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Abstract
Objective: The objective of this study was to explore the relationship between
various forms of child nutritional disorders and early childhood development in
Bangladesh.
Design: We analysed data from the nationally representative cross-sectional
2019 Multiple Indicator Cluster Survey. Early childhood development was
evaluated using the Early Childhood Development Index (ECDI), which
comprised 10 yes-or-no questions across four domains: literacy-numeracy,
physical well-being, socio-emotional development, and learning abilities.
Nutritional disorders (e.g. stunting, wasting, and underweight) were measured
based on the World Health Organization’s height and weight guidelines.
To investigate the relationships between child development and nutritional
disorders, we used multilevel logistic regression models.
Setting: Bangladesh.
Participants: Data of 9,455 children aged 3 and 4 years.
Results: Approximately 38 % of the children analysed experienced a nutritional
disorder, with stunting being the most prevalent at 28·15 %. Overall, 25·27 % did
not meet expected developmental progress measured by the ECDI. Stunted
children were more likely to be off track developmentally, while those without any
nutritional disorder were more likely to be on track. Socio-demographic factors,
including age, sex, attendance in early childhood education programme, maternal
education, maternal functional difficulties, region, and income, were identified as
determinants of ECDI.
Conclusions: Childhood nutrition and socio-demographic factors significantly
affect multiple developmental domains and overall ECDI among children aged
3–4 years. Prioritising policies and programmes that improve nutrition and address
these determinants are crucial for fostering optimal development in children.
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Early childhood development plays a pivotal role in
shaping an individual’s lifelong outcomes(1). It encom-
passes the period from conception to around eight years of
age, during which critical neural, cognitive, and socio-
emotional foundations are established(2). However, earlier
age is vital with adverse experiences during this sensitive
phase can have lasting consequences on a child’s develop-
ment and well-being(2,3). Research has consistently dem-
onstrated that children exposed to adverse circumstances,
such as poverty, violence, neglect, or inadequate access
to healthcare and education, are at a higher risk of

experiencing developmental delays, learning difficulties,
and social-emotional problems(4). These adverse conse-
quences not only affect the individual child but also have
broader societal implications, as they can perpetuate cycles
of disadvantage and inequality(2).

Nutritional disorders pose a persistent threat in low- and
lower-middle-income countries (LMICs), including
Bangladesh, encompassing a range from malnutrition to
overnutrition(5). Alarming statistics indicate that in 2020, the
prevalence of stunting among children under 5 years old
reached 34·1 %, with an additional 6·4 % experiencing
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wasting(6). These numbers translate to a staggering 219
million children, accounting for 39 % of the under-5
population in LMICs(6). These prevalence rates remain
stubbornly high despite the ongoing efforts of the World
Health Organization (WHO) to reduce the number of
children affected by nutritional disorders to below 100
million by 2025, which ismerely two years away(7). Tomeet
this target, the rates of stunting and wasting must decrease
by 40 % and 15 % respectively, which far exceeds the
current rates of improvement at 26·6 % and 8·4 %
respectively(7). Unfortunately, LMICs continue to grapple
with limited progress in reducing these rates, as the burden
of child overnutrition continues to rise(5,8). This can be
attributed to factors such as a growing reliance on fast food,
reduced participation in outdoor activities, and the
adoption of sedentary lifestyles(5,8). Such higher prevalence
of child malnutrition in LMICs is seen as major to the higher
adverse outcomes among children including under-five
mortality(9). Moreover, child malnutrition bears long-term
consequences, such as the potential for school dropouts
resulting from poor educational performance in later
life(10).

The association between nutritional disorders and early
childhood development has emerged as a prominent focus
within the field of child health and development(11,12).
Inadequate nutrition during the early childhood period has
been identified as a leading factor contributing to stunted
growth, cognitive impairments, developmental delays,
and heightened vulnerability to infections(10,11). These
consequences have far-reaching implications for multiple
domains of early childhood development, encompassing
physical, cognitive, and socio-emotional aspects(12).
However, despite the recognition of this association, there
remains a significant knowledge gap, particularly with
regard to evidence fromBangladeshwhere both nutritional
disorders and poor early childhood development persist
as pressing issues(13,14). Existing research on this topic has
yielded conflicting findings, largely due to variations in
methodologies employed and inconsistent consideration
of confounding factors(15–19). Disparities in the prevalence
of under-nutrition across countries where relevant
studies have been conducted, as well as variations in
governmental policies and programmes related to early
childhood development, further contribute to this incon-
sistency(15,17,19). Consequently, there is a pressing need to
conduct a dedicated study in the context of Bangladesh.
This study aims to investigate the association between child
nutritional disorders and children’s development while
accounting for relevant socio-demographic factors.

Methods

Data
The data for this study were derived from the nationally
representative 2019 Multiple Indicator Cluster Survey

(MICS), which was conducted by the United Nations
Children’s Fund (UNICEF) in collaboration with the
Bangladesh Bureau of Statistics. This is a nationally
representative household survey conducted every four
years to collect the nationally representative data on
several women's and children's health issues. The survey
employed a two-stage stratified random sampling
approach. In the first stage, 3,220 primary sampling units
(PSUs) were randomly selected from a list of 293 579 PSUs
generated during the Bangladesh national population
census conducted in 2011. Subsequently, in the second
stage, 20 households were systematically chosen from each
PSU using probability proportional to the sampling size.
This meticulous process yielded a total of 64 400 house-
holds, out of which 61 242 were occupied (Fig.1). Among
the selected households, there were 24 686 children aged
five years or below, and data pertaining to child-related
variables were successfully collected for 23 402 of these
children. Details of sampling procedure have been
published elsewhere(20).

Analysed sample
A total of 9,455 children were included in this study,
selected from the original sample based on two specific
criteria (Fig.1). These include (i) inclusion of children aged

293,533 total primary sampling unit (PSUs) in 2011 
Bangladesh Census

3,220 PSUs preliminary selected

634 urban PSUs 2,586 rural PSUs

12,680 households 51,720 households

64,400 selected households

61,602 included households

61,242 households interviewed successfully
(99·4 % response rate)

23,402 under-five aged children included in the 
survey

A total of 9,455 children were chosen for analysis, 
adhering to the data predefined inclusion criteria.

13947 children excluded 
from this study

Fig. 1 Sample selection procedure to study association
between child nutritional disorders and early child development
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3–4 years, from whom data were collected to assess early
childhood development using the Early Childhood
Development Index (ECDI) developed by UNICEF(21),
and (ii) availability of recorded nutritional status data for
the selected children.

Outcome variables
Our primary exposure variable in this study was child
nutritional disorder, which encompassed three categories:
stunting, wasting, and underweight. We determined these
variables by comparing the height-for-age (HAZ), weight-
for-age (WAZ), and weight-for-height (WHZ) measure-
ments, respectively, against age and gender-specific
Z-scores provided by the WHO(22). Children with HAZ,
WHZ, and WAZ below -2 standard deviations from the
median are considered stunted, wasted, and under-
weighted, respectively(22). We further derived three addi-
tional exposure variables: the presence of any of these
three forms of nutritional disorder (yes, no), the absence of
all three forms of nutritional disorder (yes, no), and the
presence of all three forms of nutritional disorder (yes, no).
These variables were generated based on the responses
related to stunting, wasting, and underweight.

Explanatory variable
The explanatory variable in our study was the ECDI, which
classified children as either developmentally on track (1) or
not (0). The ECDI was derived from a set of 10 assessment
items encompassing four domains: literacy-numeracy
(three items), physical (two items), socio-emotional (three
items), and learning (two items)(21). To be classified as
developmentally on track in a specific domain, children
needed to provide positive responses to at least two items
in literacy-numeracy and socio-emotional domains, as
well as at least one item in the physical and learning
domains(21,23). These domain-specific classifications were
then combined to generate the overall ECDI, where
children who were developmentally on track in at least
three out of the four domains were considered positively
classified. Detailed information regarding the generation of
these indexes can be found in a separate publication(21).

Covariates adjustment
In this study, several confounding variables were taken
into account, based on a comprehensive review of existing
research conducted in LMICs(15–19). These variables
encompassed various aspects related to children, their
mothers, households, and communities. Regarding
children’s characteristics, age categories were considered
(3 year, 4 year), along with children’s sex (male, female),
and attendance in an early childhood education pro-
gramme (yes, no). Maternal characteristics included
mother’s education level (pre-primary or none, primary,
secondary, higher secondary, and more) and whether
the mother had any functional difficulties (yes, no).

Household-level adjustments were made using the house-
hold wealth quintile index. Community-level character-
istics comprised the place of residence and division of
residence.

Statistical analysis

Characteristics of the respondents were described using
descriptive statistics. Prevalence and the corresponding
95 % confidence interval (95 % CI) of the explanatory and
major exposure variables were estimated, taking into
account the survey sampling structure. The data used in this
study exhibited a clustering nature, with children nested
within households and households nested within clusters
(PSUs). This clustering introduces dependencies among
the data, where individuals within a specific household or
PSU tend to share similar characteristics compared to those
from different households and PSUs. This renders the use
of a simple logistic regression model methodologically
incorrect and may potentially result in underestimation or
overestimation of the true associations(24). To address this
issue, we employed a multilevel framework to analyse
the data, specifically utilising a multilevel binary logistic
regression model to assess the targeted associations.
Separate models were performed for the ECDI and its four
domains to determine their associations with each of the
generated exposure variables. The results were reported as
OR with their corresponding 95 % CI. All statistical analyses
were conducted using Stata version 15·1.

Results

A total of 9,455 children were analysed, with an equal
distribution across the age groups of 3 years (49·93 %) and
4 years (51·07 %) (Table 1). The gender distribution was
also balanced, with males accounting for 51·74 % and
females for 49·36 % of the sample. Upon analysing the
children’s developmental progress using the ECDI, it was
observed that approximately one-quarter of the children
were not on the developmentally expected track (Table 1,
Fig.2). Specifically, a majority of the children (71 %) were
found to be below the expected levels in the literacy-
numeracy domain. Furthermore, the prevalence of nutri-
tional disorders among the analysed children was signifi-
cant, with over 38 % of them reporting at least one form of
nutritional disorder. Stunting was the most prevalent
nutritional disorder, affecting 28·15 % of the children,
followed by wasting, which affected 24·45 % of them.
Notably, each specific form of nutritional disorder was
reported by approximately 3·26 % of the total children
analysed.

The associations between nutritional disorders and the
ECDI, as well as its individual domains, are presented in
Table 2. The likelihoods of positive ECDI were found 18 %
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(OR, 0·82, 95 % CI, 0·74–0·93) and 11 % (0·89, 95 % CI,
0·80–0·99) lower among stunted and underweighted
children, respectively, compared to their non-stunted and
normal-weighted counterparts. Children with none of the
nutritional disorders showed a 1·12 times higher likelihood
of a positive ECDI compared to children with any of the
nutritional disorders. The study also found that the
likelihoods of stunted, underweighted, and children with
any of the three forms of nutritional disorders were 57 %
(aOR, 0·43, 95 % CI, 0·33–0·56), 44 % (aOR, 0·56, 95 % CI,

0·43–0·73), and 46 % (aOR, 0·54, 95 % CI, 0·42–0·67) lower,
respectively, to be developmentally tracked in the literacy-
numeracy domain. Children with none of the nutritional
disorders were more likely to be developmentally
tracked in the literacy-numeracy domain compared to
their counterparts with at least one of the three nutritional
disorders.

Additionally, we conducted five different models to
examine the socio-demographic factors associated with
the ECDI and its four domains. The results of each model
are presented in Table 3. Children aged 4 years were
120–153 % more likely to report a positive ECDI and its
domains, except for the socio-emotional domain, where
higher age was associated with a 16 % protective as
compared to children in the lower age range of 24–36
months. Female children (aOR, 0·91, 95 % CI, 0·82–0·99)
and children whose mothers faced functional difficulties
(aOR, 0·97, 95 % CI, 0·58–0·99) were less likely to report a
positive ECDI compared to themale children. Furthermore,
children in the Chattogram (aOR, 0·55, 95 % CI, 0·43–0·69),
Dhaka (aOR, 0·41, 95 % CI, 0·32–0·51), Khulna (aOR, 0·65,
95 % CI, 0·51–0·83), Mymensingh (aOR, 0·46, 0·34–0·62),
and Rangpur (aOR, 0·44, 95 % CI, 0·34–0·56) divisions had
lower likelihood to report a positive ECDI compared to
children residing in the Barishal division. We also observed
a gradient association between the ECDI and the wealth
quintile of the children’s mothers, with increasing odds
ranging from 1·23 to 1·45 for the second to richest quintile
compared to respondents in lower wealth quintiles. Similar
associations were found between each of the four domains
of the ECDI and the socio-demographic factors included in
the models.

Discussion

The primary objective of this study was to examine
the associations between adverse nutritional disorders
and the ECDI and its specific domains in Bangladesh. The
findings revealed a significantly high prevalence of child-
hood nutritional disorders, with over 38 % of the children
reporting at least one form of such disorder. Furthermore,
nearly one-quarter of the children were not found to be on
track in terms of their developmental progress as assessed
by the ECDI, and a substantial 71 % of children did not
meet the expected levels in the literacy-numeracy
domain. Notably, children with nutritional disorders were
more likely to exhibit poor ECDI scores and lower
performance in their individual domains. These associa-
tions remained significant even after adjusting for a range of
factors related to children, their mothers, households,
and the community. These findings underscore the
coexistence of nutritional disorders and impaired child
development in Bangladesh, highlighting the long-term
challenges faced by the country. Therefore, in order to
achieve Sustainable Development Goals 1 and 3, which

Table 1 Descriptive statistics of children, and exposure and
outcome variables, n 9455

Demographics of children % 95% CI

Age (in moths)
24–36 50·3 49·1–51·6
37–48 49·7 48·4–50·9

Sex
Male 49·8 49·0–50·7
Female 50·2 49·4–51·0

Attendance in early childhood education
No 82·0 80·9–83·0
Yes 18·0 17·0–19·1

Place of residence
Urban 20·1 19·0–21·3
Rural 79·9 78·8–81·0

Place of region
Barishal 5·6 5·2–6·0
Chattogram 23·5 22·3–24·6
Dhaka 22·4 21·3–23·6
Khulna 9·4 8·9–10·0
Mymensingh 8·1 7·3–8·9
Rajshahi 11·4 10·7–12·1
Rangpur 10·3 9·6–10·9
Sylhet 9·4 8·5–10·4

Wealth index
Poorest 25·0 23·7–26·5
Second 20·8 19·8–22·0
Middle 18·2 17·3–19·3
Fourth 18·0 16·9–19·1
Richest 17·9 16·7–19·1

Children mother’s education
Pre-primary education 16·7 15·6–17·9
Primary education 26·7 25·5–27·9
Secondary education 45·2 43·9–46·6
Higher education 11·4 10·6–12·2

Mother’s functional difficulties
Has functional difficulties 3·6 1·5–4·5
Has no functional difficulties 96·4 95·9–96·8

Children who are not developmentally tracked for indicated
domains
Literacy-numeracy 71·21 70·11–72·29
Physical 13·08 11·30–16·80
Socio-emotional 27·29 71·62–73·77
Learning 8·61 8·01–9·26
Early child development index 25·27 24·28–26·28
Nutritional status
Stunting 28·15 27·06–29·27
Wasting 9·65 8·97–10·38
Underweight 24·45 23·44–25·48
Children with any of the three forms of
nutritional disorder

38·09 36·96–39·24

Children with all three forms of nutritional
disorder

3·26 2·87–3·71

Children with none of the three nutritional
disorders

61·91 60·77–63·07

Note. CI: confidence interval.
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prioritise early childhood development and health for all, it
is imperative to address the developmental needs of
children affected by nutritional disorders in Bangladesh.

The poor performance of children with nutritional
disorders in the ECDI and its domains can be attributed to
several interconnected factors. Insufficient intake of
essential nutrients, such as proteins, vitamins, andminerals,
leads to inadequate nourishment, hindering the optimal
functioning of the developing brain and body, and
compromising overall growth and development(25–27).
This can result in stunted growth, compromised physical
growth, impaired cognitive abilities, and delayed language
development(28,29).

Additionally, nutritional disorders can cause reduced
energy levels, making it challenging for children to actively
engage in learning activities and explore their environ-
ment(30). Moreover, these disorders can weaken the
immune system, making children more vulnerable to
infections and illnesses, which further impairs their overall
development and well-being(12,18,30). This, in turn, can
disrupt regular attendance in early childhood education
programmes and limit opportunities for social interaction
and learning(16).

Furthermore, the limited availability of nutritious food
and a stimulating home environment contributes to the
limited cognitive stimulation experienced by children
with nutritional disorders(31). Cognitive stimulation, which
includes exposure to language, books, and stimulating
activities, plays a vital role in developing cognitive skills,
problem-solving abilities, and attention span(32,33).
Moreover, children with nutritional disorders often face
social-emotional challenges, such as low self-esteem and

emotional instability, which can influence their socio-
emotional well-being and interactions with peers and
caregivers, further affecting their overall development(34).

Addressing these interconnected factors requires
comprehensive interventions. Strategies should focus on
improving access to nutritious food, promoting optimal
feeding practices, providing early childhood education
programmes that foster cognitive and socio-emotional
development, and creating supportive environments that
stimulate learning and positive social interactions(35,36). By
addressing these factors, it is possible to improve the ECDI
outcomes of children with nutritional disorders and
promote their overall optimal development.

This study possesses several strengths and a few
limitations. It is noteworthy that this is the first study
conducted in Bangladesh to investigate the association
between nutritional disorders and the ECDI, while adjust-
ing for a comprehensive range of factors at the children,
individual, household, and community levels. Advanced
statistical models were employed to analyse the data,
considering various model combinations to ensure a
thorough examination of the potential associations
between child nutritional disorders and ECDI outcomes.
As a result, the findings of this study are robust and hold
significant implications for the development of national-
level policies and programmes. However, it is important to
acknowledge themajor limitation of this study, which is the
utilisation of cross-sectional data. Consequently, the
findings can only establish correlations rather than causal
relationships. Additionally, it is important to recognise that
the data reported in this study are based on self-reports,
which introduces the possibility of recall bias. Nonetheless,
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Stunted Wasted Underweight All three nutritional
disorders

Any of three
nutritional disorders

None of three
nutritional disorders
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Fig. 2 Estimates of early child development index by child adverse nutritional outcomes
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any potential bias of this nature is likely to be random, and
the primary exposure and outcome variables are based on
real-time data. Furthermore, it is essential to acknowledge
that there are other factors, such as food intake, that can
influence both nutritional disorders and early childhood
development. However, due to the lack of relevant data in
the survey, these factors were not considered in the model.
Despite these limitations, this study provides valuable
insights into the association between nutritional disorders
and ECDI outcomes.

Conclusion
The results indicated a considerably elevated occurrence
of nutritional disorders among children, as more than
38 % of them reported experiencing at least one form of
such disorder. Additionally, a significant proportion,
approximately 25 %, of the children did not demonstrate
appropriate developmental progress according to the ECDI
assessment. Moreover, a noteworthy majority of 71 % of
children fell short of the expected proficiency levels in the
literacy-numeracy domain. Children with nutritional dis-
orders represented a higher probability of presenting with
subpar scores on the ECDI and performing poorly in
specific domains. Improving access to nutritious food,
promoting optimal feeding practices, providing early
childhood education programmes that foster cognitive
and socio-emotional development, and creating support-
ive environments that stimulate learning and positive social
interactions are important.
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Table 3 Adjusted OR of the associations between major demographic variables and early childhood development index

Early childhood development index 95% CI

Early childhood development index’s domains

Literacy-numeracy 95% CI Physical 95% CI Socio-emotional 95% CI Learning 95% CI

Age of the children (in months)
24–36 (rc) 1·00 1·00 1·00 1·00 1·00
37–48 1·41** 1·27–1·56 3·33** 2·94–3·76 1·20** 1·01–1·45 0·84** 0·76–0·93 1·53** 1·30–1·80

Sex of the children
Male (rc) 1·00 1·00 1·00 1·00 1·00
Female 0·91** 0·82–0·99 1·13* 1·02–1·26 0·89 0·74–1·06 0·75 1·68–0·83 1·14 0·98–1·33

Early childhood education programme attendance
Yes (rc) 1·00 1·00 1·00 1·00 1·00
No 2·08** 1·79–2·42 3·64** 3·16–4·19 1·81** 1·34–2·45 1·03 0·90–1·18 1·56 1·23–1·98

Mother’s education
Pre-primary or none (rc) 1·00 1·00 1·00 1·00 1·00
Primary 1·04 0·88–1·23 1·34** 1·08–1·68 0·94 0·71–1·24 0·96 0·81–1·15 1·04 0·80–1·34
Secondary 1·33** 1·13–1·57 2·36** 1·91–2·92 1·22 0·93–1·60 0·91 0·77–1·08 1·24 0·97–1·60
≥Higher secondary 1·46** 1·18–1·81 3·88** 3·01–5·00 1·51** 1·00–2·89 0·83 0·67–1·04 1·14 0·82–1·60

Mother’s functional difficulties
Yes 1·00 1·00 1·00 1·00 1·00
No 0·77 0·53–1·14 1·18 0·78–1·80 0·67 0·30–1·49 0·49** 0·31–0·76 1·14 0·65–2·00

Area of residence
Urban 1·00 1·00 1·00 1·00 1·00
Rural 1·05 0·90–1·23 1·03 0·88–1·21 1·03 0·76–1·38 1·03 0·88–1·20 1·16 0·90–1·48

Child resided region
Barishal (rc) 1·00 1·00 1·00 1·00 1·00
Chattogram 0·55** 0·43–0·69 0·69** 0·55–0·88 0·71 0·47–1·07 0·54** 0·43–0·69 0·80 0·58–1·12
Dhaka 0·41** 0·32–0·51 0·69** 0·54–0·88 0·69 0·46–1·03 0·32** 0·25–0·40 1·28 0·91–1·80
Khulna 0·65** 0·51–0·83 0·52** 0·41–0·68 1·82** 1·08–3·05 0·72** 0·56–0·92 1·45** 1·00–2·10
Mymenshing 0·46** 0·34–0·62 0·88 0·64–1·21 0·31** 0·20–0·49 0·32** 0·23–0·44 0·95 0·62–1·47
Rajshahi 0·87 0·67–1·12 0·52* 0·39–0·67 1·13 0·70–1·81 1·04 0·81–1·35 1·46 0·99–2·15
Rangpur 0·44** 0·34–0·56 0·76 0·58–1·01 0·66 0·43–1·02 0·31* 0·24–0·40 1·46** 1·01–2·12
Sylhet 0·87 0·64–1·19 0·55** 0·41–0·73 0·34** 0·22–0·53 1·83** 1·33–2·53 0·62** 0·41–0·92

Wealth quintile
Poorest (rc) 1·00 1·00 1·00 1·00 1·00
Second 1·23** 1·07–1·42 1·39** 1·16–1·67 1·30** 1·01–1·66 1·03 0·89–1·19 1·04 0·84–1·29
Middle 1·38** 1·18–1·62 1·74** 1·44–2·10 1·40** 1·06–1·84 1·01 0·87–1·19 1·34** 1·05–1·72
Fourth 1·39** 1·17–1·65 1·90** 1·57–2·30 1·16 0·87–1·55 1·09 0·92–1·30 1·49** 1·12–1·96
Richest 1·47** 1·20–1·80 2·61** 2·10–3·26 1·62** 1·11–2·36 0·95 0·77–1·16 1·81** 1·30–2·53

Note: Values inside the parentheses represent 95% confidence interval; rc: reference category.
**P< 0.05.
*P< 0.01.
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