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Abstract

Using longitudinal data from the first and second waves of the Young Lives Study (YLS) in Ethiopia, India
(Andhra Pradesh), Peru and Vietnam, conducted in 2002 and 2006-07, and a repeated measures mixed
model, this study examined the effect of the use of solid fuels for cooking on childhood stunting among
children aged 5-76 months. The analysis showed that in all four populations, the average height-for-age
z-score (HAZ score) was much lower among children living in households using solid fuels than among
children in households using cleaner fuels for cooking. The average HAZ score was lower among children
living in households that used solid fuels in both waves of the YLS compared with those whose households
used solid fuels in only one of the two waves. A significant reduction was noted in the average HAZ score
between the two waves in all countries except Ethiopia. The results of the repeated measures mixed model
suggest that household use of solid fuels was significantly associated with lower HAZ scores in all
populations, except Ethiopia. The findings also indicate that the reduction in the HAZ scores between
waves 1 and 2 was not statistically significant by the type of cooking fuel after controlling for potential
confounding factors. The study provides further evidence of a strong association between household
use of solid fuels and childhood stunting in low- and middle-income countries using longitudinal
data. The findings highlight the need to reduce exposure to smoke from the combustion of solid fuels,
by shifting households to cleaner cooking fuels, where feasible, by providing cooking stoves with
improved combustion of solid fuels and improved venting, and by designing and implementing public
information campaigns to inform people about the health risks of exposure to cooking smoke.
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Introduction

About three billion people in low- and middle- income countries rely on solid fuels such as
wood, animal dung, crop residues and coal for household energy (WHO, 2018). Smoke from
the combustion of such inefficient fuels produces a range of health-damaging air pollutants,
including fine particulate matter, carbon monoxide, nitrogen oxides and many other toxic organic
compounds. Using these fuels for cooking or heating indoors causes air pollution levels much
higher than the safe levels recommended by the World Health Organization (WHO, 1997).

In developing countries, a large proportion of households rely on solid fuels for cooking. The
fuels are typically burned in simple, inefficient and, mostly, unvented houses. This, combined with
poor ventilation, generates large volumes of smoke indoors. These fuels are typically used for
several hours a day when people are present at home, resulting in a much higher exposure to
indoor air pollutants than from outdoor sources. The exposure levels tend to be much higher
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for women, who are often in charge of cooking, and for young children, who usually stay indoors
in close proximity to the kitchen area, where they are often carried on the mother’s lap or back
while the mother cooks. Previous studies have reported that the exposure levels in households with
unvented kitchens are 10-15 times higher than in households with vented kitchens or outdoors
(Smith, 2000).

The number of people relying on biofuels for cooking was an estimated 2.6 billion in 2015, and
it is expected to rise to 2.7 billion by 2030 because of growing population in developing countries
(Saghir & O’Sullivan, 2006). Recent estimates from the World Health Organization show that
exposure to household air pollution from the use of cooking fuels is responsible for about 4.3
million premature deaths globally and 5% of the global burden of disease (WHO, 2018). Close
to half of the deaths among children under 5 years of age are caused by particulate matter inhaled
from household air pollution (WHO, 2018).

Childhood stunting is one of the most serious public health issues in low- and middle-income
countries, affecting an estimated 162 million children under age five worldwide (de Onis et al,
2013). Early childhood stunting has serious irreversible consequences, such as impaired cognitive
development (Grantham-McGregor et al., 1991), and with long-lasting harmful effects like
diminished mental ability, poor school performance (Chang et al., 2002) and lower economic pro-
ductivity (Dewey & Begum, 2011). Affected children are more likely to develop nutrition-related
chronic diseases in the future (UNICEF, 2013).

In developing countries, the use of solid fuels for cooking has been associated with low birth
weight (Wang et al., 1997; Boy et al., 2002; Fullerton et al., 2008; Pope et al., 2010; Epstein et al.,
2013), acute respiratory infections (Awasthi et al., 1996; Ezzati & Kammen, 2001, 2002; Mishra,
2003; Mishra et al., 2005; Akunne et al., 2006; Desalegn et al., 2011; Po et al., 2011; Nandasena
et al., 2013; Gajate-Garrido, 2013; Sanbata et al., 2014; Upadhyay et al, 2015) and mortality
(Smith & Mehta, 2003; Epstein et al, 2013; Naz et al., 2016; Balakrishnan et al., 2019) during
early childhood. Improved cooking stoves have been suggested as a potential tool to reduce indoor
air pollution, improve health outcomes and decrease greenhouse gas emissions (Hanna et al,
2016).

Little is known about the link between biofuel smoke and childhood stunting. Using cross-
sectional data from India’s National Family Health Surveys (NFHS), Mishra and Retherford
(2007) reported a significant positive association between household use of solid fuels and child-
hood stunting in India. This finding was supported by a recent study by Balietti and Datta (2017),
using data from the third round of India’s National Family Health Survey (2005-06). However, a
study from Swaziland did not find a significant association between biofuel smoke and early
childhood stunting (Machisa et al., 2013). Another study by Kyu et al. (2009) reported mixed
findings. Using data from Demographic and Health Surveys in seven developing countries, they
reported that household use of biofuels was significantly associated with stunting in Cambodia,
Namibia and Nepal, but the association was not statistically significant in the case of Dominican
Republic, Haiti, Jordan and Moldova.

All previous studies were based on cross-sectional data and, hence, failed to develop a causal
relationship between the use of solid fuels for cooking and childhood stunting. The present study
attempted to overcome this limitation by using longitudinal data in four low- and middle-income
countries to assess the strength of the relationship between household use of solid fuels for cook-
ing and childhood stunting. The longitudinal structure of data allowed for the isolation of the
effects of omitted variables. It also helped reduce collinearity among explanatory variables and
provides a robust estimate of causal relationship between the exposure variable (cooking fuel type)
and the outcome variable (childhood stunting).

The mechanisms by which exposure to cooking smoke may contribute to childhood stunting
are not entirely clear. Smoke exposure from the combustion of solid fuels has been linked to
reduced birth weight, acute respiratory infections and anaemia in children, which may in turn
contribute to stunting. A plausible causal pathway is through exposure to carbon monoxide
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(CO), which is a major component of smoke from the combustion of solid fuels, particularly
when charcoal is burnt; and PM2.5 is higher when wood is burnt. Carbon monoxide binds with
haemoglobin, forms carboxyhaemoglobin and reduces the oxygen-carrying capacity of blood to
the body tissues, thereby causing reduced birth weight and anaemia (Mishra & Retherford, 2007).
Repeated episodes of acute respiratory infections in early childhood can also contribute to
stunting.

Methods
Data

The study used data from the first and second waves (wave 1 and wave 2) of the Young Lives Study
(YLS), which were conducted in Ethiopia, India (Andhra Pradesh), Peru and Vietnam in 2002 and
2006-07, respectively. The YLS is an international longitudinal study investigating the changing
nature of childhood poverty, involving about 12,000 children in these four low- and medium-
income countries. Each country had two cohorts - a younger cohort (aged 6-18 months) and
an older cohort (aged 8-9 years). The younger cohort consisted of about 2000 children born
in 2001-2002 and the older cohort consisted of about 1000 children born in 1994-1995, followed
over a period of 15 years. The YLS is conducted every three/four years to gather data on a range of
indicators related to the growth and development of children, including physical health, growth,
nutritional status, cognitive development, social and emotional well-being and educational
achievement. The present analysis was limited to the younger cohort born in 2001-2002.

The data in the YLS were collected using a sentinel site sampling approach. For each country,
20 sentinel sites were selected by a team of local experts to represent a range of regions and living
conditions. From each selected sentinel site, a village or census tract was selected randomly. Since
no up-to-date lists were available, the fieldworkers carried out door-to-door listings or screening
surveys to identify households with children aged 6-18 months. Using these lists, 100 households
with eligible children were then selected randomly from each sampled village or tract. The exact
procedures used for data collection varied between sites because of topographical and adminis-
trative differences within and between countries and have been documented elsewhere (for details
of the YLS sampling design, see: Escobal & Flores, 2008; Kumra, 2008; Nguyen, 2008; Outes-Leon
& Sanchez, 2008). Non-response rates among selected households were low (less than 2%) in each
country. In cases of non-response, replacement sampling was used. The attrition rate between
wave 1 and wave 2 was also low, ranging from 1.6% (Vietnam) to 4.4% (Ethiopia) (Barnett
et al., 2012).

Outcome variable

The outcome variable of interest was height-for-age z-score (HAZ score), as defined by the World
Health Organization (WHO, 2006). Height-for-age z-scores (HAZ scores) were provided in the
YLS dataset. Children with a HAZ score below -6 SD or above 6 SD were considered biologically
implausible (WHO, 2006) and excluded from the analysis.

Exposure variable

Exposure to cooking smoke was ascertained indirectly by the main type of fuel used for cooking.
The YLS used an eight-category classification of primary cooking fuel, namely wood, kerosene/
paraffin, charcoal, gas/electricity, coal, cow dung, none and a residual category of ‘other’ fuels. The
survey asked: ‘What is the main type of fuel you usually use for cooking?, followed by the above
list of fuels. Gas/electricity and kerosene/paraffin were coded as cleaner fuels. The remaining
cooking fuels — wood, charcoal, coal and cow dung - were coded as solid fuels. One household
in Vietnam and six households in Peru that reported ‘none’ were excluded from the analysis. Even
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though kerosene tends to be more polluting than other liquid and gaseous fuels, the pollution
levels generated by its combustion tend to be much lower than from solid fuels (Bruce et al.,
2000). Moreover, kerosene is not a solid fuel and cannot be treated as such. Therefore, kerosene
was included in the category of ‘cleaner’ cooking fuels. Children were categorized into two groups
by type of cooking fuel used in the household: ‘solid fuel’ and ‘cleaner fuel’.

Control variables

A number of socioeconomic, demographic and residence-related variables are known to be
associated with child health and nutrition (Mishra & Retherford, 2007; Fink et al., 2011; Fenske
et al., 2013; Dearden et al., 2017; Singh et al., 2017). Accordingly, the study included age of child
(in months), sex of child (male, female), serious illness/injury (no, yes), number of siblings (0, 1, 2
or more), mother’s schooling (non-literate, primary, secondary and above), mother’s age (<24
years, 25-29 years, >30 years), schooling of household head (below primary, primary and above),
sex of household head (male, female), household size, household crowding (<3 persons per room,
>3 persons per room), drinking water (improved, not improved), toilet facility (improved, not
improved), wealth index (poor, middle, rich), income shocks (no shocks, at least one shock), out-
door air pollution (no, yes) and place of residence (rural, urban) as control variables.

Information regarding serious illnesses and injuries was collected in both rounds of the YLS.
The survey asked the following question: ‘Has [the child] ever had any serious illnesses or injuries
when you really thought he/she might die?’ (Yes/No/Don’t know). If the mother reported that the
child suffered a serious illness/injury, the reply was coded as ‘1’; otherwise, it was coded as ‘0’.

The study also generated a wealth index based on household assets (radio, refrigerator, bicycle,
television, motorbike/scooter, car/truck, tractor, farm equipment, sewing machine, cell/mobile
telephone, landline telephone, fan, almirah, clock, table and chair, sofa and animals) and building
material (wall, roof and floor), using principal component analysis. The generated index was then
divided into three categories such that the lowest 33.3% households were coded as poor, the next
33.3% as middle income and the highest 33.3% as rich. Items considered under household assets
varied slightly from one country to another. In Ethiopia these were: radio, refrigerator, bicycle,
television, motorbike/scooter, car, mobile phone, landline telephone, fan, clock and main materi-
als used for the walls, roof and floor; India these were: radio, refrigerator, bicycle, television,
motorbike/scooter, car, mobile phone, landline telephone, fan, almirah (wardrobe), clock and
main materials used for the walls, roof and floor; in Peru: radio, refrigerator, bicycle, television,
motorbike/scooter, car/truck, tractor, farm equipment, mobile phone, landline/telephone, fan,
sewing machine and main materials used for the walls, roof and floor; and in Vietnam: radio,
refrigerator, bicycle, television, motorbike/scooter, car, mobile phone, landline telephone, fan
and main materials used for the walls, roof and floor.

The YLS also collected information on households’ main source of drinking water. Children
were classified into two categories according to whether the household used safe or unsafe
drinking water: ‘improved’ and ‘unimproved’, respectively. Households using piped water into
dwelling/yard/plot, public tap/standpipe, tube well/borehole or dug well were classified as using
safe drinking water. Other households were categorized as using unsafe drinking water (WHO/
UNICEEF, 2014).

The YLS also gathered information on the type of toilet facility used by households. ‘Improved’
toilet facilities included flush toilet/pit latrine connected to a septic tank. ‘Unimproved’ toilet
facilities included public/shared facility, simple latrine, toilet in health post or forest/field/open
place (WHO/UNICEEF, 2014).

Income shocks refer to the loss of a job or a source of income that significantly decreased the
economic welfare of the household. Income shocks at the household level were assessed from the
answers to the following question asked in the YLS: ‘In the last four years, has the household
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suffered any event such as a natural disaster [no, yes], decrease in food availability [no, yes], death
of livestock [no, yes], crop failure [no, yes], loss of job/source of income/family enterprise [no, yes]
and victim of crime [no, yes]?’ If the household suffered any of these six income shocks, the reply
was coded as ‘1’; otherwise it was coded as 0.

The YLS also assessed exposure of the communities to outdoor air pollution from garbage
burning, industrial activity and transportation. This information was used to create the variable
‘exposure to outdoor air pollution'. If the community was exposed to any of the three aforemen-
tioned sources, ‘exposure to outdoor air pollution” was coded as ‘1' and as ‘0" otherwise.

Statistical analysis

The mean HAZ scores in wave 1 (child aged about 1 year) and wave 2 (child aged about 5 years)
were compared using Analysis of Variance (ANOVA). Repeated measures mixed modelling
was used to assess the effects of the use of solid fuels on HAZ scores during early childhood.
The study also included an interaction term between the type of cooking fuel and the age of a
child to see the effect of the use of solid fuel on changes in HAZ scores over time. A significant
interaction provides evidence of a differential rate of change in HAZ scores over time (between
waves 1 and 2). For Ethiopia and India (Andhra Pradesh), the analysis was based on 1883 and
1900 children, respectively. For Peru and Vietnam, it was based on 1938 and 1958 children respec-
tively. All the variables were tested for multicollinearity before being included in the regression
models. A robust standard error was provided, given the presence of heteroscedasticity in the data.
All statistical computations were done in STATA 13.0.

Results

The percentage distributions of the samples in waves 1 and 2 for each country by selected back-
ground characteristics are shown in Table 1. Among the four countries analysed, the proportion of
children living in households using solid fuels for cooking was highest in Ethiopia (91.4% in wave
1 and 91.8% in wave 2) and lowest in Peru (54.8% in wave 1 and 52.0% in wave 2). In wave 1,
13.2% children in Vietnam, 22.4% in India (Andhra Pradesh), 30.4% in Ethiopia and 32.0%
children in Peru had experienced a serious illness or injury. The proportions of children who
had experienced a serious illness or injury were considerably lower in wave 2 in all countries,
except in India (Andhra Pradesh), where it was somewhat higher.

Education levels of both the mothers and the household heads were higher in Peru and
Vietnam than in India (Andhra Pradesh) and Ethiopia. For instance, in wave 1, more than
one-third of the children in Vietnam (38.8%) and more than half of those in Peru (54.9%)
had mothers with secondary or higher education, compared with 20.7% in India (Andhra
Pradesh) and only 8.8% in Ethiopia. The educational levels of both the mothers and the household
heads increased between the two waves of the YLS in all four countries. Mother’s age also varied
considerably across countries. For example, in wave 1, about 60% of the women in India were
below the age of 25 as compared with only 38.5% in Vietnam and 43.4% in Peru. Access to
an improved source of drinking water and toilet facility also varied considerably across the coun-
tries. In wave 2, most of the children in India (Andhra Pradesh) (93.8%) and Peru (85.7%) lived in
households with access to an improved source of drinking water, compared with only about one-
third in Vietnam (35.5%) and Ethiopia (32.5%). Likewise, in wave 2, the highest proportion of
children with access to an improved toilet facility varied from 48.4% in Peru to less than 1%
in Ethiopia. Household crowding declined substantially between the two waves — from 77.7%
to 66.1% in Ethiopia, from 67.5% to 50.7% in India (Andhra Pradesh), from 52.7% to 37.6%
in Vietnam and from 45.9% to 40.0% in Peru. The prevalence of outdoor air pollution ranged
from 23.0% in India (Andhra Pradesh) to 68.0% in Vietnam in wave 2, and this increased between

https://doi.org/10.1017/50021932020000097 Published online by Cambridge University Press


https://doi.org/10.1017/S0021932020000097

126 Ashish Kumar Upadhyay et al.

Table 1. Percentage distribution of children from the two waves of the YLS in Ethiopia, India (Andhra Pradesh), Peru and
Vietnam, by cooking fuel type, stunting and other selected characteristics

India (Andhra

Ethiopia Pradesh) Peru Vietnam

Characteristic Wavel Wave2 Wavel Wave2 Wavel Wave2 Wavel Wave2
Cooking fuel type

Cleaner fuel 8.6 8.2 24.6 27.0 45.2 48.0 23.7 34.1

Solid fuel 91.4 91.8 75.4 73.0 54.8 52.0 76.3 65.9
Age of child (in months) 11.7 61.8 11.8 64.3 11.5 63.4 11.6 63.1
Sex of child

Male 52.8 52.8 53.7 53.3 50.0 50.4 51.5 51.4

Female 47.2 47.2 46.3 46.7 50.0 49.6 48.5 48.6
Number of siblings

0 26.7 12.8 5515 9.6 42.2 21.8 45.5 24.5

1 19.8 18.3 27.5 53.9 25.8 29.7 36.8 50.6

2 or more 53.5 68.9 17.0 36.5 32.0 48.5 17.7 24.9
Serious illness/injury

No 69.6 80.2 77.6 T4.7 68.0 79.7 86.8 96.3

Yes 30.4 19.8 22.4 253 32.0 20.3 13.2 3.7
Mother’s education

Non-literate 59.3 48.8 60.0 50.2 8.7 8.2 27.3 14.3

Primary 31.9 40.9 19.3 274 36.4 375 37.8 46.9

Secondary and above 8.8 10.3 20.7 22.4 54.9 54.3 34.9 38.8
Mother’s age (in years)

<24 33.0 15.2 60.2 29.9 434 18.4 38.5 10.8

25-29 31.6 28.4 28.8 45.9 243 28.7 30.5 33.7

>30 354 56.4 11.0 24.2 323 52.9 30.9 55.5
Household head’s education

Below primary 73.0 47.4 58.8 49.2 43.8 18.1 31.6 23.4

Primary and above 27.0 52.6 41.2 50.8 56.2 81.9 68.4 76.6
Drinking water

Improved 12.1 325 83.8 93.8 83.2 85.7 33.0 35.5

Non-improved 87.9 67.5 16.2 6.2 16.8 14.3 67.0 64.5
Toilet facility

Improved 1.2 0.6 18.6 19.5 44.1 48.4 22.0 32.7

Non-improved 98.8 99.4 81.4 80.5 558 51.6 78.0 67.3
Household crowding

<3 persons per room 22.3 33.9 325 49.3 54.1 60.0 47.3 62.4

>3 persons per room 7.7 66.1 67.5 50.7 45.9 40.0 52.7 37.6

(Continued)
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Table 1. (Continued)

India (Andhra
Ethiopia Pradesh) Peru Vietnam

Characteristic Wavel Wave2 Wavel Wave2 Wavel Wave2 Wavel Wave2
Income shocks

None 34.3 43.6 57.5 69.7 73.2 81.3 67.2 60.0

At least one 65.7 56.4 42.5 30.3 26.8 18.7 32.8 40.0
Outdoor air pollution

No 84.5 68.9 88.5 77.0 473 60.0 54.3 32.0

Yes 15.5 31.1 11.5 23.0 52.7 40.0 45.7 68.0
Place of residence

Rural 65.0 60.2 74.9 4.4 33.9 44.7 80.0 79.2

Urban 35.0 39.8 25.1 25.6 66.1 55.3 20.0 20.7
Number of children® 1999 1914 2011 1950 2052 1963 2000 1970

aNumber of children varies slightly for individual variables depending on the number of missing values.

the two waves in all countries, except for Peru. The proportion of children living in households in
urban areas ranged from 20.7% in Vietnam to 55.3% in Peru in wave 2.

The average HAZ scores according to the use of solid fuels for cooking and other socio-
demographic and residence-related variables are presented in Table 2. The average HAZ score
was better among the households using cleaner fuels as compared with those using solid
fuels for cooking in Ethiopia (-1.209 against -1.566 in wave 1 and -1.020 against -1.488 in
wave 2), India (-0.878 against -1.402 in wave 1 and -1.221 against —-1.799 in wave 2), Peru
(-0.782 against -1.561 in wave 1 and -1.027 against —-1.998 in wave 2) and Vietnam (-0.604
against —1.279 in wave 1 and -0.870 against —1.605 in wave 2). Overall, a significant reduction
was noted in the average HAZ score between the waves in all the countries except Ethiopia
and India (Andhra Pradesh). This reduction was higher in households that used solid fuels than
those that used cleaner fuels for cooking in all the countries.

The average HAZ score was lower among children having two or more siblings as compared
with those having fewer siblings across countries and waves. The HAZ score was also lower among
those children who had experienced a serious illness/injury as compared with those who had not
experienced any such illness/injury across countries. Low level of education of mother and low age
were also associated with lower HAZ scores. Households using non-improved sources of drinking
water and toilet facilities were also associated with significantly lower HAZ scores as compared
with households using improved sources of drinking water and toilet facilities across countries and
waves. Household crowding too was significantly associated with lower HAZ scores across
countries.

The average HAZ scores by household use of solid fuels for cooking in Ethiopia, India (Andhra
Pradesh), Peru and Vietnam are shown in Fig. 1. In all four countries, the average HAZ score was
substantially lower among children from households using solid fuels for cooking in either wave
than among children from households using cleaner fuels in both waves. The average HAZ score
was even lower among children from households using solid fuels for cooking in both waves
than among children in households using solid fuels for cooking in only one of the two waves.
In all four countries, the average HAZ score was about 1.1-1.6 times lower among children in
households that used solid fuels for cooking in either of the waves, and 1.5-2.2 times lower among
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Table 2. Average height-for-age z-score (HAZ) by use of solid fuel for cooking and other background characteristics in Ethiopia, India (Andhra Pradesh), Peru and Vietnam in wave 1 (child aged 1 year)
and wave 2 (child aged 5 years)

Ethiopia India (Andhra Pradesh) Peru Vietnam
Wave 1 Wave 2 Wave 1 Wave 2 Wave 1 Wave 2 Wave 1 Wave 2
Characteristic HAZ p-value HAZ p-value HAZ p-value HAZ p-value HAZ p-value HAZ p-value HAZ p-value HAZ p-value
Cooking fuel type

Cleaner fuel —1.209 <0.05 -1.020 <0.01 —0.878 <0.01 -1.221 <0.01 —0.782 <0.01 —1.027 <0.01 —0.604 <0.01 —0.870 <0.01

Solid fuel —1.566 —1.488 —1.402 —1.799 —1.998
Sex of child

Male =L <0.01 —1.500 0.04 =il <0.01 -1711 <0.01 -1.390 <0.01 —1.542 0.97 -1.227 <0.01 —1.359 0.83

Female =133} —1.396 —1.196 —1.591 —1.544
Number of siblings

0 —1.487 0.78 =Lz <0.01 —1.296 <0.01 —1.555 <0.01 —1.090 <0.01 —1.274 <0.01 —1.056 <0.01 —1.098 <0.01

1 —1.552 -1.357 —1.285

2 or more —1.553 —1.534 —1.562 —1.835 -1.630 —1.826

Serious illness/injury

No —1.447 0.07 <0.01 <0.01 <0.01 <0.01 0.07 <0.01 0.89
Yes —1.745 —1633

Mother’s education
Non-literate —1.730 —1.688 —1.445 —1.847 —2.349 —2.333 —1.502 —2.071
Primary -1.329 <0.01 —1.306 <0.01 —-1.217 <0.01 —1.528 <0.01 —1.641 <0.01 <0.01 —1.156 <0.01 —1.427 <0.01
Secondary and above —1.076 10.963 ‘;0.958 ;1.369 ‘;0.908 71.138> 10.778

Mother’s age (in years)
<24 —1.536 0.92 0.10 0.08 <0.01 <0.01 <0.01 <0.01 <0.01
25-29 —1.514
>30 —1.553 L1.504 ‘;1.309 —1.433 -0 984 -1.270

Household head’s education
Below primary —1.665 <0.01 —1.615 <0.01 —1.415 <0.01 —1.806 <0.01 —1.669 <0.01 —2.208 <0.01 —1.391 <0.01 —1.794 <0.01
Primary and above —1.184 .;1.303 .;1.139 —1509 .;1.005 —1398 .;0.994

(Continued)
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Table 2. (Continued)

Ethiopia India (Andhra Pradesh) Peru Vietnam
Wave 1 Wave 2 Wave 1 Wave 2 Wave 1 Wave 2 Wave 1 Wave 2
Characteristic HAZ p-value HAZ p-value HAZ p-value HAZ p-value HAZ p-value HAZ p-value HAZ p-value HAZ p-value
Drinking water
Improved —1.160 <0.01 —1.181 <0.01 —1.266 <0.05 —1.638 <0.01 —1.261 <0.01 —1.468 <0.01 —0.764 <0.01 —1.194 <0.01

Non-improved —1.586 —1.581 —1.480 —1.907 —1.470 —1.443
Toilet facility
Improved —1.847 0.41 —1.163 <0.01 —0.997 <0.01 —1.363 <0.01 —0.891 0.39 —1.089 <0.01 —0.571 <0.01 —0.853 <0.01

Non-improved —1.531 —1.452 -1.371 —1.726 -1.618 —1.973 -1.274 —1.598

Household crowding

<3 persons per room —1.482 0.49 =1:215 <0.01 —1.084 <0.01 —1°523 <0.01 —1.180 <0.01 —1.396 <0.01 —0.942 <0.01 —1.237 <0.01
>3 persons per room —1.550 —1.512 —1.406 —-1.783 —1.432 —-1.765 —-1.278 —1.549
Wealth index

Poor —1.801 <0.01 —1.736 <0.01 -1.674 <0.01 —1.927 <0.01 =177 <0.01 —2.193 <0.01 —1.463 <0.01 —1.703 <0.01

Middle —1.691 —1.492 -1.213 —-1.725 -1.392 —1.499 -1.173 —1.488

Rich -1.122 -1.116 —1.025 -1.313 —0.780 —0.942 —0.701 —0.853

Income shocks

None —1.475 0.28 <0.01 0.39 <0.01 0.17 <0.05 0.43 <0.01
At least one —1.567 :.i.SYS
Outdoor air pollution
No —1.535 0.99 —1.614 <0.01 —-1.322 0.07 -1.716 <0.01 —1.430 <0.01 —1.670 <0.01 —1.228 <0.01 —1.493 <0.01
Yes —1.536 ..—1.089 "—1.136 ..—1.449 "—1.176 ..—1.354 "—0.990 1289
Place of residence
Rural -1.678 <0.01 —1.631 <0.01 -1.379 <0.01 —1.768 <0.01 —-1.831 <0.01 —2.106 <0.01 —1.251 <0.01 —1.522 <0.01
Urban -1.272 "—1‘179 "—1.073 ”—1‘327 . ) "—0.592 —0711
Average HAZ score —1.535 —1.451 <0.01 —1.301 —1.655 0.146 —1.296 —1.543 <0.01 —-1.119 —1.354 <0.01
Number of children® 1999 1914 2011 1950 2052 1963 2000 1970

p-value from ANOVA or t-test.
aNumber of children varies slightly for individual variables depending on number of missing values.
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0O Cleaner fuels in both wave [ Solid fuels in either wave & Solid fuels in both wave

Figure 1. Average height-for-age z-scores by the type of primary cooking fuel in two waves of the YLS in Ethiopia, India
(Andhra Pradesh), Peru and Vietnam.

children in households that used solid fuels for cooking in both waves, compared with children in
households that used cleaner fuels for cooking in both waves.

The results of the repeated measures mixed model to examine the effect of the use of solid
fuels for cooking on HAZ scores are presented in Table 3. The findings indicate a significant
association between the type of cooking fuel and HAZ score in all countries except Ethiopia.
The model shows that children from households using solid fuel for cooking were less likely
to achieve higher HAZ scores in India (Coefficient: -0.192, 95%CI: -0.320, -0.064), Peru
(Coefficient: —0.169, 95%CI: -0.261, -0.076) and Vietnam (Coefficient: —0.158, 95%CI: -0.256,
-0.060), compared with those in households using cleaner fuels for cooking. The interaction
between the age of child and the type of fuel also indicated that the rate of reduction (change)
in the HAZ scores between waves 1 and 2 was significantly higher among children from
households using solid fuels than among children from households using cleaner fuels in the case
of Peru (Coefficient: -0.003, 95%CI: -0.005, —-0.001) but not in other countries. However, even in
the case of Peru, the magnitude of change in the HAZ scores between the two waves was too small
to be detectable.

Female children and those belonging to wealthier households were more likely to achieve
higher HAZ scores than male children and those belonging to poorer households in all four
countries. Children who had experienced a serious illness or an injury were less likely to achieve
higher HAZ scores in Ethiopia (Coefficient: -0.247, 95%CI: -0.353, -0.140), India (Coefficient:
-0.124, 95%CIL: -0.208, -0.040), Peru (Coefficient: -0.103, 95%CI: -0.172, -0.035) and
Vietnam (Coefficient: -0.185, 95%CI: -0.280, -0.090) than children that had not experienced
any serious illness or injury. Children having two or more siblings were less likely to achieve
higher HAZ scores than those having no siblings in India, Peru and Vietnam. Mothers having
secondary and higher education were significantly associated with higher HAZ scores across each
country compared with those having no education. Primary and higher education of the head of
household was associated with significantly lower HAZ scores in Ethiopia (Coefficient: 0.149, 95%
CI: 0.033, 0.265) and Vietnam (Coefficient: 0.099, 95%CI: 0.024, 0.174) but not in the other two
countries. Mother’s higher age was also significantly associated with lower HAZ scores in India
(Andhra Pradesh) and Vietnam. Household crowding and outdoor air pollution were associated
with lower HAZ scores only in Peru, but not in the other three countries. Urban place of residence
was associated with significantly higher HAZ scores in Peru (Coefficient: 0.259, 95%CI: 0.164,
0.355) and Vietnam (Coefficient: 0.328, 95%CI: 0.192, 0.464) but not in Ethiopia and India
(Andhra Pradesh).
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Table 3. Adjusted effects of use of solid fuels for cooking on HAZ score among children under age 6 years in
measure mixed model

Ethiopia, India (Andhra Pradesh), Peru and Vietnam: results of repeated

Characteristic

Ethiopia

Coefficient (95%Cl)

India (Andhra Pradesh)

Coefficient (95%Cl)

Peru

Coefficient (95%Cl)

Vietnam

Coefficient (95%Cl)

Cooking fuel type

Cleaner fuel (Ref.)

Solid fuel

0.092 (—0.198, 0.383)

—0.192* (—0.320, —0.064)

—0.169* (—0.261, —0.076)

—0.158* (—0.256, —0.060)

Age of child

0.0002 (—0.005, 0.006)

—0.008* (=0.009, —0.006)

—0.005* (=0.007, —0.004)

—0.006* (=0.007, —0.005)

Change in HAZ score

Age of childxcleaner fuel (Ref.)

Age of childxsolid fuel

—0.001 (—0.007, 0.005)

0.001 (—0.003, 0.002)

—0.003* (=0.005, —0.001)

—0.001 (—0.003, 0.003)

Sex of child

Male (Ref.)

Female

0.270* (0.162, 0.378)

0.140* (0.049, 0.232)

0.113* (0.032, 0.194)

0.132* (0.048, 0.215)

Serious illness/injury

No (Ref.)

Yes

—0.247* (-0.353, —0.140)

—0.124* (—0.208, —0.040)

—0.103* (—0.172, —0.035)

—0.185* (—0.280, —0.090)

Number of siblings

0 (Ref.)

1

0.030(=0.124, 0.184)

0.032 (=0.062, 0.126)

—0.029 (=0.116, 0.058)

—0.104* (=0.179, —0.029)

2 or more

0.042(—0.131, 0.214)

—0.140* (=0.264, —0.016)

—0.172* (=0.280, —0.065)

—0.363* (=0.477, —0.248)

Mother’s education

Non-literate (Ref.)

Primary

0.221* (0.105, 0.336)

0.081 (=0.025, 0.187)

0.297* (0.153, 0.441)

0.105* (0.023, 0.187)

Secondary and above

0.411* (0.196, 0.626)

0.127 (—0.006, 0.260)

0.649* (0.491, 0.807)

0.234* (0.131, 0.338)

(Continued)
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Table 3. (Continued)

Characteristic

Ethiopia

India (Andhra Pradesh)

Coefficient (95%Cl)

Coefficient (95%Cl)

Peru

Coefficient (95%Cl)

Vietnam

Coefficient (95%Cl)

Mother’s age (in years)

<24 (Ref.)

25-29

0.003* (—0.135, 0.141)

0.102* (0.015, 0.189)

0.057 (=0.027, 0.141)

0.088* (0.011, 0.164)

>30

—0.038(—0.196, 0.120)

0.176 (0.049, 0.303)

0.06 (—0.043, 0.163)

0.150* (0.046, 0.255)

Household head’s education

Below primary

Primary and above

0.149* (0.033,0.265)

—0.022 (—0.113, 0.068)

0.068 (=0.013, 0.148)

0.099* (0.024, 0.174)

Household size

0.028 (—0.002, 0.057)

0.003 (—0.016, 0.022)

0.002 (—0.014, 0.019)

—0.004 (—0.024, 0.016)

Wealth Index

Poor (Ref.)

Middle

—0.002 (—0.124, 0.121)

0.254* (0.161, 0.348)

0.203* (0.107, 0.300)

0.149* (0.073, 0.224)

Rich

0.269* (0.093, 0.446)

0.409* (0.287, 0.531)

0.345™ (0.205, 0.486)

0.251* (0.141, 0.36)

Household crowding

<3 persons per room (Ref.)

>3 persons per room

—0.062 (=0.176, 0.051)

—0.082* (=0.162, —0.002)

—0.086* (=0.150, —0.023)

0.015 (=0.045, 0.074)

Income shocks

No shocks (Ref.)

At least one shock

—0.058 (—0.157, 0.041)

0.053 (—0.027, 0.132)

—0.040 (—0.109, 0.029)

0.091* (0.036, 0.146)

Outdoor air pollution

No (Ref.)

Yes

0.073 (=0.060, 0.205)

0.067 (=0.045, 0.178)

—0.126* (=0.191, —0.061)

—0.025* (=0.082, 0.031)

Place of residence

Rural (Ref.)

Urban

0.070 (—0.097, 0.237)

—0.07 2(—0.212, 0.067)

0.259* (0.164, 0.355)

0.328 (0.192, 0.464)

Ref.: reference category.
Other control variables include household head’s sex, drinking water and toilet facility.
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Discussion

Use of solid fuels for cooking exposes many women and young children in developing countries to
high levels of health-damaging air pollutants indoors. Childhood stunting is a serious health
problem in many low- and middle-income countries. The findings of this study indicate that
smoke from the use of solid fuels for cooking is statistically associated with lower HAZ scores
in India (Andhra Pradesh), Peru and Vietnam independent of children’s age and sex, mother’s
education, household wealth status and other potentially confounding factors. No differential rate
of reduction in HAZ scores was observed between the two YLS survey waves among children from
households using solid fuels for cooking as compared with those from households using cleaner
fuels in Ethiopia, India (Andhra Pradesh), Peru and Vietnam. This is the first study to use longi-
tudinal data to establish the association between the use of solid fuels for cooking and stunting in
low- and middle-income countries, representing a wide range of socioeconomic and geographic
contexts. The study’s findings are consistent with those of the earlier studies (Mishra &
Retherford, 2007; Kyu et al., 2009; Balietti & Datta, 2017).

The study has some limitations. First, it did not measure actual exposure levels to air pollutants
and patterns due to the unavailability of such information in the YLS. Although household use
of solid fuels is a good proxy for exposure to smoke from cooking (Balakrishnan et al, 2004),
future studies should be designed to quantify the relationship between actual exposure levels
and risk of stunting. Second, the study was unable to adjust for environmental tobacco smoke
as information on tobacco smoking by household members was not collected in the YLS.
Tobacco smoking by the mother, as well as second-hand smoke, are known risk factors of adverse
pregnancy outcomes and childhood stunting (Goncalves-Silva et al., 2005; Semba et al., 2007;
Muraro et al., 2014).

Third, the estimate of the impact of smoke exposure from the use of solid fuels for cooking on
childhood stunting is likely to be an underestimate due to possible stunting-related mortality
selection. Stunting-related mortality is expected to be higher among children from households
using solid fuels for cooking than among children from households using cleaner fuels.
However, the impact of this bias is likely to be small, given the small number of deaths in the
YLS samples.

Fourth, the study was unable to control for the availability of a separate kitchen in the house-
hold due to lack of information in the YLS surveys. Having a separate kitchen in the household
may reduce the exposure of young children to cooking smoke and, therefore, may reduce the
risk of stunting. However, to the extent the availability of a separate kitchen in the household
is correlated with other socioeconomic factors already included in the analysis, its exclusion from
the analysis is likely to have little influence on the estimated effects of the use solid fuels on
stunting.

Fifth, households were asked on two occasions over a period of 4-5 years about what fuels
they usually used for cooking. It is possible that for some households the pattern of fuel use
was different between the two waves of the YLS. The study could not assess the effect of such
variation in fuel use between the two waves.

The estimate of the effect of household use of solid fuels for cooking on childhood stunting
is also likely to be an underestimate in view of the fact that the use of solid fuels for cooking
contributes to outdoor air pollution. The indicator used in this study for outdoor air pollution
only controlled for sources such as garbage burning, industrial activity and transportation.
Future research should assess the contribution of smoke from household use of solid fuels to
outdoor air pollution and their interactive effects.

Finally, many households in developing countries use a combination of fuels, whereas this
study only had information on the primary cooking fuel. The estimated effects would have been
larger if childhood stunting in households using only solid fuels could have been compared with
stunting in those using only cleaner fuels.
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The results of this study are generalizable to the extent that the YLS samples are representative
of the respective populations. Comparisons between the YLS samples and the nationally repre-
sentative samples from the Demographic and Health Surveys suggest that indicators in the YLS
were similar to those in the nationally representative surveys in each country (Barnett et al., 2012).
Moreover, an assessment of the YLS sampling approach has concluded that the YLS sample is an
appropriate and valuable instrument for analysing causal relationships and modelling child
welfare (Escobal & Flores, 2008; Kumra, 2008; Nguyen, 2008; Outes-Leon & Sanchez, 2008).

In conclusion, despite some limitations, this study provides compelling evidence that exposure
to smoke from the use of solid fuels for cooking can increase the risk of childhood stunting in
low- and middle-income countries. There is an urgent need to make people aware of the adverse
consequences of the exposure to cooking smoke on childhood health outcomes in developing
countries. Effective policies and programmes are needed to reduce the use of polluting solid fuels
for cooking and to promote the use of cleaner cooking stoves equipped with hoods and chimneys
that burn fuels more efficiently and remove smoke from the dwelling, thereby minimizing the
exposure to health-damaging air pollutants indoors. The most important intervention to reduce
exposure to indoor air pollution from cooking with polluting solid fuels is to promote the use
of cleaner fuels, such as LPG and electricity. However, given that many poor households in
developing countries that currently rely on solid fuels are unlikely to be able to afford cleaner
fuels, and given the poor infrastructure for supplying cleaner fuels to rural households, the
widespread adoption of cleaner fuels is unlikely to occur in the short term. Therefore, there is
a need for efforts focusing on providing improved cooking stoves designed to reduce exposure
to smoke by means of improved combustion and improved venting. There is an equal need to
intensify efforts focused on designing and implementing public information campaigns about
the health risks of exposure to indoor smoke. For such programmes to be effective, local needs
and community participation should receive high priority. Facilitating cleaner fuels would not
only reduce the burden of childhood stunting in developing countries, but it will also be effective
in mitigating the adverse effects of burning solid fuels on climate related changes globally.
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