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Abstract 

Background  Breast milk is the first, highly valuable, and solely natural food recommended for infants in their first 
six months of life, which is critical for children’s overall growth and development. Evidence suggests that exclusive 
breastfeeding differs by geographic area in Ethiopia. However, little is known regarding the geographic distribution 
of exclusive breastfeeding practice. Hence, this study aimed to assess exclusive breastfeeding practice, its geographic 
variation and associated factors among Ethiopian mothers.

Method  The study used the 2019 Ethiopian mini demographic and health survey data. All living children born 
0–23 months before the survey were included. Global Moran’s I statistics on Arc-GIS and Getis Ord Gi* statistics 
was used to visualize the spatial pattern and hotspot and cold spot areas, respectively. Kulldorff SaTScan was used 
to show purely significant spatial clusters. The associated factors were identified using a multilevel mixed-effects logistic 
regression model. Statistically significant factors were reported using the AOR with a 95% CI and a p-value of < 5%.

Result  The coverage of exclusive breastfeeding practice in Ethiopia was 56.05% (95% CI: 53.95%, 58.10%). The spatial 
pattern was non-random across the country’s regions. Somalia, Gambela, Benshangul Gumuz, Dire Dawa, and Harari 
regions had low clustering of exclusive breastfeeding practices, whereas Amhara, Eastern SNNPR, and Central 
and Northern Oromia regions had high clustering. Children born through caesarean delivery [AOR = 0.36; 95% CI: 0.21, 
0.63], initiated breastfeeding within the first 1 h [AOR = 0.55; 95% CI: 0.34, 0.90], after 1–24 h of delivery [AOR = 0.36; 95% 
CI: 0.24, 0.54], after a day [AOR = 0.04; 95% CI: 0.02, 0.08], and women residing in the pastoralist region [AOR = 0.22; 95% 
CI: 0.12, 0.39] or city administrations [AOR = 0.49; 95% CI: 0.27, 0.89] had lower odds of exclusive breastfeeding practice.

Conclusion  Exclusive breastfeeding practice in Ethiopia remained low. The practice had a spatial variation 
across the country. Caesarean section delivery, late breastfeeding initiation, and region were statistically significant 
variables. Therefore, promoting timely initiation of breastfeeding and improving the utilization of maternal health 
services and designing special intervention strategy for women residing in city administrations and pastoralist regions 
of the country may increase the coverage of exclusive breastfeeding practice.
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Introduction
Exclusive breastfeeding is a practice in which infants 
receives only breast milk and no other food item in the 
form of solid, semi-solid or liquid including water except 
oral rehydration solution, drops/syrups of vitamins, 
minerals or medicines [1]. Breast milk is a natural food 
that contains all essential nutrients for the child survival, 
growth, and overall development. Thus, World Health 
Organization (WHO) recommends exclusive breast-
feeding for the first six months of life. Breastfeeding the 
young children (above 6  months) should be continued 
up to two years and above along with complementary 
foods [2–4].

Improving child survival and healthy growth and 
development can be achieved through collective efforts 
made in the key area, infant and young child feeding. 
Optimal breastfeeding practice is the most effective, 
safe and top intervention which result in the reduction 
of morbidity and mortality of under five children [5, 6]. 
Exclusive breastfeeding has several health benefits for 
both the mother and newborn. It minimizes the risk of 
postpartum hemorrhage, ovarian and breast cancer, type 
2 diabetes, conception in the first six months of delivery, 
and health costs incurred due to gastrointestinal infec-
tions caused by prelacteal feeding [7]. Evidence indicated 
that initiation of breastfeeding within the first one hour 
of birth and practicing exclusive breastfeeding in the 
first 6 months of birth alone is assumed to halt the death 
of neonates by 20% [8]. Moreover, studies have revealed 
that promoting exclusive breastfeeding practice can 
avert 55% of infant mortality in Latin America and the 
Caribbean due to diarrhea and severe respiratory infec-
tions [9].

Globally, the prevalence of exclusively breastfed 
infants in 2023 was 44% [5]. In Sub-Saharan Africa, the 
average coverage of exclusive breastfeeding was 50% 
between 2015 and 2019 [10]. Similarly, coverage var-
ied from 22% in Nigeria to 70% in Malawi, according to 
data collected from 19 African nations between 2013 
and 2019 [11]. Likewise, the pooled prevalence of exclu-
sive breastfeeding practice among infants under six 
months in Ethiopia from 2015 to 2020 was 60.42% [12]. 
However, achieving the at least 70% target of exclusive 
breastfeeding in 94 low-or middle-income countries 
(LMICs) that had low exclusive breastfeeding rates is 
highly unlikely [13].

A number of studies conducted in the different parts 
of the country, east Africa and sub-Saharan Africa 
identified various factors that affect the practice of 
exclusive breastfeeding. Employment status, mater-
nal age, educational level, marital status, institutional 
delivery, mode of delivery, infant age, ANC visit, timely 
initiation of breastfeeding, place of residence, and 

geographic region were factors associated with exclu-
sive breastfeeding practice [10, 14–22].

The many efforts launched by the Ethiopian govern-
ment to promote timely initiation and exclusive breast-
feeding practice in the country failed to effectively 
overcome the gap. According to Ethiopian Demographic 
and Health Survey (EDHS) report, the progress observed 
in the prevalence of the exclusive breastfeeding practice 
almost in the last two decades was only 10%, it was 49% in 
2005 and 59% in 2019 [23]. With this progression, it will 
be very difficult for the country to achieve the expected 
United Nations (UN) goal. The current prevalence is 
much below than the planned UN goal of 70% by 2030, 
indicating the need for further investigation. Moreover, 
few nationwide studies in Ethiopia have been undertaken 
on the relationship between individual and community-
level factors and exclusive breastfeeding practice.

Evidence has shown that exclusive breastfeeding 
practices vary by geographical location in Ethiopia 
[18, 24]. Previous studies have revealed that mater-
nal educational level, socio-cultural differences across 
geographic regions, household economic status, and 
access to and use of maternal and child health services 
all have a significant impact on exclusive breastfeeding 
[16, 18, 24–27]. These qualities are strongly influenced 
by one’s place of residence or geographical region. And 
there is a lack of research, particularly on exclusive 
breastfeeding and its geographical variance. Spatial 
analysis is important because it allows you to find high 
and low burden areas in regard to the variable of inter-
est in the country.

As a result, there is a need to investigate individual and 
community-level factors influencing exclusive breast-
feeding practice. The study’s findings will enable policy-
makers and planners to develop and implement effective 
area-specific interventions to enhance exclusive breast-
feeding practice, which help to accomplish the sustain-
able development goal and reduce maternal and infant 
mortality in Ethiopia. Therefore, the purpose of this study 
was to investigate the regional distribution as well as 
individual and community-level factors associated with 
exclusive breastfeeding among Ethiopian children aged 0 
to 23 months.

Methods
Study settings and data source
Ethiopia is a country located in the Northeastern part of 
Africa (horn of Africa). It is the second most populous 
country in Africa, next to Nigeria. The country consists 
of 9 regions and 2 city administrations at the time of the 
original survey. Demographic and Health Survey (DHS) 
is a nationally representative household survey usually 
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conducted in every five-year time interval. For this analy-
sis, we used the 2019 Ethiopian Mini Demographic and 
Health Survey (EMDHS) data.

Study design and sampling procedures
A community-based cross-sectional study design was 
conducted in Ethiopia between March 21, 2019 and 
June 28, 2019 among 9,012 eligible women identified for 
individual interviews. However, interviews were done 
with 8,885 women, giving a response rate of 99%. The 
EMDHS uses a multistage stratified cluster sampling 
design to collect data from study participants. Initially, 
country is first divided into geographic regions, which 
are then further divided into urban and rural sectors. 
The required number of enumeration areas (EA) within 
each region were picked at random using the sampling 
frame designed for the 2019 Ethiopian population and 
housing census. The frame includes information on the 
EA’s location, type of dwelling (urban or rural), and the 
projected number of residential households. To make 
the sample comparable across regions, 25 EAs were 
picked from eight regions of the country, and 35 EAs 
were selected from each bigger region, namely Oromia, 
Amhara, and Southern Nations, Nationalities, and Peo-
ples’ Region (SNNPR). Accordingly, a total of 305 EAs 
(93 in urban and 212 in rural areas) were chosen for the 
2019 EMDHS using a probability proportional to their 
size. Following that, a household listing procedure was 
carried out in each selected EA. Finally, 30 households 
per cluster were selected using equal probability sys-
tematic selection from the previously produced list. The 
DHS guide provides additional information on survey 
sampling strategies [23].

Source and study population
Eligible women for the 2019 EMDHS include all women 
aged 15 to 49 who were either permanent residents of the 
selected households or guests who slept in the house-
hold the night prior to the survey. However, our research 
used all live children born in the two years preceding the 
survey as the source population. The study population 
consisted of all youngest children (midx = 1) living with 
their mother in the selected EAs and born 0 to 23 months 
before the survey. The last-born child data was collected 
if the mother have two or more under 24  months old 
children. However, mothers who had twin birth for the 
most recent birth were asked for both children. In this 
study, missing data is managed as not currently breast-
feeding in numerator and included in the denominator. 
Consequently, we included 2,052 under 24 months chil-
dren data extracted from the 2019 EMDHS datasets (KR 
file) that satisfy the inclusion criteria.

Eligibility criteria
This analysis included, all mothers who gave birth in the 
last two years before the survey. In addition, we consid-
ered all women who live with their children and were 
breastfed but not given anything else in the 24 h preced-
ing the interview (Fig. 1).

Measurement of variables
Dependent variable
The outcome variable of the study was exclusive breast-
feeding practice among mothers with children under 
24  months in Ethiopia. It was measured in two ways 
based on the age group of the children. For infants aged 
0 to 5 months (< 6 months), mothers were asked if they 
breastfed and given nothing else except medications 
in the 24  h before the interview. Mothers of children 
aged 6 to 23  months were questioned if they breastfed 
and given nothing else while their children were under 
six months old [28, 29]. DHS used the information on 
exclusive breastfeeding collected from mothers’ verbal 
responses. Thus, the response variable was coded as “1” 
if the mother breastfed and provided nothing else in the 
day before the interview for children under 6 months, or 
if the mother responded as breastfed and given nothing 
else based on her dietary recall from birth for children 
aged 6 to 23 months and “0” otherwise.

Independent variables
The individual-level factors included in the analysis 
were maternal socio-demographic variables (such as 
maternal age, maternal education, marital status, reli-
gion, sex of household head, family size, and household 
wealth index); and infant related variables (like age of the 
child, sex of the child, birth order number, birth interval, 
number of living children, time of breastfeeding initia-
tion, and duration of breastfeeding). And obstetric and 
health service related variables such as timing of 1st 
antenatal care (ANC), number of ANC visits, place of 
delivery, mode of delivery, delivery assistance, postnatal 
care (PNC), and age of respondent at 1st birth were also 
included.

Community-level factors like geographic regions, type 
of place of residence, community women education, 
community ANC utilization, and community poverty 
level were considered in this study (Table 1).

Data processing and analysis
We used STATA/SE version 14.0 to process and ana-
lyze the data. The study used descriptive statistics to 
report frequency and proportion of each independent 
variables. In the DHS survey, children are nested within 
households, which are then nested within clusters. 
As a result, children from the same clusters are more 
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Fig. 1  Eligibility assessment for exclusive breastfeeding among women having 0–23 month’s children in Ethiopia, 2019

Table 1  Description of individual and community-level variables of exclusive breastfeeding among mothers of under two years 
children in Ethiopia, 2019

Variables Description

Wealth index In DHS, the wealth index is calculated using information on a household’s ownership of specific assets. Each 
household asset is assigned a weight score calculated using principal component analysis. The resulting asset 
scores are standardized and aggregated by household, and people are ranked based on the overall score 
of the household in which they live. Finally, it is classified as the poorest, poorer, middle, richer, and richest. It 
is recoded as Low Income (lowest and poorest), Middle Income, and High Income (richest and richest).

Region The region of residence is normally the first administrative level within the country, or a subset of the first 
administrative level. Ethiopia has 11 regions, which were divided into three contextual regions for our study. 
These include agrarian regions (Tigray, Amhara, Oromia, Benishanul-Gumuz, SNNPR, Gambela, and Harari), 
pastoralist regions (Afar and Somali), and city administrations (Addis Abeba and Dire Dawa).

Community-level women education We measured it based on the education level of the respondents. We categorized it as “high” if more than 50% 
of the women in the cluster had at least attended primary school otherwise “low”.

Community-level ANC utilization The variable was categorized as “high” if more than 50% women of the cluster had utilized four and above ANC 
visits otherwise “low”.

Community wealth level This community level factor was derived from household wealth index data and recoded as “high” if more 
than 50% of the cluster women were in the middle and above wealth quintiles otherwise “low”
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similar to each other in terms of the outcome variable 
as compared to those from different cluster. Individual 
observations in such data are not independent, which 
contradicts the assumption of independence of obser-
vations. Therefore, we used a multilevel mixed-effects 
logistic regression model to tackle the violation of inde-
pendent observation and equal variance assumption 
of the traditional logistic regression that occurred due 
to the hierarchical structure of the DHS data. Hence, 
four models were fitted within the multilevel multi-
variable mixed-effects logistic regression analysis. The 
null model, without independent variables, was fitted 
first. This model was applied to test the null hypothesis 
that there is no cluster level difference in the outcome 
variable and to justify the use of multilevel analysis by 
obtaining the intra-class correlation coefficient (ICC). 
Secondly, a model with only individual-level factors 
was fitted. This model assumes that there is no differ-
ence in exclusive breastfeeding practice between clus-
ters. Likewise, Model II (with only community-level 
factors) was constructed to assess community-level 
determinants using aggregate cluster variations in 
exclusive breastfeeding practice. Finally, mixed model, 
Model III, was fitted to test both the fixed and random 
effects of individual and community-level determinants 
on the exclusive breastfeeding practice. Variable with 
p-value < 0.25 were selected for the multilevel multi-
variable analysis. Finally, Adjusted Odds Ratio (AOR) 
with 95% confidence interval and p-value less than 5% 
was used to report statistically significant variables 
with the exclusive breastfeeding practice. We checked 
the goodness of fit of the model by Akaike information 
criterion (AIC), and Bayesian information criterion 
(BIC). AIC is computed as -2 (log-likelihood of the fit-
ted model) + 2p, where p is the degree of freedom in 
the model. Similarly, BIC is calculated as -2 (log-like-
lihood of the fitted model) + ln (N)*p. The value of ICC 
of each model can be also calculated by using STATA 
software command (estat icc). The model with the low-
est deviance (-2 log-likelihood) was selected as a best 
explanatory model. Also, multicollinearity amongst the 
covariates was examined using the Variance Inflation 
Factor (VIF).

Spatial analysis
The spatial analysis was carried out using ArcGIS 
10.7 and SatScan 9.6. The weighted frequency of out-
come variable with cluster number was cross tabu-
lated using STATA software and exported to excel to 
get the case to total proportion. The excel file was then 
imported into Arc-GIS 10.7, and geographic coordinate 
data was joined with non-spatial data using each EA’s 

(Enumeration Area) unique identification code for spa-
tial analysis. To produce the map of Ethiopia, the Ethio-
pian Poly-conic Projected Coordinate System was used. 
The units of spatial analysis were DHS clusters (Since 
geographic coordinates of EDHS were collected at clus-
ter level).

Spatial autocorrelation analysis
To evaluate whether the pattern of outcome variable is 
clustered, dispersed, or random across the study areas, 
global spatial autocorrelation was assessed using the 
Global Moran’s-I statistics. Moran’s I is a spatial statis-
tic used to measure spatial autocorrelation by taking the 
entire data set and produce a single output value which 
ranges from -1 to + 1. Moran’s I Values close to − 1 indi-
cate the pattern is dispersed, whereas moron’s I close 
to + 1 indicates clustered and distributed randomly if the 
value is zero. A statistically significant Moran’s I (p < 0.05) 
lead to rejection of the null hypothesis (exclusive breast-
feeding is randomly distributed) and indicates the pres-
ence of spatial autocorrelation and needs further local 
analysis. Anselin Local Moran’s I used to investigate at 
exclusive breastfeeding cluster locations at the local level, 
whether they were positively correlated (high-high and 
low-low) or negatively correlated (high-low and low–
high). A positive value for ‘I’ indicated that a case had 
neighboring cases with similar values, part of a cluster. A 
negative value for ‘I’ indicated that a case was surrounded 
by cases with dissimilar values.

Host spot and cold spot analysis
Getis-Ord Gi* statistics was computed to measure how 
spatial autocorrelation varies over the study location by 
calculating Gi* statistic for each area. Z-score also com-
puted to determine the statistical significance of cluster-
ing, and the p-value for the significance. The Getis-Ord 
Gi* statistic identified spatial clusters of high values 
(hotspots) and spatial clusters of low values (coldspots). 
Gi* serves as an indicator of local autocorrelation, i.e. 
it measures how spatial autocorrelation varies locally 
over an area and provide statistic for each data points. If 
z-score is higher, the intensity of the clustering is stronger 
and Z-score near zero indicates no apparent clustering. A 
positive z-score indicates clustering of high values and a 
negative z-score indicates clustering of low values.

Spatial interpolation
Spatial interpolation was done to estimate values for spa-
tial locations with unknown value using known values. 
Among various deterministic and geo-statistical interpo-
lation methods ordinary Kriging and empirical Bayesian 
are considered the best method since both incorporates 
the spatial autocorrelation and statistically optimizes the 
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weight. For this study Ordinary Kriging spatial interpo-
lation method was used to predict of exclusive breast-
feeding in un-sampled areas in the country based on the 
value in sampled EAs.

Spatial scan statistical analysis
Spatial scan statistical analysis Bernoulli based model 
was employed to test for the presence of statistically sig-
nificant spatial clusters of exclusive breastfeeding using 
SaTScan version 9.6. The spatial scan statistic uses a cir-
cular scanning window that moves across the study area. 
Women who give only breast milk for their child were 
taken as cases and those who give other food in addition 
to breast milk as controls to fit the Bernoulli model. The 
numbers of cases in each location had Bernoulli distri-
bution and the model required data for cases, controls, 
population and geographic coordinates. For each poten-
tial cluster, a likelihood ratio test statistic and p-value was 
computed to determine whether the number of observed 
exclusive breastfeeding within the potential cluster was 
significantly higher than expected or not. The scanning 
window with maximum likelihood was the most likely 
performing cluster, and p-value was assigned to each 
cluster using Monte Carlo hypothesis testing by compar-
ing the rank of the maximum likelihood from the real 
data with the maximum likelihood from the random 
datasets. The primary and secondary clusters were iden-
tified and assigned p-values and ranked based on their 
likelihood ratio test, on the basis of 999 Monte Carlo 
replications.

Ethical consideration
The MEASURE DHS team obtained ethical clearance 
from the Ethiopian Health Nutrition and Research Insti-
tute (EHNRI) Review Board and the National Research 
Ethics Review Committee (NRERC) at the Ministry of 
Science and Technology of Ethiopia. Thus, this study 
used secondary data from DHS data files. The authors 
formally requested the MEASURE DHS team to access 
the datasets by filling the online request form on their 
website (www.​dhspr​ogram.​com). Subsequently, the ICF 
international granted us permission to access the data 
and the letter of authorization. We kept all data confi-
dential, and no effort was made to identify households 
or individuals. The authors also confirm that all methods 
were carried out in accordance with relevant guidelines 
and regulations.

Result
Socio‑demographic characteristics of mothers
This analysis considered 2,052 mothers who had under 
24 month’s children in Ethiopia. Almost half of the moth-
ers (51.95%) were in the age group of 25–34 and only 

338(16.47%) mothers attended secondary and higher 
schools. Nearly one-fifth (19.05%) of the respondents 
were Protestant religion followers and majority of the 
women (94.98%) were currently in union. Almost two-
third of the mothers (64.52%) were from family with 
number of household members less than or equal to 6 
members. Sex of household head for one-fifth of the 
respondents (20.81%) were females. Less than one-half 
of the women (48.20%) were from household with low-
income level and to the contrary, 754 (37.87%) women 
were from relatively rich household. One quarter of 
women included in the study (24.71%), reside in urban 
areas of the country while two-third of the total women 
(66.33%) were from agrarian regions (Table 2).

Obstetric characteristics of respondents
In this study, a quarter of the total respondents (25.00%) 
had no ANC visit. Out of the respondents who made ANC 
visit, four in ten (41.33%) initiated ANC check up in the 
first twelve weeks of the current pregnancy. Institutional 
delivery was 56.73% and out of these, 7.07% women gave 
birth through caesarean section. Women who received 
postnatal care service were 12.13% and 15 (6.02%) women 
went to non-health professional for PNC service. Four 
in ten women (38.35%) gave their first birth at the age of 
under 18 and nearly one quarter (23.49%) of the total 
respondents have at least one living children (Table 3).

Child profile
The sex ratio of the children included in the analysis 
was approximately one to one, with 49.61% male. One-
third of the total children (28.60%) were in the range of 
0–5 months during the survey period. Four hundred and 
sixty-one (22.47%) of the total children included in the 
analysis were first-born children. The preceding birth 
interval for the majority of the children (81.42%) was 
greater than or equal to 24 months (Table 4).

Exclusive breastfeeding practice coverage in Ethiopia
The coverage of exclusive breastfeeding practice in Ethio-
pia was 56.05% (95% CI: 53.95%, 58.10%) (Fig. 2). Nearly 
three-fourth women (74.03%) initiated breastfeed-
ing immediately after birth while one in twenty women 
(5.02%) put their child to breast after a day and above 
(Fig. 3).

Factors affecting exclusive breastfeeding practice 
in Ethiopia
Multilevel multivariable analysis showed that mode 
of delivery, time of breastfeeding initiation, and geo-
graphic region were statistically significant variables 
with exclusive breastfeeding practice among mothers of 

http://www.dhsprogram.com
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0–23 months old children. The odds of exclusive breast-
feeding practice among women who gave birth through 
caesarean section were 64% [AOR = 0.36; 95% CI: 0.21, 

0.63] lower than women who gave birth through sponta-
neous vaginal delivery. Women who initiated breastfeed-
ing their children within the first 1 h of life, after 1–24 h 
of delivery, or after a day of birth were 45% [AOR = 0.55; 
95% CI: 0.34, 0.90], 64% [AOR = 0.36; 95% CI: 0.24, 0.54], 
and 96% [AOR = 0.04; 95% CI: 0.02, 0.08] respectively 
less likely to practice exclusive breastfeeding as com-
pared to women who initiated breastfeeding immediately 
after birth. In addition, women who live in the pastoral-
ist region and women who live in the city administra-
tions were 78% [AOR = 0.22; 95% CI: 0.12, 0.39] and 51% 
[AOR = 0.49; 95% CI: 0.27, 0.89] respectively less likely to 
practice exclusive breastfeeding as compared to women 
who live in the agrarian region of the country (Table 5).

Table 2  Individual and community-level socio-demographic 
characteristics of mothers of under 24 month’s old children in 
Ethiopia, 2019

Variable Frequency (n) Percent (%)

Maternal age
  15–24 659 32.12

  25–34 1,066 51.95

  35–49 327 15.94

Maternal education level
  No education 994 48.44

  Primary 720 35.09

  Secondary and above 338 16.47

Religion
  Orthodox 624 30.41

  Protestant 391 19.05

  Muslim 1000 48.73

  Others 37 1.80

Sex of household head
  Male 1,625 79.19

  Female 427 20.81

Marital status
  Never in union 15 0.73

  Currently in union 1,949 94.98

  Formerly in union 88 4.29

Family size
  ≤ 6 1,324 64.52

   > 6 728 35.48

Household wealth index
  Poor 989 48.20

  Middle 286 13.94

  Rich 777 37.87

Region
  Agrarian 1,361 66.33

  Pastoralist 418 20.37

  City based 273 13.30

Type of place of residence
  Urban 507 24.71

  Rural 1,545 75.29

Community women education
  Low 997 48.59

  High 1,055 51.41

Community ANC utilization
  Low 1,007 49.07

  High 1,045 50.93

Community poverty level
  Low 1,058 51.56

  High 994 48.44

Table 3  Distribution of maternal obstetric and health service 
related variables of mothers with children aged 24 months in 
Ethiopia, 2019

Number of ANC visits
  None 513 25.00

  1–3 674 32.85

  4 and more 865 42.15

Timing of 1st ANC
  1st trimester 636 41.33

  2nd trimester 792 51.46

  3rd trimester 111 7.21

Place of delivery
  Home 888 43.27

  Health institution 1,164 56.73

Delivery by caesarean section
  No 1,907 92.93

  Yes 145 7.07

PNC check
  No 1,803 87.87

  Yes 249 12.13

Person who performed PNC checkup
  Doctor 34 13.65

  Nurse 77 30.92

  Midwife 34 13.65

  Health officer 9 3.61

  Health extension worker 80 32.13

  Others 15 6.02

Number of living children
  1 482 23.49

  2–5 1,239 60.38

  6 and more 331 16.13

Age of mother at 1st birth
  < 18 787 38.35

  18–24 1,090 53.12

  > 24 175 8.53
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Random effect analysis result
Table  6 depicts the random effect estimates obtained 
after fitting the four models (Null model, Model I, Model 
II, and Model III). The ICC of the Null model revealed the 
presence of EBF practice variance across the country’s 

nine regions and two city administrations (ICC = 33.21%). 
This suggests that 33% of the variation in EBF practice 
among mothers of infants under the age of two was due 
to regional differences. Additionally, the highest PCV 
(46.01%) in the final model (Model III) indicates that the 
majority of differences in EBF practice among mothers 
seen in the null model were explained by both individual 
and community-level factors. Furthermore, the lowest 
deviance in the final model indicated that model III was 
the best fitted model (Table 6).

Spatial autocorrelation
Spatial distribution of exclusive breastfeeding found to 
be non-random with a global Moran’s I statistic value of 
(I = 0.13, P-value < 0.001) (Fig.  4). This means given the 
z-score of 10.19, there is less than 1% likelihood that this 
clustered pattern could be the result of random chance. 
Therefore, the null hypothesis was rejected, which was 
stated that exclusive breastfeeding practice distributed 
randomly. It shows that there is local clustering in the 
distribution of exclusive breastfeeding, which should be 
investigated further using local statistics.

The incremental autocorrelation was determined using 
the beginning distance (average at 0.220000) meter and 
increment by 0.217549  m. As shown in Fig.  5, at maxi-
mum peak (1.09-m) distance, statistically significant 
z-scores revealed that spatial factors encouraging cluster-
ing are most evident, and incremental spatial autocorre-
lation shows that ten distance bands were detected.

Hot spot and cold spot
The spatial distribution of exclusive breastfeeding was 
clustered in some parts of the country. Based on the 
Getis-Ord Gi* statistical analysis result significant hot-
spot of exclusive breastfeeding was found in some part 
of Amhara (Bahir Dar, South Gondar, Awi/Agew, West 
Gojam, part of North and South Wollo), a few places in 
SNNP (Sidama, Gedio and Wolayta) and Oromia (Arsi 
and West Harerge). Whereas, statistically significant 
cold spots of exclusive breastfeeding were found in Addis 
Abeba, Dire Dawa, Harari, a few parts of Gambela (Nuer 
and Agnuak), and Benshangul Gumuz (Assosa) regions 
of Ethiopia with 90%-99% confidence levels, as shown in 
the figure below, where the red colors indicate significant 
hotspots of exclusive breastfeeding and the blue colors 
indicate significant cold spots (Fig. 6).

Spatial interpolation
The spatial interpolation method allows estimating val-
ues for locations where no samples have been taken and 
to assess the uncertainty of these estimates. Geo-statis-
tical ordinary kriging analysis predicted that the highest 
prevalence of exclusive breastfeeding (29.8%—37.8%) 

Table 4  Child related characteristics among women who had 
under 24 months’ children in Ethiopia, 2019

Sex of child
  Male 1,018 49.61

  Female 1,034 50.39

Current age of child
  0–1 202 9.84

  2–3 177 8.63

  4–5 208 10.14

  6–8 262 12.77

  9–11 239 11.65

  12–17 548 26.71

  18–23 416 20.27

Birth order number
  First 461 22.47

  2nd – 3rd 737 35.92

  4th and above 854 41.62

Birth interval
  < 24 months 295 18.58

  ≥ 24 months 1,293 81.42

Fig. 2  Coverage of exclusive breastfeeding practice among mothers 
who had under 24 months’ children in Ethiopia, 2019
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was detected in Eastern Tigray, Central Amhara, East-
ern SNNP and Western part of Oromia. In contrast, area 
with relatively low prevalence (1.9%—9.9%) was detected 
in Addis Ababa, most part of Somali and Dire Dawa as 
shown in the figure below. The dark white color repre-
sents highest exclusive breastfeeding practice and dark 
green color predicted the lowest exclusive breastfeed-
ing and dark yellow color indicates areas with moderate 
exclusive breastfeeding (Fig. 7).

Spatial SaTScan analysis
Purely spatial analysis was conducted using the Culldorff 
spatial SaTScan analysis to detect primary spatial clusters 
of exclusive breastfeeding. This purely spatial statistical 
analysis method creates a circular window that scans the 
entire study area. The radius of the circle varies continu-
ously from zero to a specified maximum size. The maxi-
mum-size specified the percentage of the maximum total 
population at risk within the scanning window. As rec-
ommended by the researchers, the maximum cluster size 
was set at 50% of the population at risk. Thus, numerous 
overlapping windows of different sizes are generated, 
which together cover the entire study area. Each circu-
lar window is considered a possible candidate cluster. 
For each circle, the observed cases inside and outside the 
window were counted and compared to the number of 
expected cases, as calculated using Bernoulli model. On 
this basis, the likelihood ratio within each circle is then 
calculated. The circle with the maximum likelihood ratio 
and containing more cases than expected is identified as 
the most likely (primary) cluster. A significance level of 
P < 0.05 was used to test whether the cluster was signifi-
cant or not.

Most likely (primary clusters) and secondary clusters 
of exclusive breastfeeding were identified. A total of 10 
significant clusters were identified, of which, one of them 

was most likely (primary) cluster and 9 were second-
ary clusters. The primary clusters spatial window was 
found in Somali region which was located at (5.984681 
N, 43.361253 E) of geographic location with 239.15  km 
radius, and Log-Likelihood ratio (LLR) of 111.86, which 
was detected as the most likely cluster with maximum 
Likelihood (Table 7). It referred that women within this 
spatial window had 0.35 times more likely to practice 
exclusive breastfeeding than the women outside that area 
of the spatial window (Fig. 8).

Discussion
This analysis was done to identify independent predic-
tors of exclusive breastfeeding practice among moth-
ers of children aged 0–23  months in Ethiopia using the 
recent EMDHS data. The prevalence of exclusive breast-
feeding practice of infants under 24 months in Ethiopia 
was 56.05%. The current prevalence is lower than 88.0% 
in South and North Ethiopia [30], 76% in Southwest 
Ethiopia [14], 68% in Hargeisa, 59% in Tanzania [31], and 
71% in Southern Ghana [32]. The disparity in coverage of 
exclusive breastfeeding practices could be attributable to 
a variety of factors. The practice of delivering fresh but-
ter, plain water, milk other than breast milk, and sugar 
or glucose water to newborns right after birth may also 
lower the rate of exclusive breastfeeding in the country 
[16, 27]. Similarly, mothers’ understanding of exclusive 
breastfeeding, access to and utilization of maternity and 
child health care, and the variation of study areas could 
all be contributing factors to the disparity. According to 
this study, barely four out of ten women (42.15%) had 
ANC services four or more times. Similarly, four in ten 
women gave birth at home while traditional birth attend-
ants attended almost one-third of the total delivery. Sur-
prisingly, nearly half of the total women included in the 
study had no education. All these factors could be the 

Fig.3  Initiation of breastfeeding practice of mothers who had 0–23 months old children in Ethiopia, 2019
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Table 5  Multivariable logistic regression analysis of variables associated with exclusive breastfeeding practice among mothers of 
children aged 0–23 months in Ethiopia, 2019

Variables Null Model Model I Model II Model III

Maternal education
  No education 1 1

  Primary 1.33 (0.92,1.92) 1.18 (0.81,1.73)

  Secondary and above 1.01 (0.59,1.69) 1.04 (0.61,1.78)

Religion
  Orthodox 1 1

  Protestant 1.29 (0.72,2.32) 1.08 (0.61,1.93)

  Muslim 0.46 (0.29.0.73)** 0.84 (0.50,1.41)

  Others 0.91 (0.26,3.18) 0.75 (0.21,2.56)

ANC visit
  None 1 1

  1–3 1.57 (1.04,2.37)* 1.45 (0.96,2.18)

  4 and above 1.31 (0.83,2.06) 1.22 (0.77,1.92)

Place of delivery
  Home 1 1

  Health institution 1.68 (1.12,2.52)* 1.41 (0.94,2.13)

Mode of delivery
  Spontaneous vaginal delivery 1 1

  Caesarean section 0.35 (0.20,0.61)*** 0.36 (0.21,0.63)***

Age of mother at first birth
  < 18 1 1

  18–24 0.97 (0.70,1.35) 1.00 (0.72,1.38)

  > 24 0.63 (0.36,1.11) 0.69 (0.39,1.22)

Duration of breastfeeding
  Ever breastfed, not currently breastfeeding 1 1

  Never breastfed 1.87 (0.67,5.23) 1.78 (0.65,4.91)

  Still breastfeeding 0.92 (0.59,1.45) 0.82 (0.52,1.29)

Initiation of breastfeeding
  Immediately 1 1

  Within an hour 0.54 (0.33,0.89)* 0.55 (0.34,0.90)*

  1–24 h 0.34 (0.22,0.51)*** 0.36 (0.24,0.54)***

  > 24 h 0.04 (0.02,0.07)*** 0.04 (0.02,0.08)***

Region
  Agrarian 1 1

  Pastoralist 0.19 (0.12,0.32)*** 0.22 (0.12,0.39)***

  City administrations 0.41 (0.24,0.69)** 0.49 (0.27,0.89)*

Community women education
  Low 1 1

  High 1.30 (0.64,2.60) 1.49 (0.72,3.05)

Community ANC utilization
  Low 1 1

  High 0.78 (0.38,1.58) 0.74 (0.35,1.57)

Community poverty level
  Low 1 1

  High 1.44 (0.74,2.78) 1.09 (0.55,2.15)

Where: *p-value < 0.05, **p-value < 0.01, and ***p-value < 0.001
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possible reasons for the discrepancy of the coverage rates 
[14, 15, 33, 34].

In this study, the probability of exclusive breastfeed-
ing practice among women who gave birth through 
caesarean section was less likely as compared to those 
women who gave birth via spontaneous vaginal delivery. 
This finding is in line with studies conducted in Addis 
Ababa [35, 36], Bahir Dar [20], Bangladesh [37], and 
Hunan China [38]. Mothers who underwent caesarean 
delivery were unable to early initiate breastfeeding their 
newborn baby until they become stable following a long 
postoperative care. This might create an opportunity 

for the untimely introduction of formula or other milk, 
plain water, or non-milk liquids for the newborn. Fur-
thermore, the observed difference between caesarean 
section and normal delivery in exclusive breastfeeding 
practice could be due to inadequate implementation 
of the ten steps of the baby-friendly hospital initiative, 
which are known to significantly increase breastfeed-
ing rates [39]. The difficulty with inefficient imple-
mentation of the program can be attributed mostly to 
healthcare workers’ knowledge, competence, and skills 
in supporting breastfeeding [40]. Similarly, it could 
occur as a result of a heavy workload and a deficiency 
of appropriate healthcare providers at health facilities 
[41]. Additionally, the absence or inefficient post-cae-
sarean section breastfeeding counselling by healthcare 
personnel for mothers may have contributed to the dis-
parity, as evidenced by other study conducted in Ethio-
pia [42]. According to study conducted in low-income 
country, health professionals or families should provide 
physical support and pain control measures to mothers 
who gave birth via caesarean section in order to pro-
mote mother-baby connection and mothers’ confidence 
in breastfeeding their infant [43].

The current study found that women who started 
breastfeeding their baby early were more likely to 

Table 6  Measure of variations and model fitness

Parameter Null model Model I Model II Model III

Variance 1.63 1.15 0.97 0.88

ICC 33.21% 25.93% 22.87% 21.24%

PCV Reference 12.88% 40.49% 46.01%

MOR 3.36 2.76 2.54 2.43

AIC 1678.4 1495.01 1628.46 1475.35

BIC 1689.65 1596.29 1667.85 1604.76

Log-likelihood -837.20 -729.51 -807.23 -714.67

Deviance 1,674.40 1,459.02 1,614.46 1,429.34

Fig. 4  Spatial autocorrelation report of exclusive breastfeeding in Ethiopia, EMDHS 2019
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Fig. 5  Incremental spatial autocorrelation of exclusive breastfeeding in Ethiopia, EMDHS 2019

Fig. 6  Hotspot and cold spot analysis of exclusive breastfeeding in Ethiopia, 2019
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practice exclusive breastfeeding than mothers who 
started breastfeeding their children later. The finding 
was consistent with studies done in Eastern Ethiopia 
[17], Cairo [44], and Indonesia [45]. Initiation of breast-
feeding within the first hour of birth is considered as 
an integral part of the safe delivery procedure. It might 

be also linked with the effort of trained health profes-
sionals attending the delivery, who assist and encourage 
mothers to timely initiate breastfeeding.

Furthermore, the contextual region where the women 
reside also affected the practice of exclusive breast-
feeding. In the present study, women who live in the 

Fig. 7  Spatial interpolation of exclusive breastfeeding in Ethiopia, 2019

Table 7  SaTScan report on significant clusters of EBF in Ethiopia, EMDHS 2019

Type of clusters No. of locations Coordinate/radius Population case RR LLR P-value

Primary 10 (5.984681 N, 43.361253 E) / 239.15 km 140 43 0.35 111.86  < 0.00000000000000001

Secondary 149 (11.267438 N, 35.292874 E) / 505.85 km 1794 1641 1.15 57.04  < 0.00000000000000001

Secondary 33 (10.664745 N, 35.658386 E) / 195.63 km 448 428 1.14 27.94 0.0000000019

Secondary 29 (13.668519 N, 39.013447 E) / 152.29 km 427 407 1.14 25.20 0.000000023

Secondary 3 (10.832120 N, 42.520126 E) / 133.29 km 27 10 0.43 16.37 0.000068

Secondary 29 (6.672214 N, 38.974495 E) / 177.81 km 405 379 1.11 15.47 0.00015

Secondary 11 (9.585229 N, 41.849280 E) / 2.91 km 100 64 0.75 14.01 0.00058

Secondary 9 (8.007988 N, 38.075848 E) / 46.95 km 74 46 0.73 11.96 0.0037

Secondary 11 (7.964041 N, 36.490345 E) / 136.99 km 124 121 1.15 11.36 0.010

Secondary 4 (5.761300 N, 38.455771 E) / 74.76 km 65 65 1.18 10.59 0.015
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pastoralist region and women who live in the city admin-
istrations were less likely to practice exclusive breast-
feeding than women who live in the agrarian region of 
the country. Findings from studies done in Ethiopia [24, 
25], Malawi [21] and Southern Ghana supported the cur-
rent finding. This could be related with low health cover-
age of the pastoralist region, poor utilization of maternal 
health services, lack of awareness about the exclusive 
breastfeeding practice and cultural beliefs of women liv-
ing in the pastoralist regions of the country. Women liv-
ing in the pastoralist region provide holy water (taxalil) 
and digri (herbal infusion) for their infants by consider-
ing as it protects the newborn from evil eyes and enhance 
proper growth of the baby. Also, they believe that giving 
fresh cow or goat butter or milk immediately after birth 
by a known hero of the society for the newborn is used 
to transfer the character of the influential person to the 
newborn baby (“turufa /’onn’orr/ ferenga’etu”) [46–48]. 
Hence, these all practices could contribute reduction of 

the duration of exclusive breastfeeding practice. Con-
trarily, the possible reason for the low exclusive breast-
feeding practice experienced among women who resided 
in the city administrations might be attributed with the 
work related factors, having relatively good income level, 
and interest to maintain their body shape.

The limitations of this study were disproportional 
nature of sampling, secondary nature of data, and hier-
archical nature of the data. Because the outcome variable 
was measured using the maternal self-report, the study 
was vulnerable to recall and social desirability bias. In this 
study, exclusive breastfeeding is measured independently 
in two ways: 0–5 and 6–23 months, and then combined. 
However, there may be significant differences between 
this group of children, which could impact the overall 
measurements. Furthermore, because the data was sec-
ondary, the number of weeks at delivery, birth weight, 
mother’s employment status, and other relevant variables 
were not included. As a result, while interpreting the 

Fig. 8  Spatial saTScan analysis of exclusive breastfeeding in Ethiopia EMDHS, 2019
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study’s findings, the limitations indicated earlier must be 
considered. In contrast, we strictly followed internation-
ally accepted analysis criteria and used multilevel analy-
sis, taking into account the data’s clustering character, so 
the investigators are confident that the stated limitations 
will not have a significant impact on the validity of the 
study findings.

Conclusion
The study reported that more than half of the women 
practiced exclusive breastfeeding in Ethiopia. Birth 
through caesarean section, late initiation of breastfeed-
ing, and geographic region were statistically signifi-
cant variables with exclusive breastfeeding practice. To 
increase the coverage of exclusive breastfeeding among 
Ethiopian children aged 0 to 23 months, the Ministry of 
Health Ethiopia, in collaboration with its partners and all 
relevant agencies, should work to promote timely breast-
feeding initiation and improve maternal health service 
utilization. Furthermore, they need to develop a special 
intervention strategy for women living in the country’s 
city administrations and pastoralist regions in order to 
enhance the practice of exclusive breastfeeding.
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