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Abstract Although a previous metaanalysis indicated that

maternal smoking during pregnancy increased the risk of

congenital heart defects (CHD) in offspring, the effect of

smoking on individual CHD subtypes was not determined.

Because CHDs are anatomically, clinically, epidemiologi-

cally, and developmentally heterogeneous, the authors

conducted a systematic review and metaanalysis of the

association between maternal smoking during pregnancy

and the risk of CHDs, including CHD subtypes among off-

spring. Two types of summary relative risk (RR) estimates

(any smoking vs no smoking and increasing categories of

smoking, i.e., light, medium, and heavy) were calculated for

CHDs as a group and for a number of CHD subtypes using

both fixed- and random-effects models. Random effects

estimates were reported if there was evidence of heteroge-

neity among the studies. Consistent with the previous met-

aanalysis, the authors observed a positive association

between maternal smoking during pregnancy and the risk of

CHDs as a group (RR, 1.11; 95 % confidence interval [CI],

1.02–1.21; number of cases [n] = 18,282). Additionally,

women who smoked during pregnancy were more likely to

have a child with 12 (71 %) of 17 CHD subtypes analyzed

compared with women who did not smoke. The highest

risk was for septal defects as a group (RR, 1.44; 95 % CI,

1.16–1.79; n = 2977). The evidence of dose response was

observed for septal defects as a group, atrial septal defects,

and atrioventricular septal defects. This systematic review

and metaanalysis suggests that maternal smoking is mod-

estly associated with an increased risk of CHDs and some

CHD subtypes.

Keywords Congenital heart defects � Metaanalysis �
Pregnancy � Smoking

Introduction

Congenital heart defects (CHDs) are the most common

group of congenital malformations in the United States,

with a birth prevalence of *1 in 100 [5, 6, 8]. Due to

congenital malformations, CHDs also are the leading cause

of infant mortality, and those children who survive often

require lifelong medical treatments. They may experience

physical, developmental, and cognitive problems as well as

reduced survival rates into adulthood [15, 32].

Despite the prevalence and clinical importance of

CHDs, the etiology for *70 % of cases remains unknown

[8, 20]. One maternal exposure, long a suspected risk factor

for CHDs, is smoking. This is important because in the

United States, *22 % of women of reproductive age

smoke, and an estimated 12 % of women continue to

smoke during their pregnancies [42].

A study by Fedrick et al. [14] was one of the first to

report the association between maternal smoking and

CHDs. However, the evidence since then has been mixed,

with some studies showing positive associations and others

providing null results [2, 9, 27]. The inconsistency in
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findings across studies likely is due to variability in case

ascertainment and exposure assessment. Additionally,

many studies had small numbers of cases and failed to

control for potential confounders.

Finally, because CHDs include several distinct subtypes

(e.g., conotruncal defects, left ventricular outflow track

defects), there is a potential for etiologic heterogeneity,

which may obscure findings when subtypes are ‘‘lumped’’

into a common phenotype to increase study power [8].

The equivocal evidence in the existing literature calls

for a systematic assessment of currently available studies

evaluating the association between maternal cigarette

smoking during pregnancy and the risk of CHDs in off-

spring. A previous metaanalysis by Hackshaw et al. [17]

estimated the effects of maternal smoking across a spec-

trum of birth defects including heart defects. However, the

study did not evaluate the effects of maternal smoking on

CHD subtypes, and dose–response relationships (i.e.,

increasing levels of smoking) were not assessed. Therefore,

this study aimed to calculate summary relative risk (RR)

estimates assessing the association between maternal cig-

arette smoking during pregnancy and CHDs overall as well

as CHD subtypes, to examine dose–response relationships

(i.e., light, medium, and heavy smoking), and to evaluate

evidence of heterogeneity across studies.

Methods

Search Strategy

We searched the US National Library of Medicine Medline

database for published articles in English from 1947 to July

2011 using Ovid and PubMed. Regular search terms and

the Medical Subject Headings (MeSH) were used. The

selected search terms included ‘‘tobacco,’’ ‘‘smoking,’’

‘‘nicotine,’’ ‘‘periconceptional,’’ ‘‘maternal,’’ ‘‘mother,’’

‘‘pregnant,’’ ‘‘gestation,’’ ‘‘birth defect,’’ ‘‘congenital,’’

‘‘congenital heart defect,’’ ‘‘cardiovascular,’’ ‘‘heart,’’

‘‘conotruncal,’’ ‘‘arteriosus,’’ ‘‘atrioventricular,’’ ‘‘pulmon-

ary,’’ ‘‘ventricular,’’ and ‘‘septal.’’ The MeSH terms

included: ‘‘tobacco,’’ ‘‘smoking,’’ ‘‘nicotine,’’ ‘‘tobacco

smoke pollution,’’ ‘‘pregnancy complications,’’ ‘‘preg-

nancy,’’ ‘‘pregnancy outcome,’’ ‘‘mothers,’’ ‘‘congenital

abnormalities,’’ ‘‘heart defect (congenital),’’ ‘‘cardiovas-

cular abnormalities,’’ and ‘‘cardiovascular diseases.’’ Some

terms not specific to the exposure and subtypes were

included to identify studies that had examined several

adverse birth outcomes or exposures including CHDs and

smoking but may not have mentioned them in their titles or

abstracts. Reference lists of articles were reviewed to

identify additional articles.

Eligibility Criteria

We selected articles that (1) were original epidemiologic

studies (i.e., case–control, cohort, or cross-sectional stud-

ies), (2) were published in the English language, (3)

examined the association between maternal cigarette

smoking anytime during pregnancy and CHDs overall or

any one of the CHD subtypes in infants, (4) reported RRs

(i.e., risk ratios or odds ratios) and associated 95 % con-

fidence intervals (CIs) or had raw data available, (5)

defined CHDs or one of the CHD subtypes as an outcome,

and (6) provided exposure information.

Studies that examined only the effects of paternal or

environmental tobacco smoke (i.e., secondhand smoke)

and studies that assessed the association of interest in

certain subgroups (e.g., mothers with CHDs, mothers with

diabetes, or infants with Down syndrome) were not inclu-

ded in the review. In the case of multiple publications using

the same data, we selected the study that contained the

most comprehensive information (e.g., longest study peri-

ods or most CHD subtypes analyzed).

Data Extraction

One study author (L.J.L.) first screened studies by title and by

abstract and made exclusions based on the eligibility criteria.

The studies meeting the inclusion criteria were indepen-

dently reviewed by two authors (L.J.L., P.J.L) to retrieve

information of interest including study characteristics (i.e.,

authors, year of publication, geographic region, periods of

data collection, study design, case classification, control

definition, sample size, source of exposure data, smoking

status, levels of smoking, exposure period during pregnancy,

and adjusted/matched variables) and to record reported

effect estimates and associated 95 % CIs as well as raw data

if effect estimates were not available. Discrepancies between

the authors were resolved by discussion.

When available, RR estimates and 95 % CIs were

extracted from each study for CHDs overall and CHD

subtypes. We selected the main confounder-adjusted RRs

whenever possible. Otherwise, unadjusted effect estimates

were extracted from each study. We conducted metaanal-

yses for specific CHD subtypes (i.e., subanalyses) if at least

two studies had available data. In some cases, multiple

publications using the same data source were used if those

publications reported RRs for different CHD subtypes [1,

36, 38–41, 46]. Specifically, three studies, namely, Adams

et al. [1] (conotruncal defects), Botto et al. [7] (any CHDs),

and Williams et al. [46] (septal defects) identified cases

from the Atlanta birth defects registry in overlapping

periods, but they analyzed different subtypes of heart

defects. Thus, their effect estimates were entered separately

for our CHD subtype analyses.
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Furthermore, six published studies used the Finnish birth

defects registry for overlapping periods. For those studies,

the report by Tikkanen and Heinonen [37] was included in

the main analysis (i.e., CHDs overall), and the remaining

five studies were included separately for subanalyses

because the CHD subtypes assessed were different across

those studies [36, 38–41]. For our analysis of atrioven-

tricular septal defects (AVSDs), we extracted AVSD cases

without Down syndrome from the Alverson et al. [2] and

Malik et al. [27] studies.

Most studies presented risk estimates and raw data for

maternal smoking using a dichotomous definition of

exposure (i.e., yes vs no) [1, 4, 7, 14, 18, 19, 21–25, 28, 31,

33, 34, 41, 43, 47, 48]. For those studies in which smokers

were only separated into more than two categories (i.e.,

light, medium, and heavy) [2, 9, 13, 16, 27, 29, 30, 36–40,

45, 46], we combined the categories to calculate a sum-

mary RR for dichotomous exposure [9, 27, 29, 30, 38–40,

45, 46]. However, we also evaluated additional categories

of smoking in our analysis (i.e., light, medium, and heavy)

when this information was available to evaluate the dose–

response relationship of maternal smoking to CHDs as a

group and to CHD subtypes.

Statistical Analysis

Based on the exposure definitions reported, we computed two

types of summary effect estimates: any cigarette smoking and

increasing categories of cigarette smoking (i.e., light, med-

ium, and heavy). We used nonsmokers as the reference cate-

gory in all analyses. We calculated summary RR estimates and

95 % CIs using both fixed- and random-effects models for the

CHDs overall and for the CHD subtypes.

We first tested for heterogeneity across studies using

Cochran’s Q-test [10]. If there was an evidence of heter-

ogeneity (P \ 0.1), we used a random-effects model,

which provided a more appropriate summary effect esti-

mate between heterogeneous study-specific estimates,

applying the DerSimonian and Laird method [11]. If the

Q-test showed no evidence of heterogeneity, we used a

fixed-effects analysis, applying inverse variance weighting

to calculate summary RR estimates.

All analyses pertaining to summary RR estimates were

calculated using the Stata 12.0 (StataCorp, College Station,

TX, USA) command ‘‘meta.’’ Because this command required

values for standard errors (SEs) and none of the studies

reported SEs, we calculated SEs using the following formula:

½ln (upper 95 % CI)� ln (lower 95 % CI)�=3:92:

Forest plots were constructed to show study-specific RR

estimates and a summary RR estimate, with a different size of

box representing the relative weight of an individual study in

calculating the summary RR estimate. Additionally, the

presence of publication bias was evaluated by Egger’s test

(P \ 0.05) and by visual inspection of the symmetry in funnel

plots (Stata ‘‘metabias’’ and ‘‘metafunnel’’ commands).

In the main analysis examining the association between

maternal cigarette smoking and the risk of CHDs overall,

we performed a sensitivity analysis by calculating a sum-

mary effect estimate for CHDs overall limited to the

studies that examined the association between maternal

periconceptional smoking (i.e., 3 months before pregnancy

through the first trimester) and CHDs.

Results

The study selection process identified 33 studies published

between 1971 and 2011 for the metaanalysis (Fig. 1). The

main study characteristics of included studies are shown in

Table 1. As shown, 17 studies were conducted in the

United States, 14 in Europe, and 2 in other regions (Canada

and China). There were 23 case–control studies [1, 2, 4, 7,

16, 19, 22–25, 27, 30, 31, 34, 36–41, 43, 45, 46], 5 cohort

studies [9, 21, 33, 47, 48], and 5 cross-sectional studies [13,

14, 18, 28, 29].

The studies derived their cases from various birth

defects registries [1, 2, 7, 21, 27, 30, 31, 36–41, 45, 46],

and the control subjects were randomly selected from birth

certificates or hospital records or matched to cases by birth

region or birth month [1, 4, 7, 25, 46]. For some studies

(n = 11), cases were derived from a sample of live-born

infants, whereas for other studies (n = 12), cases also were

identified from stillbirths, neonatal deaths, and elective

termination [7, 9, 14, 16, 19, 36–41, 46]. Although CHDs

were diagnosed mainly within the first year after birth,

diagnoses of CHDs were performed up to 7 years of age in

the Chinese study [25] via echocardiography, cardiac

catheterization, surgery, or autopsy. The specific inclusion

and exclusion criteria used to identify and classify cases in

each study are listed in the Online Resource.

Some studies (n = 6) collected information on maternal

smoking and other variables using self-administered

questionnaires [13, 14, 18, 33, 34, 48], whereas others

(n = 23) collected maternal exposure information via

telephone or in-person interviews [1, 2, 7, 16, 19, 21–25,

27, 29–31, 36–41, 45–47] after delivery (the time between

delivery and the interview ranged up to 4 years [30]). In

three studies, exposure information was collected from

birth certificates [4, 28, 43], whereas one study used

records from prenatal visits [9].

A wide range of exposure periods was examined, with

15 studies reporting the mother’s smoking status or level of

smoking during the first trimester of pregnancy, including 1

to 3 months before conception [1, 2, 7, 16, 19, 22, 25, 27,
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30, 31, 33, 36–41, 45, 46]. However, 14 studies did not

specify the months of exposure during pregnancy.

Only one study examined the effects of maternal

smoking during the late pregnancy period (months 4–10)

[14]. Whereas 12 studies provided estimates on the asso-

ciation between maternal smoking and CHDs adjusted for a

range of covariates [2, 19, 21–24, 27–30, 43, 47], 16

studies reported only unadjusted estimates (Table 1) [9, 13,

14, 16, 18, 31, 33, 34, 36–41, 45, 48].

Overall, 19 studies evaluated the association between

maternal smoking during pregnancy and CHDs as a group

in a total of 18,282 CHD cases (Table 2). There was evi-

dence of heterogeneity across studies (P \ 0.001) for

CHDs overall. Thus, the random-effect estimate was

reported. The summary RR estimate for CHDs overall was

1.11 (95 % CI, 1.02–1.21) among women who smoked

during pregnancy compared with women who did not

smoke during pregnancy (Table 2; Fig. 2).

We observed positive associations between maternal

smoking during pregnancy and 12 (71 %) of 17 CHD sub-

types analyzed. These positive associations ranged from 1.02

(fixed effects) for double-outlet right ventricle (95 % CI,

0.72–1.46; n cases = 179) to 1.44 (random effects) for septal

defects as a group (95 % CI, 1.16–1.79; n cases = 2,977).

There was no evidence of heterogeneity for most of the CHD

subtypes evaluated (n = 13) (e.g., conotruncal defects,

double-outlet right ventricle, hypoplastic left heart syn-

drome, and right ventricular outflow tract obstructions).

172  Titles & abstracts 
reviewed

344 Medline search 
hits 

36 Full-texts reviewed

35 Studies with 
available data 

33 Studies included in 
meta-analysis

172 duplicates excluded

136 irrelevant articles excluded 

20 articles excluded because:  
Reported interaction effects only (1)
Addressed paternal smoking only (2)

Outcome not clearly defined (2)
Exposure information not available (4)

Assessed association in special 
population groups (5)

Multiple publications of same data (6)

2 articles excluded because there was 
no available data to calculate standard 

errors

19 screened from 
Reference search 

Fig. 1 Search strategy and

study selection process used in

the metaanalysis of the

association between maternal

cigarette smoking during

pregnancy and the risk of

congenital heart defects in

offspring, 1945–2011
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Based on the results of the Egger’s test (Table 2) and funnel

plot (data not shown) for CHDs overall, there was no evidence

of publication bias. Additionally, Egger’s test showed no

evidence of publication bias for the CHD subtypes (Table 2).

Funnel plots for the CHD subtypes also indicated that publi-

cation bias was not present (data not shown).

Summary RR estimates for CHDs overall and CHD

subtypes were calculated by three different levels of

smoking (light, medium, and heavy) (Table 3). The sum-

mary RR estimates for CHDs overall were 0.99 (95 % CI,

0.92–1.06; n = 10,126) for light smokers, 1.04 (95 % CI,

0.95–1.13; n = 10,126) for medium smokers, and 1.04

(95 % CI, 0.86–1.26; n = 3207) for heavy smokers com-

pared with women who did not smoke during pregnancy.

Strong associations (RR, C1.99) were found for right

ventricular outflow tract obstructions, pulmonary valve

Table 2 Summary of relative risk (RR) for association between maternal smoking during pregnancy and congenital heart defects (CHDs)

Cardiac defects No. of

studies

No. of

cases

Summary RR

(95 % CI)

Heterogeneity

P value

Egger’s test

P valuea

All CHDs 19 18,282 1.11 (1.02–1.21) \0.001 0.13

Conotruncal defects 8 2,561 1.09 (0.98–1.20) 0.31 0.12

Tetralogy of Fallot 5 885 0.93 (0.78–1.12) 0.68 0.14

Dextrotransposed great arteries 5 985 1.09 (0.84–1.42) 0.06 0.52

Double-outlet right ventricle 2 179 1.02 (0.72–1.46) 0.39 –

Left ventricular outflow tract obstructions 2 800 0.95 (0.80–1.13) 1.00 –

Hypoplastic left heart syndrome 4 433 1.03 (0.82–1.30) 0.89 0.23

Coarctation of the aorta 5 658 0.91 (0.75–1.10) 0.66 0.76

Aortic valve stenosis 2 160 0.89 (0.60–1.32) 0.35 –

Right ventricular outflow tract obstructions 2 817 1.20 (1.03–1.40) 0.23 –

Pulmonary valve stenosis 2 591 1.34 (1.12–1.60) 0.94 –

Septal defects 4 2,977 1.44 (1.16–1.79) 0.001 0.60

Ventricular septal defects 8 5,051 1.06 (0.91–1.23) 0.004 0.15

Atrial septal defects 6 806 1.34 (1.02–1.75) 0.04 0.24

Atrioventricular septal defectsb 3 250 1.35 (1.01–1.81) 0.17 0.83

Anomalous pulmonary venous return 2 169 1.19 (0.83–1.71) 0.70 –

Total anomalous pulmonary venous return 2 128 0.98 (0.63–1.53) 0.22 –

Patent ductus arteriosus 4 684 1.21 (1.01–1.44) 0.77 0.11

CI confidence interval
a At least three studies are required for performance of Egger’s test
b Atrioventricular septal defects without Down syndrome

RR(95% CI)
.1 1 10

Combined

 Karatza 2011
 Alverson 2011
 Smedts 2009

 Liu 2009 
 Kuciene 2009

 Hobbs 2006
 Cedergren 2006

 Woods 2001
 Botto 2001

 Kallen 1999
 Shaw 1992

 McDonald 1992
 Tikkanen 1991a

 VanDenEeden 1990
 Malloy 1989
 Evans 1979

 Himmelberger 1978
 Yerushalmy 1973

 Fedrick 1971
Fig. 2 Metaanalysis of studies

on maternal cigarette smoking

during pregnancy comparing

mothers who reported smoking

with mothers who did not

reported smoking and all

congenital heart defects

(CHDs). Study-specific and

summary relative risk and 95 %

confidence intervals for

1971–2011 are shown
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stenosis, and AVSD in infants prenatally exposed to heavy

smoking compared with no smoking. The increase in

summary RR estimates in response to increasing levels of

maternal smoking were observed for only three CHD

subtypes (septal defects overall, atrial septal defects

[ASDs], and AVSDs). The dose response did not increase

monotonically for other subtypes of CHDs.

Discussion

Overall, there was evidence that maternal smoking during

pregnancy modestly increased the risk of CHDs in off-

spring. Although the studies included in our analysis varied

in terms of case definition, control selection, and exposure

assessment, the associations were largely consistent in the

subanalyses and sensitivity analyses. The effect of maternal

smoking was observed for CHDs overall and for several

CHD subtypes. The strongest association was seen for

septal defects overall. Specifically, women who smoked

during pregnancy were 44 % more likely to have a child

with a septal defect than women who did not smoke during

pregnancy.

There was no evidence of a dose response between

maternal smoking and CHDs overall in offspring. This also

was the case for most of the CHD subtypes (12 of 15

subtypes, 80 %). This may have been attributable to the

small sample sizes in the high-exposure groups or to dif-

ferences in how increasing smoking status was defined

across studies. We extracted exposure categories as they

were reported in each study, and the studies assigned

exposure level using cutoffs based on the number or packs

of cigarettes smoked per day. The only evidence of a dose–

response effect was for septal defects overall, ASDs, and

AVSDs.

The mechanisms by which smoking may result in CHDs

still remain unknown. Findings have shown that maternal

smoking has adverse effects on the developing fetus,

including hypoxia caused by carbon monoxide, nicotine,

and reduction in the supply of essential nutrients to the

embryonic tissues [2, 44]. Additionally, polycyclic aro-

matic hydrocarbons, common components of cigarette

smoke, are suspected teratogens in laboratory animals and

humans [3, 26].

In the previous metaanalysis of smoking and birth

defects, including heart defects [17], the effect estimate for

CHDs overall (RR, 1.09; 95 % CI, 1.00–2.18; 19 studies)

was similar to ours, but our study selection criteria differed.

For example, some studies [1, 4, 16, 27, 33] that they

included in their analysis of CHDs overall were included in

our subanalyses. Moreover, they did not evaluate CHD

subtypes. Additionally, our metaanalysis included findings

Table 3 Summary of relative risk (RR) for association between maternal smoking during pregnancy and congenital heart defects (CHDs) by

categories of smoking

Categorical exposure

Light Medium Heavy

Cardiac defects No. of

cases

Summary RR

(95 % CI)

No. of

cases

Summary RR

(95 % CI)

No. of

Cases

Summary RR

(95 % CI)

All CHDs 10,126 0.99 (0.92–1.06) 10,126 1.04 (0.95–1.13) 3,207 1.04 (0.86–1.26)

Conotruncal defects 1,758 1.02 (0.87–1.21) 1,758 0.98 (0.77–1.25) 1,141 0.93 (0.57–1.53)

Tetralogy of Fallot 742 1.07 (0.84–1.37) 742 0.84 (0.57–1.22) 480 0.65 (0.23–1.83)

Dextrotransposed great arteries 678 0.98 (0.76–1.28) 678 0.88 (0.60–1.28) 460 1.14 (0.61–2.16)

Left ventricular outflow tract obstructions 800 1.15 (0.93–1.44) 800 0.77 (0.54–1.09) 800 0.97 (0.55–1.72)

Hypoplastic left heart syndrome 306 1.29 (0.94–1.78) 306 0.81 (0.47–1.38) 306 1.17 (0.50–2.74)

Coarctation of the aorta 359 1.04 (0.76–1.44) 359 0.76 (0.44–1.31) 309 1.22 (0.48–3.06)

Aortic valve stenosis 160 1.00 (0.61–1.64) 160 0.71 (0.34–1.46) 160 0.49 (0.12–2.08)

Right ventricular outflow tract obstructions 817 1.23 (0.99–1.52) 817 1.09 (0.80–1.49) 817 1.99 (1.26–3.12)

Pulmonary valve stenosis 591 1.36 (1.07–1.73) 591 1.03 (0.71–1.49) 591 2.02 (1.22–3.37)

Septal defects 2,073 1.29 (1.11–1.49) 2,073 1.31 (1.08–1.60) 2,073 1.46 (0.77–2.77)

Ventricular septal defects 1,333 1.27 (1.08–1.49) 1,333 1.22 (0.97–1.52) 1,183 1.26 (0.84–1.91)

Atrial septal defects 574 1.42 (0.88–2.29) 574 1.63 (1.15–2.32) 524 1.91 (1.04–3.49)

Atrioventricular septal defectsa 144 1.19 (0.73–1.94) 144 1.89 (1.09–3.28) 144 2.00 (0.78–5.15)

Total anomalous pulmonary venous return 128 1.00 (0.58–1.72) 128 0.79 (0.13–4.91) 144 0.91 (0.21–3.87)

Patent ductus arteriosus 504 1.26 (0.96–1.66) 128 1.35 (0.97–1.89) 46 –

CI confidence interval
a Atrioventricular septal defects without Down syndrome
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from the Baltimore-Washington Infant Study (BWIS), one

of the a largest population-based case–control studies of

CHDs, published in 2011 [2].

Our study must be considered in the light of certain

limitations. For instance, our analysis was limited to

studies published in English. However, we found no evi-

dence of publication bias. Another limitation of our anal-

ysis was a lack of studies that examined effects of

environmental tobacco smoke, which may have been an

important component in the overall maternal smoking

exposure during pregnancy. Furthermore, we derived most

of our data from case–control studies, which may be more

prone to information bias than cohort studies. However, the

estimated effect of smoking was similar across different

study designs (data not shown).

Our study had several strengths, including the large

sample (n = 18,282) used to estimate the effect of maternal

smoking on CHDs as a group. Additionally, due to the sus-

pected heterogeneous etiologies, CHD subtypes were ana-

lyzed separately, and we were able to estimate a range of

risks for CHD subtypes (RR, 1.02–1.44). We also evaluated

increasing levels of smoking during pregnancy, and the

evidence of dose response was observed for some CHD

subtypes (i.e., septal defects overall, ASDs, and AVSDs).

Furthermore, we conducted a sensitivity analysis,

restricting our analysis to studies with available informa-

tion on exposure during the periconceptional period.

Because heart anomalies develop during weeks 2–7 of

gestation [35], we suspected that inclusion of studies that

assessed exposure beyond the ‘‘critical period’’ may have

biased our result toward the null. However, our sensitivity

analysis showed no significant difference in the summary

effect estimates (data not shown).

In conclusion, we found that mothers of offspring with

CHDs were 11 % more likely to smoke during pregnancy

than mothers of unaffected children. Although the effects

were modest, smoking is a relatively common exposure

among women of reproductive age and could have important

public health consequences. Young women continue to

smoke although the adverse effects of smoking on repro-

ductive health are known, and more than a half of women

smokers continue to smoke even after they learn that they are

pregnant [12].

The demonstration of an association between smoking

during pregnancy and CHDs can be used in the develop-

ment of population-based prevention strategies to reduce

the burden of CHDs and other birth defects. A decrease in

maternal smoking during pregnancy would result in

improved reproductive outcomes and may contribute to a

reduction in infant mortality and morbidity.
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