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Abstract
Objective: To obtain projections of the prevalence of childhood malnutrition
indicators up to 2030 and to analyse the changes of wealth-based inequality in mal-
nutrition indicators and the degree of contribution of socio-economic determinants
to the inequities in malnutrition indicators in Bangladesh. Additionally, to identify
the risk factors of childhood malnutrition.
Design: Cross-sectional study. A Bayesian linear regression model was used to
estimate trends and projections of malnutrition. For equity analysis, slope index,
relative index and decomposition in concentration index were used. Multilevel
logistic models were used to identify risk factors of malnutrition.
Setting: Household surveys in Bangladesh from 1996 to 2014.
Participants: Children under the age of 5 years.
Results: A decreasing trend was observed for all malnutrition indices. In 1990, pre-
dicted prevalence of stunting, wasting and underweight was 55·0, 15·9 and 61·8 %,
respectively. By 2030, prevalence is projected to reduce to 28·8 % for stunting, 12·3 %
for wasting and 17·4 % for underweight. Prevalence of stunting, wasting and under-
weight were 34·3, 6·9 and 32·8 percentage points lower in the richest households than
the poorest households. Contribution of the wealth index to child malnutrition
increased over time and the largest contribution of pro-poor inequity was explained
by wealth index. Being an underweight mother, parents with a lower level of educa-
tion and poorer households were the key risk factors for stunting and underweight.
Conclusions:Our findings show an evidence-based need for targeted interventions to
improve education and household income-generating activities among poor house-
holds to reduce inequalities and reduce the burden of child malnutrition in
Bangladesh.
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Malnutrition affects 195 million children under the age of
5 years (U5C) worldwide and is associated with increased
risk of child morbidity and mortality(1–3). It accounted for
nearly 97 million disability-adjusted life years among
U5C in 2017, of which 98 % occurred in low- and
middle-income countries(4). Malnutrition limits cognitive
and physical development, and reduces immune system
function that can increase the risk of child mortality from

infections, thereby extracting a high economic cost from
individuals and developing economies(5,6).

The determinants of malnutrition are complex and result
from the interaction of several risk factors, including low
birth weight, poor infant and young child feeding practices,
frequent infections, and inadequate access to health care
and water and sanitation(7–9). There is global agreement that
children have almost equal potential for growth in their early
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years and that sociodemographic factors such as low mater-
nal education and household economic status influence
growth disparities. Using data from 1970 to 2012 for 116
countries, Smith and Haddad found that nutrition-sensitive
factors – which include access to safe water, sanitation,
women’s education, gender equality, and the quantity and
quality of food available – were key drivers of reductions
in stunting. Complementary to nutrition-specific pro-
grammes andpolicies, further reductions inmalnutritionwill
require increased investment in these priority areas(10).

Global efforts to reduce childmalnutritionhaveprogressed
successfully with the setting of the global nutrition targets
and the Sustainable Development Goals offering time-bound
targets to reduce all forms of malnutrition. Bangladesh has set
national nutrition targets aligned to the global nutrition targets
2025, to reduce the prevalence of stunting among U5C
(current 36% to 25%), wasting (current 14% to <8%) and
underweight (current 33% to 20%) by 2020(11,12).

The Government of Bangladesh has prioritized and
implemented interventions including supporting infant
and young child feeding, micronutrient supplementation,
food supplementation and other health interventions.
There has also been focus on nutrition-sensitive interven-
tions including education, water and sanitation, and social
welfare(13). Despite significant improvements in child
malnutrition rates in Bangladesh, in 2011, an estimated
5·5 million U5C remained stunted, with 5 million under-
weight and 2·2 million wasted(14). Although the annual
average rate of reduction of malnutrition at the national
level is high (approximately 4 % per year), the rate is
comparatively low in districts such as Sylhet(13). Thus,
geographic distribution, inequalities in wealth distribution
and education are likely to significantly affect achievement
of malnutrition targets in the country and will have to be
taken into account when implementing future policies.
To address these challenges, the Ministry of Health and
Family Welfare initiated the second Bangladesh National
Plan of Action for Nutrition (NPAN2) 2016–2025, which
outlines strategies to eradicate all forms of malnutrition(15).
This plan takes into consideration the limitations of capac-
ity in government institutions that impede successful imple-
mentation of both nutrition-specific and nutrition-sensitive
interventions and includes actions to enhance inter-sector
collaboration and coordination, as well as strengthenmulti-
sector monitoring to track progress. A key strategy is the
targeting of vulnerable people living in poor rural and
urban areas and in remote locations.

Therefore, information on influences of socio-economic
inequality in malnutrition would be useful in developing
cost-effective interventions to implement the NPAN2.
There is currently a gap in the literature of a comprehensive
assessment of the burden of child malnutrition in
Bangladesh, and few studies have appraised the socio-
economic inequality in childhood malnutrition(16,17).
Earlier studies focus on the inequality in childhood malnu-
trition for only one indicator or using relatively old data.
The present study takes a more comprehensive approach

and focuses on the inequality in childhood malnutrition in
Bangladesh of multiple indicators using the latest data.

Therefore, with the aim of helping to identify entry points
for action and develop strategic actions to inform the
NPAN2, the objectives of the present study were fourfold:
(i) to estimate the projected prevalence of childhoodmalnu-
trition up to the year 2030, to align with the timeline of the
Sustainable Development Goals; (ii) to analyse the changes
of wealth-based inequalities in child malnutrition over the
years from 1996 to 2014; (iii) to explore the degree of con-
tribution of socio-economic determinants to the observed
inequalities in child malnutrition; and (iv) to assess the risk
factors of malnutrition among U5C in Bangladesh.

Data and methods

Sources of data
The present study used data fromBangladeshDemographic
and Health Surveys (BDHS) from 1996 to 2014, which are
nationally representative cross-sectional household surveys.
Additionally, the study incorporated data from other house-
hold surveys such as the Child and Mother Nutrition Survey
(CMNS) and theMultiple Indicator Cluster Survey (MICS) for
estimating forecasted trends of childhood malnutrition.
For risk factor analysis, BDHS 2014 data were used.
Details of the sample size and response rate for each survey
are presented in the online supplementary material
(Supplemental Table S1). Participants with missing informa-
tion on anthropometrics and other covariateswere excluded
from the study (Supplemental Fig. S1).

Outcomes
The primary outcomes in the present study were stunting,
wasting, underweight, severe stunting, severe wasting and
severe underweight among U5C. Stunting, wasting and
underweight were defined according to the WHO Child
Growth Standards as height-for-age, weight-for-height
and weight-for-age two standard deviations (–2 SD) lower
than the median of the reference population, respectively.
Similarly, children whose height-for-age, weight-for-height
and weight-for-age was three standard deviations (–3 SD)
lower than the median of the reference population were
defined as severely stunted, severely wasted and severely
underweight, respectively(18).

Predictor variables
Covariates were considered based on previous literature
and the availability of data(19–26). The study included three
levels of confounding variables: individual, household and
community levels. The individual-level covariates included
child’s age in months, gender, birth order, mother’s BMI,
mother’s education and father’s education. Mother’s
BMI was divided into three categories: normal (18·5–
24·9 kg/m2), underweight (<18·5 kg/m2) and overweight/
obese (≥25·0 kg/m2). The household-level covariates
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included religion (Muslim, non-Muslim) and socio-eco-
nomic status (poorest, poorer, rich, richer, richest).
Socio-economic status of households was measured based
on household characteristics and ownership of assets using
principal component analysis(27). Lastly, the community-
level covariates included place of residence (urban or rural)
and administrative region of residence (Barisal, Chittagong,
Dhaka, Khulna, Rajshahi, Rangpur, Sylhet).

Statistical analysis
The primary analysis involved descriptive statistics, which
were presented as percentages with 95 % CI. A Bayesian
linear regression analysis with non-informative prior, con-
sidering year as a covariate, was used to obtain projections
of childhood malnutrition indicators up to the year 2030.
The Markov chain Monte Carlo (MCMC) algorithm was
used to obtain samples, using two chains, from the
posterior prediction distribution of the parameter of inter-
est. The posterior predictive distribution was used to obtain
the estimates with 95 % credible intervals (CrI) up to the
year 2030. The convergence of MCMC outputs was
assessed through visual inspection of trace plots for all
models. Additionally, the convergence of MCMC outputs
was quantitatively confirmed using Gelman–Rubin diagnos-
tic statistics. We performed sensitivity analysis for the projec-
tion of childhood malnutrition after excluding data from
surveys other than theBDHS to determinewhether inclusion
of different types of survey data in the model change the
trends and projections. For equity analysis, a regression-
based slope index of inequality and relative index of
inequality were used to assess the wealth-based absolute
and relative inequality in differentmalnutrition statuses(28–30).
The concentration curve and indexwere constructed to visu-
alize the extent of wealth-based inequality in different mal-
nutrition statuses(31). The decomposition of concentration
index analysis was used to assess the contribution of various
socio-economic factors in the observed wealth-based
inequality in different child malnutrition indicators(31).
Multilevel logistic regression models with random intercept
at individual, household and community levels were used
to identify risk factors for stunting, wasting and underweight
among U5C in 2014. All analysis was adjusted for the com-
plex probability sample design. Data analyses were per-
formed using the statistical software package Stata version
14/MP and the JAGS (Just another Gibbs sampler) program.

Results

Prevalence of malnutrition in children under the
age of 5 years
Table 1 presents the prevalence of malnutrition indicators
amongU5C in Bangladesh in 2014. In a total sample of 6939
children, the prevalence of stunting, wasting and under-
weight was 36·2 (95 % CI 34·4, 38·0) %, 14·3 (95 % CI
13·2, 15·5) % and 32·6 (95 % CI 30·7, 34·5) %, respectively.

Furthermore, 11·4 (95 % CI 10·3, 12·7) % of children were
severely stunted, 3·1 (95 % CI 2·5, 3·8) % were severely
wasted and 7·7 (95 % CI 6·9, 8·6) % were severely under-
weight. Most of the malnutrition indicators were substan-
tially higher among children whose mothers are
underweight, whose mothers or fathers have no education
level, who have a rural place of residence or are from the
poorest household quintile.

Projection of child malnutrition
The trends and projections of the prevalence of different
malnutrition indicators among U5C are presented in Fig. 1
and the online supplementary material (Supplemental
Table S2 and Supplemental Figs S2–S4). If the current trends
continue, the predicted prevalence of U5C who are under-
weight will decline by approximately three-quarters from
61·8 (95 % CrI 54·8, 69·3) % in 1990 to 17·4 (95 % CrI 11·6,
24·8) % in 2030. Similarly, the prevalence of stunting and
wasting is projected to decline from 55·0 (95 % CrI 45·5,
63·3) % to 28·8 (95 % CrI 19·0, 40·0) %, and from 15·9
(95 % CrI 9·2, 24·8) % to 12·3 (95 % CrI 5·6, 23·2) % between
1990 and 2030, respectively, if recent trends continue.
Although the prevalence of severe stunting and severe
underweight is projected to decline significantly by four-
to fivefold, severe wasting is projected to increase slightly
between 1990 and 2030. The highest annual rate of reduc-
tion is observed in severe underweight and severe stunting
categories (4·09 % and 3·28 %, respectively), and the lowest
is in wasting (0·63%). The only indicator shown to display a
negative value of annual rate of reduction is severe wasting
(–1·40 %). Sensitivity analysis of all the malnutrition indica-
tors showed a narrower spread in prevalence rates in 2030
after excluding surveys other than the BDHS from themodel
(online supplementary material, Supplemental Fig. S5).

Inequality in child malnutrition
The results of slope index of inequality, relative index of
inequality and concentration index are presented in
Table 2. In 2014, the slope index of inequality indicated that
the prevalence of stunting, wasting and underweight was
34·3, 6·9 and 32·8 percentage points lower in the richest
households, respectively, than the poorest households.
Similarly, the proportion of severe stunting, severe wasting
and severe underweight among U5C was substantially
lower in the richest households than the poorest house-
holds. Pro-poor inequality had increased significantly for
all malnutrition indicators during 1996 to 2014 (online
supplementary material, Supplemental Figs S6–S11).

Decomposition analysis
The concentration index of stunting, wasting and being
underweight was decomposed into various contribution
indices of wealth-based inequalities and year-specific
results are presented in Fig. 2. Contribution of all determi-
nants for stunting and underweight was negative between
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Table 1 Prevalence of malnutrition among children under the age of 5 years in Bangladesh in 2014

Characteristic
Total

number

Stunting Wasting Underweight Severe stunting Severe wasting Severe underweight

Prevalence
(%) 95 % CI

Prevalence
(%) 95% CI

Prevalence
(%) 95% CI

Prevalence
(%) 95% CI

Prevalence
(%) 95% CI

Prevalence
(%) 95% CI

Age group (months)
0–11 1340 17·3 14·9, 20·1 18·8 15·5, 22·7 19·8 16·7, 23·4 4·4 3·2, 6·0 5·1 3·6, 7·3 4·3 2·9, 6·2
12–23 1451 38·4 35·2, 41·8 15·0 12·6, 17·8 31·9 28·9, 35·0 13·4 11·1, 16·2 4·0 2·9, 5·4 8·6 6·8, 10·9
24–35 1402 41·1 37·2, 45·2 12·7 10·4, 15·4 36·4 33·0, 40·0 12·9 10·5, 15·6 2·1 1·4, 3·0 8·8 7·1, 10·9
36–47 1369 45·2 41·9, 48·6 11·7 9·8, 14·0 37·2 33·6, 40·9 14·4 12·1, 17·1 1·8 1·1, 2·8 8·3 6·7, 10·2
48–59 1377 38·6 35·0, 42·3 13·4 11·2, 15·9 37·6 34·1, 41·3 11·9 9·9, 14·4 2·4 1·5, 3·7 8·5 6·6, 10·9

Sex of child
Male 3556 36·9 34·8, 39·0 15·1 13·2, 17·1 32·1 30·0, 34·4 11·6 10·2, 13·0 3·7 3·0, 4·7 7·6 6·4, 8·8
Female 3383 35·4 33·0, 37·9 13·5 12·2, 15·1 33·0 30·6, 35·4 11·3 10·0, 12·9 2·4 1·7, 3·3 7·9 6·8, 9·1

Birth order
1 2689 31·6 29·2, 34·0 14·0 12·3, 16·0 28·7 25·8, 31·8 8·3 7·0, 9·9 2·8 2·1, 3·7 6·0 5·0, 7·2
2 2082 35·8 33·0, 38·6 14·8 12·8, 17·0 32·8 29·3, 36·5 11·5 10·0, 13·3 3·4 2·3, 5·0 7·4 5·9, 9·2
3 1100 36·9 33·3, 40·7 13·9 11·2, 17·2 33·8 30·3, 37·5 10·7 8·4, 13·5 3·8 2·3, 6·1 8·5 6·7, 10·7
≥4 1068 47·7 43·8, 51·7 14·6 12·1, 17·5 40·5 36·6, 44·6 19·9 16·3, 24·1 2·4 1·6, 3·6 11·8 8·9, 15·5

Mother’s BMI
Normal 4066 37·5 34·8, 40·2 14·5 13·2, 16·0 32·0 29·5, 34·6 11·7 10·1, 13·6 3·9 2·9, 5·1 6·9 5·9, 8·1
Underweight 1556 43·4 39·9, 47·1 18·9 16·7, 21·4 45·5 16·7, 21·4 15·2 12·7, 18·0 3·1 2·3, 4·1 13·5 11·0, 16·5
Overweight/
obese

1317 23·2 20·1, 26·5 8·3 6·7, 10·3 19·0 16·1, 22·4 6·1 4·8, 7·7 2·1 1·3, 3·5 3·2 2·2, 4·5

Mother’s education
No education 1071 47·4 42·4, 52·4 14·7 12·3, 17·5 41·9 37·4, 46·6 18·5 15·7, 21·8 3·0 1·7, 5·2 12·2 10·1, 14·7
Primary 1926 43·8 40·8, 46·8 15·3 13·3, 17·6 38·9 35·8, 42·1 15·3 13·2, 17·6 3· 2·6, 4·5 10·1 8·4, 12·1
Secondary 3208 31·0 29·0, 33·1 13·9 12·5, 15·5 28·4 26·1, 30·8 8·1 6·9, 9·5 2·8 2·1, 3·9 5·8 4·8, 6·9
Higher 734 19·7 16·3, 23·4 12·8 10·2, 15·8 18·0 14·6, 21·9 4·4 3·0, 6·4 3·2 1·8, 5·7 2·4 1·3, 4·1

Father’s education
No education 1732 48·1 44·8, 51·4 14·8 12·7, 17·3 42·6 39·7, 45·6 18·2 15·9, 20·9 2·7 2·0, 3·7 13·2 11·4, 15·2
Primary 2085 40·4 37·8, 43·0 15·1 13·0, 17·6 35·5 32·4, 38·6 12·4 10·6, 14·5 4·0 2·9, 5·4 8·2 6·7, 10·1
Secondary 2114 29·7 27·2, 32·2 12·7 11·0, 14·6 26·5 11·0, 14·6 7·6 6·2, 9·3 2·8 1·8, 4·1 5·0 3·9, 6·3
Higher 1006 18·9 3·9, 6·3 15·3 12·0, 19·3 20·6 12·0, 19·3 5·0 3·6, 6·8 2·4 1·4, 4·2 2·3 1·4, 3·6

Place of residence
Urban 2181 30·7 1·4, 3·6 12·2 10·5, 14·1 26·1 23·1, 29·3 9·7 8·2, 11·4 3·1 2·1, 4·5 6·6 5·1, 8·6
Rural 4758 38·0 36·0, 40·1 15·1 13·7, 16·5 34·8 32·6, 37·0 12·0 10·7, 13·6 3·1 2·4, 3·9 8·1 7·1, 9·1

Wealth quintile
Q1 (poorest) 1506 49·3 45·5, 53·1 17·1 14·8, 19·6 45·3 41·5, 49·1 18·5 15·8, 21·6 3·7 2·7, 5·1 13·0 11·1, 15·1
Q2 1300 42·4 39·4, 45·6 16·6 14·3, 19·1 38·7 35·6, 41·8 13·0 10·8, 15·5 3·4 2·5, 4·6 8·5 6·7, 10·8
Q3 1377 36·2 33·3, 39·2 12·7 10·2, 15·7 31·9 28·9, 35·1 10·7 9·0, 12·8 2·7 1·8, 4·1 7·0 5·5, 8·9
Q4 1414 31·0 27·5, 34·7 13·2 11·0, 15·9 27·2 24·1, 30·5 8·3 6·5, 10·6 2·6 1·7, 4·0 5·5 4·0, 7·5
Q5 (richest) 1342 19·5 16·8, 22·5 11·8 9·6, 14·4 17·5 14·8, 20·5 5·5 4·0, 7·3 2·9 1·7, 4·6 3·6 2·4, 5·4

Religion
Muslim 6364 36·2 34·2, 38·2 14·5 13·3, 15·7 32·4 30·5, 34·3 11·6 10·4, 12·9 3·1 2·4, 3·8 7·9 7·0, 8·9
Non-Muslim 575 35·4 31·0, 40·1 12·9 10·6, 15·6 34·8 28·3, 42·0 9·9 7·1, 13·7 3·2 1·5, 7·0 5·5 4·1, 7·5
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1996 and 2014, indicating that pro-poor inequality was
explained by these variables. The contribution of house-
hold wealth index, father’s education and maternal BMI
to inequality in stunting and underweight increased over
time, whereas the contribution of household wealth index,
father’s education and maternal BMI to inequality in wast-
ing fluctuated over time. Contribution of household wealth
index alone to absolute inequality increased for stunting
(from 39 % to 58 %), wasting (from 65 % to 78 %) and under-
weight (from 50 % to 60 %) between 1996 and 2014.
However, the contribution of mother’s education to pro-
poor inequality in stunting and underweight decreased
over time, with the lowest contribution in observed in 2014.

Risk factors for child malnutrition
The results of multilevel logistic regression models for stunt-
ing, wasting and underweight are presented in Table 3.
Increasing agewas associatedwith increased risk of stunting
and being underweight, but decreased risk of wasting. The
risk of stunting increased significantly by nearly sixfold in
age group of 36–47 months (OR= 5·82; 95 % CI 4·47,
7·56), followed by 24–35 months (OR= 4·91; 95% CI
3·80, 6·36) and 12–23 months (OR= 4·10; 95% CI 3·22,
5·22). The risk of being underweightwas significantly higher
by up to threefold with increasing age group: 2·30 times in
12–23 months (95 % CI 1·86, 2·85), 3·21 times in 24–35
months (95 % CI 2·57, 4·01), 3·32 times in 36–47 months
(95 % CI 2·64, 4·18) and 3·45 times in 48–59 months (95 %
CI 2·74, 4·35). On the contrary, the risk of wasting was sig-
nificantly lower in higher age groups compared with 0–11
months. The risk was lower in the age groups of 24–35
months (OR= 0·65; 95 % CI 0·51, 0·83) and 36–47 months
(OR= 0·67; 95% CI 0·53, 0·86).

Gender was significant only in stunting, with female chil-
dren having lower odds (OR= 0·87; 95%CI 0·76, 0·98) com-
pared with males. The adjusted and unadjusted multilevel
models indicated that children with an underweight mother
and children with no education level in the mother or father
were associated with increased risk of stunting and being
underweight by up to twofold. Household wealth quintile
displayed an association in risk of stunting, wasting and
being underweight, with increasing risk in the poorest
wealth quintile (Table 3 and online supplementary material,
Supplemental Table S3). Similar results were also observed
for severe stunting, severe wasting and severe underweight
models (Supplemental Tables S4 and S5). Birth order and
religion did not display a significant association in risk of
stunting, wasting and underweight.

Discussion

The present study assessed current and projected prevalence
of malnutrition, the contributing determinants of inequalities
to malnutrition status, and associated factors in U5C in
Bangladesh using nationally representative data. OurT
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findings suggest that, if the trends continue, the prevalence of
malnutrition is projected to decrease significantly by nearly
2-fold and 3·5-fold for stunting and underweight, respec-
tively, between 1996 and 2030, while the prevalence of wast-
ing will decrease by one-quarter. Pro-poor inequality
increased with time and the poorest quintile had more mal-
nutrition as time progressed. During this time, the contribu-
tion of household wealth index increased inequity in child
malnutrition, while mother’s education decreased inequity.
The risk of malnutrition was significantly higher among chil-
drenwhowere aged 12months or greater, had amotherwho
was underweight, were from families with a low level of
maternal or paternal education, were of rural residence
andwere fromhouseholdswith lower socio-economic status.

The latest nutrition data among U5C in Bangladesh indi-
cate that stunting and underweight are major public health

problems as per theWHO criteria, andwasting is at a border-
line critical level(32). Projections to 2025, based on current lev-
els of decrease, show that the situation is only somewhat
alleviated. A continuedmoderate level of stunting (projected
31·6%; target 27·4 %) is indicated, with wasting (projected
12·5%; target <5%) remaining a serious public health prob-
lem(33). The greatest reduction is predicted to occur among
stunting and severe underweight. The low rate of reduction
that is foreseen for wasting possibly reflects insignificant
differences in the rates of food shortage and disease over
time. While access to essential primary health care including
nutrition services has improved in Bangladesh(33,34), a greater
focus on socio-economic determinants, especially pro-poor
strategies for improving household income, and a greater
focus on education are required to further accelerate
improvements in nutrition status.
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Fig. 1 Projected prevalence of malnutrition ( , stunting; , wasting; , underweight; , severe stunting; , severe
wasting; , severe underweight) among children under the age of 5 years in Bangladesh, 1990–2030

Table 2 Slope index of inequality, relative index of inequality and concentration index, bymalnutrition status, among children under the age of
5 years in Bangladesh, 1996 and 2014

Outcome
Slope index of

inequality 95% CI
Relative index of

inequality 95% CI
Concentration

index 95% CI

Survey year 1996
Stunting –27·84 –33·08, –22·60 0·59 0·53, 0·65 –0·08 –0·10, –0·07
Wasting –8·14 –12·15, –4·13 0·64 0·50, 9·78 –0·08 –0·11, –0·04
Underweight –28·80 –34·07, –23·53 0·59 0·53, 0·65 –0·09 –0·10, –0·07
Severe stunting –22·66 –27·67, –17·66 0·44 0·36, 0·52 –0·14 –0·17, –0·11
Severe wasting –4·12 –6·27, –1·98 0·41 0·23, 0·56 –0·19 –0·28, –0·10
Severe
underweight

–17·41 –21·65, –13·18 0·43 0·35, 0·56 –0·15 –0·19, –0·12

Survey year 2014
Stunting –34·3 –39·3, –29·3 0·37 0·32, 0·43 –0·16 –0·18, –0·14
Wasting –6·9 –10·9, –2·9 0·63 0·47, 0·80 –0·10 –0·14, –0·07
Underweight –32·8 –37·9, –27·8 0·35 0·29, 0·41 –0·18 –0·20, –0·15
Severe stunting –15·8 –19·9, –11·7 0·27 0·18, 0·35 –0·24 –0·28, –0·20
Severe wasting –1·28 –3·17, 0·61 0·73 0·38, 1·08 –0·12 –0·20, –0·03
Severe
underweight

–11·2 –14·5, –8·0 0·27 0·16, 0·40 –0·26 –0·31, –0·21

Inequalities in child malnutrition 77

https://doi.org/10.1017/S136898001900140X Published online by Cambridge University Press

https://doi.org/10.1017/S136898001900140X


Wealth status was a key factor influencing child malnu-
trition. Children from the richest households have signifi-
cantly lower risk of being malnourished compared with
those from the poorest households, similarly to previous
studies(19,21,22). The higher risk of malnutrition among poor
households may be due to limited capacity to access essen-
tial health-care services, lack of potable water and
adequate sanitation, poor housing facilities and nutrition-
ally inadequate diets(19,21). This has been understood by
policy makers, hence the intensive focus and monitoring
of multisectoral policies and programmes in the NPAN2.

We present the contribution of wealth-based inequal-
ities in malnutrition indices which display an increasing
pro-poor inequality over the years. Equality analysis
found that households from lower wealth quintiles con-
tinue to be disproportionately affected by malnutrition
among U5C than those from higher quintiles, displaying
concordance with other studies(16,17,35,36). Similar to our
study, Uthman(36) found that household wealth was the
largest contributing factor to pro-poor inequality of mal-
nutrition, followed by father’s education, in Nigeria.
Household income is an important indicator for child
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Fig. 2 Absolute contribution of wealth-based inequalities ( , mother’s education; , father’s education; , mother’s BMI; , birth order; ,
wealth index) to concentration index of (a) stunting, (b) wasting and (c) underweight among children under the age of 5 years in
Bangladesh, 1996–2014
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nutrition as it influences food security, allocation of
resources and selection of foods purchased. Here we
present an interesting observation as our analysis found
that the contribution of household wealth increased
absolute inequality between 1996 and 2014 despite
national decreases in the poverty headcount ratio from
57 % in 1992 to 32 % in 2010(37,38). Our findings demon-
strate that possibly due to the likely unequal distribution
of national income growth, if the trends continue, malnu-
trition will still be prevalent by 2030 and be unequally

distributed, being observed more among the poorest
households.

Vollmer et al. in 2014 reported a very small to null asso-
ciation between increases in per capita gross domestic
product and reductions in early childhood undernutrition
in low- and middle-income countries, including
Bangladesh(39). Specifically, no association was observed
between increases in per capita gross domestic product
and improved nutrition in the poorest household wealth
quintile. Since wealth index, parental education and

Table 3 Determinants of malnutrition among children under the age of 5 years in Bangladesh, 2014

Characteristics

Stunting Wasting Underweight

OR 95% CI P value OR 95% CI P value OR 95% CI P value

Age group (months)
0–11 1·00 – – 1·00 – – 1·00 – –
12–23 4·10 3·22, 5·22 <0·01 0·85 0·68, 1·06 0·14 2·30 1·86, 2·85 <0·01
24–35 4·91 3·80, 6·36 <0·01 0·65 0·51, 0·83 <0·01 3·21 2·57, 4·01 <0·01
36–47 5·82 4·47, 7·56 <0·01 0·67 0·53, 0·86 <0·01 3·32 2·64, 4·18 <0·01
48–59 3·67 2·86, 4·71 <0·01 0·80 0·64, 1·00 0·05 3·45 2·74, 4·35 <0·01

Sex of child
Male 1·00 – – 1·00 – – 1·00 – –
Female 0·87 0·76, 0·98 0·03 0·87 0·75, 1·01 0·06 1·03 0·91, 1·17 0·66

Birth order
1 1·00 – – 1·00 – – 1·00 – –
2 1·05 0·90, 1·22 0·55 1·00 0·83, 1·19 0·96 0·99 0·84, 1·17 0·94
3 0·96 0·79, 1·15 0·63 1·02 0·80, 1·29 0·90 0·98 0·81, 1·19 0·85
≥4 1·05 0·86, 1·30 0·62 1·05 0·82, 1·33 0·70 0·99 0·80, 1·23 0·96

Mother’s BMI
Normal 1·00 – – 1·00 – – 1·00 – –
Underweight 1·24 1·05, 1·46 0·01 1·50 1·27, 1·76 <0·01 2·00 1·70, 2·35 <0·01
Overweight/obese 0·69 0·57, 0·82 <0·01 0·62 0·49, 0·78 <0·01 0·61 0·51, 0·74 <0·01

Mother’s education
No education 1·46 1·03, 2·08 0·03 1·09 0·74, 1·60 0·68 1·66 1·16, 2·37 <0·01
Primary 1·42 1·03, 1·96 0·03 1·22 0·88, 1·70 0·24 1·66 1·21, 2·28 <0·01
Secondary 1·14 0·85, 1·52 0·39 1·06 0·79, 1·43 0·70 1·32 0·98, 1·77 0·07
Higher 1·00 – – 1·00 – – 1·00 – –

Father’s education
No education 1·92 1·44, 2·57 <0·01 0·86 0·63, 1·18 0·35 1·29 0·96, 1·72 0·09
Primary 1·61 1·21, 2·13 <0·01 0·86 0·64, 1·15 0·30 1·13 0·86, 1·48 0·39
Secondary 1·23 0·96, 1·58 0·10 0·83 0·63, 1·09 0·18 0·88 0·68, 1·13 0·31
Higher 1·00 – – 1·00 – – 1·00 – –

Place of residence
Urban 1·25 1·05, 1·49 0·01 0·86 0·72, 1·03 0·11 1·09 0·92, 1·29 0·30
Rural 1·00 – – 1·00 – – 1·00 – –
Religion
Muslim 1·00 – – 1·00 – – 1·00 – –
Non-Muslim 0·93 0·73, 1·18 0·55 0·87 0·67, 1·12 0·27 0·92 0·70, 1·22 0·57

Wealth quintile
Q1 (poorest) 3·42 2·54, 4·61 <0·01 1·27 0·93, 1·73 0·13 2·76 2·09, 3·64 <0·01
Q2 2·52 1·91, 3·33 <0·01 1·25 0·93, 1·68 0·15 2·16 1·64, 2·85 <0·01
Q3 2·32 1·78, 3·00 <0·01 1·08 0·81, 1·44 0·59 1·87 1·46, 2·41 <0·01
Q4 1·73 1·35, 2·22 <0·01 0·96 0·72, 1·28 0·80 1·37 1·07, 1·75 0·01
Q5 (richest) 1·00 – – 1·00 – – 1·00 – –

Region
Barisal 1·00 – – 1·00 – – 1·00 – –
Chittagong 0·62 0·48, 0·81 <0·01 1·72 1·24, 2·38 <0·01 0·85 0·66, 1·08 0·19
Dhaka 0·75 0·59, 0·96 0·02 1·55 1·16, 2·07 <0·01 1·06 0·82, 1·36 0·66
Khulna 0·59 0·45, 0·76 <0·01 1·26 0·93, 1·69 0·14 0·74 0·57, 0·96 0·02
Rajshahi 0·41 0·32, 0·54 <0·01 1·40 1·01, 1·95 0·05 0·67 0·50, 0·89 <0·01
Rangpur 0·40 0·30, 0·52 <0·01 1·77 1·33, 2·36 <0·01 0·77 0·58, 1·02 0·06
Sylhet 0·49 0·38, 0·64 <0·01 1·49 1·07, 2·05 0·02 0·75 0·57, 0·98 0·04

Variance (covariance)
Level 2 (household) 0·82 0·28 – 0·37 0·27 – 0·92 0·28 –
Level 3 (community) 0·17 0·05 – 0·06 0·05 – 0·14 0·05 –
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maternal BMI are the most closely associated risk factors,
the findings of the present study highlight that malnutrition
indices are most unsatisfactory within vulnerable areas.
Further improvements in national prevalence rates of mal-
nutrition are likely to be more effective through targeted
nutrition interventions to poor households with one or
more uneducated parent(s) and maternal underweight.

Having higher than primary level of education in the
mother and father significantly reduced the risk of stunting
and underweight. While the contribution of mother’s
education decreased pro-poor inequality of stunting and
underweight, its greatest contribution was in earlier years,
with a steady decline in its relative contribution in recent
years, with the lowest contribution being in 2014. Father’s
education has a greater role in more recent years together
with wealth index. This could be explained by the fact that
the current net enrolment rate of primary-level education for
girls is close to 100% in Bangladesh(40,41) and when primary
education for girls was lower in the early years, the contribu-
tion tomalnutritionwould have been greater than at present.

Inour study,we found that thecontributionofwealthquin-
tile and father’s education to the inequality inmalnutrition has
increased over the past decades. Father’s education and
household wealth have become relatively more important
in recent years as, naturally, education would be expected
to impact on household income generation. Bangladesh
Bureau of Statistics indicated that the country’s net enrolment
rate at the primary school level increased from80% in 2000 to
98% in 2015(40), yet about 5 million Bangladeshi children
between the ages of 6 and 13 years –mostly from poor fam-
ilies, urban slums and hard-to-reach areas – remain out of
school. It is vital to target this group for education. The role
of parents’ education in reducing risk of stunting and under-
weight ismost likely explainedbyattaininghigher knowledge
about health and nutrition for their children, likelihood of
higher household income and the role in decision making
for food selection. Education also provides a platform to
obtain protective childcare behaviours such as completing
childhood immunizations, better feeding and sanitation prac-
tices, and use of iodized salt(41). Therefore, the government’s
endeavours to promote further education beyond primary
school education would positively affect intergenerational
nutritional status. Women continue to lag behind men in
higher secondary and tertiary education with secondary
school net enrolment of about 54%, up from 45% in 2000.
Higher educational attainment in mothers is likely to pro-
mote female empowerment and partaking in household
decision making, which has been shown to reduce malnutri-
tion indices by 15–32% in Bangladesh(42). It is important
for Bangladesh to emphasize wealth creation, father’s educa-
tion andmother’s educationwithin poor households so that
malnutrition can be minimized among children from
vulnerable households.

Other associated factors for stunting and underweight
were gender, rural residence and maternal underweight,
which are comparable with other studies(19,20,22,23,25,43–47).
Mother’s BMI was a significant contributor to malnutrition,

indicating that in households where the mother is exposed
to a poor diet, the children too are vulnerable and empha-
sizing the need for identifying households for targeting.
Usually urban areas have greater accessibility and range
of health services, as well as greater choices and opportu-
nities for livelihood, and this in turn may assist children
and their parents for the betterment of nutritional
practices(48–50). However, given that the determinants of
child nutritional status are similar across urban and rural
areas, while similar programmes can be implemented,
efforts to improve the key socio-economic constraints spe-
cific to each area should be prioritized. Our study found
gender differences to be significant for stunting only, with
no differences in other parameters, and therefore indicates
that growth monitoring needs to focus on both genders.

The present study has several strengths. First, we used
multiple nationally representative household survey data
points which have a high response rate. Through this, our
study was able to generalize and predict forecasts for
Bangladeshwith limited sample bias. Second, the study con-
sidered appropriate statistical tools such as multilevel mod-
elling to assess the risk factors of stunting, wasting and
underweight. Finally, we used Bayesian regression analysis
to estimate future projections for childmalnutrition based on
recent trends, which will be helpful for health policymakers
for introducing new interventions to reduce the prevalence
as well as the burden of childhood malnutrition. However,
along with the above-mentioned strengths, our study has
certain limitations.Wewere unable to establish a causal rela-
tionship between risk factors and the dependent variables
due to the cross-sectional nature of the study. In addition,
due to the unavailability of data on potential confounders
including diet, food insecurity, physical exercise and smok-
ing behaviour of the parents, these were not included in
analysis. The Bayesian models projected prevalence of mal-
nutrition indicators assuming a linear trend of previous
years. This assumption is strict and might not be realistic if
changes occur in health policy. However, we aimed to
inform policy makers about the magnitude of the malnutri-
tion problem in the future if current trends continue, and
thereby highlight the need for interventions to change this
trend. The assumed linearity of the trend is a simple
assumption which can easily be understood. Although
speculative, one could imagine that the lower the preva-
lence of malnutrition, the harder it is to address the remain-
ing pockets of malnutrition. In such case the reduction in
prevalence could be expected to decrease (rather than be
constant as implied by the linearity assumption). If this is
true, then the present analysis underestimates the gaps
between projected and targeted prevalence of malnutrition.

Conclusion

In conclusion, although the prevalence of U5Cmalnutrition
declined between 1990 and 2015, it is projected to continue
to exist in a large proportion of children up to 2030, if the
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same linear trend persists. The risk of stunting, wasting and
underweight in U5C is significantly higher among poorer
households and children of lower educated parents. To
accelerate reduction of malnutrition by 2030, education
programmes and income-generating activities targeted to
poor households, in addition to targeted nutrition care of
the mother and child, should be supported as stated in
the national policy agenda.
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