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Abstract

The European Union is currently facing a seriouslpjem concerning the
occurrence of significant health inequalities obsst between particular
member states as well as within these states. &hitadtefforts are being made
to achieve an economic and social cohesion and rdtiction of health
inequalities between the EU regions is an importdement of this process.

This work is devoted to the study of the variatiarishealth status
(measured by life expectancy) across the EU regddUTS 1l level. We apply
existing tools developed in economic growth literatto study a mortality
convergence. Using the idea of unconditional cogeece model developed for
economic growth, we can confirm a decrease or meeeof regional health
inequalities. The main research hypothesis is #ewis: whether regions with
lower initial life expectancies have experienced thrgest increases in life
expectancies. To verify the hypothesis of betaergence we use spatial
econometric models which additionally allow to talke geographic dependence
among the surveyed regions into consideratione to the heterogeneity of the
surveyed spatial units we also verify the hypothefsihe club beta-convergence.
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1. Introduction

The issue of public health has been present irEtirepean Union since
its very beginning and has been gradually growmgriportance. Although the
average population health status has been imprawing continuous basis for
the last few decades, the differences in healtlustaetween the inhabitants of
various EU regions and between groups in the mastardageous and
disadvantageous social situation still remain sargil, and in some cases they
have even increased (Commission of European Contiesi2009).

Therefore, the European Union is facing a seriaeblpm consisting in
the existence of significant health inequalitieshbbetween its member states
and within these states. The differences in hestittus are influenced by several
socio-economic factors. The economic conditionsafthe living conditions in
various ways, which in turn affects the healthustat

To reduce health inequalities, the UE has undemntalogivities detailed in
the EU policy instruments - strategic documents lagalth programs. The most
important ones include:

» the Europe 2020 strategy (through the promotiba permanent economic
growth and social cohesion);

* the Together for Health" strategy: a strategjoreach towards the EU for 2008-
2013";

* the "Health for Economic Growth" program (2014200

e Communication from the Commission "Solidarity lealth: reduction of
health inequalities in the EU" (2009);

« EU cohesion policy.

The main goal of our study is an assessment aéistence of convergence
of health status across the EU regions. First, ppdyaeconomic growth theory to
study health status convergence using two framesairiconvergence studies: an
unconditional beta-convergence model and a twawegionvergence model for
a club-convergence process.

Secondly, we extend the conventional econometrigrageh for beta-
convergence model to a spatial econometric framlewbregional data are used
in regression framework, one has to take into ctmwation a spatial
autocorrelation (Anselin 1988, p.57; Fingleton 2088key et.al. 2006, p. 2).
Spatial convergence models allow one to take imimpant relations existing
between the analysed regions and the impact ofracylar region on the
neighbouring regions.
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Conclusions drawn from the conducted analyses mmayige guidance
and valuable instructions for the pursuance ofargi and health policies at the
EU level. Their practical application by relevanstitutions at the central (EU)
and regional levels could contribute to a better afsthe structural funds, to the
improvement of health protection systems and, altély to the improvement of
the health status of the inhabitants - especiallyhe regions with the most
difficult economic and social situation.

2. The literature review

A significant number of papers have been dedidatetudy regional income
convergence. The beta-convergence approach propgsBdrro and Sala-i-Martin
(1990, 1992) is the most frequently used one. Bat@ergence has been studied in
many papers. The convergence hypotheses were advagcSolow (1956) and
documented by Baumol (1986) and Barro and Xavikx-Sdartin (1995). However,
spatial econometric approach has been appliedjitmned convergence in recent years
(cf. Baumont et.al. 2003; Fischer and Stirbock 28@&ey et.al. 2006).

The issue of health inequalities, due to the grgwimportance of this
problem, is being dealt with not only in the EUipi@s and programs, but it also
raises interest among the scientists. From thet mbiiew of the EU cohesion
policy, growing regional disparities in public hibattatus lead to both theoretical
and empirical in-depth research. The issue of Imealequalities occurs quite
frequently in the literature. The population healtéitus is a complex and difficult
to measure category. One of the best widely availidlicators of public health
is life expectancy. To show that life expectanay lba modelled using the theory of
economic growth, there must exist close associaifohealth with income and
growth (Mayer-Foulkes 2001). The crucial study s tfield is Preston (1975)
paper, in which he has indicated that LE is padijicorrelated with income. For
instance, Barro (1991) has found life expectandicator to be an important variable
of economic growth model. Arora (2001) has founidtegration between economic
growth and health in 100-125 year time seriesdees advanced countries.

To analyse health inequalites some researches siggaa-convergence
approach based on a variance tendency (cf. Edwadi$uljapurkar 2005). Decrease
in a dispersion (e.g. measured by the standardta®vior variation coefficient) over
the period means that regions converge. In a eliffeapproach Gini coefficient is
used as a measure of dispersion (c.f. Peltzman 8W@Bis et.al. 2006).

In recent years we can also find some papers divotéhe reduction of
regional health inequalities with applying a beteneergence methodology. The
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topic of club-convergence has been explored by MBEgpelkes (2001). He

analysed convergence clubs in cross-country lifeeetancy dynamics. Life

expectancy was modelled in terms of physical andarucapial and technology,
the basic economic variables described by econgmuwth theories. On the
international scale also one can find researchtimaconvergence of the public
health status on the local level (G&chter and Tgairl).

One of the recent works, which is a contributionthe literature on
convergence in health status, is a paper by d'Adhial. (2012). Authors have
applied econometric tools commonly used in the envo growth literature to
assess the existence convergence across high-inroouméries. They used both
sigma- and beta-convergence methods.

From among the Polish researchers Jankowiak (28t€npted to assess
the convergence - only in relation to the healtbtgution systems in the EU
countries. Other recent Polish works explain thalwation of the European
Union regional convergence (see Markowska and S26GitR).

3. The database

We use data for the years 2002-2012 at the NUT&& for all European
Union countries. This data came from Eurostat &ed$TAT (Italian National
Institute of Statistics — data for Provinces of EarRomagna and Marche).
When choosing the spatio-temporal scope, one wakedby the criterion of
data availability and comparability. A period ofng longer than the indicated
one, would allow one to better determine the o@noe of certain trends,
especially those in the social sphere. Howeves thould impose a spatial
limitation on the analysis. Thus changes in the SlElassification (e.g. in the
case of Germany, Italy, and Croatia), and in paeic changes in the boundaries,
merger and separation of new subregions, were iatl@account by recalculation
of the variable values, according to the NUTS dfmsdion in 2010. Generally,
we examine regional convergence of 265 region8iBQ countries:

Austria (9), Belgium (11), Bulgaria (6),Croatia (¥zech Republic (9),
Cyprus (1), Denmark (5), Estonia(1),Finland (5)arkre (22), Germany (38),
Greece (13), Hungary (7),Ireland (2) , ltaly (2Lptvia (1), Lithuania (1),
Luxemburg (1), Malta (1),the Netherlands (12), bBgal (5), Poland (16),
Romania (8), Slovak Republic (4), Slovenia (2), i8pd6), Sweden (8), UK
(37). Some islands (e.g. French overseas Depam€anary Islands (Spain),
Madeira, Azores (Portugal) have been excluded.
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Figurel. Life expectancy at birth in 2002 and 2012
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(in years)
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Source: own elaboration based on the Eurostat@nAT data.
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The regional distribution of life expectancy (indwelected years — 2002
and 2012) is displayed in Fig. 1. The distributidrihe variable, as one can expect,
is spatially differential. The lowest values ofeliexpectancy are characteristic
particularly for the new member states: Bulgarimm@nia and also Poland,
Lithuania, Latwia and Estonia. Besides, we canssese clusters of high and
low values of the variable, which can indicate atisp autocorrelation process.

Figure 2. Life expectancy growth rate between 2002hd 2012

Growth rate (Y2012/Y2002)

[]o973-1
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M 103-1045
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) Sy, I -
Source: own elaboration based on Eurostat and 1Sdaa.
Generally regions with lower initial state for lisxpectancy (especially

some regions of Eastern Europe) have achievedegreateases. It can point to
a convergence process.

4. Methodology

Income convergence refers to the situation in whielatively poorer
regions grow faster than their rich counterparisitd strongest version (known
as absolute convergence), an implication of thigotiyesis is that, in the long
run, countries or regions should not only growlet $ame rate, but also reach
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the same income per capita. Convergence can betiooadl (conditional beta-
convergence) or unconditional (absolute beta-cgevee). Conditional convergence
implies that a country or a region is convergingtdocown steady state while the
unconditional convergence implies that all coustoe regions are converging to
a common steady-state.

To analyse the dynamics in health inequalities @&atyle methodology
for convergence analysis was used. The unconditfznanvergence model can
be formally expressed by formula (Kusidet 2013,4p49):

In {}_‘[rn+T'] = a + bIn(yin) + Usen o (1)

where:Yj, — the final level of log-normaper capitaGDP,; Y.t — the initial
level of log-normalper capitaGDP; T — interval between observations of the
dependent variable during the initial and finalryea

There is absolute beta-convergence when b is megatid statistically
significant, where b parameter is estimated as:

b=—(1—e"8T), )

To measure the speed at which the steady-statgppsoached it is used
a convergence rate given by:

In(1t+h)

B=——17, ®3)

Given the convergence rafe we can easily calculate half distance to steady
state (half-life) that may be obtained by the be@pven formula:

In2

hl=— L?, 4)

Adapted for life expectancy the absolute beta-cogesece equation, has
a following form:

n {3[r|:|+'T'] —a+ bi’ﬂ(ﬁim:} + Hiros04T (5)

5;:.q - life expectancy values in logarithms fenegion in initial year .
Sw-1 - life expectancy values in logarithms feregion in final year,;
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We consider two types of models with spatial intécas:
1. The case of Substantive Spatial Dependence (spagiahodel):

g= aS HpW(g +¢, (6)

where:W- (n,n) spatial weight matrix (euclidean distance-basgd%,(‘“':_';:)-

(n1)-vector of growth rate of life expectancy over the given tiperiod,
S — vector of observations on life expectancy véeiat logarithms in initial
year,p —spatial autoregressive parameteserror term.
2. The case of Spatial Error Dependence (spatial enoautel):

g =aS +g, @)

& =IWe +u.
8

where:g, W, Sare defined as beforg,—(n,1) is a vector of errorg,is an
autoregressive parameter in the error dependendelmo

European regions are different because of econamdcsocial level, the
differences are large especially between old amd Member States. When we
have a heterogenous sample, one need to clustenseg smaller group called
clubs. To test club convergence we estimate aadpagime model proposed by
Baumont et. al. (2003, p. 146) written as follows:

In (%) =a,D, +a,D, + b, D,In(s,.;)+ b,D,ln(s,.,) + ¢ )
e~N(0,0%,1)

where: O, D, — dummy variables describing two spatial regimes

previously defined. Pequals to 1 if regiom belongs to club A and O if

regioni belongs to club B. Pequals to 1 if region i belongs to club B and O if
belongs to club A;

(M] - life expectancy growth rate beetwen final yaad aitial year;

Fito

5;+p - life expectancy values foregion in initial year.
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5. Discusssion

In the literature there are several methods toyaeatonvergence clubs.
In the recent European convergence studies resgaralefine convergence
clubs with ESDA techniqués.This allows you to identify clusters of
neighbouring regions with high and low values & tlariable (“hot spot” and
“cold spot”). For instance, Fingleton (2003) usabgl indicators of spatial association
(Moran’s| statistic). Some researchers employ local indisgtdSA) (Baumont et.
al. 2006) such as Getis and Ord's (G*) statisge (Sischer/Stirbock 2006).

We use Moran’'sl statisitic to identify spatial regimes in the data
according to Baumont et. al. (2003). The statistidoran| coefficient (Moran
1950) is defined as:

N LEjwii 07 -7)

I = - 2
5 Lily—7*

(10)

where: whereN is the number of spatial units indexeditgndj, ¥ is the mean
of they variable,w; are the elements of the weight matrix W*, &ds the sum
of the elements of the weight matrig, = ¥, 3 ;w;;. The expected value of
Moran’sl is defined as:

E(D=- (11)

N-1

If 1 > E(l) we have positive spatial autocorrelatid-or our study area (265
regions) E(l) equal -0,0038. Values of the Mordrsgatistic are shown in table 1.

Table 1. Moran’s | statistic based on life expectary variable in all surveyed years

Year 2002 2003| 2004 2005 2006 2007 20p8 2009 2010 201012 2
| .618 .616 .640 .637| .638 .638 .626 637 .639 632633 .

Source: own calculations.

Moran’s | points to possible positive spatial autocorrefatim all
surveyed years. Broadly speaking, a positive Spatitocorrelation means that
high values of the variable are neighbouring higlues and low with low. The resuls
are clusters of regions: low-low values, high-higlues, low-high and high-low.

2 Anselin (1994) define ESDA (Exploratory Spatial thaAnalysis) as the collection of
techniques to describe and visualise spatial Hidions, identify atypical locations (spatial
outliers), discover patterns of spatial associafgpatial clusters), and suggest different spatial
regimes and other forms of spatial instability patsal non-stationarity.
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Figure 3. Spatial regimes in the initial (2002) |# expectancy by Moran’s scatter plot

Club A (H-H quadrant of Moran scatterplot)

Club B (L-L quadrantof Moran scatterplot)

Source: own elaboration based on the Eurostat 8féT data using euclidean distance-based
weight matrix.
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Figure 3 shows a spatial distribution of two defingpatial regimes —
Northwest regime (Club A) and Eastern regime (B)bThe 157 EU regions
are located in H-H quadrant of Moran scatterpl8trégions are located in L-L
guadrant and 49 other regions are of type L-H a#ld Which means no spatial
dependence. Since these 49 regions have been edcledr new sample
includes 216 regions which belong to the Club A{Hand Club B (L-L). We
noticed a polarization pattern across the EU regiarview of life expectancy.
This polarization pattern is strongly similar ta@me polarization between rich
regions in the north and poor regions in the sésgle Fingleton 2003, p. 131).

The next step was an empirical analysis beginnitiythe ordinary regression
model (5). Firstly we have estimated stationary ehbgt Ordinary Least Squares for
the entire sample (see first column of Table 1 €&timated coefficient b indicates
that life expectancy variable in initial year (Jas is significant with appropriate sign
on the coefficient estimate. It shows that betaremyence has taken place in the
period 2002-2012, which means regions with loweseloinitial life expectancy have
obtained the largest increases in life expectancies

Table 1. Estimation results of unfiltered stationay model

OoLS ML (lag/error)

coefficient  t-value coefficient z- value
a (constant) 0,48** 8,54 0,39**/0,65*** 5,36/7,99
b (INSy009 -0,10%** -7,97 -0,087%%/-0,14*** -5,29/-7,59
Mspatial error) 0,63*+* 5,66
p (spatial lag) 0,39%+* 3,03
converg. speed  1,05% 0,91%/1,6%
(annual)
half-life 66 (years) 76 /46 (years)
Diagnostic R°=0,19 R** = 0,22/0,27
measures Log likelihood = 932,36 Log likelihood = 936,7/943,9

AIC criterion = 1860 AIC criterion = -1867/-1883

Moranl| = 0,13***

LM (error) = 42,89***

Robust LM (error) = 45,12***
LM(lag) = 13,15**

Robust LM (lag) = 15,37***

*Significant at the level of 0,1; **Significant #e level of 0,05; ***Significant at the level of@L

Source: own calculations.
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Estimation of the rate of convergence is abovertgre per year and it is
below the standard convergence speed of 2 percen¢dional economies (see
Fischer and Stirbdck 2006). The Half-distance tgteady-state is equal to 66
years in this case.

In the previous step we found the evidence of apd&pendence in the
analyzed phenomenon. The presence of spatial auttaion can invalidate the
inferential basis by OLS. It can violate one of thesic assumptions of OLS
estimation — the assumption of uncorrelated erfischer and Stirbock 2006).
The diagnostic measure of the Molastatistic is highly significant, suggesting
a problem with spatial autocorrelation. Thus, wecht® estimate a convergence
model with spatial interactions. The results of Maxm Likelihood estimation
of the spatial lagged model (6) and spatial errodeh (7) are displayed in the
second column of Table 1.

ML estimation has given quite similar results wparameters equal -
0,087 (spatial lag model) and -0,14 (spatial emodel). Theb-parameters are
also significant and have a negative sign, whicto ise expected. As we see in
Table 1 both LM tests of the lag and error areifmant, confirming presence of
spatial dependence. Relative to OLS-estiamtes, $fimates have achieved a higher
log likelihood indicating a better quality of theodels with spatial dependency.

To distinguish between spatial error and spatigl feodel one can use
robust LM tests. Robust measures of both error kgd model are still
significant but the Robust LM (error) test has liighest value, which speaks in
favor of the spatial error model. In addition high@lue of pseudo-Rand
higher log likelihood show that the overall fit gfatial error model is better.

Given the previous two clubs of regions, we haviémeded the two-
regimes club-convergence model.

Table 2. Estimation results of two-regimes convergee model

Club A Club B
coefficient t-value coefficient t- value
a 0,86*** 3,99 0,63** 3,95
b -0,19%** -3,81 -0,147*** -3,76
conv. speed 2,11% 1,51%
(annual)
half-life 33 (years) 46 (years)
Global tests B-0,22
AIC=-1553,13

*Significant at the level of 0,1; **Significant #te level of 0,05; **Significant at the level of @l .

Source: own calculations.



Health Inatjties Across The European Union... 83

The results presented in Table 1 highly support vieev of two-club
convergence of health status in the European Umigions. In the case of Club
A (Western Europe) the rate of convergence is al2o¥% The associated half-
life is 33 years, which means that regions takey@&s for half of the initial
level of life expectancy and the club specific dieatate level to disappear. The
estimated convergence speed in Club B is equaltabhbu% and it is slower
than in Club A. The outcome is quite surprisingeaese regions with higher life
expectancy at the start obtain a higher speedmfergence. Broadly speaking,
the process of social convergence is stronger aithier regions.

Studies in the field of income club-convergenceigate quite contrary
conclusions (see Fischer and Stirbock 2006). Adngrtb these researchers the
estimate of the convergence rate of the initiathpner regions turns out to be
higher than the one of the club of initially weadthregions.

4. Conclusions

The paper investigated health convergence for terdgjions over the
period of 2002-2012. A beta-convergence processtdieen place in the EU
regions in the above-mentioned period. Regions Mitler initial life expectancies
have experienced the largest increases in lifectapeies. However, the process
has not been the same for all regions. Higher agevee speed is typical for
more developed regions (club A) located in the Iseutst Europe.

From an econometric point of view, a simple singlé description by
OLS method has proved to be misspecified. The levlublic health (measured
by life expectancy) in the EU varies spatially,wé tendency for the occurrence
of spatial relationships which needed to extendsesection data model to
spatial interactions.

Adaptation of the economic growth theories to pulblealth status has
proved to be successful. Some similarities betwherincome distribution and
life expectancy distribution across the EU regitiasve been confirmed. The
proposed beta-convergence method can be succgsgbplied to the access of
regional health inequalities.
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Streszczenie

NIEROWNO $CI ZDROWOTNE W $ROD REGIONOW UNII
EUROPEJSKIEJ: PODEJSCIE BETA-KONWERGENCJI

Unia Europejska stoi obecnie przed péman problemem, jakimgsznaczne
nierdwnaci zdrowotne ngdzy paistwami czionkowskimi oraz weytrz tych pastw.
Prowadzone ¢ dziatania na rzecz na egjania spojnéci gospodarczej i spotecznej, ktérych
waznym elementem jest wyréwnywanie nierdsinzdrowotnych porailzy regionami UE.

Niniejsza praca pfwigcona jest zbadaniu nierow§@ zdrowotnych (mierzonych
przecétnym dalszym trwanierycia) wrdd regiondéw Unii Europejskiej poziomu NUTS Il
W celu oceny konwergenciji umieraloiczaaplikowano wpracowane na gruncie teorii warost
gospodarczego namdzia. Zastosowanie modelu konwergencji absolutnegwpli na
stwierdzenie zmniejszaniagdd pogkbiania si regionalnych nieréwnigi zdrowotnych.
Gtéwna hipoteza badawcza brzmi: czy regionyzezyich poegkowych wartéciach diugdci
zycia dowiadczyly wikszych wzrostdw w oczekiwanej digyciycia. Aby zweryfikowa
hipotez o beta-konwergencji wykorzystano przestrzenne Imoelkonometryczne, ktére
ponadto pozwalgjuwzgkdni¢ zalenas¢ geograficzp wsrdéd badanych regionéw. Ze weagl
na heterogeniczrié badanych jednostek przestrzennych weryfikacji ammnldake hipotez
o0 beta-konwergencji klubowe;.

Stowa kluczowenieréwnaoci zdrowotne, konwergencja klubowa, beta-konwejgeregiony
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