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ABSTRACT

Background: Reliance on biomass fuels for cooking and heating exposes many women and
young children in developing countries to high levels of air pollution indoors. Exposure to
biomass smoke has been linked to reduced birth weight, acute respiratory infections, and
childhood mortality. This study examines the association between household use of biofuels
(wood, dung, and crop residues) for cooking and heating and prevalence of anemia and stunting

in children.

Methods: Data are from a 1998-99 national family health survey in India, which measured
height, weight, and blood hemoglobin of 29,768 children aged 0—35 months in 92,486

households. Multinomial logistic regression is used to estimate the effects of biofuel use on
prevalence of anemia and stunting, controlling for ETS, recent episodes of illness, maternal

education and nutrition, and other potentially confounding factors.

Results: Analysis shows that prevalence of moderate-to-severe anemia was significantly higher
among children in households using biofuels than among children in households using cleaner
fuels (RRR=1.58; 95% CI: 1.28, 1.94), independent of other factors. Prevalence of severe
stunting was also significantly higher among children in biofuel-using households (RRR=1.84;
95% CI: 1.44, 2.36). Effects on mild anemia and moderate stunting were smaller, but positive
and statistically significant. Effects of ETS on anemia and stunting were small and not

significant.
Conclusions: The study provides a first evidence of a strong association between biofuel use and

risks of anemia and stunting in children, suggesting that exposure to biofuel smoke may

contribute to chronic nutritional deficiencies in young children.
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ABBREVIATIONS:

ARI Acute respirator infection

BMI Body mass smoke

CI Confidence interval

CO Carbon monoxide

ETS Environmental tobacco smoke

NFHS National Family Health Survey

PM; 5 Particulate matter less than 2.5 micrometers in diameter
PM;q Particulate matter less than 10 micrometers in diameter
RRR Relative risk ratio

ACKNOWLEDGEMENTS

The authors thank Gayle Yamashita for computer programming and Sally Dai and Shane Khan

for research assistance.

v



INTRODUCTION

Reliance on biomass fuels for cooking and heating exposes many women and young children in
developing countries to high levels of air pollution indoors. Biofuel smoke exposure has been
linked to reduced birth weight and to acute respiratory infections (ARI) and mortality in early
childhood, but little is known about its effects on the nutritional status and physical growth of
children. This study investigates the association between household use of unprocessed biofuels
for cooking and heating and prevalence of anemia and stunting in children in India, using data

from a large, nationally-representative household survey conducted in 1998-99.

According to the survey, almost half of children under three years of age (48 percent) suffered
from moderate-to-severe levels of anemia, and a similar proportion (46 percent) were stunted (1).
Chronic childhood undernutrition, which can result in stunting, is a known source of ill health
and death (2, 3). According to a recent comparative risk assessment by the World Health
Organization, undernutrition is estimated to be, by far, the largest contributor to the global
burden of disease (4). Widespread childhood anemia is also a major problem because it can
result in impaired cognitive performance, behavioral and motor development, coordination,
language development, and scholastic achievement, as well as increased susceptibility to a host

of childhood diseases (5-7).

Biofuels are at the low end of the energy ladder in terms of combustion efficiency and
cleanliness (8). Smoke from biomass combustion produces a large number of health-damaging
air pollutants including respirable particulate matter, carbon monoxide (CO), nitrogen oxides,
formaldehyde, benzene, 1,3 butadiene, polycyclic aromatic hydrocarbons (such as
benzo[a]pyrene), and many other toxic organic compounds. In developing countries, large
proportions of households rely on biofuels for cooking and space heating. The fuels are typically
burned in simple, inefficient, and mostly unvented household cookstoves, which, when
combined with poor ventilation, generate large volumes of smoke indoors (9). Moreover, these
cookstoves are typically used for several hours each day at times when people are present,

resulting in much higher exposure to indoor air pollutants than from outdoor sources (10).



In such settings, daily average and peak exposures to air pollutants often far exceed safe levels
recommended by the World Health Organization (11). A comparison of typical levels of CO,
PM,y, and PM; 5 in developing-country homes using biofuels with the United States
Environmental Protection Agency’s standards for 24-hour average levels concluded that indoor
concentrations of these pollutants in biofuel-using developing-country homes usually exceed the
guideline levels by several-fold (9). Exposure is usually much greater among women, who tend
to do most of the cooking (12), and among young children who tend to stay indoors and who are

often carried on their mother’s back or lap while she cooks (13).

Studies in India, mostly in biofuel-using rural homes, have measured kitchen area particulate
matter concentrations of 4,000-21,000 pug/m” and 2—5-hour daily exposures of 3,600—6,800
|,tg/m3 during cooking (14). A recent study using time-activity data from 412 rural homes in
south India estimated a 24-hour average exposure of 573 pg/m’ in solid-fuel-using households,
compared with 80 ug/m’ in households using gas for cooking (15). Another study in western
India measured indoor CO levels of 156 mg/m”® for cooking with wood and 144 mg/m’ for
cooking with dung, compared with 14 mg/m’ for cooking with gas (16). Such high exposures
have been linked to adverse pregnancy outcomes, ARI among children, and chronic bronchitis
and lung cancer among women, leading to estimates of hundreds of thousands of premature
deaths annually in India (17, 18). Although there has been speculation about a link between

biofuel smoke and anemia and stunting, we are aware of no empirical studies on this topic.

The Indian survey measured height, weight, and blood hemoglobin levels of children below three
years of age and their mothers. The survey also collected information on cooking and heating
fuels, fuel mix, and tobacco smoking for all persons included in the survey. Such data are
relatively rare in developing-country settings and provide a unique opportunity to explore the
relationship between exposure to biofuel smoke and prevalence of anemia and stunting in

children.

The mechanisms by which biofuel smoke may contribute to anemia and stunting are only
partially understood. Biofuel smoke contains large quantities of CO, which binds with

hemoglobin (necessary for transporting oxygen to body tissues), forms carboxyhemoglobin, and



reduces the quantity of hemoglobin in the blood, thereby causing anemia. Smoke exposure can
also contribute to stunting by causing not only anemia but also reduced birth weight (19, 20),

ARI (21, 22), and other childhood diseases.



MATERIAL AND METHODS

Data

Data are from India’s second National Family Health Survey (NFHS-2), conducted in 1998-99.
NFHS-2 collected demographic, socioeconomic, and health information from a nationally
representative probability sample of 92,486 households. All states of India are represented in the
sample, covering more than 99 percent of country’s population. The sample is a multi-stage
cluster sample with an overall response rate of 98 percent. Details of sample design, including
sampling frame and sample implementation, are provided in the basic survey report for all India
(1). The analysis here is based on 29,768 children under aged 0—35 months living in the sample
households.

Response variables

To assess the physical growth of children, measurements of weight and height/length were
obtained for children born in the three years preceding the survey. Weight was measured using a
solar-powered digital scale with an accuracy of +£100 g, and height was measured using an
adjustable wooden measuring board, especially designed to provide accurate measurements (to
the nearest 0.1 cm) in a field situation. Using these data, a child was defined as stunted if his or
her height-for-age Z-score was more than two standard deviation (s.d.) units below the median of
an international reference population (23, 24). We use a three-category variable for stunting in
the analysis: not stunted (Z >-2 s.d.), moderately stunted (-3 s.d.<Z<-2 s.d.), severely stunted
(Z<-3 s.d.).

To assess the anemia status of children and their mothers, blood hemoglobin levels were
measured using the portable HemoCue system. The system uses a drop of blood from a finger
prick (or heel prick for infants below six months), which is drawn into a cuvette and then
inserted into a portable, battery-operated instrument to obtain a digital reading on hemoglobin
concentration. The hemoglobin measurements were adjusted for altitude. Children were
categorized as not anemic (>11.0 g/dl), mildly anemic (10.0-10.9 g/dl), moderately anemic (7.0—
9.9 g/dl), or severely anemic (<7.0 g/dl). Because the proportion of severely anemic children is
small (5 percent) in the sample, we use a three-category response variable for anemia—no

anemia, mild anemia, moderate/severe anemia.



Predictor variables

Exposure to biofuel smoke is ascertained indirectly by type of fuel used for cooking or heating.
The survey used a ten-fold classification of cooking fuel—wood, crop residues, dung cakes,
coal/coke/lignite, charcoal, kerosene, electricity, liquid petroleum gas, biogas, and a residual
category of other fuels. The question was, “What type of fuel does your household mainly use
for cooking?”” followed by the above list of fuels. The survey also included a second multiple-
response question, “What other types of fuel does your household commonly use for cooking or
heating?” with the same ten-fold classification of fuels. Using this information, households were
grouped into three categories representing extent of exposure to biofuel smoke—high exposure
group (only biofuels: wood, crop residues, or dung cakes), low exposure group (only cleaner
fuels: electricity, liquid petroleum gas, biogas, or kerosene), and medium exposure group (a mix
of biofuels and cleaner fuels or coal/coke/lignite/charcoal). This three-category classification of

fuels is the principal predictor variable.

The survey also collected information on tobacco smoking. The survey asked the household
respondent, “Does anyone listed smoke?”” Children living in households where one or more

persons smoked tobacco were categorized as having exposure to ETS.

Because the effects of biofuel smoke, as well as ETS, on the prevalence of anemia and stunting
are likely to be confounded with other factors, it is necessary to statistically control, or adjust, for
such factors. Factors, identified in previous research as covariates of childhood nutritional status,
include child’s age (0-5, 611, 12-23, 24-35 months), sex (boy, girl), birth order (1, 2, 3, 4+),
iron supplementation during pregnancy, ARI in the preceding two weeks, diarrhea in the
preceding two weeks, malaria in the preceding three months; mother’s age at childbirth (13-24,
25-34, 35-49 years), body mass index (BMI) (<18.5, 18.5-25.0, >25.0 kg/m2), anemia status
(none, mild, moderate/severe), education (illiterate, below middle complete, middle complete or
higher); religion of household head (Hindu, Muslim, other), caste/tribe (scheduled caste or
scheduled tribe, other backward class, other); house type (pucca, semi-pucca, kachha), separate
kitchen availability, household crowding (<3 persons/room, 3+ persons/room), household living

standard (low, medium, high); residence (urban, rural); and region of residence (north, central-



west, east-northeast, south). (See footnotes to tables 1 and 2 for more details on definitions of

variables.)

Analysis

We use multinomial logistic regression to estimate relative risks of suffering from anemia (none,
mild, moderate/severe) and stunting (none, moderate, severe) among children from households
using only biofuels and household using a mix of biofuels and cleaner fuels relative to children
from households using only cleaner fuels, after controlling for ETS and other potentially
confounding factors. We also included interaction terms between biofuel use and ETS to test if
exposure to tobacco smoke modifies the effect of exposure to biofuel smoke and vice versa, but
this effect was not significant and did not alter the independent effects of biofuel smoke and
ETS. In the final analysis, this interaction term was not included. Since blood hemoglobin levels
and stunting in vary young children (below six months) are not likely to be associated with
exposure to biofuel smoke, multivariate analyses were limited to children age 635 months. A
number of alternative regression models were estimated using different combinations of the 20

potentially confounding variables mentioned above.

In the survey, certain states and certain categories of households were over-sampled and non-
response rates varied from one geographical area to another. In our analysis, weights are used to
restore the representativeness of the sample (1). Results are presented in the form of relative risk
ratios (RRR) with significance levels and 95 percent confidence intervals. The estimation of
confidence intervals adjusts for clustering at the level of the primary sampling unit. In the case of
mothers who had more than one child during the 3-year period, we restrict the analysis to the last
birth in order to avoid any clustering at the mother level. Multinomial logistic regression models

are estimated using the STATA statistical software package (25).
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Human subjects informed consent

The analysis is based on secondary analysis of existing survey data with all identifying
information removed. The survey was approved by the ethical review boards of the
implementing agencies and the Indian government. Participation in the survey was totally
voluntary. The survey obtained informed consent from each respondent (in this case, mothers of
children included in the analysis) before asking questions, and separately before obtaining
height, weight, and blood hemoglobin measurements. The hemoglobin test result was explained
to the mother, and for anemic children, the mother was advised to seek medical treatment. For
severely anemic children, consent for medical referral was obtained from the mother, and where
mothers consented, a list of severely anemic children was provided to the local health provider

for follow-up.
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RESULTS

Characteristics of children

About two-thirds (64 percent) of the children live in households using only biofuels for cooking
and heating, another 24 percent live in household using a mix of biofuels and cleaner fuels or
coal/coke/lignite/charcoal (table 1). The proportion using biofuels is much greater in rural areas
(78 percent) than in urban areas (17 percent). On the other hand, only two percent of rural
households exclusively use cleaner fuels, compared with 47 percent of urban households. One in
two children live in households where at least one adult smokes tobacco regularly. This
proportion is greater in rural area than in urban areas. Children are distributed more or less
evenly by age. Fifty-two percent are boys and 48 percent are girls. Thirty percent of children are
birth order four or higher. The proportion of higher-order births is much greater in rural areas
than in urban areas, consistent with higher fertility in rural areas. Also as expected, mothers of
rural children are considerably less likely to have received iron supplementation during
pregnancy (52 percent) than mothers of urban children (76 percent). One in five children
suffered from an acute respiratory infection in the two weeks preceding the survey, and a similar
proportion suffered from diarrhea in the same period. Four percent of children suffered from an
episode of malaria in the preceding three months. Three-fifths were born to young mothers aged
13-24, and a similar proportion have illiterate mothers. Forty percent have undernourished
mothers (BMI<18.5 kg/m?), and 56 percent have anemic mothers (19 percent with moderate-to-
severe anemia). Twenty-one percent belong to non-Hindu households and 31 percent belong to a
scheduled-caste or scheduled-tribe household. Thirty-seven percent live in kachha (poor quality)
houses, 55 percent live in houses without a separate kitchen, and another 55 percent live in
crowded households with three or more persons per room. Forty-seven percent live in low-
standard-of-living households and only 13 percent live in high-standard-of-living households.
About four-fifths (78 percent) live in rural areas. By geographic region, 18 percent of the
children are from the South, and the proportions in the other regions range from 26 percent to 29

percent.
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Table 1 Sample distribution of children aged 0-35 months by fuel type and other selected characteristics, and by

urban/rural residence, India 1998-99

Characteristic Urban Rural Total
Biofuel smoke’

Biomass fuels 17 78 64

Fuel mix 36 20 24

Cleaner fuel 47 2 12
Environmental tobacco smoke (ETS)"

Yes 41 54 51

No 59 46 49
Age of child (months)

0-5 15 17 16

6-11 17 16 16

12-23 34 34 34

24-35 34 33 34
Sex of child

Boy 52 52 52

Girl 48 48 48
Birth order

1 34 25 27

2 30 24 26

3 16 18 18

4+ 21 32 30
Iron supplements during pregnancy

Yes 76 52 57

No 24 48 43
Suffered from ARI* in past 2 weeks

Yes 16 21 20

No 84 79 80
Suffered from diarrhea in past 2 weeks

Yes 19 19 19

No 81 81 81
Suffered from malaria in past 3 months

Yes 2 4 4

No 98 96 96
Mother's age at childbirth (years)

13-24 59 61 61

25-34 38 34 35

35-49 4 5 5
Mother's body mass index (kg/m’)

<18.5 32 42 40

18.5-25.0 57 55 56

>25.0 11 2 4

Continued. ..
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Table 1-Continued

Characteristic Urban Rural Total
Mother's anemia status®

None 51 42 44

Mild 34 38 37

Moderate/severe 15 20 19
Mother's education

Illiterate 36 67 60

Literate, <middle complete 20 17 17

Middle complete or higher 44 16 22
Religion

Hindu 71 81 79

Muslim 23 14 16

Other” 7 5 5
Caste/tribe”

Scheduled caste/scheduled tribe 21 33 31

Other backward class 30 33 32

Other 49 34 37
House type'’

Pucca 61 16 26

Semi-pucca 28 40 37

Kachha 11 44 37
Separate kitchen

Yes 59 41 45

No 41 59 55
Crowding

< 3 persons per room 50 43 45

> 3 persons per room 50 57 55
Standard of living™*

Low 18 55 47

Medium 51 37 40

High 31 8 13
Residence

Urban 100 0 22

Rural 0 100 78
Geographic region®®

North 24 28 27

Central and West 37 26 29

East and Northeast 14 30 26

South 24 16 18
Number of children™ 6,482 22,599 29,081

Continued. ..
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Table 1-Continued

" Biomass fuels: wood, animal dung, or crop residues; fuel mix: mix of biomass fuels and cleaner fuels, or
coal/coke/lignite; cleaner fuel: kerosene, petroleum gas, biogas, or electricity.

T Child lives in a household where one or more persons currently smoke.

* ARI is defined as coughing accompanied by short, rapid breathing.

¥Mild anemia: blood hemoglobin level 10.0-10.9 g/dl for pregnant women and 10.0-11.9 g/dl for nonpregnant
women; moderate anemia: blood hemoglobin level 7.0-9.9 g/dl; and severe anemia: blood hemoglobin level <7.0
g/dl.

* Sikh, Buddhist, Christian, Jain, Jewish, Zorastrian, etc.

" Scheduled castes (SC), scheduled tribes (ST), and other backward classes are those castes and tribes designated
by the Government of India as socially and economically backward and in need of protection from social injustice
and exploitation.

" Kachha houses are made from mud, thatch or low-quality materials. Pucca houses are made from high-quality
materials (such as bricks, tiles, cement, and concrete) throughout, including roof, walls, and floor. Semi-pucca
houses are made from partly low-quality materials and partly high-quality materials.

* Standard of living index (SLI) is calculated by adding the scores assigned to the durable goods in the household
as following: 4 for a car or tractor; 3 each for a moped/scooter/motorcycle, telephone, refrigerator, or color
television; 2 each for a bicycle, electric fan, radio/transistor, sewing machine, black and white television, water
pump, bullock cart, or thresher; and 1 each for a mattress, pressure cooker, chair, cot/bed, table, or clock/watch.
Index scores range from 0-5 for low SLI, 6-15 for medium SLI, 16-42 for high SLI.

% North: Jammu & Kashmir, Himachal Pradesh, Haryana, Punjab, Delhi, Uttar Pradesh; Central and West:
Maharashtra, Gujarat, Madhya Pradesh, Rajasthan; East and Northeast: Bihar, West Bengal, Orissa, Assam,
Arunachal Pradesh, Manipur, Meghalaya, Mizoram, Nagaland, Sikkim, Tripura; South: Andhra Pradesh,
Karnataka, Kerala, Tamil Nadu, Goa.

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

Prevalence of childhood anemia and stunting

Overall, 71 percent of the children in our sample are anemic—23 percent are mildly anemic, and
48 percent are moderately to severely anemic (table 2). Children living in households using only
biofuels are much more likely to be moderately-to-severely anemic (51 percent) than those living
in households using only cleaner fuels. The prevalence of moderate-to-severe anemia is
noticeably higher among children of undernourished, anemic, and less-educated mothers. It is
also higher among children in scheduled-caste and scheduled-tribe households and in poorer
households. Prevalence of mild anemia does not vary much by fuel type or by any of the other

characteristics.
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Table 2 Prevalence of anemia and stunting in children aged 0-35 months by fuel type and other selected

characteristics, India 1998-99

Anemia’ Stunting’
Moderate/
Characteristic Mild severe Moderate Severe
India 23 48 23 23
Biofuel smoke
Biomass fuels 23 51 24 29
Fuel mix 23 46 22 17
Cleaner fuel 24 39 19 10
Environmental tobacco smoke
(ETS)
Yes 23 49 23 26
No 24 47 22 21
Age of child (months)
0-5 24 33 12 5
6-11 27 44 20 11
12-23 22 55 28 30
24-35 22 49 24 32
Sex of child
Boy 23 50 22 22
Girl 24 46 23 25
Birth order
1 24 45 22 18
2 24 46 22 20
3 21 51 24 25
4+ 23 51 23 31
Iron supplements during pregnancy
Yes 23 46 22 18
No 23 51 23 31
Suffered from ARI in past 2 weeks
Yes 24 52 24 24
No 23 47 22 23
Suffered from diarrhea in past 2
weeks
Yes 24 50 24 25
No 23 48 22 23
Suffered from malaria in past 3
months
Yes 23 51 24 28
No 23 48 23 23
Continued. ..
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Table 2-Continued

Anemia’ Stunting’
Moderate/

Characteristic Mild severe Moderate Severe
Mother's age at childbirth (years)

13-24 23 48 24 23

25-34 23 47 21 24

35-49 24 48 19 29
Mother's body mass index (kg/m?)

<18.5 23 54 25 26

18.5-25.0 24 45 22 22

>25.0 24 38 15 12
Mother's anemia status

None 24 42 22 21

Mild 24 50 23 23

Moderate/severe 22 59 22 28
Mother's education

Illiterate 22 53 24 30

Literate, <middle complete 25 47 23 19

Middle complete or higher 25 38 19 11
Religion

Hindu 23 49 23 24

Muslim 25 46 23 25

Other 21 45 20 14
Caste/tribe

Scheduled caste/scheduled tribe 22 54 24 28

Other backward class 24 46 22 23

Other 24 45 22 19
House type

Pucca 23 42 20 15

Semi-pucca 23 49 24 25

Kachha 23 51 23 29
Separate kitchen

Yes 24 45 21 19

No 23 51 24 28
Crowding

< 3 persons per room 24 45 21 20

> 3 persons per room 23 51 24 26
Standard of living

Low 23 52 24 30

Medium 24 46 22 21

High 23 40 18 11
Residence

Urban 24 44 20 16

Rural 23 49 23 26

Continued. ..
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Table 2-Continued

Anemia” Stuntingt
Moderate/
Characteristic Mild severe Moderate Severe
Region
North 21 50 24 28
Central and West 23 51 24 23
East and Northeast 27 48 22 26
South 22 43 21 14
Number of children 21,381 21,660

" Childhood anemia is defined as a blood hemoglobin level of less than 11.0 g/dl. Mild anemia: blood
hemoglobin level 10.0-10.9 g/dl; moderate anemia: blood hemoglobin level 7.0-9.9 g/dl; and severe anemia:
blood hemoglobin level <7.0 g/dl.

" Stunting is a measure of linear growth retardation in children. A child whose height-for-age is more than two
standard deviation units below the median of the International Reference Population is defined as stunted.
Note: For definitions of other variables, see footnotes to table 1.

Forty-six percent of the children are stunted—23 percent moderately stunted and 23 percent
severely stunted. Prevalence of both moderate and severe stunting is much higher among
children living in households using biofuels than among children living in households using only
cleaner fuels. Children in biofuel-using households are about three times as likely to be severely
stunted as those in cleaner-fuel-using households. The proportion severely stunted is higher
among children living in households where at least one person smokes tobacco, and it increases
with age and birth order of child. Iron supplementation during pregnancy is strongly negatively
associated with severe stunting. Children of less-educated, undernourished, and anemic mothers
are more likely to be severely stunted than other children, as are children from poorer and
scheduled-caste and scheduled-tribe households. Children living in urban areas and those in the
South region are less likely to be severely stunted. Associations of moderate stunting with these

characteristics tend to be similar but weaker.

Effects of biofuel smoke on anemia

Table 3 shows unadjusted and adjusted effects of biofuel smoke exposure on prevalence of
anemia among children aged 635 months. Effects are measured by relative risk ratios (RRRs)
calculated from the fitted multinomial logistic regressions underlying each of the five models.

“Unadjusted” means that effects are estimated without controlling for other variables. Control
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variables are introduced by adding them to the set of predictor variables. In the unadjusted case

(Model 1), biofuel smoke is the only predictor variable.

The unadjusted relative risk of moderate-to-severe anemia (relative to no anemia) is much
greater among children in households using only biofuels than among children in households
using only cleaner fuels (RRR=2.18; 95 percent confidence interval: 1.90, 2.52). The unadjusted
relative risk of moderate-to-severe anemia is also significantly greater among children in
households using a mix of biofuels and cleaner fuels than among children in households using
only cleaner fuels (RRR=1.53; 95 percent confidence interval: 1.31, 1.58). Progressively adding
controls in Models 2—5 reduces the RRRs, but even when all 20 control variables are included in
Model 5, the relative risk of moderate-to-severe anemia remains significantly higher among
children living in households using only biofuels (RRR=1.58; 95 percent confidence interval:
1.28, 1.94) and among children living in households using a mix of biofuels and cleaner fuels
(RRR=1.36; 95 percent confidence interval: 1.13, 1.63) than among children living in
households using only cleaner fuels. The adjusted effects of biofuel smoke on mild anemia are

smaller but in the same direction.

19



0¢

T panuLuo))
00°1 001 00°1 001 1ON
€01 0’1l 80°1 €0°'1 SOA

S)oam 7 Ised Ul BOULIRIP WO} PAIojINg
001 001 00°1 001 1ON
Al #9171 #xx9C [ x0T 1 SOA
Syoam 7 ised ul [y WOy paIdyng
00'1 00°1 001 001 1ON
60 60 #1870 %980 SOA
AKoueu3axd unmp syuowsddns uoiy
yI'l 60°1 #xx8C [ *L1°1 #xxEC [ #x0C'1 +¥
%V (1 01 #x%GE [ 90°1 sl €1 LO'T €
*S11 eIl %S eIl %S [4| 4
001 001 001 001 001 00°1 !
19pIo g
#x98°0 701 %880 €01 *x88°0 €0°1 2129
001 00°l 001 001 00°1 00°1 Kom
PIIYS JO X3S
LO'T #%6L°0 801 #%18°0 LO'T #x08°0 SE¥C

#1971 LO'T #5197 ] 90°1 #5305 [ SO’ £€¢-Cl

001 001 001 001 00°1 00°1 119
(sypuow) pyryd jo o3y

001 00°1 001 00°T 001 001 001 001 1ON

€01 60 LO'T L60 80°1 86°0 80°1 860 SOA
(S1H) oxjouwIs 099eq0) [IUSWUOIIAUF

001 001 001 001 00°1 001 001 001 001 001 J1ong Iaued[y

#5x9€ [ er'l sl | %611 w281 %«CC'1 s [ G Rl w4 £ N4l XIW [on,]

#%x8S [ STl #xx88"[ Al #xx70'C #xxCS | w2V 1T xS #x%81°C  #xx9S°[ S[ony ssewiorg
oyouwrs [onjorg
QI0AJS PIIA QIOAJS PIUA JI0AIS PIIN QIOAJS PIIN JI0AIS PI'IN J1ISLI9YORIBYD)

/PON /PON /PON /PON /PON
S [9POIN ¥ [9POIN € [9POIN C I°SPON I [9POIN

66-8661 BIPU] ‘S[OPOW dAIJEUISYE UL SYJUOW G¢-9 PASe UQIP[IYD Ul 90ud[eAdld BIIOUE UO S10)0€J YSLI JOYJ0 Pue ‘S LH ‘93OS [anjolq Jo $}093Jo pajsn(pe pue pajsnlpeun ¢ 9[qe],




Trponunuoy)

001 00°1 RELte)

160 160 SSB[O plem3deq 1oy10

140! 001 9qLI}) pa[Npay3s/a}sed pa[npad§
aqLy/A)s8)

L8°0 98°0 PPo

680 90°1 WIS

001 00°'1 Japuty
uoIsiy

x990 68°0 Toy31y 10 2)0[dwoo A[PPIA

£6°0 10°1 010[dwoo S[ppIUL> ‘BJeINT

001 00°1 |SFRINIT
uoneONpa S JOYIOIN

#x%86°C sk L6 ] QISAJS/91BISPOIN

#5585 wx5:0€"] PIIA

00’1 00°1 |PUON
SNJe)s BIWUOUER S,IOUIOIN

€01 860 0sT<

001 00°1 1§°ST681

#3597 [ w171 S8l >
(;tu/33) xoput ssewr Apoq s, 10YI0N

10°1 LO'1 61-6¢

160 £€6°0 ¥€-6C

001 00°'1 PT-€l
(s189K) yIqQpPIIYO I8 938 S IOYION

001 00°1 1ON

¥6°0 LO'1 SOA
syjuow ¢ jsed Ul BLIB[EW WOIJ PAIQJNg
JIOAdS PIIN EYEYER PITA JNSLIOJORIRY)

/POIN /POIN
S [9PON [ [9POIN

panunuo)-¢ dqe],




C

"7 PUE | SO[qB) 0} SAJ0UJ00J AIS ‘SUONIULJOP S[ELIBA 1O, :9JON

A1030)8 90URIJY
100> s ‘107> 5 '60>d 4

L8191 8891 LSS91 LSS91 LSS91 USIp[IYd Jo IoquinN
001 00°L JLELEN
*61'1 xxx 871 JSESYLION] pue Jsey
##%CS] #x%8€°] JSO M\ PUB [B1UD))
#xxV' 1 €Il HON
uoI3oy
001 00°I ey
*CC'1 [N} ueqin
Q0UAPISY
60°1 86°0 yStyg
96°0 S6°0 wnIpaj
00l 001 (0]
Surar] yo prepuels
90°1 SO'l wooi 1od suosiad ¢ =
00°1L 00°1 Jwoor 1od suosiad ¢ >
Surpmor)
001 00°T 1ON
S6°0 60 SO X
uoyoy deredog
00l 001 YYDy
€01 €01 poond-1uag
060 60 voong
ad£y asnoy
QI0AS PIIIN EYEYER PI'IN 2I0AdS PIIA QI0A9S PIIN 2I0AdS PIIN O1SIIJOBIEY)
/POIN /PON /POIN /POIN / PO
S [°PON ¥ [9PON € [P9PON C ISPON [ [FPON

panunuo)-¢ dqe],




With biofuel smoke controlled, ETS does not have a significant effect on the risk of anemia in
any of Models 2-5. The adjusted relative risk of anemia is much greater among children of
undernourished and anemic mothers (Model 5). The adjusted relative risk of moderate-to-severe
anemia is about three-times greater among children of mothers with moderate-to-severe anemia
than among children of mothers with no anemia. Children of mothers with middle complete or
higher education have a significantly lower relative risk of moderate-to-severe anemia than
children of illiterate mothers. The relative risk of anemia is significantly higher among children
who suffered from ARI in the preceding two weeks, but this may be due to reverse causation
inasmuch as anemic children are more likely to have suffered from ARI. Child’s age, sex, birth
order, urban residence, and region also have significant effects on the relative risk of moderate-

to-severe anemia.

Effects of biofuel smoke on stunting

The unadjusted relative risk of severe stunting is much higher among children in households
using only biofuels than among children in households using only cleaner fuels (RRR=5.12; 95
percent confidence interval: 4.30, 6.11) (table 4). The unadjusted relative risk of severe stunting
is also significantly higher among children in households using a mix of biofuels and cleaner
fuels than among children in households using only cleaner fuels (RRR=1.96; 95 percent
confidence interval: 1.62, 2.38). Progressively adding controls in Models 2—5 reduces the RRRs,
but even when all 20 control variables are included in Model 5, the relative risk of severe
stunting is significantly higher among children living in households using only biofuels
(RRR=1.90; 95 percent confidence interval: 1.49, 2.42) and among children living in households
using a mix of biofuels and cleaner fuels (RRR=1.26; 95 percent confidence interval: 1.00, 1.58)
than among children living in households using only cleaner fuels. Additionally controlling for
child’s anemia status reduces these effects, but only slightly (Model 6). The adjusted effects of

biofuel smoke on moderate stunting are smaller but in the same direction.
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With the effects of biofuel smoke and other factors controlled, ETS does not have any significant
effect on the risks of moderate or severe stunting. The adjusted relative risk of severe stunting is
much greater among older and higher-birth-order children (Model 6). The relative risks of
moderate and severe stunting are significantly greater among children with moderate-to-severe
anemia than among non-anemic children. Children born to mothers who received iron
supplementation during pregnancy have a significantly lower relative risk of severe stunting than
children of mothers who did not receive such supplementation. The relative risk of severe
stunting is significantly higher among children who suffered from diarrhea in the preceding two
weeks than those who did not. Children of younger, less-educated, and anemic mothers have a
significantly higher relative risk of severe stunting than other children. Unexpectedly, mother’s
BMI does not have any significant adjusted effects on stunting in their children. On the other
hand, children living in richer, less-crowded, non-Hindu/non-Muslim, upper-caste/class
households and children in the south region have significantly lower adjusted relative risks of

severe stunting than other children.
The adjusted effects of biofuel use on anemia and stunting are similar in magnitude and direction

when the above analyses were repeated for boys and girls separately and for urban and rural

areas separately (as shown in table 5).
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DISCUSSION

Household use of unprocessed biofuels for cooking and heating exposes many women and young
children in developing countries to high levels of toxic air pollutants indoors. Anemia and
stunting among young children are serious problems in India. About one in two children under
three years of age suffer from moderate-to-severe anemia and a similar proportion from

moderately-to-severe stunting.

Our analysis shows that exposure to biofuel smoke is significantly associated with prevalence of
anemia and stunting in young children, independent of ETS, child’s age, sex, recent episodes of
illness, maternal education and nutritional status, household living standard, and other factors.
Children in households using a mix of biofuels and cleaner fuels also have a significantly higher
prevalence of anemia and stunting than children in households using only cleaner fuels. These
results suggest that household use of biofuels for cooking and heating may contribute to the risks

of anemia and stunting in young children, independently of other factors.

With effects of biofuel smoke and other factors controlled, the effects of exposure to ETS on
anemia and stunting are small and not statistically significant. Moreover, tests for interaction

between the effects of biofuel smoke and ETS indicated no modifying effects.

The analysis confirmed a strong positive relationship between mother’s anemia and child’s
anemia. With other factors controlled, the relative risk of moderate-to-severe anemia was about
three times greater among children of mothers with moderate-to-severe anemia than among
children of mothers with no anemia. The study also confirmed a strong positive association

between anemia and stunting in children.

Several measurement constraints should be kept in mind when considering the findings of this
study. There is a possibility of some selection in the sample due to anemia- and stunting-related
mortality. To the extent that children living in poorer biofuel-using households are more likely to
die from anemia and stunting, our estimated effects of biofuel smoke may be downwardly
biased. Given high prevalence of anemia and stunting and a relatively small number of deaths in

the sample, however, the impact of this bias on our estimated effects is likely to be small.
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Our estimated effects are also likely to be underestimated to the extent that the effects of biofuel
smoke on anemia and stunting are cumulative and to the extent that some households shifted
from biofuels to cleaner fuels in recent years. The survey did not collect any information on
history of fuel use in the household or on past episodes of ARI and other biofuel-smoke-related

illness that would allow us to assess the magnitude of this bias.

Another limitation is our inability to control directly for extent of use of medical services. This
limitation is mitigated, however, by controls for several socioeconomic characteristics that are

correlated with access to and use of medical services.

Anemia and stunting were measured adequately in the survey, but smoke exposure was
ascertained indirectly from type of fuel used for cooking and heating. This imperfect
measurement also tends to bias downward our estimates of the effects of biofuel smoke on
anemia and stunting. However, measurements in India and other developing countries show that
the emission of pollutants from household stoves directly varies along the “energy ladder,” with
unprocessed solid fuels producing substantially more pollution per meal cooked than liquid or
gaseous fuels (26). Fuel type has also been shown to be a good predictor of indoor pollution

levels in households (27).

Despite these various limitations, the consistency of both the size and direction of our estimated
effects suggest a possible causal relationship between biofuel smoke and both anemia and
stunting. To validate this relationship, our research needs to be followed by carefully designed
epidemiological studies, with direct measures of smoke exposure and a careful assessment of
past history of fuel use and illness. Such research is important in view of the high prevalence of
anemia and stunting and the high proportion of households in India, as well as other developing

countries that rely on biofuels for cooking and heating.
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