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ABSTRACT
Background Household air pollution (HAP) from 
solid fuel use (SFU) for cooking may impact child 
health in low- resources countries. This study examined 
the associations between HAP and early childhood 
development (ECD) outcomes among children under 5 
years of age in Bangladesh and explored potential effect 
modification by sex and urbanicity.
Methods The study sample consisted of 9395 
children aged 36–59 months in the households from 
the Bangladesh Multiple Indicator Cluster Survey 
2019. SFU and levels of exposure to SFU (unexposed, 
moderately exposed and highly exposed) were used as 
proxies of HAP exposure. We estimated the covariate- 
adjusted prevalence ratios (aPRs) and 95% CIs for the 
associations between HAP and ECD outcomes using 
multilevel mixed- effects Poisson regression models with 
a robust variance estimator.
Results 81.4% of children were exposed to SFU, and 
the prevalence of developmental delay (in Early Childhood 
Development Index) was 25.3%. Children exposed to SFU 
were 1.47 times more likely to have developmental delays 
(95% CI: 1.25, 1.73; p<0.001) compared with children 
with no SFU exposure. SFU was significantly associated 
with developmental delay in socioemotional (aPR: 1.17; 
95% CI: 1.01, 1.36; p=0.035) and learning- cognitive (aPR: 
1.90; 95% CI: 1.39, 2.60; p<0.001) domains. Similarly, 
children moderately exposed and highly exposed to HAP had 
higher prevalence of developmental delays than unexposed 
children. We did not observe effect modification by sex or 
urbanicity.
Conclusion Public health policies should promote the 
use of clean cooking fuels and cookstoves to reduce the 
high burden of HAP exposure in low- resource countries 
for helping younger children to meet their developmental 
milestones.

BACKGROUND
Household air pollution (HAP) from solid fuel use 
(SFU) for cooking, a major risk factor for health in 
low- income and middle- income countries (LMICs), 
contributed to 1.6–3.2 million cases of premature 
mortality in 2019, which are disproportionately 
higher in LMICs.1 2 SFU is highly prevalent in 
African and Southeast Asian countries.3 In Bangla-
desh, 87% of households rely on biomass fuels and 
are at risk of SFU- induced harmful health effects.4

It is well established that HAP from SFU is a major 
threat to child and adult health.5 6 HAP is associated 
with higher risks of respiratory diseases,7 8 child 

mortality, low birth weight,9 10 various cancers and 
other outcomes such as carboxyhaemoglobin—a 
reduction of oxygen to the fetus.6 11 Recent animal 
and human studies also suggest that air pollu-
tion can affect brain development.12 For instance, 
exposure to particulate matter (PM10 and PM2.5), 
nitrogen oxides (NO×), sulfur oxides (SO×), carbon 
monoxide (CO) and polycyclic aromatic hydrocar-
bons from SFU during early stages of life (including 
perinatal exposures) is associated with damage to 
the central nervous system (local systematic inflam-
mation, oxidative stress and neurotoxicity),13–15 
schizophrenia,16 increased risk of attention- deficit 
hyperactivity disorder,17 aggressive behaviour,18 
changes in white matter19 and damage in brain 
structure.20 Thus, early exposure to HAP is critically 
important because the first years of life constitute a 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ About 250 million children under 5 years 
of age in low- income and middle- income 
countries are at a risk of not reaching their full 
developmental potential.

 ⇒ Early exposure to household air pollution from 
solid fuel use may have potential adverse 
effects on early childhood development.

WHAT THIS STUDY ADDS
 ⇒ This is the first nationally representative study 
in Bangladesh to suggest that children aged 
36–59 months exposed to solid fuel use (SFU) 
were 47% more likely to have developmental 
delays in the Early Childhood Development 
Index compared with those with no SFU 
exposure.

 ⇒ Delays in socioemotional and learning- cognition 
subdomainsdrove these associations. In 
addition, dose–responseassociations between 
household air pollution and earlychildhood 
development were observed.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE AND/OR POLICY

 ⇒ Reducing household air pollution exposure 
can stimulate the healthy brain development 
of young children and help low- income and 
middle- income countries achieve sustainable 
development goals related to early childhood 
development and clean fuels by 2030.

http://orcid.org/0000-0001-5597-664X
http://orcid.org/0000-0002-9856-1505
http://orcid.org/0000-0002-9739-1225
http://orcid.org/0000-0002-8944-5182
http://orcid.org/0000-0001-8680-4146
http://orcid.org/0000-0002-2323-1982
http://dx.doi.org/10.1136/jech-2021-217554
http://dx.doi.org/10.1136/jech-2021-217554
http://dx.doi.org/10.1136/jech-2021-217554
http://crossmark.crossref.org/dialog/?doi=10.1136/jech-2021-217554&domain=pdf&date_stamp=2022-05-27


668 Rana J, et al. J Epidemiol Community Health 2022;76:667–676. doi:10.1136/jech-2021-217554

Original research

critical window for brain development.20 Moreover, exposure 
to HAP disproportionally affects women and children, who are 
more likely to be involved in cooking.7 21

However, most studies of air pollution and brain develop-
ment have been limited to high- income countries.13 20 22 Recent 
evidence estimates that about 250 million children under 5 years 
of age in LMICs are at a risk of not reaching their full devel-
opment potential due to poverty, stunting, nutrient deficiency, 
violence, heavy metal exposure, social, biological and physio-
logical factors.23–26 Furthermore, early childhood development 
(ECD) delays are associated with lags in adult productivity and 
health challenges later in life.3 25 26 Thus, examining the potential 
effects of HAP on child development in LMICs is essential to 
address child development delays, which will ultimately help for 
achieving sustainable development goals (SDGs) related to ECD 
and clean cooking fuels by 2030.5

The effects of HAP on ECD outcomes are understudied in 
LMICs. Two studies in Ghana21 27 found a negative association 
between SFU and ECD outcomes. While the studies carried out 
in Ghana move our understanding of SFU with ECD forward, 
these studies did not account for seasonality, cooking place 
and ventilation, which can influence the levels of exposure to 
HAP and their ECD outcomes.7 28 Additionally, other studies 
have assessed how environmental exposures such as arsenic and 
manganese affect children’s intellectual functions in Bangla-
desh.29 However, to the best of our knowledge, no study has 
examined the associations between SFU- induced HAP and 
ECD outcomes in Bangladesh. This study, therefore, aims to 
assess the associations between HAP and ECD outcomes—Early 
Childhood Development Index (ECDI) and its subdomains: 
literacy–numeracy, physical development, socioemotional and 
learning- cognition development among children under 5 years 
of age in Bangladesh. Since HAP could have heterogeneous 
effects on child’s sex and where they live, we further explore the 
potential effect modification by sex and urbanicity.

METHODS
Study participants and data sources
We conducted this cross- sectional study using the most recent 
round of Bangladesh Multiple Indicator Cluster Survey (MICS) 
data, collected from 19 January 2019 to 1 June 2019. The MICS is 
a nationally representative household survey conducted in LMICs 
that generates reliable and comparable indicators of women’s and 
children’s health and well- being.30 Data were collected through five 
face- to- face questionnaires on these, including basic demographic 
indicators of women (aged 15–49 years), children (aged 5–17 years) 
and younger children (aged <5 years). The Bangladesh MICS 2019 
measured ECD outcomes for 9455 children aged 36–59 months 
from 8 administrative divisions: Dhaka (at the centre), Chattagram 
(located near to the Bay of the Bengal), Khulna (at the southwest), 
Mymensingh (in the north of Dhaka), Rangpur (located in the 
northern part), Rajshahi (situated in the northwest), Barisal (located 
in the south- central region) and Sylhet (located in the northeastern) 
and all 64 districts located in urban and rural areas of Bangladesh. 
Nine thousand three hundred and ninety five children aged 36–59 
months were analytic samples for this study (figure 1).31 Detailed 
information on the survey is available at http://mics.unicef.org/.30

Measures of early child development outcomes
The ECD outcomes were measured by ECDI and its four subdo-
mains: literacy–numeracy, physical, socioemotional and learning- 
cognition development. ECDI, the primary measure of ECD 
outcomes, is used to assess whether a child is developmentally on 

track regarding specific milestones.12 31 ECD outcomes were first 
measured in the fourth round of the MICS Questionnaire for 
children under 5 years of age and provided the first population- 
based indicators of ECD comparable at the international level 
because the selected items were validated in different cultural and 
socioeconomic contexts. The questionnaire was further custom-
ised and translated in a standardised way to ensure validity and 
high comparability of the data to implement in Bangladesh.31–33 
The ECDI consists of 10 different items across 4 developmental 
domains: literacy–numeracy (3 items), physical (2 items), social- 
emotional (3 items) and learning- cognitive development (2 
items) across the early years of life (36–59 months).31 A child is 
considered developmentally on track in ECDI if the child is on 
track in at least three of the four domains:
1. Literacy–numeracy: a child is considered developmentally on 

track if they can identify at least 10 letters of the alphabet, 
read at least 4 simple words and know the name or recognise 
the symbols of all numbers from 1 to 10.31

2. Physical: a child is considered developmentally on track if 
they can pick up a small object with two fingers and if the 
mother or primary caregiver does not indicate that the child 
is sometimes too sick to play.31

3. Socioemotional: a child is considered developmentally on 
track if they can perform two of the following- if the child 
gets along with other children; if the child does not kick, bite 
or hit other children; and if the child does not get distracted 
easily.31

4. Learning- cognition: a child is considered developmentally 
on track if they can follow simple directions to do something 
and do it independently when asked.31

Figure 1 Schematic diagram of the analytic study sample. ECDI, Early 
Childhood Development Index.

http://mics.unicef.org/
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Measures of HAP exposure
SFU (clean vs solid fuels) and levels of exposure to SFU (unexposed, 
moderately exposed and highly exposed) were proxy measures of 
HAP. A child is considered ‘exposed’ to HAP if the household reports 
the use of coal, charcoal, wood, straw/shrubs, animal dung or agri-
cultural crop residue as a primary source of energy for cooking in 
the traditional solid fuel cookstove and is considered ‘unexposed’ if 
the household reports the use of electricity, liquefied petroleum gas, 
natural gas and/or biogas as a primary source of energy for cooking 
in the clean cookstove. We developed an augmented Hwhich are 
more rural divisions andAP exposure index: levels of exposure to 
HAP accounting for SFU, cooking place and ventilation for solid 
fuel cookstoves to improve the HAP exposure measurement.7 10 28 
Children were categorised as unexposed if household reported clean 
fuel use (coded 0), moderately exposed if the households reported 
SFU, separate or outdoor cooking place and chimney or fan for 
solid fuel cookstove (coded 1) and highly exposed if the households 
reported SFU, location of cooking inside the house and no chimney 
or fan for solid fuel cookstove (coded 2).7 10 28

Covariates and potential confounders
Based on the prior literature,7 17 20 21 25 34 35 variables that are 
known to be associated with ECD or exposure to HAP were 
included as potential confounders. Models were adjusted 
for the following covariates: child sex, child age, maternal 
age, maternal education, household wealth quintiles, iodine 
status, stunting, attendance to early childhood education 
(ECE) programme, cooking place, season and urbanicity. 
Household wealth quintiles (index of available durable and 
non- durable household assets) generated by MICS included 
types of cooking fuels; however, to avoid over adjustment in 
inferential models, household wealth quintiles were recon-
structed, excluding the type of cooking fuel used in the 
household (code is available on request). The Household 
Wealth Index was then categorised into five quintiles, with 
the lowest quintile reflecting the poorest households and the 
highest quintile the wealthiest households.10 31

Statistical analysis
Descriptive statistics were used to provide general characteristics 
of study samples. The distribution and prevalence of ECDI and 
its subdomains were calculated by each covariate. We used multi-
level mixed- effects Poisson regression models with robust error 
variance accounting for survey weights to examine the associa-
tions between HAP and ECD measures10 21 because ORs from 
logistic regression can significantly overestimate the relative risk 
of common outcomes measured in cross- section studies.7 10 36 In 
addition, we used random subject effects accounting for cluster 
and stratum.

Results from the multilevel mixed- effects Poisson regression 
models are presented as prevalence ratios (PRs) with 95% CIs. 
Additional analyses explored the associations between HAP and 
ECD by sex (boys/girls) and urbanicity (rural/urban). Differ-
ences between estimates for boys and girls and urban and rural 
areas were tested using a p difference extracted from the Wald 
test for the interaction term. In addition, we tested for linear 
trend (p trend) for the dose–response associations between the 
augmented HAP exposure (treating as a continuous variable) 
and ECD outcomes. The study followed the Strengthening the 
Reporting of Observational Studies in Epidemiology guidelines 
to design and report results.37 All analyses were conducted using 
R V.4.1.2 and Stata V.16.

Patient and public involvement
Patients were not involved in this study.

RESULTS
Prevalence of ECD and associated characteristics
The prevalence of ECD outcomes, characteristics of the study 
children aged 36–59 months, their parental and household 
information are presented in table 1.

The prevalence of children with developmental delay was 
25.3% in global ECDI. For the four subdomains, 71.1% of chil-
dren were delayed developmentally in literacy–numeracy, 27.2% 
in socioemotional development, 8.6% in learning- cognition and 
1.4% in physical development (table 1). On the other hand, the 
prevalence of SFU as a primary source of energy for cooking and 
traditional solid fuel cookstoves was 81.4%, only 4.1% of them 
were equipped with a chimney or a fan and 34.4% of house-
holds cooked in the main house. Thus, 62.6% of children were 
moderately exposed to HAP and 18.8% were highly exposed to 
HAP (table 1).

The bivariate associations between ECD and sample char-
acteristics are presented in table 2. Younger children (aged 36 
months), boys, stunted, those not received sufficient iodine 
intake, those never attended in ECE programme, received poor 
caregivers’ stimulation, with parents below primary education, 
living in rural areas, and poorest/poorer households, exposed to 
SFU and moderately as well as highly exposed to HAP were more 
likely to be delayed developmentally in global ECDI (table 2). 
The highest percentages of children with developmental delay in 
global ECDI were in Mymensingh (39.1%) and Sylhet divisions 
(38.1%) (table 2; online supplemental figure S1).

Multivariable associations between HAP and ECD by sex and 
urbanicity
Figures 2 and 3 show the associations between HAP and ECDI 
and its subdomains by sex and urbanicity after adjusting for 
potential confounders (online supplemental tables S1- S12).

Children exposed to SFU were 1.47 times more likely to be 
developmentally delayed in global ECDI (95% CI: 1.25, 1.73; 
p<0.001) than unexposed children. We did not observe signif-
icant effect modification by sex and results were comparable (p 
difference=0.210) for boys (adjusted PR (aPR): 1.37; 95% CI: 
1.13, 1.65) and girls (aPR: 1.64; 95% CI: 1.31, 2.07) for ECDI 
(figure 2; online supplemental tables S1- S10). The associations 
between SFU and developmental delay in socioemotional (aPR: 
1.17; 95% CI: 1.01, 1.36; p=0.035) and learning- cognition 
(aPR: 1.90; 95% CI: 1.39, 2.60; p<0.001) domains were statis-
tically significant. However, literacy–numeracy (aPR: 1.04; 
95% CI: 0.95, 1.13) and physical development (aPR: 0.71, 
95% CI: 0.32, 1.60) did not show any significant associations 
with SFU (figure 2; online supplemental tables S1- S10).

When we considered the augmented HAP exposure, the prev-
alence of children with developmental delay was significantly 
higher among children moderately exposed (aPR: 1.39; 95% CI: 
1.18, 1.63; p<0.001) and highly exposed (aPR: 1.47; 95% CI: 
1.24, 1.75; p<0.001) to HAP, respectively, compared with 
unexposed children. Compared with unexposed children, the 
prevalence of developmental delay in socioemotional domain 
was higher among children moderately exposed (aPR: 1.20; 
95% CI: 1.04, 1.39; p=0.016) and highly exposed (aPR: 1.10; 
95% CI: 0.94, 1.29; p=0.259) to HAP, compared with unex-
posed children. Likewise, the prevalence of developmental delay 
in the learning- cognition domain was among children moder-
ately exposed (aPR: 1.59; 95% CI: 1.16, 2.16; p=0.016) and 

https://dx.doi.org/10.1136/jech-2021-217554
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highly exposed (aPR: 1.97; 95% CI: 1.42, 2.74; p<0.001) to 
HAP, compared with unexposed children. However, there were 
no significant associations of HAP with physical and literacy–
numeracy domains (figure 2; online supplemental tables 
S11- S12). All these associations were not modified by sex (p 
difference >0.05).

Urbanicity (urban (aPR: 1.54; 95% CI: 1.24, 1.91) and rural 
(aPR: 1.40; 95% CI: 1.13, 1.74)) did not significantly modify 
the effect of SFU on global ECDI (p difference=0.450) (figure 3; 
online supplemental tables S1- S10). We did not observe any 
modification effects by urbanicity in these associations between 
SFU and ECDI and its subdomains (p difference >0.05 for 
all) (figure 3; online supplemental tables S1- S10). Moreover, 
urbanicity did not modify associations between HAP and ECD 
outcomes (figure 3; online supplemental tables S11- S12). 
We observed significant dose–response associations of the 
augmented HAP exposure with ECDI and learning- cognition 
for boys (p trend <0.05), girls (p trend <0.05), rural children 
(p trend <0.05) and urban children (p trend <0.05) (online 
supplemental tables S11- S12).

DISCUSSION
Our study suggests that Bangladeshi children aged 36–59 months 
exposed to HAP were more likely to have developmental delays, 
specifically in global ECDI and its socioemotional and learning- 
cognition subdomains, compared with unexposed children. 
Furthermore, dose–response associations were observed between 
the augmented HAP exposure (categorised into no exposure, 
moderate exposure and high exposure) and ECDI and learning- 
cognition. We used nationally representative data from MICS 

Table 1 Sample characteristics of children aged 36–59 months in 
Bangladesh (weighted percentage or mean and n=unweighted)

Characteristics
Number of children 
(n=unweighted)

% 
(weighted)

Sex of the child

  Boy 4849 51.8

  Girl 4546 48.2

Child age in months (mean±SD) 9395 47.2 (6.9)

  36–47 months 4777 51.1

  48–59 months 4618 48.9

Size of the child (information is unavailable for all sample)

  Larger than average 137 1.4

  Average 1086 11.3

  Smaller than average 255 2.8

  Missing 7917 84.5

Child nutritional status

  Height for age (WHO) (mean±SD) 9394 3.0 (20.5)

  Stunted 2534 26.8

  Iodine 6957 74.7

Caregiver’s stimulation

  Poor 1908 18.7

  High 6488 71.0

  Ever attended ECE 1771 19.3

  Maternal age in years (mean±SD) 9205 28.6 (6.0)

Maternal age (categories)

  15–19 years 224 2.5

  20–24 years 2496 26.8

  25–29 years 2754 30.0

  30–34 years 2132 23.3

  35–39 years 1130 12.2

  40–49 years 469 5.2

Maternal education

  None/pre- primary 1246 13.2

  Primary 2325 24.3

  Secondary 4553 48.1

  High secondary+ 1291 14.4

Paternal education

  None/pre- primary 1847 22.9

  Primary 2593 30.9

  Secondary 2420 30.2

  High secondary+ 1238 16.1

Household wealth quintiles

  Poorest 1879 22.3

  Poorer 1879 20.0

  Middle 1879 18.7

  Richer 1879 19.3

  Richest 1879 19.8

  Region

  Barisal 823 5.6

  Chattrogram 1967 21.9

  Dhaka 1802 23.1

  Khulna 1309 10.4

  Mymensingh 563 7.5

  Rajshahi 1030 12.6

  Rangpur 1108 10.8

  Sylhet 793 8.0

Urbanicity

  Rural 7649 79.1

  Urban 1746 20.9

Continued

Characteristics
Number of children 
(n=unweighted)

% 
(weighted)

Season

  Winter (January–March) 5085 56.2

  Summer (April–June) 4310 43.8

Types of cooking fuels

  Clean fuels 1326 18.6

  Solid fuels 8069 81.8

Technologies/cookstoves for cooking

  Clean fuel stove 1326 18.6

  Solid fuel stove 8069 81.4

  Chimney/fan in solid fuel stove 355 4.1

Cooking place

  Indoor 3257 34.4

  Separate room 3582 37.4

  Outdoor 2556 28.1

Levels of exposure to HAP

  Unexposed 1326 18.6

  Moderately exposed 6017 62.6

  Highly exposed 2052 18.8

ECD indicators

  Literacy–numeracy (not on track) 6708 71.1

  Physical (not on track) 138 1.4

  Socioemotional (not on track) 2589 27.2

  Learning- cognition (not on track) 903 8.6

  ECDI (not on track) 2516 25.3

ECD, early childhood development; ECDI, Early Childhood Development Index; ECE, early 
childhood education; HAP, household air pollution.

Table 1 Continued
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2019 collected by UNICEF, in which SFU and levels of exposure 
to SFU were considered as proxy measures for HAP.7 10 21 These 
results align with a study conducted in Sri Lanka, which found 
neurotoxic impacts of HAP on child cognitive scores.34 Similar 
results were observed in many other LMICs in which SFU is 
highly prevalent.21 34 38 39

In South Asian settings, most households do not have a sepa-
rate cooking place with sufficient ventilation. Therefore, it is very 
common for mothers to cook in the same room, where most chil-
dren’s daily activities occur.7 10 28 Hence, the complex mixture of 
pollutants emitted from SFU increases the risk of developmental 
delays in younger children by potentially damaging the central 
nervous system and affecting brain development.13 19 25 34 35 40 
Our study demonstrated that HAP was significantly associated 
with specific developmental subdomains in boys and girls, 
corroborated by previous studies.21 22 However, HAP had more 
pronounced effects on learning- cognition and socioemotional 
development but null for physical development and literacy–
numeracy. One reason could be a non- differential measure-
ment error in the measurements of the physical development 
and literacy–numeracy subdomains that bias the associations 
with HAP toward the null. Previous study showed that these 
two subdomains had low internal consistency, and ECDI items 
for literacy–numeracy might be advanced for young children, 

whereas the physical development item is more about the health 
status of the children.23

Girls exposed to HAP were more likely to be delayed develop-
mentally in ECDI and its subdomain of learning- cognition and 
physical development compared with boys. However, there was 
no statistical evidence of sex differences in the associations between 
HAP and ECD outcomes. Kurata et al39 observed a significant effect 
of SFU among Bangladeshi girls’ respiratory illness but null for boys. 
Another study21 in Ghana found that girls were more likely to have 
developmental delays than boys. Due to sociocultural factors and 
gender roles, girls may spend more time indoors, particularly in the 
kitchen with their mothers in the South Asian countries, and subse-
quently, be more exposed to HAP.7 21 39

Moreover, gender inequalities in HAP exposure and ECD 
are prevalent in households for children in LMICs, including 
in Bangladesh.7 21 39 41 On the contrary, a study showed sex- 
dependent effects on neuropsychological development at 4–6 
years of age, with a greater vulnerability in boys, specifically 
in domains related to memory, verbal and general cognition.34 
However, unlike these studies,34 42 our study did not observe 
significant effect modification by sex. One of the reasons is the 
differences in accounting for sex either as a biological variable or 
a societal construct. In our study, the interaction term would have 
captured the latter, whereas in the previous studies, especially 

Figure 2 Associations between HAP and ECD stratified by sex in Bangladesh. *Models were adjusted for child age, maternal age, maternal 
education, household wealth quintiles, iodine, stunting, attendance to ECE, urbanicity and season (details of these models are included as online 
supplemental tables S1, S3, S5, S7, S9 and S11). ECD, early childhood development; ECDI, Early Childhood Development Index; ECE, early childhood 
education; HAP, household air pollution; SFU, solid fuel use.

https://dx.doi.org/10.1136/jech-2021-217554
https://dx.doi.org/10.1136/jech-2021-217554
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investigating outdoor air pollutants, sex would represent more 
the biological construct. However, more studies should be intro-
duced using available biomarkers, particularly for Bangladesh, 
to understand gender behaviour in the sociocultural context 
and gender differences in ECD and HAP exposure and greater 
vulnerability of girls.

This study also observes that urban children exposed to HAP 
were more likely to be delayed developmentally in ECDI and 
its subdomains of socioemotional development and learning- 
cognition compared with rural children, but these differences 
were not statistically significant. The observed rural–urban 
differences in ECD outcomes may be because children in rural 
areas have more mobility and spend more time playing outdoors 
with other children of joint families, relatives and neighbours. 
Heissler also showed that it is common for rural children to 
grow up with other family members, including grandparents, 
uncles and same- aged children in Bangladesh.43 However, urban 

children have less opportunity to play with other children and 
spend time with other family members and relatives who can 
provide more nurturing.43

Interestingly, the association between HAP and learning- 
cognition was stronger in urban kids compared with rural kids, 
maybe because most urban children stay home and have less 
opportunity for outdoor activities.43 Simultaneously, it is also 
important to investigate children’s outdoor playing time since 
this may also limit the effects of indoor pollution areas relatively 
free of external contamination, especially in rural areas as urban 
areas in Bangladesh experience high outdoor air pollution levels. 
Moreover, descriptive results suggest regional variations in 
global ECDI with higher prevalence in Mymensingh and Sylhet 
regions, which are more rural divisions and warrant further 
spatial investigation.

This study contributes to setting specific targets and tracking 
progress toward meeting SDGs of 4.2: ‘By 2030, ensure that 

Figure 3 Associations between HAP and ECD stratified by urbanicity in Bangladesh. *Models were adjusted for child age, sex, maternal age, 
maternal education, household wealth quintiles, iodine, stunting, attendance to ECE, cooking place and season (details of these models are included 
as online supplemental tables S2, S4, S6, S8, S10, S12). ECE, early childhood education. ECD, early childhood development; ECDI, Early Childhood 
Development Index; ECE, early childhood education; HAP, household air pollution; SFU, solid fuel use.

https://dx.doi.org/10.1136/jech-2021-217554
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all girls and boys have access to quality ECD, care, and pre- 
primary education so that we can save the brain of our next 
generation’.25 31–33 Thus, it is pressing to design interventions 
and implement strategies to lessen HAP exposure from SFU and 
improve cooking conditions to reduce the risk of developmental 
delays among younger children in LMICs, including Bangladesh.

Strengths and limitations
The primary strength of this study is that it is the first study with 
a large representative sample of children aged 35–59 months 
from all districts of Bangladesh. Another strength is our robust 
analysis, with an appropriate statistical method and adjustment 
for potential confounders, including child sex and age, maternal 
age and education, household wealth and attendance to ECE, 
and lifestyle variables, which makes our findings reliable and 
valid for policymaking.

Our study has the following limitations. First, measurement error 
in exposure is very likely due to the use of proxy measures of HAP. 
However, SFU and levels of exposure to SFU are the available robust 
and established measurements of HAP,10 although it would be bene-
ficial if MICS may collect the cooking duration and proximity to the 
kitchen. Moreover, we could not control for outdoor air pollution 
as the location (GPS) to estimate air pollutants concentrations from 
satellite data are unavailable in MICS. Nevertheless, particles from 
SFU are important contributors to outdoor air pollution in countries 
with ubiquitous SFU. This limitation could be addressed in future 
studies controlling for modelled outdoor air pollution in countries 
with location data.

Second, the cross- sectional and observational nature of the 
study may not allow us to identify how SFU directly affects 
ECDI and establish any specific causal link at this time. Further 
longitudinal studies are needed to confirm the causal effects of 
SFU on ECD. Third, some questions of the ECDI were retro-
spective, which might introduce recall biases. However, mothers 
rarely report incorrect information about the developmental 
activities of their young children because mothers/primary care-
givers in Bangladesh are excited about each developmental mile-
stone and keep detailed records. Unfortunately, we did not have 
comparable data from neighbouring countries that investigated 
SFU and its impact on ECD. Future studies should contrast these 
results with neighbouring countries to better assess their validity 
and generalisability.

CONCLUSION
The study showed that children exposed to HAP have signifi-
cant developmental delays compared with unexposed children, 
regardless of their sex or urbanicity. Specifically, moderate 
and higher levels of HAP exposure were associated with an 
increased prevalence of developmental delays in ECDI and its 
two subdomains in Bangladesh. This is a double burden for most 
disadvantaged kids struggling to reach their full developmental 
potentials in low- resources countries like Bangladesh.23 24 There-
fore, interventions to promote the use of clean cooking fuels and 
cookstoves could reduce HAP exposure, nurture healthy and 
productive early brain development of next generations, and 
achieve SDGs related to ECD and clean cooking fuels by 2030.
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