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Abstract
Objective: The aim of this study was to provide updated evidence to assess the association between parental alcohol
consumption and the risk of total congenital heart diseases (CHDs) and specific CHD phenotypes in offspring, and
explore the possible dose–response pattern.
Methods: PubMed, Embase and Chinese databases were searched with an end-date parameter of July 24, 2019 to
identify studies meeting pre-stated inclusion criteria. A random-effects model was used to calculate the overall combined
risk estimates. A meta-analysis of the dose–response relationship was performed. Subgroup analysis, sensitivity analysis,
and Galbraith plot were conducted to explore potential heterogeneity moderators.
Results: A total of 55 studies involving 41,747 CHD cases and 297,587 controls were identified. Overall, both maternal
(odds ratio (OR) ¼ 1.16; 95% confidence interval (CI): 1.05–1.27) and paternal (OR ¼ 1.44; 95% CI: 1.19–1.74) alcohol
exposures were significantly associated with risk of total CHDs in offspring. Additionally, a nonlinear dose–response
relationship between parental alcohol exposure and risk of total CHDs was observed. With an increase in parental
alcohol consumption, the risk of total CHDs in offspring also gradually increases. For specific CHD phenotypes, a
statistically significant association was found between maternal alcohol consumption and risk of tetralogy of fallot
(OR ¼ 1.20; 95% CI: 1.08–1.33). Relevant heterogeneity moderators have been identified by subgroup analysis, and
sensitivity analysis yielded consistent results.
Conclusions: Although the role of potential bias and evidence of heterogeneity should be carefully evaluated,
our review indicates that parental alcohol exposures are significantly associated with the risk of CHDs in offspring,
which highlights the necessity of improving health awareness to prevent alcohol exposure during preconception and
conception periods.
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Introduction
Congenital heart diseases (CHDs), deﬁned as signiﬁcant
structural abnormalities of the heart or intrathoracic
great vessels occurring in embryonic period, are currently the most common birth defects and the main
cause of perinatal mortality.1–4 Besides, it was reported
that CHDs can increase the risk of cardiovascular disease in later life, even after surgical treatment.5

Department of Epidemiology and Health Statistics, Xiangya School of
Public Health, Central South University, Hunan, China
Corresponding author:
Jiabi Qin, Department of Epidemiology and Health Statistics, Xiangya
School of Public Health, Central South University, 110 Xiangya Road,
Changsha, Hunan 410078, China.
Email: qinjiabi123@163.com

2
Epidemiologically, it was estimated that the worldwide
prevalence of CHDs was 8.22% of all live births, and
approximately 1.35 million babies with CHDs were born
each year, representing a major global health problem.6
In China, the prevalence of CHDs in live birth was
7–8%, with 100,000 to 150,000 cases per year.7,8
Although many studies have been performed on
CHDs, the pathogenesis has not been fully elucidated.
Some studies suggested that parental alcohol consumption was signiﬁcantly associated with the risk
of fetal alcohol spectrum disorder (FASD) (the main
clinical symptoms include congenital abnormalities,
growth retardation, and mental, behavioral, cognitive,
and/or learning-ability delays and disorders),9,10 and
approximately 28.5% of FASD children were diagnosed with CHDs,10 which indicates that parental alcohol consumption may increase the risk of CHDs in
oﬀspring. Although data available from many original
studies have examined the association between parental
alcohol consumption and risk of CHDs in oﬀspring,4,11–19 the results were still inconsistent.
So far, three meta-analyses,20–22 performed four
years ago, have been conducted to address this issue.
However, these three reviews only focused on the association between maternal alcohol consumption and risk
of CHDs, and did not pay attention to paternal alcohol
consumption. Meanwhile, the three reviews did not ﬁnd
any statistically signiﬁcant association between alcohol
consumption and risk of CHDs. Additionally, many
subsequent studies11–19 have been published since the
publication of the aforementioned reviews. The inclusion of these newer literatures in future meta-analysis
would be bound to increase the statistical power, which
would help in ﬁnding a statistically signiﬁcant diﬀerence. Again, the shape of the dose–response relationship between parental alcohol consumption and risk of
CHDs in oﬀspring is also warranted to clarify.
Considering the inconsistency of the existing studies
and the insuﬃcient statistical power of the published
reviews, we conducted an updated systematic review
and meta-analysis with the following objectives: (i) to
review and summarize the association between parental
alcohol consumption and risk of both total CHDs and
speciﬁc CHD phenotypes in oﬀspring; (ii) to assess the
possible dose–response pattern between parental alcohol consumption and risk of total CHDs; and (iii) to
identify the potential heterogeneity moderators by subgroup and sensitivity analyses.

Methods
Literature search strategy
We referred to the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA)
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guidelines to report this meta-analysis.23 Relevant studies assessing the risk of CHDs in oﬀspring associated
with parental alcohol consumption were identiﬁed.
PubMed, Embase, China Biology Medicine disc,
Chinese Scientiﬁc Journals Full-text Database
(CQVIP), China National Knowledge Infrastructure
(CNKI), and Wanfang Database were searched from
1950 to July 24, 2019. We used and combined the following search terms: ‘‘(congenital heart disease OR
congenital heart defect OR congenital heart malformation OR congenital heart anomalies OR congenital cardiac disease OR congenital cardiac defect OR
congenital cardiac malformation OR congenital cardiac
anomalies OR cardiovascular malformation OR congenital cardiovascular disease OR cardiovascular defect
OR cardiovascular anomalies) AND (alcohol OR drinking OR parental drinking OR parental alcohol OR
maternal drinking OR and maternal alcohol) AND
(cohort study OR prospective study OR follow-up
study OR longitudinal study OR incidence study OR
case-control study).’’ Furthermore, reference lists of the
retrieved articles and recent reviews were evaluated.

Exposures and outcomes of interest
In the present study, the exposures of interest were parental alcohol consumption. Alcohol exposure was
deﬁned as any alcohol taken during the peri-conception
period (three months before the pregnancy and the ﬁrst
trimester of pregnancy).24 Additionally, we also examined the association between parental binge drinking
(deﬁned as ﬁve or more drinks per sitting25) and
risk of CHDs. The outcomes of interest were CHDs.
In this review, we focused not only on the risk of total
CHDs, but also on the risk-speciﬁc CHD phenotypes,
including ventricular septal defect (VSD), atrial septal
defect (ASD), atrioventricular septal defect (AVSD),
d-transposition of the great arteried (TGA), tetralogy
of fallot (TOF), pulmonary valve stenosis (PVS), and so
on. Because variations in the deﬁnition of exposures
and outcomes exist across countries and cultures, it is
extremely diﬃcult to deﬁne uniform standards. Some of
the included studies did not always deﬁne exposures
and outcomes, and in such cases, we relied on the corresponding terminology in the original articles.

Inclusion and exclusion criteria
Studies were considered eligible if they: (i) were
published in Chinese or English; (ii) had a cohort or
case–control design; (iii) had use of parental alcohol
consumption as the exposure of interest; (iv) had use
of CHDs as the outcome of interest; and (v) reported
relative risks (RRs) and odds ratios (ORs), with corresponding 95% conﬁdence intervals (CIs) (or data to
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calculate them). If the same population was studied in
more than one study, we included the study with the
longest follow-up time or the most information.

Data extraction and quality assessment
Two independent authors (SMZ and JBQ) extracted
data and assessed study quality. Any disagreements
were resolved through discussion among the authors
until consensus was reached. Data extraction was performed by using a standardized data collection form.
We extracted any reported RRs or ORs of CHDs for
parents having alcohol exposure, compared with those
without alcohol exposure. Additionally, the characteristics of each study were extracted. Information was
recorded as follows: the ﬁrst author’s name; publication
year; geographic region; study design; recruitment
period; number of cases/controls; exposure of interest
(maternal or paternal alcohol exposure); alcohol exposure time; reported CHDs; whether the confounding factors were adjusted; and quality scores.
The Newcastle–Ottawa Scale26 was adapted to
evaluate the quality of inclusion studies. In statistics,
the scale is a tool used for assessing the quality of nonrandomized studies included in a systematic review
and/or meta-analysis. Using this scale, each study is
judged on eight items, categorized into three groups:
the selection of the study groups; the comparability of
the groups; and the ascertainment of outcome or exposure of interest. Stars awarded for each quality item
serve as a quick visual assessment. Stars are awarded
such that the highest-quality studies can be awarded
with as many as nine stars. If a study gains 7 stars,
it will be considered of higher methodologic quality.

Statistical analysis
OR was used to measure the association between parental alcohol consumption and risk of CHDs, and RR was
directly considered as OR. The combined OR and the
corresponding 95% CI were calculated using randomeﬀects models. Homogeneity of eﬀect size across studies
was tested by using the Q-statistic (signiﬁcance level at
P < 0.10). The I2-statistic was a quantitative measure
used to evaluate the inconsistency across studies (signiﬁcance level at I2 > 50%).27
Sensitivity analysis was conducted to explore possible explanations for heterogeneity and examine the
inﬂuence of various exclusion criteria on the overall
risk estimate. We performed a sensitivity analysis by
omitting studies with low-quality scores or omitting
studies that did not adjust any confounding factors
when assessing the association between parental alcohol consumption and CHD risk. Again, we investigated
the inﬂuence of a single study on the overall risk
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estimate by omitting one study in each turn.
Meanwhile, Galbraith plot was also conducted to
detect the heterogeneity due to individual studies.28
Subgroup analyses were performed according to geographic region, study design, alcohol exposure time,
whether the confounding factors were adjusted, and
quality scores. Potential publication bias was assessed
by Begg’s funnel plots and Begg’s rank correlation test
(signiﬁcance level at P < 0.10).29 Subgroup analyses,
sensitivity analyses, Galbraith plot, and publication
bias assessment were performed only for the risk of
total CHDs, considering the limited number of
included studies for speciﬁc CHD phenotypes.
Additionally, a dose–response analysis, which has
been described by the previous study, was conducted
to assess the relationship between parental alcohol consumption and risk of total CHDs.30,31 We transformed
alcohol consumption categories into grams of alcohol
per day as a common unit of measurement. If the original studies had not stated the grams of alcohol per
drink in the study, or the conversion coeﬃcient, then we
would make the conversion based on geographical location: for Canada, 13.6 g; USA, 12 g; UK, 8 g; China
(female), 25 g; China (male), 50 g; and for both New
Zealand and Australia, 10 g of pure alcohol. For all
other countries without any clear speciﬁcations, 12 g of
pure alcohol was used as an equivalent of per drink.20,31
Statistical analyses were performed using Stata version 12.0 (College Station, TX: StataCorp, LLP) and
Review Manager Version 5.3 (The Nordic Cochrane
Centre, The Cochrane Collaboration). Statistical tests
were declared signiﬁcant for a two-sided P-value not
exceeding 0.05, except where otherwise speciﬁed.

Results
Search results and study characteristics
We initially searched 2186 potentially eligible articles;
most were excluded after the ﬁrst screening based on
titles or abstracts because they were duplicates, reviews,
or unrelated to our topics. After full-text review of
142 studies, 20 studies in which outcome measures
could not be extracted, 16 studies including multiple
congenital defects, 18 studies in which the exposure
was inconsistent with our interest, three studies belonging to duplicated data, and 30 studies not reporting the
frequency of alcohol consumption were further
excluded. Finally, we identiﬁed 55 eligible articles
(Supplementary Table 1: reference numbers 1–55).
The study selection process is summarized in
Supplementary Figure 1.
The characteristics of the included studies, which
involved a total of 41,747 CHDs cases and 297,587
controls and were published between 1991 and 2019,
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are summarized in Supplementary Table 1. Twentynine studies (52.7%) were conducted in Asia,
15 (27.3%) in North America, 10 (18.2%) in Europe,
and one (1.8%) in Oceania. Only three studies had a
cohort design, while the remaining belonged to case–
control studies. The association between maternal
alcohol consumption and risk of CHDs was reported
in the 45 included studies, and the risk of CHDs associated with paternal alcohol exposure was assessed in the
24 included studies. Of these, 10 studies (Supplementary
Table 1: reference numbers 3, 5–8, 10–12, 21, 32)
reported the relationship between maternal binge drinking of alcohol and risk of CHDs, and nine studies
(Supplementary Table 1: reference numbers 12, 16, 23,
29, 32, 46, 47, 50, 53) reported the association between
paternal binge alcohol and risk of CHDs.

Maternal alcohol consumption and risk of CHDs
in offspring
Risk estimates between maternal alcohol consumption
and risk of total CHDs in oﬀspring are summarized
in Figure 1. Overall, mothers who had alcohol
exposure experiences were at a signiﬁcantly higher
risk of CHDs in oﬀspring compared with those
without alcohol exposure (OR ¼ 1.16, 95% CI: 1.05–
1.27; P ¼ 0.003). However, substantial heterogeneity
was found (P < 0.00001; I2 ¼ 74.0%). In addition, 10
studies assessed the risk of CHDs associated with
maternal binge drinking of alcohol; mothers having
binge drinking experiences, compared with those without alcohol exposure, had a signiﬁcantly increased risk
of total CHDs (OR ¼ 1.16, 95% CI: 1.02–1.32)
(Supplementary Figure 2).
Risk estimates between maternal alcohol consumption
and risk of speciﬁc CHD phenotypes in oﬀspring are
summarized in Figure 2. Our results suggested that
maternal alcohol consumption was not signiﬁcantly associated with the risk of speciﬁc CHD phenotypes except
for TOF (OR ¼ 1.20, 95% CI: 1.08–1.33; P ¼ 0.0007).

Paternal alcohol consumption and risk of CHDs
in offspring
Risk estimates between paternal alcohol consumption
and risk of total CHDs in oﬀspring are summarized in
Figure 3. Overall, if fathers had a history of alcohol
exposure, their children experienced a signiﬁcantly
increased risk of total CHDs (OR ¼ 1.44, 95% CI:
1.19–1.74; P ¼ 0.0001), but substantial heterogeneity
was observed (P < 0.00001; I2 ¼ 90.0%). Additionally,
we found a statistically signiﬁcant association between
paternal binge drinking of alcohol and risk of total
CHDs in oﬀspring (OR ¼ 1.52, 95% CI: 1.20–1.95)
(Supplementary Figure 3).
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It is interesting to note that only a small number of
studies focused on the risk of speciﬁc CHD phenotypes
associated with paternal alcohol exposure. The present
meta-analysis did not show a statistically signiﬁcant
association between paternal alcohol consumption
and reported phenotypes of CHDs including VSD
(OR ¼ 1.35, 95% CI: 0.99–1.84) and ASD (OR ¼ 2.60,
95% CI: 0.85–7.96) (Figure 2).

Dose–response relationship
The dose–response relationship between maternal alcohol consumption (Supplementary Table 1: reference
numbers 2–13) and risk of total CHDs is summarized
in Figure 4(a), and the dose–response relationship
between paternal alcohol consumption (Supplementary
Table 1: reference numbers 12–13, 45) and risk of total
CHDs is summarized in Figure 4(b). Overall, there was a
nonlinear relationship between parental alcohol exposure and risk of total CHDs. With an increase in parental
alcohol consumption, the risk of total CHDs in oﬀspring
also gradually increased. When maternal alcohol consumption was more than 116 grams per day, the risk
of total CHDs in oﬀspring signiﬁcantly increased by
42% (OR ¼ 1.42, 95% CI: 1.07–1.88). Similarly, the
risk of total CHDs in oﬀspring was also signiﬁcantly
increased by 47% (OR ¼ 1.47, 95% CI: 1.10–1.97)
when paternal alcohol consumption was more than
375 grams per day.

Subgroup analyses
Subgroup analyses for risk estimates between parental
alcohol consumption and total CHDs are summarized
in Table 1. For risk estimates between maternal alcohol
exposure and risk of total CHDs in oﬀspring, after subgroup analysis, geographic region (test for subgroup
diﬀerence (TSD): I2 ¼ 94.5%), whether the confounding factors were adjusted (TSD: I2 ¼ 93.9%), and alcohol exposure time (TSD: I2 ¼ 56.3%) were identiﬁed as
relevant heterogeneity moderators. The risk of total
CHDs associated with maternal alcohol exposure was
signiﬁcantly diﬀerent for diﬀerent geographic regions
(v2 ¼ 55.01; P < 0.00001) as well as whether the confounding
factors
were
adjusted
(v2 ¼ 16.30;
P < 0.00001). When data were restricted to studies
from Asia (OR ¼ 2.21; 95% CI: 1.58–3.09), and studies
controlling the confounding factors (OR ¼ 1.60; 95%
CI: 1.29–1.97), the risk of total CHDs was further
increased.
For risk estimates between paternal alcohol exposure and risk of total CHDs in oﬀspring, after subgroup
analysis, whether the confounding factors were
adjusted (TSD: I2 ¼ 61.1%) and geographic region
(TSD: I2 ¼ 28.7%) were identiﬁed as relevant
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Study or subgroup

Baardman, ME 2012
Bean, H 2011
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Carmichael, SL 2003
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Chen, YL 2019
Chen, LL 2012
Chen, WB 2013
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Ewing, CK 1997
Feng, Y 2018
Fixler, DE 1998
Gao, YQ 2016
Grewal, J 2008
Guo, YZ 2011
Guo, YZ 2016
Hao, GH 2015
Hobbs, CA 2006
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Lin, FN 2016
Liu, XQ 2018
Martinez-Frias 2004
Mateja, WA 2012
McDonald, AD 1992
O'Leary, CM 2013
Peng, T 2009
Smedts, H 2009
Steinberger, EK 2002
Stingone, JA 2017
Strandberg-Larsen, K 2011
Strobino, B 1999
Tikkanen, J 1991
van Driel, LM 2008
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Wang, C 2013
Wang, C 2015
Wijnands, KP 2014
Williams, LJ 2004
Xiang, O 2017
Xu, XL 2018
Yang, Y 2011
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Zhao, TM 2016
Zhu, Y 2015
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Figure 1. Forest plot for maternal alcohol consumption and risk of overall CHDs.
SE: standard error; CI: confidence interval.

heterogeneity moderators. However, there were no statistically signiﬁcant diﬀerences for risk of total CHDs in
oﬀspring associated with paternal alcohol exposure for
whether the confounding factors were adjusted
(v2 ¼ 2.57; P ¼ 0.11) and geographic region (v2 ¼ 1.40;
P ¼ 0.24). The risk of total CHDs was further increased
when data were studies from Asia (OR ¼ 1.50; 95% CI:
1.21–1.85), and studies controlling the confounding factors (OR ¼ 2.07; 95% CI: 1.27–3.37).

Sensitivity analysis
For risk estimates between maternal alcohol consumption and total CHDs, removing the poor quality studies
did not change overall risk estimates (OR ¼ 1.16; 95%
CI: 1.05–1.29), with substantial evidence of heterogeneity (P < 0.00001; I2 ¼ 77.0%). The further exclusion of
29 studies not controlling for any confounding factors
when assessing the association between maternal
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Figure 4. The dose–response relationship between alcohol consumption and risk of overall CHDs. (a) Maternal alcohol
consumption, grams/day. (b) Paternal alcohol consumption, grams/day.

alcohol exposure and CHD risk yielded similar results
(OR ¼ 1.60; 95% CI: 1.29–1.97), but heterogeneity was
still present (P < 0.00001; I2 ¼ 84.0%). Besides, the
elimination of any single study at a time did not

materially
alter
the
overall
risk
estimate
(Supplementary Figure 4(a)).
For the association between paternal alcohol consumption and risk of total CHDs in oﬀspring, the
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Table 1. Subgroup analysis of association between alcohol consumption and congenital heart defects.
Measure of heterogeneity
Subgroup variables

No. of studies

Maternal alcohol exposure
Geographic region
North America
15
Europe
10
Oceania
1
Asia
19
Study design
Cohort
3
Case–control study
42
Alcohol exposure time
Pregnancy
5
Pre-pregnancy and pregnancy
15
First trimester
25
Whether the confounding factors were adjusted
Adjusted
16
Unadjusted
29
Quality score
<7
8
7
37
Paternal alcohol exposure
Geographic region
Asia
21
North America and Europe
3
Whether the confounding factors were adjusted
Adjusted
5
Unadjusted
19
Quality score
<7
8
7
16

Pooled OR (95% CI)

0.96
1.03
1.51
2.21

(0.90–1.02)
(0.94–1.13)
(1.31–1.73)
(1.58–3.09)

1.15 (0.87–1.53)
1.15 (1.04–1.27)
0.91 (0.73–1.14)
1.18 (0.98–1.42)
1.20 (1.06–1.36)
1.60 (1.29–1.97)
1.00 (0.93–1.09)
1.13 (0.87–1.48)
1.16 (1.05–1.29)

1.50 (1.21–1.85)
1.11 (0.72–1.73)
2.07 (1.27–3.37)
1.33 (1.07–1.65)
1.37 (0.87–2.17)
1.45 (1.20–1.76)

v2

P-value

I2

55.01*
17.41
8.21
–
72.49
0.00*
18.80
134.41
4.57*
1.81
38.90
124.36
16.30*
93.40
45.66
0.03*
12.44
153.64

<0.00001*
0.24
0.51
–
<0.00001
0.99*
<0.00001
<0.00001
0.10*
0.77
0.0004
<0.00001
<0.00001*
<0.00001
0.02
0.87*
0.09
<0.00001

94.5%*
20.0%
0.0%
–
75.0%
0.0%*
89.0%
69.0%
56.3%*
0.0%
64.0%
81.0%
93.9%*
84.0%
39.0%
0.0%*
44.0%
77.0%

1.40*
218.43
6.73
2.57*
48.99
168.94
0.04*
133.64
89.60

0.24*
<0.00001
0.03
0.11*
<0.00001
<0.00001
0.83*
<0.00001
<0.00001

28.7%*
91.0%
70.0%
61.1%*
92.0%
89.0%
0.0%*
95.0%
83.0%

OR: odds ratio; CI: confidence interval.
*Test for subgroup differences.

exclusion of eight low-quality studies yielded similar
results (OR ¼ 1.45; 95% CI: 1.20–1.76), with substantial evidence of heterogeneity (P < 0.00001;
I2 ¼ 83.0%). Additionally, the further exclusion of any
single study at a time also yielded consistent results
(Supplementary Figure 4(b)).

Galbraith plot
Galbraith plot analysis was performed to ﬁnd the studies that bring about heterogeneity. For the association
between maternal alcohol exposure and risk of total
CHDs in oﬀspring, 12 studies (Supplementary Table
1: reference numbers 33–44) were identiﬁed after
Galbraith plot analysis. After excluding these 12 studies, the risk between maternal alcohol consumption

and risk of CHDs was slightly increased (OR ¼ 1.02,
95% CI: 0.97–1.08, I2 ¼ 14.0%), but there was no
statistical signiﬁcance. For the association between
paternal alcohol exposure and risk of total CHDs in
oﬀspring, 11 studies (Supplementary Table 1: reference
numbers 44–54) were identiﬁed after Galbraith plot
analysis. When excluding these 11 studies, we found
that the conclusion was no diﬀerent compared with
the original results (OR ¼ 1.13, 95% CI: 1.01–1.26,
I2 ¼ 31.0%).

Publication bias
For risk estimates between parental alcohol consumption and total CHDs, both the Begg’s funnel plot
(see Supplementary Figure 6(a) for maternal alcohol
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consumption; see Supplementary Figure 6(b) for paternal alcohol consumption) and Begg’s rank correlation
test (P ¼ 0.002 for maternal alcohol consumption;
P ¼ 0.106 for paternal alcohol consumption) indicated
evidence of publication bias.

Discussion
Presently, the health problems caused by drinking have
become a global public health problem. According to
the Global Status Report on Alcohol and Health, the
harmful use of alcohol kills more than three million
people per year, causing more than 5% of the global
disease burden.32 Meanwhile, as we all know, alcohol
has been publicly deﬁned as a teratogen.33 Therefore,
an increasing amount of research is interested in the
question of whether parental alcohol consumption in
those periods can increase the risk of CHDs in oﬀspring. However, until now, study results on this issue
are often inconsistent. Our meta-analysis of 55 studies,
including three cohort studies and 52 case–control studies, and involving 41,747 CHDs cases and 297,587
controls, with suﬃcient statistical power, aimed at providing updated evidence to assess the association
between parental alcohol consumption and the risk of
total CHDs and speciﬁc CHD phenotypes in oﬀspring,
and to explore the possible dose–response pattern
between parental alcohol consumption and risk of
CHDs. An improved understanding of this topic may
have important public health implications, given the
possibility that the clear results might help guide
future health education on alcohol-related health risks
during pregnancy.
Findings from our meta-analysis indicated that parents having alcohol exposure experienced a signiﬁcantly
increased risk of CHDs in oﬀspring. For example, the
risk of total CHDs in oﬀspring was signiﬁcantly
increased by 16% among mothers experiencing alcohol
exposure, and 44% among fathers having alcohol exposure. For speciﬁc CHD phenotypes, the present study
suggested that mothers that consumed alcohol were at
a signiﬁcantly higher risk of TOF in oﬀspring, compared
with those without alcohol exposure. However, our
study did not ﬁnd a statistically signiﬁcant association
between parental alcohol exposure and the remaining
phenotypes of CHDs because of the limited number of
included studies for speciﬁc phenotypes. Additionally,
our meta-analysis showed a nonlinear dose–response
relationship between parental alcohol exposure and
risk of total CHDs. A gradually increased risk of total
CHDs was observed with the increase of parental alcohol consumption, although there were no statistically
signiﬁcant diﬀerences at the level of low-exposure doses.
As far as we know, to date, only three metaanalyses20–22 have been conducted on this topic.
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However, our study has important strengths compared
with previously published meta-analyses. First, the present study focused not only on the risk of CHDs associated with maternal alcohol exposure, but also on the
risk of CHDs associated with paternal alcohol exposure. Yet, in the past reviews,20–22 only the risk of CHDs
associated with maternal alcohol consumption was considered. To our knowledge, the present study is the ﬁrst
to conduct a meta-analysis to clarify the relationship
between paternal alcohol consumption and CHD risk.
Second, our ﬁndings suggested that both maternal
and paternal alcohol exposure signiﬁcantly increased
the risk of CHDs in oﬀspring, which has not been conﬁrmed by previous meta-analyses.20–22 Three published
meta-analyses20–22 did not show a statistically signiﬁcant diﬀerence for the risk of CHDs in oﬀspring
among mothers experiencing alcohol exposure
compared with those without alcohol exposure. The
possible reasons for this diﬀerence may be due to different sample size between our study and previous
reviews. Our review is the most up to date on this subject. With the accumulating evidence and enlarged
sample size, we have enhanced statistical power to provide more precise and reliable risk estimates. Third, our
study comprehensively assessed the association between
parental alcohol exposure and risk of speciﬁc CHD
phenotypes, and also explored the potential dose–
response relationship between parental alcohol
exposure and CHD risk; however, the previous reviews
did not take into account these important and critical issues. Furthermore, the association between
parental alcohol exposure and CHD risk persists and
remains statistically signiﬁcant in sensitivity analysis
based on various exclusion criteria. The most relevant
heterogeneity moderators have been identiﬁed by subgroup analysis.
Although the teratogenic eﬀect of ethanol exposure
has been fully proved, the underlying mechanisms
involved in the association between parental alcohol
exposure and CHD risk in oﬀspring remain uncertain.
For the association between maternal alcohol exposure
and risk of CHDs, one hypothesis is that genetic-level
change caused by alcohol exposure may increase the
risk of CHDs. Previous studies have shown that
the teratogenic eﬀect of alcohol may induce genetic
changes.33,34 Serrano et al. have conﬁrmed that maternal alcohol exposure can aﬀect the Wnt/b-catenin signaling pathway, which is known to promote the change
of normal gene activation and cardio-genesis.35 At the
same time, the interaction between gene and alcohol
exposure may also lead to an increased risk of
CHDs.36,37 For example, Strandberg-Larsen et al. conﬁrmed that mothers experiencing alcohol exposure were
at a signiﬁcantly higher risk of CHDs in oﬀspring when
they had certain variant alleles.38 Additionally, it has
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been hypothesized that maternal alcohol exposure may
aﬀect the development of the fetal heart through
its contribution to impaired conversion of retinol to
retinoic acid, antagonism of the N-methyl-d-aspartate
(NMDA) receptor, compromised nutritional status, or
vascular disruptive events.39
For the association between paternal alcohol exposure and risk of CHDs in oﬀspring, there are few studies
to explore potential mechanisms. According to previous studies,40,41 the pathways of male inﬂuence on
oﬀspring can be summarized as DNA methylation, histone modiﬁcation, and microRNA (miRNA) expression. For example, it has been reported that paternal
alcohol exposure can aﬀect the change of DNA transmission methylation in spermatozoa, signiﬁcantly
decrease the activity of DNA methyltransferase, lead
to CG hypomethylation, and then activate the normal
silencing gene, resulting in congenital abnormality of
oﬀspring.40 Some studies also indicated that histone
modiﬁcation can regulate gene expression and change
sperm activity, which leads to abnormal phenotypes of
oﬀspring.38,41 In addition, the pathway analysis showed
that the expression of miRNA can control many cardiovascular pathways, which may lead to cardiac development defects.42 In brief, the uncertainty of
underlying mechanisms between parental alcohol consumption and risk of CHDs in oﬀspring warrants further research.
Several limitations are relevant to our study.
First, there was substantial heterogeneity among studies for the association between parental alcohol exposure and risk of CHDs. This is not surprising, given the
diﬀerent study populations and methodologies. We
detected the major source of heterogeneity by the subgroup analysis, the sensitivity analysis, and Galbraith
plot analysis. The sensitivity analysis yielded consistent
results by deleting one study at a time, or some lowquality studies or studies not controlling for any confounding factors, and calculating the combined OR for
the remaining studies. After subgroup analysis, the
major source of heterogeneity was identiﬁed, including
geographic region, and whether the confounding factors were controlled; however, there was still evidence
of heterogeneity after subgroup or sensitivity analyses,
both of which indicated that our results were little
aﬀected by heterogeneity. Additionally, after
Galbraith plot analysis and the further exclusion of
those studies that bring about heterogeneity, although
the overall estimates were slightly decreased, the heterogeneity was signiﬁcantly decreased, which indicated
that multicenter, prospective, and larger-sample studies
need to be carried out to further conﬁrm our results
in the future. In the meantime, we should view the
results with caution because of heterogeneity. Second,
although our meta-analysis assessed the risk of speciﬁc
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CHD phenotypes associated with parental alcohol
exposure, we only relied on a small number of studies
because most of the included studies did not report the
risk of speciﬁc CHD phenotypes, which limited our
ﬁndings. Additionally, due to the fact that most of
the original studies did not detail the types of alcohol,
we did not assess the association of diﬀerent types of
alcohol with CHDs. Future studies should emphasize
the precise classiﬁcation of alcohol types, as well as the
speciﬁc CHD phenotypes, which would contribute
to further providing accurate and reﬁned evidence to
explain the association between alcohol consumption
and risk of CHDs.
Third, residual confounding is of concern.
Uncontrolled or unmeasured risk factors potentially
produce biases. Although restricting analysis to studies
that have adjusted confounding factors did not materially alter the combined risk estimate, the potential
eﬀects of residual confounding might not be completely
excluded. Fourth, our meta-analysis included many
case–control studies because only three cohort studies
were available. When data were restricted to cohort
studies, we did not ﬁnd a signiﬁcantly positive association between maternal alcohol consumption and risk
of CHDs (OR ¼ 1.15, 95% CI: 0.87–1.53), but among
case–control studies, we found that maternal alcohol
exposure was signiﬁcantly associated with the risk
of total CHDs (OR ¼ 1.15, 95% CI: 1.04–1.27).
However, case–control studies are widely acknowledged to be prone to recall and selection biases,
which restrict the strength and quality of evidence.
Therefore, we should still view the results with caution
because of potential bias. Fifth, because variations in
the deﬁnition of alcohol exposure exist across countries
and cultures, it is extremely diﬃcult to deﬁne uniform
standards, which may increase the likelihood of misclassiﬁcation bias. Sixth, potential publication bias
could inﬂuence the ﬁndings. In our review, both the
Begg’s funnel plot and Begg’s rank correlation test indicated evidence of publication bias. Additionally, our
study did not compare the eﬀect of paternal and maternal alcohol consumption on the risk of CHDs, which
thus remains to be explained by further studies. Last
but not least, because the present review only included
studies published in Chinese or English, additional
research in other populations is warranted to generalize
the ﬁndings.
In summary, our meta-analysis, which includes a
large proportion of participants, giving it suﬃcient statistical power, aims to address the association between
parental alcohol exposure and risk of CHDs in oﬀspring. Although the role of potential bias and evidence
of heterogeneity should be carefully evaluated, our
study indicates that parents with alcohol exposure are
at a signiﬁcantly higher risk of CHDs in oﬀspring
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compared with those without alcohol consumption.
Additionally, there is a nonlinear dose–response relationship between parental alcohol exposure and risk of
CHDs. With an increase in parental alcohol consumption, the risk of CHDs in oﬀspring also gradually
increased. Therefore, our ﬁndings highlight the necessity
of improving health awareness to prevent alcohol exposure during the preconception and conception periods.
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