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Abstract
Background: Childhood stunting is a major challenge to the growth and development of nations by
affecting millions of children across the world. Although Ethiopia has made steady progress in reducing
stunting, the prevalence of stunting is still one of the highest in the world. This study aimed to assess the
spatial variation and factors associated with stunting among under-�ve children in Ethiopia.

Methods: This study is a secondary data analysis of the 2019 Ethiopian Mini Demographic and Health
Survey (EMDHS). The Getis-Ord statistics tool has been used to identify areas with high and low hotspots
of stunting. A multilevel logistic regression model was used to identify factors associated with stunting.
Adjusted odds ratios (AOR) with its 95% con�dence intervals (CI) at p-value < 0.05 were used to declare
statistical signi�cance.

Results: The result of this study shows that about 37% of under-�ve children were stunted. Statistically
signi�cant hotspots of stunting were found in northern parts of Ethiopia. Children in the age group
between 24–35 months were more likely to be stunted than children whose age was less than one year
[AOR = 3.74; 95 % CI: (3.04–4.59)]. Children with mothers who had completed higher education had lower
odds of being stunted compared to children whose mothers had no formal education [AOR = 0.55; 95%CI:
(0.38–0.82)]. Children from the poorest wealth quintile had higher odds of being stunted compared to
children from the richest wealth quintiles [AOR = 2; 95 % CI: (1.46–2.73)]. Children living in Tigray (AOR
=3.64; 95 % CI: 2.17–6.11), Afar (AOR 2.02; 95 % CI 1.19-3.39), Amhara (AOR =2.29; 95 % CI: 1.37–3.86),
Benishangul Gumz (AOR=1.87; 95% CI: 1.10-3.17) and Harari (AOR=1.95; 95% CI: 1.17-3.25) regions were
more likely to be stunted compared to children living in Addis Ababa.

Conclusion: This study showed that both individual and community-level factors were signi�cant
predictors of stunting. Improving maternal education, improving the economic status of households,
improving age-speci�c child feeding practice, and providing additional resources to regions with high
hotspots of stunting are recommended.

Introduction
Stunting has been de�ned as "poor growth and development of children due to malnutrition, frequent
infections and insu�cient psychosocial motivation" [1]. Height for the Z-score is a growth score over the
years that can be used as an indicator of growth retardation and cumulative growth de�cit in children.
Children whose Z-score of growth at age below minus two standard deviations (-2 SD), which is the
median of the reference population, are considered short for their age (stunted) [1]. Stunting affects many
children worldwide and has serious short-term and long-term health consequences, including poor
cognitive performance, lower educational performance, lower adult wages, and lower reproductive
outcomes [2, 3].

Childhood stunting varies in size and distribution in different parts of the world. Global prevalence ranges
from the highest (35.2%) in East and Central Africa to the lowest (2.6%) in North America [4]. Although
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Ethiopia has made steady progress in reducing stunting (the prevalence of stunting has dropped from
51–37% since 2005–2019), the prevalence of stunting is still the highest in the world and remains a
serious public health problem within the country [5]. Numerous studies have shown that child sex, child
age, maternal education, father education, maternal occupation, household income, maternity care
service utilization, drinking water sources, type of toilet facilities, number household members, feeding
practices, residence, and region were signi�cant predictors of childhood stunting [6–11].

Various policies, programs, and strategies are being implemented around the world to reduce the problem
of childhood stunting. The Global Nutrition Goal 2025 [12], approved by the Sixty-�fth World Health
Organization Assembly in 2012, reduced the number of stunted children by 40% [13, 14]. Ethiopia is
implementing the National Nutrition Program Phase I (2010–2015) and Phase 2 (2016–2020), which
aims to reduce childhood stunting in children under the age of �ve [15].

Despite these interventions, the stunting rate among children in Ethiopia is still high. Furthermore,
previous studies used old and outdated data that did not re�ect the current situation in the country, and
these studies were limited to small areas to indicate a national problem. Thus, this study aimed to assess
the spatial distribution of stunting and its associated factors in children under the age of �ve in Ethiopia
using national representative data from the recent National Demographic and Health Survey. The results
of this study will help health care programs and policymakers to initiate appropriate policies and
programs to reduce malnutrition-related deaths in the country.

Methods

Study design and setting
The study used data from the 2019 Ethiopian Mini-Demographic and Health Survey (EMDHS). The 2019
EMDHS is a population-based household survey conducted in Ethiopia from March 21 to June 28, 2019.
Ethiopia is located in the North-Eastern part of Africa or known as the “Horn of Africa.” It is bounded by
the north and south Sudan on the west, Eritrea and Djibouti to the northeast, Somalia to the east and
southeast, and Kenya to the south. Ethiopia lies between the 3° N and 15° N Latitude and 33° E and 48° E
Longitude.

Sampling procedure
EMDHS 2019 uses the two-step strati�ed cluster sampling method in which sample households have
chosen within clusters EAs (Enumeration areas). At the �rst stage, a total of 305 EAs were selected (93
live in urban areas and 212 in rural areas) with a probability proportional to the size of the EA and with
independent selection in each sampling stratum. At the second stage of selection, a �xed number of 30
households in each cluster were selected, along with the probability of systematic selection of newly
formed houses in the list. For our study, a total weighted sample of 4,971 children was used in the �nal
analysis.

Measurements
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The 2019 EMDHS collected data on the nutritional status of children by measuring the weight and height
of children under age 5. The length of children aged < 24 months were measured lying down on the board
(recumbent length), while children ≥24 months were measured standing up. The height-for-age Z-score,
an indicator of nutritional status, as compared with reference data from the WHO Child Growth Standards
reference population, 2006. Children whose height-for-age Z-score is < −2 SD from the median of the
WHO reference population are considered stunted (short for their age). Any additional information about
data collection, sampling, and questionnaires used in the survey are described in detail in the 2019
EMDHS report [5].

Study variables
The outcome variable for this study was stunting, which is dichotomized as stunted (if height-for-age
Z−score < −2 SD from the median of the reference population) and normal (if height-for-age Z−score >=
−2 SD from the median of the reference population). Both individual and community-level factors were
considered as the potential predictor variables. The individual-level factors included were child age, child
sex, maternal education, wealth index, number of under-�ve children in the household, type of birth, and
preceding birth interval. The four variables place of residence, region, type of latrine facility, and source of
drinking water were considered as community-level factors.

Data management and analysis
Data cleaning was carried out to check for consistency. Data analysis was done using STATA version
14.2 and spatial analysis was done using ArcGIS software, version 10.8. Sample weights were done to
adjust for non-proportional allocation of the sample to strata and regions during the survey process and
to restore representativeness. Descriptive and summary statistics were conducted to describe the study
population. A multi-level logistic regression analysis was carried out to account for the hierarchal nature
of the DHS data.

Spatial analysis
ArcGIS 10.7 software was used for spatial analysis of the data. Spatial autocorrelation (Global Moran’s I)
statistics and Getis-Ord local cluster analysis were done to display the spatial distribution of childhood
stunting in Ethiopia. The spatial Autocorrelation (Global Moran’s I) is a tool used to verify whether
childhood stunting is spatially clustered, dispersed or randomly distributed in Ethiopia. The tool
calculates Moran's I Index value and both Z score & p-value to evaluate the signi�cance of the index.
Moran’s I index close to -1 indicates dispersing of childhood stunting whereas, close to 1 indicates
clustering. Statistically signi�cant Z-score and P-value ≤ 0.05 lead to rejection of the null hypothesis
showing the existence of clusters stunting[16]. Statistically non-signi�cant Moran’s I value (if p-value >
0.05) will indicate stunting is randomly distributed throughout the country [16].

The spatial heterogeneity of signi�cant-high prevalence/low prevalence areas of stunting was computed
for each cluster using the Getis-Ord G-statistic tools. The Local Getis-Ord G index helped to classify the
autocorrelations into positive and negative correlations. If prevalence rates had similarly high values or
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low values, they were de�ned as positive autocorrelation hotspots (represented as High- High or Low-Low
autocorrelation). If the attributes held opposing high and low values, they were considered to have
negative autocorrelation (represent as High-Low or Low-High autocorrelation) [16]. To determine the
signi�cance of these statistics, Z-scores and P-values were used. A positive Z-score with a P-value of
<0.05 indicates statistical clustering of hotspots of childhood stunting whereas a negative Z-score with a
p-value of <0.05 indicates statistical clustering of children who are not stunted.

Kuldorff’s Sat Scan version 9.4 software was used to identify the geographical locations of statistically
signi�cant clusters of stunting. Bernoulli's model was �tted to identify statistically signi�cant locations of
clusters. The Bernoulli model was selected because the structure of the data shows the binomial [0/1]
distribution. The stunted child was considered as a case and labelled 1 whereas; normal child controlled
and labelled 0. The default 50% of the population was used as an upper limit for cluster size; because it
allows the detection of both small and large clusters of stunting. Statistically signi�cant clusters were
identi�ed by P-value and likelihood ratio tests.

Multilevel analysis
Multivariable multilevel logistic regression was used to analyze factors associated with childhood
stunting at two levels: individual and community (cluster) levels. Four models were �tted for this
multilevel logistic regression analysis. The �rst model was an empty model without any explanatory
variables to evaluate the extent of the cluster variation on stunting, the second model with individual-level
variables, the third model with community-level variables, and the fourth model with both the individual-
and community-level variables. A P-value of <0.05 was used to de�ne statistical signi�cance. Adjusted
Odds Ratios (AOR) with their corresponding 95 % con�dence intervals (CIs) was calculated to identify the
independent predictors of stunting. We used the Bayesian Deviance Information Criterion (DIC) as a
measure of the goodness of �t of the models. Intra-class correlation coe�cient (ICC), proportional change
in variance (PCV), and median odds ratio (MOR) were calculated to measure the variation between
clusters.

Results

Characteristics of participants
A total of 4,971 children were included in this study. Almost half of these children were females (49%;
2441/4971). Over half (53.60%; 2665/2971) of mothers were not educated. The poorest wealth quintile
comprises about 22.97 % (1140/4971) of the total population. A total of 20.12 % (1000/4971) of the
children were infants less than a year and 74.88% (3722/4971) were from rural areas. Most of the
children (83.67 %; 4160/4971) had a preceding birth interval of 24 months and above.

The prevalence of childhood stunting was 37% (95% CI: 34.53, 39.25). About 40.04% of stunted children
were males, 45.45% of them were aged 24–35 months, and 40.62% lived in rural areas. The proportion of
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stunted children were found higher among children in the Tigray region (49%), having < 24 months of
birth interval (42.66%), no education of mother (41.68%), and poorest wealth index (42.63%). Moreover,
more than half (57.41%) of children with multiple birth types were stunted. Table 1
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Table 1
Socio-demographic characteristics of children under age 5 in Ethiopia, EMDHS

2019
Variables Total n (%) Stunted n (%) Normal n (%)

Age of a child
(months)

6-11

12-23

24-35

36-47

48-59

 

1,000 (20.12)

1,005 (20.22)

979 (19.70)

1,042 (20.95)

945 (19.05)

 

221 (22.1)

327 (32.64)

445 (45.45)

427 (41.02)

411 (43.49)

 

779 (77.9)

677 (67.36)

534 (54.54)

614 (58.98)

534 (43.49)

Child sex

Female

Male

 

2,441(49.11)

2,530 (50.89)

 

819 (35.55)

1,013 (40.04)

 

1,622 (66.45)

1,517 (59.96)

Birth interval

< 24 months

>= 24 months

 

811 (16.33)

4,160 (83.67)

 

346 (42.66)

1,487 (35.75)

 

465 (57.34)

2,673 (64.25)

Type of birth

Single

Multiple

 

4,863 (97.83)

108 (2.17)

 

1,770 (36.39)

62 (57.41)

 

3,093 (63.61)

46 (42.59)

Maternal education

No education

Primary

Secondary

Higher

 

2,665 (53.60)

1,759 (35.39)

366 (7.37)

181 (3.65)

 

1,111 (41.68)

621 (35.30)

70 (19.13)

31 (17.13)

 

1,154 (58.32)

1,138 (64.70)

296 (80.87)

150 (82.87)

Wealth index

Poorest

Poorer

Middle

Richer

Richest

 

1,140 (22.97)

1,098 (22.09)

933 (18.78)

880 (17.72)

917 (18.46)

 

486 (42.63)

426 (38.79)

395 (42.34)

317 (36.02)

207 (22.57)

 

654 (57.37)

672 (61.21)

538 (57.66)

563 (63.98)

710 (77.43)
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Variables Total n (%) Stunted n (%) Normal n (%)

Residence

Urban

Rural

 

1,249 (25.12)

3,722 (74.88)

 

320 (25.62)

1,512 (40.62)

 

929 (74.38)

2,210 (59.38)

Region

Tigray

Afar

Amhara

Oromia

Somali

b/gumz

SNNPR

Gambela

Harari

Addis ababa

Dire dawa

 

351(7.06)

74 (1.50)

957 (19.25)

1,978 (39.70)

343 (6.91)

58 (1.18)

1,007 (20.27)

21 (0.43)

14 (0.29)

138 (2.78)

25 (0.52)

 

172 (49.00)

32 (43.24)

391 (40.86)

707 (35.74)

105 (30.61)

24 (41.38)

366 (36.35)

4 (19.05

5 (35.71)

19 (13.77)

6 (24.00)

 

179 (51.00)

42 (56.76)

566 (59.14)

1,271 (64.26)

238 (69.39)

34 (58.62)

641 (63.65)

17 (80.95)

9 (64.29)

119 (86.23)

19 (76.00)

 

Spatial distribution of stunting in Ethiopia
The study reveals the spatial distribution of childhood stunting in Ethiopia was non-random. The output
from Global autocorrelation statistics shows spatial clustering of stunting with Moran’s I index 0.37, Z
score of 8.2, and P-value < 0.01. The positive Z score and the minimum p-value indicate that there is less
than 1% likelihood that the observed clustering was the result of random chance. The Getis-Ord hot spot
analysis identi�es hot spots (areas where high cases are surrounded by high cases) and cold spot areas
(where low cases are surrounded by low cases). Hot spot clusters were observed in the Amhara region
(East Gojam, North and South Gondar zones and South Wollo zone), and in the SNNP region (Sidama,
Wolayta, Hadiya, and Gamo Gofa zones). Figure 1 shows the spatial distributions of stunting in Ethiopia.

Sat scan analysis of stunting in Ethiopia
From the output of Sat scan analysis, one big primary cluster containing 61 locations and 6 small non-
signi�cant clusters was identi�ed. The primary cluster was located in the Amhara region (North and
South Gondar zones and South Wollo zone), South Tigray zone, and in Afar regional state. The spatial
window of the primary cluster was centered at 11.818783 N, 39.955788 E with a 279.39 km radius, the
relative risk of 1.50, and the log-likelihood ratio of 42.97 at P-value <0.001. This means children living in
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this cluster 50% more likely stunted when compared with those living outside the cluster. The p-value is
signi�cant enough to conclude that this cluster was not the result of random chance. Figure 2 shows the
output from Sat scan analysis of childhood stunting in Ethiopia.

Multilevel analysis

The measure of variation (random effect) and model �tness
As shown in Table 2, the null model (Model 1) revealed statistically signi�cant variation in childhood
stunting across communities (community variance = 0.436, P < 0.001), in which 11.7 % of the variation in
the odds of childhood stunting is attributed to the community level factors (ICC=11.7%).

Table 2
Random effect and model �tness showing the in�uence of community characteristics on childhood

stunting in Ethiopia, EMDHS 2019
Parameter Model 1a Model 2b Model 3c Model 4d

Random effects

Variance (SE)

PCV (%)

ICC (%)

MOR

 

0.436(0.068)*

Reference

11.7

1.88

 

0.326(0.058)*

25.2

9.1

1.72

 

0.191(0.042)*

56.2

5.5

1.52

 

0.166(0.041)*

61.9

4.8

1.47

Model �t statistics

DIC(-2log likelihood)

 

6,462

 

6,130

 

6,330

 

6,042

SE Standard Error, PCV Proportional Change in Variance, ICC Intra-class Correlation Coe�cient, MOR
Median Odds Ratio, DIC Deviation Information Criteria

aModel 1 is an empty model, a baseline model without any explanatory variable

bModel 2 is adjusted for individual-level factors

cModel 3 is adjusted for community-level factors

dModel 4 is adjusted for individual and community-level factors

*P-value < 0.001

 

After adjusting the model for individual-level factors (Model 2), the variation in the odds of childhood
stunting remained statistically signi�cant (community variance = 0.326, P < 0.001) across the
communities, with 9.1 % of the variance in the odds of childhood stunting could be attributed to the
community-level factors
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Model 3, which is adjusted for community-level factors, revealed a statistically signi�cant variance of
childhood stunting (community variance = 0.191, P < 0.001) across the communities. In this model, the
community-level factors explained 56% of the variability in the odds of childhood stunting (PCV = 56.2%),
and 5.5% of the variation among the clusters was attributed to community-level factors (ICC = 5.5%).

The �nal model (model 4), which adjusted for both individual and community-level factors
simultaneously, depicted statistically signi�cant variability to the odds of a child being stunted
(community variance = 0.166, P < 0.001). In this model, about 5% of the variability among communities in
the odds of a child being stunted was due to the community-level factors (ICC = 4.8%) and about 70% of
the variance in the odds of childhood stunting (PCV = 61.9%) across communities was attributed to both
individual and community-level factors.

Moreover, the MOR con�rmed that childhood stunting was attributed to community-level factors. The
MOR for stunting was 1.88 in the empty model; this indicated that there is variation between communities
(clustering) since MOR is greater than the reference (MOR = 1). The unexplained community variation in
stunting decreased to a MOR of 1.47 when all factors were added to the null model (empty model). This
shows that when all factors are considered, the effect of clustering is still statistically signi�cant in the
full model. Regarding model �tness, the �nal model (incorporate both individual and community level
factors) was the best-�tted model for this data since it had the lowest deviance.

Factors associated with childhood stunting
The results of multilevel logistic regression models for individual and community-level factors are
presented in Table 3. In the �nal model, where all individual and community level factors are included
child sex, child age, birth interval, type of birth, mother educational status, wealth index, and region were
factors signi�cantly associated with childhood stunting.
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Table 3
Multivariable multilevel logistic regression analysis of factors associated with childhood stunting

in Ethiopia, EMDHS 2019
Variables Model 2

AOR (95% CI)

Model 2

AOR (95% CI)

Model 2

AOR (95% CI)

Individual-level factors      

Age of a child (months)

6-11

12-23

24-35

36-47

48-59

 

1.00

2.37 (1.91-2.94)

3.75 (3.04-4.62)

3.07 (2.49-3.79)

2.79 (2.27-3.44)

   

1.00

2.36 (1.90-2.92)***

3.74 (3.04-4.59)***

3.05 (2.47-3.76)***

2.78 (2.26-3.43)***

Child sex

Female

Male

 

1.00

1.19 (1.05-1.35)

 

 

 

1.00

1.21 (1.06-1.37)**

Birth interval

>=24 months

< 24 months

 

1.00

1.25 (1.06-1.48)

   

1.00

1.30 (1.11-1.53)**

Type of birth

Single

Multiple

 

1.00

2.45(1.61-3.73)

   

1.00

2.46 (1.62-3.74)***

Maternal education

No education

Primary

Secondary

Higher

 

1.00

0.98 (0.85-1.14)

0.60 (0.45-0.80)

0.52 (0.35-0.77)

   

1.00

1.00 (0.86-1.18)

0.63 (0.47-0.84)**

0.55 (0.38-0.82)**

AOR adjusted odds ratio, CI con�dence interval, 1.00=reference *P < 0.05, **P < 0.01 ***P < 0.001
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Variables Model 2

AOR (95% CI)

Model 2

AOR (95% CI)

Model 2

AOR (95% CI)

Wealth index

Richest

Richer

Middle

Poorer

Poorest

 

1.00

1.91 (1.48-2.47)

2.27 (1.75-2.95)

1.98 (1.52-2.56)

2.08 (1.62-2.67)

 

 

 

1.00

1.75 (1.29-2.36)***

2.01 (1.46-2.76)***

1.84 (1.34-2.52)***

2.00 (1.46-2.73)***

Community-level factors      

Residence

Urban

Rural

   

1.00

1.78 (1.42-2.22)

 

1.00

1.07 (0.81-1.40)

Region

Addis ababa

Tigray

Afar

Amhara

Oromia

Somali

Benishangul Gumz

SNNPR

Gambela

Harari

Dire dawa

   

1.00

4.08 (2.43-6.79)

3.01 (1.82-4.99)

2.88 (1.73-4.78)

2.18 (1.33-3.59)

1.69 (1.02-2.84)

2.58 (1.54-4.34)

2.25 (1.36-3.72)

0.90 (0.53-1.16)

2.16 (1.29-3.59)

1.59 (0.94-2.68)

 

1.00

3.64 (2.17-6.11)***

2.02 (1.19-3.39)**

2.29 (1.37-3.86)**

1.58 (0.95-2.64)

1.02 (0.60-1.74)

1.87 (1.10-3.17)*

1.62 (0.97-2.72)

0.69 (0.39-1.20)

1.95 (1.17-3.25)*

1.45 (0.84-2.39)

AOR adjusted odds ratio, CI con�dence interval, 1.00=reference *P < 0.05, **P < 0.01 ***P < 0.001

 

Individual-level factors
Children aged 24–35 months old were 3.74 times (AOR = 3.74; 95 % CI: 3.04–4.59) more likely to be
stunted than children less than one-year-old. The odds of stunting were increased by 21 % (AOR = 1.21;
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95 % CI: 1.06–1.37) in male children compared to females. Children with mothers who completed higher
education were 45 % (AOR = 0.55; 95 % CI: 0.38–0.82) less likely to be stunted compared to those
children whose mothers had no formal education. Children with multiple birth types were 2.46 times (AOR
= 2.46; 95 % CI: 1.62–3.74) more likely to be stunted than children with single birth types. The odds of
stunting were 30 % higher among children with a shorter (<24 months) birth interval compared to children
with a longer birth interval (≥24 months) (AOR = 1.30; 95 % CI: 1.11–1.53). Children from the poorest
wealth quintile were 2 times (AOR = 2.00; 95 % CI: 1.46–2.73) more likely to be stunted than children from
the richest wealth quintile.

Community-level factors
Children living in Tigray (AOR =3.64; 95 % CI: 2.17–6.11), Afar (AOR 2.02; 95 % CI 1.19-3.39), Amhara
(AOR =2.29; 95 % CI: 1.37–3.86), Benishangul Gumz (AOR=1.87; 95% CI: 1.10-3.17) and Harari
(AOR=1.95; 95% CI: 1.17-3.25) regions were more likely to be stunted compared to children living in Addis
Ababa.

Discussion
This study determined the spatial distribution of stunting and its associated factors among children
under the age of �ve in Ethiopia. The prevalence of childhood stunting is 37%, indicating that stunting
remains a serious public health challenge in Ethiopia. This study found that there is considerable spatial
variation in childhood stunting in Ethiopia. Independent factors associated with childhood stunting in this
study were child sex, child age, birth interval, birth type, wealth index, maternal education, and
administrative region.

In this study, the local cluster analysis (Get-Ordi G*) identi�ed childhood stunting hotspots and cold spot
areas in the country. Hotspot clusters have been observed in the Amhara region (East Gojam, North and
South Gondar, and South Wollo zones) and the SNNP region (Sidama, Wolayta, Hadiya, and Gamo Gofa
zones). This �nding is consistent with previous studies conducted on 2011 and 2016 EDHS datasets [17,
18]. This indicates that although the country is moving towards reducing childhood stunting, no
signi�cant changes have been observed in reducing the problem burden in certain areas. Therefore,
identi�ed clusters may be areas of preference for childhood stunting prevention and control interventions
[19].

The Sat scan analysis is used to determine the true geographical location of clusters and to test whether
these clusters are statistically signi�cant. The output from this analysis identi�ed one big primary cluster
that contains 61 enumeration areas. The primary cluster was located in the Amhara region (North and
South Gondar zones and South Wollo zone), South Tigray zone, and Afar region. This �nding is similar to
the hot spot analysis result of previous studies conducted in the same area [17, 18, 20]. Geographical and
climatic factors may have contributed to the high incidence of childhood stunting in these areas. These
areas are known for their acidity and are not suitable for crop production. This can lead to food shortages
and hunger in a society where children are most affected.
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This study found that childhood stunting was signi�cantly associated with child age; as the child gets
older, the risk of stunting also increases. This �nding is in line with studies in Bangladesh, Madagascar,
and Malawi [21–23]. The possible explanation for this could be due to the inappropriate and late
introduction of low nutritional quality supplementary food [24] and a large portion of guardians in rural
areas are ignoring to meet their children’s optimal food requirements as the age of the child increases
[25].

The current study also determined that males are more likely to be stunted than females. This result is
consistent with previous studies conducted in sub-Saharan Africa [26–28]. This may be due to
preferences in feeding methods or other forms of exposure [26]. Nutritional status can be de�ned as
"biological instability" because boys are expected to grow faster than girls and their growth is easily
affected by a lack of healthy food or other diseases or risks [29]. Gender differences in stunting are
common in areas of stress caused by ongoing infection and exposure to toxins and air pollution [30].
Furthermore, the proportion of male premature births is higher than that of female premature births,
which also contributes to childhood stunting [31–33].

Maternal education has been found to be negatively associated with childhood stunting. Consistently,
previous studies shows that maternal education has a positive outcome in reducing childhood stunting
[34–39]. The knowledge that mothers acquire from formal education can help them to develop important
nutrition and hygiene behaviours that prevent childhood stunting. Another reason is that educated
mothers have a tendency to seek better health for childhood illnesses than uneducated mothers, which
can prevent stunting [40, 41]. Therefore, maternal education is an important strategy to develop intelligent
eating habits in young children and to overcome the growing burden of childhood stunting.

The current �ndings show that children from poorest quintile families are more likely to be stunted than
children with richest wealth. This result is consistent with previous studies conducted in various
developing countries [34, 42–44]. This might be attributed to the fact that increased income improves
food diversity, improving nutrient intake and nutritional status [45, 46]. In addition, providing children with
well-nourished, timely medical care from wealthy families reduces their chances of stunting if they have
an infection. Therefore, it is necessary to establish an appropriate �nancial and economic framework that
supports the children of disadvantaged families, such as improving child health, improving food security,
and accessing basic health care services.

This study found that having a birth interval ≥ 24 months reduce the chance of being stunted. This is
consistent with other studies [47, 48]. Short birth intervals can adversely affect child nutrition due to
delayed uterine development, and/or reduced childcare quality [49]. The present study alsocon�rmed that
children in the Amhara, Benishangul, and Tigray regions are more stunted than children in Addis Ababa.
This �nding is similar to other research in Ethiopia [17], Congo [50], and Nigeria [51]. This difference may
be attributed to the socio-economic and education disparities and access to basic Healthcare facilities.
This difference is due to socio-economic and educational inequalities and access to basic health care
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facilities. Therefore, contextualized interventions are essential in the �ght against childhood stunting and
improved health, especially for developing and rural areas.

This study is important to identify the underlying factors related to childhood stunting to plan public
health interventions and contribute to the appropriate allocation of resources and health services. In
addition, it helps the Ethiopian government to design and implement appropriate nutrition programs
aimed at improving maternal and child nutrition at the individual and community levels, especially in
developing and rural areas.

Strengths and limitations
The strength of this study is that it used nationally representative survey data. Another important strength
of this study is the use of multilevel logistic regression analysis, which can detect factors other than
individual-level factors that cannot be detected using standard logistic regression analysis. Furthermore,
the use of a combination of methods (spatial and regression statistics) is a force that allows the
validation of identi�ed hotspot areas due to the predictions of statistical methods. On the other hand, the
limitation of this study is that we were unable to establish a cause-and-effect relationship due to the
cross-sectional nature of the study design. Another limitation is the use of secondary data that limits the
ability to include other variables such as behavioral factors and dietary factors related to childhood
stunting.

Conclusion
Statistically signi�cant-high hotspots have been found in the northern parts of Ethiopia. Both individual
and community-level factors determined childhood stunting. Being male, increased age of the child, short
birth interval, multiple births, no formal education of mother, and being from a household in the lowest
wealth quintile were the factors that increased the odds of stunting at the individual level. At the
community level, children in the Amhara, Tigray, and Benishangul communities are more likely to suffer
from stunting than children in Addis Ababa. Therefore, improving the nutritional status of children
requires the intervention of multiple factors such as reducing poverty, ensuring adequate birth intervals,
and providing education to mothers. Areas, where childhood stunting is high, should be identi�ed for
healthy eating interventions.
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Figure 1

Spatial distributions of stunting in Ethiopia, EMDHS 2019
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Figure 2

Sat scan analysis of childhood stunting in Ethiopia, EMDHS 2019


