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Abstract

Background

Ensuring minimum dietary diversity is crucial for lactating mothers. It allows them to
consume a variety of foods from different groups, meeting their nutritional needs and
supporting maternal and infant health. Despite the global impact of undernutrition and
micronutrient deficiencies, the prevalence and determinants of minimum dietary diversity
during lactation remain poorly recognized in developing countries. This research aims to
assess minimum dietary diversity and its determinants among lactating mothers in five
Sub-Saharan African countries.

Methods

Data from the most recent Demographic and Health Surveys, which covered five Sub-
Saharan African countries between 2021 and 2023, were used to execute secondary data
analysis. This study included 19,917 lactating mothers in total. Using a multilevel mixed-
effects logistic regression model, the variables associated to the minimum dietary diversity
were established. Significant factors associated with the minimum dietary diversity were
found at p-values <0.05. The adjusted odds ratio and 95% CI were used to interpret the
result. The model with the highest loglikelihood ratio and lowest deviance was declared to
be the best fit.
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Results

The magnitude of minimum dietary diversity among lactating mothers in Burkina Faso,
Ghana, Kenya, Mozambique, and Tanzania was 25.66% (95% Cl: 24.47, 25.75). Fac-

tors such as secondary and above educational level (AOR = 1.38, 95% ClI: 1.18, 1.61),
employed mothers (AOR = 1.40, 95% CI: 1.26, 1.56), distance which was not a big prob-
lem to access health facilities (AOR = 1.35, 95% CI: 1.21, 1.51), health facility delivery
(AOR = 1.25, 95% CI: 1.08, 1.45), rich wealth status (AOR = 1.86, 95% ClI: 1.60, 2.17), high
community ANC utilization (AOR = 1.18, 95% CI: 1.04, 1.35), and reside in Ghana (AOR =
4.21, 95% ClI: 3.60, 4.94) had higher odds of minimum dietary diversity.

Conclusions

This study reveals that lactating mothers have low dietary diversity. Both community-level
and individual-level factors impact this diversity. Consequently, health ministries in Burkina
Faso, Kenya, Ghana, Mozambique, and Tanzania should prioritize women who underuti-
lize antenatal services and those without formal education when designing strategies and
policies.

Background

Dietary Diversity (DD) among lactating mothers is the practice of consuming a wide range

of foods across different food groups to meet the nutritional needs of their health and that of
their breastfeeding child [1,2]. Minimum Dietary Diversity (MDD) among lactating mothers
is the intake of variety food groups within a 24-hour period, which is essential for providing
the necessary nutrients to support the health of both the mother and the breastfeeding infant
[3-5].Globally, undernutrition and micronutrient deficiencies impact nearly half the popu-
lation, particularly affecting lactating mothers. These deficiencies, especially in iron, iodine,
vitamin A, and zingc, lead to serious health issues for mothers and their infants, including poor
development and increased disease susceptibility [1]. The prevalence is higher in low-income
countries, where access to diverse, nutritious foods is limited [6-8]. In regions like South Asia
and Sub-Saharan Africa, lactating mothers face a heightened risk of nutritional deficiencies
due to an increased physiological demand, the lactogenesis process, consuming monotonous
diet, and increased dietary needs during breastfeeding [9].

Sub-Saharan African countries indeed bear a significant burden of global maternal morbid-
ity and mortality, largely due to inadequate nutrition. The World Health Organization reports
that in 2020, Sub-Saharan Africa alone accounted for approximately 70% of global maternal
deaths, with most of these deaths being preventable and occurring in low and lower middle-
income countries and these risks are exacerbate by nutritional inadequacies [10]. Dietary
diversity among lactating mothers in Sub-Saharan African countries, particularly in Mozam-
bique, Ghana, Kenya, Tanzania, and Burkina Faso, is essential for maternal and child health
but is often inadequate. Studies indicate that a significant number of women in these regions
do not meet the minimum dietary diversity requirements, which can lead to nutritional defi-
ciencies [2,11,12].

Inadequate nutrition among lactating mothers can lead to insufficient milk quality,
depriving infants of essential nutrients necessary for optimal growth and development
[13,14]. This shortfall can manifest as stunting and other growth issues in children, which
are not merely physical but also impede cognitive abilities. The repercussions extend

PLOS ONE | hitps://doi.org/10.1371/journal.pone.0308590 March 5, 2025

2/20



https://www.dhsprogram.com

PLOS ONE

Minimum dietary diversity and its determinants among lactating mothers

beyond health, influencing a child’s educational performance and future learning potential
[9,15]. Consequently, these early deficits can culminate in diminished productivity and
economic contributions in adulthood, perpetuating a cycle of poverty and social disad-
vantage. Addressing maternal nutrition is therefore crucial, not only for the immediate
well-being of mother and child but also for the long-term socio-economic stability of
communities [16, 17].

Short-term supplementation, medium-term food fortification, and a long-term focus on
dietary diversification are the three main strategies that have been reported to be effective in
preventing and controlling hidden hunger [18]. Many scientific findings support the expand-
ing global agreement that women, especially lactating mothers, should eat a wider variety
of foods to enhance the nutritional diversity of their diets and that of their infants [19, 20].
More food categories must be included in the daily diet in order to meet the body’s nutrient
requirements because no one food group can contain all the nutrients needed for the body to
function and perform in an optimal way [21-23].

The second Sustainable Development Goal (SDG) aims to end hunger and all forms of
malnutrition by 2030 [22]. Long-term and permanent solutions to end global hunger may be
built on ensuring a varied and sufficient diet [24]. One of the most important causes of micro-
nutrient deficiencies and macronutrient shortages is an inadequate minimum dietary diversity
among lactating mothers [6,13].

Despite Sub-Saharan African countries sharing the huge burden of global maternal mor-
bidity and mortality related to inadequate nutrition, the previous few studies focused at the
institutional level, and using a small sample size from primary data. However, this study ana-
lyzed factors at the individual and community levels that have a greater impact on minimum
dietary diversity among lactating mothers.

This study allows for a more comprehensive understanding of the factors that contribute to
dietary diversity, which is essential for developing targeted interventions to improve maternal
nutrition and, consequently, reduce morbidity and mortality rates in the region. The findings
from such a study could be instrumental in informing policy and public health strategies to
enhance the nutritional status of lactating mothers across Sub-Saharan Africa. Therefore,
the present study aimed to investigating the minimum dietary diversity and its determinants
among lactating mothers in five Sub-Saharan African countries using a multilevel mixed effect
analysis of the most recent Demographic and Health Surveys from 2021-2023.

Methods and materials
Study setting

The sub-Saharan region of Africa, defined as the area south of the Sahara Desert, is divided
into four vast and distinct regions: Eastern, Central, Western, and Southern Africa, covering
9.4 million square miles. Demographically, the region is experiencing rapid growth, with pro-
jections estimating around 407 million women of reproductive age by 2030, and this number
is expected to increase to 607 million by 2050 [25, 26].

Burkina Faso is a landlocked country in West Africa. As of mid-2024, the population is
estimated to be approximately 23.8 million [27]. In Burkina Faso, as of the latest reports from
2023, there were 1,034,163 pregnant and lactating women, including 713,709 in emergency
areas. This number represented 114% of the 2023 target set for reaching out to this demo-
graphic with aid and support [28]. Ghana, located in West Africa and bordering the Gulf of
Guinea and the Atlantic Ocean, has a population of approximately 34.8 million as of 2024
[29]. Nutritional deficiencies among lactating women in Ghana are indeed a concern, with
issues such as low dietary diversity and inadequate micronutrient intake being prevalent [30].
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Tanzania, located in East Africa within the African Great Lakes region. As of mid-2024,
the population is estimated to be approximately 69.2 million [31]. The country faces the
double burden of malnutrition among lactating women, with issues of both under-nutrition
and over-nutrition affecting their children [32]. Kenya is a country in East Africa that bor-
ders the Indian Ocean and Lake Victoria. As of 2024, the population of Kenya is estimated to
be approximately 56.2 million [33]. In Kenya, lactating women grapple with micronutrient
deficiencies, particularly in iron, foliate, and vitamin A, impacting both maternal and child
health [34].

Mozambique, located in East African country along the Indian Ocean. As of 2024, the
population of Mozambique is estimated to be approximately 34.9 million [35]. Lactating
women in the country face numerous challenges, including high rates of child stunting and
widespread micronutrient deficiencies. These issues are compounded by barriers such as
inadequate breastfeeding support and education, which are critical for both mother and child
health [36].

The five Sub-Saharan African countries included in this study were selected based on the
availability of critical data on maternal nutrition in their DHS datasets, specifically focusing
on the outcome variable, minimum dietary diversity. These countries provided comprehen-
sive maternal nutrition indicators essential for accurately assessing dietary diversity, such
as detailed food group consumption data. However, many other DHS datasets lacked these
essential variables, making them unsuitable for inclusion in the study.

Study design and period

The Demographic and Health Surveys (DHS) program utilizes a multistage sampling design
to collect data, which is ideal for multilevel analysis. It includes diverse datasets such as
individual and household survey data, HIV test results, and geographic data. These datasets
encompass a broad spectrum of information on health, nutrition, population demographics,
and disease prevalence, which are crucial for policy-making and research in public health.
For the purpose of this multilevel analysis, we focused on the DHS surveys of 2021, 2022,
and 2023. The DHS employs a two-stage stratified sampling technique, which is ideal for
multilevel modeling as it allows for the examination of both individual and community-level
factors.

Population and eligibility criteria

The study’s population and eligibility criteria were specifically defined to include lactating
mothers aged 15-49 residing in five sub-Saharan African countries: Burkina Faso, Ghana,
Kenya, Mozambique, and Tanzania. The source population comprised all lactating mothers
within this age range across these countries. For the purpose of the study, the study popula-
tion was narrowed down to those lactating mothers who resided within the enumeration areas
that were selected for inclusion in the analysis. This selection process was designed to ensure
a representative sample of the lactating mother demographic within the specified age bracket,
from varied geographical and socio-economic backgrounds in the targeted countries, provid-
ing a comprehensive overview for the research objectives.

Data source and sampling procedure

In this study, the data source consisted of Demographic and Health Surveys (DHS) conducted
in five sub-Saharan African countries: Burkina Faso, Ghana, Kenya, Mozambique, and Tanza-
nia (S1). These surveys collect comprehensive information on key health indicators, includ-
ing fertility, mortality, nutrition, maternal and child health, HIV/AIDS, and gender-based
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violence. The sampling procedure involved a stratified two-stage cluster design. First, the DHS
program identified enumeration areas (clusters) within each country.

Then, a sample of households was selected from each enumeration area. The study extracted
dependent and independent variables from the individual record dataset (IR file) and combined
data across countries using STATA/SE. The outcome variable, minimum dietary diversity, was
recoded as inadequate and adequate based on the number of diverse food groups consumed
by lactating women in the 24 hours before assessment, as determined by the minimum dietary
diversity score (MDD-W). The women’s dietary diversity score (MDD-W) is a key indicator
based on a woman’s consumption of 10 distinct food categories within a 24-hour recall period.
Total weighted samples of 19,917 lactating mothers were included in the study (Table 1).

Study variables

Dependent variables. The individual record (IR) data set was used to generate the study’s
outcome variable, minimum dietary diversity. The FAO’s the minimum dietary diversity
for a woman (MDD-W), a dichotomous indicator/tool, was used to measure the outcome
variable (minimum dietary diversity). In this study, a total of ten food groups were taken
into account: cereals, white roots, tubers, and plantains; dark green leafy vegetables; other
vitamin A-rich vegetables and fruits; other vegetables; other fruits; animal-source foods (meat
and poultry, fish and seafood, eggs, milk, and dairy products); legumes, nuts, and seeds; oils
and fats; sweets; and beverages, condiments, and miscellaneous [22]. In order to categorize
lactating mothers’ dietary diversity as adequate (=5 food groups) and inadequate (<5 food
groups) from 10 food groups, the Minimum Dietary Diversity Score (MDDS) was computed
for each mother during the preceding 24 hours. Finally, the outcome variable was recoded as:
a minimum dietary diversity score >5 food categories as “1” and a minimum dietary diversity
score <5 food groups as “0” [37].

Independent variables. Since DHS data are hierarchical in nature; independent variables
from two sources (variables at the individual and community levels) were used for this
analysis.

Level 1 or individual-level independent variables. Maternal age (15-19, 20-34, 35-

49), maternal educational status (no formal education, primary, secondary and higher),
husband educational status (no formal education, primary, secondary and higher), maternal
employment (not employed, employed), marital status of the mother (unmarried, married,
widowed/divorced/separated), number of ANC visits (no visit, 1-3, >4), total children ever
born (<3, >3), household wealth index (poor, middle, rich), distance to health facility (big
problem, not big problem), household media exposure (no, yes), place of delivery (home,
health institution), preceding birth interval (<24 months, >24 months).

Level 2 or community-level independent variables. Place of residence (urban or rural),
community-level women’s illiteracy (low, high), community-level poverty (low, high),

Table 1. Sample size for minimum dietary diversity and its determinants among lactating mothers in five Sub-Saharan African countries, DHS 2021-2023.

Countries Year of survey Unweighted sample (n) Weighted sample (n) Weighted sample (%)
Burkina Faso 2021 4377 4332 21.75

Ghana 2022 3396 2925 14.69

Kenya 2022 6697 5974 29.99

Mozambique 2022/23 3037 3199 16.06

Tanzania 2022 3463 3487 17.51

Total sample size 20,970 19,917 100
https://doi.org/10.1371/journal.pone.0308590.t001
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community-level media exposure (low, high), and community-level ANC utilization (low,
high), community-level institutional delivery (low, high) country (Burkina Faso, Ghana,
Kenya, Tanzania, Mozambique) (Fig 1).

Operational definition of variables

Lactating mothers

Women who are currently breastfeeding or expressing milk to feed their infant, typically
within the first two years postpartum, as recommended by the World Health Organization
(WHO) for optimal maternal and child health outcomes [38, 39].

Wealth index

The Wealth Index in the Demographic and Health Surveys (DHS) serves as a valuable mea-
sure for assessing a household’s relative economic status. Constructed from existing survey

Maternal related factors Health service related factors

Sex of household head
Maternal age

Maternal education
Husband education
Marital status

Wealth index

Maternal employment
Media exposure

Total children ever born

Preceding birth interval

l

ANC visits
Distance to health facility

Place of delivery

Community level factors
Type of place of residence

Community level women illiteracy
Community level poverty
Community level ANC utilization
Community level media exposure

Community level institutional delivery

Individual level factors Country

Minimum dietary diversity

Fig 1. Conceptual framework for factors associated with minimum dietary diversity among lactating mothers in five Sub-Saharan African countries.

https://doi.org/10.1371/journal.pone.0308590.g001
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data, this index takes into account various factors, including household assets, services, and
amenities. By analyzing these components, it provides insights into societal indicators such
as health, nutrition, education, and population, all within the context of economic well-
being. Essentially, the Wealth Index allows us to understand how households fare econom-
ically in relation to one another, aiding policymakers and researchers in making informed
decisions [40].

Community-level women illiteracy

Using data regarding respondents’ educational attainment, the percentage of women with at
least a primary education is calculated. Using the cluster number (v001), the individual level
of women’s education was cross-tabulated, and the national mean value was used for classifi-
cation. Women’s illiteracy at the community level was categorized as low in communities with
>50% of the national mean value of women’s education and high in communities with <50%
of the national mean value of women’s community illiteracy [41].

Community-level poverty

When producing it, the proportion of women in the rich and middle-class categories is taken
into account. It was then classified using the national mean value of the wealth index as low
community-level poverty (communities with >50% of the national mean value of the com-
munity wealth index) and high community-level poverty (communities with <50% of the
national mean value of the community wealth index) after the cross-tabulating individual-
level combined wealth index with the cluster number (v001) was calculated [42].

Data processing and statistical analysis

Following the extraction of data from current DHS data sets, STATA/SE version 17 statis-
tical software was used to clean, input, and analyze the data. Before conducting any statis-
tical analysis, the data were weighted using the sampling weight, primary sampling unit,
and stratum in order to restore the representativeness of the survey and account for the
sample design when computing standard errors to produce accurate statistical estimations.
We used the weighting variable (v005) as a relative weight normalized to make the analysis
survey-specific.

The weight adjusted for women = V005 x (total number of lactating mothers in the entire
country between the ages of 15 and 59 at the time of the survey)/ (number of lactating moth-
ers aged 15-49 years in the survey) is how we denormalized the individual standard weight of
lactating mothers for the pooled data by dividing it by the sample proportion of each country.
The standard logistic regression model’s assumptions of equal variance and independence
observations are broken by the hierarchical nature of the DHS data. The independent observa-
tions and equal variance assumptions between clusters of the ordinal logistic regression model
are broken when lactating mothers are nested within a cluster and we presume that study
subjects in that cluster might share characteristics with participants in another cluster. This
implies the need for a sophisticated model that accounts for between-cluster factors.

In light of this, multilevel mixed-effects logistic regression has been used to identify factors
associated with minimum dietary diversity among lactating mothers. A binary logistic regres-
sion model was employed to identify the contributing factors to minimum dietary diversity.
The factors contributing minimum dietary diversity have been reported as an adjusted odds
ratio (AOR) with a 95% significance level. A p-value of less than 0.25 in the biivariable analy-
sis indicated that the data would be a good fit for the multivariable analysis. In multivariable
logistic regression, all variables with p values <0.05 were deemed statistically significant.
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Model building for multilevel analysis

Multilevel analysis, also known as hierarchical or mixed-effects modeling, is a statistical
method designed to handle the nested structure of data, where observations are grouped within
higher-level units such as individuals within households, households within communities, or
regions within countries. This method was selected due to the hierarchical nature of our data,
where individual lactating mothers are nested within households, which in turn are nested
within communities or regions. Multilevel modeling addresses the non-independence of obser-
vations within these clusters by partitioning variance at each level and accounting for contex-
tual factors at higher levels, such as community or regional characteristics. It simultaneously
analyzes individual-level factors, leading to more precise estimates and a deeper understanding
of the determinants of breastfeeding practices. By modeling the data’s hierarchical structure,
multilevel analysis effectively separates individual effects from contextual influences, providing
a comprehensive framework to capture dependencies and variability across different levels.

Logit(Yij> =0, +B.X; +uy, e, (41),where

Yii: Binary outcome for individual (i) in cluster (j).
X,: Individual-level predictors.

u, Random intercept for cluster (j).

e Individual-level error term.

Random effects

To assess the variation of minimum dietary diversity among lactating mothers between clus-
ters, random effects or measures of variation, such as the Likelihood Ratio test (LR), Intra-
class Correlation Coefficient (ICC), and Median Odds Ratio (MOR), were taken into account.
The ICC measures the amount of variance in minimum dietary diversity that can be attributed
to differences across clusters, or the degree of heterogeneity of minimum dietary diversity
between clusters, using clusters as a random variable. This was calculated with the following

formula: ICC = _vc x100% [43].
VC+3.29

The Median Odds Ratio (MOR) measures the variation in minimum dietary diversity
between clusters in terms of odds ratio and is defined as the median value of the odds ratio
between the cluster at high likelihood of minimum dietary diversity and the cluster at
lower risk when individuals are randomly selected from two clusters: MOR = e*5VVC [44].

Vnull — Vi
Furthermore, the PCV, which is computed as PCV =PCV = % x100% [45],
nu
demonstrates how differences in insufficient dietary diversity are explained by determinants.
Here, Vnull denotes the variance of the null model and VC stands for cluster level variance.

Fixed effects were used to quantify the relationship between the likelihood of mini-
mum dietary diversity and independent variables at the individual and community levels.
The adjusted odds ratio (AOR) and 95% confidence intervals were utilized to assess it and
demonstrate its strength with a p-value of less than 0.05. The models were compared using
the log likelihood ratio and deviance = -2 (log likelihood ratio) due to the nested nature of
the data; the model with the highest log likelihood ratio and the lowest deviance was chosen
as the best-fit model. The multi-collinearity was evaluated by computing the variance infla-
tion factors (VIF).

STROBE Statement—checklist (S2)
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Ethical approval and consent to participate

Since this study is purely a secondary review of the DHS data, ethical approval is not needed.
We enrolled with the DHS web archive, requested the dataset for our study, and were granted
permission to view and download the data files. As per the DHS study, all participant data
were anonymized at the time of survey data collection. Visit http://www.dhsprogram.com for
additional information on DHS data and ethical standards.

Result

Socio-demographic and economic characteristics of lactating mothers in
five Sub-Saharan African countries, DHS 2021-2023

A total of 19,917 lactating mothers were included in this study. Nearly one-third of lactating
mothers 5,983 (30.04%) had no formal education. Around one-fifth 3720 (18.68%) of lactating
mothers delivered at home, and about 6,058 (30.42%) were living in rural areas of sub-Saharan
Africa. About 1,122 (5.63%) of lactating mothers did not have ANC visits. More than half
(53.36%) of lactating mothers had low access to community media exposure (Table 2).

Minimum dietary diversity among lactating mothers in five Sub-Saharan
African countries

The magnitude of minimum dietary diversity among lactating mothers in Burkina Faso,
Ghana, Kenya, Mozambique, and Tanzania was 25.66% (95% CI: 24.47, 25.75). The magni-
tude of urban and rural minimum dietary diversity in five sub-Saharan African countries

was found to be 14.01% and 11.04%, respectively (Fig 2). 18.48% of Burkina Faso, 53.44% of
Ghana, 33.10% of Kenyans, 13.05% of Mozambique, and 10.21% of Tanzanian lactating moth-
ers meet the criteria for minimum dietary diversity (Fig 3).

Measures of variation and model fitness

The results from the null model, which exhibited a variance of 0.4487294, revealed significant
disparities in dietary diversity across communities. Approximately 12.00% of the overall vari-
ation in minimum dietary diversity within the null model was attributable to community-level
factors at the cluster level. Notably, the null model yielded the highest Median Odds Ratio
(MOR) value of 1.89. This implies that individuals randomly selected from a high cluster for
minimum dietary diversity are 1.89 times more likely to have such minimum dietary diversity
compared to their counterparts in a inadequate minimum dietary diversity cluster.

Model I's intraclass correlation value indicated that 6.80% of the variation in minimum
dietary diversity could be attributed to differences between communities. Subsequently,
we developed Model II, incorporating community-level variables alongside the null model.
Based on the Intraclass Correlation Coefficient (ICC) value from Model II, cluster variations
accounted for 8.37% of the variance in minimum dietary diversity.

In the final model (Model III), both individual and community-level factors contributed to
approximately 42.35% of the variation in the likelihood of minimum dietary diversity. Model
II1, characterized by the lowest deviance (11,455.13) and the highest log-likelihood ratio
(-5727.565), emerged as the best-fitted model (Table 3).

Factors associated with minimum dietary diversity among lactating
mothers in five Sub-Saharan African countries

In a multivariable multilevel mixed-effect logistic regression analysis, where both individual
and community-level factors were simultaneously considered, maternal educational level,
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Table 2. Socio-demographic and economic characteristics of lactating mothers in five Sub-Saharan African coun-

tries, DHS 2021-2023.

Variables Frequency (n) ‘ Percent (%)
Individual level factors
Sex of household head
Male 15,569 78.17
Female 4,348 21.83
Maternal age
15-19 1982 9.95
20-34 14014 70.36
35-49 3921 19.69
Maternal educational level
No formal Education 5,983 30.04
Primary Education 6,735 33.82
Secondary and higher 7,199 36.14
Husband educational level
No formal Education 5,734 33.47
Primary Education 5,154 30.08
Secondary and higher 6,245 36.45
Maternal employment status
Not employed 8,801 44.19
Employed 11,116 55.81
Marital status of the mother
Never married 1,592 7.99
Currently married 17,181 86.26
Divorced/Widowed/Separated 1,144 5.75
Distance to health facility
Big problem 6,091 35.81
Not a big problem 10,920 64.19
Place of delivery
Home 3720 18.68
Health institution 16197 81.32
Number of ANC visits
No visit 1,122 5.63
1-3 5,350 26.86
>4 13,445 67.50
Total children ever born
<3 12,528 62.90
>3 7,389 37.10
Preceding birth interval
<24 months 2,068 13.75
>24 months 12,972 86.25
Household wealth index
Poor 9,007 45.22
Middle 3,872 19.44
Rich 7,038 35.33
Household media exposure
No 6,231 31.28
Yes 13,686 68.72
(Continued)
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Table 2. (Continued)

Variables Frequency (n)

‘ Percent (%)

Community level factors

Place of residence
Rural 6,058 30.42
Urban 13,859 69.58
Community media exposure
Low 10,628 53.36
High 9,289 46.64
Community poverty
Low 9,426 47.33
High 10,491 52.67
Community women’s’ illiteracy
Low 8,534 42.85
High 11,383 57.15
Community ANC utilization
Low 8,132 40.83
High 11,785 59.17
Community institutional
delivery
Low 9,193 46.16
High 10,724 53.84
Country
Burkina Faso 4,332 21.75
Ghana 2,925 14.69
Kenya 5,974 29.99
Mozambique 3,199 16.06
Tanzania 3,487 17.51

https://doi.org/10.1371/journal.pone.0308590.t002
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Fig 2. Urban and rural magnitude of minimum Dietary Diversity among lactating mothers in five Sub-Saharan African coun-
tries, DHS 2021-2023.

https://doi.org/10.1371/journal.pone.0308590.g002

maternal employment status, distance to health facilities, health facility delivery, rich wealth
status, community ANC utilization, and reside in Ghana were found to be significantly associ-

ated with achieving minimum dietary diversity among lactating mothers.

Lactating mothers whose household head was male had 1.15 times higher odds of achieving
minimum dietary diversity compared to their counterparts (AOR = 1.15, 95% CI: 1.00, 1.31). The
odds of dietary diversity was 1.38 times higher among lactating mothers who attained secondary
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Fig 3. Minimum dietary diversity among lactating mothers in five Sub-Saharan African countries, DHS 2021-2023.
https://doi.org/10.1371/journal.pone.0308590.9003

Table 3. Model comparison and random effect analysis for minimum Dietary Diversity among lactating mothers
in five Sub-Saharan African countries, DHS 2021-2023.

Parameter Null model Model I Model IT Model III
Variance 0.4487294 0.2401967 0.3003593 0.2587025
I1CC 12.00% 6.80% 8.37% 7.29%
MOR 1.89 1.59 1.68 1.62

PCV Reference 46.47% 33.06%. 42.35%.
Model fitness

LLR -11607.226 -6108.0594 -10500.575 -5727.565
Deviance 23.214.088 12,214.1188 21,001.15 11,455.13

ICC: interacluster correlation, LLR: logliklihood ratio, MOR: median odds ratio, PCV: proportional change in vari-
ance.

https://doi.org/10.1371/journal.pone.0308590.t003

education or higher compared with lactating mothers who had no formal education (AOR = 1.38,
95% CI: 1.18, 1.61). Lactating mothers whose husbands have attained secondary education or
higher had 1.38 times greater odds of achieving minimum dietary diversity compared to women
whose husbands had no formal education. Employed lactating mothers exhibited 1.40 times
greater odds of achieving minimum dietary diversity compared to their unemployed counterparts
(AOR = 1.40, 95% CI: 1.26, 1.56). Lactating mothers with no significant distance barrier to health
facilities had 1.35 times greater odds of achieving minimum dietary diversity compared to moth-
ers facing substantial distance challenges (AOR = 1.35,95% CI: 1.21, 1.51).

The odds of minimum dietary diversity were 1.25 times higher among lactating mothers
who gave birth at health facilities compared to mothers who delivered at home (AOR = 1.25,
95% CI: 1.08, 1.45). Lactating mothers from higher wealth quantiles exhibited 1.86 times
greater odds of achieving minimum dietary diversity compared to mothers from poorer
wealth status (AOR = 1.86, 95% CI: 1.60, 2.17). Lactating mothers living in less impoverished
communities had 1.16 times greater odds of achieving dietary diversity compared to those in
more impoverished communities (AOR = 1.16, 95% CI: 1.01, 1.34). Lactating mothers with
high community-level ANC utilization had 1.18 times greater odds of achieving minimum
dietary diversity compared to mothers with low community-level ANC utilization (AOR
= 1.18, 95% CI: 1.04, 1.35). The odds of minimum dietary diversity were 4.21 times higher
among lactating mothers who reside in Ghana compared to lactating mothers from Burkina
Faso (AOR = 4.21, 95% CI: 3.60, 4.94) (Table 4).
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Table 4. Multivariable multilevel logistic regression analysis of individual-level and community level deter-
minants of minimum dietary diversity among lactating mothers in five Sub-Saharan African countries, DHS

2021-2023.
Individual level variables Model I Model IT Model III
AOR(95% CI) AOR(95% CI) AOR(95% CI)
Sex of household head
Male 1.03(0.91, 1.17) 1.15(0.89, 1.31)
Female 1 1
Maternal age
15-19 0.63(0.42, 0.96) 0.67(0.44, 1.02)
20-34 1 1
35-49 1.21(1.08, 1.36) 1.12(0.99, 1.26)

Maternal educational level

No formal Education

1

1

Primary Education

0.88(0.77, 1.00)

0.98(0.85, 1.13)

Secondary and above

1.66(1.43, 1.92)

1.38(1.18, 1.61)

Husband educational level

No formal Education

1

1

Primary Education

0.77(0.68, 0.89)

0.98(0.84, 1.13)

Secondary and above

1.52(1.32, 1.75)

1.21(0.64, 1.40)

Maternal employment

Not employed

1

1

Employed

1.71(1.54, 1.89)

1.40(1.26, 1.56)

Distance to health facility

Big problem

1

1

Not a big problem

1.41(1.27, 1.57)

1.35(1.21, 1.51)

Place of delivery

Home

1

1

Health institution

1.23(1.07, 1.41)

1.25(1.08, 1.45)

Number of ANC visits
No visit 1 1
1-3 1.03(0.80, 1.32) 0.91(0.70, 1.18)
>4 1.26(0.99, 1.61) 0.92(0.72, 1.19)

Total children ever born

<3

1.04(0.94, 1.16)

1.06(0.95, 1.18)

>3

1

1

Household wealth index

Poor 1 1

Middle 0.98(0.86, 1.11) 1.33(0.16, 1.53)

Rich 1.03(0.91, 1.16) 1.86(1.60, 2.17)
Preceding birth interval

<24 months 1 1

>24 months 1.04(0.90, 1.19) 1.03(0.89, 1.19)

Household media exposure

No

1

1

Yes

2.02(1.79, 2.27)

1.75(1.54, 1.98)

Community level variables

Place of residence

Rural

(Continued)
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Table 4. (Continued)

Individual level variables

Model I
AOR(95% CI)

Model IT
AOR(95% CI)

Model ITI
AOR(95% CI)

Urban 1.71(1.57, 1.86) 0.94(0.82, 1.07)
Community media exposure
Low 1 1
High 1.27(1.12, 1.45) 1.07(0.92, 1.25)
Community poverty
Low 1.40(1.25, 1.56) 1.16(0.81, 1.34)
High 1 1
Community women’s illiteracy
Low 0.75(0.66, 0.85) 0.90(0.77, 1.05)
High 1 1
Community ANC utilization
Low 1 1
High 1.09(0.98, 1.22) 1.18(1.04, 1.35)
Community institutional delivery
Low 1 1
High 1.18(1.06, 1.31) 1.07(0.93, 1.22)
Country
Burkina Faso 1 1
Ghana 4.39(3.93, 4.89) 4.21(3.60, 4.94)
Kenya 1.35(1.21, 1.51) 1.38(0.16, 1.65)
Mozambique 0.75(0.66, 0.85) 0.96(0.80, 1.15)
Tanzania 0.46(0.40, 1.52) 0.43(0.36, 1.53)

https://doi.org/10.1371/journal.pone.0308590.t004

Discussion

Minimum Dietary Diversity (MDD) during breastfeeding plays a vital role in maternal and
child health. When lactating mothers maintain a diverse diet, it directly enhances the nutri-
tional content of breast milk. This rich milk provides essential nutrients such as vitamins,
minerals, proteins, and healthy fats to support optimal growth and development in infants.
Ensuring MDD benefits both mother and child, fostering overall well-being [46]. According
to the 2016 FAO guideline, in order to have optimal micronutrient sufficiency, all women
should meet the minimum dietary diversity score of > 5 food groups [47].

This study aimed to assess the prevalence and determinants of minimum dietary diversity
among lactating mothers in Burkina Faso, Ghana, Kenya, Mozambique, and Tanzania using
2021, 2022 and 2023 Demography and Health Survey data from each country. In this study,
the magnitude of minimum dietary diversity among lactating mothers in five Sub-Saharan
countries was 25.66% (95% CI: 24.47, 25.75). This finding is consistent with the study con-
ducted in South Africa (25%) [48]. It is lower than the study findings conducted in Ethiopia
(48.8%) [37], India (77.1%) [1], and Bangladesh (29.7% [3]. The lower prevalence of min-
imum dietary diversity among lactating mothers in Burkina Faso, Ghana, Kenya, Mozam-
bique, and Tanzania compared to Ethiopia, India, and Bangladesh. Differences in dietary
diversity across countries can indeed be influenced by various cultural, economic, and health
system factors. For instance, in Sub-Saharan Africa, traditional dietary patterns, limited access
to diverse food sources, and lower economic resources contribute to lower dietary diversity
among lactating mothers compared to South Asia, where a wider availability of food, higher
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maternal education, and greater awareness of nutrition may promote better dietary practices
[49]. Cultural factors also play a significant role, as food taboos and preferences in certain
countries may limit the variety of foods consumed during lactation[50]. Additionally, varia-
tions in maternal meal frequency, antenatal care, and paternal education could contribute to
the disparities observed across these countries [23,51]. In contrast the prevalence of minimum
dietary diversity in this study is higher than the study conducted in Vietnam [52]. The incon-
sistency may be attributed to differences in sample size, as the Vietnam study relied on pri-
mary data with a small sample size, while the current study utilized large surveys from DHS.

Maternal education level, maternal employment status, distance to health facilities, health
facility delivery, rich wealth status, community ANC utilization, and residence in Ghana were
found to be significantly associated with achieving minimum dietary diversity among lactating
mothers in a multivariable multilevel mixed-effect logistic regression analysis.

The odds of dietary diversity was 1.38 times higher among lactating mothers who attained
secondary education or higher compared with lactating mothers who had no formal edu-
cation. It is in line with study findings in Ethiopia [5,37,53] and India [1]. The higher odds
of dietary diversity among lactating mothers with secondary education or higher can be
attributed to several factors. Firstly, education often correlates with better awareness of nutri-
tion and dietary requirements, leading to more informed food choices [2]. Secondly, educated
mothers may have greater access to diverse food sources due to improved socioeconomic
status and knowledge about balanced diets [54]. Lastly, education can positively influence
health-seeking behavior, including seeking advice on nutrition and dietary practices, which
contributes to better dietary diversity [1]. Lactating mothers with no significant distance
barrier to health facilities had 1.35 times greater odds of achieving minimum dietary diversity
compared to mothers facing substantial distance challenges. It is supported by the studies
conducted in Ethiopia [55, 56] and Switzerland [13]. The possible explanation could be when
health facilities are easily accessible; women are more likely to receive education on nutrition
during pregnancy and lactation. This vital information includes the importance of a diverse
diet and micronutrient-rich foods. Additionally, shorter distances facilitate more frequent
postnatal care visits, allowing healthcare providers to assess and provide advice on nutritional
status effectively. Conversely, women facing substantial distance challenges may miss out on
these opportunities, leading to lower dietary diversity [37,57].

The odds of minimum dietary diversity were 1.25 times higher among lactating mothers
who gave birth at health facilities compared to mothers who delivered at home. It is consistent
with studies conducted in Malawi [58] and Italy [59]. The higher minimum dietary diversity
among lactating mothers who delivered at health facilities compared to those who delivered at
home can be attributed to several factors. Firstly, health facilities provide nutritional coun-
seling and education during postpartum stays, emphasizing the importance of diverse diets.
Secondly, access to balanced meals in health facilities ensures that mothers receive adequate
nutrients during lactation. Thirdly, mothers who give birth at health facilities tend to have
better awareness of dietary needs and are more likely to make informed choices. Lastly, the
supportive environment in health facilities allows for discussions with healthcare providers,
further influencing dietary habits [60, 61].

Lactating mothers from higher wealth quantiles exhibited 1.86 times greater odds of
achieving minimum dietary diversity compared to mothers from poorer wealth status. This
is supported by the previous studies conducted Ataye, Ethiopia [37], South Africa [48], and
Ghana [62]. This phenomenon can be attributed to several factors: Access to Diverse Foods:
Wealthier households often have better access to a variety of foods. They can afford a wider
range of fruits, vegetables, proteins, and other nutrient-rich options, which contributes to
dietary diversity [63]. Education and Awareness: Higher socioeconomic status is associated
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with better education and awareness about nutrition. Wealthier mothers may have more
knowledge about the importance of diverse diets during lactation and are more likely to make
informed food choices [47]. Cultural Practices: Wealthier families may follow cultural prac-
tices that prioritize diverse diets. They might have access to traditional recipes and cooking
methods that incorporate a wide range of food groups [64]. Food Security: Economic stability
reduces food insecurity. When households are financially secure, they can consistently pro-
vide a variety of foods, ensuring better dietary diversity [65].

Lactating mothers with high community-level ANC utilization had 1.18 times greater odds
of achieving minimum dietary diversity compared to mothers with low community-level
ANC utilization. This is consistent with the studies conducted in Tanzania [66], India [67],
and The WHO 2016 maternal nutrition programming [68]. The association between high
community-level antenatal care (ANC) utilization and improved dietary diversity among
lactating mothers can be attributed to several factors. ANC visits provide essential nutrition
education and counseling, emphasizing the importance of a balanced diet during pregnancy
and lactation. These sessions inform women about nutrient-rich foods, including vegetables,
meat, dairy products, and fruits, which contribute to dietary diversity [68].

The odds of minimum dietary diversity were 4.21 times higher among lactating mothers
who reside in Ghana compared to lactating mothers from Burkina Faso. The significantly
higher odds of achieving minimum dietary diversity among lactating mothers in Ghana com-
pared to those in Burkina Faso can be attributed to various factors. These include differences
in cultural practices, food availability, and healthcare infrastructure. Ghana has made substan-
tial progress in maternal and child health, with improved access to ANC services, nutrition
education, and community-based interventions. Additionally, Ghana’s diverse food culture,
including staples like plantains, cassava, and fish, contributes to better dietary diversity. In
contrast, Burkina Faso faces challenges related to food insecurity, limited healthcare access,
and cultural norms that may impact dietary choices [69, 70].

The study’s strength was its utilization of current large-sample national demography and
health surveys from five sub-Saharan African nations. Another strength of this study was the
use of mixed-effect multilevel logistic regression to identify two-level factors (individual and
community-level factors), which was not possible with ordinary logistic regression. How-
ever, the study was unable to include these variables that might have been associated with the
outcome variable because a number of important variables, such as food security and maternal
attitude, were absent from the DHS data collection. Additionally, the chance to include DHS
data from other countries in this research is limited by the lack of maternal nutrition-related
data in many sub-Saharan African DHS data sets. Furthermore, data from different countries in
the DHS may have been collected during varying time periods, which could introduce seasonal-
ity effects that may influence food availability and consumption patterns. Moreover, he potential
for recall bias in dietary data, as mothers may forget or misreport details even within the 24-hour
recall period. Additionally, while the Minimum Dietary Diversity (MDD) indicator is useful for
population-level analysis, it may not accurately reflect an individual’s typical dietary habits, as
dietary patterns can fluctuate daily and may not represent usual intake at the household level.

Conclusion and recommendations

The minimum dietary diversity among lactating mothers is low, according to this study’s find-
ings. The study found that the minimum dietary diversity was influenced by both community-
level and individual-level variables. We recommend that the health ministries of Burkina

Faso, Kenya, Ghana, Mozambique, and Tanzania implement targeted policies such as mobile
health services for rural women, community-based health education programs, and financial
incentives for pregnant women to attend antenatal visits. In countries like Sub-Saharan Africa,
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existing educational policies could be integrated with maternal health programs to ensure that
women, particularly those with low education levels, receive information on the importance of
antenatal care. Additionally, partnerships with local organizations and community leaders can
help reach marginalized populations and increase service utilization.

Supporting information

S1. Data. Data used for analysis.
(RAR)

S2 Data. Strobe-checklist.
(DOCX)

Author contributions

Conceptualization: Alebachew Ferede Zegeye, Desale Bihonegn Asmamaw, Desalegn Anmut
Bitew, Lemlem Daniel Baffa, Melak Jejaw.

Data curation: Alebachew Ferede Zegeye, Tadesse Tarik Tamir, Bewuketu Terefe, Kaleb
Assegid Demissie.

Formal analysis: Alebachew Ferede Zegeye, Tadesse Tarik Tamir, Elsa Awoke Fentie, Rahel
Mulatie Anteneh, Misganaw Guadie Tiruneh, Tadele Biresaw Belachew.

Investigation: Alebachew Ferede Zegeye, Desalegn Anmut Bitew, Tadele Biresaw Belachew,
Melak Jejaw.

Methodology: Alebachew Ferede Zegeye, Tadesse Tarik Tamir, Desale Bihonegn Asmamaw,
Elsa Awoke Fentie, Bewuketu Terefe, Lemlem Daniel Baffa, Wubshet D. Negash.

Project administration: Tadele Biresaw Belachew.
Resources: Desalegn Anmut Bitew, Kaleb Assegid Demissie, Melak Jejaw.

Software: Alebachew Ferede Zegeye, Desale Bihonegn Asmamaw, Desalegn Anmut Bitew,
Rahel Mulatie Anteneh, Misganaw Guadie Tiruneh, Wubshet D. Negash.

Supervision: Kaleb Assegid Demissie.
Validation: Alebachew Ferede Zegeye, Misganaw Guadie Tiruneh, Tadele Biresaw Belachew.
Visualization: Elsa Awoke Fentie, Misganaw Guadie Tiruneh.

Writing - original draft: Alebachew Ferede Zegeye, Tadesse Tarik Tamir, Desale Bihonegn
Asmamaw, Desalegn Anmut Bitew, Elsa Awoke Fentie, Bewuketu Terefe, Rahel Mulatie
Anteneh, Lemlem Daniel Baffa, Misganaw Guadie Tiruneh, Kaleb Assegid Demissie,
Tadele Biresaw Belachew, Wubshet D. Negash, Melak Jejaw.

Writing - review & editing: Alebachew Ferede Zegeye, Tadesse Tarik Tamir, Desale Bihonegn
Asmamaw, Desalegn Anmut Bitew, Bewuketu Terefe, Lemlem Daniel Baffa, Wubshet D.
Negash.

References

1. Shumayla S, Irfan EM, Kathuria N, Rathi SK, Srivastava S, Mehra S. Minimum dietary diversity and
associated factors among lactating mothers in Haryana, India: a community based cross-sectional
study. BMC Pediatr. 2022;22(1):525. https://doi.org/10.1186/s12887-022-03588-5 PMID: 36057585

2. Rajpal S, Kumar A, Alambusha R, Sharma S, Joe W. Maternal dietary diversity during lactation and
associated factors in Palghar district, Maharashtra, India. PLoS One. 2021;16(12):e0261700. https://
doi.org/10.1371/journal.pone.0261700 PMID: 34965269

3. Shaun MMA, et al. Determinants of minimum dietary diversity of lactating mothers in rural northern
region of Bangladesh: A community-based cross-sectional study. Heliyon. 2023;9(1):.

PLOS ONE | https://doi.org/10.1371/journal.pone.0308590 March 5, 2025 17/20



http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0308590.s001
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0308590.s002
https://doi.org/10.1186/s12887-022-03588-5
http://www.ncbi.nlm.nih.gov/pubmed/36057585
https://doi.org/10.1371/journal.pone.0261700
https://doi.org/10.1371/journal.pone.0261700
http://www.ncbi.nlm.nih.gov/pubmed/34965269

PLOS ONE

Minimum dietary diversity and its determinants among lactating mothers

10.

1.

12

13.

14,

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.
26.

Forsido SF, Tadesse F, Belachew T, Hensel O. Maternal dietary practices, dietary diversity, and
nutrient composition of diets of lactating mothers in Jimma Zone, Southwest Ethiopia. PLoS One.
2021;16(7):e0254259. hitps://doi.org/10.1371/journal.pone.0254259 PMID: 34252141

Molla W, Mengistu N, Madoro D, Assefa DG, Zeleke ED, Tilahun R, et al. Dietary diversity and associ-
ated factors among lactating women in Ethiopia: Cross sectional study. International Journal of Africa
Nursing Sciences. 2022;17:100450. https://doi.org/10.1016/j.ijans.2022.100450

Organization WH, . Preventing and controlling micronutrient deficiencies in populations affected by an
emergency. 2006. p. 2.

Belew AK, Awoke T, Gelaye KA, Atnafu A, Guadu T, Azale T, et al. Determinants of Malnutrition and
its associated factors among pregnant and lactating women under armed conflict areas in North
Gondar Zone, Northwest Ethiopia: a community-based study. BMC Nutr. 2023;9(1):102. https://doi.
org/10.1186/s40795-023-00758-1 PMID: 37667397

Ahmed T, Hossain M, Sanin KI. Global burden of maternal and child undernutrition and micronutrient
deficiencies. Ann Nutr Metab. 2012;61(1)8—17. https://doi.org/10.1159/000345165 PMID: 23343943

Girma B, Nigussie J, Molla A, Mareg M. Under-Nutrition and Associated Factors Among Lac-
tating Mothers in Ethiopia: A Systematic Review and Meta-analysis. Matern Child Health J.
2022;26(11):2210-20. https://doi.org/10.1007/s10995-022-03467-6 PMID: 36040618

Maternal Health | WHO | Regional Office for Africa. 2019. https://www.afro.who.int/health-topics/
maternal-health

Tilahun AG, Kebede AM. Maternal minimum dietary diversity and associated factors among pregnant
women. BMC Nutrition. 2021;7(1):1-10.

Alemu E. Dietary diversity status and associated factors among lactating mothers in lay gayint district,
south gondar zone, Ethiopia. 2020.

Wang D, Thielecke F, Fleith M, Afeiche MC, De Castro CA, Martinez-Costa C, et al. Analysis of dietary
patterns and nutritional adequacy in lactating women: a multicentre European cohort (ATLAS study).
J Nutr Sci. 2021;10:e17. https://doi.org/10.1017/jns.2021.7 PMID: 33889400

Carretero-Krug A, Montero-Bravo A, Morais-Moreno C, Puga AM, Samaniego-Vaesken M de L, Par-
tearroyo T, et al. Nutritional Status of Breastfeeding Mothers and Impact of Diet and Dietary Supple-
mentation: A Narrative Review. Nutrients. 2024;16(2):301. https://doi.org/10.3390/nu16020301 PMID:
38276540

Martin CL, Siega-Riz AM, Sotres-Alvarez D, Robinson WR, Daniels JL, Perrin EM, et al. Maternal
Dietary Patterns during Pregnancy Are Associated with Child Growth in the First 3 Years of Life. J Nutr.
2016;146(11):2281-8. https://doi.org/10.3945/jn.116.234336 PMID: 27683873

Schwarzenberg SJ, Georgieff MK, Committee On Nutrition. Advocacy for Improving Nutri-
tion in the First 1000 Days to Support Childhood Development and Adult Health. Pediatrics.
2018;141(2):20173716. https://doi.org/10.1542/peds.2017-3716 PMID: 29358479

Koletzko B, Godfrey KM, Poston L, Szajewska H, van Goudoever JB, de Waard M, et al. Nutrition
During Pregnancy, Lactation and Early Childhood and its Implications for Maternal and Long-Term
Child Health: The Early Nutrition Project Recommendations. Ann Nutr Metab. 2019;74(2):93—-106.
https://doi.org/10.1159/000496471 PMID: 30673669

Nair MK, Augustine LF, Konapur A. Food-based interventions to modify diet quality and diversity to
address multiple micronutrient deficiency. Frontiers in public health, 2016;3:167037.

Fufa DA, Laloto TD. Assessment of dietary diversity and associated factors among lactating mothers
in Debub Bench District. Heliyon. 2021;7(8).

Kibre A. Dietary practice and associated factors among lactating mothers in Halu Woreda, llu Aba Bor
Zone, South West Ethiopia. International Journal of Nutrition and Food Sciences. 2022;11(3):61-8.

USAID. Maternal dietary diversity and the implications for children’s diets in the context of food secu-
rity. USAID Washington; 2012.

Kennedy G, Ballard T, Dop MC. Guidelines for measuring household and individual dietary diversity.
Food and Agriculture Organization of the United Nations; 2011.

Martin-Prével Y, et al., Moving forward on choosing a standard operational indicator of women’s
dietary diversity. 2015.

Pal M, Paul B, Dasgupta A. Dietary diversity among women of reproductive age: new evidence from
an observational study in a slum of Kolkata. International Journal of Medical Science and Public
Health. 2017;6(8):1302-7.

You D, Hug L, Anthony D. Generation 2030/Africa. ERIC; 2014.
Tupy M. Africa is Getting Richer, Foundation for Economic Education, 2016.

PLOS ONE | hitps://doi.org/10.1371/journal.pone.0308590 March 5, 2025 18/20



https://doi.org/10.1371/journal.pone.0254259
http://www.ncbi.nlm.nih.gov/pubmed/34252141
https://doi.org/10.1016/j.ijans.2022.100450
https://doi.org/10.1186/s40795-023-00758-1
https://doi.org/10.1186/s40795-023-00758-1
http://www.ncbi.nlm.nih.gov/pubmed/37667397
https://doi.org/10.1159/000345165
http://www.ncbi.nlm.nih.gov/pubmed/23343943
https://doi.org/10.1007/s10995-022-03467-6
http://www.ncbi.nlm.nih.gov/pubmed/36040618
https://www.afro.who.int/health-topics/maternal-health
https://www.afro.who.int/health-topics/maternal-health
https://doi.org/10.1017/jns.2021.7
http://www.ncbi.nlm.nih.gov/pubmed/33889400
https://doi.org/10.3390/nu16020301
http://www.ncbi.nlm.nih.gov/pubmed/38276540
https://doi.org/10.3945/jn.116.234336
http://www.ncbi.nlm.nih.gov/pubmed/27683873
https://doi.org/10.1542/peds.2017-3716
http://www.ncbi.nlm.nih.gov/pubmed/29358479
https://doi.org/10.1159/000496471
http://www.ncbi.nlm.nih.gov/pubmed/30673669

PLOS ONE

Minimum dietary diversity and its determinants among lactating mothers

27.
28.

29.
30.

31.
32.

33.
34.

35.
36.

37

38.
39.

40.
41.

42,

43.

44.

45.

46.

47.
48.

49.

50.

Population of Burkina Faso, 2024: https://database.earth/population/burkina-faso

UNICEF. Country Office Annual Report Burkina Faso. 2023. https://www.unicef.org/media/152726/file/
Burkina-Faso-2023-COAR.pdf

Population of Ghana, 2024. hitps://www.worldometers.info/world-population/ghana-population/

Akwaa Harrison O, Ifie I, Nkwonta C, Dzandu BA, Gattor AO, Adimado EE, et al. Knowledge, aware-
ness, and use of folic acid among women of childbearing age living in a peri-urban community in
Ghana: a cross-sectional survey. BMC Pregnancy Childbirth. 2024;24(1):241. https://doi.org/10.1186/
512884-024-06408-z PMID: 38580949

Population of Tanzania, 2024. hitps://www.worldometers.info/world-population/tanzania-population/
Alem AZ, Yeshaw Y, Liyew AM, Tessema ZT, Worku MG, Tesema GA, et al. Double burden of malnu-
trition and its associated factors among women in low and middle income countries: findings from 52
nationally representative data. BMC Public Health. 2023;23(1):1479. https://doi.org/10.1186/s12889-
023-16045-4 PMID: 37537530

Population of Kenya, h.w.w.i.w.-p.k.-p.g.v.

FOOD FORTIFICATION IN KENYA. https://www.nutritionintl.org/wp-content/uploads/2020/12/Ken-
ya-Food-Fortification_FINAL_2020-11-02_WEB-1.pdf

Mozambique Population. 2024. https://worldpopulationreview.com/countries/mozambique-population

Kavle JA, Picolo M, Buccini G, Barros |, Dillaway CH, Pérez-Escamilla R. Strengthening counseling
on barriers to exclusive breastfeeding through use of job aids in Nampula, Mozambique. PLoS One.
2019;14(12):e0224939. https://doi.org/10.1371/journal.pone.0224939 PMID: 31790430

Getacher L, Egata G, Alemayehu T, Bante A, Molla A. Minimum Dietary Diversity and Associ-
ated Factors among Lactating Mothers in Ataye District, North Shoa Zone, Central Ethiopia:
A Community-Based Cross-Sectional Study. J Nutr Metab. 2020;2020:1823697. https://doi.
org/10.1155/2020/1823697 PMID: 33520304

Child Y. Infant and young child feeding. Nutrition, 2011. p. 11-13.

WHO B. Infant and young child feeding: model chapter for textbooks for medical students and allied
health professionals. Infant and Young Child Feeding: Model Chapter for Textbooks for Medical Stu-
dents and Allied Health Professionals. 2009.

Rutstein SO. Steps to constructing the new DHS Wealth Index. Rockville, MD: ICF International; 2015;6.

Shah AR, Subramanyam MA. Community-level women’s education and undernutrition among Indian
adolescents: A multilevel analysis of a national survey. PLoS One. 2021;16(5):e0251427. https://doi.
org/10.1371/journal.pone.0251427 PMID: 34014954

Aryeetey GC, Jehu-Appiah C, Kotoh AM, Spaan E, Arhinful DK, Baltussen R, et al. Community
concepts of poverty: an application to premium exemptions in Ghana’s National Health Insurance
Scheme. Global Health. 2013;9:12. https://doi.org/10.1186/1744-8603-9-12 PMID: 23497484

Rodriguez G, Elo I. Intra-class Correlation in Random-effects Models for Binary Data. The Stata Jour-
nal: Promoting communications on statistics and Stata. 2003;3(1):32—46. https://doi.org/10.1177/1536
867x0300300102

Merlo J, Ohlsson H, Lynch KF, Chaix B, Subramanian SV. Individual and collective bodies: using
measures of variance and association in contextual epidemiology. J Epidemiol Community Health.
2009;63(12):1043-8. hitps://doi.org/10.1136/jech.2009.088310 PMID: 19666637

Al-Sadi AM, Al-Oweisi FA, Edwards SG, Al-Nadabi H, Al-Fahdi AM. Genetic analysis reveals diver-
sity and genetic relationship among Trichoderma isolates from potting media, cultivated soil and
uncultivated soil. BMC Microbiol. 2015;15:147. https://doi.org/10.1186/s12866-015-0483-8 PMID:
26215423

Organization, W.H. Indicators for assessing infant and young child feeding practices: definitions and
measurement methods. 2021.

Kennedy G, Ballard T, Dop M. Guidelines for measuring household and individual dietary diversity. 2011.

Chakona G, Shackleton C. Minimum Dietary Diversity Scores for Women Indicate Micronutrient
Adequacy and Food Insecurity Status in South African Towns. Nutrients. 2017;9(8):812. hitps://doi.
0rg/10.3390/nu9080812 PMID: 28788057

Ruel MT, Alderman H, Maternal and Child Nutrition Study Group. Nutrition-sensitive interventions and
programmes: how can they help to accelerate progress in improving maternal and child nutrition?.
Lancet. 2013;382(9891):536-51. https://doi.org/10.1016/S0140-6736(13)60843-0 PMID: 23746780

Chakona G, Shackleton C. Food Taboos and Cultural Beliefs Influence Food Choice and Dietary
Preferences among Pregnant Women in the Eastern Cape, South Africa. Nutrients. 2019;11(11):2668.
https://doi.org/10.3390/nu11112668 PMID: 31694181

PLOS ONE | https://doi.org/10.1371/journal.pone.0308590 March 5, 2025 19/20



https://database.earth/population/burkina-faso
https://www.unicef.org/media/152726/file/Burkina-Faso-2023-COAR.pdf
https://www.unicef.org/media/152726/file/Burkina-Faso-2023-COAR.pdf
https://www.worldometers.info/world-population/ghana-population/
https://doi.org/10.1186/s12884-024-06408-z
https://doi.org/10.1186/s12884-024-06408-z
http://www.ncbi.nlm.nih.gov/pubmed/38580949
https://www.worldometers.info/world-population/tanzania-population/
https://doi.org/10.1186/s12889-023-16045-4
https://doi.org/10.1186/s12889-023-16045-4
http://www.ncbi.nlm.nih.gov/pubmed/37537530
h.w.w.i.w.-p.k.-p.g.v
https://www.nutritionintl.org/wp-content/uploads/2020/12/Kenya-Food-Fortification_FINAL_2020-11-02_WEB-1.pdf
https://www.nutritionintl.org/wp-content/uploads/2020/12/Kenya-Food-Fortification_FINAL_2020-11-02_WEB-1.pdf
https://worldpopulationreview.com/countries/mozambique-population
https://doi.org/10.1371/journal.pone.0224939
http://www.ncbi.nlm.nih.gov/pubmed/31790430
https://doi.org/10.1155/2020/1823697
https://doi.org/10.1155/2020/1823697
http://www.ncbi.nlm.nih.gov/pubmed/33520304
https://doi.org/10.1371/journal.pone.0251427
https://doi.org/10.1371/journal.pone.0251427
http://www.ncbi.nlm.nih.gov/pubmed/34014954
https://doi.org/10.1186/1744-8603-9-12
http://www.ncbi.nlm.nih.gov/pubmed/23497484
https://doi.org/10.1177/1536867x0300300102
https://doi.org/10.1177/1536867x0300300102
https://doi.org/10.1136/jech.2009.088310
http://www.ncbi.nlm.nih.gov/pubmed/19666637
https://doi.org/10.1186/s12866-015-0483-8
http://www.ncbi.nlm.nih.gov/pubmed/26215423
https://doi.org/10.3390/nu9080812
https://doi.org/10.3390/nu9080812
http://www.ncbi.nlm.nih.gov/pubmed/28788057
https://doi.org/10.1016/S0140-6736(13)60843-0
http://www.ncbi.nlm.nih.gov/pubmed/23746780
https://doi.org/10.3390/nu11112668
http://www.ncbi.nlm.nih.gov/pubmed/31694181

PLOS ONE

Minimum dietary diversity and its determinants among lactating mothers

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.
66.

67.

68.

69.

70.

Custodio E, Kayikatire F, Fortin S, Thomas A-C, Kameli Y, Nkunzimana T, et al. Minimum dietary diver-
sity among women of reproductive age in urban Burkina Faso. Matern Child Nutr. 2020;16(2):e12897.
https://doi.org/10.1111/mcn. 12897 PMID: 31856424

Nguyen PH, Avula R, Ruel MT, Saha KK, Ali D, Tran LM, et al. Maternal and child dietary diversity
are associated in Bangladesh, Vietnam, and Ethiopia. J Nutr. 2013;143(7):1176-83. https://doi.
0rg/10.3945/jn.112.172247 PMID: 23658424

Teferi T, Endalk G, Ayenew GM, Fentahun N. Inadequate dietary diversity practices and associated
factors among postpartum mothers in Gambella town, Southwest Ethiopia. Sci Rep. 2023;13(1):7252.
https://doi.org/10.1038/s41598-023-29962-6 PMID: 37142603

Beressa G, Whiting SJ, Belachew T. Effect of nutrition education integrating the health belief model
and theory of planned behavior on dietary diversity of pregnant women in Southeast Ethiopia: a
cluster randomized controlled trial. Nutr J. 2024;23(1):3. https://doi.org/10.1186/s12937-023-00907-z
PMID: 38166908

Seid A, Cherie HA. Dietary diversity, nutritional status and associated factors among lactating
mothers visiting government health facilities at Dessie town, Amhara region, Ethiopia. PLoS One.
2022;17(2):e0263957. https://doi.org/10.1371/journal.pone.0263957 PMID: 35176095

Bitew ZW, Alemu A, Ayele EG, Worku T. Dietary diversity and practice of pregnant and lactating
women in Ethiopia: A systematic review and meta-analysis. Food Sci Nutr. 2021;9(5):2686—702.
https://doi.org/10.1002/fsn3.2228 PMID: 34026082

Hidru HD, Berwo Mengesha M, Hailesilassie Y, Tekulu Welay F. Burden and Determinant of Inade-
quate Dietary Diversity among Pregnant Women in Ethiopia: A Systematic Review and Meta-Analysis.
J Nutr Metab. 2020;2020:1272393. https://doi.org/10.1155/2020/1272393 PMID: 32855822

Kang, et al. Household food insecurity is associated with low dietary diversity among pregnant and
lactating women in rural Malawi. Journal of Nutrition. 2019.

Bravi F, Di Maso M, Eussen SRBM, Agostoni C, Salvatori G, Profeti C, et al. Dietary Patterns of
Breastfeeding Mothers and Human Milk Composition: Data from the Italian MEDIDIET Study. Nutri-
ents. 2021;13(5):1722. https://doi.org/10.3390/nu13051722 PMID: 34069630

Organization WH. Protecting, promoting and supporting breastfeeding in facilities providing maternity
and newborn services: the revised Baby-friendly Hospital initiative: 2018 implementation guidance:
frequently asked questions. 2020.

Weldehaweria NB, Misgina KH, Weldu MG, Gebregiorgis YS, Gebrezgi BH, Zewdie SW, et al. Dietary
diversity and related factors among lactating women visiting public health facilities in Aksum town,
Tigray, Northern Ethiopia. BMC Nutr. 2016;2(1):. https://doi.org/10.1186/s40795-016-0077-3

Amugsi DA, Lartey A, Kimani E, Mberu BU. Women'’s participation in household decision-making and
higher dietary diversity: findings from nationally representative data from Ghana. J Health Popul Nutr.
2016;35(1):16. https://doi.org/10.1186/s41043-016-0053-1 PMID: 27245827

Jones AD, Ickes SB, Smith LE, Mbuya MNN, Chasekwa B, Heidkamp RA, et al. World Health Orga-
nization infant and young child feeding indicators and their associations with child anthropometry: a
synthesis of recent findings. Matern Child Nutr. 2014;10(1):1-17. https://doi.org/10.1111/mcn.12070
PMID: 23945347

FAO. “Minimum Dietary Diversity for Women: A Guide to Measurement.” Food and Agriculture Organi-
zation (FAO); 2016.

World Health Organization. Guideline: Multiple micronutrient supplements during lactation. 2021.

Heri R, Malqvist M, Yahya-Malima Kl, Mselle LT. Dietary diversity and associated factors among
women attending antenatal clinics in the coast region of Tanzania. BMC Nutr. 2024;10(1):16. https:/
doi.org/10.1186/s40795-024-00825-1 PMID: 38254189

Ghosh-Jerath S, Devasenapathy N, Singh A, Shankar A, Zodpey S. Ante natal care (ANC) utiliza-
tion, dietary practices and nutritional outcomes in pregnant and recently delivered women in urban
slums of Delhi, India: an exploratory cross-sectional study. Reprod Health. 2015;12:20. https://doi.
org/10.1186/s12978-015-0008-9 PMID: 25889714

Maternal Nutrition Programming in the context of the 2016 WHO Antenatal Care Guidelines. https:/
pdf.usaid.gov/pdf _docs/PAO0SZNJ.pdf

Adu-Afarwuah S, Lartey A, Okronipa H, Ashorn P, Peerson JM, Arimond M. Small-quantity lipid-based
nutrient supplements, regardless of their zinc content, increase growth and reduce the preva-

lence of stunting and wasting in young Burkinabe children: a cluster-randomized trial. PLoS One.
2016;11(3):e0151971. https://doi.org/10.1371/journal.pone.0151971

Measure D. Ghana Demographic and Health Survey, 2014. Ghana Health Service. 2015.

PLOS ONE | hitps://doi.org/10.1371/journal.pone.0308590 March 5, 2025 20/20



https://doi.org/10.1111/mcn.12897
http://www.ncbi.nlm.nih.gov/pubmed/31856424
https://doi.org/10.3945/jn.112.172247
https://doi.org/10.3945/jn.112.172247
http://www.ncbi.nlm.nih.gov/pubmed/23658424
https://doi.org/10.1038/s41598-023-29962-6
http://www.ncbi.nlm.nih.gov/pubmed/37142603
https://doi.org/10.1186/s12937-023-00907-z
http://www.ncbi.nlm.nih.gov/pubmed/38166908
https://doi.org/10.1371/journal.pone.0263957
http://www.ncbi.nlm.nih.gov/pubmed/35176095
https://doi.org/10.1002/fsn3.2228
http://www.ncbi.nlm.nih.gov/pubmed/34026082
https://doi.org/10.1155/2020/1272393
http://www.ncbi.nlm.nih.gov/pubmed/32855822
https://doi.org/10.3390/nu13051722
http://www.ncbi.nlm.nih.gov/pubmed/34069630
https://doi.org/10.1186/s40795-016-0077-3
https://doi.org/10.1186/s41043-016-0053-1
http://www.ncbi.nlm.nih.gov/pubmed/27245827
https://doi.org/10.1111/mcn.12070
http://www.ncbi.nlm.nih.gov/pubmed/23945347
https://doi.org/10.1186/s40795-024-00825-1
https://doi.org/10.1186/s40795-024-00825-1
http://www.ncbi.nlm.nih.gov/pubmed/38254189
https://doi.org/10.1186/s12978-015-0008-9
https://doi.org/10.1186/s12978-015-0008-9
http://www.ncbi.nlm.nih.gov/pubmed/25889714
https://pdf.usaid.gov/pdf_docs/PA00SZNJ.pdf
https://pdf.usaid.gov/pdf_docs/PA00SZNJ.pdf
https://doi.org/10.1371/journal.pone.0151971
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

