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Abstract: The amount of health expenditure at the household level is one of the most basic indicators
of development in countries. In many countries, health expenditure increases relative to national
income. If out-of-pocket health spending is higher than the income or too high, this indicates
an economical alarm that causes a lower life standard, called catastrophic health expenditure.
Catastrophic expenditure may be affected by many factors such as household type, property status,
smoking and drinking alcohol habits, being active in sports, and having private health insurance.
The study aims to investigate households with respect to catastrophic health expenditure by the
clustering method. Clustering enables one to see the main similarity and difference between the
groups. The results show that there are significant and interesting differences between the five
groups. C4 households earn more but spend less money on health problems by the rate of 3.10%
because people who do physical exercises regularly have fewer health problems. A household with a
family with one adult, landlord and three people in total (mother or father and two children) in the
cluster C5 earns much money and spends large amounts for health expenses than other clusters. C1
households with elementary families with three children, and who do not pay rent although they
are not landlords have the highest catastrophic health expenditure. Households in C3 have a rate of
3.83% health expenditure rate on average, which is higher than other clusters. Households in the
cluster C2 make the most catastrophic health expenditure.

Keywords: catastrophic household expenditure; health expenditures; socioeconomic factors;
categorical clustering

1. Introduction

According to the World Health Organization (WHO), health is not only the absence of illness
and disability in the individual’s body but also the human being in full, physical, spiritual and social
sense [1]. Health services are carried out to ensure that individuals and society are healthy, long-lasting,
and productive. When the statistics of the WHO are checked, it is seen that the estimation of current
health expenditures including healthcare goods and services consumed in the World was 8.56% in
2000 while it was 10.02% in 2016 [2]. However, this ratio was expressed as 4.62% in 2000 and 4.31% in
2016 for Turkey [2].

The underlying reasons for the increase in health expenditures has been investigated in the relative
literature. Yereli et al. [3] stated that technological developments in the health sector contributed to the
increase of these expenditures. Additionally, Akar [4] stated that through technological developments,
increasing health expenditures causes economics growth by affecting the life expectancy and quality
of individuals. Sevinc et al. [5] expressed a different aspect by decomposing the health expenditures in
Turkey. In the light of the findings, the correct use of resources is essential in the health sector. The
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increase in investment expenditures will contribute to economic growth by providing technological
advancement in the health sector. Therefore, it is vital to examine the health expenditures in detail.
The definition of catastrophic health expenditure is varied based on the certain amount of income level
of households, such as 10% [6]. The World Health Organization states that approximately 44 million
households are exposed to catastrophic financial expenditure each year when 40% of non-subsistence
income is considered [7]. The threshold set for the definition of catastrophic health expenditure is
central since it is a consideration for policy-making.

Puteh and Almualm [8] indicate that factors that affect households’ catastrophic health
expenditures are the status of the households in urban or rural areas, their socio-demographic
characteristics, the presence of any disease in households, the types of health institutions and types
of providers. On the other hand, Yang et al. [9] found that catastrophic health expenditures have a
high incidence among elderly households in China, and empty-nest households are at a higher risk for
catastrophic health expenditures than non-empty-nest households. Moreover, Choi et al. [10] found
that for South Korea by using panel data low-income families with members who had either lost a job
or were already unemployed are more likely to incur catastrophic health expenditure than those with
family members with a consistent job.

In this study, households are clustered in terms of socio-economic characteristics affecting health
expenditures which are stated before in the literature, and both health and catastrophic health
expenditures are examined through these clusters. At the end of the study, the following findings are
obtained: A household with an elementary family with two children having their own house may
spend less if they do regular exercises and do not smoke. On the other hand, a single mother/father
with two children having their own house earns more money and spends more on health expenses
than other clusters. Also, it is found that the number of children, smoking, drinking, and sports habit
and property status are not statistically distinguishing factors on catastrophic healthcare expenditures.
However, healthy habits such as regularly doing exercises, not drinking alcohol and smoking may
decrease catastrophic healthcare expenditures. With the different clustering method approach, this
study will contribute to the literature of catastrophic health expenditures.

The next section gives a literature review of the topic. Later, we introduce our methodology. In
Section 4, we represent our case study. In Section 5, we shall carry out the discussion of our findings.
Finally, in the last section, we make some concluding remarks.

2. Related Works

There are many studies on catastrophic health spending in the literature. One of them is an
excellent example of the study because it covers many countries [11]. They used the data from
household surveys of 59 countries on regression analysis. Catastrophic expenditure is defined as if
the household health expenditure exceeds 40% of income. They state that catastrophic expenditure
is not decreasing, even though policymakers have been considering catastrophic financial payments
to protect people from high payments on healthcare. Besides, they find that health expenses widely
varied between countries from lower than 0.01% for the Czech Republic and Slovakia to 10.5% in
Vietnam. The developed countries such as Portugal, Greece, Switzerland, and the USA have more
than 0.5% of households facing catastrophic health spending. For Namibia and Djibouti, the lower
limit is found as less than 0.5%. The countries in transition, such as Azerbaijan, Ukraine, Vietnam,
and Cambodia have high rates of catastrophic spending. Finally, they suggest implementing risk
protection policies in developing countries rather than increasing the availability of health services.
Xu et al. [12], in another study, investigate the catastrophic health expenditures considering several
independent variables such as income group and population characteristics of countries, the rate of the
population under age five, and the rate of the people above age 60 from 116 household surveys for the
1990–2003 period. They noticed that the Gini coefficient in household expenditure is highly correlated
with financial catastrophe health expenditures in all income groups. Moreover, young and aging
populations generally need more health services than others. Finally, they suggest that some conditions
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are required to reach social health insurance for countries such as economic growth, the structure of
the economy, the geographical distribution of the population, the availability of administrative skills
to run an insurance scheme or tax-based system, and social preferences for solidarity.

Apart from these studies, there are also examples of developing and low-income country studies.
For instance, Su et al. [13] examined the catastrophic household expenditure and determinants
of it for Nouna as a low-income district of Burkina Faso by using the data of 800 households for
the 2000–2001 period with multivariate logistic regression method. They found that 6%–15% of
total households in Nouna District have catastrophic health expenditure. The economic status of
households and the presence of a member with chronic illness have a notable impact on catastrophic
health expenditures. They suggest that different cut-off points should be used for catastrophic health
comparisons. Similarly, Ekman [14] investigated the role of health insurance in the determinants of
catastrophic health expenditures in Zambia as an example of a low-income country by using data of
household level data for the year 1998. According to the results of multiple regression, health insurance
does not provide financial protection to the risk of catastrophic expenditures; contrarily, insurance
increases this risk. He suggests that quality assurance and service provision oversight of insurances
should be considered.

When examining the literature for similar health systems in developing countries such as Turkey,
the following work stands out. Jakovljevic et al. [15] analyzed the governmental, private and
out-of-pocket health expenditures, which are based on WHO sources, in BRICS countries (Brazil,
Russia, India, China and South Africa). They find that the per capita spending in Russia was
the highest in 2013, while India’s health expenditure does not catch its economic growth. They
foresee that Russia and China will have higher per capita healthcare spending in 2025. Additionally,
Reshetnikov et al. [16] analyzed the financing of Russian health care over the past 100 years and
indicate that after 2005 there was an increase in budget allocations, spending on healthcare reach
3.7% of GDP while there was no certain positive trend. Jakovljevic et al. [17] also tried to identify the
bottleneck inefficiencies in non-communicable diseases attributable spending and propose sustainable
health financing solutions. They indicate that catastrophic household health expenditure from out of
pocket spending on non-communicable diseases could plunge almost 150 million people into poverty
worldwide.

In some studies, health expenditures are examined in terms of expenditure groups and a significant
difference between groups is observed. Fazaeli et al. [18] stated the awareness of some problems with
finance healthcare expenditures of households through the increase in health care expenditures. They
aimed to find the determinants of essential factors of catastrophic health expenditures in Iran by using
the Bayesian logit model for the year 2010. Households who live rurally, households which have an
elderly, illiterate or unemployed member, and households with a larger family size face with higher
catastrophic health expenditures than the others. Variables of having health insurance, sex and marital
status have little impact on catastrophic health expenditures. They indicated that the implemented
policies have no meaningful effect on improving justice in financing in health systems. However,
2.1% of households have catastrophic health expenditures. Likewise, there is the following work for
Iran. Kavosi et al. [19] investigated the change in household catastrophic health care expenditures
and inequality in south-west Tehran by using the data of the World Health Survey in 2003 and 2008.
They found that the rate of household catastrophic health expenditures had no significant change
from 2003 to 2008 (12.6% in 2003 while 11.8% in 2008). Additionally, healthcare utilization and
healthcare insurance status were found the critical determinants for both years. Finally, it is found
that socio-economic status is the most significant contributor to inequality on catastrophic health
care expenditures, whereas unequal utilization of dentistry and outpatient services had reduced the
inequality in catastrophic healthcare expenditures among socio-economic groups defined according to
expenditure groups.

Another study [20] is based on survey data conducted in five municipalities of Kathmandu
Valley in Nepal between November 2011 and January 2012. They examined the out-of-pocket health
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expenditures on health which is over 10% of the household’s total spending. They assessed the
distribution of it by using by the total expense of families using the concentration index. They found
that the presence of illness in the household is the primary determinant by using Poisson regression.

As an example of a developed country study, Wyszewianski [21] indicated the distinctive
households with catastrophic health expenditures by using the data from 1977 National Medical Care
Expenditure Survey of USA according to 5, 10, and 20 percent of the family’s income. It was found
that the presence of unemployed household head and someone 65 or older cause more catastrophic
health expenditures according to descriptive statistics.

It is seen that there are also some studies on catastrophic health expenditure for Turkey. For
instance, Yardim et al. [22] described the level of catastrophic health expenditure and its determinants
in Turkey by using household budget survey of 2006. They found that the rate of households with
catastrophic health expenditure was around 0.6% by using 40% or more of their monthly expenditures
as a cut of point. By using the logistic model and Lorenz curve, they noticed that the probability of
having catastrophic health expenditure increased as per capita expenditure increased. Furthermore,
living in a rural area, having health insurance and the presence of an elderly or disabled person in the
household increased risk of catastrophe. They suggested that the Turkish government should develop
social health insurance, tax-based financing of health care mechanisms and to reduce the medical costs
for poor groups.

For Turkey, Basar et al. [23] investigated the presence of catastrophic health expenditures and
the factors which are associated with it by using the Turkish Household Budget Surveys from 2002
to 2008. They find that poor households are less likely to seek health care as compared to non-poor
households. Yardim et al. [24] examined the effect of universal financial coverage as a part of the
Health Transformation Programme, which was applied after 2008, on catastrophic health expenditures
by using the data of 2003, 2006 and 2009 in Turkey. According to logistic and Ordinary Least Squares
(OLS) regression results, there was a decreasing trend in catastrophic health expenditure of households
in Turkey. They interpreted these effects as a positive impact of the Health Transformation Programme.
Brown et al. [25] examined the presence of catastrophic out-of-pocket health expenditures in Turkey
and found the crucial factors which had an impact on it by using the Turkish Household Budget Surveys
for the 2003–2008 period. According to the different cut-off point of expenditure, they indicated that
between 16% and 18% of households spent more than 2.5% of their income on healthcare, and between
1% and 2% of households spent more than 20% of their total expenditure for the 2003–2008 period.
They considered 12 independent variables in the study. They found that low-income families had a
lower probability of facing catastrophic health expenditure than non-poor households. Furthermore,
having a disabled, ill or an elderly person and preschool child in the household had a significant
effect on having high catastrophic health expenditure. Furthermore, living in an urban and having
insurance coverage were found as protective factors against the risk. Finally, they showed that
there was a significant adverse effect of household size on catastrophic health expenditure. Narci
et al. [26] indicated the factors of catastrophic health expenditures and examined the poverty impact of
out-of-pocket payments by using household budget survey from 2004 to 2010 in Turkey. They found
that the rate of households who had catastrophic health expenditure increased from 2004 to 2010.
Moreover, the presence of a 5-year-old child, disabled members, and health insurance were found as
statistically significant factors of catastrophic health expenditures.

3. Methodology

The k-mode clustering method is another version of the k-means algorithm. The k-mode works on
categorical data instead of numeric data like in the k-means. Huang [27] first developed the k-modes
algorithm by making some changes in distance calculation, cluster center description and iterative
algorithm process to the k-means algorithm [28,29].

Let {X1, X2, . . . , Xn} be a set of data points. Xi is represented as [xi1, xi2, ..., xim]. If xij = xkj for
1 ≤ j ≤ m, Xij equas to Xkj. However, the equality of Xij and Xkj does not indicate that they are



Data 2019, 4, 112 5 of 10

the same data points in the real-world. It only means that they have equal similarities in attributes
A1, A2, . . . , Am. K-modes algorithm minimizes the following objective function.

J(U, V : X) =
c

∑
k=1

n

∑
i=1

m

∑
j=1

ukid(vkj, xij), (1)

where U is the membership matrix, V is the cluster centers, and X is the data set to be clustered. uki is
a binary variable that shows the membership value of the data point belonging to cluster k. d, which
is calculated by Jaccard coefficient shown in Equation (2) is the distance function that describes the
similarity measure an object xij and a cluster center vkj.

d(vkj, xij) = 1−
|vkj ∩ vkj|
|vkj ∪ vkj|

. (2)

The k-modes algorithm satisfies the following constraints.

c

∑
k=1

uki = 1, 1 ≤ i ≤ N, (3)

uki ∈ {0, 1}, 1 ≤ k ≤ c, 1 ≤ i ≤ N. (4)

The basic k-modes algorithm follows four steps:
Step 1: Random selection of k different data points as the initial cluster centers.
Step 2: Distance calculation between each data point and the cluster center.
Step 3: Assignment of data points. In this step, data points are assigned to the cluster whose

center has the highest similarity to the object. Step 2 is repeated until all data points are assigned to
one cluster.

Step 4: Selection of a new cluster center by calculating the mode average for each cluster. Then,
the previous and current cluster modes are compared. If they are different, the algorithm returns to
Step 2; otherwise, it stops.

4. Case Study

In the study, the household budget survey of Turkstat for the year 2017 was used. In addition
to demographic characteristics of households and individuals, in this data monthly consumption
expenditures by goods groups were also presented based on the survey month. After cleaning missing
observations which had any consumption information, we obtained the data of 1021 households. In
the clustering method k-modes that we used in the study works with mode average, balancing data
was a critical step. Some dimensions for the variables in the dataset had eight or nine times greater
than others. In that case, the algorithm selected mainly the high-frequency dimension.

Table 1 presents the variables and basic statistics for the analysis of k-mode clustering. We
use the household type (hhtype) coded as follows: One: Elementary household with one child, 2:
Elementary household with two children, 3: Elementary household with three and more children,
4: Elementary household with a childless couple, 5: Elementary household with a patriarchal or
extended family, 6: Elementary household with one adult, and 7: Elementary household with students,
workers, etc. living together; the property status of the household (property) was coded as follows:
One: Landlord, 2: Tenant, 3: Public housing, 4: Not a landlord but does not pay rent; the size of
households (hhsize) is not shown in the Table 1 and changes from 1 to 20 in the dataset; having any
household member with smoking, cigar or tobacco habits (coded as yes/no); having any household
member with drinking alcohol habit or not (coded as yes/no); being any household member as active
(paid) in sports, entertainment, culture etc. (coded as yes/no); and having private health insurance of
any household member or not.
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Table 1. Descriptive statistics of variables used in K-mode.

Variable Freq. % Variable Freq. %

Household Type (hhtype) Smoking, Cigar or Tobacco
1 Elementary household with 234 22.92 Habits (smoking)

one child 1 Yes 586 57.39
2 Elementary household with 245 24.00 2 No 435 42.61

two children Drinking Alcohol Habits
3 Elementary household with 107 10.48 (alcohol)

three and more children 1 Yes 442 43.29
4 Childless couple 152 14.89 2 No 579 56.71
5 Patriarchal or extended 135 13.22 Being Active (Paid) in

household Sports, Entertainment,
6 Household with one adult 135 13.22 Culture Etc (sport)
7 Students, workers etc. Living 13 1.27 1 Yes 353 34.57

together 2 No 668 65.43
Property Status (property) Having Private Health
1 Landlord 533 52.20 Insurance (insurance)
2 Tenant 300 29.38 1 Yes 389 38.1
3 Public housing 26 2.55 2 No 632 61.9
4 Not a landlord but does 162 15.87

not pay rent

When the descriptive statistics are checked in Table 1, it is seen that there are relatively high
frequencies of elementary households with one child and elementary households with two children.
According to property status, landlords and tenants are dominants. In addition, the number of
households with a habit of smoking is higher than the number of households with an alcohol habit.
However, the number of households engaged in sports is not enough high. Having Private Health
Insurance is also not high enough within households. 75.81% of the households do not do regular
sports. Although ’insurance’ factor has a Yes value 389 times in the selected dataset, none of the cluster
modes includes Yes value for ’insurance’, which shows that the value does not have a meaningful
effect on clustering.

We ran the developed algorithm 20 times to decide the better cluster modes. Finally, we found
cluster centers (modes) and the number of elements in each cluster like shown in Table 1. The cluster
centers refer to variables hhtype, property, hhsize, smoking, alcohol, sport, and insurance, respectively.
According to clustering results in Table 2, C1 cluster mode includes 3 (elementary family with three
and more children), 4 (not a landlord but does not pay rent), 5 (size of households), 1 (smoking=yes),
1 (drink=yes), 2 (paid sport=no), and 2 (private health insurance=no). 206 households have a higher
similarity to cluster C1 than other clusters.

Table 2. Clustering results.

Cluster Number of Data Cluster Centers

C1 206 {3,4,5,1,1,2,2}
C2 217 {4,1,2,2,1,2,2}
C3 207 {1,2,3,1,2,2,2}
C4 247 {2,1,4,2,2,1,2}
C5 144 {6,1,3,1,1,2,2}

5. Results and Discussion

Figure 1 shows the clustered household details. The y-axis on expenditure figures indicates the
spent amount in Turkish Liras (TL). Rates are calculated by dividing catastrophic health expenditures
to total expenses in the month. All households’ average spends on health expenditure is 3%–4% of
the total expenditure. C4, however, has the highest variability in health expenses since one of the
households in C4 has almost no health expenses while one of them exceeds their income. The reason
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behind this might be that a severe medical operation a member of the household had that caused an
increase in the catastrophic health expenditure. The fluctuation in C1 is less than others. They spend
for health problems less than 3% on average and 40% at maximum. Households participating in the
questionnaire have an average expense between 5000 TL and 6200 TL. Because some people, especially
low-income households, do not want to share their incomes, so the health expense rates may not reflect
the actual situation. Clustering of correctly given answers according to the seven attributes enables
us to consider similar households. Thus, the average number of clusters eliminates the effects of the
intentionally given wrong answer.

C3 households have health expenditure rate of 3.83% on average, which is higher than other
clusters. The reason for the higher expenses may depends on the factors hhtype, property and hhsize
because C3 cluster mode differ from other clusters with respect to these three factors. Since the
elementary family with one child includes three people, hhtype and hhsize support each other. A
household with an elementary family with one child, a tenant and a 3-person household (mother,
father and one child) spends the highest money but not very much than others. For example, the rates
in C2 and C5 are 3.77% and 3.68%, respectively.

Figure 1. Health expenditure details in clusters.

Although cluster C5 is the third with respect to the average health expenditure rate, it has the
highest expenditure amount with 157.56 TL on average. A household with family with one adult,
landlord and 3-person household (mother or father and two children) earns more money and spends
more for health expenses than other clusters. C4 households have the highest expenditure with 6237.23
TL. However, they spend less money for health problems because the health expenditure rate is 3.10%.
Interestingly, the major difference of the C4 cluster mode compared to others is the factor of ‘sport’,
which has “Yes” value only in the cluster C4. It may prove that people who do physical exercise
regularly have less health problems. Additionally, ‘smoking’ is also another important factor that
affects the health expenditure rates. C4 cluster has “No” value for the ‘smoking’ factor. A household
with an elementary family with two children, a landlord and a 4-person household (mother, father and
two children) may spend less if they do exercises regularly and do not smoke.

C1 cluster mainly includes households with elementary families with three children (hhtype = 3
and hhsize = 5) who are not tenant and are not landlord (property = 4). It is like C5 with respect to the
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factors of smoking (Yes), alcohol (Yes), sport (No), and insurance (No). Cluster C2 represents childless
couples (hhtype = 4 and hhsize = 2) who have a house, do not smoke but drink, have no private health
insurance, and have a habit of doing sport.

After the cluster analysis, we calculate the catastrophic health expenditures of each households in
each cluster. The proposal developed by Feldstein [30] is used in this study in order to calculate the
catastrophic health expenditures in Turkey for the year 2017. It is indicated that there was spending of
more than 10 percent of annual income on catastrophic health expenditures. In this study, the capacity
to pay is defined as the total expenditure of household minus food expenditures. We calculate the
catastrophic health expenditures share of each household. We define dummy variable, which is also
dependent variable, as “1” if out-of-pocket health expenditures are equal or exceed 10% of household’s
capacity to pay, and “0” otherwise. Figure 2 shows the numbers of catastrophic health expenditures (1)
and non-catastrophic health expenditures (0) in each cluster.

Figure 2. Catastrophic health expenditures.

Catastrophic health expenditures of households in each cluster are examined, and their descriptive
statistics are shown in Figure 2. When the average catastrophic health expenditures are examined,
we see that the households in the cluster C2 make the most catastrophic health expenditure. On the
other hand, households in the clusters C1 and C4 appear to be close in terms of average catastrophic
expenditures, while the average catastrophic expenditures of the households in the C5 cluster are less
than those in the two clusters. Finally, it is observed that the households in the C3 cluster have less
catastrophic health expenditures on average.

As the maximum values are examined, it is seen that the highest catastrophic health expenditure
values are seen at the cluster C1. The maximum values of C2, C3, and C5 are observed as close to each
other. The maximum catastrophic expenditure value of the household in the C3 cluster is relatively
small. Finally, the rate of catastrophic health expenditure C2 group is 13.36%, followed by C4 (10.53%),
C5 (9.72%), C1 (8.25%) and C3 (6.28%).

6. Conclusions

Increasing healthcare expenditure is an essential challenge for researchers and policymakers to
build more prosperous and developed societies. Therefore, this study investigates the determinants



Data 2019, 4, 112 9 of 10

of catastrophic healthcare expenditures in Turkey. Since the dataset consists of categorical data, a
k-modes clustering algorithm was developed for this study. Five clusters were constructed by taking
into consideration household type, property status, smoking habits, drinking habits, sports habits
and having private health insurance. First, the clusters were compared according to their health
expenditures. The results of the clustering showed that a household with an elementary family with
two children having their own house may spend less if they do regular exercises and do not smoke.
On the other hand, single mother/father with two children having their own house earns more money
and spends more on health expenses than other clusters.

Furthermore, catastrophic health expenditures of each cluster were examined. The results show
that a family with one child, tenant, and smoking but no alcohol drinking and no paid sports habits
make less catastrophic health expenditure on average. Furthermore, childless couples who are
landlords, with no smoking or paid sports habit, but who drink alcohol make the most catastrophic
health expenditure on average. In general, the number of children, smoking, drinking, and sports habit
and property status are not statistically distinguishing factors on catastrophic healthcare expenditures.
Although, healthy habits such as regularly doing exercises, not drinking alcohol and smoking may
decrease catastrophic healthcare expenditures.

For future studies, survey data for the previous years should be used to observe changes in time
and to find the significant determinants on catastrophic healthcare expenditures. Furthermore, this
study investigated the catastrophic household expenditure for healthcare in Turkey, and survey
data for the other developing countries should be analyzed to make a general overview for
developing countries.
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