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OBJECTIVE: To determine the risk of adverse fetal outcomes of second-
hand smoke exposure in nonsmoking pregnant women.

METHODS: This was a systematic review and meta-analysis in accor-
dance with Meta-analysis of Observational Studies in Epidemiology
(MOOSE) guidelines. We searched Medline and Embase (to March 2009)
and reference lists for eligible studies; no language restrictions were
imposed. Pooled odds ratios (ORs) with 95% confidence intervals (Cls)
were estimated by using random-effect models. Our search was for
epidemiologic studies of maternal exposure to secondhand smoke
during pregnancy in nonsmoking pregnant women. The main outcome
measures were spontaneous abortion, perinatal and neonatal death,
stillbirth, and congenital malformations.

RESULTS: We identified 19 studies that assessed the effects of second-
hand smoke exposure in nonsmoking pregnant women. We found no
evidence of a statistically significant effect of secondhand smoke expo-
sure on the risk of spontaneous abortion (OR: 1.17 [95% Cl: 0.88—1.54];
6 studies). However, secondhand smoke exposure significantly in-
creased the risk of stillbirth (OR: 1.23 [95% Cl: 1.09—1.381; 4 studies)
and congenital malformation (OR: 1.13 [95% Cl: 1.01-1.26]; 7 studies),
although none of the associations with specific congenital abnormali-
ties were individually significant. Secondhand smoke exposure had no
significant effect on perinatal or neonatal death.

CONCLUSIONS: Pregnant women who are exposed to secondhand
smoke are estimated to be 23% more likely to experience stillbirth and
13% more likely give birth to a child with a congenital malformation.
Because the timing and mechanism of this effect is not clear, it is
important to prevent secondhand smoke exposure in women before
and during pregnancy. Pediatrics 2011;127:000
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Active maternal smoking during preg-
nancy is well recognized as a cause of
fetal mortality! and morbidity that
arises from being small for gestational
age (<10th centile for body weight
corrected for gestation),2 low birth
weight (<2500 g),! and premature
birth (<37 weeks’ gestation).® Birth
weights of infants of mothers who
smoked during pregnancy are ~250 g
less than those born to nonsmoking
mothers.245 Smoking during preg-
nancy has been associated also with
increased risks of congenital malfor-
mations, particularly heart defects,
limb-reduction defects, kidney/urinary
tract defects, and cleft lip and palate
defects.®

Because secondhand smoke involves
exposure tothe same range of tobacco
smoke toxins experienced by active
smokers, although at lower levels, it is
likely that exposure to secondhand
smoke also causes some or all of these
complications but with lower levels of
relative risk. Therefore, secondhand
smoke exposure to the mother during
pregnancy may also have important
health effects on fetal health. After a
recent systematic review and meta-
analysis, we reported that secondhand
smoke exposure in nonsmoking preg-
nant women decreases birth weight by
33 ¢ and increases the risk of low birth
weight (<2500 g).” However, the effect
of maternal secondhand smoke expo-
sure on other fetal outcomes, includ-
ing mortality and congenital malfor-
mations, is less widely known.

Therefore, we now report the results
of a systematic review and meta-
analysis of all of the world evidence
available to quantify the effect of ma-
ternal secondhand smoke exposure
during pregnancy on a range of ad-
verse fetal outcomes including sponta-
neous abortion, fetal death, stillbirth,
and major congenital malformations.
This work was conducted as part of a
more extensive review of the effects of
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passive smoking in children for the
Royal College of Physicians.®

PATIENTS AND METHODS

Methods of the Systematic Review

We attempted to identify any compara-
tive case-control, cross-sectional, or
cohort epidemiologic studies that as-
sessed the effect of secondhand
smoke exposure in mothers during
pregnancy. Randomized controlled tri-
als of smoking cessation in either par-
ent were excluded. Secondhand
smoke exposure was defined as con-
tact with secondhand smoke from
any source (domestic, occupational,
or other sources) measured through
self-reported smoking status of the
father/partner, self-reported mater-
nal exposure to secondhand smoke,
or biochemically measured maternal
exposure to secondhand smoke. We
excluded populations from studies
for which the effect of secondhand
smoke exposure was assessed in ac-
tively smoking pregnant women.

Outcome Measures

We assessed the effects of maternal
secondhand smoke exposure on
spontaneous abortion (miscarriage,
death before 20 weeks’ gestation),
stillbirth (death between 20 weeks’
gestation and birth), perinatal mor-
tality (death after 20 weeks’ gesta-
tion or within the first week of life),
neonatal mortality (death within 28
days of live birth), or congenital mal-
formations. Studies that assessed
only birth weight and/or prematurity
were excluded, because a compre-
hensive systematic review on these
topics was recently published.”

Search Strategy

We performed comprehensive searches
based on 2 electronic databases, Med-
line (from 1966 to March 2009) and Em-
base (from 1980 to March 2009), by us-
ing the Centre for Reviews and

Dissemination guidelines.? The following
search terms were used ($ indicates
truncation): fetal death, spontaneous
abortion, malformations, pregnancy
complications, infant mortality, stillbirth
(passive or second hand or second-hand
orinvoluntary or parent$ or maternal or
mother$ or paternal or father$ or house-
hold$) and (smok$ or tobacco$ or ciga-
rette$ or cotinine$). We also scanned
previous reviews, editorials, and refer-
ence lists of the identified articles. We
imposed no language restrictions on the
searches, and translations were sought
where necessary.

Study Selection

Two authors (Drs Venn and Leonardi-
Bee) checked the eligibility of the arti-
cles by independently reviewing the ti-
tles and abstracts and excluding
irrelevant articles after each stage.
The full text of the studies that were
regarded as potentially eligible were
obtained and assessed independently
by 2 authors (Drs Venn and Leonardi-
Bee) to decide which ones met the in-
clusion criteria; discrepancies were
resolved through discussion. For all of
the included studies, 2 authors (Drs
Venn and Leonardi-Bee) independently
extracted data by using a previously
piloted data-extraction form and
scored methodologic quality by using
the Newcastle-Ottawa Assessment
Scale.® This scale assesses the selec-
tion of the study sample (for case-
control or cohort studies, maximum of
4 points; for cross-sectional studies,
maximum of 3 points); the comparabil-
ity of the sample groups (maximum of
2 points); and the ascertainment of ei-
ther the exposure (for case-control
and cross-sectional studies, maximum
of 3 points) or outcome (for cohort
studies, maximum of 3 points).

Statistical Analysis

Tabulated data, unadjusted estimates,
or adjusted estimates were extracted
from the included publications; ad-
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TABLE 1 Characteristics of the Included Studies

REVIEW ARTICLES

Study

Design

Ascertainment
of Secondhand
Smoke Exposure

Source of
Secondhand
Smoke Exposure

Qutcome Assessed

Methodologic
Quality Score

Geographic
Area Studied

Ahlborg and Bodin*?
Carmichael et al* (2005)
Carmichael et al?® (2008)
Comstock and Lundin®'
George et al*®

Honein et al3?

Kharrazi et al®

Little et al*

Mau and Netter*
Meeker et al*’

Mishra et al®®

Nakamura et al®
Peppone et al®*

Uncu et al*®

Venners et al*
Wasserman et al®®
Windham et al® (1992)
Windham et al¥” (1999)
Zhang et al*!

Prospective cohort
Population-based case-control
Population-based case-control
Cross-sectional
Population-based case-control
Population-based case-control
Retrospective cohort
Population-based case-control
Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional
Cross-sectional

Prospective cohort
Population-based case-control
Population-based case-control
Prospective cohort
Population-based case-control

Congenital malformations
Congenital malformations
Neonatal mortality
Spontaneous abortion
Congenital malformations

Congenital malformations
Perinatal mortality
Spontaneous abortion

Spontaneous abortion

Stillbirth, congenital
malformations
Spontaneous abortion
Congenital malformations
Spontaneous abortion
Spontaneous abortion

Self-report Home, work Stillbirth
Self-report Home, work

Self-report Any

Self-report Father

Plasma cotinine  Any

Self-report Any

Serum cotinine  Any Stillbirth
Self-report Father, any

Self-report Father

Self-report Father, work, any

Self-report Any Stillbirth
Self-report Any

Self-report Any Stillbirth
Self-report Father

Self report Father

Self-report Father

Self-report Father, any

Self-report Father, work, any

Self-report Father

Congenital malformations

Sweden
United States
United States
United States
Sweden
United States
United States
United Kingdom
Germany
United States
India

Brazil

United States
Turkey

N AN OO O N O A NN

China
United States
United States
United States
China

g © © N D

justed estimates were used in prefer-
ence, when available. For studies with
similar outcomes, meta-analyses were
performed to estimate weighted mea-
sures of effect across studies by using
random-effect models, because we an-
ticipated high levels of heterogeneity
between the estimates of the studies
because of inherent biases in the study
designs. We compared the impact of
maternal secondhand smoke expo-
sure with no maternal secondhand
smoke exposure on the outcome mea-
sures by using the most inclusive defi-
nition of secondhand smoke exposure.
In addition, we performed sensitivity
analyses by restricting the analysis to
studies that assessed the direct effect
of secondhand smoke exposure from
the infant’s father (paternal expo-
sure). Outcomes are presented as
odds ratios (ORs) with 95% confidence
intervals (Cls). Heterogeneity between
studies was assessed by using recog-
nized methods (£ index).® When
moderate-to-high levels of heterogene-
ity (P > 50%) were detected between
studies, subgroup analyses relating to
methodologic quality of the studies
were performed to explore the rea-
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sons for heterogeneity. A score of =6
was used to distinguish higher-quality
from poorer-quality studies.

Publication bias was assessed by us-
ing a simple funnel plot when ade-
quate numbers of studies were in-
cluded in the meta-analyses. Analyses
were performed by using Review Man-
ager 5.0.23 (RevMan) (Nordic Co-
chrane Gentre, The Cochrane Collabo-
ration, Copenhagen, Denmark). P
values of <.05 were deemed statisti-
cally significant. The systematic review
was conducted in accordance with
Meta-analysis of Observational Studies
in Epidemiology (MOOSE) guidelines.

Ethics

Ethical approval was not required for
this study.

RESULTS

Overview of Included Studies

From an initial 4275 articles identified
in the searches, 279 had potentially el-
igible titles, 80 had potentially eligible
abstracts, and 34 had potentially eligi-
ble full texts. After scrutinizing the full
texts, 19 of these studies were found to

meet all of the inclusion criteria for
inclusion in this review (Table 1; Fig 1).
The remaining 15 studies were ex-
cluded from the analysis because they
assessed secondhand smoke expo-
sure in actively smoking pregnant
women,12-28

Studies identified from

searches N=4275

-
Excluded on the basis of title
n=3996

Studies with potentially
eligible titles n =279

-
Excluded on the basis of
abstract n =199

Excluded on the basis of full
text n=46

Studies with potentially
eligible abstracts n =80

i

full texts n=34

)

Studies with potentially eligible ]

Excluded because study
assessed secondhand smoke
exposure in actively smoking
pregnant women

n=15

Studies included in the
systematic review n=19

FIGURE 1
Flow diagram of included and excluded studies.
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Ten of the 19 included studies were
conducted in North America, 257 1 in
South America,’® 3 in Asia,®*®*" and 5 in
Europe.*2-6 Eight studies used a case-
control design, 7 were cross-sectional,
and 4 were cohort studies. The major-
ity of studies assessed maternal expo-
sure to secondhand smoke by self-
report, but 2 studies measured
serum?® and plasma#* cotinine levels.

The Newcastle-Ottawa Assessment
Scale scores for methodologic quality
of the included studies ranged from 2
to 9 (median: 6). Scores below 7 tended
to arise from failure to adjust for con-
founding factors and using self-
reported ascertainment of tobacco ex-
posure. There was no evidence of
publication bias identified for the asso-
ciation between exposure to second-
hand smoke and the risk of spontane-
ous abortion.

Spontaneous Abortion

Seven studies assessed the relation
between secondhand smoke exposure
and the risk of spontaneous abor-
tion,36-3840434547 5 of which were based
on exposure from the infant’s father
(paternal  smoking) 3637404547 Data
from 1 study could not be included in
the meta-analyses because of the lack
of detailed data within the publica-
tion.®® The excluded study found that
paternal smoking of =10 cigarettes
per day did not significantly increase
the risk of spontaneous abortion. The
risk of spontaneous abortion was un-
related to either overall secondhand
smoke exposure (OR: 1.17 [95% Cl:
0.88—-1.54]; P = 66%; 6 studies) (Fig 2)
or exposure from the infant’s father
(OR:0.99 [95% Cl: 0.84—1.161; P = 0%; 4
studies) (Fig 2). A similar nonsignifi-
cant finding was seen from a sensitiv-
ity analysis that was based on high-
quality studies (exposure to overall
secondhand smoke, OR: 1.28 [95% Cl:
0.94—1.75]; 4 studies; and exposure to

4 LEONARDI-BEE et al

OR
IV, Random, 95% CI

OR

Study or Subgroup IV, Random, 95% CI
1.1.1 Secondhand smoke exposure from any source
George et al*® 1.90 [1.26-2.86]
Meeker et al*’ 0.80 [0.30-2.14]
Nakamura et al*® 0.76 [0.45-1.31]
Venners et al*® (1-20cig/d) 0.81[0.49-1.33]
Venners et al*® (20+cig/d) 1.41[0.73-2.74]
Windham et al*® (1992) 1.60 [1.22-2.10]
Windham et al*7 (1999) 1.00 [0.80-1.26]
Subtotal (95% CI) 1.17 [0.88-1.54]

Heterogeneity: 12 = 0.08; %2 = 17.52, df = 6 (P = .008); > = 66%
Test for overall effect: z=1.10 (P = .27)

1.1.2 Secondhand smoke exposure from father/partner

Meeker et al*’ 0.45[0.06-3.49]
Venners et al*® (1-20cig/d) 0.81[0.49-1.33]
Venners et al*® (20+cig/d) 1.41[0.73-2.74]
Windham et al** (1992) (1-10cigs/d) ~ 0.90 [0.67—1.20]

Windham et al*® (1992) (11-20cigs/d) 1.10 [0.71-1.70]
Windham et al*® (1992) (20+cigs/d)  1.40 [0.75-2.60]
Windham et al*” (1999) (1-20cigs/d)  0.98 [0.73-1.32]
Windham et al*” (1999) (>20cigs/d) ~ 0.97 [0.41-2.29]
Subtotal (95% CI) 0.99 [0.84-1.16]
Heterogeneity: ©* = 0.00; x* = 4.13, df =7 (P = .76); P = 0%
Test for overall effect: z=0.13 (P = .89)

FIGURE 2

1||+|‘

T T
0.2 0.5 1 2 5
Exposure decreases risk  Exposure increases risk

Forest plot of secondhand smoke exposure and the risk of spontaneous abortion. IV indicates inverse
variance method; cig, cigarettes; df, degrees of freedom.

paternal smoke, OR: 0.99 [95% Cl: 0.85—
1.171; 3 studies).

Stillbirth and Perinatal and
Neonatal Mortality

The effect of secondhand smoke expo-

sure on the risk of stillbirth was as-
sessed in 5 studies.®$34534246 Data from 1
study could not be included in the meta-
analysis because of how the data were
reported.® The excluded study reported
a nonsignificant increase in risk of still-
birth with exposure to any secondhand

smoke (OR: 1.05 [95% Cl: not reported).
Overall exposure to secondhand smoke
was significantly associated with a 23%
increase in the risk of stillbirth (95% Cl:
1.09-1.38; # = 0%; 4 studies) (Fig 3). A
sensitivity analysis based on higher-
quality studies resulted in similar esti-
mates of effect for the association (OR:
1.18 [95% CI: 0.88—1.59; 2 studies). Only
1 study assessed the effect of paternal
smoking*%; a nonsignificant but nearly
fourfold increase in risk (OR: 3.81 [95%
Cl: 0.42-34.30]) was reported.

OR OR

Study or Subgroup IV, Random, 95% CI IV, Random, 95% CI

1318 1d smoke exp e from any source

Ahlborg and Bodin*? 1.11[0.80-1.54] -

Kharrazi et al** 1.58 [0.78-3.21] ]

Peppone et al** 1.23[1.08-1.40] ‘.‘

Uncu et al*® 3.81[0.42-34.30] >

Subtotal (95% Cl) 1.23 [1.09-1.38] ‘

Heterogeneity: 2 = 0.00; 2 = 1.87, df = 3 (P = .60); = 0%

Test for overall effect: z = 3.37 (P = .0008)
I } } !
0.2 0.5 1 2 5

FIGURE 3

Exposure decreases risk  Exposure increases risk

Forest plot of secondhand smoke exposure and the risk of stillbirth. IV indicates inverse variance

method; cig, cigarettes; df, degrees of freedom.
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OR

Study or Subgroup IV, Random, 95% CI

OR
IV, Random, 95% CI

1.5.1 Any congenital malformation

1.89[0.34-10.43]

Zhang et al*! 1.21[1.01-1.45]

Subtotal (95% CI) 1.22 [1.02-1.46]
Heterogeneity: 12 = 0.00; 2= 0.26, df= 1 (P = .61); # = 0%
Test for overall effect: z=2.14 (P = .03)

Uncu et al*

1.5.2 Broadest definition of congenital malformation

Carmichael et al*® (2005)  0.70 [0.45-1.10]
Carmichael et al*® (2008)  1.30 [0.89-1.90]
Honein et al*? 1.10 [0.93-1.30]
Little et al* 1.00 [0.62-1.60]
Wasserman et al*® 1.20 [0.83-1.73]

Subtotal (95% Cl) 1.08 [0.92-1.26]
Heterogeneity: 1 = 0.01; > =4.91, df =4 (P = .30); P = 18%
Test for overall effect: z=0.91 (P = .36)

Total (95% CI) 1.13 [1.01-1.26]
Heterogeneity: t* = 0.00; %2 = 6.20, df = 6 (P = .40); = 3%
Test for overall effect: z=2.14 (P =.03)

Test for subgroup differences: > =1.03, df=1 (P =.31), P =3.4%

FIGURE 4

2

—_—
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-

>

t t
0.2 0.5 1 2 5
Exposure decreases risk  Exposure increases risk

Forest plot of secondhand smoke exposure and the risk of congenital malformation. IV indicates
inverse variance method; cig, cigarettes; df, degrees of freedom.

Only 2 studies assessed the associa-
tion between secondhand exposure to
smoke (paternal smoking) and the risk
of perinatal or neonatal mortality.'4
No significant association was seen
between paternal smoking and the
risk of perinatal mortality (OR: 1.07
[95% Cl: 0.48-2.38]*°) and neonatal
mortalitys! (data not reported).

Congenital Malformations

Seven studies assessed the associa-
tion between maternal secondhand
smoke exposure and congenital mal-
formations. 2930323541444 Five of these
studies examined a single type of mal-
formation,22%0323544 and the other 2
used a broader definition of any mal-
formation.#'46 A pooled analysis re-
vealed that exposure to any second-
hand smoke was significantly
associated with a 13% increase in risk
of a congenital malformation (95% Cl:
1.01-1.26; P = 3%; 7 studies) (Fig 4).
Restricting the meta-analysis to the 2
studies,*™*6 which specifically exam-
ined the risk of developing any congen-
ital malformation, revealed a signifi-
cant 22% increase in the risk of any
congenital malformation (95% Cl:
1.02—1.46; P = 0%; 2 studies) (Fig 4).

PEDIATRICS Volume 127, Number 4, April 2011
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Heart Defects

Two studies were identified that as-
sessed the effect of secondhand
smoke exposure on the risk of cardiac
defects,354! both of which measured
exposure to father’s smoking but ex-
amined different outcomes. Paternal
smoking was not found to significantly
increase risks of cardiac defects,
namely conotruncal heart defects (OR:
1.30 [95% Cl: 0.85—2.101%) and ventric-
ular septal defect (OR: 0.60 [95% Cl:
0.17-2.10]*") (Table 2).

Musculoskeletal Defects

Two studies that assessed the effect of
secondhand smoke exposure on the
risk of musculoskeletal defects were
identified.®4" A 50% significant reduc-
tion in the risk of numerical deformities
with paternal smoking (95% Cl: 0.25—
1.00) was reported; however, the same
study revealed a borderline significant
increase in varus/valgus deformities of
the feet, including clubfoot (OR: 1.80
[95% CI: 0.97-3.30]). In addition, paternal
smoking was not associated with
brachydactylia/adactylia (OR: 1.6 [95%
Cl: 0.4—6.11)*" or limb-reduction defects
(OR: 1.2 [95% Cl: 0.75—-1.9]) %

REVIEW ARTICLES

Defects of the Genitourinary Systems

Two studies that assessed the effect of
secondhand smoke exposure on the
risk of genitourinary system defects
were identified.®%4" A pooled analysis
revealed no significant association
between overall secondhand smoke
exposure and hypospadias (OR: 0.73
[95% Cl: 0.52—1.04]; P = 0%; 2 stud-
ies3041): no significant association
was seen from the individual study
that also assessed exposure to pa-
rental smoking and hypospadias (OR:
0.79 [95% Cl: 0.45—1.38]1%"). However,
paternal smoking was associated
with a borderline significant in-
crease in the risk of cryptorchidism
(OR: 1.55 [95% Cl: 0.95—-2.5414") but
had no effect on polycystic kidney or
indeterminate gender.

Defects of the Central Nervous
System

Two studies assessed the impact of
secondhand smoke exposure on the
risk of central nervous system de-
fects®®4! but examined different out-
comes. One study revealed no signifi-
cant increase in the risk of neural tube
defects in relation to overall exposure
to secondhand smoke (OR: 1.20 [95%
(Cl: 0.83—1.731) or exposure to paternal
smoke (OR: 1.15 [95% Cl: 0.78—1.68]) .3
The other study found that, overall,
secondhand smoke exposure nonsig-
nificantly doubled the risk of anen-
cephaly (OR: 2.10 [95% Cl: 0.90—4.901)
and spina bifida (OR: 1.90 [95% Cl:
0.70-9.40]) but had no effect on hydro-
cephalus or microcephaly.*

Defects of the Face, Eyes, Ears, and
Neck

Four studies assessed the effect of
secondhand smoke exposure on the
risk of defects of the face, eyes, ears,
and neck23241.44 byt generally exam-
ined different outcomes. A pooled anal-
ysis of 2 studies revealed no associa-
tion between overall secondhand
smoke exposure and the risk of orofa-
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cial clefts (OR: 1.09 [95% Cl: 0.93—1.27];
P = 0%) 324 Individual studies found
that exposure to secondhand smoke
was not associated with risks of cra-
niosynostosis (OR: 1.30 [95% Cl: 0.89—
1.90]1%%), anomalies of the eye, anoma-
lies of the external ear, microtia
or absence of ear, or nasal bone
absence.*!

Other Congenital Malformations

One study also examined the associa-
tion between secondhand smoke expo-
sure and the risk of other defects and
revealed no significant effect of pa-
ternal smoking on the risk of heman-
gioma, pigmentary anomalies of the
skin, Down syndrome (trisomy 21),
diaphragmatic hernia, or lung
hypoplasia/aplasia.*!

DISCUSSION

Tobacco smoke contains a wide range
of toxins and carcinogens; therefore,
exposure of pregnant women to pas-
sive smoke is a cause for concern in
relation to both maternal and fetal
health. However, the magnitude of any
health effect is likely to be small and,
therefore, difficult to detect in individ-
ual studies. This systematic review and
meta-analysis is, to our knowledge, the
first to attempt to synthesize the exist-
ing world literature to provide sum-
mary estimates of these effects. We
found that maternal secondhand
smoke exposure was significantly as-
sociated with an increased risk of still-
birth and congenital malformation.
The available number of studies that
have examined specific malformations
was small, but effects just short of sig-
nificance were seen for varus/valgus
deformities of the feet, cryptorchid-
ism, and anencephaly. Generally, rela-
tively low levels of heterogeneity were
detected between the results of the
studies, which indicates that the ef-
fects were robust to the definition and
quantity of secondhand smoke expo-
sure identified within the studies. We

6 LEONARDI-BEE et al

have not attempted to distinguish the
effects of secondhand smoke expo-
sure at different stages of pregnancy
or the quantity of secondhand smoke
exposure because of an insufficient
number of studies that reported this
level of detail. However, we have sepa-
rated, when possible, the effects of
secondhand smoke identified as aris-
ing from paternal smoking as distinct
from other sources.

The findings from this review are gen-
eralizable, because we performed
comprehensive search strategies of
all of the literature worldwide, al-
though the majority of them were con-
ducted in the United States or Europe.
We attempted to explore reasons for
heterogeneity between the studies by
performing subgroup analyses based
on methodologic quality, when suffi-
cient data permitted, and found re-
sults similar to those of the overall
analyses. However, there are likely to
be confounding factors for which we
have been unable to adjust, because
we relied on the factors adjusted for in
the original analyses; therefore, we
were unable to completely adjust for
the effects of socioeconomic status or
ethnicity, which could have been po-
tential confounders. However, the
most common confounders adjusted
for within the individual studies were
maternal age, education, ethnicity, al-
cohol use, and previous outcome (eg,
stillbirth).

Active smoking during pregnancy has
been foundto increase the risk of birth
defects between 10% and 34%° and the
risk of stillbirth between 20% and
34%.4¢ The effects of secondhand
smoke exposure are likely to be sub-
stantially smaller, because typical sec-
ondhand smoke exposure consists of
only ~1% of typical active smoking ex-
posure.®® However, the relation be-
tween exposure and effect is not nec-
essarily linear, as is the case for the
effect of secondhand smoking on

mean birth weight, which is ~17% to
20% that of active smoking. However,
our estimates were substantially
higher than this, which possibly indi-
cates the potential for publication bias
being present in this meta-analysis.

The effects of secondhand smoke on
adverse fetal outcomes are likely to be
a result of the impact of side-stream
smoke, which is the primary compo-
nent of secondhand smoke exposure
and has been shown to be more harm-
ful than mainstream smoke® because
it contains greater concentrations of
the toxins that are harmful to the fetus.
The mechanism by which secondhand
smoke exposure could exerts its ef-
fects could be the mother’s exposure
to side-stream smoke during a partic-
ular period during pregnancy and/or
during the preconception period or
could be the direct effect of active
smoking by the father on spermato-
genesis, thereby inducing genotoxic ef-
fects.5' The importance of this study is
that, irrespective of the true magni-
tude of these effects, secondhand
smoke exposure to a mother while
pregnant is likely to have serious ad-
verse risks because of the increased
risk for congenital malformations and
stillbirths.

CONCLUSIONS

Our results provide confirmatory evi-
dence that there are further adverse
effects of maternal secondhand smoke
exposure during pregnancy on the
health of the fetus through increased
risks of congenital malformations,
stillbirths, and possibly other adverse fe-
tal outcomes. These results highlight the
importance of smoking prevention and
cessation to focus on the father in addi-
tiontothe mother during the preconcep-
tion period and during pregnancy.
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