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ÖZ

Amaç: Türkiye’de bebek ölüm hızı (BÖH) ve beş yaş altı ölüm hızı (BYAÖH)  
ile ilişkili etmenleri saptamak amaçlanmıştır.
Gereç ve Yöntemler: Türkiye İstatistik Kurumu (TÜİK) ve Sağlık 
Bakanlığı’nın il bazlı verileri kullanılarak ekolojik tipte bir araştırma yapıl-
mıştır.
Bulgular: BÖH ve BYAÖH’nin (r değerleri bu iki parametre için sırası ile 
belirtilmiştir), toplam doğurganlık hızı (TDH) (r=0,661/r=0,718), adölesan 
doğumların toplam doğumlar içindeki oranı (r=0,542/r=0,587), kişi başı 
Gayrisafi Yurt İçi Hasıla (GYSH) (r=-0,555/r=-0,591), 18 yaş ve üzeri için 
lise ve üzeri eğitim alan kadınların oranı (r=-0,434/r=-0,470), yüz bin kişi-
ye düşen hekim sayısı (r=-0,352/r=-0,398), yüz bin kişiye düşen hastane 
yatak sayısı (r=-0,244/r=-0,286), bin doğuma düşen yeni doğan yoğun 
bakım yatak sayısı (r=-0,324/r=-0,359) ile istatistiksel olarak anlamlı ilişki-
si vardır.
BÖH için iki değişkenli modellerde, yüz bin kişiye düşen hastane yatak 
sayısı haricinde yukarıda belirtilen parametrelerin tümünün modele etki-
si istatistiksel olarak anlamlıdır. BYAÖH için iki değişkenli modellerde 
yukarıda belirtilen parametrelerin tümünün modele etkisi istatistiksel 
olarak anlamlıdır. TDH, Hem BÖH (standardize β=0,621, R2=0,385) hem de 
BYAÖH (standardize β=0,667, R2=0,445) için çok değişkenli modele etkisi 
istatistiksel olarak anlamlı bulunan tek değişkendir.
Sonuç: Sağlık insan gücü ve yatak sayısı ile ilişkili değişkenler için zayıf 
ilişki saptanması, sağlık hizmet sunumunun etkisinin daha dolaylı olduğu-
nu göstermektedir. Bebek ve çocuk ölümlerine yönelik sağlığı geliştirme 
programları, yüksek doğurganlık tercihlerini değiştirmeye ve adölesan 
gebelikleri önlemeye yönelik olarak geliştirilebilir. Gelir dağılımını düzelti-
ci ekonomi politikaları ve kız çocuklarının eğitimini artırmaya yönelik 
girişimler, bebekler ve çocuklar için hayat kurtarıcı olabilir.

Anahtar Kelimeler: Bebek ölüm hızı, beş yaş altı ölüm hızı, ekolojik araş-
tırma, sağlığın belirleyicileri  

ABSTRACT

Objective: To determine the factors related to the infant mortality rate 
(IMR) and under-five mortality rate (U5MR) in Turkey.
Material and Methods: An ecological study was conducted using the 
provincial data of the Turkish Statistical Institute (TURKSTAT) and the 
Ministry of Health.
Results: IMR and U5MR (r values for these two parameters are respectively 
mentioned in parenthesis) had a statistically significant relationship with 
total fertility rate (TFR) (r=0.661 and 0.718), ratio of adolescent births to 
total births (r=0.542 and 0.587), gross domestic product (GDP) per capita 
(r=−0.555 and −0.591), proportion of women aged ≥18 with high school or 
higher education (r=−0.434 and −0.470), number of physicians per 
100,000 people (r=−0.352 and −0.398), number of hospital beds per 
100,000 people (r=−0.244 and −0.286), and number of newborn intensive 
care beds per thousand births (r=−0.324 and −0.359).
In bivariate models for IMR, the effect of all of the abovementioned 
parameters on the model was statistically significant, except for the 
number of hospital beds per 100,000 people. In bivariate models for 
U5MR, the effect of all the above-mentioned parameters on the model 
was statistically significant. TFR was the only variable with a statistically 
significant effect on the multivariate model for both IMR (standardized 
β=0.621, R2=0.385) and U5MR (standardized β=0.667, R2=0.445).
Conclusion: The results showed the presence of a weak correlation for the 
variables related to the numbers of healthcare professionals and hospital 
beds, thereby indicating that the effect of healthcare service provision is 
rather indirect. Health promotion programs can be developed for infant 
and child mortality with the aim of changing high fertility preferences and 
preventing adolescent pregnancies. Economic policies that improve 
income distribution and initiatives to increase education levels of girls can 
be life-saving for infants and children.

Keywords: Infant mortality rate, under-five mortality rate, ecological 
study, determinants of health

Factors Related to Infant Mortality Rate and Under-Five Mortality 
Rate in Turkey: An Ecological Study with Provincial Data

Türkiye’de Bebek Ölüm Hızı ve Beş Yaş Altı Çocuk Ölüm Hızıyla İlişkili 
Etmenler: İl Verileriyle Ekolojik Bir Araştırma

Hakan Tüzün1 

1Gazi University, Faculty of Medicine, Department of Public Health, Ankara, Turkey

ORCID ID: H.T. 0000-0002-6376-8979

Citation/Atıf: Tuzun H. Factors related to ınfant mortality rate and under-five mortality rate in Turkey: An ecological study with provincial data. Çocuk Dergisi 
- Journal of Child 2021;21(3):221-230. https://doi.org/10.26650/jchild.2021.993630

Çocuk Dergisi - Journal of Child 2021;21(3):221-230
DOI: 10.26650/jchild.2021.993630

ARAŞTIRMA MAKALESİ / RESEARCH ARTICLE

Corresponding Author/Sorumlu Yazar: Hakan Tüzün E-mail: drtuzunh@yahoo.com
Submitted/Başvuru: 10.09.2021 • Revision Requested/Revizyon Talebi: 20.10.2021 • Last Revision Received/Son Revizyon: 25.10.2021 •
Accepted/Kabul: 12.11.2021

This work is licensed under Creative Commons Attribution-NonCommercial 4.0 International License

https://orcid.org/0000-0002-6376-8979


Çocuk Dergisi - Journal of Child 2021;21(3):221-230

222

INTRODUCTION

Mortality during infancy and childhood continues to be a public 
health problem, despite the fact that there have been several 
remarkable improvements over time. The worldwide under-five 
mortality rate (U5MR) declined from 93 per thousand (12.6 
million deaths) in 1990 to 38 per thousand (5.2 million deaths) 
in 2019 (1). Infant mortality rate (IMR) decreased from 65 per 
thousand (8.7 million deaths) in 1990 to 29 per thousand (4.0 
million deaths) in 2018 (2). Notably, a significant majority of 
these deaths are due to preventable and treatable causes 
such as preterm birth complications, perinatal asphyxia, birth 
traumas, pneumonia, diarrhea, and malaria (1).

In Turkey, IMR was approximately 200, 130, and 80 per 
thousand in the late 1950s, mid-1970s, and mid-1980s, 
respectively. In TDHS (Turkey Demographic and Health Survey) 
for the years 2003–2008 and 2013, IMR was respectively 29, 
17, and 13 per thousand, whereas U5MR was found to be 37, 
24, and 15 per thousand, respectively (3). According to the data 
from the Ministry of Health, IMR was 9.0 per thousand in 2019 
in Turkey. Currently, IMR in Turkey is below the global average 
(28.2 per thousand); however, it is above the figures for the 
WHO (World Health Organization) European region (6.1 per 
thousand), OECD (Organization for Economic Cooperation and 
Development) (3.7 per thousand), and the EU (European Union) 
(3.2 per thousand) (4). U5MR was 11.1 per thousand in 2019 in 
Turkey, which is below the global average (37.7 per thousand) 
but above the WHO European region (7.1 per thousand), OECD 
(4.4 per thousand), and the EU (3.9 per thousand) (4).

Infant and child mortality are among the most basic parameters 
for revealing the healthcare level and evaluating the outcomes 
of healthcare services in a country (5). Targets of the 2030 
Agenda for Sustainable Development include reducing the 
neonatal infant mortality rate to 12 per thousand and reducing 
the U5MR to 25 per thousand (6). In Turkey, IMR and U5MR 
are among the key performance indicators in the Ministry of 
Health’s 2019–2023 Strategic Plan. Targets for the end of the 
Plan period have been determined to be 8.5 per thousand for 
IMR and 10.6 per thousand for U5MR (7).

Despite these developments, several inequalities between 
countries and regions in terms of infant and child mortality 
remain. IMR in the WHO Africa region (52 per thousand) is more 
than 7 times higher than that in the WHO European region 
(7.1 per thousand) (2). Sub-Saharan Africa and central and 
southern Asia have 52% of the world’s under-five population, 
but 80% of the world’s under-five deaths occur in these regions 
(1). There are also geographical inequalities in infant and child 
mortality within countries. A study examining under-five deaths 
in 99 low- and middle-income countries revealed intercountry 
geographic inequalities, which were as high as up to seven-fold 
in the case of Vietnam. The study revealed that if geographic 
inequalities could be avoided, 58% of the child deaths that 
occurred between 2000 and 2017 could have been prevented 
in the countries examined (8). Regional inequalities in infant 
and child mortality also exist in Turkey. According to NUTS 1 

(Nomenclature of Territorial Units for Statistics), IMR is 13.5 per 
thousand in Southeast Anatolia, where it has the highest value, 
whereas it is 5.9 per thousand in the Eastern Black Sea region, 
where it has the lowest value. U5MR is 16.9 per thousand in 
Southeast Anatolia, where it has the highest value, while it is 
7.3 per thousand in the Eastern Black Sea region, where it has 
the lowest value (4).

Social determinants may reportedly be more important than 
healthcare services or lifestyle choices in influencing health. 
It has been estimated that the effects of areas outside the 
healthcare sector are more significant than the effects of the 
healthcare sector on health. Studies reveal that 30%–55% of 
health outcomes can be attributed to social determinants (9). 
Infancy and childhood mortality rates are significantly higher 
among lower socioeconomic groups. Factors most closely 
associated with childhood mortality, including malnutrition, 
exposure to infections, and healthcare service use have 
been reported to be worse among deprived groups (10). 
Factors associated with infant mortality are variables that 
can be grouped under the headings of medical, demographic, 
and socioeconomic variables, including variables such as 
maternal age, parity, and mother’s diseases such as diabetes/
anemia/preeclampsia, as well as variables such as education, 
employment status, and social security of the mother (11).

Ecological studies are studies conducted by investigators 
based on data belonging to groups, and not directly based 
on data obtained from individuals within the scope of the 
study (12). Therefore, comparison-in-analysis is a comparison 
made based on groups, and not on singular individuals. The 
challenges resulting from time and resource constraints that 
are associated with conducting studies involving a large number 
of individuals can be overcome with ecological studies (13). 
The advantage of ecological studies is that data obtained from 
societies with different characteristics or from different data 
sources can be used (14). 

In the national literature, it is observed that the current studies 
using the ecological method for factors associated with IMR 
and U5MR are very limited. These studies consist of a study 
based only on data from Eskişehir province and a study based on 
national data from 1997 or the closest previous period (15, 16). 
Revealing the current socioeconomic factors associated with 
IMR and U5MR in Turkey may lead to results that are guiding for 
policies and intervention initiatives aimed at reducing mortality. 
The aim of this study was to determine the factors related to 
IMR and U5MR based on provincial data from TURKSTAT (Turkish 
Statistical Institute) and the Ministry of Health.

MATERIAL AND METHODS

Data Sources and Variables
The Ministry of Health Statistics Yearbook 2019 was used for 
the data source from the Ministry of Health, as it contains the 
most up-to-date data disclosed to the public (4). For other data 
sources, the researcher aimed to use the data from a period 
closest to 2019. The data for the year 2019 from TURKSAT 
(Turkish Statistical Institute) were taken from the “provincial 
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indicators” and “central distribution system” datasets (17, 
18). Since the latest statistical report published by the General 
Directorate of Public Hospitals was from 2017, the data from 
this report was used as a source (19).

The dependent and independent variables and data sources 
within the scope of the study are shown in Table 1.

The categories of “high school or equivalent vocational school,” 
“college or university,” “master’s degree,” and “PhD” in the 
TURKSTAT dataset were included in the calculation of the 
proportion of women aged ≥18 who received high school or 
higher education (17, 18). The rural population ratio is defined 
as “the ratio of the population living in places with a population 
of 20,000 and below to the total population” in the Statistics 
Yearbook of the Ministry of Health (4).

Statistical method
The conformity of the data to normal distribution was 
evaluated with the Kolmogorov Smirnov test. IMR, which was 
one of the dependent variables examined, did not conform to 
normal distribution (p=0.009). However, U5MR was normally 
distributed (p=0.163). Among the independent variables 
examined, the population per family medicine unit (p=0.200) 
and the number of patient beds per 100,000 people (p=0.073) 
were the normally distributed variables. Other independent 
variables were not found to be normally distributed. Most of 
the independent variables examined did not conform to normal 
distribution, and Spearman’s test, which is a non-parametric 
method, was used in all correlation analyses in order to use the 
same analysis method for all variables.

Reportedly, there is a strong relationship when the correlation 
coefficient (r) between two variables is higher than 0.7 or 0.8 
(20, 21). In this study, it was suggested that the independent 

variables with correlation coefficients (r) <0.70 within 
themselves should be included in the linear regression model.

Bivariate linear regression models were created with IMR and 
U5MR for the independent variables, for which a statistically 
significant relationship was found in the correlation analysis. 
Then, a multivariate linear regression model was created for 
IMR and U5MR, including all independent variables that were 
found to have a statistically significant relationship in the 
correlation analysis.

IMR, which was one of the two dependent variables considered 
in the study, did not conform to normal distribution. The natural 
logarithmic method (Napierian Logarithm), which is used 
in the creation of linear regression models of non-normally 
distributed variables, was used for both IMR and U5MR to 
allow for a standardized evaluation of the analysis results of 
two dependent variables. The purpose of using this method in 
linear regression analysis is to adapt the dependent variables 
to normal distribution (15, 22).

While creating the multivariate regression model, the “stepwise 
regression” method was used as the “variable selection 
method.” Statistical significance was considered at p<0.05.

Scope of ethical approval
Since public datasets were used in this ecological study, it is 
outside the scope of ethics committee approval.

RESULTS

The provinces with the lowest IMR in Turkey are Karabük (3 
per thousand), Giresun (4.7 per thousand), Bartın (4.8 per 
thousand), Yalova (5.5 per thousand), and Kütahya (5.8 per 
thousand). The provinces with the highest IMR are Hakkari 
(14.1 per thousand), Nevşehir (14.1 per thousand), Kırşehir (14.2 

Table 1: Variables and data sources within the scope of the study

Variable Data source Year

Dependent variables

Infant mortality rate (per thousand) TURKSTAT 2019

Under-5 mortality rate (per thousand) TURKSTAT 2019

Independent variables

GDP per capita (thousand TL) TURKSTAT 2019

Proportion of women aged 18 and over with high school or higher education (percent) TURKSTAT 2019

Ratio of municipal population served by a sewerage network to total municipal population (%) TURKSTAT 2019

Rural population ratio (percent) MoH Statistics Yearbook 2019

Number of physicians per 100,000 people MoH Statistics Yearbook 2019

Population per family medicine unit MoH Statistics Yearbook 2019

Number of hospital beds per 100,000 people MoH Statistics Yearbook 2019

Number of newborn intensive care beds per thousand births Statistical Report of KHGM 2017

Total fertility rate (per thousand) TURKSTAT 2019

Ratio of adolescent births to total births(percent) TURKSTAT 2019

TURKSTAT: Turkish Statistical Institute, KHGM: General Directorate of Turkish Public Hospitals, MoH: Ministry of Health, GDP: gross domestic product
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per thousand), Şanlıurfa (15.3 per thousand), and Gaziantep 
(16.2 per thousand). The provinces with the lowest U5MR are 
Karabük (3.0 per thousand), Giresun (5.7 per thousand), Bilecik 
(6.7 per thousand), Bartın (6.9 per thousand), and Artvin (7.2 
per thousand). The provinces with the highest U5MR are Siirt 
(16.2 per thousand), Kırşehir (16.7 per thousand), Hakkari (16.9 
per thousand), Gaziantep (19.1 per thousand), and Şanlıurfa 
(19.6 per thousand). Table 2 shows the values of dependent and 
independent variables indicated in the data sources for Turkey 
and the median values calculated based on provincial data.

Table 3 shows the results of the correlation analyses between 
IMR and U5MR and independent variables. The variables that 
were not found to have a statistically significant relationship 
with either IMR or U5MR were the ratio of the municipal 
population served by the sewerage network to the total 
municipal population, the rural population ratio, and the 
population per family medicine unit (p>0.05).

There was a statistically significant positive relationship 
between both IMR and U5MR and total fertility rate (TFR) 
(p<0.01) and the ratio of adolescent births to total births 
(p<0.01). Both IMR and U5MR had a significantly negative 
statistical relationship with gross domestic product (GDP) 
per capita (p<0.01), proportion of women aged ≥18 with high 
school or higher education (p<0.01), number of physicians per 
100,000 people (p<0.01), number of hospital beds per 100,000 
people (p<0.05 for IMR and p<0.01 for U5MR), and number 
of newborn intensive care beds per thousand births (p<0.01) 
(Table 3).

When a correlation analysis was performed for all independent 
variables, which were found to be statistically significant in the 
correlation analysis with IMR and U5MR, with each other, it was 
observed that all correlation coefficients obtained were <0.7. 
Therefore, all of these variables were included in the linear 
regression analysis.

Table 3: Correlation matrix for dependent and independent variables

Infant mortality 
rate (r)

Under-five mortality 
rate (r)

GDP per capita (thousand TL) -0.555** -0.591**

Proportion of women aged 18 and over with high school or higher education (percent) -0.434** -0.470**

Ratio of municipal population served by a sewerage network to total municipal population (%) -0.129 -0.177

Rural population ratio (percent) 0.037 0.020

Number of physicians per 100,000 people -0.352** -0.398**

Population per family medicine unit -0.122 -0.062

Number of hospital beds per 100,000 people -0.244* -0.286**

Number of newborn intensive care beds per thousand births -0.324** -0.359**

Total fertility rate (per thousand) 0.661** 0.718**

Ratio of adolescent births to total births (percent) 0.542** 0.587**

*:p<0.05, **: p<0.01 GDP: gross domestic product

Table 2: Mean, median, minimum, and maximum values of dependent and independent variables

Variables Turkey Median of provincial data
(min–max)

Infant mortality rate 9.1 8.5 (3.0-16.2)

Under-five mortality rate 11.2 10.6 (3.0-19.6)

GDP per capita (thousand TL) 52.3 36.8 (16.7-86.8)

Proportion of women aged ≥18 with high school or higher education (percent) 41.1 37.2 (23.1-55.1)

Ratio of municipal population served by a sewerage network to total municipal population (%) 91 93 (31.0-100.0)

Rural population ratio (percent) 11.5 34.8 (0.0-76.7)

Number of physicians per 100,000 people 117 156.9 (104.3-310.1)

Population per family medicine unit 3141 3095 (2679-3430)

Number of hospital beds per 100,000 people 286 264 (119-506)

Number of newborn intensive care beds per thousand births 5.3 5.6 (1.2-14.6)

Total fertility rate (per thousand) 1.9 1.7 (1.3-3.9)

Ratio of adolescent births to total births (percent) 0.8 0.69 (0.1-2.7)

GDP: gross domestic product
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In the bivariate regression analysis of the natural logarithm of 
IMR, it was found that the individual effects of all independent 
variables, except for the number of hospital beds per 100,000 
people, on the models were statistically significant. However, 
in the bivariate regression analysis of the natural logarithm of 
U5MR, the effects of all individual variables on the model were 
found to be statistically significant (Table 4).

The only variable that had a statistically significant effect on the 
multivariate model created for IMR was the total fertility rate. 
According to the model, it was found that each unit increase in 
the total fertility rate caused an increase of 0.621 units in the 

natural logarithm of IMR (Standardized β=0.621). Total fertility 
rate could explain 38.5% of the change in IMR (R2=0.385). The 
only variable that had a statistically significant effect on the 
multivariate model created for U5MR was, again, the total 
fertility rate. Based on the model, each unit increase in the total 
fertility rate caused an increase of 0.667 units in the natural 
logarithm of U5MR (Standardized β=0.667). Total fertility rate 
could explain 44.5% of the change in U5MR (R2=0.445) (Table 4).

Figure 1 shows the variation in IMR with respect to the total 
fertility rate, and Figure 2 shows the variation in U5MR with 
respect to the total fertility rate.

Table 4: Linear regression analysis of factors associated with natural logarithms of infant mortality rate and under-five 
mortality rate

Standardized β p R2

Bivariate models for the natural logarithm of IMR

GDP per capita (thousand TL) -0.422 <0.001 0.178

Proportion of women aged ≥18 with high school or higher education (percent) -0.401 <0.001 0.160

Number of physicians per 100,000 people -0.295 <0.01 0.087

Number of hospital beds per 100,000 people -0.201 >0.05 0.040

Number of newborn intensive care beds per thousand births -0.286 <0.05 0.082

Total fertility rate (per thousand) 0.621 <0.001 0.385

Ratio of adolescent births to total births (percent) 0.468 <0.001 0.219

Multivariate model for the natural logarithm of IMR

Total fertility rate 0.621 <0.001 0.385

Bivariate models for the natural logarithm of U5MR

GDP per capita (thousand TL) -0.450 <0.001 0.202

Proportion of women aged 18 and over with high school or higher education (percent) -0.435 <0.001 0.189

Number of physicians per 100,000 people -0.333 <0.01 0.111

Number of hospital beds per 100,000 people -0.240 <0.05 0.058

Number of newborn intensive care beds per thousand births -0.341 <0.01 0.116

Total fertility rate (per thousand) 0.667 <0.001 0.445

Ratio of adolescent births to total births (percent) 0.489 <0.001 0.240

Proportion of women aged 18 and over with high school or higher education (percent)

Multivariate model for the natural logarithm of U5MR

Total fertility rate 0.667 <0.001 0.445

GDP: gross domestic product

Figure 2: Variation of under-five mortality rate according to 
total fertility rate

Figure 1: Variation of infant mortality rate according to total 
fertility rate
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DISCUSSION

Although Turkey seems to perform relatively well compared to 
the rest of the world, the decline needs to continue in order 
to reduce the current IMR to 3.2 per thousand and U5MR 
to 3.9 per thousand, as in the EU (4). In terms of the efforts 
made regarding this issue, it would be instructive to determine 
the factors related to IMR and U5MR taking into account the 
country as a whole.

The “Infant Mortality Monitoring System” was established in 
Turkey in order to monitor all infant deaths, determine their 
causes, and take the relevant precautions. Since 2014, the 
infant mortality monitoring system has been integrated with 
the “Death Notification System,” where all deaths are recorded 
at the national level. All cases of stillbirth and infant death are 
examined by the “Provincial Investigation Boards” established 
by the Provincial Health Directorates (23). However, there is 
no publicly available national report on the causes of infant 
mortality and factors associated with infant mortality based 
on these data.

Total fertility rate and infant/child mortality
It has been observed that TFR has a moderate positive 
relationship with IMR, and a strong positive relationship with 
U5MR. TFR stands out as the only parameter whose effect on 
the multivariate model is statistically significant. In different 
ecological studies, TFR has been found to be associated with 
IMR and U5MR. According to a study conducted with data from 
181 countries, TFR was the variable with the strongest effect in 
the bivariate models created for IMR (24). In a study involving 
46 least developed countries, TFR was among the factors found 
to have an effect in the multivariate model for U5MR (25). TFR 
was also among the factors affecting IMR in a multivariate 
model from a study conducted in Brazil (22).

In Turkey, TFR shows a significantly declining trend to such an 
extent that while it was 2.38 in 2001, it decreased to 1.76 in 
2020. In addition, when a comparison was made for the TFR 
data from 2019, it was found that TFR was 1.86 in Turkey while 
it was 1.86 in France, which has the highest value in the EU, 
and 1.14 in Malta, which has the lowest value in the EU, and 
that the average value for EU-27 was 1.53 (26).

The relationship between high fertility and infant and child 
mortality has been clearly demonstrated through various 
assessments in TDHSs. According to TDHS 2013, while IMR 
was 17 per thousand for the 1st birth, it is 15 per thousand for 
the 2nd-3th births, 22 per thousand for 4th–6th births, and 32 per 
thousand for 7th or higher birth orders (3). U5MR was 19 per 
thousand for the first birth and for the 2nd-3th birth orders, 25 
per thousand for the 4th–6th births, and 33 per thousand for the 
7th and higher birth orders (3). In the TDHS 2018 report, the risk 
ratio was calculated for each high-risk category by comparing 
the rate of deaths among births in this category with the rate 
of deaths among births that were not in any high-risk category. 
Accordingly, among the single risk categories, the risk ratio 
for higher than third birth order was 1.23. The births in this 
category constituted 7.1% of the total births examined. Among 

the multiple high-risk categories, the highest risk ratio was 2.31, 
which was calculated for birth intervals of <24 months and for 
birth orders more than third (27).

However, a gap between the current fertility status and the 
required fertility level in Turkey remains. It has been found 
that 14.8% of all births are not wanted and 10.6% of all births 
are earlier than wanted. Although TFR was 2.3, the wanted 
TFR was 2.0 according to TDHS 2018 (27). The unmet need 
for family planning, which is another aspect of the issue, was 
15% in TDHS 1993, while it tended to decrease over time and 
fell to 6% in TDHS 2013. It is noteworthy that it reached 12% 
with a 100% increase in TDHS 2018 (27). Moreover, according 
to a study based on a separate sample representing Syrian 
migrants under temporary protection in Turkey, 21% of women 
had unmet family planning needs (28). However, the decisions 
made at the Nairobi Summit held at the 25th anniversary of 
the International Conference on Population and Development 
and the Sustainable Development Goals envisage that the 
unmet need for family planning should be reduced to zero for 
everyone (29).

In addition, reproductive healthcare services were also among 
the healthcare services whose provision was negatively 
affected by the COVID-19 pandemic. An estimated 10% 
reduction in the supply of modern family planning methods 
worldwide was noted, resulting in an increase of 49 million in 
the number of women who have unmet family planning needs 
worldwide (30). In a report prepared by the Family Health and 
Planning Foundation of Turkey, it was indicated that the stocks 
of contraceptive materials in public health institutions were 
depleted and new materials could not be provided during the 
pandemic period. It was reported that access to contraceptive 
methods might be a factor leading to an increase in unwanted 
pregnancies during this period (31, 32). The results of our study 
on the relationship between TFR and IMR raise the concern 
that an increase in infant mortality may be among the long-
term adverse consequences of the pandemic.

TFR can explain 38.5% of the change in IMR and 44.5% of the 
change in U5MR in multivariate models. Factors that may 
explain the remaining variation in IMR and U5MR are other 
independent variables that are not included in the multivariate 
model. In a study conducted in Brazil, the R2 values were found 
to be 0.36 and 0.32 in the multivariate models created for the 
years 1991 and 2000, respectively (22). These data indicate that 
IMR and U5MR are dependent variables that may be associated 
with many factors. The fact that many factors with significant 
effects were found in the bivariate model in our study also 
supports this assessment.

Adolescent fertility and infant/child mortality
Another parameter related to fertility, which was found to be 
associated with IMR and U5MR in our study, was the ratio of 
adolescent births to total births. It is known that adolescent 
mothers have more adverse pregnancy outcomes and higher 
maternal death than non-adolescent mothers (27). In an 
ecological study evaluating 192 countries, the adolescent 
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fertility rate was among the variables found to be associated 
with IMR in the bivariate analysis (33).

Adolescent pregnancies remain among the issues that require 
intervention in Turkey. According to TDHS 2018, 2.8% of 
adolescents (15–19 years of age) had a live birth, and about 
1% of them were pregnant with their first child during the 
study. However, 10% of women aged 19 already gave birth to 
their first child or were pregnant (27). Developing initiatives to 
prevent adolescent pregnancies will also contribute to reducing 
infant and child mortality.

Income and infant/child mortality
In this study, a moderate negative correlation was found 
between GDP per capita and IMR and U5MR. While GDP per 
capita has an effect in the bivariate model, it does not have any 
effect in the multivariate model. There are studies that include 
data from different countries and show that IMR decreases 
as per capita income increases in multivariate models. One of 
these studies is an ecological study evaluating 192 countries 
using data from the World Bank, and there is another ecological 
study that includes data from 152 countries with low, medium, 
and high development levels (33, 34). In a study conducted with 
the data of 181 countries from 2015, similar to our study, per 
capita income was one of the factors found to have an effect on 
IMR in the univariate model (24). Based on the examples at the 
country level, it was found that income level had a significant 
effect in the multivariate models in Brazil and India, while it had 
a significant effect in the univariate model in Italy (22, 35, 36). 
Income is among the variables that are also associated with 
U5MR in groups of countries at different levels of development. 
In a study involving OECD countries, U5MR was associated with 
GDP per capita in a multivariate model (37). Per capita income 
was also found to be associated with U5MR in a multivariate 
model in an ecological study involving 46 least developed 
countries (25).

In an ecological study based on data from 2007 for Turkey, GDP 
per capita was among the variables that were found to have an 
effect on the model for both IMR and U5MR in the univariate 
model (16). It has been observed that income is associated 
with IMR and U5MR in a multivariate model in some ecological 
studies, and in a univariate model, similar to our study, in 
others. However, based on the household welfare level, IMR 
ranged from 23 per thousand in the lowest group to 8 per 
thousand in the highest group, and U5MR ranged from 28 per 
thousand in the lowest group to 8 per thousand in the highest 
group in TDHS 2013 (3). The relationship between income 
and infant and child mortality, which has been demonstrated 
many times at the national and international levels, reveals 
that socioeconomic determinants of health affect people’s lives 
starting from the mother’s womb in a way that can have fatal 
consequences.

Education and infant/child mortality
Another socioeconomic variable that was found to be 
negatively associated with IMR and U5MR in the study is the 
proportion of women with high school or higher education. In 

different studies, the education level of women was found to 
be associated with IMR. In a study that included data from 152 
countries, the proportion of illiterate women was associated 
with IMR in a multivariate model (34). In other studies that 
include country data, a relationship was found between IMR 
and the number of years women went to school (24, 33).

Education-related parameters were among the variables 
found to have an effect in both ecological studies conducted 
so far regarding the issue in the national literature for Turkey. 
According to the results of an ecological study based on 
provincial data from Eskişehir, the only factor affecting the 
model for logarithmic IMR in multivariate linear regression 
analysis is the proportion of women who did not go to school 
(standardized β=0.589, R2=0.566) (15). In an ecological study 
based on data from 2007 for Turkey, the rate of illiterate women 
was among the factors found to have a significant effect in the 
multivariate model for both IMR and U5MR (16).

According to TDHS 2013, it was found that IMR varied from 26 
per thousand in the no/incomplete education group to 9 per 
thousand in the high school and above group, and U5MR from 
30 per thousand in the no/incomplete education group to 12 
per thousand in the high school and above group (3). Studies 
have revealed that prevention of infant and child mortality 
would be among the results obtained through the multiplier 
effect of the education of girls.

Provision of healthcare services and infant/child mortality
In our study, the variables that were found to have a weak 
negative relationship with IMR and U5MR were the number 
of physicians per 100,000 people, the number of hospital beds 
per 100,000 people, and the number of newborn intensive 
care beds per thousand births. In an ecological study based 
on data from 2007 for Turkey, the variables that had an effect 
on the model for both IMR and U5MR included the population 
per physician, the population per community health center, 
and the number of beds per ten thousand people for the 
univariate model (16). However, it has been observed that 
the studies that found a relationship between the variables 
related to healthcare service provision and child mortality 
were conducted mostly in developing countries (38-40). The 
weak relationship with the parameters related to healthcare 
service provision in our study indicates that their effects are 
indirect. This result is pleasing in terms of the adequacy of 
the healthcare service capacity in Turkey. However, it should 
be noted that inadequacies on a provincial basis may have an 
effect.

Limitations
The variables included in the model in this study include data 
that can be obtained from TURKSTAT and the Ministry of Health 
on a provincial basis. The number of parameters included in the 
model is a limitation of this study. In the literature, there are 
other parameters that have been found to be associated with 
IMR or U5MR, in addition to the variables included in our study. 
For example, a relationship has been found between IMR and 
the rate of health expenditures in Brazil, the Gini coefficient 
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and unemployment rate in Italy, and the unemployment rate 
in India (22, 35, 36). In studies evaluating different countries 
collectively, the variables associated with IMR included access 
to drinking water, immunization rate, maternal mortality 
rate, out-of-pocket health expenditures, per capita health 
expenditures, and the Gini coefficient (33, 34, 41). In a study 
involving sub-Saharan African countries, the factors associated 
with U5MR included immunization rate, access to healthy 
drinking water, and Gini coefficient (38).

This study is an ecological study. As an epidemiological study 
type, ecological studies have certain disadvantages in addition 
to their advantages. “Ecological fallacy” or “ecological bias” 
refer to the differences between studies based on individual 
data and ecological data. Ecological bias occurs due to 
different intra-group distributions of independent variables 
and confounders, whose effects are being investigated, in 
different groups (12). The reason for ecological bias is that the 
relationship between variables observed at the group level 
is not necessarily representative of the relationship at the 
individual level (14).

In the stepwise selection method, which is one of the variable 
selection methods used in linear regression analysis, the aim is 
to select the variables that are not related to each other and 
that affect the dependent variable to the greatest extent after 
determining the independent variables that can affect the 
dependent variable. The most important benefit of the stepwise 
selection method is that it resolves the multicollinearity problem 
arising from the possible correlation between the independent 
variables included in the model (42). In this study, in order to 
reduce the effect of the multicollinearity problem, the variables 
that were found to be strongly correlated with each other in 
the correlation analysis (the ones with a correlation coefficient 
higher than 0.7) were not included together in the model. 
For the same purpose, the stepwise regression method was 
used in the linear regression analysis. However, in our study, 
multicollinearity may have played a role in the fact that the 
variables that were found to have a significant effect in the 
bivariate model were not significant in the multivariate model 
(43). Considering the studies conducted, it may be observed that 
many variables are associated with IMR or U5MR in bivariate 
analyses, whereas the number of associated parameters is less 
in number in multivariate analyses. In some ecological studies, 
similar to our study, the effect of only one variable was found 
to be significant in the multivariate model. Literacy rate among 
women in India and unemployment rate in Italy were the only 
variables found to be significant for IMR, and adult literacy rate 
was the only significant variable for U5MR in a study involving 
countries that include Turkey (35, 36, 41).

CONCLUSION AND RECOMMENDATIONS

Factors that were found to be associated with IMR and U5MR 
included factors associated with fertility preferences such 
as TFR and adolescent births, socioeconomic factors such 
as income and education level, and factors associated with 
healthcare service provision such as the number of physicians 

and number of beds. When the correlation coefficients are 
examined, it may be observed that the strongest relationship 
is with variables related to fertility preferences, followed by 
socioeconomic variables, and the variables related to service 
provision have the weakest relationship. In the multivariate 
model, the only variable with a significant effect was TFR. 
Accordingly, intervention policies for infant and child mortality 
should primarily focus on health promotion programs aiming 
for appropriate changes in individuals’ health-related behaviors 
regarding high fertility preferences and initiatives aimed at 
reducing socioeconomic inequalities. However, initiatives 
should be developed to prevent adolescent marriages. It 
appears that approaches that prioritize solving the problem 
only with initiatives to improve healthcare service provision 
would only be making an effort for relatively indirect causes.

It may be useful to identify new interventional aspects with 
studies on the determinants of fertility preferences. The effect 
of TFR demonstrates the importance of the unmet need for 
family planning. It should be borne in mind that interruptions 
in reproductive health services in the post-pandemic period 
will be a potential factor for an increase in IMR.

The fact that income and education are associated with IMR 
and U5MR in bivariate analyses has revealed the severe 
consequences of inequalities in health. Economic policies 
aimed at correcting income inequalities and initiatives to 
increase girls’ education levels will lead to life-saving outcomes 
for infants and children.
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