
REVIEW Open Access

Association between alcohol consumption
during pregnancy and risks of congenital
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Abstract

Background: To explore the association between maternal alcohol consumption and/or binge drinking and congenital
heart defects (CHDs), we conducted a meta-analysis for more sufficient evidence on this issue.

Methods: We searched Medline, EMBASE, and the Cochrane Library from their inceptions to December 2014 for
case-control and cohort studies that assessed the association between maternal alcohol consumption and CHD
risk. Study-specific relative risk estimates were calculated using random-effect or fixed-effect models.

Results: A total of 19 case-control studies and 4 cohort studies were included in the meta-analysis. We observed
a null association between maternal alcohol consumption during pregnancy and the risk of CHDs. Even in the analysis
of different trimesters of pregnancy, we found little association between the two.

Conclusions: This meta-analysis suggests that maternal alcohol consumption is modestly not associated with the risk
of CHDs. However, further investigation is needed to confirm this conclusion.
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Background
Congenital heart defects (CHDs) are the most common
group of congenital malformations, affecting nearly 1 %
of live births throughout the world [1]. CHDs account
for approximately one-third of all congenital anomalies
and are the leading noninfectious cause of death in the
first year of life [2]. Although massive breakthroughs
have been achieved in cardiovascular diagnostics and
cardiothoracic surgery over the past century, leading to
the increased survival of newborns with CHDs, the eti-
ology of most congenital heart defects is still unknown.
A number of chromosomal anomalies, certain mater-

nal illnesses, and prenatal exposures to specific thera-
peutic drugs are recognized risk factors. It is difficult to

establish the role of a single factor because in many
cases, the cause of a defect is believed to be multifactor-
ial, including environmental teratogens with genetic and
chromosomal conditions [3]. Maternal alcohol consump-
tion is associated with a variety of harmful effects to the
fetus, as demonstrated by the range of impairments
present in fetal alcohol syndrome [4]. Various clinical
signs have been described, which led to the classification
of different degrees of embryopathy, ranging from pa-
tients with minor symptoms, the so-called “alcohol
effects”, to the most severely affected individuals [5]. Up
to one-third of affected individuals have congenital car-
diac disease [6].
A study by Jones et al. [7] was one of the first to report

the association between maternal alcohol consumption
and CHDs. However, the evidence since then has been
mixed, with some studies showing positive associations
and others providing null results. CHDs include distinct
subtypes (e.g., conotruncal defects, left ventricular outflow
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track defects, septal defects), and there is potential for
etiologic heterogeneity. Binge drinking is defined as con-
suming ≥5 alcoholic drinks at one sitting [8].
Because the matter of whether there is an association

between maternal alcohol consumption and/or binge
drinking and congenital heart defects remains uncertain,
we conducted this meta-analysis for more sufficient evi-
dence on this issue.

Methods
A computerized literature search was conducted in MED-
LINE, EMBASE, and the Cochrane Library from their in-
ceptions to December 1, 2014, by two independent
investigators (Wen and Yu). We searched relevant studies
using the following medical subject heading terms and/or
text words: “congenital heart defect”, “heart abnormal-
ities”, “CHD”, and “heart malformation” in combination
with “alcohol”, “drinking”, “maternal alcohol consump-
tion”, “maternal drinking”, “periconceptional drinking”,
and “binge drinking”. In addition, we performed a broader
search on environmental teratogens and CHDs and
checked the reference lists of retrieved articles and rele-
vant review articles to identify additional relevant studies.

Eligibility criteria
We selected articles that (1) were original epidemiologic
studies (i.e., case-control, cohort), (2) were published in
the English language, (3) examined the association be-
tween maternal alcohol consumption any time during
pregnancy and CHDs overall or any one of the CHD
subtypes in infants, (4) reported relative risk or odds ra-
tios (RRs or ORs) and associated 95 % confidence inter-
vals (CIs) or had raw data available, (5) defined CHDs or
one of the CHD subtypes as an outcome, and (6) provided
exposure information. If the articles were duplicated or
were from the same study population, the article with a
larger sample size was included. Non-peer-reviewed arti-
cles, ecologic assessments, correlation studies, experimen-
tal animal studies and mechanistic studies were excluded.

Data extraction
One study author (Wen) first screened studies by title
and abstract and made exclusions based on the eligibility
criteria. The studies that met the inclusion criteria were
independently reviewed by two authors (Wen and Yu) to
retrieve the information of interest including study char-
acteristics (i.e., authors, year of publication, geographic
region, periods of data collection, study design, case
classification, control definition, sample size, source of
exposure data, drinking status, levels of drinking, expos-
ure period during pregnancy, and adjusted/matched var-
iables) 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.
The corresponding risk estimates (including RRs and

ORs) and 95 % CIs were extracted from each study for
CHDs overall, CHD subtypes and the period of maternal
alcohol consumption during pregnancy. We selected the
main confounder-adjusted RRs or ORs whenever pos-
sible. Otherwise, unadjusted effect estimates were ex-
tracted from each study. We conducted meta-analyses
for specific CHD subtypes (i.e., sub-analyses) if at least
two studies had available data. The RRs were used as
the common measure of association across studies.
ORs were transformed into RRs according to the for-
mula RR = OR/[(1-P0) + (P0 × OR)] where P0 stands for
the incidence of CHDs [9]. Because of the low inci-
dence of CHDs, ORs could be considered as RRs.

Statistical analysis
Statistical analysis was based on comparing the highest
alcohol consumption and binge drinking with the lowest
consumption (which could have included women who
did not drink). We calculated summary RR estimates
and 95 % CIs using both fixed- and random-effects
models for CHDs overall and for the CHD subtypes.
We first tested for heterogeneity across studies using

Cochran Q and I2 statistics [10]. If there was evidence of
heterogeneity (P < 0.05 or I 2≧ 50 %), we used a random-
effects model, which provided a more appropriate sum-
mary effect estimate between heterogeneous study-specific
estimates. If the Cochran Q and I2 statistics showed no evi-
dence of heterogeneity, we used a fixed-effects analysis,
applying inverse variance weighting to calculate summary
RR estimates [11].
Meta-analyses of total maternal alcohol consumption

and binge drinking were both included. Subgroup analysis
of CHDs was conducted by CHD subtype (e.g., conotrun-
cal defects, left ventricular outflow track defects, septal
defects), study design (cohort and case-control studies),
geographic region (Europe and America) and study adjust-
ments (smoking, maternal age and ethnicity). In the main
analyses that examined the association between maternal
alcohol consumption and the risk of CHDs overall, we cal-
culated a summary effect estimate for CHDs overall lim-
ited to the studies that examined the association between
maternal periconceptional drinking (i.e., 3 months before
pregnancy through the first trimester) and CHDs.
Publication bias was evaluated by generating funnel plots

for a visual examination, conducting correlation and regres-
sion tests for significance, and using Egger’s linear regres-
sion [12] and Begg’s rank correlation [13] methods. A
P value of <0.05 for the two aforementioned tests was con-
sidered representative of significant statistical publication
bias. All statistical analyses were performed using STATA
(version 11.0; StataCorp, College Station, Texas, USA).
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Results
Literature search
The search strategy generated 4181 citations, of which
23 were identified in the final analysis (Fig. 1). All of
the studies were published from 1989 to 2014. There
were 19 case-control studies [14–32] and 4 cohort
studies [33–36].

Study characteristics
The main characteristics of the included studies are shown
in Table 1. As is shown, 13 studies [15–20, 24, 25, 27, 28,
30–32] were conducted in the United States, 7 in Europe
[14, 21–23, 26, 29, 34], and 3 in other regions (Canada and
Australia) [33, 35, 36]. A wide range of exposure periods
was examined, with 10 studies reporting the mother’s
drinking or binge drinking during the first trimester of
pregnancy, including 1 to 3 months before conception
[14, 17–19, 24, 25, 27, 28, 31, 33]; however, 13 studies
did not specify the months of exposure during preg-
nancy. Additionally, 5 studies provided estimates on the
association between maternal alcohol consumption and
CHDs adjusted for a range of covariates (e.g., smoking, cof-
fee consumption, maternal age, ethnicity, education, occu-
pation) [17, 19, 33, 34, 36], and 18 studies reported only
unadjusted estimates (Table 1). The studies derived their
cases from various birth defect registries [18–23, 29, 35],
and the control subjects were randomly selected from birth
certificates or hospital records or matched to cases by birth
region or birth month [16, 18]. For some studies, cases
were derived from a sample of live-born infants, whereas
for other studies, cases were also identified from stillbirths,
neonatal deaths, and elective terminations.

Maternal alcohol consumption and CHDs
Overall, 23 studies evaluated the association between ma-
ternal alcohol consumption during pregnancy and CHDs as
a group in a total of 19,160 CHD cases (Table 1). We found
that maternal alcohol consumption may have no associ-
ation with an increased risk of CHDs (RR =1.11, 95 % CI =
0.96–1.29) (Fig. 2). The results were consistent with the
overall summary measure when the analyses were restricted
to case-control studies (RR = 1.00, 95 % CI = 0.95-1.06) or
cohort studies (RR = 1.35, 95 % CI = 0.93-1.97). When we
turned to the period of maternal alcohol consumption dur-
ing pregnancy, the statistics showed that maternal drinking
during different times of pregnancy had no impact on the
incidence of CHDs. Specifically, 6 studies focused on
women who drank during pre-pregnancy and confirmed
that no association was found between maternal drinking
and CHD risk (RR = 0.95, 95 % CI = 0.88–1.04) (Table 2).
Another 22 studies also looked at women who drank
during pregnancy, but no results showed that maternal
drinking during pregnancy was associated with CHDs
(RR = 1.12, 95 % CI = 0.96–1.30) (Table 2). Additionally,
Egger’s test (P = 0.156) showed no evidence of publica-
tion bias for the period of maternal alcohol consump-
tion during pregnancy. In the subgroup analyses by
geographic region, we observed null results among both
European (RR = 1.09, 95 % CI = 0.99–1.19) and North
American (RR = 1.10, 95 % CI = 0.89–1.36) populations.
In the adjustment models, we chose smoking as im-
portant, but unfortunately, a null result was found for
smoking (RR = 1.284, 95 % CI = 0.817–2.016). Eight other
studies were about the dose-response data on maternal al-
cohol consumption and risk of CHDs. It showed that with
the increase of alcohol consumption, the corresponding
risk of CHDs did not increase (Fig. 3). Most of these re-
sults showed that the amount of maternal drinking was
not associated with CHDs except in 2 studies: Martinez-
Frias’s research reported that women who drank more
than 116 grams a day possibly had a 1093 % increased
risk of CHDs (RR = 11.93, 95 % CI = 1.62–246.00), and
Williams’ report showed that maternal alcohol con-
sumption of more than 22 grams per day was associ-
ated with a 213 % increased risk of CHDs (RR = 3.13,
95 % CI =1.19–8.22) (Table 3).

Discussion
To our knowledge, this is the first meta-analysis to report
on the association between maternal alcohol consumption
and CHDs. Although the studies included in our analysis
varied in terms of case definition, control selection, and
exposure assessment, the associations were largely consist-
ent in the sub-analyses. Our findings indicated that mater-
nal alcohol consumption during pregnancy might have no
association with the risk of CHDs. Additionally, statisti-
cally significant heterogeneity was detected (Q = 46.52,

Fig. 1 Study selection procedures. Study selection procedures for a
meta-analysis of alcohol consumption during pregnancy and the risk
of congenital heart defects (CHDs) in offspring
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Table 1 Summary of the studies included in the meta-analysis

First author, year Region Period Study design No. of cases/controlsa period OR/RR 95 % CI Adjustment variablesb Outcome

Bean, 2011 USA 2001–2004 CC 566/552 1st month gestation 1.07 0.58–1.98 No AVSD

1.03 0.48–2.23 ASD

0.49 0.19–1.22 VSD

2nd/ 3rd month gestation 0.64 0.19–2.21 AVSD

1.50 0.40–5.67 ASD

1.08 0.27–4.36 VSD

Botto, 2000 USA 1968–1980 CC 958/3029 During pregnancy 1.00 0.86–1.15 No CHDs

Carmichael, 2003 USA 1987–1988 CC 207/481 1 month before to 3rd month gestation 1.35 0.84–2.19 B, D, F, K, I TGA

1.24 0.77–1.98 TOF

Cedergren, 2002 Sweden 1982–1996 CC 269/524 Early pregnancy 0.95 0.69–1.31 No CHDs

Ewing, 1997 USA 1981–1989 CC 641/3549 During pregnancy 0.95 0.78–1.15 No VSD

Fixler, 1998 USA CC 89/82 3 months before to 3rd month gestation 1.23 0.67–2.28 No CHDs

Grewal, 2008 USA 1999–2003 CC 323/700 During pregnancy 1.21 0.85–1.73 No Conotruncal defects

Hobbs, 2010 USA 1998–2006 CC 572/363 1 month before to 3rd month gestation 0.84 0.63–1.12 No CHDs

Kuciene, 2009 Lithuania 1999–2005 CC 187/643 During pregnancy 1.39 0.87–2.25 No CHDs

Larsen, 2011 Denmark 1996–2002 Cohort 477/ 86783 During pregnancy 1.24 0.97–1.59 A, E, F, H, P VSD

0.89 0.66–1.21 ASD

Liu, 2013 Canada 2002–2010 Cohort 4123/22365 During pregnancy 1.88 1.74–2.04 A, B, E, F, H, L, O CHDs

McDonald, 1992 Canada 1982–1984 Cohort 318/87389 First trimester 0.96 0.78–1.19 A, B, D, F, G CHD

Malik, 2008 USA 1997–2002 CC 3067/3947 1 month before to 3rd month gestation 0.93 0.85–1.03 O CHDs

Martinez-Frias, 2004 Spain CC 4705/4329 During pregnancy 0.96 0.78–1.19 No CHD

Mateja, 2012 USA 1996–2005 CC 237/948 3 months before pregnancy 1.01 0.61–1.70 No CHDs

O’Leary, 2013 Australia. 1983–2007 Cohort 277/61370 During pregnancy 1.40 0.91–1.98 No VSD

2.86 1.22–4.93 ASD

2.01 0.58–4.07 Conotruncal defects

Smedts, 2009 Netherlands 2008 CC 276/324 During pregnancy 1.05 0.75–1.47 No CHDs

Steinberger, 2002 USA 1981–1989 CC 237/3572 During pregnancy 1.00 0.10–7.70 No Single Ventricle

Tikkanen, 1991 Finland 1982–1984 CC 573/1055 First trimester 1.29 1.05–1.59 No CHDs
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Table 1 Summary of the studies included in the meta-analysis (Continued)

Tofs, 1999 USA 1991–1993 CC 80/605 First trimester 0.90 0.50–1.40 No CHDs

1.30 0.70–2.40 AVSD

1.00 0.20–2.40 TOF

0.80 0.50–1.40 ASD

0.60 0.30–1.20 VSD

Van Beynum, 2010 Netherlands 1996–2005 CC 611/2401 During pregnancy 1.05 0.85–1.29 No CHDs

Williams, 2004 USA 1968–1980 CC 122/3029 3 months before to 3rd month gestation 1.02 0.71–1.47 No VSD

Yauck, 2004 USA 1997–1999 CC 245/2780 During pregnancy 2.10 1.10–4.20 No CHDs

CC case-control study, CHDs congenital heart defects, VSD Ventriculap Septal Defect, ASD Atrial Septal Defect, TOF Tetralogy of Fallot, TGA D-Transposition of the Great Arteries, HLHS Hypoplastic Left Heart Syndrome,
COA Coarctation of the Aorta, AVSD Atrioventricular Septal Defect
aReported number of cases and control subjects with available exposure information
bAdjustment variables: A maternal age, B maternal race/ethnicity, C marital status, D maternal education, E parity, F smoking, G coffee consumption, H infant’s year/month of birth, I intake of multivitamin,
J stress, K folic acid intake/dietary folate, L infant gender, M maternal body mass index, N family history of congenital heart defects, O maternal residence, P maternal occupation, Q insurance,
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Table 2 Summary risk estimates of the association between maternal alcohol comsuption and CHD risk in offspring

Subgroup analysis No. of studies Summary RR (95 % CIs) P* I2 (%) P**

Summary pooled estimate 23 1.11(0.96–1.29) <0.001 88.8

Design 0.025

Case-control 19 1.00(0.95–1.06) 0.260 16.0

Cohort 4 1.35(0.93–1.97) <0.001 94.4

Geographical region 0.447

North America 15 1.10(0.89–1.36) <0.001 92.1

Europe 7 1.09(0.99–1.19) 0.449 0.0

Australia 1 1.69(1.23–2.33) - -

Period of pregnancy 0.343

Pre-pregnancy or until pregnancy is known 6 0.95(0.88–1.04) 0.426 0.0

During pregnancy 22 1.12(0.96–1.30) <0.001 89.3

Trimester 1 22 1.12(0.96–1.30) <0.001 89.3

Trimester 2 12 1.22(0.98–1.52) <0.001 90.9

Trimester 3 12 1.22(0.98–1.52) <0.001 90.9

Adjusted for smoking 0.108

Yes 4 1.27(0.86–1.87) <0.001 94.6

No 19 1.04(0.96–1.13) 0.042 39.0

Abbreviations: RR relative risk, CI confidence interval
*p-value for heterogeneity within each subgroup
**p-value for heterogeneity between subgroups with meta-regression analysis

Fig. 2 Pooled Relative risk (RR). RR estimates for the association between maternal alcohol consumption and the risk of CHDs. Meta-analysis random
effects estimates were used. The sizes of the squares reflect the weighting of the included studies. Bars represent 95 % confidence intervals (CIs).
The center of the diamond indicates the summary effect; the left and right points of the diamond indicate the 95 % confidence interval
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P < 0.001, I2 = 88.8 %), although no publication bias was
indicated from Egger’s test (P = 0.156) while Begg’s test
(P = 0.037) indicated a publication bias (Fig. 4). Because
of the existence of heterogeneity, the power of Begg’s
test lowed. Therefore we conducted the subgroup ana-
lyses and meta-regression analyses (Table 2). In the sub-
analyses of design types, geographical region, period of
pregnancy and adjusted for smoking, the results were al-
most consistent with the pooled RR. Meta-regression ana-
lysis showed that the different study design might result in
the heterogeneity. Moreover, when findings were stratified
by geographic reign, null results were found among
American and European populations, although a rate of
69 % was found among Australian populations. However,
the study on Australian populations was conducted in
only one paper by one author [31], and there were 277
cases from 1983–2007 in his report. He observed positive
associations between maternal alcohol consumption
during pregnancy and the CHD subtypes he analyzed:
Ventricular septal defect (VSD) (RR = 1.36, 95 % CI =
1.14–1.63) and Atrial septal defect (ASD) (RR = 1.77,
95 % CI = 1.27–2.46); conotruncal defects (RR = 1.50,
95 % CI = 0.98–2.30). O’Leary attempted to demon-
strate that maternal drinking was associated with differ-
ent types of CHDs, but the number of ASD cases he
found was 60, only 0.3 % of the exposed group, and the
rate of conotruncal defects was 0.1 % as well. A smaller
sample size could be why this result differed from
others. However, there is another possibility that is
worth our attention. The differences between the
American, European and Australian natures of alcohol
consumption could also have caused these effects. As
we know, different wine has different components. For
example, beer is made from wheat and Humulus lupu-
lus, whisky is mainly made from Hordeum vulgare,

brandy is made from fruits such as grapes, and so on.
Criqul MH found the so-called “French Paradox”, that
the French have a relatively low incidence of coronary
heart disease while having a diet that is relatively rich
in saturated fats [37]. He indicated that wine made
from grapes could be the primary explanation for the
phenomenon. However, we found very few statistics re-
garding the ingredients of different wine, and from our
point of view, this question deserves to be studied in
the future. Among those statistics that found that ma-
ternal alcohol consumption had a positive association
with CHD risk, Martinez-Frias reported that consump-
tion of more than 116 grams per day could increase
CHD risk [29]. We must here highlight that this study
had only 67 cases and 20 controls, which is quite small
compared with the other sample sizes, and this authors
report also had no adjustment variables; this dose of al-
cohol consumption could lead to a number of diseases
that could have an impact on CHD risk. The Williams
study had the same problem as well. Based on the ad-
justment results, the potentially important confounding
factor of smoking was excluded in the analysis of alcohol
consumption. However, there was no association between
maternal alcohol consumption and CHDs following ad-
justment for smoking, indicating that smoking has little
influence on CHDs. However, Lee et al. [38] confirmed
the association between maternal smoking and increased
risk of CHDs by meta-analysis. The influence of maternal
smoking on CHD risk needs further study.
The result of our meta-analysis is in reality rather con-

fusing. As we all know, alcohol consumption has a num-
ber of effects on our health. However, our research
shows that maternal alcohol consumption during preg-
nancy may have no association with the risk of CHDs.
Ethyl alcohol as the main component of wine has been
suggested to play a positive role in heart disease. We
speculate that a small amount of alcohol may have little
influence in increasing the risk of CHDs. However, these
statistics do not intend to say that maternal drinking is
safe; the fact is that even low levels of prenatal alcohol
exposure, such as in a single dose, can produce the birth
defect termed fetal alcohol syndrome (FAS), and as
many as 54 % of live-born children with FAS present
with some form of cardiac anomalies [39], e.g., septal de-
fects and pulmonary stenosis [20], that can lead to de-
velopmental challenges, ongoing medical care and death.
Additionally, findings have shown that alcohol consump-
tion during pregnancy may affect the Wnt/β-catenin sig-
naling that allows for normal gene activation and
cardiogenesis [40].
Our study has a number of strengths, including the

large sample (n = 19,160) used to estimate the effect of
maternal alcohol consumption on CHDs as a group. Add-
itionally, because the suspected heterogeneous etiologies

Fig. 3 The dose-response of relative risk and alcohol intake: The
dose-response of relative risk and alcohol intake: the corresponding
risk of CHDs did not increase with the increase of alcohol consumption.
The full line indicates the relative risk of CHDs along with the alcohol
intake (grams/day); the dashed lines indicate the 95 % confidence interval
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Table 3 Characteristics of 8 observational studies with dose-response data on maternal alcohol consumption and risk of CHDs

First author, year Region Period Study design No. of cases/
controlsa

period Average dose
(grams/d)b

OR/RR 95 % CI Adjustment variablesc Outcome

Carmichael, 2003 USA 1987–1988 CC 207/481 1 month before to 3rd month gestation 0 1.00 1.00–1.00 B, D, F, K, I Conotruncal defects

0.9 1.20 0.80–1.70

3 1.60 0.80–3.00

Ewing, 1997 USA 1981–1989 CC 641/3549 During pregnancy 0 1.00 1.00–1.00 No VSD

18 0.92 0.73–1.15

48 0.91 0.71–1.78

90 1.25 0.85–1.83

Fixler, 1998 USA CC 89/82 3 months before to 3rd month gestation 0 1.00 1.00–1.00 No CHD

18 1.36 0.57–3.25

42 1.20 0.48–3.02

69 1.11 0.42–2.96

Larsen, 2011 Denmark 1996–2002 Cohort 477/ 86783 During pregnancy 0 1.00 1.00–1.00 A, E, F, H, P VSD

1.7 1.22 0.90–1.66

3.4 1.38 0.83–2.28

5.1 1.11 0.54–2.23

0 1.00 1.00–1.00 ASD

1.7 1.03 0.73–1.47

3.4 0.45 0.18–1.11

5.1 0.66 0.27–1.62

Martinez-Frias, 2004 Spain CC 4705/4329 During pregnancy 0 1.00 1.00–1.00 No CHD

15 1.01 0.76–1.34

24 1.66 0.35–8.73

32 0.82 0.59–1.15

72 1.99 0.32–15.60

116 11.93 1.62–246.00
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Table 3 Characteristics of 8 observational studies with dose-response data on maternal alcohol consumption and risk of CHDs (Continued)

McDonald, 1992 Canada 1982–1984 Cohort 318/87389 First trimester 0 1.00 1.00–1.00 A, B, D, F, G CHD

2.9 0.91 0.70–1.20

8.7 0.96 0.60–1.50

17.9 1.24 0.70–2.20

Williams, 2004 USA 1968–1980 CC 122/3029 3 months before to 3rd month gestation 0 1.00 1.00–1.00 No VSD

4.3 0.95 0.65–1.39

12 1.22 0.43–3.45

22 3.13 1.19–8.22

CC case-control study, CHDs congenital heart defects, VSD Ventriculap Septal Defect, ASD Atrial Septal Defect, TOF Tetralogy of Fallot, TGA D-Transposition of the Great Arteries, HLHS Hypoplastic Left Heart Syndrome,
COA Coarctation of the Aorta, AVSD Atrioventricular Septal Defect
aReported number of cases and control subjects with available exposure information
bConverted into pure ethanol in grams from the original data
cAdjustment variables: A maternal age, B maternal race/ethnicity, C marital status, D maternal education, E parity, F smoking, G coffee consumption, H infant’s year/month of birth, I intake of multivitamin, J stress, K
folic acid intake/dietary folate, L infant gender, M maternal body mass index, N family history of congenital heart defects, O maternal residence, P maternal occupation, Q insurance, R cases and controls matched on
birth hospital/geographic region, birth month/age, race, or sex
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can affect CHD risk during different times in pregnancy,
we divided pregnancy into stages; still, no association was
found in any of the stages. However, our study must also
be considered in light of certain limitations. First, our ana-
lysis is limited to studies published in English. Evidence of
publication bias was found, and there was heterogeneity
in the component studies, which could have been attribut-
able to study design, study populations, analytic strategies
or other unknown factors. Second, we derived most of our
data from case-control studies, which may be more prone
to information bias than cohort studies. Third, the con-
sumption quantity in each study varied, including times/
week, drinks/week, drinks/occasion, etc. The highest and
lowest intakes varied across studies, and the highest intake
in one study could have been similar to the median or low-
est intake in another, which could have biased the overall
results. Additionally, based on the different methods that
were used to assess and report alcohol consumption across
studies, we established the dose-response relationship
between alcohol consumption and CHDs. It showed that
the risk of CHDs did not influence with the increase of al-
cohol consumption, even binge drinking. Fourth, because
of our inability to fully adjust for various confounders, as-
sociations between alcohol consumption and CHDs could
be attributed to other factors, such as maternal smoking,
ethnicity, age, and education. Fifth, our analysis included a
wide range of exposure periods, but heart anomalies de-
velop during weeks 2–7 of gestation [41]. We suspect that
our including studies that assessed exposure beyond the
critical period may have biased our result toward the null.
That is, the summary results may be a misestimate of the
relative risk of CHDs associated with alcohol consumption.

Conclusions
In conclusion, our analysis indicates that maternal alcohol
consumption has no association with CHD risk. However,
the findings from our study need to be confirmed in fu-
ture research in well-designed cohort or intervention

studies. In addition, the underlying mechanisms call for
further elucidation.
Although its effects are modest, drinking is relatively

common among women of reproductive age and could
have important public health consequences. Young
women continue to drink although the adverse effects of
drinking on reproductive health are known, and some
women continue to drink even after they learn that they
are pregnant. Decreased maternal alcohol consumption
during pregnancy would result in improved reproductive
outcomes and could contribute to reduced infant mor-
tality and morbidity.

Abbreviations
ASD: Atrial septal defect; CHDs: Congenital heart defects; CIs: Confidence
intervals; FAS: Fatal alcohol syndrome; ORs: Odds ratios; RRs: Relative risks or
risk ratios; VSD: Ventricular septal defect.

Competing interests
The authors have declared that no competing interests exist.

Authors’ contributions
XMM and KJY: Conceived and designed the experiments. ZYW and DY:
Supervised the meta-analysis and provided comments on all drafts of the
manuscript. CF and LH: Provided comments on the manuscript and critically
revised it for important intellectual content. YF, LY and ZYW: Contributed to
the conception of the study, supervised the initial literature review and
provided critical comments on several draft of the manuscript. WYZ and RSC:
Made substantial contributions to the conception of the study, provided
critical comments to all drafts. All authors have given final approval of the
manuscript to be submitted.

Acknowledgements
This work was supported by National Science Foundation of China (81370279).

Author details
1Department of Cardiothoracic Surgery, Nanjing Children’s Hospital, Nanjing
Medical University, Nanjing 210008, China. 2Department of Neurology, Center
for the Study of Nervous System Injury, Washington University School of
Medicine, St. Louis, MO 63110, USA.

Received: 21 September 2015 Accepted: 27 January 2016

References
1. Hoffman JI, Kaplan S. The incidence of congenital heart disease. J Am Coll

Cardiol. 2003;39(12):1890–900.
2. Boneva RS, Botto LD, Moore CA, Yang Q, Correa A, Erickson JD. Mortality

associated with congenital heart defects in the United States: trends and
racial disparities, 1979–1997. Circulation. 2001;103(19):2376–81.

3. Brent RL. Environmental causes of human congenital malformations: the
pediatrician’s role in dealing with these complex clinical problems caused
by a multiplicity of environmental and genetic factors. Pediatrics.
2004;113(4 Suppl):957–68.

4. Jones KL. From recognition to responsibility: Josef Warkany, David Smith,
and the fetal alcohol syndrome in the 21st century. Birth Defects Res A Clin
Mol Teratol. 2003;67(1):13–20.

5. Loser H, Pfefferkorn JR, Themann H. Alcohol in pregnancy and fetal heart
damage. Klin Padiatr. 1992;204(5):335–9.

6. Nicolas JM, Fernandez-Sola J, Estruch R, Paré JC, Sacanella E, Urbano-
Márquez A, et al. The effect of controlled drinking in alcoholic
cardiomyopathy. Ann Intern Med. 2002;136(3):192–200.

7. Jones KL, Smith DW, Ulleland CN, Streissguth P. Pattern of malformation in
offspring of chronic alcoholic mothers. Lancet. 1973;1(7815):1267–71.

8. Adams MM, Mulinare J, Dooley K. Risk factors for conotruncal cardiac
defects in Atlanta. J Am Coll Cardiol. 1989;14(2):432–42.

Fig. 4 Begg’s test. Begg’s test of studies examining the association
between maternal alcohol consumption and the risk of CHDs

Wen et al. Italian Journal of Pediatrics  (2016) 42:12 Page 10 of 11



9. Wang Y, Ji J, YJ L, Deng X, He QQ. Passive smoking and risk of type 2
diabetes: a meta-analysis of prospective cohort studies. PLoS One.
2013;8(7):e69915.

10. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in
meta-analyses. BMJ. 2003;327(7414):557–60.

11. Woolf B. On estimating the relation between blood group and disease.
Ann Hum Genet. 1955;19(4):251–3.

12. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. BMJ. 1997;315(7109):629–34.

13. Begg CB, Mazumdar M. Operating characteristics of a rank correlation test
for publication bias. Biometrics. 1994;50(4):1088–101.

14. Tikkanen J, Heinonen OP. Maternal exposure to chemical and physical
factors during pregnancy and cardiovascular malformations in the offspring.
Teratology. 1991;43(6):591–600.

15. Ewing CK, Loffredo CA, Beaty TH. Paternal risk factors for isolated
membranous ventricular septal defects. Am J Med Genet. 1997;71(1):42–6.

16. Botto LD, Lynberg MC, Erickson JD. Congenital heart defects, maternal
febrile illness, and multivitamin use: a population-based study.
Epidemiology. 2001;12(5):485–90.

17. Carmichael SL, Shaw GM, Yang W, Lammer EJ. Maternal periconceptional
alcohol consumption and risk for conotruncal heart defects. Birth Defects
Res A Clin Mol Teratol. 2003;67(10):875–8.

18. Williams LJ, Correa A, Rasmussen S. Maternal lifestyle factors and risk
for ventricular septal defects. Birth Defects Res A Clin Mol Teratol.
2004;70(2):59–64.

19. Malik S, Cleves MA, Honein MA, Romitti PA, Botto LD, Yang S, et al. Maternal
smoking and congenital heart defects. Pediatrics. 2008;121(4):e810–816.

20. Grewal J, Carmichael SL, Ma C, Lammer EJ, Shaw GM. Maternal
periconceptional smoking and alcohol consumption and risk for select
congenital anomalies. Birth Defects Res A Clin Mol Teratol. 2008;82(7):519–26.

21. Smedts HP, de Vries JH, Rakhshandehroo M, Wildhagen MF, Verkleij-Hagoort
AC, Steegers EA, et al. High maternal vitamin E intake by diet or
supplements is associated with congenital heart defects in the offspring.
BJOG. 2009;116(3):416–23.

22. Kuciene R, Dulskiene V. Maternal socioeconomic and lifestyle factors during
pregnancy and the risk of congenital heart defects. Medicina (Kaunas).
2009;45(11):904–9.

23. van Beynum IM, Kapusta L, Bakker MK, den Heijer M, Blom HJ, de Walle HE.
Protective effect of periconceptional folic acid supplements on the risk of
congenital heart defects: a registry-based case–control study in the
northern Netherlands. Eur Heart J. 2010;31(4):464–71.

24. Mateja WA, Nelson DB, Kroelinger CD, Ruzek S, Segal J. The association
between maternal alcohol use and smoking in early pregnancy and
congenital cardiac defects. J Womens Health (Larchmt). 2012;21(1):26–34.

25. Bean LJ, Allen EG, Tinker SW, Hollis ND, Locke AE, Druschel C, et al. Lack of
maternal folic acid supplementation is associated with heart defects in
Down syndrome: a report from the National Down Syndrome Project.
Birth Defects Res A Clin Mol Teratol. 2011;91(10):885–93.

26. Cedergren MI, Selbing AJ, Källén BAJ. Risk factors for cardiovascular
malformation - a study based on prospectively collected data. Scand J Work
Environ Health. 2002;28(1):12–7.

27. Fixler DE, Threlkeld N. Prenatal exposures and congenital heart defects in
Down syndrome infants. Teratology. 1998;58(1):6–12.

28. Hobbs CA, James SJ, Jernigan S, Melnyk S, Lu Y, Malik S, et al. Congenital
heart defects, maternal homocysteine, smoking, and the 677 C>T
polymorphism in the methylenetetrahydroflate reductase gene: Evaluating
gene-environment interactions. Am J Obstetr Gynecol. 2006;194(1):218–24.

29. Martínez‐Frías ML, Bermejo E, Frías JL. Risk for congenital anomalies
associated with different sporadic and daily doses of alcohol consumption
during pregnancy: a case–control study. Birth Defects Res A Clin Mol
Teratology. 2004;70(4):194–200.

30. Steinberger EK, Ferencz C, Loffredo CA. Infants with single ventricle: A
population‐based epidemiological study. Teratology. 2002;65(3):106–15.

31. Torfs CP, Christianson RE. Maternal risk factors and major associated defects
in infants with Down syndrome. Epidemiology. 1999;10(3):264–70.

32. Yauck JS, Malloy ME, Blair K, Simpson PM, McCarver DG. Proximity of
residence to trichloroethylene‐emitting sites and increased risk of offspring
congenital heart defects among older women. Birth Defects Res Part A Clin
Mol Teratol. 2004;70(10):808–14.

33. McDonald AD, Armstrong BG, Sloan M. Cigarette, alcohol, and coffee
consumption and congenital defects. Am J Public Health. 2004;82(10):91–3.

34. Strandberg-Larsen K, Skov-Ettrup LS, Gronbaek M, Andersen AM, Olsen J,
Tolstrup J. Maternal alcohol drinking pattern during pregnancy and the risk
for an offspring with an isolated congenital heart defect and in particular a
ventricular septal defect or an atrial septal defect. Birth Defects Res A Clin
Mol Teratol. 2001;91(7):616–22.

35. O’Leary CM, Elliott EJ, Nassar N, Bower C. Exploring the potential to use
data linkage for investigating the relationship between birth defects
and prenatal alcohol exposure. Birth Defects Res A Clin Mol Teratol.
2013;97(7):497–504.

36. Liu S, Joseph KS, Lisonkova S, Rouleau J, Van den Hof M, Sauve R.
Association between maternal chronic conditions and congenital heart
defects: a population-based cohort study. Circulation. 2013;128(6):583–5899.

37. Criqui MH, Ringel BL. Does diet or alcohol explain the French paradox?
Lancet. 1994;344(8939–8940):1719–23.

38. Lee LJ, Lupo PJ. Maternal smoking during pregnancy and the risk of
congenital heart defects in offspring: a systematic review and metaanalysis.
Pediatr Cardiol. 2013;34(2):398–407.

39. Karunamuni G, Gu S, Doughman YQ, Peterson LM, Mai K, McHale Q, et al.
Ethanol exposure alters early cardiac function in the looping heart: a
mechanism for congenital heart defects? Am J Physiol Heart Circ Physiol.
2014;306(3):H414–421.

40. Serrano M, Han M, Brinez P, Linask KK. Fetal alcohol syndrome: cardiac birth
defects in mice and prevention with folate. Am J Obstet Gynecol. 2010;
203(1):75 e77–75 e15.

41. Srivastava D. Genetic assembly of the heart: implications for congenital
heart disease. Annu Rev Physiol. 2001;63:451–69.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Wen et al. Italian Journal of Pediatrics  (2016) 42:12 Page 11 of 11


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Eligibility criteria
	Data extraction
	Statistical analysis

	Results
	Literature search
	Study characteristics
	Maternal alcohol consumption and CHDs

	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



