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“Research is to see what everybody else has
seen, and to think what nobody else has

thought”

Albert Szent-Gyorgyi
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1 LIST OF ABBREVATIONS

AMA

CA

CHD

Cl
EUROCAT

GDM
GRADE

HCCSCA
HCAR
ICD

IVF

KSH
MEDLINE

NCA
NTD
OR
PECO

PRISMA

PROSPERO

QUIPS

ROBVIS
RR
SD

advanced maternal age

chromosomal anomaly

congenital heart defect

confidence interval

European Concerted Action on Congenital Anomalies and Twins (a
network of population-based congenital anomaly registries across
Europe)

gestational diabetes mellitus

Grading of Recommendations Assessment, Development and Evaluation
(a tool for grading the quality of evidence)

Hungarian Case-Control Surveillance of Congenital Abnormalities
Hungarian Congenital Abnormality Registry

International Classification of Diseases

in vitro fertilization

K6zponti Statisztikai Hivatal (Hungarian Central Statistical Office)
Medical
bibliographic database of the National Library of Medicine)

Literature Analysis and Retrieval System Online (the
non-chromosomal anomaly

neural tube defects

odds ratio
population, exposure, comparator, outcome (a framework for
formulating scientific questions)

Preferred Reporting Items for Systematic Reviews and Meta-Analyses
International prospective register of systematic reviews

Quality in Prognostic Studies (a tool to assess the study quality and risk
of bias)

a risk of bias visualization tool for systematic reviews

risk ratio

standard deviation



STROBE strengthening the reporting of observational studies in epidemiology (a
checklist of items that should be included in observational research
articles)

WHO World Health Organization



2 STUDENT PROFILE
2.1 Vision and mission statement, specific goals

My vision is a world where women receive state-of-the-art
prenatal care, ensuring the best possible outcomes for the next
generation. My mission is to promote the adoption of
innovative screening and monitoring techniques in prenatal
care. My specific goal is to elevate screening methods for non-
chromosomal birth defects to the highest possible standard,

enhancing early detection and intervention worldwide.

2.2 Scientometrics

Number of all publications: 5

Cumulative IF: 21.391

Av IF/publication: 4.278

Ranking (SCImago): D1:2,Q1:2, Q3:1
Number of publications related to the subject of the thesis: 2

Cumulative IF: 13.4

Av IF/publication: 6.7

Ranking (Sci Mago): D1:2,Q1:, Q2: -
Number of citations on Google Scholar: 31

Number of citations on MTMT (independent): 11

H-index: 3

The detailed bibliography of the student can be found on pages 94-95.
2.3 Future plans

| plan to expand my research in prenatal care by utilizing my extensive knowledge in this
area. A thorough understanding of healthcare necessitates combining practical experience
with academic knowledge. | am committed to actively engaging in prenatal patient care
to improve my skills and expand my perspective. Through daily contact with pregnant
women, my aim is to gain a deep knowledge of their distinct demands, challenges, and
worries.

With the cohesion of my research and clinical experiences in the field of prenatal
medicine, my goal is to build a professional path that raises prenatal care to the highest

possible level, thereby improving the well-being of mothers and their babies.



3 SUMMARY OF THE THESIS

There is a well known association between maternal age at birth and non-chromosomal
congenital anomalies (NCAs), but the exact details are still under active research. Our
aim was to identify maternal age groups with elevated risk of NCAs and to analyze the
age-dependent risk variation of different anomalies. To improve our comprehension and
practical use, we conducted a thorough investigation utilizing a database that
encompasses the entire population of Hungary over almost three decades, as well as a
meta-analysis of existing population-based studies worldwide. We found strong evidence
that the risk of occurrence of NCAs — excluding cases with concomitant chromosomal
anomalies (CAs) — is higher for mothers over 40: RR = 1.25 (CI: 1.08—1.46) in the meta-
analysis and 1.35 (CI: 1.23—1.49) in the population based study. The elevated risk in case
of very young mothers was also evidenced in the population based study, however, the
risk increase for the same age group in the meta-analysis did not turn out to be significant.
The year-by-year data available in the population based data enabled a more precise
delineation of the lowest risk maternal age range: mothers between 23 and 32 years age
had the lowest chance for NCAs. When investigating specific NCA categories,
concordance between the two studies was strongest for the circulatory system and cleft
lip and palate, with both showing elevated risk in the 40+ age group.

The findings underscore the importance of revising current prenatal screening protocols
to ensure they also account for maternal age. The results suggest that it may be beneficial
to use maternal age as a screening criterion for both fetal echocardiography and
neurosonography. In addition, public health policy should incorporate educational
campaigns targeting high-risk age groups to emphasize the significance of prenatal care
and screening. Customized counseling taking into account risks specific to different age
groups can improve the effectiveness of prenatal care and assist pregnant women in

making well-informed decisions.



4 GRAPHICAL ABSTRACT
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Investigating the Role of Maternal Age on the
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5 INTRODUCTION
5.1 Overview of the topic

5.1.1 What is the topic?
The focus of my research is to investigate the impact of maternal age on the occurrence
of non-chromosomal congenital anomalies (NCAs) in order to identify specific age-
related risk categories and improve prenatal screening protocols.

5.1.2 What is the problem to solve?
The issue lies in the limited evidence regarding the exact relationship between maternal
age and the occurrence of NCAs. This lack of clarity makes it difficult to develop accurate
prenatal screening protocols and public health strategies.

5.1.3 What is the importance of the topic?
The importance of this topic cannot be overstated, as congenital anomalies are frequent
with 3-5% worldwide(1, 2) and play a significant role in infant mortality (6% of infant
death worldwide)(3) and morbidity rates (approximately 20%)(4, 5) as well as result in
substantial healthcare expenses(6). By understanding the influence of maternal age on
NCAs, we can improve prenatal screening protocols and public health strategies,
consequently reducing the occurrence and impact of these anomalies on families and the
healthcare system.

5.1.4 What would be the impact of our research results?
The outcomes of our research will have significant impact by enhancing prenatal
screening protocols and public health strategies. Healthcare providers can enhance the
effectiveness of prenatal care by identifying maternal age groups that are at a higher risk
for NCAs. Public health campaigns can be customized to provide education and
assistance to age groups that are at a higher risk, ultimately decreasing the occurrence and
effect of NCAs. Furthermore, our findings will provide direction for future investigations

and policy choices focused on improving maternal and child health outcomes.



5.2 Maternal age — a critical factor in pregnancy outcome

Over the previous few decades, women's typical delivery age has increased in developed
countries.(7) Postponing childbearing is a complex phenomenon caused by social and
cultural changes.(8, 9) A growing number of couples are conceiving their first child while
the mother is between the ages of 30 and 35.(10) According to the literature, advanced
maternal age (AMA) begins at age 35 (> 35 years old) but this is by far not a universal
definition, and a distinct age limit could be established for each adverse perinatal
outcome. The proportion of births to mothers over the age of 35 has doubled since 1990,
accounting for approximately 20% of births in 2021; birth rates among mothers in their
forties have also steadily increased during this time.(11) In addition to social trends,
innovations in assisted reproduction techniques are increasingly allowing women to have
children after the age of 35 or even 40.(12)

Many studies have linked postponement of childbearing to a variety of pregnancy and
fetal complications (13-15) as well as recommendations for managing these high-risk
pregnancies.(16) AMA has been linked to an increased risk of gestational diabetes
mellitus(17-19), hypertensive disorders of pregnancy(20, 21), preterm delivery(22, 23),
fetal growth restriction(24, 25), stillbirth(26, 27), and cesarean delivery(28, 29), among
other complications. The results of the large epidemiological studies were also confirmed
by studies with animal models, which make it possible to explore the mechanisms behind
poor pregnancy outcomes and to develop therapeutic methods.(30) AMA, even in older
pregnant women without additional health conditions like gestational hypertension or
diabetes, is still associated with poorer obstetric and perinatal outcomes. This suggests
that advanced maternal age alone is a significant and independent risk factor.(31) In
addition to high-risk pregnancies and perinatal outcomes, AMA plays an important role
in congenital anomalies. This association is strong and well known in relation to
chromosomal anomalies, however, in case of NCAs, it is less coherently reported in the
literature.

Very young maternal age (< 20 year old) is also a major risk factor for adverse pregnancy
outcomes (higher rates of eclampsia, low birth weight and preterm delivery to mention
the most important).(32, 33) The global adolescent birth rate has decreased by more than
30 percent between 2000 and 2022, going from 65 to 42 births per 1,000 adolescent girls

aged 15-19.(34) This trend is the result of education, better access to contraception and
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social changes.(35) Very young maternal age does not seem to be an independent risk
factor for most outcomes. Rather, the increased risk appears to be an consequence of the
circumstances associated with becoming pregnant without planning as an adolescent.(36)
Substance abuse, higher rates of sexually transmitted infections, poorer nutritional
conditions and low socioeconomic status may explain poorer pregnancy outcomes.(37-
39)

5.3 Congenital anomalies — the leading cause of neonatal mortality and

morbidity

Congenital anomalies are structural or functional abnormalities that develop during
intrauterine life and can be detected intrauterinely, at birth, or, occasionally, during
infancy.(40) Congenital anomalies affect three to five percent of all births worldwide (1,
2), which is a main cause of infant mortality(41) and morbidity, responsible for the loss
of 25.3-38.8 million disability-adjusted life years globally.(42) According to the
EUROCAT survey, the average relative frequency of birth defects in Europe was 23.9 per
thousand births in 2010.(43) The 2010 Global Burden of Disease study estimates that
congenital anomalies account for 6% of infant deaths worldwide(3), while other studies
show that approximately 20% of neonatal and infant mortality is associated with
congenital anomalies.(4, 44)
The overall occurrence of significant birth defects has remained consistent over time.
However, both increasing (e.g. atrioventricular septal defect, tetralogy of Fallot,
omphalocele) and decreasing (e.g. anencephaly, common truncus, transposition of the
great arteries, and cleft lip with and without cleft palate) trends were observed for certain
conditions.(5)
Congenital anomalies impose a significant burden on society as a whole, particularly on
affected families and the health and social care systems. Furthermore, congenital
anomaly-related hospitalizations are extraordinarily costly, accounting for 4.1% of all
hospitalizations and 7.7% of entire hospital expenses (among patients under 65 years),
and with an estimated annual expense of $22.2 billion in the United States in 2019.(6)
These facts emphasize the global significance of congenital anomalies in research,
prevention and screening. It is essential to prioritize appropriate intervention as a matter
of public health. .Several known maternal lifestyle risk factors and chronic illnesses are

clearly associated with the occurrence of congenital anomalies. For example, a meta-
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analysis found that maternal tobacco use during pregnancy increases the risk of congenital
anomalies (OR = 1.18; CI: 1.03—1.34).(45) The risk-increasing effect of maternal diabetes
is also considered in genetic screening. A comprehensive study found that pre-gestational
diabetes has a significant effect (RR = 2.66; CI: 2.04-3.47).(46)

5.4  Potential association between NCAs and maternal age
Among congenital anomalies, chromosomal anomalies (CAs) are clearly associated with
advanced maternal age (47-50), a long-standing fact that has resulted in the current
professional screening protocols.(51, 52) However, there is no consensus with regard to
the degree of association between NCAs and maternal age.
While the role of maternal age in the development of NCAs is generally accepted, the
literature is inconsistent regarding the risk of NCAs in specific age groups. This is a major
issue not only because of the trend towards delayed childbearing but also because of the
risks of adolescent pregnancies. Some studies show a risk-increasing effect only for the
very young(53) (generally defined as under 20 years old) or only for the advanced-
aged(generally defined 35 years old or older) population(54), while others for both age
categories.(55, 56)
When examining the effect of maternal age on NCAs, a comprehensive analysis is
justified not only by the inconsistent data. Studies are very heterogeneous in terms of age
categories and the classification of NCAs: On the one hand, there is no universally
accepted reference age category, on the other hand, anomalies are classified in various
ways that may or may not correspond to International Classification of Diseases (ICD)
categories.
The underlying maternal age related factors contributing to the increased risk of NCAs
are known, even though the precise biological links remain undetermined. The
susceptibility of the very young age group can be largely attributed to the teratogenic
effects resulting from the lifestyle and living conditions of mothers who became pregnant
at a very young age, as well as their limited adoption of primary prevention measures. In
detail, these factors may encompass smoking, drug and alcohol abuse (the combined
prevalence of substance is 41.0%), low socioeconomic status, low level of education, and
a lack of sufficient folic acid supplementation which is common in case of intentional
childbearing.(57) Insufficient consumption of folic acid is unequivocally linked to an

elevated susceptibility to neural tube defects.(58) To what extent AMA is responsible
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directly and indirectly (i.e. via age-related chronic diseases) for the increased risk of
NCAs is not yet established. The necessary basic research — e.g. that would clarify the
role of age-related decline of oocyte quality and deteriorated repair processes in increased

risk of NCAs — is still missing.
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6 OBJECTIVES
6.1 Study I. — Investigating the Impact of Maternal Age on the
Development of Non-Chromosomal Congenital Anomalies in the
Hungarian Population between 1980 and 2009
The aim of this study was to use our distinct database to determine the specific 10-year
period of maternal age in Hungary that has the lowest risk for NCAs. Additionally, we
also wanted to compare other maternal ages to this specific period in order to offer an
original perspective on the relationship between maternal age and NCAs. The reason for
this approach was to enhance our comprehension of age-related vulnerabilities and
provide insights for modifying prenatal screening protocols according to the maternal age.
6.2 Study II. — Investigating the Impact of Maternal Age on the
Development of Non-Chromosomal Congenital Anomalies Worldwide
The objective of this study was to perform a comprehensive meta-analysis investigating
the occurrence of NCAs based on maternal age. Despite thorough investigation on this
subject, the full scope and characteristics of the association between maternal age and
NCAs are still uncertain. The existing literature lacks a unanimous agreement on the
specific particulars of this relationship. The objective of this study was to elucidate these
factors and offer valuable perspectives for formulating age-specific guidelines for

prenatal screening and public health strategies.
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7  METHODS
7.1  Study IL.

7.1.1 Study design
We conducted a population-based study in Hungary over a span of nearly 30 years to
examine the occurrence of NCAs in relation to the age of the mothers. This study collected
cases from the Hungarian Case-Control Surveillance of Congenital Abnormalities
(HCCSCA), and the total number of live births during the study period from the
Hungarian Central Statistical Office (KSH). Instead of comparing arbitrary age
categories, we used the restricted cubic spline model to identify high- and low-risk
maternal age groups.(59) We present our population-based study in accordance with the
guidelines outlined in the STROBE (Strengthening the Reporting of Observational
studies in Epidemiology) guideline.(60)

7.1.2 Setting
Our study examines the HCCSCA, which was established in 1980 and ended in 2009.(61)
The data collection process underwent modifications in 1997, specifically impacting the
collection of matched controls that were not utilized in the present study. Consequently,
this led to slight adjustments in the structure of the HCCSCA. The data collected from
1980 to 2009 through the HCCSCA was consolidated into a single, validated
database.(62) In 2002, the legal basis of data privacy was called into question and data
collection was halted until 2005 following the concerns raised by a mother.
Physicians in Hungary have been required to report patients as cases with congenital
anomalies to the Hungarian Congenital Abnormality Registry (HCAR) since 1962. This
reporting obligation applies from birth until the end of the first postnatal year. The HCAR,
established in 1962, was the inaugural international registry of congenital anomalies with
a national focus.(63) Starting from 1984, the prenatal diagnostic centers were required to
inform the HCAR about any prenatally diagnosed fetuses with or without elective
termination of pregnancy, if they were found to have malformations. The HCCSCA has

registered cases from the HCAR since 1980.
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7.1.3 Ethics and patient consent
The data analysis was conducted with the approval of the Scientific and Research Ethics
Committee of the Medical Research Council, Hungary (BMEU/920-3/2022/EKU). Our
study did not report any registry data that could be identified. There is no legal
requirement for obtaining informed consent in order to register a baby with a congenital
anomaly.
7.1.4 Participants

Cases with CAs in the HCAR were enrolled to the HCCSCA if they met all the following
selection criteria: (1) reported to the HCAR within 3 months after birth or elective
termination of pregnancy, (2) none of the three mild congenital anomalies (hip
dislocation, congenital inguinal hernia, and large haemangioma) were present alone, and
(3) did not have congenital anomaly-syndromes caused by gene mutations or
chromosomal anomalies with preconceptional origin. In our analysis, we excluded cases
with incomplete data or the co-presence of chromosomal anomalies (Figure 1). The main
task of the HCCSCA has been the detection of teratogenic/fetotoxic agents and other
environmental effects during pregnancy resulting in the development of birth defects. The
case group contains live births, stillbirths, and elective terminations of pregnancies
following prenatal malformation diagnosis. For the number of controls, the total number
of live births by maternal age in Hungary during the study period was obtained from the
KSH.

All registered cases during
the study period
(n= 32 295)

Excluded from the study population:
——— | * missing maternal age (n=71)

* CA cases (n=1 080)

* only mild NCA (n=16)

Analysed cases
(n=31 128)

Figure 1. Study plan(64)
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7.1.5 Variables and data sources
The data collection process recorded the following information for each patient: NCA(s),
gender, maternal age, paternal age, birth date, birth weight, gestational age, place of
mother's residence, birth order, mother's and father's level of education, employment
status and type of employment, mother's marital status, outcome of previous pregnancies,
maternal diseases during pregnancy (specified by month), medication during pregnancy
(specified by month), and the mother's smoking habits and alcohol consumption
patterns.(62)
The maternal age was documented at the moment of childbirth or termination of
pregnancy as a result of fetal anomaly. Data regarding maternal diseases, lifestyle factors,
and medication usage during pregnancy were gathered through various methods. Initially,
mothers submitted their comprehensive medical records pertaining to their current
pregnancy, which were then meticulously documented by professionals (prospective,
medically recorded data). Subsequently, a questionnaire was sent via mail to the mothers,
which included inquiries regarding maternal illnesses, drug treatments during pregnancy,
and pregnancy supplements. The information collected was retrospective and based on
self-reports from the mothers. Finally, nurses from different regions visited all the
mothers. They assisted mothers in gathering and presenting their medical records and
completing the supplementary data collection questionnaire.

7.1.6 Bias and evidence synthesis
The maternal ages were documented using birth certificates, guaranteeing a high degree
of precision in the data. The distinct characteristics of data collection and verification
additionally bolster the dependability of the data. Nevertheless, the categorization of
results was not uniform throughout the extensive duration of the study. When converting
various ICD categories, the groupings used may not always align perfectly.
We employed the GRADEpro tool to evaluate the degree of evidence underlying our
findings.(65) The GRADE is a standardized methodology that allows for clear and
consistent evaluation of evidence quality, and thus enables the judgement of the reliability

of study results.
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7.1.7 Statistical methods
Primary data extraction and organization were carried out in Microsoft Excel. Statistical
analysis was carried out in R (version 4.1.3).(66)
The aim of our analysis was to determine high risk maternal age for each NCA category.
We used a two-way approach.
First, we identified the best ten-year period of maternal age corresponding to the
anomaly’s lowest relative frequency. Risk was calculated as: number of cases among live
births + stillbirths + elective terminations of pregnancies following prenatal diagnosis of
malformation / total number of live births in the population. Risk ratios (RR) for each
year were determined by taking the best ten-year period as a “reference risk”. (Despite
the case-control approach, RR could be used because data collection included the whole
population.) Cases with maternal age less than 13 (1 case) and greater than 45 years (9
cases) were excluded because the very low number of cases in these maternal age ranges
would have made the regression unreliable. The confidence interval (CI) of relative
frequency was estimated according to Agresti and Coull.(67)
Second, we fitted a non-linear, non-parametric logistic regression model on the original
data (namely, a restricted cubic splines model using 5 knots at the .05 .275 .5 .725 and
.95 quantiles, as recommended in literature; explanatory variable: maternal age; response
variable: presence or abscence of NCAs) using the “rms” R package (version 6.2.0).(68)
The resulting relative frequency estimates of the regression were transformed to the RR
scale in order to enable graphical representation in the figure showing the year-by-year
risk estimates calculated above.
A grouping of NCA categories based on high risk maternal age was done by considering
the confidence bands in addition to assessing the shape of the curves: a curve may appear
U shaped at first glimpse but the risk increase is not necessarily statistically substantiated
in both directions, i.e. the CI-band may contain the RR =1 line corresponding to zero
effect.

All CIs were calculated at a confidence level (1-a)) of 95%.
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7.2 Study IL
We documented our systematic review and meta-analysis based on the guidance of the
PRISMA 2020 guideline (69), and we adhered to the Cochrane Handbook for Systematic
Reviews of Interventions.(70) The protocol of the study was prospectively registered on
PROSPERO (International Prospective Register of Systematic Reviews) (71)
(registration number CRD42021283593), and we adhered to it, with some deviations:
Title modification for the purpose of enhancing clarity and conciseness; Subgroup
analyses were performed without prior specification; The searches involved examining
reference lists of eligible articles for screening purposes. Only population-based studies
that provided precise NCA counts were included in order to facilitate risk assessment. For
the sake of simplicity in understanding, Risk Ratios were utilized instead of Odds Ratios.
Publication bias was assessed only visually. However, these modifications primarily
pertain to technical aspects and do not change the underlying conceptual framework of
the study.

7.2.1 Literature search and eligibility criteria

Information sources
The search was systematically carried out in three extensive medical databases:
MEDLINE (via PubMed), the Cochrane Library (CENTRAL), and Embase on October
19, 2021.
Search strategy
We conducted a systematic search using the following search term: ("maternal age" OR
"maternal ages" OR "mother age" OR "mother ages") AND (((congenital OR birth) AND
(anomaly OR anomalies OR disorder OR disorders OR malformation OR malformations
OR defect OR defects)) OR congenital abnormalities. The search was conducted without
any language restrictions or filters. In addition, we examined the bibliography of the
eligible articles.
Eligibility criteria
The research question was formulated utilizing the PECO framework. We included
population-based studies reporting on pregnant women (P). We did not have pre-defined
exclusion criteria (e.g., age range, country, comorbidities) for our population. Eligible
studies compared different maternal age groups (E and C) regarding NCAs. We examined
every pre-defined age group reported by the eligible studies. Our primary outcome (O)
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was the rate of all NACs combined, while the secondary outcomes were the various
specific structural defects. We did not have pre-defined diagnostic criteria for the NCAs.
Studies not reporting the total number of patients and the number of NCAs by age group
were not eligible. The following exclusion criteria were pre-defined: CAs as target
outcomes; case-control or cohort studies; case series; and case reports.

7.2.2 Study selection and data extraction
Study selection
After removing duplicates, the selection was performed independently by three review
authors, first by title, then by abstract, and finally based on full text according to the
aforementioned criteria. Endnote v20 (Clarivate Analytics, Philadelphia, PA, USA)
reference manager software was used for the selection. We calculated Cohen's kappa
coefficient after each selection process to measure interrater reliability.(72)
Disagreements were resolved through consensus. In cases where consensus could not be
reached, a final decision was made with the participation of a fourth independent review
author. The study selection process is shown using the PRISMA 2020 flowchart (Figure
5).
Data extraction
The author and two additional researchers independently gathered data from the eligible
articles. In instances of disagreement, the decision was made by reaching a consensus. If
a consensus could not be reached, a final decision was made by including a fourth
researcher. The following data were extracted with a standardized collection method to
an MS Excel sheet (Office 365, Microsoft, Redmond, WA, USA): first author, the year of
publication, study population, study period, study site (region), study design,
demographic data of the patients, total number of patients in the age groups, number of
NCAs in the age groups, and further information necessary for assessing the risk of bias
in the studies.
To investigate which maternal age increases the probability of particular NCAs, we
utilized the age categories from the included studies or defined new ones by combining
two or more age groups. The age group of 20- to 30-year-old mothers was used as a
reference group. In defining the age groups, the ideal 10-year period was based on other
studies, including our own work.(64) We aimed to look at very young mothers (under 20

years), advanced maternal age (35 years or older, as commonly defined); and mothers
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over 40. In addition, we created additional groupings for the 30—35 and 35-40 maternal
ages so that the potential association between maternal age and risk change of a given
NCA may be more accurately determined. A study was included in the data analysis, if
data was available for the reference age category and at least one additional age category
for at least one NCA. To ensure consistency, we classified the endpoints according to
ICD-10.

7.2.3 Quality assessment
The author and an additional researcher performed the risk of bias assessment
independently with the help of the Quality in Prognostic Studies (QUIPS) tool.(73)
Disagreements were resolved by a third researcher. A web-based Risk of Bias
VISualization (ROBVIS) tool for systematic reviews was used to visualization of the
results.(74)

7.2.4 Data synthesis and analysis
As a general rule, we carried out a mathematical synthesis if there were at least three
matching articles regarding the age groups and NCAs. In a very few cases, when for non
of the age groups were at least 3 studies available for the given anomaly, we carried out
the meta-analysis of even only two studies to get at least a limited information.
All statistical analyses were made with R (66) using the 5.5.0 version of meta (75), and
the 0.0.9000 version of the dmetar (76) packages.
We anticipated considerable between-study heterogeneity in the study population;
therefore, a random-effects model was used to pool effect sizes. RRs with 95% CI was
calculated as a random effects estimate with the metabin function of the meta R package.
The Mantel-Haenszel method(77-79) was used to pool RRs. Since the exact Mantel-
Haenszel method was used, we did not apply continuity correction to handle zero cell
counts.(80)
For outcomes with at least five studies, a Hartung-Knapp adjustment was used.(81, 82)
We applied the Paule-Mandel method (83) to estimate the between-study variance (tau
squared).
Additionally, between-study heterogeneity was investigated by Cochrane’s Q test.
Significant heterogeneity was considered at p <0.1. Higgins & Thompson's I? statistics
and 95% CI (82) were reported to illustrate the total variation across studies due to

between-study heterogeneity.
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Following the recommendations of IntHout et al.(84), where applicable, we also reported
the prediction intervals (i.e., the expected range of effects of future studies) of the pooled
estimates.

A Cochrane Q test was used between subgroups to assess the age group differences. The
null hypothesis was rejected at a 5% significance level. We used forest plots to summarize
the results graphically.

Publication bias (a.k.a. small study effect) was assessed visually using funnel plots (forest
function of the meta R package), where asymmetry suggests potential bias. Formal
assessment was not carried out if less than 10 studies were available, due to the increased

risk of unreliable or misleading conclusions.
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8 RESULTS
8.1 Study I: Population-based registry analysis
8.1.1 Participants

Over the study period, a total of 31,128 cases of NCAs were identified in Hungary,
alongside 2,808,345 live births recorded during the same timeframe. Table 1 presents the
age distribution of the study population, showing that 7.66% of all births fell into the very
young (under 20 years) and 6.62% into the advanced (35 years or more) maternal age
categories. Additionally, mothers over 40 accounted for 1.11% of births. This means that
14.28% of births were in the maternal age groups expected to pose an increased risk.
Mean maternal age was practically the same among cases (26.0 years; SD = 5.4) and in

the total population (26.1 years; SD = 5.1).

Table 1. Age distribution of cases and total population by age(64)

Number of live births in Number of cases of NCA in
Maternal age

Hungary 1980 - 2009 Hungary 1980 — 2009
13-19 214718 3060
20-24 940 062 10 474
25-29 981 027 10073
30-34 486 657 5182
35-39 154 753 1893
40 - 45 31128 446

8.1.2 Characteristics of the study population
Thanks to the population-wide data collection, we had individual information about the
cases. In the table below, we summarized some of this information. (Table 2) The most

notable is the sex of the fetuses, which is around 65% male.

23



Table 2. Baseline characteristics table(64)

maternal age: all
(13-45 years)
[count: 31,118]

count mean SD
birth mass (g) 30,908 3,018 707
gestation period (weeks) 30,995 38.5 3.2
paternal age (years) 1,851 32.1 6.4

count proportion
gender
male 20,046 65.64%
female 10,492 34.36%
NA 580
birth order
primiparous 16,309 55.76%
multiparous 12,939 44.24%
NA 1,870
maternal smoking
smoker 2,776 35.51%
nonsmoker 5,041 64.49%
NA 23,301
maternal education
managerial 1,377 15.26%
professional 2,450 27.14%
skilled worker 2,376 26.32%
semiskilled 2,327 25.78%
unskilled 496 5.50%
NA 22,092
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8.1.3 Risk of NCAs by maternal age category
The relative frequency of NCAs in the study period was 1.1% (excluding cases with only
mild anomalies and cases with concomitant chromosomal anomalies, as described in the

methodology earlier).
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All NCAs (ICD-10 Q00-Q89):

In the first step, all NCAs were analyzed together (Figure 2). We found a risk-increasing
effect for both the advanced and the very young maternal age. The lowest risk ten-year
period turned out to fall between 23 and 32 years (light gray shading); both lower (RR =
1.2; CI: 1.17-1.23) and higher (RR = 1.15; CI: 1.11-1.19) maternal age pose an almost
identically increased risk of anomalies. The year-by-year RRs (circle markers) imply an
increasing trend in both directions. The fitted regression line (black, with a dark gray
confidence band) stresses that both very young and advanced maternal age increase risk
even more. Even though the confidence range becomes wider in the very young and old
maternal age groups due to the low number of cases, the trend is still clear.
Non-chromosomal abnormalities

(Q00_89) low risk period: 23-32 years
RR(young) = 1.2 [1.17-1.23]; RR(old) = 1.15 [1.11-1.19]

RR

15 20 25 30 35 40 45

maternal age (years)

Figure 2. Analysis of all NCAs by maternal age(64) The figure shows the estimated risk
ratios of NCAs as a function of maternal age with the best ten-year-period as "reference
risk" (circle markers). The best ten-year-period is highlighted with light gray. The black
curve shows the result of the restricted cubic splines regression, the dark gray area is its

confidence range.
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In the next step, NCAs were analyzed one-by-one by ICD categories (Figure 3 and Table
6).
Congenital malformations of the nervous system (ICD-10: Q00-Q07)

The lowest risk ten-year-period in this category was detected between 26-35 years of
maternal age. This is also the only NCA category where only the young maternal age is
significantly associated with increased risk. Looking at the entire low-age group (<26
years), the risk increase is 25%. For the very young age group (< 20), there is an even

higher risk: RR = 1.71 (CI: 1.48-1.97).

Congenital malformations of eve, ear, face and neck (ICD-10: Q10-Q18)

The best-ten-year period for this type of anomaly was between 30-39 years. The
advanced maternal age above this period shows a risk-increasing effect while young age
(<30 years) does not. Looking at the figure, the results appear to be somewhat
inconsistent, because the risk increase already becomes significant above 35 years, which
is still in the best-ten-year period. The risk increase is especially high above 40 years:

RR =2.09 (CL: 1.25-3.49).

Congenital malformations of the circulatory system (ICD-10: Q20-0Q28)

The lowest risk ten-year-period falls between 23-32 years. Outside this age range, there
is an increase in risk at both very young (<23 years; RR =1.07; CI: 1.01-1.13) and
advanced maternal ages (> 32 years; RR = 1.33; CI: 1.24-1.42), but it is more pronounced
in vase of the advanced age group. From a clinical point of view, it is noteworthy that

within the advanced maternal age group, the risk was particularly elevated in mothers

over 40 years: RR = 1.72 (CI: 1.45-2.05).

Congenital malformations of the respiratory system (ICD-10: Q30-Q34)

According to our analysis, respiratory system anomalies could not be proven to be
associated with maternal age. Though a lowest risk ten-year-period was determined here
as well, this is unlikely to reflect reality due to the scarcity of cases and the associated

increased role of random data variation.
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Cleft lip and cleft palate (ICD-10: Q35-Q37)

The lowest risk ten-year-period was found to be between 25-34 years of maternal age for
this group of NCAs. There is an increase in risk both below (RR =1.07; CI: 1.01-1.13)
and above (RR = 1.33; CI: 1.24-1.42) this maternal age range, but it is more pronounced
at advanced ages. In this case, too, mothers aged 40 and above faced the highest risk:

RR =1.58 (CI: 1.16-2.16).

Congenital malformations of the digestive system (ICD-10: Q38-0Q45)

The lowest risk was for maternal age between 24 and 33 years, with both lower
(RR=1.23; CI: 1.14-1.31) and older (RR =1.15; CI: 1.02-1.29) maternal age as a
significant risk-increasing factor. The most pronounced increase in risk was observed for

mothers under the age of 20: RR = 1.46 (CI: 1.31; 1.64).

Congenital malformations of genital organs (ICD-10: Q50-0Q56)

The lowest risk ten-year-period was found between 25-34 years. Both the younger
(RR =1.15; CI: 1.08-1.22) and the more advanced (RR = 1.16; CI: 1.04—1.29) maternal
age increases the risk — to a similar extent — The risk is expected to increase by around

30% for mothers both under 20 and over 40 years.

Congenital malformations of the urinary system (ICD-10: Q60-Q64)

The lowest risk ten-year-period was detected between 15-24 years. Higher maternal age
increases the risk (RR=1.34; CI: 1.19-1.50), with an even higher risk above 40:
RR =2.27 (CI: 1.53-3.38). Thought the below 20 age category overlaps with the lowest
risk age range, a risk increase could still be detected: RR = 1.29 (CI: 1.04-1.60).

Congenital malformations and deformations of the musculoskeletal system (ICD-10:
Q65-Q79)

The optimal age range is between 27-36 years. Both the younger (RR = 1.17; CI: 1.12—
1.23) and the older (RR =1.29; CI: 1.14-1.44) maternal age increases the risk. The

probability of these anomalies increases most in people under 20 years of age: RR = 1.57

(CI: 1.46-1.70).
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Congenital malformations of the nervous system
(Q00_07) low risk period: 26-35 years
RR(young) = 1.25[1.14-1.37]; RR(old) = 1.07 [0.86-1.32]

Congenital malformations of eye, ear, face and neck
(Q10_18) low risk period: 30-39 years
RR(young) = 1.11 [0.94-1.33]; RR(old) = 2.07 [1.24-3.47]

Congenital malformations of the circulatory system
(Q20_28) low risk period: 23-32 years
RR(young) = 1.07 [1.01-1.13]; RR(old) = 1.33 [1.24-1.42]

matemal age (years)

Congenital malformations of the respiratory system
(Q30_34) low risk period: 35-44 years
RR(young) = 1.6 [0.82-3.11]; RR(old) = 0 [0-NaN]

15 20 25 30 35 40 45

maternal age (years)

Cleft lip and cleft palate
(Q35_37) low risk period: 25-34 years
RR(young) = 1.08 [1.01-1.19]; RR(old) = 1.45 [1.26-1.67]

15 20 25 30 35 40 45

maternal age (years)

Congenital malformations and i of the syster

(Q65_79) low risk period: 27-36 years
RR(young) = 1.17 [1.12-1.23]; RR{old) = 1.29 [1.14-1.44]

matemal age (years)

Congenital malfermations of genital organs
(Q50_56) low risk period: 25-34 years
RR(young) = 1.15 [1.08-1.22]; RR(old) = 1.16 [1.04-1.29]
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Congenital malfermations of the urinary system
(Q60_64) low risk period: 15-24 years
RR(young) = 1.96 [0.28-13.94); RR(old) = 1.34 [1.18-1.5]

matemal age (years)

Other conaenital malformations of the digestive system
Congenital low risk period: 24-33 years
RR{young) = 1.23[1.14-1.31]; RR(old) = 1.15 [1.02-1.29]

- -
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o
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Figure 3. Summary results for the NCA categories(64)

29



8.1.4 Level of evidence
The level of evidence was only assessed in case of the overall outcome “all NCAs
combined”. Here, we found a “moderate” level (i.e. level 3 on a 4-level scale with levels
“very low”, “low”, “moderate”, and “high”) of evidence certainty for both the very young
(<23 years) and the advanced (> 32 years) age groups. The main reason for this is the

observational study design and the lack of inclusion of confounders in the analysis.

Table 3. Grading of the primary outcomes(64)

o Certainty
Study design  Risk of bias el iarsione maternal ages maternal ages (959‘ a) (95" Cl)

all non-chromosomal congenital anomalies together - very young maternal age

observational  not serious not serious not serious. not serious dose RR 1.20 1 fewer per ea00 CRITICAL

studies response (11710 1.23) 100 Moderate
gradient (from 1 fewer
to 1 fewer)*

all non-chromosomal congenital anomalies together - advanced maternal age

observational  not serious not serious not serious. not serious. dose RR 1.15 - o080 CRITICAL
studies response (11110 1.19) Moderate
gradient
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8.2
8.2.1 Study selection

Study II: Meta-analysis

After duplicate removal, 15,547 studies were identified by our search in the three screened

databases, from which 72 full-text articles were included in our synthesis following the

selection process shown in Figure 4 below.

Identification of studies via databases and registers

Additional records identified
(n=3)

= Records identified from: Records removed before
k= screening:
ki PubMed (n=10 415) -
= Embase (n= 9619) "| Duplicate records removed
g Central (n=198) (n = 4685)
o
4
Records screened Records excluded
~ —
(n = 15 547) (n = 14 831)
v Cohen’s Kavpa: 0.81 ‘
Reports sought for retrieval - Reports not retrieved
- = »
2 (n=716) (n = 473)
=
g Cohen's Kappa: 0.83 ‘
2 A
- Reports excluded:
Reports assessed for eligibility . -
(n = 243) > Stlud_y design (n=37) ~
Missing relevant data (n=38)
No raw data or back-
calculation option (n=57)
Not relevant to our age
criteria (n = 43)
¥
Reports assessed for eligibility
(n=71)
o
@
o
=)
°
=

Figure 4. PRISMA 2020 flowchart representing the study selection process(85)
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8.2.2 Study characteristics
The baseline characteristics of the included studies are detailed in Table 4. Our meta-
analysis includes population-based studies from all over the world: 37 studies come from
the Americas, 17 from Europe;, 14 from Asia, 3 from Australia, and 1 from Africa; the
precise geographic location is indicated in the baseline table. In terms of the data
collection period, the included studies encompass an overall timeframe between 1940 and
2018. All studies are population-based, with 36 studies carried out at the national level,
34 at the subnational level, and two at the multinational level, mostly based on the

corresponding registries.

8.2.3 Risk of bias assessment
The results of the risk of bias assessment are presented in Figure 5. The overall risk of
bias (possible levels are low, medium and high) is 88% low, 12% moderate, and 0% high.
The two component bias aspects with the highest risk were the bias due to confounding
(38% low, 62% moderate, 0% high) and bias due to participation (51% low, 49%
moderate, 0% high). The main source of risk of bias in both cases is the limited reporting

of population characteristics.

Bias due to participation
Bias due to attrition

Bias due to prognostic factor measurement
Bias due to outcome measurement

Bias due to confounding
Bias in statistical analysis and reporting
Overall

25% 50% 75% 100%

2

°
o
74
)
74
o

0

| . Low risk of bias D Moderate risk of bias

Figure 5. Risk of bias assessment using the ROBVIS tool(85)

8.2.4 Heterogeneity and publication bias
Most of our analyses showed a significant and high level (i.e., I > 75%) of heterogeneity.
This is attributable to the diversity of geographical regions, population sizes, date and
duration of the study periods represented by the included studies.
Upon visual inspection of the funnel plots no significant plot asymmetry was found that

would suggest publication bias.
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Table 4. Baseline charecteriscics of the included articles(85)

Stud
Author (year) Ref | Country ) ); Total Cases Age category Congenital anomalies
perio
_ <20, 20-24, 25-29, 30-
Agopian 2009 (86) | Texas (USA) 1999 - 2004 2208758 325 Omhalocele
34, 35-39, >40
- <19, 20-24, 25-29, 30- o
Baer 2014 (87) | California (USA) | 2005 - 2010 3070957 1279 34,535 Gastroschisis
>
Cleft palate, Cleft lip
with or without cleft
Beckman 1976 (88) | Sweden 1950 - 1973 61061 280 | <24, 25-29, 30-34,>35
palate, Polydayctyly,
Syndactyly, Clubfoot
<20, 20-24, 25-29, 30- o
Bergman 2015 (89) | Europe 2001 - 2010 5871855 10929 Hypospadiasis
34, 35-39, >40
Isolated Cleft palate,
_ <20, 20-24, 25-29, 30- _
Baird 1994 (90) | Canada 1966 - 1981 576815 702 Cleft lip and cleft
34, 35-39, >40
palate
all NCAs, Nervous
system,  Circulatory
<19, 20-24, 25-29, 30- _
Bodnéar 1970 (91) | Hungary 1958 - 1967 115215 2100 39. 540 system, Urogenital
>,
T anomalies,

Musculoskeletal
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system, Digestive
system
Anencephlaus, Spina
Borman 1986 (92) | New Zeland 1978 52143 104 | <20, 20-24, 25-29, >30 bifid
ifida
<20, 20-24, 25-29, 30- o
Borque 2021 (93) | Canada 2012 - 2018 1001080 231 Gastroschisis
34, 35-39, >40
Greenland <20, 20-24, 25-29, 30- | Gastroschisis,
Bugge 2017 (94) 1989 - 2015 26666 33
(Denmark) 34, 35-39, 40-44,>45 | Omphalocele
) <20, 20-24, 25-29, 30- | Gastroschisis,
Byron 1998 (95) | Australia 1980 - 1990 358679 | 59; 104
34, 35-39, >40 Omphalocele
) 514; | <20, 20-24, 25-29, 30- | Anencephlaus, Spina
Canfield 2009 (96) | Texas (USA) 1999 - 2003 1827317 .
643 | 34, 35-39, >40 bifida
<20, 20-24, 25-29, 30- o
Canon 2012 (97) | Arkansas (USA) | 1998 - 2007 196050 1455 34535 Hypospadiasis
>
- <20, 20-24, 25-29, 30-
Croen 1995 (98) | California (USA) | 1983 - 1988 1028255 29848 all NCAs
34, 35-39, >40
Washington <20, 20-24, 25-29, 30- | Cleft lip and cleft
DeRoo 2003 (99) 1987 - 1990 298138 608
(USA) 34, 35-39, >40 palate
Metropolitan _ ] _
Dott 2003 (100) 1968 - 1999 1029143 249 | <20, 20-24, 25-34,>35 | Diaphragmatic hernia
Atlanta (USA)
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15-19, 20-24, 25-29,

Dudin 1997 (101) | Palestina 1986 - 1993 26934 148 Neural tube defects
30-39, >40
) <20, 20-24, 25-29, 30-
Fedrick 1976 (102) | Scotland (UK) 1961 - 1972 1162939 3246 Anencephlaus
34, 35-39, 40-44, >45
New York, <20, 20-24, 25-29, 30-
Feldman 1982 (103) 1968 - 1976 173670 179 Neural tube defects
Brooklyn (USA) 34,235
N <19, 20-24, 25-29, 30- | Cleft lip and cleft
Forrester 2004 (104) | Hawaii (USA) 1986 - 2000 281866 544
34, 35-39,>40 palate
By 19>, 20-24, 25-29, 30- | Omphalocele,
Forrester 1999 (105) | Hawaii (USA) 1986 - 1997 229584 150 o
34, 35-39, >40 Gastoschisis
y 19>, 20-24, 25-29, 30- | Anencephaly, Spina
Forrester 2000 (106) | Hawaii (USA) 1986 - 1997 246231 245 -
34, 35-39, >40 bifida, Encephalocele
) <20, 20-24, 25-29, 30- o
Friedman 2016 (107) | USA 2005 - 2013 | 24836777 5985 34,535 Gastroschisis
>
o 15-19 20-24, 25-29,
Gupta 1967 (108) | Nigeria 1964 4220 15 CHD
30-34, 35-39, 40-44
_ <20, 20-24, 25-29, 30-
Hansen 2021 (109) | Australia 1990 - 2016 765419 8173 CHD
34, 35-39, >40
<20, 20-24, 25-29, 30- | Anencephlay, Spina
Hay 1972 (110) | USA 1961 - 1966 8475600 1063 .
34, 35-39, >40 bifida, Hydrocephalus,
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heart
Cleft lip
without cleft palate,

Congenital

defects,

Cleft lip and palate,
Cleft palate without
cleft lift,
Tracheoesophageal
fistula and  other
esophageal  defects,
Omhalocele,
Imperforate anus and
other anorectal
defects, Hypospadiasi,
Position foot defects,
Polydactyly,
Syndactyly, Reduction

deformities

Hollier 2000

(111)

Dallas
USA)

(Texas,

1988 - 1994

102728

3466

<20, 20-24, 25-29, 30-
34, 35-39, >40

all NCAs
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Clubfood, CHD, Cleft

Jaikrishan 2012 (112) | India 1995 - 2011 141540 1370 | 15-19, 20-29, >30 palate/lip, NTD,
Hypospadiasis
) New York State 15-19; 20-24; 25-29; o
Janerich 1972 (113) 1945 - 1970 4555614 4450 Spina bifida
(USA) 30-34; 35-39; 40-44
] New York State 15-19; 20-24; 25-29;
Janerich 1972 (114) 1945 - 1967 4074079 3090 Anencephaly
(USA) 30-34; 35-39; 40-44
Jaruratanasirikul Southern <20; 20-<25; 25—
(115) ) 2009 - 2013 186393 269 Oral clefts
2016 Thailand <30;30-<35; >35
<20; 20-24; 25-29; 30- o
Jones 2016 (116) | USA 1995-2012 | 21040437 8866 34: 35 Gastroschisis
; <
<20; 20-24; 25-29; | Gastroschisis,
Kazaura 2004 (117) | Norway 1967 - 1998 1869388 699
30-34; 35-39; >40 Omphalocele
_ <20; 20-24; 25-29; 30- o
Kirby 2013 (118) | USA 1995 - 2005 13233235 4713 34: 35 Gastroschisis
; <
_ <19; 20-24; 25-29; 30-
Liu 2013 (119) | Canada 2002 - 2010 2283223 26488 CHD
34; 35-39; 40<
Spina bifida,
_ <19; 20-24; 25-29; 30-
Liu 2019 (120) | Canada 2004 - 2015 3327762 1517 Anencephaly/encephal

34; 35-39; 40<

ocele
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Zhejiang

_ Province (China, <20; 20-25; 30-35; > | Kidney and urinari
Li 2019 (121) 2010 - 2016 1748023 2790
People's 35 tract defects
Republic of)
Loc-Uyen 2015 (122) Texas (USA) 1999 - 2011 4970525 2549 | <19; 20-24; 25-29; 30< | Gastroschisis
Shenzhen
Luo 2019 (123) | (China, People's | 2003 - 2017 591024 777 | <25;25—30—; 35< Cleft lip and palate
Republic of)
Martinez-Frias ) <19; 20-24; 25-29; 30- | Gastroschisis,
(124) | Spain 1976 264502 52
1984 34; 35-39; 40< Omphalocele
all NCAs (Excluded
muskuloskeletal
defects),Diaphragmati
) ¢ hernia,Gastroschisis,
Materna-Kiryluk <19; 20-24; 25-29; 30-
(125) | Poland 1998 - 2002 716089 8683 Omphalocele, Neural
2009 34; 35-39; 40<
tube defects,
Microcephalus,
Hydrocephalus,
Congenital heart
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defects,

Hypospadiasis, Renal

agenesis or
hypoplasia, Cystic
kidney disease,

Hydronephrosis, cleft
palate, cleft lip with or
without cleft palate,
Oesophageal atresia,
Small intestinal/large
intestinal ~ atresia or
stenosis, Anal atresia

or stenosis

<20; 20-24; 25-29; 30-

McGivern 2015 (126) | Europe 1980 - 2009 | 11478586 3373 34: 35 Diaphragmatic hernia
; <
) Atlanta (Georgia,
Miller 2011 (127) 1968 - 2005 1301340 5289 | <35; 35< CHD
USA)
all NCAs, Nervous
20-24; 25-29; 30-34;
Mucat 2019 (128) | Malta 2000 - 2014 55943 2225 system, Eye,ear, face,

35-39; 40<

neck, Circulatory
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system,  Respiratory
system, Digestive
system, Genital
organs, Urinary
system,

Muskoloskeletal

system
<15; 15-19; 20-24; 25-
Nazer 2007 (229) | Chile 1996 - 2005 21083 1767 | 29; 30-34; 35-39; 40- | all NCAs
44; 45<
<15; 15-19; 20-24; 25-
Nazer 2013 (130) | Chile 2002 - 2011 15636 1174 | 29; 30-34; 35-39; 40- | all NCAs
44; 45<
England,
Parkes 2020 (131) 2003 - 2010 219486 5154 | <19; 20-29; 30-39; 40< | all NCAs
Scotland (UK)
all NCAs, Nervous
system,  Circulatory
L <18; 20-24; 25-29; 30- _
Pasnicki 2013 (132) | Poland 1988 - 2007 192438 2769 system, Cleft lip and
34; 35-39; 40<

cleft palate, Digestive

system, Genital

40




organs, Urinary
system,
Muskoloskeletal

system, Other

Persson 2019 (133) | Sweden 1992 - 2012 2050491 28628 | >24; 25-29; 30-34; 35< | CHD
Norway and Neural tube defects:
) <19; 20-24; 25-29; 30- _
Petrova 2009 (134) | Arkhangelskaja | 1995 - 2004 434567 615 34: 35 Anencephalus, Spina
: 35<
Oblast (Russia) bifida
<20; 20-24; 25-29; 30-
Pradat 1992 (135) | Sweden 1981 - 1986 573422 1605 CHD
34; 35-39; 40-44; >44
- <19; 20-24; 25-29; 30-
Purkey 2019 (136) | California (USA) | 2008 - 2012 2054516 6325 34 35 CHD
: 35<
Gastroschisis,
_ Northern 11-19; 20-24; 25-29;
Rankin 1999 (137) 1986 - 1996 426694 296 Omphalocele,
England (UK) 30-34; 35-39; >40
Omphalocele
) Northern 11-19; 20-24, 25-29;
Rankin 2000 (138) 1984 - 1996 507405 934 Neural tube defects
England (UK) 30-34; 35-39; >40
_ <24; 25-29; 30-34; 35-
Rider 2013 (139) | Utah (USA) 1999 - 2008 480125 8510 all NCAs

39; 40-60
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Roeper 1987

(140)

California (USA)

1968 - 1977

3297071

166

<19:; 20-24; 25-29; 30-

Gastroschisis,

34; 35-39; 40< Omphalocele
_ New York State 2153955; <19; 20-24; 25-29; 30- | Omphalocele,
Salihu 2003 (141) 1992 - 1999 595 o
(USA) 2149340 34; 35-39; 40< Gastroschisis
_ _ <19; 20-29; 30-34; 35- |
Salim 2019 (142) | Brazil 1996 - 2014 4270114 5062 39: 40 Circulatory system
; <
Sarkar 2013 (143) | India 2011 - 2012 12896 286 | <20; 20-30; 30< all NCAs
Los Angeles Anencephalus, Spina
<14; 15-19; 20-24; 25- |
County bifida, Encephalocele,
Sever 1982 (144) T 1966 - 1972 2945555 962 | 29; 30-34; 35-39; 40-
(California, Neural tube defects,
44; 45<
USA) SUM
) <19; 20-24; 25-29; 30-
Shields 1981 (145) | Denmark 1940 - 1971 2406654 548 Cleft palate
34; 35-39; 40-44; 45<
Short 2019 (146) | USA 2006 - 2015 | 17686317 3489 | <19; 20-24; 25-29; 30< | Gastroschisis
all NCAs,
Anencephalus, Spina
) <19; 20-24; 25-29; 30- | bifida,Encephalocele,
StLouis 2017 (147) | USA 1999 - 2007 | 13105878 | 138999

34; 35<

Anotia/microtia,
Common truncus

CHD,Transposition of
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the great arteries
, Tetralogy of
Fallot,Atrioventricular
septal defect without
Down syndrome,
Hypoplastic left heart
syndrome, Coarctation
of the aorta, Aortic
valve stenosis, Cleft
palate without cleft lip,
Cleft lip with and
without cleft palate,
Esophageal
atresia/tracheoesophag
eal fistula, Pyloric
stenosis, Rectal and
large intestinal
atresia/stenosis,
Hypospadiasb, Upper

limb deficiency,
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Lower limb
deficiency, Any limb
deficiency,Diaphragm
atic hernia,

Gastroschisis,

Omphalocele
England, Wales <20; 20-24; 25-29; 30- | Gastroschisis,
Tan 1996 (148) 1987 - 1993 4873547 1043
(UK) 34; 35-39; >40 Omphalocele
) <20; 20-24; 25-29; 30-
Tan 2005 (149) | Singapore 1994 - 2000 328077 7870 all NCAs
34; 35-39; >40
) <20; 20-24; 25-29; 30- | Gastroschisis,
Tan 2008 (150) | Singapore 1993 - 2002 460532 121
34; 35-39; >40 Omphalocele
Williams 2005 (151) | Atlanta (USA) 1968 - 2000 877604 211 | <20; 20-24; 24< Gastroschisis
Hunan Province
_ _ <20; 20-24; 25-29; 30-
Xie 2016 (152) | (China, People's | 2005 - 2014 925413 17753 24 35 all NCAs
; <
Republic of)
) China (People's <20, 20-24, 25-29, 30- | Congenital heart
Xie 2018 (153) _ 2012 - 2016 673060 6289
Republic of) 34,>35 defects
China (People's <19; 20-24; 25-29; 30- o
Xu 2011 (154) 1996 - 2007 6308594 1601 Gastroschisis

Republic of)

34: 35<
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China (People's

Zhang 2012 (155) _ 2012 62526 976 | <25; 25-30; 35< all NCAs
Republic of)
- <20; 20-24; 25-29;| ] _
Yang 2006 (156) | California (USA) | 1989 - 1997 2506188 550 Diaphragmatic hernia
30-34; 35-39; 40-55
Southern Jiangsu
) <19; 20-24; 25-29; 30-
Zhou 2020 (157) | (China, People's | 2014 - 2018 238712 1707 all NCAs

Republic of)

34; 35<
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8.2.5 Risk of NCAs by maternal age category
The role of maternal age in the occurrence of NCAs: Table 5 summarizes our results. By
default forest plots and summary statistics were prepared including all eligible studies

regadless of concommittant CAs.

All NCAs (Figure 6, Figure 7)

Regarding our primary outcome, i.e. analyzing all NCAs combined, we found that age
>35 (RR=1.31, CI: 1.07-1.61) and especially age >40 (RR =1.44; CI: 1.25-1.66)
increase the risk of NCAs For this outcome we conducted two subgroup analyses to
investigate the question more deeply. First, we examined the age risk of all NCAs
excluding cases with co-occurrent chromosomal anomalies, we found significant results
for the > 40 age category (RR =1.25; CI: 1.08-1.46). Next, we carried out the analysis
for studies where the presence of chromosomal anomalies was allowed: the risk of NCAs
was found to increase with maternal age >35 (RR =1.26; CI: 1.12-1.42) and > 40
(RR =1.63; CI: 1.26-2.09).

Congenital malformations of the nervous system (Q00—Q07)

Despite the analysis of up to 10 studies for each age group, we found no significant
association between maternal age and congenital nervous system malformations (see

Supplementary Figure 3 of the article).

Congenital malformations of the circulatory system (Q20—Q28) (Figure 8)
We found a risk-increasing effect of maternal age > 40 (RR =1.94; CI: 1.28-2.93).

Among the diseases of the circulatory system, we also specifically analyzed the group of
congenital heart defects (CHD) (Figure 9), where we also found risk-increasing effect
for advanced maternal age: for the > 35 group: RR = 1.50; CI: 1.11-2.04; and for the > 40
group: RR =1.75; CI: 1.32-2.32 was found. For the very young maternal age (< 20)
group a preventive effect was observed (RR = 0.87; CI: 0.78-0.97).
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Cleft lip and cleft palate (Q35-Q37) (Figure 10)
Maternal age > 40 elevated the risk of cleft lip and cleft palate (RR =1.57; CI: 1.11-

2.20). Regarding cleft palate separately (see Supplementary Figure 10 of the article),
we found an even higher risk with advanced maternal age, which appears as early as the
35th year (for age> 35: RR = 1.78; CI: 1.16-2.73; and for age > 40: RR = 1.77; CI: 1.48—
2.11).

Congenital malformations of the digestive system (Q38—Q45) (Figure 11)
We found a risk-increasing effect for maternal age > 40 (RR = 2.16; CI: 1.34-3.49).

Congenital malformations of the urinary system (Q60—Q64)

We could not detect an association between maternal age and congenital malformations
of the urinary system after analyzing three eligible population-based studies with

homogeneous age categories (see Supplementary Figure 13 of the article).

Congenital malformations and deformations of the musculoskeletal system (Q65-Q79)

We did not find an association with maternal age. However, this can also be explained by
the low number of studies and their heterogeneity, and also by the complex nature of the

group (see Supplementary Figure 14 of the article).

Other malformation categories

Regarding the congenital malformations of the eye, ear, face, and neck (Q10—Q18),
congenital malformations of the respiratory system (Q30-Q34), and congenital
malformations of genital organs (Q50-Q56), we did not find enough studies with

homogenous age groups and NCAs to carry out a mathematical synthesis.

On the other hand, we found a clear association between maternal age and some
individual malformations. The risk of omphalocele was higher in both very young (age
<20, RR=1.44; CI: 1.08-1.92) and advanced maternal age (age > 40, RR =2.57; CI:
1.77-3.73) group. Based on 22 eligible articles (age < 20, RR =3.08; CI: 2.74-3.47),

gastroschisis shows a strong association with very young maternal age (Figure 12).
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Additionally, we also re-sorted our study level outcomes by year of publication to detect
any apparent trend in case of outcomes where sufficient number of articles were available
to have any chance to reliably assess any effect (see Supplementary Figures 38-47 of
the article) and we could not find any convincing trend upon visual inspection. As an
alternate approach, we also analyzed the subset of studies published from 2005 onward
(see Supplementary Figures 48-57 of the article): no clear and convincing trend could

be identified, only weak trends in a few cases (summarized in Supplementary Table 6).
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Table 5. Summary of our results based on ICD-10 categories (85)

ICD-10
Congenital anomaly Age < 20 N Age 30-35 N Age 35-40 N Age > 35 N Age > 40 N
Category
All NCAs
. . Q00-Q89 1.08 (0.89; 1.32) 14 1.23 (0.85; 1.78) 13 1.47 (0.87; 2.49) 9 1.31 (1.06; 1.61) 13 1.44 (1.25; 1.66) 11
(with or without CAs)
All NCAs
. Q00-Q89 1.21 (0.59; 2.49) 5 1.54 (0.55; 4.32) 6 1.73 (0.45; 6.70) 5 1.37 (0.76; 2.45) 6 1.25 (1.08; 1.46) 6
(without CAs)
All NCAs
. Q00-Q89 1.15 (0.87; 1.52) 10 1.02 (0.99; 1.06) 7 1.20 (0.99; 1.44) 4 1.26 (1.12; 1.42) 7 1.63 (1.26; 2.09) 6
(with CAs)
Nervous system Q00-Q07 1.16 (0.74; 1.81) 10 1.64 (0.70; 3.81) 8 2.56 (0.64; 10.32) 5 1.53 (0.80; 2.94) 8 1.56 (0.67; 3.62) 7
Encephalocele Qo1 1.76 (0.44; 7.12) 3 1.51 (0.33; 6.83) 3 no data 1.43 (0.57; 3.60) 3 no data
Congenital hydrocephalus Q03 1.19 (1.02; 1.38) 2 no data no data no data no data
Spina bifida Q05 1.30 (0.93; 1.82) 9 1.15 (0.65; 2.06) 8 1.79 (0.61; 5.31) 5 1.39 (0.75; 2.59) 8 1.96 (0.72; 5.31) 5
Anencephaly Q00.0 1.40 (0.98; 1.99) 9 1.15(0.72; 1.84) 8 1.20 (0.53; 2.72) 6 1.02 (0.60; 1.72) 8 1.30 (0.71; 2.38) 6
Circulatory System Q20-Q28 0.87 (0.68; 1.11) 3 1.09 (1.00; 1.20) 3 1.18 (0.94; 1.49) 3 1.33(0.97; 1.82) 3 1.94 (1.28; 2.93) 4
Congenital Heart Defects Q20-Q26 0.87 (0.78; 0.97) 10 1.45 (0.83; 2.52) 10 1.91 (0.65; 5.62) 6 1.50 (1.11; 2.04) 10 1.75 (1.32; 2.32) 6
Cleft lip and palate Q35-Q37 0.93 (0.76; 1.14) 6 1.58 (0.77; 3.22) 6 1.85 (0.59; 5.75) 4 1.47 (0.95; 2.28) 6 1.57 (1.11; 2.20) 4
Cleft palate Q35 0.99 (0.56; 1.73) 6 1.42 (0.66; 3.06) 8 2.08 (0.54; 7.99) 5 1.78 (1.16; 2.73) 8 1.77 (1.48; 2.11) 5
Digestive System Q38-Q45 0.98 (0.71; 1.37) 2 no data no data no data 2.16 (1.34; 3.49) 2
Urinary System Q60-Q64 no data 0.97 (0.75; 1.26) 3 no data 0.86 (0.57; 1.29) 3 no data
Hypospadiasis Q54 0.99 (0.91; 1.07) 5 1.06 (0.96; 1.17) 4 no data 1.11 (0.88; 1.39) 4 no data
Musculoskeletal System Q65-Q79 0.88 (0.72; 1.08) 2 no data 0.93(0.71; 1.22) 2 0.94 (0.65; 1.37) 2 0.90 (0.55; 1.46) 3
Congenital Diaphragmatic
Herni Q79.0 0.96 (0.88; 1.06) 5 1.74 (0.52; 5.80) 4 no data 1.52 (0.79; 2.91) 5 no data
ernia
Omphalocele Q79.2 1.44 (1.08; 1.92) 14 1.13 (0.85; 1.50) 14 1.35(0.98; 1.87) 13 1.47 (1.20; 1.79) 14 2.57 (1.77; 3.73) 13
Gastroschisis Q79.3 3.08 (2.74; 3.47) 22 0.32(0.23; 0.44) 17 0.27 (0.16; 0.47) 12 0.22 (0.15; 0.32) 17 0.41 (0.23; 0.74) 11
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Figure 6. Forest plot representing the RR with 95% CI of all non-chromosomal
anomalies (ICD-10: Q00-0Q89) in different age groups compared to the 20-30 age

group(85)
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Parkss_2020 1231 18830 2136 109460 335 [3.13; 3.589] 20.0%
Random effects model9202 1554988 80754 7512519 1.21 [0.59; 2.49] 100.0%
Prediction Interval . . [0.18; 9.09] -

Helerogeneity: I* = 100% [100%; 100%], ¥ = 0.32, p = 0.001
Tast for effect in subgroup: &, =0.74 (o = 0.488)

>35 vs 20 - 30

Mucat_2019 295  B163 1201 30231 : 0.91 [0.80; 1.03] 16.6%
StLauls_2014 21341 1929379 69100 BEI5611 ! 1.06 [1.04; 1.08] 16.8%
Rider_2013 BOF 43061 2B31 164711 | 1.08 [1.01; 1.18] 16.7%
Pasnickl_2013 293 17498 1739 125353 i 1.21 [1.07; 1.36] 16.6%
Holller_2000 187 4189 2191  BOSTS 1.23 [1.07; 1.43] 16.6%
Matarna_2009 970 25225 5588 601520 414 [3.87; 4.43] 16.7%
Random effects mod@3ses 2027515 82650 7598001 L= 1.37 [0.76; 2.45] 100.0%
Prediction interval . . o — [0.26; 7.18] -

Helerogeneity: I° = 100% [100%; 100%], ¥ =0.31.p =0
Tast for effect in subgroup: & = 1.28 (p = 0.227)

>40 vs 20 - 30

Parkes_2020 139 6552 2136 109460 : 1.09 [0.82; 1.29] 16.5%
Ricer_2013 138 7220 ZB31 164711 : 111 [0.84; 1.32] 16.9%
Mucat_2019 589 1325 1201 30231 = 112 [0.87; 1.45] 16.5%
Holller_2000 34 674 2191 60575 = 1.39 [1.00; 1.94] 16.2%
Matarna_2009 248 18741 5588 601520 1.42 [1.26: 1.62] 17.0%
Pasnickl_2013 73 3556 1739 125353 a 1.48 [1.17; 1.87] 16.6%
Random effects model 691 38068 15686 1091850 lo 1.25 [1.08; 1.46] 100.0%
Prediction interval . . = [0.91; 1.73] -

Helorogeneity: I = B7% [ 0% 83%), 7 = 004, p = 0.040
Tast far effect in subgroup: & = 3.81 [p = 0.013)

30 - 35 vs 20 - 30

Mucat_2019 629 17548 1201 30231 ; 0.90 [0.82; 0.89] 16.6%
StLouls_2014 31473 3145042 69100 6615611 ! 0.96 [0.85; 0.97] 16.7%
Rider_2013 1682 OG0B 2831 164711 : 1.02 [0.96; 1.08] 16.7%
Holller_2000 409 10443 2191 BOSTS : 1.08 [0.98: 1.20] 16.6%
Pasnicki_2013 538 31917 1739 125353 1.22 [1.10: 1.34] 16.6%
Malama_2009 1497 14223 5588 601520 11.33[10.73; 11.97] 16.7%
Random effects moddG228 3315262 62650 7598001 1.54 [0.55; 4.32] 100.0%
Prediction Interval . . [ 0.08; 29.38] -

Helorogeneity: I = 100% [100%; 100%]), F = 097, p =0
Tast far effect in subgroup: & = 1.07 [p = 0.334)

35 - 40 vs 20 - 30

Mucat_Z019 236 6838 120 30231 " 0.B7 [0.76; 1.00] 20.0%
Rider_2013 669 35841 2831 18471 | 1.08 [1.00; 1.18] 20.1%
Pasnickl_2013 220 13342 1738 125353 | 1.14 [0.89; 1.31] 20.0%
Holller_z2000 153 3515 219 G057S 1.20 [1.03; 1.41] 19.9%
Materna_2009 22 G484 5588 601520 11.93[11.14; 12.30] 20.1%
Random aflects model2000 66620 13550 982390 1.73 [ 0.45; 6.70] 100.0%

Prediction Interval . . . . e
Heterogeneity: I = 1004 [100%; 100%], ¥ =1.18.p =0
Tast for effect in subgroup: &, = 1.13 (p = 0.323}

[ 0.04; 77.01] -

Tast for subgroup differences: "i = 0.82, df = 4 (p = 0.53E) 01 0512 10

Lower with Comparator Higher with Comparator

Figure 7. Forest plot representing the RR with 95% CI of all NCAs combined (excluding
studies where co-incidence of CAs was allowed) ICD-10 Q00-Q89 in different age groups
compared to the 20-30 age group (85)
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Comparator Referance

Study Events Total Events Total Risk Ratio RR 95%%:-C1 Weight
=20 vs 20 - 30
Fasnickl_2013 50 176T0D 436 125353 - 072 [0.53, 0.896] 32.8%
Bodnar_1370 27 13384 18489 Ti636 -1 076 [0.51; 1.14] 2B8.1%
Salm_2019 T2 B42523 1957 2231102 1.04 [0.96; 1.14] 39.1%
Random effects model 849 BT3STT 2642 242801 o 0.87 [0.68; 1.11] 100.0%
Prediction Interval . . . . —— [0.06; 13.34] -
Hetaroganeity: I = 76% [18%; 22%), 7 = (.03, p = 0.020
Test for efect in subgroup: = = -1.08 [p = 0.274)
>35 vs 20 - 30
Mucat_2012 24 8163 BE 3023 - 1.03 [0.66, 1.62] 26.2%
Fasmickl_2013 73 17438 496 125363 -+ 1.14 [0.90; 1.45] 34.8%
Salm_2019 GAG 460122 1957 2231102 1.72 [1.58; 1.88] 39.0%
Random effects model 799 485783 2539 2386686 = 1.33 [0.97; 1.82] 100.0%
Prediction Interval . . . . [0.03; 53.19] -
Hetaroganaity: I = 86% [58%; 85%), T = 0,06, p « 0.001
Test for efect in subgroup: z = 1.77 (p = 0.076]
=40 vs 20 - 30
Bodnar_1970 2 2656 189 71636 - 1.28 [0.66, 2.50] 18.1%
Mucat 2019 5 1325 &6 30231 -1 1.33 [0.54; 3.26] 13.3%
Fasmickl_2013 24 3556 496 125363 L 1.71 [1.13; 2.57] 28.68%
Salim_2012 254 95745 1957 223102 3.02 [2.65, 3.45] 38.1%
Random effects model 292 103282 2728 2458322 - 1.84 [1.28; 2.93] 100.0%
Prediction Interval . . . . B — [0.35; 10.82] -
Hatarageneity: 1T = 80% [46%; 82%%], F = 011, p = 0.002
Test for efiect in subgroup: z = 3.15 (p = 0.002)
30-35vs 20 - 30
Salm_2019 BT TIBIET 1957 2231102 : 1.05 [0.96; 1.14] 36.8%
Mucat 2019 57 17548 &6 30231 = 1.14 [0.82; 1.59] 28.0%
Fasnickl_2013 155 3197 496 125353 1.23 [1.03; 1.47] 34.4%
Random effects model B89 TES833 2539 2386686 I 1.08 [1.00; 1.20] 100.0%
Prediction Interval . . . . —_— [0.52; 2.31] -
Hatarageneity: 17 = 20% [ 0%; 82%], F = «< 0.01, p = 0.288
Test for efiect in subgroup: z = 1.80 (p = 0.057}
35-40vs 20 - 30
Mucat 2019 19 GE38 &6 30231 - 088 [0.59; 1.680] 25.3%
Fasmickl_2013 55 13942 496 125363 o+ 1.00 [0.76; 1.32] 34.5%
Salim_2019 442 364377 1957 2231102 1.38 [1.25 1.53] 40.2%
Random effects model 516 385157 2539 2386686 =3 1.18 [0.94; 1.49] 100.0%
Prediction Interval . . . . — [0.10; 13.94] -
Hatarageneity: I© = 874 [ 0%; 81%], F = 0.02, p = 0.047
Test for efiect in subgroup: z = 1.40 (p = 0.182)

| — e —
Tost for subgroup differancas: 75 = 12.98, df = 4 {p = 0.018) 01 0512 10

Lower with Comparator Higher with Comparator
Figure 8. Forest plot representing the RR with 95% CI of congenital anomalies of the

circulatory system (ICD-10: Q20-Q28) in different age groups compared to the 20-30
age group. (85)
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o Rel

Study Events  Total Events Total Risk Ratio RR 95%-Cl Weight
<20 vs 20 - 30

Donghua_2018 7% 12077 4291 482922 0.70 [0.56; 0.88] 10.6%
Hansen_2021 226 31831 2649 267349 0.72 [0.63; 0.82] 10.8%
Pradat_1992 41 20952 904 349375 0.76 [0.55; 1.03] 10.3%
Materna_2009 280 75121 2764 601520 0.81 [0.72; 0.92] 10.9%
Purkey_2019 456 213632 2887 1198936 0.89 [0.80; 0.98] 10.9%
Hay_1972 677 1240100 3193 5186500 0.89 [0.82; 0.96] 10.9%
Miller_2011 613 175645 2697 708470 0.92 [0.84; 1.00] 10.9%
Gupta_1967 3 488 10 1707 1.05 [0.29; 3.80) 5.0%
Liu_2013 1178 107091 10319 1036502 4] 110 [1.04; 1.17) 11.0%
Jaikrishan_2012 12 8833 134 119314 o 1.21 [0.67; 2.18] 8.8%
Random effects model 3561 1885770 29848 9952595 L 0.87 [0.78; 0.97] 100.0%
Prediction interval s 3 L [ 0.64; 1.18] -

Heterogeneity: 12 = 85% [ 75%; 91%), T° = 0.02, p < 0,001
Test for effect in subgroup: ty = -2.84 (p = 0.019)

>35vs 20 - 30

Gupta_1967 0 17 10 1707 ————t—— 047 [0.03; 8.06] 1.6%
Persson_2019 5652 366073 9011 671819 1 115 [1.11; 1.19]  11.0%
Liu_2013 4892 422788 10319 1036502 o 116 [1.12; 1.20) 11.0%
Donghua_2018 579 52828 4291 482922 1 123 [1.13; 1.34] 10.9%
Purkey_2019 1372 461119 2887 1198936 1 124 [1.16; 1.32] 11.0%
Pradat_1992 215 62103 904 349375 = 1.34 [1.15; 1.55] 10.8%
Miller_2011 739 134120 2697 708470 - 145 [1.33; 1.57) 10.9%
Hay 1972 768 834900 3193 5186500 o 149 [1.38; 1.62) 10.9%
Hansen_2021 1491 90587 2649 267349 o 166 [1.56; 1.77] 11.0%
Materna_2009 506 25225 2764 601520 8] 437 [3.97; 480] 10.9%
Random effects model 16214 2449914 38725 10505100 <> 1.50 [ 1.11; 2.04] 100.0%
Prediction interval . . —p— [ 0.57; 3.99) -

Heterogeneity: 12 = 99% [ 99%; 99%), T° = 0.16, p < 0.001
Test for effect in subgroup: ty = 3.04 (p = 0.014)

30-35vs 20-30

Liu_2013 6810 716842 10319 1036502 5 095 [0.93; 0.98] 10.7%
Persson_2019 9257 670616 9011 671819 l 1.03 [1.00; 1.06] 10.7%
Purkey_2019 1608 641948 2887 1198936 P 1.04 [0.98; 1.11] 10.7%
Hay_1972 829 1214100 3193 5186500 o] 111 [1.03; 1.20] 10.7%
Miller_2011 1240 283105 2697 708470 }: 115 [1.08; 1.23) 10.7%
Pradat_1992 428 140992 904 349375 ¢ 117 [1.05 1.32] 10.6%
Donghua_2018 1344 125233 4291 482922 { 121 [1.14; 1.28] 10.7%
Hansen_2021 2041 168678 2649 267349 p 122 [1.15; 1.29) 10.7%
Gupta_1967 2 221 10 1707 —_—t— 154 [0.34; 7.00] 4.0%
Materna_2009 787 14223 2764 601520 o 12,04 [11.14;13.01] 10.7%
Random effects model 24346 3975958 38725 10505100 = 1.45 [0.83; 2.52] 100.0%
Prediction interval . . . . —— [ 0.23; 8.99] -
Heterogeneity: I = 100% [100%; 100%), T = 0.57,p = 0

Test for effect in subgroup: ty = 1.51 (p = 0.165)

>40 vs 20 - 30

Pradat_1992 26 8510 904 349375 = 118 [0.80; 1.74) 18.0%
Materna_2009 130 18741 2764 601520 151 [1.27; 1.80) 19.6%
Liu_2013 1091 70844 10319 1036502 I 1.55 [1.45; 1.65 19.9%
Hay_1972 246 190200 3193 5186500 210 [1.85; 2.39] 19.7%
Hansen_2021 323 13745 2649 267349 237 [2.12; 2.66] 19.8%
Gupta_1967 0 19 10 1707 417 [0.25;68.69] 3.0%
Random effects model 1816 302059 19839 7442953 175 [1.32; 2.32] 100.0%
Prediction interval . @ " [ 0.87; 3.52] -
Heterogeneity: I = 91% [ 84%; 95%], 7% = 0.05, p < 0,001

Test for effect in subgroup: ts = 5.12 (p = 0.004)

35-40vs 20- 30

Gupta_1967 0 152 10 1707 ———1+—— 053 [0.03; 9.05] 29%
Liu_2013 3801 351944 10319 1036502 i 1.08 [1.05; 1.13] 19.6%
Hay_1972 522 644700 3193 5186500 <] 132 [1.20; 1.44) 19.4%
Pradat_1992 189 53593 904 349375 + 1.36 [1.17; 1.59] 19.2%
Hansen_2021 1168 76842 2649 267349 [+ 1.53 [1.43; 1.64] 19.5%
Materna_2009 376 6484 2764 601520 [+ ] 12,62 [11.36; 14.02] 19.4%
Random effects model 6056 1133715 19839 7442953 -~ 1.91 [0.65; 5.62] 100.0%
Prediction interval 4 “ —— [ 0.10; 35.68] -

Heterogeneity: 12 = 100% [100%; 100%), T = 0.94, p = 0
Test for effect in subgroup: ts = 1.54 (p = 0.185)

| e —
Test for subgroup differences: X; = 47.25, df = 4 (p < 0,001) 01 0512 10

Lower with Comparator Higher with Comparator

Figure 9 Forest plot representing the RR with 95% CI of congenital heart defects (ICD-
10: Q20-Q26) in different age groups compared to the 20-30 age group(85)
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Comparator Reference

Study Events  Total Events  Total Risk Ratio AR 95%-Cl Waight
<20 vs 20 - 30

Matema_2003 42 75121 523 601520 0.64 [0.47; 0.88] 17.3%
Jalkrishan_2012 & BE33 126 119314 086 [0.42; 175 14.1%
Hay_1872 556 1240100 2680 5186500 0.87 [0.7%; 0.85] 18.2%
Pasnick_2013 17 17670 133 125353 0.91 [0.55; 150] 15.9%
Jaruratanasirikul_2016 32 22265 126 95535 1.08 [0.74; 161] 168%
Defoo_2003 B4 3617 357 173893 129 [1.02; 164] 17.7%
Random effects model 739 1395606 3945 6302115 0.93 [0.76; 1.14] 100.0%
Prediction interval [0.52; 1.68] -

Hetaragenaity: = 874 [20%; 86%], 7 = 0.03, p = 0.011
Test for efiact in subgroup: = = -0.69 [p = D.490)

P DT

>35 vs 20 - 30

Defoo_2003 43 27067 357 173893 077 [0.56; 1.068] 16.5%
Jaruratanasirikul_2016 45 28881 126 95535 1.18 [0.84; 1.68] 16.4%
Hay_1872 526 B34900 2680 5186500 122 [1.11; 1.34] 174%
Pasnickl_2013 26 17438 133 125353 140 [0.82; 213 158%
Luc_2019 100 55368 273 235136 156 [1.24; 1.96] 16.9%
Matema_2009 B7 25225 523 601520 3.97 [3.16; 4.98] 17.0%
Random effects model B27 988949 4092 6417937 = 1.47 [0.95; 2.28] 100.0%
Prediction interval . ; . e [0.30; 7.24] -

Hetaragenaity: * = 95% [82%; 97%], 7 = 0.28, p « 0.001
Test for efiect in subgroup: z = 1.71 {p = 0.087)

30-35vs 20-30

DeRoo_2003 123 65218 357 173883 i 0.82 [0.75 1.13] 16.8%
Hay_1972 617 1214100 2680 5186500 | 088 [0.80; 1.07] 171%
Lue_2019 175 142086 273 235136 : 1.06 [0.88; 1.28) 16.8%
Jaruratanasirikul_2016 66 39702 126 95535 & 1.26 [0.94; 1.70] 16.3%
Pasnickl_2013 46 MW7 133 125353 B 1.36 [0.87; 1.80] 161%
Matema_z2009 117 14223 523 601520 346 [7.75; 11.55] 16.8%
Random effects model1144 1507246 4092 6417937 = 1.58 [0.77; 3.22] 100.0%
Prediction interval . . . . —_— [0.11; 22.44] -
Hetaraganaity: I = 88% [88%; 98%], F = 078, p < 0.001
Test for efiect in subgroup: z = 1.26 {p = 0.208)
=40 vs 20 - 30
DeRoo_2003 5 3658 357 173893 — 0.68 [0.28; 1.65] 20.7%
Fasnickl_2013 6 3656 133 125363 T 1.59 [0.70; 3.600 21.7%
Hay_1872 169 190200 2680 5186500 1.72 [1.47;, 2.01] 28.7%
Matema_z2009 0 1874 523 601520 = 1.84 [1.27;, 2.66] 27.9%
Random affects model 210 216056 3693 6087266 o 1.57 [1.11; 2.20] 100.0%
Prediction interval . . . . e [0.43; 5.75) -
Hataraganaity: ¥ = 30% | 0%; 75%], ¥ = 0.06, p = 0.230
Test for efiect in subgroup: z = 2.58 {p = 0.010)
35- 40 vs 20 - 30
DeRoo_2003 38 23508 357 173893 = 0.79 [0.56; 1.10] 24.9%
Hay_1872 357 B44700 2680 5186500 | 1.07 [0.96; 1.20] 26.3%
Pasnickl_2013 20 13942 133 125353 = 1.35 [0.85; 2.16] 23.5%
Matema_z2009 57  B48B4 523 601520 10.11 [7.70; 13.27] 25.4%
Random affects model 472 688634 3693 GO87266 - 1.85 [0.59; 5.75] 100.0%
Prediction interval . . . . [0.01; 465.66] -
Hetaraganeity: I = 88% [88%; 98%], F = 1.32, p < 0.001
Test for efiect in subgroup: z = 1.06 {p = 0.290)

1 1 1
Test for subgroup difarences: 75 = 8.84. df = 4 o = 0.041) oM 01 1 10 100

Lower with Comparator  Higher with Comparator

Figure 10. Forest plot representing the RR with 95% CI of cleft lip and cleft palate (ICD-
10: Q35-037) in different age groups compared to the 20-30 age group.(85)
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Comparator Reference

Study Events Total Events Total Risk Ratio RR  95%-Cl Waight
=20 vs 20 - 30

Pasnickl_2013 B 17670 62 125353 —s 1 0.69 [0.30; 1.58] 35.7%
Bodnar_1970 35 13384 178 71636 = 1.05 [0.73;1.51] 64.3%
Random effects model 41 31054 240 196989 b 0.88 [0.71; 1.37] 100.0%

Hedarogeneity: I = 0%, F = 0, p = 0358
Test for effect in subgrowp: z = -0.08 [p = 0.924)

>40 vs 20 - 30

Fasnicki_2013 3 3558 62 125353 — T+ 1.71 [0.54,543] 30.9%
Bodnar_1970 15 2656 178 71636 -t 237 [1.34,3.84] B9.1%
Random effects model 18 6212 240 196989 —— 2,16 [1.34; 3.49] 100.0%

Hedarcgeneily: I° = 0%, F = 0, p = 0,558
Test for effect in subgrowp: z = 3.16 (p = 0.002)

| R N R
Test for subgroup difierences: e T4, df = 1 (p = 0.00R) 02 05 1 2 5

Lower with Comparator  Higher with Comparator

Figure 11. Forest plot representing the RR with 95% CI of congenital anomalies of the
digestive system (ICD-10: Q38-Q45) in different age groups compared to the 20-30 age

group.(85)
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Comparator
Study Events Total Events

=20 vs 20 - 30

Bugge 2017 6 3483 19
Willlams_2005 68 111475 67
Jones_2016 3311 2439934 3586
Forrester_1999 19 23022 46
Sallnas_2018 4038 3076243 4209
Tan_2008 1 8020 10
Friedman_2016 2336 2294000 4675
Materna_2009 az 75121 90
Roeper_1987 68 552523 91
Shor_2019 2249 1499333 4612
Kazaura_2004 63 129089 194
Borgue_2021 28 21722 154
Loc_2015 1025 683716 1267
Kirby_2013 1822 1589318 2447
Stlouwls_2014 1466 1415846 2086
Martinez_1984 3 15940 a
Baer_2014 458 290813 TO1
Xu_2011 36 33043 1322
Rankin_1999 48 44099 71
Tan_1996 181 384335 315
Sallhu_2003 135 195369 145
ByTon_1998 18 23622 34

Random efiects modal 7412 14910067 26150
Prediction Interval . . .
Hedorogoneity: (7 = S4% [82%; B5%], T° = 0.08, o = 0.001
Tast for effect in subgroup: &y = 1988 {p = 0.001)

=35 vs 20 - 30

Sallhu_2003 4 328783 145
Basr_2014 26 530265  TOM
Bugge_2017 o 3052 19
Roepar_1987 1 182499 a1
Stlouls_2014 81 1929373 2086
Kirby_2013 86 1697974 2447
Friedman_2016 200 3603972 4675
Tan_1996 7 425950 315
Borque_2021 14 202899 154
Rankin_19939 2 31523 71
Byron_1996 1 25880 34
Martinez_1984 0 28992 a
Forrester_1999 4 27951 46
Kazaura_2004 11 160929 194
Materna_2008 2 25225 g0
Xu_2011 77 354511 1322
Tan_2008 3 TVITS 10

Random effects model 519 9637065 12409
Prediction Interval . . .
Hedorogeneity: F = B2% [B8%; 84%], T = 0.30, o = 0.001
Tast for effect in subgroup: ha = -8.77 (o= 0.001}

Figure 12. (continued below)

Refarence
Total

15027
216129
5527463
126230
T434269
208585
12394463
B01520
2143483
8931429
1205402
3re014
2716567
TOD20EZ
EB15611
158016
1503736
4TS TIED
ZE3580
3000053
1040323
228035
6706196

1040323
1503736
15027
2143483
EB15611
TOD20E2
12234463
3000053
3reoi4
263580
228085
158016
126230
1205402
601520
475738
209595
42243339
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Risk Ratio

bt

b

AL k

RR 95%-Cl

1.36 [0.54; 3.41]
1.97 [1.40; 2.76]
2.09 [2.00; 2.19]
2.27 [1.33; 3.87]
2.32 [2.22; 2.42)
2.61 [0.33; 20.41]
2.83 [2.69; 2.97]
2.85 [1.90; 4.26)
2.90 [2.12; 3.97]
2.90 [2.76; 3.05]
3.03 [2.28; 4.03]
3.16 [2.12; 4.73]
3.21 [2.96; 3.49]
3.28 [3.09; 3.49)
3.28 [3.07; 3.51]
3.30 [0.89; 12.20]
3.39 [3.01; 3.81]
3.92 [2.82; 5.46)
4.04 [2.80; 5.83]
4.49 [3.74; 5.38]
4.96 [3.92; 6.27]
5.11 [2.82; 9.05]
3.08 [2.74; 3.47]

[1.92; 4.95]

0.08 [0.03; 0.24]
0,11 [0.07; D.16]
0,13 [0.01; 2.09]
0.13 [0.02; 0.93]
0,13 [0.11; 0AT)
0.4 [0.12; 0.18]
0.15 [0.13; D.18]
0,16 [0.07; 0.33]
0.7 [0.10; 0.29)
0.24 [0.06; 0.96]
0.26 [0.04; 1.89]
0.29 [0.02; 4.93]
0.39 [0.14; 1.09]
0.42 [0.23; 0.78]
0.53 [0.13; 2.15]
0.78 [0.62; 0.98]
0.81 [0.22; 2.94]
0.22 [0.15; 0.32]

[0.06; 0.74]

Welght

4.1%
4.T%
4.8%
4.5%
4.8%
2.6%
4.8%
4.6%
4.7%
4.8%
4.7%
4.6%
4.8%
4.8%
4.8%
3.6%
4.8%
4.7%
4.7%
4.8%
4.T%

100.0%

6.2%
F.2%
2.9%
4.2%
T4%
T.4%
T.4%
B.7%
T.0%
5.3%
4.1%
2.8%
6.2%
6.9%
5.3%
T.4%
5.6%
100.0%%



30 - 35 vs 20 - 30

StLouis_2014 152 3145042 2086 B615611 0.15 [0.13; 0.18]  6.6%
Martinez_1984 0 46592 9 158016 —————+—— 0,18 [0.01; 3.07] 2.5%
Borque_2021 32 372093 154  37E014 - 0.21 [0.14; 0.31]  6.4%
Kirby_2013 218 2943860 2447 7002082 0.21 [0.18; 0.24] B6.5%
Frisdman_2016 472 5844342 4675 12994453 0.22 [0.20; 0.24] 6.65%
Tan_1996 28 1063209 315 3000053 = 0.25 [0.17; 0.37] 6.4%
Rankin_1999 6  B7486 71 263580 — 0.25 [0.11; 0.59] 5.8%
Forrester_1999 5 51863 45 126290 — 0.26 [0.11; 0.6T7] 5.6%
Basr_2014 93 745872  TO1 1503796 = 0.27 [0.22; 0.33] 65%
Sallnu_2003 24 585366 145 1040323 = 0.29 [0.1%; 0.45] 6.4%
Roeper_1987 6 418566 g1 2143483 — 0.34 [0.15; O.77] 5.8%
Kazaura_2004 23 373968 194 1205402 - 0.38 [0.25; 0.59] 6.3%
Bugge 2017 3 5104 19 15027 —s 0.46 [0.14; 1.57] 51%
Byron_1998 6 81081 34 228095 — 0.50 [0.21; 1.18]  5.7%
Xu_2011 162 1163051 1322 4757989 0.50 [0.43; 0.59] 6.5%
Tan_2008 7 165142 10 209595 — 0.89 [0.34; 2.33] 55%
Materna_2009 5 14223 90 601520 = 2.35 [0.95, 5.78] 57%
Random etlects model1242 17206860 12409 42243339 - 0.32 [0.23; 0.44] 100.0%
Prediction Interval . . . . —_— [0.10; 1.02] -

Hedorogenedy: F = 0% [86%; 83%), F = 0.27, p - 0.001
Tast for effect in subgroup: § g = -T63 (o= 0.001}

=40 vs 20 - 30

Sallhu_2003 1 55556 145 1040323 E—— 0.13 [0.02; 0.92] 10.7%
Materna_2009 o 18741 90 601520 @#— % —1— 0.18 [0.01; 2.86] T.4%
Kazaura_2004 1 267 194 1205402 _— 0.23 [0.03; 1.65] 10.7%
Tan_1996 2 66822 315 3000053 —_— 0.29 [0.07; 1.14] 13.6%
Roeper_1987 0 36983 g1 2143483 —_— 0.32 (0,02, 510]  T.4%
Rankin_1993 o 4410 71 263580 _— 0.42 [0.03; 6.75] 7.4%
Forrester_1999 1 4411 45 126290 —_— 0.62 [0.09; 4.51] 10.6%
Bugge 2017 o 577 19 15027 e 0.67 [0.04; 11.04]  7.3%
Byron_1998 o 3153 34 228095 —F 1.05 [0.06; 17.09] 7.4%
Martinez_1984 o 7060 a 158016 _— 1.18 [0.07; 20.24] 7.2%
Tan_2008 1 10301 10 209595 FE Baam— 2.03 [0.26; 15.89] 10.2%
Random effects model 6 234805 1024 ©991384 == 0.41 [0.23; 0.74] 100.0%
Prediction Interval . . . . —_— [0.23; 0.74] -

Hederogenedty: = 0% [ 0%; 80%), T =0, p = D026
Tast for effect in subgroup: Hg = -3.41 [p = 0.007)

35 - 40 vs 20 - 30

Sallhu_2003 3 2TITET 145 1040323 _— 0.0B [0.03; 0.25] 9.5%
Tan_1996 5 358128 315 3000053 —_— 0.13 [0.05; 0.32] 10.4%
Bugge_2017 o 2475 19 15027 @ —————1— 0,16 [0.01; 258] 4.7%
Roeper_1987 1 145516 91 2143483 —_ 0,16 [0.02; 1.16] 6.8%
Borque_2021 14 202899 154  37ED14 —_ 047 (00 0.29] 11.3%
Rankin_1999 2 27119 71 263580 —=— 0.27 [0.07; 1.12] B.6%
Byron_1996 1 22727 34 228095 e 0.30 [0.04; 216] 6.7%
Forrester_1999 3 23540 45 126290 — 0.35 [0.11; 1.12]  9.4%
Martinez_1984 o 21932 9 158016 _— 0.38 [0.02; 6.51] 4.6%
Kazaura_2004 10 134138 194 1205402 = 0.46 [0.25, 0.8T] 11.1%
Tan_2008 2 GT4T4 10 209595 —_— 0.62 [0.14; 2.84] B.2%
Materna_2009 2 B4E4 90 601520 1 2.06 [0.51; B.37] B.6%
Random effects model 43 1286159 1178 9369398 - 0.27 [0.16; 0.47] 100.0%
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Figure 12. Forest plot representing the RR with 95% CI of gastroschisis (ICD-10: 079.3)
in different age groups compared to the 20-30 age group.(85)

57



Table 6. Comparing the findings of both of our studies

meta-analysis

population-based analysis

ICD-10 reference age range: 20-35 reference age range: individual for each
Congenital anomaly Category
age <20 age > 35 age > 40 age <20 age > 35 age > 40
All NCAs (with or without CAs) Q00-Q89 1.08 (0.89; 1.32) 1.31 (1.06; 1.61) 1.44 (1.25; 1.66) no data no data no data
All NCAs (without CAs) Q00-Q89 1.21 (0.59; 2.49) 1.37 (0.76; 2.45) 1.25 (1.08; 1.46) 1.37 (1.32; 1.43) 1.21 (1.16; 1.26) 1.35(1.23; 1.49)
All NCAs (with CAs) Q00-Q89 1.15(0.87; 1.52) 1.26 (1.12; 1.42) 1.63 (1.26; 2.09) no data no data no data
Nervous system Q00-Q07 1.16 (0.74; 1.81) | 1.53(0.80;2.94) | 1.56 (0.67;3.62) | 1.71(1.48;1.97) | 1.05(0.87;1.26) | 1.25(0.84;1.86)
Encephalocele Qo1 1.76 (0.44; 7.12) 1.43 (0.57; 3.60) no data no data no data no data
Congenital hydrocephalus Q03 1.19 (1.02; 1.38) no data no data no data no data no data
Spina bifida Q05 1.30(0.93; 1.82) 1.39 (0.75; 2.59) 1.96 (0.72; 5.31) no data no data no data
Anencephaly Q00.0 1.40 (0.98; 1.99) 1.02 (0.60; 1.72) 1.30 (0.71; 2.38) no data no data no data
Eye, ear, face, and neck Q10-Q18 no data no data no data 1.25 (0.94; 1.66) 1.24 (0.92; 1.69) 2.09 (1.25; 3.49)
Circulatory system Q20-Q28 0.87 (0.68; 1.11) 1.33(0.97; 1.82) 1.94 (1.28; 2.93) 1.16 (1.07; 1.26) 1.40 (1.29; 1.52) 1.72 (1.45; 2.05)
Congenital heart defects Q20-Q26 0.87 (0.78; 0.97) 1.50 (1.11; 2.04) 1.75 (1.32; 2.32) no data no data no data
Respiratory system Q30-Q34 no data no data no data 1.82 (0.83; 4.03) 1.00 (0.40; 2.51) 1.32 (0.29; 6.13)
Cleft lip and palate Q35-Q37 0.93 (0.76; 1.14) 1.47 (0.95; 2.28) 1.57 (1.11; 2.20) 1.21 (1.05; 1.40) 1.45 (1.26; 1.67) 1.58 (1.16; 2.16)
Cleft palate Q35 0.99 (0.56; 1.73) 1.78 (1.16; 2.73) 1.77 (1.48; 2.11) no data no data no data
Digestive system Q38-Q45 0.98 (0.71; 1.37) no data 2.16(1.34;3.49) | 1.46(1.31;1.64) | 1.16(1.02;1.32) | 1.15(0.85;1.57)
Genital organs Q50-Q56 no data no data no data 1.36 (1.24; 1.50) 1.15(1.03; 1.29) 1.30 (1.02; 1.66)
Urinary system Q60-Q64 no data 0.86 (0.57; 1.29) no data 1.29 (1.04; 1.60) 1.90 (1.56; 2.32) 2.27 (1.53; 3.38)
Hypospadiasis Q54 0.99 (0.91; 1.07) 1.11 (0.88; 1.39) no data no data no data no data
Musculoskeletal System Q65-Q79 0.88(0.72;1.08) | 0.94(0.65;1.37) | 0.90(0.55;1.46) | 1.57 (1.46;1.70) | 1.12(1.02;1.23) | 1.07 (0.86; 1.34)
Congenital Diaphragmatic Hernia Q79.0 0.96 (0.88; 1.06) 1.52 (0.79; 2.91) no data no data no data no data
Omphalocele Q79.2 1.44 (1.08; 1.92) 1.47 (1.20; 1.79) 2.57 (1.77; 3.73) no data no data no data
Gastroschisis Q79.3 3.08 (2.74; 3.47) 0.22 (0.15; 0.32) 0.41 (0.23; 0.74) no data no data no data
Other Q80-Q89 no data no data no data 1.45 (1.25; 1.68) 1.35 (1.15; 1.59) 1.70 (1.23; 2.36)
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9 DISCUSSION

9.1 Summary of findings, international comparisons (including all studies)

The main findings of our studies support our hypothesis. The relative frequency of all
NCAs combined is strongly related to maternal age. The importance of our findings lies
not only in their clinical relevance, but in their quality. The population based study
encompasses a long time period for a whole country with almost 3 million births, maternal
age data is available by year, all level 2 malformation categories of ICD-10 were assessed,
aims for a high level of transparency, and a complex statistical analysis approach was
used — this is particularly apparent if we compare it with other similar studies (e.g. those
included in the meta-analysis). The meta-analysis provides a higher level of evidence for
a worldwide audience than our registry analysis. It is the first of its kind (i.e. analyzing
all NCAs combined and also separately by categories), and we made our best to avoid
typical design flaws (c.f. Ahn et al 2022, (158)): we only pooled population-based studies
with matching age groups and NCA categories.

All NCAs combined (ICD-10: Q00-Q89)

Our meta-analysis revealed risk increase above 35 and a more relevant increase above 40.
It thus confirmed the risk-increasing effect of advanced maternal age. In contrast, our
population-based study found that both very young and advanced maternal age increases
the risk, when all NCAs are considered collectively.

Though the meta-analysis also shows an increase in risk in very young mothers, but here
statistical significance does not support a clinical association. The main reason for this is
the high heterogeneity (temporal and geographical differences), which suggests that the
risk-increasing effect of young maternal age may be prevalent in certain regions (6/14 of
the included articles also found a risk-increasing effect of extremely young maternal age).
Despite the topic being extensively researched, the age distributions of different NCAs
show inconsistencies in the literature. The risk increasing effect of advanced maternal age
is consistent with previous research(54, 159, 160), highlighting the importance of
considering advanced maternal age as a risk factor in prenatal care and genetic
counseling. The 2022 meta-analysis on the subject (158) addressed advanced maternal

age as a risk factor. The increased risk observed in older mothers can be attributed to a
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variety of factors, including increased rate of IVF (in vitro fertilization) (161-164),
increased prevalence of comorbidities particularly pregestational diabetes mellitus (165-
167), and a higher likelihood of long-term exposure to environmental factors.(168, 169)
In contrast to our findings, certain studies have questioned the risk-increasing effect of
advanced maternal age.(53, 170) This may be explained by the fact that the increase in
maternal age in Europe is especially associated with women of higher social status, which
may have led to a decrease in the risk of NCA in this age group compared to previous
trends.(53, 171)

Several studies indicate that advanced maternal age is linked to a decreased risk of NCAs.
To explain this, researchers hypothesize that the embryonic development is more strongly
influenced by the “all-or-nothing” phenomenon than the aging of the egg — this results in
a higher chance surviving fetuses are anatomically normal.(172)

In line with our population-based study, Reethuis et al.(55) demonstrated that women
under 20 years and women over 35 years are at increased risk of having a fetus with an
NCA. Croen et al.(173) also observed this association in their data analysis from the
California Birth Defects Monitoring Program, except for the Afro-American population.
Analyzing data from the EUROCAT database, Loane et al. argue (53) that greater
attention should be given to the screening of adolescent mothers, as they are more prone
to having multiple risk factors. Possible factors contributing to this increased risk among
younger mothers encompass insufficient prenatal care, a greater prevalence of
socioeconomic disadvantages, and an elevated vulnerability to nutritional deficiencies
during pregnancy.(57)

The effect of advanced maternal age on the risk of chromosomal anomalies is well known.
In addition to chromosomal anomalies, the prevalence of NCAs is also higher, so as a
significant confounder, we excluded the co-occurrence of chromosomal anomalies from
our population-based study and in the case of meta-analysis, we also performed an
analysis that tests the hypothesis without the co-occurrence of chromosomal anomalies.
In this case, we found a 25% increase in risk for mothers over 40. This further supports
the idea that a mother's age can be an independent risk factor, since having chromosomal
anomalies at the same time is one of the most significant variables that can influence the

occurrence.
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Congenital malformations of the nervous system (ICD-10: Q00-Q07)

In the case of neural tube defects (NTD), there is already a well-known and high level of
evidence that folic acid supplementation is effective in preventing these disorders.(174)
In addition to this well known preventive option, there are further possibilities for
secondary prevention of this group of anomalies through neurosonography or fetal MR
scans. Hence, it is crucial in clinical practice to identify risk factors in order to improve
the criteria for diagnostic approaches.

Our population-based analysis reveals a significant and large increase in risk in very
young mothers, but the meta-analysis shows no significant effect on the risk. The latter
could be explained by the high level of heterogeneity caused by population differences.
As a result, we cannot draw broad conclusions, but we do see an increase in risk locally
both in advanced and very young age categories. The studies included in the meta-
analysis demonstrate either no significant effect or a significant risk increase.

The literature is not consistent on the age effect in this case either. Most studies have
found a ’U-shaped’ relationship between maternal age and the relative frequency of
NTDs.(103, 175) Other researchers suggest that a higher risk of NTD is probably
associated with increased maternal age.(176) The heterogeneous results could be
attributed to an inappropriate NTD definition, as grouping was not applied uniformly
across studies. Some anomalies were explicitly associated with young maternal age (e.g.
anencephaly)(102, 177), while other isolated anomalies were more common in older
mothers(e.g. spina bifida, encephalocele).(177)

Encephalocele (ICD-10: Q01): No significant effect was found for any age
category in our meta-analysis. Wen et al. discovered that younger maternal ages are
specifically associated with encephaloceles. This association was not explained by
maternal education level or the timing of prenatal care initiation in their study.(178) A
2024 meta-analysis found that the age of the mother was a factor in the occurrence of
encephaloceles. Two publications showed a link between encephaloceles and very young
maternal age, while another publication documented a connection with advanced
maternal age.(179)

Congenital hydrocephalus (ICD-10: Q03): In our meta-analysis, we were only
able to examine the effect of very young maternal age, and even in this category, only 2

studies could be mathematically synthesised. As a result, an increase in risk is observed
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in the very young age group, which, despite combining the findings of only two papers,
is a mathematically significant result. Reefhuis and Honein also discovered that teenage
mothers had a significantly higher risk of having hydrocephalus offsprings than mothers
aged 25-29 years (OR = 1.56; CI: 1.23—-1.96). The increased risk could be attributed to
confounding lifestyle factors like insufficient prenatal care and exposure to harmful
substances.(55) A 2023 case-control analysis also confirms this link.(180) Another study
also identified a risk increasing effect of maternal age, but for very young and advanced
age (U-shaped distribution).(181) In contrast, in another study maternal age was not
associated with any subtype of hydrocephalus.(182) In this case, a variety of causal
factors may explain the inconsistency of the literature.

Spina bifida (ICD-10: Q05): Most of the studies included in the meta-analysis
found an increase in risk among mothers in the examined age groups. However, due to
the large confidence intervals, the pooled values cannot statistically prove or disprove the
risk-increasing effect. Consistent with our findings, the literature reviews on this subject
do not acknowledge the potential for maternal age to increase the risk of spina bifida.(183,
184)

Anancephaly (ICD-10: Q00.0): Most of the articles included in the meta-analysis
do not show a significant effect and the pooled value does not show evidence for the
presence or absence of a risk factor. The literature does not mention maternal age as a

relevant risk factor for anencephaly either.(185, 186)

Congenital malformations of eye, ear, face and neck (ICD-10: Q10-Q18)

There was insufficient data for mathematical synthesis in the meta-analysis. Our
population-based study showed a clinically and statistically significant increase in risk
over the age of 40 years. Congenital anomalies of the face and neck are one of the most
difficult to diagnose prenatally (187), and there is no clear reference in the literature to
the risk factor we have studied. A 2024 study in the same setting as ours (i.e. using ICD-
10 categories) found no association with maternal age.(188) Given the paucity of data on

this topic, further studies are needed to assess the link.
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Congenital Malformations of the Circulatory System (ICD-10: Q20-0Q28)

There is a clinically and statistically significant increase in risk above the age of 40 years
in both the meta-analysis and the population-based study. In the case of the meta-analysis,
despite the large heterogeneity, this is strong evidence. The effect of very young maternal
age is not detected in the meta-analysis, and although it is significant in the population-
based analysis, the effect is minimal.
The risk-increasing effect of advanced maternal age can be found in the literature(189),
but most research specifically focuses on cardiac malformations within other anomalies
of the circulatory system.

Congenital Heart Defects(CHD) (ICD-10:0Q20-Q26): Due to the differences in
ICD classifications and for conceptual reasons, this group was not included in the
population-based study (only ICD main groups were analysed). In the meta-analysis,
there is a statistically and clinically significant increase in risk in advanced maternal age
(both 35 and over 40). There is a slight protective effect in the very young maternal age
category, but this is barely clinically relevant.
The study of this subgroup of anomalies is particularly important, both in terms of their
frequency and severity, as well as due to the potential for specific screening methods.
Currently, fetal echocardiography is not recommended based on the mother's age.(190,
191)
Similar to our results, several studies — including a 2024 meta-analysis on the subject —
report an increase in risk in advanced maternal age.(55, 188, 192, 193) Mamasoula et al.
identify both very young and advanced maternal age as a risk factor and specifically
highlight the association of very severe CHDs in the very young group.(194) Our study
and the scientific literature are consistent on the risk-adjusting effect of advanced
maternal age, but further publications are not consistent for very young mothers. This
finding necessitates additional investigation to validate and explore the influence of

behavioral or genetic factors.

Congenital malformations of the respiratory system (ICD-10: Q30-0Q34)

The meta-analysis lacked sufficient data for mathematical synthesis. The population-
based analysis yielded estimates with a wide confidence interval due to the limited sample

size, so the presence or absence of risk could not be determined in this study either. Most
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of the studies in the literature failed to confirm or refute the existence of a link with
maternal age.(170)

Varela et al. described an association between lower social status and congenital
respiratory disorders(195) , which may increase the need to examine the very young age

of the mother.

Cleft lip and cleft palate (ICD-10: Q35-Q37)

In this anomaly group, there is a significant increase in risk above 40 according to both
our population-based analysis and the meta-analysis. In our population-based study, we
found an increased risk in both the under-20 and the over-35 age groups, but the meta-
analysis could not confirm this. There is no consensus in the literature on the association
with maternal age either: neither its existence nor its exact nature is agreed upon. A study
carried out in California showed that women older than 39 years had twice the risk of
having a child with left lip and cleft palate when compared to mothers between 25 and 29
years.(196) In contrast, a 2002 meta-analysis found no association with maternal age
(197), which is also confirmed by a 2010 study.(198)

Cleft palate (035): When analysed independently, there is a clinically and
statistically significant increase in risk for cleft lip above 35, not just above 40, but smaller
confidence intervals above 40 provide stronger evidence. According to a 2012 meta-
analysis mothers aged 35 to 39 years had a 20% higher risk of having a child with a cleft
palate, and mothers aged 40 or more had a 28% higher risk.(199)

Congenital malformations of the digestive system (ICD-10:038-045):

Our results are very contradictory, because the meta-analysis shows that there is a
significant increase in risk above 40, while the population-based study shows an increase
in risk already

above 35 and below 20. A severe limitation is that only two articles were included in the
meta-analysis. The available evidence concerning maternal age is contradictory. Loane et
al. found that young maternal age is a risk factor(53), while a meta-analysis in 2022 could
not confirm the effect of maternal age in either the very young or the advanced maternal

age group.(158)
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Congenital malformations of genital organs (ICD-10: Q50-Q56)

In the meta-analysis, there were insufficient data to examine the maternal age groups in
question. In our population-based study, we observed an increase in risk of around 15%
in both the very young and advanced age categories. There is limited data available in the
literature that has examined these differences as a group. The risk-increasing effect of
advanced maternal age is confirmed by Reethuis et al for male genital defects, moreover,
they also found that very young maternal age is a risk-increasing effect in case of female
genital defects.(55) A meta-analysis has demonstrated a risk-increasing effect of
advanced maternal age when genital organ defects were merged with urinary anomalies.
In this setting, the risk increase for mothers over 35 was 46%.(158)

Hypospadiasis (ICD-10:054): Based on the meta-analysis, we can conclude that
there is no effect in the younger population while the evidence to determine the presence
or absence of risk in the elderly population is insufficient. The literature supports the risk-
increasing effect of advanced maternal age. According to Fisch et al. and Porter et al.,

advanced maternal age is associated with a marked increase in risk.(200, 201)

Congenital malformations of the urinary system (ICD-10: Q60-Q64)

The 3 studies included in this meta-analysis did not show a significant effect of advanced
maternal age (study count for the rest of the age groups was insufficient). However, in
our population-based study, we found a risk-increasing effect for both the very young and
the advanced maternal age, with a 2-fold increase in risk above 40. Another population-
based study in Washington state confirmed the risk-increasing effect of advanced

maternal age, but they found only a 20% increase in risk.(202)

Congenital malformations and deformations of the musculoskeletal system (ICD-10:

Q65-Q79)

Based on our population-based study, both very young and advanced maternal age have

a risk-increasing effect. Based on a meta-analysis, however, we were unable to confirm
the presence or absence of risk. Considering the diseases in this group, very limited data
are available in the literature.

Congenital diaphragma hernia (ICD-10: Q79.0): The meta-analysis could not

prove either a risk or a protective effect in any of the examined age groups. A population-
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based study written in 2019 did not find an association between maternal age and
congenital diaphragma hernia either.(203) In contrast, a registry analysis in 2022 found
that both very young and advanced maternal age pose increased risk.(204)

Omphalocele (ICD-10: 079.2): The meta-analysis suggests that both very young
and advanced maternal age increase the risk, with this risk-increasing effect being
particularly pronounced over 40. Marshall et al. came to the same conclusion (205) and
an earlier review article described this link as well.(206)

Gastroschisis (ICD-10: Q79.3): In our meta-analysis, we found a 3-fold increase
in risk in the young and a protective effect in the older age groups. The relevant scientific
literature confirms the finding for the young age group. A review in 2000 found a clear
and strong risk-increasing effect of young maternal age.(207) A 2020 meta-analysis of 29
studies looking into the possible factors underlying the risk-influencing effect of young
maternal age discovered that maternal smoking (RR = 1.56; CI 1.40-1.74), illicit drug
use (RR =2.14; CI 1.48-3.07), and alcohol consumption (RR = 1.40; CI 1.13—1.70) were
all associated with an increased risk of gastroschisis.(208) A 2024 study discovered that
the prevalence of gastroschisis increased by 61% between 1980 and 2017 in the
surveillance programmes studied. The increase was observed across all age groups, with

mothers under the age of 20 having the highest incidence.(209)
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9.2  Strengths (including all studies)
The strengths of our research greatly enhance the dependability and application of our
findings. A meta-analysis combined with a population-based study offers a thorough and

strong investigation into the influence of maternal age on NCAs.

The population-based study provided several distinct advantages to our research. The
extensive number of cases and controls yielded a sizeable dataset, which is crucial for
rigorous statistical analysis. We employed a distinctive database and rigorous data
collection techniques to guarantee the precise recording of information. The meticulous
gathering of this data minimized potential biases and improved the dependability of our
results. In addition, the innovative statistical methodology we utilized enabled us to depict
reality with greater precision, so circumventing the constraints linked to arbitrary

grouping by age.

Throughout our meta-analysis, we followed our pre-registered protocol rigorously,
guaranteeing transparency and consistency in our methods. Through the implementation
of'a meticulous approach, we guaranteed the incorporation of a wide range of population-
based publications from different geographical areas across the globe. This method
enabled us to acquire a thorough and inclusive viewpoint on NCAs. Through the analysis
of data from a substantial number of cases, we have improved the applicability of our
conclusions, ensuring that our findings are pertinent to a wide range of people. The
inclusion of studies with an international scope enhances the generalizability and

application of our conclusions, offering insights that are useful on a worldwide scale.
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9.3 Limitations (including all studies)
Although our research offers valuable insights into the association between maternal age

and NCAs, it is crucial to recognize the inherent limitations in our study designs.

The population-based study revealed comparable constraints. Throughout the extended
duration of the study, minor modifications in the screening techniques and rates of
detection may have had an impact on our findings. Furthermore, the definitions of certain
individual anomalies exhibited variations over time or were completely absent in certain
cases, resulting in inconsistencies. Although the documents were organized based on
ICD-10 categories, there were instances where it was challenging to precisely identify
anomalies, which had a negative effect on the accuracy of our data. An other limitation
of this study was the lack of a multivariate model, which was due to the insufficient
information available on the general population compared to the detailed data on

pathological cases.

A notable constraint in the meta-analysis stems from the fact that all the studies included
in it have a retrospective design. The retrospective nature of this study hinders our ability
to determine causality and restricts the evaluation of certain confounding variables.
Publication bias is a common concern in meta-analyses, referring to the tendency of
studies with non-significant results to be less likely to be published. Though we could not
detect significant publication bias in our analysis, it is important to note that failing to
prove the presence of bias does not prove its absence. Another source of concern may be
the presence of high level of heterogeneity. However, this should only partly be
considered a limitation, because heterogeneity is often a natural characteristic of the
studied variable resulting from the effect of various confounders. The potential sources
of heterogeneity in our study may be the following: high variability of sample sizes
(smaller studies have a higher chance of random variation); the prolonged duration of the
period from which studies were collected (resulting in variation of screening methods,
lifestyle factors specific for age categories, the ICD categorization), geographical
variations (potential variation in the detection quality screening methods, and probably
even in the probability of malformations e.g. due to nutritional or socio-economic causes),

categorization (not all studies used explicit ICD categories, and different editions of ICD
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were in use for different studies), the definition of “total number of births” (are stillbirths
as well as elective abortions — carried out either due to or not due to fetal anomalies —
included).

Recognizing these constraints emphasizes the necessity for careful appreciation of our
discoveries and emphasizes the significance of future investigations to tackle these
concerns. In order to obtain more conclusive findings and deepen our understanding of
the effects of maternal age on NCAs, it is crucial to conduct prospective studies that
employ consistent definitions, improved data collection methods, and incorporate

multivariate analyses.
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10 CONCLUSIONS

1)

2)

3)

4.)

5)

6.)

7)

8.)

9.)

10.)

11.)

12))

Both very young (<20 years) and advanced maternal ages (> 35 years) are
associated with an increased risk of non-chromosomal congenital anomalies
(NCAs) in Hungarian population. The evidence pertaining to the advanced age
category is more robust and valid worldwide.

In the Hungarian population, mothers between the ages of 23 and 32 have the
lowest risk of NCAs.

Very young maternal age increases the risk of nervous system anomalies in the
Hungarian population.

Eye, ear, face, and neck anomalies are associated to advanced maternal age in the
Hungarian population.

Anomalies in the circulatory system exhibit a higher risk in advanced maternal
age. This relationship remains valid even in the absence of concurrent
chromosomal anomalies.

Congenital heart defects demonstrate higher risk at advanced (40+) maternal age
and there is a suspected mild prophylactic effect in very young mothers.

In the case of cleft lip and palate, both very young and advanced maternal age
pose an increased risk in the Hungarian population, with this association being
evident worldwide above the age of 40.

Very young and advanced maternal age increase the risk of digestive system
anomalies in the Hungarian population, while this risk is also evident worldwide
above the age of 40.

Genital organ anomalies exhibit a heightened risk in both very young and
advanced maternal age groups in the Hungarian population.

For urinary system anomalies, both very young and advanced maternal age
increase the risk in the Hungarian population. This effect is greater in advanced
maternal age group.

Anomalies of the musculoskeletal system are more likely to occur in both
advanced and very young mothers in the Hungarian population, but the risk is
higher in younger mothers.

Gastroschisis is associated with a threefold risk in very young mothers.
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11 IMPLEMENTATIONS FOR PRACTICE

Early translation of research findings into clinical practice is crucial.(210, 211) It is worth
considering to treat maternal age as an independent risk factor when developing prenatal
screening protocols — and not only because of co-morbidities or because of the higher risk
of chromosomal anomalies. Considering this factor is crucial for optimizing prenatal care
and enhancing the identification of NCAs among various age groups of mothers.
Indications for fetal echocardiography and neurosonography do not currently include
maternal age-based screening.(190, 191, 212, 213) Based on our results, when developing
recommendations for fetal echocardiography and neurosonography, it is advisable to
include advanced maternal age as an indication for fetal echocardiography and very
young maternal age as an indication for fetal neurosonography. Screening protocols that
take maternal age into account can improve the child's prospects by enabling timely
identification for proactive medical planning, enabling parents to make informed
decisions about their pregnancy. This approach recognizes the differences that women

struggle with at different stages of life and contributes to personalized, effective care.
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12 IMPLEMENTATION FOR RESEARCH

Methodology issues

In the analysis of the articles used for the meta-analysis, difficulties were encountered
with the uniform maternal age categorisation (at least the broadly consistent use in the
literature of the advanced maternal age categories /above 35/ and very young /under 20/),
the lack of a standard reference age (we mark this as 20-30 based on our two analyses)
and the lack of consistency with ICD categories. For future studies on this topic - in
addition to eliminating the above problems - we recommend providing complete raw data
(i.e. total and diseased birth count for each maternal age) for a more precise and complete

synthesis of the data.

Study design

It is advisable to prioritize the analysis of the impact of maternal age by using prospective
data collection in a multivariate model. Since the potential confounders are largely known
(e.g. financial status, healthcare access, lifestyle choices, genetics), future research should
further analyze them. This may affect the intrinsic risk increasing effect of maternal age
on NCAs. Currently, detailed data are usually available in a case-matched control model
for both cases and controls, but this is not suitable for estimating true prevalence, and for
population studies we do not have more detailed information on the control population.
A comprehensive pregnancy registry can generate a reliable dataset for multivariate

analysis and generalisable results.

New aspects

We hope, our findings will facilitate further research of the biological background. It is
essential to establish the biological model behind the statistical-clinical association we
have found. Due to the nature of the topic, collaboration with co-disciplines (geneticists,
pediatricians, epidemiologists) can provide additional insights and valuable new aspects

and enhance the quality and complexity of research.

72



13 IMPLEMENTATION FOR POLICYMAKERS

We have little influence on the social and societal trends that lead to delayed childbearing,
so it is primarily the task of decision-makers, but also of us as practitioners, to respond to
these trends with the appropriate sensitivity and effectiveness. Although the risk-
increasing effects of advanced maternal age are generally more discussed in the
developed world, the increased risks associated with pregnancy in very young mothers
are also important to prioritise.

Regarding NCAs, at-risk mother age groups should be given top priority at several layers
of prevention. To implement primary prevention strategies effectively, policymakers
should consider the development of accessible educational programs targeting both the
general population and healthcare professionals. Women should be educated about both
the risk for pregnancy at particular ages and the available diagnostic methods. As second
prevention, prioritizing comprehensive surveillance helps to implement effective
monitoring systems and encourages early detection and intervention practices in
healthcare facilities. Integrating emerging evidence into policy decisions helps improve
early detection, intervention strategies, and outcomes for affected fetuses. Based on our
studies, one of the most game-changer changes could be the provision of maternal and
human resources for maternal age-based screening protocols for fetal echocardiograpy
and neurosonography. As for tertiary prevention, mobilising adequate attention and
resources is also essential, as the substantially unchanged high prevalence of NCAs in
developed countries indicates that the provision of treatment protocols, rehabilitation

programmes and psychosocial support can improve the quality of life of those affected.
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14 FUTURE PERSPECTIVES

Building on our previous findings, we intend to continue our research on this topic in our
research group, with the goal of contributing to a higher level of perinatal screening.

We should relaunch the Hungarian database, because the uniqueness of the data collection
methodology and the wide range of information collected can greatly contribute to the
understanding of the topic.

We plan to reproduce the meta-analysis regularly, following the current concept, as this
is an intensively researched area and a significant number of new publications are
expected to be published each year. It is our expectation that our publications will lead to
the development of a more uniform maternal reference age and a more standardized
definition of NCAs. These changes could increase the proportion of publications that can
be included and synthesised, while reducing the limitations due to the expected lower
heterogeneity. We also plan to conduct a meta-analysis of publications using a

multivariate model.
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Abstract

Objective: The role of maternal age in the development of non-chromosomal con-
genital anomalies (NCAs) is under debate. Therefore, the primary aim of this study
was to identify the age groups at risk for NCAs. The secondary aim was to perform a
detailed analysis of the relative frequency of various anomalies.

Design: National population-based study.

Setting: The Hungarian Case-Control Surveillance of Congenital Anomalies (CAs)
between 1980 and 2009.

Population or Sample: A cohort of 31128 cases with confirmed NCAs was com-
pared with Hungary's total of 2808 345 live births.

Methods: Clinicians prospectively reported cases after delivery. Data were analysed
by non-linear logistic regression. Risk-increasing effect of young and advanced ma-
ternal age was determined by each NCA group.

Main outcome measures: These were the total number of NCAs: cleft lip and pal-
ate, circulatory, genital, musculoskeletal, digestive, urinary, eye, ear, face, and neck,
nervous system, and respiratory system anomalies.

Results: The occurrence of NCAs in our database was lowest between 23 and 32 years
of maternal age at childbirth. The relative risk (RR) of any NCA was 1.2 (95% CI
1.17-1.23) and 1.15 (95% CI 1.11-1.19) in the very young and advanced age groups,
respectively. The respective results for the circulatory system were RR = 1.07 (95%
CI 1.01-1.13) and RR = 1.33 (95% CI 1.24-1.42); for cleft lip and palate RR = 1.09
(95% CI 1.01-1.19) and RR = 1.45 (95% CI 1.26-1.67); for genital organs RR = 1.15
(95% CI 1.08-1.22) and RR = 1.16 (95% CI 1.04-1.29); for the musculoskeletal system
RR =1.17 (95% CI 1.12-1.23) and RR = 1.29 (95% CI 1.14-1.44); and for the digestive
system RR = 1.23 (95% CI 1.14-1.31) and RR = 1.16 (95% CI 1.04-1.29).

Conclusion: Very young and advanced maternal ages are associated with differ-
ent types of NCAs. Therefore, screening protocols should be adjusted for these risk
groups.
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1 | INTRODUCTION

Worldwide, 3-5% of births are affected by a congeni-
tal anomaly (CA),' representing a leading cause of infant
mortality.” Based on the EUROCAT survey, the average
European relative frequency of birth defects is 23.9 per 1000
births.> According to the 2010 Global Burden of Disease
study, congenital anomalies (CAs) are responsible for 6% of
infant deaths worldwide," whereas other studies suggest that
around 20% of neonatal and infant mortality is caused by
CAs.>f

CAs have a significant burden on society as a whole,
namely, the affected families and both health and social care
systems. In addition, CA-related hospitalisations are ex-
tremely costly, accounting for 3.0% of total hospitalisations
and 5.2% of total hospital costs, with an estimated annual
cost of $22.9 billion in the USA in 2013.” These facts high-
light the importance of CAs globally for healthcare systems,
research, prevention and screening. Appropriate interven-
tion must be considered a public health priority.

For several known maternal lifestyle risk factors and
chronic illnesses, there is a clear association with the oc-
currence of CAs. For example, according to a meta-analysis,
maternal smoking during pregnancy increases the odds of
CAs (0dds ratio [OR] = 1.18, 95% CI 1.03-1.34).® The risk-
increasing effect of maternal diabetes is also considered in
genetic screening. The effect of pre-gestational diabetes is
indeed pronounced according to a meta-analysis (relative
risk [RR] = 2.66, 95% CI 2.04-3.47).

There is also a well-known correlation between maternal
age and chromosomal anomalies, but we have much less in-
formation about maternal age as a risk factor in the case of
non-chromosomal congenital anomalies (NCAs). The sig-
nificant role of maternal age in their development is prob-
ably established, but the exact details are still the subject
of active research. In addition, age distributions of NCAs
in the literature are inconsistent. Some studies show a risk-
increasing effect either only for the young' (generally de-
fined as under 20years) or only for the advanced'' (generally
defined 35years or more); others show an effect for both age
groups.

We aimed to identify maternal age-related risk groups
without arbitrary age categories and to focus on screening
options based on maternal age — an approach which is cur-
rently missing in the protocols for NCAs. Our hypothesis
was that very young (expected to be <20years) and advanced
maternal age (expected to be >35years) increase the risk of
NCAs.

2 | METHODS

2.1 | Study design

Our population-based study investigated the relative fre-
quency of CAs in relation to maternal age over a period of
almost 30years in Hungary. This study obtained cases from

the Hungarian Case-Control Surveillance of Congenital
Abnormalities (HCCSCA) and the total number of live
births during the study period from the Central Statistical
Office (KSH).

We identified high- and low-risk maternal age groups
using the restricted cubic spline model instead of comparing
arbitrary age categories.12

We report our population-based study according to the
recommendations of the STROBE guideline (Table S1).2

2.2 | Setting

Our study is an analysis of the HCCSCA (established in 1980,
and terminated in 2009)."* Data collection was changed
in 1997 (affecting only the collection of matched controls
that were not used in the current study), slightly modify-
ing the structure of the HCCSCA. Data collected through
the HCCSCA between 1980 and 2009 were unified into one
large validated database."” In 2002, after one mother's objec-
tions, the legal background of data privacy was questioned,
and data collection was suspended until 2005.

Since 1962, reporting patients as cases with CA to the
Hungarian Congenital Abnormality Registry (HCAR) has
been obligatory for physicians in Hungary, from birth until
the end of the first postnatal year. The HCAR was founded
in 1962 as the first national-based registry of CAs globally.'®
Since 1984, the prenatal diagnostic centres have also been
asked to report malformed fetuses diagnosed prenatally with
or without elective termination of pregnancy to the HCAR.
Cases have been enrolled in the HCCSCA from the HCAR
since 1980.

2.3 | Ethics and patient consent

Ethics approval for data analysis was obtained from the
Scientific and Research Ethics Committee of the Medical
Research Council, Hungary (BMEU/920-3/2022/EKU).
There are no identifiable registry data reported in our study.
National legislation does not require informed consent to
register a baby with a congenital anomaly."” Patients were
not involved in the design and conduct of this research.

2.4 | Participants

Cases with CAs in the HCAR were enrolled to the HCCSCA if
they met all the following selection criteria: (1) reported to the
HCAR within 3 months after birth or elective termination of
pregnancy, (2) none of the three mild CAs (hip dislocation, con-
genital inguinal hernia and large haemangioma) was present
alone, and (3) CA syndromes were not caused by gene muta-
tions or chromosomal anomalies with preconceptional origin.
In our analysis, we excluded cases with incomplete data or the
co-presence of chromosomal anomalies (Figure 1). The main
task of the HCCSCA has been the detection of teratogenic/
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All registered cases during
the study period
(n=32295)

Excluded from the study population:

*  missing maternal age (n = 71)

e Chromosomal anomaly cases (n =1 080)
e only mild NCA (n = 16)

v

Analysed cases

(n=31128)
(B)

Maternal age Number of live births in Number of cases of NCA
Hungary 1980 - 2009 in Hungary 1980 — 2009

13-19 214718 3060

20 —24 940 062 10 474

25-29 981 027 10073

30-34 486 657 5182
35-39 154 753 1893

40 — 45 31128 446

FIGURE 1 (A) Study plan. (B) Age distribution of cases and total population by age.

fetotoxic agents and other environmental effects during preg-
nancy resulting in the development of birth defects.

The case group contains live births, stillbirths and elec-
tive terminations of pregnancies following prenatal malfor-
mation diagnosis. For the total number of cases and controls,
the total number of live births by maternal age in Hungary
during the study period was obtained from the hungarian
Central Statistical Office (KSH).

2.5 | Variables and data sources

The following information about every patient was recorded
during data collection: NCA(s), gender, maternal age, paternal
age, birth date, birthweight, gestational age, area of mother's
residence, birth order, mother's and father's qualifications,
employment status and type of employment, mother's marital
status, outcome of previous pregnancies, maternal diseases
during pregnancy (by month of pregnancy), medication dur-
ing pregnancy (by month of pregnancy), and the mother's
smoking habits and alcohol consumption patterns."

Maternal age was recorded at the time of delivery or ter-
mination of pregnancy due to fetal anomaly.

Data on maternal diseases, lifestyle factors and medi-
cation during pregnancy were collected in multiple ways.
Mothers provided all their medical documentation about
their ongoing pregnancy, and professionals recorded it (pro-
spective, medically recorded data). A questionnaire was then
mailed to the mothers containing questions about maternal
diseases, pregnancy-related drug treatments and pregnancy

supplements (retrospective, maternal self-reported informa-
tion). Lastly, regional nurses visited all mothers. The nurses
helped mothers collect and present their medical records
and answer the questionnaire (Table SI).

We performed our analysis by disease categories as de-
fined by the International Classification of Diseases (ICD)-
10, which ensures an accurate categorisation. Even though
the definition of certain anomalies may have changed during
the study period, their ICD categorisation at the level of our
analysis remained consistent.

2.6 | Biasand evidence synthesis
The maternal ages were recorded based on birth certificates,
ensuring a very high level of data accuracy. The unique na-
ture of data collection and verification further enhances the
reliability of the data. However, the classification of out-
comes was not consistent over the long study period. When
converting different ICD categories to each other, the group-
ings used do not always match with complete accuracy.

We used the GRADEPRO tool to assess the level of evi-
dence for our results.'®

2.7 | Statistical methods

Primary data extraction and organisation were carried out
in Microsoft EXCEL. Statistical analysis was carried out in
R (v4.1.3)."
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The aim of our analysis was to determine the high-risk
maternal age for each non-chromosomal anomaly (NCA)
category. We used a two-way approach.

First, we identified the best 10-year period of mater-
nal age corresponding to the anomaly's lowest relative fre-
quency. Risk was calculated as: number of cases among live
births + stillbirths + elective terminations of pregnancies fol-
lowing prenatal diagnosis of malformation/total number of
live births in the population. Risk ratios for each year were
determined by taking the best 10-year period as a ‘reference
risk’. Note that, despite the case-control approach, RR could
be used because data collection included the whole popula-
tion). Cases with a maternal age <13 (one case) and >45 years
(nine cases) were excluded because the very low number of
cases in these maternal age ranges would have made the re-
gression unreliable. The confidence interval of relative fre-
quency was estimated according to Agresti & Coull.*

Secondly, we fitted a non-linear, non-parametric logistic re-
gression model on the original data (namely, a restricted cubic
splines model using five knots at the 0.05, 0.275, 0.5, 0.725 and
.95 quantiles, as recommended in the literature; explanatory
variable: maternal age; response variable: presence or absence
of NCAs) using the rms’ R package (v6.2.0).”' The resulting
relative frequency estimates of the regression were transformed
to the RR scale to enable graphical representation in the figure
showing the year-by-year risk estimates calculated above.

A grouping of NCA categories based on high-risk mater-
nal age was done by considering the confidence bands in ad-
dition to assessing the shape of the curves: a curve may appear
U-shaped at first glimpse but the risk increase is not necessarily
statistically substantiated in both directions, i.e. the confidence
band may contain the RR =1 line corresponding to zero effect.

All confidence intervals were calculated at a confidence
level (1-a) of 95%.

3 | RESULTS

3.1 | Participants
A total of 31128 cases with NCAs were identified in Hungary
(Table S2); during the study period there were 2808345 live
births in the country (Figure 1). Figure 1 presents the age dis-
tribution of the study population, showing that 7.66% of births
fell into the very young (<19) and 6.62% into the advanced (=35)
maternal age categories. Within this group, 1.11% of births rep-
resented mothers over 40. This means that 14.28% of births were
in the maternal age groups expected to pose an increased risk.
Mean maternal age was practically the same among
cases (26.0years; SD = 5.4) and in the reference population
(26.1years; SD = 5.1).

3.2 | Descriptive data

Thanks to the population-wide data collection, we had in-
dividual information about the cases. In the table below, we

have summarized some of this information (Table 1). The
most notable is the sex of the fetuses, which is around 65%
male.

3.3 | Outcome data

The relative frequency of NCAs in the study period was 1.1%
after excluding cases with only mild anomalies and chromo-
somal anomalies.

3.4 | The risk-increasing effect of
advanced and very young maternal age

In the first step, all NCAs were analysed together (Figure 2).
The lowest risk 10-year period was between 23 and 32 years
(light grey shading); lower (RR = 1.2; 95% CI 1.17-1.23) and
higher (RR = 1.15; 95% CI 1.11-1.19) maternal age pose an
almost identically increased risk of anomalies. The year-by-
year RRs (circle markers) imply an increasing trend in both
directions. The fitted regression line (black, with a dark
grey confidence band) stresses that both very young and

TABLE 1 Baseline characteristics table.

Maternal age: All (13-45years; total

31118)
Total Mean SD
Birth mass, g 30908 3018 707
Gestation period, weeks 30995 38.5 3.2
Paternal age, years 1851 321 6.4
Count Proportion
Gender
Male 20046 65.64%
Female 10492 34.36%
NA 580
Birth order
Primiparous 16309 55.76%
Multiparous 12939 44.24%
NA 1870
Maternal smoking
Smoker 2776 35.51%
Nonsmoker 5041 64.49%
NA 23301
Maternal education
Managerial 1377 15.26%
Professional 2450 27.14%
Skilled worker 2376 26.32%
Semiskilled 2327 25.78%
Unskilled 496 5.50%
NA 22092

NA, not available.

858017 SUOWIWIOD dA 181D 3qeotdde au Aq peusenob a.e saolie YO ‘SN JO SanJ 1oy Afeid1UIIUO AB[IM UO (SUORIPUOD-PUR-SLLIBY WD A8 I ARe.q) Ul Uo//ScIY) SUOTPUOD PUe Swie | 8U) 89S *[202/L0/TT] Uo AkiqiTauliuo A8]im ‘ArBunH aueiyo0D Ad T9v2T'8250-TLyT/TTTT OT/I0p/uoo A (1M Ariqiieuljuo ukBaoy/sdny wouj pepeojumod ‘0T ‘€202 ‘82S0TLKT



MATERNAL AGE AND NON-CHROMOSOMAL BIRTH DEFECTS

1221

Non-chromosomal abnormalities
(Q00_89) low risk period: 23-32 years
RR(young) = 1.2 [1.17-1.23]; RR(old) =1.15 [1.11-1.19]
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FIGURE 2 Analysis of all NCAs by maternal age. The figure shows
the estimated risk ratios of NCAs as a function of maternal age with the
best 10-year period as ‘reference risk’ (circle markers). The best 10-year-
period is highlighted in light grey. The black curve shows the result of
the restricted cubic splines regression; the dark grey area is its confidence
range.

advanced maternal age increase risk even more. Even though
the confidence range becomes wider in the very young and
old maternal age groups due to the low number of cases, the
trend is still clear.

In the next step, NCAs were analysed by ICD category
(Figure 3). In the case of certain ICD categories, both lower
and higher maternal ages exert a risk-increasing effect,
namely: circulatory system (Q20-Q28), cleft lip and palate
(Q35-Q37), genital organ system (Q50-Q56), musculoskel-
etal system (Q65-Q79) and digestive system (Q38-Q45).
A U-shaped regression curve can describe the relation.
Observing the regression line in the case of musculoskeletal
and digestive system anomalies, there is an increased risk
of birth defects in very young mothers. In cases of circula-
tory system anomalies and cleft lip/palate, the increased risk
is more pronounced for advanced age mothers. There is no
expressed difference in the risk-increasing effect when com-
paring the lower and higher maternal age ranges in the case
of the genital organ system.

3.5 | The risk-increasing effect of advanced
maternal age only

In the case of CAs of the urinary system (Q60-Q64) and
malformations of the eye, ear, face and neck (Q10-QI8),
advanced maternal age exerts a risk-increasing effect while

2 O An International Journal of
J Obstetrics and Gynaecology

young age does not. However, looking at the figure regarding
the malformations of the eye, ear, face and neck (Q10-Q18),
the results are somewhat inconsistent, and the increase in
risk becomes clearly significant only >40 years.

3.6 | The risk-increasing effect of very young
maternal age only

The nervous system anomalies (Q00-Q07) category is the
only one where only young maternal age is associated with
increased risk. Looking at the entire low-age group, the risk
increase is 25%. For the very young (<20), there is an appar-
ent increase in risk that is even higher.

3.7 | Congenital anomalies not related to
maternal age

According to our analysis, respiratory system anomalies
(Q30-Q34) could not be proven to be associated with ma-
ternal age.

3.8 | Level of evidence

When all NCAs were analysed according to maternal age,
the young and advanced age groups were found to have
moderate certainty of NCAs (Figure S1).

4 | DISCUSSION

The main findings of this study confirm our hypothesis.
The relative frequency of NCAs strongly depends on mater-
nal age. Our data are of clinical importance because, based
on these results, preventive and screening interventions can
be applied according to maternal age groups. Furthermore,
our research shows that very young and advanced maternal
age increase risk when all NCAs are examined together. This
finding is particularly important, considering that chromo-
somal anomalies (with a well-known correlation to maternal
age) were excluded from the analysis.

Although the topic has been eagerly investigated, age
distributions of various NCAs are inconsistent in the lit-
erature. In line with our findings, Reefhuis et al.** showed
that women <20 and >35years are at increased risk of
having a fetus with an NCA. Croen et al.”> also found
this association in their data analysis from the California
Birth Defects Monitoring Program, excluding the Afro-
American population. Looking at all the NCA categories
combined, other studies have shown a risk-increasing ef-
fect of older maternal age."" This may be due to the risk-
increasing effect of chromosomal anomalies that occur
more frequently with advanced maternal age. Hollier
et al."! suggest that the accumulation of environmental ex-
posures over time may also have a risk-increasing effect.
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FIGURE 3 Summary results for the NCA categories. For the interpretation of the figure, see the caption to Figure 2.

Analysing data from the EUROCAT database, Loane
et al.'’ point out that more emphasis should be placed on
screening very young mothers, who are more likely to have
several risk factors. Zhang et al. found an increase in risk
for extremely young mothers and mothers younger than
25years. The authors emphasise that statistically signifi-
cant differences in NCA relative frequency were found be-
tween different levels of maternal education.

Based on the current guidelines, there is no recommen-
dation for screening NCAs with regard to maternal age.** ¢
Maternal age has previously been shown to be a relevant risk
factor for chromosomal anomalies, and this pressure for
age-based screening has significantly increased the detec-
tion rate.

Neural tube defects (NTDs) and congenital heart de-
fects (CHDs) should be discussed separately, as fetal
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neurosonography and fetal echocardiography are comple-
mentary screening options.

Looking at the NTDs (ICD-10 Q00-Q07) together, we
observed an increased risk in very young mothers. The lit-
erature is not consistent on the age effect. Most studies have
suggested a ‘U-shaped’ association between maternal age and
the relative frequency of NTDs.?”*® Other groups suggest that
ahigher risk of NTD is likely associated with increased mater-
nal age.” The heterogeneous results may be the consequence
of inappropriate NTD definition, as grouping was not uni-
formly applied across studies. Some anomalies were explicitly
associated with young maternal age (e.g. anencephaly),’®!
whereas other isolated anomalies were more common with
older maternal age (e.g. spina bifida, encephalocele).”

From a clinical point of view, finding a clear associa-
tion between maternal age and the relative frequency of
CHDs (ICD-10 Q20-Q28) is an important task. Currently,
there is no maternal age-related indication for fetal
echocardiography.®>**

This finding is of particular significance because the ef-
fects of chromosomal anomalies did not modify the relative
frequency found in our study. Various studies have been
published about the risk-increasing effect of older maternal
age, but it is important to note that the co-occurrence of
chromosomal anomalies is most significant at this age.>

As there is no additional screening opportunity for the
other NCA groups, age-adjusted ultrasound examinations
in these age groups must focus on these organ systems.

Particular attention should be paid to more frequent
differences in the low or high maternal age categories.
Examining what may be behind the risk-increasing effects
of each age group can help identify the right prevention
options. The teratogenic effects associated with the life-
style of mothers becoming pregnant at a very young age
and the lack of primary prevention options may largely ex-
plain the vulnerability of this age group, including smok-
ing, drug and alcohol abuse (substance abuse together
41.0%), lower social status, lower educational attainment®”
and the lack of adequate folic acid supplementation typical
of conscious childbearing.*® This investigation of socio-
economic differences in the use of supplements found
inequalities that benefit the wealthier and more highly
educated white mothers. The lack of folic acid intake is
clearly associated with a higher risk of NTDs.*” In contrast,
it is worth investigating the possible correlations between
maternal chronic diseases and conditions relating to the
risk-increasing effect of advanced maternal age. The age-
related decline in oocyte quality and deteriorating repair
processes could be the subject of basic research regarding
CAs of the urinary system and facial malformations.

Our results suggest that incorporating the age aspect into
screening protocols can increase the possibility of early de-
tection of NCAs. Although the present study is not sufficient
to confirm an isolated evidence of age effects, and the in-
fluence of lifestyle factors typically associated with age cat-
egories may be significant, and age alone may represent a
well-defined, clear risk factor.

2 OG An International Journal of 1223
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4.1 | Strengths and limitations

The strengths of our analysis are the large number of cases,
the unique database and data collection methods, and that
the collection of data on maternal age is highly accurate. In
addition, the novel statistical approach employed may better
reflect reality without using arbitrary groups.

Considering the limitations of this work, slight changes
in screening methods and detection rates during the long
study period could be mentioned. In addition, the defini-
tions of some individual anomalies differed between the
years or were even missing. These documents were also
structured for the ICD-10 categories; however, it was impos-
sible to identify them precisely in some cases. Finally, the
main limitation is the lack of a multivariate model. However,
this stemmed from the nature of the population-based study.

The generalisation of our result is substantiated, as the
enrolled patients represent the entire selected geographical
region.

4.2 | Implications for practice and research
Based on our results, we suggest maternal age-based screen-
ing for CHDs.

Further prospective data collection is needed to assess the
problem more accurately and to consider confounders. For
example, an international congenital anomaly registry that
collects all pregnancy data prospectively and allows multi-
variate analysis or observational clinical research with lon-
ger follow-up periods might give additional insight into this
topic. In addition, screening protocol modifications require
further health-economic studies, but the risk-increasing
effect of maternal age can already be considered for individ-
ual cases using our results.

5 | CONCLUSION

Our results show that certain NCAs are strongly associ-
ated with maternal age: a clear increase in risk can be ob-
served for very young or advanced maternal age, or both
- exact age limits varying by disease. Taking this into
consideration, improved screening protocols should be
implemented. Current protocols do not include maternal
age-based recommendations for either fetal echocardiog-
raphy or fetal neurosonography, which would be useful in
detecting the respective NCAs. Moreover, in addition to
mothers of advanced age, due attention should also be paid
to very young groups.
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Introduction

Congenital anomalies are structural or
functional abnormalities that occur
during intrauterine life and can be
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BACKGROUND: Nonchromosomal congenital anomalies (NCAS) are the most common
cause of infant mortality and morbidity. The role of maternal age is well known, although
the specifics are not thoroughly elucidated in the literature.

OBJECTIVE: To evaluate the role of maternal age in the incidence of NCAs and to pinpoint
age groups at higher risk to refine screening protocols.

STUDY DESIGN: A systematic review and meta-analysis were conducted following the
PRISMA 2020 guidelines and Cochrane Handbook. Searches were performed on October
19, 2021, across MEDLINE (via PubMed), Cochrane Library (CENTRAL), and Embase.
Population-based studies assessing the impact of maternal age on the incidence of NCAs
in pregnant women were included, without restrictions on age range, country, or
comorbidities. A random-effects model was used for pooling effect sizes, considering the
heterogeneity across studies.

RESULTS: From 15,547 studies, 72 were synthesized. Maternal age >35 showed an
increased NCA risk (risk ratio [RR]: 1.31, confidence interval [Cl]: 1.07 -1.61), rising
notably after>40 (RR: 1.44, Cl: 1.25 -1.66). The latter changes to 1.25 (Cl: 1.08 -1.46) if
the co-occurrence of chromosomal aberrations is excluded. Specific anomalies like cleft
lip/palate (>40, RR: 1.57, CI: 1.11 -2.20) and circulatory system defects (>40, RR:
1.94, Cl. 1.28 -2.93) were significantly associated with advanced maternal age.
Conversely, gastroschisis was linked to mothers <20 (RR: 3.08, Cl: 2.74 -3.47).
CONGLUSION: The study confirms that both very young and advanced maternal ages
significantly increase the risk of NCAs. There is a pressing need for age-specific prenatal
screening protocols to better detect these anomalies, especially considering the current
trend of delayed childbearing. Further research is required to fully understand the impact
of maternal age on the prevalence of rarer NCAs.

Key words: aging, congenital abnormalities, maternal age, nonchromosomal anoma-
lies, pregnancy, screening

identified intrauterinely, at birth, or,
less often, only during infancy.'
Congenital anomalies are the most
common cause of infant mortality and
morbidity, accounting for the loss of
25.3 to 38.8 million disability-adjusted
life years worldwide.” According to
data provided by the World Health
Organization, 6% of babies are born
with a congenital anomaly.” Maternal
age is included among the many known

risk factors, and the significance of
advanced maternal age (AMA) (>35)
particularly appears to be supported.
Over the last few decades, there has been
an increasing trend in women’s average
delivery age." An increasing portion of
couples are having their first child over the
maternal age of 30 to 35 years.” Many
studies have associated the postponement
of childbearing with various pregnancy
and fetal complications’ ® sand made
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AJOG at a Glance

Why was this study conducted?

population-based studies.

Key findings

anomalies.

This study was conducted to investigate how maternal age affects the risk of
nonchromosomal congenital anomalies by analyzing data from numerous

Very young and advanced maternal ages are linked to a higher incidence of these
anomalies. Specifically, risks increase significantly for those over 40 years old,
with elevated risks for conditions affecting the circulatory system and cleft lip/
palate, and for those under 20, with a notable rise in gastroschisis cases.

What does this add to what is known?

First in-depth meta-analysis of the age dependence of the risk of nonchromo-
somal congenital anomalies by anomaly category. This highlights the necessity
for age-specific prenatal screening protocols to better detect congenital

recommendations on managing these
high-risk pregnancies.” Among congenital
anomalies, chromosomal abnormalities
(CAs) are clearly associated with
AMA,'"" along-established fact that has
led to the current professional screening
protocols that are widely used worldwide
and constantly evolving.'*'” However, the
etiology of nonchromosomal congenital
anomalies (NCAs) is far from being fully
understood. While the role of maternal age
in the development of NCAs is well known
and is the subject of active research, the
literature is inconsistent in its assessment
of the risk of NCAs in different age groups.
This is a major issue not only because of the
trend towards delayed childbearing but
also because of the emerging risks of
adolescent pregnancies.

Objective

Considering the disagreement in the
literature, we aimed to investigate the
role of maternal age in the occurrence of
NCAs in a meta-analysis. There are
currently no meta-analyses or other
comprehensive studies that specifically
and exclusively examine the association
of NCAs with maternal age. We hy-
pothesized that both very young and
AMAs increase the risk of NCAs. We
aimed to identify high-risk age groups to
improve screening protocols and reach a
better detection rate for NCAs.

Methods

We reported our systematic review and
meta-analysis based on the recom-
mendation of the PRISMA 2020
guideline'® (see Supplemental Table 1),
and we followed the Cochrane Hand-
book for Systematic Reviews of In-
terventions.'” The protocol of the study
was prospectively registered on Inter-
national Prospective Register of Sys-
tematic Reviews'® (registration number
CRD42021283593), and we adhered to
it, with some deviations: title ad-
justment for clarity and summary
purposes; subgroup analyses were con-
ducted but not prespecified; searches
included screening reference lists of
eligible articles; only population-based
studies with exact NCA counts were
included to enable risk assessment; risk
ratios (RRs) were used instead of odds
ratios for ease of interpretation; pub-
lication bias assessed only visually.
However, these modifications are fun-
damentally technical in nature and do
not alter the conceptual framework of
the study.

Information sources

The systematic search was conducted in
3 comprehensive medical databases:
MEDLINE (via PubMed), the Cochrane
Library (CENTRAL), and Embase on
October 19, 2021.
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Search strategy

We used for the systematic search the
following search key: (“maternal age”
OR “maternal ages” OR “mother age”
OR “mother ages”) AND (((congenital
OR birth) AND (anomaly OR anomalies
OR disorder OR disorders OR malfor-
mation OR malformations OR defect
OR defects)) OR congenital abnormal-
ities. No language restrictions or filters
were applied during the search. We also
screened the reference list of eligible
articles.

Eligibility criteria
We formulated our research question
using the population, exposure,

comparator, outcome framework. We
included  population-based  studies
reporting on pregnant women (P). We
did not have predefined exclusion
criteria (eg, age range, country, comor-
bidities) for our population. Eligible
studies compared different maternal age
groups (E and C) regarding NCAs. We
examined every predefined age group
reported by the eligible studies. Our
primary outcome (O) was the rate of
total NACs, while we considered as sec-
ondary outcomes the various structural
defects regarding different organ systems
(eg, congenital heart defects [CHDs])
and common birth defects separately.
We did not have predefined diagnostic
criteria for the NCAs. Studies not
reporting on the exact number of NCAs
in the different age groups and the total
number of patients were not eligible. The
following exclusion criteria were pre-
defined: CAs as target outcomes; case-
control or cohort studies; case series;
and case reports, because our concept
was to analyze relative frequency.

Study selection

After removing duplicates, the selection
was performed independently by 3 re-
view authors (B.P,, EI., and Z.B.), first by
title, then by abstract, and finally based
on full text according to the aforemen-
tioned criteria. Endnote v20 (Clarivate
Analytics, Philadelphia, PA) reference
manager software was used for the se-
lection. We calculated Cohen’s kappa
coefficient (k) after each selection
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process to measure interrater reli-
ability.'” Disagreements were resolved by
consensus; if consensus was not reached,
a final decision was made with involve-
ment from a fourth independent review
author (S.V.). The study selection pro-
cess is shown using PRISMA 2020
flowchart (Figure 1).

Data extraction

Three authors (B.P, FI, and Z.B.)
independently collected data from the
eligible articles. In the case of disagree-
ment, the decision was based on
consensus. If consensus was not reached,
a final decision was made by involving a
fourth author (S.V.).

The following data were extracted
with a standardized collection method to
an Excel sheet (Office 365, Microsoft,
Redmond, WA): first author, the year of
publication, study population, study
period, study site (country), study
design, demographic data of the pa-
tients, total number of patients in the age
groups, number of NCAs in the age

groups, and information for assessing
the risk of bias in the studies.

We extracted the total number of live
births and events involving birth defects
from each study. To investigate which
maternal age increases the probability of
particular birth defects, we used the age
categories from the included studies or
defined new ones by merging 2 or more
age groups. The age group of 20- to 30-
year-old mothers was used as a refer-
ence group. In defining the age groups,
the ideal 10-year period was based on
other studies, including our own work.”’
We aimed to look at AMA (35 or older),
as commonly defined; very young
mothers (under 20); and mothers over
40. In addition, between 30 and 40 years
of age, we created additional groupings
with a 5-year split to investigate at which
stage the risk increase occurs for each
anomaly. We only included studies for
each outcome in the analysis if the
reference and at least 1 more age category
could be formed. For maximum accu-
racy, we grouped the endpoints

according to the International Classifi-
cation of Diseases-10 (ICD-10)
categories.

Assessment of risk of bias

Two authors (B.P, A.M.) performed the
risk of bias assessment independently
with the help of the Quality in Prognostic
Studies tool.”' Disagreements were
resolved by a third review author (S.V.)
(Supplementary Table 3). The specific
methodological details are described in
Supplemental Appendix 1. The web-
based version of the Risk-of-Bias VISu-
alization tool was used to visualization of
the results (Supplementary Table 4).*

Data synthesis

We carried out a mathematical synthesis
if there were at least 3 homogenous ar-
ticles regarding the age groups and
NACs.

All statistical analyses were made with
R* using the meta (Schwarzer 2022,
v5.5.0; University of Freiburg, Freiburg,
Germany) and dmetar (Cuijpers

FIGURE 1

PRISMA 2020 flowchart representing the study selection process
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[Amsterdam, Netherlands], Furukawa
[Tokyo, Japan], and Ebert [Zurich,
Switzerland] 2022, v0.0.9000) packages.”*

We anticipated considerable between-
study heterogeneity in the study popula-
tion; therefore, a random-effects model
was used to pool effect sizes. RR with 95%
confidence interval (CI) was calculated as
a random effects estimate with the meta-
bin function of the meta (Schwarzer 2022,
v5.5.0) R package. The Mantel-Haenszel
method””*’ was used to pool RRs.
Since the exact Mantel-Haenszel method
was used, we did not apply continuity
correction to handle 0 cell counts.™

For outcomes with at least 5 studies, a
Hartung-Knapp adjustment was used.””’

We applied the Paule-Mandel
method’’ to estimate the between-
study variance (tau-2).

Additionally, between-study hetero-
geneity was investigated by Cochrane’s Q
test. Significant heterogeneity was
considered at P < .l. Higgins &
Thompson’s 1.2 statistics and 95% CI
(30) were reported to illustrate the total
variation across studies due to between-
study heterogeneity.

Following the recommendations of
IntHout et al,”” where applicable, we also
reported the prediction intervals (ie, the
expected range of effects of future
studies) of the pooled estimates.

A Cochrane Q test was used between
subgroups to assess the age group differ-
ences. The null hypothesis was rejected at a
5% significance level. We used forest plots
to summarize the results graphically. All
statistical analyses were made with R (R
Core Team 2022, v4.2.0) using the meta
(Schwarzer 2022, v5.5.0) and dmetar
(Cuijpers, Furukawa, Ebert 2022,
v0.0.9000) packages.

Results

Study selection

Altogether 15,547 studies were identified
by our search, from which 72 full-text
articles were included in our synthesis
following the selection process described
above (Figure 1).

Study characteristics

The baseline characteristics of the enrolled
studies are detailed in Supplemental
Table 1.

Our meta-analysis includes population-
based studies from around the world. A
precise geographic location is indicated in
the baseline table. From the American
continent, 37 articles were included; from
Europe, 17; from Asia, 14; from Australia,
3; and from Africa 1. In terms of the
study’s examination period, the included
articles encompass an overall timeframe
between 1940 and 2018. All studies are
population-based, with 36 studies carried
out at the national level, 34 at the subna-
tional level, and 2 at the multinational
level, mostly based on the corresponding
registries.

Risk of bias assessment
The results of the risk of bias assessment
are presented in Supplemental Table 2.

Publication bias and heterogeneity:
Most of our analyses showed high het-
erogeneity. This is attributable to the
diversity of geographical regions, popu-
lation sizes, date, and duration of the
study periods represented by the
included studies.

Based on the visual inspection of the
funnel plots we did not find significant
publication bias. The inspection of fun-
nel plots was used to assess publication
bias when a minimum of 10 articles were
available for 1 outcome (Supplemental
Figures 18—37).

Synthesis of results
The role of maternal age in the occurrence
of NCAs
Table summarizes our results, while in
the Supplementary Materials, we detail
each of our forest plots. By default forest
plots and summary statistics were pre-
pared including all eligible studies
regadless concommittant CAs.
Regarding our primary outcome, when
we analyzed the total NCAs, we found that
age >35 (RR 1.31, CL: 1.07—1.61) and
especially age >40 (RR 1.44, CL
1.25—1.66) increase the risk of NCAs
(Figure 2). On this topic, we conducted 2
subgroup analyses to investigate this
question more deeply. When we exam-
ined the age risk of total NCAs without the
co-occurrence and influence effects of
CAs, we found significant results for the
>40 age category (RR 125, CL
1.08—1.46). Furthermore, in the analysis

4  American Journal of Obstetrics & Gynecology MONTH 2024

where the influence of the chromosome
abnormality was present, the risk of NCAs
was found to increase in relation to
maternal age >35 (RR 1.26, CIL:
1.12—1.42) and >40 (RR 1.63, CL
1.26—2.09), with risk increasing each year.
Congenital malformations of the nervous
system (Q00—QO07)

Analyzing 5 to 10 articles from different
age groups, we found no effect between
maternal age and congenital nervous
system malformations.

Congenital malformations of the circula-
tory system (Q20—Q28)

We found a risk-increasing effect of
AMA (>40, RR 1.94, CI: 1.28—2.93).
Among the diseases of the circulatory
system, we highlighted the group of
CHDs, where we also found the risk-
increasing effect of AMA (>35, RR
1.50, CI: 1.11—2.04 and >40, RR 1.75,
CI: 1.32—2.32), while the preventive ef-
fect of young maternal age was observed
(<20, RR 0.87, CI: 0.78—0.97; Figure 3).
Cleft lip and cleft palate (Q35—Q37)
AMA (>40, RR 1.57, CI: 1.11-2.20)
increased the risk of cleft lip and cleft
palate. Regarding cleft palate separately,
we found an even higher risk with AMA,
which appears as early as the 35th
maternal age (age >35, RR 1.78, CIL:
1.16—2.73, and age >40, RR 1.77, CL
1.48—2.11).

Congenital malformations of the digestive
system (Q38—Q45)

We found a risk-increasing effect of
AMA (age >40, RR 2.16, CI: 1.34—3.49).
Congenital malformations of the urinary
system (Q60—Q64)

We could not show an association be-
tween maternal age and congenital
malformations of the urinary system
after analyzing 3 eligible population-
based articles with homogeneous age

categories.

Congenital ~ malformations and  de-
formations of the musculoskeletal system
(Q65—Q79)

We did not find an association with
maternal age. However, this can also be
explained by the low number of articles,
the heterogeneity, and the diverse nature
of the group.

Other malformations

On the other hand, we found a clear
association between maternal age and
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TABLE

Summary of our results based on International Classification of Diseases-10 groups

Congenital anomaly ICD-10 category  Age<20 Age 30—35 N Age 35—40 Age>35 Age>40

All NCAs (with or without CAs) Q00—Q89 1.08 (0.89; 1.32) 1.23(0.85;1.78) 13  1.47 (0.87; 2.49) 9 1.31(1.06; 1.61) 3 1.44(1.25; 1.66)

All NCAs (without CAs) Q00—Q89 1.21 (0.59; 2.49) 1.54 (0.55; 4.32) 6 1.73(0.45;6.70) 5 1.37(0.76; 2.45) 6 1.25(1.08; 1.46)

All NCAs (with CAs) Q00—Q89 1.15(0.87; 1.52) 1.02(0.99;1.06) 7  1.20 (0.99; 1.44) 4 1260112142 7  1.63(1.26;2.09)
Nervous system Q00—Qo7 1.16 (0.74; 1.81) 1.64 (0.70; 3.81) 8 2.56(0.64;10.32) 5 1.53(0.80; 2.94) 8 1.56 (0.67; 3.62)
Encephalocele Qo1 1.76 (0.44; 7.12) 3 1.51(0.33;6.83) 3 Nodata 1.43 (0.57; 3.60) 3 Nodata

Congenital hydrocephalus Qo3 1.19 (1.02; 1.38) 2 Nodata No data No data No data

Spina bifida Qo5 1.30 (0.93; 1.82) 9 1.15(0.65; 2.06) 8 1.79(0.61;5.31) 5 1.39(0.75; 2.59 1.96 (0.72; 5.31) 5
Anencephaly Q00.0 1.40 (0.98; 1.99) 9 1.15(0.72;1.84) 8 1.20(0.53;2.72) 6 1.02(0.60;1.72 1.30 (0.71; 2.38) 6
Circulatory system 020—Q28 0.87 (0.68; 1.11) 3 1.09(1.00; 1.20) 3  1.18(0.94;1.49) 3 1.33(0.97;1.82 1.94 (1.28; 2.93) 4
Congenital heart defects 020—Q26 0.87(0.78;0.97) 10 1.45(0.83;2.52) 10 1.91(0.65; 5.62) 6 1.50(1.11;2.04 1.75(1.32; 2.32) 6
Cleft lip and palate Q35—Q37 0.93 (0.76; 1.14) 6 1.58(0.77;3.22) 6 1.85(0.59; 5.75) 4 1.47(0.95;2.28 1.57 (1.11; 2.20) 4
Cleft palate Q35 0.99 (0.56;1.73) 6 1.42(0.66;3.06) 8 2.08 (0.54;7.99) 5 1.78(1.16;2.73 177 (148;211) 5
Digestive system 038—Q45 0.98 (0.71; 1.37) 2 Nodata No data No data 2.16 (1.34; 3.49) 2
Urinary system 060—Q064 No data 0.97 (0.75; 1.26) 3 Nodata 0.86 (0.57; 1.29 3 Nodata

Hypospadiasis Q54 0.99 (0.91; 1.07) 1.06 (0.96; 1.17) 4 No data 1.11 (0.88; 1.39 4 No data
Musculoskeletal system 265—Q79 0.88 (0.72; 1.08) No data 0.93 (0.71; 1.22) 0.94 (0.65; 1.37 2 0.90 (0.55; 1.46)
Congenital diaphragmatic hernia  Q79.0 0.96 (0.88; 1.06) 1.74 (0.52; 5.80) 4 No data 1.52 (0.79; 2.91 5 Nodata

Omphalocele Q79.2 1.44 (1.08; 1.92) 1.13(0.85;1.50) 14 1.35(0.98; 1.87) 147 (1.20;1.79) 14 257 (1.77; 3.73)
Gastroschisis 079.3 3.08 (2.74; 3.47) 0.32(0.23; 0.44) 17  0.27 (0.16; 0.47) 0.22 (0.15;0.32) 17  0.41(0.23; 0.74)

N—numbers represent the number of studies included in the analysis.

The reference group for each comparison was pregnant women between the age of 20—30.

CA, chromosomal abnormality; /CD-10, International Classification of Diseases-10; NCA, nonchromosomal congenital anomaly.
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FIGURE 2

Forest plot representing the RR with 95% Cl of all nonchromosomal anomalies (ICD-10: Q00—Q89) in different age
groups compared to the 20—30 age group

Cl, confidence interval; RR, risk ratio.
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Pasnicki_2013 199
Bodnar_1970 206
Materna_2009 628
Hollier_2000 970
Xie_2016 256
Zhou_2020 39
Hay_1972 8688
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Tan_2005 149
Parkes_2020 2753
Random effects model ~ 33379

Prediction interval

Total Events

4409 174
8833 1116
17670 1739
13384 1342
75121 5588
27521 2191
13535 12677
5218 1108
1240100 33981
103735 16122
1415846 69100
1227 788
5409 3176
18830 4557

2950838 153659

Heterogeneity: 2 = 99% [ 99%; 100%], 72 = 0.14, p = 0

Test for effect in subgroup: z =079 (p =

>35 vs 20 - 30

Mucat_2019 295
Croen_1995 2811
StLouis_2014 21341
Rider_2013 807
Hay_1972 6103
Zhou_2020 189
Pasnicki_2013 293
Xie_2016 1568
Hollier_2000 187
Nazer_2007 389
Zhang_2012 80
Tan_2005 1935
Materna_2009 970
Random effects model ~ 36968

Prediction interval

0.427)
8163 1201
98815 16122
1929379 69100
43061 2831
834900 33981
22970 1108
17498 1739
68681 12677
4189 2191
3893 788
4009 306
54784 3176
25225 5588

3115567 150808

Heterogeneity: /2 = 99% [ 99%; 99%], 7° = 0.14, p = 0

Test for effect in subgroup: z = 2.57 (p =

>40 vs 20 - 30

Rider_2013 138
Mucat_2019 59
Croen_1995 426
Bodnar_1970 63
Hay_1972 1706
Hollier_2000 34
Materna_2009 248
Pasnicki_2013 73
Nazer_2007 103
Parkes_2020 454
Tan_2005 386

Random effects model 3690
Prediction interval

0.010)
7220 2831
1325 1201
13641 16122
2656 1342
190200 33981
674 2191
18741 5588
3556 1739
834 788
6552 4557
7195 3176
252594 73516

Heterogeneity: /2 = 94% [ 91%; 96%], 7° = 0.05, p < 0.001
Test for effect in subgroup: z = 4.99 (p < 0.001)

30 -35vs 20 - 30

Mucat_2019 629
Zhang_2012 128
StLouis_2014 31473
Croen_1995 6070
Hay_1972 7932
Zhou_2020 37
Rider_2013 1682
Tan_2005 2610
Xie_2016 3253
Hollier_2000 409
Nazer_2007 475
Pasnicki_2013 538
Materna_2009 1497

Random effects model
Prediction interval
Heterogeneity: /° = 100% [100%; 100%]

57067

Test for effect in subgroup: z=1.12 (p =

35-40 vs 20 - 30

Mucat_2019 236
Croen_1995 2385
Hay_1972 4397
Rider_2013 669
Pasnicki_2013 220
Hollier_2000 153
Nazer_2007 286
Tan_2005 1549
Materna_2009 722

Random effects model
Prediction interval
Heterogeneity: /° = 100% [100%; 100%]

10617

Test for effect in subgroup: z = 1.4 (p =

Test for subgroup differences: ’ = 5.43,

17549 1201
9658 306
3145042 69100
228226 16122
1214100 33981
52765 1108
96088 2831

117733 3176

165575 12677
10443 2191
5482 788
31917 1739
14223 5588
5108801 150808
7=045p=0
0.263)
6838 1201
85174 16122
644700 33981
35841 2831
13942 1739
3515 2191
3059 788
47589 3176
6484 5588
847142 67617
?=064,p=0
0.150)
df =4 (p=0.246)

Reference group

Total Risk Ratio RR 95%-Cl Weight
7178 0.78 [0.60; 1.01] 6.9%
119314 081 [063; 1.04] 69%
125353 e 081 [070; 0.94] 72%
71636 E 082 [071; 0.95] 7.2%
601520 | 0.90 [0.83; 0.98] 7.3%
60575 i 0.97 [0.90; 1.05] 7.3%
677622 T 1.01 [0.89; 1.14] 72%
157759 - 106 [0.77; 146]  6.6%
5186500 | 1.07 [1.04; 1.09] 7.3%
597390 | 1.09 [1.05; 1.13] 7.3%
6615611 109 [1.08; 1.11]  7.3%
10481 125 [1.03; 150]  7.1%
150151 = 130 [1.41; 153  7.1%
109460 351 [3.36; 3.67] 7.3%
14490550 1.08 [0.89; 1.32] 100.0%
[0.47; 2.52]
30231 & 091 [080; 1.03] 7.7%
597390 i 1.05 [1.01; 1.10] 7.8%
6615611 i 1.06 [1.04; 1.08] 7.8%
164711 i 1.09 [1.01; 1.18] 7.7%
5186500 112 [1.09; 1.15]  7.8%
157759 = 147 [1.00; 137 7.6%
125353 * 1.21  [1.07; 1.36] 7.7%
677622 122 [1.16; 1.29] 7.8%
60575 == 1.23 [1.07; 1.43] 7.6%
10481 = 133 [1.48; 149]  7.7%
21098 e 1.38 [1.08; 1.76] 7.4%
150151 1.67 [1.58; 1.77] 7.8%
601520 414 [3.87; 4.43] 7.8%
14399002 < 131 [1.07; 1.61] 100.0%
B — [0.56; 3.08]
164711 T 111 [0.94; 1.32] 9.2%
30231 T'* 112 [0.87; 1.45] 8.8%
597390 116 [1.05;1.27]  9.3%
71636 e 127 [0.99; 163 89%
5186500 1.37  [1.30; 1.44] 9.4%
60575 | 1.39  [1.00; 1.94] 8.5%
601520 = 142 [1.26; 1.62] 9.3%
125353 - 148 [1.17;1.87] 89%
10481 = 164 [1.35 199 9.1%
109460 1.66 [1.52; 1.83] 9.3%
150151 254 [229; 2.81] 9.3%
7108008 > 144 [1.25; 1.66] 100.0%
— [0.84; 2.46]
30231 ‘ 090 [082 0.99] 7.7%
21098 AT 091 [0.74; 1.12] 7.4%
6615611 ‘ 096 [095 0.97] 7.8%
597390 : 099 [096; 1.01] 7.7%
5186500 : 100 [0.97; 1.02]  7.8%
157759 T 1.00 [0.89; 1.13] 7.7%
164711 i 1.02 [0.96; 1.08] 7.7%
150151 i 1.05 [1.00; 1.10] 7.7%
677622 ‘ 105 [1.01; 1.09]  7.7%
60575 i 1.08 [0.98; 1.20] 7.7%
10481 1.15  [1.03; 1.29] 7.7%
125353 122 [1.10; 1.34] 7.7%
601520 11.33 [10.73;11.97] 7.7%
14399002 123 [0.85; 1.78] 100.0%
[0.27; 5.71]
30231 ‘ 087 [076; 1.00] 11.0%
597390 | 1.04 [0.99; 1.08] 11.2%
5186500 | 1.04 [1.01; 1.07] 112%
164711 . 1.09 [1.00; 1.18] 11.2%
125353 = 114 [099; 131] 11.0%
60575 - 120 [1.03; 1.41] 11.0%
10481 1.24 [1.09; 1.42] 11.0%
150151 154 [1.45; 1.63] 11.2%
601520 1199 [11.14;12.90] 11.2%
6926912 — 1.47 [0.87; 2.49] 100.0%
—_— [0.20; 10.84]
T T 1
0.1 05 1 2 10
Lower with C Higher with C

6 American Journal of Obstetrics & Gynecology MONTH 2024



mailto:Image of Figure 2|eps
http://www.AJOG.org

FIGURE 3
Forest plot representing the RR with 95% CI of congenital heart defects (ICD-10: Q20—Q026) in different age groups
compared to the 20—30 age group

Comy group F group
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
<20vs 20-30
Donghua_2018 75 12077 4291 482922 B 0.70 [0.56; 0.88] 10.6%
Hansen_2021 226 31831 2649 267349 0.72 [0.63; 0.82] 10.8%
Pradat_1992 41 20952 904 349375 0.76 [0.55; 1.03] 10.3%
Materna_2009 280 75121 2764 601520 | 0.81 [0.72; 0.92] 10.9%
Purkey_2019 456 213632 2887 1198936 | 0.89 [0.80; 0.98] 10.9%
Hay_1972 677 1240100 3193 5186500 | 0.89 [0.82; 0.96] 10.9%
Miller_2011 613 175645 2697 708470 0.92 [0.84; 1.00] 10.9%
Gupta_1967 3 488 10 1707 —}'7 1.05 [0.29; 3.80] 5.0%
Liu_2013 1178 107091 10319 1036502 110 [1.04; 1.17] 11.0%
Jaikrishan_2012 12 8833 134 119314 4"7 121 [0.67; 2.18] 8.8%
Random effects model 3561 1885770 29848 9952595 0.87 [0.78; 0.97] 100.0%
Prediction interval - [0.64; 1.18]
Heterogeneity: /2 = 85% [ 75%; 91%], T = 0.02, p < 0.001
Test for effect in subgroup: tg =-2.84 (p = 0.019)
>35vs 20 - 30
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Persson_2019 5652 366073 9011 671819 | 115 [1.11; 1.19]  11.0%
Liu_2013 4892 422788 10319 1036502 | 116 [1.12; 1.20] 11.0%
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Purkey_2019 1372 461119 2887 1198936 124 [1.16; 1.32] 11.0%
Pradat_1992 215 62103 904 349375 1.34 [1.15; 1.55] 10.8%
Miller_2011 739 134120 2697 708470 145 [1.33; 1.57] 10.9%
Hay_ 1972 768 834900 3193 5186500 149 [1.38; 1.62] 10.9%
Hansen_2021 1491 90587 2649 267349 166 [1.56; 1.77] 11.0%
Materna_2009 506 25225 2764 601520 437 [397; 480] 10.9%
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Heterogeneity: /° = 99% [ 99%; 99%], 7* = 0.16, p < 0.001
Test for effect in subgroup: tg =3.04 (p = 0.014)
30-35vs 20-30
Liu_2013 6810 716842 10319 1036502 | 095 [0.93; 0.98] 10.7%
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Purkey_2019 1608 641948 2887 1198936 | 1.04 [0.98; 1.11] 10.7%
Hay_1972 829 1214100 3193 5186500 | 111 [1.03; 1.20] 10.7%
Miller_2011 1240 283105 2697 708470 | 1.15 [1.08; 1.23] 10.7%
Pradat_1992 428 140992 904 349375 | 1.17 [1.05; 1.32] 10.6%
Donghua_2018 1344 125233 4291 482922 ‘ 121 [1.14; 1.28] 10.7%
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Cl, confidence interval; /CD-10, International Classification of Diseases-10; AR, risk ratio.
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some individual malformations. The
risk of omphalocele was higher in both
very young (age<20, RR 1.44, CIL
1.08—1.92) and AMA (age>40, RR 2.57,
CI: 1.77—3.73) women. Based on 22
eligible articles (age<20, RR 3.08, CI
2.74—3.47), gastroschisis shows a strong
association with very young maternal
age. The analyses of the ICD-10 main
groups and certain individual anomalies
can be found in the supplementary ma-
terial (Supplementary Figures 1—17).

Regarding the congenital malforma-
tions of the eye, ear, face, and neck
(Q10—Q18), congenital malformations
of the respiratory system (Q30—Q34),
and congenital malformations of genital
organs (Q50—Q56), we did not find
enough studies with homogenous age
groups and NACs to carry out a mathe-
matical synthesis.

Additionally, we also resorted our
study-level outcomes by year of publi-
cation to showcase any apparent trend in
case of outcomes where sufficient num-
ber of articles were available to have any
chance to reliably assess any effect
(Supplemental Figures 38—47) and we
could not see any convincing trend. We
also analyzed the subset of studies pub-
lished from 2005 onward (Supplemental
Figures 48—57): no clear and convincing
trend could be identified, only weak
trends in a few cases (summarized in
Supplemental Table 6).

Comment

The present study aimed to investigate
the influence of maternal age on the risk
of NCAs. Overall, our results suggest that
maternal age plays a significant role in
NCAs, with notable variations observed
across different age groups. This finding
is particularly important given that the
focus of the analysis was specifically on
the NCAs, while CAs were excluded
from the analysis. The coexistence of
CAs occurred in several established
studies, but examining maternal age as-
sociations of CAs was not the subject of
our present study.

Principal findings and comparison
with existing literature

One key finding of our study is the as-
sociation between AMA (>35 years and

>40 years) and an increased risk of
NCAs. This finding is consistent with
previous research,” *” highlighting the
importance of considering AMA as a risk
factor in prenatal care and genetic
counseling. The meta-analysis written
on the subject in 2022 also considered
AMA as a risk.’® However, the signifi-
cance of our present study is given by the
fact that we specifically and exclusively
examined NCAs and grouped them ac-
cording to the International Classifica-
tion of Diseases. We separately analyzed
the main groups and some individual
deviations. In addition, during our
study, we examined the risk of several
age groups compared to the reference
age group. The increased risk observed
in older mothers may be attributed to
various factors, including increased rate
of in vitro fertilization,”” *° increased
prevalence of comorbidities especially
pregestational diabetes mellitus,*'
and a higher likelihood of exposure to
environmental factors***> over an
extended period. Contrary to our find-
ings, some research has questioned the
risk-increasing effect of AMA.*>*” This
may be explained by the fact that the
increase in maternal age in Europe is
especially associated with women of
higher social status, which may have led
to a decrease in the risk of NCA in this
age group compared to previous
trends.””*® Some studies show that AMA
is associated with a reduced risk of
NCAs, with researchers hypothesizing
that the “all-or-nothing” phenomenon
plays a stronger role in embryonic
development as the egg ages and that
anatomically normal fetuses are more
likely to survive.*’

Our findings support and strengthen
previous research that has suggested a
significant association between maternal
age and the risk of different NCAs.”"*”"
By pooling data from multiple studies,
our meta-analysis demonstrates a
consistent pattern of increased risk
among older and younger mothers. This
finding adds to the body of evidence and
underscores the importance of consid-
ering maternal age as a critical factor in
assessing the risk of these anomalies.

Interestingly, we also observed an
elevated risk of NCAs among younger
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maternal age groups (<20 years), but
this association is not statistically sig-
nificant. This finding is consistent with
previous studies and suggests that a very
young maternal age may also be a sig-
nificant risk factor for these anomalies.*”
Possible explanations for this increased
risk among younger mothers include
inadequate prenatal care, a higher prev-
alence of socioeconomic disadvantages,
and increased susceptibility to nutri-
tional deficiencies during pregnancy.’”
It is known that in addition to CAs,
the incidence of NCAs also increases
with age, which is why it is worthwhile to
examine the relationship even without
their copresence. We found that the
increased risk persisted in subgroup an-
alyses excluding coincident chromo-
somal anomalies (see Supplemental
Table 5) The RR for NCAs between
mothers aged 20 to 30 and those aged
>40, without coincidence of chromo-
somal anomalies, was 1.25 (95% CI:
1.08—1.46), indicating a 25% higher risk
of nonchromosomal anomalies in older
mothers when chromosomal anomalies
were not present. This finding aligns

with our recent population-based
study,”” which demonstrated an
increased risk of nonchromosomal

anomalies in older mothers even after
excluding CAs from the analysis. Ac-
cording to the current guidelines, there is
no specific recommendation for
screening for NCAs based on maternal
age. However, it has been previously
demonstrated that maternal age is a
significant risk factor for chromosomal
anomalies. Consequently, there has been
a growing emphasis on age-based
screening, which has led to a notable
improvement in the detection rate.
While CAs are well-established in the
etiology of developmental disorders,
NCAs can also arise from gene abnor-
malities. However, no routine screening
protocol is currently available for these;
thus, their presence could not be
excluded in this study. Moreover, their
incidence is less associated with maternal
age.53’54

A further aim of the present meta-
analysis was to investigate the effect of
maternal age on the prevalence of NCA
using data classified by ICD-10
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categories. By analyzing data from 5
different age groups (<20; 30—35; >35;
35—40; >40) and comparing them to a
control age group of 20 to 30 years, we
sought to provide a comprehensive un-
derstanding of the relationship between
maternal age and specific types of NCAs.
CHDs and neural tube defects (NTDs)
should be addressed separately, as fetal
echocardiography and neurosonography
serve as complementary screening
methods for these conditions.

In the circulatory system category, the
risk of nonchromosomal anomalies was
significantly higher in mothers aged >40.
Specifically, CHDs within this category
showed a similarly increased risk, with a
75% risk-increasing effect for mothers
aged >40 compared to those aged 20 to
30. When comparing mothers aged >35
to those aged 20 to 30 a 50% increased risk
was indicated in the older age group.
These are significant findings from a
clinical point of view, because there is
currently no maternal age-related indi-
cation for fetal echocardiography.”°

No association with maternal age was
found for NTDs. The literature does not
provide consistent findings regarding the
effect of age. Most studies also highlight
the role of both very young and
AMA.”*® While other researchers sug-
gest that a higher risk of NTD is associ-
ated with increased maternal age,59 the
diverse outcomes observed in studies
may be attributed to the inconsistent
definition of NTDs, as grouping was not
uniformly applied across different
research studies.

The included studies have span a long
time period (1940—2018) during which
substantial changes in lifestyle, preven-
tion strategies,”’ and diagnostics may
have happened; hence, the incidence of
certain NCAs may have also changed
over time. However, this shift does not
appear to have impacted the dependence
of RRs on maternal age.

Since no specific additional screening
options are available for other NCA
groups,  ultrasound  examinations
adjusted for age in these particular age
groups should prioritize the assessment
of these organ systems. Special attention
should be dedicated to the more frequent

disparities observed in the low and high
maternal age categories. Exploring the
underlying causes of the risk-increasing
effects within each age group can aid
the identification of appropriate pre-
ventive options. Our findings indicate
that the inclusion of age in screening
protocols can enhance the likelihood of
early detection of NCAs. While this study
alone does not provide conclusive evi-
dence regarding the isolated impact of
age, it is important to consider the po-
tential influence of lifestyle factors
commonly associated with different age
categories. Nevertheless, age alone can
still be considered a distinct and signifi-
cant risk factor.

Strengths and limitation
Regarding the strengths of our analysis,
we followed our protocol, which was
registered in advance. A rigorous meth-
odology was applied. We included
population-based articles, which gave us
a comprehensive view of all NCAs. We
included articles from around the world
with a large number of cases, enabling
the generalizability of the result.
However, there are several limitations.
All included studies had a retrospective
design that limited our ability to estab-
lish causality and precluded the assess-
ment of certain confounding variables.
The quality and heterogeneity of the
included studies may have introduced
some biases and limitations in inter-
preting our results. As with any meta-
analysis, publication bias may be a
concern, as studies with nonsignificant
results are less likely to be published.
Additionally, the sample sizes, the long
study period with changing screening
methods, and data reporting across the
included studies may have introduced
some degree of heterogeneity.

Conclusions and implication

The importance of immediate imple-
mentation of the results has been previ-
ously proven.®"** Based on our study, we
suggest advanced ultrasound screening
and additional screening methods (fetal
echocardiography) in high-risk age
groups, and considering this knowledge
in family planning due to the clear

advantages of the rapid integration of the
results into clinical practice. Our results
suggest that introducing fetal echocar-
diography may be a priority for AMA.

Further prospective data collection is
needed to assess the problem in question
more accurately and to understand the
role of maternal age in the case of rare
NCAs.

In conclusion, our meta-analysis of
population-based  articles  provides
compelling evidence of the influence of
maternal age (especially AMA) on the
risk of NCAs. These findings have
important clinical implications, empha-
sizing the need for age-specific prenatal
care and genetic counseling to mitigate
the risk of these anomalies.
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Appendix

Supplementary Appendix 1. Risk
of bias assessment methodology
Overall ratings for each domain were
assigned as carrying low’ (green), ‘mod-
erate’ (yellow), or ‘high’ (red) risk of bias,
based on the items included in each
domain.

Study design: (1) low risk of bias was
attributed if the proportion of baseline
sample was available, also if the reason for
lost to follow-up was detailed; (2) moder-
ate risk of bias was attributed if a part of the
above listed criteria were missing; (3) high
risk of bias was attributed if data was
missing for the above mentioned criteria.

Study participation measurement:
(1) low risk of bias was attributed if au-
thors adequately described the source
population, including methods to iden-
tify patients and eligibility criteria; (2)
moderate risk of bias was attributed if a
part of the above listed descriptions were
missing; (3) high risk of bias was
attributed if baseline characteristics,
eligibility criteria, time and place of
recruitment were not described.

Prognostic factor measurement: (1)
low risk of bias was attributed if clear and
detailed age categories were used
covering all age groups; (2) moderate
risk of bias was attributed if clear cate-
gories were defined but some age groups
were missing; (3) high risk of bias was
attributed if only 1 group was examined.

Outcome measurement: (1) low risk
of bias was attributed if there was clear
definition of outcome, if the study used
International Classification of Diseases-
10 (ICD-10) category; (2) moderate
risk of bias was attributed if a mentioned
criteria were missing but can be matched
to ICD-10 category; (3) high risk of bias
was attributed if the anomaly could not
be precisely identified or it was
inadequate.

Study confounding measurement:
(1) low risk of bias was attributed if
important potential confounders were
described and accounted for in the
analysis; (2) moderate risk of bias was
attributed if some of the important
confounders were not measured; (3)
high risk of bias was attributed if studies
did not provide data on confounding
factors.

Statistical analysis measurement: (1)
low risk of bias was attributed if there is
clear, raw data (no or negligible contra-
diction); (2) moderate risk of bias was
attributed if requires some calculation or
reading from a graph (minor contra-
diction); (3) high risk of bias was
attributed if only approximate data can
be obtained (serious contradiction).
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SUPPLEMENTAL FIGURE 1
Forest plot representing the RR with 95% ClI of all nonchromosomal anomalies (only studies excluding
concomitant chromosomal anomalies) (ICD-10 Q00—Q89) in different age groups compared to the 20 to 30 age

Study

<20 vs 20 - 30
Pasnicki_2013
Materna_2009
Holller_2000
StLouls_2014
Parkes_2020

Comparator group Reference group
Events Total Events Total

189 17670 1739 125353
628 75121 5588 601520
970 27521 2191 60575
16174 1415846 69100 6615611
1231 18830 2136 109460

Random effects modet9202 1554988 80754 7512519
Prediction interval . .
Heterogeneity: I = 100% [100%:; 100%), 7 = 0.33, p < 0.001

Taest for effect in subgroup: 4, = 0.74 (p = 0.498)

Risk Ratio RR 95%-Cl Weight

0.81 [0.70; 0.94] 19.9%
0.90 [0.83; 0.98] 20.0%
0.97 [0.90; 1.05) 20.0%
1.09 [1.08; 1.11] 20.1%
335 (3.13; 3.59] 20.0%
1.21 [0.59; 2.49] 100.0%

[0.16; 9.09] -

>35 vs 20 - 30
Mucat_2019 295 8163 1201 30231 ; 0.91 [0.80; 1.03] 16.6%
StLouls_2014 21341 1929379 69100 6615611 ! 1.06 [1.04; 1.08] 16.8%
Rider_2013 807 43061 2831 164711 | 1.09 [1.01; 1.18] 16.7%
Pasnicki_2013 293 17498 1739 125353 ; 1.21 [1.07; 1.36] 16.6%
Holller_2000 187 4189 2191 60575 1.23 [1.07; 1.43] 16.6%
Materna_2009 970 25225 5588 601520 4.14 [3.87; 4.43) 16.7%
Random effects moda@3893 2027515 82650 7598001 - 1.37 [0.76; 2.45] 100.0%
Prediction Interval . ] —_— [0.26; 7.18) -
Heterogeneity: I% w 100% [100%; 100%), 7 = 0.31, p = 0
Test for effect in subgroup: & = 1.28 (p = 0.227)
>40 vs 20 - 30
Parkes_2020 139 6552 2136 109460 - 1.09 [0.92; 1.29] 16.9%
Rider_2013 138 7220 2831 164711 ; 1.11 [0.94; 1.32] 16.9%
Mucat_2019 59 1325 1201 30231 == 1.12 [0.87; 1.45] 16.5%
Holller_2000 34 674 2191 60575 o 1.39 [1.00; 1.94] 16.2%
Materna_2009 248 18741 5588 601520 142 [1.26; 1.62] 17.0%
Pasnicki_2013 73 3556 1739 125353 k] 1.48 [1.17; 1.87] 16.6%
Random effects model 691 38068 15686 1091850 o 1.25 [1.08; 1.46] 100.0%
Prediction Interval . . - [0.91; 1.73] -
Heterogenoity: I¥ = 57% [ 0%; 83%], 7 = 0.01, p = 0.040
Test for effect in subgroup: £ = 3.81 (p = 0.013)
30-35vs 20-30
Mucat_2019 629 17549 1201 30231 / 0.90 [0.82; 0.99] 16.6%
StLouls_2014 31473 3145042 69100 6615611 ] 0.96 [0.95; 0.97] 16.7%
Rider_2013 1682 96088 2831 164711 ) 1.02 [0.96; 1.08] 16.7%
Holller_2000 409 10443 2191 60575 ! 1.08 [0.98; 1.20] 16.6%
Pasnicki_2013 538 31917 1739 125353 1.22 [1.10; 1.34] 16.6%
Materna_2009 1497 14223 5588 601520 11.33[10.73; 11.97] 16.7%
Random effects mod@6228 3315262 82650 7598001 —— 1.54 [0.55; 4.32] 100.0%
Prediction Interval . . —_— [ 0.08; 29.38) -
Heterogeneity: 1 = 100% [100%:; 100%), 7 = 097, p =0
Test for effect in subgroup: & = 1.07 (p = 0.324)
35-40vs 20-30
Mucat_2019 236 6838 1201 30231 { 0.87 [0.76; 1.00] 20.0%
Rider_2013 669 35841 2831 164711 : 1.09 [1.00; 1.18] 20.1%
Pasnicki_2013 220 13942 1739 125353 ; 1.14 [0.99; 1.31] 20.0%
Holller_2000 153 3515 2191 60575 1.20 [1.03; 1.41] 19.9%
Materna_2009 722 6484 5588 601520 11.99[11.14;12.90] 20.1%
Random effects model2000 66620 13550 982390 —— 1.73 [ 0.45; 6.70] 100.0%
Prediction Interval . . [0.04; 77.01] -
Heterogeneity: 1 = 100% [100%; 100%), 7 = 1.18, p = 0
Test for effect in subgroup: &, = 1.13 (p = 0.323)
Test for subgroup differences: °§ = 0.82, df = 4 (p = 0.935) 01 0512 10

Lower with Comparator Higher with Comparator

Cl, confidence interval; /CD-10, International Classification of Diseases-10; AR, risk ratio.
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SUPPLEMENTAL FIGURE 2

Forest plot representing the RR with 95% Cl of all nonchromosomal anomalies (only studies including concomitant
chromosomal anomalies) (ICD-10: Q00—Q89 with Q90—Q99) in different age groups compared to the 20 to 30 age
group

Comparator group Reference group

Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
<20vs 20-30
Sarkar_2013 83 4409 174 7178 —— 0.78 [0.60; 1.01] 9.2%
Jalkrishan_2012 67 8833 1116 119314 - 0.81 [0.63;1.04] 9.3%
Bodnar_1970 206 13384 1342 71636 = 0.82 [0.71;0.95] 10.2%
Xle_2016 256 13535 12677 677622 - 1.01 [0.89; 1.14] 10.4%
Zhou_2020 39 5218 1108 157759 —I“_ 1.06 [0.77;1.46] 8.5%
Hay_1972 8688 1240100 33981 5186500 1.07 [1.04;1.09] 10.8%
Croen_1995 3052 103735 16122 597390 1.09 [1.05;1.13] 10.8%
Nazer_2007 115 1227 788 10481 el 1.25 [1.03;1.50] 9.9%
Tan_2005 148 5409 3176 150151 - 1.30 [1.11;1.53] 10.1%
Parkes_2020 1522 18830 2421 109460 +3.65 [3.43;3.89] 10.7%
Random effects model4177 1414680 72905 7087491 - 1.15[0.87; 1.52] 100.0%
Prediction interval . . ——— [0.40; 3.35] -
Hoterogenaity: /¥ = 99% [89%; 96%], 7 = 0.19, p < 0.001
Test for efiect in subgroup: z = 1.00 (p = 0.320)
>35vs 20-30
Croen_1995 2811 98815 16122 597390 1.05 [1.01;1.10] 14.8%
Hay_1972 6103 834900 33981 5186500 1.12 [1.09; 1.15] 14.8%
Zhou_2020 189 22970 1108 157759 = 1.17 [1.00; 1.37] 13.9%
Xle_2016 1568 68681 12677 677622 1.22 [1.16;1.29] 14.7%
Nazer_2007 389 38393 788 10481 = 1.33 [1.18; 1.49] 14.3%
Zhang_2012 80 4009 306 21098 - 1.38 [1.08;1.76] 12.8%
Tan_2005 1935 54784 3176 150151 1.67 [1.58;1.77] 14.7%
Random effects model3075 1088052 68158 6801001 - 1.26 [1.12; 1.42] 100.0%
Prediction Interval . . . . —_— [0.83; 1.90] -
Hetarogeneity: I* = 97% [98%; 98%], 7* = 0.02, p < 0.001
Test for effect in subgroup: z = 3.79 (p < 0.001)
>40vs 20-30
Croen_1995 426 13641 16122 597390 Ed 1.16 [1.05;1.27] 17.2%
Bodnar_1970 63 2656 1342 71636 == 1.27 [0.99;1.63] 15.1%
Hay_1972 1706 190200 33981 5186500 1.37 [1.30; 1.44] 17.5%
Nazer_2007 103 834 788 10481 - 1.64 [1.35;1.99] 16.0%
Parkes_2020 315 6552 2421 109460 = 217 [1.94;2.44] 17.0%
Tan_2005 386 7195 3176 150151 = 254 [229;281] 17.1%
Random effects model2999 221078 57830 6125618 - 1.63 [1.26; 2.09] 100.0%
Prediction interval . . . . — [0.65; 4.09] -
Heterageneity: 1 = 974% [96%:; 98%], 7 = 0.09, p < 0.001
Test for effect in subgroup: z = 3.78 (p < 0.001)
30-35vs20-30
Zhang_2012 128 9658 306 21098 - 0.91 [0.74; 1.12] 13.2%
Croen_1995 6070 228226 16122 597390 | 0.99 [0.96;1.01] 14.6%
Hay_1972 7932 1214100 33981 5186500 | 1.00 [0.97;1.02] 14.6%
Zhou_2020 371 52765 1108 157759 T 1.00 [0.89;1.13] 14.1%
Tan_2005 2610 117733 3176 150151 i 1.05 [1.00; 1.10] 14.6%
Xle_2016 3253 165575 12677 677622 1.05 [1.01;1.09] 14.6%
Nazer_2007 475 5482 788 10481 [ 1.15 [1.03;1.29] 14.2%
Random effects mode20839 1793539 68158 6801001 4 1.02 [0.99; 1.06] 100.0%
Prediction interval . . . . - [0.92; 1.14]) -
Heterogenaity: ¥ = 63% [17%; 84%], 7 = < 0.01, p = 0.012
Test for efiect in subgroup: z = 1.18 (p = 0.236)
35-40vs 20-30
Croen_1995 2385 85174 16122 597390 ; 1.04 [0.99;1.08] 25.3%
Hay_1972 4397 644700 33981 5186500 1.04 [1.01;1.07] 25.3%
Nazer_2007 286 3059 788 10481 = 1.24 [1.09;1.42] 24.3%
Tan_2005 1549 47589 3176 150151 1.54 [1.45;1.63] 25.1%
Random effects model8617 780522 54067 5944522 s 1.20 [0.99; 1.44] 100.0%
Prediction interval . . . . -_— [0.49; 2.92] -
Hetarogeneity: I* = 98% [96%; 99%], 7 = 0.03, p < 0.001
Test for efiect in subgroup: z = 1.91 (p = 0.057)

L
Tost for subgroup diffarences: 73 = 24.41, df = 4 (p < 0.001) 0.5 1 2

Lower with Comparator Higher with Comparator
Cl, confidence interval; /CD-10, International Classification of Diseases-10; AR, risk ratio.
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SUPPLEMENTAL FIGURE 3

Forest plot representing the RR with 95% Cl of congenital anomalies of the nervous system (ICD-10: Q00—Q07) in
different age groups compared to the 20 to 30 age group

Comparator

Study Events  Total Events
<20vs 20-30

Jalkrishan_2012 1 8833 65
Bodnar_1970 38 13384 276
Dudin_1997 30 7798 74
Feldman_1982 24 29235 114
Pasnickl_2013 22 17670 146
Rankin_2000 108 52816 580
Forrester_20008 28 23026 134
Matemna_2009 63 75121 415
Petrova_2009 68 28497 357
Sever_1982 140 146173 586

Random effects model 522 402553 2747
Prediction interval . .
Haterogenaity: F* = 95% [92%; 97%), 7 = 0.3, p < 0.001
Test for effect in subgroup: fy = 0.74 (p = 0.478)

>35vs 20-30

Petrova_2009 57 52941 357
Rankin_2000 53 36304 580
Pasnickl_2013 20 17498 146
Forrester_20008 31 27938 134
Mucat_2019 14 8163 42
Feldman_1982 21 11508 14
Matema_2009 59 25225 415
Sever_1982 88 61315 586

Random effects model 343 240892 2374
Prediction interval . .
Hoteroganaity: ¥ = 97% [96%; 98%), 7 = 0.57, p < 0.001
Test for effact in subgroup: f; = 1.56 (p = 0.164)

>40 vs 20 - 30

Pasnickl_2013 1 3556 146
Matema_2009 1 18741 415
Forrester_20008 5 4409 134
Bodnar_1970 13 2656 276
Mucat_2019 3 1325 42
Dudin_1997 4 272 74
Sever_1982 18 13696 586

Random effects model 55 44655 1673
Prediction interval . .
Heterogeneity: ¥ = 84% [69%; 92%), 7 = 0.61, p < 0.001
Test for effact in subgroup: fy = 1.28 (p = 0.248)

30-35vs 20-30

Petrova_2009 125 113746 357
Rankin_2000 163 100773 580
Feldman_1982 20 21860 114
Forrester_20008 52 51844 134
Pasnickl_2013 40 31917 146
Mucat_2019 32 17549 42
Sever_1982 144 109762 586
Matema_2009 105 14223 415

Random effects model 681 461674 2374
Prediction interval . .
Haterogenaity: ¥ = 99% [98%; 99%), 7 = 1.00, p < 0.001

Test for effect in subgroup: f; = 1.38 (p = 0.210)

35-40vs 20-30

Forrester_20008 26 23529 134
Mucat_2019 n 6838 42
Pasnickl_2013 19 13942 146
Sever_1982 70 47619 586
Matema_2009 48 6484 415

Random effects model 174 98412 1323
Prediction interval . .
Heterogeneity: ¥ = 97% [95%; 98%), 7 = 1.21, p < 0.001
Test for afiact in subgroup: £, = 1.87 (p = 0.134)

Test for subgroup differences: 73 = 2.77, df = 4 (p = 0.598)

Cl, confidence interval; /CD-10, International Classification of Diseases-10; AR, risk ratio.

Reference
Total

119314
71636
14619

111052

125353

317512

126287

601520

239383

2628305
4354981

239383
317512
125353
126287
30231
111052
601520
2628305
4179643

125353
601520
126287
71636
30231
14619
2628305
3597951

239383
317512
111052
126287
125353
30231
2628305
601520
4179643

126287
30231
125353
2628305
601520
3511696

| I ——
0.01

Risk Ratio

e a2

A
Vv

i

-t

01 1 10

RR 95%-Cl Weight

0.21 [0.03; 150 4.4%
0.74 [0.53; 1.03] 10.6%
0.76 [0.50; 1.16] 10.4%
0.80 [0.52; 1.24] 10.3%
1.07 [0.68; 1.67] 10.3%
112 [0.91; 1.37] 10.9%
115 [0.76; 1.72] 10.4%
122 [0.93; 1.58] 10.8%
1.60 [1.23; 2.07] 10.8%
430 [357; 5.17) 11.0%
1.16 [0.74; 1.81] 100.0%

[0.29; 4.69] -

0.72 [0.55; 0.95] 12.8%
0.80 [0.60; 1.06] 12.8%
0.98 [0.62; 157] 12.2%
1.05 [0.71; 1.55] 125%
123 [0.67; 2.26] 11.6%
178 [1.12; 2.83] 12.2%
339 [2.58; 4.45] 12.9%
6.44 [5.15; 8.05] 13.0%
1.53 [0.80; 2.94] 100.0%

[0.22; 10.87) -

0.24 [0.03; 1.73] 7.7%
0.85 [0.47; 1.55] 16.8%
1.07 [0.44; 2.61] 14.6%
127 [0.73; 2.21] 17.1%
1.63 [0.51; 5.25] 12.5%
291 [1.07; 7.89] 13.8%
5.89 [3.69; 9.42] 17.6%
1.56 [0.67; 3.62] 100.0%

[0.17; 13.99] -

0.74 [0.60; 0.90] 12.8%
0.89 [0.74; 1.05] 12.8%
0.89 [0.55; 1.43] 11.9%
095 [0.69; 1.30] 12.5%
1.08 [0.76; 1.53] 12.4%
131 [0.83; 2.08] 12.0%
588 [4.90; 7.06] 12.8%
10.70 [8.64; 13.25] 12.8%
1.64 [0.70; 3.81] 100.0%

[0.12; 21.90] -

1.04 [0.68; 1.58] 20.1%
1.16 [0.60; 2.25] 18.4%
117 [0.73; 1.89] 19.7%
6.59 [5.15; 8.45] 21.0%
10.73 [7.97; 14.45) 20.8%
2.56 [0.64; 10.32] 100.0%

[0.05; 120.01] -

100

Lower with Comparator  Higher with Comparator
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SUPPLEMENTAL FIGURE 4
Forest plot representing the RR with 95% Cl of encephalocele (ICD-10: Q01) in different age groups compared to
the 20 to 30 age group

Comparator Reference
Study Events Total Events Total Risk Ratio RR 95%-Cl Welght
<20 vs 20- 30
Forrester_2000B 3 23077 29 126243 & 0.57 [0.17; 1.86] 27.1%
StLouls_2014 121 1415846 453 6615611 1.25 [1.02; 1.53] 38.0%
Sever_1982 15 146173 41 2628305 6.58 [3.64; 11.88) 34.9%
Random effects model 139 1585096 523 9370159 < 1.76 [0.44; 7.12] 100.0%
Prediction Interval ) . . . [0.00; 68106679.55]) -
Heterogeneity: I* = 83% [84%; 87%], 7 = 1.38, p < 0.001
Test for effect in subgroup: z = 0.79 (p = 0.428)
>35 vs 20 - 30
Forrester_2000B 6 28034 29 126243 ; 0.93 [0.39; 2.24) 31.7%
StLouls_2014 126 1929379 453 6615611 : 0.95 [0.78,; 1.16) 38.5%
Sever_1982 4 ©61315 41 2628305 = 4.18 [1.50; 11.67) 29.7%
Random effects model 136 2018728 523 9370159 b 1.43 [0.57; 3.60] 100.0%
Prediction Interval ) . . . S e [0.00; 84219.85] -
Heterogeneity: ¥ = 74% [13%; 92%], 7 = 0.52, p = 0.021
Test for effect in subgroup: z = 0.76 (p = 0.449)
30-35vs 20-30
Forrester_2000B 7 51852 29 126243 : 0.59 [0.26; 1.34] 30.7%
StLouls_2014 179 3145042 453 6615611 0.83 [0.70; 0.99] 36.5%
Sever_1982 12 109762 41 2628305 7.01 [3.68; 13.33] 32.8%
Random effects model 198 3306656 523 9370159 < 1.51 [0.33; 6.83] 100.0%
Prediction Interval . . , i [0.00; 326684715.16] -
Heterogeneity: I* = 95% [89%; 88%], 7 = 1.69, p < 0.001
Test for effect in subgroup: z = 0.53 (p = 0.585)

Frir 1

Test for subgroup diferences: ": = 0.06,df =2 (p =0.871) 0.001 1 1000

Lower with Comparator Higher with Comparator

Cl, confidence interval; /CD-10, International Classification of Diseases-10; AR, risk ratio.
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SUPPLEMENTAL FIGURE 5
Forest plot representing the RR with 95% Cl of congenital hydrocephalus (ICD-10: Q03) in different age groups

compared to the 20 to 30 age group

Comparator Reference

Study Events Total Events Total Risk Ratio RR 95%-~Cl Weight
<20vs 20-30

Hay 1972 455 1240100 1644 5186500 - 1.16 [1.04;1.28] 88.9%
Materna_2009 24 75121 130 601520 r 1.48 [0.96;2.28] 11.1%
Random effects model 479 1315221 1774 5788020 - 1.19 [1.02; 1.38] 100.0%
Hateorogenaity: I = 13%, 7 = < 0.01, p = 0284

Test for effect in subgroup: z = 2.26 (p = 0.024)

| |

Test for subgroup differences: ?::, = 0.00, di = 0 (p = NA) 0.5 1 z

Lower with Comparator Higher with Comparator

Cl, confidence interval; /CD-10, International Classification of Diseases-10; RR, risk ratio.
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SUPPLEMENTAL FIGURE 6
Forest plot representing the RR with 95% Cl of spina bifida (ICD-10: Q05) in different age groups compared to the
20 to 30 age group

Comparator Reference

Study Events Total Events Total Risk Ratio RR 95%-C1 Welght
<20 vs 20 - 30

Borman_1986 5 6853 35 35211 0.73 [0.29; 1.87] 7.9%
Canfield_2009 85 269890 345 1004687 *l 0.92 [0.72; 1.16] 11.7%
StLouls_2014 435 1415846 2059 6615611 | 0.99 [0.89; 1.09] 12.0%
Janerich_1972 407 379484 2615 2780544 ; 1.14 [1.03; 1.27] 12.0%
Hay 1972 952 1240100 3477 5186500 | 1.15 [1.07; 1.23] 12.1%
Forrester_20008 12 23033 56 126252 —— 1.17 [0.63; 2.19] 9.8%
Llu_2019 81 209192 436 1633199 el 1.45 [1.14; 1.84) 11.7%
Petrova_2009 34 28497 178 239383 - 1.60 [1.11; 2.32] 11.2%
Sever_1982 52 146173 267 2628305 -+ 3.50 [2.60; 4.71] 11.5%
Random effects model2063 3719068 9468 20249692 = 1.30 [0.93; 1.82] 100.0%
Prediction interval —— [0.48; 3.53] -

Heterogeneity: I° = 89% [82%; 84%], 7’ 0.16, p < 0.001
Test for effect in subgroup: #s = 1.81 (p = 0.109)

>35vs 20-30
Petrova_2009 32 52941 178 239383 = 0.81 [0.56; 1.18] 12.0%
StLouls_2014 544 1929379 2059 6615611 | 0.91 [0.82; 1.00] 13.0%
Llu_2019 120 485278 436 1633199 "l- 0.93 [0.76; 1.13] 12.7%
Hay_1972 635 834900 3477 5186500 | 1.13 [1.04; 1.23] 13.0%
Canfield_2009 76 190264 345 1004687 -li- 1.16 [0.91; 1.49] 12.6%
Janerich_1972 609 525904 2615 2780544 1.23 [1.13; 1.34] 13.0%
Forrester_20008 20 27944 56 126252 = 1.61 [0.97; 2.69] 11.3%
Sever_1982 51 61315 267 2628305 - 8.19 [6.07; 11.05] 12.4%
Random effects model2087 4107925 9433 20214481 - 1.39 [0.75; 2.59] 100.0%
Prediction interval . = . ——— [0.21; 9.29] -
Heterogeneity: I° = 874% [95%:; 88%], 7 = 0.53, p < 0.001
Test for effect in subgroup: ¢y = 1.26 (p = 0.249)
30-35vs 20-30
Petrova_2009 56 113746 178 239383 = 0.66 [0.49; 0.89] 12.3%
Llu_2019 221 1000093 436 1633199 b 0.83 [0.70: 0.97] 12.7%
StLouls_2014 870 3145042 2059 6615611 | 0.89 [0.82; 0.96] 12.9%
Hay_1972 770 1214100 3477 5186500 | 0.95 [0.88; 1.02] 12.9%
Forrester_20008 23 51919 56 126252 —1— 1.00 [0.61; 1.62] 11.3%
Janerich_1972 819 869682 2615 2780544 | 1.00 [0.93; 1.08] 12.9%
Canfield_2009 137 362254 345 1004687 L 4 1.10 [0.90; 1.34] 12.6%
Sever_1982 69 109762 267 2628305 I> *= 6.19 [4.75; 8.06] 12.4%
Random effects model2965 6866598 9433 20214481 - 1.15 [0.65; 2.06] 100.0%
Prediction interval - - . e — [0.20; 6.80] -
Nmnrogonoky F = 97% [95%; 98%], 7 = 0.47, p < 0.001

‘st for effect in subgroup: ¢y = 0.58 (p = 0.582)
>40 vs 20 - 30
Forrester_20008 2 4415 56 126252 —_— 1.02 [0.25; 4.18]) 10.9%
Hay 1972 163 190200 3477 5186500 1.28 [1.09; 1.50] 23.9%
Janerich_1972 134 104213 2615 2780544 1.37 [1.15; 1.63] 23.8%
Canfield_2009 20 32324 345 1004687 = 1.80 [1.15; 2.83] 21.6%
Sever_1982 1 13696 267 2628305 —— 7.91[4.33;14.45] 19.8%
Random effects model 330 344848 6760 11726288 et 1.96 [0.72; 5.31] 100.0%
Prediction Interval : . D [0.14; 26.88] -
Helerogeneity: I = 88% [75%; 94*.] 7 = 0.55, p < 0.001
Test for effect in subgroup: ¢, = 1.87 (p = 0.134)
35-40vs 20-30
Canfield_2009 56 157840 345 1004687 T 1.03 [0.78: 1.37] 20.2%
Hay 1972 472 644700 3477 5186500 $ 1.09 [0.99; 1.20] 21.0%
Janerich_1972 475 421691 2615 2780544 1.20 [1.09; 1.32] 21.0%
Forrester_20008 18 23529 56 126252 == 1.72 [1.01; 2.93] 18.0%
Sever_1982 40 47619 267 2628305 = 8.27 [5.93; 11.53] 19.8%
Random effects model1061 1295479 6760 11726288 —r—— 1.79 [0.61; 5.31] 100.0%
Prediction Interval . . ———  [0.09; 36.19] -
Heterogencity: I = 97% [95%; 88%], 7 = 0.74, p < 0.001
Test for effect in subgroup: & = 1.50 (p = 0.209)

| R —

Tost for subgroup differences: 72 = 2.10, df = 4 (p = 0.717) 01 0512 10

Lower with Comparator Higher with Comparator
Cl, confidence interval; /CD-10, International Classification of Diseases-10; AR, risk ratio.
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SUPPLEMENTAL FIGURE 7

Forest plot representing the RR with 95% CI of anencephaly (ICD-10: Q00.0) in different age groups compared to

the 20 to 30 age group

Comparator Reference
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
<20vs 20-30
Hay_1972 309 1240100 1341 5186500 : 0.96 [0.85; 1.09] 11.3%
Borman_1986 6 6853 31 35211 —— 0.99 [0.42; 2.38] 7.0%
StLouls_2014 115 1415846 492 6615611 -Iv- 1.09 [0.89; 1.34] 11.0%
Petrova_2009_Russia 26 20857 104 94164 T 1.13 [0.73;: 1.73] 9.9%
Fedrick_1976 286 103161 1765 735182 K 1.15 [1.02; 1.31) 11.3%
Canfield_2009 91 269890 284 1004687 1.19 [0.94; 1.51] 10.9%
Janerich_1972 306 320794 1833 2457349 1.28 [1.13; 1.44) 11.3%
Forrester_20008 13 23009 49 126212 T= 1.46 [0.79; 2.68) 8.7%
Petrova_2009_Norway 8 7640 75 145219 = 2.03 [0.98; 4.20] 7.9%
Sever_1982 73 146173 278 2628305 = 4.72 [3.65; 6.11] 10.8%
Random effects model1233 3554323 6252 19028440 1.40 [0.98; 1.99] 100.0%
Prediction Interval . . . —t— [0.47; 4.17] -
Heterogenedty: I* = 83% [89%; 95%], 7 = 0.20, p < 0.001
Tost for effect in subgroup: ¢ = 2.16 {p = 0.059)
>35 vs 20 - 30
Forrester_20008 5 27996 49 126212 —F 0.46 [0.18; 1.15] 7.6%
Petrova_2009_Russla 5 8575 104 94164 D 053 [0.22; 1.29] 7.7%
StLouls_2014 103 1929379 492 6615611 B 0.72 [0.58; 0.89] 12.4%
Canfieid_2009 45 190264 284 1004687 &= 0.84 [0.61; 1.15] 11.9%
Petrova_2009_Norway 20 44366 75 145219 5l 0.87 [0.53; 1.43] 10.7%
Hay_1972 202 834900 1341 5186500 i 0.94 [0.81; 1.08] 12.6%
Janerich_1972 391 495715 1833 2457349 : 1.06 [0.95; 1.18) 12.7%
Fedrick_1976 367 125433 1765 735182 1.22 [1.09; 1.36) 12.7%
Sever_1982 33 61315 278 2628305 &= 5.09 [3.55; 7.30) 11.6%
Random effects model1171 3717943 6221 18993229 1.02 [0.60; 1.72] 100.0%
Prediction interval . . [0.20; 5.11] -
Heterogenedty: I° = 92% [87%; 95%], 7 = 0.41, p < 0.001
Test for effect in subgroup: ¢y = 0.08 (p = 0.926)
30-35vs 20-30
Petrova_2009_Russla 12 17376 104 94164 0.63 [0.34; 1.14] 9.2%
StLouls_2014 198 3145042 492 6615611 i 0.85 [0.72; 1.00] 11.7%
Canfield_2009 94 362254 284 1004687 & 0.92 [0.73; 1.16] 11.5%
Janerich_1972 560 803311 1833 2457349 7 0.93 [0.85; 1.03] 11.9%
Hay_1972 308 1214100 1341 5186500 i 0.98 [0.87; 1.11] 11.8%
Fedrick_1976 518 198537 1765 735182 i 1.09 [0.99; 1.20] 11.9%
Forrester_20008 22 51887 49 126212 =+ 1.09 (0.66; 1.81] 9.9%
Petrova_2009_Norway 57 96370 75 145219 -+ 1.15 [0.81; 1.62] 10.9%
Sever_1982 63 109762 278 2628305 L = 5.43 [4.13; 7.13] 11.3%
Random effects model1832 5998639 6221 18993229 - 1.15 [0.72; 1.84] 100.0%
Prediction Interval . . . —— [0.26; 5.04] -
Heterogeneity: I = 95% [92%; 97%], 7 = 0.35, p < 0.001
Tost for effect in subgroup: ¢y = 0.69 {p = 0.510)
>40 vs 20 - 30
Forrester_20008 0 441 49 126212 ————— 0.29 [0.02; 4.68] 3.0%
Hay_1972 45 190200 1341 5186500 = 0.92 [0.68; 1.23] 21.1%
Janerich_1972 78 98025 1833 2457349 ] 1.07 [0.85; 1.34] 21.8%
Canfield_2009 1 32324 284 1004687 - 1.20 [0.66; 2.20] 17.4%
Fedrick_1976 93 28490 1765 735182 1.36 [1.10; 1.67] 21.9%
Sever_1982 6 13696 278 2628305 —=— 4.14 [1.85; 9.30] 14.7%
Random effects model 233 367146 5550 12138235 - 1.30 [0.71; 2.38] 100.0%
Prediction interval . . —— [0.29; 5.77] -
Heterogeneity: I = 68% [24%; 86%], 7 = 0.23, p = 0.008
Tost far offect in subgroup: £ = 1.11 {p = 0.318)
35-40 vs 20 - 30
Forrester_2000B 5 23585 49 126212 —&T 0.55 [0.22; 1.37] 11.0%
Canfield_2009 34 157940 284 1004687 = 0.76 [0.53; 1.09] 17.0%
Hay_1972 157 644700 1341 5186500 ; 0.94 [0.80; 1.11] 18.3%
Janerich_1972 313 397690 1833 2457349 : 1.06 [0.94; 1.19] 18.5%
Fedrick_1976 274 96943 1765 735182 1.18 [1.04; 1.34] 18.5%
Sever_1982 27 47619 278 2628305 = 5.36 [3.61; 7.96] 16.6%
Random effects model 810 1368477 5550 12138235 B 1.20 [0.53; 2.72] 100.0%
Prediction interval . . —_— [0.13; 11.51] -
Heterogeneity: I = 83% [88%; 96%], 7 = 0.56, p < 0.001
Test for effect in subgroup: ¢, = 0.58 (p = 0.585)
T T
01 0512 10

Tast for subgroup diferonces: 7, = 1.53, df = 4 (p = 0.822)

Lower with Comparator Higher with Comparator

Cl, confidence interval; /CD-10, International Classification of Diseases-10; AR, risk ratio.
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SUPPLEMENTAL FIGURE 8

Forest plot representing the RR with 95% Cl of congenital anomalies of the circulatory system (IGD-10: Q20—Q28)

in different age groups compared to the 20 to 30 age group

Comparator Reference
Study Events Total Events Total
<20vs 20 - 30
Pasnickl_2013 50 17670 496 125353
Bodnar_1970 27 13384 189 71636
Salim_2019 772 842523 1957 2231102
Random effects model 849 873577 2642 2428091
Prediction Interval

Hetarogenaity: I = 75% [16%; 92%), 7 = 0.02, p = 0.020
Test for effect in subgroup: z = -1.09 (p = 0.274)

>35vs 20-30

Mucat_2019 24 8163 86 30231
Pasnickl_2013 79 17498 496 125353
Salim_2019 696 460122 1957 2231102
Random effects model 799 485783 2539 2386686
Prediction interval

Heterogenaity: I* = 86% [59%; 95%), 7 = 0.06, p < 0.001
Test for effect in subgroup: z = 1.77 (p = 0.076)

>40 vs 20 - 30

Bodnar_1970 9 2656 189 71636
Mucat_2019 5 1325 86 30231
Pasnickl_2013 24 3556 496 125353
Salim_2019 254 95745 1957 2231102
Random effects model 292 103282 2728 2458322
Prediction interval . .

Heterogenaity: I* = 80% [46%; 92%), 7 = 0.11, p = 0.002
Test for effect in subgroup: z = 3.15 (p = 0.002)

30-35vs20-30

Salim_2019 677 736367 1957 2231102
Mucat_2019 57 17549 86 30231
Pasnickl_2013 155 31917 496 125353
Random effects model 889 785833 2539 2386686
Prediction interval

Haterageneity: I = 209 [ 0%; 92%), 7 = < 0.01, p = 0.288
Test for effect in subgroup: z = 1.90 (p = 0.057)

35-40vs 20-30

Mucat_2019 19 6838 86 30231
Pasnickl_2013 55 13942 496 125353
Salim_2019 442 364377 1957 2231102
Random effects model 516 385157 2539 2386686
Prediction interval

Heterogeneity: I* = 679 [ 0%; 81%4], 7 = 0.02, p = 0.047
Test for effect in subgroup: z = 1.40 (p = 0.162)

Test for subgroup differences: 7; = 12.36, df = 4 (o = 0.015)

Risk Ratio

ba

4

RR 95%-Cl Weight

0.72 [0.53; 0.96] 32.8%
0.76 [0.51; 1.14] 28.1%
1.04 [0.96; 1.14] 39.1%
0.87 [0.68; 1.11] 100.0%

[0.06; 13.34) -

1.03 [0.66; 1.62] 26.2%
1.14 [0.90; 1.45] 34.8%
1.72 [1.58; 1.88] 39.0%
1.33 [0.97; 1.82] 100.0%

1

0.1

|
P11

e

0512

N |

10

[0.03; 53.19] -

1.28 [0.66; 2.50] 19.1%
1.33 [0.54; 3.26] 13.3%
1.71 [1.13; 257] 28.6%
3.02 [2.65; 3.45] 39.1%
1.94 [1.28; 2.93] 100.0%

[0.35; 10.62) -

1.05 [0.96; 1.14] 36.6%
1.14 [0.82; 1.59] 29.0%
1.23 [1.03; 1.47] 34.4%
1.09 [1.00; 1.20] 100.0%

[0.52; 2.31) -

0.98 [0.59; 1.60] 25.3%
1.00 [0.76; 1.32] 34.5%
1.38 [1.25; 1.53] 40.2%
1.18 [0.94; 1.49] 100.0%

[0.10; 13.94] -

Lower with Comparator Higher with Comparator

Cl, confidence interval; /CD-10, International Classification of Diseases-10; AR, risk ratio.
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SUPPLEMENTAL FIGURE 9

Forest plot representing the RR with 95% Cl of cleft lip and cleft palate (ICD-10: Q35—Q37) in different age groups

compared to the 20 to 30 age group

Comparator
Study Events  Total
<20vs 20-30
Matema_2009 42 75121
Jalkrishan_2012 8 8833
Hay_1972 556 1240100
Pasnickl_2013 17 17670

Jaruratanasirikul_2016 32 22265
DeRoo_2003 84 31617
Random effects model 739 1395606
Prediction interval

Events

523
126
2680
133
126
357
3945

Hateragenaity: ¥ = 67% [20%; 86%)], 7 = 0.03, p = 0.011

Test for effect in subgroup: z = -0.69 (p = 0.490)

>35 vs 20 - 30

DeRoo_2003 43 27067
Jaruratanasirlkul_2016 45 28891
Hay_1972 526 834900
Pasnickl_2013 26 17498
Luo_2019 100 55368
Matema_2009 87 25225

Random effects model 827 988949
Prediction interval

357
126
2680
133
273
523
4092

Hateragenaity: ¥ = 95% [82%; 97%)], 7 = 0.28, p < 0.001

Test for efiect in subgroup: z = 1.71 (p = 0.087)

30-35vs 20-30

DeRoo_2003 123 65218
Hay_1972 617 1214100
Luo_2019 175 142086
Jaruratanasirlkul_2016 66 39702
Pasnickl_2013 46 31917
Matema_2009 117 14223

Random effects model1144 1507246
Prediction interval

357
2680
273
126
133
523
4092

Hatarogenaity: ¥ = 99% [88%; 99%), 7 = 0.78, p < 0.001

Test for effect in subgroup: z = 1.26 (p = 0.208)

>40vs 20 - 30

DeRoo_2003 5 3559
Pasnickl_2013 6 3556
Hay_1972 169 180200
Matema_2009 30 18741

Random effects model 210 216056
Prediction interval

357
133
2680
523
3693

Hetarogenaity: ¥ = 30% [ 0%; 75%], 7 = 0.06, p = 0.230

Test for effect in subgroup: z = 2.68 (p = 0.010)

35-40vs 20-30

DeReco_2003 38 23508
Hay_1972 357 644700
Pasnickl_2013 20 13942
Matema_2009 57 6484

Random effects model 472 688634
Prediction interval

357
2680
133
523
3693

Hetarageneity: ¥ = 99% [98%; 99%), 7 = 1.32, p < 0.001

Test for effect in subgroup: z = 1.08 (p = 0.290)

Reference
Total

601520
119314
5186500
125353
95535
173893
6302115

173893
95535
5186500
125353
235136
601520
6417937

173893
5186500
235136
95535
125353
601520
6417937

1738393
125353
5186500
601520
6087266

173893
5186500
125353
601520
6087266

Test for subgroup differences: % = 9.94, di = 4 (p = 0.041)

Risk Ratio RR

4 gt} o _{__‘l'._

N R

| v

AE

95%-Cl Weight

0.64 [0.47; 0.88] 17.3%
0.86 [0.42; 1.75] 14.1%
0.87 [0.79; 0.95] 18.2%
091 [0.55; 1.50] 15.9%
1.09 [0.74; 1.61] 16.8%
129 [1.02; 1.64] 17.7%
0.93 [0.76; 1.14] 100.0%

[0.52; 1.68] -

0.77 [0.56; 1.06] 16.5%
1.18 [0.84; 1.66] 16.4%
122 [1.11; 1.34) 17.4%
1.40 [0.92; 2.13] 15.8%
1.56 [1.24; 1.96] 16.9%
397 [3.16; 4.98] 17.0%
1.47 [0.95; 2.28] 100.0%

— [0.30; 7.24) -

092 [0.75; 1.13] 16.8%
0.98 [0.90; 1.07] 17.1%
1.06 [0.88; 1.28] 16.8%
1.26 [0.94; 1.70] 16.3%
1.36 [0.97; 1.90] 16.1%
9.46 [7.75; 11.55] 16.8%
1.58 [0.77; 3.22] 100.0%

[0.11; 22.44] -

0.68 [0.28; 1.65] 20.7%
159 [0.70; 3.60] 21.7%
172 [147; 2.01] 29.7%
1.84 [1.27; 2.66] 27.9%
1.57 [1.11; 2.20] 100.0%

[0.43; 5.75] -

0.79 [0.56; 1.10] 24.9%
1.07 [0.96; 1.20] 26.3%
1.35 [0.85; 2.16] 23.5%
10.11 [7.70; 13.27] 25.4%

L 1.85 [0.59; 5.75] 100.0%
[0.01; 465.66] -
]
10 100

Lower with Comparator Higher with Comparator

Cl, confidence interval; /CD-10, International Classification of Diseases-10; AR, risk ratio.
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SUPPLEMENTAL FIGURE 10

Forest plot representing the RR with 95% Cl of cleft palate (IGCD-10: Q35) in different age groups compared to the 20

to 30 age group

Comparator Reference
Study Events  Total Events  Total
<20 vs 20-30
Shields_1981 23 205752 334 1463671
Matema_2009 26 75121 266 601520
Hay_1972 411 1240100 1861 5186500
StLouls_2014 742 1415846 3626 6615611
Forrester_2004C 19 28492 95 152575
Balrd_1994 33 34274 145 387862

Random effects model1254 2999585 6327 14407739
Prediction Interval . " . i
Heterageneity: I* = 87% [73%; 93%], 7 = 0.25, p < 0.001

Test for efiect in subgroup: ty = -0.05 (p = 0.963)

>35vs 20-30

StLouls_2014 1240 1929379 3626 6615611
Forrester_2004C 29 36537 95 152575
Hay_1972 406 834900 1861 5186500
Shields_1981 98 300245 334 1463671
Baird_1994 19 32993 145 387862
Beckman_1976 15 8335 18 19008
Luc_2019 32 55368 58 235136
Matema_2009 60 25225 266 601520

Random effects model 1899 3222982 6403 14661883
Prediction interval . . . .
Hataragenaity: /¥ = 34% [91%; 96%], 7* = 0.23, p < 0.001

Test for efiect in subgroup: f; = 3.19 (p = 0.015)

30-35vs20-30
Beckman_1976 8 11388 18
Baird_1994 30 86632 145

19008
387862

Shields_1981 93 436986 334 1463671
StLouls_2014 1770 3145042 3626 6615611
Hay_1972 481 1214100 1861 5186500
Forrester_2004C 49 68803 95 152575
Luo_2019 50 142086 58 235136
Materma_2009 80 14223 266 601520
Random effects model2561 5119260 6403 14661883
Prediction interval . ” . :
Heterogenaity: I* = 98% [87%; 99%), 7 = 0.80, p < 0.001

Test for effect in subgroup: ¢, = 1.09 (p = 0.312)

>40vs 20 - 30

Forrester_2004C 6 6065 95 152575
Hay_1972 111 190200 1861 5186500
Shields_1981 34 74260 334 1463671
Balrd_1994 5 6288 145 387862
Matema_2009 19 18741 266 601520

Random effects model 175
Prediction interval . . . .
Hatarogenaity: 1° = 0% [ 0%; 79%], 7 = 0, p = 0.618

Test for effect in subgroup: £ = 8.97 (p < 0.001)

295554 2701 7792128

35-40vs 20-30

Forrester_2004C 23 30472 95 152575
Shields_1981 64 225985 334 1463671
Hay_1972 295 644700 1861 5186500
Baird_1994 14 26705 145 387862
Matema_2009 4 6484 266 601520

Random effects model 437 934346 2701 7792128
Prediction interval . . . f
Heterageneity: I* = 98% [97%; 99%], % = 1.14, p < 0.001

Test for efiect in subgroup: £ = 1.61 (p = 0.206)

Test for subgroup differences: ?f =708, di=4(p=0.132)

Lower with Comparator

Cl, confidence interval; /CD-10, International Classification of Diseases-10; AR, risk ratio.

Risk Ratio RR 95%-Cl Weight

0.49 [0.32; 0.75] 16.2%
078 [0.52; 1.17] 16.3%
0.92 [0.83; 1.03] 17.6%
0.96 [0.88; 1.03] 17.7%
1.07 [0.65; 1.75] 15.7%
258 [1.77; 3.76] 16.5%
0.99 [0.56; 1.73] 100.0%

[0.21; 4.56] -

-t
t

117 [1.10; 1.25] 13.4%
1.27 [0.84; 1.93] 12.3%
136 [1.22; 1.51] 13.4%
143 [1.14; 1.79] 13.1%
1.54 [0.96; 2.48] 12.0%
1.90 [0.96; 3.77] 10.7%
34 [1.52; 3.61] 12.2%
538 [4.07; 7.12] 12.9%
1.78 [1.16; 2.73] 100.0%
[0.51; 6.19] -

Io{{{-}i i
g

074 [0.32; 1.71] 9.8%
0.93 [0.63; 1.37] 12.4%

0.93 [0.74; 1.17] 13.0%

1.03 [0.97; 1.09] 13.4%

110 [1.00; 1.22] 13.3%

114 [0.81; 1.61] 12.6%

1.43 [0.98; 2.08] 12.5%
#1272 [9.91;16.32] 13.0%
1.42 [0.66; 3.06] 100.0%
[0.14; 14.64] -

TR -4 lI

L

159 [0.70; 3.62] 17.2%
163 [1.34; 1.97] 23.1%
201 [1.41; 2.86] 22.1%
213 [0.87; 5.19] 16.5%
229 [1.44; 3.65] 21.1%
1.77 [1.48; 2.11] 100.0%

[1.44; 217] -

LR

121 [0.77; 1.91] 19.3%
1.24 [0.95; 1.62] 20.7%
128 [1.13; 1.44] 21.3%
+— 1.40 [0.81; 2.43] 18.5%
= 14.30[10.30;19.85] 20.3%
2.08 [0.54; 7.99] 100.0%

[ 0.05; 86.61] -

|  —
01 0512 10

Higher with Comparator
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SUPPLEMENTAL FIGURE 11

Forest plot representing the RR with 95% Cl of congenital anomalies of the digestive system (ICD-10: 38—0Q45) in

different age groups compared to the 20 to 30 age group

Comparator Reference
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
<20vs 20-30
Pasnickl_2013 6 17670 62 125353 B 0.69 [0.30; 1.59]) 35.7%
Bodnar_1970 35 13384 178 71636 = 1.05 [0.73; 1.51] 64.3%
Random effects model 41 31054 240 196989 <l> 0.98 [0.71; 1.37] 100.0%
Hetercgeneity: J% = 0%, 7 = 0, p = 0.359
Test for effect in subgroup: z = -0.09 (p = 0.924)
>40 vs 20 - 30
Pasnickl_2013 3 3556 62 125353 —T—+— 1.71 [0.54;5.43] 30.9%
Bodnar_1970 15 2656 178 71636 -5 2.27 [1.34;3.84) 69.1%
Random effects model 18 6212 240 196989 e 2.16 [1.34; 3.49] 100.0%
Hetercgeneity: J* = 0%, 7 = 0, p = 0.658
Test for effect in subgroup: z = 3.16 (p = 0.002)

I I | |

Test for subgroup differences: ”2 = 7.03,df = 1 (p = 0.008)

02 05 1 2 5

Lower with Comparator Higher with Comparator

Cl, confidence interval; /CD-10, International Classification of Diseases-10; AR, risk ratio.
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SUPPLEMENTAL FIGURE 12
Forest plot representing the RR with 95% Cl of hypospadiasis (ICD-10: Q54) in different age groups compared to
the 20 to 30 age group

Comparator Reference

Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
<20vs 20-30

Jalkrishan_2012 14 8833 246 119314 0.77 (0.45;1.32] 5.2%
StLouls_2014 3506 1415846 17794 6615611 ' 0.92 (0.89;0.95] 26.4%
Canon_2012 214 31331 852 119414 = 0.96 [0.82; 1.11] 20.4%
Hay_1972 839 1240100 3389 5186500 = 1.04 [0.96; 1.12] 24.8%
Bergman_2015 385 194807 3494 1950188 ih 1.10 [0.99; 1.23] 23.2%
Random effects model4958 2890917 25775 13991027 0.99 [0.92; 1.07] 100.0%
Prediction interval . . . — [0.78; 1.27] -

Heterogeneity: I = 75% [39%; 90%), 7 = < 0.01, p = 0.003
Test for effect in subgroup: z = -0.23 (p = 0.822)

>35 vs 20 - 30

Hay_1972 492 834900 3389 5186500 - 0.90 [0.82;0.99] 25.2%
Bergman_2015 1522 917849 3494 1950188 0.93 [0.87;0.98] 27.0%
StLouls_2014 6782 1929379 17734 6615611 1.31 (1.27; 1.34] 28.1%
Canon_2012 148 14652 852 119414 — 1.42 [1.19; 1.68] 19.8%
Random effects model8944 3696780 25529 13871713 — 1.11 [0.88; 1.39] 100.0%
Prediction Interval . . . [0.37; 3.29) -

Hetaragenaity: I* = 989 [97%; 99%), 7 = 0.05, p < 0.001
Test for effect in subgroup: z = 0.80 (p = 0.370)

30-35vs 20-30

Bergman_2015 2409 1428079 3494 1950188 . 0.94 (0.89;0.99] 26.4%
Hay_1972 828 1214100 3389 5186500 ~ 1.04 [0.97;1.13] 25.3%
Canon_2012 241 30653 852 119414 1+ 1.10 [0.96; 1.27) 21.2%
StLouls_2014 10001 3145042 17794 6615611 1.18 [1.15;1.21] 27.2%
Random effects model3479 5817874 25529 13871713 I8 1.06 [0.96; 1.17] 100.0%
Prediction interval . . . . [ [0.67; 1.67] -

Hetaragenaity: I* = 95% [81%; 98%), 7 = < 0.01, p < 0.001
Test for effect in subgroup: z = 1.20 (p = 0.229)

T 1
Test for subgroup differences: ?: = 1.69, di = 2 (p = 0.429) 0.5 1 2

Lower with Comparator Higher with Comparator

Cl, confidence interval; /CD-10, International Classification of Diseases-10; AR, risk ratio.
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SUPPLEMENTAL FIGURE 13

Forest plot representing the RR with 95% CI of congenital anomalies of the urinary system (ICD-10: Q60—Q64) in

different age groups compared to the 20 to 30 age group

Comparator Reference
Study Events Total Events Total
>35 vs 20 - 30
Mucat_2019 5 8163 42 30231
Pasnicki_2013 12 17498 104 125353
Liz_2019 271 166708 1817 1157979

Random effects model 288 192369 1963 1313563
Prediction interval . .
Hateroganaity: I* = 45% [0%; 84%], 7 = 0.07, p = 0.161

Test for effect in subgroup: z = -0.73 (p = 0.468)

30-35vs 20-30

Mucat_2019 16 17548 42 30231
Pasnickl_2013 24 31917 104 125353
Uz _2019 650 374560 1817 1157979

Random effects model 690 424026 1963 1313563
Prediction Interval . .
Hatorogenaity: I = 47% [0%; 84%], 7 = 0.03, p = 0.154

Test for effect in subgroup: z = -0.20 (p = 0.840)

Test for subgroup differences: ?f =0.25,di=1(p=06186)

Risk Ratio

1

rrr

0.1 0512

10

RR  95%-Cl Weight

0.44 [0.17; 1.11] 8.3%
0.83 [0.45; 1.50] 17.6%
1.04 [0.91; 1.18] 74.1%
0.86 [0.57; 1.29] 100.0%

(0.01; 61.64) -

0.66 [0.37; 1.17] 14.8%
0.91 [0.58; 1.41] 21.7%
1.11 [1.01; 1.21) 63.5%
0.97 [0.75; 1.26] 100.0%

(0.07; 14.33] -

Lower with Comparator Higher with Comparator

Cl, confidence interval; /CD-10, International Classification of Diseases-10; RR, risk ratio.
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SUPPLEMENTAL FIGURE 14

Forest plot representing the RR with 95% Cl of congenital anomalies of the musculoskeletal system (ICD-10: Q65
—Q79) in different age groups compared to the 20 to 30 age group

Comparator Reference
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
<20vs 20-30
Bodnar_1970 91 13384 606 71636 i 0.80 [0.65; 1.00] 53.7%
Pasnickl_2013 64 17670 458 125353 0.99 [0.76; 1.29] 46.3%
Random effects model 155 31054 1064 196989 “ 0.88 [0.72; 1.08] 100.0%
Heterogeneity: J° = 31%, 7 = < 0.01, p = 0.228
Test for effect in subgroup: z = -1.21 (p = 0.227)
>35vs 20-30
Mucat_2019 91 8163 432 30231 | 0.78 [0.62; 0.98] 51.9%
Pasnickl_2013 73 17498 458 125353 1.14 [0.89; 1.46]) 48.1%
Random effects model 164 25661 890 155584 <l' 0.94 [0.65; 1.37] 100.0%
Hetercgeneity: J* = 80% [14%; 85%], 7 = 0.08, p = 0.025
Test for effect in subgroup: z = -0.32 (p - 0.747)
>40 vs 20 - 30
Mucat_2019 11 1325 432 30231 - 0.58 [0.32; 1.05] 25.2%
Bodnar_1970 19 2656 606 71636 "l' 0.85 [0.54; 1.33] 38.3%
Pasnickl_2013 18 3556 458 125353 = 1.39 [0.87; 2.22] 36.5%
Random effects model 48 7537 1496 227220 <+ 0.90 [0.55; 1.46] 100.0%
Prediction Interval . . . [0.00; 193.64) -
Heterogeneity: J° = 62% [ 0%; 89%], 7 = 0.12, p = 0.070
Test for effect in subgroup: z = -0.42 (p - 0.673)
35- 40 vs 20 - 30
Mucat_2019 80 6838 432 30231 d 0.82 [0.65; 1.04] 53.8%
Pasnickl_2013 55 13942 458 125353 -+ 1.08 [0.82; 1.43] 46.2%
Random effects model 135 20780 890 155584 0.93 [0.71; 1.22] 100.0%

Hetercgeneity: J* = 54% [ 0%; 88%], 7 = 0.02, p = 0.1239
Test for effect in subgroup: z = -0.52 (p = 0.603)

Test for subgroup differences: °§ = 0.15,df = 3 (p = 0.686)

I
0.01

T 1 T 1
01 1 10 100

Lower with Comparator Higher with Comparator

Cl, confidence interval; /CD-10, International Classification of Diseases-10; AR, risk ratio.
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SUPPLEMENTAL FIGURE 15
Forest plot representing the RR with 95% Cl of congenital diaphragma hernia (ICD-10 079.0) in different age
groups compared to the 20 to 30 age group

Comparator Reference

Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
<20 vs 20 - 30

Dott_2003 30 150000 60 272727 = 0.91 [0.59; 1.41] 19.7%
StLouls_2014 333 1415846 1698 6615611 : 0.92 (0.81; 1.03] 21.4%
McGivemn_2015 113 511312 1219 5770035 : 1.05 [0.86; 1.27] 21.2%
Materna_2009 8 75121 59 601520 Ll 1.09 [0.52; 2.27] 17.0%
Yang_2006 49 314160 187 1342839 =~ 1.12 [0.82; 1.53] 20.6%
Random effects model 533 2466439 3223 14602732 4 0.96 [0.88; 1.06] 100.0%
Prediction interval . . . L [0.83; 1.12] -

Heterogeneity: J* = 0% [ 0%; 79%], 7 = 0, p = 0.654
Test for effect in subgroup: z = -0.78 (p = 0.433)

>35vs 20-30
StLouls_2014 485 1929379 1698 6615611 i 0.98 [0.89; 1.08] 21.1%
Yang_2006 45 301898 187 1342839 2% 1.07 [0.77; 1.48] 20.2%
McGivemn_2015 427 1786611 1219 5770035 : 1.13 [1.01; 1.26] 21.1%
Dott_2003 26 89655 60 272727 = 1.32 [0.83; 2.09] 19.2%
Materna_2009 15 25225 59 601520 = 6.06 [3.44; 10.68] 18.3%
Random effects model 998 4132768 3223 14602732 T 1.52 [0.79; 2.91] 100.0%
Prediction Interval . . A . —_— [0.12; 18.80] -
Hetercgeneity: I* = 80% [80%; 85%], 7 = 0.52, p «< 0.001
Tost for effect in subgroup: z = 1.26 (p = 0.208)
30 - 35 vs 20 - 30
StLouls_2014 738 3145042 1698 6615611 : 0.91 [0.84; 1.00] 26.0%
Yang_2006 74 54729 187 1342839 : 0.97 [0.74; 1.27] 25.2%
McGivemn_2015 706 3410628 1219 5770035 0.98 [0.89; 1.07] 26.0%
Materna_2009 16 14223 59 601520 == 11.47 [6.60; 19.92] 22.7%
Random effects model1534 7117184 3163 14330005 - 1.74 [0.52; 5.80] 100.0%
Prediction Interval . . . . [0.00; 617.12] -
Heterogeneity: J* = 6% [93%; 98%], 7 = 1.48, p < 0.001
Teost for effect in subgroup: z = 0.90 (p = 0.368)

| | | |
Test for subgroup differences: °§ =274, df = 2 (p = 0.254) 001 01 1 10 100

Lower with Comparator Higher with Comparator

Cl, confidence interval; /CD-10, International Classification of Diseases-10; AR, risk ratio.
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SUPPLEMENTAL FIGURE 16

Forest plot representing the RR with 95% CI of omphalocele (ICD-10:

the 20 to 30 age group

Q79.2) in different age groups compared to

Comparator Reference
Study Events Total Events Total
<20 vs 20 - 30
Forrester_1999 3 23022 36 126290
Bugge_2017 0 3483 3 15027
Rankin_1999 5 44099 47 263580
‘Agoplan_2003 42 322274 182 1213802
Roeper_1987 131 552523 456 2143483
Kazaura_2004 33 129089 249 1205402
StLouls_2014 175 1415846 638 6615611
Materna_2009 9 75121 51 601520
Tan_2008 2 8020 33 209595
Hay_1972 325 1240100 788 5186500
Tan_1996 58 384335 255 3000053
Martinez_1984 5 15940 26 158016
Byron_1998 25 47215 99 455885
Sallhu_2003 67 195335 100 1037088

Random effects model 880 4456402 2963 22231852
Prediction Interval . . . .
Hoterogeneily: I* = 82% [71%; 89%], 7* = 0.16, p < 0.001

Tostfor effect in subgroup: £y = 2.77 (p = 0.016)

>35vs 20-30

Martinez_1984 3 28992 26 158016
Bugge_2017 0 3052 3 15027
Hay_1972 111 834900 788 5186500
Roeper_1987 41 182499 456 2143483
Tan_1996 48 425950 255 3000053
Agoplan_2009 47 231666 182 1213802
StLouls_2014 261 1929379 638 6615611
Sallhu_2003 50 333297 100 1037088
Forrester_1999 14 27951 36 126290
Kazaura_2004 59 160929 249 1205402
Rankin_1999 1 31529 47 263580
Byron_1998 26 51653 99 455885
Materna_2009 5 25225 51 601520
Tan_2008 31 77775 33 209595

Random effects model 707 4344797 2963 22231852
Prediction Interval . . .
Heterogeneity: /¥ = 69% [47%: 82%], 7 = 0.06, p < 0.001
Tost for effect in subgroup: £y = 4.18 (p = 0.001)

30-35vs20-30

Martinez_1984 6 46592 26 158016
Hay_1972 149 1214100 788 5186500
‘Agoplan_2009 54 440737 182 1213802
Kazaura_2004 67 373968 249 1205402
StLouls_2014 269 3145042 638 6615611
Tan_1996 84 1063209 255 3000053
Bugge_2017 1 5104 3 15027
Forrester_1999 15 51863 36 126290
Roeper_1987 91 418566 456 2143483
Sallhu_2003 70 588235 100 1037088
Tan_2008 34 165142 33 209595
Byron_1998 46 161414 99 455885
Rankin_1999 27 87486 47 263580
Materna_2009 8 14223 51 601520

Random effects model 921 7775681 2963 22231852
Prediction Interval . . .
Heterogeneity: * = 72% [62%; 84%], 7 = 0.18, p < 0.001
Tost for effect in subgroup: £y, = 0.94 (p = 0.365)

>40 vs 20 - 30

Martinez_1984 0 7060 26 158016
Materna_2009 1 18741 51 601520
Hay_1972 36 190200 788 5186500
Rankin_1999 .. 4410 47 263580
Roeper_1987 14 36983 456 2143483
Sallhu_2003 1 56701 100 1037088
Tan_1996 13 66822 255 3000053
‘Agoplan_2009 18 39751 182 1213802
Kazaura_2004 19 26791 249 1205402
Bugge_2017 0 577 3 15027
Tan_2008 8 10301 33 209595
Byron_1998 7 6307 99 455885
Forrester_1999 8 4411 36 126290

Random effects model 136 469055 2325 15616241
Prediction Interval . . . .
Heterogeneity: I = 67% [41%; 82%)], 7 = 0.20, p < 0.001

Tost for effect in subgroup: f;; = 5.51 (p <0.001)

35-40vs 20-30

Hay_1972 75 644700 788 5186500
Martinez_1984 3 21932 26 158016
Bugge_2017 0 2475 3 15027
Roeper_1987 27 145516 456 2143483
Forrester_1999 6 23540 36 126290
Agoplan_2009 29 191915 182 1213802
Tan_1996 35 359128 255 3000053
Kazaura_2004 40 134138 249 1205402
Sallhu_2003 39 276596 100 1037088
Byron_1998 19 45346 99 455885
Rankin_1999 10 27ms 47 263580
Tan_2008 23 67474 33 209595
Materna_2009 4 6484 51 601520

Random effects model 310 1946363 2325 15616241
Prediction Interval . . . .
Heterogeneity: I* = 72% [51%: 84%)], 7 = 0.19, p < 0.001

Tost for effect in subgroup: f;; = 2.03 (p = 0.065)

Tost for subgroup differences: 73 = 14.97, df = 4 (p = 0.006)

Lower with

Cl, confidence interval; /CD-10, International Classification of Diseases-10; AR, risk ratio.

Risk Ratio RR  95%-Cl Weight
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SUPPLEMENTAL FIGURE 17

Forest plot representing the RR with 95% Cl of gastroschisis (IGD-10: Q79.3) in different age groups compared to

the 20 to 30 age group

‘Comparator Reference
Study Events Total Events Total
<20 vs 20 - 30
Bugge_2017 6 3483 19 15027
Willams_2005 68 111475 67 216129
Jones_2016 3311 2439934 3586 5527463
Forester_1999 19 20022 46 126290
Salinas_2018 4038 3076243 4209 7434269
Tan_2008 1 8020 10 209595
Friedman_2016 2336 2294000 4675 12994463
Materna_2009 32 75121 90 601520
Roeper_1987 68 552523 91 2143483
Shor_2019 2249 1499333 4612 8931429
Kazaura_2004 63 129089 194 1205402
Borque_2021 28 21722 154 378014
Loc_2015 1025 683716 1267 2716567
Kirby_2013 1822 1589319 2447 7002082
StLouls_2014 1466 1415846 2086 6615611
Martinez_1984 3 15840 9 158016
Baer_2014 459 290813 701 1503796
Xu_2011 36 33043 1322 4757989
Rankin_1999 48 44099 71 263580
Tan_1996 181 384335 315 3
Salinu_2003 135 195369 145 1040323
Byron_1998 18 23622 34 228095
Random effects model7412 14910067 26150 67069196
Prediction Interval . . . .
Hetorogenety: ¥ = 04% (92%; 85%], 7' = 0.05. p < 0.001
Tost for offoct in zubgroup: £z, = 19.68 (p <0.001)
>35vs 20- 30
Sallhu_2003 4 328283 145 1040323
Baer_2014 26 530265 701 1503796
Bugge_2017 o 3052 19 15027
Roeper_1987 1 182499 91 2143483
StLouls_2014 81 1929379 2086 6615611
Kirby_2013 86 1697974 2447 7002082
Friedman_2016 200 3603972 4675 12994463
Tan_1996 7 425950 315 3000053
Borgue_2021 14 202899 154 378014
Rankin_1999 2 31523 71 263580
Byron_1998 1 25880 34 228095
Martinez_1984 0 28992 9 158016
Forrester_1999 4 27991 46 126290
Kazaura_2004 11160929 194 1205402
Materma_2009 2 25225 90 601520
Xu_2011 77 354511 1322 4757989
Tan_2008 3 77775 10 209595
Random effects model 519 9637065 12409 42243339
Prediction interval . . . .
Hetorogenety: ¥ = 929 [89%; 84%], 7* = 0.30, p < 0.001
Tast for offect in subgroup: tis = -8.77 (p <0.001)
30-35vs 20-30
StLouls_2014 152 3145042 2086 6615611
Martinez_1984 0 46592 9 158016
Borgue_2021 32 372098 154 378014
Kirby_2013 218 2943860 2447 7002082
Friedman_2016 472 5944342 4675 12994463
Tan_1996 28 1063209 315 3000053
Rankin_1999 6 87486 n 263580
Forrester_1999 5 51863 46 126290
Baer_2014 93 745872 701 1503796
Salihu_2003 24 585366 145 1040323
Roeper_1987 6 418566 91 2143483
Kazaura_2004 23 373968 194 1205402
Bugge_2017 3 5104 18 15027
Byron_1998 6 81081 34 228095
Xu_2011 162 1163051 1322 4757989
Tan_2008 7 165142 10 209595
Materna_2009 5 14223 90 601520
Random effects model1242 17206860 12409 42243339
Prediction Interval . . .
Heterogency: = 805% (86%; 83%], 7 = 0.27. p  0.001
Tost for offoctin zubgroup: by = -7.63 (p < 0.001)
>40 vs 20 - 30
Salihu_2003 1 55556 145 1040323
Matera_2009 0 18741 %0 601520
Kazaura_2004 1 26791 194 1205402
Tan_1996 2 66822 315 3000053
Roeper_1987 0 36983 91 2143483
Rankin_1999 o 4410 n 263580
Fomester_1999 1 44 46 126290
Bugge_2017 o 577 19 15027
Byron_1998 0 3153 34 228095
Martinez_1984 o 7060 9 158016
Tan_2008 110801 10 209595
Random effects model 6 234805 1024 8991384
Prediction Interval . . .
MHeterogenodty: ¥ = 0% [ 0%; 60%), 7 = 0, p = 0.626
Tost or offect in subgroup: fio = -3.41 (p = 0.007)
35-40vs 20-30
Sallhu_2003 3 272727 145 1040323
Tan_1996 5 359128 315 3000053
Bugge_2017 0 2475 19 15027
Roeper_1987 1145516 91 2143483
Borque_2021 14 202899 154 378014
Rankin_1999 2 2r118 71 263580
Byron_1998 1 22727 34 228095
Forrester_1999 3 46 126290
Martinez_1984 0 21982 9 158016
Kazaura_2004 10 134138 194 1205402
Tan_2008 2 67474 10 209595
Materna_2009 2 6484 90 601520

9369398

Random effects model 43 1286159 1178
Prediction Interval . .
Hotorogenoiy: ¥ = 61% [ 4%: 74%), 7 = 0.90, p = 0.022
Tost for offect in subgroup: 11 = 6.20 (p < 0.001)

Tost for subgroup difforences: 7; = 466.69, df = 4 (p <0.001)

Cl, confidence interval; /CD-10, International Classification of Diseases-10; AR, risk ratio.
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SUPPLEMENTAL FIGURE 18
Funnel plot for the association between maternal age and all nonchromosomal anomalies (ICD-10: Q00—Q89)

(<20 vs 20—30 age groups)
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SUPPLEMENTAL FIGURE 19
Funnel plot for the association between maternal age and all nonchromosomal anomalies (ICD-10: Q00—Q89)
(>35 vs 20—30 age groups)
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SUPPLEMENTAL FIGURE 20
Funnel plot for the association between maternal age and all nonchromosomal anomalies (ICD-10: Q00—Q89)

(>40 vs 20—30 age groups)
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SUPPLEMENTAL FIGURE 21
Funnel plot for the association between maternal age and all nonchromosomal anomalies (ICD-10: Q00—Q89)
(30—35 vs 20—30 age groups)
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SUPPLEMENTAL FIGURE 22
Funnel plot for the association between maternal age and all nonchromosomal anomalies (only studies including

concomitant chromosomal anomalies) (IGD-10: Q00—Q99 with Q90—Q99) (<20 vs 20—30 age groups)
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SUPPLEMENTAL FIGURE 23
Funnel plot for the association between maternal age and congenital heart defects (ICD-10: Q20—Q26) (<20 vs
20—30 age groups)
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SUPPLEMENTAL FIGURE 24
Funnel plot for the association between maternal age and congenital heart defects (ICD-10: Q20—Q26) (>35 vs

20—30 age groups)
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SUPPLEMENTAL FIGURE 25
Funnel plot for the association between maternal age and congenital heart defects (IGD-10: Q20—Q26) (30—35 vs

20—30 age groups)
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SUPPLEMENTAL FIGURE 26
Funnel plot for the association between maternal age and congenital anomalies of the nervous system (ICD-10:
Q00—Q07) (<20 vs 20—30 age groups)
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SUPPLEMENTAL FIGURE 27

Funnel plot for the association between maternal age and anencephaly (ICD-10: Q00.0) (<20 vs 20—30 age

groups)
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SUPPLEMENTAL FIGURE 28
Funnel plot for the association between maternal age and omphalocele (ICD-10: 079.2) (<20 vs 20—30 age
groups)
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SUPPLEMENTAL FIGURE 29
Funnel plot for the association between maternal age and omphalocele (ICD-10: 079.2) (>35 vs 20—30 age groups)
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SUPPLEMENTAL FIGURE 30
Funnel plot for the association between maternal age and omphalocele (ICD-10: 079.2) (>40 vs 20—30 age groups)
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SUPPLEMENTAL FIGURE 31
Funnel plot for the association between maternal age and omphalocele (ICD-10: Q79.2) (30—35 vs 20—30 age
groups)
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SUPPLEMENTAL FIGURE 32
Funnel plot for the association between maternal age and omphalocele (ICD-10: Q79.2) (35—40 vs 20—30 age

groups)
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SUPPLEMENTAL FIGURE 33
Funnel plot for the association between maternal age and gastroschisis (ICD-10: Q79.3) (<20 vs 20—30 age

groups)
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SUPPLEMENTAL FIGURE 34
Funnel plot for the association between maternal age and gastroschisis (ICD-10: Q79.3) (>35 vs 20—30 age

groups)
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SUPPLEMENTAL FIGURE 35

Funnel plot for the association between maternal age and gastroschisis (ICD-10: Q79.3) (>40 vs 20—30 age

groups)
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SUPPLEMENTAL FIGURE 36
Funnel plot for the association between maternal age and gastroschisis (ICD-10: Q79.3) (30—35 vs 20—30 age

groups)
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SUPPLEMENTAL FIGURE 37
Funnel plot for the association between maternal age and gastroschisis (ICD-10: Q79.3) (35—40 vs 20—30 age
groups)
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Systematic Review

SUPPLEMENTAL FIGURE 38

Forest plot representing the RR with 95% Cl of all nonchromosomal anomalies (ICD-10: Q00—Q89) in different age
groups compared to the 20 to 30 age group and sorted by year of publication

Comparator Reference
Study Events Total Events Total
<20 vs 20 - 30
Bodnar_1970 206 13384 1342 71636
Hay_1972 8688 1240100 33981 5186500
Croen_1995 3052 103735 16122 597390
Hollier_2000 970 27521 2191 60575
Tan_2005 149 5409 3176 150151
Nazer_2007 115 1227 788 10481
Materna_2009 628 75121 5588 601520
Jaikrishan_2012 67 8833 1116 119314
Pasnicki_2013 199 17670 1739 125353
Sarkar_2013 83 4409 174 778
Stlouis_2014 16174 1415846 69100 6615611
Xie_2016 256 13535 12677 677622
Parkes_2020 2753 18830 4557 109460
Zhou_2020 39 5218 1108 157759

Random effects model 33379 2950838 153659 14490550
Prediction interval

Heterogeneity: I - 99% [ 99%; 100%), T = 0.14, p = 0

Test for effect in subgroup: z = 0.79 (p = 0.427)

>35vs 20 - 30

Hay_1972 6103 834900 33981 5186500
Croen_1995 2811 98815 16122 597390
Hollier_2000 187 4189 2191 60575
Tan_2005 1935 54784 3176 150151
Nazer_2007 389 3893 788 10481
Materna_2009 970 25225 5588 601520
Zhang_2012 80 4009 306 21098
Pasnicki_2013 293 17498 1739 125353
Rider_2013 807 43061 2831 164711
StLouis_2014 21341 1929379 69100 6615611
Xie_2016 1568 68681 12677 677622
Mucat_2019 295 8163 1201 30231
Zhou_2020 189 22970 1108 157759

Random effects model 36968 3115567 150808 14399002
Prediction interval

Heterogeneity: I - 99% [ 99%; 99%), T = 0.14, p = 0

Test for effect in subgroup: z = 257 (p = 0.010)

>40 vs 20 - 30

Bodnér_1970 63 2656 1342 71636
Hay_1972 1708 190200 33981 5186500
Croen_1995 426 13641 16122 597390
Hollier_2000 34 674 2191 60575
Tan_2005 386 7195 3176 150151
Nazer_2007 103 834 788 10481
Materna_2009 248 18741 5588 601520
Pasnicki_2013 73 3556 1739 125353
Rider_2013 138 7220 2831 164711
Mucat_2019 59 1325 1201 30231
Parkes_2020 454 6552 4557 109460

Random effects model ~ 3690 252594 73516 7108008
Prediction interval

Heterogeneity: I = 94% [ 91%; 96%]. T° = 0.05, p < 0.001

Test for effect in subgroup: z = 4.99 (p < 0.001)

30-35vs 20-30

Hay_1972 7932 1214100 33981 5186500
Croen_1995 6070 228226 16122 597390
Hollier_2000 409 10443 2191 60575
Tan_2005 2610 117733 3176 150151
Nazer_2007 475 5482 788 10481
Materna_2009 1497 14223 5588 601520
Zhang_2012 128 9658 306 21098
Pasnicki_2013 538 31917 1739 125353
Rider_2013 1682 96088 2831 164711
StLouis_2014 31473 3145042 69100 6615611
Xie_2016 3253 165575 12677 677622
Mucat_2019 629 17549 1201 30231
Zhou_2020 3n 52765 1108 157759

Random effects model 57067 5108801 150808 14399002
Prediction interval

Heterogeneity: I - 100% [100%; 100%)], T° - 0.45,p = 0

Test for effectin subgroup: z = 1.12 (p = 0.263)

35-40vs 20 - 30

Hay_1972 4397 644700 33981 5186500
Croen_1995 2385 85174 16122 597390
Hollier_2000 153 3515 2191 60575
Tan_2005 1549 47589 3176 150151
Nazer_2007 286 3059 788 10481
Materna_2009 722 6484 5588 601520
Pasnicki_2013 220 13942 1739 125353
Rider_2013 669 35841 2831 164711
Mucat_2019 236 6838 1201 30231

Random effects model 10617 ~ 847142 67617 6926912
Prediction interval

Heterogeneity: I° = 100% [100%: 100%], T° = 0.64, p = 0

Test for effect in subgroup: z = 1.44 (p = 0.150)

Test for subgroup differences: 3% = 5.43, df = 4 (p = 0.246)
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[1.04; 1.08]
[1.16; 1.29]
[0.80; 1.03]
[1.00; 1.37]
[1.07; 1.61]
[0.56; 3.08]

[0.99; 1.63)
[1.30; 1.44]
[1.05; 1.27]
[1.00; 1.94]
[2.29; 2.81]
[1.35; 1.99]
[1.26; 1.62]
[1.17; 1.87]
[0.94; 1.32)
[0.87; 1.45]
[1.52; 1.83]
[1.25; 1.66]
[0.84; 2.46]

[0.97; 1.02]
[0.96; 1.01]
[0.98; 1.20]
[1.00; 1.10]
[1.03; 1.29)
[10.73; 11.97)
[0.74; 1.12]
[1.10; 1.34]
[0.96; 1.08)
[0.95; 0.97)
[1.01; 1.09]
[0.82; 0.99]
[0.89; 1.13)
[0.85; 1.78]
[0.27; 5.71]

[1.01; 1.07
[0.99; 1.08)
[1.03; 1.41]
[1.45; 1.63]
[1.09; 1.42)
[11.14; 12.90]
[0.99; 1.31]
[1.00; 1.18)
[0.76; 1.00]
[0.87; 2.49]
[ 0.20; 10.84]

Lower with Comparator Higher with Comparator

Cl, confidence interval; /CD-10, International Classification of Diseases-10; AR, risk ratio.
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SUPPLEMENTAL FIGURE 39

Forest plot representing the RR with 95% Cl of all nonchromosomal anomalies (only studies excluding
concomitant chromosomal anomalies) (ICD-10: Q00—Q89) in different age groups compared to the 20 to 30 age
group and sorted by year of publication

Comparator Reference

Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
<20vs 20 - 30

Hollier_2000 970 27521 2191 60575 y 0.97 [0.90; 1.05] 20.0%
Materna_2009 628 75121 5588 601520 4 0.90 [0.83; 0.98] 20.0%
Pasnicki_2013 199 17670 1739 125353 | 0.81 [0.70; 0.94] 19.9%
StlLouis_2014 16174 1415846 69100 6615611 1.09 [1.08; 1.11] 20.1%
Parkes 2020 1231 18830 2136 109460 3.35 [3.13; 3.59] 20.0%
Random effects model 19202 1554988 80754 7512519 1.21 [0.59; 2.49] 100.0%
Prediction interval [ 0.16; 9.09]

Heterogeneity: /2 = 100% [100%; 100%], T2 = 0.33, p < 0.001
Test for effect in subgroup: ts = 0.74 (p = 0.498)

>35vs 20 - 30

Hollier_2000 187 4189 2191 60575 1.23 [1.07; 1.43] 16.6%
Materna_2009 970 25225 5588 601520 | 414 [3.87; 443] 16.7%
Pasnicki_2013 293 17498 1739 125353 b 1.21 [1.07; 1.36] 16.6%
Rider_2013 807 43061 2831 164711 ] 1.09 [1.01; 1.18] 16.7%
StLouis_2014 21341 1929379 69100 6615611 ; 1.06 [1.04; 1.08] 16.8%
Mucat_2019 295 8163 1201 30231 0.91 [0.80; 1.03] 16.6%
Random effects model 23893 2027515 82650 7598001 <‘:> 1.37 [0.76; 2.45] 100.0%
Prediction interval —— [ 0.26; 7.18]

Heterogeneity: /° = 100% [100%; 100%], T° = 0.31, p = 0
Test for effect in subgroup: ts = 1.38 (p = 0.227)

>40 vs 20 - 30

Hollier_2000 34 674 2191 60575 g 1.39 [1.00; 1.94] 16.2%
Materna_2009 248 18741 5588 601520 1.42 [1.26; 1.62] 17.0%
Pasnicki_2013 73 3556 1739 125353 =] 148 [1.17; 1.87] 16.6%
Rider_2013 138 7220 2831 164711 ; 1.11 [0.94; 1.32] 16.9%
Mucat_2019 59 1325 1201 30231 bl 1.12 [0.87; 1.45] 16.5%
Parkes_2020 139 6552 2136 109460 1.09 [0.92; 1.29] 16.9%
Random effects model 691 38068 15686 1091850 o 1.25 [1.08; 1.46] 100.0%
Prediction interval fum [0.91; 1.73]

Heterogeneity: ?=57% [ 0%; 83%)], =001, p =0.040
Test for effect in subgroup: ts = 3.81 (p = 0.013)

30-35vs 20- 30

Hollier_2000 409 10443 2191 60575 1.08 [0.98; 1.20] 16.6%
Materna_2009 1497 14223 5588 601520 11.33 [10.73;11.97] 16.7%
Pasnicki_2013 538 31917 1739 125353 1.22 [1.10; 1.34] 16.6%
Rider_2013 1682 96088 2831 164711 1.02 [0.96; 1.08] 16.7%

StLouis_2014 31473 3145042 69100 6615611 0.96 [0.95; 0.97] 16.7%
Mucat_2019 629 17549 1201 30231 0.90 [0.82; 0.99] 16.6%
Random effects model 36228 3315262 82650 7598001 1.54 [0.55; 4.32] 100.0%
Prediction interval [ 0.08; 29.38]

Heterogeneity: /2 = 100% [100%; 100%], T2 = 0.97, p = 0
Test for effect in subgroup: ts = 1.07 (p = 0.334)

35-40vs 20- 30

Hollier_2000 153 3515 2191 60575 1.20 [1.03; 1.41] 19.9%
Materna_2009 722 6484 5588 601520 | 11.99 [11.14;12.90] 20.1%
Pasnicki_2013 220 13942 1739 125353 i 1.14 [0.99; 1.31] 20.0%
Rider_2013 669 35841 2831 164711 : 1.09 [1.00; 1.18] 20.1%
Mucat_2019 236 6838 1201 30231 0.87 [0.76; 1.00] 20.0%
Random effects model 2000 66620 13550 982390 <l> 1.73 [0.45; 6.70] 100.0%
Prediction interval [ 0.04; 77.01]

Heterogeneity: /° = 100% [100%; 100%), T° = 1.18, p = 0
Test for effect in subgroup: ts = 1.13 (p = 0.323)
Test for subgroup differences: xi =0.82, df = 4 (p = 0.935)

—rrr
0.1 0512 10

Lower with Comparator Higher with Comparator
Cl, confidence interval; /CD-10, International Classification of Diseases-10; RR, risk ratio.
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SUPPLEMENTAL FIGURE 40
Forest plot representing the RR with 95% CI of congenital anomalies of the nervous system (ICD-10: Q00—Q07) in
different age groups compared to the 20 to 30 age group and sorted by year of publication

Comparator Reference
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
<20vs 20-30
Bodnar_1970 38 13384 276 71636 0.74 [0.53; 1.03] 10.6%
Feldman_1982 24 29235 114 111052 = 0.80 [0.52; 1.24] 10.3%
Sever_1982 140 146173 586 2628305 430 [3.57; 517] 11.0%
Dudin_1997 30 7798 74 14619 & 0.76 [0.50; 1.16] 10.4%
Forrester_2000B 28 23026 134 126287 T 1.15 [0.76; 1.72] 10.4%
Rankin_2000 108 52816 580 317512 'I" 112 [0.91; 1.37] 10.9%
Materna_2009 63 75121 415 601520 = 1.22  [0.93; 1.58] 10.8%
Petrova_2009 68 28497 357 239383 L] 1.60 [1.23; 2.07] 10.8%
Jaikrishan_2012 1 8833 65 119314 —_— 0.21  [0.03; 1.50] 4.4%
Pasnicki_2013 22 17670 146 125353 = 1.07 [0.68; 1.67] 10.3%
Random effects model 522 402553 2747 4354981 > 1.16 [0.74; 1.81] 100.0%
Prediction interval — [0.29; 4.69]
Heterogeneity: /> = 95% [92%; 97%], T° = 0.33, p < 0.001
Test for effect in subgroup: tg = 0.74 (p = 0.478)
>35vs 20-30
Feldman_1982 21 11508 114 111052 = 1.78 [1.12; 2.83] 122%
Sever_1982 88 61315 586 2628305 = 6.44 [5.15; 8.05] 13.0%
Forrester_2000B 31 27938 134 126287 - 1.05 [0.71; 1.55] 12.5%
Rankin_2000 53 36304 580 317512 &= 0.80 [0.60; 1.06] 12.8%
Materna_2009 59 25225 415 601520 ] 3.39 [2.58; 4.45] 12.9%
Petrova_2009 57 52941 357 239383 = 0.72 [0.55; 0.95] 12.8%
Pasnicki_2013 20 17498 146 125353 = 0.98 [0.62; 1.57] 12.2%
Mucat_2019 14 8163 42 30231 - 1.23 [0.67; 2.26] 11.6%
Random effects model 343 240892 2374 4179643 <> 1.53 [0.80; 2.94] 100.0%
Prediction interval —r— [0.22; 10.87]
Heterogeneity: /2 = 97% [96%; 98%], T° = 0.57, p < 0.001
Test for effect in subgroup: t7 = 1.56 (p = 0.164)
>40 vs 20 - 30
Bodnar_1970 13 2656 276 71636 = 127 [0.73; 221] 17.1%
Sever_1982 18 13696 586 2628305 - 589 [3.69; 9.42] 17.6%
Dudin_1997 4 272 74 14619 —&— 291 [1.07; 7.89] 13.8%
Forrester_2000B 5 4409 134 126287 & 1.07 [0.44; 261] 14.6%
Materna_2009 1 18741 415 601520 - 0.85 [0.47; 1.55] 16.8%
Pasnicki_2013 1 3556 146 125353 — 0.24 [0.03; 1.73] 7.7%
Mucat_2019 3 1325 42 30231 —rE— 1.63 [0.51; 5.25] 12.5%
Random effects model 55 44655 1673 3597951 b 1.56 [0.67; 3.62] 100.0%
Prediction interval — [0.17; 13.99]
Heterogeneity: ° = 84% [69%; 92%], T = 0.61, p < 0.001
Test for effect in subgroup: ts = 1.28 (p = 0.248)
30-35vs 20-30
Feldman_1982 20 21860 114 111052 & 0.89 [0.55; 1.43] 11.9%
Sever_1982 144 109762 586 2628305 5.88 [4.90; 7.06] 12.8%
Forrester_2000B 52 51844 134 126287 T 0.95 [0.69; 1.30] 12.5%
Rankin_2000 163 100773 580 317512 0.89 [0.74; 1.05] 12.8%
Materna_2009 105 14223 415 601520 B 10.70 [8.64; 13.25] 12.8%
Petrova_2009 125 113746 357 239383 | 0.74 [0.60; 0.90] 12.8%
Pasnicki_2013 40 31917 146 125353 = 1.08 [0.76; 1.53] 12.4%
Mucat_2019 32 17549 42 30231 = 1.31 [0.83; 2.08] 12.0%
Random effects model 681 461674 2374 4179643 - 1.64 [0.70; 3.81] 100.0%
Prediction interval —— [0.12; 21.90]
Heterogeneity: /> = 99% [98%; 99%], T = 1.00, p < 0.001
Test for effect in subgroup: t7 = 1.38 (p = 0.210)
35-40vs 20 - 30
Sever_1982 70 47619 586 2628305 6.59 [5.15; 8.45] 21.0%
Forrester_2000B 26 23529 134 126287 = 1.04 [0.68; 1.58] 20.1%
Materna_2009 48 6484 415 601520 = 10.73 [7.97; 14.45] 20.8%
Pasnicki_2013 19 13942 146 125353 —I‘— 117 [0.73; 1.89] 19.7%
Mucat_2019 1 6838 42 30231 - 1.16  [0.60; 2.25] 18.4%
Random effects model 174 98412 1323 3511696 e 2.56 [0.64; 10.32] 100.0%
Prediction interval ——————— [0.05; 120.01]
Heterogeneity: /° = 97% [95%; 98%], T = 1.21, p < 0.001
Test for effect in subgroup: ts = 1.87 (p = 0.134)

T 11T 1

Test for subgroup differences: xi =2.77,df = 4 (p = 0.598)
0.01 0.1 1 10 100

Lower with Comparator Higher with Comparator
Cl, confidence interval; /CD-10, International Classification of Diseases-10; AR, risk ratio.
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SUPPLEMENTAL FIGURE 41
Forest plot representing the RR with 95% CI of anencephaly (ICD-10: Q00.0) in different age groups compared to
the 20 to 30 age group and sorted by year of publication

Comparator Reference

Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
<20 vs 20 - 30 |

Hay_1972 309 1240100 1341 5186500 0.96 [0.85; 1.09] 11.3%
Janerich_1972 306 320794 1833 2457349 | 1.28 [1.13; 1.44] 11.3%
Fedrick_1976 286 103161 1765 735182 1.15 [1.02; 1.31] 11.3%
Sever_1982 73 146173 278 2628305 = 4.72 [3.65; 6.11] 10.8%
Borman_1986 6 6853 31 35211 —=— 0.99 [0.42; 2.38] 7.0%
Forrester_2000B 13 23009 49 126212 T= 1.46 [0.79; 2.68] 8.7%
Canfield_2009 91 269890 284 1004687 o 1.19 [0.94; 1.51] 10.9%
Petrova_2009_Norway 8 7640 75 145219 }—- 203 [0.98; 420] 7.9%
Petrova_2009_Russia 26 20857 104 94164 T 113 [0.73; 1.73] 9.9%
StlLouis_2014 115 1415846 492 6615611 & 1.09 [0.89; 1.34] 11.0%
Random effects model 1233 3554323 6252 19028440 > 1.40 [0.98; 1.99] 100.0%
Prediction interval ——— [0.47; 4.17]

Heterogeneity: /2 = 93% [89%; 95%], T° = 0.20, p < 0.001
Test for effect in subgroup: tg = 2.16 (p = 0.059)

>35 vs 20 - 30

Hay_1972 202 834900 1341 5186500 i 0.94 [0.81; 1.08] 12.6%
Janerich_1972 391 495715 1833 2457349 i 1.06 [0.95; 1.18] 12.7%
Fedrick_1976 367 125433 1765 735182 1.22 [1.09; 1.36] 12.7%
Sever_1982 33 61315 278 2628305 = 509 [3.55; 7.30] 11.6%
Forrester_2000B 5 27996 49 126212 —— 0.46 [0.18; 1.15] 7.6%
Canfield_2009 45 190264 284 1004687 -‘T 0.84 [0.61; 1.15] 11.9%
Petrova_2009_Norway 20 44366 75 145219 & 0.87 [0.53; 1.43] 10.7%
Petrova_2009_Russia 5 8575 104 94164 — 0.53 [0.22; 1.29] 7.7%
StlLouis_2014 103 1929379 492 6615611 = 0.72 [0.58; 0.89] 12.4%
Random effects model 1171 3717943 6221 18993229 <> 1.02 [0.60; 1.72] 100.0%
Prediction interval ——— [0.20; 5.11]

Heterogeneity: I* = 92% [87%; 95%], T = 0.41, p < 0.001
Test for effect in subgroup: t3 = 0.08 (p = 0.936)

30 - 35vs 20 - 30
Hay_1972 308 1214100 1341 5186500 0.98 [0.87; 1.11] 11.8%
Janerich_1972 560 803311 1833 2457349 0.93 [0.85; 1.03] 11.9%

|

Fedrick_1976 518 198537 1765 735182 I 1.09 [0.99; 1.20] 11.9%
Sever_1982 63 109762 278 2628305 ’ = 543 [4.13; 7.13] 11.3%
Forrester_2000B 22 51887 49 126212 T 1.09 [0.66; 1.81] 9.9%
Canfield_2009 94 362254 284 1004687 -‘I' 0.92 [0.73; 1.16] 11.5%
Petrova_2009_Norway 57 96370 75 145219 L 2 1.15 [0.81; 1.62] 10.9%
Petrova_2009_Russia 12 17376 104 94164 —*+ 0.63 [0.34; 1.14] 9.2%
StLouis_2014 198 3145042 492 6615611 B 0.85 [0.72; 1.00] 11.7%
Random effects model 1832 5998639 6221 18993229 J> 1.15 [0.72; 1.84] 100.0%
Prediction interval —— [0.26; 5.04]

Heterogeneity: /* = 95% [92%; 97%], T° = 0.35, p < 0.001
Test for effect in subgroup: tz = 0.69 (p = 0.510)

>40 vs 20 - 30

Hay_1972 45 190200 1341 5186500 = 0.92 [0.68; 1.23] 21.1%
Janerich_1972 78 98025 1833 2457349 =] 1.07 [0.85; 1.34] 21.8%
Fedrick_1976 93 28490 1765 735182 1.36 [1.10; 1.67] 21.9%
Sever_1982 6 13696 278 2628305 —— 4.14 [1.85; 9.30] 14.7%
Forrester_2000B 0 4411 49 126212 —————+—1—— 0.29 [0.02; 4.68] 3.0%
Canfield_2009 11 32324 284 1004687 —=— 1.20 [0.66; 2.20] 17.4%
Random effects model 233 367146 5550 12138235 J:> 1.30 [0.71; 2.38] 100.0%
Prediction interval —— [0.29; 5.77]

Heterogeneity: I° = 68% [24%; 86%], T° = 0.23, p = 0.008
Test for effect in subgroup: ts = 1.11 (p = 0.318)

35-40vs 20-30

Hay_1972 157 644700 1341 5186500 i 0.94 [0.80; 1.11] 18.3%
Janerich_1972 313 397690 1833 2457349 ; 1.06 [0.94; 1.19] 18.5%
Fedrick_1976 274 96943 1765 735182 1.18 [1.04; 1.34] 18.5%
Sever_1982 27 47619 278 2628305 = 5.36 [3.61; 7.96] 16.6%
Forrester_2000B 5 23585 49 126212 —&T 0.55 [0.22; 1.37] 11.0%
Canfield_2009 34 157940 284 1004687 -+ 0.76 [0.53; 1.09] 17.0%
Random effects model 810 1368477 5550 12138235 = 1.20 [0.53; 2.72] 100.0%
Prediction interval —— [0.13; 11.51]
Heterogeneity: /% = 93% [88%; 96%], T° = 0.56, p < 0.001
Test for effect in subgroup: 5 = 0.58 (p = 0.585)

—rrr——

Test for subgroup differences: )(f =153, df = 4 (p = 0.822)
0.1 0512 10

Lower with Comparator Higher with Comparator
Cl, confidence interval; /CD-10, International Classification of Diseases-10; AR, risk ratio.
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SUPPLEMENTAL FIGURE 42
Forest plot representing the RR with 95% Cl of spina bifida (ICD-10: Q05) in different age groups compared to the
20 to 30 age group and sorted by year of publication

Comparator Reference
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
<20 vs 20 - 30
Hay_1972 952 1240100 3477 5186500 i 1.15 [1.07; 1.23] 12.1%
Janerich_1972 407 379484 2615 2780544 1.14 [1.08; 1.27] 12.0%
Sever_1982 52 146173 267 2628305 = 3.50 [2.60; 4.71] 11.5%
Borman_1986 5 6853 35 35211 —E— 0.73 [0.29; 1.87] 7.9%
Forrester_2000B 12 23033 56 126252 —— 1.17 [0.63; 2.19] 9.8%
Canfield_2009 85 269890 345 1004687 x5 0.92 [0.72; 1.16] 11.7%
Petrova_2009 34 28497 178 239383 = 1.60 [1.11; 232] 11.2%
StLouis_2014 435 1415846 2059 6615611 0.99 [0.89; 1.09] 12.0%
Liu_2019 81 209192 436 1633199 = 1.45 [1.14; 1.84] 11.7%
Random effects model 2063 3719068 9468 20249692 > 1.30 [0.93; 1.82] 100.0%
Prediction interval —t— [0.48; 3.53]
Heterogeneity: 12 = 89% [82%; 94%], T2 = 0.16, p < 0.001
Test for effect in subgroup: tg = 1.81 (p = 0.109)
>35vs 20 - 30
Hay_1972 635 834900 3477 5186500 1.13 [1.04; 1.23] 13.0%
Janerich_1972 609 525904 2615 2780544 1.23 [1.13; 1.34] 13.0%
Sever_1982 51 61315 267 2628305 = 8.19 [6.07;11.05] 12.4%
Forrester_2000B 20 27944 56 126252 = 1.61 [0.97; 269] 11.3%
Canfield_2009 76 190264 345 1004687 = 1.16 [0.91; 1.49] 12.6%
Petrova_2009 32 52941 178 239383 —*{- 0.81 [0.56; 1.18] 12.0%
StLouis_2014 544 1929379 2059 6615611 i 0.91 [0.82; 1.00] 13.0%
Liu_2019 120 485278 436 1633199 &= 0.93 [0.76; 1.13] 12.7%
Random effects model 2087 4107925 9433 20214481 J:> 1.39 [0.75; 2.59] 100.0%
Prediction interval ——— [0.21; 9.29]
Heterogeneity: 12 = 97% [95%; 98%], T° = 0.53, p < 0.001
Test for effect in subgroup: t; = 1.26 (p = 0.249)
30-35vs20-30
Hay_1972 770 1214100 3477 5186500 0.95 [0.88; 1.02] 12.9%
Janerich_1972 819 869682 2615 2780544 1.00 [0.93; 1.08] 12.9%
Sever_1982 69 109762 267 2628305 = 6.19 [4.75; 8.06] 12.4%
Forrester_2000B 23 51919 56 126252 —5 1.00 [0.61; 1.62] 11.3%
Canfield_2009 137 362254 345 1004687 = 1.10 [0.90; 1.34] 12.6%
Petrova_2009 56 113746 178 239383 -‘—’ 0.66 [0.49; 0.89] 12.3%
StLouis_2014 870 3145042 2059 6615611 | 0.89 [0.82; 0.96] 12.9%
Liu_2019 221 1000093 436 1633199 | 0.83 [0.70; 0.97] 12.7%
Random effects model = 2965 6866598 9433 20214481 é> 1.15 [0.65; 2.06] 100.0%
Prediction interval —— [0.20; 6.80]
Heterogeneity: 12 = 97% [95%; 98%], T° = 0.47, p < 0.001
Test for effect in subgroup: t; = 0.58 (p = 0.582)
>40 vs 20 - 30
Hay_1972 163 190200 3477 5186500 1.28 [1.09; 1.50] 23.9%
Janerich_1972 134 104213 2615 2780544 1.37 [1.15; 1.63] 23.8%
Sever_1982 1 13696 267 2628305 — 7.91 [4.33;14.45] 19.8%
Forrester_2000B 2 4415 56 126252 —_— 1.02 [0.25; 4.18] 10.9%
Canfield_2009 20 32324 345 1004687 - 1.80 [1.15; 2.83] 21.6%
Random effects model 330 344848 6760 11726288 < 1.96 [0.72; 5.31] 100.0%
Prediction interval —— [0.14; 26.88]
Heterogeneity: 12 = 88% [75%; 94%], T2 = 0.55, p < 0.001
Test for effect in subgroup: t; = 1.87 (p = 0.134)
35-40vs 20-30
Hay 1972 472 644700 3477 5186500 i 1.09 [0.99; 1.20] 21.0%
Janerich_1972 475 421691 2615 2780544 1.20 [1.09; 1.32] 21.0%
Sever_1982 40 47619 267 2628305 - 827 [5.93;11.53] 19.8%
Forrester_2000B 18 23529 56 126252 e 1.72 [1.01; 2.93] 18.0%
Canfield_2009 56 157940 345 1004687 = 1.08 [0.78; 1.37] 20.2%
Random effects model 1061 1295479 6760 11726288 b 1.79 [0.61; 5.31] 100.0%
Prediction interval —_— [0.09; 36.19]
Heterogeneity: /2 = 97% [95%; 98%], T2 = 0.74, p < 0.001
Test for effect in subgroup: t; = 1.50 (p = 0.209)

| I N N E—

Test for subgroup differences: Xi =210,df =4 (p=0.717)
01 051 2 10

Lower with Comparator Higher with Comparator
Cl, confidence interval; /CD-10, International Classification of Diseases-10; AR, risk ratio.
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SUPPLEMENTAL FIGURE 43
Forest plot representing the RR with 95% Cl of congenital heart defects (ICD-10: Q20—Q026) in different age groups
compared to the 20 to 30 age group and sorted by year of publication

Comp: Ref
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
<20 vs 20 - 30 ‘
Gupta_1967 3 488 10 1707 —]‘— 1.05 [0.29; 3.80] 5.0%
Hay_1972 677 1240100 3193 5186500 0.89 [0.82; 0.96] 10.9%
Pradat_1992 41 20952 904 349375 "'{ 0.76 [0.55; 1.03] 10.3%
Materna_2009 280 75121 2764 601520 | 0.81 [0.72; 0.92] 10.9%
Miller_2011 613 175645 2697 708470 i 0.92 [0.84; 1.00] 10.9%
Jaikrishan_2012 12 8833 134 119314 T 121 [067; 2.18]  8.8%
Liu_2013 1178 107091 10319 1036502 1.10 [1.04; 1.17] 11.0%
Donghua_2018 75 12077 4291 482922 "" 0.70 [0.56; 0.88] 10.6%
Purkey_2019 456 213632 2887 1198936 0.89 [0.80; 0.98] 10.9%
Hansen_2021 226 31831 2649 267349 0.72 [0.63; 0.82] 10.8%
Random effects model 3561 1885770 29848 9952595 0.87 [0.78; 0.97] 100.0%
Prediction interval - [ 0.64; 1.18]
Heterogeneity: /2 = 85% [ 75%; 91%], T° = 0.02, p < 0.001
Test for effect in subgroup: tg = -2.84 (p = 0.019)
>35vs 20 - 30
Gupta_1967 0 17 10 1707 @ —————— 0.47 [0.03; 8.06] 1.6%
Hay_1972 768 834900 3193 5186500 149 [1.38; 1.62] 10.9%
Pradat_1992 215 62103 904 349375 1.34 [1.15; 1.55] 10.8%
Materna_2009 506 25225 2764 601520 4.37 [3.97; 480 10.9%
Miller_2011 739 134120 2697 708470 145 [1.33; 1.57) 10.9%
Liu_2013 4892 422788 10319 1036502 i 116 [1.12; 1.20] 11.0%
Donghua_2018 579 52828 4291 482922 i 1.23 [1.13; 1.34] 10.9%
Persson_2019 5652 366073 9011 671819 i 1.15 [1.11; 1.19] 11.0%
Purkey_2019 1372 461119 2887 1198936 124 [1.16; 1.32] 11.0%
Hansen_2021 1491 90587 2649 267349 1.66 [1.56; 1.77] 11.0%
Random effects model 16214 2449914 38725 10505100 < 1.50 [1.11; 2.04] 100.0%
Prediction interval —t— [ 0.57; 3.99]
Heterogeneity: /° = 99% [ 99%; 99%], T = 0.16, p < 0.001
Test for effect in subgroup: tg = 3.04 (p = 0.014)
30-35vs 20- 30
Gupta_1967 2 221 10 1707 e 1.54 [0.34; 7.00] 4.0%
Hay_1972 829 1214100 3193 5186500 | 111 [1.03; 1.20] 10.7%
Pradat_1992 428 140992 904 349375 117 [1.05; 1.32] 10.6%
Materna_2009 787 14223 2764 601520 12.04 [11.14;13.01] 10.7%
Miller_2011 1240 283105 2697 708470 | 1.15 [1.08; 1.23] 10.7%
Liu_2013 6810 716842 10319 1036502 i 0.95 [0.93; 0.98] 10.7%
Donghua_2018 1344 125233 4291 482922 | 121 [1.14; 1.28] 10.7%
Persson_2019 9257 670616 9011 671819 i 1.03 [1.00; 1.06] 10.7%
Purkey_2019 1608 641948 2887 1198936 i 1.04 [0.98; 1.11] 10.7%
Hansen_2021 2041 168678 2649 267349 122 [1.15; 1.29] 10.7%
Random effects model 24346 3975958 38725 10505100 =g 1.45 [0.83; 2.52] 100.0%
Prediction interval ——— [ 0.23; 8.99]
Heterogeneity: /° = 100% [100%; 100%], T = 0.57, p = 0
Test for effect in subgroup: s = 1.51 (p = 0.165)
>40 vs 20 - 30
Gupta_1967 0 19 10 1707 ———+———— 4.17 [0.25;68.69] 3.0%
Hay_1972 246 190200 3193 5186500 210 [1.85; 239] 19.7%
Pradat_1992 26 8510 904 349375 - 1.18 [0.80; 1.74] 18.0%
Materna_2009 130 18741 2764 601520 1.51 [1.27; 1.80] 19.6%
Liu_2013 1091 70844 10319 1036502 1.55 [1.45; 1.65] 19.9%
Hansen_2021 323 13745 2649 267349 2.37 [2.12; 2.66] 19.8%
Random effects model 1816 302059 19839 7442953 < 1.75 [1.32; 2.32] 100.0%
Prediction interval — [ 0.87; 3.52]
Heterogeneity: /° = 91% [ 84%; 95%], T* = 0.05, p < 0.001
Test for effect in subgroup: ts = 5.12 (p = 0.004)
35 - 40 vs 20 - 30
Gupta_1967 0 152 10 1707 —_— 0.53 [0.03; 9.05] 2.9%
Hay_1972 522 644700 3193 5186500 1.32 [1.20; 1.44] 19.4%
Pradat_1992 189 53593 904 349375 136 [1.17; 1.59] 19.2%
Materna_2009 376 6484 2764 601520 12.62 [11.36;14.02] 19.4%
Liu_2013 3801 351944 10319 1036502 1.08 [1.05; 1.13] 19.6%
Hansen_2021 1168 76842 2649 267349 J:> 1.53 [1.43; 1.64] 19.5%
Random effects model 6056 1133715 19839 7442953 1.91 [0.65; 5.62] 100.0%
Prediction interval ——— [ 0.10; 35.68]
Heterogeneity: I° = 100% [100%; 100%], T* = 0.94, p = 0
Test for effect in subgroup: ts = 1.54 (p = 0.185)

—rrr——

Test for subgroup differences: X2 = 47.25, df = 4 (p < 0.001)
0.1 0512 10

Lower with Comparator Higher with Comparator
Cl, confidence interval; /CD-10, International Classification of Diseases-10; AR, risk ratio.
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SUPPLEMENTAL FIGURE 44
Forest plot representing the RR with 95% Cl of cleft lip and cleft palate (ICD-10: Q35—Q37) in different age groups
compared to the 20 to 30 age group and sorted by year of publication

Comparator Reference
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
<20 vs 20 - 30 |
Hay 1972 556 1240100 2680 5186500 | 0.87 [0.79; 0.95] 18.2%
DeRoo_2003 84 31617 357 173893 1.29 [1.02; 1.64] 17.7%
Materna_2009 42 75121 523 601520 -‘-’ 0.64 [0.47; 0.88] 17.3%
Jaikrishan_2012 8 8833 126 119314 —‘I— 0.86 [0.42; 1.75] 14.1%
Pasnicki_2013 17 17670 133 125353 —’I- 0.91 [0.55; 1.50] 15.9%
Jaruratanasirikul_2016 32 22265 126 95535 L 4 1.09 [0.74; 1.61] 16.8%
Random effects model 739 1395606 3945 6302115 é 0.93 [0.76; 1.14] 100.0%
Prediction interval - [0.52; 1.68]
Heterogeneity: 12 = 67% [20%; 86%], T2 = 0.03, p = 0.011
Test for effect in subgroup: z = -0.69 (p = 0.490)
>35vs 20 - 30
Hay_1972 526 834900 2680 5186500 1.22 [1.11; 1.34] 17.4%
DeRoo_2003 43 27067 357 173893 = 0.77 [0.56; 1.06] 16.5%
Materna_2009 87 25225 523 601520 3.97 [3.16; 4.98] 17.0%
Pasnicki_2013 26 17498 133 125353 = 1.40 [0.92; 2.13] 15.8%
Jaruratanasirikul_2016 45 28891 126 95535 = 1.18 [0.84; 1.66] 16.4%
Luo_2019 100 55368 273 235136 1.56 [1.24; 1.96] 16.9%
Random effects model 827 988949 4092 6417937 > 1.47 [0.95; 2.28] 100.0%
Prediction interval —t— [0.30; 7.24]
Heterogeneity: I = 95% [92%; 97%], T° = 0.28, p < 0.001
Test for effect in subgroup: z = 1.71 (p = 0.087)
30-35vs 20 - 30
Hay_1972 617 1214100 2680 5186500 | 0.98 [0.90; 1.07] 17.1%
DeRoo_2003 123 65218 357 173893 0.92 [0.75; 1.13] 16.8%
Materna_2009 117 14223 523 601520 ‘ 9.46 [7.75; 11.55] 16.8%
Pasnicki_2013 46 31917 133 125353 |+ 1.36  [0.97; 1.90] 16.1%
Jaruratanasirikul_2016 66 39702 126 95535 r— 1.26 [0.94; 1.70] 16.3%
Luo_2019 175 142086 273 235136 1.06 [0.88; 1.28] 16.8%
Random effects model 1144 1507246 4092 6417937 Ji> 1.58 [0.77; 3.22] 100.0%
Prediction interval —— [0.11; 22.44]
Heterogeneity: 12 = 99% [98%; 99%], T2 = 0.78, p < 0.001
Test for effect in subgroup: z = 1.26 (p = 0.209)
>40 vs 20 - 30
Hay 1972 169 190200 2680 5186500 1.72  [1.47; 2.01] 29.7%
DeRoo_2003 5 3559 357 173893 — 0.68 [0.28; 1.65] 20.7%
Materna_2009 30 18741 523 601520 = 1.84 [1.27; 2.66] 27.9%
Pasnicki_2013 6 3556 133 125353 T 1.59 [0.70; 3.60] 21.7%
Random effects model 210 216056 3693 6087266 < 1.57 [1.11; 2.20] 100.0%
Prediction interval —— [0.43; 5.75]
Heterogeneity: 12 = 30% [ 0%; 75%], T2 = 0.06, p = 0.230
Test for effect in subgroup: z = 2.58 (p = 0.010)
35-40vs 20 - 30
Hay 1972 357 644700 2680 5186500 : 1.07 [0.96; 1.20] 26.3%
DeRoo_2003 38 23508 357 173893 = 0.79 [0.56; 1.10] 24.9%
Materna_2009 57 6484 523 601520 ’ 10.11  [7.70; 13.27) 25.4%
Pasnicki_2013 20 13942 133 125353 = 1.35 [0.85; 2.16] 23.5%
Random effects model 472 688634 3693 6087266 J:> 1.85 [0.59; 5.75] 100.0%
Prediction interval [0.01; 465.66]
Heterogeneity: /> = 99% [98%; 99%], =1.32, p < 0.001
Test for effect in subgroup: z = 1.06 (p = 0.290)

T T 1T 1

Test for subgroup differences: )(i =9.94, df = 4 (p = 0.041)
0.01 0.1 1 10 100

Lower with Comparator Higher with Comparator
Cl, confidence interval; /CD-10, International Classification of Diseases-10; AR, risk ratio.
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SUPPLEMENTAL FIGURE 45
Forest plot representing the RR with 95% Cl of cleft palate (ICD-10: Q35) in different age groups compared to the 20
to 30 age group and sorted by year of publication

Comparator Reference
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
<20 vs 20 - 30
Hay_1972 411 1240100 1861 5186500 0.92 [0.83; 1.03] 20.8%
Shields_1981 23 205752 334 1463671 = 049 [0.32; 0.75] 19.3%
Baird_1994 33 34274 145 387862 & 258 [1.77; 3.76] 19.6%
Materna_2009 26 75121 266 601520 -T 078 [0.52; 1.17] 19.4%
StLouis_2014 742 1415846 3626 6615611 0.96 [0.88; 1.03] 20.8%
Random effects model 1235 2971093 6232 14255164 <l> 0.98 [0.58; 1.64] 100.0%
Prediction interval —_— [0.13; 7.25]
Heterogeneity: 12 = 89% [78%; 95%], T° = 0.33, p < 0.001
Test for effect in subgroup: z = -0.09 (p = 0.925)
>35vs 20 - 30
Hay 1972 406 834900 1861 5186500 1.36 [1.22; 1.51] 15.1%
Beckman_1976 15 8335 18 19008 = 1.90 [0.96; 3.77] 12.5%
Shields_1981 98 300245 334 1463671 143 [1.14; 1.79] 14.8%
Baird_1994 19 32993 145 387862 o 1.54 [0.96; 248] 13.7%
Materna_2009 60 25225 266 601520 = 5.38 [4.07; 7.12] 14.7%
StLouis_2014 1240 1929379 3626 6615611 1.17  [1.10; 1.25] 15.2%
Luo_ 2019 32 55368 58 235136 = 234 [1.52; 3.61] 14.0%
Random effects model 1870 3186445 6308 14509308 <& 1.86 [1.26; 2.76] 100.0%
Prediction interval —— [ 0.47; 7.43]
Heterogeneity: 12 = 95% [92%; 97%], T2 = 0.25, p < 0.001
Test for effect in subgroup: z = 3.10 (p = 0.002)
30-35vs 20-30
Hay_1972 481 1214100 1861 5186500 1.10 [1.00; 1.22] 15.1%
Beckman_1976 8 11388 18 19008 —'l— 0.74 [0.32; 1.71] 11.5%
Shields_1981 93 436986 334 1463671 | 093 [0.74; 1.17] 14.9%
Baird_1994 30 86632 145 387862 = 0.93 [0.63; 1.37] 14.2%
Materna_2009 80 14223 266 601520 ‘ 12.72 [9.91; 16.32] 14.8%
StLouis_2014 1770 3145042 3626 6615611 1.03 [0.97; 1.09] 15.2%
Luo_2019 50 142086 58 235136 l—’- 1.43 [0.98; 2.08] 14.3%
Random effects model 2512 5050457 6308 14509308 J& 1.47 [0.71; 3.04] 100.0%
Prediction interval —— [ 0.10; 20.94]
Heterogeneity: /2 = 98% [98%; 99%), T2 = 0.93, p < 0.001
Test for effect in subgroup: z = 1.03 (p = 0.304)
>40 vs 20 - 30
Hay 1972 11 190200 1861 5186500 1.63 [1.34; 1.97] 27.5%
Shields_1981 34 74260 334 1463671 & 2.01 [1.41; 2.86] 26.5%
Baird_1994 5 6288 145 387862 e 213 [0.87; 5.19] 20.5%
Materna_2009 19 18741 266 601520 = 229 [1.44; 3.65] 255%
Random effects model 169 289489 2606 7639553 [ 1.78 [1.52; 2.07] 100.0%
Prediction interval - [ 1.26; 2.50]
Heterogeneity: /> = 0% [ 0%; 85%], T = 0, p = 0.460
Test for effect in subgroup: z = 7.22 (p < 0.001)
35-40vs 20 - 30
Hay 1972 295 644700 1861 5186500 | 1.28 [1.13; 1.44] 26.2%
Shields_1981 64 225985 334 1463671 ; 1.24 [0.95; 1.62] 25.5%
Baird_1994 14 26705 145 387862 = 1.40 [0.81; 243] 23.2%
Materna_2009 41 6484 266 601520 14.30 [10.30; 19.85] 25.1%
Random effects model 414 903874 2606 7639553 - 2.38 [0.73; 7.70] 100.0%
Prediction interval [ 0.01; 725.04]
Heterogeneity: 12 = 98% [97%; 99%], T° = 1.41, p < 0.001
Test for effect in subgroup: z = 1.44 (p = 0.149)

—r 1 1

Test for subgroup differences: xi =5.36,df = 4 (p = 0.253)
001 0.1 1 10 100

Lower with Comparator Higher with Comparator
Cl, confidence interval; /CD-10, International Classification of Diseases-10; AR, risk ratio.
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SUPPLEMENTAL FIGURE 46

Forest plot representing the RR with 95% CI of omphalocele (ICD-10: 79.2) in different age groups compared to

the 20 to 30 age group and sorted by year of publication

Comparator
Study Events  Total Events
<20vs 20-30

Hay_1972 325 1240100 788
Martinez_1984 5 15040 26
Roeper_1987 131 562523 456
Tan_1996 56 384335 255
Byron_1998 25 47215 99
Forrester_1999 3 23022 36
Rankin_1999 5 44099 47
Salihu_2003 67 195335 100
Kazaura_2004 33 129089 249
Tan_2008 2 820 3
Agopian_2009 42 322074 182
Materna_2009 9 75121 51
StLovis_2014 175 1415846 638
Bugge 2017 0 3483 3

Random effects model 880 4456402 2963
Prediction interval

Heterogenety: 12 = 82% [71%; 89%), T* = 0.16, p < 0.001
Test for effect in subgroup: tia = 2.77 (p = 0.016)

>35vs 20 - 30

Hay_1972 111 834900 788
Martinez_1984 3 28992 2
Roeper_1987 41 182499 456
Tan_1996 48 425950 255
Byron_1998 2 51653 9
Forrester_1999 14 27951 36
Rankin_1999 1 31529 47
Salihu_2003 50 333297 100
Kazaura_2004 59 160920 249
Tan_2008 3t 77778 3
Agopian_2009 47 231666 182
Materna_2009 5 25025 51
StLouis_2014 261 1929379 638
Bugge_2017 4 3052 3

Random effects model 707 4344797 2963
Prediction interval

Heterogeneity: I° = 69% [47%; 82%], T° = 0.06, p < 0.001
Testfor effect in subgroup: t13 = 4.18 (p = 0.001)

30 - 35 vs 20 - 30

Hay_1972 149 1214100 788
Martinez_1984 6 46592 2
Roeper_1987 91 418566 456
Tan_1996 84 1063209 255
Byron_1998 46 161414 9
Forrester_1999 15 51863 36
Rankin_1999 27 87486 47
Salihu_2003 70 588235 100
Kazaura_2004 67 373968 249
Tan_2008 34 165142 33
Agopian_2009 54 440737 182
Materna_2009 & 14223 51
StLovis_2014 269 3145042 638
Bugge_2017 1 5104 3

Random effects model 921 7775681 2963
Prediction interval

Heterogeneity: I = 72% [52%; 84%), T = 0.18, p < 0.001
Test for effect in subgroup: t13 = 0.94 (p = 0.365)

>40vs 2030
Hay_1972 3 190200 788
Martinez_1984 o 7060 26
Roeper_1987 14 36983 456
Tan_1996 13 66822 255
Byron_1998 7 6307 99
Forrester_1999 & aait 36
Rankin_1999 1 10 47
Salihu_2003 11 56701 100
Kazaura_2004 19 26791 249
Tan_2008 & 10301 ES
Agopian_2009 18 39751 182

Materna_2009 1 18741 51
Bugge_2017 0 577 3
Random effects model 136 469055 2325
Prediction interval

Heterogeneity: /% = 67% [41%; 82%], T2 = 0.20, p < 0.001
Test for effect in subgroup: ty2 = 5.51 (p < 0.001)

35- 40 vs 20 - 30

Hay_1972 75 644700 788
Martinez_1984 3 21982 2
Roeper_1987 27 145516 456
Tan_1996 35 359128 255
Byron_1998 19 45346 9
Forrester_1999 6 23540 6
Rankin_1999 10 27119 47
Salihu_2003 39 27659 100
Kazaura_2004 40 134138 249
Tan_2008 2 67474 33
Agopian_2009 29 191915 182
Materna_2009 4 6484 51
Bugge_2017 0 2475 3

Random effects model 310 1946363 2325
Prediction interval

Heterogeneity: I* = 72% [51%; 84%], T° = 0.19, p < 0.001
Test for effect in subgroup: t12 = 2.03 (p = 0.065)

Test for subgroup differences: X3 = 14.97, df = 4 (p = 0.005)

Cl, confidence interval; /CD-10, International Classification of Diseases-10; AR, risk ratio.

Reference
Total Risk Ratio RR 95%-Cl
5186500 172 [1.52; 1.96]
158016 191 (0.73; 4.96]
2143483 141 [0.92; 1.35]
3000053 = 178 [1.34; 2.36)
455885 = 244 [1.57; 3.78]
126290 — 046 [0.14; 1.48)
263580 — - 064 [0.25; 1.60]
1037088 = 356 [2.61; 4.85]
1205402 = 124 [0.86; 1.78)
209595 —|—<— 1.58 [0.38; 6.60]
1213802 L 4 087 [0.62; 1.22)
601520 -|~— 141 [0.70; 2.87)
6615611 128 (1.08; 1.51)
15027 —————— 0.62 [0.03; 11.93]
22231852 o
5186500 & 088 [0.72; 1.07]
158016 —'—If 063 [0.19; 2.08]
2143483 1.06 [0.77; 1.45]
3000053 1.33 (0.97; 1.80)
455885 232 [1.51; 3.57]
126290 176 [0.95; 3.26]
263580 196 [1.01; 3.77)
1037088 156 [1.11; 2.18)
1205402 177 [1.34; 2.36]
209595 253 [1.55; 4.13]
1213802 1.35 [0.98; 1.86]
601520 234 [0.93; 5.86]
6615611 140 [1.21; 1.62)
15027 —————— 0.70 [0.04; 13.61]
22231852 o 147
5186500 081 [0.68; 0.96]
158016 —o-l— 0.78 [0.32; 1.90]
2143483 L 1.02 [0.82; 1.28]
3000053 & 093 [0.73; 1.19]
455885 = 131 [0.93; 1.86]
126290 - 1.01 [0.56; 1.85)
263580 - 173 [1.08; 2.78]
1037088 £ 1.23 [0.91; 1.67]
1205402 ] 087 [0.66; 1.14]
209595 -|~— 131 [0.81; 2.11]
1213802 - 082 [0.60; 1.11]
601520 | —— 6.63 [3.15; 13.98]
6615611 0.89 [0.77; 1.02)
15027 —_— 098 [0.10; 9.43]
22231852 113 [0.85; 1.50]
—_— [0.43; 2.99]
5186500 & 125 [0.89; 1.74]
158016 ————+——— 042 [0.03; 6.93]
2143483 = 1.78 [1.05; 3.03]
3000053 = 229 [1.31; 4.00]
455885 —= 5.11 [2.38; 11.00]
126290 —— 6.36 [2.96; 13.68]
263580 —_— 127 [0.18; 9.21]
1037088 e 201 [1.08; 3.75]
1205402 & 343 [2.15; 5.47]
209595 —=— 4.93 [2.28;10.68]
1213802 = 3.02 [1.86; 4.90]
601520 —_— 063 [0.09; 4.55]
15027 — 3.72 [0.19; 71.88]
15616241 < 257 [1.77; 3.73]
— [0.90; 7.30]
5186500 L 0.77 [0.60; 0.97)
158016 — 083 [0.25; 2.75]
2143483 5 087 [0.59; 1.29]
3000053 = 1.15 [0.81; 1.63]
455885 o 193 [1.18; 3.15)
126290 —— 089 [0.38; 2.12]
263580 = 207 [1.05; 4.09)
1037088 = 146 [1.01; 2.12]
1205402 = 144 [1.03; 2.02)
209595 = 217 [1.27; 3.69]
1213802 3 1.01 [0.68; 1.49)
601520 —%—  7.28 [263,20.13]
15027 0.87 [0.04; 16.78]
15616241
—TTT—

01 0512 10

Lower with Comparator  Higher with Comparator

Weight

10.3%
4.8%
10.1%
9.5%
8.5%
3.8%
5.0%
9.4%
9.0%
2.9%
9.2%
6.4%
10.2%
0.9%
100.0%

9.4%
3.5%
8.7%
8.8%
7.9%
6.6%
6.3%
8.6%
8.9%
7.5%
8.7%
4.7%
9.6%
0.8%
100.0%

8.9%
4.6%
8.7%
8.6%
8.0%
6.3%
7.2%
8.3%
8.5%
71%
8.3%
5.4%
9.0%
1.2%
100.0%

13.0%
1.3%
10.9%
10.6%
8.4%
8.5%
25%
9.9%
11.6%
8.4%
11.4%
2.5%
1.2%
100.0%

10.7%
41%
9.6%
9.9%
8.8%
5.9%
7.2%
9.8%

10.1%
8.4%
9.6%
4.9%
0.9%

100.0%
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SUPPLEMENTAL FIGURE 47

Forest plot representing the RR with 95% Cl of gastroschisis (IGD-10: Q79.3) in different age groups compared to

the 20 to 30 age group and sorted by year of publication

Comparator
Study Events  Total Events
<20v$20-30
Martinez_1984 3 15940 9
Roeper_1967 68 552523 ot
Tan_1996 181 384335 315
Byron_1998 18 222 34
Forrester_1999 19 2022 46
Rankin_1999 48 44099 Tt
Salihu_2003 185 195369 145
Kazaura_2004 63 120080 194
Williams_2005 68 111475 67
Tan_2008 1 8020 10
Materna_2009 32 75121 %0
Xu_2011 3% 33048 1322
Kirby_2013 1822 1589319 2447
Baer 2014 459 290813 701
StLouis_2014 1466 1415846 2086
Loc_2015 1025 683716 1267
Friedman_2016 2336 2294000 4675
Jones_2016 311 2439934 3586
Bugge_2017 6 3483 19
Salinas_2018 4038 3076243 4209
Shor_2019 2249 1499333 4612
Borque_2021 28 21722 154
Random effects model 17412 14910067 26150
Prediction interval
Heterogeneity: I = 94% [92%; 95%), T* = 0.05, p < 0.001
Test for effectin subgroup: 1 = 19.68 (p < 0.001)
>35 s 20 30
Martinez_1984 o 28992 9
Roeper_1987 1 182499 91
Tan_1996 7 425950 315
Byron_1998 1 25880 34
Forrester_1999 4 27951 4
Rankin_1999 2 a5 7t
Salihy_2003 4 320283 145
Kazaura_2004 11 160029 194
Tan_2008 3 7ms 10
Materna_2009 2 2 %
Xu_2011 77 954511 1322
Kirby_2013 86 1697974 2447
Baer_2014 2 530265 701
StLouis_2014 81 1929379
Friedman_2016 200 3603972 4675
Bugge_2017 o a2 19
Borque_2021 14 202899 154
Random effects model 519 9637065 12409
Prediction interval
Heterogenety: ¥ = 92% [89%; 84%], ©* = 030, p < 0.001
Test for effect in subgroup: 1 = -8.77 (p < 0.001)
30-35vs 20- 30
Martinez_1984 0 48592 9
Roeper_1987 6 41856 o
Tan_1996 28 1063209 315
Byron_1998 6 81081 34
Forrester_1999 5 51883 46
Rankin_1999 6 8786 71
Salihu_2003 24 585366 145
Kazaura_2004 23 373968 194
Tan_2008 7 5142 10
Materna_2009 5 1423 90
Xu_2011 162 1163051 1322
Kirby_2013 218 2943860 2447
Baor_2014 93 745872 701
StLouis_2014 152 3145042 2086
Friedman_2016 472 5 4675
Bugge_2017 3 5104 19
Borque_2021 32 972090 154
Random effects model 1242 17206860 12409
Prediction interval
Heterogensy: 12 = 90% [85%: 93%). ¥* = 0.27, p < 0.001
Tost for effectin subgroup: 1 = -7.63 (p < 0.001)
>40 vs 20 - 30
Martinez_1984 o 7060 9
Roeper_1987 0 36983 o
Tan_1996 2 682 315
Byron_1998 o 3153 34
Forrester_1999 1 4411 4
Rankin_1999 o a0 7t
Salihy_2003 15555 145
Kazaura_2004 1 26791 194
Tan_2008 1 10301 10
Materna_2009 o 18741 %
Bugge_2017 [ 57 19
Random effects model 6 234305 1024
Prediction interval
Heterogenety: I = 0% [ 0%; 60%), ¥¥ = 0, p = 0.826
Test for effectin subgroup: 1 = -3.41 (p = 0.007)
35-40 vs 20 - 30
Martinez_1984 o 21982 9
Roeper_1987 1 145516 91
Tan_1996 5 359128 315
Byron_1998 1 22727 34
Forrester_1999 3 28540 46
Rankin_1999 2 a9 T
Salihu_2003 3 2227 145
Kazaura_2004 10 134138 194
Tan_2008 2 67474 10
Materna_2009 2 e84 90
Bugge_2017 o 275 19
Borque_2021 14 202899 154
Random effects model 43 1286159 1178

Prediction interv:

Heterogeneity: I = 51% [ 4%; 74%], T° = 030, p = 0022

Test for effect in subgroup: 1 = -5.20 (p < 0.001)

Testfor K- 45660, =4

Cl, confidence interval; /CD-10, International Classification of Diseases-10; AR, risk ratio.

Reference
Total Risk Ratio
158016 ——
2143483 -
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RR

330
290
4.49
511
227
4.04
4.96
3.03
197
261
2585
3.92
3.28
339
3.28
321
283
2.09
136
232
290
316
3.08

0.29
0.13
0.16
0.26
0.39
0.24
0.09
0.42
081

078
0.14
011
0.13
0.15
0.13
0.17
0.22

0.18
034
0.25
050
0.26
0.25
029
0.38
0.89
235
0.50
021
0.27
0.15
022
0.46
021
0.32

118
0.32
029
1.05
0.62
0.42
0.13
023
208
0.18
067
0.41

0.38
0.16
0.13
0.30
035
0.27
0.08
0.48
062
2.06
0.16
0.17
0.27

95%-Cl

[0.89; 12.20)
[212; 3.97)
[8.74; 5.38)
(289 9.05]
[1.33; 3.87)
[2.80; 5.89)
[8.92; 6.27)
[228; 4.03)
[1.40; 2.76]
[0.33; 20.41)
1.90; 4.26]
: 546
: 3.49)
381)
351)
3.49)
: 2.97)
: 219
: 341)
; 2.42)
3.05]
4.73)
[2.74; 3.47]
[1.92; 4.95]

[0.02; 4.93]
[0.02; 0.93]
[0.07; 0.33]
[0.04; 1.89]
[0.14; 1.09)
[0.06; 0.96]
[0.03; 0.24]
[0.23; 0.78)
[0.22; 2.94]
[0.13; 2.15]
[0.62; 0.98]
[0.12; 0.18]
(0.07; 0.16]
[0.11; 0.47)
[0.13; 0.18)
[0.01; 2.09)
0.10; 0.29)
[0.15; 0.32]
[0.06; 0.74)

[0.01; 3.07)
[0.15; 0.77)
[0.17; 037)
[o:21; 1.18)
[0.11; 067)
[0.11; 0.59]
[0.19; 0.45]
[0.25; 0.59]
[0.34; 2.33]
[0.95; 5.78]
[0.43; 0.59]
[0.18; 0.24]
(0.22; 0.33)
[0.13; 0.18)
[0.20; 0.24]
[0.14; 157)
[0.14; 031)
[0.23; 0.44]
[0.10; 1.02]

[0.07; 20.24)
0.02; 5.10]
(0.7

[0.02; 651)
[0.02; 1.16]
[0.05; 0.32)
[0.04; 2.16]
112)
; 1.12)
[0.03; 0.25]
[0.25; 087]
[0.14; 2.84)

Lower with Comparator Higher with Comparator

Weight

3.6%
4.7%
4.8%
45%
4.5%
47%
47%
47%
47%
26%
4.6%
47%
4.8%
4.8%
4.8%
4.8%
4.8%
4.8%
41%
48%
4.8%
4.6%
100.0%

28%
42%
6.7%
41%
6.2%
5.3%
6.2%
6.9%
5.6%
5.3%
7.4%
7.4%
7.2%
7.4%
7.4%
2.9%
7.0%

100.0%

25%
5.8%
6.4%
5.7%
5.6%
5.8%
6.4%
6.3%
5.5%
5.7%
6.6%
6.6%
6.5%
6.6%
6.6%
5.1%
6.4%

100.0%

7.2%
7.4%
13.6%
7.4%
10.6%
7.4%
10.7%
10.7%
10.2%
7.4%
7.3%
100.0%

4.6%
6.8%
10.4%
6.7%
9.4%
8.6%
9.5%
1.1%
8.2%
8.6%
47%
11.3%
100.0%
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SUPPLEMENTAL FIGURE 48

Forest plot representing the RR with 95% Cl of all nonchromosomal anomalies (ICD-10: Q00—Q89) in different age
groups compared to the 20 to 30 age group and sorted by year of publication but only including studies published
since 2005

Comparator Reference

Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
<20 vs 20 - 30

Tan_2005 149 5409 3176 150151 = 1.30 [1.11; 1.53] 10.0%
Nazer_2007 115 1227 788 10481 = 1.25 [1.03; 1.50] 10.0%
Materna_2009 628 75121 5588 601520 0.90 [0.83; 0.98] 10.2%
Jaikrishan_2012 67 8833 1116 119314 = 0.81 [0.63; 1.04] 9.8%
Pasnicki_2013 199 17670 1739 125353 + 0.81 [0.70; 0.94] 10.1%
Sarkar_2013 83 4409 174 7178 = 0.78 [0.60; 1.01] 9.8%
StLouis_2014 16174 1415846 69100 6615611 | 1.09 [1.08; 1.11] 10.2%
Xie_2016 256 13535 12677 677622 1.01 [0.89; 1.14] 10.1%
Parkes_2020 2753 18830 4557 109460 ‘ 351 [3.36; 3.67] 10.2%
Zhou_2020 39 5218 1108 157759 5 1.06 [0.77; 1.46] 9.5%
Random effects model 20463 1566098 100023 8574449 5 1.13 [0.85; 1.49] 100.0%
Prediction interval [ 0.39; 3.24]

Heterogeneity: /2 = 100% [100%; 100%], T2 = 0.19, p = 0
Test for effect in subgroup: z = 0.84 (p = 0.399)

>35vs 20 - 30

Tan_2005 1935 54784 3176 150151 1.67 [1.58; 1.77] 10.1%
Nazer_2007 389 3893 788 10481 1.33 [1.18; 1.49] 10.0%
Materna_2009 970 25225 5588 601520 414 [3.87; 443] 10.1%
Zhang_2012 80 4009 306 21098 el 1.38 [1.08; 1.76] 9.7%
Pasnicki_2013 293 17498 1739 125353 121 [1.07; 1.36] 10.0%
Rider_2013 807 43061 2831 164711 i 1.09 [1.01; 1.18] 10.1%
StLouis_2014 21341 1929379 69100 6615611 1.06 [1.04; 1.08] 10.1%
Xie_2016 1568 68681 12677 677622 122 [1.16; 1.29] 10.1%
Mucat_2019 295 8163 1201 30231 i 0.91 [0.80; 1.03] 10.0%
Zhou_2020 189 22970 1108 157759 = 1.17 [1.00; 1.37] 9.9%
Random effects model 27867 2177663 98514 8554537 <> 1.37 [1.05; 1.78] 100.0%
Prediction interval —— [ 0.50; 3.79]
Heterogeneity: * = 99% [ 99%; 100%], T2 = 0.18, p = 0

Test for effect in subgroup: z = 2.34 (p = 0.019)

>40 vs 20 - 30

Tan_2005 386 7195 3176 150151 254 [2.29; 2.81] 14.5%
Nazer_2007 103 834 788 10481 B 1.64 [1.35; 1.99] 14.2%
Materna_2009 248 18741 5588 601520 142 [1.26; 1.62] 14.4%
Pasnicki_2013 73 3556 1739 125353 = 1.48 [1.17; 1.87] 14.1%
Rider_2013 138 7220 2831 164711 7 1.11 [0.94; 1.32] 14.3%
Mucat_2019 59 1325 1201 30231 = 1.12 [0.87; 1.45] 13.9%
Parkes_2020 454 6552 4557 109460 1.66 [1.52; 1.83] 14.5%
Random effects model 1461 45423 19880 1191907 <> 1.53 [1.24; 1.89] 100.0%
Prediction interval — [0.73; 3.22]
Heterogeneity: /2 = 94% [ 90%; 96%], T = 0.07, p < 0.001

Test for effect in subgroup: z = 3.97 (p < 0.001)

30-35vs 20 - 30

Tan_2005 2610 117733 3176 150151 i 1.05 [1.00; 1.10] 10.1%
Nazer_2007 475 5482 788 10481 1.15 [1.03; 1.29] 10.0%
Materna_2009 1497 14223 5588 601520 ‘ 11.33 [10.73;11.97] 10.0%
Zhang_2012 128 9658 306 21098 & 0.91 [0.74; 1.12] 9.8%
Pasnicki_2013 538 31917 1739 125353 l 1.22 [1.10; 1.34] 10.0%
Rider_2013 1682 96088 2831 164711 i 1.02 [0.96; 1.08] 10.0%
StLouis_2014 31473 3145042 69100 6615611 | 0.96 [0.95; 0.97] 10.1%
Xie_2016 3253 165575 12677 677622 i 1.05 [1.01; 1.09] 10.1%
Mucat_2019 629 17549 1201 30231 | 0.90 [0.82; 0.99] 10.0%
Zhou_2020 371 52765 1108 157759 1.00 [0.89; 1.13] 10.0%
Random effects model 42656 3656032 98514 8554537 1.30 [0.81; 2.10] 100.0%
Prediction interval [ 0.20; 8.30]

Heterogeneity: 1 = 100% [100%; 100%), T° = 0.59, p = 0
Test for effect in subgroup: z = 1.09 (p = 0.274)

35-40vs 20-30

Tan_2005 1549 47589 3176 150151 1.54 [1.45; 1.63] 16.8%
Nazer_2007 286 3059 788 10481 124 [1.09; 1.42] 16.6%
Materna_2009 722 6484 5588 601520 11.99 [11.14;12.90] 16.7%
Pasnicki_2013 220 13942 1739 125353 ; 1.14 [0.99; 1.31] 16.6%
Rider_2013 669 35841 2831 164711 ; 1.09 [1.00; 1.18] 16.7%
Mucat_2019 236 6838 1201 30231 0.87 [0.76; 1.00] 16.6%
Random effects model 3682 113753 15323 1082447 — 1.71 [0.78; 3.72] 100.0%
Prediction interval — [ 0.09; 31.53]

Heterogeneity: /2 = 100% [100%; 100%], T2 = 0.95, p = 0
Test for effect in subgroup: z = 1.35 (p = 0.179)
Test for subgroup differences: xf =3.32,df = 4 (p = 0.506)

0.1 051 2 10

Lower with Comparator Higher with Comparator

Cl, confidence interval; /CD-10, International Classification of Diseases-10; RR, risk ratio.
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SUPPLEMENTAL FIGURE 49

Forest plot representing the RR with 95% Cl of all nonchromosomal anomalies (only studies excluding
concomitant chromosomal anomalies) (ICD-10: Q00—Q89) in different age groups compared to the 20 to 30 age
group and sorted by year of publication but only including studies published since 2005

Comparator Reference
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
<20 vs 20 - 30 |
Materna_2009 628 75121 5588 601520 ] 0.90 [0.83; 0.98] 25.0%
Pasnicki_2013 199 17670 1739 125353 | 0.81 [0.70; 0.94] 24.9%
StLouis_2014 16174 1415846 69100 6615611 1.09 [1.08; 1.11] 25.1%
Parkes_2020 1231 18830 2136 109460 L 3.35 [3.13; 3.59] 25.0%
Random effects model 18232 1527467 78563 7451944 1.28 [0.67; 2.43] 100.0%
Prediction interval ——— [ 0.06; 29.56]
Heterogeneity: /> = 100% [100%; 100%], T2 = 0.43, p < 0.001
Test for effect in subgroup: z = 0.76 (p = 0.449)
>35 vs 20 - 30
Materna_2009 970 25225 5588 601520 4.14 [3.87; 4.43] 20.0%
Pasnicki_2013 293 17498 1739 125353 | 1.21 [1.07; 1.36] 19.9%
Rider_2013 807 43061 2831 164711 : 1.09 [1.01; 1.18] 20.0%
StLouis_2014 21341 1929379 69100 6615611 ! 1.06 [1.04; 1.08] 20.1%
Mucat_2019 295 8163 1201 30231 0.91 [0.80; 1.03] 19.9%
Random effects model 23706 2023326 80459 7537426 b 1.39 [0.81; 2.40] 100.0%
Prediction interval —_— [ 0.16; 11.95]
Heterogeneity: /2 = 100% [100%; 100%], T> = 0.38, p = 0
Test for effect in subgroup: z = 1.20 (p = 0.229)
>40 vs 20 - 30
Materna_2009 248 18741 5588 601520 I 1.42 [1.26; 1.62] 20.2%
Pasnicki_2013 73 3556 1739 125353 | 1.48 [1.17; 1.87] 19.9%
Rider_2013 138 7220 2831 164711 i 1.11 [0.94; 1.32] 20.1%
Mucat_2019 59 1325 1201 30231 : 1.12 [0.87; 1.45] 19.8%
Parkes_2020 139 6552 2136 109460 1.09 [0.92; 1.29] 20.1%
Random effects model 657 37394 13495 1031275 1.24 [1.09; 1.41] 100.0%
Prediction interval = [0.81; 1.89]

Heterogeneity: /2 = 64% [ 7%; 86%), T2 = 0.01, p = 0.024
Test for effect in subgroup: z = 3.19 (p = 0.001)

30-35vs20-30

Materna_2009 1497 14223 5588 601520 11.33 [10.73; 11.97] 20.0%
Pasnicki_2013 538 31917 1739 125353 | 1.22 [1.10; 1.34] 20.0%
Rider_2013 1682 96088 2831 164711 | 1.02 [0.96; 1.08] 20.0%
StLouis_2014 31473 3145042 69100 6615611 ! 096 [0.95; 0.97] 20.0%
Mucat_2019 629 17549 1201 30231 090 [0.82; 0.99] 20.0%
Random effects model 35819 3304819 80459 7537426 1.65 [0.64; 4.26] 100.0%
Prediction interval [ 0.04; 71.98]

Heterogeneity: /% = 100% [100%; 100%), T2 =1.17, p=0
Test for effect in subgroup: z = 1.03 (p = 0.303)

35-40vs 20-30

Materna_2009 722 6484 5588 601520 11.99 [11.14; 12.90] 25.1%
Pasnicki_2013 220 13942 1739 125353 : 1.14 [0.99; 1.31] 24.9%
Rider_2013 669 35841 2831 164711 | 1.09 [1.00; 1.18] 25.1%
Mucat_2019 236 6838 1201 30231 0.87 [0.76; 1.00] 24.9%
Random effects model 1847 63105 11359 921815 J:> 1.90 [0.56; 6.37] 100.0%
Prediction interval [ 0.00; 721.32]

Heterogeneity: /2 = 100% [100%; 100%)], T> = 1.52, p = 0
Test for effect in subgroup: z = 1.03 (p = 0.301)
Test for subgroup differences: Xﬁ =0.95,df =4 (p=0.917)

0.01 0.1 1 10 100

Lower with Comparator Higher with Comparator
Cl, confidence interval; /CD-10, International Classification of Diseases-10; RR, risk ratio.
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SUPPLEMENTAL FIGURE 50

Forest plot representing the RR with 95% CI of congenital anomalies of the nervous system (ICD-10: Q00—Q07) in
different age groups compared to the 20 to 30 age group and sorted by year of publication but only including
studies published since 2005

Comparator Reference
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
<20 vs 20 - 30
Materna_2009 63 75121 415 601520 1.22 [0.93; 1.58] 29.4%
Petrova_2009 68 28497 357 239383 1.60 [1.23; 2.07] 29.4%

Jaikrishan_2012 1 8833 65 119314
Pasnicki_2013 22 17670 146 125353
Random effects model 154 130121 983 1085570

0.21 [0.03; 1.50] 13.0%
1.07 [0.68; 1.67] 28.2%
1.16 [0.70; 1.94] 100.0%
Prediction interval [0.13; 10.24]
Heterogeneity: 12 = 55% [ 0%; 85%), T2 = 0.19, p = 0.082

Test for effect in subgroup: z = 0.58 (p = 0.565)

>35vs 20 - 30

Materna_2009 59 25225 415 601520
Petrova_2009 57 52941 357 239383
Pasnicki_2013 20 17498 146 1253583
Mucat_2019 14 8163 42 30231

|

|

[
Random effects model 150 103827 960 996487 1.32 [0.67; 2.60] 100.0%
Prediction interval [0.06; 31.70]
Heterogeneity: 12 = 95% [91%; 98%), T° = 0.43, p < 0.001
Test for effect in subgroup: z = 0.82 (p = 0.415)
30-35vs20-30
Materna_2009 105 14223 415 601520 10.70 [8.64; 13.25] 25.5%

|

|

qu

3.39 [2.58; 4.45] 25.9%
0.72 [0.55; 0.95] 25.8%
0.98 [0.62; 1.57) 24.7%
1.23 [0.67; 2.26] 23.6%

Petrova_2009 125 113746 357 239383 0.74 [0.60; 0.90] 25.5%
Pasnicki_2013 40 31917 146 125353 1.08 [0.76; 1.53] 24.9%
Mucat_2019 32 17549 42 30231 1.31 [0.83; 2.08] 24.2%
Random effects model 302 177435 960 996487 1.83 [0.56; 5.99] 100.0%
Prediction interval [0.01; 586.65]
Heterogeneity: 12 = 99% [99%; 99%), T2 = 1.43, p < 0.001

Test for effect in subgroup: z = 1.00 (p = 0.315)

>40 vs 20 - 30

Materna_2009 11 18741 415 601520
Pasnicki_2013 1 3556 146 125353
Mucat_2019 3 1325 42 30231
Random effects model 15 23622 603 757104
Prediction interval

Heterogeneity: /2 = 27% [ 0%; 92%], T2 = 0.23, p = 0.254

Test for effect in subgroup: z = -0.34 (p = 0.730)

0.85 [0.47; 1.55]  44.3%

0.24 [0.03; 1.73] 21.6%

1.63 [0.51; 5.25] 34.0%

0.86 [0.38; 1.98] 100.0%
[0.00;  2940.14]

35-40vs 20 - 30

Materna_2009 48 6484 415 601520 10.73 [7.97; 14.45] 35.0%
Pasnicki_2013 19 13942 146 125353 i 1.17 [0.73; 1.89] 33.5%
Mucat_2019 11 6838 42 30231 1.16 [0.60; 2.25] 31.4%
Random effects model 78 27264 603 757104 5 2.49 [0.58; 10.71] 100.0%
Prediction interval [0.00; 314094609.14]

Heterogeneity: 12 = 97% [95%; 99%), T° = 1.60, p < 0.001
Test for effect in subgroup: z = 1.22 (p = 0.221)
Test for subgroup differences: Xf =212, df =4 (p=0.714)

Trrr 1
0.001 1101000

Lower with Comparator Higher with Comparator
Cl, confidence interval; /CD-10, International Classification of Diseases-10; RR, risk ratio.
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SUPPLEMENTAL FIGURE 51
Forest plot representing the RR with 95% CI of anencephaly (ICD-10: Q00.0) in different age groups compared to
the 20 to 30 age group and sorted by year of publication but only including studies published since 2005

Comparator Reference

Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
<20 vs 20 - 30

Canfield_2009 91 269890 284 1004687 T 1.19 [0.94;1.51] 33.9%
Petrova_2009_Norway 8 7640 75 145219 2.03 [0.98; 4.20] 9.5%
Petrova_2009 Russia 26 20857 104 94164 —TE— 1.13 [0.73;1.73] 19.9%
StLouis_2014 115 1415846 492 6615611 - 1.09 [0.89;1.34] 36.7%
Random effects model 240 1714233 955 7859681 <> 1.16 [1.01; 1.34] 100.0%
Prediction interval == [0.85; 1.58]

Heterogeneity: 1> = 0% [0%; 85%], T° = 0, p = 0.446
Test for effect in subgroup: z = 2.03 (p = 0.042)

>35 vs 20 - 30

Canfield_2009 45 190264 284 1004687 — =T 0.84 [0.61;1.15] 31.6%
Petrova_2009_Norway 20 44366 75 145219 S 0.87 [0.53;1.43] 19.3%
Petrova_2009 Russia 5 8575 104 94164 — 0.53 [0.22; 1.29] 7.7%
StLouis_2014 103 1929379 492 6615611 = 0.72 [0.58;0.89] 41.4%
Random effects model 173 2172584 955 7859681 < 0.76 [0.64; 0.89] 100.0%
Prediction interval [0.53; 1.08]

Heterogeneity: /2 = 0% [0%; 85%], T = 0, p = 0.666
Test for effect in subgroup: z = -3.36 (p < 0.001)

30-35vs20-30

Canfield_2009 94 362254 284 1004687 —— 0.92 [0.73;1.16] 30.4%
Petrova_2009_Norway 57 96370 75 145219 - 1.15 [0.81;1.62] 22.5%
Petrova_2009_Russia 12 17376 104 94164 —— 0.63 [0.34;1.14] 11.5%
StLouis_2014 198 3145042 492 6615611 . 0.85 [0.72; 1.00] 35.7%
Random effects model 361 3621042 955 7859681 <> 0.90 [0.76; 1.06] 100.0%
Prediction interval —_— [0.52; 1.55]
Heterogeneity: I? = 22% [0%: 88%], T° = < 0.01, p = 0.281
Test for effect in subgroup: z = -1.28 (p = 0.199)
Test for subgroup differences: )(g =15.44, df = 2 (p < 0.001) |

0.5 1 2

Lower with Comparator Higher with Comparator
Cl, confidence interval; /CD-10, International Classification of Diseases-10; AR, risk ratio.
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SUPPLEMENTAL FIGURE 52
Forest plot representing the RR with 95% Cl of spina bifida (ICD-10: Q05) in different age groups compared to the
20 to 30 age group and sorted by year of publication but only including studies published since 2005

Comparator Reference

Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
<20 vs 20 - 30 ‘

Canfield_2009 85 269890 345 1004687 —— 0.92 [0.72;1.16] 24.9%
Petrova_2009 34 28497 178 239383 ‘ —— 1.60 [1.11;2.32] 18.1%
StlLouis_2014 435 1415846 2059 6615611 | 0.99 [0.89;1.09] 32.0%
Liu_2019 81 209192 436 1633199 — 1.45 [1.14;1.84] 25.0%
Random effects model 635 1923425 3018 9492880 - 1.17 [0.90; 1.53] 100.0%
Prediction interval [0.36; 3.85]

Heterogeneity: 1> = 80% [47%; 92%)], T = 0.06, p = 0.002
Test for effect in subgroup: z = 1.19 (p = 0.234)

>35 vs 20 - 30

Canfield_2009 76 190264 345 1004687 T 1.16 [0.91;1.49] 24.0%
Petrova_2009 32 52941 178 239383 — 0.81 [0.56;1.18] 17.4%
StlLouis_2014 544 1929379 2059 6615611 == 0.91 [0.82;1.00] 31.9%
Liu_2019 120 485278 436 1633199 — 0.93 [0.76; 1.13] 26.6%
Random effects model 772 2657862 3018 9492880 CL 0.94 [0.84; 1.05] 100.0%
Prediction interval [0.65; 1.36]

Heterogeneity: 12 = 23% [ 0%; 88%), T° = < 0.01, p = 0.272
Test for effect in subgroup: z = -1.05 (p = 0.292)

30-35vs20-30

Canfield 2009 137 362254 345 1004687 T 1.10 [0.90; 1.34] 24.6%
Petrova_2009 56 113746 178 239383 — 0.66 [0.49;0.89] 19.4%
StLouis_2014 870 3145042 2059 6615611 B 0.89 [0.82;0.96] 29.7%
Liu_2019 221 1000093 436 1633199 - 0.83 [0.70; 0.97] 26.4%
Random effects model 1284 4621135 3018 9492880 < 0.87 [0.72; 1.05] 100.0%
Prediction interval [0.38; 2.00]

Heterogeneity: 1> = 66% [ 2%: 89%], T° = 0.03, p = 0.030
Test for effect in subgroup: z = -1.43 (p = 0.151)
Test for subgroup differences: )(g =3.30,df =2 (p = 0.192)
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Lower with Comparator Higher with Comparator
Cl, confidence interval; /CD-10, International Classification of Diseases-10; AR, risk ratio.
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SUPPLEMENTAL FIGURE 53

Forest plot representing the RR with 95% Cl of congenital heart defects (ICD-10: Q20—Q026) in different age groups
compared to the 20 to 30 age group and sorted by year of publication but only including studies published since
2005

Comparator Reference
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
<20 vs 20 - 30
Materna_2009 280 75121 2764 601520 | 0.81 [0.72; 0.92] 14.6%
Miller_2011 613 175645 2697 708470 | 0.92 [0.84; 1.00] 14.7%
Jaikrishan_2012 12 8833 134 119314 | 1.21 [0.67; 2.18] 12.5%
Liu_2013 1178 107091 10319 1036502 | 1.10 [1.04; 1.17] 14.7%
Donghua_2018 75 12077 4291 482922 | 0.70 [ 0.56; 0.88] 14.3%
Purkey_2019 456 213632 2887 1198936 | 0.89 [ 0.80; 0.98] 14.6%
Hansen_2021 226 31831 2649 267349 0.72 [0.63; 0.82] 14.6%
Random effects model 2840 624230 25741 4415013 0.87 [ 0.76; 0.99] 100.0%
Prediction interval [ 0.56; 1.35]
Heterogeneity: 12 = 90% [ 81%; 94%], T = 0.02, p < 0.001
Test for effect in subgroup: z = -2.05 (p = 0.041)
>35vs 20 - 30
Materna_2009 506 25225 2764 601520 4.37 [3.97; 4.80] 14.3%
Miller_2011 739 134120 2697 708470 | 1.45 [1.33; 1.57] 14.3%
Liu_2013 4892 422788 10319 1036502 | 1.16 [1:12; 1.20] 14.3%
Donghua_2018 579 52828 4291 482922 | 1.23 [1.13; 1.34] 14.3%
Persson_2019 5652 366073 9011 671819 | 1.15 [1.11; 1.19] 14.3%
Purkey_2019 1372 461119 2887 1198936 | 1.24 [1.16; 1.32] 14.3%
Hansen_2021 1491 90587 2649 267349 1.66 [ 1.56; 1.77] 14.3%
Random effects model 15231 1552740 34618 4967518 1.55 [ 1.09; 2.20] 100.0%
Prediction interval [ 0.42; 5.69]
Heterogeneity: 12 = 99% [ 99%; 99%)], T2 = 0.22, p < 0.001
Test for effect in subgroup: z = 2.43 (p = 0.015)
30-35vs20-30
Materna_2009 787 14223 2764 601520 12.04 [11.14; 13.01 14.3%
Miller_2011 1240 283105 2697 708470 | 1.15 [1.08; 1.23] 14.3%
Liu_2013 6810 716842 10319 1036502 | 0.95 [0.93; 0.98] 14.3%
Donghua_2018 1344 125233 4291 482922 | 1.21 [1.14; 1.28] 14.3%
Persson_2019 9257 670616 9011 671819 | 1.03 [ 1.00; 1.06] 14.3%
Purkey_2019 1608 641948 2887 1198936 | 1.04 [ 0.98; 1.11] 14.3%
Hansen_2021 2041 168678 2649 267349 1.22 [1.15; 1.29] 14.3%
Random effects model 23087 2620645 34618 4967518 0 1.54 [ 0.79; 3.03] 100.0%
Prediction interval b [0.13; 18.80]
Heterogeneity: /2 = 100% [100%; 100%], T2 = 0.83, p = 0
Test for effect in subgroup: z = 1.26 (p = 0.207)
>40 vs 20 - 30
Materna_2009 130 18741 2764 601520 ¢ 1.51 [1.27; 1.80] 33.1%
Liu_2013 1091 70844 10319 1036502 . 1.55 [1.45; 1.65] 33.5%
Hansen_2021 323 13745 2649 267349 2.37 [2.12; 2.66) 33.4%
Random effects model 1544 103330 15732 1905371 0 1.77 [1.33; 2.36] 100.0%
Prediction interval —— [ 0.05; 67.78]

Heterogeneity: /2 = 95% [ 90%; 98%), 2= 0.06, p < 0.001
Test for effect in subgroup: z = 3.90 (p < 0.001)

35-40vs 20 - 30

Materna_2009 376 6484 2764 601520 12.62 [11.36; 14.02] 33.2%
Liu_2013 3801 351944 10319 1036502 ! 1.08 [ 1.05; 1.13] 33.4%
Hansen_2021 1168 76842 2649 267349 1.53 [1.43; 1.64] 33.4%
Random effects model 5345 435270 15732 1905371 > 2.76 [ 0.61; 12.39] 100.0%
Prediction interval [ 0.00; 791881552.74]

Heterogeneity: /2 = 100% [100%; 100%), T2 = 1.76, p = 0
Test for effect in subgroup: z = 1.32 (p = 0.186)
Test for subgroup differences: )(i =27.89,df = 4 (p < 0.001)
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Lower with Comparator Higher with Comparator
Cl, confidence interval; /CD-10, International Classification of Diseases-10; RR, risk ratio.

11.e55 American Journal of Obstetrics & Gynecology MONTH 2024


mailto:Image of Supplemental Figure 53|tif
http://www.AJOG.org

SUPPLEMENTAL FIGURE 54

Forest plot representing the RR with 95% Cl of cleft lip and cleft palate (ICD-10: Q35—Q37) in different age groups
compared to the 20 to 30 age group and sorted by year of publication but only including studies published since
2005

Comparator Reference
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
<20 vs 20 - 30
Materna_2009 42 75121 523 601520 = 0.64 [0.47; 0.88] 26.7%
Jaikrishan_2012 8 8833 126 119314 —'|— 0.86 [0.42; 1.75] 22.3%
Pasnicki_2013 17 17670 133 125353 —'l— 0.91 [0.55; 1.50] 24.9%
Jaruratanasirikul_2016 32 22265 126 95535 = 1.09 [0.74; 1.61] 26.1%
Random effects model 99 123889 908 941722 G 0.83 [0.65; 1.07] 100.0%
Prediction interval =r [0.38; 1.81]
Heterogeneity: 1> = 34% [ 0%: 77%], T = 0.02, p = 0.209
Test for effect in subgroup: z = -1.44 (p = 0.150)
>35 vs 20 - 30
Materna_2009 87 25225 523 601520 3.97 [3.16; 4.98] 25.6%
Pasnicki_2013 26 17498 133 125353 l—'— 1.40 [0.92; 2.13] 24.1%
Jaruratanasirikul_2016 45 28891 126 95535 e 1.18 [0.84; 1.66] 24.8%
Luo_2019 100 55368 273 235136 1.56 [1.24; 1.96] 25.6%
Random effects model 258 126982 1055 1057544 < 1.81 [1.06; 3.10] 100.0%
Prediction interval —— [0.14; 23.25]
Heterogeneity: 1 = 94% [88%; 97%)], T° = 0.28, p < 0.001
Test for effect in subgroup: z = 2.16 (p = 0.031)
30-35vs 20-30
Materna_2009 117 14223 523 601520 9.46 [7.75; 11.55] 25.4%
Pasnicki_2013 46 31917 133 125353 l+ 1.36 [0.97; 1.90] 24.5%
Jaruratanasirikul_2016 66 39702 126 95535 = 1.26 [0.94; 1.70] 24.8%
Luo_2019 175 142086 273 235136 1.06 [0.88; 1.28] 25.4%
Random effects model 404 227928 1055 1057544 - 2.04 [0.74; 5.62] 100.0%

Prediction interval

[0.01; 283.11]

Heterogeneity: 1> = 99% [98%; 99%], T° = 1.05, p < 0.001
Test for effect in subgroup: z = 1.38 (p = 0.166)
Test for subgroup differences: )(g =8.64,df =2 (p=0.013)

[ I I 1
0.01 0.1 1 10 100

Lower with Comparator Higher with Comparator
Cl, confidence interval; /CD-10, International Classification of Diseases-10; AR, risk ratio.
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SUPPLEMENTAL FIGURE 55
Forest plot representing the RR with 95% Cl of cleft palate (ICD-10: Q35) in different age groups compared to the 20
to 30 age group and sorted by year of publication but only including studies published since 2005

Comparator Reference

Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
>35vs 20 - 30

Materna_2009 60 25225 266 601520 5.38 [4.07; 7.12] 33.4%
StLouis_2014 1240 1929379 3626 6615611 | 1.17 [1.10; 1.25] 34.1%
Luo_2019 32 55368 58 235136 2.34 [1.52; 3.61] 32.5%
Random effects model 1332 2009972 3950 7452267 © 244 [1.02; 5.82] 100.0%
Prediction interval — [0.00; 166984.46]

Heterogeneity: 12 = 98% [97%; 99%], T2 = 0.57, p < 0.001
Test for effect in subgroup: z = 2.00 (p = 0.045)

30-35vs 20-30

Materna_2009 80 14223 266 601520 12.72 [9.91; 16.32] 33.4%
StLouis_2014 1770 3145042 3626 6615611 | 1.03 [0.97; 1.09] 33.9%
Luo_2019 50 142086 58 235136 1.43 [0.98; 2.08] 32.7%
Random effects model 1900 3301351 3950 7452267 b 2.65 [0.56; 12.48] 100.0%
Prediction interval [0.00; 1307435733.36]

Heterogeneity: 12 = 9% [99%; 100%], T2 = 1.86, p < 0.001
Test for effect in subgroup: z = 1.23 (p = 0.218)
Test for subgroup differences: )('f =0.01,df =1 (p = 0.926)
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SUPPLEMENTAL FIGURE 56
Forest plot representing the RR with 95% CI of omphalocele (ICD-10: 79.2) in different age groups compared to
the 20 to 30 age group and sorted by year of publication but only including studies published since 2005

Comparator Reference
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
<20 vs 20 - 30
Tan_2008 2 8020 33 209595 —TE— 1.58 [0.38; 6.60] 11.1%
Agopian_2009 42 322274 182 1213802 = 0.87 [0.62; 1.22] 30.2%
Materna_2009 9 75121 51 601520 +‘7 1.41 [0.70; 2.87] 22.4%
StLouis_2014 175 1415846 638 6615611 1.28 [1.08; 1.51] 32.7%
Bugge_2017 0 3483 3 15027 e 0.62 [0.03; 11.93] 3.5%
Random effects model 228 1824744 907 8655555 0 1.18 [0.99; 1.40] 100.0%
Prediction interval - [0.83; 1.66]
Heterogeneity: /% = 15% [ 0%; 82%), T2 = < 0.01, p = 0.321
Test for effect in subgroup: z = 1.85 (p = 0.064)
>35 vs 20 - 30
Tan_2008 31 77775 33 209595 - 253 [1.55; 4.13] 24.2%
Agopian_2009 47 231666 182 1213802 = 1.35 [0.98; 1.86] 27.2%
Materna_2009 5 25225 51 601520 T 2.34 [0.93; 5.86] 16.3%
StLouis_2014 261 1929379 638 6615611 1.40 [1.21; 1.62] 29.3%
Bugge 2017 0 3052 3 15027 —_— 0.70 [0.04;:13.61] 3.1%
Random effects model 344 2267097 907 8655555 <& 1.59 [1.23; 2.06] 100.0%
Prediction interval p— [0.78; 3.24]
Heterogeneity: /2 = 39% [ 0%; 78%), T2 = 0.03, p = 0.159
Test for effect in subgroup: z = 3.54 (p < 0.001)
30-35vs 20-30
Tan_2008 34 165142 33 209595 T 1.31 [0.81; 2.11] 23.1%
Agopian_2009 54 440737 182 1213802 = 0.82 [0.60; 1.11] 26.0%
Materna_2009 8 14223 51 601520 ‘ —&— 6.63 [3.15;13.98] 18.3%
StLouis_2014 269 3145042 638 6615611 0.89 [0.77; 1.02] 27.8%
Bugge 2017 1 5104 3 15027 4'; 0.98 [0.10; 9.43] 4.7%
Random effects model 366 3770248 907 8655555 1.44 [0.66; 3.12] 100.0%
Prediction interval —_— [0.09; 23.90]
Heterogeneity: /% = 87% [71%; 94%), T = 0.62, p < 0.001
Test for effect in subgroup: z = 0.93 (p = 0.354)
>40 vs 20 - 30
Tan_2008 8 10301 33 209595 — 4,93 [2.28;10.68] 36.0%
Agopian_2009 18 39751 182 1213802 - 3.02 [1.86; 4.90] 46.4%
Materna_2009 1 18741 51 601520 —_— 0.63 [0.09; 4.55] 11.7%
Bugge 2017 0 577 3 15027 —F—+— 3.72 [0.19;71.88] 5.9%
Random effects model 27 69370 269 2039944 - 3.16 [1.71; 5.84] 100.0%
Prediction interval — [0.41; 24.24]
Heterogeneity: I? = 22% [ 0%; 88%), T2 = 0.13, p = 0.277
Test for effect in subgroup: z = 3.67 (p < 0.001)
35-40vs 20 - 30
Tan_2008 23 67474 33 209595 - 217 [1.27; 3.69] 34.8%
Agopian_2009 29 191915 182 1213802 - 1.01 [0.68; 1.49] 38.7%
Materna_2009 4 6484 51 601520 —— 7.28 [2.63;20.13] 22.0%
Bugge_2017 0 2475 3 15027 — 0.87 [0.04; 16.78] 4.6%
Random effects model 56 268348 269 2039944 = 2.11 [0.86; 5.18] 100.0%
Prediction interval [0.05; 94.32]
Heterogeneity: /2 = 80% [48%; 93%), T2 = 0.57, p = 0.002
Test for effect in subgroup: z = 1.62 (p = 0.105)

rrr 1

Test for subgroup differences: Xﬁ =12.25,df = 4 (p = 0.016)

0.1 0512 10

Lower with Comparator Higher with Comparator
Cl, confidence interval; /CD-10, International Classification of Diseases-10; AR, risk ratio.
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SUPPLEMENTAL FIGURE 57
Forest plot representing the RR with 95% Cl of gastroschisis (IGD-10: Q79.3) in different age groups compared to
the 20 to 30 age group and sorted by year of publication but only including studies published since 2005

Comparator Reference
Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
<20 vs 20 - 30
Williams_2005 68 111475 67 216129 * 1.97  [1.40; 2.76] 7.4%
Tan_2008 1 8020 10 209595 i 2,61 [0.33; 20.41] 4.2%
Materna_2009 32 75121 90 601520 = 2.85 [1.90; 4.26] 7.3%
Xu_2011 36 33043 1322 4757989 3.92 [2.82; 5.46] 7.4%
Kirby_2013 1822 1589319 2447 7002082 328 [3.09; 349 7.5%
Baer_2014 459 290813 701 1503796 3.39 [3.01; 3.81] 7.5%
StLouis_2014 1466 1415846 2086 6615611 3.28 [3.07; 3.51] 7.5%
Loc_2015 1025 683716 1267 2716567 3.21 [2.96; 3.49] 7.5%
Friedman_2016 2336 2294000 4675 12994463 2.83 [2.69; 2.97] 7.5%
Jones_2016 3311 2439934 3586 5527463 2.09 [2.00; 2.19] 7.5%
Bugge_2017 6 3483 19 15027 - 1.36  [0.54; 3.41] 6.5%
Salinas_2018 4038 3076243 4209 7434269 232 [2.22; 242] 7.5%
Shor_2019 2249 1499333 4612 8931429 290 [2.76; 3.05] 7.5%
Borque_2021 28 21722 154 378014 * 3.16  [2.12; 4.73] 7.3%
Random effects model 16877 13542068 25245 58903954 ] 2.84 [2.54; 3.18] 100.0%
Prediction interval - [1.89; 4.28]
Heterogeneity: /2 = 95% [94%; 97%], T° = 0.03, p < 0.001
Test for effect in subgroup: z = 18.28 (p < 0.001)
>35vs 20 - 30
Tan_2008 3 77775 10 209595 - 0.81 [0.22; 2.94] 9.8%
Materna_2009 2 25225 90 601520 — 0.53  [0.13; 2.15] 9.4%
Xu_2011 77 354511 1322 4757989 0.78 [0.62; 0.98] 12.7%
Kirby_2013 86 1697974 2447 7002082 0.14  [0.12; 0.18] 12.7%
Baer_2014 26 530265 701 1503796 * 0.11 [0.07; 0.16] 12.5%
StLouis_2014 81 1929379 2086 6615611 0.13  [0.11; 0.17] 127%
Friedman_2016 200 3603972 4675 12994463 0.15 [0.13; 0.18] 12.8%
Bugge_2017 0 3052 19 15027 B 0.13  [0.01; 209] 5.2%
Borque_2021 14 202899 154 378014 = 0.17  [0.10; 0.29] 12.2%
Random effects model 489 8425052 11504 34078097 <o 0.22 [0.13; 0.38] 100.0%
Prediction interval — [0.04; 1.34]
Heterogeneity: 12 = 96% [94%; 97%), T° = 0.50, p < 0.001
Test for effect in subgroup: z = -5.57 (p < 0.001)
30-35vs20-30
Tan_2008 7 165142 10 209595 == 0.89 [0.34; 2.33] 10.1%
Materna_2009 5 14223 90 601520 = 235 [0.95; 5.78] 10.3%
Xu_2011 162 1163051 1322 4757989 0.50 [0.43; 0.59] 11.8%
Kirby_2013 218 2943860 2447 7002082 0.21 [0.18; 0.24] 11.8%
Baer_2014 93 745872 701 1503796 0.27 [0.22; 0.33] 11.7%
StLouis_2014 152 3145042 2086 6615611 0.15 [0.13; 0.18] 11.8%
Friedman_2016 472 5944342 4675 12994463 0.22 [0.20; 0.24] 11.8%
Bugge_2017 3 5104 19 15027 —t 0.46 [0.14; 157 9.3%
Borque_2021 32 372093 154 378014 * 0.21 [0.14; 0.31] 11.5%
Random effects model 1144 14498729 11504 34078097 <o 0.35 [0.21; 0.61] 100.0%
Prediction interval —_— [0.05; 2.55]
Heterogeneity: I? = 95% [92%; 96%), T° = 0.62, p < 0.001
Test for effect in subgroup: z = -3.72 (p < 0.001)
>40 vs 20 - 30
Tan_2008 1 10301 10 209595 — 2.08 [0.26; 15.89] 40.7%
Materna_2009 0 18741 90 601520 — T 0.18  [0.01; 2.86] 29.8%
Bugge_2017 0 577 19 15027 - 0.67 [0.04; 11.04] 29.5%
Random effects model 1 29619 119 826142 <l> 0.80 [0.19; 3.34] 100.0%
Prediction interval —_—m [0.00; 8220.45]
Heterogeneity: /2 = 0% [ 0%; 90%], T2 = 0, p = 0.380
Test for effect in subgroup: z = -0.30 (p = 0.765)
35-40vs 20-30
Tan_2008 2 67474 10 209595 —&— 0.62 [0.14; 2.84] 25.1%
Materna_2009 2 6484 90 601520 = 206 [0.51; 837] 26.3%
Bugge_2017 0 2475 19 15027 — 0.16  [0.01; 258] 14.6%
Borque_2021 14 202899 154 378014 = 0.17  [0.10; 0.29] 34.0%
Random effects model 18 279332 273 1204156 < 0.44 [0.13; 1.46] 100.0%
Prediction interval —— [0.00; 59.87]
Heterogeneity: /2 = 75% [32%; 91%], T% = 0.93, p = 0.007
Test for effect in subgroup: z = -1.34 (p = 0.180)

T 1 1

Test for subgroup differences: )(i =143.19, df = 4 (p < 0.001)
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Cl, confidence interval; /CD-10, International Classification of Diseases-10; AR, risk ratio.
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SUPPLEMENTAL TABLE 1
PRISMA checklist

Section and topic

Item #

Checklist item

Location where item is reported

Title
Title
Abstract
Abstract
Introduction
Rationale

Objectives

Methods
Eligibility criteria

Information sources

Search strategy

Selection process

Data collection process

Data items

Study risk of bias assessment

(continued)

10a

10b

11

Identify the report as a systematic review.

See the PRISMA 2020 for Abstracts checklist.

Describe the rationale for the review in the context of
existing knowledge.

Provide an explicit statement of the objective(s) or
question(s) the review addresses.

Specify the inclusion and exclusion criteria for the
review and how studies were grouped for the
syntheses.

Specify all databases, registers, websites,
organizations, reference lists and other sources
searched or consulted to identify studies. Specify the
date when each source was last searched or
consulted.

Present the full search strategies for all databases,
registers and websites, including any filters and limits
used.

Specify the methods used to decide whether a study
met the inclusion criteria of the review, including how
many reviewers screened each record and each report
retrieved, whether they worked independently, and if
applicable, details of automation tools used in the
process.

Specify the methods used to collect data from reports,
including how many reviewers collected data from
each report, whether they worked independently, any
processes for obtaining or confirming data from study
investigators, and if applicable, details of automation
tools used in the process.

List and define all outcomes for which data were
sought. Specify whether all results that were
compatible with each outcome domain in each study
were sought (eg, for all measures, time points,
analyses), and if not, the methods used to decide which
results to collect.

List and define all other variables for which data were
sought (eg, participant and intervention
characteristics, funding sources). Describe any
assumptions made about any missing or unclear
information.

Specify the methods used to assess risk of bias in the
included studies, including details of the tool(s) used,
how many reviewers assessed each study and whether
they worked independently, and if applicable, details of
automation tools used in the process.
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SUPPLEMENTAL TABLE 1
PRISMA checklist (continued)

Section and topic

Item #

Checklist item

Location where item is reported

Effect measures

Synthesis methods

Reporting bias assessment

Certainty assessment

Results
Study selection

Study characteristics

Risk of bias in studies

Results of individual studies

(continued)

12

13a

13b

13c

13d

13e

13f

14

16a

16b

Specify for each outcome the effect measure(s) (eg,
risk ratio, mean difference) used in the synthesis or
presentation of results.

Describe the processes used to decide which studies
were eligible for each synthesis (eg, tabulating the
study intervention characteristics and comparing
against the planned groups for each synthesis [item
#5]).

Describe any methods required to prepare the data for
presentation or synthesis, such as handling of missing
summary statistics, or data conversions.

Describe any methods used to tabulate or visually
display results of individual studies and syntheses.

Describe any methods used to synthesize results and
provide a rationale for the choice(s). If meta-analysis
was performed, describe the model(s), method(s) to
identify the presence and extent of statistical
heterogeneity, and software package(s) used.

Describe any methods used to explore possible causes
of heterogeneity among study results (eg, subgroup
analysis, meta-regression).

Describe any sensitivity analyses conducted to assess
robustness of the synthesized results.

Describe any methods used to assess risk of bias due
to missing results in a synthesis (arising from reporting
biases).

Describe any methods used to assess certainty (or
confidence) in the body of evidence for an outcome.

Describe the results of the search and selection
process, from the number of records identified in the
search to the number of studies included in the review,
ideally using a flow diagram (see Figure 1).

Cite studies that might appear to meet the inclusion
criteria, but which were excluded, and explain why
they were excluded.

Cite each included study and present its
characteristics.

Present assessments of risk of bias for each included
study.

For all outcomes, present, for each study: (a) summary
statistics for each group (where appropriate) and (b) an
effect estimate and its precision (eg, confidence/
credible interval), ideally using structured tables or
plots.
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SUPPLEMENTAL TABLE 1
PRISMA checklist (continued)

Section and topic Item # Checklist item Location where item is reported
Results of syntheses 20a For each synthesis, briefly summarize the
characteristics and risk of bias among contributing
studies.
20b Present results of all statistical syntheses conducted. If

meta-analysis was done, present for each the
summary estimate and its precision (eg, confidence/
credible interval) and measures of statistical
heterogeneity. If comparing groups, describe the
direction of the effect.

20c Present results of all investigations of possible causes
of heterogeneity among study results.

20d Present results of all sensitivity analyses conducted to
assess the robustness of the synthesized results.

Reporting biases 21 Present assessments of risk of bias due to missing
results (arising from reporting biases) for each
synthesis assessed.

Certainty of evidence 22 Present assessments of certainty (or confidence) in the
body of evidence for each outcome assessed.
Discussion
Discussion 23a Provide a general interpretation of the results in the
context of other evidence.
23b Discuss any limitations of the evidence included in the
review.
23c Discuss any limitations of the review processes used.
23d Discuss implications of the results for practice, policy,

and future research.
Other information

Registration and protocol 24a Provide registration information for the review,
including register name and registration number, or
state that the review was not registered.

24b Indicate where the review protocol can be accessed, or
state that a protocol was not prepared.

24c Describe and explain any amendments to information
provided at registration or in the protocol.

Support 25 Describe sources of financial or nonfinancial support
for the review, and the role of the funders or sponsors
in the review.

Competing interests 26 Declare any competing interests of review authors.

Availability of data, code, and other 27 Report which of the following are publicly available and

materials where they can be found: template data collection

forms; data extracted from included studies; data used
for all analyses; analytic code; any other materials
used in the review.
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SUPPLEMENTAL TABLE 2
Basic characteristics of the included studies

Author (year) Ref Country Study period Total Cases Age category Congenital anomalies

Agopian 2009 T Texas (USA) 1999—2004 2,208,758 325 <20, 20—24, 25—29, 30—34, 35—39, >40 Ombhalocele

Baer 2014 2 California (USA) 2005—2010 3,070,957 1279 <19, 20—24, 25—29, 30—34, >35 Gastroschisis

Beckman 1976 > Sweden 1950—1973 61,061 280 <24, 25—29, 30—34, >35 Cleft palate, cleft lip with or without
cleft palate, polydayctyly, syndactyly,
clubfoot

Bergman 2015 4 Europe 2001—2010 5,871,855 10,929 <20, 20—24, 25—29, 30—34, 35—39, >40  Hypospadiasis

Baird 1994 °  (Canada 1966—1981 576,815 702 <20, 20—24, 25—29, 30—34, 35—39, >40 Isolated cleft palate, cleft lip and cleft
palate

Bodnar 1970 6 Hungary 1958—1967 115,215 2100 <19, 20—24, 25—29, 30—39, >40 All NCAs, nervous system, circulatory
system, urogenital anomalies,
musculoskeletal system, digestive
system

Borman 1986 " New Zeland 1978 52,143 104 <20, 20—24, 25—29, >30 Anencephlaus, spina bifida

Borque 2021 & Canada 2012—2018 1,001,080 231 <20, 20—24, 25—29, 30—34, 35—39, >40  Gastroschisis

Bugge 2017 % Greenland 1989—2015 26,666 33 <20, 20—24, 25—29, 30—34, 35—39, 40 Gastroschisis, omphalocele

—44, >45

Byron 1998 10 Australia 1980—1990 358,679 59; 104 <20, 20—24, 25—29, 30—34, 35—39, >40  Gastroschisis, omphalocele

Canfield 2009 " Texas (USA) 1999—2003 1,827,317  514; 643 <20, 20—24, 25—29, 30—34, 35—39, >40  Anencephlaus, spina bifida

Canon 2012 2 Arkansas (USA) 1998—2007 196,050 1455 <20, 20—24, 25—29, 30—34, >35 Hypospadiasis

Croen 1995 13 California (USA) 1983—1988 1,028,255 29,848 <20, 20—24, 25—29, 30—34, 35—39, >40  All NCAs

DeRoo 2003 * Washington (USA) 1987—1990 298,138 608 <20, 20—24, 25—29, 30—34, 35—39, >40 Cleft lip and cleft palate

Dott 2003 5" Metropolitan Atlanta (USA) 1968—1999 1,029,143 249 <20, 20—24, 25—34, >35 Diaphragmatic hernia

Dudin 1997 6 Palestina 1986—1993 26,934 148 15—19, 20—24, 25—29, 30—39, >40 Neural tube defects

Fedrick 1976 7" Scotland 19611972 1,162,939 3246 <20, 20—24, 25—29, 30—34, 35—39, 40 Anencephlaus

—44, >45

Feldman 1982 8 New York, Brooklyn (USA) 1968—1976 173,670 179 <20, 20—24, 25—29, 30—34, >35 Neural tube defects

Forrester 2004  '®  Hawaii (USA) 1986—2000 281,866 544 <19, 20—24, 25—29, 30—34, 35—39, >40 Cleft lip and cleft palate

Forrester 1999  2°  Hawaii (USA) 1986—1997 229,584 150 19>, 20—24, 25—29, 30—34, 35—39, >40  Omphalocele, gastoschisis

Forrester 2000 ' Hawaii (USA) 1986—1997 246,231 245 19>, 20—24, 25—29, 30—34, 35—39, >40  Anencephaly, spina bifida,
encephalocele

Friedman 2016 2> USA 2005—2013 24,836,777 5985 <20, 20—24, 25—29, 30—34, >35 Gastroschisis

(continued)
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SUPPLEMENTAL TABLE 2

Basic characteristics of the included studies (continued)

Author (year) Ref Country Study period Total Cases Age category Congenital anomalies
Gupta 1967 % Nigeria 1964 4220 15 15—19 20—24, 25—29, 30—34, 35—39, 40 CHD
—44
Hansen 2021 24 pustralia 1990—2016 765,419 8173 <20, 20—24, 25—29, 30—34, 35—39, >40 CHD
Hay 1972 % USA 1961—1966 8,475,600 1063 <20, 20—24, 25—29, 30—34, 35—39, >40  Anencephlay, spina bifida,
hydrocephalus, congenital heart
defects, cleft lip without cleft palate,
cleft lip and palate, cleft palate
without cleft lift, tracheoesophageal
fistula and other esophageal defects,
omhalocele, imperforate anus and
other anorectal defects,
hypospadias, position foot defects,
polydactyly, syndactyly, reduction
deformities
Hollier 2000 % Dallas (Texas, USA) 1988—1994 102,728 3466 <20, 20—24, 25—29, 30—34, 35—39, >40  All NCAs
Jaikrishan 2012 27 India 1995—2011 141,540 1370 15—19, 20—29, >30 Clubfood, CHD, cleft palate/lip, NTD,
hypospadias
Janerich 1972 28 New York State (USA) 1945—1970 4,555,614 4450 15—19; 20—24; 25—29; 30—34; 35—39; 40  Spina bifida
—44
Janerich 1972 29 New York State (USA) 1945—1967 4,074,079 3090 15—19; 20—24; 25—29; 30—34; 35—39; 40  Anencephaly
—44
Jaruratanasirikul  %°  Southern Thailand 2009—2013 186,393 269 <20; 20—<25; 25—<30; 30—<35; >35 Oral clefts
2016
Jones 2016 3 USA 1995—2012 21,040,437 8866 <20; 20—24; 25—29; 30—34; 35< Gastroschisis
Kazaura 2004 32 Norway 1967—1998 1,869,388 699 <20; 20—24; 25—29; 30—34; 35—39; >40  Gastroschisis, omphalocele
Kirby 2013 3 UsSA 1995—2005 13,233,235 4713 <20; 20—24; 25—29; 30—34; 35< Gastroschisis
Liu 2013 3 (Canada 2002—2010 2,283,223 26,488 <19; 20—24; 25—29; 30—34; 35—39; 40< CHD
Liu 2019 % (Canada 2004—2015 3,327,762 1517 <19; 20—24; 25—29; 30—34; 35—39; 40<  Spina bifida, anencephaly/
encephalocele
Li 2019 3 Zhejiang Province (China, 2010—2016 1,748,023 2790 <20; 20—25; 30—35; >35 Kidney and urinary tract defects
People’s Republic of)
Loc-Uyen 2015 37 USA-Texas 1999—2011 4,970,525 2549 <19; 20—24; 25—29; 30< Gastroschisis
Luo 2019 3 China-Shenzhen 2003—2017 591,024 777 <25; 25—; 30—; 35< Cleft lip and palate
Martinez-Frias 39 Spain 1976 264,502 52 <19; 20—24; 25—29; 30—34; 35—39; 40<  Gastroschisis, omphalocele
1984

(continued)
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SUPPLEMENTAL TABLE 2
Basic characteristics of the included studies (ontinueq)
Author (year) Ref Country Study period Total Cases Age category Congenital anomalies
Materna-Kiryluk  “°  Poland 1998—2002 716,089 8683 <19; 20—24; 25—29; 30—34; 35—39; 40<  All NCAs (excluded muskuloskeletal
2009 defects),diaphragmatic hernia,
gastroschisis, omphalocele, neural
tube defects, microcephalus,
hydrocephalus, congenital heart
defects, hypospadias, renal agenesis
or hypoplasia, cystic kidney disease,
hydronephrosis, cleft palate, cleft lip
with or without cleft palate,
oesophageal atresia, small intestinal/
large intestinal atresia or stenosis,
anal atresia or stenosis
McGivern 2015 ' Europe 1980—2009 11,478,586 3373 <20; 20—24; 25—29; 30—34; 35< Diaphragmatic hernia
Miller 2011 2 Mtlanta (Georgia, USA) 1968—2005 1,301,340 5289 <35; 35< CHD
Mucat 2019 S Malta 2000—2014 55,943 20—24; 25—29; 30—34; 35—39; 40< All NCAs, nervous system, eye, ear,
face, neck, circulatory system,
respiratory system, digestive system,
genital organs, urinary system,
muskoloskeletal system
Nazer 2007 4 Chile 1996—2005 21,083 1767 <15; 15—19; 20—24; 25—29; 30—34; 35 All NCAs
—39; 40—44; 45<
Nazer 2013 45 Chile 2002—2011 15,636 1174 <15; 15—19; 20—24; 25—29; 30—34; 35 All NCAs
—39; 40—44; 45<
Parkes 2020 6 England, Scotland (UK) 2003—2010 219,486 <19; 20—29; 30—39; 40< All NCAs
Pasnicki 2013 47" Poland 1988—2007 192,438 2769 <18; 20—24; 25—29; 30—34; 35—39; 40<  All NCAs, nervous system, circulatory
system, cleft lip and cleft palate,
digestive system, genital organs,
urinary system, muskoloskeletal
system, other
Persson 2019 8 Sweden 1992—2012 2,050,491 28,628 >24; 25—29; 30—34; 35< CHD
Petrova 2009 49 Norway and Arkhangelskaja 1995—2004 434,567 615 <19; 20—24; 25—29; 30—34; 35< Neural tube defects: anencephalus,
Oblast (Russia) spina bifida
Pradat 1992 %0 Sweden 1981—1986 573,422 1605 <20; 20—24; 25—29; 30—34; 35—39; 40 CHD
—44; >44
Purkey 2019 51 California (USA) 2008—2012 2,054,516 6325 <19; 20—24; 25—29; 30—34; 35< CHD
Rankin 1999 %2 North of England 1986—1996 426,694 296 11—19; 20—24; 25—29; 30—34; 35—39; Gastroschisis, omphalocele,
>40 omphalocele

(continued)
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SUPPLEMENTAL TABLE 2
Basic characteristics of the included studies (continued)

Author (year) Ref Country Study period Total Cases Age category Congenital anomalies

Rankin 2000 % North of England 1984—1996 507,405 934 11—19; 20—24; 25—29; 30—34; 35—39; >40 Neural tube defects

Rider 2013 % Utah (USA) 1999—2008 480,125 8510 <24; 25—29; 30—34; 35—39; 40—60 All NCAs

Roeper 1987 5 California (USA) 1968—1977 3,297,071 166 <19; 20—24; 25—29; 30—34; 35—39; 40<  Gastroschisis, omphalocele

Salihu 2003 % NewYork State (USA) 1992—1999 2,153,955; 595 <19; 20—24; 25—29; 30—34; 35—39; 40<  Omphalocele, gastroschisis

2,149,340

Salim 2019 7 Brazil 1996—2014 4,270,114 5062 <19; 20—29; 30—34; 35—39; 40< Circulatory system

Sarkar 2013 % India 2011—2012 12,896 286 <20; 20—30; 30< All NCAs

Sever 1982 % Los Angeles County (California, 1966—1972 2,945,555 962 <14; 15—19; 20—24; 25—29; 30—34; 35 Anencephalus, spina bifida,

USA) —39; 40—44; 45< encephalocele, neural tube defects,

all NCAs

Shields 1981 0 Denmark 1940—1971 2,406,654 548 <19; 20—24; 25—29; 30—34; 35—39; 40 Cleft palate

—44; 45<

Short 2019 6 UsA 2006—2015 17,686,317 3489 <19; 20—24; 25—29; 30< Gastroschisis

StLouis 2017 62 UsSA 1999—2007 13,105,878 138,999 <19; 20—24; 25—29; 30—34; 35< All NCAs, anencephalus, spina bifida,
encephalocele, anotia/microtia,
common truncus CHD, transposition
of the great arteries, tetralogy of
fallot, atrioventricular septal defect
without down syndrome, hypoplastic
left heart syndrome, coarctation of
the aorta, aortic valve stenosis, cleft
palate without cleft lip, cleft lip with
and without cleft palate, esophageal
atresia/tracheoesophageal fistula,
pyloric stenosis, rectal and large
intestinal atresia/stenosis,
hypospadiasis, upper limb
deficiency, lower limb deficiency, any
limb deficiency, diaphragmatic
hernia, gastroschisis, omphalocele

Tan 1996 63 England, Wales (UK) 1987—1993 4,873,547 1043 <20; 20—24; 25—29; 30—34; 35—39; >40  Gastroschisis, omphalocele

Tan 2005 64 Singapore 1994—2000 328,077 7870 <20; 20—24; 25—29; 30—34; 35—39; >40  All NCAs

Tan 2008 % Singapore 1993—2002 460,532 121 <20; 20—24; 25—29; 30—34; 35—39; >40  Gastroschisis, omphalocele

Williams 2005 € Atlanta (USA) 1968—2000 877,604 211 <20; 20—24; 24< Gastroschisis

Xie 2016 67 China-Hunan Province 2005—2014 925,413 17,753 <20; 20—24; 25—29; 30—34; 35< All NCAs

Xie 2018 % China (People’s Republic of) 2012—2016 673,060 6289 <20, 20—24, 25—29, 30—34, >35 Congenital heart defects

(continued)
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SUPPLEMENTAL TABLE 2

Basic characteristics of the included studies (ontinued)

Author (year) Ref Country Study period Total Cases Age category Congenital anomalies
Xu 2011 9 China (People’s Republic of) 1996—2007 6,308,594 1601 <19; 20—24; 25—29; 30—34; 35< Gastroschisis

Zhang 2012 0" China (People’s Republic of) 2012 62,526 976 <25; 25—30; 35< All NCAs

Yang 2006 " California (USA) 1989—1997 2,506,188 550 j020;5 50—24; 25—29; 30—34; 35—39; Diaphragmatic hernia
Zhou 2020 2 China (People’s Republic of), 2014—2018 238,712 1707 <19; 20—24; 25—29; 30—34; 35< All NCAs

Southern Jiangsu

CHD, congenital heart defect; NCAs, nonchromosomal congenital anomalies; NTD, neural tube defect.
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SUPPLEMENTAL TABLE 3
Risk of bias assessment using the QUIPS tool

D1

D2

D3

D4

D5

D6

Low-risk: table or

Low risk: population—
based study—whole

country/region/
hospital

Moderate risk: case-

Low risk: clear and
detailed age

Low risk: clear

Low risk: clear, raw
data; no or negligible
contradiction

detailed text about control study—high- categories covering all definition of Low risk: clear Moderate risk: needs High quality:
population case numbers age groups outcome—exact information about some calculation or max. + +
Moderate: moderate  High risk: case-control Moderate risk: clear  ICD-10 category confounders/ reading from graph;  Acceptable:
information about study—Ilow case categories, but Moderate risk: can  multivariate models minor contradiction max. + +
population numbers or just some age groups be matched to Moderate risk: limited High risk: only +/+
High risk: limited descriptive are missing ICD-10 category informationHigh risk:  approximate data can Low
information about information about High risk: only 1 High risk: unclear  no information about be obtained; serious  quality: + +
study population cases group is examined definition relevant confounders contradiction or more
Prognostic factor Data Quality—
Code Study population Study design measurment Outcome Study confounding statistics Overall rate
Agopian_2009 Low risk Low risk Low risk Low risk Low risk Low risk -
Baer_2014 Low risk Low risk Low risk Low risk Low risk Low risk _
Beckman_1976 Moderate risk Low risk Low risk Moderate risk Low risk Moderate risk Acceptable
Bergman_2015 Low risk Low risk Low risk Low risk Moderate risk Low risk _
Baird_1994 Moderate risk Low risk Low risk Moderate risk Moderate risk Low risk Acceptable
Bodnar_1970 Moderate risk Low risk Low risk Moderate risk Moderate risk Low risk Acceptable
Borman_1986 Moderate risk Low risk Low risk Low risk Moderate risk Low risk _
Borque_2021 Moderate risk Low risk Low risk Low risk Moderate risk Moderate risk Acceptable
Bugge_2017 Moderate risk Low risk Low risk Low risk Low risk Low risk _
Byron_1998 Low risk Low risk Low risk Low risk Low risk Moderate risk _
Canfield_2009 Moderate risk Low risk Low risk Low risk Low risk Low risk _
Canon_2012 Low risk Low risk Low risk Low risk Low risk Low risk _
Croen_1995 Low risk Low risk Low risk Moderate risk Moderate risk Moderate risk Acceptable
DeRoo_2003 Moderate risk Low risk Low risk Moderate risk Low risk Low risk _
Donghua_2018 Low risk Low risk Low risk Moderate risk Moderate risk Low risk _
Dott_2003 Moderate risk Low risk Low risk Low risk Moderate risk Moderate risk Acceptable
Dudin_1997 Moderate risk Low risk Low risk Low risk Moderate risk Low risk _
Fedrick_1976 Moderate risk Low risk Low risk Low risk Low risk Low risk _

(continued)
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SUPPLEMENTAL TABLE 3
Risk of bias assessment using the QUIPS tool (continve)

Code

D1

D2

D3

D4

D5

D6

Low risk: population—
based study—whole
country/region/
hospital

Low risk: clear and

Low risk: clear, raw
data; no or negligible

Low-risk: table or Moderate risk: case- detailed age Low risk: clear contradiction

detailed text about control study—high- categories covering all definition of Low risk: clear Moderate risk: needs High quality:

population case numbers age groups outcome—exact information about some calculation or  max. + +

Moderate: moderate  High risk: case-control Moderate risk: clear  ICD-10 category confounders/ reading from graph;  Acceptable:

information about study—Ilow case categories, but Moderate risk: can multivariate models  minor contradiction max. + +

population numbers or just some age groups be matched to Moderate risk: limited High risk: only +/+

High risk: limited descriptive are missing ICD-10 category informationHigh risk:  approximate data can Low

information about information about High risk: only 1 High risk: unclear  no information about be obtained; serious  quality: + +

study population cases group is examined definition relevant confounders contradiction or more
Prognostic factor Data Quality—

Study population Study design measurment Outcome Study confounding statistics Overall rate

Feldman_1982

Moderate risk

Forrester_2004C

Forrester_1999

Forrester_2000

Moderate risk

Friedman_2016

Gupta_1967

Moderate risk

Hansen_2021

Hay_1972

Hollier_2000

Jaikrishan_2012

Janerich_1972

Moderate risk

Janerich_1972

Moderate risk

Jaruratanasirikul_2016

Moderate risk

Jones_2016

Moderate risk

Kazaura_2004

Moderate risk

Kirby_2013

Liu_2013

Liu_2019

(continued)

Moderate risk

Moderate risk

Moderate risk

Moderate risk

Moderate risk Moderate risk

Moderate risk

Acceptable
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SUPPLEMENTAL TABLE 3
Risk of bias assessment using the QUIPS tool (continve)

D1 D2

D3

D4

D5

D6

Low risk: population—
based study—whole
country/region/

Low risk: clear, raw

hospital Low risk: clear and data; no or negligible
Low-risk: table or Moderate risk: case- detailed age Low risk: clear contradiction
detailed text about control study—high- categories covering all definition of Low risk: clear Moderate risk: needs High quality:
population case numbers age groups outcome—exact information about some calculation or  max. + +
Moderate: moderate  High risk: case-control Moderate risk: clear  ICD-10 category confounders/ reading from graph;  Acceptable:
information about study—Ilow case categories, but Moderate risk: can multivariate models  minor contradiction max. + +
population numbers or just some age groups be matched to Moderate risk: limited High risk: only +/+
High risk: limited descriptive are missing ICD-10 category informationHigh risk:  approximate data can Low
information about information about High risk: only 1 High risk: unclear  no information about be obtained; serious  quality: + +
study population cases group is examined definition relevant confounders contradiction or more
Prognostic factor Data Quality—

Code Study population Study design measurment Outcome Study confounding statistics Overall rate

Liz_2019 Moderate risk

Loc_2015

Luo_2019 Moderate risk

Martinez_1984

Materna_2009

McGivern_2015

Miller_2011

Mucat_2019

Nazer_2007

Moderate risk

Parkes_2020

Moderate risk

Pasnicki_2013

Moderate risk

Persson_2019

Petrova_2009

Moderate risk

Pradat_1992

Purkey_2019

Moderate risk

Rankin_1999

Rankin_2000

Rider_2013

(continued)

Moderate risk

Moderate risk

Moderate risk

Moderate risk

Moderate risk

Moderate risk

Moderate risk

Moderate risk

Moderate risk
Moderate risk
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SUPPLEMENTAL TABLE 3

Risk of bias assessment using the QUIPS tool (continve)

D1

D2

D3

D4

D5

D6

Low risk: population—
based study—whole
country/region/
hospital

Low risk: clear and

Low risk: clear, raw
data; no or negligible

Low-risk: table or Moderate risk: case- detailed age Low risk: clear contradiction

detailed text about control study—high- categories covering all definition of Low risk: clear Moderate risk: needs High quality:

population case numbers age groups outcome—exact information about some calculation or max. + +

Moderate: moderate  High risk: case-control Moderate risk: clear  ICD-10 category confounders/ reading from graph;  Acceptable:

information about study—Ilow case categories, but Moderate risk: can multivariate models minor contradiction max. + +

population numbers or just some age groups be matched to Moderate risk: limited High risk: only +/+

High risk: limited descriptive are missing ICD-10 category informationHigh risk:  approximate data can Low

information about information about High risk: only 1 High risk: unclear  no information about be obtained; serious  quality: + +

study population cases group is examined definition relevant confounders contradiction or more

Prognostic factor Data Quality—

Code Study population Study design measurment Outcome Study confounding statistics Overall rate
Roeper_1987 Moderate risk Low risk Low risk Low risk Low risk Low risk -
Salihu_2003 Moderate risk Low risk Low risk Low risk Moderate risk Moderate risk Acceptable
Salim_2019 Moderate risk Low risk Low risk Low risk Moderate risk Low risk _
Salinas_2018 Low risk Low risk Low risk Low risk Moderate risk Low risk _
Sarkar_2013 Moderate risk Low risk Low risk Low risk Moderate risk Low risk _
Sever_1982 Low risk Low risk Low risk Low risk Moderate risk Low risk _
Shields_1981 Low risk Low risk Low risk Low risk Moderate risk Low risk High quality
Short_2019 Moderate risk Low risk Low risk Low risk Moderate risk Moderate risk Acceptable
StLouis_2014 Moderate risk Low risk Low risk Low risk Moderate risk Low risk _
Tan_2008 Moderate risk Low risk Low risk Low risk Moderate risk Low risk _
Tan_2005 Moderate risk Low risk Low risk Low risk Moderate risk Low risk _
Tan_1996 Low risk Low risk Low risk Low risk Moderate risk Low risk _
Williams_2005 Low risk Low risk Low risk Low risk Moderate risk Low risk _
Xie_2016 Low risk Low risk Low risk Low risk Moderate risk Low risk _
Xu_2011 Moderate risk Low risk Low risk Low risk Moderate risk Low risk High quality
Yang_2006 Moderate risk Low risk Low risk Low risk Moderate risk Low risk _
Zhang_2012 Moderate risk Low risk Low risk Low risk Moderate risk Low risk _
Zhou_2020 Moderate risk Low risk Low risk Low risk Moderate risk Low risk High quality

Colors represent: Green: low risk of bias, Yellow: moderate risk of bias, Red: high risk of bias.
ICD-10, International Classification of Diseases-10; QUIPS, Quality in Prognostic Studies.
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SUPPLEMENTAL TABLE 4

Overall risk of bias including all studies using the Risk-of-Bias VISualization tool

Bias due to participation

Bias due to attrition

Bias due to prognostic factor measurement
Bias due to outcome measurement

Bias due to confounding

Bias in statistical analysis and reporting
Overall

| I owriskorbias [] Moderate sk of bias I

SUPPLEMENTAL TABLE 5

Comparison of the “all NCAs” (ICD-10: Q00—Q89) risk ratio outcomes: studies with concomitant CAs excluded vs

studies with concomitant CAs included

Risk groups Excluding cases with concomitant CAs Including cases with concomitant CAs
<20 vs 20—30 1.21 [0.59—2.49; n=5] 1.08 [0.89—1.32; n=14]
>35vs 20—30 1.37 [0.76—2.45; n=6] 1.31 [1.07—1.61; n=13]
>40 vs 20—30 1.25 [1.08—1.46; n=6] 1.44 [1.25—1.66; n=11]

30—35 vs 20—30
35—40 vs 20—30

CAs, chromosomal abnormalities.

1.54 [0.55—4.32; n="6]
1.73 [0.45—6.70; n=>5]

1.23 [0.85—1.78; n=13]
1.47 [0.87—2.49; n=9]
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SUPPLEMENTAL TABLE 6

Summary of effect of year of publication on the maternal age dependence of risk of congenital anomalies

to analyize the subset.

<20 >35 30-35 >40 35—40

ICD-10 NCA categories Trend Subset Trend Subset Trend Subset Trend Subset Trend Subset
Q00—Q89 all nonchromosomal anomalies X X X b 4 b 4 b 4 b 4 X b 4 b 4
Q00—Q89 all nonchromosomal anomalies' b 4 b ¢ v b 4 v b 4 vP b 4 v b 4
Q00—Q07 malformations of the nervous system X ¢ X X b ¢ X X X b ¢ } ¢
Q00.0 anencephaly b's ve X v X X b 4 — X —
Q05 spina bifida X X X b 4 b 4 X b 4 — b 4 —
020—Q26 malformations of the circulatory system X X X X X b 4 X X X X
Q35—Q37 cleft lip and cleft palate X X X ve b ¢ X b ¢ - b 4 -
Q35 cleft palate X - x v X X v - X -
Q79.2 exomphalos X v X X X X X X X X
Q79.3 gastroschisis X X X X X X' X v X v

The “trend” column shows if any trend could be detected visually in the study-level effect sizes of the full set of studies sorted by date of publication. The “subset” column shows if the subset of studies
published since 2005 yielded a different pooled effect size compared to that of the full set of studies. X no trend or difference detected. v : some trend or difference was detected. —: too few articles

2 glight nonsignificant negative trend; ® Moderate nonsignificant negative trend; ¢ Full set is just nonsignificant, subset is just significant; ¢ Full set is nonsignificant risk effect, subset is significant
protective effect; ® Full set is nonsignificant, subset is significant; " The risk has increased; ¢ Slight nonsignificant positive trend; " Full set is significant, subset is nonsignificant; ' subset is less
significant as the full set;! Only studies where concomitant chromosomal abnormality cases were excluded.
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