
Frontiers in Public Health 01 frontiersin.org

The influence of minimum dietary 
diversity on undernutrition 
among children aged 
6–23  months in Ethiopia: a 
multilevel mixed-effect analysis 
based on 2019 Ethiopian mini 
demographic and health survey
Abdu Hailu Shibeshi 1* and Zeytu Gashaw Asfaw 2

1 Department of Statistics, College of Natural and Computational Science, Samara University, Samara, 
Ethiopia, 2 Department of Epidemiology and Biostatistics, School of Public Health, Addis Ababa 
University, Addis Ababa, Ethiopia

Background: Undernutrition persists as a critical issue in developing countries 
like Ethiopia due to poor feeding practices for infants and young children. The 
impact of dietary diversity on children’s health in Ethiopia remains unclear, 
necessitating further investigation to develop effective prevention strategies.

Objective: To examine the association between minimum dietary diversity and 
undernutrition among children aged 6–23  months in Ethiopia.

Methods: Data from the 2019 Ethiopian Mini Demographic and Health Survey, 
including 1,501 women with children aged 6–23  months, were analyzed using 
STATA version 17 software. Child stunting, wasting, and underweight were 
assessed using Z-scores. Dietary diversity was measured using minimum 
dietary diversity. Multilevel logistic regression analysis determined associations, 
presenting results as crude odds ratios (COR) and adjusted odds ratios (AOR) 
with 95% confidence intervals (CI).

Results: Overall, 10.99% of children had adequate minimum dietary diversity, 
with Addis Ababa (44.57%) and Somalia (1.47%) showing the highest and lowest 
prevalences, respectively. The highest stunting prevalence was in the Amhara 
region (45.86%), while Addis Ababa had the lowest (9.78%). Wasting was lowest 
in Addis Ababa (1.09%) and highest in Tigray (17.07%). Underweight prevalence 
ranged from 2.17% in Addis Ababa to 33.33% in Tigray. Children with adequate 
minimum dietary diversity (MDD) had significantly lower odds of stunting 
(AOR  =  0.68, 95% CI  =  0.45, 0.96), underweight (AOR  =  0.51, 95% CI  =  0.27, 0.99), 
and wasting (AOR  =  0.40, 95% CI  =  0.17, 0.97) compared to those who had 
inadequate minimum dietary diversity (MDD).

Conclusion: This study highlights the association between minimum dietary 
diversity and stunting, wasting, and underweight among Ethiopian children aged 
6–23  months. Urgent nutrition-specific interventions are needed, particularly 
in regions with high undernutrition rates and low dietary diversity. Targeted 
interventions focusing on promoting diverse and nutritious diets for children, 
along with improving access to essential healthcare services, are imperative to 
mitigate the burden of undernutrition and ensure the well-being of Ethiopia’s 
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youngest population and reinforcing existing programs is crucial to address this 
public health issue effectively.
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Background

Nutritional status, beyond mere calorie intake, encompasses an 
individual’s access to and absorption of essential nutrients, reflecting 
their health and well-being (1, 2). Dietary diversity can be considered 
as an outcome of the nutritional status of children (3–19) and a key 
component of high-quality diets (20–22). More than just a 
measurement, dietary diversity plays a crucial role in shaping the 
health of young children. It reflects the quality of their diet, ensures 
they get the essential micronutrients they need, and indicates their 
access to a variety of nutritious foods (23–26). Ultimately, the diversity 
of their diet directly impacts their health outcomes (16, 27).

Undernutrition significantly hinders public health in developing 
countries like Ethiopia. Dietary diversity, consuming a variety of food 
groups, is recognized as a key indicator of dietary quality and 
micronutrient adequacy. Studies have found a clear link between 
inadequate dietary diversity and the prevalence of undernutrition, 
including stunting, underweight, and wasting, which hinder children’s 
physical and cognitive development (12, 16, 28). Despite the World 
Health Organization’s (WHO) recommendation for young children to 
consume a minimum of four diverse food groups for optimal 
development (grains, roots, legumes, dairy, flesh foods, eggs, vitamin 
A-rich fruits, and other fruits/vegetables), a concerning reality persists 
in developing countries. Studies reveal widespread inadequate dietary 
diversity among children in these regions (6–8, 29), with a UNICEF 
report highlighting that less than 25% of children aged 6–23 months 
in LMICs meet the minimum dietary diversity and meal frequency 
standards (4, 5). In lower-middle income counties (LMICs), limited 
access to nutritious food creates a critical dietary diversity gap. This 
not only hinders children’s physical growth but also harms their 
cognitive development and future health, highlighting the urgent need 
for multifaceted solutions.

Despite being a cornerstone of Sustainable Development Goal 2: 
Zero Hunger by 2030, achieving diverse and nutritious diets for 
children remains a daunting challenge in low and middle-income 
countries (LMICs). Poverty, limited resource access, and inadequate 
infrastructure leave many parents struggling to offer the variety of 
foods essential for their children’s optimal growth and development 

(29–38). While the consequences of limited dietary diversity are 
profound, it’s important to recognize its complex relationship with 
child nutrition. Studies reveal that low dietary diversity not only reflects 
existing nutritional deficiencies but also fuels further vulnerabilities 
(36). Children with restricted dietary intake are significantly more 
prone to nutrient deficiencies, impacting their physical and cognitive 
development (32, 34, 35, 38). Conversely, a diverse diet rich in essential 
nutrients forms the bedrock of good health, as evidenced by (36) 
findings on healthy growth patterns in children with varied diets.

Undernutrition remains a critical public health concern in 
Ethiopia, plaguing nearly 37% of children under five, particularly in 
the form of stunting (39). This alarming prevalence underscores the 
need for a comprehensive understanding of the factors influencing 
child nutrition. Minimum Dietary Diversity (MDD), defined as the 
consumption of foods from four or more food groups within a given 
period, serves as a key indicator of Infant and Young Child Feeding 
(IYCF) practices and plays a crucial role in preventing 
undernutrition (40).

Ethiopia grapples with high rates of undernutrition, with 37% of 
children under five stunted and 10% wasted (10). Limited dietary 
diversity is prevalent, with only 14% of children aged 6–23 months 
meeting the minimum dietary diversity standards (9). Previous 
research in Ethiopia highlights associations between low dietary 
diversity and undernutrition in children (8, 13). Despite numerous 
studies on the link between minimum dietary diversity (MDD) and 
undernutrition in Ethiopian children (29, 33, 36, 37), crucial 
knowledge gaps remain. Existing research primarily employs national 
or regional analyses, neglecting the intricate interplay between 
individual, household, and community factors influencing MDD and 
undernutrition (33). Additionally, the focus falls mainly on individual-
level determinants like maternal education, limiting insights into how 
community-level variables (residence, geographical region) and 
household-level factors (wealth index, toilet facility, and drinking 
water source) shape MDD and various forms of undernutrition 
(stunting, wasting, underweight) (36). Furthermore, intervention-
specific insights, crucial for tailoring strategies to address disparities, 
are largely absent (29).

The age range of 6–23 months is considered critical for assessing 
minimum dietary diversity because during this period, infants and 
young children transition from exclusive breastfeeding to consuming 
a variety of solid foods. This window is crucial for ensuring adequate 
nutrition and preventing under-nutrition, as it’s a period of rapid 
growth and development where nutrient requirements are high. 
Therefore, understanding dietary diversity within this age group 
provides insights into nutritional practices and potential interventions 
to address under-nutrition among young children.

Therefore, by conducting a multilevel mixed-effect logistic 
regression analysis using the rich data of the 2019 Ethiopian mini-
EDHS, this research will address these gaps by: (1) examining the 

Abbreviations: AIC, Akaike Information Criteria; AMDD, Adequate Minimum Dietary 

Diversity; AOR, Adjusted Odd Ratio; BIC, Bayesian Information Criteria; CI, 

Confidence Intervals; EAs, Enumeration areas; FGs, Food Groups; HAZ, Height-

for-Age Z-scores; IYCF, Infant and Young Child Feeding; LLR, Log likelihood ratio; 

LMICs, Lower and Middle-income Countries; LR, Likelihood ratio; MDD, Minimum 

Dietary Diversity; COR, Crude Odd Ratio; EDHS, Ethiopian Demographic and 

Health Survey; EMDHS, Ethiopian Mini Demographic and Health Survey; SD, 

Standard Deviation; SSA, Sub-Saharan Africa; WAZ, Weight-for-Age Zscores; WHO, 

World Health Organization; WHZ, Weight-for-Height Z-scores.
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association between MDD and different types of undernutrition in 
children aged 6–23 months and (2) assessing the associated factors 
between individual, household, and community level and 
undernutrition. This comprehensive approach, addressing critical 
research gaps highlighted in existing literature, will significantly 
contribute to improving child nutrition in Ethiopia through evidence-
based interventions and public health strategies.

Methods

Data source, study setting, design, and 
population

This study included a secondary data analysis based on data from 
the Mini Demographic Health Surveys (DHSs). Mini Demographic 
and Health Survey (EMDHS) 2019 is the second Mini Demographic 
and Health Survey conducted in Ethiopia. Data collected through the 
2019 EMDHS is intended to help decisionmakers and program 
managers evaluate and plan programs and strategies to improve the 
health of the nation’s population. The sample used in the survey is a 
series of population censuses (EAs) conducted by the Ethiopian 
Population and Housing Census (EPHC) and conducted by the 
Statistics Agency (CSA) (15).

The survey used a cross-sectional design relying on a two-stage 
stratified sampling technique to recruit participants. In the first stage, 
305 EA (93 urban and 212 rural) were selected with the proportional 
probability of EA size (based on EPHC 2019 classification). In the 
second round of sampling, a random number of 30 households per 
group were selected with equal chance of selection from the new list 
of households (15).

The surveys cover a variety of demographic, household, and key 
health indicators. For this study, we focused on the Kids Record (KR) 
file, which contains detailed information about children under the age 
of five. After applying the criteria, the final analysis was based on a 
weighted sample of 1,501 children ages 6–23 months (Table  1). 
Detailed information about the DHS methodology can be found in 

the official database https://dhsprogram.com/Methodology/index.
cfm. We  excluded missing values (children outside the 6–23 age 
range) and values that were not possible in our study as shown in 
(Figure 1).

Study variables and measurements

Outcome variable
The study used three indicators to measure the outcome variable 

(undernutrition): stunting, wasting, and underweight. Child growth 
failure was used to assess these indicators, which were classified based 
on height-for-age z-score (HAZ), weight-for-age z-score (WAZ), and 
weight-for-height z-score (WHZ) as defined by the WHO Growth 
Reference Standard (17). According to the WHO Growth reference 
standard, any child aged 6–23 months whose HAZ, WAZ, and WHZ 
fell below minus 2 (−2.0) standard deviations (SDs) lower than the 
mean on the reference standard for a given age was classified as 
stunted, underweight, and wasted, respectively. Those who were 
stunted, underweight, and wasted were coded as “1,” while those who 
were normal were coded as “0.”

Explanatory variables
Minimum Dietary Diversity (MDD) is a measure of dietary 

diversity and was the most important factor identified in this study. 
MDD is defined as the proportion of children aged 6–23 months who 
consume four or more of the seven food groups (12, 14, 16, 36, 41, 42). 
The seven food groups include grains, roots, and legumes; legumes 
and nuts; dairy products (milk, yoghurt, cheese); meat products 
(meat, fish, chicken, liver or other organs); Eggs; Fruits and vegetables 
rich in vitamin A; and other fruits and vegetables. To predict MDD, 
all food groups were summed with a score ranging from 0 to 7. Each 
child who ate any of the food groups was given a score from (1) to zero 
(0). eating a food group Children who ate at least four (≥4) of the food 
groups were reported to have adequate MDD and were coded as “1,” 
and children who consumed less than four food groups were coded as 
“0 = inadequate.” The classification and categorization mentioned 
previously were based on literature that studied either dietary diversity 
alone or its association with undernutrition (14, 41–44).

In addition to MDD, researchers considered other factors that 
might influence childhood undernutrition. These factors, chosen 
based on previous studies (6, 10, 13, 31, 32, 34, 35, 38) and available 
data from the Mini Demographic and Health Survey (MDHS), were 
grouped into three categories: individual-level, household-level, and 
community-level variables. The individual-level variables: This 
category included characteristics of the child and the mother, 
including sex of the child, age of child, birth order, mother’s age, 
maternal educational level, number of antenatal care attendants 
(ANC), place of delivery, and marital status. Household-level 
variables: This category included factors like drinking water source, 
toilet facility, and wealth index. The community-level variables: This 
category included place of residence and geographical regions.

Data management and statistical analysis
To ensure their analysis accurately represented the real population, 

the researchers considered factors like sampling weight, the primary 
sampling unit (PSU), and strata. Sampling weights allowed them to 
calculate precise standard errors.

TABLE 1 Description of the study samples for each region.

Region Weighted 
sample (n)

Percentage (%)

Tigray 123 8.19

Afar 160 10.66

Amhara 157 10.46

Oromia 178 11.86

Somali 136 9.06

Benishangul Gumuz 135 8.99

South Nation 

Nationality and 

Peoples of Republic

177 11.79

Gambela 116 7.73

Harari 111 7.40

Addis Ababa 92 6.13

Dire Dawa 116 7.73
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For data management, generating summary statistics (descriptive 
statistics), and performing the analysis, we  used the STATA 17 
statistical software. Since the data came from the Demographic and 
Health Survey (DHS), which has a hierarchical structure (individuals 
nested within households, and households within communities), 
we  employed a multilevel binary logistic regression model. This 
approach lets them analyze how individual characteristics, household 
factors, and community-level variables are all associated with the 
likelihood of undernutrition. Bivariable multilevel binary logistic 
regression analysis was conducted to identify the variables eligible for 
multivariable analysis. Variables with a p-value less than 0.20 in this 
initial analysis and those found important in the literature were 
considered candidates for multivariable multilevel binary logistic 
regression analysis.

Model building and parameter estimation 
method

Indicators of undernutrition (stunting, wasting, and underweight) 
are a binary outcome ijY  from the sample of individuals 1,=j  from 
a set of cluster/EA i, a set of individual exposures { }, 1,2=ijuZ u  and 
a set of cluster-level exposures { }, 1,2=irX r .

 ( )ij ijY Bernoulli P∼

Null model: ( )ij ilogit P uµ= +

Model 1: ( )ij ij ilogit P X uµ β= + +

Mode1 2: ( )ij i ilogit P Z uµ γ= + +

Model 3: ( )ij ij i ilogit P X Z uµ β γ= + + +

We explored the variability across communities (clusters) in 
undernutrition prevalence among children aged 6–23 months using 
three measures: the Likelihood Ratio (LR) test, Intra-class Correlation 
Coefficient (ICC), and Median Odds Ratio (MOR). The ICC 
specifically quantifies the proportion of individual variation in 

undernutrition that can be  attributed to differences between 
communities (18).

( )2 2 2ICC / / 3σ σ= + π

The Median Odds Ratio (MOR) is a statistical measure that 
quantifies the variation or heterogeneity in children’s undernutrition 
between clusters in terms of the odds ratio scale. It is defined as the 
median value of the odds ratio between the cluster with a high 
likelihood of children undernutrition and the cluster at lower risk 
when randomly picking out individuals from two clusters (EAs) (45).

 ( ) ( )2MOR exp 2 0.6745 ~ MOR exp 0.95= ∗∂ ∗ = ∗∂

∂ 2 indicates the cluster variance.
Bivariable multilevel binary logistic regression analysis was 

conducted to identify variables eligible for multivariable analysis 
( 0.2p ≤ ). Four models were constructed for multivariable multilevel 
binary logistic regression. The first was a null model without 
explanatory variables to determine the extent of cluster variation in 
children’s undernutrition. The second model was fitted with individual-
level variables, the third with community-level variables, and the fourth 
with both individual and community-level variables simultaneously. 
Deviance was used to verify the model’s fitness, and the model with the 
lowest deviance was considered the best-fit model. Finally, the adjusted 
odds ratio (AOR) with 95% confidence interval (CI) were reported, and 
variables with a 0.05p value− ≤  in the multivariable analysis were 
considered statistically significant predictors.

Results

Descriptive characteristics of the study 
participants

The distribution of undernutrition among the 1,501 children who 
were included in this study was presented in Table 2. According to the 
findings, 31.08% of children who had inadequate dietary diversity 
experienced stunting. Furthermore, 22.12% of the children who had 
inadequate dietary diversity were underweight, whereas 10.25% were 
wasted. In terms of child traits, male children were found to be more 
stunted (32.38%), wasted (10.05%), and underweight (23.11%) compared 
to female children. Based on the maternal characteristics data, children 
with mothers in the 30–34 age range had the highest prevalence of 
stunting (35.69%), followed by children with mothers in the same age 
range who had the highest prevalence of underweight (25.25%).

However, children with mothers in the 45–49 age range had the 
highest prevalence of wasting (16.67%). Additionally, children of 
mothers with no formal education were more likely to be stunted, 
underweight, and wasted compared to children whose mothers had 
some level of education. Concerning household-level characteristics, 
children drinking from unimproved water sources were more likely 
to experience underweight (22.60%), wasting (9.28%), and stunting 
(31.89%) compared to those with access to improved water. The study 
revealed that children living in rural areas faced a higher risk of 
stunting (33.51%), underweight (20.87%), and wasting (9.67%) 
compared to their urban counterparts (Table 2).

FIGURE 1

Selection of children aged 6–23  months from EMDHS 2019, 2024.
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TABLE 2 Socio-demographic characteristics and distribution of under-nutrition among children aged 6–23  months in Ethiopia, 2024 (n  =  1,501).

Variables Weighted n (%) Stunted % Wasted % Underweight %

Minimum dietary diversity

Inadequate 1,171 (78.01) 364 (31.08) 120 (10.25) 259 (22.12)

Adequate 330 (21.99) 79 (23.94) 14 (4.24) 32 (9.70)

Child characteristics

Sex of child

Male 766 (51.03) 248 (32.38) 77 (10.05) 177 (23.11)

Female 735 (48.97) 195 (26.53) 57 (7.76) 114 (15.51)

Age of child (in months)

6–8 264 (17.59) 49 (18.56) 20 (7.58) 39 (14.77)

9–11 239 (15.92) 63 (26.36) 22 (9.21) 42 (17.57)

12–17 561 (37.38) 161 (28.70) 52 (9.27) 100 (17.83)

18–23 437 (29.11) 170 (38.90) 40 (9.15) 110 (25.17)

Birth order

1–3 884 (58.89) 248 (28.05) 61 (6.90) 148 (16.74)

4–6 432 (28.78) 139 (32.18) 52 (12.04) 98 (22.69)

7 and above 185 (12.33) 56 (30.27) 21 (11.35) 45 (24.32)

Maternal characteristics

Mother’s age

15–19 107 (7.13) 34 (31.78) 10 (9.35) 26 (24.03)

20–24 349 (23.25) 97 (27.79) 28 (8.02) 52 (14.90)

25–29 509 (33.91) 140 (27.50) 40 (7.86) 88 (17.29)

30–34 297 (19.79) 106 (35.69) 29 (9.76) 75 (25.25)

35–39 161 (10.73) 48 (29.81) 18 (11.18) 34 (21.12)

40–44 60 (4.00) 13 (21.67) 6 (10.00) 13 (21.67)

45–49 18 (1.20) 5 (27.78) 3 (16.67) 3 (16.67)

Maternal educational level

No education 734 (48.90) 243 (33.11) 85 (11.58) 170 (23.16)

Primary Secondary 525 (34.98) 137 (9.13) 162 (30.86) 28 (20.44) 35 (6.67) 10 (7.03) 99 (18.86) 17 (12.41)

Higher 105 (7.00) 10 (9.52) 4 (3.81) 5 (4.76)

ANC

None 367 (24.45) 119 (32.43) 49 (13.35) 89 (24.25)

1–3 474 (31.58) 130 (27.43) 44 (9.28) 96 (20.25)

4 or more 660 (43.97) 194 (29.39) 41 (6.21) 106 (16.06)

Place of delivery

Home 648 (43.17) 215 (33.18) 72 (11.11) 156 (24.07)

Health facility 799 (53.23) 221 (27.66) 55 (6.88) 125 (15.64)

Others 54 (3.60) 7 (12.96) 7 (12.96) 10 (18.52)

Marital status

Single 8 (0.53) 2 (25.00) 1 (12.50) 1 (12.50)

Married 1,419 (94.54) 416 (29.32) 127 (8.95) 273 (19.24)

divorced/widowed/separated 74 (4.93) 25 (33.78) 6 (8.11) 17 (22.97)

Household characteristics

Drinking water source

Improved 833 (55.50) 230 (27.61) 72 (8.64) 140 (16.81)

(Continued)
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Prevalence of minimum dietary diversity, 
stunting, wasting, and underweight among 
children aged 6–23  months in Ethiopia

While the national prevalence of adequate minimum dietary 
diversity (MDD) is low (10.99%), there’s a significant difference 
between regions. Addis Ababa has the highest MDD (44.57%), 
while Somalia has the lowest (1.47%) (Figure  2). There is 
significant variation in the prevalence of undernutrition across 
regions in Ethiopia. The highest prevalence of stunting was 
recorded in the Amhara region (45.86%), whereas the lowest 
prevalence was found in Addis Ababa (9.78%), with an overall 
regional prevalence of 27.03% (Figure  3). The prevalence of 
wasting in all regions was found to be  5.72%. Addis Ababa 
recorded the lowest prevalence of wasting (1.09%), whereas Tigray 
had the highest prevalence (17.07%) (Figure  4). Lastly, the 
prevalence of underweight ranged from 33.33% in Tigray to 2.17% 
in Addis Ababa, with an overall regional prevalence of 13.52% 
(Figure 5).

TABLE 2 (Continued)

Variables Weighted n (%) Stunted % Wasted % Underweight %

Unimproved 668 (44.50) 213 (31.89) 62 (9.28) 151 (22.60)

Toilet facility

Improved 768 (51.17) 208 (27.08) 65 (8.46) 128 (16.67)

Unimproved 733 (48.83) 235 (32.06) 69 (9.41) 163 (22.24)

Wealth index

Poorest 457 (30.45) 146 (31.95) 66 (14.44) 118 (25.82)

Poorer 245 (16.32) 87 (35.51) 23 (9.39) 58 (23.67)

Middle 219 (14.59) 76 (34.70) 11 (5.02) 37 (16.89)

Richer 202 (13.46) 72 (35.64) 16 (7.92) 38 (18.81)

Richest 378 (25.18) 62 (16.40) 18 (4.76) 40 (10.58)

Contextual-level factors

Place of residence

Urban 394 (26.25) 72 (18.27) 27 (6.85) 60 (15.23)

Rural 1,107 (73.75) 371 (33.51) 107 (9.67) 231 (20.87)

Geographical regions

Tigray 123 (8.19) 46 (37.40) 21 (17.07) 41 (33.33)

Afar 160 (10.66) 59 (36.88) 20 (12.50) 35 (21.88)

Amhara 157 (10.46) 72 (45.86) 13 (8.28) 47 (29.94)

Oromia 178 (11.86) 45 (25.28) 7 (3.93) 18 (10.11)

Somali 136 (9.06) 26 (19.12) 20 (14.71) 23 (16.91)

Benishangul Gumuz 135 (8.99) 47 (34.81) 11 (8.15) 33 (24.44)

SNNPR 177 (11.79) 56 (31.64) 12 (6.78) 30 (16.95)

Gambela 116 (7.73) 24 (20.69) 17 (16.66) 28 (24.14)

Harari 111 (7.40) 32 (28.83) 5 (4.50) 15 (13.51)

Addis Ababa 92 (6.13) 9 (9.78) 1 (1.09) 2 (2.17)

Dire Dawa 116 (7.73) 27 (23.28) 7 (6.03) 19 (16.38)

FIGURE 2

The forest plot presenting the prevalence of adequate minimum 
dietary diversity among children aged 6–23  months in Ethiopia, 
2024.
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Model comparison and random effect 
analysis

Table 3 presents the comparison of models based on the lowest 
deviance for undernutrition, as well as the results of ICC and MOR 
in the null model. The results showed that the ICC in the null 
model for stunting was 14%, meaning that differences between 
clusters/EAs accounted for 14% of the overall variability for 
experiencing stunting. Moreover, there was variation amongst 
clusters, as evidenced by the null model’s MOR for stunting, which 
was 1.99. An individual in the cluster with a higher risk of stunting 
has a 1.99 times greater chance of having stunting than an 
individual in the cluster with a lower risk of stunting, if we were to 
randomly select an individual from each of the two clusters. The 
model with the lowest deviance value (1,630.06) was selected as the 
best-suited one (Model 3—including all explanatory variables) 
(Table 3).

Regarding wasting, the null model’s ICC for suffering wasting 
was 16% of the total variability, with variances occurring between 
clusters/EA. Furthermore, there was heterogeneity between 
clusters, as indicated by the null model’s MOR of 2.14. Based on 
the lowest deviance value (818.38) (Model 3—which includes all 
explanatory variables), the best-fitted model was selected 
(Table 3).

The ICC for underweight in the null model was 15% of the total 
variability, and it was associated with differences between clusters/
EA. Furthermore, there was heterogeneity between clusters, as 
indicated by the null model’s MOR of 2.09. The best-fitted model was 
chosen based on the lowest deviance value (1,293.32) (Model 3—
including all explanatory variables) (Table 3).

Association between minimum dietary 
diversity and undernutrition among 
children aged 6–23  months in Ethiopia

The results of the association between dietary diversity and 
underweight, wasting, and stunting are shown in Tables 4–6. Using 
the dietary variety score and minimum dietary diversity as 
independent variables, this study found that consuming a diverse diet 
was significantly associated with a lower risk of stunting, wasting, and 
underweight in children. It was showed that when the number of food 
groups consumed increased, the risk of experiencing underweight, 
wasting, and stunting decreased. Therefore, it was evident from both 
minimum dietary diversity analysis and the dietary diversity score 
those children who had diverse diets had a lower risk of 
undernourishment than those who had a less diverse diet. In an 
adjusted model, children who did receive adequate minimum dietary 

FIGURE 3

Forest plot presenting the prevalence of stunting among children aged 6–23  months in Ethiopia, 2024.
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diversity (MDD) had a significantly lower likelihood of becoming 
stunted (AOR = 0.68, 95% CI; 0.45, 0.96), wasted (AOR = 0.40, 95% 
CI = 0.17, 0.97) and underweight (AOR = 0.51, 95% CI; 0.27, 0.95) 
compared to children who did receive inadequate minimum dietary 
diversity (MDD).

On multivariable analysis (AOR); minimum dietary diversity, sex 
of child, age of child, maternal education, ANC visit, place of delivery, 
wealth index, and regions were significantly associated with stunting. 
Furthermore, minimum dietary diversity, sex of child, age of child, 
birth order, maternal education ANC visit, place of delivery, and 
wealth index were significantly associated with wasting. In addition, 
minimum dietary diversity, sex of child, age of child, maternal 
education, ANC visit, wealth index, residence, and regions were 
significantly associated with underweight (Tables 4–6).

Children with adequate MDD had a 32% lower chance of being 
stunted (AOR = 0.68, 95% CI = 0.45, 0.96) than those with inadequate 
MDD, according to the results of the full model (model 3).

Additionally, it was found that, in comparison to their male 
counterparts, female children had a 29% lower risk of being stunted 
(AOR = 0.71, 95% CI = 0.55, 0.92). Additionally, mothers who attended 
1–3 ANC had a 32% reduced likelihood (AOR = 0.68, 95% CI = 0.47, 
0.98) of having a stunted child, compared to those who did not attend 
ANC visits. Moreover, children from households with the richest 
wealth index had a 54% lower chance of stunting (AOR = 0.46, 95% 

CI = 0.25, 0.87) than children from households with the poorest 
wealth index (Table 4).

Based on the findings of the association between minimum 
dietary diversity and wasting, the complete model (model 3) shows 
again that, having an adequate MDD presented 60% reduced odds 
of wasting among children (AOR = 0.40, 95% CI = 0.17, 0.97), 
compared to those who had inadequate MDD. Additionally, birth 
order 6 and above increased the risk of wasting (AOR = 1.37, 95% 
CI = 1.04, 2.21) in children. Moreover, children aged 9–11 months 
were more likely to be wasted by 41% (AOR = 1.41, 95% CI = 1.11, 
2.79) compared to those whose age group was 6–8 months. Children 
of mothers with higher education had a significantly reduced risk 
of wasting.

In addition, children from mothers with higher education had a 
74% reduced risk of wasting (AOR = 0.26, 95% CI = 0.07, 0.81), as 
compared to children from mothers with uneducated. Children from 
the households with the richest wealth index also showed less likely to 
be  wasted (AOR = 0.25, 95% CI = 0.12, 0.84) when compared to 
children from the households with the poorest wealth index. 
Moreover, attending at least four antenatal care visits (ANC) was 
associated with a 49% lower risk of wasting in children (AOR = 0.51, 
95% CI = 0.15, 0.89) (Table 5).

The results of model 3 with all explanatory variables on the 
association between minimum dietary diversity and underweight 

FIGURE 4

Forest plot presenting the prevalence of wasting among children aged 6–23  months in Ethiopia, 2024.
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showed that children with adequate MDD had a significant reduction 
in underweight risk by 49% (AOR = 0.51, 95% CI = 0.27, 0.95) 
compared to those with inadequate MDD. Additionally, children aged 
18–23 months were nearly 3 times more likely to be underweight 
(AOR = 2.94, 95% CI = 1.85, 4.69) compared to those whose age group 
was 6–8 months. Moreover, Children delivered at a health facility had 
a significantly lower risk of underweight by 52% (AOR = 0.48, 95% 
CI = 0.24, 0.61), as compared to children who delivered at home. 
Children living in rural areas were more likely to be underweight 
(AOR = 1.18, 95% CI = 1.02, 2.15) compared to their urban 
counterparts (Table 6).

Discussion

This study examined the association between minimum dietary 
diversity and undernutrition (stunting, wasting, and underweight) 
among children aged 6–23 months in Ethiopia. We also examined the 
association between other child and maternal characteristics, 
household, and contextual factors, and undernutrition. The study 
found a significant association between minimum dietary diversity 
and stunting; in particular, having adequate dietary diversity reduced 
the likelihood of stunting among children. Moreover, the study also 
revealed a significant association between dietary diversity and being 
underweight; that is, an adequately diversified diet reduced the 

likelihood of being underweight. Finally, the study revealed a 
substantial association between dietary diversity and wasting, 
emphasizing that adequate dietary diversity significantly reduced the 
odds of wasting among children in Ethiopia. These results are similar 
to findings by other studies in SSA (4, 5, 42) and findings reported 
from other developing countries like Ghana (14), Tanzania (16), 
Burkina Faso (41), Ethiopia (9, 19, 21, 22) and Kenya (46).

Our results suggest that increased dietary diversity of 
complementary foods in Ethiopia could contribute to a decrease in 
undernutrition. This is supported by the fact that dietary diversity is 
a good predictor of dietary quality and micronutrient density in 
children (16, 47, 48). In light of this, policymakers should consider 
dietary diversity as one of the key elements in their efforts to 
improve the nation’s children’s nutritional status. Additionally, the 
study (49) reported that the nutritional status of children is 
influenced by their diet and an increase in consumption of 
diversified foods could reduce undernutrition including 
underweight among children.

The findings on the association between MDD and stunting are 
similar to findings by other studies from Ethiopia (9, 19) and 
Indonesia (3). Different factors could explain this finding. A major 
factor for explaining this finding is that, when children have an 
adequate dietary diversity, it means they receive foods from a 
minimum of four of the seven groups of foods-namely grains, roots, 
and tubers; legumes and nuts; dairy products; flesh foods (meat, fish, 

FIGURE 5

Forest plot presenting the prevalence of underweight among children aged 6–23  months in Ethiopia, 2024.
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poultry, and organ meats); eggs; vitamin-A rich fruits and vegetables; 
other fruits and vegetables (22, 50). Receiving foods from these groups 
provides children with sufficient nutrients needed to reduce the risk 
of stunting (3) as found in this study.

Likewise, an association between MDD and underweight was 
found, which is in line with results from another study conducted in 
SSA (42). A major factor that explains this finding is similar to the 
explanation above, where adequate dietary diversity means receiving 

foods from a minimum of four of the seven food groups (50), which 
has been posited by Walingo and Ekesa (51) to reduce the risk of 
underweight among children. Additionally, Khamis et  al. (16) 
reported that the nutritional status of children is influenced by their 
diet and an increase in consumption of diversified foods could reduce 
undernutrition including underweight among children.

Results from research conducted in South Ethiopia (52), 
South Africa (53), Burundi, and the Democratic Republic of Congo 
(54) are consistent with the association found in this study. 
Importantly, adequate dietary diversity is receiving foods from a 
minimum of four of the seven groups of foods (19, 50) and this will 
provide children with the sufficient nutrients needed to reduce the 
likelihood of wasting among them (14). However, findings from 
another study conducted in Burkina Faso (41) were inconsistent with 
those of this study on the association between wasting and adequate 
MDD. According to the study conducted in Burkina Faso (41), dietary 
diversity was not associated with wasting among children. The 
difference in the findings could be due to the different methods used 
and the previous study was based on a randomized control trial and 
included children aged 6–59 months, whereas the present study is a 
secondary data analysis of cross-sectional MDHS data from Ethiopia.

According to other findings, a child’s age increased the likelihood 
that they would experience undernutrition (stunting, wasting, and 
underweight). Children in the aged 18–23 months were more likely to 
experience malnutrition than children in the aged 6–8-months. The 
findings of this study on the association between the age of a child and 
undernutrition are supported by another study (42). The current study 
also found that; being female, children with mothers with higher 
education, attending 4 or more ANC visits, delivered at health 
facilities, and children from households with the richest wealth index 
decreased the odds of being undernourished. These findings are 
consistent with the studies conducted in SSA (42, 55).

Therefore, our study highlights the critical role of minimum dietary 
diversity in addressing undernutrition among children aged 6–23 months 
in Ethiopia, as revealed through multilevel mixed-effect logistic 
regression analysis based on the 2019 Ethiopian Mini Demographic and 
Health Survey. Future research endeavors should delve deeper into 
understanding the socio-economic and cultural determinants of dietary 
diversity and undernutrition in Ethiopia. Moreover, targeted 
interventions focusing on promoting diverse and nutritious diets for 
children, along with improving access to essential healthcare services, are 
imperative to mitigate the burden of undernutrition and ensure the well-
being of Ethiopia’s youngest population.

Strengths and limitations of this study

The study has several limitations. First, the analysis was limited to 
the variables available in the 2019 Mini Demographic and Health 
Survey dataset, as the study relied on secondary data. Consequently, the 
conclusions and interpretations should be  understood within the 
context of the included variables. The study’s cross-sectional design, 
based on the 2019 Mini Demographic and Health Survey (MDHS), 
captures data at a single point in time, which restricts the ability to 
establish causal relationships between minimum dietary diversity and 
undernutrition. The observed associations may not necessarily imply 
cause and effect. Additionally, the reliance on caregivers’ self-reported 

TABLE 3 Model comparison and random effect results.

Stunting

Null 
model

Model 1 Model 2 Model 3

Model fitness

LR −896.19 −831.41 −866.63 −815.03

Deviance 1792.38 1662.82 1733.26 1630.06

AIC 1796.38 1722.81 1759.26 1712.06

BIC 1817.01 1882.23 1828.34 1807.92

Random effect model

Cluster 

variance

0.53

ICC 0.14

MOR 1.99

Wasting

Model fitness

LR −446.39 −422.37 −428.64 −409.19

Deviance 892.78 844.74 857.28 818.38

AIC 896.78 904.75 900.37 883.27

BIC 907.41 1064.17 952.35 1118.24

Random effect model

Cluster 

variance

0.64

ICC 0.16

MOR 2.14

Underweight

Model fitness

LR −724.58 −673.42 −699.02 −646.66

Deviance 1449.16 1346.84 1398.04 1293.32

AIC 1453.15 1406.84 1424.04 1375.33

BIC 1463.78 1566.25 1493.12 1593.20

Random effect model

Cluster 

variance

0.60

ICC 0.15

MOR 2.09

LR test X2 = 28.90, p-value < 0.001

LR, Log-likelihood ratio test; AIC, Akaike’s information criterion; BIC, Bayesian information 
criterion.
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TABLE 4 Bi-variable and multivariable multilevel logistic regression analysis of the association between minimum dietary diversity and stunting among 
children aged 6–23  months in Ethiopia, 2024.

Variables Stunting (HAZ  <  −2SD)

Dietary score n COR (95%CI) AOR (95%CI)

0 111 Ref. Ref.

1 167 1.09 (0.79, 1.49) 1.01 (0.67, 1.52)

2 106 1.10 (0.78, 1.57) 0.81 (0.54, 1.23)

3 39 0.68 (0.44, 1.06) 0.66 (0.42, 0.99) *

4 13 0.63 (0.38, 1.06) 0.71 (0.44, 1.16)

5 5 0.91 (0.49, 1.69) 0.47 (0.20, 0.98) *

6 0 – –

7 2 0.70 (0.22, 2.21) 0.69 (0.27, 1.79)

Minimum Dietary Diversity

Inadequate (<4 food groups) Ref. Ref.

Adequate (≥4 food groups) 0.71 (0.52, 0.97) 0.68 (0.45, 0.96) *

Child characteristics

Sex of child

Male Ref. Ref.

Female 0.76 (0.60, 0.97) 0.71 (0.55, 0.92) *

Age of child (months)

6–8 Ref. Ref.

9–11 1.65 (1.04, 2.61) 1.87 (1.18, 2.99) *

12–17 1.90 (1.28, 2.80) 2.27 (1.52, 3.39) *

18–23 3.19 (2.14, 4.75) 4.08 (2.69, 6.20) *

Maternal characteristics

Maternal educational level

No education Ref. Ref.

Primary 0.91 (0.70, 1.19) 1.11 (0.81, 1.53)

Secondary 0.55 (0.34, 0.89) 0.72 (0.42, 1.28)

Higher 0.22 (0.11, 0.45) 0.36 (0.17, 0.79) *

Mother’s age

15–19 Ref. Ref.

20–24 0.87 (0.52, 1.46) 0.87 (0.52, 1.47)

25–29 0.86 (0.53, 1.42) 0.83 (0.49, 1.39)

30–34 1.25 (0.74, 2.11) 1.26 (0.73, 2.18)

35–39 0.97 (0.54, 1.73) 0.78 (0.42, 1.45)

40–44 0.56 (0.25, 1.23) 0.51 (0.22, 1.19)

ANC visits

None Ref. Ref.

1–3 0.69 (0.49, 0.96) 0.68 (0.47, 0.98) *

4 or more 0.83 (0.61, 1.14) 0.73 (0.54, 1.26)

Place of delivery

Home Ref. Ref.

Health facility 0.75 (0.58, 0.98) 0.69 (0.42, 0.95) *

Other 0.47 (0.11, 0.75) 0.37 (0.15, 0.92) *

(Continued)
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data for dietary diversity could introduce recall bias or social desirability 
bias, potentially affecting the accuracy of the reported dietary practices. 
Lastly, since the 2019 Mini Demographic and Health Survey did not 
include data on calorie consumption, our study could not account for 
total caloric intake, which may influence the study’s conclusions. The 
study has merits despite its limitations. One of the study’s main 
strengths is the utilization of high sample sizes and nationally 
representative data. Additionally, the study’s results fill a gap in the 
research on dietary diversification and undernutrition in Ethiopia.

Conclusion

According to the findings, nearly one-tenth of study participants 
had an adequate minimum dietary diversity, approximately one-fourth 
of study participants had stunted, about 5% of children were wasted and 

nearly one-seventh of children were underweight. The study also found 
that there is a significant association between minimum dietary diversity 
and undernutrition (stunting, wasting, and underweight) among 
children aged 6–23 months in Ethiopia. Significant associations between 
these undernutrition measures and other important variables were also 
found. To improve infant and young child feeding (IYCF) behaviors, 
particularly complementary feeding practices among Ethiopian children 
aged 6–23 months, more nutrition-specific interventions are therefore 
required, as well as the reinforcement of current programs.

In addition to addressing the obstacles to appropriate feeding 
practices, these interventions should incorporate evidence-based 
educational models on proper feeding practices for childbearing women. 
Regions with low prevalence of minimum dietary diversity and high 
rates of undernutrition should be the primary target of these efforts. It 
is recommended that future research investigate the impact of distinct 
food groups found in a diverse diet on children’s nutritional status.

TABLE 4 (Continued)

Variables Stunting (HAZ  <  −2SD)

Dietary score n COR (95%CI) AOR (95%CI)

Household factors

Toilet facility

Improved Ref. Ref.

Unimproved 1.26 (0.96, 1.64) 1.21 (0.64, 2.31)

Drinking water source

Improved Ref. Ref.

Unimproved 1.19 (0.91, 1.54) 0.83 (0.44, 1.57)

Wealth index

Poorest Ref. Ref.

Poorer 1.17 (0.81, 1.70) 1.11 (0.73, 1.68)

Middle 1.12 (0.76, 1.66) 1.18 (0.76, 1.84)

Richer 1.16 (0.78, 1.74) 1.25 (0.78, 2.03)

Richest 0.38 (0.26, 0.57) 0.46 (0.25, 0.87) *

Contextual-level factor

Place of residence

Urban Ref. Ref.

Rural 2.47 (1.74, 3.52) 1.96 (0.59, 2.57)

Geographical regions

Tigray Ref. Ref.

Afar 0.99 (0.55, 1.81) 1.01 (0.53, 1.93)

Amhara 1.46 (0.81, 2.62) 1.51 (0.83, 2.78)

Oromia 0.58 (0.31, 1.05) 0.53 (0.29, 0.99) *

Somali 0.39 (0.19, 0.76) 0.34 (0.16, 0.69) *

Benishangul Gumuz 0.93 (0.50, 1.74) 0.93 (0.49, 1.78)

SNNPR 0.78 (0.44, 1.41) 0.69 (0.37, 1.27)

Gambela 0.44 (0.22, 0.86) 0.44 (0.22, 0.91) *

Harari 0.67 (0.35, 1.29) 0.90 (0.44, 1.83)

Addis Ababa 0.18 (0.07, 0.41) 0.41 (0.16, 1.08)

Dire Dawa 0.50 (0.26, 0.98) 0.74 (0.37, 1.51)

The symbol * indicates that the given variables were statistically significant at 5% level of significance.
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TABLE 5 Bi-variable and multivariable multilevel logistic regression analysis of the association between minimum dietary diversity and wasting among 
children aged 6–23  months in Ethiopia, 2024.

Variables Wasting (WHZ  <  -2SD)

Dietary score n COR (95%CI) AOR (95%CI)

0 44 Ref. Ref.

1 49 0.76 (0.48, 1.20) 0.70 (0.43,1.13)

2 28 0.72 (0.43, 1.23) 0.67 (0.49, 0.96) *

3 8 0.46 (0.20, 1.05) 0.40 (0.15, 0.89) *

4 3 0.39 (0.11, 1.38) 0.22 (0.01, 0.76) *

5 1 0.41 (0.05, 3.35) 0.39 (0.13, 0.74) *

6 0 – –

7 1 3.12 (0.33, 8.85) 2.04 (0.87, 6.07)

Minimum Dietary Diversity

Inadequate (<4 food groups) Ref. Ref.

Adequate (≥4 food groups) 0.39 (0.22, 0.71) 0.40 (0.17, 0.97) *

Child characteristics

Sex of child

Male Ref. Ref.

Female 0.70 (0.48, 1.02) 0.69 (0.48, 0.99) *

Age of child (months)

6–8 Ref. Ref.

9–11 1.22 (0.63, 2.38) 1.41 (1.11, 2.79) *

12–17 1.21 (0.69, 2.14) 1.40 (0.78, 2.52)

18–23 1.26 (0.70, 2.27) 0.59 (0.06, 0.96) *

Birth order

1–3 Ref. Ref.

4–6 1.82 (1.20, 2.74) 1.49 (0.96, 2.32)

>6 1.80 (1.03, 3.14) 1.37 (1.04, 2.21) *

Maternal characteristics

Maternal educational level

No education Ref. Ref.

Primary 0.55 (0.36, 0.85) 0.48 (0.14, 1.45)

Secondary 0.59 (0.28, 1.22) 0.30 (0.09, 1.51)

Higher 0.28 (0.09, 0.82) 0.26 (0.07, 0.81) *

ANC visits

None Ref. Ref.

1–3 0.67 (0.42, 1.07) 0.55 (0.39, 1.03)

4 or more 0.54 (0.27, 0.90) 0.51 (0.15, 0.89) *

Place of delivery

Home Ref. Ref.

Health facility 0.58 (0.39, 0.88) 0.52 (0.12, 0.93) *

Other 1.09 (0.43, 2.74) 0.49 (0.39, 0.88) *

Household factors

Wealth index

Poorest Ref. Ref.

(Continued)
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TABLE 5 (Continued)

Variables Wasting (WHZ  <  -2SD)

Dietary score n COR (95%CI) AOR (95%CI)

Poorer 0.61 (0.35, 1.04) 0.70 (0.39, 1.24)

Middle 0.61 (0.15, 0.92) 0.58 (0.18, 0.99) *

Richer 0.50 (0.27, 0.92) 0.45 (0.33, 1.29)

Richest 0.28 (0.16, 0.91) 0.25 (0.12, 0.84) *

The symbol * indicates that the given variables were statistically significant at 5% level of significance.

TABLE 6 Bi-variable and multivariable multilevel logistic regression analysis of the association between minimum dietary diversity and underweight 
among children aged 6–23  months in Ethiopia, 2024.

Variables Underweight (WAZ  <  -2SD)

Dietary score n COR (95%CI) AOR (95%CI)

0 90 Ref. Ref.

1 117 0.87 (0.62, 1.23) 0.75 (0.52, 1.08)

2 55 0.58 (0.38, 0.87) 0.53 (0.34, 0.84) *

3 20 0.48 (0.27, 0.86) 0.37 (0.37, 1.61)

4 4 0.21 (0.07, 0.63) 0.11 (0.01, 1.21)

5 2 0.30 (0.06, 1.44) 0.24 (0.02, 1.23)

6 1 0.59 (0.06, 6.03) 0.47 (0.04, 5.07)

7 2 1.60 (0.49, 2.75) 0.80 (0.39, 0.99) *

Minimum Dietary Diversity

Inadequate (<4 food groups) Ref. Ref.

Adequate (≥4 food groups) 0.87 (0.25, 0 0.97) 0.51 (0.27, 0.95) *

Child characteristics

Sex of child

Male Ref. Ref.

Female 0.59 (0.45, 0.78) 0.54 (0.41, 0.73) *

Age of child (months)

6–8 Ref. Ref.

9–11 1.25 (0.75, 2.09) 1.42 (0.84, 2.41)

12–17 1.28 (0.83, 1.99) 1.57 (1.01, 2.46) *

18–23 2.20 (1.42, 3.42) 2.94 (1.85, 4.69) *

Birth order

1–3 Ref. Ref.

4–6 1.44 (1.06, 1.96) 1.13 (0.81, 1.58)

>6 1.57 (1.04, 2.38) 1.27 (0.81, 2.01)

Maternal characteristics

Maternal educational level

No education Ref. Ref.

Primary 0.74 (0.55, 1.01) 1.09 (0.76, 1.57)

Secondary 0.46 (0.26, 0.82) 0.72 (0.37, 1.39)

Higher 0.15 (0.06, 0.41) 0.32 (0.11, 0.92) *

Mother’s age

15–19 Ref. Ref.

20–24 0.64 (0.36, 1.15) 0.68 (0.38, 1.23)

25–29 0.77 (0.44, 1.34) 0.76 (0.42, 1.36)

(Continued)
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Variables Underweight (WAZ  <  -2SD)

Dietary score n COR (95%CI) AOR (95%CI)

30–34 1.24 (0.70, 2.19) 1.07 (0.55, 2.06)

35–39 1.02 (0.54, 1.93) 0.75 (0.35, 1.61)

40–44 1.00 (0.44, 2.29) 0.77 (0.29, 2.05)

ANC visits

None Ref. Ref.

1–3 0.70 (0.49, 1.02) 0.78 (0.53, 1.17)

4 or more 0.77 (0.39, 0.91) 0.68 (0.44, 0.94) *

Place of delivery

Home Ref. Ref.

Health facility 0.54 (0.40, 0.73) 0.48 (0.24, 0.61) *

Other 0.55 (0.25, 1.25) 0.50 (0.32, 1.13)

Household factors

Toilet facility

Improved Ref. Ref.

Unimproved 1.39 (1.03, 1.89) 1.20 (0.57, 2.53)

Drinking water source

Improved Ref. Ref.

Unimproved 1.38 (1.02, 1.87) 0.91 (0.43, 1.96)

Wealth index

Poorest Ref. Ref.

Poorer 0.89 (0.59, 1.35) 0.94 (0.59, 1.47)

Middle 0.57 (0.36, 0.90) 0.66 (0.40, 1.11)

Richer 0.63 (0.39, 1.21) 0.57 (0.24, 1.02)

Richest 0.41 (0.19, 0.49) 0.38 (0.19, 0 0.77) *

Contextual-level factor

Place of residence

Urban Ref. Ref.

Rural 1.61 (1.08, 2.39) 1.18 (1.02, 2.15) *

Geographical regions

Tigray Ref. Ref.

Afar 0.55 (0.29, 1.05) 0.30 (0.15, 0.60) *

Amhara 0.82 (0.44, 1.52) 0.79 (0.43, 1.48)

Oromia 0.22 (0.11, 0.44) 0.17 (0.08, 0.36) *

Somali 0.40 (0.20, 0.80) 0.17 (0.08, 0.36) *

Benishangul Gumuz 0.65 (0.34, 1.25) 0.58 (0.29, 1.12)

SNNPR 0.41 (0.21, 0.77) 0.29 (0.15, 0.56) *

Gambela 0.61 (0.31, 1.22) 0.46 (0.22, 0.93) *

Harari 0.31 (0.14, 0.65) 0.29 (0.13, 0.64) *

Addis Ababa 0.04 (0.01, 0.19) 0.06 (0.01, 0.26) *

Dire Dawa 0.38 (0.18, 0.78) 0.38 (0.18, 0.81) *

The symbol * indicates that the given variables were statistically significant at 5% level of significance.

TABLE 6 (Continued)

https://doi.org/10.3389/fpubh.2024.1436683
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Shibeshi and Asfaw 10.3389/fpubh.2024.1436683

Frontiers in Public Health 16 frontiersin.org

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding author.

Ethics statement

The studies involving humans were approved by the ICF 
Institutional Review Board (IRB) and the host country IRB. The 
studies were conducted in accordance with the local legislation and 
institutional requirements. Written informed consent for participation 
in this study was provided by the participants’ legal guardians/next of 
kin. Written informed consent was obtained from the minor(s)’ legal 
guardian/next of kin for the publication of any potentially identifiable 
images or data included in this article.

Author contributions

AS: Conceptualization, Data curation, Formal analysis, Funding 
acquisition, Investigation, Methodology, Project administration, 
Resources, Software, Supervision, Validation, Visualization, Writing 
– original draft, Writing – review & editing. ZA: Conceptualization, 
Supervision, Visualization, Writing – review & editing, Data curation, 
Formal analysis, Funding acquisition, Investigation, Methodology, 
Project administration, Resources, Software, Validation.

Funding

The author(s) declare that no financial support was received for 
the research, authorship, and/or publication of this article.

Acknowledgments

On behalf of all authors, we extend our thanks to ICF International 
for making available the 2019 Ethiopian Mini Demographic and 
Health Survey (EMDHS 2019) data set.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
 1. Hanson K. The state and the world’s children. SAGE Publications: London, 

England; (2021). p. 3–7.

 2. Petrowski N, de Castro F, Davis-Becker S, Gladstone M, Lindgren Alves CR, 
Becher Y, et al. Establishing performance standards for child development: learnings 
from the ECDI2030. J Health Popul Nutr. (2023) 42:140. doi: 10.1186/
s41043-023-00483-2

 3. Ahmad A, Madanijah S, Dwiriani CM, Kolopaking R. Complementary feeding 
practices and nutritional status of children 6–23 months old: a formative study in Aceh, 
Indonesia. Nutr Res Pract. (2018) 12:512–20. doi: 10.4162/nrp.2018.12.6.512

 4. Ba DM, Ssentongo P, Gao X, Chinchilli VM, Richie JP Jr, Maiga M, et al. 
Prevalence and determinants of meeting minimum dietary diversity among children 
aged 6–23 months in three sub-Saharan African countries: the demographic and 
health surveys, 2019–2020. Front Public Health. (2022) 10:846049. doi: 10.3389/
fpubh.2022.846049

 5. Belay DG, Aragaw FM, Teklu RE, Fetene SM, Negash WD, Asmamaw DB, et al. 
Determinants of inadequate minimum dietary diversity intake among children aged 
6–23 months in sub-Saharan Africa: pooled prevalence and multilevel analysis of 
demographic and health survey in 33 sub-Saharan African countries. Front Nutr. (2022) 
9:894552. doi: 10.3389/fnut.2022.894552

 6. Kebede D, Aynalem A. Prevalence of undernutrition and potential risk factors 
among children below five years of age in Somali region, Ethiopia: evidence from 2016 
Ethiopian demographic and health survey. BMC Nutr. (2021) 7:1–10. doi: 10.1186/
s40795-021-00460-0

 7. Menalu MM, Bayleyegn AD, Tizazu MA, Amare NS. Assessment of prevalence and 
factors associated with malnutrition among under-five children in Debre Berhan town, 
Ethiopia. Int J Gen Med. (2021) 14:1683–97. doi: 10.2147/IJGM.S307026

 8. Motbainor A, Worku A, Kumie A. Level and determinants of food insecurity in east 
and West Gojjam zones of Amhara region, Ethiopia: a community based comparative 
cross-sectional study. BMC Public Health. (2016) 16:1–13. doi: 10.1186/
s12889-016-3186-7

 9. Sisay BG, Afework T, Jima BR, Gebru NW, Zebene A, Hassen HY. Dietary 
diversity and its determinants among children aged 6–23 months in Ethiopia: evidence 
from the 2016 demographic and health survey. J Nutr Sci. (2022) 11:e88. doi: 10.1017/
jns.2022.87

 10. Tekile AK, Woya AA, Basha GW. Prevalence of malnutrition and associated 
factors among under-five children in Ethiopia: evidence from the 2016 Ethiopia 
demographic and health survey. BMC Res Notes. (2019) 12:1–6. doi: 10.1186/
s13104-019-4444-4

 11. UNICEF. The state of the world's children. New York: Oxford University Press for 
UNICEF (1997).

 12. Arimond M, Ruel MT. Dietary diversity is associated with child nutritional status: 
evidence from 11 demographic and health surveys. J Nutr. (2004) 134:2579–85. doi: 
10.1093/jn/134.10.2579

 13. Belay DG, Chilot D, Alem AZ, Aragaw FM, Asratie MH. Spatial distribution and 
associated factors of severe malnutrition among under-five children in Ethiopia: further 
analysis of 2019 mini EDHS. BMC Public Health. (2023) 23:1–13. doi: 10.1186/
s12889-023-15639-2

 14. Frempong RB, Annim SK. Dietary diversity and child malnutrition in Ghana. 
Heliyon. (2017) 3:e00298. doi: 10.1016/j.heliyon.2017.e00298

 15. Ethiopian Public Health Institute (EPHI) [Ethiopia] and ICF. Ethiopia Mini 
Demographic and Health Survey 2019: Key Indicators. Rockville, Maryland, USA: EPHI 
and ICF (2019).

 16. Khamis AG, Mwanri AW, Ntwenya JE, Kreppel K. The influence of dietary 
diversity on the nutritional status of children between 6 and 23 months of age in 
Tanzania. BMC Pediatr. (2019) 19:1–9. doi: 10.1186/s12887-019-1897-5

 17. World Health Organization. WHO child growth standards: length/height-for-age, 
weight-for-age, weight-for-length, weight-for-height and body mass index-for-age: 
methods and development. World Health Organization (2006).

 18. Rodrıguez G, Elo I. Intra-class correlation in randomeffects models for binary 
data. Stata J. (2003) 3:32–46. doi: 10.1177/1536867X0300300102

 19. Woldegebriel AG, Desta AA, Gebreegziabiher G, Berhe AA, Ajemu KF, 
Woldearegay TW. Dietary diversity and associated factors among children aged 6-59 
months in Ethiopia: analysis of Ethiopian demographic and health survey 2016 (EDHS 
2016). Int J Pediatr. (2020) 2020:1–8. doi: 10.1155/2020/3040845

 20. Ruel MT. Is dietary diversity an indicator of food security or dietary quality? A 
review of measurement issues and research needs. Food Nutr Bull. (2003) 24:231–2. doi: 
10.1177/156482650302400217

https://doi.org/10.3389/fpubh.2024.1436683
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1186/s41043-023-00483-2
https://doi.org/10.1186/s41043-023-00483-2
https://doi.org/10.4162/nrp.2018.12.6.512
https://doi.org/10.3389/fpubh.2022.846049
https://doi.org/10.3389/fpubh.2022.846049
https://doi.org/10.3389/fnut.2022.894552
https://doi.org/10.1186/s40795-021-00460-0
https://doi.org/10.1186/s40795-021-00460-0
https://doi.org/10.2147/IJGM.S307026
https://doi.org/10.1186/s12889-016-3186-7
https://doi.org/10.1186/s12889-016-3186-7
https://doi.org/10.1017/jns.2022.87
https://doi.org/10.1017/jns.2022.87
https://doi.org/10.1186/s13104-019-4444-4
https://doi.org/10.1186/s13104-019-4444-4
https://doi.org/10.1093/jn/134.10.2579
https://doi.org/10.1186/s12889-023-15639-2
https://doi.org/10.1186/s12889-023-15639-2
https://doi.org/10.1016/j.heliyon.2017.e00298
https://doi.org/10.1186/s12887-019-1897-5
https://doi.org/10.1177/1536867X0300300102
https://doi.org/10.1155/2020/3040845
https://doi.org/10.1177/156482650302400217


Shibeshi and Asfaw 10.3389/fpubh.2024.1436683

Frontiers in Public Health 17 frontiersin.org

 21. Dangura D, Gebremedhin S. Dietary diversity and associated factors among 
children 6-23 months of age in Gorche district. Pediatrics. (2017) 17:1–7. doi: 10.1186/
s12887-016-0764-x

 22. Solomon D, Aderaw Z, Tegegne TK. Minimum dietary diversity and associated 
factors among children aged 6–23 months in Addis Ababa, Ethiopia. Int J Equity Health. 
(2017) 16:1–9. doi: 10.1186/s12939-017-0680-1

 23. Anin SK, Saaka M, Fischer F, Kraemer A. Association between infant and young 
child feeding (IYCF) indicators and the nutritional status of children (6–23 months) in 
northern Ghana. Nutrients. (2020) 12:2565. doi: 10.3390/nu12092565

 24. Saaka M, Wemakor A, Abizari A-R, Aryee P. How well do WHO complementary 
feeding indicators relate to nutritional status of children aged 6–23 months in rural 
northern Ghana? BMC Public Health. (2015) 15:1–12. doi: 10.1186/s12889-015-2494-7

 25. United Nations Children’s Fund (UNICEF), World Health Organization (WHO), 
International Bank for Reconstruction and Development/The World Bank. Levels and 
trends in child malnutrition: UNICEF/WHO/World Bank Group joint child malnutrition 
estimates: key findings of the 2023 edition. New York: UNICEF and WHO. (2023).

 26. World Health Organization. Nutrition in the WHO African Region. Brazzaville: 
World Health Organization. (2017).

 27. Darapheak C, Takano T, Kizuki M, Nakamura K, Seino K. Consumption of animal 
source foods and dietary diversity reduce stunting in children in Cambodia. Int Arch 
Med. (2013) 6:29–11. doi: 10.1186/1755-7682-6-29

 28. Alam A, Rukhsana Ghosal N. (eds). Dietary diversity is associated with child 
nutrition and food security status: empirical evidence from rural India. Agriculture, 
food and nutrition security: a study of availability and sustainability in India. Cham: 
Springer (2021): 197–214.

 29. Beyene M, Worku AG, Wassie MM. Dietary diversity, meal frequency and 
associated factors among infant and young children in Northwest Ethiopia: a cross- 
sectional study. BMC Public Health. (2015) 15:1–9. doi: 10.1186/s12889-015-2333-x

 30. Kuse KA, Debeko DD. Spatial distribution and determinants of stunting, wasting 
and underweight in children under-five in Ethiopia. BMC Public Health. (2023) 23:641. 
doi: 10.1186/s12889-023-15488-z

 31. Verma P, Prasad JB. Stunting, wasting and underweight as indicators of under-
nutrition in under five children from developing countries: a systematic review. Diabetes 
Metab Syndr Clin Res Rev. (2021) 15:102243:102243. doi: 10.1016/j.dsx.2021.102243

 32. Asmare AA, Agmas YA. Determinants of coexistence of stunting, wasting, and 
underweight among children under five years in the Gambia; evidence from 2019/20 
Gambian demographic health survey: application of multivariate binary logistic 
regression model. BMC Public Health. (2022) 22:1621. doi: 10.1186/s12889-022-14000-3

 33. Keyata EO, Daselegn A, Oljira A. Dietary diversity and associated factors among 
preschool children in selected kindergarten school of Horo Guduru Wollega zone, 
Oromia region, Ethiopia. BioMed Central Nutr. (2022) 8:1–7. doi: 10.1186/
s40795-022-00569-w

 34. Raru TB, Ayana GM, Merga BT, Negash B, Deressa A, Birhanu A, et al. Magnitude 
of under-nutrition among under five children in Ethiopia based on 2019 mini-Ethiopia 
demographic and health survey: generalized linear mixed model (GLMM). BMC Nutr. 
(2022) 8:113. doi: 10.1186/s40795-022-00598-5

 35. Sahiledengle B, Mwanri L, Petrucka P, Kumie A, Beressa G, Atlaw D, et al. 
Determinants of undernutrition among young children in Ethiopia. Sci Rep. (2022) 
12:20945. doi: 10.1038/s41598-022-25160-y

 36. Tafasa SM, Darega J, Dida N, Gemechu FD. Dietary diversity, undernutrition and 
associated factors among pregnant women in Gindeberet district, Oromia, Ethiopia: a 
cross-sectional study. BMC Nutr. (2023) 9:115. doi: 10.1186/s40795-023-00773-2

 37. Tilahun M. The contribution of school feeding program for total dietary diversity 
and meal frequency and their association with nutritional status of school children 
attending in the selected feeding program providing primary school of Boricha Woreda, 
Sidama Region, Ethiopia. (2023).

 38. Wondimu H, Dejene K. Determinants of under-five malnutrition, significant 
changes, and policy implications in the Ethiopian demographic health survey, 2019. 
Discov Sustain. (2022) 3:16. doi: 10.1007/s43621-022-00087-6

 39. Mengesha A, Hailu S, Birhane M, Belay MM. The prevalence of stunting and 
associated factors among children under five years of age in southern Ethiopia: 
community based cross-sectional study. Ann Glob Health. (2021) 87:111. doi: 10.5334/
aogh.3432

 40. World Health Organization. Indicators for assessing infant and young child 
feeding practices: definitions and measurement methods. Geneva: World Health 
Organization and the United Nations Children’s Fund (UNICEF), (2021).

 41. Sié A, Tapsoba C, Dah C, Ouermi L, Zabre P, Bärnighausen T, et al. Dietary 
diversity and nutritional status among children in rural Burkina Faso. Int Health. (2018) 
10:157–62. doi: 10.1093/inthealth/ihy016

 42. Aboagye R, Seidu A, Ahinkorah B, Arthur-Holmes F, Cadri A, Dadzie L, et al. 
Dietary diversity and undernutrition in children aged 6–23 months in sub-Saharan 
Africa. Nutrients. (2021) 13:3431. doi: 10.3390/nu13103431

 43. de Onis M. 4.1 the WHO child growth standards. Pediatric Nutr Practice. (2015) 
113:278–94. doi: 10.1159/000360352

 44. Webb P, Stordalen GA, Singh S, Wijesinha-Bettoni R, Shetty P, Lartey A. Hunger 
and malnutrition in the 21st century. BMJ. (2018):k2238. doi: 10.1136/bmj.k2238

 45. 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) 60:290–7. doi: 10.1136/jech.2004.029454

 46. Bukania ZN, Mwangi M, Karanja RM, Mutisya R, Kombe Y, Kaduka LU, et al. 
Food insecurity and not dietary diversity is a predictor of nutrition status in children 
within semiarid agro-ecological zones in eastern Kenya. J Nutr Metabolism. (2014) 
2014:907153. doi: 10.1155/2014/907153

 47. Moursi MM, Arimond M, Dewey KG, Treche S, Ruel MT, Delpeuch F. Dietary 
diversity is a good predictor of the micronutrient density of the diet of 6-to 23-month-
old children in Madagascar. J Nutr. (2008) 138:2448–53. doi: 10.3945/jn.108.093971

 48. Bandoh DA, Kenu E. Dietary diversity and nutritional adequacy of under-fives in 
a fishing community in the central region of Ghana. BMC Nutr. (2017) 3:2. doi: 10.1186/
s40795-016-0120-4

 49. Olumakaiye MF. Dietary diversity as a correlate of undernutrition among school-
age children in southwestern Nigeria. J Child Nutr Manag. (2013) 37.

 50. World Health Organization. Indicators for assessing infant and young child feeding 
practices: part 2: measurement. Geneva, Switzerland: World Health Organization (2010).

 51. Walingo MK, Ekesa B. Nutrient intake, morbidity and nutritional status of 
preschool children are influenced by agricultural and dietary diversity in Western Kenya. 
Pak J Nutr. (2013) 12:854–9. doi: 10.3923/pjn.2013.854.859

 52. Belayneh M, Loha E, Lindtjørn B. Seasonal variation of household food insecurity 
and household dietary diversity on wasting and stunting among young children in a 
drought prone area in South Ethiopia: a cohort study. Ecol Food Nutr. (2021) 60:44–69. 
doi: 10.1080/03670244.2020.1789865

 53. Modjadji P, Molokwane D, Ukegbu PO. Dietary diversity and nutritional status of 
preschool children in north West Province, South  Africa: a cross sectional study. 
Children. (2020) 7:174. doi: 10.3390/children7100174

 54. Ekesa B, Blomme G, Garming H. Dietary diversity and nutritional status of pre-
school children from Musa-dependent households in Gitega (Burundi) and Butembo 
(Democratic Republic of Congo). Afr J Food Agric Nutr Dev. (2011) 11:4896–911. doi: 
10.4314/ajfand.v11i4.69141

 55. Baye K, Laillou A, Chitweke S. Socio-economic inequalities in child stunting 
reduction in sub-Saharan Africa. Nutrients. (2020) 12:253. doi: 10.3390/nu12010253

https://doi.org/10.3389/fpubh.2024.1436683
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1186/s12887-016-0764-x
https://doi.org/10.1186/s12887-016-0764-x
https://doi.org/10.1186/s12939-017-0680-1
https://doi.org/10.3390/nu12092565
https://doi.org/10.1186/s12889-015-2494-7
https://doi.org/10.1186/1755-7682-6-29
https://doi.org/10.1186/s12889-015-2333-x
https://doi.org/10.1186/s12889-023-15488-z
https://doi.org/10.1016/j.dsx.2021.102243
https://doi.org/10.1186/s12889-022-14000-3
https://doi.org/10.1186/s40795-022-00569-w
https://doi.org/10.1186/s40795-022-00569-w
https://doi.org/10.1186/s40795-022-00598-5
https://doi.org/10.1038/s41598-022-25160-y
https://doi.org/10.1186/s40795-023-00773-2
https://doi.org/10.1007/s43621-022-00087-6
https://doi.org/10.5334/aogh.3432
https://doi.org/10.5334/aogh.3432
https://doi.org/10.1093/inthealth/ihy016
https://doi.org/10.3390/nu13103431
https://doi.org/10.1159/000360352
https://doi.org/10.1136/bmj.k2238
https://doi.org/10.1136/jech.2004.029454
https://doi.org/10.1155/2014/907153
https://doi.org/10.3945/jn.108.093971
https://doi.org/10.1186/s40795-016-0120-4
https://doi.org/10.1186/s40795-016-0120-4
https://doi.org/10.3923/pjn.2013.854.859
https://doi.org/10.1080/03670244.2020.1789865
https://doi.org/10.3390/children7100174
https://doi.org/10.4314/ajfand.v11i4.69141
https://doi.org/10.3390/nu12010253

	The influence of minimum dietary diversity on undernutrition among children aged 6–23 months in Ethiopia: a multilevel mixed-effect analysis based on 2019 Ethiopian mini demographic and health survey
	Background
	Methods
	Data source, study setting, design, and population
	Study variables and measurements
	Outcome variable
	Explanatory variables
	Data management and statistical analysis
	Model building and parameter estimation method

	Results
	Descriptive characteristics of the study participants
	Prevalence of minimum dietary diversity, stunting, wasting, and underweight among children aged 6–23 months in Ethiopia
	Model comparison and random effect analysis
	Association between minimum dietary diversity and undernutrition among children aged 6–23 months in Ethiopia

	Discussion
	Strengths and limitations of this study

	Conclusion

	References

