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EVALUATION OF OECD COUNTRIES IN TERMS OF HUMAN
DEVELOPMENT INDEX, MORTALITY RATES AND HEALTH
EXPENDITURES WITH CLUSTER ANALYSIS

Nazan KARTAL *

ABSTRACT

The objective of this study is to apply cluster analysis to OECD countries in order to identify country groups
with similar Human Development Index (HDI), mortality and health expenditure profiles. In order to achieve the
aforementioned aim, the research employed a correlation analysis and K-means clustering method to analyse a
number of variables for 38 OECD Countries with 2020 data. These included the HDI, maternal, infant and under-
five child mortality rates, the share of total health expenditure and the share of public health expenditure. The
results demonstrated a significant and positive correlation between HDI and total health expenditure, as well as
public health expenditure. Additionally, a negative and strong relationship was observed between HDI and
maternal, infant and child mortality rates. The cluster analysis yielded the following results: 13 countries were
assigned to cluster 1, 3 to cluster 2, and 13 to cluster 3. Furthermore, it was observed that Colombia, Mexico and
Turkey, which are situated within the same cluster, exhibited the lowest HDI and the lowest proportion allocated
to health expenditures with the highest maternal, infant and under-five child mortality rates. The results of this
study demonstrate that health expenditure is a crucial factor in the progression of the HDI. It is thought that
countries with a low HDI can enhance health outcomes by reducing mortality rates and increasing health
expenditure.
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ARASTIRMA MAKALESI

OECD ULKELERININ INSANI GELISME ENDEKSI, OLUM
ORANLARI VE SAGLIK HARCAMALARI AGISINDAN
KUMELEME ANALIZi ILE DEGERLENDIRILMESI

Nazan KARTAL *

0z

Bu ¢alismanin amaci, OECD iilkelerine kiimeleme analizi uygulayarak Insani Gelisme Endeksi (HDI), éliim
orani ve saglik harcamalart profilleri benzer olan iilke gruplarmmi belirlemektir. Arastirma kapsaminda 38 OECD
tilkesi icin 2020 yilina ait verilerle HDI, anne, bebek ve beg yas alti cocuk 6liim oranlari, toplam saglk harcamasi
payt ve kamu saglhk harcamasit payr degiskenleri korelasyon analizi ve K-ortalamalar kiimeleme yontemi
kullanilarak analiz edilmistir. HDI ile toplam saghk harcamalart ve kamu saglik harcamalart arasinda anlamh
ve porzitif iliski; HDI ile anne, bebek ve ¢ocuk oliim oranlart arasinda ise negatif ve giiclii iliski oldugu
belirlenmistir. Kiimeleme analizi sonucunda kiime 1'de 13 iilke, kiime 2'de 3 iilke ve kiime 3'te 13 iilke oldugu
belirlenmistir. Ayni kiimede yer alan Kolombiya, Meksika ve Tiirkiye'nin en diisiik HDI ve saglik harcamast ile en
yiiksek anne, bebek ve bes yas alti ¢ocuk dliim oranlarina sahip oldugu goriilmiistiir. Calisma sonuglart saglhk
harcamalarmmin HDI gelisimine dnemli bir katkisi oldugunu géstermistir. HDI skoru diisiik olan iilkelerin saghk
harcamalarini artirarak ve oliim oranlarin azaltarak saglk sonuglarin iyilestirebilecegi diistintilmektedir.

Anahtar Kelimeler: Insani gelisme endeksi, saglik harcamasi, mortalite, kiimeleme, OECD.
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I. INTRODUCTION

Human development is thought to have emerged after the 1950s as a result of discussions on the
relationship between economic growth and the development of social welfare (Reyes and Useche, 2019).
A significant number of international organisations and scholars have articulated the necessity to
supplement existing well-being measures with solutions that will facilitate more effective assessment
and evaluation of countries' policy responses to diverse challenges. The Human Development Index
(HDI) is an index often used to classify countries. It plays two important roles in this process. Firstly, it
enables a more comprehensive examination of the concept of well-being by popularising the concept of
a standard measure of human development. Secondly, it offers a viable alternative to GDP per capita,
which is regarded as the benchmark for measuring human development (Babiarz et al. 2018; Stanton,
2007).

The HDI is a statistical measure devised by the United Nations to assess the level of socio-economic
developmental progress achieved by countries. The HDI is a composite indicator that synthesises three
fundamental dimensions of human development: health, education and income. The HDI is calculated
by combining three key indicators: life expectancy at birth for a healthy life, education indicators
(literacy and schooling) for access to information, and per capita income for average purchasing power.
This formulation permits the HDI to account for well-being in addition to health and education (Reyes
and Useche, 2019; Prados de la Escosura, 2015; UNDP, 2001; Anand and Sen, 2000). The HDI is scored
on a scale of 0 to 1, with 1 representing the highest level of human development. The 2014 Human
Development Report delineates four levels of human development: very high, high, medium, and low.
Countries with an HDI below 0.550 are classified as low, those between 0.550 and 0.699 as medium,
those between 0.700 and 0.799 as high, and those above 0.800 as very high (UNDP, 2014).

The available evidence indicates a positive correlation between the ratio of health expenditures to
gross domestic product and health outcomes (Nixon and Ulmann, 2006; Crémieux et al., 1999). In
particular, countries that allocate a greater proportion of their gross domestic product (GDP) to
healthcare have been demonstrated to exhibit comparatively superior health outcomes in comparison to
countries that allocate less of their GDP to healthcare (Nuhu et al., 2018). A study examining the effect
of public health expenditure on HDI in Turkey based on data between 1991 and 2013 found a positive
and significant relationship (Yal¢in and Cakmak, 2016).

It is essential for health policymakers to assess the trends in reproductive health indicators, such as
infant and maternal mortality rates, and their communication and interaction with development
indicators. This will ensure a regular and accurate assessment of the health system's performance and
facilitate more effective risk factor management strategies (Rohani et al., 2018; Khosravi and Rahbar,
2009). The infant mortality rate is a principal indicator used to assess the health status and
socioeconomic well-being of a country (Alijanzadeh et al., 2016). The infant mortality rate serves as a
key indicator in gauging the standards of healthcare and social equality (Alijanzadeh et al., 2016;
Hakobyan et al., 2006; Arntzen et al., 2004).

The OECD offers the privilege of facilitating the collaboration of essential global affairs among its
esteemed member countries and a variety of valued partners at national, regional and local levels. The
OECD has a membership of 38 countries worldwide. The data and analysis produced by the organisation
are utilised by member countries as a basis for informing their policy decisions, and they also assume a
pivotal role in the country reviews (OECD, 2024).

The objective of this study is to apply a cluster analysis to a set of OECD countries, with the aim of
identifying groups of countries that exhibit similar characteristics with respect three key indicators: the
HDI, mortality rates and health expenditures. The literature shows that there are studies using the HDI
in cluster analysis. These include the studies by Fahmiyah and Ningrum (2023), Repiska et al. (2022),
Polat (2021), Krylovas et al. (2020), Giiloglu et al. (2018), Altas and Arikan (2017), Mylevaganam
(2017), and Sulkowski and White (2016). However, it was observed that the cluster analysis studies did
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not incorporate the variables evaluated in cluster analysis with HDI within the scope of this research. It
is thus anticipated that the present study will make a notable contribution to the existing literature.

Il. METHODS

2.1. Aim of the Research

The aim of this research was to determine the most appropriate method for classifying OECD
member countries according to their human development index, mortality rates, and health expenditure
data. To this end, cluster analysis was conducted, and the differences between the clusters in which the
countries were located were evaluated.

2.2. Study Population

The countries participating in this analysis are those belonging to the OECD. The research
encompassed a total of 38 countries.

2.3. Data Collection

In this study, the use of secondary data was employed. The data used in this study were obtained
from open access sources. Ethics committee approval is not required because secondary data has been
used in the study. Table 1 below provides details of the variables included in the research and their
sources.

Table 1. Variables and Sources

Variables Description Source
THE- Total healthcare The total expenditure on healthcare as a

expenditure as a share of percentage of the gross domestic product

GDP, 2020 (GDP).

PHE- Public expenditure on
healthcare as percent of total
healthcare expenditure,
2020

The proportion of current health
expenditures financed by domestic public
sources for health.

The estimated number of maternal deaths
MMR-Maternal mortality per 100,000 live births is based on data from
rate, 2020 death certificates, large-scale surveys, and World Health Organization -
statistical modelling. Global Health Observatory
IMR-Infant mortality rate, The estimated number of death§ of c_hildre_n (2024)
2020 under one year qf age per 100 live births, in
deaths per 100 live births.
CMR-Child mortality rate, The estimated proportion of infants who die
2020 before reaching the age of five.
The HDI is a summary measure of key
dimensions of human development,
HDI-Human Development including a long and healthy life, a good
Index, 2020 education, and a decent standard of living. A
higher value indicates a higher level of
human development.

2.4. Statistical Analysis

In this study, the cluster analysis method was employed. A review of the literature reveals the
existence of numerous cluster analysis methods. Clustering methods can be classified into two main
categories: stepwise (also known as stage-ordered or hierarchical clustering) and non-stepwise (also
known as non-stage-ordered or non-hierarchical) cluster methods (Alpar, 2013). In this study,
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hierarchical and non-hierarchical clustering analyses were conducted in accordance with the prescribed
methodology.

The steps for the Clustering algorithm process are as follows:

Since the units of the variables are different, the data were standardized with z transformation and
the standard data matrix was used in the cluster analysis study.

The standardised data were subjected to analysis using Ward's technique, which is one of the
hierarchical cluster analysis methods. The appropriate number of clusters was then determined.

Once the optimal number of clusters had been identified, the countries were grouped according to
the research variables using the k-means method. The k-means method was employed, with the model
run 10 times and 300 iterations selected.

The WARD method was chosen as the best hierarchical clustering method for this research because
it is well-known for its effectiveness in the literature (Tekin, 2018; Ferreira and Hitchcock, 2009; Hands
and Everitt, 1987). The Ward method provides more detailed evidence because it is based on the average
distance of the observation falling in the middle of a cluster from the observations in the same cluster
(Tekin and Giimiis, 2017).

The data were standardised using SPSS 26 (Statistical Package for the Social Sciences). The
hierarchical clustering analysis and k-means method were applied to the dataset using open-source
Orange software. Orange is a data mining application that enables the utilisation of machine learning
and data visualisation through the creation of visual workflows (Dobesova, 2024). Orange is an open-
source software program provided by the University of Ljubljana in Slovenia. Furthermore, the software
is capable of supporting files in a variety of formats, including *.csv, *.tsv, *.arff, *.txt, *.tab, *.xml,
and *.svm. (Orange, 2024).

I11. FINDINGS

Table 2 shows that the largest share of GDP allocated to health expenditures is in the USA (18.76),
while the smallest share is in Turkey (4.62). The country with the highest share of public health
expenditure in total health expenditure is the Czech Republic (87.4) and the country with the lowest is
Switzerland (35.9). Colombia has the highest maternal mortality rate (per hundred thousand births) at
75, while Norway and Poland have the lowest at 2. The countries with the highest infant mortality is
Mexico (1.14); the country with the lowest rate is Estonia (0.14). Mexico has the highest under-five
child mortality rate (1.4%), while Estonia, Finland, Japan, Norway, Slovenia have the lowest (0.2%).
The country with the highest HDI is Norway (0.963), and the country with the lowest is Colombia
(0.756).
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Table 2. Country Scores Based on Research Variables

No | Countries THE PHE MMR IMR CMR HDI
1 Australia 10.68 73.7 3 0.31 0.4 0.948
2 Austria 11.39 76.7 5 0.32 0.3 0.916
3 Belgium 11.2 77.9 5 0.32 0.4 0.93
4 Canada 13.04 73.7 11 0.44 0.5 0.928
5 Chile 9.73 56.3 15 0.5 0.7 0.849
6 Colombia 8.71 713 75 1.09 13 0.756
7 Costa Rica 7.83 718 22 0.69 0.8 0.811
8 Czechia 9.21 87.4 3 0.23 0.3 0.891
9 Denmark 10.56 84.8 5 0.31 0.4 0.946
10 | Estonia 7.58 77 5 0.14 0.2 0.891
11 Finland 9.63 81.3 8 0.19 0.2 0.939
12 France 12.13 76.8 8 0.35 0.4 0.9

13 Germany 12.69 78.5 4 0.31 0.4 0.948
14 Greece 9.5 54 8 0.32 0.4 0.887
15 | Hungary 7.29 70.5 15 0.34 0.4 0.849
16 | Iceland 9.61 83.3 3 0.29 0.3 0.955
17 Ireland 7.11 78 5 0.28 0.3 0.945
18 Israel 7.71 68.2 3 0.22 0.4 0.906
19 | Italy 9.63 75.9 5 0.25 0.3 0.892
20 | Japan 11 84.9 4 0.18 0.2 0.917
21 Korea 8.35 59.8 8 0.23 0.3 0.922
22 | Latvia 7.25 63.4 18 0.34 0.4 0.873
23 Lithuania 7.48 68.7 9 0.27 0.4 0.88
24 | Luxembourg 5.74 87.4 6 0.45 0.3 0.921
25 Mexico 6.22 52.9 59 1.14 14 0.757
26 | Netherlands 11.21 68.9 4 0.38 0.4 0.938
27 | New Zealand 10.07 77.9 7 0.38 0.5 0.935
28 | Norway 11.25 86 2 0.17 0.2 0.963
29 | Poland 6.5 71.9 2 0.35 0.4 0.874
30 | Portugal 10.55 64.2 12 0.24 0.3 0.861
31 Slovak Republic 7.13 80.3 5 0.5 0.6 0.86
32 Slovenia 9.43 72.6 5 0.21 0.2 0.91
33 Spain 10.75 73.1 3 0.25 0.3 0.894
34 | Sweden 11.33 86.2 5 0.23 0.3 0.944
35 Switzerland 11.73 35.9 7 0.37 0.4 0.957
36 | Tirkiye 4.62 78.8 17 0.9 11 0.835
37 | United Kingdom 12.16 83.7 10 0.37 0.4 0.92
38 | United States 18.76 57 21 0.53 0.6 0.923

Table 3 shows the correlation analysis results for the variables. To evaluate correlations among the
study variables, Alpar’s specified intervals were used (Alpar, 2013). Table 3 illustrates a significant and
positive correlation between HDI and total health expenditure and the share of health services.
Additionally, there is a negative and statistically significant correlation between HDI and maternal,
infant and child mortality rates.
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Table 3. Correlation Analysis among Variables

THE PHE MMR IMR CMR HDI
THE 1 +0.279 -0.157 -0.246 -0.251 +0.485
PHE -0.079 1 -0.320 -0.268 -0.309 +0.279
MMR -0.157 -0.320 1 +0.859 +0.857 -0.782
IMR -0.246 -0.268 +0.859 1 +0.978 -0.753
CMR -0.251 -0.309 +0.857 +0.978 1 -0.781
HDI +0.485 +0.279 -0.782 -0.753 -0.781 1

Ward's method, one of the hierarchical clustering methods, was initially employed to ascertain the
number of clusters within the scope of the analysis. The resulting dendrogram diagram, produced by the
hierarchical clustering analysis, is presented in Figure 1. When the dendrogram diagram was examined,
the number of clusters that should be used when applying the k-means method was determined as 3.

Figure 1. Dendogram Graph Created using Ward's Method

Korea

Switzerland
L

Greece
[ Ireland
Y Israel

Poland
: Slovak Republic

Portugal
Luxembourg
United States

Estonia
Chile
Finland
United Kingdom
Italy
Japan
Mexico
Morway
Sweden
Denmark
Iceland

France
Lithuania
Latvia
Belgium
Germany
Austria
Spain

| Tu rkiye

|_: Costa Rica
Slovenia

Hungary
Netherlands
New Zealand
Australia
Colombia

t

t
0.2

One of the key instruments utilized to elucidate the distinctions between the constituent data points
within the data set of the Orange data mining tool is the distance matrix unit. The distance matrix offers
a valuable means of comparing observations in pairs. According to distance matrix, the countries of
Australia and Colombia are the most closely related, with the lowest value of 0.008. This can be clearly
seen in the dendogram diagram in Figure 1 or the distance map in Figure 2.
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Figure 2. Distance Map
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The K-means clustering method was executed for 38 countries utilising the Orange application. The
results indicated that there were 22 countries in Cluster 3, three in Cluster 2, and 13 in Cluster 1. The
Silhouette index, which is one of the various metrics for evaluating the reliability of the k-means method,
ranges between -1 and +1. Values approaching 1 indicate optimal clustering (Tebala and Marino, 2023).
Upon examination of Table 4, it becomes evident that Sweden exhibits the highest Silhouette value
(0.671093), while Israel displays the lowest (0.45814).
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Table 4. Cluster Groups

Countries Cluster Silhouette
Australia C3 0.650127
Austria C3 0.660166
Belgium C3 0.666706
Canada C3 0.60692
Chile Cl 0.582661
Colombia C2 0.645937
Costa Rica Cl 0.540969
Czechia C3 0.637483
Denmark C3 0.669812
Estonia C3 0.582933
Finland C3 0.660381
France C3 0.634051
Germany C3 0.655608
Greece Cl 0.564787
Hungary Cl 0.548443
Iceland C3 0.666164
Ireland C3 0.612198
Israel Cl 0.45814
Italy C3 0.62165
Japan C3 0.66305
Korea Cl 0.496159
Latvia Cl 0.57114
Lithuania Cl 0.519559
Luxembourg C3 0.5812
Mexico C2 0.649484
Netherlands C3 0.614107
New Zealand C3 0.641805
Norway C3 0.659905
Poland Cl 0.503708
Portugal Cl 0.501937
Slovak Republic Cl 0.48335
Slovenia C3 0.617545
Spain C3 0.621386
Sweden C3 0.671093
Switzerland Cl 0.531656
Tiirkiye C2 0.485741
United Kingdom C3 0.653867
United States Cl 0.48123

The results of the k-means cluster analysis and the cluster locations of the countries are also shown
in Figure 3. The visualisation of the multidimensional scaling according to the k-means method is shown
in Figure 4. Looking at Figure 4, we can see that Turkey, which is in cluster 2, deviates from cluster 1.
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Figure 3. Scatter Plot with K-Means
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IV. DISCUSSION AND CONCLUSION

This paper presents a classification of OECD member countries according to the HDI, mortality rates
and health expenditures, which is arguably the most prevalent measure of welfare. The study employed
cluster analysis to examine the relationships between health expenditure, mortality rates and the human
development index across 38 OECD countries. In the study, the data were initially standardised.
Thereafter, the most appropriate number of clusters was determined by means of the hierarchical cluster
analysis technique. Finally, the clustering was conducted using the k-means method.

The results of the correlation analysis indicate a significant and positive relationship between the
HDI and total health expenditure as well as the share of health expenditure. A negative and strong
relationship was found between HDI and maternal, infant and child mortality rates. The measurement
of health indicators constitutes an essential element of the HDI. Cluster analysis revealed that Colombia,
Mexico and Turkey belong to the same cluster group. These countries were also found to have the lowest
HDI and the lowest proportion of health expenditure and the highest mortality rates. Additionally, an
examination of the development level reveals that Colombia and Mexico exhibit a medium development
level (HDI1<0.80), while Turkey, despite its high development status, continues to require advancement
in comparison to other OECD members. It is also noteworthy that these countries possess fragile
economies. Particularly noteworthy is Turkey's underperformance in comparison to other EU countries,
despite its candidacy for EU membership. To address these challenges, Turkey must prioritize
investment in development and augment its health expenditures over the long term.

While some of the observed inequalities in health outcomes, such as mortality rates, are associated
with access to and the quality of health care (Peters et al., 2008), there are notable connections between
these inequalities and seemingly unrelated factors, including education and income levels. A notable
finding is that populations from lower socioeconomic backgrounds experience a disproportionate impact
on these outcomes (United Nations Children's Fund, 2025). This phenomenon has been consistently
documented by various sources, including the (World Health Organization, 2021; World Health
Organization, 2020; Chu et al., 2007). The correlation between maternal and infant mortality in certain
countries, such as Western Europe and Canada, and the quality of healthcare is not as significant as
previously thought. Instead, this phenomenon can be better explained by socioeconomic development
(Nuhu et al. 2018).While these countries allocate a higher share to health expenditures, it is observed
that the rate of health expenditures and the share of public health expenditures are lower in some Central
European countries, which are in the lower group among European Union countries. A similar
observation can be made when examining the data on health expenditure variables. It is evident that the
lower share allocated to public health expenditures in the USA and Switzerland contributes to their
shared grouping with Central and Eastern European countries and countries with lower levels of
development, such as Chile and Costa Rica.

The HDI is an appropriate method for evaluating the development of a country and is the most crucial
index for estimating the infant mortality (Morse, 2014). Infant mortality is highly responsive to policy
interventions that directly or indirectly impact the health of infants. These include policies pertaining to
the availability and accessibility of child and maternal health services, as well as those concerning the
education of girls (Reidpath and Allotey, 2003). Infant and under-five mortality rates were included as
a key indicator in the 60,000-year socio-economic development plan, which was implemented in 2015
to assess progress in socio-economic development and health (United Nations, 2007). The infant
mortality rate is therefore considered one of the most effective mortality indicators to reflect general
socio-economic development (Doorslaer and Koolman, 2004).

One study determined that health expenditure mediates the relationship between HDI and maternal
and infant mortality (Nuhu et. al, 2018). The available evidence indicates that health expenditure at the
central and local government levels has a positive effect on the HDI and its constituent elements
(Miranda-Lescano et al., 2023). This was achieved through their panel data analysis, which
encompassed the period between 2000 and 2018 and included 57 developed and developing countries.
In a study covering 191 countries, it was stated that the current health expenditure per capita variable,
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among the health expenditure variables, has a significant effect on the HDI (Akin and Kog, 2021).
Another study concluded that the increase in health expenditures in 25 Southwest Asian countries
between 2000 and 2008 led to an increase in the HDI (Mirahsani, 2016). In a study covering 81 countries
and classifying countries according to variables affecting HDI levels, stated that the statistical effect of
health expenditures and infant mortality rate variables was significant (Yakut et al., 2015). As a result
of the research conducted to determine the impact of some health indicators on the HDI in OECD
countries and covering the years 2011-2016, it was found that the most effective variable on the HDI
was the infant mortality rate (Cosar, 2020).

The present study demonstrates that there is a positive correlation between a country's HDI and health
expenditure, and a negative correlation between mortality rates. The findings of the study indicate that
health expenditure is a crucial determinant of human development. It is thought that countries with low
HDI can improve health outcomes by reducing maternal, infant and under-five child mortality rates by
increasing health expenditures. It is therefore clear that increasing the share of health expenditure
allocated by policy makers can be a useful strategy for achieving higher levels of human development.
It is thought that future studies would be useful to reclassify countries by adding more health indicators
to the human development index. It is evident that the United Nations (UN) community has directed its
attention toward the advancement of maternal and infant health, along with the reduction of mortality
rates, within the framework of the Millennium Development Goals (MDGs) established by the year
2015. Moreover, the UN has identified the promotion of economic growth, the alleviation of poverty
and hunger, the facilitation of basic education, and the promotion of gender equality as pivotal to human
development. Among the 17 fundamental Sustainable Development Goals (SDGs) that the UN aspires
to achieve by the year 2030, significant emphasis has been placed on the advancement of health and the
amelioration of issues such as hunger, poverty, education, gender equality, hygiene, and inequality, all
of which are instrumental in fostering human development. In this regard, it is imperative for nations to
prioritize the formulation of studies that address these areas within their respective agendas, with the
objective of effecting tangible improvements.

The principal limitation encountered in studies employing secondary data is the absence of suitable
variable and country data for the targeted year. In addressing this challenge, this study employed a
diverse set of year-specific data for the variables under consideration. In such instances, data from
adjacent years is favored. While this is not an optimal solution, it aligns with the findings of analogous
studies in the extant literature. These studies suggest that when direct access to data for the desired year
is not possible, data from the closest year can be utilized. In studies that span multiple countries, the
presence of incomplete and non-standard statistics poses significant challenges to effective comparison
and analysis.

Cluster analysis is a simple and interpretable method for classifying complex data sets according to
specific variables and providing decision-makers with guidance. In future studies, the application of
various clustering methods to the same data set will facilitate a comparative analysis of the outcomes
produced by these methods and the distribution of data groups. Furthermore, the relationship between
human development, mortality rates, and health expenditures can be examined using panel regression
analysis based on a time period belonging to different years. Furthermore, studies that utilize health
indicators derived from disparate databases are poised to further enrich the existing body of knowledge.

Ethics Committee Approval: This study does not require ethics committee approval.
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