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ABSTRACT

Healthcare systems comprise the most crucial factors affecting countries economically. In this study, the
infrastructure and economic structure of healthcare systems belonging to the Organization for Economic
Co-operation and Development (OECD) countries are discussed to evaluate the healthcare expenditures
(HE) and healthcare expenditures per capita (pcHE) of OECD members. We have identified factors related
to healthcare economics and analyzed the significance ratios of these factors to calculate the feasible values
of the factors affecting the healthcare systems in the OECD members by statistical optimization analysis.
Within the feasible values obtained by using a multi-objective optimization model (MOOM) because of
statistical analysis, the HE of OECD countries was minimized, and an improvement of 29.13% was achieved.
The second objective function aimed to maximize the pcHE that was estimated to be at least $5,282.37 for
the OECD members. Consequently, in countries that do not have a social healthcare system, it is perceived
that HE amounts are excessive. The fundamental reason for this situation represents the healthcare sector’s
perception as a business in those countries.

Keywords: OECD Countries, Healthcare Expenditure, Healthcare Expenditure Per Capita, Multi-Objective
Optimization Model, Statistical Analysis
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Saglik sistemleri, lilke ekonomilerini etkileyen en onemli faktdrlerden birdir. Bu ¢alismada, OECD
iiyelerinin saglik harcamalarini (SH) ve kisi basina diisen saglik harcamalarini (kbSH) degerlendirmek i¢in
Ekonomik Isbirligi ve Kalkinma Teskilat1 (OECD) iilkelerine ait saglik sistemlerinin altyapisi ve ekonomik
yapist tartisiimagtir. Istatistiksel optimizasyon analizi ile OECD iiyelerindeki saglik sistemlerini etkileyen
faktorlerin uygulanabilir degerlerini hesaplamak i¢in saglik ekonomisi ile ilgili faktorleri belirlenerek, bu
faktorlerin 6nemlilik oranlarini analiz ettik. Istatistiksel analiz araciligiyla ok amagli optimizasyon modeli
(MOOM) kullanilarak elde edilen uygulanabilir degerler i¢erisinde OECD iilkelerinin SH’si minimize
edilmis ve % 29,13 oraninda iyilesme saglanmistir. ikinci amag fonksiyonu ise OECD iiyeleri igin kbSH’yi
maksimize etmek amaciyla en az kbSH degeri 5.282,37 dolar olarak tahmin edilmistir. Sonug olarak sosyal
saglik sistemi olmayan iilkelerde SH miktarlarinin asir1 oldugu algilanmaktadir. Bu durumun temel nedeni,
saglik sektoriiniin o tilkelerdeki bir isletme olarak algilanmaktadir.

Anahtar kelimeler: OECD Ulkeleri, Saglik Harcamalari, Kisi Basina Diisen Saglik Harcamalari,
Cok Amagh Optimizasyon Modeli, istatistiksel Analiz
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1. INTRODUCTION

The OECD aims to develop policies to increase the economic and social well-being of people living in the world (OECD
2017e). The 35-member organization is a platform for cooperation between governments to seek solutions to common problems
(OECD 2017d). The most critical issue among the issues of these countries is the healthcare-related challenge (Atalan 2018).
In today’s world, the importance of the healthcare field is increasing. The main reason for this is that people want to live in
more developed economies. This shows that the economic development and progress in healthcare are directly proportional.
OECD countries have spent about $6.02 trillion in healthcare expenditures in 2017 (Atalan 2020).

Several studies have been conducted on the healthcare systems of OECD members. Relations between healthcare economics
and economic dimensions of the countries have been sought in these studies. In 1992, a study of 19 OECD countries covered
the aggregate gross domestic product (GDP) and socio-demographic factors affecting HE (Gerdtham et al. 1992). The OECD
countries’ PC and GDP data have been used to obtain unit root test results due to time series. In this study, the method used
was a panel of OECD data (McCoskey and Selden 1998). In the panel data models, the correlation was developed in which
the factors affecting the model are specified in the time-series dimension (Albouy, Davezies, and Debrand 2010). Another
study directly examined the long-term economic relationship between HE and GDP as a panel data of the 20 members of
OECD for the period 1971-2004 (Baltagi and Moscone 2010).

Using data from OECD countries, some studies have been carried out on the performance that showed the healthcare quality
of those countries (Arah et al. 2006). Surveys or verbal dimensions examined in most of these studies were done without
using any quality tools. However, to obtain quantitative and tangible findings in healthcare economics, some statistical and
engineering techniques were applied in the mentioned studies related to healthcare costs. In particular, generalized linear
models were used as the conventional method for reducing the skewness of the data (Malehi, Pourmotahari, and Angali
2015). Furthermore, regression methods were used to find the relationship between the factors and the response variables
related to healthcare systems (Carides, Heyse, and Iglewicz 2000; Gregori et al. 2011; Jones, Lomas, and Rice 2015; Mihaylova
etal. 2011). This study’s goas was to determine the factors affecting healthcare economics and calculate these factors” optimum

values using a statistical optimization approach.

Another method used in health studies was the optimization technique (Atalan 2019). Optimization techniques are the required
methods used in management, engineering, and business applications. The purpose of using optimization or operation
research techniques is to provide maximum benefits (such as revenue, production, etc.) and minimize loss (such as costs,
waiting time, etc.). Optimization applications have been widely used in energy, automotive, manufacturing, transportation,
and healthcare. It is common for optimization models related to waiting times to be applied in the healthcare field (Atalan
and Donmez 2019). Likewise, in other health care issues, for example, the number of patients treated in hospitals, length of
hospital stays, hospital resources utilization rates, etc. optimixation methods have been tried to solve these areas of concern
(Ajami, Ketabi, and MahmoodAbadi 2013; Iii, Hwang, and Nagarajan 2001).

Generally, there is one objective function in optimization models for applications. A model is created by creating a single
objective function in MOOM and transforming the remaining objective functions into constraints (Ngatchou, Zarei, and
El-Sharkawi 2005). For this reason, developed optimization models are not tempting to use the single-objective function of
optimization models for such problems. Among the most important elements that complicate problems are the multi-objective
functions (Mason, Duggan, and Howley 2017). It is inevitable to use MOOM to overcome economic complexity. The application
of MOOM has not been addressed much in the field of healthcare. MOOM has been used to increase the population homogeneity
and diversity of the small regions’ medical services and minimize the distance between the micro-regions visited by patients
(Steiner et al. 2015). In this study, two objective functions were formulated with the economic aspects of the healthcare
systems of OECD members. The first objective function was to maximize the amount of pcHE in OECD countries (Atalan

2018). Secondly, attention was paid to minimizing the HE of OECD members.

In the research carried out so far, healthcare economics factors are considered to be demographic or social justice in nature
(Dukhanin et al. 2018). However, the fact that the factors are quantitative and correct according to their values provides
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convenience in statistical analysis. During the economic crisis in Europe in 2010, the healthcare systems belonging to
European countries were affected (Atalan, Cinar, and Cinar 2020). European governments tended to reduce health expenditures
during the crisis, but in some countries, which did not provide healthcare insurance policies, healthcare pocket payments
increased. In support of this action, we advocate that healthcare economics should not be affected by the economic fluctuations
of countries. Moreover, it has been stated that healthcare expenditures are increased by reducing the number of healthcare
workers and hospitals in the healthcare systems in the time of economic crisis (Palasca and Jaba 2015).

This study examined the healthcare infrastructure of OECD members and applied the multi-objective statistical optimization
method needed in order to have a better healthcare system. The five input variables (or factors) and two output variables
(defined as objective functions of the multi-objective optimization model) that affect healthcare systems were expressed for
this study. There were two stages of statistics and mathematical programming used in the present study. First, the variables
of the healthcare system were statistically analyzed and then included in the optimization process. The reason for using
MOOM in this study is that there are pcHE and HE variables defined as two different objective functions. The optimum
values of decision variables and objective functions were calculated for OECD members to have a better healthcare system.

The present study consists of four sections. A literature review explaining about healthcare systems and healthcare economics
is in the first section. The second part includes the factors affecting the healthcare systems of OECD members that form the
methodology of this study. The results of the numeric example are considered in the third section. The conclusion of the
study is discussed in the last section.

2. METHODOLOGY
2.1. Defining Variables of Independent and Responses

In terms of economy, many factors are influential in the healthcare system level headedly. Before determining the factors
of healthcare economics, it is necessary to examine healthcare systems worldwide. There are two types of healthcare systems
worldwide: private and state healthcare systems (Liu et al. 2018). Social countries have more health expenditures than non-
social countries (Muyl, Dumas, and Herbert 2004). However, private healthcare systems have developed in non-social states
such as the U.S. healthcare system. This is because most of the HE is covered by patients or those with health insurance in

these countries.

This part of the research contains information on the data and methods to be used for healthcare economics. The healthcare
economics of OECD members along with seven fundamentals: gross domestic product (GDP), gross domestic product per
capita (pcGDP), life expectancy (LE), the total numbers of healthcare employments (E) of a member of OECD, and
pharmaceutical expenditure (PE) were defined as a factor or independent variables and healthcare expenditure (HE) and
healthcare expenditure per capita (pcHE) were assigned as a response or dependent variables in this study. The statistics
optimization analysis calculates the significance ratings and feasible values of these factors. The responses and factor variables
are examined one by one in Table 1.
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Table 1
Indicators of OECD’s healthcare systems
Variables Status Notations Description
HE (% of GDP) of OECD countries was considered (Bichay 2020; OECD 2016a). The
Response . s . . R N
. general belief, as people’s quality of life and their willingness to live increases, HE also
Healthcare Expenditure (Output) Y, : L . . L L
Variable increases. .The optlmlzatlon model is provided to minimize the amount of HE, which is
the objective function.
Healthcare Expenditure Response The second response, Whif:h i§ influenced by the factors considered, is the PCHE (OECD
Per Capita (Output) Yie 2016b). The second optimization model stated that the pcHE should be maximum, and the
Variable feasible values of the factors constituting the constraints should be in this study.
Factor (Input) The GDP factor is assumed to affect an economy on HE and pcHE (WBG 2017). Countries
Gross Domestic Product Variable X, with large GDP ratios can be thought of as determining the proportion of their budget for
their healthcare systems.
Gross Domestic Product | Factor (Input) Among the factors that can affect healthcare economics, it is considered the pcGDP factor
Per Capita Variable %pe (WBG 2017).
Pharmaceutical Factor (Input) PE is thought to be particularly effective in HE (OECD 2017c¢). The average of OECD
Expenditures Variable % countries’ PE is 1.4 % of GDP.
Life Expectancy Factor (Input) « LE data of OECD countries have been taken into consideration (OECD 2017a). The
Variable ! average LE is 80/65 in OECD countries (C. and B. 1977).
Total number of Health Factor (Input) Total Health and Social Employment of countries are considered in OECD members
and Social Employment | Variable % (OECD 2017b).

The method used in this study is an improved linear regression equation with multiple independent variables. The healthcare
economies involved are expressed by the following general eq. 1 to measure the contribution of the HE and pcHE for OECD

countries.
Y =B, B, x'+e, M

where; the value of y, represents the response value, the constant values estimate the parameters 3, the fitted values estimate
the parameters B, the parameter X;; describes the factors, i={defined independent or input variables} and
j = {countries or OECD members }.

2.2. Multi-Objective Optimization Models (MOOM)

The MOOM is often used with common constraints and applied to find the best balance between two different objective
functions (To be minimized or maximized). Mathematical explanations (a general formulation) of MOOM are as follows
(Deb and Kalyanmoy 2001);

Min or Max fJ x),j=1,2,...,J

g 0>0,a=12,..,A

h, (x) =0.k=1,2,....B )
xW<x V), i=1,2,..,n

where; L represents the lower bound, and U expresses the upper bound. In single-objective optimization models, the superiority
ratios of a solution are compared to those of other solutions. That is, the values of the target function can be easily reached.
However, in a multi-objective optimization problem, a solution is feasible determined by dominance. This optimization
model is used to produce the Pareto boundary of the two objective functions most effectively. The feasible solution range is

created by expressing the nonlinear line in which the max-max, min-min, or max-min in the Pareto graph is best described.

There are two different responses at the center of healthcare economics by examining the data in the study. In the mathematical
optimization models created, there are two objective functions. For this reason, a MOOM was applied in this study. These
objective functions are to maximize the HE and minimize the pcHE. The same constraints of factors are used for both
objective functions.
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As aresult of the regression analysis, there are some constraints related to the derived objective functions. These constraints
are composed of the factors affecting healthcare economics, and these factors have upper and lower limits (see equations 5,
6, and 7). The generated optimization models (see equations 3 and 4) are expressed as follows:

Maximizeyh B, B, xgj+[32 chj+[33 xlj+B . xpj+B5 X, te 3

Minimizeypc B,+B, xgj+[32 chj+[33 x1j+[3 . xm.+[35 x,te (@)
subject to

I<x, ®)

u>x, ©6)

0<x. (7)

3. RESULTS AND DISCUSSIONS

The correlation of the data used with each other was examined in Table 2. The correlation values demonstrate factors that
strongly correlate with which factor or which responses. The results obtained from the correlation calculations need to have
a value between -1.00 and 1.00—the closer to 0, the less correlated between the data. However, if the value obtained is close

to 1.00 or -1.00, it is understood that there is a strong relationship between the data.

Table 2

Correlation relationship among variables

Variables X, X, X, X, X, Yoe
" 0.162

X, -0.023 0.598

X 0.793 0.089 0.103

X, 0.376 -0.408 -0.252 0.365

Yoo 0.528 0.883 0.500 0.376 -0.120

Yy 0.681 0.480 0.431 0.540 0.244 0.794

The effect of data used in this analysis on the response was measured. The primary purpose of using this analysis was to
determine which regression analysis was appropriate for the data used. Thirty-five countries are members of the OECD, i.e.,
fitted regression analysis was required to measure the data from five different factors and two response variables with
appropriate analysis. The statistical analysis accuracy was 72.16 % of the R? value and 67.36 % of the adjusted R? value for
HE and 93.95 % of the R? value and 92.90 % of the adjusted R? value for pcHE. The results obtained by the regression analysis
were rated as necessary (see Table 3).

Table 3
Analysis of variance of regression analysis for HE and pcHE
HE pcHE

Factors

Probability Status Probability Status
X, 0.001 Significant <0.05 0.002 Significant <0.05
X, 0.071 Provisional Significant <0.05 0.005 Significant <0.01
X, 0.010 Significant <0.05 0.566 Insignificant <0.1
X, 0.444 Insignificant <0.1 0.052 Insignificant <0.1
X, 0.057 Significant <0.05 0.079 Provisional Significant <0.1

The effect of 3 out of 5 factors were compared to the others on the response variable HE. In short, LE and E factors were
less affected by HE. Especially the effect of the GDP (M) and pcGDP factors of the OECD countries on the healthcare
economy seemed to be excessive. Another factor influencing healthcare economics was the amount of expenditure for the
pharmaceutical sector. In the regression analysis, except for the factors used for HE, except LE, the others affected the HE
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variable. E was added to the model even though the effect is small. Although the p-value of PE is close to 0.05, the value of
the model’s impact is 49225. Besides, as the factors are handled one by one, their interaction needs to be considered. In
particular, the interaction of the factors GDP and E has been shown to affect response (p-value is 0.013) significantly. Likewise,
the value of the interaction of the factors GDP and PE is close to 0.05, which is embedded in the model. However, the
interaction of the pcGDP factor itself with the regression equation’s nonlinear model has been removed from the model due
to its weakness (p-value is 0.071; we can accept this factor as conditional).

According to the statistical analysis, pcHE was defined as a second objective function, GDP, and pcGDP factors have a
significant effect on the response variable. The E factor impact on pcHE is based on substantial evidence, but it is accepted
that if the significance level ratio is close to 0.05. PE has a significant effect, even if it has weak evidence. Negatively, the
LE factor has not counted any effect on the response variable. The regression coefficients of all factors except factor E have
a positive value. The constant number, called the regression coefficient (known as the constant coefficient that gives the
regression slope), has a negative value, which is -0.233.

The two regression equations obtained at the same time constitute the objective functions of this study. The first objective
function was evaluated for HE (see equation 8). The second regression equation (defined as the second-objective function)
belongs to pcHE (see equation 9). The equations were defined as follows:

Maximize, [-2363+0.000250*x +0.07974 *x +30.1 *x,- 0.000024 *x + 49225 *x ] )
Minimize, = [-0.233+0.000012 *x_+0.000010 *x_+0.00358 *x,- 0.00001 *x + 1.334 *x ] 9)
x;,> 0.00; i={g,pc.,l,e,p}, ={OECD members} (10)

The same constraints were used for the objective functions (see equations Table 4). A limit was established by calculating
the maximum (upper limit) and minimum (lower limit) values of the results of these constraints. Finally, these factors that
make up decision variables that need to be greater than zero (see equation 10).

Table 4

The constraints of the objective functions

Variables Lower Limits Upper Limits

Xy $17,180.0 $18,624,475.00
X $8,209.00 $100,573.00

X, 74.60 83.90

X, 5.00 (% of GDP_j ) 22.00 (% of GDP _j)
X 20944 20076000

jul

The values to be taken by the factors must satisfy the objective functions. The most crucial factor to be considered for this
is the desirability values of the objective functions. The desirability value ranges from 0 to 1. In this study, the desirability
value obtained to satisfy both objective functions are 0.5552. This value is the average of the desirability values of the objective
functions. The values show the data required for an OECD country to have a quality structure in the healthcare economy in
Table 5. Countries with OECD members must have a minimum GDP of $1,737,253,440.00 and a pcGDP of approximately
$54,000.00. Among findings, members of OECD with these values were also required to reduce pharmacy spending.

Table 5

Feasible values of objective functions and factors

Definitions Status Variables Desirability Feasible Values
Constraints 1 X, - $1,737,253,440
Constraints 2 X - $53,970.24

Decision Variables Constraints 3 Xy - 79.46

or Input Factors Constraints 4 X, - 306207.90 ~ 306208
Constraints 5 x‘;i - 1.190 %

Maximize Objective Functions 1 Yo 0.4768 $5,282.38

Minimize Objective Functions 2 Ya 0.6394 8.970 %
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The OECD members must set a budget of at least $5,282.38 to maximize the pcHE value. The objective function of HE,
which is required to be drawn to the minimum level, requires members of OECD to allocate approximately 9.00 % of their
GDP budget. For possible values for both objective functions and constraints, the feasible HE of OECD member countries
for healthcare have been recalculated with the new method. Under this calculation, some countries spend unnecessarily
excessive expenditures. Some countries have found that the percentage of HE in the amount of GDP they have is required
to be increased. Seventeen out of 35 OECD member countries spend more on HE. The HE amounts in the U.S. are unusually
excessive. Approximately 47.89 % of the HE amounts are seen to pay more. Turkey is experiencing just the opposite in this
case. Turkey appears to be insufficient, and it was found that HE should increase at least 107.16 % (It is necessary to spend
as much as the current HE).

The feasible HE PC value deducted by the new method developed is calculated as $5,282.38 (threshold) on average. It is
recommended that pcHE values be maintained or increased in countries (France, Ireland, Luxembourg, Netherlands, Norway,
Sweden, Switzerland, and the U.S.) where HE PC values are above feasible. Because HE PC is the best measure of the quality
of the health system. According to computational results, 27 out of the 35 OECD countries need to increase the pcHE amount
significantly. Otherwise, they will not have a good health system in the future. Especially in two countries, Mexico and
Turkey are required to provide an increase of approximately $4,000.00.

The resulting feasible values and an improvement in the health economics of OECD countries have been achieved with this
study. The budget allocated by members of the OECD for healthcare services is approximately $6.02 trillion. The total amount
that OECD members will spend on the healthcare sector is about $4.3 trillion within the feasible results obtained with this
developed application. Within the scope of the targeted values in health economics, HE has been minimized, and an
improvement of approximately 29.13% has been achieved. This improvement will result in wasted expenditure on other
investments in the healthcare field. The most crucial incentive factor for this situation is an overpayment in the pharmaceutical
sector. The workplace created for the pharmaceutical industry causes people to turn from healthcare services to economic
competition in developed and developing countries. The most active component in healthcare systems is the governments at
the center of healthcare systems as a rule-maker in healthcare (Atalan and Donmez 2019). For this reason, governments
should not allow the pharmaceutical industry to put people’s lives at risk.

The second indicator of the healthcare economy is the pcHE. An increase in the amount of pcHE in world countries is
requested. The main reason for this is that people want to live under health insurance. The size of the pcHE amount also
indicates the quality of the healthcare systems that the countries have. It shows that countries with high HE PC amounts have
an advanced healthcare system (technology, quality, adequate resources, etc.). With this method developed, the amount of
pcHE in countries should be over $5,000.00. It is a known fact that people in countries that do not have a social healthcare
system spend too much money on treatment. For this reason, people want to get quality healthcare services if they have
certain state or public healthcare insurance (the amount paid or the amount cut off by the government for the insurance
premium). However, to provide quality healthcare, members of the OECD need to have the feasible values obtained.

4. CONCLUSIONS AND FUTURE PERSPECTIVES

Healthcare systems are one of the main elements that constitute countries’ infrastructures, although the healthcare systems
have a complex structure. The healthcare sector is among the largest sectors after the manufacturing industry in the world.
In countries with economic developments, it is not surprising that developed healthcare systems exist. The fact that people
have a high financial advantage in healthcare has opened the way to get quality healthcare services. There will inevitably
be large investments economically to create quality healthcare services. However, to achieve this desired situation, the
healthcare economy needs to be appropriately managed.

This study’s central theme was to determine feasible results by selecting the effects of the factors that may be effective in
healthcare economics on HE and pcHE. To manage healthcare economics, governments need to use the budgets they allocate
efficiently. Consequently, in countries that do not have a social healthcare system, the HE is excessive. The main reason for
this situation is the perception of the health sector as a business. With this study, approximately 29.13% improvement was
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achieved in HE, thereby eliminating waste that occupies the healthcare budget. The other goal of this study was to ensure
that the pcHE amount is high in countries that are members of OCED. On average, the pcHE amount was $ 4,002.68. However,
it was determined that the pcHE amount of OECD countries should be over $5,200.00 with this advanced method. Thus, we

have underlined that the quality and infrastructure of healthcare should be improved in these countries.

The applicability of optimization models with statistical analysis has been shown by contributing to the literature with this
study. Additionally, this study emphasizes how to solve MOOM as opposed to single-objective optimization models.
Researchers generally think that MOOMs are difficult to solve, and they come up with a solution by converting optimization
models with multiple objective functions into a single objective function. As the future scope of this study, it is proposed to
integrate statistical analysis with optimization models to find the optimal economic and social parameters for countries,
cities, or institutions.
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