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Abstract

Background: In Ethiopia, stunting is the most common form of undernutriton. Identifying the determinants of
severe stunting among children is crucial for public health interventions to improve child health. Therefore, this
study aimed to identify the determinants of severe stunting among under-five children in Ethiopia.

Methods: A community-based cross-sectional study design was employed. A two stage stratified cluster sampling
technique was used. A multilevel ordinal logistic regression model was fitted to identify independent determinants.
Adjusted odds ratio (AOR) and median odds ratio (MOR) with its 95% confidence interval at p-value< 0.05 were
used to declare statistical significance.

Results: The result of this study showed that about 18% of the children were severely stunted. Being male
increased the severity of stunting in children by 26% adjusted odds ratio (AOR): 1.26 (95% CI: 1.09–1.46),
compared to female sex; over-weight mothers increased the severity of stunting in their children AOR: 3.43
(95% CI: 2.21–5.33) compared to normal BMI mothers; and children from middle, poorer, and poorest wealth
index households were 1.84 (95% CI:1.27–2.67), 2.13 (95% CI, CI:1.45–3.14) and 2.52 (95% CI,1.72–3.68). In
contrast, severe stunting was reduced by 62% (AOR: 0.38, 95% CI: 0.20–0.74) and 48% (AOR = 0.52, 95% CI:
0.37–0.72) in children of educated mothers compared to children of uneducated mothers and children of
underweight mothers compared with those children of normal BMI mothers respectively. For each one-unit
increase in maternal height, there is a 5% significant reduction in the child’s odds of being severely stunted.
After controlling for other factors, the effect of predictors on the likelihood of stunting in high risk clusters
increased by a median odds ratio (MOR) of 1.83 (95% CI: 1.69–2.00).

Conclusions: The magnitude of severe childhood stunting was still high with regional variation in Ethiopia.
Child age, sex, maternal height, age, education and household wealth index as well as administrative regions
were significantly associated factors with severe stunting. Significant interventions shall be implemented at
the individual, household and community levels in order to reduce the problem.
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Background
Linear growth faltering in childhood/stunting is the
common condition of malnourished children, affecting
an estimated 161 million children worldwide in 2013 [1].
More than half (55%) of all stunted children under 5
lived in Asia and more than one third (39%) lived in
Africa in 2018 [2]. Currently, in Ethiopia the prevalence
is estimated to be about 38% among children from 0 to
59months [3].
Stunting is less than minus two (− 2) standard devi-

ation (SD) from the length/height for age World Health
Organization Child Growth Standards median. While se-
vere stunting is less than minus three (− 3) SD from the
length/height for age World Health Organization Child
Growth Standards median [4]. Stunted children suffer
from irreversible physical and cognitive damage as a re-
sult of their stunted growth. Also the consequence of
childhood stunting might last lifelong in adulthood and
even pass to the next generation [1, 5].
Child stunting can happen in the first 1000 days of life

after conception and is related to many different factors
which include socio-demographic, dietary intake, infec-
tions, maternal nutritional status, infectious diseases, and
micronutrients deficiencies, and the environment [6, 7].
Children who are stunted due to iodine and iron defi-
ciencies may suffer from irreversible brain damage, pre-
venting them from reaching their full developmental
potential. They also have a shorter adult height and
higher susceptibility to chronic disease in adulthood,
lower attained schooling, and reduced adult income [8].
Stunted children also have a higher mortality risk than
non-stunted children [9].
Previously, various studies revealed that child’s age [7, 10–

16], child’s sex [7, 10, 11, 15–18], type of birth [7, 18] previ-
ous birth interval [7], child have diarrhea [7, 19], number of
family members in the household [7], maternal educational
level [10, 14–16, 18, 19], fathers’ educational level [7, 12, 18],
wealth index [7, 10, 11, 14, 15, 18, 20] source of drinking
water [15, 16], type toilet facility [7, 16, 18], maternal BMI [7,
18], maternal height [7, 14], residence [14], region [18] were
independent predictors of severe stunting in children.
Different policies, programs and strategies are being

implemented in the world to reduce the problem of
childhood stunting as well in Ethiopia. The Global Nu-
trition Targets 2025 [21], a 40% reduction in the number
of children under-5 who are stunted, as endorsed by the
sixty-fifth World Health Organization Assembly in 2012
[22, 23]. Ethiopia is implementing national Nutrition
Programs phase I (2010–2015) and phase II (2016–2020)
targeted at the reduction of childhood stunting of chil-
dren aged under-five [24]. In addition, strategies like In-
fant, Young Children, Adolescents and Maternal
Nutrition are aimed to improve this inter-generational
cycle of childhood stunting in the country [25, 26].

Despite these interventions, the magnitude of stunting
in children is still high in Ethiopia. Moreover, previous
studies were limited identifying factors associated with
overall childhood stunting and these studies were limited
to small areas to represent a national problem. Thus, the
current study aimed to assess severe childhood stunting
and its associated factors in children aged from 6 to 59
months in Ethiopia using national representative data.

Methods and materials
Study design and settings
Community-based cross-sectional study design was con-
ducted among children aged 6–59 months. The 2016
Ethiopian Demographic and Health Survey (EDHS) is
the fourth Demographic and Health Survey conducted
in Ethiopia, which was conducted from January 18, 2016
to June 27, 2016 [3].
Administratively, Ethiopia is divided into nine geo-

graphical regions and two administrative cities. The
sampling frame used for the 2016 EDHS is the Ethiopia
Population and Housing Census (PHC), which was con-
ducted in 2007 by the Ethiopian Central Statistical
Agency. The census frame is a complete list of 84,915
enumeration areas (EAs) created for the 2007 PHC. An
EA is a geographical area covering on average 181
households [3].

Source population and study population
The source populations are children aged 6–59months
who were residing in the households in Ethiopia. The
study population is children aged 6–59 months who
were living in the selected households in Ethiopia.

Inclusion and exclusion criteria
All children aged 6–59 months in the selected house-
holds. Children who fulfilled the inclusion criteria had
severe medical conditions at the time of survey.

Sampling procedure
In two phases, the 2016 EDHS sample was stratified and
picked. There were 21 sampling strata in each region,
which were divided into urban and rural areas. In two
phases, EA samples were selected independently in each
stratum. Implicit stratification and proportional alloca-
tion were achieved at each of the lower administrative
levels by sorting the sampling frame within each sam-
pling stratum before sample selection, according to ad-
ministrative units in different units in different levels,
and by using a probability to size selection at the first
stage of sampling [3].
In the first stage, a total of 645 (202 in urban areas

and 443 in rural areas) were selected with probabilities
proportional to EA size (based on the 2007 PHC) and
with independent selection in each sampling stratum. A
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household listing operation was carried out in all of the
selected EAs from September to December 2015. The
resulting lists of households served as a sampling frame
for the selection of households in the second stage.
Some of the selected EAs were large, consisting of more
than 300 households. To minimize the task of household
listing, each large EA selected for the 2016 EDHS was
segmented. Only one segment was selected for the sur-
vey with probability proportional to segment size.
Household listing was conducted only in the selected
segment; that is, a 2016 EDHS cluster is either an EA or
a segment of an EA of 2007 [3].
In the second stage of selection, a fixed number of 28

households per cluster were selected with an equal prob-
ability systematic selection from the newly created
household listing. All women age 15–49 and all men age
15–59 who were either permanent residents of the se-
lected households or visitors who stayed in the house-
hold the night before the survey were eligible to be
interviewed. In all of the selected households, height and
weight measurements were collected from children age
0–59 months. Anemia testing was performed on children
age 6–59months whose parent/guardian consented to
the testing [3].

Variables of the study
Dependent variable – Stunting (ordinal variable which
was categorized as severely stunted if a child’s HAZ
score less than − 3 SD, moderately stunted (− 3 ≤HAZ <
− 2), not stunted (HAZ ≥ − 2 SD) [4, 27].
Covariates – community level factors: region, enumer-

ation areas (EAs/clusters), residence, community educa-
tion and community wealth index.
Household factors: wealth index, sex of household

head, family size, number of under five children in the
household, source of drinking water and type of toilet
facility.
Maternal characteristics: educational level, marital sta-

tus, body mass index (BMI), maternal height, birth inter-
val and paternal education.
Child characteristics: age, sex, type of birth, birth order

and anemia level.

Operational definitions
Improved drinking water source: include piped water,
public tap, standpipes, tube wells, boreholes, protected
dug wells and spring, rain water, and bottled water [28].
Unimproved drinking water source: include unpro-

tected well, unprotected spring, surface water (river/
dam/lake/pond/stream/canal/irrigation channel), tanker
truck, cart with small tank and other [28].
Improved toilet facility: include any non-shared toilet

of those types: flush/pour flush toilets to piped water
systems, septic tanks and, and pit latrines; ventilated

improved pit (VIP) latrines, pit latrines with slabs, and
composting toilets [28].
Unimproved toilet facility: includes flush to some-

where else, flush do not know where, pit latrine without
slab/open pit, no facility/bush/field, bucket toilet, hang-
ing toilet/latrine, others [28].
Anemia level: hemoglobin levels are adjusted for alti-

tude in enumeration areas that are above 1000m. Not
anemic (≥11.0), mild anemic (10.0–10.9), moderate
anemic (7.0–9.9), severe anemic (< 7.0) [3].
Body mass index: BMI is calculated by divided weight

in kilograms by height in meters square (kg/m2).
Women aged 15–49 years who are not pregnant and
who have not had a birth in the last 2 months before the
survey. Underweight (BMI < 18.5 kg/m2), normal (BMI
18.5–24.9 kg/m2) and over weight (≥25.0 kg/m2) [3].

Anthropometric measurements
The length of children aged < 24months was measured dur-
ing the survey in a recumbent position to the nearest 0.1 cm
using a locally made measuring board (Shorr Board®) with
an upright wooden base and moveable headpieces. Children
≥24months were measured while standing upright. The
length/height-for-age Z-score, an indicator of nutritional sta-
tus, was compared with reference data from the WHO Mul-
ticenter Growth Reference Study Group, 2006 [29]. 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).

Data processing and analysis
The EDHS dataset accessed available at the DHS web-
site; https://www.dhsprogram.com/data/available-
datasets.cfm after registering for the dataset access per-
mission the 2016 EDHS data set was accessed through
the DHS website; https://dhsprogram.com/data/dataset_
admin/login_main.cfm . The kid recode (KR) data set in
STATA file was the data set containing the outcome
and predictor variables of our study. The data was ex-
plored, cleaned, coded, re-categorized and recoded to be
suitable for analysis.
This study was based on secondary data analysis of

2016 EDHS by adjusting sampling weights. Categorical
characteristics and outcome of the study was described
in terms of percentage and frequencies. Tables, bar
graph and pie chart were used to present the data some
selected variables which has significant association with
stunting. A bi-variable multi-level ordinal logistic regres-
sion analysis was carried out to see the crude effect of
each independent variable on stunting, and then vari-
ables with p. value of < 0.25 were entered to the multi-
variable multi-level ordinal logistic regression analysis.
The deviance information criterion (DIC) [30] statistic

was calculated for the different models (individual level,
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community level and both individual and community
level) fitted with logit, probit and clog log link functions.
The DIC was used to evaluate and compare model per-
formance of the full model and the reduced model. A
model with lower DIC was considered as one with a bet-
ter fit.
Variance partition coefficient (VPC) [31] median odds

ratio (MOR) [31] and proportional change in variance
(PCV) statistic were calculated to measure the variation
between clusters (the random effect variable). VPC rep-
resents the percentage variance explained by higher level
(clusters). Hence, it was calculated as below.

VPC ¼ σ2u
ðσ2eþσ2uÞ , where σ2u is the between cluster

(Enumeration area) variance, σ2e ¼ 3:29 [31, 32].
Median odds ratio is the median value of the odds

ratio between the highest risk and the area at lowest risk
when randomly picking out two areas and it was calcu-

lated using the formula; MOR ¼ expð ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffið2�σ2u � 0:75Þp Þ
≈ expð0:95σ2uÞ [31, 33, 34].
The proportional change in variance (PCV) measures

the total variation attributed by the individual level fac-
tors and area level in the multilevel model. The PCV is
calculated as:

PCV ¼ ðVA−VBÞ
VA

� 100; Where VA = variance of the

initial Model, VB = variance of the model with more
terms [31, 33, 34].

Ethical consideration
The data was downloaded after the purpose of the ana-
lysis was sent and access permission received confirm-
ation letter that was approved by MEASURE DHS. The
original data was collected in confirmation with inter-
national and national ethical guidelines. Ethical clear-
ance for the survey was provided by the Ethiopian Public
Health Institute (EPHI) Review Board, the National Re-
search Ethics Review Committee (NRERC) at the Minis-
try of Science and Technology, the Institutional Review
Board of ICF Macro International, and the United States
Center for Disease Control and Prevention (CDC).
The Ethiopian Demographic and Health Survey en-

sured the principle of respondent’s protection and pre-
vention from unnecessary risk. Verbal informed consent
was obtained from participants before data collection
began. Participants were informed of their anthropomet-
ric measurements (weight, height and edema screening).

Result
Socio-demographic characteristics of the study
participants
A total of 8122 children aged from 0 to 59months were
included to this study. The median age of the study par-
ticipants was 28 months with inter quartile range (IQR)

=34months. Likewise, the mean maternal height was
158 cm with its standard deviation (SD) =6.8 cm. Most
of the study participants (51.53%) were male children
(Table 1).

Prevalence of severe stunting among under-five children
The result of this study shows that about 18% of the
children were severely stunted. Majority of severely
stunted children were found in Amhara region whereas,
less severely stunted children was identified in Gambella
region (Table 2).

Factors associated with severe childhood stunting
The expected odds of being moderately stunted as com-
pared to not stunted, or severe stunted compared to
moderately stunted, are 1.26 (AOR = 1.26,95% CI: 1.09–
1.46) times greater among those who are males than
those who are female, holding the other predictors con-
stant and keeping them in the same enumeration area.
Adjusting for other predictors and holding clusters ef-

fect, children of age group 12–23months, 24–35
months,36–47 months and 48–59 months have 3.72,
5.52, 5.17 and 4.11 times, the odds of being moderately
stunted compared to not stunted, or severely stunted
compared to moderately stunted, than do children be-
longing to age group 6–12months((AOR = 3.72,95%,CI:
2.59–5.32),(AOR = 5.52.95%,CI:3.95–7.71),
(AOR = 5.17, 95%, CI: 3.68–7.26) and (AOR = 4.11,

95%, CI: 2.89–5.83)) respectively.
The expected odds of being severely stunted as com-

pared to moderately stunted or moderately stunted com-
pared to not stunted, are some 48% (AOR = 0.52,95%,CI:
0.37–0.72) less among those children of underweight
mothers compared with those children of mothers nor-
mal BMI; On the other hand Children of Over-weight
mothers were 3.43 times the odds of moderately stunted
than not stunted, or severely stunted than moderately
stunted compared to children of mothers of normal BMI
(AOR = 3.43,95%,CI: 2.21–5.33) holding the other pre-
dictors constant and keeping them in the same cluster.
The expected odds of being severely stunted as com-

pared to moderately stunted or moderately stunted com-
pared to not stunted, are some 62% (AOR = 0.38,95%,CI:
0.20–0.74) less among those children of mothers in
higher education compared with those children of
mothers in no education level.
For each one-unit increase in maternal height, there is

a 5% significant reduction in the odds of being severely
stunted as compared to moderately stunted, or moder-
ately stunted compared to not stunted (AOR =
0.95,95%,CI: 0.93–0.96).
Children from 20 to 35 and 36–49 years age group

roughly significantly reduced by half and 60% the odds
of being severely stunted compared to moderately
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stunted, or moderately stunted compared to not stunted,
than do children from age group 15–19 years (AOR =
0.51,95%,CI: 0.32–0.81) ad (AOR = 0.41,95%,CI: 0.24–
0.71) respectively adjusted for other predictors and hold-
ing cluster effect the same.
Keeping other factors constant and hold cluster effect

children from middle, poorer and poorest wealth index
households were 1.84, 2.13 and 2.52 time significantly
increase the odds severe stunting compared to
moderately stunting, or moderately stunting compared
to not stunted (AOR = 1.84,95%,CI:1.27–2.67),(AOR =
2.13,95%,CI:1.45–3.14) and (AOR = 2.52,95%,CI: 1.72–
3.68)respectively.
Adjusted for other predictors and children in the same

cluster, living in rural regions significantly increased
odds of severe stunting compared moderately stunted,
or moderately stunted compared to not stunted by 1.62

Table 1 Socio-demographic characteristics of the study
participants, 2016 (n = 8122)

Variables Frequency Percentage (%)

Age of the child

6–11 months 981 12.08

12–23months 1798 22.14

24–35months 1726 21.25

36–47months 1752 21.57

48–59months 1865 22.96

Sex of the child

Male 4185 51.53

Female 3937 48.47

Mothers’ educational

No education 173 2.13

Primary education 342 4.21

Secondary education 2228 27.44

Higher education 5379 66.23

Marital status

Currently married 7706 94.87

Currently not married 416 5.13

Type of birth

Single 7924 97.56

Multiple 198 2.44

Birth order

1–2 order 2749 33.85

3–4 order 2209 27.20

> = 5 order 3164 38.95

Anemia

Not anemic 5640 70.51

Mild anemia 1775 22.19

Moderate anemia 485 6.06

Severe anemia 100 1.24

No of U-5 children

1 child 3001 37.25

2 children 3896 48.35

> = children 1161 14.40

Family size

< 4 families 2038 27.11

> = 4 families 5479 72.89

Wealth index

Richest 1140 14.15

Richer 1457 18.08

Middle 1774 22.02

Poorer 1880 23.33

Poorest 1806 22.41

Table 1 Socio-demographic characteristics of the study
participants, 2016 (n = 8122) (Continued)

Variables Frequency Percentage (%)

Household head sex

Male 6979 86.63

Female 1078 13.37

Father’s education

No education 3579 46.84

Primary education 3180 41.62

Secondary education 584 7.64

Higher education 298 3.90

Source of drinking water

Improved water source 4604 57.15

Unimproved water source 3453 42.85

Type of toilet facility

Improved water source 765 9.49

Unimproved water source 7292 90.51

Residence

Urban 873 10.84

Rural 7184 89.16

Region

Urban 230 2.85

Rural 7302 90.62

Developing 526 6.52

Community level education

Illiterate 5268 65.96

Literate 2718 34.04

Community poverty rate

In poverty 3367 41.79

Above poverty 4690 58.21
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(AOR = 1.62,95%,CI: 1.14–2.30) times than living in
urban regions (Table 3).
Comparing children in clusters with high risk of stunt-

ing to children in clusters with low risk of stunting keep-
ing other predictors effect similar the chance of stunting
in high risk clusters increased by median odds ratio(-
MOR = 1.83,95%,CI:1.69–2.00) which correspond with
11% ICC and PCV.

Discussion
The present study examines the magnitude and factors
associated with stunting among children aged 6–59
months in Ethiopia. The independent factors those asso-
ciated with severe stunting in this study were: sex of the
child, child age, maternal BMI, maternal education, ma-
ternal height, maternal age, household wealth index and
geopolitical region. The results would enable public
health stakeholders to reform intervention designs to
that were intended to reduce the frequency of stunting
in Ethiopia.
Despite of various interventions to reduce the burden

of stunting among children in Ethiopia the prevalence
remain unacceptably high (17.8% severe and 20.4% mod-
erately stunting). This finding is in line with results in
Nigeria [19] and Tanzania [35]. This might be due to the
countries socio- economic development and population
living standard similarity. However, the finding is higher
than results in Indonesia [11] and Nepal [36]. This could
be due to variation in development level, feeding habits
since majority of the current study participants were
rural dwellers [3].
This study revealed that male children were signifi-

cantly at higher risk of moderately stunting and
severely stunting than their female counterpart. This
is in concurrence with findings in Nigeria [19], Bure

in Ethiopia [37], Tanzania [35], Indonesia [11] and
China [38]. In Ethiopia an average, female children
have a longer median duration of 6 months of pre-
dominant breastfeeding than male children 5.1 months
[3]. This early introduction of supplementary food
and fluid predispose male children for diarrhea and
other infections, these obviously increase nutritional
demand over reduced appetite [39]. The cumulative
effect will put male children at higher risk of stunting
ad severe stunting. Another justification, also the pro-
portion of male preterm births is higher than female
preterm births which could also contribute childhood
stunting [40, 41].
The study result showed as the child age increased the

risk of stunting increased up to age group 36–47months
and start to reduce at 48–59 months as compared to 6–
12months children. This finding is in agreement with
study finding in Indonesia [11], Nigeria [42], Ruanda
[14], Democratic Republic of Congo [43] and Libo
Ethiopia [12]. The plausible reason could be children in
this age groups are at developmental stage of pin grasp
and crawling that able to them move and caught any-
thing to add into their mouth. This also could predis-
pose the child to contaminated materials and food
products. As a result the children will be infected and
which ended with stunting [28]. Whereas after 48
months children able to identify things to be inserted to
mouth or not and there immunity also increased to re-
duce infection as well as risk of stunting. This implies
that children in the period of crawling and weaning re-
quire particular attention to reduce childhood stunting
and to enhance general wellbeing of children.
The present finding revealed that, household wealth

index was negatively associated with stunting and severe
stunting. This result was consistent with study

Table 2 The distribution of severe childhood stunting across the regions of Ethiopia, 2016

Region Children nutritional status Total

Not stunted Moderately stunted Severely stunted

Tigray 324 153 80 557

Afar 44 16 19 79

Amhara 782 465 344 1591

Oromia 2140 716 621 3477

Somalia 247 54 45 346

Benishangul –Gumuz 46 19 18 83

SNNPR 980 332 364 1676

Gambella 14 3 2 18

Harari 11 4 2 17

Dire Dawa 18 8 6 32

Addis Ababa 152 24 5 181

Total 4758 1794 1506 8058
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Table 3 Multivariable multilevel ordered logistic regression among under-5 children in Ethiopia, 2016

Stunting Random intercept model Community level factors House hold and individual factors Full model

Region

Urban 1 1

Rural 1.76 (1.24–2.48) 1.62 (1.14–2.30)**

Developing 1.23 (0.87–1.74) 1.23 (0.86–1.76)

Residence

Urban 1 1

Rural 1.35 (0.96–1.90) 0.78 (0.51–1.18)

Community literacy

Literate 1 1

Illiterate 0.80 (0.66–0.957) 0.90 (0.73–1.11)

Community poverty index

In poverty 1 1

> poverty 1.37 (1.14–1.65) 1.08 (0.86–1.36)

wealth index

Richest 1 1

Richer 1.43 (1.03–1.97)** 1.37 (0.97–1.93)

Middle 1.80 (1.30–2.50)** 1.84 (1.27–2.67)**

Poorer 2.11 (1.51–2.95)** 2.13 (1.45–3.14)**

Poorest 2.44 (1.76–3.39)** 2.52 (1.72–3.68)**

Water source

Improved 1 1

Un improved 0.88 (0.73–1.06) 0.87 (0.72–1.05)

Toilet

Improved 1 1

Un improved 1.12 (0.78–1.613) 1.11 (0.76–1.61)

Maternal age

15–19 1 1

20–35 0.54 (0.34–0.85) 0.51 (0.32–0.81)**

36–49 0.48 (0.29–0.80) 0.41 (0.24–0.71)**

Maternal height 0.95 (0.93–0.96) 0.95 (0.93–0.96)**

Maternal Education

No-education 1 1

Primary 0.80 (0.67–0.950)* 0.84 (0.67–1.02)

Secondary 0.62 (0.42–0.92)* 0.68 (0.45–1.02)

Higher 0.35 (0.19–0.66)** 0.38 (0.20–0.74)**

Maternal BMI

Normal 1 1

Under-weight 0.49 (0.35–0.69) 0.52 (0.37–0.72)**

Over-weight 3.33 (2.15–5.17) 3.43 (2.21–5.33)**

Child age (months)

6–12 1 1

12–23 3.64 (2.55–5.21) 3.72 (2.59–5.32)**

24–35 5.43 (3.90–7.56) 5.52 (3.95–7.71)**

36–47 5.12 (3.65–7.16) 5.17 (3.68–7.26)**
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conducted in North Shewa, Oromia Regional State,
Ethiopia [13], Indonesia [11], Nigeria [42], Democratic
Republic of Congo [43], Ruanda [14] and Nigeria [42].
This may be attributed to the fact that with increased
household wealth food securities will be guaranteed to
be well nutrition and maintaining age appropriate
growth achievement and families in wealthiest house-
hold may be educated to care for children. Furthermore,
children from wealthy household less prone to infection
due to well nutrition, have access to get medical atten-
tion timely if they caught infection that reduce the prob-
ability of stunting. Therefore, to improve child health,
establishing appropriately functioning economic and fi-
nancial structures which supports children from disad-
vantaged households is required in order to improve
food security and access to basic health care services.
Our findings demonstrate a reduction in risk of stunt-

ing among the children of mothers with long heights.
Our findings in so doing corroborate with previous stud-
ies showing similar results Rwanda [43] and Democratic
Republic of Congo [14]. The explanation to this finding
might be landed on the longer mothers may come from
either genetically longer families or food secured house-
holds, these made them free from short stature that re-
sulted in birth of small newborns later became stunted
[44]. It implies investment on early maternal nutrition
and health is vital on childhood stunting.
Our finding demonstrated that children who had mothers

whose age was above 20 years at delivery were less likely to
suffer from stunting than children with adolescent mothers.
Similar result reported from Democratic Republic of Congo
[14] and five low income countries [43]. Adolescents are at

higher nutritional demands for their growth [45]. Pregnan-
cies at the age of this period create nutritional contention
between the mother and their creature in womb. Finally this
lead to in poor child growth includes stunning.
Mother’s educational status was found to be signifi-

cantly negatively associated with childhood stunting.
Again, this result is corroborating with previous studies,
maternal education has a positive outcome in reducing
the severe child stunting [14–16, 18]. One possible ex-
planation is that knowledge that mothers get from their
formal education could capable them to practice nutri-
tional and other related behaviors that prevent chronic
malnutrition/stunting. Plus to this, educated mothers
have greater health seeking behavior for childhood ill-
nesses as compared to uneducated mothers [46].
The administrative region in which the child resides has

a share to play in the probability of children to being
stunted and severely stunted. It was detected that children
that reside in the developing and rural region of the country
display a greater tendency to being stunted when compared
with children in the urban regions of the country. This
finding was supported with other finding in Nigeria [19, 42]
This finding may be accredited to the socio-economic and
education disparities and access to basic Healthcare facil-
ities. Therefore, context based interventions particularly for
developing and rural regions are mandatory in the battle of
childhood stunting and better health.
In addition to fixed effect model the random effect

also contributed in the determination of stunting. After
accounting for predictor factors the median increase in
the odds of severe stunting as compared to children at a
cluster with higher risk of severe stunting to children at

Table 3 Multivariable multilevel ordered logistic regression among under-5 children in Ethiopia, 2016 (Continued)

Stunting Random intercept model Community level factors House hold and individual factors Full model

48–59 3.98 (2.82–5.60) 4.11 (2.89–5.83)**

Child sex

Female 1 1

Male 1.28 (1.10–1.49) 1.26 (1.09–1.46)**

Birth order

1 to 2 1 1

3 to 4 0.96 (0.77–1.18) 0.94 (0.76–1.16)

5 and above 1.24 (0.98–1.55) 1.20 (0.96–1.51)

Cut points

Cut point 1 1.66 (1.51–1.83) 1.30 (1.00–1.60) −6.65(−8.98,-4.31) −6.42(−8.78,-4.07)

Cut point 2 1.71 (1.59–1.82) 1.50 (2.19–2.80) −5.34(−7.66,-3.01) −5.12(−7.46,-2.78)

Cluster variance(θ) 0.45 (0.34–0.60) 0.38 (0.29–0.50)** 0.41 (0.31–0.53)** 0.40 (0.30–0.52)**

Median OR 1.90 (1.75–2.09) 1.80 (1.67–1.96) 1.84 (1.70–2.01) 1.83 (1.69–2.00)**

ICC (VPC) 0.12 (0.09–0.15)** 0.10 (0.08–0.13)** 0 .11 (0.09–0.14)** 0.11 (0.08–0.14)**

PCV 15.56% 8.89% 11.11%

Note: * indicates statistical significance less than 0.05
** indicates statistical significance less than 0.01
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a cluster with lower risk of severe stunting was 83% in-
creased. These imply significant disparity of the problem
which requires a context based interventions to tackle
this cyclic inter-generation linked health problem.
This study was based on a representative national data

which was collected across all the regions of Ethiopia
with recognized quality and representativeness at urban
rural, regional as well as national level. This makes our
finding to be generalized to the whole Ethiopian children
and related developing countries children. However, our
study was cross sectional in nature to establish causality
and since the data is secondary some factors like father’s
height and household food security scores could not be
ruled out.
This study is significantly important for public health

intervention planning and recognizing the underlying
factors linked with stunting and severe stunting so as to
contribute in the appropriate allocation of resources and
healthcare services. Furthermore, it will help the Ethiop-
ian government in designing and applying appropriate
nutrition programs intended at improving maternal and
child nutrition at both the individual and community
levels most especially in developing and rural regions.

Strength and limitation
The strengths of this study were that it used a nationally
representative-survey data. Moreover, the analysis was
done based on the nature of the outcome variable that
has ordered categories so that ordinal logistic regression
model was used and employed appropriate statistical ad-
justments for the cluster sampling design in the analysis.
On the other hand, the limitation of this study was that
we could not establish the cause and effect relationships;
because of the cross-sectional nature of the study design.
In addition, Variables like Dietary diversity score (DDS),
household food security score (HHFSS) were not in-
cluded in this analysis due to the survey did not incorp-
orate these measures to the instrument.

Conclusion
The current study has highlighted that the burden of
chronic malnutrition was unacceptable high in Ethiopia
with contextual variation. It also demonstrate the inde-
pendent associated factors with stunting ad severe stunt-
ing as child age, sex, maternal height, age, education and
household wealth index as well as administrative regions.
Our findings designate the necessity of interventions at
the individual, household and community levels. At the
individual level, particular attention should be placed on
child age appropriate feeding particularly young mothers
regarding health and child feeding practices and mater-
nal education as well as improving household wealth im-
provement. At a community level it is mandatory
empower women particularly in rural and developing

regions through accessing social organizations like edu-
cation, healthcare services. Researchers also better to ad-
dress possible cofounder variables those were not
included in this study and the effect of maternal BMI on
childhood growth and development.

Abbreviations
CDC: United States Center for Disease Control and Prevention;
DHS: Demographic and Health Survey; EA: Enumeration Area; EPHI: Ethiopian
Public Health Institute; ICF: International Classification of Functioning,
Disability and Health; IQR: Inter Quartile Range; HAZ: Height for age Z-score;
NRERC: National Research Ethics Review Committee; SD: Standard Deviation;
UNICEF: United Nations International Children’s Education Fund;
PHC: Population and Housing Census; WHO: World Health Organization

Acknowledgments
We are grateful to the measure DHS programme coordinators for data
access authorization and support to conduct the study.

Authors’ contributions
AM: Designed the study; RD Carried out the statistical analysis. Both authors
wrote the manuscript. Also, they made contributions to the interpretation of
results and revised the manuscript for important intellectual content. Finally,
the authors read and approved for the final version of the manuscript.

Funding
No funding was obtained for this study.

Availability of data and materials
All relevant data are in the manuscript. However, the minimal data
underlying all the findings in the manuscript will be available upon request.

Declarations

Ethics approval and consent to participate
Ethical clearance was provided by the Ethiopian Public Health Institute (EPHI)
review board, the National Research Ethics Review Committee (NRERC) at
the Ministry of Science and Technology, the Institutional Review Board of ICF
Macro International, and the United States Center for Disease Control and
Prevention (CDC). All respondents to the survey provided verbal informed
consent; consent for children was obtained through their parents, caregivers
or guardians. The authors requested the MEASURE DHS by briefly stating the
objectives of this study and access was granted to use the data (https://
www.dhsprogram.com/data/available-datasets.cfm) then permission letter
was obtained from MEASURE DHS.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 12 August 2020 Accepted: 28 June 2021

References
1. de Onis M, Branca F. Childhood stunting: a global perspective. Matern Child

Nutr. 2016;12:12–26. https://doi.org/10.1111/mcn.12231.
2. Unicef/ WHO/The World Bank. Levels and Trends in Child malnutrition -

Unicef WHO The World Bank Joint Child Malnutrition Estimates, key findings
pf the 2019 edition, vol. 4: Unicef; 2019. Available from: http://www.unicef.
org/media/files/JME_2015_edition_Sept_2015.pdf

3. Survey H. Ethiopia; 2016.
4. Organization WH. WHO Child Growth Standards. Dev Med Child Neurol.

2009;51(12):1002–1002.
5. Muchinsky PM. Psychology applied to work: an introduction to industrial

and organizational Psychology, vol. 43. 10th ed; 2012. p. 1689–99.
6. Black RE, Allen LH, Bhutta ZA, Caulfield LE, de Onis M, Ezzati M, et al.

Maternal and child undernutrition: global and regional exposures and

Muche and Dewau Italian Journal of Pediatrics          (2021) 47:161 Page 9 of 10

https://www.dhsprogram.com/data/available-datasets.cfm
https://www.dhsprogram.com/data/available-datasets.cfm
https://doi.org/10.1111/mcn.12231
http://www.unicef.org/media/files/JME_2015_edition_Sept_2015.pdf
http://www.unicef.org/media/files/JME_2015_edition_Sept_2015.pdf


health consequences. Lancet. 2008;371(9608):243–60. https://doi.org/10.101
6/S0140-6736(07)61690-0.

7. Ikeda N, Irie Y, Shibuya K. Determinants of reduced child stunting in Cambodia:
analysis of pooled data from three demographic and Health surveys. Bull
World Health Organ. 2013;91(5):341–9. https://doi.org/10.2471/BLT.12.113381.

8. Victora CG, Adair L, Fall C, Hallal PC, Martorell R, Richter L, et al. Maternal and
child undernutrition: consequences for adult health and human capital. Lancet.
2008;371(9609):340–57. https://doi.org/10.1016/S0140-6736(07)61692-4.

9. Khara T, Dolan C. Technical briefing. Addit Polym. 1996;1996(9):9–11.
10. Agho KE, Inder KJ, Bowe SJ, Jacobs J, Dibley MJ. Prevalence and risk factors

for stunting and severe stunting among under-fives in North Maluku
province of Indonesia. BMC Pediatr. 2009;10:1–10.

11. Torlesse H, Cronin AA, Sebayang SK, Nandy R. Determinants of stunting in
Indonesian children : evidence from a cross-sectional survey indicate a
prominent role for the water , sanitation and hygiene sector in stunting
reduction. BMC Public Health 2016;1–11. Available from: https://doi.org/1
0.1186/s12889-016-3339-8

12. Geberselassie SB, Abebe SM, Melsew A, Mutuku SM, Wassie MM. Prevalence
of stunting and its associated factors among children 6–59 months of age
in Libo-Kemekem district, Northwest Ethiopia; A community based cross
sectional study. PLoS one. 2018;13:1–11.

13. Mengistu K, Alemu K, Destaw B. Prevalence of malnutrition and associated
factors among children aged 6–59 nutritional disorders & therapy
prevalence of malnutrition and associated factors among children aged 6–
59 months at hidabu abote district, North Shewa, Oromia Regional State. J
Nutr Disord Ther. 2013;1:1–5.

14. Nshimyiryo A, Hedt-gauthier B, Mutaganzwa C, Kirk CM, Beck K, Ndayisaba
A, et al. Risk factors for stunting among children under five years : a cross-
sectional population-based study in Rwanda using the 2015 Demographic
and Health Survey. BMC Public Health. 2019;19:1–10.

15. Mzumara B, Bwembya P, Halwiindi H, Mugode R, Banda J. Factors associated
with stunting among children below five years of age in Zambia: evidence from
the 2014 Zambia demographic and health survey. BMC Nutr. 2018;4:1–8.

16. Zone K, State SR, Shine S, Tadesse F, Shiferaw Z, Mideksa L, et al. Prevalence
and associated factors of stunting among 6–59 months children journal of
nutritional disorders and prevalence and associated factors of stunting
among 6–59 months children in pastoral community of Korahay Zone,
Somali Regional State, Ethiopia. J Nutr Disord Ther. 2019;7:2161–0509.

17. Wamani H, Åstrøm AN, Peterson S, Tumwine JK, Tylleskär T. Boys are more
stunted than girls in Sub-Saharan Africa : a meta-analysis of 16
demographic and health surveys. BMC Pediatr. 2007;10:1–10.

18. Haile D, Azage M, Mola T, Rainey R. Exploring spatial variations and factors
associated with childhood stunting in Ethiopia : spatial and multilevel analysis.
BMC Pediatr 2016;1–14. Available from: https://doi.org/10.1186/s12887-016-0587-9

19. Akombi B, Agho KE, Hall JJ, Astell-Burt TE. Stunting and severe stunting
among children under-5 years in Nigeria : A multilevel analysis. BMC Pediatr.
2017;17:1–6.

20. Tariku A, Biks GA, Derso T, Wassie MM, Abebe SM. Stunting and its determinant
factors among children aged 6–59 months in Ethiopia. Italian J Pediatr. 2017;43:1–9.

21. WHO (World Health Organization), UNICEF. Global Nutrition monitoring
framework. Operational guidance for tracking progress in meeting targets
for 2025. 2017:1–82. Available from: http://apps.who.int/iris/bitstream/ha
ndle/10665/259904/9789241513609-eng.pdf;jsessionid=82B08433379C3E3
E69B3F8D4F2690C34?sequence=1%0Awww.who.int/nutrition

22. World Health Organization. Sixty-Fourth World Health Assembly. Wha64/
2011/Rec/1; 2011. p. 16–24. Available from: http://scholar.google.com/schola
r?hl=en&btnG=Search&q=intitle:SIXTY-FOURTH+WORLD+HEALTH+A
SSEMBLY#1%5Cn http://scholar.google.com/scholar?hl=en&btnG=Sea
rch&q=intitle:Sixty-fourth+World+Health+Assembly%231

23. WHO. Maternal, infant and young child nutrition Comprehensive implementation
plan on maternal, infant and young child nutrition: biennial report Report by the
Director-General. In: Exec Board 142nd Sess provisional agenda item46, vol. 3;
2018. p. 1–8. Available from: http://www.who.int/nutrition/gina/en/.

24. Government of Ethiopia. National Nutrition Program 2016–2020; 2016. p. 88.
Available from: www.unicef.org/ethiopia/National_Nutrition_Programme.pdf

25. Federal minstry of Health. National nutrition strategy of Ethiopia. 2008.
26. Ministry F. Mcn-National-Strategy-for-Infant-and-Young-Child-Feeding-

Ethiopia; 2004.
27. Statement AJ. WHO child growth standards and the identification of severe

acute malnutrition in infants and children. 2009; Available from: http://apps.
who.int/iris/bitstream/10665/44129/1/9789241598163_eng.pdf?ua=1

28. Organization WH. WHO and UNICEF Joint report of 2015 Update and MDG
Assessment. 2015.

29. De Onis M. Complementary feeding in the WHO multicentre Growth
reference study. Acta Paediatr Int J Paediatr. 2006;95(SUPPL. 450):27–37.

30. Chan JCC, Grant AL. Centre for applied macroeconomic analysis fast
computation of the deviance fast computation of the deviance information
criterion for latent variable models. Cent Appl Macroecon Anal. 2014;100:847–59.

31. Halonen JI, Kivimäki M, Pentti J, Kawachi I, Virtanen M, Martikainen P, et al.
Quantifying neighbourhood socioeconomic effects in clustering of
behaviour-related risk factors: a multilevel analysis. PLoS One. 2012;7(3):1–8.

32. Merlo J, Chaix B, Ohlsson H, Beckman A, Johnell K, Hjerpe P, et al. A brief
conceptual tutorial of multilevel analysis in social epidemiology: using
measures of clustering in multilevel logistic regression to investigate
contextual phenomena. J Epidemiol Community Health. 2006;60(4):290–7.
https://doi.org/10.1136/jech.2004.029454.

33. Larsen K, Merlo J. Appropriate assessment of neighborhood effects on individual
health: integrating random and fixed effects in multilevel logistic regression. Am J
Epidemiol. 2005;161(1):81–8. https://doi.org/10.1093/aje/kwi017.

34. Merlo J, Chaix B, Yang M, Lynch J, Råstam L. A brief conceptual tutorial on
multilevel analysis in social epidemiology: interpreting neighbourhood
differences and the effect of neighbourhood characteristics on individual
health. J Epidemiol Community Health. 2005;59(12):1022–8. https://doi.org/1
0.1136/jech.2004.028035.

35. Chirande L, Charwe D, Mbwana H, Victor R, Kimboka S, Issaka AI, et al.
Determinants of stunting and severe stunting among under-fives in
Tanzania: evidence from the 2010 cross-sectional household survey. BMC
Pediatr. 2015;15(1):1–13.

36. Tiwari R, Ausman LM, Agho KE. Determinants of stunting and severe
stunting among under-fives : evidence from the 2011 Nepal Demographic
and Health Survey. BMC Pediatr. 2014;14:1–15.

37. Amare D, Negesse A, Tsegaye B, Assefa B, Ayenie B. Prevalence of
undernutrition and its associated factors among children below five years
of age in bure town, West Gojjam Zone, Amhara National Regional State,
Northwest Ethiopia. Adv Public Health. 2016;1-9.

38. Jiang Y, Su X, Wang C, Zhang L, Zhang X, Wang L, et al. Prevalence and risk
factors for stunting and severe stunting among children under three years
old in mid-western rural areas of China. Child. 2014;41:45–51.

39. Organization WH. World Health Organization. Infant and child feeding.
Chapter M. Infant and young child feeding. 2009;1-112.

40. Hansen Pupp I, Hellström-Westas L, Elsmén E. Preterm male infants need
more initial respiratory and circulatory support than female infants. Acta
Paediatr Int J Paediatr. 2004;93(4):529–33.

41. Steen EE, Källén K, Maršál K, Norman M, Hellström-Westas L. Impact of sex
on perinatal mortality and morbidity in twins. J Perinat Med. 2014;42(2):225–
31. https://doi.org/10.1515/jpm-2013-0147.

42. Health EG, Initiative Y. A multilevel analysis of individual and community
effect on chronic childhood malnutrition in rural Nigeria. J Trop Pediatr.
2008;55:109–15.

43. Kismul H, Acharya P, Mapatano MA, Hatløy A. Determinants of childhood
stunting in the Democratic Republic of Congo: further analysis of
Demographic and Health Survey 2013–14. BMC Public Health. 2018;18:1–14.

44. Murray CJL, Vos T, Lozano R, Naghavi M, Flaxman AD, Michaud C, et al.
Disability-adjusted life years (DALYs) for 291 diseases and injuries in 21
regions, 1990-2010: a systematic analysis for the global burden of disease
study 2010. Lancet. 2012;380(9859):2197–223. https://doi.org/10.1016/S0140-
6736(12)61689-4.

45. Haider R, Islam A, Kabir I, Habte D. Early complementary feeding is associated
with low nutritional status of young infants recovering from diarrhoea. J Trop
Pediatr. 1996;42(3):170–2. https://doi.org/10.1093/tropej/42.3.170.

46. Weiss JE, Greenlick MR, Farley ES, Boisseau V, Froom J, Slikkerveer LJ, et al.
At the crossroads: linking strategic frameworks to address gender-based
violence and HIV/AIDS in Southern Africa. PLoS One. 2014;14(2):1–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Muche and Dewau Italian Journal of Pediatrics          (2021) 47:161 Page 10 of 10

https://doi.org/10.1016/S0140-6736(07)61690-0
https://doi.org/10.1016/S0140-6736(07)61690-0
https://doi.org/10.2471/BLT.12.113381
https://doi.org/10.1016/S0140-6736(07)61692-4
https://doi.org/10.1186/s12889-016-3339-8
https://doi.org/10.1186/s12889-016-3339-8
https://doi.org/10.1186/s12887-016-0587-9
http://apps.who.int/iris/bitstream/handle/10665/259904/9789241513609-eng.pdf;jsessionid=82B08433379C3E3E69B3F8D4F2690C34?sequence=1%0Awww.who.int/nutrition
http://apps.who.int/iris/bitstream/handle/10665/259904/9789241513609-eng.pdf;jsessionid=82B08433379C3E3E69B3F8D4F2690C34?sequence=1%0Awww.who.int/nutrition
http://apps.who.int/iris/bitstream/handle/10665/259904/9789241513609-eng.pdf;jsessionid=82B08433379C3E3E69B3F8D4F2690C34?sequence=1%0Awww.who.int/nutrition
http://scholar.google.com/scholar?hl=en&btnG=Search&q=intitle:Sixty-fourth+World+Health+Assembly%231
http://scholar.google.com/scholar?hl=en&btnG=Search&q=intitle:Sixty-fourth+World+Health+Assembly%231
http://scholar.google.com/scholar?hl=en&btnG=Search&q=intitle:Sixty-fourth+World+Health+Assembly%231
http://scholar.google.com/scholar?hl=en&btnG=Search&q=intitle:Sixty-fourth+World+Health+Assembly%231
http://scholar.google.com/scholar?hl=en&btnG=Search&q=intitle:Sixty-fourth+World+Health+Assembly%231
http://www.who.int/nutrition/gina/en/
http://www.unicef.org/ethiopia/National_Nutrition_Programme.pdf
http://apps.who.int/iris/bitstream/10665/44129/1/9789241598163_eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/44129/1/9789241598163_eng.pdf?ua=1
https://doi.org/10.1136/jech.2004.029454
https://doi.org/10.1093/aje/kwi017
https://doi.org/10.1136/jech.2004.028035
https://doi.org/10.1136/jech.2004.028035
https://doi.org/10.1515/jpm-2013-0147
https://doi.org/10.1016/S0140-6736(12)61689-4
https://doi.org/10.1016/S0140-6736(12)61689-4
https://doi.org/10.1093/tropej/42.3.170

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods and materials
	Study design and settings
	Source population and study population
	Inclusion and exclusion criteria
	Sampling procedure
	Variables of the study
	Operational definitions
	Anthropometric measurements
	Data processing and analysis
	Ethical consideration

	Result
	Socio-demographic characteristics of the study participants
	Prevalence of severe stunting among under-five children
	Factors associated with severe childhood stunting

	Discussion
	Strength and limitation

	Conclusion
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

