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Maternal Exposure to Biomass Smoke and Reduced Birth Weight
in Zimbabwe
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PURPOSE: To examine the association between household use of biomass fuels for cooking and
birth weight.

METHODS: Analysis is based on 3559 childbirths in the 5 years preceding the 1999 Zimbabwe Demo-
graphic and Health Survey. Birth weights, recorded by trained professionals at local health clinics, were
derived from health cards at home or from mother’s recall. Multiple regression method was used to
estimate the effect of household use of biomass cooking fuels (wood, dung, or straw) on birth weight,
after controlling for child’s sex and birth order, mother’s education and nutritional status, pregnancy
care, household living standard, and other potentially confounding factors.

RESULTS: Babies born to mothers cooking with wood, dung, or straw were 175 g lighter (95%
CI,—300,—50), on average, compared with babies born to mothers using LPG, natural gas, or electricity.
The difference was 120 g (95% CI,—301, 61) for children whose birth weights were taken from health
cards, and 183 g (95% CI,—376, 10) for children whose birth weights were reported by mothers.
CONCLUSIONS: Household use of high pollution cooking fuels may cause reduced birth weight. The
relationship needs to be further investigated using more direct measures of smoke exposure and birth
weight and accounting for environmental tobacco smoke.
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INTRODUCTION

A recent study based on 1717 women and their newborn
children in rural Guatemala reported an association be-
tween household use of wood fuels and reduced birth weight
(1). The study found that babies born to mothers using
wood fuels were 63 grams lighter, on average, than those
born to mothers using gas or electricity, after adjustment
for a number of socioeconomic and maternal factors. This
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study provided a first report of an association between bio-
fuel use and reduced birth weight in a human population.
To examine this relationship further, we designed a similar
study based on data from a recent national household survey
in Zimbabwe.

The 1999 Zimbabwe Demographic and Health Survey
(ZDHS) collected information on birth weight for children
born during the 5 years preceding the survey (2). Unlike
most developing-country situations where a large majority
of deliveries take place at home and only a small proportion of
children are weighed at birth, in Zimbabwe, three-quarters
of children are born in a health facility and weighed at
birth. The ZDHS, a nationally representative probability
sample, also asked about household use of cooking fuels,
which is the best single indicator of exposure to smoke
indoors.

Smoke from biomass combustion produces a large number
of health-damaging air pollutants including respirable
particulate matter, carbon monoxide, nitrogen oxides, form-
aldehyde, benzene, 1,3 butadiene, polycyclic aromatic hy-
drocarbons (such as benzo[a]pyrene), and many other toxic
organic compounds (3). In developing countries, where
large proportions of households rely on biomass fuels for
cooking and space heating, concentrations of these air pol-
lutants tend to be highest indoors. The fuels are typically
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Selected Abbreviations and Acronyms

OR = odds ratio

CO = carbon monoxide

PMo = particulate matter with diameters less than 10 microns
SLI = standard of living index

SES = socioeconomic status

LPG = liquid petroleum gas

ETS = environmental tobacco smoke

BMI = body mass index

LBW = low birth weight

ARI = acute respiratory infection

burned in simple, inefficient, and mostly unvented house-
hold cookstoves, which, combined with poor ventilation,
generate large volumes of smoke indoors. In such settings,
daily average and peak exposures to air pollutants often far
exceed safe levels recommended by the World Health Orga-
nization (3, 4). Exposure levels are usually much higher
among women who tend to do most of the cooking (5).

A recent baseline survey in two districts of Zimbabwe
found that women, on average, spend 5 hours per day
in the kitchen area. The measured levels of CO in the
kitchen were in the range of 300 to 1000 ppm and levels
of PM;o were in the range of 1000 to 4000 pg/m® (6).

Two previous studies in Zimbabwe have examined health
effects of biomass smoke. One study compared 244 children
under age 3 who visited a hospital with lower respiratory
disease with 500 children of similar nutritional and socio-
economic background and found a significant association
between the presence of woodsmoke pollution in the house
and lower respiratory disease (7). A second study of 3559
children aged 0 to 59 months, included in the 1999 ZDHS,
reported that children in households using wood, dung, or
straw for cooking were more than twice as likely to have
suffered from ARI as children from households using LPG,
natural gas, or electricity (OR = 2.20; 95% CI, 1.16, 4.19),
after statistically controlling for several confounding fac-
tors (8).

In other settings, biomass smoke exposure has been asso-
ciated with a host of respiratory diseases (9), but little is
known about its effects on pregnancy outcomes. The Rural
Guatemala study is the only study that seems to have re-
ported an association between wood fuel use and reduced
birth weight (1), although an Indian study reported signifi-
cantly increased risk of stillbirths among women cooking
with biomass fuels during pregnancy (10).

In addition to the large literature on active smoking,
studies have linked exposure to passive tobacco smoke to
fetal growth and adverse pregnancy outcomes, including
low birth weight (11-16). Although there are differences,
in nicotine content, for example, the incomplete com-
bustion products thought to be responsible for most of the
health effects in tobacco smoke are also found in smoke from
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other forms of biomass combustion, such as wood or dung.
The concentrations found in typical household cooking situ-
ation, however, are often much higher than found in passive
smoking studies, although much lower than active smok-
ing (17).

Exposure to CO has been associated with fetal develop-
ment and adverse pregnancy outcomes including reduced
birth weight (18-20). Levels of CO in homes using biomass
fuels are sometimes high enough to result in carboxyhemo-
globin levels comparable to those in smokers (5, 21).

In recent years, an increasing number of studies have
found an association between adverse pregnancy outcomes,
including intrauterine growth retardation and reduced birth
weight, and maternal exposure to outdoor air pollution at
levels of pollution substantially lower than found in biomass-

burning homes (22-27).

METHODS AND MATERIALS

The analysis is based on 3559 childbirths during the 5 years
preceding the ZDHS. The survey collected demographic,
socioeconomic, and health information from a nationally
representative probability sample of 6369 households, repre-
senting all 10 provinces. The sample is a two-stage cluster
sample with an overall response rate of 97.8%. In the
first stage, 230 enumeration areas were selected with equal
probability. In the second, households were selected using
the probability proportional to size (PPS) sampling, after a
complete household listing and mapping of the selected
enumeration areas. To allow estimation of demographic
and health parameters separately for the provinces, the sam-
pling design allowed for over sampling of smaller strata.
The survey questionnaires were translated into Shona and
Ndebele languages, and back translated to ensure quality.
The questionnaires were field-tested in April 1999 in 150
households in Bulawayo and Gweru areas. Training for the
field staff for the main survey was conducted over a 4-week
period in July 1999. Data were collected from 15 August
to 30 November 1999. Further details about the sampling
design, survey management, and quality control are pro-
vided in the basic survey report (2).

For each birth during the 5 years preceding the survey,
the mother was asked if the child was weighed at the time
of birth. For those weighed at birth, the mother was asked
toshow the health card and the birth weight was recorded (in
grams) from the card. For mothers who did not have the
card, birth weight was recorded based on mother’s recall.
About three-fourths of childbirths in Zimbabwe take place
in health facilities and for most of these children trained
health professionals record birth weights (2). This re-
ported birth weight (from health card or mother’s recall) is
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the response variable in our analysis. Multiple births (3%
of the sample) and births with missing information on birth
weight (3%) were excluded from the analysis.

Birth weights were recorded to the nearest 10 g, but in
the ZDHS data, even for children whose birth weights
were taken from health cards, there is considerable heaping
around birth weights ending in 100 g, indicating that many
health workers recorded birth weights to the nearest 100 g.
As expected, such heaping is somewhat more common
in the case of mother’s recall. ZDHS data do not allow an
assessment of the magnitude or direction of the effect of
this heaping on our results.

The survey used an eight-fold classification of main cook-
ing fuel—wood, dung, straw, charcoal, kerosene, electricity,
liquid petroleum gas (LPG)/natural gas, and a residual cate-
gory of other fuels. The question was, “What type of fuel
does your household mainly use for cooking?” Information
on fuel types was used to group households into three catego-
ries representing the extent of exposure to cooking smoke—
high pollution fuels (wood, dung, or straw), medium pollu-
tion fuels (kerosene or charcoal), and low pollution fuels
(LPG/natural gas or electricity). Households using the
medium pollution fuels and the residual category of other
fuels (11%) were excluded from the analysis.

A number of multivariate regression models were esti-
mated using the SURVEYREG procedure in the SAS
System (28). Control variables included sex of child, birth
order of child, mother’s age at childbirth, mother’s body
mass index (BMI), mother received iron supplement during
pregnancy, mother received drug for malaria during
pregnancy, mother’s education in completed years, mother’s
religion, household standard of living, and region of resi-
dence. Urban/rural residence was originally considered a
possible covariate of birth weight, but it was dropped owing
to its collinearity with cooking fuel type (see below). Be-
cause most women in Zimbabwe (98%) received antenatal
care visits, we were unable to include this variable in the
analysis. Moreover, because information on pregnancy
care (iron supplements and malaria drugs during pregnancy)
was collected only for the last birth in the 5-year period,
multivariate analysis of effects of cooking fuel on birth
weight was limited only to the last births.

A weighting factor was applied to all observations to
compensate for over-sampling of certain categories of re-
spondents in the study design. Results are presented as mean
birth weight estimates with significance levels for categories
of each predictor variable by holding other variables in the
model constant at their mean values (29). For the effects
of cooking fuel, 95% confidence intervals are also presented
in the text. Estimation of standard errors takes into account
design effects due to clustering at the level of the primary
sampling unit.
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RESULTS

Table 1 shows the sample distribution of births in the 5
years preceding the survey by whether they were weighed
at birth, cooking fuel, and other variables. Seventy-eight
percent of all children born during the 5 years preceding
the survey were weighed at birth. Children who were not
weighed at birth are considerably more likely to be from
biomass-fuel-using households compared with those who
were weighed at birth (91% compared with 59%, respec-
tively). This differential in the likelihood of being weighed
at birth by cooking fuel type has implications for the results

TABLE 1. Sample distribution of births in the last 5 years for
selected variables used in the analysis by whether weighed at
birth or not, by source of information on birth weight,
Zimbabwe, 1999

Weighed at birth Not
weighed All

Variable Card  Recall Total at birth children
Cooking fuel type!

High pollution fuel 65.1 51.7 58.9 90.8 65.8

Medium pollution fuel 89 153 11.9 5.7 10.5

Low pollution fuel 260  33.0 29.3 3.5 23.7
Sex of child

Boy 515  51.1 51.3 51.7 51.4

Girl 485 489 487 48.3 48.6
Birth order of child

1 366 394 379 18.7 33.7

2 23.6 244 24.0 18.9 22.9

3 147  13.6 14.2 15.6 14.5

4 + 252 227 24.0 46.8 28.9
Mother’s age at child birth

15-24 541  59.6 56.7 45.1 54.2

25-34 348 326 338 36.6 344

35-49 11.1 7.8 9.6 18.4 11.5
Body mass index (BMI)

< 185 4.3 3.9 4.1 5.1 43

18.5-25.0 69.2 659 67.6 75.7 69.3

= 25.0 26.6 303 28.3 19.2 26.4
Iron supplement during pregnancy’

Yes 63.8  61.6 62.8 51.7 60.6

No 36.2 384 372 48.3 39.4
Malaria drug during pregnancy”

Yes 23.2 22.1 22.7 23.6 22.9

No 76.8 719 71.3 76.4 71.1
Education of mother (in years)

0-3 244 249 24.6 34.7 26.8

3-6 459  46.6  46.2 27.8 42.2

6 + 29.7 285 29.1 37.6 31.0
Religion of mother

Christian 82.0 85.6 83.7 73.7 81.5

Non-Christian 18.0 14.4 16.3 26.3 18.5
Standard of living index’

Low 315 237 219 52.3 332

Medium 36.8 39.0 378 40.5 38.4

High 317 373 343 7.1 28.4

(continued)
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TABLE 1. Continued

Weighed at birth Not
weighed  All
Variable Card  Recall Total at birth children
Region
Manicaland 10.7 11.5 11.0 35.7 16.4
Mashonaland Central 10.7 7.1 9.0 11.3 9.5
Mashonaland East 8.6 9.9 9.2 7.7 8.9
Mashonaland West 9.0 10.0 9.4 10.5 9.6
Matabeleland North 6.5 1.9 4.3 7.7 5.1
Matabeleland South 8.7 4.1 6.6 4.3 6.1
Midlands 13.9 10.7 124 13.8 12.7
Masvingo 10.9 12.3 11.5 5.6 103
Harare 11.6 28.1 19.3 2.1 15.6
Bulawayo 9.6 4.5 7.2 1.3 5.9
Number of births* 1,390 1,220 2,610 721 3,331

Note: 108 multiple births and 120 births with missing information on birth weight
are excluded from the analysis.

'High pollution fuels include firewood, straw, or dung; medium pollution fuels include
kerosene or charcoal; low pollution fuels include electricity or LPG/natural gas.
?Available only for the last birth in the 5 years preceding the survey for each woman.
3Standard of living is measured by an index calculated by adding the following scores:
3 for a car or tractor; 2 each for a scooter/motorcycle, TV, telephone, refrigerator,
piped/public tap water, flush toilet, electricity, wood/vinyl/asphalt/ceramic/cement/
carpet of main floor material; 1 each for a bicycle, radio. Index scores range from 0—
2 for low SLI, 3-8 for medium SLI, 9-21 for high SLI.

*Number of births varies slightly depending on the number of missing cases at
each variable.

of this study (see below). Children who were weighed are
more likely to be first order births, births to younger mothers,
births to mothers who received iron supplementation during
pregnancy, and births to Christian mothers than other
births. As expected, children who were not weighed at
birth are disproportionately from poorer households. The
likelihood of being weighed at birth also varies considerably
by region of residence.

Health cards were available for 53% of the children who
were weighed at birth. For the remaining 47%, the mother
reported the birth weight. Children in poorer households
and in households using high pollution fuels were slightly
more likely to have health cards available at the time of
the survey, compared with children in richer households and
in households using cleaner fuels. The sample distributions
of children by source of information on birth weight were
quite similar by other background characteristics.

Among children who were weighed at birth, few (8%)
are of low birth weight (LBW) of less than 2500 g (Table
2). Children in biomass-fuel-using households were slightly
more likely to be low birth weight (8.6%) than those in
electricity, natural gas, or LPG using households (7.7%),
but the difference was not significant statistically. The mean
birth weight of children born in the past 5 years who were
weighed at birth is 3140 ¢ (95% CI, 3119, 3161). A compari-
son of birth weight distribution from health card and from
mother’s recall shows that children whose birth weights
were based on mother’s recall (3174 g) tend to be heavier
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than those whose birth weights were from health card
(3111 g). This is consistent with the evidence in Table 1
that children in higher socioeconomic status (SES) house-
holds were less likely to have health cards.

The average height of women in Zimbabwe is 159 cm, and
less than 2% of women are shorter than 145 cm. Similarly,
only 4% of the mothers recorded a body mass index (BMI)
below 18.5 kg/m? (2). According to WHO guidelines, adult
women of height shorter than 145 cm and BMI below 18.5
kg/m’ are considered undernourished and at a greater risk
of giving birth to low birth weight babies (30).

Table 3 shows the observed mean birth weight by type
of cooking fuel and estimated mean birth weight by fuel
type and other variables from alternative multiple regression
models. The table shows that children born to mothers
cooking with high pollution biomass fuels were 50 g lighter,
on average, than children born to mothers using LPG, natu-
ral gas, or electricity.

The effect of cooking fuel on birth weight becomes con-
siderably greater when child’s sex and birth order are
controlled statistically in Model 1. With child’s sex and
birth order controlled, children born to mothers cooking
with biomass fuels are 75 g lighter at birth (p < 0.01).
Interestingly, girls tend to be much lighter than boys at
birth (123 g). The mean birth weight increases significantly
with birth order, with first order births having a lower mean
birth weight. This positive relationship between birth order
and birth weight is responsible for an increase in the effect
of cooking fuel. High pollution fuel is positively related
with higher birth order (fertility tends to be higher among
mothers cooking with high pollution fuels due to their lower
socioeconomic status), but negatively related with birth
weight, so when the effect of birth order is controlled it
sharpens the effect of cooking fuel type.

Even when mother’s characteristics—age at childbirth,
BM], iron supplement, malaria drug, education, religion—
and household living standard are additionally controlled
in Model 2, the effect of cooking with biomass fuels on
birth weight remains large and significant (114 g; 95%
CI,—224,—4). If anything, controlling for the six maternal
characteristics and household living standard further sharp-
ens the effect of cooking fuel type. As expected, mother’s
BMI has a large positive effect on birth weight (p = .0031).
Also, as expected, mother’s receiving iron tablets during
pregnancy has a large positive effect on birth weight
(p = .0008). But the effects of mother’s age at childbirth,
receiving malaria drugs during pregnancy, education, reli-
gion, and household living standard are small and not signif-
icant statistically.

In the full model (Model 3), when all child characteris-
tics, maternal characteristics, household living standard,
as well as region of residence are controlled, the effect of
cooking with biofuels is further sharpened. With other
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TABLE 2. Sample distribution of births in the 5 years preceding ZDHS by birth weight (grams), source of information on birth

weight, and cooking fuel type, Zimbabwe, 1999

Source of information on birth weight

Cooking fuel type

Card Recall High pollution Low pollution All children

Birth weight (grams)

< 2500 6.86 10.30 8.58 7.70 8.46

2500-2999 30.31 23.72 28.06 24.63 27.23

3000-3499 41.01 29.99 35.28 36.71 35.86

3500-3999 17.32 25.10 19.53 24.67 21.00

4000 + 4.50 10.80 8.55 6.29 7.45
Total births 1,390 1,220 1,535 764 2,610
Mean birth weight 3,111 3,174 3,132 3,175 3,140

95% CI (3087, 3135)

(3136, 3212)

(3104, 3160) (3128, 3221) (3119, 3162)

variables in the model controlled statistically by holding
constant at their mean values, children born to mothers
cooking with high pollution biomass fuels are 175 g lighter
(95% CI,—300,—50), on average, than those born to moth-
ers cooking with LPG, natural gas, or electricity (p = 0.006).
Additionally controlling for region of residence in Model
3 makes virtually no difference to the effects of other vari-
ables. In Model 3, the effects of child’s sex, birth order,
mother’s BMI, and mother’s receiving iron tablets during
pregnancy remain large and significant, but none of the
other variables, including mother’s age at childbirth, receiv-
ing malaria drugs during pregnancy, mother’s education,
and household living standard, has any statistically signifi-
cant effect.

Table 4 repeats the full model in Table 3 (Model 3)
separately by source of information on birth weight. With
other variables controlled, children in households using
high pollution biomass fuels are lighter than those in house-
holds using electricity or gaseous fuels in both groups—120
g lighter in the group where birth weight was recorded from
a health card (95% CI,—301, 61), and 183 g lighter in the
group where mother reported the birth weight from recall
(95% CI1,—376, 10). These effects of cooking fuel type on
birth weight are not statistically significant at the 5% level
due to small numbers of cases. Among the control variables,
only two variables—sex of child, and mother’s receiving
iron tablets during pregnancy—have statistically significant
effects on birth weight in both groups. Child’s birth order
and mother’s BMI have significant effects in the group where
birth weights were recorded from health card, but not in
the group where birth weights were based on mother’s recall.

DISCUSSION

Results suggest that exposure to cooking smoke from biomass
combustion is associated with reduced birth weight, inde-
pendent of child’s sex, birth order, mother’s nutritional

status, pregnancy care, mother’s education, household living
standard, and other factors. These results are consistent with
the earlier Guatemalan study linking wood fuels to reduced
birth weight (1), and provide further evidence that cooking
with high pollution unprocessed biomass fuels can increase
the risk of adverse pregnancy outcomes.

The ZDHS data provide a unique opportunity to study
the relationship between biomass fuel use and birth weight
because birth weight data are rare in developing countries
where a great majority of births occur at home. Moreover,
data on birth weight and cooking fuels are rarely available
from the same source to allow such analyses. Nevertheless,
several measurement constraints should be kept in mind
when considering the findings of this study.

First, because the survey did not collect information on
tobacco smoking by household members, we were unable to
control for environmental tobacco smoke (ETS), which is
a known risk factor for adverse pregnancy outcomes includ-
ing low birth weight. Maternal smoking is not a significant
confounding factor because few women in Zimbabwe smoke
tobacco (1.47% in the 1999 ZDHS sample).

Second, we were unable to control directly for urban/
rural residence owing to its collinearity with cooking fuel
type (r = 0.95). This may have biased our estimated effects to
some degree. However, our analysis includes controls for
measures of mother’s nutritional status (BMI), pregnancy
care, and SES, such as mother’s education and household
living standard, which may provide some gradient of expo-
sure within urban and rural populations. Also, the analysis
controls for residence in the provinces of Zimbabwe, includ-
ing two exclusively urban provinces of Harare and Bulawayo.
We feel that controlling for mother’s nutritional status,
pregnancy care, SES, and region adequately controls for
potential confounding effects of urban/rural residence.
Moreover, other similar studies of national survey data
have found no statistically significant effects of urban/rural
residence after controlling for SES, and in these studies
controlling for urban/rural residence did not alter the ef-

fects of cooking fuel (31, 32).
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TABLE 3. Observed and predicted mean birth weight TABLE 4. Predicted mean birth weight (grams) of children
(grams) of children born during the 5 years preceding born during the 5 years preceding the ZDHS! by type of

the ZDHS! by type of cooking fuel and other selected cooking fuel and other selected variables, separately by source
variables, Zimbabwe, 1999 (all birth weights from card of information on birth weight, Zimbabwe 1999

and recall)

Mean birth weight (grams)

Mean birth weight (grams)

Variable Card Recall
Predicted Cooking fuel type

Variable Observed  Model 1  Model 2 Model 3 High pollution fuel 3,085 3,131

Cooking fuel type Low pollution fuel’ 3,205 3,314
High pollution fuel 3,137 3,120%%  3117%  3,006%* Se; of child s s .

ion fuel® 2 232 2 oy ’ '

Sel;)ovz f}(l)illl(lljtlon uel 3,187 3,204 3,23 3,271 Girl 3,060%* 3 12200
Boy' 3914 3222 3222 Birth order of child
Girl 3,001%%%  3,088%%% 308840 ’ ST e

Birth order of child 3 3’149* 3’233
17 3,039 3,075 3,078 T o ’

2 3174555 310780 3196 4+ 3,219 3,177
3 32025 3179% 3177 Mother’s age at child birth
4+ 32614 3214+ 3211% 15-241 3,109 3153

Mother’s age at child birth 25-34 3,105 3,256
15-24' 5131 3,130 35-49 3,208 3331
2534 3,165 3,165 Body mass index (BMI)

3549 3249 3054 18 3,052 3129
) ) "

Body mass index (BMI) 23 3’112:* 3,194
18 3084%% 3,083+ I 28 1 . 3,173 3,259
23 3’147** 3’147** ron Supp ement Urlng pregnancy
28 3,210%+ 3,210% YesT 3,148% 3,252%

Iron supplement during pregnancy NO, ) 3.012 3,133
Yes 3189%HE 3197k Malaria drug during pregnancy
Not 3’103 3’100 Yes 3,110 3,271

, , f

Malaria drug during pregnancy No ) ) 3,123 3,187
Yes 3188 3175 Education of mother (in years)

No 3147 3151 031 3,088 3,222

Education of mother (in years) 3-6 3,123 3,181
037 3,149 3,150 6+ 3141 3,235
36 3’145 3’145 Religion of mother
6+ 3182 3182 Christian 3,130 3,218

Religion of mother ’ ’ Non-Christian 3,076 3,127
Ciristianf 3167 3167 Standard of living index?

y ) "‘
Non-Christian 3,102 3,102 IEAOVS ;g? ;2;

Standard of living index é um ) ’
Low' 3172 3,168 High 3,099 3,156

. ’ ’ Region
ﬁf‘i‘”m ;}?g ;}?g Manicaland 3,187 3,147

Re i(%n ’ ’ Mashonaland Central 3,074 3,200
Moo S 180 Mashonaland East 3,209 3232
Mashonaland Central 3’123 Mashonaland West 3,045 3,235
Mashonaland East 3’219 Matabeleland North 3,162 3,047
Mashonaland West 3’122 Matabeleland South 3,152 3,210
Matabeleland North 3,156 ﬁldla.nds ;’}zg ;';i;**
Matabeleland South 3,181 aSWIngO ’ ’
Midlands 3239% Harare 3,037 3,152
Masvingo 3’191 Bulawayo 3,032 3,048
Harare' 3,106 Number of births 996 738
Bulawayo 3,028

!Analysis in this table is limited to last births only.

. "Reference category.
Number of births 1,939 1,939 1,734 1,734 #p < .05, *Fp < .01, **#p < .001.

!Analysis in this table is limited to last births only.
Reference category.
#p < .05, Fp < 01, ¥¥p < 001,
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Third, as mentioned above, there is bias in the sample
because children who were not weighed at birth were dispro-
portionately from biofuel-using homes. If all children were
weighed at birth, our estimates of effect of biofuel would
be even greater. The correlation between likelihood of being
weighed and birth order, maternal age, religion, and house-
hold living standard, as well as relying on mother’s recall
for 47% of the birth weights may also have biased our results
to some degree, but the direction is unclear.

Fourth, many households in Zimbabwe use a combination
of fuels, whereas we have information only on the primary
cooking fuel. Our estimated effects would be larger if we
could compare birth weights in households using only bio-
mass fuels with those using only LPG, natural gas, or electric-
ity. Fifth, there is a possibility that some mothers might
have shifted from biomass fuels to cleaner fuels during the
last 5 years, the period for which birth weight is recorded.
Our estimated effects are also underestimated to the extent
this occurs.

Children with lower birth weight are more likely to die
than children with higher birth weight, but since the survey
includes birth weight information on all live births, selective
mortality due to lower birth weight is not a problem. How-
ever, there might be bias due to higher rates of miscarriage
and stillbirth among mothers cooking with high pollution
biomass fuels than among mothers cooking with low pollu-
tion fuels (10). To the extent these pregnancies, if carried to
term, would have been lower birth weight among mothers
cooking with biomass fuels, this effect contributes to under-
estimation of the effect.

As mentioned earlier, information on smoke exposure
was ascertained from type of fuel used for cooking, the best
single question for determining indoor smoke exposures.
Nevertheless, our research needs to be followed by carefully
designed studies with better measures of smoke exposure
and clinical measures of pregnancy outcomes including birth
weight. Such research is important in view that a large
proportion of households in Zimbabwe and other developing
countries rely on biomass fuels for household energy and
low birth weight is a known risk factor for childhood ill
health and death.

The authors thank Nigel Bruce, Eva Rehfuess, and three anonymous re-
viewers for useful comments on an earlier draft of this manuscript.
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