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Abstract

Background Maternal smoking during pregnancy is associated with adverse outcomes, but its relationship with
childhood seizures remains unclear. Previous studies have produced inconsistent findings regarding the link between
maternal smoking during pregnancy and seizure risk in offspring. We aim to investigate the association between
maternal smoking during pregnancy and seizures in offspring through systematic review and meta-analysis.

Methods We conducted a search across multiple electronic databases such as PubMed, Embase, ScienceDirect,
Scopus, and Web of Science. The search was performed on May 12, 2025. Papers reporting seizure frequency
according to maternal smoking or odds ratios for seizure in offspring were selected. Dose-response analysis was
performed based on restricted cubic spline analysis between the number of cigarettes per day and the effect
estimate. The meta-analysis was performed using Review Manager version 5.4.1, and the dose-response analysis was
conducted using STATA version 13 software.

Results Among the 1,128 articles initially identified, 14 studies involving 12,887,398 subjects were included. Offspring
exposed to maternal smoking during pregnancy exhibited an increased association with seizures (odds ratio 1.49,
95% confidence interval 1.21-1.84) compared to those whose mothers did not smoke during pregnancy. Subgroup
analysis revealed a significantly heightened association in febrile convulsion, epilepsy, and neonatal seizure. Dose-
response analysis shows a linear increase in childhood epilepsy with maternal smoking, where each additional daily
cigarette raises the odds ratio by 1.7%.

Conclusions Our study establishes a significant association between maternal smoking during pregnancy and
seizures in offspring. These findings highlight the importance of public health efforts to reduce maternal smoking and
highlight the potential impact on childhood health outcomes.
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Introduction

Smoking is one of the well-known preventable unhealthy
factors that have pulmonary and extrapulmonary effects
[1]. According to the 2023 World Health Organization
(WHO) reports, more than 8 million people die each
year related to smoking, which includes 1.3 million non-
smokers exposed to second-hand smoke [2]. Although
the overall global trend of tobacco use is declining, the
estimated prevalence of smokers is around 15.2% [3].
According to a recent meta-analysis, a significant asso-
ciation has been observed between current smokers and
epilepsy, highlighting smoking as a potential risk factor
[4].

Globally, the prevalence of current smoking among
women is estimated at 17%, with higher rates reported
in specific subgroups, including pregnant women, where
the prevalence reaches 21% [5]. Maternal smoking during
pregnancy has been mentioned as a risk factor for vari-
ous diseases in offspring such as fetal growth retardation,
obesity, and attention deficit hyperactivity disorder [6—8].
In addition, the brain structure and volume of offspring
can be affected by maternal smoking during pregnancy
[9, 10].

Seizures represent a transient occurrence of abnormal
excessive or synchronous neuronal activity in the brain,
manifesting with a variety of clinical symptoms ranging
from brief lapses in attention to convulsions [11]. In pedi-
atric populations, seizures are broadly categorized based
on age of onset and underlying etiology, with febrile sei-
zures, childhood epilepsy, and neonatal seizures being
the most commonly studied subtypes [12]. Febrile sei-
zures predominantly occur in children aged 6 months to
5 years, with recovery usually without long-term issues.
Their prevalence ranges from 3.2 to 5.5 per 1,000 in
developed countries to 3.6—44 per 1,000 in developing
countries [13]. Childhood epilepsy, affecting about 58 per
100,000 children aged 1 to 10, arises from diverse causes
including genetic mutations, chromosomal abnormali-
ties, and environmental factors such as infections [14].
Neonatal seizures show a prevalence of 0.02% to 0.12%,
varying by gestational age [15].

There have been efforts to demonstrate the associations
between maternal smoking during pregnancy and child-
hood seizure. Several studies indicate a higher occur-
rence of seizures in children whose mothers smoked
during pregnancy [16-19], while other research reports
no notable variation in seizure frequency related to
maternal smoking during pregnancy [20-22]. Although
there are discrepancies in the findings of these related
investigations, to date, no comprehensive literature
review or meta-analysis has been undertaken. We aim to

investigate the potential association between maternal
smoking during pregnancy and the seizures in offspring.

Methods

Search strategy and eligibility criteria

The study protocol was registered with PROSPERO (reg-
istration number: CRD42023416464), and the meth-
odology adhered to the PRISMA guidelines [23, 24]. A
systematic literature search was conducted on May 12,
2025. To find studies of maternal smoking during preg-
nancy and seizure in offspring, we performed online
searches of published literature using PubMed, Embase,
ScienceDirect, Scopus, and Web of Science using the
following terms: ‘smokers’, ‘smoking’, ‘tobacco’, cigarette
smoking’, ‘seizure’, ‘epilepsy’, ‘convulsion’, ‘pregnancy’,
‘maternal’, ‘mother’, ‘prenatal’, and antenatal. The
specific search strategies were summarized in supple-
mentary Table 1. The search was limited to titles and
abstracts, and studies published in English and in any
other language were considered eligible for inclusion.
The language and publication year was not restricted.
We manually searched the reference lists of the included
studies.

We included cohort or case—control studies that pre-
sented results as unadjusted odds ratios (ORs) for sei-
zures in offspring with or without maternal smoking
during pregnancy. Even if the OR was not presented, the
studies were included if the frequency of seizures in off-
spring according to maternal smoking during pregnancy
was provided. The term “smoking during pregnancy” also
encompasses cases where smoking occurred only dur-
ing a part of the pregnancy period but does not include
smoking only postnatally or when the mother smoked
only pre-pregnancy. Studies without enough data were
excluded. Papers using duplicate databases or not meet-
ing the inclusion criteria were excluded, along with
reviews, abstracts, and editorial materials.

Study selection and data extraction

Two authors (SY and KK) independently conducted the
records search and screened the titles and abstracts of
each study. The same authors then reviewed and evalu-
ated the full-text articles for eligibility. During the study
selection process, duplicate records were manually iden-
tified and removed. Any discrepancies were resolved
through discussions among all authors. The final results
were reached through consensus without any disagree-
ments. During the screening phase, we extracted the
following data: title, abstract, journal, author name, and
year of publication. Further information on the num-
ber of cases with or without maternal smoking during
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pregnancy, the number of cases with or without seizures,
the type of seizure, and the age of subjects was obtained
through full-text evaluations.

Data analysis and synthesis

ORs and 95% confidence intervals (CIs) were extracted
directly from papers. If the OR was not presented, it was
calculated along with the 95% confidence intervals (CIs)
based on the frequency of the 2 x 2 contingency Table
[25]. We used the classification of I? statistics to evalu-
ate heterogeneity [26]. If the I value exceeded 50%, a
random-effects model was applied, whereas for values
below 50%, a fixed-effects model was applied [27]. The
generic inverse variance method was used as a basic
model for meta-analysis. Review Manager 5.4 software
was used to synthesize the results. The exposure of inter-
est was maternal smoking during pregnancy, which was
defined as any smoking that occurred during any part
of the pregnancy period. This definition excluded cases
where smoking occurred only before pregnancy or only
after delivery. The primary outcome of this study was
the occurrence of seizures in offspring associated with
maternal smoking during pregnancy, regardless of seizure
subtype. Secondary outcomes included specific seizure
subtypes—febrile convulsion, epilepsy/afebrile seizure,
and neonatal seizure—as well as the dose-response rela-
tionship between the number of cigarettes smoked per
day during pregnancy and seizure risk in offspring. To
further explore potential sources of heterogeneity and
assess the robustness of the findings, we conducted sen-
sitivity analyses (including a leave-one-out method and
exclusion of studies rated as ‘poor’ in quality) and strati-
fied analyses by study design (cohort vs. case—control)
and seizure subtype.

To conduct a dose-response examination of the rela-
tionship between smoking and the seizures in offspring,
we employed restricted cubic spline analysis [28]. To
construct a linear dose-response profile, relevant data
on number of cigarettes per day, along with the number
of cases and associated OR, were extracted from stud-
ies featuring a minimum of 3 quantitative exposure cat-
egories. A dose-response graph was generated using the
STATA 13 software to visually represent the association.

Risk of bias assessment

The Newcastle-Ottawa Scale was utilized to assess the
risk of bias [29]. Two authors (SY and KK) independently
evaluated the included studies for the risk of bias, and
any disagreements were resolved through discussion
among all authors.

Publication bias
We created a funnel plot using Review Manager 5.4
software to visualize potential publication bias. Rank
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correlation and Egger’s regression test were utilized to
quantitatively assess publication bias.

Certainty assessment

In this study, the Grading of Recommendations, Assess-
ment, Development, and Evaluations (GRADE) approach
was applied to determine how maternal smoking dur-
ing pregnancy affects the occurrence of seizures in their
offspring [30]. The body of evidence was classified as
high, moderate, low, or very low based on five essential
domains and two additional domains.

Results

Study selection and characteristics of the included studies

The search yielded 1024 articles. We then obtained 461
candidate articles for title and abstract review after
excluding 667 non-human studies or non-articles. Forty-
four articles underwent full-text review after excluding
417 duplicated or non-eligible articles based on their
title and abstract. We conducted a full-text review of 44
articles, of which 30 were excluded due to reasons such
as lack of reporting on the exposure or outcome of inter-
est, irrelevant study population, or unmatched study
design (Supplementary Table 2). In total, 14 studies were
included in the meta-analysis, comprising eight cohort
studies and six case—control studies [16-22, 31-37].
Finally, we obtained unadjusted estimates from studies
for febrile convulsion (1n = 6), epilepsy/unprovoked sei-
zure (n = 4), and neonatal seizure (z = 2). Two studies
included various types of seizures (Fig. 1).

The included studies exhibited substantial variation
in sample size, ranging from fewer than 200 partici-
pants in case—control studies to over 11 million indi-
viduals in large population-based cohorts. Maternal age
was reported inconsistently, with some studies present-
ing categorical groups (<20, 20-24, 25-29, 30-34, >35
years), while others reported mean values with standard
deviations, typically between 25 and 29 years. Informa-
tion on maternal comorbidities was also inconsistently
reported. However, several studies provided data on con-
ditions such as gestational diabetes, hypertension, pre-
eclampsia, eclampsia, anticonvulsant use, and previous
abortion. The characteristics of the included studies are
summarized in Table 1.

Overall seizure risk

Based on the results of 12,887,398 children reported in
14 observational studies, offspring with maternal smok-
ing during pregnancy were at an elevated occurrence of
seizures, with an OR of 1.49 (95% CI: 1.21-1.84, p<0.001,
12=91%, p for heterogeneity <0.001), compared with off-
spring whose mother did not smoke during pregnancy
(Fig. 2). This result exhibited high heterogeneity among
the included studies.
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Abstracts identified through database
searching (n=1024)

* PubMed and Embase (n=252)
* ScienceDirect (n=38)

* Scopus (n=569)

* Web of science (n=165)

Identification
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Records excluded (n=667)

* Non-human (n=252)

Abstract/title review (n=461)

Screening

* Non-article (n=415)

Records excluded (n=417)

Full text review (n=44)

Eligibility

* Duplicated (n=256)
* Not eligible (n=161)

Records excluded (n=30)

* Qutcome of interest not
reported (n=14)

y
Included studies (n=14)

Febrile seizure (n= 6)
Epilepsy or afebrile seizure (n=4)
Neonatal seizure (n= 2)
> 2 type of seizure (n=2)
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* Exposure of interest not
reported (n=12)

* Study population not relevant
(n=3)

* Study design not matched (n=1)

Fig. 1 Flow diagram illustrating the study selection process for the systematic review and meta-analysis

Subgroup analysis

In subgroup analyses by type of seizure, in febrile convul-
sion, offspring exposed to maternal smoking during preg-
nancy had a higher occurrence of seizures, with an OR of
1.36 (95% CI: 1.09-1.70, p =0.006, I>=79%, p for hetero-
geneity <0.001) based on 371,496 children from 8 stud-
ies, indicating high heterogeneity among the included
studies (Supplementary Fig. 1). In epilepsy and afebrile
seizure, this trend persisted with an OR of 1.30 (95% CI:
1.06-1.59, p=0.01, [*=13%, p for heterogeneity=0.33)
based on 21,986 children from 6 studies (Supplementary
Fig. 2). In neonatal seizure, newborns similarly exposed
were at an even greater risk with an OR of 2.01 (95% CI:
1.50-2.70, p<0.001, I>=74%, p for heterogeneity = 0.02)
based on 12,510,908 children from 3 studies (Supplemen-
tary Fig. 3). Both case-control study (OR 1.84, 95% CI:
1.66-2.03, p<0.001, I>=11%, p for heterogeneity = 0.34)
and cohort study (OR 1.32 95% CI: 1.04-1.67, p=0.02,

12=90%, p for heterogeneity <0.001) showed a significant
association in subjects with maternal smoking during
pregnancy (Supplementary Fig. 4, and 5).

Sensitivity analysis and Dose-response analysis
Leave-one-out sensitivity analysis confirmed the stability
of the overall effect size, with no single study dispropor-
tionately influencing the results despite consistently high
heterogeneity (Supplementary Fig. 6). Furthermore, we
conducted an additional sensitivity analysis by exclud-
ing studies rated as ‘poor’ in quality. The pooled effect
size remained significant, with an OR of 1.83 (95% CI:
1.36-2.43, p<0.001; I’=27%, p for heterogeneity=0.24)
(Supplementary Fig. 7).

We conducted a dose-response analysis utilizing data
from four studies (two cohort and two case-control)
that included per-day information on smoking [16, 17,
31, 32]. Employing a restricted cubic splines model, we
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Table 1 Characteristics of the included studies (n=14)
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Study design: Cohort study

Author  No. of Cohort data Age of subject Smoking Typeof  Diagnostic criteria of
(year) Total and study period category seizure seizure
(n)
Rantakal- 3,664 Live births in 0:NA, 0-14 yr® Smokers / Epilepsy At least one episode of
lio et al. Northern Finland ~ M: NA non-smokers  (n=71) paroxymal disturbances of
(1987) (1966) consciousness, sensation, or
2n movement
Nelson et 260,588° Collaborative O:NA 0/day FS An event in infancy or child-
al. (1990) Perinatal Project M: (No. of frequency(rate/10,000)) 1-10/day (n=9999) hood, usually occurring be-
[31] of the National 10-14 year: (85) 11-20/day tween three months and five
Institute of Neuro- 1519 year: (2,248) 21-40/day years of age, associated with
logical Disorders ~ 20-24 year: (3,624) 41-61/day fever but without evidence
and Stroke. 25-29 year: (2,144) of intracranial infection or
(1983-1985) 30-34 year: (1,157) defined cause
35-49 year: (742)
Green- 16,080 British national O: NA, followed to age 10 yr Never FS Associated with fever but
wood et cohort study M: (No. of frequency) Stopped pre  (n=375)  without evidence of intracra-
al. (1998) (1970) <20 year: (1579) pregnancy AFS nial infection or defined cause
[32] 20-24 year: (5766) Stopped in (n=63) |diopathic afebrile seizure
25-29 year: (4973) pregnancy was defined as a paroxysmal
30-34 year: (2424) <5/day disturbance of consciousness,
>35year: (1322) 5-14/day sensation, or movement,
+15/day primarily cerebral in origin
Vahidnia 10,108 Child Healthand ~ O:NA Smokers / FS Convulsion occurred concur-
etal. Development M: (mean age + standard deviation) non-smokers  (n=209)  rently with a high fever and
(2008) Studies in the Non-smoker, non-alcohol drinker: 27 +6.1 yr systemic infection
[33] San Francisco- Smoker, non-alcohol drinker: 25+£5.9 yr
East, Bay Area Non-smoker, alcohol drinker: 29+5.6 yr
(1959-1966) Smoker, alcohol drinker: 28 +5.7 yr
Nuneset 542 Population based  O: followed to age 12 mo Smokers / FS(n=27) Epilepsy was defined as a
al. (2011) birth cohort study, Epilepsy: 23+12 mo non-smokers NS (n=10) condition
[20] Passo Fundo, FS, NS, AFS: NA Epilepsy characterized by recurrent
Brazil M: NA (n=11) unprovoked seizures
AFS (n=8) Asingle unprovoked seizure
or cluster of seizures occur-
ring in a time interval below
24 h was considered a single
seizure episode.
Mitsuda 81,969 Birth cohort study, O:NA, followed to age 12 mo Smokers / FS C-1y questionnaire - diag-
etal. Japan environ- M: (No. of frequency) non-smokers  (n=978)  nosed in their children when
(2019) mental and <20 year: (578) 12 months of age or younger.
[19] children’s study, 20-35 year: (60586)
2011-2014 >35 year: (22914)
Doty et 11,572,364  United States vital - O:Term infant (37-41 weeks of gestation) Smokers / NS Any of the following:
al. (2020) statistics data M: (No. of frequency) non-smokers  (n=2834)  5-minute Apgar score less
[34] sets on period <20 year: (832,694) than 5, assisted ventilation
linked birth-infant 20-34 year: (93,52,352) longer than 6 h, and neonatal
death, 2013-2017 =35 year:(1,551,104) mortality
Spechtet 1,556 Danish Civil Reg-  O: followed to age 5yr Smokers / Epilepsy  Epilepsy diagnosis (ICD-10
al. (2020) istration System,  M: Cases 28.7 +5.0 year, controls: 294+ 4.7yr non-smokers (n=403)  G40.9) occurring between 1

[22] 1994-2002

and 4 years of age.
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Table 1 (continued)
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Study design: Case-control study

Author  No. of Hospital orarea Age Smoking Typeof  Diagnostic criteria of
(year) Total seizure seizure
(n)
Cassano 944 Greater Seattle, 0:8~34 maP Nonsmoker FS Febrile seizure was defined as
etal. Washington M: cases 26.0+ 5.0 year, controls 28.1£4.6 yr  Quit smok- (n=472) complex if it lasted more than
(1990) ing during 15 min, had lateralized onset,
[17] pregnancy or was followed by another
Smoked febrile seizure within 24 h.
throughout Simple febrile seizures lacked
pregnancy all these characteristics.
1-10/day
11-20/day
>21/day
Berg et 168 Emergency de- O: cases 19.0 mo, control 19.3 mo None FS (n=69) Seizure with fever>101 °F
al. (1995) partments of one  M: NA < 1/day and no history of previous
[16] of three hospitals 1-5/day febrile or unprovoked seizures
in Bronx, New 6-10/day
York. 1989-1992 11-20/day
>20/day
Sidenvall 166 Va'sterbotten, O:NA, 0-15 yrb Smokers / AFS Unprovoked seizure if they
etal. northern Sweden  M: Cases 28 year, controls: 27 yr non-smokers  (n=58) occurred without an identifi-
(2001) in 1985 able causative metabolic or
[35] an acute structural abnormal-
ity or occurred after the first
week subsequent to an acute
neurologic insult
Heydar- 175 Ghaem Hospital,  0:23.0+17.8 mo (6-60 mo) Smokers / FS (n=97) Not specified
jianetal. Iran M: NA non-smokers
(2018)
[36]
Habbal et 334 Three medical O: (No. of frequency) Smokers / Epilepsy  Simple febrile seizures are
al. (2021) centers in Damas-  28d-23 mo: (61) non-smokers  (n=167) seizures which last from a few
[37] cus, Syria. 2-11 year: (82) seconds to 15 min and do not
12-18 year: (24) recur during the same day
M: NA while complex seizures last
more than 15 min and may
recur during 24 h
Mclaren 938,074 United States O: Late preterm births neonate Smokers / NS United States Natality
etal. Natality database ~ M: Cases 29 (24-34) yr, controls: 29 (24-34)  non-smokers  (n=498) database
(2022) from the National  yr
[18] Center for Health
Statistics in
2016-2018

AFS Afebrile seizure, FS Febrile seizure, M Maternal age, mo Months, NA Not available, NS Neonatal seizure, O Offspring’s age, yr Years

a. Total number of non-smoker and their seizure frequency were not directly described, so we indirectly calculated

b. If age of subject is not described, recruiting criteria of age was noted instead
Age was presented as mean +standard deviation, median (interquartile range)

identified a linear increase between maternal smoking
during pregnancy and the OR of offspring seizure (Fig.
3). The calculated regression coefficient was 1.017 (95%
CI: 1.001-1.033, p = 0.04), suggesting that for each addi-
tional cigarette smoked per day, the OR increased by
1.7%. In practical terms, smoking 10 cigarettes per day
during pregnancy was associated with an approximately
18% higher risk of seizures in offspring, while smoking 20
cigarettes per day was associated with about a 40% higher
risk, compared with non-smokers.

Risk of bias within studies

The quality of the 14 included studies was found to be
quite diverse (Supplementary Table 3). Out of these stud-
ies, four were rated as “good’;, one as “fair’, and ten as
“poor”.

Publication bias

The funnel plot for Fig. 4 shows no evidence of publica-
tion bias. Rank correlation yielded a p-value of 0.747,
indicating no evidence of publication bias. Egger’s test for
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Odds Ratio
M-H. Random, 95% ClI

Odds Ratio
M-H. Random, 95% CI

Smoking(+) Smoking(-)

r r Even Total Even Total Weight
Berg 1995 18 28 51 140 3.9%
Cassano 1990 164 265 308 679 8.8%
Doty 2020 116 103537 382 834537  9.6%
Greenwood 1998 210 7399 228 8681 9.8%
Habbal 2021 10 21 157 313 3.7%
Heydarian 2018 6 7 91 168  0.9%
McLaren 2022 352 847095 2482 10725269 10.3%
Mitsuda 2019 56 3249 922 79698  9.0%
Nelson 1990 4625 115345 5374 145243 10.6%
Nunes 2011 6 107 49 408 3.8%
Rantakallio 1987 42 1821 29 1823  6.9%
Sidenvall 2001 25 52 33 115  5.1%
Specht 2020 84 282 249 1008 8.8%
Vahidnia 2008 88 3594 121 6514  9.0%
Total (95% CI) 1082802 11804596 100.0%
Total events 5802 10476

Heterogeneity: Tau? = 0.11; Chi? = 151.00, df = 13 (P < 0.00001); I =91%
Test for overall effect: Z = 3.71 (P = 0.0002)

3.14[1.35,7.32]
1.96 [1.46, 2.61]
2.45[1.99, 3.02]
1.08 [0.90, 1.31]
0.90 [0.37, 2.19]
5.08 [0.60, 43.09]
1.80 [1.61, 2.01]
1.50 [1.14, 1.97]
1.09 [1.04, 1.13]
0.44[0.18, 1.05]
1.46 [0.91, 2.35]
2.30[1.17, 4.53]
1.29[0.97, 1.73]
1.33[1.00, 1.75]

L 4

1.49 [1.21, 1.84]

0.1

05 1 2 5
Low risk High risk

0.2

Fig. 2 Forest plot illustrating the association between maternal smoking during pregnancy and the risk of seizures in offspring
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Fig. 3 Dose-response relationship between maternal smoking during pregnancy and the risk of childhood seizures, estimated using restricted cubic
spline analysis (x-axis: maternal smoking per day; y-axis: odds ratio of childhood seizures)

a regression intercept yielded a p-value of 0.076, indicat-
ing no evidence of publication bias.

Certainty assessment

According to the GRADE approach, the certainty of the
evidence for the primary outcome was rated as low. The
assessment was performed on eight domains, and the
results are summarized in Table 2.

Discussion

This study presents the first systematic literature review
and meta-analysis elucidating the correlation between
maternal smoking during pregnancy and seizure occur-
rence in offspring. Previous studies have yielded incon-
sistent findings regarding this association, with some
reporting an elevated risk while others observing no
discernible relationship. Our findings indicate that off-
spring exposed to maternal smoking during pregnancy
exhibit a 49% increased likelihood of developing seizures
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Fig. 4 Funnel plot assessing publication bias across 14 observational studies
Table 2 Grading of recommendations, assessment, development, and evaluations approach for the primary outcome
Outcomes Certainty assessment Effect Cer-
No. of Study Risk Inconsistency Indirectness Imprecision  Pub- Dose- Residual OR tain-
studies  design of lica- response  confounding (95% ty
bias tion association ql)
bias
Maternal 14 Obser- Seri-  Inconsistent® Not serious?  Not serious® Un-  Present Present? 149  Low
smoking vational ousP de- (1.21-
- Pediatric studies? tect- 1.84)
seizure ed’

Cl Confidential interval, OR Odds ratio

2Study design: All included studies are observational design

BRisk of bias: Serious concerns due to the observational design of all included studies and the majority being rated as low quality using the Newcastle-Ottawa Scale

‘Inconsistency: Serious inconsistency was observed with substantial heterogeneity (I> = 91%) and a significant p-value

dindirectness: No serious indirectness as the PICO elements were well aligned with the research question

€Imprecision: No serious imprecision as the pooled sample size was large and the confidence interval was narrow

fPublication bias: No strong evidence of publication bias according to Egger’s test (p=0.076)

9Residual confounding is likely given the observational design and variability in adjusted covariates across studies

compared to those unexposed. Subgroup analyses based
on epilepsy type revealed significant correlations across
febrile convulsion, epilepsy/afebrile seizure, and neonatal
seizure. Furthermore, subgroup analyses based on study
design consistently demonstrated significant associations
in cohort and case-control studies. This study could fill a
crucial gap in the literature by synthesizing epidemiologi-
cal research on the association between maternal smok-
ing during pregnancy and childhood epilepsy.

There is experimental evidence supporting the associa-
tion between smoking, the central nervous system, and
seizures. Tobacco smoke contains a complex mixture

of over 5,000 toxic chemicals, including nicotine [38].
Recent studies have unveiled the negative impacts of
smoking on the central nervous system, highlighting its
effects on brain development, function, and volume; neu-
rotransmitter activity; cognition; neurovascular diseases;
and oxidative stress [9, 39]. Notably, maternal smoking
during pregnancy has been shown to influence the gene
expression critically involved in neurodevelopment and
fetal brain programming of their child [40]. Moreover,
research on nicotine-induced seizures in mice has dem-
onstrated that nicotine triggers convulsive seizures by
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activating neurons in the amygdala through nicotinic
acetylcholine receptors [41].

In our study, substantial heterogeneity was observed,
which may be attributed to differences in study design,
population size, exposure definitions (e.g., timing and
amount of maternal smoking), outcome classification
(type of seizure), and inconsistent adjustment for con-
founders such as maternal age and family history of epi-
lepsy. Despite these variations, our findings are consistent
with previous studies indicating that maternal smoking
during pregnancy is associated with adverse neurode-
velopmental outcomes in offspring, including increased
risks of attention deficit hyperactivity disorder (ADHD),
cognitive impairment, and developmental coordination
disorder [42—44]. In subgroup analysis, the ORs for neo-
natal seizure, febrile convulsion, and epilepsy/afebrile
seizure were 2.01, 1.36, and 1.30, respectively. Although
our study cannot explain why this difference in ORs
exists according to seizure type, here are some specula-
tive reasons for this difference. Firstly, the etiology of sei-
zures differs among neonatal seizure, febrile convulsion,
and epilepsy/afebrile [45, 46]. Second, the major causes
of neonatal seizures, such as hypoxic-ischemic encepha-
lopathy, ischemic stroke, and structural brain abnor-
malities, are among the factors associated with maternal
smoking during pregnancy [9, 39, 45, 47, 48]. Third, epi-
lepsy is a heterogeneous disorder with a wide range of
age of onset, typically later than that of neonatal seizures
and febrile convulsions [11]. The follow-up periods in the
cohort studies may not be sufficient to confirm an asso-
ciation between epilepsy and maternal smoking during
pregnancy.

In addition to assessing the overall association, we
explored the dose-response relationship between mater-
nal smoking during pregnancy and the risk of seizures in
offspring. Using a restricted cubic spline model, we iden-
tified a linear trend indicating that seizure risk increases
with the number of cigarettes smoked per day. Specifi-
cally, the odds ratio increased by approximately 1.7% for
each additional cigarette smoked daily. This finding sug-
gests a potential biological gradient, where higher levels
of prenatal tobacco exposure may lead to a greater dis-
ruption of neurodevelopmental processes in the fetus.
Such a dose-dependent relationship supports the plausi-
bility of a causal link, in line with Bradford Hill’s criteria
[49]. Previous studies have also reported dose-response
associations between maternal smoking and adverse neu-
rodevelopmental outcomes, including cognitive deficits,
mood disorders, and attention disorders, which further
corroborates our findings [50]. However, it is important
to interpret these results with caution, as only a subset
of included studies provided quantitative data on daily
cigarette consumption. The limited number of stud-
ies and potential residual confounding factors, such as
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socioeconomic status and concurrent substance use, may
influence the observed association. Despite these limita-
tions, the dose-response analysis adds valuable evidence
suggesting that even low levels of maternal smoking
can contribute to seizure risk, emphasizing the impor-
tance of complete smoking cessation during pregnancy.
Future large-scale prospective studies with detailed expo-
sure assessment are warranted to further elucidate this
relationship.

Our study has several limitations. Firstly, most of
the included studies focused solely on maternal smok-
ing during pregnancy, without considering exposure
to passive environmental smoking or paternal smok-
ing. Second, only three studies on neonatal seizures
were included, which may be insufficient to conclusively
determine that neonatal seizures are the most vulner-
able to maternal smoking during pregnancy. Third, our
results were not adjusted for potential confounding fac-
tors, such as family history of febrile seizures or epilepsy,
and maternal age. Fourth, Substantial heterogeneity was
observed, which may reflect differences in study design,
population size, exposure definitions (timing and amount
of maternal smoking), seizure classification, and adjust-
ment for confounders. This heterogeneity suggests that
the pooled estimate should be interpreted cautiously, as
the true effect may vary across different settings. Despite
these limitations, our study, complemented by prior
observational and experimental studies, provides evi-
dence that maternal smoking during pregnancy impacts
seizure occurrence in offspring, as demonstrated through
the first meta-analysis. Interestingly, while the extent of
this impact varies, maternal smoking during pregnancy
affects all three types of seizure disorders in offspring.

Conclusions

Based on a systematic review and meta-analysis of 14
observational studies, maternal smoking during preg-
nancy is associated with a 49% increased risk of sei-
zures in offspring. According to the GRADE framework,
the certainty of evidence for this association is rated as
low, due to the observational design of included stud-
ies, serious risk of bias, and inconsistency among results.
Accordingly, while our findings suggest a significant
association, they should be interpreted with caution, and
further high-quality prospective studies are needed to
confirm this relationship. Nevertheless, considering the
preventable nature of maternal smoking and its known
adverse effects on fetal neurodevelopment, our findings
support advising against smoking during pregnancy.
These results should be communicated to healthcare
providers and prospective parents to aid in smoking ces-
sation efforts during pregnancy. In addition, healthcare
providers may incorporate this evidence into prenatal
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counseling and design targeted smoking cessation pro-
grams to reduce preventable risks to child health.
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