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ABSTRACT

This study examines the association between household air pollution from use of polluting
cooking fuels and perinatal mortality in Bangladesh. We analysed the data from the
Bangladesh Demographic and Health Surveys (BDHS) 2004, 2007, 2011, and 2014. The two
outcome variables were stillbirth and early neonatal mortality. The exposure variable was
type of primary cooking fuel used in the household (clean vs. polluting). Bivariate and
multivariable analyses were conducted to obtain the crude and adjusted odds ratio (aOR),
respectively. In the adjusted model, the exposure to polluting fuels was associated with early
neonatal mortality (aOR: 1.46, 95% confidence interval [Cl]: 1.01-2.10), but not with stillbirth
(@OR: 1.25, 95% Cl: 0.85-1.84). The effect of cooking with agricultural crop waste was greater
for stillbirth (aOR: 1.76, 95% Cl: 1.10-2.80) and for early neonatal mortality (aOR: 1.78, 95% Cl:
1.13-2.80) which was also associated with wood as the main fuel (aOR: 1.52, 95% CI: 1.04-
2.21). Using polluting fuels in an indoor kitchen was associated with an increased odds of
stillbirth (@OR: 4.12, 95% ClI: 1.49-11.41). Cooking with polluting fuels is associated with
perinatal mortality. The combined association of polluting cooking fuels and indoor kitchen
location was greater for stillbirth. This effect and the effect of different fuel types need further
investigation. Although this is a large sample, there are some limitations with the BDHS data
in both recording the exposure and the outcomes. A large prospective trial is needed to
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determine the precise effect size.

Background

Household air pollution is the third leading health
risk for global mortality and the most important
environmental health risk in the world, accounting
for 4.3 million deaths every year [1-3]. Combustion
from polluting fuels such as coal, charcoal, wood, and
animal dung is the main contributor to household air
pollution [4]. Globally, around 41% of households
rely on polluting fuels as their primary cooking fuel
[5]. The proportion is even higher in South Asia
where ~61% of households depend on polluting
fuels for cooking which ranked household air pollu-
tion as the number one health risk in South Asia [1].
In addition, these fuels are used indoors or in partly
enclosed cooking areas which, along with inefficient
stoves, result in a very high level of air pollution [6].
These emissions are known to include numerous
noxious pollutants, including particulate matter, car-
bon monoxide, nitrogen dioxide, and carcinogenic
organic air pollutants [6,7]. These are the same pol-
lutants in ambient air and environmental tobacco
smoke and are associated with several adverse preg-
nancy outcomes such as stillbirth, early neonatal
mortality, and low birthweight [8]. Several studies
have attributed maternal exposure to cooking fuel

with adverse perinatal outcomes [8-16]. Most of
these studies have focused on low birthweight and
preterm birth with few assessing the impact on still-
birth [8-16]. One recent systematic review and meta-
analysis conducted by Amegah et al. reported an
increased risk of stillbirth with polluting fuels, and
the summary effect estimate was 1.29 (95% CI:
1.18-1.41) [17], which is slightly lower than the pre-
vious estimates in Pope et al’s systematic review
(odds ratio [OR]: 1.51, 95% CI: 1.23-1.85) [12].
These systematic reviews consisted of the same four
studies to assess the role of polluting fuels for still-
birth [8,9,16,18], with an additional study included in
the Amegah et al's systematic review [10]; of the
included studies, two used an unclear definition of
stillbirth with a small sample size [16,18] and one did
not adequately adjust for confounders [18]. Further,
there was considerable variability in exposure assess-
ment, which was noted as a major limitation of these
studies [12,17]. The association for early neonatal
mortality is also not clearly understood from these
studies.

Every year, about 2.6 million babies are stillborn
and 2.8 million die in the first week of life. More
than 98% of these largely preventable deaths occur
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in low- and middle-income countries including
Bangladesh, where most of these remain under-
reported or underestimated due to a lack of proper
registration systems [19,20]. The 2014 Bangladesh
Demographic and Health Survey (BDHS) reports
perinatal mortality to be 44 per 1000 pregnancies,
where about 82% of households use polluting fuels
for cooking [21]. Moreover, perinatal mortality is
34% higher in rural areas than in urban areas of
Bangladesh (47 vs. 35 per 1000 pregnancies), where
~95% households rely on polluting fuels for cook-
ing [21]. Like other developing countries, in
Bangladesh, the magnitude of exposure is much
higher among women and their young children, as
women are predominantly responsible for cooking
and children are often carried by their mother dur-
ing the cooking [4]. A study from Bangladesh
reported that women aged 20-60 years on average
spend 3.8 h per day in the cooking area [22]. There
is very limited evidence of the impact of polluting
cooking fuels on perinatal mortality in Bangladesh.
We therefore aimed to examine the association
between polluting cooking fuels and perinatal mor-
tality (stillbirth and early neonatal mortality) in
Bangladesh.

Methods
Data source

We used the BDHS data from the years 2004, 2007,
2011, and 2014. BDHS is a nationally representative
household survey carried out every three to four years
under the authority of the National Institute of
Population Research and Training of the Ministry of
Health and Family Welfare. The survey employed a
two-stage stratified cluster-sampling design with rural
and urban samples to collect information from ever-
married women aged 15-49 years and ever-married
men aged 15-54 years about demographic and health
status. Data were obtained from the website www.
measuredhs.com. The BDHS consists of three types
of questionnaires: household, women, and men. Our
analysis was limited to the information obtained from
the women’s and household questionnaires. A total of
58,141 ever-married women aged 15-49 years (11,440
women in 2004, 10,996 in 2007, 17,842 women in
2011, and 17,863 women in 2014) were interviewed
in four BDHSs with an overall response of 98.2%. For
the stillbirth analysis, our study included any single-
ton pregnancy and excluded twin pregnancies and
the pregnancies which lasted less than 7 months
(Figure 1). For the early neonatal mortality analysis,
our study was based on the information of all live-
born children within the last 5-year period preceding
the survey years (BDHS 2004, 2007, 2011, and 2014).
Women who were non-residents during the surveys

and whose fuel type or important covariates were not
known or missing were excluded from the analysis.

Outcome variables

The outcome variables were stillbirth and early neo-
natal mortality. We used the international definition
of stillbirth, a foetal death in pregnancy of at least
seven or more months, and we defined early neonatal
mortality as a death between the ages of 0 and 6 days
among live-born children [23]. Both of the outcome
variables were considered dichotomous for this ana-
lysis as yes (1) or no (0).

Exposure variable

The exposure variable was the type of primary cook-
ing fuel used in the household. There were 12 types of
cooking fuels in the BDHS data set. Based on pre-
vious studies, we classified cooking fuels into clean
fuels (electricity, liquefied petroleum gas, natural gas,
and biogas) and polluting fuels (kerosene, coal/lig-
nite, charcoal, wood, straw/shrubs/grass, agricultural
crop, and animal dung) [10,24-26].

Covariates

Covariates were maternal age at birth (19 years or
below, 20-29 years, and 30 years or above), maternal
education (no education, primary and secondary, or
higher), birth order (first, second, and third or
above), maternal body mass index (BMI) (under-
weight, normal, overweight, and obese), place of resi-
dence (urban and rural), wealth index (poor, middle,
and rich), maternal working status during survey (not
working and working), kitchen location (indoor and
outdoor), and year of survey (2004, 2007, 2011, and
2014). We constructed the wealth index variable
using principal component analysis through ranking
the available wealth variables in the pooled BDHS
data set such as housing materials, type of toilet
facility, source of drinking water, availability of elec-
tricity, ownership of assets (radio, television, fridge,
etc.), and adjusted for urban-rural differences.

Data analysis

The “stillbirth” variable was calculated based on the
reported duration of pregnancy from the reproductive
calendar data in each survey year data set. The repro-
ductive calendar collects a month-by-month retro-
spective history of women’s key reproductive events
such as pregnancies, births, contraceptive use, and
terminations (stillbirths, miscarriages, and abortions)
in the five-year period prior to the interview. For each
pregnancy that did not end in a live birth, the duration
of the pregnancy was recorded. Pregnancy losses
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Figure 1. Flow diagram showing sample selection for stillbirth and early neonatal mortality analysis: (a) stillbirth and (b) early

neonatal mortality.

occurring after seven completed months of gestation
were calculated as stillbirths [27]. In the BDHS data,
information on stillbirth is not included in the birth
history which only contains the information on the
live births. The “early neonatal mortality” variable was
calculated from the birth history data, where age at
death was recorded in days if they were less than one
month old. Frequencies with weighted percentage
were calculated for the selected variables to describe
the characteristics of the women who had a stillbirth or
those who had an early neonatal death. We employed
bivariate analysis to ascertain the association between

each of the independent variables and the outcomes
variables. Also, multivariable analysis was performed
to obtain the adjusted odds ratio (aOR). Wald test was
used to assess statistical significance with 95% CI. The
association was adjusted for potential confounders
including maternal age at birth, maternal education,
birth order, maternal BMI, maternal wealth index,
maternal working status, place of residence, location
of kitchen, and year of survey. We considered the
impact of cooking fuel independently, as well as
clean vs. polluting. We also stratified our analysis by
kitchen location (indoor/outdoor) to assess the effect
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of cooking fuel and kitchen location. All analyses were
carried out using STATA version 14.2. The “svy”
command was used to calculate the weighted values.
We obtained permission from Monitoring and
Evaluation to Assess and Use Results Demographic
and Health Surveys (MEASURE DHS) to download
the data from the DHS online archive. Ethics approval
was not required for this study, as the data were anon-
ymous and publicly available.

Results

In total, over the four surveys, there were 27,237
singleton pregnancies of at least 7 months gestation,
of which 767 (2.8%) resulted in a stillbirth. There
were 241 twin pregnancies which were excluded
from the stillbirth analysis. There were 35,052 live-
born children over the four surveys, of which 706
(2.0%) resulted in an early neonatal death.

Stillbirth

Of the pregnancies resulting in a stillbirth, approxi-
mately 93% (n = 703) were to the women using pollut-
ing fuels as the primary cooking fuel. Nearly half of the
stillbirths occurred to the women aged 20-29 years
(n = 352, 44.1%) and were classified as “poor” on the
wealth index (n = 359, 45.3%). Approximately 34% of
stillbirths occurred to women who did not have any
formal education (n = 254). Women residing in rural
areas were more likely to have stillbirth than in urban
areas (82.4% vs. 17.6%). The proportion of stillbirth was

approximately 14% for women who reported cooking
in an indoor kitchen (n = 139). Of all the survey years,
2004 had the highest proportion of pregnancies result-
ing in a stillbirth (n = 243, 32.1%), whereas 2007 had the
lowest proportion of pregnancies resulting in a stillbirth
(n =151, 20.0%) (Table 1).

Early neonatal mortality

For early neonatal mortality, approximately 93%
(n = 648) of the infants were born to mothers who
used polluting fuels as the primary cooking fuel. The
highest proportion of the infants were born to the
mothers aged 20-29 years (n = 312, 43.9%). Mother’s
education level was inversely distributed within early
neonatal mortality, with nearly 40% (n = 287) of early
neonatal deaths occurring to mothers who completed
secondary or higher education. Infants who died within
the early neonatal period were more likely to be first-
born (n = 313, 44.4%). Similar to stillbirth, nearly half of
the infants with early neonatal mortality were born to
mothers classified as “poor” on the wealth index
(n = 330). A major proportion of the infants with
early neonatal mortality were born to mothers who
lived in rural areas (n = 482, 78.7%) (Table 1).

Association of cooking fuel with stillbirth

In the unadjusted model, we found that exposure to
polluting fuels compared to exposure to clean fuels was
associated with the increased odds of stillbirth (aOR:
1.64, 95% CI: 1.20-2.25). After adjustment for potential

Table 1. Stillbirth and early neonatal mortality by maternal characteristics in Bangladesh: BDHS 2004-2014.

Stillbirth (N = 27,237) n (%)

Early neonatal mortality (N = 35,052) n (%)

Predictors Yes (n = 767) No (n = 26,470) Yes (n = 706) No (n = 34,346)
Type of cooking fuels Clean 64 (7.1) 3012 (11.1) 58 (7.4) 3554 (10.1)
Polluting 703 (92.9) 23,458 (88.9) 648 (92.6) 30,792 (89.9)
Maternal age at birth 19 years or below 272 (36.5) 8072 (31.1) 290 (41.8) 11,753 (34.8)
20-29 years 352 (44.1) 14,154 (53.4) 312 (43.9) 17,710 (51.5)
30 years or above 143 (19.4) 4244 (15.5) 104 (14.3) 4883 (13.7)
Maternal education No education 254 (34.1) 6669 (26.2) 187 (27.6) 11,493 (34.8)
Primary 236 (30.4) 8076 (30.5) 232 (32.4) 10,427 (30.1)
Secondary or higher 277 (35.5) 11,725 (43.3) 287 (40.0) 12,426 (35.2)
Birth order 1 253 (32.8) 14,677 (55.6) 313 (44.4) 11,152 (32.3)
2 344 (44.1) 9497 (36.0) 157 (22.3) 9202 (26.9)
3 or above 170 (23.1) 2296 (8.4) 236 (33.3) 13,992 (40.8)
Maternal BMI Underweight 226 (29.8) 7731 (29.3) 189 (26.5) 10,330 (30.1)
Normal 452 (60.1) 15,353 (58.9) 426 (61.7) 19,605 (57.9)
Overweight 67 (7.2) 2657 (9.3) 66 (8.5) 3438 (9.3)
Obese 22 (2.9) 729 (2.5) 25 (3.3) 973 (2.7)
Place of residence Urban 209 (17.6) 8369 (22.5) 224 (21.3) 10,513 (21.6)
Rural 558 (82.4) 18,101 (77.5) 482 (78.7) 23,833 (78.4)
Wealth index Poor 359 (45.3) 11,269 (41.5) 330 (44.9) 15,959 (45.1)
Middle 163 (21.0) 5079 (19.4) 160 (24.0) 6335 (18.8)
Rich 245 (33.7) 10,122 (39.1) 216 (31.0) 12,052 (36.1)
Maternal working status Not working 610 (77.9) 21,304 (79.4) 553 (76.0) 26,980 (77.8)
Working 157 (22.1) 5166 (20.6) 153 (24.0) 7366 (22.2)
Kitchen location Indoor 139 (13.5) 5316 (15.9) 122 (12.8) 6762 (15.5)
Outdoor 628 (86.5) 21,154 (84.1) 584 (87.2) 27,584 (84.5)
Year of survey 2004 243 (32.1) 6137 (23.4) 184 (27.6) 8351 (24.5)
2007 151 (20.0) 5485 (20.2) 162 (21.8) 7297 (20.8)
2011 208 (26.9) 7757 (29.2) 193 (27.4) 9933 (28.9)
2014 165 (21.0) 7091 (27.2) 167 (23.2) 8765 (25.8)
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confounders, the effect of cooking fuel remained positive
although the effect was reduced and the CI included one
(aOR: 1.25, 95% CI: 0.85-1.84). Also, maternal age at
birth and birth order were associated with stillbirth in the
adjusted model (Table 2). In a sensitivity analysis of types
of cooking fuel used, we found that cooking with agri-
cultural crops (as the main fuel type) was associated with
an increased odds of stillbirth compared to clean cooking
fuels even after adjustment (aOR: 1.76, 95% CI:
1.10-2.80) (Table 3).

Association of cooking fuel with early neonatal
mortality

Exposure to polluting fuels was associated with early
neonatal mortality in both unadjusted and adjusted mod-
els. The unadjusted odds of early neonatal mortality were
1.40 times higher among the infants born to mothers
using polluting fuels in comparison with mothers using
clean fuels for cooking (95% CI: 1.01-1.95). After

adjustment for all potential confounders, the result was
similar (aOR: 1.46, 95% CI: 1.01-2.10) (Table 2). We
further examined the effects of different fuel types on
early neonatal mortality and found that the odds of
early neonatal mortality were greater when exposure to
agricultural crop waste (aOR: 1.78, 95% CI: 1.13-2.80)
compared to mothers using clean fuels for cooking, and
use of wood compared to clean cooking fuels also posed a
greater odds (aOR: 1.52, 95% CI: 1.04-2.21) (Table 3).

Effect of polluting cooking fuel by kitchen
location

Women using polluting fuels in an indoor kitchen
were 4.12 times more likely to have stillbirth even
after adjustment (95% CI: 1.49-11.41), while for early
neonatal death, this combined effect was smaller
(aOR: 1.19, 95% CI: 0.60-2.36) (Table 4).

Table 2. Potential risk factors for stillbirth and early neonatal mortality in Bangladesh: BDHS 2004-2014.

Stillbirth Early neonatal mortality
Predictors OR (95% Cl)  P-value aOR (95% Cl) P-value OR (95% Cl)  P-value aOR (95% Cl)  P-value
Type of cooking  Clean Reference Reference Reference Reference
fuels Polluting 1.64 (1.20-2.25) <0.01 1.25(0.85-1.84) 0.25 1.40 (1.01-1.95) <0.05 1.46 (1.01-2.10) <0.05
Maternal age at 19 years or below Reference Reference Reference Reference
birth 20-29 years 0.70 (0.58-0.85) <0.001 0.64 (0.53-0.78) <0.001 0.71 (0.58-0.86) <0.01 1.03 (0.80-1.33) <0.05
30 years or above  1.07 (0.82-1.39) 1.02 (0.78-1.34) 0.87 (0.66-1.13) 1.51 (1.03-2.20)
Maternal No education 1.58 (1.29-1.95) <0.001 1.33 (1.01-1.74) 0.10 0.70 (0.56-0.88) <0.01 0.67 (0.52-0.87) <0.01
education Primary 1.22 (0.99-1.50) 1.10 (0.88-1.39) 0.95 (0.77-1.18) 0.93 (0.73-1.18)
Secondary or higher Reference Reference Reference Reference
Birth order 1 Reference Reference Reference Reference
2 2.07 (1.71-2.51) <0.001 2.10 (1.73-2.54) <0.001 0.60 (0.48-0.75) <0.001 0.59 (0.45-0.76) <0.001
3 or above 4.64 (3.61-5.96) 4.57 (3.52-5.92) 0.59 (0.48-0.73) 0.53 (0.39-0.73)
Maternal BMI Underweight 0.99 (0.82-1.21) 030 0.89 (0.73-1.08) 0.35 0.83 (0.67-1.02) 0.25 0.80 (0.65-0.99) 0.13
Normal Reference Reference Reference Reference
Overweight 0.76 (0.57-1.02) 1.03 (0.75-1.41) 0.85 (0.61-1.18) 0.96 (0.68-1.36)
Obese 1.14 (0.62-2.09) 1.52 (0.82-2.82) 1.16 (0.66-2.06) 1.39 (0.77-2.49)
Place of residence Urban Reference Reference Reference Reference
Rural 136 (1.11-1.66) <0.01 1.13 (0.90-1.40) 0.29 1.02 (0.83-1.25) 0.87 0.94 (0.75-1.19)  0.62
Wealth index Poor 1.27 (1.05-1.53) <0.05 0.86 (0.68-1.10) 0.26  1.16 (0.94-1.43) <0.01  1.29 (1.00-1.65) <0.01
Middle 1.26 (1.01-1.57) 1.02 (0.80-1.32) 1.48 (1.16-1.90) 1.51 (1.16-1.97)
Rich Reference Reference Reference Reference
Maternal working Not working Reference Reference Reference Reference
status Working 1.09 (0.87-1.36) 045 1.16 (0.92-1.46) 0.20 1.10 (0.90-1.35) 035 1.14 (0.92-1.42) 0.22
Kitchen location  Indoor Reference Reference Reference Reference
Outdoor 1.21 (0.94-1.56) 0.13  1.27 (0.98-1.65) 0.07 1.25(0.99-1.58) 0.06 1.16 (0.90-1.48) 0.25
Year of survey 2004 1.79 (1.40-2.29) <0.001 1.33 (1.03-1.73) 0.17 1.25(0.98-1.61) 0.27 1.40 (1.07-1.83)  0.08
2007 1.29 (0.98-1.70) 1.11 (0.84-1.46) 1.17 (0.89-1.54) 1.22 (0.92-1.63)
2011 1.20 (0.93-1.54) 1.11 (0.86-1.44) 1.06 (0.82-1.36) 1.12 (0.86-1.45)
2014 Reference Reference Reference Reference

0dds ratio was adjusted for maternal age at birth, maternal education, birth order, maternal BMI, place of residence, wealth index, maternal working

status, location of kitchen, and year of survey.

Table 3. Stillbirth and early neonatal mortality by different types of cooking fuel: BDHS 2004-2014.

Stillbirth n (%)

Early neonatal mortality n (%)

Type of cooking fuels Yes No aOR (95% Cl) P-value Yes No aOR (95% Cl) P-value
Clean 64 (7.1) 3039 (11.2) Reference 58 (7.4) 3584 (10.2) Reference

Kerosene/coal/ 86 (10.3) 2510 (8.6) 0.97 (0.56-1.68) 0.92 76 (9.7) 3319 (8.7) 1.18 (0.71-1.98) 0.53

lignite/charcoal

Wood 287 (35.0) 11,177 (39.3) 1.34 (0.89-2.02) 0.16 293 (37.2) 14,172 (38.2) 1.52 (1.04-2.21) <0.05
Straw/shrubs/grass 124 (17.5) 2945 (12.4) 1.06 (0.63-1.78) 0.82 85 (14.7) 4161 (13.4) 1.26 (0.75-2.14) 0.39
Agricultural crop 170 (26.1) 5138 (22.4) 1.76 (1.10-2.80) <0.05 152 (25.3) 6992 (23.3) 1.78 (1.13-2.80) <0.05
Animal dung 36 (4.0) 1661 (6.1) 0.99 (0.55-1.75) 0.96 42 (5.7) 2118 (6.2) 1.53 (0.88-2.67) 0.13

Odds ratio was adjusted for maternal age at birth, maternal education, birth order, maternal BMI, place of residence, wealth index, maternal working

status, location of kitchen, and year of survey.
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Table 4. Combined association of cooking fuel and kitchen location with stillbirth and early neonatal mortality in

Bangladesh: BDHS 2004-2014.

Stillbirth Early neonatal mortality
Type of cooking fuels aOR (95% Cl) P-value aOR (95% Cl) P-value
Type of cooking fuels*Indoor kitchen Clean Reference Reference
Polluting 4.12 (1.49-11.41) <0.01 1.19 (0.60-2.36) 0.61
Type of cooking fuels*Outdoor kitchen Clean Reference Reference
Polluting 0.93 (0.64-1.37) 0.72 1.43 (0.93-2.20) 0.10

Odds ratio was adjusted for maternal age at birth, maternal education, birth order, maternal BMI, place of residence, wealth index,

maternal working status, location of kitchen, and year of survey.

Discussion

This study examines the association between expo-
sure to polluting cooking fuels and perinatal mortal-
ity in a nationally representative population in
Bangladesh over a 10-year time period. Our findings
suggest that women cooking with polluting fuels are
at increased odds of having stillbirth and early neo-
natal death in Bangladesh. Over the four surveys, we
found that most women with a stillbirth or an early
neonatal death were exposed to polluting fuels for
cooking in Bangladesh. Exposure to polluting cook-
ing fuels was associated with greater odds of early
neonatal mortality. We also examined different expo-
sure combinations such as estimating the effect for
each type of polluting fuels and combining the effect
of fuel with kitchen location. We found that cooking
with either wood or agricultural crops was associated
with greater odds of an early neonatal death. We also
found that cooking with agricultural crops was asso-
ciated with greater odds of stillbirth. Using polluting
cooking fuels in an indoor kitchen location was
strongly associated with stillbirth, which to our
knowledge has not been previously identified.

Women exposed to polluting fuels for cooking were
more likely to have a stillbirth in Bangladesh. Our
findings for stillbirth are consistent with the direction
and size of the effect with recent studies conducted in
India, Kenya, Pakistan, and Zambia and the two sys-
tematic reviews, which found ORs ranging from 1.29 to
2.06 [9-12,16,17,25]. The “stillbirth” variable was calcu-
lated from the calendar data of the women’s data set
from the BDHS [27], which has several limitations [28].
It only records one reproductive event in each month of
the calendar, in the context of twin pregnancies, where
one is a stillbirth and one is a live birth, then only the
live birth is captured in the calendar data or if both
twins are stillbirths, only one stillbirth is captured in the
calendar data, which results in an under-count of the
overall numbers of stillbirth; hence, we excluded all
twins. There may also have been misclassification of
cooking fuel exposure at the point of data collection
or dilution of the effect when we dichotomised fuel into
clean vs. polluting.

Examining the six types of polluting fuel in
Bangladesh individually, we found that cooking with
agricultural crops compared to clean fuels was

associated with increased odds of stillbirth. This is a
new and notable finding of our study and has not
been previously reported. A few studies have linked
exposure to wood fuel with stillbirth [9,10,25]; how-
ever, we did not find a strong relationship between
use of wood fuel and stillbirth, although the odds of
stillbirth were greater among the women using wood
for cooking compared to the women using clean
fuels. Also, a limited number of studies suggest an
association between cooking with kerosene and
increased risk of perinatal outcomes [10,24]; we
could not assess the impact for kerosene separately,
as in our analysis less than 1% women were using
kerosene as their primary fuel. Previous studies have
reported the combined effect of indoor kitchen loca-
tion and type of cooking fuel [29,30], and our results
concur with these findings for stillbirth. This result
also suggests that household air pollution is not dri-
ven by ambient air pollution in this setting, which is
important for developing interventions to decrease
exposure and suggests that converting into clean
fuels in the home may reduce household air exposure.
As an aside, addition to polluting cooking fuel,
maternal age at birth and birth order were also asso-
ciated with stillbirth, which is consistent with prior
research [31-33].

Early neonatal mortality was 1.46 times higher
among the infants born to the mothers using pollut-
ing fuels than the mothers using clean fuels for cook-
ing. This finding is consistent with a cohort study of
pregnant women and their babies from five countries
though the neonatal period was different to ours and
was only up to 2 days post-partum [11]. Various
other studies have estimated the relationship between
use of polluting cooking fuels and neonatal death
[24,26], but the association in terms of early neonatal
mortality is unknown, and to our knowledge, our
study is the first to investigate this time period.
When we examined each type of polluting fuel, we
found that exposure to both wood and agricultural
crop waste increased the odds of early neonatal mor-
tality. This effect of wood is consistent with the pre-
vious literature which examined the association of
cooking fuel for other perinatal outcomes such as
low birthweight, preterm birth, and stillbirth
[9,10,13,25]. In contrast to stillbirth, the combined
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odds of indoor kitchen location and exposure to
polluting fuels were only 1.19 and did not show any
association for early neonatal mortality, suggesting
that other factors are more important contributors
to early neonatal mortality.

Strengths and limitations

The main strength of our study was that the data were
based on a large nationally representative sample from
four surveys, between the years 2004 and 2014.
Furthermore, we were able to control for several
known confounding factors. We also tried to examine
different exposure combinations such as estimating the
effect for each type of polluting fuel and combining the
effect of fuel with kitchen location, which is novel.

We acknowledge several limitations of our study
which should be taken into account when interpret-
ing the results. The observed OR for stillbirth was
small and could easily be impacted by residual con-
founding. Other important factors that are unmea-
sured in this data are likely to be contributors to
stillbirths. Also, there are several important potential
confounders that we were unable to include, such as
antenatal care, place of delivery, obstetric history, and
health facility-related factors in our analysis, as BDHS
only collects information regarding these variables for
live births. There may also be a possibility of over-
lapping the count of stillbirth and early neonatal
death across the survey years, as we pooled four
BDHS data sets. Exposure to polluting fuels for cook-
ing was ascertained indirectly from the main type of
fuel used for cooking rather than by direct measure-
ment of household air pollution. Also, we could not
consider the frequency of cooking and total time
spent for cooking per day which will contribute to
the actual exposure level, as this information is not
reported by the BDHS. We were only able to consider
the primary cooking fuel, and a substantial propor-
tion of women may use more than one cooking fuel
resulting in misclassification, although this is unlikely
to be differential among the women who had a still-
birth or early neonatal death, as women are not aware
of the association of fuel and pregnancy outcomes.

Conclusions

We found an association between exposure to pollut-
ing cooking fuels and early neonatal mortality.
Exposure to agricultural crops for cooking was asso-
ciated with stillbirth, and the combined effect of
indoor kitchen location and exposure to polluting
fuels was also associated with stillbirth. There is an
important need to conduct a prospective study to
thoroughly investigate the association between house-
hold air pollution from polluting cooking fuels and
adverse perinatal outcomes.
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