allowed enrolmateis and school expectancy to rise,
attaining the average levels of the OECD countiissertheless, as the author refers,
when a more qualitative approach is used the educaterformance in Portugal
becomes much lower. These qualitative comparisansbe done both at the “stock”
level, when adults are considered, and at the '@&ion" level, when student
performance is assessed and compared internation@lbmparisons in two
international assessmetifsshowed that the Portuguese students were amohgst t
worst in every category.

Some studies that present empirical evidence omtpact of human capital on the
Portuguese economic performance in the last decanbbsde Freitas (2002) or Teixeira
and Fortuna (2003). Freitas (2002) analyzes thdugwn of economic growth in
Portugal for the period 1960-2000, showing thas ttiéevelopment was not uniform
during this period. However, considering the whodgiod, the faster economic growth
allowed the country to converge significantly te tstandards of living of the OECD

countries, with per capita income rising from 41.8%the EU15 average in 1960 to

19 The author uses the Third International Mathersatind Science Study (1994-95) and PISA 2000
results in his study.
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73.8% in 2008 Freitas (2000) also points out the importance edficational

attainment (measured by average years of schoadlatgtive to four European
countried®) on the convergence process, noting that, aftexanessive recovery in the
60’s and the 70’s, the more recent evolution is kadisfactory.

Teixeira and Fortuna (2003) in an empirical stuldgttcovers the period 1960-
2001, using VAR and cointegration methods, conftira important role of human
capital on the Portuguese economic performancehligiging the critical indirect
effects of human capital through innovation.

In a recent study based on the cumulative causatiogiple that covers the period
1965-2006, Antunes and Soukiazis (2011) showed dftar a fast recovery of the
Portuguese economy relatively to the EU partnerd tre OECD countries, with
economic growth rates exceeding the UE and OECDages (with an exception for
the 1983-1985 period), the Portuguese economicopeéance has slowdown since
2002, diverging from those countries. Accordinghe authors, the decline of growth
after that period can be explained, in a great pathe low productivity and the loss of

competitiveness in external markets.

196 Author’s calculations based on growth accountirgghuods.

197 The four countries are Spain, Greece, IrelandrortLigal.
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6.3 The structural model

Literature review

It is argued in this chapter that there may exismatual causation tendency
between income, health and human capital with fesezk and spillover effects that can
give rise to a cumulative causation process, wahlth improvements leading to higher
human capital accumulation and thus to a highem@wic growth. As already
explained in Chapter 3, the whole process can Beribed by a virtuous circle with
self-expanding tendencies where increasing retiarssales are at work stemming from
the health and education sectors. Health has de#etts on human capital and
economic growth due to better education and higheductive efficiency. On the other
hand, better education contributes to improve heatinditions. In what concerns
economic growth, as countries improve their ecomopegrformance they have the
capacity to invest more on education and healthices.

While there is a vast macroeconomic literature thestigates the several
mechanisms that link health, education and gromtfiné®, only few of the empirical
studies use system equations to account for thmieeactions. According to Fingleton
(2000), there are some difficulties associated withultaneous equation modeling that
can explain, at least partly, the lack of studigieg this methodology. A major problem
consists in deciding which variables should beté@as exogenous and which should
be treated as endogenous. Another problem is t@atbr specify a structural model
that is coherent both from a theoretical and eroginpoint of view. Our study aims to
fill this gap and provide consistent empirical @nde considering Portugal as a case
study.

One pioneer work in this area is due to Gregetyal. (1972) that developed a
multi-equation model to explain birth rates in theited States. Assuming that fertility
decisions depend on several socioeconomic fd€fprihe authors considered four
equations that describe the structural model: @)rth rate equation; (ii) a permanent

198 gee, for instance, Howitt (2005) or Bloom (2006).

199 Those factors are per capita income, educatianalie labour participation, unemployment rate and

the share of non-white population.
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income equatioft® (i) an infant mortality equation and (iv) anwtion for the female
labour participation. Using time series data fae geriod 1910-1968 andI® and 3ls
estimation methods the authors’ reported resuliblighting the large negative impact
of education both on infant mortality and on birélte; a positive impact of income and
a negative influence of the female participationlaimour market on the birth rate. It is
important to note that, in this study, althoughogruzing this is a critical issue, the
authors opted to consider education as an exogeraiable in the fertility, permanent
income and infant mortality equations. The reasothis choice is that they assume that
education is essentially a policy variable conaolby the governmeHt.

Other more recent studies include Fielding and &0(R005; 2005a). Fielding and
Torres (2005) analyze the determinants of the erosstry variation in the level of
development by modeling four dimensions — the lewklmaterial prosperity?
educational attainment, fertility and health — dtemeously. This approach allows
identifying quantitatively the impact that each tfese dimensions of human
development potentially has on the others. Using élam the World Bank based on
household survey for 48 countries, their empiricgdults show that the effects of
fertility rates on the other indicators of develapr have the expected sign and are
statistically significant, although the overall mégde is relatively small. A more
interesting finding of this study is that even smalprovements in health outcomes
have a large impact on wealth and education. Téssllt emphasizes the idea that,
taking into account the effects that health hashenother dimensions of life, investing
in basic health is crucial for promoting growth aselelopment. In a different work,
Fielding and Torres (2005a), proposed a simultasemuation model to describe the
development process. They considered four mainmbioas of economic development
— per capita income, education, health and inetyualio be estimated simultaneously.

Using the literacy rate as a proxy for educatiagrg of life expectancy as a measure of

110 Instead of per capita income, the authors estiragper capita permanent income equation because
they consider that family’s fertility decisions @gym more on its average income over a period aof tim

rather than on its current income.

1 However, this view is very restrictive since, astifity declines, parents are more able to corregat

resources in fewer children, increasing the prdigluf investing more in their education and hihalt

112 Their measure of wealth is based on a householéguecording each household’s possessions, so it
isn't a measure at the personal level but at thesdloold’s level. This approach also permits to Gvoi

references to purchasing power parities (PPP).
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health and the Gini coefficient for inequality, thathors apply 3sls to cross-country
data for 95 countries. Their empirical results shbat there is a correlation between

reductions in inequality and improvements in therneenic variables mentioned above.
Model specification

Our model specification inspires from Gregorgtsal. (1972) approach, assuming
three equations to estimate simultaneoug)ythe infant mortality rate (IMR) equation
as a proxy for health(ji) the secondary school real enrolment rate equaisoa proxy
for education, andii) the per capita income growth equation reflectimgstandards of
living of the Portuguese population. The three é&qua will be estimated
simultaneously to capture the interdependence amrdbifick effects between health,
education and income, the core variables of theeiod

The infant mortality equation is specified as fol&">

In(IMR), = &, +a,gy; +a,In(HSpenyl, + a, In(Nurse} + a; In(Fert), +a, In(EdY, +,
6.1)

In this equation we assume that the main deterrtsnaf infant mortality rate

(IMR) are: economic factors expressed by the angu@ith rate of per capita income

(gy)'** the financial and human resources devoted tatheate, approximated by the
per capita health spendinddSpend) lagged one perid®®, and the number of nurses

per million habitants Nurses, respectively; the fertility raté=ert) and education level
(Edu (measured by the real enrolment rates on secgnsignool) are additional
socioeconomic factors that are believed to exptdant mortality rate, too.

We expect that economic growth ensuring betterdstials of living has a negative
impact on IMR, corroborating with existing evidencguch as Preston (1975) or
Pritchett and Summers (1996). Per capita healthdspg and nurses reflect monetary

113 All variable sources and definitions used in owdel are given in Table 6.3 of Annex 6.A.

114 Gregoryet al (1972) used permanent income rather than petacamiome. Although this criterion

may be more pertinent in the IMR analysis, the laicétata enable us to use this variable in ourystud

15 The lagged value of per capita health spendifigsisfied by the fact that previous spending onlthea

assures mother’s health thus reducing infant nityrtal
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and human investment in health expecting to rediMé® too. We assume that nurses,
more than practicing physicians, play a criticderdelivering health care services to
mothers and children, mainly during pregnancy amdhie first months of life®. In
what concerns fertility rate, economic literaturephasizes that, as parents expect their
children to live longer they have fewer childrerdanvest more on them, providing
more education and health care services (Soar85).28aving this in mind, we expect
a positive relation between fertility rate and IMR.last, we also consider the level of
education as a determinant factor of IMR. There raemy studies that link gains in
education with improvements of child heafth This may be explained by a greater
consciousness (mainly by parents) of the advantageslopting healthier behaviors,
like hygienic habits or better nutrition.

In the health equation (6.1), the right hand sideables, education and growth of
per capita income are assumed as endogenous andt dan estimated by the usual
OLS method, since the estimates would be biasedranmhsistent. One of the simple
ways to deal with the endogeneity problem of thgressors is to use instrumental
variables but in this case we ignore the feedb#felcts of the endogenous variables and
the inter-linkages between them. In order to capthe cumulative causation effects
between health, education and income a systenmuafltsineous equations can be used
defining the determinants of the endogenous vasbl

Therefore, the second equation of the system isagdun defined as:

In(Edu), = b, + b,gy, + b, In(EduSpend), , + b, In(RatioS/T), + ¢, (6.2)

The dependent variable in this equation (which appas an endogenous regressor

in equation (6.1)) is the secondary school reablement rate that depends on economic
conditions like the annual growth rate of per capiicome @Y); financial and human

resources devoted to education, proxied by the attuc expenditure share on GDP

(EduSpend lagged one peridd®, and the ratio between the students in the secpnda

16 See Younger (2001) and Younger and Ssewanyand 2@t used similar specifications of the infant

mortality regressions on a macroeconomic perspectiv
117 See, for instance, Masuy-Stroobant (2001).

18 The same argument as in the infant mortality éqnatan be used here, that previous spending on

education will improve current enrolment rates.
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school and the number of teachers working in seamgnsthool™ (RatioS/7. All these
factors are expected to influence positively the & schooling with the exception of
RatioS/Tthat should be inversely related to secondary daleabenrolment rate.

The use of real enrolment rates as a proxy for &thrc in our study is explained
mainly by the fact that this variable was availafde a longer period of time. On the
other hand, the choice of the “secondary schookius to the fact of its pertinence
relative to other school levels. In fact, sevenaldges, such as Psacharopoulos and
Patrinos (2002) or UNESCO (2011), are consensuglointing out that the social
returns of investing in this education level arerensignificant than in higher education
regardless of the income level of the country. & same time, secondary school has a
crucial role in assuring the linkage to higher edion and in preparing many students
that go directly to the labour market. However, st®uld have in mind that it only
represents current flows of education. As Teixearad Fortuna (2003) note, the
accumulation of these flows is an element of huiceital stock that will be available
in the future.

An important factor related with education is in@nsecondary school was not
compulsory until recently (2008), and in spite abjic expenditure having a major role
in financing it, there are also important costspguped by families (including transport
costs, material expenses, parallel education cadts) that can be seen as extra
expenses for parents. This is particularly truemtiere are strong social inequalitf@s
as in Portugal. Having this in mind, instead ofome (or permanent income) we rather
use per capita income growth reflecting improvement standards of living in a
dynamic sense. Public spending on education ancgihugsources (teachers) employed
in the education system is also important for imprg educational standards.

In the education equation (6.2) (and also in theEtheequation (6.1)) the growth of
per capita income is an endogenous regressor ardfdhe this variable has to be
specified individually defining its main determinan

Therefore the third equation of our model is a gloequation of the Solow-Swan

type extended to include health and human caphaiware endogenous to the system:

19 This variable includes teachers that teach to @ass team at least and/or do support educational

activities in full or partial time.

120 Data on inequalities (Gini coefficient) was noa#able for a large number of years, which didwell

its consideration in our regression analysis.
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gy = ¢, + G, In(y),, + ¢, In(Employ, +c¢, In(K), + ¢, In(Edu), + ¢, IN(IMR), + ¢,
6.3)

In this equation, @Y, ) is the annual growth rate of per capita incomenae t; y;.1,

is the initial per capita income lagged one pefibEmployis the employed population
(in millions) at timet; K denotes the investment share on GDP as a proxghfgsical
capital accumulationEdu is the real secondary schooling enrolment ratd, &R the
infant mortality rate as defined before.

Equation (6.3) is the well-known growth equation iebh gives evidence on
conditional convergence associated with the endmgemgrowth theory. Convergence
will depend on the distance of per capita inconoenfits steady-state value, the higher
this distance the higher the growth will be. Acéogdto the endogenous growth theory,
there are increasing returns to scale stemming fiaman capital and innovation that
compensate the decreasing returns of physicalataphe growth process will depend
on these structural factors which are endogenotiset@conomic system. Having these
qualifications in mind we expect that employmeritygical capital and human capital
(education) will have a positive impact on growiliile infant mortality (as a proxy for

health status) will have a negative influence awgh.
Estimation Methodology and data analysis

We estimate equations (6.1), (6.2) and (6.3) byagidsls assuming that health
status (infant mortality rate), education (reakrat secondary enrolment) and income
per capita are simultaneously determined in theéesys This method of estimation
controls for the endogeneity problem of the regressand takes into account the
reverse causality between the core endogenoudlesiaf the system. It also considers
the error correlation between the equations canstg the system. Therefore it is the
most appropriate method to capture the cumulatawesation characteristics that turn

the system self-sustained.

121 The relation between the growth of per capita ineand its initial level is known as the convergenc

hypothesis with &0 (see Barro and Sala-i-Martin, 1992).
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The estimation approach covers the period 1972-20@8e Portuguese economy.
One important issue on time series analysis referthe order of integration of the
variables, where the existence of a unit root isatter of concern as time F —
increases. So, prior to the estimation of the model have to check the order of
integration of the variables. Performing the augmeerDickey-Fuller (ADF) and the
Phillips-Perron (PP} tests indicate that some of the variables (expresim
logarithms) used in the three equation system argstationary. However, in what
concerns the IMR and Education variables the t@stg in the limit of not rejecting of
the null hypothesté®. Therefore, we have to be careful in the integiien of these
tests, since one main criticism to Dickey-Fulled ahillips-Perron tests is that the
power of the tests is low if the process is statrgrbut with a root close to the non-
stationary boundary (which is often the case inneatic time series). On the other
hand, if the series has one or more structuralkisreaalso a common problem — one
might erroneously conclude that the series is natesary, while it is stationary with
structural breaks*,

122These tests consider in the null hypothesis thatriable contains a unit root, and the altereaisv
that the variable was generated by a stationarggs While Phillips - Perron test uses Newey-West
standard errors to account for serial correlatibe,augmented Dickey-Fuller test uses additiorgd laf

the first-difference variable.

123 performing the same tests to the variables indiffgrences — an usual procedure in time series —
confirmed that these transformed variables aréosi@ty and so we can conclude that all variables ar
integrated of order I(1). Therefore we can say thatvariables can be cointegrated — which meaatsath
linear combination of two or more nonstationaryiables is stationary (Jones, 1995) — and in thi ca
the model estimation in levels is valid. Howevée humber of cointegration vectors is unknown which
makes difficult to identify a valid linear combiat. Yet, if we consider an alternative specifioatiof

the model expressing the variables in their firftecences we solve the potential problem of non-

stationarity of the variables.

124 0n this issue, see McCullum (1993).
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Given the power limitations of the tests in thegec#fic circumstances and taking
into account the time period under analysis (190Q92, we opted to report the
estimation results of the model presented abovéh wie variables expressed in
logarithms?®.

When we apply 3sls to the system we also need gb thee validity of the
instrumental variables. The Sargan statistic igluseverify the validity of instruments
and the null hypothesis - that the instrumentsvahel, uncorrelated with the error term,
and that the excluded instruments are correctlyueed from the estimated equation.
However, since in the 2sls regressions we had toecbthe three equations for
heteroskedasticity and first order error autocatreh we report the relevant Hansen's J
statistic*?°.

Table 6.1 explains the set of variables used inréggessions and reports some
elementary descriptive statistics. Some of thealdeis are used as external instruments
in the regressions but they do not appear as ge$i.e.consultationk Analyzing
these simple descriptive statistics allows us teehan idea of the sharp differences
most variables show between the years 1972 and, 20@% minimum and maximum

values correspond in most cases to the beginniegaof the period”.

125\We also estimated the model using the variabldsgrdifferences. Nevertheless the results were not
satisfactory in terms of statistical significandeale estimates. Despite this, our empirical resfitim the
three equation model expressed with the variablegrowth rates showed that education plays an
important role explaining the Portuguese incomemtnoand, in turn, income growth is one important

factor of infant mortality rate.

126 7o correct for heteroskedasticity and first ermotocorrelation the optiortswv(auto)androbustwere
used in stata version 11. With these options S&gstatistic becomes Hansen's J statistic, which is
consistent in the presence of heteroskedasticily(fomn HAC-consistent estimation) autocorrelatiéior

more details on these testes, see Baual (2007).

127 The opposite is true for the variables IMR, and Fert
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Table 6.1— Descriptive statistics of the variables, 197220

Std.

Variables Obs Mean Deviation Min Max
IMR , 38 15.20 12.18 3.30 44.80
Endogenous Edu, 38 34.48 22.69 4.35 68.10
ay; 38 0.024 0.034 -0.086 0.106
Vi1 38 10679.22 3613.23 6226.9 15521.8
Employ, 36 4516.2 497.62 3694 5197.8
K, 38 25.78 4.00 15.51 32.47
Exogenous Nurses 36 3.04 0.89 1.69 5.11
Fert, 38 1.81 0.50 1.32 2.85
HSpend, 38 306.52 315.58 0.3 906
EduSpend,, 38 3.78 1.12 1.30 5.20
RatioS/Tt 38 13.9 4.06 8.75 24.31
Instrumental | Consultationsg 38 3.30 0.46 2.40 4.30

It is interesting to see the figures on secondatycation and infant mortality
(Figure 6.6, Figure 6.7 and Figure 6.8 in the AnreR&) showing the remarkable

improvement that has been made in these sectors.
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6.4 Empirical results

The three equation health-education-income modastamated by 3sls and the
regression results are shown in Table 6.2. As waaemed before this method of
estimation captures the important linkages and -tesdk effects between health,
education and income growth that generate cumelatausation tendencies leading to

higher economic growth.

Table 6.2— 3sls and 2slIs regression results of the healilcsgtbn-income system.
Portugal 1972-2009

3sls

Equations Explanatory variable s R? F-stat p-value
gy InHSpend.; InNurses  InEdu, InFert, Constant

InNIMR | 0.3494 0.0054 -1.7915%* -0,2527%* 0.6020%* 4.7896+0.993 043 0.000
(0.829) (0.224) (-15.365)  (-5.034) (2.841) (17.219)
ay, InEduSpend.; InRatioS/T, Constant

INEdu; | 05532  0.7827%*  -2.0265%* 7.4998%** 0.928 153.2 0.000
(-0.381) (3.276) (-6.543)  (7.064)
Iy InEmploy; InK, InEdu, InIMR, Constant

9Yt  [-0.4553**  0.3401**  0.1863** 0.0453"* -0.0488* 0.743 |0.769 27.06 0.000
(-9.168) (4.936) (9.647)  (3.580) (-2.609) (1.06})

2sls

Equations Explanatory variable s R? | AR(1) test?
ay, InHSpend.; InNurses  InEdu, InFert, Constant

InNIMR | 0.3441 -0.0012  -1.8196** -0.2573** 0.4699* 4.9514*40.994 ;2,2 586
(0.758) (-0.054) (-13.809)  (-4.478)  (2.358) (20.232) hiea0.2744
ay; InEduSpend.; InRatioS/T; Constant

InEdu, | .25730%  1.1650%*  -1.5464* 5.8378* 0.921  y2,=2.787
(-2.298) (2.184) (-2.090)  (2.316) p-value= 0.4256
Ny InEmploy; InK, InEdu, InIMR, Constant

9yt [-0.42657* 0.3228**  0.1779"* 0.0617* -0.0261* 0.5412 |0.79q  y2,=2.820
(-8.379) (5.211) (12.633)  (3.059) (-1.776) (0.82p) p-gal. 7277

Notes:

(1) The use of “robust” option gives Hansen statigtst rather than the Sargan statistic; Estimatefficien
for arbitrary heteroskedasticity and autocorretetiod statistics are robust to heteroskedastiniy a
autocorrelatior

Endogenous variables: (gihlMR;, InEdy

Exogenous variables: Iy INEmploy, INK:, INHSpenel, INNurses InFert, INnEduSpend, InRatioS/T,
InConsultations *** p<0.01, ** p<0.05, * p<0.1
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The obtained results are generally quite satisfgétoterms of the goodness of fit
and statistical significance of the coefficientsmire detailed analysis of each equation
shows that most coefficients present the expedtgdand are statistically significant
with some exceptions.

Having a closer look at each individual equaticgglth (infant mortality) is mostly
explained by human resources devoted to this séatonber of nurses), the education
level and fertility rate. These variables are hyghignificant at the 1% significance
level. These results collaborate with previous ifigd in the literature that the higher
human resources employed in the health sectorhentdigher the level of education the
lower the infant mortality will be. The impact ofitman resources is the one with the
higher magnitude and this result corroborates existing evidence on the role nurses
usually have in health care services related tt ada@re in the first year of life. A 1%
increase in the number of nurses is responsibld 8% decrease in IMR (all other
things being constant). If we consider that lowerat infant mortality creates a new
more healthy generation then investing more in humesources in the health and
education sectors is the right policy for improvstgndards of living. The fertility rate
is also in line with early findings influencing ptgely the infant mortality. Our results
predict that a 1% decrease in fertility rate indu€e6% decrease in IMR. As we
explained before, this result is justified by thaetfthat high fertility will force parents to
devote less economic resources to health and edicancreasing therefore infant
mortality. Parents having fewer children can investre in their health. On the other
hand, it is more likely that infant mortality withcrease when the fertility rate is high
since there will be a higher number of new borridebn. Therefore it is a matter of a
scale measurement. We also find that the educksi@h has a negative impact on IMR.
It is shown that every 1% increase in educatioelle/responsible for 0.25% decline in
IMR.

In the health equation it was not possible to famd/ significant impact of the
growth of per capita income or the per capita spgnon health sector (lagged one
period) on infant mortality. This can be taken aglence that what matters more in the
health sector are factors related to education lamshan resources than financial
spending which does not take into account its iefficy dimension.

In the education equation the most significant iocbtpeomes from per capita
spending on education and the students/teachex. @tir empirical results show that

(the lagged) per capita education expenditt@uSpengihas a positive impact on the
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secondary school real enrolment rate with staéisggnificance at the 1% level with
elasticity equal to 0.78%. This is an expectedItesnce more spending on education
will create better conditions in schooling incre@sitherefore the attendance rate.
Another variable with a significant negative impaat education at the 1% level is the
students/teacher ratio. It is shown that when tler&tio increases by 1% education
declines by 2.02%, therefore the relation is negétielastic. This is also expectable
since a lower ratio means more human resourcelanetlucation system that may
improve the teaching quality strengthening theipi@&tion level. It is also important to
note the teachers’ role beyond the classroom, stipgoother students’ activities.
Nevertheless, the growth of per capita income lmasarsignificant effect on schooling
attendance. These results reinforce the idea thialicposupport on education is a key
factor to educational frequency at this level adiba&chooling.

In the growth equation all variables have a sigaiiit impact and carry the
expected sign. The negative impact of the laggedcapita income is in line with the
conditional convergence hypothesis of the endogegoowth theory. In what concerns
the other factors explaining economic growth, oumpiical results highlight that
capital investment, employment and education imgnoents are of extreme importance
in the growth performance of Portugal, being atistically significant at the 1% level
and having their expected positive impact on growdith elasticity 0.32%, 0.18% and
0.06%, respectively. In what respects infant miytait evidences a negative and
significant impact on growth at the 5% level. Itsisown that a 1% decrease in IMR is
responsible for a 0.05% increase in per capitanmmegrowth rate. These are important
results reflecting that capital accumulation angkryyment are beneficial to growth and
that education (although in a quantitative pergpekts in fact one of the driving forces
of economic growth, supporting the endogenous drafory. They also evidence that
better health conditions (due to the reductionnfant mortality) endorse economic
growth.

Moreover, looking at the whole model we can say tina main link between health

and economic growth works through education.

127



6.5 Chapter concluding remarks

The main argument of this chapter was that theoalldhbe a cumulative causation
mechanism that explains the interdependence ardibleek effects between health,
education and economic growth. To capture theseiitapt linkages a simultaneous
equation approach was used defining the main detants of the core endogenous
variables of the system. The health-education-irecsgstem was estimated by 3sls, in
order to provide consistent estimates and handeptioblem of the endogeneity of
regressors. This method also considers cross-equadiror correlation capturing
important links between the core endogenous vasafihe results found fill the gap of
the lack of empirical evidence on this topic andtipalarly focusing on an individual
country, Portugal.

Regarding the health equation it is shown that humesources and education
standards are important determinants explainingréinearkable progress in reducing
infant mortality rate in Portugal. Fertility ratésa has a significant impact on infant
mortality collaborating with the idea that lowertflity allows parents to invest more on
children’s health and education. Therefore, hureanurces and socioeconomic factors
explain mostly the progress that has been maderiidal to improve health standards.

With respect to education equation, again humaouress (students/teachers ratio)
and per capita spending on education are the mgsbtriant factors explaining the
progress that has been made in the schooling eanblnihese results reinforce the idea
that public support on education is an importamcetive to improve the education
standards.

Physical capital accumulation, employment and eilutaare important factors in
explaining the growth performance in Portugal dmd ts in line with the endogenous
growth theory. Health factors (measured by infaottality) also play an important role
explaining per capita income growth. We also ob&iidence favoring the well-known
conditional convergence hypothesis. With respedhis, increasing returns to scales
should be at work stemming from human and healtpitadla compensating the
diminishing returns of physical capital.

In general terms our model specification and edtonaechnique are shown to be
useful instruments explaining the important initak&ges between health, education
and economic growth in Portugal, inducing a cunivgatausation growth process with

expanding tendencies.
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Annex 6.A.

Figure 6.1— Infant mortality rates, 2008 and decline 197080
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Figure 6.2 — Life expectancy at birth, 2009 (or nearest yeand years gained since
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Figure 6.3— Annual average growth rate in health expendipgrecapita in real terms,
2000-09 (or nearest year)
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Figure 6.4— Total health expenditure as a share of GDP, 2008earest year)
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Figure 6.5— Public and private expenditure on educatiorafblevels of education (as
a percentage of GDP, 2008 or latest available year)

I Public 0 Private

o - N w -~ o o ~ oo
T T T T T d

~&§$@Qﬁ$&§@%¢§é§%§&§@&@ﬁ@@@ﬂ%§@§@%%&&§@h&&@

Source OECD (2011b).
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Figure 6.6— Infant mortality rate, Portugal, 1972-2009
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Figure 6.7— Real secondary school enrolment rate, Porta§al2-2009
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Figure 6.8— Annual growth rate of per capita income, Porkut@72-2009
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Table 6.3— Description of the variables and data source

Variables Description Source
IMR Infant mortality rate: deaths per 1 000 live births OECD Health daf¥
Edu Real secondary school enrolment rate GEP éz); Pordatd”
y Real GDP per capita in 2006 constant prices Pordata
Employ Employed population (in milions) Pordata
K Investment share on GDP PWT 7.6"
Nurses Practising nurses, density per 1 000 population OEfealth data
Hspend Total public expenditure on health (per capita) Rad

Fertility rate: number of chidren that would berfbto each

woman at the end of her childbearing years ffikied¢hood OECD Factbook 206%;

Fert isti
! of her giving birth to children at each age wasdhgently OECD Cou.ntré)statlsncal
prevaiing age-specific fertiity rates profiles
EduSpend | Total public expenditure on education (as a peeggnbf GPD Pordata
RatioS/T Number of students per teatcher on secondary school Pordata

Consultations Number of cor_1tacts with an ambulatory care physidigided OECD Health data
by the populatio

Notes:

(1) OECD. OECD Health Data (several years), htipuit.oecd.org/health/healthdata
(2) Gabinete de Estatistica e Planeamento da E#@locac GEPE (2009),
http://www.gepe.min-edu.pt/np4/376.html.

(3) Pordata. www.pordata.pt. Accessed 5 Januarg.201
(4) Heston, A.; Summers. R.; Aten, B. (2011), Pé&World Table 7.0 (PWT 7.0),

http://pwt.econ.upenn.edu/. Accessed 3 January.2012

(5) OECD Factbook 2008: Economic, Environmental Sndial Statistics.

(6) OECD. Stat Extracts, Country statistical pexil http://stats.oecd.org/. Accessed 11
January 2012.
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In this dissertation we have focused our studyhenimportance of health factors
on economic growth which has become a central gurest the economic and political
debate in most developed and developing counffiess. increasing interest is directly
associated with the emergence of two main trends. i© the ageing of the population
which results in the decrease of the proportion wairking age population, a
phenomenon that several authors named as “the mitogueffect of demographic
change” (Bloonet al, 2010; Prettneet al, 2010). The other trend, also related to this
demographic evolution and with the epidemiologysition, is the increasing incidence
of chronic diseases. These diseases affect nottbhalglderly population but also the
working age population and they represent a buathehealth expenditure. On the other
hand they represent a serious restriction to actgefurther gains in life expectancy.
On the contrary, they make it possible to have kaneously economic growth and life
expectancy decline (Ruhm, 2000; Gertdtham and R20GR).

With this dissertation our main aim was to hightighe impact of some of these
tendencies on economic growth of the OECD countirea context of being important
constraints on economic growth (especially in theogean countries) and imposing
increasing pressure to adopt cost reduction psligrecluding in the health sector), we
consider that empirical evidence on the impact ehlth factors on economic
performance are crucial for policy recommendatidaving in mind that the inclusion
of health factors in the growth analysis impliegliidnal difficulties, namely at the
empirical level, in this dissertation we attempt goovide evidence derived from
methodologies that are more appropriate to deah w\lie complex interrelations
between health, education and economic growth.

The core idea of this dissertation is to analyzelitkages between health, human
capital and economic growth explaining the mechanterough which these three
dimensions act in order to generate higher livitagdards. This mechanism is based on
reciprocal interactions that generate a cumulataesation process of higher growth
with expanding tendencies due to increasing retafrsgales steaming mainly from the
health and education sectors. Our empirical evidesapports this mechanism
especially in the case of Portugal.

Having all these proposals in mind, this study stractured in a way to provide
empirical evidence that shows the importance ofthesdatus on economic growth in
conjunction with human capital qualifications assugnthat the interaction of both

favor the pace of economic growth.
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In Chapter 1 we presented a small introduction arpig the motivations,
methodology and organization of this study tryingrake clear its objectives and how
to deal with them.

The literature review is explained in Chapter 2uging mainly on two theoretical
streams, the neo-classical and endogenous growtlelsidNe begin by explaining the
human capital concept and how it has been develiopig economic growth literature.
Having in mind the complex interactions betweenltheaeducation and economic
growth, in this chapter we also explored the chiEntteough which health can affect
growth and we presented two alternative approatheseasure the impact of health on
the economy; the extended Solow Swan model (kn@axtheMankiw, Romer and Weill
(1992) model) and the Howitt's (2005) model (asilurstration of the endogenous
growth models). At the same time, the explanatibthe two approaches allowed us to
highlight some advantages of the extended SolownSwadel (namely its simplicity),
which justifies the preference for this approachhe subsequent chapters (Chapters 3
and 5). Nevertheless, it is important to note that simultaneous equation approach
developed in Chapter 6, by taking into accountdiulative characteristics between
health, education and income growth, captures great part the feedback effects
between these dimensions predicted by Howitt’'s $2@0odel.

In Chapter 3 our aim was to analyze the impact eélth conditions on
economic growth, using a growth regression fram&wdfe focused our attention on a
sample of 22 OECD countries which has the advantgdaving more reliable
available data. Since this group of countries hagh leducation levels, we were
particularly interested in establishing the mamké$ between education and health and
how these two dimensions are crucial to enhancetgrmm the OECD countries. In the
empirical analysis we have used relevant proxieshéalth and education that better
characterize this group of countries. In what comeehealth, we aimed to bring
evidence on three different dimensions — the hestlitus of the population, the health
care service and health care resources — beingaalthkee same time to describe some
important tendencies of the OECD health systemsa psoxy for education the patents
ratio was used, which is more adequate to captigbkeh levels of human capital
reflected in the innovation and research activitldaving in mind the problem of the
endogeneity of the regressors, we implemented almhata dynamic framework and
GMM estimation methods for the period 1980-2004.r Gindings suggested that

cerebrovascular mortality rate, average lengthtaf,number of physicians and acute
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care beds were the most significant health factiecting the standards of living of the
developed countries. These results are in line thibtse reported by Suhrcke and Urban
(2006), reinforcing the idea that analysing the actpof health on economic growth
needs to go beyond the use of the most common ntiamal factors. Nevertheless our
estimation results failed to evidence a statistgighificant impact of the education
factor when proxied by patents, in order to capthigher level of human capital
gualifications.

In Chapter 4 our main aim was to analyze the detemts of life expectancy
reflecting the health status of the populationhed OECD countries using data for the
period 1980-2004. Since developed countries facangortant challenge with the
ageing of their population, a relevant issue ideal with the determinants of the elderly
population. Therefore, we considered along withe léxpectancy at birth (total
population, males and females) also the deternsnainlife expectancy at 65 years old
for males and females. In spite of the existenca lafge amount of studies in this area,
only few overcome the endogeneity problem betweeome, health and education or
the existence of unobserved heterogeneity. In shusly we estimated a production
function for health of the OECD countries, for feriod 1980-2004, using a panel data
framework that allows for the endogeneity probleatmizen income and education. In
this perspective, we had to instrument these empbay variables to obtain unbiased
and consistent estimates in the regressions. Usin@ first criterion the statistical
significance of the correlations between the endogs variables and possible
explanatory variables, we performed statisticaltsteghat confirmed that total
expenditure on health (per capita), humber of nadgraduates per density of
practicing physicians (per 1000) and the patertis ¥@er 1000) assuming to capture
higher levels of human capital were valid instrutsen

In this empirical study we used different proxies health care resources than
those that have been used in similar studies aoy€dECD countries (such as health
spending, number of physicians, hospital beds).dped to consider the number of
consultations (per capita) as a good measure effantive use of the available human
resources represented by the physicians. In thys tlva health production function uses
the health care resources (measured by consulatisocio-economic factors (per
capita income and education) and lifestyles (tobacw alcohol consumption) as inputs
and life expectancy (at different ages, total papoh and according to gender) as

outpult.
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In what concerns life expectancy at birth, our amagl results confirmed that all
explanatory factors considered in the analysis @al@ehhe expected effect and they are
statistically significant. However, when we applidgte same analysis by gender we
obtained different results. While for women the meeterminants of life expectancy
were education and consultations; for men, incaatemhol and tobacco was shown to
be the most significant explanatory factors of éigectancy.

In what concerns the analysis of life expectancgga 65, data was only available
by gender. The obtained results reinforced the itl@a education and consultations
were the most important determinants of life exgecy for women, while per capita
income and alcohol consumption were the main factmplaining life expectancy for
men. However, lack of data does not allowed usawesicler in our estimations the
cumulative effects of individuals’ lifestyles (tadx and alcohol consumption) on their
life expectancy, so we should look to these reswiltis some caution. Nevertheless, our
empirical evidence, while different from that olotad by Joumardt al (2008), help to
understand the differences that still exist betwaates and females’ life expectancy.

In Chapter 5 our main aim was to provide a sinmalaalysis of that of Chapter 3 but
at a regional level for the Portuguese economyhWiis study we intended to provide
additional evidence on the determinants of regiagrawth in Portugal during the
period 1996-2006 testing the importance of heatiidrs on this process. In this way
our analysis was an effort to fill an existing gaghe literature on regional growth that
considers a broader notion of human capital.

Our empirical evidence showed that demographicreeadth factors play a critical
role on regional growth at a district level. As egfed the ageing of the population,
expressed by the proportion of population with 6§eand over and by the dependency
ratio, has a significant negative impact on rediagawth and this impact will be
stronger in the long run. In what concerns healtttdrs, our empirical results showed
that the availability of doctors and per capitaspretions has a significant and negative
impact on regional growth. These results refleat thhigher ratio of inhabitants relative
to doctors imply more difficulties in accessing lteacare services, which is still a
characteristic of the Portuguese NHS, reportedntecey the WHO (2010), while per
capita prescriptions may evidence a poor healtnsta the population.

In this chapter we also intended to highlight themehsion of demographic and
socioeconomic disparities betweltoral andinterior districts. When we differentiate

our analysis according to these two geographiadsawe found that there are distinct
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driving forces explaining their economic performanés expected, our results showed
that the energy consumption (as a proxy for physotapital), the birth rate and
employment were the factors with higher explanatooyver in the interior districts
having a positive impact on regional growth. Pggiteaprescriptions (as proxy for the
health status of population) have a negative impacgrowth. In what concerns the
littoral districts, we found evidence that energy consumnpfwith a positive impact),
the proportion of the elderly (over age 65) and gegrita prescriptions (with negative
impacts) were the major determinants of regionaiwgn.

We consider that the significant and negative inpdgrescriptions should be a
matter of some concern. It is well known that tleeti®yuese population shows higher
levels of medical consumption when compared witienEuropean countries and this
behavior has important consequences on the ecotftmygh the increasing burden of
public spending on medication (OECD, 2009a). Onatieer hand, assuming that this
variable captures a poor health status of the pdijpul, we may expect that this result
also reflects a loss of human potential at a regi@vel.

At the same time, our empirical analysis at a negjidevel for the Portuguese
economy highlights the urgent need to narrow thgmasetries betweelttoral and
interior areas. This is a necessary condition for a susdtengrowth and for the
improvement of the wellbeing and social inclusidrihee whole population. To reverse
the ‘depressing’ tendency that characterizes itfterior districts in general, it is
important to implement strategies that attract laikend investment to these regions. In
fact, as our study shows, the development of tdesects depends on the crucial role
played by physical investment, employment and it bate.

In Chapter 6 our main aim was to disentangle theptex interactions between
health, education and income through a simultanegusition approach, in line with
the model proposed by Gregagyal (1972). We believe that modeling in this way the
interaction between health, human capital and ircdims a manner to capture the
cumulative causation characteristics that turn gh@wth process self expanding. In
order to provide consistent estimates and to oveecthe endogeneity problem of the
regressors we estimated the three equations afyftem by using 3sls.

Our estimates show that the model used is usefulinerstand the linkages
between health, education and growth and it prevideidence that the main link
between them works through education. In what coscéhe health equation, our

results revealed that the major determinants o&ninfmortality rate were human
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resources devoted to health care (measured bys)uasd education. Fertility rate was
another important factor, reflecting the assocratoetween lower fertility rates and
higher investment of parents on children’s healtid @&ducation. In the education
equation, the students/teachers ratio and peracapénding on education are shown to
be the most important explanatory factors of tHeeting enrolment rate. These results
provide evidence that public investment on thiscational level is of an extreme
importance, contributing to a generalized accessetmndary education in Portugal.
Concerning the per capita income growth equatianfound that infant mortality rate
was also an important explanatory factor of theddads of living. Our results showed
that during the period under analysis (1972-2008ysmal capital accumulation,
employment and education were important factors explaining the growth
performance of the Portuguese economy.

In a global perspective, our dissertation corrotesrawvith the idea that health
matters not only at an individual level — as alseadidenced by many microeconomic
studies — but also for the whole economy. Takin iaccount many features that
characterize nowadays the health status of thelgigo, and mainly those of most
developed countries, our empirical evidence hidgttigthe significant and positive
(negative) effects of a better (poor) health statnseconomic performance. Better
(poor) health means a gain (loss) of human anda@u@npotentialities with important
consequences on economic performance.

Our dissertation highlights the important role bé tcumulative causation effects
between health, education and economic growth. &dhrc plays in fact a crucial role
in developing individual’'s psychosocial competesceand contributes to having more
favorable job and income opportunities. In a contéincreasing prevalence of chronic
diseases, directly related with unhealthy lifedyded so in a great part avoidable, any
health-prevention or cost-control strategies to baccessful must consider
simultaneously the two dimensions — health and &itue. On the other hand, health
status is also a key factor for better educatiatt@inment, allowing to explore better
job opportunities and, consequently, having bditeng conditions. Moreover, better
standards of living allow people to invest morehgmlth and education, which in turn
will have positive effects on economic growth. Thismulative causation process is
important for understanding the inter-linkages lestw health, education and income

able to generate a sustainable growth processexjianding tendencies.
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Our dissertation also highlights that there ar# stiportant difficulties in what
concerns the availability of data at a macroecordewel conditioning the empirical
research. This was particularly true when we watagutovide a more detailed analysis
— according to gender (in Chapter 4) — or at a ndtsaggregated geographical level —
in the case of the Portuguese districts (in Chapter

Our dissertation also points out several intergstines for future research. It
would be interesting, for instance, to investig#te mutual casual links between
education, health and economic growth using a regltiation model like in Chapter 6,
with more adequate health proxies rather thanrtfemi mortality used (life expectancy
or other index of health status) and extend thialysis to the OECD countries. It
should be also desirable to include in the systemesplicit equation for labour
productivity and measure the impact of health andhdn capital on it, specifying
therefore the cumulative causation process in @rmoomplete way.

In general, we consider that this thesis makesgaifgiant contribution to the
growth literature, analyzing the crucial role ofalth on economic growth and the way
that health interacts with human capital and incompirical evidence reported in this
study support this idea measuring the impact ofitheachievements on economic
growth and disentangling the complex linkages betwaealth, human capital and

standards of living.
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