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ABSTRACT

Objectives: The right to health is critical for children because they are sensitive beings who are more
susceptible to disease and health problems. It would be beneficial to compare child mortality rates in countries
with different levels of development and to conduct studies to address them by taking into account their causes.
This study aims to analyze the situation of developed, developing and least developed countries in terms of
causes under-5 child mortality (USCM) determined by World Health Organization and to identify the
similarities or differences of under-five mortality.

Methods: Child mortality rates per 1,000 live births between 2000 and 2017 years in between different age
groups (0-27 days and 1-59 months) by causes (disease-specific) were obtained from World Health Organization
for a total 15 countries including developed, developing and least developed countries. Regression analysis
was performed to identify which causes have more impact on child mortality. In addition, the relationship
between diseases was calculated using Euclidean distance, and diseases were clustered using k-means clustering
algorithm for each country.

Results: As a result of mathematical and statistical analysis, it was seen that causes of child mortality have a
significant relation with the development level of country where a child was born.

Conclusions: It has been observed that the causes of child mortality in countries with different levels of
development vary depending on different factors such as geographical conditions, air quality population and
access to medicine.
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he risk of a child dying between birth and the age the causes of child mortality. To determine the effec-

of 5, expressed per 1.000 live births, is referred tiveness of disease-specific interventions and assess
to as the USCM rate. 5.0 million in 2020 [1]. For ef- trends in disease burden in relation to national and in-
forts to improve child survival to be effective, itis nec- ternational goals, cause-of-death information is re-
essary to have reasonably accurate information about quired [2].
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Analysis of under-five mortality: a comparative analysis

The global community agreed on multiple Millen-
nium Development Goals (MDGs) including poverty,
hunger, combating disease, environmental degradation
and especially two-thirds reduce USCM rate between
1990 and 2015 (MDG4) [3]. While more than 60
countries managed to achieve MDG4, the target glob-
ally was missed by half over declining in the 25
year[4]. It was seen that sustaining progress requires
the mobilization and monitoring of resources and col-
lecting appropriate data to assess progress were in-
cluded in global initiatives. The Sustainable
Development Goals (SDG), established in 2015 by
United Nation (UN) General Assembly, and including
the UN Global Strategy for Women’s, Children’s and
Adolescent’s health [5, 6]. The SDG child survival tar-
gets aim for all countries to achieve a under-five mor-
tality rate of 2.5 percentage or less by 2030 [6].
However, studies show that the global number of child
mortality remain larges and children continue to face
widespread inequality in their chance of survival and
if countries do not take actions millions children will
die in next decade by preventable deaths [7].

According to studies conducted by United Nations
Children's Fund (UNICEF) and World Health Organ-
ization (WHO) pneumonia, diarrhoea, malaria,
preterm birth complications, acute respiratory infec-
tions and congenital anomalies continue to be a lead-
ing cause USCM. Furthermore, the following diseases
also cause USCM from past to present: sepsis and
other infectious conditions of the newborn (SOICN),
birth asphyxia and birth trauma (BABT), HIV/AIDS,
injuries, measles, meningitis, communicable diseases,
noncommunicable diseases, tetanus.

Congenital anomalies (CAs) are functional or
structural abnormalities that occur during intrauterine
life. CAs can cause fetal death as well as long-term
disability. Each year about 3.2 millions of children are
born with a CA and 300,000 newborns with a diagno-
sis of birth defect die in 28 days [8]. CAs have a sig-
nificant impact in children born preterm and increase
prematurity [9]. Although main reason of CAs is un-
known there are several environmental factors such as
infection agents, chemical toxicants and individual ex-
posures such as socioeconomic status [8].

Sepsis is a life-threatening medical condition that
occurs when the body overreacts to an infection [10].

Every year more than one million neonates are dying
because of sepsis which is the second major cause of
neonates mortality [11].

Acute lower respiratory infections (ALRI) is one
of the main causes of USCM and human respiratory
syncytial virus (RSV) is the most common viral
pathogen identified in children with ALRI [12]. Glob-
ally in 2015, 1.4 million hospital admission and 27300
in-hospital deaths were due to RSV-ALRI in children
younger than 6 months. Socioeconomic status, educa-
tion, having more than two children at home, nutri-
tional variables are significantly associated with cute
lowery respiratory tract infections (ALRTI) [13]. The
newborn is susceptible to bacterial and viral infections,
The main cause of several disease lye under infection
such as malaria, measles, meningitis. Especially ALRI
are including pneumonia which is a major cause of
morbidity and child mortality disease [14].

Birth asphyxia causes hypoxia and ischemia, re-
sulting in widespread organ system damage. Birth
trauma can also result in asphyxia, morbidity, and
mortality, depending on the severity and anatomic lo-
cation of the trauma. Every year, approximately four
million neonates die as a result of birth asphyxia [15].

Diarrhoea is defined as three or more loose or lig-
uid stools per day. It is a symptom of an infection in
the intestines, which can be caused by a number of
bacteria, viruses, and parasites. Diarrhoea, a prevent-
able and treatable disease, is one of the leading causes
of infectious in under-5 children [16].

Road traffic accidents, drowning, burns, falls, poi-
soning, and acts of violence are just few of the causes
of injuries. Every year, injuries claim the lives of 4.4
million individuals around the world, accounting for
roughly 8% of all deaths [17].

Malaria, a life-threatening parasitic disease besides
being preventable and curable, spread by bites from
infected female Anopheles mosquitoes. In the African
Region, under-5 children accounted for an estimated
80% of all malaria deaths [18].

Measles is a serious virus-borne disease that is typ-
ically spread through direct contact and air. In 2018,
over 140.000 people died as a result of measles. The
measles immunization activities have significantly re-
duced measles deaths [19].

The infection happens when the membranes cov-
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ering the brain and spinal cord are infected. Bacterial
meningitis, a major public health problem, in 10% to
20% of survivors, can result in brain damage or hear-
ing loss [20].

Other communicable perinatal and nutritional con-
ditions (OCPNC) are related with several contitions.
Communicable diseases are illnesses that can be trans-
mitted by more than one way, such as contact with
blood and body fluids or inhaling a virus. Hepatitis A,
B, and C, influenza, and salmonella are examples of
communicable diseases [21].

Noncommunicable diseases are chronic diseases
that are caused by factors that are genetic, physiolog-
ical, environmental, and behavioral. NCDs claim the
lives of 41 million people worldwide each year [22].
Preterm babies are those who are born alive before the
37th week of pregnancy. Preterm birth health prob-
lems are the biggest cause USCM, accounting for
about one million deaths in 2015 [23].

Tetanus is a serious infectious disease caused by
Clostridium tetani spores. The disease is a major pub-
lic health problem particularly in low-income nations
with low immunization rates and contaminated birth
practices [24].

Preventing the deaths of children can be accom-
plished by increasing access to skilled health profes-
sionals during pregnancy and childbirth, increasing
access to nutrition and micronutrients, increasing ac-
cess to water, sanitation, and hygiene, and providing
vaccinations. Unfortunately, many of these rescue ef-
forts are out of reach for the world's poorest countries
[2].

Due to the scarcity of studies on the relationship
between the causes of USCM and the development of
countries, this study has attempted to fill the gap in the
literature. USCM factors were analyzed in 15 coun-
tries based on three main categories according to their
economic indices: developed, developing and least-
developed countries. By comparing these countries
rather than other studies, the effect of being econom-
ically strong on the USCM was investigated. In addi-
tion, geographically distant countries were tried to be
selected to see whether geographical factors contribute
to USCM. Through the findings of this study, countries
can take action to prevent future USCM by contribut-
ing to public health education and facilitating health
institutes facilities. In addition, the world's poorest

countries can access the life-saving interventions men-
tioned above with the support of international human-
itarian organizations for children.

METHODS

In this study, number of deaths due to a specific cause,
among under-5 children, per 1.000 live births for 15
countries is collected from World Health Organization
(WHO) [2]. These countries are classified into three:
(1) Developed: Australia, Canada, Germany, Norway,
Singapore. (2) Developing: Colombia, India, Mexico,
Tunisia, Turkey. (3) Least-developed: Bangladesh,
Chad, Mali, Mozambique, Niger. This classification
was made according to the Human Development
Index (HDI) for 2019. This value is determined by in-
corporating a country's scores in a wide range of indi-
cators, such as life expectancy, access to electricity for
rural populations, GDP (Gross Domestic Product) per
capita, imports and exports, homicide rate, multidi-
mensional poverty index, internet availability, educa-
tion, income inequality, and plenty more. These
indicators are combined into a single value ranging
from 0 to 1.0, with 1.0 being the maximum attainable
level of human development [25]. Countries tried to
be selected from different locations on the world to
see the how differences between geographic, cultural
and other conditions effect causes of USCM. Firstly,
dataset cleaning was performed in order to extract the
appropriate information for our analysis. The new 18-
year data contains 14 causes of death and two age
group (0-27 days and 1-59-month). Mathematical and
statistical analysis then applied to our data to investi-
gate whether underlying cause of USCM differ be-
tween developed, developing and least-developed
countries. First, we created heat map and bar graphs
to see the differences between the groups (based on
the level of development of countries), then we per-
formed linear regression analysis to identify which
causes have more impact on USCM. After that, we
have calculated the relationship between diseases
using Euclidean distance, and we clustered the dis-
eases using k-means clustering algorithm for each
country. In addition, we calculated the correlation be-
tween the countries in each group and we have shown
the results as a correlation matrix.
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Statistical Analysis

In this section, to obtain consistent outcomes we per-
formed five mathematical and statistical analyses
using Microsoft Office Excel and seaborn, scipy, and
sklearn packages in Python.

Heat Map and Bar Graphs

According to the development levels of countries,
the disparities between the groups (developed, devel-
oping and least-developed) are analyzed based on the

causes of USCM and the results are given in Figs. 1
and 2.

Regression Analysis

Linear regression analysis is performed to identify
which causes have more impact on USCM and shows
how much diseases are effective in the developing, de-

veloped and least-developed countries in Table 1. In
the regression analysis the statistical significance level
accepted is 0.01 (confidence level is 99%).

Correlation Matrix

The correlation between the countries in each
group is calculated to see how much the countries in
the same group correlate with each other. The corre-
lation matrix, given in Supplementary Table 1 and it
shows how countries related with each other’s in terms
of causes of USCM.

Euclidean Distance Measurement

In order to show how diseases are related with
each other and affect USCM in a country, we calcu-
lated Euclidean distance measures in between two dis-
eases. Euclidean distance results for Germany, Turkey,

Table 1. Regression analysis of developed, developing and least-developed countries based on

causes of child mortality

Developed Developing Least-Developed

coefficient coefficient coefficient
Intersection 7.769 103.531 396.477
Period * -0.003 -0.050 -0.192
Age group * -0.043 -0.105 3.437
BABT * 0.113 -0.499 -5.069
CA* 0.542 0.504 -8.584
Diarrhoeal disease * -0.071 -0.929 -3.265
HIV/AIDS * -0.079 -1.897 -9.036
Injuries * 0.060 -1.222 -8.260
Malaria * -0.079 -1.913 -2.157
Measles * -0.079 -1.715 -9.082
Meningitis/encephalitis * -0.055 -1.639 -8.046
OCPNC * 0.164 -0.597 -5.644
Other noncommunicable diseases * 0.215 -0.901 -9.160
Prematurity * 0.428 1.242 -4.677
SOICN ** -0.037 -1.053 -7.708
Tetanus * -0.079 -1.826 -10.313

BABT = birth asphyxia and birth trauma, CA = congenital anomalies, OCPNC = other communicable
perinatal and nutritional condition, SOICN = sepsis and other infectious conditions of the newborn

*Statistically significant (p-value less than 0.01) in all development level groups.
** Statistically significant in two development level groups.
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and Mali are given in Table 2-4. Results of other coun-
tries is given as Supplementary Table 2-13.

Tetanus
0

K-means Clustering

According to Euclidean distance measurements,
diseases are clustered using k means algorithm for
each country (Table 5) to see if the same diseases are
associated with each other in countries with the same
level of development. Fig. 3 represents the clustering
results of 3 groups (developed, developing or least-de-
veloped countries) based on k means algorithm with
k is 3. Clustering results for each country were com-
pared with the clusters of the group to which each
country belongs (Fig. 3) and similarity rates are cal-
culated for each country (Table 5).

SOICN
27.870

0

Prematurity
29.778
53.804

noncommunicable

diseases
60.147
36.900
18.974

Other
other communicable, perinatal and nutritional conditions,
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Fig. 3. Disease clusters based on development levels of countries.

compared to other developing countries and com-
monly seen in Chad, Mali and Niger (Fig. 1¢). Unlike
these countries diarrheal diseases are hardly ever seen
in developed countries (Fig. 1a). While HIV has no ef-
fect on USCM in developed countries, and has a small
effect in developing countries, it is effective in least-
developed countries, especially Mozambique (Fig. 2).
Injuries are related with ALRI in developing countries,
and with CAs in least-developed countries. Malaria is
commonly seen in least developed countries except
Bangladesh as the reason of USCM (Fig. 1c). In de-
veloped and developing countries it almost has no ef-
fect on USCM rate (Figs. 2a and 2b). While Measles
can be shown as one of the causes of USCM in least-
developed countries, it has no effect in developed
countries and in developing countries except India
(Fig. 2). Meningitis/encephalitis cause the most
US5CM in least-developed countries among other
countries (Fig. 2). Other communicable and noncom-
municable diseases cause a number of deaths in all de-
velopment level groups (Fig. 2). Prematurity is the
second highest cause of USCM in the developed coun-
tries especially in Canada and Germany, and the com-
mon reason of USCM in developing countries
especially in India (Figs. la and 1b). SOICN also
cause a number of deaths in all development level
groups (Fig. 2). While tetanus has no effect in devel-

oped countries, it has a small effect in developing and
least-developed countries on USCM (Fig. 2).

Based on the Euclidean distance results in Table 2
and Supplementary Table 2 to 5, we can infer that in
developed countries, ALRI, diarrheal diseases,
HIV/AIDS, sepsis, measles, meningitis/ encephalitis,
and other infectious conditions of the newborn, tetanus
are related with each other. ALRI are also generally
related with diarrheal diseases in developing and least-
developed countries. Prematurity and BABT shows re-
lations in all developed and least-developed countries.
Prematurity also shows relationship with SOICN in all
developed countries, and Mozambique, Mali, and
Chad. Besides, in Australia, Norway, Canada and Ger-
many prematurity also has relationship with CAs.
Likewise, prematurity has relevance with CAs in de-
veloping countries except India (Table 3, Supplemen-
tary Table 6 to 9). Prematurity also shows relationship
with BABT in India, Tunisia and Mexico. Unlike in
developed and developing countries, CAs have a con-
nection with HIV/AIDS, injuries, malaria, measles,
meningitis/encephalitis, SOICN, tetanus in least de-
veloped countries (Table 4, Supplementary Table 10
to13). Clustering results in Table 3 and Fig. 3, it is seen
that in developed countries, Norway has the most cor-
related ratio as 0.92 similarity rate in the group and
Australia and Singapore has the lowest similarity rate
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with 0.78. It might be because of geographic condi-
tions of the countries (Table 5a). In developing coun-
tries, Tunisia and India shows highest rate of similarity
in the group as 0.78, Colombia follows them with the
rate of similarity as 0.64. However, Turkey and Mex-
ico have the lowest similarity rate in the group as 0.57
(Table 5b). In least-developed countries, Chad and
Mali has the highest similarity rate in the group as 1.
Mozambique has the lowest similarity in the group
with 0.64 similarity rate. Bangladesh and Mozam-
bique differs from the group with the malaria disease
than Mozambique (Table 5c).

DISCUSSION

Economic development level has an impact on pre-
venting and treatment disease and improve under-5
children survival chance. However, even if the coun-
tries have same economic development level, there are
many other reasons associated with USCM such as ge-
ographic conditions, eating habits, culture, exposure
to chemicals.

Diarrhoea and ALRI in children 1-50 months of
age are almost ten times higher than USCM from 0-
28 days of diarrhea and ALRI. Diarrheal diseases are
caused by viral pathogens such as rotavirus, aden-
ovirus and norovirus and bacterial pathogens such as
cholera, shigella, campylobacter. The highest risk fac-
tors for diarrheal diseases are unsafe water supply,
child growth failure, lack of access to handwashing fa-
cility, unsafe sanitation in least developed countries
[26]. India differs from the other developing countries
since it has the highest ALRI, BABT, diarrhoeal dis-
eases, measles, meningitis, tetanus and sepsis and
other connectional inflectional diseases USCM. Cases
of infectious diseases are high in India and the causes
of epidemics range from lack of sanitation, urbaniza-
tion change to lack of fresh water [27]. India is the
country with the highest number of preterm births all
over the world, and there are many causes of preterm
birth such as infections, multiple pregnancies, dia-
betes, high blood pressure [23]. USCM in India are
caused by BABT, sepsis, diarrheal diseases most of
which can be avoided by increases in delivery and
postnatal care [28].

HIV/AIDS is a major burden in Mozambique
which ranks among the 10 countries with the highest

HIV burden in the world, with HIV in adults aged 15
to 49 years [29]. HIV can be transmitted from mother
to infant during pregnancy, childbirth and breastfeed-
ing [30]. Therefore, cause of USCM in Mozambique
due to HIV/AIDS is highly correlated with the preva-
lence of HIV/AIDS in the country. A study from
Mozambique showing behavioral factors such as men
having sex with men or women for money, goods,
favor are more associated with HIV prevalence than
demographic factors [31]. In the Fig. 2c, malaria hits
Mali with highest USCM rate in the least-developed
countries. Because Mali has a subtropical and arid cli-
mate, it receives significant rainfall during part of the
year and experiences a rainy season for part of the year
and extremely dry weather for the rest of the years.
Various environmental problems such as deforestation,
desertification, soil erosion expose Mali to have many
problems related to floods during the rainy season.
These conditions create ideal environments for malaria
transmission in Mali [32]. Chad has the highest preva-
lence of ALRISs in the least-developed countries. Glob-
ally, 50% of ALRIs deaths occur in sub-Saharan
Africa, and Chad is among the 10 countries with the
highest prevalence of ALRIs [33]. ALRI is caused by
bacterial, fungal, or viral infections of the respiratory
tract leading various difficulties [34]. A study was per-
formed to examine the prevalence and predictor of
ALRIs among under-5 children in 28 sub-Saharan
African countries, including women with under-5 chil-
dren and the results showed that ALRI was associated
with mothers’ employment status, child’s age, child
receiving intestinal parasite and type of toilet facility
in the household [35].

Results showed that CAs and prematurity were as-
sociated diseases, BABT were associated with
OCPNC and non-communicable in USCM in devel-
oped countries. In the literature, it has been shown that
there is a correlation between CAs and preterm birth
[36]. Prematurity, CAs, BABT and OCPNC are in
same group in Australia and Canada. However, in Ger-
many, BABT and OCPNC are in the same group with
acute lowery respiratory infections, diarrheal diseases,
HIV, malaria, measles, meningitis, sepsis and tetanus.
Singapore has the same group with Germany except
for acute lower respiratory infection which is in dif-
ferent group in Singapore. Unlike other developed
countries, prematurity in Norway is in different group
from CAs. Canada has the highest prematurity rate of
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USCM and the highest rate in the group of BABT,
SOICN and other communicable conditions. Because
preterm birth can cause serious health complications
for the baby and increases chronic health conditions
that makes the baby susceptible to infections and se-
rious health problem later in their life [37]. Prematu-
rity is associated with CAs in developing countries
except India, where prematurity is associated with
BABT, and Tunisia, where prematurity is not associ-
ated with other diseases (Table 5b). Many different
conditions such as low-income, education, suscepti-
bility to infections, population are the reasons of pre-
maturity in India. Bangladesh is geographically far
from other least-developed countries however, many
disease associations are common in India like CAs are
highly related with infectious diseases such as
HIV/AIDS, injuries, malaria, measles, meningitis/en-
cephalitis, SOICN, tetanus. ALRI is also associated
with diarrheal diseases. Unlike developed countries,
in least developed countries water pollution, popula-
tion, access to the clean food may cause children to be
susceptible to infections. In developing countries,
Colombia, Turkey and Mexico CAs correlate with pre-
maturity. However, in India, prematurity is associated
with BABT.

Even if Mozambique increases investments in
malaria control and provide free malaria services,
malaria remains a major burden for Mozambique’s
economy and health system [38]. WHO recorded 229
million cases of malaria in 2019, of which 409,000
deaths in 87 endemic countries and 67 % deaths in
under-5 children. Worldwide, 95 % of the malaria
cases occurred in 29 countries [39]. Although malaria
is preventable, detectable and treatable, it is still more
common in poor regions and causes socioeconomics
impacts. Especially children and women are at high
risk because of their low immunity. In the Chimoio re-
gion of Mozambique, under-5 children are three times
more prone to malaria than adults [40]. Malaria re-
mains a major public health problem in Africa includ-
ing Mozambique, Chad, Mali and Niger. Especially in
Mozambique, malaria birth defects are particularly
prevalent in middle- and low-income countries. Be-
sides poverty, the main reasons for the differences in
birth prevalence rates of serious birth defects between
high- and low-income countries. Many reasons may
be associated with birth prevalence rates, including
consanguineous marriage, inequalities in maternal and

child health services, advantages of carrying sickle cell
for malaria survival [41].

It has been shown that diseases are associated with
various effects on countries such as high or low in-
come, education level, health insurance, population,
geographic condition, genetic background and culture.
Projections for 2030 show that diarrheal diseases and
lower respiratory infections will be outranked if coun-
tries do not act to prevent diseases. Strategic plans
should specify a focus on improving administration of
medicine for intestinal worms, more health education
to mothers who have under-5 children on ALRISs, re-
ducing poverty and improving the sanitation status of
households through the provision of improved toiled
facilities. According to current trends, more than 48
million under-5 children will die between 2020 and
2030 however if all countries met the SDG target for
US5SCM by 2030, around 11 million of these deaths
could have been prevented [7]. Countries should eval-
uate their health plans according to outcomes of these
results. It is important to develop national health
strategies, and planning health policies and interven-
tions, and track progress towards child survival.

CONCLUSION

Trends in child mortality causes help decision makers
assess needs, prioritize interventions, and monitor
progress. This study presents information on the pro-
portional distribution of USCM in countries with dif-
ferent economic levels of development. The findings
obtained at the end of the study show that USCM are
caused by different diseases in countries with different
levels of development. These differences are due to
factors such as the geographical conditions, income
levels and populations of the countries. According to
our analysis, while diseases that cause mortality in de-
veloped and developing countries are mostly caused
by genetic factors and birth complications, child mor-
tality in socio-economically unstable least-developed
countries are mostly due to lack of adequate sanitation,
hygiene and clean water, as well as inability to get vac-
cine.
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