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Abstract Maternal exposure to environmental tobacco
smoke (ETS) is a major health hazard as it contains lower
doses of the toxins that smokers’ inhale. Prenatal exposure
to wood fuel smoke has been linked to delivering low birth
weight (LBW) infants. The study aims to assess the asso-
ciation between prenatal exposure to ETS and wood fuel
smoke and LBW. A case—control study in ratio 1:1 was
conducted in two hospitals with obstetric services in Gaza
Strip. Subjects were selected during May—June and July—
August 2007 from attenders of Mbarak Hospital and Shifa
Medical Centre, respectively. 184 (41.2%), and 79 (17.7%)
out of 446 participants were exposed to environmental
tobacco smoke and wood fuel smoke, respectively.
Adjusted maternal exposure to ETS (especially the number
of cigarettes smoked, water pipe and wood fuel smoke) was
associated with LBW infants. Cigarette smoke exhibits an
independent dose—response risk of LBW after adjusting for
confounders. Prenatal exposure to cigarette smoke indoors
is related to a reduction in birth weight of infants of
—237g (95% CIL: —415, —58) for pregnant women
exposed to 1-20 cigarettes per day and —391 g (95% CI:
—642, —140) for exposure to more than 20 cigarettes
per day. Exposure to wood fuel smoke exhibits a reduction
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of infants’ adjusted mean birth weight by —186 g (95%
CI: —354, —19). Prenatal exposure to passive smoking and
wood fuel smoke are independently associated with LBW.
Both these factors are modifiable exposures that could
possibly lead to a reduction of delivering LBW infants.
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Low birth weight

Abbreviations

LBW  Low birth weight

NBW  Normal birth weight

ETS Environmental tobacco smoke
SHTS Second-hand tobacco smoke
WPS  Water pipe smoke

CI Confidence interval

mOR  Matched odds ratio
BMI  Body mass index
Background

Low birth weight (LBW) is a far reaching health problem,
prevalent in both developed and developing countries.
More than 20 million infants worldwide, 95.6% of them in
developing countries, are born with low birth weight each
year [1]. Approximately every 10 s an infant from a
developing country dies from a disease or infection that can
be attributed to LBW [2]. Many different definitions have
been given to describe infants who are born smaller than
expected. The World Health Organization has defined low
birth weight as the body weight at birth which is less than
2,500 g or 5.5 1b [3]. Prematurity or infants born either
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with low birth weight (LBW) or small for their gestational
age (SGA) are strongly related to neonatal and long-term
morbidity [4, 5].

Cigarette smoking and environmental tobacco smoke
exposure during pregnancy are examples of the most
modifiable risk factors associated with LBW, preterm
labour, placental complications and perinatal mortality
[6, 7]. Maternal exposure to environmental tobacco smoke
(ETS) has been described as second-hand tobacco smoking
(SHTS), passive smoking or involuntary smoking and is
recognized as a major health hazard as it contains lower
doses of the same toxins that smokers’ inhale [8], but with
less severe effects [9]. ETS is a combination of side-stream
smoke that is emitted from the burning end of a cigarette
and the mainstream smoke exhaled by the smoker. Side-
stream smoke constitutes about 85% of the smoke present
in a room and contains many potentially toxic gases in
higher concentrations than in the mainstream smoke [10].
Fetal intrauterine growth retardation due to smoking is
partly explained by placental hypoxia induced mainly by
carbon monoxide. Nicotine also depresses energy-depen-
dent processes, leading to insufficient amino acid and other
nutrients’ diffusion into placental circulation [11]. In
addition, nicotine is a potent vasoconstrictor further
aggravating fetal hypoxia [12].

Furthermore, maternal exposure to smoking during
pregnancy has been linked to low birth weight [13, 14],
sudden infant death syndrome [15], childhood obesity [12],
and diabetes [16]. Moreover, it has been reported that the
mean birth weight of infants born to mothers exposed to
ETS was 138 g less than that of newborns in the unexposed
group [17]. Similarly, second-hand smoke from water pipes
is a mixture of tobacco smoke in addition to smoke from
the fuel, and therefore, constitutes a serious risk for the
foetus when exposed, either actively or involuntarily, to
water pipe smoke toxicants [18, 19].

Maternal exposure to wood fuel smoke during preg-
nancy can lead to impaired fetal tissue growth through
hypoxia and/or oxidative stress resulting from its constit-
uents, including carbon monoxide and particulate matter
[20]. Women who used wood for cooking purposes gave
birth to infants who had increased risk of LBW [21, 22],
and averaged 82 g lighter than infants born to natural gas
users after weight was adjusted for possible confounders
[23].

In Gaza Strip, there are no previous published studies
that articulate the impact of intrauterine fetal exposure to
environmental tobacco smoke and wood fuel burning
smoke on maternal delivery of low birth weight at popu-
lation level. Therefore, this study aims to assess the asso-
ciation between indoor exposure to second-hand tobacco
smoke and wood fuel smoke during pregnancy and adverse
fetal birth weight.
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Population and Methods
Study Design, Setting and Period

A matched case control study was conducted in two major
governmental hospitals with obstetric services in Gaza
Strip. Subjects were selected in two separate periods
May-June 2007 and July—August 2007, from attendees of
Mbarak Hospital and Maternal Hospital of Shifa Medical
Center, respectively.

Study Participants

Eligible subjects were women who: (1) were residents of
Gaza Strip at least 1 year before delivery; (2) delivered a
live singleton infant; (3) were admitted for labour at one of
the studied settings and during the period of the study.

Cases represented all women who delivered live sin-
gleton infants with a weight of <2,500 g in the obstetrics
departments of the two study hospitals. Matched controls
included mothers who delivered single live newborns
weighing >2,500 g. Controls were selected during the first
24 h after identifying their respective cases and were
matched in a ratio of 1:1 for confounding variables, namely
maternal age group (within 5-years interval), parity, date
and place of delivery. The response rate was very high
(96.7% overall, 96.5% in Mbarak Hospital and 96.9% in
Shifa Medical Center) and data were obtained from 446
women, 142 from Mbarak hospital and the remaining 304
from Shifa medical centre (Fig. 1).

Data Collection Tools

Data on infants’ characteristics were collected from the
health records kept in the study hospitals while birth weight
was measured by trained qualified nurses. Data on mothers’
demographics and exposure to smoke were gathered via a
structured self-constructed questionnaire in Arabic, by
means of face-to-face interview for the purpose of saving
time and acquiring a higher response rate. Interviews were
conducted in the hospital in privacy during the first 24 h
after delivery. Six trained qualified nurses were assigned to
interview study participants interchangeably on a 24 h
basis for four consecutive months. They were kept blinded
to the birth weight of the infant delivered by the
interviewee.

Exposure to environmental tobacco smoke was mea-
sured by questions on the amount of cigarettes or water
pipe refills smoked in the presence of the participant either
at home or at work. The duration of exposure to ETS and to
wood fuel smoke were assessed as well. Pairs of mothers
and infants with complete data on their socio-demographic
attributes, exposure to environmental tobacco smoke
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Fig. 1 Study population: flow
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(including cigarette and water pipe), and wood fuel smoke
and infants’ birth outcome, were included in the study.
Participants were asked about active smoking habit, but no
women experienced this practice.

Ethical Considerations

The study protocol was approved by the Ministry of Health
and the authorized Helsinki Committee in Gaza Strip.
Confidentiality was ensured during and after interviews and
a written consent form, including an inform letter, was
signed by all participants.

Data Processing and Statistical Analysis

Data were entered, edited and analyzed using the Statistical
Package for Social Sciences (SPSS) software version 16
[24]. Cross tabulation was used in both groups of infant-
mother pairs, namely low birth weight (cases) and normal
birth weight (controls), in order to describe socio-demo-
graphic characteristics, environmental tobacco smoke
(ETS) and wood fuel smoke exposure. Univariate analysis
was carried out by computing unadjusted matched odds
ratios (mOR) and their 95% confidence intervals (CI) using
conditional logistic regression [25]. The advantage of

> 223 Controls <

applying logistic regression models becomes evident when
the effects of many exposure variables are modeled in the
presence of many confounders [26].

Furthermore, multivariable analysis was executed in two
integrated steps: Model 1 included the smoking exposure
predictors that resulted after the stepwise backward selection
for variables with univariate P value <0.20 as recommended
by Hosmer and Lemeshow [27]. In model 2, we included the
significant smoking exposure variables of model 1 and other
principal confounding factors namely, demographic char-
acteristics (parents’ education, occupation and residence),
body mass index (BMI), income and consanguinity. In
multivariable analyses, the ratio of events per variable of at
least ten was satisfied in all occasions, as recommended by
literature [28]. Collinearity was assessed with the tolerance
and the variance inflation factor (VIF), while the model fit
was evaluated with the deviance and the y* test. All P values
were two-tailed and were considered significant when
P value <0.05. Finally, general linear model was performed
to estimate the differences in infants’ birth weight due to
maternal passive exposure to different doses of cigarette
smoke and wood fuel smoke. The crude mean difference was
estimated with univariate regression model and then, a
multivariable model was used in order to adjust the mean
differences for the confounding variables mentioned above.
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Results
Sociodemographic Characteristics

The sociodemographic characteristics of the 446 eligible
participants are shown in Table 1. The majority (34.5%) of
the mothers were in the age group of 19-24 years. 7.2% of
the sampled mothers were younger than 18 years, whereas
32.3, 14.8, and 11.2% of them lie, respectively in the age
groups 25-30, 31-36, and >37 years of age. The mean age
of the study population was 26.8 (SD: 6.1) years old.

Table 1 Basic characteristics of the study population

Conditional logistic regression analysis showed a signifi-
cant association between low maternal educational level
(<9 years) and LBW (mOR: 2.1; 95% CI: 1.1, 4.0).
Paternal education and maternal occupation had no sig-
nificant impact on fetal birth weight. However, paternal
occupation seemed to play a role in the likelihood of
delivering a LBW infant, as the odds of LBW was
1.6 times (95% CI: 1.1, 2.5) higher in families with
unemployed fathers than those with employed ones. The
presence of consanguinity and low household income
were risk factors for LBW (P = 0.007 and P < 0.001,

Exposure variables Birth weight mOR 95% CI P value
<2.5 kg (n = 223) >2.5 kg (n = 223)
No (%) No (%)

Maternal education

>13 years (Ref.) 29 (13.0) 43 (19.3) 1.0

10-12 years 114 (51.1) 117 (52.5) 1.5 0.9, 2.7 0.145

0-9 years 80 (35.9) 63 (28.2) 2.1 1.1, 4.0 0.021
Paternal education

>13 years (Ref.) 39 (17.5) 50 (22.4) 1.0

10-12 years 115 (51.6) 100 (44.8) 1.5 0.9, 2.6 0.117

0-9 years 69 (30.9) 73 (32.8) 1.3 0.7,2.2 0.430
Maternal occupation

Housewife (Ref.) 210 (94.2) 213 (95.5) 1.0

Employed 13 (5.8) 10 (4.5) 1.4 0.6, 3.4 0.493
Paternal occupation

Employed (Ref.) 153 (68.6) 174 (78.0) 1.0

Unemployed 70 (31.4) 49 (22.0) 1.6 1.1, 2.5 0.027
Residence

Gaza district (Ref.) 88 (39.4) 100 (44.8) 1.0

North district 39 (17.5) 35 (15.7) 1.3 07,22 0.367

Med district 26 (11.7) 16 (07.2) 1.8 09,35 0.103

South district 70 (31.4) 72 (32.3) 0.4 0.04, 4.3 0.477
Maternal body mass index

Normal range (Ref.) 126 (56.5) 132 (59.2) 1.0

Underweight 522 3(1.3) 2.05 0.5, 83 0.315

Overweight 70 (31.4) 72 (32.3) 1.05 0.7, 1.6 0.802

Obese 22 (9.9) 16 (7.2) 1.46 0.7,3.2 0.340
Household income

>1,000 NIS/month (Ref.) 35 (15.7) 72 (32.3) 1.0

<1,000 NIS/month 188 (84.3) 151 (67.7) 2.94 1.8,5.0 <0.001
Consanguinity

No (Ref.) 127 (57.0) 154 (69.1) 1.0

Yes 96 (43.0) 69 (30.9) 1.77 1.2,2.7 0.007
Congenital malformations of newborns

No (Ref.) 216 (96.9) 221 (99.1) 1.0

Yes 7 (3.1) 2 (0.9) 35 0.72, 16.8 0.118

mOR matched odds ratio, CI confidence interval, NIS New Israeli Shekel (1,000 NIS = 250.6US$ by using a NIS/US$-exchange rate on

8/5/2007)
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Table 2 Prenatal exposure to environmental smoke associated to birth weight

Exposure variables Birth weight mOR 95% CI P value
<2.5 kg (n = 223) >2.5 kg (n = 223)
No (%) No (%)

Environmental tobacco smoke

Not exposed (Ref) 99 (44.4) 163 (73.1) 1.0

Exposed 124 (55.6) 60 (26.9) 34 22,52 <0.001
Exposure period of environmental tobacco smoke

Not exposed (Ref.) 99 (44.4) 163 (73.1) 1.0

<1 h per day 29 (13.0) 44 (19.7) 1.1 0.6, 2.0 0.778

>1 h per day 95 (42.6) 16 (7.2) 7.7 42,143 <0.001
Number of cigarettes

Not exposed (Ref.) 113 (50.7) 168 (75.3) 1.0

1-20 cigarettes/day 73 (32.7) 44 (19.7) 2.5 1.6, 4.1 <0.001

>21 cigarettes/day 37 (16.6) 14.9) 5.0 2.3, 10.7 <0.001
Water pipe smoke

Not exposed (Ref) 202 (90.6) 217 (97.3) 1.0

Exposed 21 (9.4) 6 (2.7) 35 14, 8.7 0.007
Wood fuel smoke

Not exposed (Ref) 168 (75.3) 199 (89.2) 1.0

Exposed 55 (24.7) 24 (10.8) 2.8 1.6, 4.9 <0.001
Exposure period of wood fuel smoke

Not exposed (Ref.) 168 (75.3) 199 (89.2) 1.0

<1 h per day 37 (16.6) 18 (8.1) 2.7 14,53 0.004

>1 h per day 18 (8.1) 6 (2.7) 32 1.2, 8.0 0.016

mOR matched odds ratio, CI confidence interval

respectively). The study also shows that there is no sig-
nificant association of the residence of women across Gaza
Governorate and the mother’s BMI with their offspring’s
birth weight.

Maternal Exposure to Environmental Tobacco Smoke
and Wood Fuel Smoke

A complete smoking history of all participants is illustrated
in Table 2. None of the women in the sample was an active
smoker, while 184 (41.2%) of them identified themselves
as passive smokers. The prevalence of exposure to envi-
ronmental tobacco smoke (ETS) during pregnancy was
55.6% (n = 124) for cases and 26.9% (n = 60) for con-
trols. The crude analysis illustrates a significant association
between maternal passive smoking during pregnancy and
LBW (mOR: 3.4; 95% CI: 2.2, 5.17). Women who were
exposed for more than 1 h to environmental tobacco smoke
were 7.7 times (95% CI: 4.2, 14.3) more likely to deliver a
LBW infant compared to non-exposed women.

A dose-response relationship was found between the
odds of low birth weight infants and environmental expo-
sure to increasing amount of cigarette smoke. Women who
were exposed to smoke from 1 to 20 cigarettes daily had a

risk of delivering LBW newborns 2.5 times (95% CI: 1.6,
4.1) higher than women who were not exposed, while the
respective risk of those exposed to smoke from >21 cig-
arettes per day was 5.0 (95% CI: 2.3, 10.7). Indoor prenatal
exposure to water pipe smoke (WPS) also increased the
likelihood of delivering low birth weight infants (mOR:
3.5; 95% CI: 1.4, 8.7) compared to non-WPS exposed
women. Furthermore, a considerable number of women
(79, 17.7%) in our sample were still exposed to wood fuel
smoke used for cooking purposes. Table 2 illustrates that
there was a significant association between positive expo-
sure to wood fuel smoke and the likelihood of delivering
LBW infants (mOR: 2.8; 95% CI: 1.6, 4.9). Also, the
longer the exposure time to wood fuel smoke the greater
the risk to deliver a LBW infant compared to non-exposure
(<1 h per day mOR: 2.7; 95% CI: 1.4, 5.2 and >1 h per
day mOR: 3.2; 95% CI: 1.2, 8.0).

In an effort to create an index of smoke exposure, the
combination of the exposure periods of ETS and wood fuel
smoke seemed to have the best fit. This index included the
following 3 categories: Not exposed, <1 h exposed (to
either ETS or wood fuel smoke), >1 h exposed (to either
ETS or wood fuel smoke). The estimated matched odds
ratios were 2.1 (95% CI: 1.2, 3.7 P = 0.012) for <1 h
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Table 3 Environmental smoke-related risk factors for LBW infants—two explanatory models

Maternal predictors Model 1* Model 2°

Mor 95% CI P value mOR 95% CI P value
Number of cigarettes
Not exposed (Ref.)
1-20 cigarettes/day 2.5 1.5, 4.1 <0.001 2.5° 14,43 0.002
>21 cigarettes/day 4.9 2.2,10.7 <0.001 4.6 1.9, 10.7 0.001
Water pipe smoke
Not exposed (Ref)
Exposed 4.2 15,114 0.005 3.8¢ 1.3, 10.8 0.015
Wood fuelsmoke
Not exposed (Ref) 1.0
Exposed 2.6 1.4, 4.7 0.001 2.3¢ 12,4.7 0.016

mOR matched odds ratio, CI confidence interval

? Final model after stepwise backward selection of the exposure variables: environmental tobacco smoke, number of cigarettes, water pipe
smoke, wood fuel smoke and exposure period of wood fuel smoke. Model fit: Deviance = 236.9; degrees of freedom [df] = 219; P = 0.193

° Model fit: Deviance = 214.5; df = 205; P = 0.310

c

exposed compared to not exposed and 7.7 (95% CI: 4.4,
13.3, P <0.001) for >1 h exposed compared to not
exposed.

Results of Model 1 Multivariable Conditional Logistic
Regression

Multivariable conditional logistic regression was used in
order to further analyse the above mentioned results from
univariate analysis. Using stepwise backward selection of
the variables environmental tobacco smoke, number of
cigarettes, water pipe smoke, wood fuel smoke and expo-
sure period of wood fuel smoke, the adjusted matched odds
ratios for LBW were calculated. Three factors were found
to be independently significant predictors for increasing the
likelihood of LBW newborns, namely maternal exposure to
ascending amount of cigarette smoke, water pipe smoke
and wood fuel smoke (Table 3, model 1). There was no
collinearity present as assessed by tolerance and variance
inflation factor (VIF), both values were near 1 for all three
factors. The deviance that was evaluated with the y* test
indicated a good fit of the data (P = 0.193).

Results of Model 2 Multivariate Conditional Logistic
Regression

Further analyses were carried out to identify if the afore-
mentioned three explanatory variables (results of model 1)
remained significant predictors for delivering LBW infants
after adjustment for possible confounders. The final results
show that exposure to cigarette smoke during pregnancy is
a strong dose-dependent risk factor for LBW i.e. women
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adjusted for parents’ education, occupation and residence, income, consanguinity and BMI

who were passively exposed to smoke from 1 to 20 ciga-
rettes and from >21 cigarettes per day were, respectively
2.5 (95% CI: 1.4, 4.3) and 4.6 times (95% CI: 1.9, 10.7) at
higher risk for LBW infants than those who were not
exposed. Moreover, maternal exposure to water pipe smoke
(adjusted mOR: 3.8; 95% CI: 1.3, 10.8), and wood fuel
smoke (adjusted mOR: 2.3; 95% CI: 1.2, 4.7) retained the
significantly increased odds of LBW newborns; after
adjustment for principal confounding factors, namely
demographic characteristics (parents’ education, occupa-
tion, and residence), BMI, income and consanguinity
(Table 3 model 2). There was no collinearity present as
assessed by tolerance and variance inflation factor (VIF);
both values were approaching 1 for all factors. The devi-
ance that was evaluated with the y~ test indicated a good fit
of the data (P = 0.310).

Impact of Maternal Exposure to Environmental
Tobacco Smoke and Wood Fuel Smoke on Mean Birth
Weight

Table 4 illustrates that mean birth weight was higher in
infants of non-exposed women than in infants of women
passively exposed to smoke from 1 to 20 cigarettes per day
and even higher in women exposed to smoke from 221
cigarettes. Maternal exposure to cigarette smoke during
pregnancy was associated with a significant reduction of
—291 g (95% CI. —472, —110) and —465 g (95% CI:
—721, —208) in infants of women exposed to smoke from
1 to 20, and from =21 cigarettes per day, respectively. This
significant reduction in birth weight remained (P = 0.005
and P = 0.001, respectively) after adjustment for passive
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Table 4 Association between birth weight and prenatal exposure to environmental tobacco and wood fuel smoke

Maternal predictors Unadjusted Adjusted

Mean BW (SD) Mean diff. 95% CI P value Mean diff. 95% CI P value
Number of cigarettes
Not exposed (Ref.) 2,829 (714)
1-20 cigarettes/day 2,538 (587) —291 —472, —110 <0.001 —237* —415, —58 0.005
>21 cigarettes/day 2,364 (715) —465 —721, —208 <0.001 —391* —642, —140 0.001
Water pipe smoke
Not exposed (Ref) 2,721 (712)
Exposed 2,411 (470) -310 —583, 36 0.026 —288° —548, —28 0.030
Wood fuel smoke
Not exposed (Ref) 2,720 (704)
Exposed 2,411 (645) —309 —478, —140 <0.001 —186° —354, —19 0.029

BW birth weight, SD standard deviation, mean diff. mean difference, in grams; CI confidence interval

? Adjusted for water pipe smoke, wood fuel smoke, income, consanguinity, BMI and parents’ education, occupation and residence

® Adjusted for cigarettes’ number, wood fuel smoke, income, consanguinity, BMI and parents’ education, occupation and residence

¢ Adjusted cigarettes’ number, water pipe smoke, income, consanguinity, BMI and parents’ education, occupation and residence

exposure to wood fuel smoke and water pipe smoke,
household income, consanguinity, BMI and parents’ edu-
cation, occupation and residence.

Similarly, maternal exposure to water pipe smoke dur-
ing pregnancy was associated also with a significant
reduction of —310 g (95% CI: —583, —36). This signifi-
cant reduction remained (P = 0.030) after adjustment for
second hand cigarette smoke, wood fuel smoke, household
income, consanguinity, BMI and parents’ education,
occupation and residence. The crude mean birth weight
was significantly lower by —309 g (95% CI: —478, —140)
in infants born to women who were exposed to wood fuel
smoke than in the unexposed group. This significant dif-
ference (P = 0.029) remained also after adjustment for
passive exposure to cigarettes smoke and water pipe
smoke, household income, consanguinity, BMI and par-
ents’ education, occupation and residence.

Discussion

Maternal passive exposure to tobacco smoke has long been
known to influence the birth outcome and the condition of
infants at birth [6, 7]. The magnitude of these hazards is
enhanced by the high prevalence of infants (41.2%) in the
study population who were born to second hand smokers.
In this study none of the women had identified herself as an
active smoker. This fact is consistent with the results of a
study by the Women’s Health and Development Depart-
ment in which the percentage of Palestinian women
smoking was not greater than 0.5% and most of them were
older than 50 years of age [29]. On the other hand the
social stigma associated with women smoking in many low

and middle income countries [30] could have led to
underestimating the true prevalence of smoking amongst
pregnant women.

In this study using both univariate and multivariable
logistic regression models, exposure to cigarette tobacco
smoke during pregnancy is found to be an independent
significant risk factor for LBW. It was shown that there was
a dose-response relationship, where the exposure to greater
number of cigarettes was associated with a greater risk of
LBW; this was also demonstrated by Ward et al. [9]. In the
adjusted model, this study demonstrated a greater reduction
in birth weight with an increasing level of exposure to
cigarette smoke than the values presented by Ward et al.
[9], who noted a reduction of —27, —53 and —59 g in
infants of women exposed to partners’ smoking of 1-10,
11-20, and 420 cigarettes per day, respectively.

The mean reduction in birth weight of infants born to
mothers exposed to ETS appeared to be higher than that in
current literature [7] where a reduction of —60 g (95% CI:
—80, —39) was observed. In this study prenatal exposure to
ETS was associated with a reduction in birth weight of
infants of —237 g (95% CI. —415, —58) for pregnant
women exposed to smoke from 1 to 20 cigarettes per day
and —391 g (95% CI: —642, —140) for exposure to more
than 20 cigarettes per day.

Published data regarding exposure to water pipe smoke
are sparse and rarely refer to exposure at home [18].
Studies show that approximately 80% of water pipe smoke
consists of two harmless substances, glycerol and water,
even though exposed non-smokers would retain in their
respiratory tract 11-59% of the remaining EMSS and
71-81% of nicotine [18]. In this study exposure to water
pipe smoke during pregnancy was found to be an
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independent predictor for increasing the likelihood of LBW
(OR = 3.8, 95% CI: 1.3,10.8) and this is consistent with
the findings of Mirahmadizadeh, Nakhaee [31], but subject
to the small number of participants that are included in the
group exposed to water pipe smoke and to the fact that
some of them are also exposed to other types of ETS.
Nevertheless, prenatal care professionals should consider
these results and inform pregnant women that environ-
mental exposure to water pipe smoke might also be
harmful to their newborns.

In a comprehensive review of the risk factors for LBW,
maternal exposure to wood fuel smoke reduced the adjus-
ted mean birth weight by 104.5 g [22], which is consistent
with the mean difference of 186 g (95% CI: —354, —19)
presented in this study even after adjusting for other vari-
ables known to affect birth weight. In another review by
Pope [21] prenatal exposure to solid fuel air pollution was
associated with increased LBW (OR = 1.38, 95% CI:
1.25,1.52) whereas in our study the respective increase had
an odds ratio of 2.3 (95% CI: 1.2,4.7). In Gaza, as in the
majority of low income countries [32], many households
rely on solid fuels such as wood, crop residues, coal etc.,
for their everyday energy needs. These fuels are burnt
indoors in open fires and simple stoves with poor ventila-
tion [3] generating substantial emissions of pollutants
which impose critical health risks to newborns and young
infants (21% increased risk of infant mortality below
6 months of age) [22].

Accounting for differences in demographic and socio-
economic factors further strengthened the validity of our
findings, since poor pregnancy outcomes are known to be
associated with low socioeconomic status [4]. Torres-
Arreola et al. showed in their study that low socioeconomic
level was the most important adjusted risk factor for LBW.
This could be the case because low socioeconomic status
has a direct effect on maternal access to medical care,
proper nutrition, and stress level. Our study demonstrates
that the crude odds ratios of LBW increased significantly
with maternal report of fiscal deficit (household income
mOR = 2.94, 95% CI: 1.8-5.0) a condition that prohibits
access to suitable prenatal care [33]. Additionally, maternal
educational status affects birth weight, since educated
mothers are more likely to seek proper prenatal care [34].

The study was implemented at two major public hos-
pitals that both contributed 73.6% of the total births
occurring in Gaza strip in 2005 [32], a fact that enhances
the representativeness of the sample. Our study had a very
high response rate probably due to the face-to-face inter-
view design and because the field researchers were regis-
tered nurses employed by the study hospitals and thus
incorporating field work in their routine, a fact that facili-
tated mothers’ participation. An additional strength is that
the birth outcome is likely to be accurate, as data were
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gathered by trained registered nurses using a standardized
protocol. This matched case—control study illuminates the
impact of environmental tobacco and wood fuel smoke
exposure on fetal birth weight even after adjusting for the
principal confounding variables. And it does so in an area
where policies and campaigns addressing the hazards of
environmental smoke exposure at home, the main place
where pregnant women and children are exposed, are
infrequent, as in most low and middle income countries
[35]. In fact, no such campaign was noticed by the
researchers living in Gaza during the study period and the
year before either in the media or in the health care
settings.

The study had several limitations. Date obtained on
exposure to passive tobacco and wood fuel smoke are self-
reported retrospectively and there was no objective way of
measuring them, a fact that introduces a recall bias to the
study. Women, however, during pregnancy are aware of
the need to restrict exposure of their babies to harmful
substances like tobacco smoke and are probably able to
recall exposures properly. Also the statistical analysis is
compromised in a few groups where the numbers partici-
pating are small (e.g. maternal occupation, exposure to
water pipe smoke). Another limitation was that newborns
with birth defects, which is a known risk factor for LBW
[36], were included in the study, although the association
of newborns with congenital malformations with LBW was
not at a statistically significant level (mOR = 3.5 95% CI:
0.72,16.8, P = 0.118). The proportion of infants born with
congenital malformations was 2.01% (3.1% in cases and
0.9% in controls). In Palestine, the percentage of newborns
with congenital anomalies accounts for 2.5% as reported by
the Ministry of Health [37].

Conclusion

Low birth weight is a significant health problem related to
passive maternal exposure to various tobacco products and
wood fuel smoke during pregnancy. Health professionals
who provide prenatal care have a critical role to play in
raising awareness of harms from environmental smoke
exposure, especially in low income communities, by con-
sulting both pregnant women as well as other household
members, particularly their spouses.

Furthermore the findings of this study stress the need for
appropriate health services and campaigns aiming at
reducing mothers’ exposure to environmental tobacco
smoke and wood fuel smoke. These preventive measures
could possibly reduce the current percentage of LBW and
thus the associated morbidity in the locality of study.
Emphasis should be given to educational health strategies
combined with concrete developmental policies aiming to
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improve the socioeconomic environment that determines
the presence of these diverse health damaging exposures.

Acknowledgments

Authors would like to gratefully acknowledge

all medical personnel in the participating hospitals, particularly staff
nurses. This work was not funded but was implemented as part of a
PhD dissertation in Hygiene and Social Medicine, in the Aristotle
University of Thessaloniki.

Conflict of interest The authors declare that they have no com-
peting interest.

References

10.

12.

. United Nations Children’s Fund and World Health Organization.

(2004). Low birth weight: country, regional and global estimates.
New York: UNICEF. Available at URL: http://www.unicef.org/
publications/index_24840.html. Accessed 05 Jan 2009.

. ACC/SCN. (2000). Low birth weight: Report of a meeting in

Dhaka, Bangladesh on 14—17 June 1999. In J. Pojda & L. Kelley
(Eds.), Nutrition Policy Paper No 18. ACC/SCN in collaboration
with ICDDR. Geneva.

. World Health Organization. (2007). Indoor air pollution from

solid fuels and risk of low birth weight and stillbirth. Report from
a symposium held at ISEE Annual Conference, September 2005,
Johannesburg, South Africa, WHO.

. Kramer, M. S., Seguin, L., Lydon, J., et al. (2000). Socio-eco-

nomic disparities in pregnancy outcome: Why do the poor fare so
poorly? Paediatric and Perinatal Epidemiology, 14, 194-210.

. Hofhuis, W., de Jongste, J. C., & Merkus, P. J. (2003). Adverse

health effects of prenatal and postnatal tobacco smoke exposure
on children. Archives of Disease in Childhood, 88, 1086—1090.

. Chan, A., Keane, R. J., & Robinson, J. S. (2001). The contribu-

tion of maternal smoking to preterm birth, small for gestational
age and low birth weight among Aboriginal and non-Aboriginal
births in South Australia. Medical Journal of Australia, 174,
389-393.

. Salmasi, G., Grady, R., Jones, J., et al. (2010). Environmental

tobacco smoke exposure and perinatal outcomes: A systematic
review and meta-analyses. Acta Obstetricia et Gynecologica
Scandinavica, 89, 423-441.

. Tobacco Advisory Group of the Royal College of Physicians.

(2005). Passive smoking: What it is and why it is harmful. In:
Going smoke-free: The case for clean air in the home, at work
and in public places. Royal College of Physicians of London.
London, pp. 6-9.

. Ward, C., Lewis, S., & Coleman, T. (2007). Prevalence of

maternal smoking and environmental tobacco smoke exposure
during pregnancy and impact on birth weight: Retrospective
study using millennium Cohort. BMC Public Health, 7, 81.
Fielding, J. E., & Phenow, K. J. (1988). Health effects of invol-
untary smoking. The New England Journal of Medicine, 319,
1452-1460.

. Sastry, B. V. (1991). Placental toxicology: Tobacco smoke,

abused drugs, multiple chemical interactions, and placental
function. Reproduction, Fertility, and Development, 3(4),
355-372.

Von Kries, R., Toschke, A., Koletzko, B., et al. (2002). Maternal
smoking during pregnancy and childhood obesity. American
Journal of Epidemiology, 156, 954-961.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Chiolero, A., Bovet, P., & Paccaud, F. (2005). Association
between maternal smoking and low birth weight in Switzerland:
The EDEN study. Swiss Medicine Weekly, 135, 525-530.
Windham, G. C., Hopkins, B., Fenster, L., et al. (2000). Prenatal
active or passive tobacco smoke exposure and the risk of preterm
delivery or low birth weight. Epidemiology, 11, 427-433.

US Department of Health and Human Services. (2004). Chap-
ter 5. Reproductive effects. In The health consequences of
smoking: A report of the surgeon general. US Department of
Health and Human Services, Centers for Disease Control and
Prevention, National Center for Chronic Disease Prevention and
Health Promotion, Office on Smoking and Health. Atlanta, GA,
5770-600. Available at URL: http://www.cdc.gov/tobacco/
data_statistics/sgr/sgr_2004/index.html. Accessed Mar 2009.
Montgomery, S., & Ekbom, A. (2002). Smoking during preg-
nancy and diabetes mellitus in a British longitudinal birth cohort.
BMJ, 324, 26-217.

Goel, P., Radotra, A., Singh, 1., et al. (2004). Effects of passive
smoking on outcome in pregnancy. Journal of Postgraduate
Medicine, 50, 12—16.

Chaouachi, K. (2009). Hookah (Shisha, Narghile) smoking and
environmental tobacco smoke (ETS). A critical review of the
relevant literature and the public health consequences. Interna-
tional Journal of Environmental Research and Public Health, 6,
798-843.

Nuwayhid, I. A., Yamout, B., Azar, G., et al. (1998). Narghile
(hubble-bubble) smoking, low birth weight, and other pregnancy
outcomes. American Journal of Epidemiology, 148, 375-383.
Li, N., Sioutas, C., Cho, A., et al. (2003). Ultrafine particulate
pollutants induce oxidative stress and mitochondrial damage.
Environmental Health Perspectives, 111, 455-460.

Pope, D. P., Mishra, V., Thompson, L., et al. (2010). Risk of low
birth weight and stillbirth associated with indoor air pollution
from solid fuel use in developing countries. Epidemiologic
Reviews, 32, 70-81.

Tielsch, J. M., Katz, J., Thulasiraj, R. D., et al. (2009). Exposure
to indoor biomass fuel and tobacco smoke and risk of adverse
reproductive outcomes, mortality, respiratory morbidity and
growth among newborn infants in south India. International
Journal of Epidemiology, 38, 1351-1363.

Siddiqui, A. R., Gold, E. B., Yang, X., et al. (2008). Prenatal
exposure to wood fuel smoke and low birth weight. Environ-
mental Health Perspectives, 116(4), 543-549.

SPSS 16.0 for Windows. (2005). S. Wacker drive. Chicago, IL:
SPSS Inc.

Kleinbaum, D. G. (1994). Chapter 8. Analysis of matched data
using logistic regression. In D. G. Kleinbaum (Ed.), Logistic
regression: A self-learning text (pp. 227-252). New York:
Springer.

Parodi, S., & Bottarelli, E. (2005). Controlling for confounding in
case-control studies. Ann Fac Medic Vet di Parma, 25, 19-46.
Hosmer, D. W., & Lemeshow, S. (1989). Applied logistic
regression. Model-building strategies. Series QA278 2.H67.
USA: Wiley.

Peduzzi, P., Concato, J., Kemper, E., et al. (1996). A simulation
study of the number of events per variable in logistic regression
analysis. Journal of Clinical Epidemiology, 49, 1373-1379.
Palestinian National Authority (PNA). (1998). Palestinian women
status in Gaza. Palestine: Women Health Development Health
Directorate, MOH.

Bloch, M., Tong, V. T., Novotny, T. E., et al. (2010). Tobacco
use and secondhand smoke exposure among pregnant women in
low- and middle-income countries: A call to action. Acta
Obstetricia et Gynecologica Scandinavica, 89, 418—422.

@ Springer


http://www.unicef.org/publications/index_24840.html
http://www.unicef.org/publications/index_24840.html
http://www.cdc.gov/tobacco/data_statistics/sgr/sgr_2004/index.html
http://www.cdc.gov/tobacco/data_statistics/sgr/sgr_2004/index.html

Matern Child Health J

31.

32.

33.

34.

Mirahmadizadeh, A., & Nakhaee, N. (2008). Prevalence of water
pipe smoking among rural pregnant women in southern Iran.
Medical Principles and Practice, 17, 435-439.

Kadir, M. M., McClure, E. M., Goudar, S. S., et al. (2010).
Exposure of pregnant women to indoor air pollution: A study
from nine low and middle income countries. Acta Obstetricia et
Gynecologica Scandinavica, 89, 540-548.

Torres-Arreola, L. P., Constantino-Casas, P., Flores-Hernandez,
S., Villa-Barragan, J. P., & Rendon-Macias, E. (2005). Socio-
economic factors and low birth weight in Mexico. BMC Public
Health, 5, 20.

Mavalankar, D. V., Gray, R. H., & Trivedi, C. R. (1992). Risk
factors for preterm and term low birth weight in Ahmedabad,
India. International Journal of Epidemiology, 21, 263-272.

@ Springer

35.

37.

Wipfli, H., Avila-Tang, E., Navas-Acien, A., et al. (2008). Sec-
ondhand smoke exposure among women and children: Evidence
from 31 Countries. American Journal of Public Health, 98,
672-679.

. Coutinho, P. R., Cecatti, J. G., Surita, F.G., etal. (2011). Perinatal

outcomes associated with low birth weight in a historical cohort.
Reproductive Health, 8(1):18 (Epub ahead of print).

Ministry of Health-PHIC (MOH-PHIC). (2006). The status of
health in Palestine. Annual report 2005. MOH. Palestine.



	Low Birth Weight and Prenatal Exposure to Indoor Pollution from Tobacco Smoke and Wood Fuel Smoke: A Matched Case--Control Study in Gaza Strip
	Abstract
	Background
	Population and Methods
	Study Design, Setting and Period
	Study Participants
	Data Collection Tools
	Ethical Considerations
	Data Processing and Statistical Analysis

	Results
	Sociodemographic Characteristics
	Maternal Exposure to Environmental Tobacco Smoke and Wood Fuel Smoke
	Results of Model 1 Multivariable Conditional Logistic Regression
	Results of Model 2 Multivariate Conditional Logistic Regression
	Impact of Maternal Exposure to Environmental Tobacco Smoke and Wood Fuel Smoke on Mean Birth Weight

	Discussion
	Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


