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Abstract

Background Childhood undernutrition remains a significant public health challenge in Bangladesh, affecting both
the physical and cognitive development of children and the country’s economic growth. The study examined the
spatial distribution and multilevel determinants of stunting, wasting, and underweight among children under five
years of age in Bangladesh.

Methods Data were obtained from the nationally representative Bangladesh Demographic and Health Survey
(BDHS) 2022. Spatial patterns were analyzed using Moran’s | to assess spatial autocorrelation and the Getis-Ord Gi*
statistic to identify hot and cold spots. Three-level Bayesian multilevel logistic regression models were applied to
determine the predictors of stunting, wasting, and underweight at the individual, household, and community levels.

Results Overall, 22.5% of children were stunted, 9.7% wasted, and 19.5% underweight. Although spatial clustering
was not statistically significant, distinct hotspot areas observed- stunting were concentrated in Sylhet and
Mymensingh, while wasting had higher prevalence in Rajshahi, Rangpur, and Barishal. Poverty in the community
was found constantly associated with the three types of undernutrition, with children from communities with high
poverty having higher odds of stunting (OR=1.60; 95% Cl: 1.40-1.83), wasting (OR=1.31; 95% Cl: 1.06-1.59), and
being underweight (OR=1.57; 95% Cl: 1.31-1.88). Some of the risk factors for wasting and being underweight were
undernourished mothers and mothers who are aged > 35 years, while stunting and underweight were associated
with older child age, higher birth order, and unsatisfactory sanitation. Lower rates of stunting were found for children
whose fathers had some education, employed mothers, and mothers who had at least partial autonomy in making
healthcare decisions.

Conclusion Child undernutrition in Bangladesh is characterized by a concentration of multiple deprivations at
different levels: individual, household and community as well as by the distinct regional hotspot patterns. Integrating
national BDHS 2022 with geospatial hotspot mapping and three-level Bayesian multilevel models that account for
maternal healthcare decision-making autonomy and contextual neighborhood measures of community poverty
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and maternal illiteracy, this study provides actionable evidence to prioritize high-burden areas for targeted nutrition,

WASH, and poverty-reduction interventions.

Keywords Stunting, wasting, underweight, malnutrition, Bayesian multilevel logistic regression model

Introduction
Undernutrition refers to the inadequate and uncontrolled
intake of nutrients, impaired nutrient utilization, and
an imbalance of essential nutrients [1]. Globally, child
undernutrition remains a major public health problem
and is identified as a prime cause of child mortality in
low- and middle-income countries (LMICs) [2]. It causes
both short- and long-term complications, impeding chil-
dren’s mental and physical development. Undernutrition
is linked to low birth weight, diarrhea, and poor devel-
opment of children [3]. Furthermore, it is responsible
for non-communicable diseases and lower economic
development, which perpetuates poverty [4, 5]. Every
year, a large number of under-five children (4.9 million)
die globally, with undernutrition accounting for nearly
half of these deaths [1, 6]. The prevalence of childhood
undernutrition is more common in developing countries
[7], where almost 45% of all deaths are attributable to
undernutrition. This is an urgent issue that needs to be
addressed from a health equity perspective [8].
Undernutrition in children has several forms: stunting
(low height-for-age), wasting (low weight-for-height), and
underweight (low weight-for-age). Globally, both stunt-
ing and wasting were recorded at 22.3% and 6.8%, respec-
tively in 2022 [9]. However, it is much higher in LMICs
where stunting affects 29.1% of children, wasting 6.3%,
and underweight 13.7% of them [10]. This gap shows that
undernutrition remains a serious problem in places with
limited resources, despite global progress. World Health
Organization [WHO] Global Nutrition Targets for 2025
include a 40% reduction in stunting among children and
bringing the prevalence of wasting to under 5% [11].
Bangladesh made significant advances in many
aspects: life expectancy has increased; literacy rates have
risen, and both maternal and infant mortality rate have
declines. However, child undernutrition continues to be
a persistent issue, with improvements in this area still
lacking [12-16]. This accounts for about 60% of nutri-
tion-associated deaths among children [17]. According to
the recent Bangladesh Demographic and Health Survey
(BDHS) 2022 report, stunting in children stood at 24.0%,
wasting was at 11.0%, and underweight at 22.0% [18].
Addressing undernutrition among children is also critical
to achieving Sustainable Development Goal (SDG) 2 for
Bangladesh that anticipates full eradication of undernu-
trition in all its forms by 2030. Therefore, understanding
the determinants of this undernutrition remains para-
mount for the reduction of child morbidity and mortality.

In recent times, the Double Burden of Malnutrition
(DBM) has become a glaring manifestation in LMICs,
reflecting the coexistence of undernutrition and over-
nutrition at individual, household, or population levels
[8, 19]. DBM emphasizes the nutrition transition, where
persistent undernutrition coexists with increasing preva-
lence of overweight and obesity. The current study, how-
ever, focuses solely on undernutrition which refers to
stunting, wasting, and underweight- the most important
nutritional challenges among children under five in Ban-
gladesh. DBM being a public health concern, indicators
of overnutrition are less relevant for this age category
in Bangladesh. Hence, our study differs from the DBM
approach by concentrating on the spatial distribution and
socioeconomic determinants of undernutrition.

Several studies [20—29] have examined maternal health
factors such as body mass index (BMI), antenatal care
(ANC), cesarean section (C-section) delivery, and high-
risk fertility behaviors like mother’s age at birth, birth
interval, and birth order, as well as sociodemographic
and socioeconomic determinants influencing stunting,
wasting, and underweight among under-five children in
Bangladesh and other LMICs. However, critical deter-
minants remain underexplored, particularly maternal
autonomy in healthcare utilization, community-level
poverty and community-level maternal illiteracy. These
factors may significantly influence child nutritional out-
comes through women’s decision-making power, poverty
and educational environment within communities.

This paper aims to fill these gaps by demonstrating the
spatial distribution and multilevel predictors of stunting,
wasting, and underweight among under-five children
in Bangladesh using the most recent nationally repre-
sentative data BDHS 2022. Novel aspects of the study
include the combination to spatial hotspot analysis with
a three-level Bayesian multilevel Bayesian model frame-
work (child-household—community); and the inclusion
of relatively less studied yet policy-relevant factors such
as maternal autonomy in healthcare decision-making,
community level poverty and community level mater-
nal literacy/illiteracy. What is useful about this com-
bined approach is that it tells us not only where to target
policies for undernutrition, but which are the high-level
drivers at multilevel that should be targeted to shape geo-
graphically geo-targeted inequity sensitive interventions.
The utility of this integrated approach is that it indicates
where undernutrition is concentrated and which mul-
tilevel drivers need to be addressed as priority for the
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design of geographically targeted and equity-focused
interventions.

Materials and methods

Dataset and study design

We used the nationally representative BDHS 2022 data.
A two-stage stratified random sampling procedure was
employed in this survey. In the first stage, the survey used
675 enumeration areas (EAs), including 237 in urban
areas and 438 in rural areas that were selected with a
probability proportional to the size of the enumeration
area. In the second stage, 45 households were selected
per enumeration area by using a systematic sampling
technique. A total of 30,358 ever-married women aged
15-49 was eligible for interviews, and 30,078 women
were interviewed, with a response rate of 99%. After
removing missing values, 2,092 respondents for stunt-
ing, 2,094 for wasting and 2,126 for underweight were
selected for final analysis.

Measures

Outcome variables

Stunting, wasting, and underweight were defined accord-
ing to the WHO child growth standards as height-for-age
Z-score (HAZ) < - 2, weight-for-height Z-score (WHZ)
< - 2, and weight-for-age Z-score (WAZ) < - 2, respec-
tively [30].

Explanatory variables

Sociodemographic, maternal health-related, and high-
risk fertility behavior variables were considered explana-
tory variables. These were identified as significant risk
factors in previous studies conducted in LMICs [20, 31,
32]. The explanatory variables were divided into individ-
ual, household, and community-level factors. Individual-
level factors included children’s age in months (0-11,
12-23, 24-33), birth order (1-3, 4 or more), and deliv-
ery by C-section (no, yes). Household-level factors were
mother’s age at birth in years (< 35 and 35 and above),
mother’s occupation (unemployed, employed), father’s
education (no, primary, secondary, and higher), father’s
occupation (agriculture, manual labor, business, services,
and others), ANC visits (0-3, 4 and more), institutional
delivery (no, yes), mother’s underweight (no, yes), moth-
er’s autonomy in healthcare utilization (no, yes), and toi-
let facilities (hygienic, unhygienic), and religion (Muslim,
Non-Muslim). Maternal underweight was derived from
BM]I, defined as BMI < 18.5.

Factors that were at the community level included
place of residence (urban, rural), region of residence
(Barishal, Chattogram, Dhaka, Khulna, Mymensingh,
Rajshahi, Rangpur, Sylhet), community maternal illiter-
acy, and community-level poverty. Fathers are usually the
key decision-makers and income earners in households
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within the context of Bangladesh. Their education also
influences household socioeconomic status, resource
allocation, and healthcare-seeking behavior, which
directly or indirectly influence the child’s nutritional
outcome. Thus, a father’s education reflects household-
level socioeconomic capacity rather than representing
individual biological characteristics, of the child or the
mother. On the contrary, community-level maternal illit-
eracy was determined by aggregating the proportions of
women having no formal education within an enumera-
tion area (cluster). This variable thus indicates the educa-
tional environment and normative context (the attitudes
towards female education) within which families live con-
cerning awareness of nutrition and overall empowerment
at the community level. Therefore, they reflect contextual
or environmental influences independent of individual or
household attributes. This classification approach is con-
sistent with prior multilevel analyses using DHS data in
similar settings [33, 34].

The community-level maternal illiteracy was defined
the proportion of women who had no education in the
community (categorized as < 50%=low, 50%-100%=
high). To measure community-level poverty, the propor-
tion of people within a community who belong to the two
lowest wealth quintiles (the 1st and 2nd) is calculated.
Based on this proportion, the community is then catego-
rized into one of three poverty levels. If less than 25% of
the community belongs to these two lowest quintiles, it
is categorized as low poverty. If 25% to 50% of the com-
munity belongs to these two quintiles, it is categorized as
moderate poverty. Communities where more than 50% of
the population falls into the two lowest wealth quintiles
are considered to have high poverty. This methodology
was followed in prior studies [33, 34].

Statistical analysis

The background characteristics of the study popula-
tion were described using descriptive statistics, which
included percentages and confidence intervals for each
categorical variable. Moran’s I statistic was utilized to
assess the spatial autocorrelation of child malnutrition.
Getis-Ord Gi* statistic was used to identify the hotspot
and cold spot areas of stunting, wasting and under-
weight. Three-level multilevel logistic regression using
the Bayesian approach was conducted in this study to
assess the determinants of child stunting, wasting, and
underweight. This hierarchical structure of children
(Level 1) nests them in households (Level 2), which in
turn are nested in communities or enumeration areas
(Level 3). Individual-level and household-level covariates
were entered in the first and second levels, respectively,
to represent the third level community-level factors.
Random intercepts were specified for both households
and communities to capture between-household and
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between-community variability in the outcomes. The
model was estimated using Markov Chain Monte Carlo
(MCMC) procedures under the Bayesian framework.

Observations with missing values in the outcome or
explanatory variables were not included the analysis.
Since the proportion of missing data was <0.5% and
appeared to be randomly distributed, a complete-case
analysis was considered appropriate. Multiple imputation
was not performed because the low rate of missingness
was unlikely to bias the estimates, and most variables
were categorical, making single imputation less reliable.
The significant risk factors were determined based on the
p-value (p<0.05). Odds ratios (OR) were computed to
measure the strength of the association between explana-
tory variables and outcome variables, and 95% confidence
interval was used to examine the significance of testing.
Prior to conducting the multivariate regression analyses,
multicollinearity diagnostics were performed. Maternal
education showed a high correlation with father’s edu-
cation and was consequently omitted from the models.
ArcGIS 10.4.1 software was utilized to explore the spatial
distribution of stunting, wasting, and underweight. All
analyses were conducted using Stata 17.0.

Results

Distribution of the prevalence of stunting, wasting, and
underweight

Distribution of childhood stunting, wasting, and under-
weight is shown in Table 1. Overall, 22.45% of the chil-
dren were stunted, 9.67% were wasted, and 19.49% were
underweight. Wasting and underweight prevalence were
higher for children aged 24-59 months (10.67% and
24.58%, respectively). The stunting (28.27%), wasting
(10.92%), and underweight (27.55%) rates were higher
among children whose fathers had no formal education.
Higher birth orders (=4) also had increased rates for
stunting (35.56%), wasting (13.86%), and underweight
(30.57%). High prevalence of undernutrition was noted
among children whose mothers age at birth were 35 years
and above at birth—stunting (26.0%), wasting (17.53%),
and underweight (30.7%)—and those from rural back-
grounds (22.85%, 9.96%, and 19.85%, respectively).

In contrast, children whose mothers had four or more
ANC visits generally had lower prevalences of stunting
(18.72%), wasting (6.78%), and underweight (14.48%).
Likewise, C-section and institutional delivery were
associated with lower levels of undernutrition: stunt-
ing (17.34% and 19.2%), wasting (7.91% and 8.32%), and
underweight (15.34% and 16.64%), respectively. Addition-
ally, children whose mothers had autonomy in health care
utilization had lower stunting (21.49%), wasting (9.75%),
and underweight (19.55%) than those whose mothers
were nonautonomous. In communities with high mater-
nal illiteracy, the prevalence of stunting (24.96%), wasting
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(10.52%), and underweight (23.6%) was higher compared
to communities with low maternal illiteracy (stunting:
20.87%, wasting: 9.14%, underweight: 16.9%). The preva-
lence of stunting (25.73%), wasting (11.68%), and under-
weight (22.84%) was significantly higher in communities
with high level of poverty compared to communities with
low poverty (stunting: 17.65%, wasting: 8.11%, under-
weight: 12.72%).

Spatial distribution of stunting, wasting, and underweight
in Bangladesh

For stunting, Moran’s Index showed an insignificant spa-
tial autocorrelation (I=0.010, p=0.466) (Fig. 1a). Stunt-
ing hotspots were delineated in Sylhet and Mymensingh
divisions, while cold spots were found in Khulna,
Rajshahi, and Rangpur divisions. The spatial distribution
for wasting also revealed an insignificant autocorrelation
(I=0.017, p=0.247) (Fig. 1b). Hotspot areas for wasting
were seen in Rajshahi, Rangpur, and Barishal divisions,
while Dhaka, Chattogram, and parts of Khulna division
looked like cold spots. The Moran’s index value indi-
cated an insignificant autocorrelation for underweight
(I=0.024, p=0.117) (Fig. 1c). The hotspots for under-
weight were mainly concentrated in the Sylhet, Rangpur,
and Barishal divisions while the cold spot pattern was
seen in the Khulna, Dhaka, and Rajshahi divisions.

Predictors of stunting

The findings of Bayesian multilevel logistic regres-
sion model for predictors of stunting were displayed in
Table 2. The age grouping of 12-29 months (OR=2.22;
95% CI: 1.85-2.66). or 24—59 months are more suscep-
tible to stunting than the age grouping of 0—11 months
(OR=2.28; 95% CI: 1.96-2.60). Birth order is influential
in the stunting status since it was revealed that children
from a birth order class of >4 had greater odds of get-
ting stunted than those in classes from 1 to 3 (OR=2.15;
95% CI: 1.80-2.55). Children living in communities with
moderate levels of poverty are more likely to be stunted
(OR=1.17; 95% CI: 1.01-1.35). and the likelihood
increases further in communities with high poverty level
(OR=1.60; 95% CI: 1.40-1.83). The likelihood of stunting
was higher among children from households using unhy-
gienic toilet facilities compared to those with access to
hygienic facilities (OR=1.41; 95% CI: 1.20-1.65). There
were lower odds observed for children whose fathers had
higher education compared to no education (OR=0.61;
95% CI: 0.51-0.72), and those whose mothers had auton-
omy in healthcare utilization compared to no autonomy
(OR=0.81; 95% CI: 0.70-0.95). Children of employed
mothers, births delivered in health facilities, residence
in the Rangpur division, and fathers employed in the
service sector were associated with a lower likelihood of
stunting.
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Table 1 Prevalence of childhood stunting, wasting, and underweight by individual, household, and community-level factors

Characteristics Stunting (n=2,092) Wasting (n=2,094) Underweight (n=2,126)
Prevalence 95% ClI Prevalence 95% ClI Prevalence 95% ClI

Overall 2245 20.38, 24.65 9.67 8.42,11.09 19.49 17.58,21.55
Children’s age (in months)

0-11 14.19 11.6,17.26 941 7.36,11.95 14.88 12.26,17.95

12-23 274 23.76,31.37 9.04 6.97,11.66 19.83 16.83,23.22

24-59 2671 23.03,30.74 10.67 8.33,13.56 24.58 21.06,28.48
Birth order

1-3 20.94 18.82,23.23 9.19 7.89,10.68 18.22 16.31,20.31

4 or more 3556 29.24,4241 13.86 9.34,20.09 30.57 24.77,37.07
Delivery by C-section

No 26.35 234,29.52 11.07 9.33,13.09 22.71 19.98, 25.69

Yes 17.34 14.72,20.3 791 6.3,9.89 15.34 12.98,18.05
Mother's age at birth (in years)

<35 2227 20.14, 24.56 9.28 8.02,10.72 18.93 16.99,21.04

35 and over 26.0 18.11,35.82 17.53 10.87,27.04 30.7 2232,40.58
Mother’s education

No education 38.69 28.8,49.62 20.66 13.77,29.8 43.96 34.43,53.97

Primary 26.85 22.83,313 10.25 7.66,13.58 23.12 19.51,27.19

Secondary 22.02 19.26, 25.04 851 6.9,1044 17.72 15.26,2048

Higher 12.87 949,17.23 89 6.2,1261 1232 9.2,16.31
Mother’s occupation

Unemployed 2226 19.86, 24.85 9.85 8.35,11.57 19.25 17.17,21.52

Employed 2295 19.27,27.1 9.2 6.96,12.09 2012 16.7,24.03
Father's education

No education 2827 22.94,34.29 1092 7.66,15.34 27.55 2253,332

Primary 24.14 20.6, 28.06 10.38 8.16,13.12 2167 18.38,25.36

Secondary 23.14 19.83,26.82 8.02 6.14,1041 17.53 14.64,20.86

Higher 1349 10.01,17.93 10.64 7.54,14.81 13.0 9.72,17.17
Father's occupation

Agriculture 27.26 23.14,31.81 1143 8.61,15.02 24.69 20.68,29.2

Manual labor 24.55 209,286 9.18 7.09,11.81 21.98 18.54,25.87

Business 21.65 16.97,27.2 10.58 7.32,15.04 18.52 13.91,24.24

Services 18.63 15.1,22.77 7.83 551,11.01 1544 12.21,19.35

Others 15.23 9.81,22.89 10.24 6.63,1549 11.09 7.32,16.46
ANC visits

0-3 24.87 22.16,27.8 11.55 9.77,13.59 22.76 20.14,25.62

4 and more 18.72 15.86,21.96 6.78 522,876 14.48 12.12,17.2
Institutional delivery

No 28.1 24.55,31.94 12.03 9.75,14.75 24.47 21.25,28.01

Yes 19.2 16.91,21.71 832 6.88,10.02 16.64 14.56, 18.95
Mother’s Underweight

No 2147 19.32,23.78 8.63 7.33,10.12 18.11 16.15,20.26

Yes 28.1 22.96,33.89 15.69 11.93,20.36 2742 22.72,32.69
Mother’s autonomy in healthcare utilization

No 2493 21.23,29.05 9.46 7.18,12.38 19.32 16.01,23.12

Yes 2149 19.19,23.98 9.75 83,1142 19.55 17.41,21.89
Toilet facilities

Hygienic 20.88 18.64,23.31 9.53 811,11.17 17.72 15.73,19.91

Unhygienic 29.26 24.17,34.92 10.28 749,13.94 27.16 22.31,32.62
Religion

Muslim 2257 20.41,24.89 9.55 8.27,11.01 19.73 17.72,2191

Non-Muslim 20.96 15.66,27.46 11.06 6.84,174 16.61 11.67,23.09

Community-level maternal illiteracy
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Characteristics Stunting (n=2,092)

Wasting (n=2,094)

Underweight (n=2,126)

Prevalence 95% Cl Prevalence 95% Cl Prevalence 95% Cl
Low 20.87 18.25,23.75 9.14 7.59,10.96 16.9 14.62,19.46
High 24.96 21.74,28.48 10.52 8.52,1292 23.6 20.46,27.07
Community-level poverty
Low 17.65 13.81,22.29 811 5.84,11.15 12.72 9.93,16.17
Moderate 20.65 17.07,24.76 725 522,998 19.5 15.95,23.63
High 25.73 22.7,29.01 11.68 9.87,13.77 22.84 20.0, 25.96
Place of residence
Urban 21.34 17.67,25.53 8.89 6.67,11.75 1849 15.1,22.44
Rural 22.85 2041, 2549 9.96 8.5,11.64 19.85 17.61,22.31
Region of residence
Barishal 2381 18.36,30.27 12.19 8.26,17.63 21.02 15.17,28.37
Chattogram 22.89 17.97,28.67 9.74 7.22,13.02 19.11 14.69, 24.48
Dhaka 20.98 16.62,26.12 7.58 522,1087 16.98 13.02,21.84
Khulna 1791 13.5,23.38 9.71 6.44,14.38 17.33 12.88,2291
Mymensingh 2831 23.55,336 12.26 8.63,17.15 24.03 19.48,29.26
Rajshahi 19.65 14.06, 26.76 11.03 7.05,16.85 1747 12.44,23.98
Rangpur 2129 15.74,28.14 849 5.47,12.94 20.99 15.88,27.21
Sylhet 30.81 24.04,38.53 11.55 7.81,16.76 27.06 214,3357

ANC Antenatal care, BMI Body mass index, CI Confidence interval, NNumber of children, % Percentage

Predictors of wasting

Children of mothers age at birth at =35 years had higher
odds of wasting than those <35 years (OR=2.23; 95% CI:
1.69-2.85). Risk was also higher for children of under-
weight vs. normal-weight mothers (OR=1.99; 95% CI:
1.69-2.37) and for non-Muslims vs. Muslims (OR =1.33;
95% CI: 1.16-1.51). The likelihood of wasting was higher
among children from communities with high poverty
levels compared to those from low-poverty communities
(OR=1.31; 95% CI: 1.06—1.59). Increased odds of wasting
were also observed among children whose fathers had
higher education compared to no education (OR=1.30;
95% CI: 1.02-1.62), and among those whose fathers
were engaged in other types of occupation compared
to agricultural work (OR=1.44; 95% CI: 1.08-1.85). In
contrast, children whose mothers had >4 ANC visits vs.
< 4 (OR=0.68; 95% CI: 0.54—0.85) and those from rural
vs. urban areas (OR=0.84; 95% CI: 0.74—0.95) were less
likely to be wasted. There were lower odds observed for
children who resided in Dhaka and Rangpur division
(Table 2).

Predictors of underweight

Children aged 12-23 months (OR=1.42; 95% CI: 1.22—
1.62) or 24-59 months vs. 0-11 months (OR=1.89;
95% CI: 1.60-2.19) and with birth order>4 vs. 1-3
(OR=1.67; 95% CI: 1.40-2.01) were more likely to be
underweight. Higher odds were also observed among
children of underweight vs. normal-weight mothers
(OR=1.65; 95% CI: 1.37-1.96), in households with unhy-
gienic vs. hygienic toilets (OR=1.39; 95% CI: 1.16—1.63),

and in communities with moderate (OR=1.50; 95% CI:
1.32-1.70) or high vs. low poverty (OR=1.57; 95% CI:
1.31-1.88). Children of mothers age at birth at >35 years
had higher odds of underweight than those<35 years
(OR=1.90; 95% CI: 1.65-2.16). Underweight risk was
higher among children in households where the fathers
were manual laborers than in agricultural jobs (OR =1.20;
95% CI: 1.04-1.38); among those living in communi-
ties where maternal literacy was lower than in those
where maternal literacy was high (OR=1.16; 95% CI:
1.05-1.28). Lower odds of underweight were found for
children whose mothers had>4 ANC visits (OR=0.79;
95% CI: 0.69-0.90), and for those residing in rural ver-
sus urban areas (OR =0.77; 95% CI: 0.62-0.94). Children
whose fathers worked in business, services, or other
occupations, and who resided in the Rajshahi division
were less likely to be underweight compared to the refer-
ence category.

Discussion

In this study, we examined the spatial distribution and
multilevel determinants of stunting, wasting, and under-
weight among children under five in Bangladesh, using
the latest BDHS 2022 data. While no statistically sig-
nificant spatial autocorrelation was found, clear hotspot
areas were defined for each undernutrition type. Con-
centration hot spots for stunting and underweight cases
were mainly found in Sylhet and Mymensingh divisions,
while Rajshahi, Rangpur, and Barishal were the major
hotspots for wasting cases. Clearly, these patterns nar-
rate a specific geography of child undernutrition across
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Fig. 1 a. Spatial hotspot and coldspot distribution of stunting among
under-five children in Bangladesh (BDHS 2022). b Spatial hotspot and
coldspot distribution of wasting among under-five children in Bangladesh
(BDHS 2022). ¢. Spatial hotspot and coldspot distribution of underweight
among under-five children in Bangladesh (BDHS 2022)
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the country, probably indicating different local socio-eco-
nomic conditions, maternal health, or access to resources
within the community. Chronic undernutrition in Syl-
het and Mymensingh requires long-term maternal and
child health programs, while the acute undernutrition in
Rajshahi, Rangpur, and Barishal demands targeted inter-
ventions in terms of food and health. This study is unique
in its application of combining spatial hotspot analy-
sis into a three-level Bayesian multilevel model (child—
household—community) and for integrating relatively
unexplored, yet policy-relevant predictors like maternal
autonomy over health-related decision-making, commu-
nity-level poverty and literacy/illiteracy status of mothers
at the community level.

Community-based poverty was the only factor that
had a consistent association with all three forms of child
undernutrition: stunting, wasting, and underweight.
Children living with a community of moderate or high
poverty status had substantially higher odds of all forms
of undernutrition when compared to those living in low-
poverty areas; these findings agree with previous stud-
ies done in Bangladesh and many other LMICs, whereby
community poverty aggravates household food insecu-
rity, restricts access to quality healthcare, and limits sani-
tation and clean water provisions [8, 21, 35]. Poverty also
increases exposure to infectious diseases and decreases
dietary diversity, causing chronic and acute undernutri-
tion in the cycle as a result. The findings thus reinforce
that child undernutrition is not just a household-level
problem but an expression of higher structural depriva-
tion [5]. It is therefore seen that a lack of equity should be
addressed through community-based interventions com-
bining poverty alleviation, livelihood support, and health
systems strengthening.

Several determinants were significantly related to more
than one nutritional outcome, underscoring shared path-
ways underlying child undernutrition. Older children
(12-59 months) with higher birth orders (> 4) had higher
odds of being stunted and under-weight. Earlier evidence
suggests that as children get older, chronic growth fal-
tering may be the result of cumulative dietary deficits,
recurring infections, and competition in resource alloca-
tion among siblings [36, 37]. Unhygienic sanitary facili-
ties were also associated with underweight and stunting,
consistent with previous studies that have identified poor
sanitation and exposure to enteric pathogens as impor-
tant determinants of child growth failure in South Asia
[38—40].

On the other hand, maternal underweight found to be
one the most significant predictors of both wasting and
underweight reflecting intergenerational transmission of
nutritional disadvantage, a pattern well documented in
the context of LMICs [41]. By contrast, the presence of
four or more ANC visits had a significant reduction in
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Table 2 Bayesian multilevel models for childhood stunting, wasting, and underweight with individual, household, and community

level factors

Characteristics

Stunting
OR (95% CI)

Wasting
OR (95% Cl)

Underweight
OR (95% Cl)

Children’s age (in months)

0-11 [ref]
12-23
24-59
Birth order
1-3 [ref]
4 or more

Delivery by C-section

No [ref]
Yes

Mother's age at birth (in years)

<35 [ref]
35 and over

Mother’s occupation
Unemployed [ref]

Employed
Father’s education

No education [ref]

Primary
Secondary
Higher

Father’s occupation
Agriculture [ref]
Manual labor
Business
Services
Others

ANC visits
0-3 [ref]
4 and more

Institutional delivery

No [ref]
Yes

Mother's Underweight

No [ref]
Yes

Mother’s autonomy in healthcare utilization

No [ref]
Yes
Toilet facilities
Hygienic [ref]
Unhygienic
Religion
Muslim [ref]
Non-Muslim

Community-level maternal illiteracy

Low [ref]
High

Community-level poverty

Low [ref]
Moderate
High

1
2.22(1.85-2.66)
2.28(1.96-2.60)

1
2.15(1.80-2.55)

1
0.92(0.83-1.02)

1
093 (0.71-1.21)

1
0.76 (0.65-0.87)

1

0.93 (0.76-1.13)
0.90 (0.76-1.07)
0.61(0.51-0.72)

1

1.12(0.96-1.28)
0.89 (0.74-1.05)
0.86 (0.75-0.98)
0.78 (0.66-0.92)

1
0.98 (0.85-1.12)

1
0.90 (0.83-0.98)

1
1.13(0.99-1.26)

1
0.81(0.70-0.95)

1
1.41 (1.20-1.65)

1
1.05 (0.87-1.27)

1
0.92(0.81-1.07)

1
1.17 (1.01-1.35)
1.60 (1.40-1.83)

1
0.95(0.79-1.13)
1.10 (0.95-1.29)

1
1.14 (0.93-1.39)

1
0.95(0.74-1.19)

1
2.23(1.69-2.85)

1
0.82 (0.64-1.02)

1

1.12(0.87-1.42)
1.01(0.82-1.22)
1.30(1.02-1.62)

1
1.13(0.96-1.32)
1.09 (0.82-1.39)
1.04 (0.86-1.25)
1.44 (1.08-1.85)

1
0.68 (0.54-0.85)

1
0.93(0.74-1.15)

1
1.99 (1.69-2.37)

1
1.09 (0.90-1.30)

1
0.92 (0.74-1.14)

1
1.33(1.16-1.51)

1
0.96 (0.78-1.16)

1
0.83 (0.69-1.0)
1.31(1.06-1.59)

1
1.42(1.22-1.62)
1.89(1.60-2.19)

1
1.67 (1.40-2.01)

1
1.0(0.82-1.22)

1
1.90 (1.65-2.16)

1
0.93 (0.82-1.06)

1

0.95(0.80-1.12)
0.87 (0.72-1.07)
0.92(0.74-1.12)

1

1.20(1.04-1.38)
0.82 (0.66-0.99)
0.78 (0.65-0.92)
0.67 (0.53-0.82)

1
0.79 (0.69-0.90)

1
0.90 (0.79-1.01)

1
1.65 (1.37-1.96)

1
1.05 (0.96-1.15)

1
1.39(1.16-1.63)

1
1.01(0.85-1.23)

1
1.16 (1.05-1.28)

1
1.50 (1.32-1.70)
1.57(1.31-1.88)
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Characteristics Stunting Wasting Underweight
OR (95% Cl) OR (95% Cl) OR (95% Cl)
Place of residence
Urban [ref] 1 1 1
Rural 0.87 (0.71-1.04) 0.84 (0.74-0.95) 0.77 (0.62-0.94)
Region of residence
Barisal [ref] 1 1 1
Chittagong 0.92 (0.76-1.10) 0.98 (0.83-1.18) 0.87 (0.70-1.04)
Dhaka 1.15(0.99-1.30) 0.67 (0.54-0.82) 0.93(0.76-1.13)
Khulna 0.89 (0.75-1.05) 1.07 (0.88-1.31) 0.94 (0.77-1.11)
Mymensingh 1.05 (0.90-1.20) 1.02 (0.85-1.21) 0.93(0.75-1.14)
Rajshahi 0.97 (0.79-1.19) 1.18 (0.99-1.39) 0.77 (0.67-0.88)
Rangpur 0.76 (0.59-0.95) 0.66 (0.55-0.78) 0.89 (0.77-1.01)
Sylhet 1.25(1.04-1.47) 0.97 (0.74-1.25) 1.11 (0.93-1.30)
Constant 0.20 (0.16-0.25) 0.10(0.08-0.13) 0.16 (0.14-0.17)
Community level variations 0.060 (0.022-0.124) 0.082 (0.014-0.235) 0.011(0.003-0.052)
DIC 2114.143 1352.878 2015.733

ANC Antenatal care, BMI Body mass index, Crl Credible interval, DIC Deviance information criteria, OR Odds ratio, ref reference category

Bold values indicate 'statistically significant’ results

the odds of wasting and being underweight, consistent
with the results of other studies showing that regular
attendance to ANC helps improve maternal nutrition,
early detection of complications, and better infant feed-
ing practices [42]. Regional patterns also persisted: chil-
dren from Rangpur division were found less likely to be
stunted or wasted, likely to reflect regional improvement
in maternal healthcare coverage and food availability.
Interestingly, fathers engaged in “other” non-agricultural
occupations had mixed effects-lower odds for being
underweight but higher odds for being wasting-maybe
reflecting instability of work or migration that affects the
quality of caregiving. Collectively, these findings indicate
that both maternal health and environmental sanitation
are vital for preventing multiple forms of undernutrition.

Stunting was decreased by protective forces such as
maternal employment, ability of mothers to make their
own healthcare choices, higher education of fathers, and
fathers’ jobs in the service sector. The results conform
to findings of earlier studies [43—46] whereby women’s
empowerment, income earning, and parental educa-
tion heightened child feeding, healthcare utilization, and
household-level decision-making power. For wasting,
maternal age at birth > 35 years and being of non-Muslim
religion constituted substantial risk factors, in agreement
with studies [43, 47] that older mothers are under social
obstetric and physiological constraints, while their cul-
ture or dietary habits may influence some aspects of their
feeding practices.

For underweight, community maternal illiteracy was
a significant contextual determinant. Underweight chil-
dren generally resided in communities where the propor-
tion of illiterate mothers was high, and again, dependent
on earlier findings that collective maternal education

increases health-seeking behavior, knowledge dissemina-
tion, and community norms around childcare and nutri-
tion [48, 49]. Regional variations also remained evident:
children in Sylhet were more likely to be stunted and
those in Rajshahi had lower odds of being underweight.
The spatial disparities conform to the literature indicat-
ing the geographic inequality of poverty, service cov-
erage, and infrastructure throughout Bangladesh [34,
50-52].

Overall, the study reveals that community poverty
continues being the most far-reaching cause for nearly
all forms of undernutrition in children. Besides mater-
nal nutritional status, sanitation, and parent education
have demonstrated the likelihood of affecting a number
of outcomes simultaneously, while other contextual and
sociodemographic variabilities give rise to variations in
specific forms of undernutrition. All these results are
consistent with the larger body of evidence suggesting
that both structural and behavioral factors must be dealt
with simultaneously to have any worthwhile change in
child nutrition status. Therefore, multisectoral policies
targeting maternal health, education, sanitation, and
community poverty are required to hasten nutritional
improvements in Bangladesh.

The spatial variations observed in this study in under-
nutrition within Bangladesh may be partly explained by
the unequal distributions of individual-, household-, and
community-level determinants. The regions identified
as hot spots of stunting and underweight- such as Sylhet
and Mymensingh- feature high community poverty, low
maternal literacy, and lack of access to improved sani-
tation. These are suggestive of the clustering of chronic
undernutrition because of deprivation at the community
level and weak health infrastructure. In contrast, wasting
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hot spots in Rajshahi and Barishal appear to have more
connections to households and maternal factors such
as inferior maternal BMI and poor attendance of ANC,
which reflect short-term nutritional stress and poor
mother care practices. The combination of spatial and
multilevel analysis shows that while generally commu-
nity disadvantages drive chronic undernutrition (stunting
and underweight), household and mother conditions are
found to impact more heavily on acute undernutrition
(wasting). Consequently, community-level interventions
are required targeting the zones characterized by chronic
undernutrition, whereas mothers and household-level
nutrition behaviors may be improved to reduce waste
more effectively.

Limitations

This analysis also has several limitations that should
be borne in mind when interpreting the results. The
first is that BDHS 2022 data are cross-sectional so the
observed relationships cannot be considered as causal.
Second, some of the variables (e.g., maternal decision-
making autonomy and characteristic of the household)
are self-reported and may be influenced by recall or
social desirability bias. Third, anthropometric measures
may be prone to measurement error despite standard-
ized DHS protocols. Fourth, the spatial analysis was per-
formed at the cluster/division level, and displacement of
cluster GPS coordinates by DHS for confidentiality might
lower accuracy in hotspot detection. Fifth, several essen-
tial factors such as dietary intake, micronutrient status,
detailed household food security indicators, infection
history and seasonality were not collected in BDHS 2020
which could not be captured. Finally, even if the Bayes-
ian multilevel model adjusts for clustering, residual con-
founding by unmeasured factors may still be present.
Additional longitudinal research and more granular geo-
graphic data would increase the strength of causal infer-
ences at the local level.

Despite these limitations, the results offer valuable
evidence for geographically focused and equity-driven
interventions.

Strengths.

This study has several strengths. First, it estimates the
prevalence of stunting, wasting and underweight among
under-five children in Bangladesh using data from the
latest nationally representative BDHS 2022. Secondly, it
combines the spatial hotspot analysis with a three-level
Bayesian multilevel model (child—household—commu-
nity) that models geographic variation while adjusting
for hierarchical clustering. Third, the study includes
relatively less-studied but policy-relevant contextual and
empowerment predictors including maternal autonomy
in healthcare decision-making, community level poverty,
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and community mother related literacy/illiteracy, hence
enhancing policy relevance of findings.

Conclusion

This study examined the spatial distribution and multi-
level determinants of stunting, wasting, and underweight
among children under five in Bangladesh using BDHS
2022 data. Statistically, the overall clustering of under-
nutrition was not significant, but some regions showed
distinct densities for specific forms of undernutri-
tion: stunting and underweight are higher in Sylhet and
Mymensingh, while wasting concentrates in Rajshahi,
Rangpur, and Barishal. These regional variations across
locations show unequal social and health conditions
across the country. Community-level poverty was the
only factor consistently associated with all three types
of undernutrition. Maternal undernutrition and older
maternal age increased the risk of wasting and being
underweight; however, higher birth order, child age, and
poor sanitation were associated with stunting and under-
weight. Stunting was less in children whose fathers were
educated, whose mothers were employed, and whose
mothers enjoyed decision-making autonomy. These
findings illustrates that child undernutrition in Bangla-
desh results from overlapping individual, household,
and community disadvantages. Policies should focus on
region-specific and multisectoral in addressing maternal
nutrition, sanitation, educating and empowering women,
and alleviating poverty in communities. Such spatio-
temporal results can help policymakers appreciate high-
risk regions and improve resource allocation to address
undernutrition issues in all its diversity. Future research
should incorporate indicators of overnutrition to assess
the double burden of malnutrition and employ longitudi-
nal data to better establish causal relationships over time.
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