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Abstract
Background: Stunting and wasting, as two key health indexes in any society, are two major factors in
children’s physical and mental growth in the future, especially in developing countries. We aimed to
investigate some factors affecting stunting and wasting among the under-five children in Eastern
Mediterranean Region (EMR).
Materials and Methods: The statistical population of the present study consisted of the under-five
children suffering from stunting and wasting in the EMR and natural factors from the website of
World Meteorological Organization (WMO), based on the secondary data in the period 2005-2016.
After that, the maps were extracted using the Geographical Information System (GIS). Finally, for
data analysis, the regression, path analysis and cluster analysis techniques were employed in the SPSS
Statistical Software (version 23.0).
Results: The highest rates of stunting were in Yemen, Afghanistan, Pakistan, and Sudan, whereas
Djibouti, Yemen, Somalia and Sudan had the highest rates of wasting. Accordingly, the children’s
stunting was affected by their wasting (Beta=0.918), and reproductive, maternal, newborn and child
health interventions economic status (Direct Impact= -0.323, R= 0.865, R2= 0.748, ADJR2=0.720,
P<0.05). It was also observed that life expectancy at birth (Beta= -0.829, indirect impact= -0.323),
average wind speed (Beta= -0.403, Indirect Impact= -0.369), prevalence of anemia in pregnant
women (Beta=0.335, Indirect Impact= 0.307), births attended by skilled health personnel
(Beta=0.226, Indirect Impact= 0.207), had indirect effects on the wasting of children.
Conclusion
Based on the results, five variables affected the children’s stunting and wasting including
reproductive, maternal, economic status, life expectancy at birth, average wind speed, prevalence of
anemia in pregnant women, and births attended by skilled health personnel.
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1- INTRODUCTION
Stunting, wasting and malnutrition, as
the key health indexes in any society, are
three major factors in children’s physical
and mental growth in the future (1),
because wasting and malnutrition are
among the most common causes of
mortality in the under-five children
worldwide (2). According to the World
Health Organization (WHO), around 151
million children were suffering from
malnutrition in the year 2017 (3), and
within 2005-2016, 7.7% of children
globally and 9.1% of children in the
Eastern Mediterranean Region (EMR)
were wasting (4). For example, 39% and
55% of malnourished children were short
in stature in Africa and Asia, respectively
(3). Malnutrition in developing and
underdeveloped countries is referred to as
"developmental deterrence syndrome",
which encompasses a wide range of
disorders such as growth impairment,
delayed mental, brain and behavior
development, increased disability and even
mortality, thus rendering children unable
to achieve their proper physical and mental
abilities in the next periods of their lives
(5). The results of other studies indicate
that stunting, wasting and malnutrition are
associated with biological, social and
economic factors, health, poverty,
education, and lack of appropriate access
to health services (6-8).
Moreover, research has it that the levels of
stunting, wasting and malnutrition are
different in different geographical areas
under different social-cultural conditions
(9), since the patterns of food intake,
cultural beliefs and access to health care
vary in different regions. According to the
results of separate studies conducted in
Indonesia (10), and Vietnam (11), some
differences exist between malnutrition in
rural and urban children. Additionally, in a
study performed in Nairobi, it was
demonstrated that malnutrition in children
born to illiterate mothers was four times
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higher than those born to mothers with
higher education (12). On the other hand,
in a study done in India, the difference
between children born in wealthy and poor
families was reported in terms of wasting
(13). Monitoring the children's growth in a
desirable health system is an essential part
of everyday health care, and the timely
identification of undernourished children
without clinical symptoms is primarily
important in defining a useful and effective
program for the prevention of malnutrition
(14), which requires up-to-date knowledge
and information. To realize this goal, the
use of modern information technology can
be very effective, and information
technology is a powerful tool and the most
important factor in increasing the
efficiency and effectiveness of healthrelated organizations (15). For instance,
Geographical Information System (GIS) is
one of the modern technologies that can be
properly used towards health provision and
promotion, health-related policymaking,
and decision-making (16-18).
In addition to addressing the needs of all
vulnerable groups, an efficient and
effective health system should monitor the
geographic areas under its coverage
systematically and identify the progress of
health projects and possibly the presence
of new health issues in the shortest
possible time. Maps, especially digital and
computerized ones, play prominent roles in
improving the efficiency of managerial
decisions on health. Besides, GIS is one of
the new technologies to facilitate the
process of access to information, decision
making about the system of health care
and health promotion (19, 20).
In the meantime, performing spatial
analysis using GIS is a method that can
help identify high-priority areas and their
effective factors. As reported in other
studies, the spatial distribution and cluster
analysis of wasting in children using GIS
have been stressed (21, 22). As mentioned
before, children form a vulnerable stratum
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in all countries, especially in the EMR,
that deserves more attention on the part of
WHO and other relevant organizations due
to their special conditions in the region,
including the existence of proxy wars,
terrorist groups and so forth (23). Hence,
considering their health issues are of prime
importance, the need for policies and
programs to improve the nutritional status
of children in the countries of this region is
strongly felt. Furthermore, given the
recommendations to conduct such studies
based on the new WHO standards and
given that some studies should be done on
wasting , stunting and malnutrition
regionally every few years (24); the
present study aimed to investigate Health,
Economic and Climatic Factors Affecting
Stunting and Wasting among the underfive children in the countries in the Eastern
Mediterranean Region (EMR).
2- MATERIALS AND METHODS
2-1. Study Design and Population
The statistical population of the present
study consisted of the under-five children
suffering from stunting and wasting in the
EMR. To commence the study, the
required data were first gathered through
the
official
website
of
WHO
(https://www.who.int/gho/publications/wor
ld_health_statistics/2017/whs2017_Annex
B.xlsx?ua=1), and Weather Geneva,
Switzerland
(https://www.accuweather.com/en/ch/gene
va/313082/weather-forecast/313082). The
indexes are provided by the WHO as an
overall number for the period 2005 to
2016. It should be noted that the latest data
of WHO was published to 2016. The initial
data processing was conducted and a
database was developed in Arc/GIS
(version 10.6). After that, the data were
entered into geographic information
system (GIS) and the maps of stunting and
wasting among the under-five children
were extracted using some basic graphical
statistical models. Finally, for data
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analysis, regression (Stepwise Method),
path analysis and cluster analysis (Ward
Method) were employed in the SPSS
Statistical Software (version 23.0).
2-2. Methods
This cross-sectional study was conducted
in the EMR for the period 2005 to 2016. In
this study, prevalence of stunting in
children
under-five
children
(%),
prevalence of wasting in children underfive children )%(, births attended by
skilled health personnel (%), current health
expenditure (CHE), percentage of gross
domestic product (GDP) (%), food safety,
population using at least basic sanitation
services (%), concentrations of fine
particulate matter (PM2.5), neonatal
mortality rate e (per 1000 live births),
population using at least basic sanitation
services (%), physicians density (per 1000
population), life expectancy at birth
(years), nursing and midwifery personnel
density (per 1000 population), infants
exclusively breastfed for the first six
months of life (%), reproductive, maternal,
newborn and child health interventions
economic status, early initiation of
breastfeeding (%), prevalence of anemia in
pregnant women (%), proportion of
population using improved drinking-water
sources (%) were reported.
Next, the indexes of natural factors,
gathered through the official website of
World
Meteorological
Organization
(WMO), were average temperature,
average high temperature, average low
temperature, average precipitation, and
average number of days with precipitation,
average length of day, average relative
humidity, average dew point and average
wind speed. Based on the literature about
the
relationship
between
climatic
variables, health and socio-economic
evaluation was carried out in children with
wasting. Also, wasting can play a role as
an intermediate variable between the
above variables and stunting, therefore, the
path diagram was extracted. Considering
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that the regression analysis only examines
the direct effect of variables and it was not
possible to calculate indirect effects, path
analysis was used in this study. The
indirect effect of variables was calculated
by multiplying the coefficients of each
path and in order to calculate the total
effect of a variable on the other variable, it
was obtained through the sum of the direct
effect with the sum of its indirect effects.

3- RESULTS
According to the findings of the present
study, the highest percentages of stunting
belonged to Yemen and Afghanistan while
the lowest were in Kuwait and Iran. In
terms of wasting, the results revealed that
Djibouti and Morocco had the highest
(21.5%), and lowest (2.3%) rates,
respectively (Table.1).
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Table-1: The Statistics on the Indices under Study in the EMR
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In Figure.1, the spatial distribution of the
indexes of stunting and wasting of children
in the EMR is presented. Accordingly, as
can be seen, the highest rates of stunting
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were in Yemen, Afghanistan, Pakistan, and
Sudan whereas Djibouti, Yemen, Somalia
and Sudan had the highest rates of wasting
in the under-five children.
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Fig.1: The Spatial Distribution of the Indexes of Stunting (A), and Wasting (B) among children in the
Eastern Mediterranean Region.

In Figure.2, the status of cluster analysis
in the EMR based on the two indices of
stunting and wasting is shown. For each of
the indices under study, three clusters were
obtained. The first cluster included
(Yemen, Sudan, Djibouti, Afghanistan,
Pakistan), the second cluster comprised
(Bahrain, Iran, Jordan, Kuwait, Lebanon,
Morocco, Oman, Qatar, Saudi Arabia,
United Arab Emirates, Tunisia), and the
third cluster, consisted of (Somalia, Libya,
Iraq, Egypt, Syrian Arab Republic)
(Figure.2). Of the 25 variables in the
regression model, only five variables
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remained (Table.2). Accordingly, the
children’s stunting was affected by their
wasting (Beta=0.918), in addition, the
children’s stunting was affected by
reproductive, economic status (R=0.865,
R2=0.748,
ADJR2=0.720,
P<0.05).
Moreover, the children’s wasting was
influenced by life expectancy at birth
(Beta=-0.829), average wind speed
(Beta=-0.403), prevalence of anemia in
pregnant women (Beta=0.335), and births
attended by skilled health personnel
(Beta=0.226)
(R=0.943,
R2=0.889,
ADJR2=0.861, P<0.05).
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Fig.2: The Ward's Cluster Analysis of Stunting and Wasting in Children in the Eastern
Mediterranean Region.

Table-2: Results of Regression Analysis about the Factors in Prevalence of stunting in under-five
children in the EMR (2005–2016).

Model
(Constant)
a

Prevalence of wasting in children under 5
w (%)
Reproductive, maternal, newborn and
child health interventions Economic
status

(Constant)
b

Life expectancy at birth
Average Wind Speed
Prevalence of anemia in pregnant women
Births attended by skilled health
personnel

Coefficients
Unstandardized
Coefficients
B
Std. Error
2.012
1.185

Standardized
Coefficients
Beta

t-test

P-value

1.698

.107

.375

.051

.918

7.308

.000

-.066

.026

-.323

-2.570

.019

148.110
-1.993
-1.489
.626

18.286
.239
.310
.171

-.829
-.403
.335

8.099
-8.358
-4.797
3.666

.000
.000
.000
.002

.116

.052

.226

2.217

.041

a. Dependent Variable= Prevalence of stunting in children under 5 w
b. Dependent Variable= Prevalence of wasting in children under 5 w

The results of path analysis revealed that
children’s stunting was directly affected by
reproductive, maternal, economic status
(Direct Impact=-0.323); while being
affected indirectly by other variables such
as life expectancy at birth (Indirect
Int J Pediatr, Vol.7, N.7, Serial No.67, Jul. 2019

R= 0.865
R=0.943

R2= 0.748
R 2=0.889

ADJR2=0.720
ADJR2=0.861

Impact=-0.323), average wind speed
(Indirect Impact=-0.369), prevalence of
anemia in pregnant women (Indirect
Impact= 0.307), births attended by skilled
health personnel (Indirect Impact=0.207)
(Table.3 and Figure.3).
9765

Factors Affecting on Stunting and Wasting in Children

Table-3: Total Direct and Indirect Effects of the Variables Entered into the Model in under-five
children in the EMR (2005 – 2016).
Prevalence of stunting in children under-fivechildren (%)
Reproductive, maternal, economic status
Life expectancy at birth
Average Wind Speed
Prevalence of anemia in pregnant women
Births attended by skilled health personnel

Direct impact

Indirect effect

Total impact

-0.323
-

-0.308
-0.761
-0.369
0.307
0.207

-0.631
-0.761
-0.369
0.307
0.207

Fig. 3: Diagram of the Factors Affecting the Children’s Stunting and Wasting in the Eastern
Mediterranean Region.

4- DISCUSSION
The present article was the first study to
investigate stunting and wasting among the
under-five children in the EMR. The
results of the present study demonstrated
that the average prevalence of stunting and
wasting among the under-five children in
the EMR was higher than the global
average level, but still far from those in
developed countries. The present study
aimed to contribute to the reduction of the
prevalence of stunting and wasting among
Int J Pediatr, Vol.7, N.7, Serial No.67, Jul. 2019

the under-five children in the region
through identifying the status of the EMR.
Our findings revealed that the prevalence
of stunting among the countries of EMR
was variable, with Yemen (46.5%), and
Afghanistan (40.9%) having the highest
percentages, while Kuwait (4.9%), and
Iran (6.8%) have the lowest percentages. It
is worth mentioning that in Yemen, almost
one in two children is short in stature,
which has been pointed out in a study
conducted by Tran et al. (2019) (25).
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Moreover, the results of the present study
indicated that the prevalence of stunting
among the countries of EMR (25.1%)
exceeded that of the global average level
(22.9%). This finding was consistent with
the results of studies done by Yalew et al.
(2014)(2), and Assefa et al. (2013) (26).
Although stunting is observed in both poor
and rich countries, there are significant
differences between their rates and
percentages of prevalence. For example,
the prevalence of stunting in developed,
African and Southeast Asian countries is
6.35%, 33.5% and 33.8%, respectively.
This may be a reflection of the economic
problems, civil wars and armed conflicts in
the EMR, as pointed out in a study
performed by Tran et al. (2018) on the
effects of these factors on children’s
stunting in Africa and Southeast Asia (25).
Another factor which affects the stature of
children is their non-sanitary place of
residence (27), which has caused the EMR
to become an unfavorable environment for
children's
health
and
well-being.
Therefore, this situation is inconsistent
with the goals of global organizations such
as UNICEF, in which the availability of
suitable environments for children is
stressed (28). As for the prevalence of
wasting, the results of the present study
demonstrated that, Djibouti (21.5%),
Yemen and Sudan (16.3%) had the highest
percentages, as opposed to Jordan (2.4%)
and Morocco (2.3%) with the lowest
percentages.
These
findings
were
concurrent with the results of studies
conducted in Southeast Asia (29, 30), and
Africa (2, 12).
It should be noted that the prevalence of
wasting in the EMR was lower than that in
those regions, which seems to be due to
their income and welfare conditions. For
instance, Oreskovic et al. (2009) reported
that wasting was prevalent in low-income
cities (31). Moreover, the future of
children can be influenced by wasting. For
example, the results of studies performed
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on 17,506 American children have
demonstrated that wasting results in the
poor performance of children (32).
Similarly, the results of studies conducted
in Bangladesh have shown that wasting
can cause adverse side effects on children's
physical functioning, such as kidney
failure (33), and teeth problems (34).
According to the results of maps extracted
from the GIS environment and spatial
distribution of stunting and wasting, it was
observed that Yemen, Afghanistan,
Pakistan and Sudan had the highest
percentages of stunting in children. On the
other hand, the highest rates of wasting in
children were reported for Djibouti,
Yemen, Somalia and Sudan. Besides, the
results of cluster analysis revealed that
there were three clusters in the EMR for
stunting and wasting.
The first cluster included (Yemen, Sudan,
Djibouti, Afghanistan, Pakistan), the
second cluster comprised (Bahrain, Iran,
Jordan, Kuwait, Lebanon, Morocco,
Oman, Qatar, Saudi Arabia, United Arab
Emirates, Tunisia), and the third cluster
consisted of (Somalia, Libya, Iraq, Egypt,
Syrian Arab Republic). These findings
were consistent with the results of a study
done by Hughey et al. (2018), in which the
spatial cluster analysis of children’s
wasting was conducted in Southeast
United States; in their research, the
wasting clusters were identified using the
GIS software (Index = 0.04, p <0.001), and
their cluster analysis was associated with
the level of urbanization in Eastern USA
(35). As mentioned earlier, around 7.7% of
children worldwide and 9.1% of the EMR
are wasting. Besides, the results of
comparing the statistics were indicative of
the huge difference between the Eastern
Mediterranean countries and each of North
American (0.9%), and European countries
(1.5%). However, the results of comparing
this region with developing countries were
indicative of this region’s better situation
compared to Southeast Asia (15.3%) (3).
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Based on the results extracted from the
model, with a rise in life expectancy at
birth and reproductive, maternal, newborn
and child health interventions economic
status, there will be a decrease in stunting
and wasting of children. This finding was
concurrent with the results of studies done
by Meshram et al. (2019) (36), and Zadka
et al. (2019) (37). In the former, the Indian
children’s wasting
and their low
socioeconomic status were investigated
(36), and in the latter, the Polish children’s
wasting was studied (37). It should be
noted that improving the socioeconomic
status of families can enhance the maternal
nutrition during pregnancy, thus reducing
wasting in children (36). The results of the
present study also revealed that anemia in
pregnant women was another variable that
affected the wasting and stunting of
children. This finding was consistent with
the results of a study conducted by Chang
et al. (2013), in which the effects of
mother's anemia on Chinese children’s
mental development were pointed out (38).
Other studies have also shown that anemia
in mothers can lead to anemia (39), and
death in children (40). It must be
mentioned that, in this study, other than
the average wind speed, other climatic
variables had no significant effects on
children’s wasting and stunting. In
contrast, Ishida et al. (2014) (41) expressed
that children’s wasting and stunting were
relatively affected by climatic variables,
and Aguilera et al. (2009) (42), and Gong
et al. (2018) (43) reported that children’s
wasting
was influenced by all air
pollutants. Accordingly, when comparing
these results with those reported in studies
conducted by Ishida et al. (2014) (41),
Aguilera et al. (2009), and Gong et al.
(2018), they should be treated with more
caution. In this regard, the type of
variables under study can be regarded as
one of the justifications for this
contradiction.
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For example, Aguilera et al. (2009), and
Gong et al. (2018) investigated the effects
of pollutants on mother’s pregnancy and
children’s wasting while in the present
research, the effects of temperature,
precipitation, humidity, and so on were
studied. Although the climatic variables
did not correlate with children’s wasting
and stunting, climate change could still be
seen as a significant variable. As Lloyd et
al. (2011) (44) predicted, due to climate
change, there will be a 62% and 55% in
children’s wasting and stunting in South
Asia and Eastern and Southern Africa by
2050, respectively. Hence, this situation
can result in a 6.1-fold increase in child
mortality (45).
According to the findings of the present
study, children's stunting and wasting are
affected by the variable of child delivery
with the help of skilled health staff. This
finding was consistent with the results of
studies conducted by Akombi et al. (2017)
(6), and Pramod Singh et al. (2009) (7).
Children’s wasting can be under the
influence of many other factors as well,
including biological factors (e.g., mother's
age, pregnancy, the interval between
births, preterm delivery, physical violence,
diseases and parent’s education), social
and economic factors and health care (1, 7,
10, 14). Furthermore, children’s wasting is
also related to their age. As children
gradually become less dependent on breast
milk and become increasingly dependent
on complementary foods, they are more
likely to be exposed to infections, which
are mostly found in war-stricken countries
(46, 47).
4-1. Study Limitations
It should be mentioned that there were
several limitations in the present study.
First, given the lack of access to gender
information, age of children and factors
such as maternal age, pregnancy, interval
between births and preterm labor, the
effects of these variables could not be
measured on children’s stunting and
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wasting. Second, given the lack of access
to the data on children’s stunting and
wasting on a yearly basis on the official
website of WHO, the year by year trends
of these two variables in the Mediterranean
countries were not assessed. Therefore, it
is suggested that these statistics be
recorded individually and annually at
country levels towards better policymaking
in this respect. In the end, it is
recommended that some health plans be
considered for each separate cluster
relating to children’s stunting and wasting
based on the conducted clustering.
5- CONCLUSION
The results of the present study about
the under-five children revealed that the
highest rates of stunting were in Yemen,
Afghanistan, whereas Djibouti and
Morocco had the highest rates of wasting.
Moreover, the results of cluster analysis in
the EMR based on the two indices of
stunting and wasting identified three
clusters. In other words, the first cluster
was located in (Yemen, Sudan, Djibouti,
Afghanistan, Pakistan), the second cluster
was in (Bahrain, Iran, Jordan, Kuwait,
Lebanon, Morocco, Oman, Qatar, Saudi
Arabia, United Arab Emirates, Tunisia),
and the third cluster was based in
(Somalia, Libya, Iraq, Egypt, Syrian Arab
Republic). Moreover, of the 25 variables in
the model, only five variables affected the
children’s
stunting
and
wasting
(reproductive, maternal, newborn and child
health interventions economic status, life
expectancy at birth, average wind speed,
prevalence of anemia in pregnant women,
and births attended by skilled health
personnel). Finally, the stunting and
wasting of children in the EMR require
more attention on the part of health
authorities and policymakers. In addition,
some coordinated policies are required for
both of the said indices in children because
their stunting is directly affected by
wasting.
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