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ABSTRACT

In the 1960s, endogenous growth theories revealed that human capital as much effect
as physical capital in economic growth. Then, it was focused on how to increase human
capital accumulation, and it was determined that first of all, education and then health
were two main components. There are a lot of studies in the literature trying to assess
the relationship between health expenditures and economic growth. In the studies on
the relationship between economic growth and health expenditures, which is the subject
of this study, it has been observed that economic growth is increased by health
expenditures generally, but there are some studies that show that it does not affect
economic growth even decrease. In this study, the relationship between health
expenditures and economic growth has been examined for OECD countries, including
Turkey, with two different methods: dynamic panel data analysis and non-linear panel
data analysis. In these methods, firstly, the relationship between health expenditures
and economic growth is examined, then the other components of economic growth that
are generally accepted in the literature, such as capital accumulation, total factor
productivity and the democracy index, whose effects on economic growth are
discussed, are included in the model to determine the effect of health expenditures on
economic growth has been studied.

Key words: Economic Growth, Health Expenditures, Non-Linear Panel Data
Analysis
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EKONOMIK BUYUME VE SAGLIK HARCAMALARI ARASINDA
LINEER OLMAYAN PANEL VERi ANALIiZi

0oz

Beseri sermaye birikiminin ekonomik biiylime {izerinde en az fiziki sermaye birikimi
kadar 6nemli oldugu 1960’1arda igsel biiyiime teorileri ile ortaya konmustur. Ardindan
beseri sermaye birikiminin nasil arttirilacagi lizerine odaklanilmig, Ocelikle egitim
ardindan da sagligin iki ana bilesen oldugu tespit edilmistir. Literatiirde ekonomik
biliylime ile saglik harcamalarinin iligkisi iizerine bir¢ok ¢alisma mevcuttur. Bu tezin
konusu olan saglik harcamalar ile ekonomik biiyiime arasindaki iliski tizerine yapilan
caligmalarda genellikle saglik harcamalarinin ekonomik biiylimeyi artirdigi goriilmiis
olsa da hi¢ etkilemedigi ya da ekonomik biiylimeyi diisiirdiigiine dair ¢alismalar da
mevcuttur. Bu ¢aligmada saglik harcamalari ve ekonomik biiyiime iliskisi Tiirkiye nin
de i¢inde bulundugu OECD iilkeleri i¢in dinamik panel veri analizi ve non lineer panel
veri analizi olmak iizere iki ayr1 yontemle incelenmistir. Bu yontemlerde oncelikle
ekonomik biiylime ve saglik harcamalar1 arasindaki ikiski incelenirken, ardindan
ekonomik biiylimenin literatiirde genel kabul gdren diger bilesenleri olan sermaye
birikimi, toplam faktor verimliligi ve ekonomik biiyiime {izerinde etkisi tartigilan
demokrasi endeksi gibi bilesenler de modele dahil edilerek saglik harcamalarinin
ekonomik bilylime iizrindeki etkisi tespit edilmeye ¢alisilmstir.

Anahtar Kelimeler: Saglik Harcamalari, Ekonomik Biiyiime, Lineer Olmayan Panel
Veri Analizi
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INTRODUCTION

In this study the relation between health expenditures and economic growth has
been examined for OECD countries, including Turkey, with five different methods:
panel data analysis, structural break panel data analysis, panel causality test, dynamic
panel data analysis and non-linear panel data analysis. In these methods, firstly, the
relation between health expenditures and economic growth is examined, then the other
components of economic growth that are generally accepted in the literature, such as
total factor productivity, capital accumulation and the democracy index, whose effects
on economic growth are discussed, are included in the model to determine the effect of
health expenditures on economic growth. has been studied.

In addition, although there are studies on the optimal level of public expenditures
in the literature, it has been observed that there is no study on the optimal level of health
expenditures in OECD countries, and it has been tried to calculate at which health
expenditure level the economic growth will be maximum. In addition, while it is almost
agreed in the literature that physical capital accumulation, total factor productivity
positively affects economic growth.

It is thought that democracy’s effect and health expenditures increase growth by
increasing human capital accumulation and reducing income inequality, as well as
increasing the ratio of public consumption expenditures to GDP and preventing
physical capital accumulation and reducing growth.

Therefore, in this study, although their effect on economic growth is
controversial in the literature, these two variables, which are thought to increase
economic growth by increasing human capital, will be added to the model and how
much they contribute to economic growth besides total factor productivity and
accumulation of physical capital which are agreed as the main elements of economic
growth, are analyzed.

1. ECONOMIC GROWTH CONCEPT

According to another definition, economic growth is defined as the increase in
real output per capita (Economic, 2005: 55, Karluk, 2005: 55), as the economy grows
and the production capacity of the economy increases, more goods and services are
produced.

Economic growth can be explained as the expansion of goods and services
production capacity. In other words, if the production possibilities of the country are
shifted to the right in a production possibility frontier, it can be said in economic
growth, as seen in Figure 1.
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Figure 1: Production Opportunities Curve
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2. HEALTH EXPENDITURES AND ECONOMIC GROWTH
RELATION

Most of the economists have a common view that the high level of health of
countries affects the development of the country positively (Karagiil, 2002: 72). There
is a direct impact of health, income and prosperity of the countries, labor productivity,
demographic and human capital factors (Taban, 2006: 33).

Developed countries can allocate more from the Gross Domestic Product (GDP)
for the protection, development and treatment of human health that is the main element
of economic growth. In a sense, health investments are considered as "productive
investment" (Tokgoz, 1981: 503).

Developments in health and education services affect the production function
and raise the level of labor services. When the workforce is healthy, less time is wasted
and more effective efforts are made. It is also a fact that healthy labor power will make
a significant contribution to a rapid economic growth (Talas, 1972: 80).

It should not be forgotten, however, that the level of health is also important for
the person to be able to receive education and economic activities. In this direction,

health and education should be evaluated together in the human capital stock (Karagiil,
2002: 70)

Theoretical discussions on economic growth literature focus on the role of
human capital in the economic growth process (Cetin and Ecevit, 2010: 166). Because
human capital is a source of economic growth and health is the most important
economic component of human capital, a cause of health and economic growth is also
considered as a reason for health (European Commission, 2005: 20).
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In the literature, causality relation between health expenditures and GDP is
explained by four different hypotheses. Among these are the hypothesis that health
spending positively affects GDP (Mushkin, 1962: 129, Hansen and King 1996: 135,
Bloom and Canning 2000: 1209, Groosman 1972: 223, Newhouse 1977: 5, Foo Tang
2011: 199). In this hypothesis, there is a one-way causality from health expenditures to
GDP. The second is the hypothesis that health spending affects not only the positive
growth of growth but also the growth of the health sector (EImi and Sadeghi, 2012: 88,
Mehrara and Musai, 2011: 103). Here, two-way causality from health expenditure to
GDP and from GDP to health spending is discussed. The third hypothesis is that health
expenditures do not affect GDP. In other words, there is no causal relationship between
two variables in this hypothesis. The last hypothesis assumes that health expenditures
negatively affect GDP (Akar, S., 2014: 312). There is a causal relationship between
health and income. Rural health expenditures of the countries, health expenditure of
the society and health of the society can affect the productivity of the country. This
relationship can be bi-directional as well as health-conscious or health-conscious.
Although these divergent forms differ between countries, the causality relation can be
observed in both countries in different income groups (Erdil and Yetkiner, 2004: 702).

The province of these studies, Groosman (1972) did not work is done. According
to this study, the health service expressed as fixed capital stock positively affects output
growth. Spending on the health sector encourages economic growth as a type of
investment. Newhouse (1977) suggests that GDP at national level is a positive
influence on medical care.

Mushkin (1962) pioneered the study of health as an important catalyst for
economic growth and economic growth, followed by a number of studies investigating
the relationship between health spending and income in the literature. A large part of
these studies [Newhouse (1977), Parkin et al. (1987), Wang and Rettenmaier (2007)
and Hartwig (2008) show that both variables have a positive correlation (Tang and
Ch'ng, 2011: 6814).

Jones (1990) dealt with public expenditure in the United States between 1964
and 1984 by means of a model of imbalance between public expenditure and economic
growth variables. Other expenditures, which health and transfer spending reduce by
economic growth, have reached the result, in particular expenditures incurred by local
governments, to encourage growth.

Kelly (1997) reached the conclusion that between 1970 and 1980, 73 countries'
health spending did not make a meaningful contribution to economic growth.

Base and Snow (2003), from 1971 to 2000 for the period between annual data
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using in Turkey in the distribution of public spending (education, health, social security
and infrastructure spending) was investigated using the co-integration approach, the
effects of economic growth. Econometric results of the analyzes showed that the effect
of infrastructural expenditures is statistically insignificant and the effect of growth of
health expenditures is negative, while the effect of education and social security
expenditures on economic growth is positive.

Tan et al. (2010) representing a correct relationship Keynes public expenditure
to national income from their work in order to test the hypothesis for Turkey's economy
in 1969-2003 period; has identified the existence of a causality relationship from
infrastructure spending to gross domestic product.

Nelson and Phelps (1966) and Romer (1990) defined the interdependence
between per capita income and health expenditure in models of internal growth. Health
spending contributes to economic growth by developing human capital, and at the same
time, the growth of economic growth can be led to human capital investments to
achieve a chain growth.

Ak’s (2012) study that was done with health expenditure in Turkey showed there
was not a short-term relationship between economic growth, but has determined that a
relationship in the long term.

Ucgan and Atay (2016), the study covers the period 2006Q1-2014Q4 they analyze
the relationship between the growth of health expenditures in Turkey and have
determined that the run relationship between variables.

Kiymaz et al. (2006), the relationship between health spending and economic
growth in Turkey 1984-1998 period for their study addressed using the Johansen
cointegration analysis, private health spending and Gross National Product (GNP) to
include that of a cointegration relationship and per capita GDP than medical expenses
one-sided relationship.

The impact of health expenditure on economic growth, which is one of the
important indicators of health, is multifaceted and long-lasting (Taban, 2006: 35).
Recent studies have also proved that the positive impact of investments on health in the
economic development process. The macroeconomic and health commission (2001)
and the comprehensive report published by the European Commission (2005), set up
by the World Health Organization, point out that for both developed and developing
countries, health spending is an incentive for GDP growth and that health spending
should be done. (Karabulut, 1999: 139).
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Sorkin (1977) has concluded that in developed countries, the society has made
little positive contribution to economic growth despite improvements in health
conditions.

Strauss and Thomas (1998) have shown an empirical study of the relationship
between health and productivity. According to the study result, there is a relationship
between some health indicators (disease types and nutrition habits) and physical
efficiency.

Reinhart (1999) deals with the effects of government spending on economic
growth with a life expectancy at birth. In Bloom et al. (2001) empirical analyzes, they
used the human capital Solow model.

For most of the empirical studies on the effect of health on economic growth, the
main problem is that as a health indicator it is often necessary to take life expectancy
at birth. For example, Bloom and Canning (2000) found that birth expectancy had a
positive and significant effect on the economic growth process. In this study, health
was measured as a life expectancy at birth; other dimensions of health did not join the
account.

Erdil and Yetkiner (2004) assessed a causality relationship was found that
worked towards economic growth from health in low- and middle-income countries
and health expenditure in high-income countries.

When human capital on economic growth in the private economy of Turkey is
examined as a factor in human capital is seen that most of the studies used in training
again. However, the health issue, which is basic component of human capital, has
attracted the attention of researchers and they have started to take a lead in this field.
Examples of studies done in this area are Kar and Agir (2003), Taban (2005), Temiz
and Korkmaz (2007).

On the other hand, according to Bloom and Canning (2000), health spending has
positive effects on economic prosperity and growth. The reasons for this positive effect
are summarized as follows; Healthy individuals (employees) are more efficient and
healthy individuals have a positive effect on human capital. The fact that the average
life span is too high encourages an increase in physical investments. However,
increased health spending supports the longer average life span and, in this case,
increases long term growth.

In studies dealing with countries of the Organization for Economic Co-operation
and Development (OECD), a positive relationship was found between health spending
and economic growth. Hansen and King (1996) conducted a unit root analysis of health
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spending and GDP variables in OECD countries and found that these series are not
static. Nevertheless, it emphasized the importance of GDP in determining the level of
total health expenditure.

Beraldo, Montolio and Turati (2009) assessed 1 percent increase in total health
spending increases the per capita GDP by between 0,06 and 0,10 percent. The increase
of 0.04 percent to 0.07 percent is due to public expenditures.

McCoskey and Selden (1998) used panel data differently from Hansen and King
(1996) when examining GDP and per capita health expenditure in OECD countries,
and this panel provided a unit root test. According to this study, the series contain unit
root and the null hypothesis is rejected. However, the results of the study show that
national health expenditures reduce the likelihood of misdetection in panel data
analysis and misleading health policies.

According to Dormont et al. (2008), the potential impacts of public health
spending in the US, Europe, and Japan are positively affecting potential growth and
productivity. The reasons for this are shown in the developed economies to meet the
health services from the public budget. The study also found that health expenditures
tend to increase in the same direction as per capita income (unit income elasticity).

Akram (2009) investigated the impact of health indicators on economic growth
in Pakistan between 1972-2006. The study shows that per capita GDP is positively
affected by long-term health indicators. However, short-term health indicators do not
have a significant impact on GDP per capita.

Mehrara and Musai (2011) examined the causality between health spending and
economic growth in oil-exporting countries. According to this study, economic growth
and health expenditures are related in both ways.

Wang (2011) assessed; growth in low- and high-income countries is due to the
different characteristics of health spending, as it occurs at different levels.
Nevertheless, in countries with similar economic conditions and moderate economic
development, economic growth is positively affected, although the level of health
expenditure varies.

Elmi and Sadeghi (2012), unlike Wang (2011), analyzed co-integrated
relationship and causality between economic growth and health expenditures in
developing countries between 1990 and 2009. According to the study, there is a two-
way causality between long term GDP and health expenditure variables. For this
reason, it is suggested that the hypothesis of growth based on health is valid in
developing countries.
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Gerdtham and Jonsson (1991) in their study of twenty-two OECD countries;
Contrary to Groosman (1972) and Newhouse (1977) studies, the relative price of health
spending is not related to national income. The supply of health expenditures is
increasing due to the national gender. Moreover, the relative price of health spending
close to price elasticity -1 creates a rationing effect 1 in the amount of health spending.
Hence, the level of health expenditure is not large in countries with higher price levels.
However, the difference in the amount of health spending and the amount of health
expenditures among countries also changes the definition of health expenditures from
country to country. Gerdtham and Jonsson (2000) analyzed the relationship between
international health spending and GDP for twenty-one OECD countries during the
period 1960-1997. The results of this study show that, unlike the results of Gerdtham
and Jonsson (1991), both variables are not static and that health expenditures and GDP
are cointegrated.

Hitiris and Posnett (1992) found that health expenditures, which are close to 1 in
income and price elasticities, are an important determinant of GDP.

Okunade and Karakus (2001) investigated whether health spending, the relative
price of health spending and the GDP variables for the OECD countries during the
period 1960-1997 were cointegrated. Study; In the UK, Ireland and Greece, health
spending has been claimed to be regarded as luxury goods in the long run, since the
price and income elasticity of the health expenditure is greater than 1. However, health
spending, the relative price of health spending and the GDP variables coexist. For this
reason, implementation of national health spending policies in OECD countries can be
beneficial for growth.

According to Milne and Molana (1991), neglecting the relative price of health
spending leads to income elasticity greater than 1. The fact that a relative unit of
increase in income does not increase real health spending due to the compensatory role
of relative price. According to the study results, the relative price of health expenditures
and the GDP tend to increase together. Besides this increase tendency, health spending
also increases in the same direction.

The analysis of health expenditure and GDP in Turkey generally have focused
on the analysis of cointegration between public spending and GDP. For this reason,
studies addressing health expenditures in public spending are relatively few. Studies
that analyze the causality between health expenditures and GDP have different results
using different samples.
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3. DYNAMIC PANEL DATA ANALYSIS

In the study, the effect of health expenditures on economic growth was
investigated with balanced panel analysis, using data from 23 OECD countries for the
period 1990-2021

Dynamic panel data analysis method is used in the study. Dynamic panel data
analysis has advantages such as a greater number of observations and more
homogeneous structure, increasing the degree of freedom and reducing the problem of
connection between explanatory variables.

In addition, dynamic panel data analysis can give more effective results in cases
such as autocorrelation, changing variance, and internality problems. Two-stage system
generalized moments (two-step System-GMM) method also gives stronger results in
dynamic panel data analysis. (Hayaloglu and Topal, 2017: 199). Because the lagged
value of the dependent variable is included in the model as an independent variable,
and the internality problem that may occur can be eliminated from the beginning.

In the differential GMM developed by Arellano and Bond (1991), the problems
that may occur in the dynamic panel estimation can be eliminated by using the previous
period values of the dependent variable as the instrument variable and by taking the
first-order differences of the variables and including them in the model. System GMM
panel data analysis is used when the time dimension (T) is smaller than the unit size
(N), and the efficiency of the model is increased by including more instrumental
variables in the model (Hayaloglu and Topal, 2017: 199).

3.1. MODEL AND DATASET

Below is the econometric model created to analyze the relationship between
health expenditures and economic growth and other components of economic growth
with dynamic panel data:

GSHit = a + Py GSHit-1+ PHEit + BsDEMit + B, TFVit + PsFSit + it 1)

In the model, time t is country i; o constant term; f's are slope coefficients; p is
the unit effect and u are the error term. GSH, which shows the economic growth rate,
is the dependent variable. SH is the main independent variable and expresses the ratio
of health expenditures to national income, while other variables are control variables
that have an effect on economic growth. TVF Total Factor Productivity is the ratio of
FS physical capital stock to national income. In Equation the growth rate of national
income per capita, the ratio of health expenditures to national income and the ratio of
physical capital stock to national income, which are the main components of economic
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growth, are modeled over total factor productivity and democracy index. In this study,
the relationship between health expenditures and economic growth (the rate of increase
in national income) was determined by 23 OECD countries (Canada, England,
Australia, Belgium, New Zealand, Austria, Denmark, Finland, Ireland, Greece,
Germany, Hungary, Iceland, Japan, Korea, Netherlands, Switzerland, Norway, Italy,
Spain, Sweden, USA and Turkey) were analyzed using annual data for the period 1990-
2021. The data are taken from Penn World Table 9.1, OECD Stat and Polity 1V, the
series expressed in million USD based on 2011. Data analyzes were carried out using
Stata 15 and Gauss 20 computer programs. In order to provide balanced panel analysis,
the condition of having an equal number of data from 23 countries was taken into
account, and 736 observation values were obtained from 23 countries with 32 years of
data for the period 1990-2021.

3.1. DATA SOURCES AND DESCRIPTIVE STATISTICS

Table 1: Data Sources

Variable | Explanation Data source
Real gross domestic product per capita, adjusted for Penn World
GSH . )
purchasing power parity Table 9,1
HE Real healt_h expenditure per capita adjusted for purchasing OECD Stat
power parity
. . Penn World
FS Physical Capital Stock Table 9.1
- Penn World
FV Total Factor Efficiency Table 9.1
DEM Democracy Index Polity IV
Table 2: Descriptive Statistics
Variables Mean Stand. Dev. Min. Max.
GSH 2.138 2.893 5.438 11.893
FS 24.703 4571 12.643 37.765
TFV 0.997 0.073 0.7542 1.3325
DEM 9.92 0.577 8 10
HE 8.993 2.57 3.99 17.117
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4. METHOD

The existence of horizontal cross-section dependency between the countries
forming the panel before the study; investigated by the Bias-corrected scaled (LMBC)
test. Stability of series; from the second-generation unit root tests, taking into
consideration the horizontal section dependency and the structural breaks in the series,
Carrion-i-Silvestre et al. (Panel Kwiatkowski-Phillips-Schmidt-Shin) method
developed by the Ministry of Education, Culture, Sports, Science and Technology
(2005). Homogeneity of cointegration coefficients; Pesaran and Yamagata (2008).
Cointegration coefficients; It was estimated by the Augmented Mean Group (AMG)
method developed by Eberhardt and Bond (2009), which considers the horizontal
section dependency.

4.1. TESTING HORIZONTAL CROSS - SECTION DEPENDENCE

In panel data analysis, it is of utmost importance to determine whether there is
horizontal section dependency between the panellist countries and, if such dependency
exists, to use the methods that take this into account in the analyzes to be done.
Regardless of this situation, tests and coefficient estimates can produce misleading or
even inconsistent parameters, if panel horizontal dependency exists (Chudik and
Pesaran, 2015). For this reason, it is very important to test the existence of horizontal
section dependency in series and model in panel data analysis.

Horizontal section dependency tests; a shock coming from one of the panellist
countries tests whether it influences the others. Horizontal cross-section dependence is
particularly likely among countries that interact with each other. Since the countries
that make up the panel in this study are members of the OECD and generally have
active co-operation among them, an economic shock from one of these countries is
likely to affect other countries as well.

Breusch and Pagan (1980) LM test, which was followed by Pesaran (2004) LMs
test and Pesaran (2004) CD test, and lastly Baltagi, Feng and Kao (2012) corrected the
deviation of the previous tests to test the horizontal section dependency He developed
the LMBC test. These tests can be examined as

Yie = ﬁ;rx:‘r T U, (2)

Here, [5; the cross-sectional feature vectors corresponding to the predicted

parameters; ;; mean is zero, variance is constant series of error terms. The hypotheses
of these tests are:

H,: There is no horizontal section dependency between countries
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H,: There is horizontal section dependency between countries
To test these hypotheses, the following test statistics were developed:

Breusch and Pagan (1980) LM test statistic:

N—-1

LM = Z Z T.A5 ~ Xxin-1) (3)

(=1 =i+l -

Pesaran (2004) extended the equation (3) for the case where the number of
horizontal cross sections is very large in the scale LM test as follows:

’7'\1 1 N
LMy = |N(N— 1)2 Z (T.65— 1) ~ N(01) )

He also solved the problem of possible size deformation in Pesaran (2004) and
his tests and improved the CD test statistic to be used when the time dimension is
greater than or equal to the horizontal section size:

N—-1 N
P Z T.52 ~ N(0,1 5
__“|N(N_1j L L i'pi_;l' ( -'] ()
i=1 j=i+l
#N—i N
IMpe = == " Y (T -1) - ~ N(0,1) (6)
IN(N — 1) J 2(T—1)
N i=1 j=i+1

Horizontal section dependency tests results seen in Table 3

Table 3: Horizontal Cross Section Dependency Test Results

LM Test LMs Test CD Test LMpgc Test
Statistics Statistics Statistics Statistics
GDPC 8289.75 373.90 90.85 373.62
(0.00) (0.00) (0.00) (0.00)
8200.65 369.75 90.34 369.47
HEXPC (0.00) (0.00) (0.00) (0.00)
Model 1746.19 69.46 10.16 i
(0.00) (0.00) (0.00)

Note: Parentheses are the likelihood values. ****; indicates the presence of horizontal section
dependency between countries at the relevant sera level of significance of 1%. LMBC test



Non-Linear Panel Data Analysis Between Economic Growth and Health Expenditures

statistic can not be produced for models.

In Table 3, the HO hypothesis was rejected for the output of probability less than
0.05 in the tests for the series and the model, and it was decided that there was
horizontal cross-section dependency among the panellist countries. In this case, an
economic shock from one country can also affect others. For this reason, it is beneficial
for countries to closely follow developments in other countries involved in the analysis
while developing their policies. In addition, second-generation (dynamic) panel data
analysis methods that take horizontal section dependency into consideration should be
used in the following stages of the study.

4.2. STRUCTURAL BREAKING PANEL UNIT ROOT TEST

In econometric analyzes, the stationarity ratings of the series must be determined
before proceeding to regression analysis. Because the test methods to be used in the
later stages of the analysis are determined according to the stationarity ratings of the
series. If the series are not stable at the level values, analysis with the level values of
these series may have a false regression problem (Engle and Granger, 1987).

Since horizontal cross-section dependency is identified among countries in the
study, second generation unit root test is required. However, these tests do not consider
the structural breaks in the series, taking into account the horizontal section dependency
between the panellist countries. However, when there are structural breaks in the sera,
tests made without considering this situation may yield deviations (Charemza and
Deadman, 1997). During the period covered by this study, numerous economic crises,
political and economic integration, war, terrorist attacks, etc., the use of methods that
take into account structural wrinkles in the work becomes necessary. For this reason,
the stability of the series in the study was evaluated by Carrion-i-Silvestre et al. (2005)
developed by the PANKPSS test. In addition to taking into account the horizontal
section dependency between the panellist countries, this test permits structural breaks
of up to five in each series of panellular horizontal sections and can determine the
structural break dates for each country separately and the stability of the series under
the existence of these structural breaks (Gocer and Akin, 2016). Carrion-i-Silvestre et
al. (2005), the PANKPSS test is based on the following models:

Yig = + Bt + i (7)
m m

S = Z EE,kD(T;,kjr + ZT’f,kDUE,k,r T g TV (8)
k=1 =1
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v; . denotes zero mean, constant variance error terms series, @ denotes constant
terms, t denotes time trend. £ =1, ..,Nandt = 1,....,T. D(Ty, ).and DU ;, . are
dummy variables and defined below:

. 1, t=Tf, 41
D(Ti), = { . G (9)
: other situations
i
t = Tka (10)
other situations

T;'Jk ; i refers to the history of structural break of the ith horizontal section.
Carrion-i-Silvestre, et al. (2005) hypothesis tests are below:

Hy: Series are stationary under structural breaks
H;: Series are not stationary under structural breaks
The PANKPSS multi-structure fractured panel unit root test and the resulting
test statistics and critical values are presented in Table 4. At this stage of the work,

Gauss 9.0 program and Carrion-i-Silvestre, et al. (2005) have been used.

Table 4: Carrion-i-Silvestre et al. (2005) PANKPSS Panel Unit Root Test Results

GDPPC HEXPC dEhE
C C

CBhiles Test Structural Break | Test | Structural Break | Test g:rgﬁ;[;E
Statistics Dates Statistics Dates Statistics Dates

Australia 0.095 [1980;1987; 1994;| 0.115 |1984;1992; 1998;|0.033***|0.093***
[0.094] 2000; 2005 [0.091] 2003; 2008 [0.069] | [0.160]

Austria 0.102 |1980; 1988; 1994;| 0.211 |1989; 1996; 2002;|0.039***| 0.111**
[0.086] 1999; 2005 [0.142] 2007 [0.086] | [0.116]

Belgium 0.095 [1980; 1987; 1993;| 0.109** |1981; 1990; 1998; |0.040***|0.089***
[0.089] 1999; 2005 [0.116] 2002; 2007 [0.116] | [0.192]

Canada 0.093 [1980; 1986; 1993;| 0.122 |1981; 1989; 1999;|0.037***|0.092***
[0.083] 1998; 2004 [0.114] 2004; 2008 [0.060] | [0.180]

Denmark 0.098 [1981;1988; 1994;| 0.095 |1981; 1990; 1998;|0.040***|0.089***
[0.082] 1999; 2005 [0.173] 2003; 2007 [0.081] | [0.157]

Finland 0.098 [1980; 1987; 1996;| 0.098 |1982; 1989; 1999;|0.036***|0.082***
[0.097] 1999; 2005 [0.128] 2003; 2007 [0.063] | [0.190]

Germany 0.121 |1980; 1988; 1998;| 0.098* |1980; 1987; 1994;|0.024***|0.098***
[0.098] 2005; 2009 [0.127] 2002; 2007 [0.065] | [0.147]

lceland 0.116 |1979; 1986; 1996;| 0.152 |1980; 1986; 1997;|0.046***|0.135***
[0.091] 2003; 2006 [0.110] 2001 [0.065] | [0.158]
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Table 4 (continued): Carrion-i-Silvestre et al. (2005) PANKPSS Panel Unit Root
Test Results

GDPPC HEXPC R
C C

(CCUIHAES Test Structural Break | Test | Structural Break | Test ilt ré’f‘:;li
Statistics Dates Statistics Dates Statistics Dates

Ireland 0.098 |1981;1989; 1996;| 0.217 [1989; 1996; 2000; [0.058***|0.163***
[0.091] 2000; 2004 [0.181] 2003; 2006 [0.073] | [0.176]

Israel 0.095 |1980; 1987; 1993;| 0.086* [1979; 1988; 1993;|0.033***|0.070***
[0.086] 1999; 2006 [0.148] 1999; 2009 | [0.065] | [0.144]

Japan 0.117 1981;1988; 1995;| 0.122 |1981;1991; 1999;|0.052***|0.146***
[0.083] 2003 [0.088] 2004; 2009 | [0.066] | [0.187]

Korea 0.131 1986; 1993; 1999;| 0.136 |1988; 1995; 2000;|0.055***| 0.165**
[0.102] 2003; 2006 [0.176] 2005; 2009 | [0.061] | [0.183]

Holland 0.099 1980; 1988; 1995;| 0.105 |1981; 1990; 1999;|0.043***| 0.123**
[0.088] 1999; 2005 [0.255] 2004; 2007 | [0.082] | [0.131]

New 0.100 1980; 1985; 1993;| 0.150 |1987;1994; 2000;|0.042***|0.140***
Zeland [0.082] 1999; 2005 [0.112] 2005; 2008 | [0.072] | [0.162]
Norway 0.120 1983;1993; 1999;| 0.190 |1989; 1996; 2001;|0.020***| 0.120**
[0.084] 2005 [0.138] 2004; 2007 [0.080] | [0.129]

Portugal 0.096 |1980; 1988; 1994;| 0.139 [1986; 1994; 1999; |0.060***|0.124***
[0.080] 1999; 2005 [0.094] 2004; 2007 [0.079] | [0.194]

Spain 0.104 |1981;1988; 1996;| 0.148 [1987;1991; 1997;|0.074***|0.133***
[0.088] 2000; 2005 [0.145] 2002; 2006 [0.082] | [0.158]

switzerland 0.131 |1980; 1988; 1999;| 0.094* [1980; 1988; 1995; [0.024***|0.094***
[0.070] 2006 [0.154] 2001; 2007 [0.069] | [0.163]

England 0.095 |1981;1987; 1995;| 0.122 [1982;1991; 1999; [0.045***|0.127***
[0.090] 1999; 2003 [0.114] 2002; 2005 [0.091] | [0.281]

USA 0.093 |1980; 1987; 1993;| 0.099 [1982;1989; 1996; [0.047***|0.099***
[0.085] 1998; 2004 [0.112] 2001; 2006 [0.076] | [0.193]

Turkey 0.140 |1985; 1994; 2003;| 0.150 [1989; 1995; 1998;|0.087***| 0.138**
[0.107] 2006; 2009 [0.146] 2003; 2006 | [0.135] | [0.144]

el 27.94 ] 26.27 ] 379w 20-265

[10.53] [17.37] [9.64] [24.67]

Note: The figures in parentheses are the critical values produced by 1000 repetitive bootstrap.
* ** and ****; the corresponding series are stable at the level of significance of 10%, 5% and
1%, respectively. In order to reveal the actual structural break dates in the series, only the
structural break dates from the test with the level values of the series are taken here.

According to the results in Table 4; it is seen that the series are generally not
stationary in level values but become stationary when the first differences are received,
that is, they are 1 (1). In this case, there is a risk of encountering false regression
problems in analyzes to be made with the level values of these series. For this reason,
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the cointegration test has to be performed before the regression analysis. When the
structural breakage dates determined by the test method are examined; East and West
Germany united as 1989, made from aircraft into the World Trade Organization in the
United States September 11, 2001 terror attacks in 2008, the effects of the global
economic crisis, the 1994 crisis in terms of Turkey and the effects of single party
governmentperiod starting in November 2002 are seen.

4.3. PANEL CAUSALITY TEST

A causality test should be performed to determine whether there is an interaction
between the variables used together in the analyzes. Otherwise, the misuse of unrelated
variables in regression models comes to the foreground. The main advantages of this
method are; (Dumitrescu and Hurlin, 2012). It is also possible to identify cross-
sectional dependence among the panellist countries and to identify causality relations
between some of the panellist countries. Dumitrescu and Hurlin (2012) panel causality
test are performed using the following equations.

P j3
Yie=oa; + Z T’:'k S Z Jgikxm—k T & (11)
=1 k=1
P P
X, = g; + Z 63{Xi,r—k Z H:{Yi,t—k TE,. (12)
k=1 k=1

P denotes optimum delay length. Hypothesis of these tests;

H,: 3, =0  Forallivalues

H_{Jgi:':'r i=1,2,..,N,
1B, =0, i=N,+1, N;+2,..,N

In the study Dumitrescu and Hurlin (2012) panel causality test were conducted
and the obtained results are presented in Table 5. This analysis was performed using
the Eviews 9.0 program.

Table 5: Dumitrescu and Hurlin (2012) Panel Causality Test Results

W Statistics Z Statistics Probability Value
GDPPC ~ HEXPC 19.75*** 20.25*** 0.00
HEXPC - GDPPC 11.19*** 9.00*** 0.00

Note: ***; At the level of significance of 1%, the existence of causality relation is expressed.
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According to the results in Table 5; the hypothesis was strongly rejected because
the probability values were smaller than 0.01 and it was decided that there was a two-
way causality relationship between per capita health expenditure and per capita national
income. So, these two variables affect one, and it would be sensible to use them together
in the same regression. In addition, moving from this result, it is estimated that the
health expenditure per capita increases the national income by affecting the health and
productivity of the workforce positively in accordance with the Effective Wage Theory
(Y1ldirim, Karaman and Tasdemir, 2009) and on the other hand the increased national
income increases the amount of resources allocated to health expenditures.

4.4. STRUCTURED FRACTURED PANEL COINTEGRATION TEST

In this study, the existence of a cointegration relationship between the series was
tested by the method developed by Basher and Westerlund (2009). This test; besides to
considering horizontal section dependence, it also permits structural fracture up to five
in the cointegration equation and can internally determine the structural fracture
histories. Another advantage of the test method is that it can take into account the
presence of structural breaks in the fixed term and / or trend separately. In this respect,
the panel is superior to the cointegration tests. The test statistic developed by Basher
and Westerlund (2009: 508) is below

Z(M) = Z}Z: TZ T, 1)2 (13)

t
Sy = Z W, . W, ; is a vector of error terms obtained from an efficient estimator of
s=Tjj1+1
the type of fully modified least squares. When Z (M) is regulated it becomes:

I—I:_i'

52
Z(M) = Z T— ~ N(0,1) (14)
r:I'l-.-_._+1( ij :_;l 1)
Test’s hypothesis:

4y The series are co-integrated under structural breaks
#y Hy: The series are not co-integrated under structural breaks

In the study Basher and Westerlund (2009) cointegration test was conducted and
the results are presented in Table 6. At this stage of the work, the Gauss 9.0 program
and the codes written by Basher and Westerlund (2009) are used for this program.
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Table 6: Basher and Westerlund (2009) Panel Cointegration Test Results

Test Statistics Probability value
Non-Breaking and Trendless Model 3.807%*% 0.288
in Fixed Terms
U_nbreakable and Trendy Model in 7626 0.043
Fixed Terms
Fixed Term Break Model 3.827*** 0.328
Constant Term and Trend Break 7 .626*** 0.300
Model

Note: Probability values in parentheses are obtained with 1000 repetitive bootstrap.
***. |t is stated that there is cointegration at the level of 1% significance.

When the results in Table 6 are examined, it is seen that there is a cointegration
relation between the series. While no cointegration relationship was found in one of the
tests that did not take structural breaks into account, the cointegration relation was
determined in the tests considering structural breaks. This situation; once again reveals
the superiority of structural fracture cointegration tests. Because of the cointegration
relationship between the series, it has been decided that the series act together in the
long run, that the long term analyzes to be made with the level values will not contain
false regression problems and that the results to be obtained are reliable. Interestingly,
no structural fracture occurred in this test. The test was repeated with different break
numbers and different bootstrap cycles, but no structural break date was detected. It is
useful to test whether the cointegration coefficients to be estimated are homogeneous
without going through the regression analysis.

4.4. TESTING HOMOGENEITY OF COINTEGRATION COEFFICIENTS

Pesaran and Yamagata (2008) have developed the Swamy test, starting with
Swamy (1970), to determine whether the slope coefficient is homogeneous in the
regression model. In this test, it is tested whether the slope coefficients in the
cointegration equation are the same for different countries. In other words;

)' = a"ﬁ."";:OE;: (15)

In this cointegration equation, if the 5; the slope coefficients are differentiated
between horizontal sections are tested. Test hypotheses:

Hy: B, = F slope coefficients are homogeneous

Hy: B; # F slope coefficients are not homogeneous
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Pesaran and Yamagata (2008), developed test statistics A for large samples and
ALa ; for little samples to test these hypothesis

Ai=vN NTIS oK 16
= Y Xi (16)
A =N NSk N(0,1 17
adj— ¥ E?(T,kj ( 4 j ( )

At these statistics N; the number of horizontal cross-sections, S; Swamy test
statistics, k; number of explanatory variables, ; standard error, ; the corresponding test
statistic has a degree of freedom chi-square distribution, ; 0 means that the mean of the
relevant test statistic has a constant normal distribution of variance. Pesaran and
Yamagata (2008) were tested in order to examine whether the slope coefficient for
equation (1) is homogeneous and the results obtained are presented in Table 7. At this
stage of the work, the Gauss 9.0 program and codes written by Pesaran and Yamagata
(2008) were used for this program.

4.4.8. ESTIMATION OF PANEL COINTEGRATION COEFFICIENTS

Regression analysis between stationary series in level values in panel data
analysis; regression analysis between the series with non-stationary but cointegration
relation at the level can be performed by using the Fully Modified Ordinary Least
Squares (FMOLS) or Dynamic OLS (DOLS: DOLS) method, while the pooled least
squares method can be performed with the random effects model or the fixed effect
model. ) methods. However, the FMOLS or DOLS methods do not consider the
horizontal cross-section dependency of the model. For this reason, while estimating
cointegration coefficients in panes with horizontal section dependency,

Pesaran obtained a simple arithmetic average of the cointegration coefficients
obtained for countries using the CCE (Common Correlated Estimator) method when
calculating the CCMGE(Common Correlated Mean Group Estimator) value of the
panel as a whole. This method gives misleading results because it gives equal weight
to each country in analysis. Eberhardt and Bond (2009) solved this problem by
weighting individual results using variances, and developed the Panel Augmented
Mean Group Estimator (AMG) method. The panel AMG method also includes; can
take into account common factors in the series, produce effective results in unstable
panellists, and can be used in the presence of the problem of internalisability (Eberhardt
and Bond, 2009: 4). In addition, AMG produces robust estimates of autocorrelation and
variance problems. In all these aspects, AMG is a stronger and more consistent
predictor than other methods.
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Table 8: Dynamic Panel Data Analysis Results

. Fixed Effect Differnece-2 System-2
Variables Pooled LSM LSM GMM GMM
0.212* 0.213* 0.288* 0.224*
Gsh(-1) (10.52) (7.13) (10.14) (4.62)
[0.000] [0.000] [0.000] [0.000]
0.286* 0.173* 0.224* 0.210*
HE (4.28) (6.48) (8.88) (8.56)
[0.822] [0.955] [0.539] [0.001]
0.335* 0.322* 0.456* 0.271*
TVF (5.66) (10.17) (5.48) (4.61)
[0.579] [0.299] [0.269] [0.077]
0.123* 0.085*** 0.182* 0.262**
DEM (6.63) (1.18) (3.46) (3.21)
[0.889] [0.857] [0.542] [0.427]
Constant 14.436* 12.536* 11.365* 14.305*
(6.03) (2.65) (3.17) (3.73)
Wald (,2) 3688.92 8098.02 3992.27 1376.45
[0.000] [0.000] [0.000] [0.000]
Sargan (12) 19.795 18.003 20.917 19.564
[0.833] [0.905] [0.794] [0.848]
AR (1) -3.339 -3.199 -3.305 -3.285
[0.000] [0.001] [0.001] [0.001]
1.622 1.513 1.647 1.572
AR (2) [0.102] [0.125] [0.100] [0.115]
Hansen Test 9.12 [0.764] ?(').19805]
Fark Hansen 1.35
0.19 [0.996] [0.241]
R2 0.94 0.98
Country
Number 23 23 23 23
Observation | g9, 690 690 690
Number
Inst_rumental 16 15
variable number

Note: () are t values, [] are standard deviation

Two-stage GMM models are preferred to correct the heteroscedasticity and
autocorrelation problems of single-stage GMM estimators (Tatoglu, 2018: 134). The
difference GMM estimation results are shown in column 3 of the table. The
autoregressive coefficient, which was not within the lower and upper limits shown in
the 1st and 2nd columns, was found to be statistically significant at the 1% level. Other
variables were not found to be statistically significant. In the 4th column, two-stage
system GMM results are seen and the validity and significance of the Wald test statistic
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and the system GMM method were questioned. Sargan and Hansen test statistics are
whether the instrument variables are valid; With AR (1) and AR (2) tests, it was
guestioned whether there was a first and second order autocorrelation in the model. The
model was found to be statistically significant at the 1% level according to the Wald
test statistic. There is no first-order or second-order autocorrelation problem in the
model. It has been determined that the instrumental variables used in the Sargan and
Hansen test are also valid. The difference Hansen test also showed that there was no
internality problem. Therefore, the necessary assumptions are provided to use the
system GMM. When the coefficients estimated using the system GMM are examined,
it is seen that the most important factor of economic growth is total factor productivity.
When the ratio of health expenditures to national income increases by 1%, the
economic growth rate increases by % 0.286. This is in line with the Keynesian view in
the literature and the endogenous economic growth model based on human capital. The
effect of democracy index on economic growth remained as the lowest factor with
0.123.

5. ANALYSIS OF PANEL DATA USING THE NONLINEAR LEAST
SQUARES METHOD USING THE GAUSS-NEWTON ALGORITHM
(ITERATIVE SIMULATION) WITH THE CONVERGENCE HYPOTHESIS
APPROACH

According to convergence hypothesis approach, undeveloped countries will
have a higher growth rate, while developed countries will have a lower growth rate.

By using Cobb Douglas function, it is derived:

Ait/ Ait = YitPIHER witAi -y (2)
then;
Inyt=[Ink(0)-Inkg]-LL(Qk+(n+8))e—Lt+InAg+([Iny(0)—{[Ink(0)-Inkg]-BL(Qk+(n
+6))+InAg}— Inyg+IinAgle—ft+Iinyg—InAg)
then,
(Ink/InA)=(Ink(t)—Inkg)eAlt(1(1-a))+(Ink(0)-Inkg)eA2t(1-BL(Qk+(n+6)))+(Inkgl
nAg)

Inye=(1—-eB)a(l-0)Lnsi+(1—eBt) Bl LnL;+ (1 — e™Bt) @ LnHE;;

+(l—ef)ny+L-a)Bflne) +(L—et)a(l-0)Ln[§+(1-a) (1 - @)
0) nit + e Ptlny,1+ Wi

This is the reverse of the neoclassical approach, that is, output per worker is now
proportional to Health Expenditure Labor Level and savings rate.
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The higher the productivity of labor in economically free countries, the greater
the positive effect of income savings per worker around balanced growth path values.

The results of the Pearson correlation matrix between the variables used in the
analysis are below.

Table 6: Pearson Correlation Matrix

HER S n
L 0.506 -0.121 -0.088
HER -0.090 -0.262
S 0.082

When the correlation coefficients were examined, there was a positive and
moderate (r=-0.121) negative and low-level, negative and low-level (r=-0.088)
negative-oriented low-level relationship between the L variable and the HC, s and n
variables, respectively. In addition, it is seen that there is a negative and low-level
relationship (r=-0.090), (r=-0.262) between the HC variable and the s and n variables,
respectively. Another finding is that there is a positive low-level relationship between
the s variable and the n variable (r=0.082).

In general, no high level of negative or positive correlation was found. The
nonlinear least squares estimation results of the dynamic econometric model are below.

Table 7: Nonlinear Least Squares Estimation Results

Parameter Beta SD t p

B 0.152 0.027 7.550*** <0.001
o -10.342 11.270 -0.364 0.322
0 1.047 0.022 37.023*** <0.001
Bl -0.053 0.019 -1.566 0.110
0 1.417 0.189 9.215%** <0.001

The coefficient of the 6 parameter was found to be positive and statistically
significant (p<0.05). In the light of this finding, when the productivity of the new
technology stock increases by 1%, the per capita income increases by 1.047%.

The ratio (Q) coefficient of per capita health expenditures to national income is
positive and statistically significant (p<0.05). According to this finding, when the ratio
of health expenditures per capita to national income increases by 1%, per capita income
increases by 1.417 %.

The labor (B1) coefficient was negative and not statistically significant (p>0.05).
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For the coefficient of convergence (B), the model converged at the point where the [3
coefficient was the smallest as a result of 5000 iterations with the NLS technique.

The coefficient of convergence is the initial value of the capital stock, which
decreases exponentially at the rate § >0, with the weight of the capital value per worker
and the weighted average of the initial and balanced growth path values. This ratio
indicates that it converges to the balanced growth of physical productivity. It is seen
that these coefficient results are statistically significant and the coefficient is low (0.152
per year, p<0.05). In light of this finding, GDP per capita growth for 23 countries is
slow and will be effective in the long run. Life on a logarithmic scale of output per half
worker is approximately;

Ln (2)/0.152 = 4,56 years

In other words, it takes 4,56 years to close half of the gap between countries' per
capita income.

CONCLUSION

Based on the findings of the study; it can be said that countries that want to
increase their per capita national income should increase their per capita health
spending while doing so by calculating the optimum amount of health spending.

By dynamic panel data analysis, the relationship between health expenditures
and democracy index and economic growth in the 1990-2021 period in 23 OECD
countries was investigated with the system GMM technique, which has an important
place in dynamic panel data methodology.

The results of the study determined the existence of a positive relationship
between health expenditures, physical capital stock, total factor productivity and
democracy index and GSH.

According to the panel Granger causality results, health expenditures, capital
stock and total factor productivity are the Granger causes of GSH. No causality could
be detected from democracy to GDP.

These results prove that health expenditures and democracy index are among the
determinants of GDP in OECD countries in the long run.

In addition, the factors affecting economic growth have been sorted for OECD
countries in a sense and it has been determined that total factor productivity, physical
capital stock, health expenditures and democracy index increase the economic growth
rate, respectively. In fact, it takes 4,56 years to close half of the gap between countries’
per capita income.
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