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Abstract

Background: Childhood cancers are a leading cause of death among children worldwide. Maternal alcohol
consumption before and during pregnancy has been suggested as a potential risk factor for childhood cancers. However,
the evidence to support this association is inconsistent. A systematic review and meta-analysis were conducted to clarify
this association. Methods: We performed a systematic search of PubMed, Web of Science, and Scopus databases
until May 2023 to identify observational studies reporting associations between maternal alcohol consumption and
childhood cancers. Heterogeneity between studies was evaluated using the y%, 72, and I statistics. Publication bias was
assessed using Begg and Egger tests. We calculated the odds ratio (OR) with a 95% confidence interval (CI) using a
random-effects model. Results: Out of 18,583 studies retrieved from the search, 31 studies involving 47,277 participants
met the eligibility criteria. Our meta-analysis found that maternal alcohol consumption before and during pregnancy was
associated with an increased risk of childhood cancers with OR of 1.15 (95% CI: 1.00, 1.33) and 1.11 (95% CI: 1.03,
1.20), respectively. Conclusions: Our meta-analysis found evidence of a positive association between maternal alcohol
consumption before and during pregnancy and the risk of childhood cancers. These findings suggest a need for public
health interventions aimed at reducing alcohol consumption during pregnancy to potentially prevent childhood cancers.
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Introduction

In 2020, cancer emerged as a prominent global cause
of death, accounting for almost 10 million fatalities, which
amounts to approximately one in every six deaths [1].
Childhood cancer affects approximately 400,000 children
and adolescents under the age of 20 globally each year
[2]. Among the most common childhood cancers are acute
lymphoblastic leukemia, astrocytoma, neuroblastoma,
non-Hodgkin’s lymphoma, and nephroblastoma [3].

Approximately 10% of childhood cancers have a
genetic basis, while the majority have no known cause
[4]. While childhood cancers are generally not strongly
linked to environmental and lifestyle risk factors, some
maternal factors, such as iron deficiency anemia, thyroid
diseases, gestational diabetes, and exposure to pesticides,
smoking, and alcohol consumption during pregnancy, may
contribute to their development [5-10].

The potential association between maternal alcohol
consumption during pregnancy and the risk of childhood
cancers has been the subject of interest in recent years.
The potential carcinogenic nature of alcohol metabolites
and the occurrence of leukemia during fetal development

provide valid reasons to investigate alcohol consumption
as a potential risk factor for the development of childhood
cancer [11].

The biological plausibility of alcohol consumption
as a carcinogen for humans has been demonstrated [12].
Ethanol has been shown to disrupt normal hematopoiesis
and lead to leukopenia, anemia, and thrombocytopenia,
making a person more susceptible to diseases such as acute
leukemia [13]. However, the association between maternal
alcohol consumption and childhood cancers remains
unclear. Some studies have reported a positive association
[14-16] while others have reported an inverse association
[17-19]. The purpose of this study is to determine whether
maternal alcohol consumption during pregnancy can be
considered a risk factor for childhood cancers.

A previous systematic review and meta-analysis
of published studies assessed the association between
maternal alcohol consumption during pregnancy and
childhood leukemia and found a statistically significant
association with childhood acute myeloid leukemia
[20]. However, the evidence on the association between
maternal alcohol use and the risk of childhood cancers
is conflicting. In this review, we aim to summarize the
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epidemiological evidence on the association between
parental alcohol exposure and the risk of childhood cancers.
Our meta-analysis provides an updated, comprehensive,
and unbiased assessment of this association, which could
inform public health interventions aimed at reducing the
incidence of childhood cancers.

Materials and Methods

PICOS criteria

Population: We included children and adolescents
under the age of 20 who were affected by any type of
childhood cancer, regardless of sex, race, ethnicity, and

geography.

Intervention (exposure)
The exposure of interest in our study was maternal
alcohol consumption before or during pregnancy.

Control
Our control group consisted of children and adolescents
without any type of childhood cancer.

Outcome

The primary outcome of interest in our study was
the incidence of any type of childhood cancer, including
leukemia, lymphoma including acute lymphocytic
lymphoma (ALL) and acute myeloid lymphoma (AML),
neuroblastoma, retinoblastoma, rhabdomyosarcoma, and
Wilms tumor.

Study

We included observational studies, such as case-
control or cohort studies, that investigated the association
between maternal alcohol consumption before and during
pregnancy and the risk of childhood cancers. We did not
restrict studies based on publication status or language.

Information sources and search

We conducted a comprehensive search of PubMed,
Web of Science, and Scopus databases up to May 2023 and
also explored the reference lists of the included studies.
The following terms were used in the search: (ethanol or
alcohol or pregnancy or “maternal exposure” or “prenatal
exposure”) and (leukemia or lymphoma or neuroblastoma
or retinoblastoma or rhabdomyosarcoma or Wilms tumor).

Study selection

After combining the search results from all databases
using EndNote and removing duplicates, two authors (R.R.
and F.G.) independently screened the titles and abstracts
to exclude studies that did not meet the eligibility criteria.
The complete texts of studies that may be relevant were
obtained for further assessment.

Data extraction

Data from the relevant studies were extracted by two
authors (R.R. and J.P.) using an electronic data collection
form prepared in Stata. The extracted data included
the first author’s name, year of publication, country,
language, mean or range of age, type of childhood cancer

362  4sian Pacific Journal of Cancer Prevention, Vol 26

(leukemia, lymphoma, neuroblastoma, retinoblastoma,
rhabdomyosarcoma, or Wilms tumor), exposure (maternal
alcohol consumption before or during pregnancy), study
design (case-control or cohort), sample size, analysis of
potential confounders (adjusted or unadjusted), and effect
size (odds ratio) with their corresponding 95% confidence
intervals (CIs).

Methodological quality

We used the Newcastle-Ottawa Scale (NOS) [21] to
assess the quality of the included studies. The NOS is a
tool designed to evaluate the quality of non-randomized
studies, such as case-control and cohort studies. The
NOS (Newcastle-Ottawa Scale) evaluates the quality
of studies by considering three main categories: the
selection of study groups, the comparability of study
groups, and the ascertainment of either the exposure or
outcome of interest. These criteria are used to assess the
methodological rigor and potential biases in the studies
under evaluation. Each study was evaluated on a scale of
0 to 9 stars, with high-quality studies receiving 7 or more
stars and low-quality studies receiving fewer stars.

Heterogeneity and publication bias

We assessed heterogeneity across studies using the
chi-square (%) test and tau-square (t2) test [22] and
quantified it by the I? statistic [23]. Based on the I value,
heterogeneity was classified as low (<50%), moderate (50-
74%), or high (=75%). We also explored the possibility of
publication bias using the Egger [24] and Begg [25] tests.

Data synthesis

We used both Review Manager 5 and Stata software
version 14 (StataCorp, College Station, TX, USA) for
data analysis. The overall effect size was reported as an
odds ratio (OR). We conducted a meta-analysis to obtain
a summary measure using the random-effects model [26]
at a 0.05 significance level.

The random-effects model is based on the assumption
that the true effect size can vary among studies due to
variations in study design, population characteristics, and
other factors. This model considers both within-study and
between-study variability, resulting in a more cautious
estimation of the effect size and a wider confidence
interval. By accounting for these sources of variability,
the random-effects model provides a more comprehensive
and conservative approach to analyzing data from multiple
studies.

Results

Description of articles

Of the 18,583 studies initially identified, 18,093
were retrieved through electronic database searches and
490 were identified through screening the reference lists
of included studies. After removing duplicates, 17,268
studies underwent title and abstract screening. Following
a full-text review, 31 studies [27-32, 18, 33-35, 16, 36-38,
15, 39-47, 14, 19, 48-52] met the inclusion criteria and
were included in the analysis, comprising a total of 47,277
participants (Figure 1). The characteristics of the included
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studies are presented in Table 1.

Synthesis of results

Overall, based on the analysis of 14 studies (Figure 2),
the meta-analysis revealed an overall OR of 1.15 (95% CI:
1.00, 1.33) for the association between maternal alcohol
consumption before pregnancy and childhood cancers,
including leukemia, ALL, and AML. This indicated
a non-significant increase in the risk of childhood
cancers by approximately 15% (P=0.060). Notably,
between-study heterogeneity was low (1>=42%). Both the
Begg test (P=0.702) and the Egger test (P=0.530) showed
no evidence of publication bias.

Based on the analysis of 51 studies (Figure 3), the
meta-analysis revealed an overall OR of 1.11 (95% CI:
1.03, 1.20) for the association between maternal alcohol
consumption during pregnancy and childhood cancers,
including leukemia, acute ALL, AML, and neuroblastoma.
This indicated a significant increase in the risk of
childhood cancers by approximately 11% (P=0.008).
Notably, between-study heterogeneity was low (1>=46%),
and neither the Begg test (P=0.948) nor the Egger test
(P=0.369) showed evidence of publication bias.

A single article reported on the relationship between
maternal alcohol consumption during pregnancy and
childhood Hodgkin lymphoma with an OR of 0.8 (95%
CI: 0.5, 1.4) [43]. Meanwhile, two articles reported on
the relationship between maternal alcohol consumption
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during pregnancy and childhood non-Hodgkin lymphoma,
with ORs of 1.5 (95% CI: 1.0, 2.1) and 0.8 (95% CI: 0.6,
1.2), respectively [43, 44].

Discussion

The present meta-analysis examined the association
between maternal alcohol consumption before and
during pregnancy and childhood cancers. Our findings
revealed a non-significant increase in the risk of
childhood cancers by approximately 15% in children
whose mothers consumed alcohol before pregnancy and
a significant increase in the risk of childhood cancers by
approximately 11% in children whose mothers consumed
alcohol during pregnancy. Interestingly, a single article
reported no significant association between maternal
alcohol consumption during pregnancy and childhood
Hodgkin lymphoma, while two other articles reported
conflicting results for the relationship between maternal
alcohol consumption during pregnancy and childhood
non-Hodgkin lymphoma. These findings suggest that the
association between maternal alcohol consumption during
pregnancy and childhood cancers may vary depending on
the type of cancer.

It is important to note that the present meta-analysis
found low between-study heterogeneity, indicating that the
studies included in the analysis were relatively consistent
in their findings. Moreover, the Begg and Egger tests

Additional records identified
through other sources
(n=490)

Duplicates removed
(n=1,315)

Records excluded
(n=15,020)

Full-text articles excluded,
with reasons
(n=2,217)

Studies included in
qualitative synthesis
(n=31)

Studies included in
quantitative synthesis
(meta-analysis)
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Figure 1. Flow of Information through the Various Phases of the Systematic Review
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Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI 1V, Random, 95% CI
1.1.1 Leukemia
MacArthur 2008 0.0769611 0.4514025 2.3% 1.08 [0.45, 2.62] B
Mejia-Aranguré 2003 0.2468601 0.1567821 10.0% 1.28 [0.94, 1.74] ~
Shu 1996 0.3148108 0.1688871 9.4% 1.37[0.98, 1.91] il
Subtotal (95% ClI) 21.7% 1.30 [1.05, 1.62] L 2
Heterogeneity: Tau? = 0.00; Chi?=0.27, df =2 (P =0.87); = 0%
Test for overall effect: Z=2.39 (P = 0.02)
1.1.2 Acute lymphoblastic leukemia
Ferreira 2015 0.2866816 0.1934038 8.1% 1.33[0.91, 1.95] T
Infante-Rivard 2002 -0.2231435 0.1570301 10.0% 0.80 [0.59, 1.09] ™
MacArthur 2008 0.3364722 0.1730128  9.1% 1.40[1.00, 1.97] —
Shu 1996 0.1043601 0.1894737  8.3% 1.11[0.77, 1.61] T
Slater 2011 -0.1625189 0.1795718  8.8% 0.85[0.60, 1.21] ™
van Steensel~ 1985 0.1823216 0.1323382 11.5% 1.20 [0.93, 1.56] INE
Subtotal (95% ClI) 55.9% 1.09 [0.90, 1.31] *
Heterogeneity: Tau? = 0.03; Chi2 = 9.50, df = 5 (P = 0.09); I = 47%
Test for overall effect: Z = 0.89 (P = 0.38)
1.1.3 Acute myeloid leukemia
Ferreira 2015 0.2037568 0.3613947  3.4% 1.23[0.60, 2.49] I
MacArthur 2008 0.3435897 0.4596808  2.3% 1.41[0.57, 3.47] I
Shu 1996 0.5877866 0.3137541 4.2% 1.80[0.97, 3.33] |
Slater 2011 -0.4004775 0.2126893  7.3% 0.67 [0.44, 1.02] ]
Song 2010 0.5306283 0.2731378  5.2% 1.70[1.00, 2.90] —
Subtotal (95% CI) 22.4% 1.25 [0.80, 1.94] <>
Heterogeneity: Tau? = 0.16; Chi? = 10.76, df = 4 (P = 0.03); 1> = 63%
Test for overall effect: Z=0.97 (P = 0.33)

Total (95% Cl) 100.0%

Heterogeneity: Tau? = 0.03; Chi? = 22.49, df = 13 (P = 0.05); I = 42%

Test for overall effect: Z = 1.92 (P = 0.06)
Test for subaroup differences: Chi? = 1.61, df = 2 (P = 0.45), I? = 0%

1.15[1.00, 1.33]

.

005 02 1 5 '
No alcohol consumption  Alcohol consumption

Figure 2. Forest Plot of the Association between Maternal Alcohol Consumption before Pregnancy and Childhood

Cancers

revealed no evidence of publication bias, suggesting
that the results are unlikely to be influenced by selective
reporting of studies.

A meta-analysis study by Latino-Martel et al. reported
similar findings to our study, showing that maternal
alcohol consumption during pregnancy has been found
to be significantly associated with an increased risk of
acute myeloid leukemia (AML) in young children [20].
In a systematic review by Jin et al., the incidence of AML
related to maternal alcohol consumption was found to be
twice as high as that of ALL [53]. These studies provide
further evidence for the potential association between
maternal alcohol consumption during pregnancy and
childhood cancers, highlighting the need for continued
research to better understand the underlying mechanisms
and to develop effective prevention strategies.

Childhood cancers can be caused by both genetic and
non-genetic (environmental) risk factors. A systematic
review by Spector et al. investigated the effect of
demographic and environmental risk factors on all
childhood cancers, as well as the effect of environmental
risk factors on ALL. The review found that, apart from
high-dose radiation therapy and prior chemotherapy, there
were few strong extrinsic risk factors with relative risks
greater than 2. Intrinsic risk factors, such as birth weight,
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parental age, and congenital anomalies, were consistently
associated with most types of childhood cancer. These
findings suggest that intrinsic factors may play a more
significant role in the development of childhood cancers
than extrinsic factors and highlight the importance of
considering both genetic and non-genetic risk factors in the
design of future research studies and prevention strategies.

This study had several limitations and potential
biases as follows. Firstly, the studies included in this
meta-analysis were observational, which limits our
ability to establish causality. While the meta-analysis
found a significant association between maternal
alcohol consumption during pregnancy and childhood
cancers, it is possible that other factors not accounted
for in the studies may have contributed to the observed
association. Secondly, the studies included in this meta-
analysis used a variety of methods to assess maternal
alcohol consumption during pregnancy, which may have
introduced measurement error or misclassification bias.
This heterogeneity in exposure assessment may have
contributed to the observed between-study heterogeneity,
although it was relatively low in this meta-analysis.
Thirdly, the studies included in this meta-analysis were
conducted in different populations with varying levels of
prenatal alcohol exposure and other risk factors, which
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Table 1. Characteristics of the Included Studies
Author, yr Country Age (yr) Study Matching  Adjustment Type of cancer Effect size Sample NOS score Quality
Alexander, 2001 Global <15 Case-control Yes Yes Leukemia, ALL, AML Odds Ratio 402 ook gk ok ko ok High
Bonaventure, 2013 France <15 Case-control No Yes Leukemia, ALL, AML Odds Ratio 2,445 HR AR High
Buck, 2001 New York <5 Case-control Yes No Neuroblastoma Odds Ratio 465 ARk High
Clavel, 2005 France <15 Case-control Yes Yes Leukemia Odds Ratio 324 AR High
Costas, 2002 USA <9 Case-control Yes No Leukemia Odds Ratio 56 ARk High
Ferreira, 2015 Brazil <2 Case-control Yes Yes ALL, AML Odds Ratio 675 ARk High
Infante-Rivard, 2002 Canada >9 Case-control Yes Yes AML Odds Ratio 982 H Ak High
Johnson, 2008 Minnesota <15 Case-cohort Yes Yes Neuroblastoma Odds Ratio 4811 ok ok ok High
Kabuto, 2006 Japan <15 Case-control Yes No ALL, AML Odds Ratio 915 Ak High
Kramer, 1987 USA NR Case-control Yes No Neuroblastoma Odds Ratio 186 ool High
Mac Arthur, 2008 Canada <15 Case-control Yes Yes Leukemia, ALL, AML Odds Ratio 798 laloaloiolol High
Mc Laughlin, 2009 New York <15 Case-cohort Yes Yes Neuroblastoma Odds Ratio 12,539 ook High
Mejia-Aranguré, 2003 Mexico 7.5 Case-control No No Leukemia Odds Ratio 85 Ak High
Menegaux, 2005 France <15 Case-control Yes No ALL, AML Odds Ratio 568 ool High
Menegaux, 2007 France <15 Case-control Yes Yes Leukemia, ALL, AML Odds Ratio 1,039 laloaloiolol High
Monge, 2007 Costa Rica <14 Case-control Yes No Leukemia Odds Ratio 879 Aok High
Orsi, 2015 France <15 Case-control Yes Yes Leukemia, ALL, AML Odds Ratio 2,168 ok ok ok ok % High
Ross, 1996 USA <ly Case-control Yes Yes Leukemia, ALL, AML Odds Ratio 181 olaioiokoilo High
Ross, 2005 North America <20 Case-control Yes No Leukemia Odds Ratio 331 ARk High
Rudant, 2008 France <15 Case-control Yes Yes ALL and AML Odds Ratio 2,437 ok High
Schuz, 1999 Germany >15 Case-control Yes Yes Leukemia, Neuroblastoma  Odds Ratio 2,688 ok ok ok % High
Schuz, 2001 Germany <8 Case-control Yes Yes Neuroblastoma Odds Ratio 1968 ARk High
Schwartzbaum, 1992 USA <9 Case-control No Yes Neuroblastoma Odds Ratio 791 ARk High
Severson, 1993 USA NR Case-control Yes Yes AML Odds Ratio 374 koloalololo High
Shu, 1996 United States 1.5 Case-control Yes Yes Leukemia, ALL, AML Odds Ratio 860 ok ok ok ok % High
Slater, 2011 Canada <ly Case-control Yes Yes ALL and AML Odds Ratio 768 ARk High
Song, 2010 Korea <18 Case-control Yes No Leukemia, ALL, AML Odds Ratio 923 laloaloiolo High
Wen, 2000 USA <15 Case-control Yes No ALL Odds Ratio 3828 lololoaiololol High
Yang, 2000 USA & Canada NR Case-control NR Yes Neuroblastoma Odds Ratio 1008 oo High
Van Duijn, 1994 Netherlands 0-4 Case-control Yes Yes AML Odds Ratio 757 ARk High
Van Steensel~ 1985 Netherlands <15 Case-control Yes Yes ALL Odds Ratio 1026 ARk High

NR, not reported; ALL, acute lymphocytic leukemia; AML, acute lymphocytic leukemia
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Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI 1V, Random, 95% CI
2.1.1 Leukemia
Alexander 2001 0.2070142 0.3076851 1.3% 1.23[0.67, 2.25] -
Bonaventure 2013 0.1823216 0.0871691 4.3% 1.20[1.01, 1.42] ™
Clavel 2005 0.4054651 0.2646765 1.6% 1.50 [0.89, 2.52] T
Costas 2002 0.4054651 0.5314173  0.5% 1.50 [0.53, 4.25] -1
MacArthur 2008 0.3293037 0.1677642  2.8% 1.39 [1.00, 1.93] —
Mejia-Aranguré 2003 -0.1625189 0.9129781 0.2% 0.85[0.14, 5.09] N
Menegaux 2007 0.0953102 0.1952777  2.4% 1.10 [0.75, 1.61] T
Monge 2007 -0.2613648 0.3541131 1.0% 0.77 [0.38, 1.54] -1
Orsi 2015 0.0000001 0.1050428  3.9% 1.00[0.81, 1.23] 0T
Ross 1996 -0.0976128 0.3313011 1.1% 0.91[0.47,1.74] T
Ross 2005 -0.0202027 0.2937056 1.4% 0.98 [0.55, 1.74] T
Schuz 1999 -0.1519863 0.1137486  3.8% 0.86 [0.69, 1.07] ™
Shu 1996 0.4700036 0.1590182  2.9% 1.60[1.17, 2.19] -
Song 2010 0.3364722 0.1565585  2.9% 1.40 [1.03, 1.90] —
Subtotal (95% CI) 30.1% 1.15[1.02, 1.30] 4

Heterogeneity: Tau® = 0.01; Chi* = 19.26, df = 13 (P = 0.12); I> = 33%
Test for overall effect: Z = 2.31 (P = 0.02)

2.1.2 Acute lymphocytic leukemia

Alexander 2001 -0.5108256 0.4809062  0.6% 0.60 [0.23, 1.54] —
Bonaventure 2013 0.0953102 0.1144644  3.7% 1.10[0.88, 1.38] —
Ferreira 2015 0.2546422 0.2614682  1.6% 1.29[0.77, 2.15] -
Infante-Rivard 2002 -0.3566751 0.1522763  3.0% 0.70 [0.52, 0.94] -
Kabuto 2006 -0.1984511 0.1751432  256% 0.82[0.58, 1.16] -t
MacArthur 2008 0.3576744 0.1706155  2.7% 1.43[1.02, 2.00] —
Menegaux 2005 06931472 0.1974456  2.3% 2.00 [1.36, 2.95] —_
Menegaux 2007 0.2623642 0.2373811  1.9% 1.30[0.82, 2.07] T
Orsi 2015 0.0000001 0.1050428  3.9% 1.00 [0.81, 1.23] T
Ross 1996 -0.2497443 05052639  0.6% 0.78 [0.29, 2.10] —T
Rudant 2008 0.0953102 0.1144644  3.7% 1.10[0.88, 1.38] ™
Shu 1996 0.3576744 0.1847021  2.5% 1.43[1.00, 2.05] —
Slater 2011 -0.2876821 0.2254802  2.0% 0.75[0.48, 1.17] —T
van Duijn 1994 -0.0555127 0.1942967  2.4% 0.95 [0.65, 1.38] —
van Steensel~ 1985 0.0000001 0.1050428  3.9% 1.00 [0.81, 1.23] T
Wen 2000 0.0000001 0.0745291  4.5% 1.00 [0.86, 1.16] T
Subtotal (95% Cl) 421% 1.06 [0.94, 1.19] )

Heterogeneity: Tau? = 0.03; Chi? = 32.60, df = 15 (P = 0.005); I> = 54%
Test for overall effect: Z = 0.93 (P = 0.35)

2.1.3 Acute myeloid leukemia

Alexander 2001 0.6523252 0.3928361  0.9% 1.9210.89, 4.15] T
Bonaventure 2013 0.3364722 0.2315591 1.9% 1.40[0.89, 2.20] T
Ferreira 2015 -0.1743534 0.4515465 0.7% 0.84 [0.35, 2.04] -1
Kabuto 2006 -0.3424903 0.3646364  1.0% 0.71[0.35, 1.45] -
MacArthur 2008 0.2926696 0.4696243  0.6% 1.34[0.53, 3.36] T
Menegaux 2005 0.9555114 0.4081701  0.8% 2.60[1.17,5.79] -
Menegaux 2007 -0.9162907 0.6644946  0.3% 0.40[0.11, 1.47] _

Orsi 2015 0.2623642 0.2373811 1.9% 1.30 [0.82, 2.07] T
Ross 1996 0.3646432 0.4146201  0.8% 1.44 [0.64, 3.25] -1
Rudant 2008 0.3364722 0.2315591 1.9% 1.40[0.89, 2.20] T
Severson 1993 1.098612 0.4961781  0.6% 3.00[1.13,7.93]

Shu 1996 0.9707789 0.3403839 1.1% 2.64[1.35,5.14]

Slater 2011 -0.7133499 0.2937056  1.4% 0.49[0.28, 0.87] -

Subtotal (95% CI) 13.8% 1.30 [0.96, 1.75] L

Heterogeneity: Tau? = 0.16; Chi? = 29.17, df = 12 (P = 0.004); I> = 59%
Test for overall effect: Z = 1.71 (P = 0.09)

2.1.4 Neuroblastoma

Buck 2001 0.1823216 0.2240926 2.0% 1.20 [0.77, 1.86] T
Johnson 2008 0.1133287 0.6045414 0.4% 1.12 [0.34, 3.66] -
Kramer 1987 0.3364722 0.2315591  1.9% 1.40 [0.89, 2.20] I
McLaughlin 2009 0.1823216 0.4271136 0.8% 1.20[0.52, 2.77] A
Schuz 1999 -0.0998204 0.2107061  2.2% 0.90 [0.60, 1.37] T
Schuz 2001 -0.1648747 0.2268919  2.0% 0.85[0.54, 1.32] -
Schwartzbaum 1992 -0.3566751 0.2620728  1.6% 0.70[0.42, 1.17] /T

Yang 2000 0.0953102 0.1449782  3.2% 1.10[0.83, 1.46] T
Subtotal (95% Cl) 14.0% 1.03[0.88, 1.21] )
Heterogeneity: Tau? = 0.00; Chi2 = 5.85, df = 7 (P = 0.56); I2 = 0%

Test for overall effect: Z = 0.42 (P = 0.68)

Total (95% CI) 100.0% 1.11 [1.03, 1.20] )
Heterogeneity: Tau? = 0.03; Chi? = 93.10, df = 50 (P = 0.0002); I = 46% 0 =05 0=2 : 5 210

Test for overall effect: Z = 2.67 (P = 0.008)

; . No alcohol consumption ~ Alcohol consumption
Test for subaroup differences: Chi? = 2.78, df = 3 (P = 0.43). 2= 0%

Figure 3. Forest Plot of the Association between Maternal Alcohol Consumption during Pregnancy and Childhood
Cancers
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may limit the generalizability of the findings to other
populations or settings. Finally, while the Begg and Egger
tests revealed no evidence of publication bias, it is possible
that some studies were not identified or included in the
analysis. This may have affected the overall estimate of
the association between maternal alcohol consumption
during pregnancy and childhood cancers.

The results of this meta-analysis suggest that maternal
alcohol consumption during pregnancy may increase the
risk of childhood cancers. Given the potential health risks
associated with prenatal alcohol exposure, health policies
should aim to promote abstinence from alcohol during
pregnancy. This could include public health campaigns
to raise awareness about the risks of alcohol consumption
during pregnancy, as well as targeted interventions
for women who are known to consume alcohol during
pregnancy. Healthcare providers should also play an
active role in promoting abstinence from alcohol during
pregnancy by providing education and counseling to
pregnant women and their families. This could involve
routine screening for alcohol use during prenatal care
visits, as well as providing information about the risks
of alcohol consumption during pregnancy and strategies
for reducing or quitting alcohol use. Finally, given the
potential variability in the association between maternal
alcohol consumption during pregnancy and specific types
of childhood cancers, further research is necessary to gain
a better understanding of the underlying mechanisms
involved and to identify any potential differences in risk
across different cancer types. This research can inform
the development of evidence-based health policies and
interventions to reduce the risks of prenatal alcohol
exposure and improve the health outcomes of children.

In conclusion, this meta-analysis found a significant
association between maternal alcohol consumption during
pregnancy and childhood cancers, including leukemia,
ALL, AML, and neuroblastoma. The observed association
was consistent across a large number of studies with low
between-study heterogeneity, suggesting that the results
are reliable. However, the limited ability to establish
causality and potential sources of bias and heterogeneity
should be considered when interpreting the findings.
Further research is needed to confirm these findings
and to determine the underlying mechanisms by which
alcohol exposure during pregnancy may increase the risk
of childhood cancers. These findings also highlight the
importance of promoting abstinence from alcohol during
pregnancy to reduce the risk of adverse health outcomes
for children.
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