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It remains unclear whether and how maternal exposure to biomass fuel influences infant
anthropometry or body proportionality at birth, which are linked to their survival, physical growth,
and neurodevelopment. Therefore, this study seeks to explore the association between household-
level exposure to biomass cooking fuels and infant size and body proportionality at birth among
women in rural Bangladesh. A total of 909 women were derived from the Pregnancy Weight Gain
study, which was conducted in Matlab, a rural area of Bangladesh. Infant’s weight (g), length (cm),
head circumference (cm), small for gestational age (SGA,y), short for gestational age (SGA,), low head
circumference for gestational age (SGA,,¢), ponderal index, and cephalization index at birth were the
outcomes studied. Of the women, 721 (79.3%) were dependent on biomass fuel. Compared to infants
born to mothers who used gas for cooking, those born to biomass users had lower weight (B - 94.3,
Cl-155.9, - 32.6), length (B -0.36, 95% Cl - 0.68, - 0.04), head circumference (f -0.24, Cl-0.47,-0.02)
and higher cephalization index (B 0.03, C1 0.01, 0.05) at birth. Maternal biomass exposure is more
likely to lead to symmetric SGA, although there is evidence for some brain-sparing effects.

Keywords Biomass fuels, Fetal growth, Gestational age, Ponderal index, Cephalization index, Rural
Bangladesh

Infants who are born small for gestational age (SGA)—frequently due to fetal growth restriction (FGR)—are
inevitably at greater risk of childhood mortality and morbidity. In addition to that, they are more likely to
experience poor linear growth, neurodevelopmental delay, and a higher incidence of non-communicable
diseases in adulthood, which ultimately lead to reduced human capital'™. An estimated 23.3 million infants
were born small for gestational age (SGA) in low- and middle-income countries (LMICs) in 2012°. Bangladesh
ranked fourth for the total burden of SGA births, with a prevalence of 30.5%°. Any conditions that impede
the transplacental transfer of oxygen and nutrients may hinder fetal growth and eventually cause SGA®. In
addition to poor maternal nutrition, adolescent pregnancy, inadequate gestational weight gain’, infections during
pregnancy, and pregnancy-induced hypertension®~%, certain environmental factors such as maternal smoking
and air pollution have been found to negatively influence infant size at birth®.

Around 2.4 billion people worldwide rely on biomass fuels such as wood, charcoal, crop leftovers, or animal
dung as their principal source of domestic energy for cooking, including more than half of households in
developing nations and up to 95% in low-income countries'*~'2. In Bangladesh, overall, 82% of the households
and 95% of the households in rural areas cook using biomass fuels". The low-efficiency biomass fuels are generally
burnt in traditional, poorly enclosed and ventilated stoves, which results in incomplete combustion of the fuels
and emission of several air pollutants such as particulate matter, carbon monoxide, and polycyclic aromatic
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hydrocarbons!*'®. The women in the households, especially those involved in cooking, are predominantly

exposed to noxious biomass smoke'®. As reproductive-aged women are the main cooks in their households, there
is an increasing interest in exploring how this exposure affects the health of pregnant women and the growing
fetus. Studies have linked reduced birth weight with maternal exposure to household air pollution resulting
from inefficient combustion of biomass cooking fuels'’~°. A recent systematic review has evaluated the available
evidence from nineteen published studies of the impact of burning solid fuels (biomass or coal) on pregnancy
outcomes. The pooled estimates reveal that household solid fuel combustion results in an 86.43 g (95% CI 55,
117) reduction in birth weight and a 35% increase in the risk of low birth weight (LBW)?.

The FGR can lead to the birth of an infant who is small in terms of weight, length, head circumference, or
any combination of those. It is generally believed that factors such as chronic undernutrition*-?* (stunting),
smoking****, and long-term exposure to toxic substances**~%, including biomass fuel, which are present even
before conception, affect weight, length, and head circumference proportionately. Conversely, a late pregnancy
insult as maternal vascular disorders such as pregnancy-induced hypertension supposedly reduces birth weight
but spare length and the brain (head circumference)?~*. In LMICs, symmetric SGAs are more common®’.

Most studies examining the effect of biomass fuel exposure have focused only on birth weight, either as a
continuous measure or as LBW (<2500 g)'7~'°. Previous research has established an association between maternal
biomass fuel exposure and preterm birth®>23!, However, it remains unclear whether and how maternal exposure
to biomass fuel influences infant length, head circumference, size, or body proportionality at birth, particularly
in full-term infants, which are linked to their survival, physical growth, and neurodevelopment. Furthermore,
birth weight, as a standalone fetal growth indicator, has several well-known limitations*>**. To address this
issue and advance the understanding, our study investigated the effects of household-level maternal exposure
to biomass cooking fuels on size and body proportionality at birth among full-term infants in rural Bangladesh.

Methods

Study setting

The study took place in Matlab, a rural area of Bangladesh. In Matlab, the International Centre for Diarrhoeal
Disease Research, Bangladesh (icddr,b) maintains a Health and Demographic Surveillance System (HDSS)
that covers a population of 230,000 along with the central health facility, Matlab Hospital. Demographic
information from people residing in the surveillance area is collected through quarterly home visits. Trained
Community Health Research Workers collect data on Tablet Computers through in-person interviews*. The
HDSS also conducts household socioeconomic censuses at a certain interval (usually every 10 years). In 2014,
a socioeconomic census was conducted to update the socioeconomic status of households within the HDSS. A
structured questionnaire was used to collect the data®.

Children under 5 years and reproductive-aged (15 to 49 years) women from the icddr,b service area receive
free-of-cost care from the hospital. Maternal care services provided include vaginal delivery and antenatal and
postnatal care. Referrals are made if cesarean delivery is required. The setting has been described in detail
elsewhere’®.

Data for this study were derived from the Pregnancy Weight Gain study, which evaluated the status of
gestational weight gain and its determinants among women in Matlab. The methodology of the study has been
published elsewhere®”. The study included 1883 pregnant women admitted to Matlab Hospital’s labor ward
between 2012 and 2014. These women had singleton live births at term, and they sought routine antenatal care
from the same facility in the second trimester. All anthropometric measurements were taken following standard
procedures at Matlab Hospital. The date of the last menstrual period (LMP) was considered for the estimation
of gestational age, and it was confirmed by a pregnancy ultrasound at the first antenatal visit.

This study analyzed a sub-sample of 909 women who gave live birth to singleton infants by normal vaginal
delivery at 37 completed to 42 weeks of gestation and were dependent on either gas or biomass as a cooking fuel
at the household level. Those with missing information on infant weight, length, or head circumference at birth
(n=723 in cesarean delivery and n =28 in normal vaginal delivery) or cooking fuel use (n=71) were excluded.
Matlab Hospital does not offer cesarean delivery services. If a cesarean delivery is indicated, pregnant women are
referred to other facilities that offer the service. Since cesarean section deliveries do not occur at Matlab Hospital,
data on birth anthropometry, especially head circumference and length, are not available in the hospital database.
Women using electricity (n=2) or both gas and biomass (n=146) as cooking fuel were also excluded from the
analysis. Figure 1 illustrates the selection of the sample for this study.

Cooking fuel
Information on women’s household-level cooking fuel use around the time of delivery of the child included in
the study was retrieved from the electronic database of HDSS. Wood, wood dust, paddy husk, crop residues
(straw), and dry leaves comprised biomass fuel. Gas included natural gas (gas line) and liquid petroleum gas
(gas cylinder).

Covariates

We carefully reviewed the literature to choose the covariates for this study*~*°. Covariates considered were
maternal age (<19 years, 20-34 years, > 35 years), parity (nulliparous, 1 prior birth, 2 prior births, 3 or more prior
births), height (<145 cm,> 145 cm), level of education (<5 years, 6-9 years, > 10 years), length of gestation (days),
rate of weight gain during the 2nd and 3rd trimester of pregnancy (kg/week), infant sex, and socioeconomic
status (wealth quintile). The rate of weight gain was calculated by subtracting the weight measured during the
prenatal visit from the weight measured before childbirth and dividing it by the difference between the weeks.
Wealth quintile, an indicator of household-level wealth consistent with expenditure and income measures, was
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Figure 1. The process of selecting the sample for the study.

constructed by dividing a calculated household asset score into five quantiles. The household asset score was
derived using principal component analysis (PCA) of the variables indicating possession of household assets™.

Outcomes

Infant’s weight (g), length (cm), head circumference (cm), small for gestational age (SGAyy), short for gestational
age (SGA|), low head circumference for gestational age (SGAy), ponderal index and cephalization index at birth
were the outcomes of the present study. An infant was defined SGAyy if his/her birth weight was less than the
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10th percentile of birth weight”*!, SGA_ if his/her crown-heel length at birth was less than the 10th percentile
of birth length** and SGA if his/her birth head circumference was less than the 10th percentile of birth head
circumference for specific sex and gestational age as compared to the international newborn standards from the
INTERGROWTH-21st project*” Ponderal index (birth weight in grams/crown-heel birth length in centimeters
cubed x 100), reflects thinness of the newborn and the magnitude of the asymmetry in fetal growth—the lower
the ponderal index, the higher the asymmetry**. Cephalization index (birth head circumference in centimeters/
birth weight in grams x 100) is an indicator of the severity of FGR and the extent of the brain-sparing process—
the higher the cephalization index, the higher the brain-sparing effect**.

Statistical analysis

We presented the sample characteristics as mean + standard deviation or frequency measures, as appropriate. We
compared the background characteristics of the participants in the present sample with those who were excluded
from the original dataset using the Student’s t-test for continuous variables and the chi-square test for categorical
variables. The characteristics of the gas users and biomass fuel users were compared using the Student’s t-test or
the chi-square test, as appropriate.

Simple and multivariable linear regression models were fitted to assess the association of biomass fuel use
with infant weight, length, head circumference, ponderal index, and cephalization index at birth. The strength
of association was expressed as mean difference (f) with a 95% confidence interval (95% CI), considering gas
users as the reference group. To assess the association of biomass fuel use with SGAy, SGA|, and SGAy, simple
and multivariable logistic regression models were fitted. The strength of association was expressed as odds ratio
(OR) with 95% CI; gas users constituted the reference group.

All the multivariable linear regression models included the following covariates of a priori interest: maternal
age, height, parity, length of gestation, rate of weight gain during the 2nd and 3rd trimester, level of education,
wealth quintile, and infant sex. All the multivariable logistic regression models included the following covariates
of a priori interest: maternal age, height, parity, rate of weight gain during the 2nd and 3rd trimester, level of
education, and wealth quintile.

All statistical tests were two-sided, and statistical significance was evaluated at p <0.05. The percentiles of
birth weight, length and head circumference were derived using the INTERGROWTH-21st tool “Neonatal
Size Calculator for newborn infants between 24 + 0 and 42 + 6 weeks’ gestation”. Other statistical analyses were
performed with Stata/PC (StataCorp, College Station, Texas 77845 USA, version 15.1).

Ethical statement

This study was conducted under the oversight of the Institutional Review Board of icddr,b and in accordance with
the principles of the Declaration of Helsinki. The original study protocol (PR-16028) was reviewed and approved
by the icddr,b research and ethical review committees (Institutional Review Board of icddr,b).

The study used de-identified routinely collected surveillance and service data that were available through
the electronic databases of Matlab Health and Demographic Surveillance System (HDSS) and Matlab Hospital
of icddr,b. The study did not involve any primary interviews with the participants or collect biological samples
from them. Since data were evaluated retrospectively, pseudonymously, and were solely obtained for treatment
and surveillance purposes, the requirement for informed consent was waived by the Institutional Review Board
of icddr,b.

Results
The study population differed in several background characteristics from those excluded from the original
dataset (Supplementary Table 1). The proportion of nulliparous women was lower in the present sample (35.2%
vs. 52.0%). Women in the present sample were more frequently from the lowest two wealth quintiles (39.9% vs.
26.5%), while those who completed secondary education were less frequent (15.8% vs. 26.3%). The rate of weight
gain (kg/week) during the 2nd and 3rd trimester of pregnancy was also lower among women in the present
sample compared to those who were excluded (0.32+0.2 vs. 0.37£0.2).

The study included a sample of 909 women, out of which 79.3% relied on biomass fuel for cooking in their
households, while 20.7% used gas, as shown in Table 1. Among the women, the highest percentage (73.8%)
belonged to the age group of 20 to 34 years, while 19.3% were adolescents, as shown in Table 2. The study also

Fuel types n (%)
Biomass 721 (79.3)
Wood, wood dust, paddy husk 19 (2.1)

Crop residues (straw), dry leaves 59 (6.5)
Both (Wood and crop residues) 643 (70.7)

Gas 188 (20.7)
Natural gas 167 (18.4)
Liquefied petroleum gas (LPG) 16 (1.8)
Both (Natural gas and LPG) 5(0.6)

Table 1. Distribution of study population by the type of cooking fuel use (n=909).
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Fuel types

Maternal and infant characteristics | All Gas Biomass p-value
Maternal
Age 0.497°

<19 years 175 (19.3) 40 (21.3) 135 (18.7)

20-34 years 671 (73.8) 138 (73.4) 533 (73.9)

>35 years 63 (6.9) 10 (5.3) 53(7.4)
Height 0.468*

<145cm 126 (13.9) 23 (12.2) 103 (14.3)

>145 cm 783 (86.1) 165 (87.8) 618 (85.7)
Parity 0.038°

Nulliparous 320 (35.2) 53 (28.2) 267 (37.0)

1 previous birth 280 (30.8) 68 (36.2) 212 (29.4)

2 previous births 205 (22.6) 50 (26.6) 155 (21.5)

>3 previous births 104 (11.4) 17 (9.0) 87 (12.1)
Rate of weight gain (kg/week) 0.32+0.2 0.36+0.19 0.31+0.20 0.003°
Length of gestation (days) 276.7+7.6 276.3+7.3 276.8+7.6 0.410°
Education 0.001*

<5 years 240 (26.4) 36 (19.2) 204 (28.3)

6-9 years 525 (57.8) 108 (57.5) 417 (57.8)

>10 years 144 (15.8) 44 (23.4) 100 (13.9)
Wealth quintile <0.001*

Lowest 178 (19.6) 13 (6.9) 165 (22.9)

Second 185 (20.4) 14 (7.5) 171 (23.7)

Middle 178 (19.6) 22 (11.7) 156 (21.6)

Fourth 180 (19.8) 43 (22.9) 137 (19.0)

Highest 188 (20.7) 96 (51.1) 92 (12.8)
Infant
Boy 438 (48.2) 82 (43.6) 365 (49.4) 0.159*
Weight (g) 2827.9+372.2 | 2913.0+378.7 | 2805.7+367.5 <0.001°
SGAy 381 (41.9) 60 (31.9) 321 (44.5) 0.002*
Length (cm) 47719 48.0x1.7 47719 0.025°
SGA, 325 (35.8) 52(27.7) 273 (37.9) 0.009°
Head circumference (cm) 33.1+£1.3 333+1.3 33.0+1.3 0.028"
SGAc 275 (30.3) 42 (22.3) 233 (32.3) 0.008*
Ponderal index (g/cm? x 100) 2.60+0.41 2.63+£0.28 2.60+0.44 0.158"
Cephalization index (cm/gx 100) 1.19+0.14 1.16+0.13 1.19£0.13 0.001°

Table 2. Characteristics of the study population according to cooking fuel types (n=909). Cell values: for
frequency, n (%); and for mean, mean + SD. p-values: *for Xz—test (categorical data); and bfor t-test (continuous
data).

revealed that 13.9% of the mothers had a height of less than or equal to 145 cm, and 57.8% of the women had
6-9 years of education. Furthermore, 35.2% of the women in the sample were nulliparous, meaning that they
had not given birth to a child before (Table 2).

Results indicate that mothers who used gas as cooking fuel during the 2nd and 3rd trimester of pregnancy
gained weight at a higher rate (0.36 £ 0.19 kg/week) than those who used biomass fuel (0.31+0.20 kg/week).
Infants born to gas users had a higher body weight (2913.0£378.7 g), length (48.0£1.7 cm), and head
circumference (33.3+ 1.3 cm), but a lower cephalization index (1.16 £0.13) at birth compared to those born to
mothers who relied on biomass fuel. This suggests that gas usage during pregnancy may significantly promote
fetal growth (t-test, p <0.05) regarding anthropometric characteristics. Compared to gas users, infants born to
biomass fuel users had a significantly (*-test, p<0.05) higher prevalence of SGAy, (44.5% vs. 31.9%), SGA;
(37.9% vs. 27.7%), and SGAyc (32.3% vs. 22.3%). This indicates that using biomass fuel during pregnancy may
hinder fetal growth, leading to a higher proportion of infants being smaller than expected for their gestational age.

In Table 3, the adjusted models revealed that infants born to mothers who depended on biomass for cooking
had significantly lower weight (B —94.3, CI-155.9,-32.6; p 0.003), length (- 0.36, CI-0.68,—0.04; p 0.025)
and head circumference (f —0.24, CI-0.47,-0.02; p 0.036) at birth when compared to those born to mothers
who depended on gas for cooking.

The findings from Table 4, which presents the results of the multivariable logistic regression models, indicate
that women who use biomass for cooking have significantly higher odds of giving birth to infants with SGA,
(OR 1.6, CI 1.1, 2.3; p 0.021), SGA; (OR 1.5, CI 1.0, 2.2; p 0.054), and SGAc (OR 1.6, CI 1.1, 2.5; p 0.023) than
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Unadjusted Adjusted®
Outcome B (95% CI) p-value | B (95% CI) p-value
Weight (g) ~107.3 (-166.8,-47.9) | <0.001 | —94.3 (-155.9,—32.6) | 0.003
Length (cm) -0.32(-0.62,-0.02) 0.039 —-0.36 (-0.68,-0.04) |0.025
Head circumference (cm) —0.24 (- 0.46,-0.03) 0.028 —0.24 (-0.47,-0.02) | 0.036

Table 3. Association between maternal biomass fuel exposure and infant anthropometry at birth (n=909).
Gas users (n=188) served as the reference category for biomass users (n=721). CI confidence interval.
®Adjusted for maternal age, height, parity, rate of weight gain during the 2nd and 3rd trimester of pregnancy,
length of gestation, education, wealth quintile and infant sex.

Unadjusted Adjusted*
Outcome OR (95% CI) p-value OR (95% CI) p-value
SGAyw 1.7 (1.2,2.4) 0.002 1.6 (1.1,2.3) 0.021
SGA, 1.6 (1.1,2.3) 0.010 1.5(1.0,2.2) 0.054
SGAyc 1.7 (1.1, 2.4) 0.008 1.6 (1.1, 2.5) 0.023

Table 4. Association between maternal biomass fuel exposure and infant size at birth (n=909). Gas users
(n=188) served as the reference category for biomass users (n=721). OR odds ratio, CI confidence interval,
SGA,, small for gestational age, SGA; short for gestational age, SGAp low head circumference for gestational
age. *Adjusted for maternal age, height, parity, rate of weight gain during the 2nd and 3rd trimester of
pregnancy, education and wealth quintile.

their counterparts who use gas for cooking. This indicates that cooking with biomass could have detrimental
effects on fetal growth and development.

The association of derived measures such as cephalization index and ponderal index with the use of cooking
fuel type was shown in Table 5. Whereas in adjusted models, compared to children born to mothers who used
gas for cooking, those born to biomass users had higher cephalization index ( 0.03, CI 0.01, 0.05; p 0.011), but
there was no significant difference in ponderal index (f —0.01, CI-0.08, 0.07; p 0.892). This indicates that there
was no significant difference in ponderal index between infants born to mothers exposed to gas or biomass.

Discussion

The present study was conducted to evaluate the impact of cooking fuel on fetal growth and development,
including weight, length, and head circumference at birth. The research showed that an overwhelming 79.3%
of women relied on biomass fuel as their primary energy source for cooking. These results are consistent with
previous studies that found over 80% of households in developing countries use biofuels for cooking and heating®.
Overall, the study suggests that the type of fuel used during pregnancy has an impact on fetal development and
birth outcomes.

The present study has identified a significant association between maternal biomass fuel exposure and
adverse fetal outcomes, including small for gestational age (SGAy), short for gestational age (SGA_), and low
head circumference for gestational age (SGAyc). This finding is consistent with the results of a pair-matched
case—control study conducted in a Peruvian population, which revealed that the use of biomass as cooking
fuel was associated with a higher risk of low birth weight (LBW) and a significantly increased risk of SGA*>¢.
Exposure to indoor biomass fuel has been found to be strongly associated with SGA (small for gestational age)
infants, as per a population-based cohort study conducted in South India*’. Additionally, it has been established
through previous research that toxic or chemical exposure is a major contributing factor to SGA infants*>*%4,

Biomass fuel is a type of fuel known for its relatively low efficiency due to incomplete combustion*>*”*°, which
results in the emission of airborne particulate matter (PM) and toxic chemicals such as aromatic hydrocarbons,
oxygenated organics, free radicals, and carbon monoxide, at a high level>"2. Traditionally, biomass fuels have
been used in partially confined cooking spaces, with women of childbearing age being the most vulnerable. As

Unadjusted Adjusted®
Outcome B (95% CI) p-value | B (95% CI) p-value
Ponderal index (g/cm?x 100) -0.04 (-0.10, 0.03) | 0.271 -0.01 (-0.08,0.07) | 0.892
Cephalization index (cm/gx 100) 0.04 (0.01,0.06) | 0.001 0.03 (0.01,0.05) | 0.011

Table 5. Association between maternal biomass fuel exposure and infant body proportionality at birth
(n=909). Gas users (n=188) served as the reference category for biomass users (n=721). CI confidence
interval. *Adjusted for maternal age, height, parity, rate of weight gain during the 2nd and 3rd trimester of
pregnancy, length of gestation, education, wealth quintile and infant sex.
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women typically continue to perform domestic and cooking duties throughout their pregnancy, the growing
fetus is also indirectly exposed to these toxic substances of biomass fuels®. Previous research has suggested that
indoor exposure to the toxic substances of biomass fuels can compromise fetal growth, even in populations where
low birth weight is relatively rare®*",

Carbon monoxide (CO), one of the main toxic substances of biomass smoke, crosses the placental barrier>®
and compromises oxygen transfer to the tissue of the fetus*® because CO binds more readily with fetal hemoglobin
than adult hemoglobin®’. The fetal growth may be reduced as a result of this tissue hypoxia. PM exposure
may cause oxidative stress, activate pulmonary and placental inflammation, alter blood coagulation factors,
influence endothelial functions, and provoke hemodynamic responses through impaired transplacental oxygen
and nutrient exchange, which restrict fetal growth®. Due to their reaction with placental growth factor receptors,
polycyclic aromatic hydrocarbons (PAHs) may directly affect early trophoblast proliferation. They hamper the
fetoplacental exchange of oxygen and nutrients and ultimately impair the growth of the fetus*. Because of these
reasons, CO has been directly associated with increased infant mortality, LBW, preterm birth (PTB)®, particulate
matters with SGA births®%2, and PAHs with fetal developmental abnormalities, LBW and SGA births*"%.

A study conducted in Washington and New York found that prenatal exposure to PAH increased the risk
of symmetric intrauterine growth restriction by twofold®. Similarly, the present analysis showed that maternal
exposure to biomass cooking fuel is associated with a decrease in birth weight, head circumference, and length.
These findings suggest that maternal biomass fuel exposure leads to proportionate SGA. Additionally, the study
found that maternal exposure to biomass cooking fuel is significantly associated with higher odds of SGA for
weight and head circumference and marginally associated with SGA for length. This study also indicates that
biomass fuel exposure is associated with increased cephalization index. A prospective study conducted among
10-year-old children in Tel Aviv found that a larger head size relative to body weight was associated with lower
neurodevelopmental scores, IQ, and academic performance®’. The more severe the clinical pathology, especially
the probability of developing cerebral palsy and severe psychomotor retardation, the higher the cephalization
score, which indicates a larger degree of brain vulnerability®.

In this study, mothers exposed to biomass cooking fuel are more likely to have babies with symmetric or
proportionate SGA. However, there is some evidence that this type of exposure may have a sparing effect on the
brain—although this requires further investigation to understand both the mechanisms at play and the potential
consequences. The smoke of biomass fuel containing a complex mixture of various gases and breathable particles
has been linked to adverse effects on human reproduction, including low birth weight (LBW) and small for
gestational age (SGA)%!+°0¢_ Although previous research studies were not able to shed light on the association
between maternal biomass fuel exposure and proportionality at the birth of children, they clearly indicated that
biomass fuel exposure is strongly associated with LBW as well as SGA**%*_ In order to support fetal growth
and promote well-being, it is crucial to minimize maternal exposure to biomass fuel, particularly in developing
countries where negative pregnancy outcomes are already common. Unfortunately, despite the known risks to
maternal and child health, biofuel usage remains widespread in rural areas due to its affordability and lack of
awareness®.

It's important to take action to prevent harmful smoke exposure during pregnancy, which can cause both
symmetric and asymmetric SGA in newborns. The goal of interventions should be to reduce exposure to biomass
fuel smoke and to ensure safety, fuel efficiency, and environmental protection. Along with these, interventions
should be cost-effective and sustainable. Gas (natural or liquefied petroleum gas) is a better choice for cooking to
prevent exposure to biomass fuel. However, gas supply is not always cost-effective in resource-poor settings. To
mitigate this issue, our neighboring country, India, recently executed two innovative programs—Give It Up (GIU)
and Smokeless Village (SV)—to bring clean cooking via liquefied petroleum gas (LPG) to the rural poor. The GIU
initiative encourages better-off Indian households to voluntarily give up their LPG subsidies and redirects those
subsidies one-for-one to below-poverty-line families. This strategy connects every household in a village to LPG
and involves close collaboration with India’s three national oil companies®”. Our government, stakeholders, and
policymakers could apply these strategies to make cleaner fuel available. Given limited resources, the government
and stakeholders can prioritize the need for cleaner fuel by focusing on the rural population, where 95% of
households cook using biomass fuels.

Improved stoves can be an excellent alternative to conventional biomass stoves in terms of cost-effectiveness
and sustainability. Previous research has shown that improved stoves can reduce ambient pollution and personal
exposure®®7°. A multi-year cookstove intervention study in rural India found that improved stoves like rockets
and gasifiers could be possible alternatives to traditional biomass stoves’". Better housing facilities with proper
ventilation systems also play an important role in reducing the level of exposure to toxic fumes from biomass.
Separate kitchens, outdoor kitchens, or kitchens with long chimneys could be incorporated into rural household
architectures to reduce exposure to harmful substances from biomass''. Additionally, raising awareness among
rural people through community and health education about household air pollution and the health hazards of
exposure to biomass fuel are important approaches’.

Strength and limitations

The strengths of this study include comprehensive data on 909 mother-infant pairs, covering information
on socioeconomic, demographic, health, and nutrition-related variables. However, the findings should be
interpreted with caution due to several important limitations. The study utilized routinely collected service
and surveillance data retrieved from electronic databases. Such routine data may contain errors, data linkage
issues, and misclassification biases. Routine anthropometric measurements, especially head circumference,
are prone to measurement errors. Another limitation is the cross-sectional and binary nature of the exposure
measurement; the lack of information on the duration and intensity of exposure may lead to misclassification
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bias. Lastly, the exclusion of many mother-infant pairs, especially those with preterm and cesarean births, may
limit the generalizability of the findings to the broader community. Interestingly, many women in Matlab end
up delivering by cesarean section at private clinics, most of which are not clinically indicated. In Bangladesh,
the rate of clinically non-indicated cesarean deliveries is increasing dramatically’>”*. Currently, 45% of all births
in Bangladesh are delivered via cesarean section, and Matlab is no exception”. In Matlab, most of the cesarean
sections are done on maternal request and are not associated with any biological causes or clinical indications®®7>.
Nonetheless, community-based prospective studies with comprehensive data on the magnitude, length, and
nature of biomass fuel exposure, household environment, and extending the analyses to preterm and cesarean
births are needed to inform the external validity of the present study.

Conclusion

The current study revealed that maternal biomass exposure is likely to contribute to the occurrence of symmetric
SGA with some brain-sparing effect. This study provided evidence supporting the importance of achieving the
following sustainable development goals—SDG3 Good health & wellbeing, SDG7 Affordable and clean energy,
SDG11 Sustainable cities and communities. This study recommended that access to clean household energy is
a possible solution to combat the adverse effects on maternal and child health. It is important to consider the
implications of these findings, particularly as we strive to promote sustainability and environmental responsibility.
We recommend that further research be conducted to explore the potential effects of different fuel sources on
maternal and fetal health. This will enable us to make informed choices that balance environmental sustainability
with the health and well-being of mothers and their fetuses.

Data availability

Data described in the article, code book, and analytic code will be made available upon request, pending adequate
permissions. Interested researchers may contact Shiblee Sayeed, Senior Manager, Research Administration,
icddr,b (shiblee_s@icddrb.org) to request access to the data.
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