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Impact of prenatal, neonatal, and postnatal B
factors on epilepsy risk in children
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analysis
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Abstract

Background Epilepsy is a common, long-term neurological condition. Several previous case-control, cohort

and cross-sectional studies have highlighted the role of prenatal, delivery and postnatal factors in the onset of epi-
lepsy. In this systematic review, we evaluate the impact of these factors on the development of epilepsy in children
and adolescents.

Methods We searched PubMed and Google Scholar for literature on the relationship between prenatal, delivery
and postnatal factors and the occurrence of epilepsy. The research was performed according to the PRSIMA 2020
flowchart and checklist. Data were extracted and pooled according to the ReviewManager 5.3 software using a ran-
dom-effects model. Sensitivity analysis and subgroup analysis were used to evaluate the source of heterogeneity.

Results We identified 25 reports, including 45,044 cases with confirmed epilepsy and 2,558,210 controls. Premature
birth is significantly associated with the risk of epilepsy (pooled OR=4.36 [95% Cl: 1.26-15.09], P=0.02). Smoking
during pregnancy significantly increases this risk by 28% (pooled OR=1.28 [95% Cl:1.1-1.49], P=0.002). Furthermore,
maternal epilepsy confers a pooled OR of 2.06 [95% Cl:1.26-3.36]. Eclampsia is linked to a 16.9-fold increased risk

of epilepsy. In addition, both pregnancy metrorrhagia and maternal infection are significantly associated with the epi-
lepsy risk (pooled OR=2.24 [95% Cl: 1.36-3.71] and 1.28 [95% Cl: 1.17-1.41], respectively). For delivery conditions,
cord prolapse (pooled OR=2.58 [95% Cl: 1.25-5.32]), prolonged labor (> 6 h) (OR=6.74 [95% Cl: 3.57-12.71]) and head
trauma (pooled OR=2.31[95% Cl: 1.54-3.48]) represent a meaningful risk of epilepsy occurrence. Moreover, birth
complications (OR=3.91 [95% Cl: 2.43-6.29]), low birth weight (pooled OR=1.83 [95% Cl: 1.5-2.23]) and male birth
(pooled OR=1.18 [95% Cl: 1.06-1.32]) are associated with an elevated risk of epilepsy in childhood and adolescence.

Conclusions Epilepsy in children and adolescents can be attributed to a multitude of intricate factors, notably those
during pregnancy, delivery and the postnatal period. These findings highlight the crucial role of prenatal and postna-
tal care in reducing the impact of these factors on epilepsy occurrence.
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Background

Epilepsy is a common chronic neurological disorder
marked by a pathological tendency toward recurring
and unprovoked seizures [1]. Epilepsy poses a burden for
parents, children, and medical doctors. The annual inci-
dence of epilepsy is 61.4 per 100,000 persons [2]. Nota-
bly, the incidence of epilepsy is highest in the first year
of life, with a rate of ~ 150 cases/100,000 persons per year
[3]. Additionally, the occurrence of repeated and unpro-
voked seizures in childhood reaches 0.8% by the age of
15 [3]. For those aged under 20, epilepsy can affect 1%
of the population [4]. The etiology of epilepsy can be
divided into three types: cryptogenic, symptomatic, and
idiopathic [1]. Meanwhile, the underlying risk factors for
epilepsy in childhood and adolescence vary from those
associated with epilepsy in adults [1]. A risk factor for
epilepsy is defined as a situation that increases the occur-
rence of epilepsy [5]. Although certain risk factors are
well documented, such as infection in the central nervous
system and metabolic disorders, others remain poorly
understood, notably those associated with pregnancy
characteristics [5]. In fact, 20% of epilepsy cases have
no identifiable causes [6]. While extensive research has
been conducted to understand the etiology and manage-
ment of epilepsy, there is a growing interest in investigat-
ing the roles of prenatal factors, delivery conditions, and
postnatal factors in the development and progression of
epilepsy. Understanding the risk factors can help prevent
epilepsy onset, decrease epilepsy prevalence in children
and adolescents as well as its associated comorbidities,
and aid healthcare professionals in identifying high-risk
populations and making plausible preventive strategies.
Hence, the impacts of prenatal factors, delivery condi-
tion and postnatal factors on epilepsy are still a subject of
debate, with different studies yielding conflicting results.
In this systematic review, we aim to establish the relation-
ships of prenatal characteristics, newborn delivery situa-
tions and postnatal conditions with the risk of epilepsy.

Methods

Study design

This systematic review and meta-analysis was conducted
following the guidelines of the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
2020 [7]. It has not been recorded or registered in any
registry site. The checklist is provided as a supplementary
material.

Literature search

We searched for literatures on the relationship between
perinatal/postnatal characteristics and the risk of epi-
lepsy development in children and adolescents in Pub-
Med and Google Scholar using the MeSH (Medical
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Subject Heading) terms with the assistance of the HeTOP
site (https://www.hetop.eu/hetop/). The terms identi-
fied were combined by Boolean search operators, and
we used the following phrases for the search: “Epilepsy”
AND (“prenatal” OR “prenatal care” OR “prenatal inju-
ries” OR “pregnancy” OR “postnatal” OR “postnatal care”
OR “postpartum” OR “postpartum care” OR “postnatal
injuries”) AND (“child” OR “children” OR “childhood” OR
“adolescent” OR “infant” OR “adolescence”). We specifi-
cally looked for case-control, cohort and cross-sectional
studies. The last search was made in September 2023.
No language or date restrictions were set during the
search. Only studies in humans and full-free papers were
included. The title and abstract of the collected papers
were reviewed by two investigators to assess whether the
records covered risk factors for epilepsy, and then the
full-texts were evaluated for eligibility. In the event of a
disagreement, a third author would rejudge the article.

Eligibility criteria

The inclusion criteria for literature are listed as below: (1)
case-control, cohort or cross-sectional papers aiming to
establish epilepsy risk factors in children or adolescents
according to prenatal factors, newborn delivery condi-
tions and postnatal characteristics; (2) free full-text; (3)
reporting cases aged 0 to 20 years; (4) reporting epilepsy
cases with normal birth without stroke, cerebral palsy,
malformation or encephalopathy; and (5) reporting cases
of confirmed epilepsy regardless of the seizure type (two
or more unprovoked seizures or one seizure with abnor-
mal electroencephalogram). Reports that included adult
seizures or reported only one seizure with normal elec-
troencephalogram or with hypoglycemia as a cause of
neonatal seizure or febrile seizure were excluded.

We considered the following prenatal factors: maternal
age, gestational age, maternal infection regardless of the
type of infection, preeclampsia, gestational hypertension,
gestational diabetes, eclampsia, smoking during preg-
nancy, maternal epilepsy, and pregnancy metrorrhagia
regardless of the term. The factors that were considered
to occur during newborn delivery conditions are as fol-
lows: cesarean section, forceps, breech presentation, cord
prolapses, prolonged labor and meconium. Finally, the
following factors were incorporated into the category of
postnatal factors: birth complications (infection exclud-
ing nervous central system infection, respiratory distress,
feeding or crying or breathing complications, Apgar <6),
male newborn (male gender), weight at birth under 2.5 kg
and head trauma.

Quality of studies
The validated Newcastle-Ottawa quality assessment scale
(NOS) was applied to assess the quality of reports [2].
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Two investigators independently screened the quality of
articles based on three key aspects: (i) participant selec-
tion, (ii) comparability of groups, and (iii) determination
of the exposure of interest for a case-control study and
the outcome of interest for a cohort study.

Data extraction

For each report, the following information was retrieved:
first author, year of publication, country or region of the
paper, study design, gender, number of cases, number of
control groups, number of evaluated perinatal/postnatal
factors in cases and controls and the odds ratio (OR) and
95% confidence interval (95% CI).

Statistical analysis

The ReviewManager 5.3 software developed by the
Cochrane Collaboration was used to analyze the data
and pooled the odds ratio. For the pooled effect, statis-
tical significance was set at P<0.05. Meanwhile, when
P=0.05, we defined it as statistical significant when the
95% CI did not contain 0. OR was combined for dichoto-
mous data and DerSimonian and Laird’s general inverse
variance technique [8] was used to estimate the between-
study variance, in which each study’s weight was
inversely proportional to its variance. Given the possibil-
ity of high variability among studies due to differences in
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study origins and populations, we chose a random-effects
model over a fixed-effects model. To analyze the hetero-
geneity across the different studies, the Cochran Q test
(P<0.1 was deemed significant) and I° statistic were used.
The heterogeneity was categorized as minimal (I value,
0-25%), low (25-50%), moderate (50-75%), and severe
(>75%). If considerable heterogeneity was found, a sen-
sitivity analysis was performed by eliminating studies one
by one to determine the likely causes of this heterogene-
ity. We ran a subgroup analysis if the sensitivity analysis
failed to identify the source of heterogeneity. Because
there were fewer than 10 combined studies in each risk
factor analysis, it remained unnecessary to study the bias
risk by funnel plot or Begg test, and Egger test [9, 10].

Results

Characteristics of the studies and evaluation of their
quality

The initial search identified 6296 records from PubMed
and Google Scholar. After screening the title, abstract,
and full-text for eligibility, we identified 25 reports [5,
11-34]. Figure 1 illustrates the flowchart of the selec-
tion procedure. Overall, we collected 45,044 cases with
confirmed epilepsy and 2,558,210 controls. Epilepsy was
confirmed by clinical criteria (two or more unprovoked

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources
[ Identification of studies via datab and regi: ] [ Identification of studies via other methods
—
Records removed before
g screening:
= : " *. Duplicate records removed (n
3 Recg;%iﬂlggrzlr:ﬂ:%g;g - = Records identified from:
E Registers (n = 0) L Records marked as ineligible Web searches (n=2368)
[ g - by automation tools (n = 0)
=2 Records removed for other
reasons (n = 3)
:
—
Records excluded**/ Not prenatal
Refords screened ————| or newborn delivery or postnatal
(n=23925) factors
(n = 3839)
I !
Reports sought for retrieval .| Reports not retrieved Reports sought for retrieval .| Reports not retrieved
= (n=86) I n=17) (n=52) "l (n=14)
=
j l ¢
@
Reports assessed for eligibility | Reports excluded Reports assessed for eligibility N
(n=69) Lt Not case control or cohort or (n=38) »| Reports excluded:
cross-sectional study (n = 10) Not case c_ontrol or cohort or
Epilepsy in adults (n = 15) cross-sectional study (n =5)
Associated with cerebral Duplgcate _(n:24)
palsy or stroke (n=7) Febrile seizures (n=8)
Duplicate Data (n=1)
— Data not available (n=7)
— A4 Febrile seizures (n=5)
H
= Studies included in review
E n=2

Fig. 1 PRISMA flowchart showing the processes of literature search and screening for systematic review and meta-analysis
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seizures) or one seizure coupled with an abnormal
electroencephalogram.

Each of the case-control studies included was evalu-
ated using the NOS. One study received a score of 4 and
another had a score of 5. Seven reports had a score of
6, 11 had score of 7 and four had a score of 8. Only one
study had a score of 9. Table 1 summarizes the features of
the included studies.

Meta-analysis

The number and the type of prenatal, newborn deliv-
ery and postnatal risk factors varied among studies.
Some risk factors could not be pooled for analysis since
their association with epilepsy was only reported in one
study (alcohol consumption during pregnancy, vacuum

Table 1 Characteristics of the studies included
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extraction delivery, cephalic presentation and breastfeed-
ing). Overall, we analyzed 20 factors (10 prenatal factors,
6 newborn delivery factors and 4 postnatal factors) for
epilepsy occurrence in children or adolescents (age < 20).

Prenatal factors

Gestational age (< 37 weeks or > 42 weeks)

Gestational age<37 weeks or>42 weeks was not sig-
nificantly associated with the risk of epilepsy in children
or adolescents with significant heterogeneity (pooled
OR=258 [95% CIL 0.68-9.73], P=0.16, F=100%,
Cochran’s Q test<0.00001) (Fig. 2a). Sensitivity analysis
by excluding studies one-by-one showed no decrease in
heterogeneity. Subgroup analysis revealed that premature
birth was significantly associated with the risk of epilepsy

Study Country/Region Study design Epilepsy diagnosis Patient with Control NOS score
epilepsy (n) without
epilepsy (n)
Henderson et al. (1964) [32]  United States Case-control Clinical® 283 283 6
Maheshwar et al. (1990) [31] India Cohort study Clinical® 381 372 7
Kuenneth et al. (1996) [30] United States Case-control Clinical® 78 408 7
Daoud et al. (2003) [5] Jordan Case-control Clinical® 200 200 6
Asadi-Pooya et al. (2005) [14] Iran Case-control Clinical® 142 138 6
Krebs et al. (2006) [17] Denmark Case-control Unavailable 290 580 6
Mung'ala-Odera et al. (2008)  United Kingdom Case-control Clinical® 110 816 8
[29]
Cansu et al. (2007) [23] Turkey Case-control Clinical® 805 848 7
Masri et al. (2008) [28] Jordan Case-control Seizure and EEGP 55 111 6
McDermott et al. (2010) [16]  United States Case-control ICD codes 2185 125,563 7
Attumalil et al. (2011) [25] India Case-control Clinical® 82 160 4
Burton et al. (2012) [22] Tanzania Cross-sectional Clinical® 112 113 8
Miller et al. (2012) [3] Denmark Cohort study ICD codes 2848 444,781 7
Ngugi et al. (2013) [12] Sub-Saharan Africa Cross-sectional and case- Clinical® 825 1031 9
control
Sun et al. (2008) [13] United States Cohort study Clinical® 664 89,973
Ae-Ngibise et al. (2015) [11]  Ghana Cross-sectional and case- Clinical® 144 172
control
Cruz-Cruz (2017) [24] Mexico Case-control Clinical® 118 118 6
Thygesen et al. (2018) [34] Denmark Cohort study Clinical® 2326 92,700 7
Hirvonen et al. (2017) [18] Finland Cohort study Seizure and EEGP 5611 1,027,738 7
Kakooza-Mwesige (2017) United Kingdom Case-control Clinical® 155 171 8
[27]
Odd et al. (2018) [19] United Kingdom Cohort study ICD codes 4594 467,038 7
Chou et al. (2020) [21] Taiwan region of China Cohort study ICD codes 21474 94,720 7
Whitehead et al. (2006) [20]  Canada Cohort study Seizure and EEGP 648 124,207 7
Chowdhury et al. (2020) [26]  Bangladesh Cross-sectional Unavailable 55 55 5
Gumisiriza et el (2021) [33] Belgium Case-control Clinical® 154 153 7
Total - - - 45,044 2,558,210 -

@, Two unprovoked seizures; NOS Newcastle-Ottawa Scale, ICD International Classification of Diseases, EEG electroencephalogram

b, abnormal
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(pooled OR=4.36 [95% CI: 1.26—15.09], P=0.02). Mean-
while, the heterogeneity was also significant (I=100%,
Cochran’s Q test<0.00001). Furthermore, postterm was
not linked to the risk of epilepsy (OR=0.52 [95% CI:
0.16-1.77], P=0.3) (Fig. 2b). The study by Attumalil et al.
was excluded because it combined preterm and postterm
births into a single variable [25].

Smoking

Smoking during pregnancy was associated with an
increased prevalence of epilepsy in children or ado-
lescents with significant heterogeneity (37% vs 31.1%,
pooled OR=1.91 [95% CI: 1.01-3.61], P=0.05, I*=84%,
Cochran’s Q test=0.002) (Fig. 2c). Meanwhile, after
sensitivity analysis by excluding the study by Attumalil
et al. [25], smoking during pregnancy was shown to sig-
nificantly increase the risk of epilepsy in children or
adolescents by 28%, with insignificant and negligible het-
erogeneity (38% vs 31.1%, pooled OR=1.28 [95% CI:1.1-
1.49], P=0.002, I’=0%, Cochran’s Q test=0.6) (Fig. 2d).

Maternal epilepsy

Maternal epilepsy significantly elevated the risk of epi-
lepsy in children or adolescents, with significant het-
erogeneity (1.32% vs 0.4%, pooled OR=2.62 [95% CI:
1.42-4.84], P=0.002, ’=57%, Cochran’s Q test=0.03)
(Fig. 2e). After sensitivity analysis by excluding the study
by McDermott et al. [16], this risk factor was significantly
associated (1.15% vs 0.5%) with the epilepsy occurrence
(pooled OR=2.06 [95% CI:1.26-3.36], P=0.004, ’=0%,
Cochran’s Q test=0.64) (Fig. 2f).

Eclampsia

Eclampsia was not significantly associated with the risk
of epilepsy in childhood or adolescence (0.6% vs 0.02%,
pooled OR =3.46 [95% CI: 0.13-89.52], P=0.45, I=82%,
Cochran’s Q test=0.004) (Fig. 2g). Sensitivity analysis by
excluding studies one-by-one did not show a decrease
in heterogeneity. Subgroup analysis revealed that study
design (cohort study/cross-sectional study or case—
control study) represented the source of heterogeneity
(P=81.9%, Cochran’s Q test=0.02). Additionally, sub-
group analysis showed that eclampsia was associated with

(See figure on next page.)
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a 16.9- fold increase of the risk of epilepsy in children/
adolescents with insignificant heterogeneity in cohort/
cross-sectional studies (prevalence of epilepsy, 0.85% vs
0.02%, pooled OR=16.9 [95% CI: 2.05-139.53], P=0.009,
PP=48%, Cochran’s Q test=0.16) (Fig. 2h).

Pregnancy metrorrhagia

Pregnancy metrorrhagia, regardless of the term, was sig-
nificantly associated with the risk of epilepsy occurrence
in children or adolescents (prevalence of epilepsy, 2.8%
vs 0.8%, pooled OR=2.24 [95% CI: 1.36-3.71], P=0.002,
P=0%, Cochran’s Q test=0.83). The heterogeneity was
low and insignificant (Fig. 3a).

Maternal infection

Maternal infection was shown to raise the risk of devel-
oping epilepsy by 28% with negligible and insignificant
heterogeneity (26.2% vs 22.1%, pooled OR=1.28 [95% CI:
1.17-1.41], P<0.001, ?=18%, Cochran’s Q test=0.29)
(Fig. 3b).

Other factors

Gestational diabetes (Fig. 3 c), hypertension (Fig. 3d,e),
preeclampsia (Fig. 3f), and maternal age (Fig. 3g,h) were
not related to an increased risk of epilepsy in childhood
or adolescence.

Newborn delivery factors

Cord prolapse

Children/adolescents with epilepsy had a significantly
higher prevalence of cord prolapse than the control
groups (2.1% vs 0.3%) (pooled OR=2.58 [95% CI: 1.25—
5.32], P=0.01, ’=0%, Cochran’s Q test=0.88) (Fig. 3i).

Prolonged labor>6 h

Prolonged labor>6 h was not significantly connected
to the risk of epilepsy in childhood or adolescence with
significant heterogeneity (37% vs 35.5%, pooled OR=3.4
[95% CI: 0.78-14.75], P=0.1, ’=93%, Cochran’s Q
test<0.00001) (Fig. 4a). Sensitivity analysis by elimi-
nating the study of Whitehead et al. [20] revealed a sig-
nificant decrease in heterogeneity (P=0%, Cochran’s
Q test=0.71). Prolonged labor (>6 h) was associated

Fig. 2 Forest plot of the associations of gestational age, smoking, maternal epilepsy and eclampsia with the epilepsy risk. a Forest plot

of the association between gestational age and the epilepsy risk. b Forest plot of the association between gestational age and the epilepsy risk
after subgroup analysis. ¢ Forest plot of the association between smoking during pregnancy and the epilepsy risk. d Forest plot of the association
between smoking during pregnancy and the epilepsy risk after sensitivity analysis. e Forest plot of association between maternal epilepsy

and the epilepsy risk. f Forest plot of the association between maternal epilepsy and the epilepsy risk after sensitivity analysis. g Forest plot

of the association between eclampsia and the epilepsy risk. h Forest plot of the association between eclampsia and the epilepsy risk after subgroup

analysis
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with a 6.74-fold increase of epilepsy risk (34.3% vs 7%
pooled OR=6.74 [95% CI: 3.57-12.71], P<0.001, I*=0%,
Cochran’s Q test=0.71) (Fig. 4b).

Other factors
Cesarean section (Fig. 4c, d), forceps (Fig. 4e), breech
presentation (Fig. 4f, g) and meconium (Fig. 5a) were
not associated with the risk of epilepsy in children or
adolescents.

Postnatal factors

Head trauma

Head trauma was correlated with an elevated likeli-
hood of epilepsy in children or adolescents (9.5% vs
3.8%, pooled OR=3.39 [1.84—6.25], P<0.001, I”=74%,
Cochran’s Q test=0.0007) (Fig. 5b). The sensitivity analy-
sis showed that after excluding the study by Cansu et al.
[23], there remained a significant association between
head trauma and epilepsy during childhood or adoles-
cence, but with insignificant heterogeneity (9.5% vs 5.1%,
pooled OR=2.31 [95% CI: 1.54—3.48], P<0.001, >=33%,
Cochran’s Q test=0.19) (Fig. 5¢).

Birth complications

Birth complications including feeding complications,
crying, respiratory complications, infection (excluding
central nervous system infection) and Apgar < 6, were sig-
nificantly associated with a higher risk of epilepsy (12.4%
vs 8.3%, pooled OR=3.91 [95% CI: 2.43-6.29], P<0.001).
Meanwhile, the heterogeneity was high and significant
(P=90%, Cochran’s Q test<0.00001). Sensitivity analy-
sis did not show any decrease in heterogeneity. Subgroup
analysis showed that the complication type (infection,
respiratory distress) was not the source of heterogeneity
across studies (I>=0%, Cochran’s Q test=0.41). Figure 5d
shows that the most significant risk factor was infection
(OR=19.49 [95% CI: 1.03-368.71], P=0.05]).

Low birth weight (< 2.5 kg)
Low birth weight significantly increased the risk of epi-
lepsy in childhood or adolescence by 83% (18.2% vs

(See figure on next page.)
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10.7%, pooled OR=1.83 [95% CI: 1.5-2.23], ’=0%,
Cochran’s Q test=0.57) (Fig. 5e).

Gender

The male gender was not associated with the risk of epi-
lepsy with high heterogeneity (28.6% vs 50.7%, pooled
OR=0.7 [95% CI: 0.2-2.45], P=0.58, I’=99%, Cochran’s
Q test<0.00001) (Fig. 5f). After sensitivity analysis by
excluding the study by McDermott et al. [16], this risk
factor was significant with negligible and insignificant
heterogeneity (56% vs 50.7%, pooled OR=1.18 [95% CI:
1.06-1.32], P=0.003, ’=0%, Cochran’s Q test=0.41)
(Fig. 5g).

Table 2 provides a concise overview of the variables
associated with epilepsy occurrence in childhood and
adolescence, categorized by prenatal, delivery, and post-
natal periods.

Discussion

The present systematic review and meta-analysis is the
first to evaluate factors associated with epilepsy occur-
rence in childhood or adolescence. Meta-analysis based
on the 25 studies revealed that the prenatal risk factors
for epilepsy included preterm birth (<37 weeks), smok-
ing during pregnancy, maternal epilepsy, eclampsia, preg-
nancy metrorrhagia regardless of the term, and maternal
infection regardless of the term. Newborn delivery fac-
tors that increase the risk of epilepsy were cord prolapse,
head trauma and prolonged labor>6 h. Regarding post-
natal factors, the risk of epilepsy was significantly ele-
vated with birth complications, low-weight birth (<2.5
kg), and male gender.

Prenatal factors were more commonly studied in vari-
ous papers [16, 18-21, 28, 33]. Of the studies addressing
the relationship between preterm/postterm birth and the
risk of epilepsy, we identified six case-control studies [14,
16, 24, 25, 28, 33] and four cohort studies [19-21, 33]. It is
worth noting that these studies had comparable weights
in terms of their impact on the overall results of the
meta-analysis. Subgroup analysis and sensitivity analysis
indicated that preterm birth doubled the risk of epilepsy
in children or adolescents. The study conducted by Li
et al. was in line with our findings, in which the risk was

Fig. 3 Forest plot of the associations of pregnancy metrorrhagia, infection, preeclampsia, gestational diabetes and hypertension, maternal
age, and cord prolapse with the epilepsy risk. a Forest plot of the association between pregnancy metrorrhagia and the risk of epilepsy. b
Forest plot of the relationship between maternal infection and the risk of epilepsy in children or adolescents. ¢ Forest plot of association
between gestational diabetes and the epilepsy risk. d Forest plot of the association between gestational hypertension and the epilepsy risk. e
Forest plot of the association between gestational hypertension and the epilepsy risk after sensitivity analysis. f Forest plot of the association
between preeclampsia and the epilepsy risk. g Forest plot of the association between maternal age and the epilepsy risk. h Forest plot

of the association between maternal age and the epilepsy risk after sensitivity analysis. i Forest plot of the association between cord prolapse

and the epilepsy risk
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2.16 times higher in preterm groups [35]. However, post-
term birth was not associated with the risk of epilepsy.
Several studies have indicated the association between
preterm birth and epilepsy onset at a younger age is
mediated by white matter gliosis and hypoxic-ischemic
brain injury [13, 36]. However, in our study, by exclud-
ing cerebral palsy and stroke, we emphasize alternative
hypotheses. In fact, hippocampal sclerosis, impaired
development of brain structure and a higher risk of infec-
tion in preterm groups have been reported to contribute
to this association [13]. Given the limited data on the risk
of epilepsy occurrence in children and adolescents with
preterm, full-term, or post-term births, we were unable
to compare the risk of epilepsy between those with pre-
term and full-term births, and between those with post-
term and full-term births.

Our results showed that smoking during pregnancy sig-
nificantly increased epilepsy occurrence by 28%. Smoking
during pregnancy has been identified as the first environ-
mental risk factor for epilepsy worldwide. Furthermore, it
doubles the risk of seizures in children [37]. Among the
few studies exploring the association of smoking at preg-
nancy with epilepsy onset at an early age, smoking has
been found to induce placental inflammation, placenta
damage, decreased blood flow in the placenta, remod-
eling of the uterine vasculature, low birth weight and
fetal growth restriction [38—40], which may underlie the
increased risk of epilepsy [38—40]. Additionally, tobacco
contains various chemicals with proconvulsant effects
such as ammonia, hexane, toluene and arsenic; however,
it remains unknown whether these chemicals can cross
the placental barrier to induce epileptic seizures in chil-
dren [40]. Furthermore, some studies have reported brain
structural changes associated with maternal smoking,
such as cortical thinning in the lateral and perisylvian
occipital cortices and a significantly smaller frontal lobe
[40, 41]. Moreover, maternal smoking affects the expres-
sion of many genes that are related with epilepsy [42].
Further research is required to elucidate the pathophysi-
ology of smoking during pregnancy and the risk of epi-
lepsy in children or adolescents.

In our study, children/adolescents born to epileptic
mothers were 2.06 times more likely to have epilepsy.
Out of the 6 studies that examined the association of

(See figure on next page.)
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maternal epilepsy with epilepsy onset in children or ado-
lescents, two were cross-sectional and case-control stud-
ies [11, 12], three were case-control studies [27, 30, 32]
and one was a cohort study [20]. Notably, the two studies
that exerted the most significant influence on the overall
results were those by Ngugi et al. (2013) and Whitehead
et al. (37.5% and 30.6% respectively) [12, 20]. This find-
ing was similar to those reported in various other stud-
ies [12, 16, 43]. In fact, maternal epilepsy was associated
with an~45% increased risk of epilepsy in the offspring
[43]. Additionally, antiepileptic drug use during preg-
nancy is not an explanation for epilepsy occurrence in
children/adolescents [44]. Another hypothesis that can
explain this relationship is the genetic origin of epilepsy.
In fact, epilepsy can be inherited from the mothers [43].
Additional studies are needed to fully establish the mech-
anism behind the association between maternal epilepsy
and the risk of epilepsy in children and adolescents.

While preeclampsia was not identified as a risk factor
for epilepsy, eclampsia was strongly associated with this
risk and conferred an OR of 16.9. The variation in study
design has been identified as the origin of heterogene-
ity in this analysis. Specifically, we integrated two cohort
studies [19, 20] along with one case-control study [32].
The research conducted by Whitehead et al. carried the
greatest significance in the analysis, accounting for 40.1%
of the total weight [20]. Eclampsia is a serious compli-
cation that can lead to epilepsy in children/ adolescents
through various pathways. In fact, mothers can experi-
ence hypoxia, which can affect the normal development
of the fetal brain and increase the risk of epilepsy. Rocca
et al. showed that eclampsia increases the risk of gener-
alized tonic-clonic seizures, partial seizures and absence
seizures by 2 folds; however, this relationship is not sig-
nificant [45]. This association may be explained by pla-
cental dysfunction, biological changes during eclampsia,
premature birth and low-weight birth. Meanwhile, the
exact mechanism remains unknown. As preeclampsia
precedes eclampsia, prompt diagnosis and treatment of
preeclampsia are needed to prevent eclampsia onset and
its associated complications.

In our meta-analysis, we found that maternal infection,
regardless of the type or term, is the leading cause of epi-
lepsy in children and adolescents. Sun et al. showed that

Fig. 4 Forest plot of the associations of prolonged labor, cesarean section, forceps use, and breech presentation with the risk of epilepsy. a Forest
plot of the association between prolonged labor and the epilepsy risk. b Forest plot of the association between prolonged labor and the epilepsy
risk after sensitivity analysis. ¢ Forest plot of the association between cesarean section and the epilepsy risk. d Forest plot of the association
between cesarean section and the epilepsy risk after sensitivity analysis. e Forest plot of the association between forceps use and the epilepsy risk.
f Forest plot of the association between breech presentation and the epilepsy risk. g Forest plot of the association between breech presentation

and the epilepsy risk after sensitivity analysis



Ketata et al. Acta Epileptologica

(2024) 6:1
Epilepsy Control Odds Ratio 0dds Ratio
Study or Subgroup Events Total Events Total Weight IV, 95% CI IV, Rand 95% CI
Attumalil et al (2011) 27 82 10 160 33.0% 7.361[3.35,16.20] —
Chowdhury et al (2020} 20 &5 5 55 30.6%  5.71[1.96, 16.69] —
Whitehead et al {2008) 243 648 44127 124207 36.4% 1.09[0.93,1.28] o
Total (95% CI) 785 124422 100.0%  3.40[0.78, 14.75] iR
Total events 290 44142
Heterogeneity: Tau®= 1.53; Chi*= 29.90, df= 2 (P<0.00001); F= 93% =IJ 01 U=1 1=D 1DD=
Testfor overall effect Z= 1.63 (P=0.10) ’ " IControl Epilspsy
Epilepsy Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, 95% CI IV, Random, 95% CI
Atturnalil et al (2011) 27 82 10 160 64.8%  7.36[3.35, 16.20] ——
Chowdhury et al (2020) 20 55 5 55 352%  5.71[1.96, 16.68] ——
Total (95% CI) 137 215 100.0%  6.74[3.57, 12.71] i
Total events 47 15
Heterogeneity: Tau®= 0.00; Chi*= 0.14, df=1 (P=0.71); F= 0% 50 o1 051 150 100’
Test for overall effect Z= 5.83 (P<0.00001) . . Control Epilepsy
Epilepsy Control Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Asadi-Pooya et al (2005) 28 142 43 138 123% 0.54[0.31,0.94] =
Afturnalil et al (2011) 16 82 41 160  10.3% 0.70[0.37,1.35] -
Chowdhury et al {2020) 18 55 3 55 8.4% 0.38[0.17,0.82] =
Cruz-Cruz (2017) 69 118 78 118 12.8% 0.72[0.43,1.23] T
Gumisiriza etel (2021) 2 154 3 163 2.2% 0.66[0.11, 3.99] —
Henderson et al (1964) 18 283 g 283 TA%  2.33[1.00,5.45] —
Krebs et al {2006) 225 290 441 580 17.4% 1.09[0.78,1.53] -
Masri etal (2008) 12 55 20 111 8.0% 1.27[0.57, 2.83] -
Whitehead et al (2008) 140 648 24507 124207 21.0% 1.12[0.93,1.35] ™
Total (95% CI) 1827 125805 100.0% 0.88 [0.67, 1.17]
Total events 528 25172
Heterogeneity: Tau®= 0.08; Chi*= 19.50, df= 8 (P=0.01) ; F= 59% =U 0 41 1 100:
Test for overall effect: Z=0.86 (P = 0.39) : " Control, Epilepsy
Epilepsy Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Attumalil etal (2011) 16 82 41 160 8.5% 0.70[0.37,1.35] T
Cruz-Cruz (2017) B9 118 78 118 122% 0.72[0.43,1.23] T
Gumisiriza et el {2021} 2 154 3 153 1.3% 0.66 [0.11, 3.99] I
Henderson et al (1964) 18 283 8 283 5.3% 2.33[1.00, 5.46] —
Krehs et al {2006) 225 290 441 580 23.9% 1.08[0.78,1.53] -
Masti et al (2008) 12 55 20 111 5.9% 1.27 [0.57, 2.83] -1
Whitehead et al (20086) 140 648 24507 124207 43.0% 1.121[0.93,1.35] L g
Total (95% CI) 1630 125612 100.0% 1.06 [0.86, 1.29] *
Total events 482 25098
Heterogeneity: Tau®= 0.02; Chi*= 7.65, df = 6 (P = 0.26); F= 22% =EI 0 051 130 1DU=
Testfor overall effect: Z= 0.52 (P=0.60) . . IControl Epilzpsy
Epilepsy Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events  Total Weight IV, Random,95% Cl IV, Random, 95% Cl
Henderson et al (1964) 62 283 57 283 326% 1.11[0.74,1.67]
Maheshwar et al (1990) 22 3w 10 T2 120% 2.22[1.04,4.79)
Whitehead et al (2006) 68 648 11804 124207 65.4% 1.121[0.87,1.44]
Total (95% CI) 1312 124862 100.0% 1.21[0.91, 1.60]
Total events 152 11871
Heterogeneity: Tau®= 0.02; Chi*= 2.80, df= 2 (P=0.23), F= 31% 50 o1 0?1 150 1005
Test for overall effect: Z=1.33 (P=0.18) . : Control Epilepsy
Epilepsy Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, 95% CI IV, Rand 95% CI
Henderson et al (1964) 7 283 6 283 32.4% 1.17[0.39, 3.53] —
Krebs et al (2006) 290 7516 580 800008 33.8% 55.32[47.95, 63.81] -
Whitehead et al (2008) 34 648 5426 124207 337% 1.21[0.86,1.71] -
Total (95% CI) 8447 924498 100.0% 4.37[0.21, 92.57] —-’——
Total events 3N 6012
Heterogeneity: Tau®= 7.17; Chi®= 433.32, df = 2 (P<0.00001) ; = 100% :D ) 0:1 1:0 100:
Test for overall effect Z=0.95 (P=0.34) : : Control  Epilepsy
Epilepsy Control 0dds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Henderson et al (1964) 7 283 B 283 9.0% 1.17[0.39, 3.53]
Whitehead et al {2008) 34 B48 5426 124207 91.0% 1.21 [0.86,1.71]
Total (95% CI) 931 124490 100.0% 1.21[0.87, 1.68]
Total events 41 5432
Heterogeneity: Tau?= 0.00; Chi*= 0.00, df=1 (P= 0.95); = 0% 50 o1 + 1 t le

Testfor overall effect: Z=1.12 (P= 0.26)

Fig. 4 (Seelegend on previous page.)

Control Epilepsy



Ketata et al. Acta Epileptologica (2024) 6:1

prenatal exposure to maternal cystitis, pyelonephritis,
persistent diarrhea, coughing, and vaginal yeast infec-
tions is linked to an elevated risk of juvenile epilepsy
[13]. Additionally, Casetta et al. found that maternal ill-
ness, notably upper respiratory infections, is linked to
an elevated incidence of cryptogenic and idiopathic par-
tial epilepsy [46]. While the pathophysiological mecha-
nisms remain unclear, a plausible explanation is that the
immune response and cytokines might potentially induce
placental abnormalities and fetal brain damage. This find-
ing highlights the importance of antenatal care to prevent
infection and other pregnancy-related issues. Other fac-
tors related to epilepsy occurrence are prolonged labor
and cord prolapse. These results could also be explained
by the increased risk of infection. Cord prolapses can also
lead to oxygen deprivation inducing brain injury [47].
Glass et al. showed a positive association between cord
prolapses and seizure occurrence in children with an OR
of 6.9 [95% CI: 5.9-8.1] [47].

The occurrence of epilepsy following head trauma has
been extensively studied in both children/adolescents
and adults [45, 48]. We found that children/adolescents
with a history of head trauma had a 2.31-fold increased
risk of epilepsy. This finding aligns with the results of
previous studies. In fact, this association can be linked to
neuroinflammation, glial scars and brain injuries induced
by head trauma.

After sensitivity analysis by excluding the study of
McDermott et al. [16], the risk of epilepsy occurrence
was shown to be higher in male newborns (56% vs 50.7%,
pooled OR=1.18 [95% CI: 1.06-1.32]). We excluded
this particular study because it was the primary source
of variations of results. Our findings are consistent with
those of other studies [49, 50]. Two potential explana-
tions for our findings are as follows: sex differences in
cerebral connectivity and in astrocyte structure [51-53].
The male brain typically has a larger amygdala and thala-
mus, while the female brain features a larger hippocam-
pus, caudate nuclei, regional gray matter, and cortices
[54]. Studies have shown that men exhibit stronger right-
side connectivity in the amygdala, while women display
more prominent left-side connections [54]. These sex-
related distinctions in brain development, influenced by
steroid hormones, impact the susceptibility to seizures

(See figure on next page.)
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[54]. Additionally, astrocyte structural variations may
contribute to the sex difference in epilepsy, as cultured
astrocytes and microglia from male and female rats dis-
play distinct functional responses and inflammatory
marker expression [52, 53]. Further research is needed to
uncover the structural and neuroendocrine factors con-
tributing to the sex differences in epilepsy.

In our study, birth complications including feed-
ing complications, crying, respiratory complications,
infection (excluding central nervous system infection)
and Apgar<6, are significantly associated with a higher
risk of epilepsy occurrence (pooled OR=3.91 [95% CI:
2.43-6.29]). This discovery aligns with previous research.
Indeed, the presence of respiratory complications and an
Apgar score below 6 increase the likelihood of neurode-
velopmental issues and the risk of epilepsy development
[55]. Hypoxia can result in energy depletion, oxidative
stress, and inflammation, ultimately causing cellular
death, which can contribute to the development of cer-
ebral palsy and epileptic lesions [56]. Additionally, Fred-
erik et al. discovered that the likelihood of an epilepsy
diagnosis is elevated not only after central nervous sys-
tem infections but also after a wide variety of peripheral
infections [57]. Some infections can enhance the likeli-
hood of experiencing seizures, particularly in individuals
who already have a pre-existing susceptibility to epilepsy
[58]. Infections, particularly those linked to inflamma-
tion, have the potential to alter the immune responses in
the brain and disrupt the equilibrium of neurotransmit-
ters [59], which may potentially elevate the likelihood of
epilepsy development [58]. Conversely, adequate nutri-
tion is essential for healthy brain development. Insuffi-
cient intake of vital nutrients can have adverse effects on
brain growth and development, increasing the vulner-
ability to various neurological disorders, including epi-
lepsy [59]. Moreover, difficulties with feeding can give
rise to metabolic imbalances, such as hypoglycemia or
disruptions in electrolytes. These metabolic irregularities
can impact brain function and potentially provoke sei-
zures [59].

We assume that multiple factors during the prena-
tal, delivery and postnatal periods interact synergisti-
cally and dynamically, elevating the risk of epilepsy in
children or adolescents. For instance, eclampsia can

Fig. 5 Forest plots of the associations of meconium, head trauma, birth complications, low birth weight and male gender with the epilepsy risk. a
Forest plot of the association between meconium and the epilepsy risk. b Forest plot of the association between head trauma and the epilepsy risk.
c Forest plot of the association between head trauma and the epilepsy risk after sensitivity analysis. d Forest plot of the association between birth
complications and the epilepsy risk after subgroup analysis. e Forest plot of the association between low birth weight and the epilepsy risk. f Forest
plot of the association between epilepsy risk and male newborns g Forest plot of the association between male gender and the epilepsy risk

after sensitivity analysis
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Table 2 Summary of related and non-related variables for epilepsy onset in childhood and adolescence

Prenatal conditions

Related
Preterm birth X
Post-term birth

Smoking during pregnancy

Variables

Maternal epilepsy
Eclampsia

Pregnancy metrorrhagia

X X X X X

Maternal infection
Gestational diabetes
Hypertension
Preeclampsia
Maternal age
Newborn delivery conditions
Related
Cord prolapses X

Variables

Prolonged labor>6 h X
Cesarean section
Forceps
Breech presentation
Meconium
Postnatal factors
Related
Head trauma X

Variables

Birth complications X
Low birth weight (< 2.5 kg) X
Gender X

Non-related Pooled OR [95% Cl]

4.36 [95% Cl: 1.26-15.09]
X 0.52[95% Cl: 0.16-1.77]
1.28 [95% Cl:1.1-1.49],
2.06 [95% Cl:1.26-3.36]
16.9 [95% Cl: 2.05-139.53]
2.24[95% Cl: 1.36-3.71]
1.28[95% Cl: 1.17-1.41]
1.29[95% Cl: 0.86-1.96]
1.17 [95% Cl: 0.64-2.14]
0.69 [95% Cl: 0.42-1.13]
0.93[95% Cl:0.79-1.10]

X X X X

Non-related Pooled OR [95% CI]
2.58195% Cl: 1.25-5.32]
6.74[95% Cl: 3.57-12.71]
1.06 [95% Cl: 0.86-1.29]
1.06 [95% Cl: 0.86-1.29]
1.21[95% Cl: 0.87-1.68]
]

0.89 [95% CI: 0.73-1.09

X X X X

[
[
Non-related Pooled OR [95% Cl]
2.31[95% Cl: 1.54-3.48]
3.91[95% Cl: 2.43-6.29]
1.83[95% Cl: 1.5-2.23]
1.18[95% Cl: 1.06-1.32]

OR odds ratio, CI confidence interval

contribute to premature birth and low-weight birth,
which, in turn, can lead to frequent newborn infections
and complications. Additionally, maternal infection can
be linked to cord prolapse and prolonged labor. A bet-
ter understanding of these factors is critical for advanc-
ing effective preventive and treatment measures to
reduce the likelihood of epilepsy.

While our study is novel and represents the first
meta-analysis on prenatal, delivery and postnatal
factors, it has some limitations. First, our research
included 25 studies with various study designs. Sec-
ond, some data were unavailable, such as the exact term
and the quantity or severity of pregnancy metrorrha-
gia, which prevented us from establishing a stronger
relationship between these factors and epilepsy onset.
Furthermore, the inclusion and exclusion criteria var-
ied across the studies. The age of children/adoles-
cents included in different studies ranged from 0 to
20 years, potentially introducing bias. Third, our study
only examined children and adolescents, excluding
adults. It is essential to acknowledge that the factors we

examined may have implications for epilepsy in adult-
hood [60, 61].

Conclusions

Epilepsy onset in children or adolescents is related to
multiple and complex factors, according to the preg-
nancy and postnatal characteristics. Among these fac-
tors, eclampsia is the strongest prenatal risk factor,
prolonged labor is the strongest delivery factor and
child infection is the most influential postnatal factor.
These findings call for improved awareness about these
factors. Further studies are required to understand the
physiological mechanisms underlying each of these
factors.
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