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ABSTRACT

Childhood-onset type 1 diabetes (T1D) is a chronic autoimmune disease characterized
by a steadily increasing global incidence and significant public health implications.
The relationship between maternal smoking during pregnancy and T1D risk remains
uncertain. To clarify this association, we conducted a meta-analysis of prospective
cohort studies to enhance methodological reliability. We systematically searched
PubMed, Embase, and Web of Science from their inception to May 2025 for
prospective cohort studies examining the link between maternal smoking during
pregnancy and the incidence of T1D in offspring. Risk ratios (RRs) and 95%
confidence intervals (CIs) were pooled using a random-effects:model; accounting for
heterogeneity. Twelve prospective cohort datasets from ten studies, encompassing
over 5.9 million children, were included. Maternal smoking during pregnancy was
significantly associated with a reduced risk of childhood-onset T1D (RR: 0.74, 95%
CI: 0.72-0.76, p < 0.001), with no evidence of statistical heterogeneity (I> = 0%, p =
0.48). This association remained robust.across sensitivity analyses that excluded one
dataset at a time. Subgroup analyses demonstrated consistent results across various
categories, including cohort size, prevalence of maternal smoking, method of T1D
diagnosis, and adjustments<for maternal age, diabetes, and delivery mode. Notably,
the inverse association’ was significantly weaker in studies that did not adjust for
maternal diabetes (RR: 0.79 vs. 0.72, p for subgroup difference = 0.01). We found no
substantial evidence of publication bias (Egger’s test, p = 0.55). In conclusion, this
meta-analysis identified ‘an_inverse association between maternal smoking during
pregnancy and the incidence of childhood-onset T1D. However, this finding should
be interpreted cautiously, as residual confounding cannot be ruled out, and maternal

smoking is associated with numerous serious adverse health consequences.
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INTRODUCTION

Type 1 diabetes (T1D) is a chronic autoimmune disease characterized by the
destruction of pancreatic B-cells, leading to lifelong insulin dependence (1, 2). The
global incidence of childhood-onset T1D has been steadily increasing, especially in
developed countries, posing a significant public health challenge due to its substantial
burden on patients, families, and healthcare systems (3). Children with T1D are at risk
of acute metabolic complications, long-term microvascular and macrovascular
sequelae, and psychosocial stress, emphasizing the need for early prevention
strategies (4-6). While genetic susceptibility is a key determinant, growing evidence
suggests that environmental exposures in early life also play a crucial role in T1D
development (7). Established maternal and perinatal risk-factors include advanced
maternal age, maternal diabetes, and cesarean delivery,yet they explain only-a portion

of the disease variability (8-10).

Maternal smoking during pregnancy remains a prevalent exposure, with estimates
ranging from 9% to over 50% in some populations (11). Smoking during gestation is
known to influence fetal growth and development (12),.and has been implicated in a
wide array of adverse offspring outcomes, including low birth weight (13), respiratory
illness (14), and neurodevelopmental disorders (15). Maternal smoking during
pregnancy may influence the risk of childhood-onset T1D through several potential
mechanisms. Nicotine . and other = components of tobacco smoke have
immunomodulatory properties, which could alter fetal immune system development
and susceptibility to autoimmune disease (11, 16, 17). These biological considerations,
together with inconsistent epidemiological findings (18), highlight the need for
systematic evaluation of this association. A prior meta-analysis suggested an inverse
association between maternal smoking during pregnancy and offspring T1D risk, but
this finding was based primarily on retrospective studies and was subject to
considerable heterogeneity, raising concerns about the validity of the conclusion (18).
Given the accumulation of large, population-based prospective cohort studies in
recent years (19-23), a re-evaluation using methodologically robust data is warranted.
Accordingly, the present study aimed to comprehensively assess the association
between maternal smoking during pregnancy and the incidence of childhood-onset
T1D in offspring by synthesizing evidence from prospective cohort studies only. By

limiting inclusion to studies with prospective exposure assessment and longitudinal



outcome follow-up, we sought to minimize bias and provide more reliable evidence to
inform public health understanding and future research on prenatal risk factors for

T1D.

MATERIALS AND METHODS

The study was conducted in accordance with the PRISMA 2020 guidelines (24, 25)
and the Cochrane Handbook (26) for Systematic Reviews of Interventions, ensuring
methodological rigor in study selection, data extraction, statistical analysis, and result
interpretation. The protocol was prospectively registered on PROSPERO with the
registration ID CRD420251116685.

Literature search

A comprehensive literature search was performed in‘PubMed, Embase, and Web of
Science, utilizing a broad set of search terms that integrated the following keywords
and concepts: (1) "pregnant" OR "pregnancy" OR "prenatal" OR "pre-natal"; (2)
"smoking" OR "smoke" OR "cigarette" OR "cigarettes" OR "nicotine" OR "tobacco";
(3) "diabetes" OR "diabetic" OR "type 1 diabetes" OR "T1D" OR "T1DM"; and (4)
"child" OR "children" OR "adolescent" 'OR "adolescents" OR '"pediatric" OR
"paediatric" OR "offspring" OR ""childhood". OR "adolescence". The search was
limited to human studies and included only full-text articles published in English in
peer-reviewed journals. To ensure completeness, we also manually screened the
reference lists of relevant original and review articles for additional eligible studies.

The search covered all publications from database inception up to May 25, 2025.

Study-eligible criteria
We applied the PICOS framework to define the inclusion criteria:
Population (P): Children (aged 0 to 18 years) born to mothers with documented

smoking status during pregnancy.

Intervention/Exposure (I): Maternal smoking during pregnancy (any trimester), as

assessed by self-report, medical records, or biomarker validation.
Comparator (C): Children born to non-smoking mothers during pregnancy.

Outcome (O): Incidence of childhood-onset T1D, diagnosed by clinical or registry-

based criteria.



Study design (S): Prospective cohort studies with follow-up from birth to ascertain

incident T1D in offspring, published as full-length articles in peer-reviewed journals.

Studies were excluded if they were reviews, editorials, meta-analyses, retrospective
cohort or retrospective case-control studies, cross-sectional studies, studies reporting
maternal smoking outside of pregnancy or passive smoking, or including adult-onset
T1D in offspring. In cases of overlapping populations, only the study with the largest

sample size was retained for inclusion in the meta-analysis.

Study quality evaluation

Two reviewers independently conducted the literature search, screened studies,
assessed methodological quality, and extracted data. Any discrepancies were resolved
through consultation with the corresponding author. The quality of included studies
was evaluated using the Newcastle-Ottawa Scale (NOS) (27), which examines study
selection, control of confounding variables, -and“outcome assessment. The NOS
assigns scores ranging from 1 to 9, with a score of 8 or.above indicating high

methodological quality.

Data collection

The data collected for the meta-analysis included study details (author, year, and
study country), participants characteristics (source of the cohort, number of children
in each study, and sex distribution), exposure details (methods for evaluating maternal
smoking during pregnancy, number of children born to mothers who smoked during
the index pregnancy), age of children (range and mean) for the diagnosis of T1D,
methods for. the diagnosis. of T1D, number of children who developed T1D, and

covariates adjusted forin the regression models.

Statistical analysis

We used risk ratios (RRs) and 95% confidence intervals (ClIs) to assess the
association between maternal smoking during pregnancy and the risk of childhood-
onset T1D in offspring. RRs and their standard errors were either directly extracted or
derived from reported 95% confidence intervals or p-values, followed by logarithmic
transformation to stabilize variance and achieve a normal distribution (26). If multiple
RRs were reported from different models, we used the one with the most complete
adjustment. Heterogeneity was assessed using the Cochrane Q test and the I? statistic

(28), with a p-value < 0.10 indicating significant heterogeneity and I* values of < 25%,



25-75%, and > 75% indicating low, moderate, and high heterogeneity, respectively.
A random-effects model was applied to synthesize the data, allowing for variability
across studies (26). We used a random-effects model for all meta-analyses to account
for potential clinical heterogeneity across studies (e.g., differences in populations,
exposure definitions, and study periods), even when statistical heterogeneity was
minimal (1> = 0, I*> = 0%). To assess the stability of the results, sensitivity analyses
were conducted by sequentially excluding each study. In addition, subgroup analyses
were performed to evaluate the predefined study characteristics on the-results of the
meta-analysis, which included sample size, prevalence of maternal smoking during
pregnancy in each study, method for the diagnosis of T1D (clinical diagnosis vs.
database codes), incidence of T1D in children of each study; and whether the potential
confounding factors, such as maternal age, maternal diabetes, and delivery types were
adjusted. For continuous study-level variables, subgroup analyses were stratified at
the median to provide balanced comparisons in the absence of universally accepted
clinical cut-offs. Publication bias was evaluated through funnel plot visualization and
assessed for asymmetry using Egger’s regression test (29). All analyses were
performed using RevMan (Version 5.3; Cochrane Collaboration, Oxford, UK) and
Stata (Version 17.0; Stata Corporation, College Station, TX, USA).

RESULTS

Study inclusion

The study. selection process is shown in Figure 1. We first identified 3,896 records
from the three databases. Following the removal of 1,042 duplicate records, 2,854
articles underwent title'and abstract screening. Of these, 2,824 were excluded for not
aligning with the objectives of the meta-analysis. The remaining 30 full-text articles
were assessed.independently by two reviewers, resulting in the exclusion of 20 studies
for specific reasons detailed in Figure 1. At last, 10 studies were included in the

subsequent analysis (19-23, 30-34).

Summary of study characteristics

Overall, ten prospective cohort studies were included in the meta-analysis (19-23, 30-
34). Notably, the study by Magnus 2018 (19) reported three independent cohorts,
which were separately included in the meta-analysis: the Norwegian Mother and

Child Cohort Study (MoBa), the Danish National Birth Cohort (DNBC), and the



Norwegian Registry Birth Cohort (NRBC), making 12 datasets available. The
characteristics of the 12 prospective cohort datasets included in this meta-analysis are
summarized in Table 1. These studies were conducted in the United States, Australia,
Sweden, Norway, Denmark, and Finland, and were published between 2013 and 2023.
All studies adopted a prospective design, enrolling large, population-based or high-
risk birth cohorts to examine the association between maternal smoking during
pregnancy and childhood-onset T1D. The sample sizes varied widely, ranging from
726 to 3,170,386 children. Maternal smoking during pregnancy was. primarily
assessed via self-report at various time points, including the first prenatal visit,
gestational weeks 12 to 18, or via postnatal questionnaires; one study also used cord
blood cotinine for partial validation (19). The diagnosis of T1D was based on clinical
criteria (19, 30, 31, 34) or national diabetes or patient registries using International
Classification of Diseases (ICD) codes (19-23, 32, 33). All studies reported the
incidence of childhood-onset T1D, with age at/diagnosis before 18 years. The number
of children with T1D ranged from 25 to 18,745 per study, In the study by Metséla et
al. (2020) (21), all 6,862 T1D cases and a:10% random reference cohort of 127,216
non-cases were analyzed, yielding 134,078 children in total. The relatively high
proportion of cases (5.1%) arises from this case—cohort sampling scheme rather than
the underlying population incidence. All studies adjusted for key confounding
variables, typically including child’s age and sex, maternal age, socioeconomic status,
parity, delivery. mode, and. family history of diabetes, to a varying extent. The
prevalence of mothers who smoked during the index pregnancy varied from 9.2% to
56.6%, and the incidence of T1D of children in each study ranged from 0.13% to
5.12%.-Study. quality was evaluated using the NOS (Table 2), with total scores
ranging from 8'to 9, indicating consistently high methodological quality across all
studies. Five datasets received the maximum score of 9 (19, 30, 31, 34), reflecting
excellent cohort representativeness, exposure and outcome ascertainment, and
adequate follow-up. The remaining seven datasets scored 8 (19-23, 32, 33), primarily
due to that the diagnosis was rely on ICD codes rather than clinical evaluation.
Nevertheless, the overall robustness of exposure definition, longitudinal outcome
assessment, and adjustment for major confounders enhance the validity of the

synthesized findings in this meta-analysis.



Association between maternal smoking in pregnancy and childhood-onset T1D
Pooled results from a random-effects model including the 12 prospective cohort
datasets showed that overall, maternal smoking during pregnancy was associated with
a significantly reduced incidence of childhood-onset T1D in offspring (RR: 0.74, 95%
CIL: 0.72-0.76, p < 0.001; Figure 2A) with no significant heterogeneity (p for the
Cochrane Q test = 0.48; I> = 0%). Sensitivity analyses were performed by removing
one dataset at a time, and the results remained stable (RR: 0.72—0.76, p < 0.05 for all
comparisons; Table 3). Further subgroup analyses indicated that the association was
consistent in studies with included children < or > 150,000 (RR: 0.72 wvs. 0.75; p for
subgroup difference = 0.36; Figure 2B), in studies with the prevalence of maternal
smoking in pregnancy < or > 20% (RR: 0.73 vs. 0.78; p for subgroup difference =
0.13; Figure 3A), in studies with T1D diagnosed by clinical evaluation or ICD codes
(RR: 0.71 vs. 0.74; p for subgroup difference = 0.68; Figure 3B), and between studies
with the incidence of T1D in offspring < or > 0.5% (RR: 0.74 vs. 0.74; p for subgroup
difference = 0.92; Figure 4A). In addition, the subgroup results were all significant
for studies with and without the adjustment of maternal age (RR: 0.75 vs. 0.72; p for
subgroup difference = 0.15; Figure 4B), maternal diabetes (RR: 0.72 vs. 0.79; p for
subgroup difference = 0.01; Figure 5A), and delivery type of the children (RR: 0.76
vs. 0.72; p for subgroup difference = 0.07; Figure 5B).

Publication bias

Funnel plots assessing the association between maternal smoking during pregnancy
and the risk of childhood-onset T1D in offspring are presented in Figure 6. The visual
symmetry of the plots indicates a low likelihood of publication bias. In addition,

Egger’s test also did not detect a strong evidence of publication bias (p = 0.55).

DISCUSSION

This meta-analysis of twelve prospective cohort datasets provides updated and robust
evidence on the relationship between maternal smoking during pregnancy and the risk
of childhood-onset T1D in offspring. By including over 5.9 million children from
well-characterized cohorts across multiple countries, the findings indicate a consistent
inverse association between maternal smoking during pregnancy and the subsequent

development of T1D in children. Notably, the lack of heterogeneity across studies and



the stability of results in sensitivity analyses strengthen the reliability of this observed
association.

Several potential biological mechanisms may explain how maternal smoking during
pregnancy could influence the risk of T1D in offspring. Nicotine, a key component of
cigarette smoke, readily crosses the placenta and may modulate fetal immune
development by altering cytokine expression and immune tolerance, potentially
dampening autoimmune responses later in life (35, 36). Additionally, prenatal
exposure to smoking has been associated with increased levels of regulatory T cells
and reduced pro-inflammatory responses in the offspring, which may protect against
the development of autoimmune diseases such as TI1D (37, 38). Epigenetic
modifications, including DNA methylation changes induced by tobacco exposure,
may also play a role in reprogramming immune pathways and pancreatic B-cell
development, although the precise mechanisms remain to be fully elucidated (16, 39).

The subgroup analyses provide important insights into the robustness and potential
modifiers of the observed association. The ‘inverse relationship persisted across
studies regardless of sample size, prevalence of maternal smoking, and methods used
for T1D diagnosis, suggesting that these factors do not materially affect the findings.
Interestingly, the association appeared weaker in studies that did not adjust for
maternal diabetes, highlighting .the importance of adequately controlling for
confounding maternal metabolic factors. Similarly, adjustment for maternal age and
delivery mode did not substantially alter the results, suggesting that these variables
may not be major confounders in this context. These findings support the consistency
of the inverse association across various study settings and populations.

The strengths of this.meta-analysis are several. First, it is the most comprehensive and
up-to-date. synthesis of prospective cohort studies addressing this research question,
improving upon earlier meta-analyses that included retrospective designs and mixed-
age outcomes. By restricting inclusion to prospective studies with prenatal exposure
assessment and longitudinal follow-up, the risk of recall bias, selection bias, and
reverse causality is minimized (40). Second, all included studies employed
multivariable regression models, adjusting for a wide range of relevant confounders
such as child’s age and sex, maternal age, diabetes status, socioeconomic factors,
parity, and delivery mode, thereby enhancing the validity of the findings. Third, the
consistently high quality of the included studies, as assessed by the NOS, adds to the

credibility of the results. Lastly, the large cumulative sample size ensures sufficient



power to detect associations and allows for informative subgroup and sensitivity
analyses.

Nevertheless, certain limitations should be considered when interpreting the findings.
Although all studies adjusted for multiple confounders, the possibility of residual
confounding from unmeasured or imprecisely measured factors cannot be excluded.
For example, maternal lifestyle behaviors, genetic predisposition, or exposure to other
environmental factors could influence both smoking behavior and T1D risk in
offspring (41, 42). Moreover, the exposure to maternal smoking was primarily
assessed through self-report, which may be subject to misclassification bias; however,
this bias is likely to be non-differential and would tend to attenuate the observed
associations. Only one study incorporated biomarker validation using cord blood
cotinine (19), underscoring the need for future studies-with more objective-exposure
measures. Additionally, while the studies uniformly focused on childhood-onset T1D,
variation in diagnostic criteria or registry accuracy may still exist, although subgroup
analysis by diagnostic method did not reveal significant heterogeneity. A further
limitation is that most included studies did not provide information on smoking
intensity (e.g., cigarettes per day) or trimester-specific exposure, which precluded a
dose—response meta-analysis: Future research with more detailed exposure data is
warranted to clarify potential dose-response relationships. Moreover, although the
contour-enhanced funnel plot did not suggest substantial publication bias, the small
number of available datasets limits the reliability of such assessments. Hence, the
possibility of publication bias cannot be ruled out and the results should be interpreted
with caution. Finally, the observational nature of the included studies precludes any
inference of ‘causality, and the counterintuitive direction of association warrants
cautious interpretation.

From a clinical and public health perspective, these findings do not imply that
maternal smoking should be encouraged during pregnancy. The well-established
adverse effects of prenatal tobacco exposure on fetal growth, neurodevelopment, and
respiratory health outweigh any potential protective association with T1D. Rather, the
results may point to underlying biological pathways activated by tobacco exposure
that could inspire mechanistic studies into immune modulation and B-cell preservation.
Understanding these pathways may eventually inform preventive or therapeutic
strategies that mimic the immunoregulatory effects without the harmful consequences

of smoking. In this context, the inverse association observed may serve as a starting
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point for future research, rather than a clinical recommendation. Future studies are
warranted to explore the biological plausibility and mechanistic basis of this
association. Prospective cohorts with biomarker-confirmed exposure data and detailed
immune phenotyping of offspring would be particularly valuable. Investigations into
gene—environment interactions, including maternal and fetal genotypes related to
immune regulation, xenobiotic metabolism, and nicotine sensitivity, may help clarify
whether specific subpopulations are more susceptible to the protective or harmful
effects of prenatal smoking exposure (43). Moreover, exploring whether-timing, dose,
or cessation of maternal smoking differentially influences T1D risk may refine our
understanding of critical windows of susceptibility. It is also important to examine
whether similar associations exist for other autoimmune conditions, such as multiple
sclerosis (44), which may share pathophysiological pathways with T1D: Finally,
residual confounding remains a major limitation of our findings. Secioeconomic,
behavioral, or familial factors may plausibly ‘explain the observed association, and
cannot be fully accounted for in conventional cohort analyses. Future research should
incorporate negative-control exposures (such as paternal smoking) and within-family
or sibling-comparison designs to better separate causal effects from unmeasured
confounding.

Although our meta-analysis comnsistently indicated a modest inverse association
between maternal smoking during pregnancy and risk of type 1 diabetes in offspring,
this finding should be interpreted ‘with caution. The observed “protective” effect is
counter-intuitive ~given the well-established adverse consequences of tobacco
exposure on maternal and child health. Importantly, statistical homogeneity across
studies does not eliminate the presence of clinical heterogeneity, including differences
in exposure assessment, adjustment for confounders, follow-up periods, and
population characteristics. Moreover, residual confounding by socioeconomic status,
parental health behaviors, or unmeasured genetic—environmental interactions cannot
be excluded. Case—control and sibling-comparison designs, although
methodologically different from prospective cohorts, have sometimes reported
attenuated or null associations, underscoring the importance of study design in
shaping observed results. Taken together, our findings add to the existing body of
evidence but do not imply a causal protective effect of maternal smoking. Instead,
they highlight the need for further high-quality studies with careful control for

familial, behavioral, and socioeconomic factors to clarify whether the observed
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association reflects a true biological mechanism, residual confounding, or

methodological artifact.

CONCLUSION

In conclusion, this meta-analysis of prospective cohort studies found an observed
inverse association between maternal smoking during pregnancy and the incidence of
childhood-onset T1D in offspring. While the association was consistent across
subgroups and robust in sensitivity analyses, the counterintuitive direction of effect
and the inherent limitations of observational research indicate that these results should
be interpreted with caution. Residual confounding by socioeconomic, behavioral, or
genetic factors may plausibly account for the observed association. Therefore; the
findings should not be taken as evidence of a causal protective effect. Instead, they
highlight the complexity of prenatal influences on immune-mediated diseases and the
need for future studies using robust causal-inference methods to disentangle
biological mechanisms from confounding. Importantly, these results do not alter the
clear imperative to discourage maternal smoking during pregnancy due to its well-

established adverse health consequences.
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The study by Magnus 2018 reported three cohorts, which were independently included in the meta-analysis: the Norwegian Mother and
Child Cohort Study (MoBa), the Danish National Birth Cohort (DNBC), and the Norwegian Registry Birth Cohort (NRBC). Numbers for
Metsila et al. (2020) reflect the case—cohort design of the Finnish registry study, in which all 6,862 children with type 1 diabetes were
included alongside a 10% random sample of 127,216 children without T1D. The resulting proportion of cases should not be interpreted
as population incidence, but rather as a feature of the study design. Abbreviations: MSDP: Maternal smoking during pregnancy; T1D:

Type 1 diabetes; OGTT: Oral glucose tolerance test; ICD: International Classification of Diseases; NR: Not reported.
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Table 2. Study quality evaluation via the Newcastle-Ottawa Scale
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2018
DNBC

Magnus
2018
NRBC 1 1 1 1 1 1 0 1 1

Begum

2020 1 1 1 1 1 1 0 1 1

Metsala
2020 1 1 1 1 1 1 0 1 1

Raisanen

2021 1 1 1 1 1 1 0 1 1

Wei 2023 1 1 1 1 1 1 0 1 1

The study by Magnus 2018 reported three cohorts, which were independently included in the meta-analysis: the Norwegian Mother and
Child Cohort Study (MoBa), the Danish-National Birth Cohort (DNBC), and the Norwegian Registry Birth Cohort (NRBC).
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Table 3. Sensitivity analysis by excluding one dataset at a time

Dataset excluded RR (95% CI) |I? p for Cochrane Q | p for effect
test

Frederiksen 2013 0.74 [0.72, 0% 0.48 <0.001
0.76]

Haynes 2014 0.74[0.72, 5% 0.40 <0.001
0.76]

Adlercreutz 2015 0.72 [0.70, 0% 0.93 <0.001
0.75]

Lund-Blix 2015 0.74[0.72, 5% 0.39 <0:001
0.76]

Hussen 2015 0.74[0.71, 5% 0.39 <0.001
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0.76]

Raisanen 2021 0.74 [0.72, 3% 0.41 <0.001
0.76]

Wei 2023 0.76 [0.73, 0% 0.648 <0.001
0.79]

The study by Magnus 2018 reported three cohorts, which were independently

included in the meta-analysis: the Norwegian Mother and Child Cohort Study (MoBa),
the Danish National Birth Cohort (DNBC), and the Norwegian Registry Birth Cohort
(NRBC). Abbreviations: RR: Risk ratio; CI: Confidence interval.

29




[ Identification of studies via databases and registers ]

'
_E Records identified from:
§ Databases (n = 3896) Records removed before screening:
= PubMed 1215 Duplicate records removed
€ Embase 1577 (n=1042)
_%'_ Web of Science 1104
Y
Records excluded (n = 2824)
Records screened Reviews
(n = 2854) Editorials
Meta-analyses
Irrelevant studies
Y
Reports sought for retrieval Reports not retrieved
= (n=230) (n=0)
= .
[
: '
7]
(/7]
Reports assessed for eligibility Reports excluded:
(n=30) ; ® Not prospective cohort studies
(n=12)
® Maternal smoking during
pregnancy not analyzed as
exposure (n=1)
® Offspring T1D not evaluated
—/ (n = 3)
— v ® Including adult-onset T1D
. L (n=2)
3 Studies included in review ®  Overlapped population (n = 2)
= (n=10)
©
=
—_—

Figure 1. Flowehart of database search and study inclusion
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Figure 2. Forest plots for the meta-analysis of the association between maternal
smoking during pregnancy and the risk of childhood-onset T1D in offspring. (A)
Overall ‘meta-analysis; (B) Subgroup analysis according to sample of the included
studies. RRs with 95% ClIs are shown for each study. Weights are derived from
inverse-variance random-effects models. Abbreviations: T1D: Type 1 diabetes; RR:
Risk ratio; CI: Confidence interval; SE: Standard error; df: Degrees of freedom; 1%
between-study variance; I?: percentage of total variation due to heterogeneity; Chi*:

Cochran’s Q statistic.
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Figure 3. Forest plots for the subgroup analyses of the association between
maternal smoking during pregnancy and the risk of childhood-onset T1D in
offspring. (A) Subgroup analysis according to the prevalence of maternal smoking
during pregnancy in each study; (B) subgroup analysis according to the methods for
the diagnosis of T1D. RRs with 95% Cls are shown for each study. Weights are
derived from inverse-variance random-effects models. Abbreviations: T1D: Type 1
diabetes; RR: Risk ratio; CI: Confidence interval; SE: Standard error; df: Degrees of
freedom; 1% Between-study variance; [?: Percentage of total variation due to

heterogeneity; Chi*: Cochran’s Q statistic.
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Figure 4. Forest plots for the subgroup analyses of the association between
maternal smoking during pregnancy and the risk of childhood-onset T1D in
offspring. (A) Subgroup analysis according to the incidence of offspring T1D in each
study; (B) Subgroup analysis according to whether maternal age was adjusted in each
study. RRs with 95% ClIs are shown for each study. Weights are derived from inverse-
variance random-effects models. Abbreviations: T1D: Type 1 diabetes; RR: Risk ratio;
CI: Confidence interval; SE: Standard error; df: Degrees of freedom; t*: Between-
study variance; I?: Percentage of total variation due to heterogeneity; Chi*: Cochran’s

Q statistic.
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Figure 5. Forest plots for the subgroup analyses of the association between
maternal smoking during pregnancy and the risk of childhood-onset T1D in
offspring. (A) Subgroup analysis according to whether maternal diabetes was
adjusted in each study; (B) subgroup analysis according to whether delivery type was
adjusted in each study. RRs with 95% Cls are shown for each study. Weights are
derived from inverse-variance random-effects models. Abbreviations: T1D: Type 1
diabetes; RR: Risk ratio; CI: Confidence interval; SE: Standard error; df: Degrees of
freedom; 1% Between-study variance; [?: Percentage of total variation due to

heterogeneity; Chi*: Cochran’s Q statistic.
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Figure 6. Funnel plots for estimating the potential publication biases underlying
the meta-analyses of the association between maternal smoking during
pregnancy and the risk of childhood-onset T1D in offspring. Each dot represents
an individual dataset. The vertical line indicates the pooled effect estimate. Symmetry
suggests absence of small-study effects, though formal tests are underpowered with
12 datasets. All 12 studies are represented; some markers overlap due to nearly
identical coordinates of effect estimates and standard errors. Abbreviation: T1D: Type

1 diabetes.
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SUPPLEMENTAL DATA

Supplemental File 1. Detailed search strategy for each database
PubMed

("Pregnancy"[Mesh] OR "Pregnant Women"[Mesh] OR pregnancy[tiab] OR
pregnant[tiab] OR prenatal[tiab] OR pre-natal[tiab]) AND ("Smoking"[Mesh] OR
"Tobacco Use"[Mesh] OR smoking[tiab] OR smoke[tiab] OR cigarette[tiab] OR
cigarettes[tiab] OR nicotine[tiab] OR tobacco[tiab]) AND ("Diabetes Mellitus, Type
1"[Mesh] OR "type 1 diabetes"[tiab] OR T1D[tiab] OR T1DM[tiab] OR diabetic|tiab]
OR diabetes[tiab]) AND ("Child"[Mesh] OR "Adolescent"[Mesh] OR
"Pediatrics"[Mesh] OR child[tiab] OR children[tiab] OR adolescent[tiab] OR
adolescents[tiab] OR pediatric[tiab] OR paediatric[tiab] OR offspring[tiab] OR
childhood[tiab] OR adolescence[tiab]) AND (humans|[Filter]) AND ("journal

article"[Publication Type])
Embase

(‘pregnancy'/exp OR 'pregnant woman'/exp OR pregnancy:ti,ab OR pregnant:ti,ab OR
prenatal:ti,ab OR‘pre-natal:ti,ab) AND (‘smoking'/exp OR 'tobacco use'/exp OR
smoking:ti,ab OR smoke:ti,ab OR cigarette:ti,ab OR cigarettes:ti,ab OR nicotine:ti,ab
OR tobacco:ti,ab) AND (‘type 1 diabetes mellitus'/exp OR 'diabetes mellitus':ti,ab OR
'type 1 diabetes'":ti,ab OR T1D:ti,ab OR T1DM:ti,ab OR diabetic:ti,ab) AND
(‘child7exp OR\'adolescent'/exp OR 'pediatrics'/exp OR child:ti,ab OR children:ti,ab
OR adolescent:ti,ab OR adolescents:ti,ab OR pediatric:ti,ab OR paediatric:ti,ab OR
offspring:ti,ab OR childhood:ti,ab OR adolescence:ti,ab) AND [humans]/lim AND

[article]/lim
Web of Science

TS=("pregnancy" OR "pregnant" OR "prenatal" OR "pre-natal") AND
TS=("smoking" OR "smoke" OR "cigarette" OR "cigarettes" OR "nicotine" OR
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"tobacco") AND TS=("type 1 diabetes" OR "diabetes" OR "diabetic" OR "T1D" OR
"T1DM") AND TS=("child" OR "children" OR "adolescent" OR "adolescents" OR

"pediatric" OR "paediatric" OR "offspring" OR "childhood" OR "adolescence") AND

DT=(Article) AND LA=(English)
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