
1Nishiyama M, et al. BMJ Open 2020;10:e035977. doi:10.1136/bmjopen-2019-035977

Open access 

Seizure prevalence in children aged up 
to 3 years: a longitudinal population- 
based cohort study in Japan

Masahiro Nishiyama    ,1 Hiroshi Yamaguchi,1 Yusuke Ishida,1 Kazumi Tomioka,1 
Hiroki Takeda,1 Noriyuki Nishimura,1 Kandai Nozu    ,1 Hiroki Mishina,2 
Kazumoto Iijima,1 Hiroaki Nagase1

To cite: Nishiyama M, 
Yamaguchi H, Ishida Y, 
et al.  Seizure prevalence 
in children aged up to 
3 years: a longitudinal 
population- based cohort 
study in Japan. BMJ Open 
2020;10:e035977. doi:10.1136/
bmjopen-2019-035977

 ► Prepublication history for 
this paper is available online. 
To view these files, please visit 
the journal online (http:// dx. doi. 
org/ 10. 1136/ bmjopen- 2019- 
035977).

Received 25 November 2019
Revised 06 May 2020
Accepted 29 July 2020

1Department of Pediatrics, Kobe 
University Graduate School of 
Medicine, Kobe, Japan
2Kobe City Child and Family 
Bureau, Kobe, Japan

Correspondence to
Dr Masahiro Nishiyama;  
 nishiyan0203@ yahoo. co. jp

Original research

© Author(s) (or their 
employer(s)) 2020. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Objective To investigate the prevalence of seizures/febrile 
seizures in children up to 3 years of age and examine the 
effects of gestational age at birth on the risk for febrile 
seizures.
Design Retrospective longitudinal population- based 
cohort study.
Setting Kobe City public health center
, Kobe, Japan, from 2010 to 2018.
Participants Children who underwent a medical check- 
up at 3 years of age.
Methods Information regarding seizures was collected 
from the parents of 96 014 children. We identified the 
occurrence of seizure/febrile seizure in 74 017 children, 
whose gestational ages at birth were noted. We conducted 
a multivariate analysis with the parameter, gestational age 
at birth, to analyse the risk of seizure. We also stratified 
the samples by sex and birth weight (<2500 g or not) and 
compared the prevalence of seizure between those with 
the term and late preterm births.
Results The prevalence of seizure was 12.1% (11.8%–
12.3%), 13.2% (12.2%–14.4%), 14.6% (12.4%–17.7%) 
and 15.7% (10.5%–22.8%) in children born at 37–41, 
34–36, 28–33 and 22–27 gestational weeks, respectively. 
The prevalence of febrile seizures was 9.0% (8.8%–9.2%), 
10.5% (9.5%–11.5%), 11.8% (9.7%–14.5%) and 11.2% 
(6.9%–17.7%) in children born at 37–41, 34–36, 28–33 
and 22–27 gestational weeks, respectively. Male was an 
independent risk factor for seizures (OR: 1.15, 95% CI 1.09 
to 1.20; absolute risk increase 0.014, 95% CI 0.010 to 
0.019) and febrile seizures (OR: 1.21, 95% CI 1.15 to 1.28; 
absolute risk increase 0.016, 95% CI 0.012 to 0.020), 
respectively. Late preterm birth was not associated with an 
increased risk of seizure/febrile seizure.
Conclusions Although very preterm birth may increase 
the risk of seizure/febrile seizure, the risk associated with 
late preterm birth is considerably small and less than that 
associated with male.

INTRODUCTION
Seizures represent transient episodes of 
neuronal hyperactivity in the brain.1 Seizures, 
including febrile seizures, often occur in chil-
dren, peaking at 1 year of age.2–5 The prev-
alence of afebrile seizures is thought to be 
around 1% among children.2 6 7 In contrast, 

the prevalence of febrile seizures varies 
geographically and is reportedly 2%–5% in 
the USA and Europe6 8–10 and 8%–11% in 
East Asia.7 11 These geographical differences 
can be attributed mainly to genetic factors, 
although several studies have focused on the 
environmental risk factors.5 8 9 11–17 Prenatal 
exposure to low levels of cigarette smoke, low- 
to- moderate levels of alcohol and any level of 
caffeine are not the risk factors for febrile 
seizures.8 In contrast, several studies report 
that prenatal and perinatal factors, including 
low birth weight (BW) and very preterm 
birth, increased the risk of febrile seizures.5 17 
Conversely, other studies found that low BW 
is not associated with an increased risk of 
febrile seizures.9 11

The number of late preterm infants, 
defined as those born at 34–36 weeks’ gesta-
tional age (GA), has recently increased. The 
proportion of late preterm births among the 
total number of births increased from 7.3% 
in 1990 to 9.1% in 2005 in the USA, whereas 
the proportion of preterm births between 32 
weeks and 36 weeks of GA in Japan, including 
late preterm birth, increased from 3.6% in 
1980 to 5.0% in 2012.18 19 Since late preterm 
infants have a higher risk of morbidity and 
mortality, compared with full- term infants, 

Strengths and limitations of this study

 ► This is the largest study reporting on the prevalence 
of seizures and febrile seizures in East Asia.

 ► This population- based study covers more than 95% 
of 3- year- old children, who lived in Kobe during the 
study period.

 ► The longitudinal follow- up system enables birth data 
and seizure information to be collectively analysed.

 ► Research via questionnaires from parents limits the 
accuracy of information.

 ► Our study is limited by the lack of detailed clinical 
data on seizures.
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their health outcomes have recently garnered attention.18 
However, the effect of late preterm birth on the risk of 
seizures and febrile seizures has not been clarified. The 
objectives of this population- based study were to: (1) 
identify the prevalence of seizures and febrile seizures in 
children aged up to 3 years, (2) analyse the risk factors 
for seizures and febrile seizures according to GA and 
other birth information and (3) determine whether late 
preterm birth increases the risk of febrile seizure.

PATIENTS AND METHODS
Study design and participants
This was a retrospective longitudinal population- based 
cohort study (Kobe, Japan) based on several visits, 
including the neonatal visit and medical check- up at 3 
years of age.19 20 According to the government rule, all 
children, including those with severe illness, were invited 
for a physical check- up at 3 years of age to detect early 
physical problems and receive appropriate health guid-
ance. A total of 100 238 children, determined to be 3 years 
of age according to the population registry, were invited 
for a physical examination during the study period. Of 
these, 96 142 children visited the Kobe City public health 
center at 3 years of age, between July 2010 and June 2018 
(figure 1). Therefore, this study included the physical 
examinations conducted for 95.9% of the 3- year- old chil-
dren who lived in Kobe during the study period. Birth 
data, including sex, GA, BW, birth length (BL) and 
head circumference at birth (HC), were obtained from 
the maternal health records that were managed by the 
Kobe City public health centers. Information regarding 
seizures was collected from questionnaires, which was 
further confirmed by public health nurses and paedia-
tricians when the children visited the Kobe City public 
health centers. The questionnaires enquired any experi-
ence of seizure, febrile seizure, afebrile seizure and the 
date of the first seizure after birth. Information regarding 
seizures up to 3 years of age was recorded for 96 014 
children. Of these, 21 997 were excluded due to insuffi-
cient GA data. Finally, the data of 74 017 children were 
included in our analysis: 236 children born at >41 weeks’ 
GA, 69 315 children born at 37–41 weeks’ GA (full- term 

infants), 3566 children born at 34–36 weeks’ GA (late 
preterm infants) and 900 children born at <34 weeks’ GA.

Analyses were performed at the Kobe University Grad-
uate School of Medicine. The study was carried out 
according to the approved guidelines.

Patient and public involvement
The prevalence of seizures and febrile seizures, especially 
in preterm birth babies, is currently unknown in Japan. 
For public health, the study questions described earlier 
are highly relevant and have a high priority. This research 
did not include the recruitment of patients but rather 
used the data from participants who visited the Kobe City 
public health center at 3 years of age. The public was 
not invited to comment on the study design and was not 
consulted in the development of relevant outcomes or 
for the interpretation of the results. Study results will be 
disseminated to the participants by publication in peer- 
reviewed journals and be communicated to the public.

Data analyses
We analysed the population characteristics and compared 
the data of children who had experienced seizures with 
those who had not. Second, we identified the prevalence 
of seizure, febrile seizure and afebrile seizure according 
to birth information including GA. We also identified the 
age at which the first seizure, febrile seizure or afebrile 
seizure occurred. Third, we analysed the risk factors for 
seizures and febrile seizures among the variables at birth, 
in children born between 34 and 41 weeks’ GA. Finally, 
we divided the participants according to sex (male or 
female) and BW (<2500 g or not). Subsequently, we iden-
tified the incidence of seizures and febrile seizures and 
compared the data obtained from full- term and preterm 
infants.

Statistics
Results were expressed as number (%) or mean (SD). 
Incidence was presented as a percentage with 95% 
CI. The Mann- Whitney U test or Fisher’s exact test was 
used, where appropriate, for statistical analyses. We used 
multiple logistic regression to identify the risk factors for 
seizures or febrile seizures. The results were presented as 
the OR with 95% CI and an absolute risk increase (ARI) 
with 95% CI. P values <0.05 were considered statistically 
significant for all tests. Analyses were performed using 
JMP, V.13.0.

RESULTS
Prevalence of seizures and population demographics
The mean (SD) age of children, who visited the Kobe 
City public health centres and when the information 
regarding seizures was confirmed, was 3.32(0.08) years. Of 
74 017 children, 8985 had experienced seizures, and the 
prevalence rate of seizures was 12.1% (95% CI 11.9% to 
12.4%). From birth to 3 years of age, the number of chil-
dren who had experienced febrile and afebrile seizures 

Figure 1 Flow chart of the participants. GA, gestational age.
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was 6743 and 673, respectively. The prevalence rates of 
febrile and afebrile seizures were 9.1% (95% CI 8.9% to 
9.3%) and 0.9% (95% CI 0.8% to 1.0%), respectively. 
The remaining 1569 children also experienced seizures; 
however, the presence/absence of accompanying fever 
could not be confirmed. Participant characteristics are 
presented in table 1. Children with seizures were more 
likely to be male and preterm at birth, with low BW and 
lower HC.

The age of occurrence of the first seizure of any type was 
identified in 5442 children (figure 2). The mean (SD) age 
when the first seizure occurred was 1.80 (0.80) years. A total 
of 2426 children experienced the first seizure between 1 
and 2 years of age, 781 experienced it before 1 year and 
1678 experienced it between 2 and 3 years of age. The 
age at the occurrence of the first febrile seizure and first 
afebrile seizure was identified in 4710 and 531 children, 
respectively. The mean (SD) age when the first febrile 
seizure occurred was 1.83 (0.77) years. The number of chil-
dren who had the first febrile seizure aged <1, 1 and 2 years 

was 567, 2155 and 1515, respectively. The mean (SD) age 
for first afebrile seizure occurrence was 1.44 (0.89) years. 
The number of children who had the first afebrile seizure 
aged <1, 1 and 2 years was 175, 208 and 115, respectively.

Table 2 presents febrile and afebrile seizure rates in 
children of ages up to 3 years, according to the findings 
at birth. Both seizures and febrile seizures were likely to 
be predominant in boys with lower GA, lower BW, lower 
BL and lower HC.

Among 96 014 children aged up to 3 years with recorded 
information available regarding seizures, the prevalence 
rates of seizures, febrile seizures and afebrile seizure were 
12.1% (95% CI 11.9% to 12.3%), 9.1% (95% CI 8.9% to 
9.2%) and 0.9% (95% CI 0.9% to 1.0%), respectively. The 
prevalence rates of seizures, febrile seizures and afebrile 
seizures did not differ between children with sufficient 
and insufficient data regarding GA.

Risk factors for seizure among variables at birth
Tables 3 and 4 present the multiple logistic regression 
models used to identify risk factors for seizures and febrile 
seizures among the variables at birth in children born 
between 34 and 41 weeks’ GA. Sufficient information at 
birth (sex, GA, BW, BL and HC) was available for 68 693 
children, and their data were used in the multiple logistic 
regression model analysis. Boys had an increased risk 
for seizures (OR: 1.15, 95% CI 1.09 to 1.20; ARI: 0.014, 
95% CI 0.010 to 0.019) and febrile seizures (OR: 1.21, 
95% CI 1.15 to 1.28; ARI: 0.016, 95% CI 0.012 to 0.020) 
compared with the girls.

Stratified analysis for risk of seizure
Table 5 presents the results of the analysis for the risk of 
seizures and febrile seizure in samples stratified by sex 

Table 1 Population characteristics

All (n=74 017) Seizure (n=8985) No seizure (n=65 032) P value

Sex, male, n (%) 37 684 (50.98)* 4832 (53.82)† 32 852 (50.52)‡ <0.001

Gestational age, weeks (SD) 38.78 (1.68) 38.74 (1.76) 38.78 (1.67) 0.371

Preterm birth (<37 weeks), n (%) 4466 (6.03) 605 (6.73) 3861 (5.94) 0.003

Birth weight, g (SD) 2999 (423)§ 2981 (435)¶ 3001 (421)** <0.001

Low birth weight (<2500 g), n (%) 917 (10.22)§ 917 (10.22)¶ 6062 (9.33)** 0.008

Birth length, cm (SD) 48.52 (2.32)†† 48.47 (2.42)‡‡ 48.52 (2.30)§§ 0.270

Head circumference at birth, cm (SD) 33.28 (1.59)¶¶ 33.22 (1.62)*** 33.28 (1.58)††† 0.006

Information is available for a limited number of participants for several items.
*n=73 924.
†n=8978.
‡n=64 946.
§n=73 913.
¶n=8972.
**n=64 941.
††n=70 510.
‡‡n=8591.
§§n=61 919.
¶¶n=69 988.
***n=8531.
†††n=61 457.

Figure 2 Distribution of the first seizure of any type and the 
first febrile seizure.
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and BW. Boys born between 34 and 41 weeks’ GA with BW 
≥2500 g exhibited an increased risk of seizures (OR: 1.14, 
95% CI 1.09 to 1.20; ARI: 0.014, 95% CI 0.009 to 0.019; 
p<0.001) and febrile seizures (OR: 1.21, 95% CI 1.15 to 
1.28; ARI: 0.016, 95% CI 0.011 to 0.020; p<0.001), when 

compared with girls with BW ≥2500 g. Boys born between 
34 and 41 weeks’ GA with BW <2500 g had an increased 
risk of seizures (OR: 1.23, 95% CI 1.06 to 1.43; ARI: 0.024, 
95% CI 0.007 to 0.041; p=0.006) and febrile seizures 
(OR: 1.33, 95% CI 1.13 to 1.57; ARI: 0.026, 95% CI 0.011 

Table 2 Febrile and afebrile seizure rates for up to 3 years of age, according to birth findings

N
Prevalence of 
seizure, % (95% CI)

Prevalence of febrile 
seizure, % (95% CI)

Prevalence of 
afebrile seizure, 
% (95% CI)

Prevalence of seizure 
without known cause, 
% (95% CI)

Total 74 017 12.1 (11.9 to 12.4) 9.1 (8.9 to 9.3) 0.9 (0.8 to 1.0) 2.1 (2.0 to 2.2)

Sex

  Male 37 684 12.8 (12.5 to 13.2) 9.9 (9.6 to 10.2) 0.9 (0.8 to 1.0) 2.1 (1.9 to 2.2)

  Female 36 240 11.4 (11.1 to 11.8) 8.3 (8.0 to 8.6) 0.9 (0.8 to 1.0) 2.2 (2.0 to 2.3)

Gestational age at birth, weeks

  22–27 134 15.7 (10.5 to 22.8) 11.2 (6.9 to 17.7) 2.2 (0.8 to 6.4) 2.2 (0.8 to 6.4)

  28–33 766 14.6 (12.4 to 17.7) 11.8 (9.7 to 14.5) 1.3 (0.7 to 2.4) 1.6 (1.0 to 3.0)

  34–36 3566 13.2 (12.2 to 14.4) 10.5 (9.5 to 11.5) 1.1 (0.8 to 1.5) 1.6 (1.3 to 2.1)

  37–41 69 315 12.1 (11.8 to 12.3) 9.0 (8.8 to 9.2) 0.9 (0.8 to 1.0) 2.2 (2.1 to 2.3)

  42–43 236 12.3 (9.0 to 16.4) 10.6 (7.6 to 14.6) 0.3 (0.1 to 1.9) 1.3 (0.5 to 3.4)

Birth weight, g

  <1500 454 15.6 (12.6 to 19.3) 12.3 (9.6 to 15.7) 1.8 (0.9 to 3.4) 1.5 (0.8 to 3.2)

  1500–2499 6525 13.0 (12.2 to 13.8) 10.0 (9.3 to 10.7) 1.1 (8.6 to 13.7) 1.9 (1.6 to 2.3)

  2500+ 66 934 12.0 (11.8 to 12.3) 9.0 (8.8 to 9.2) 0.9 (0.8 to 1.0) 2.1 (2.0 to 2.3)

Birth length, cm

  <40 392 17.4 (13.9 to 21.4) 14.0 (10.9 to 17.8) 1.8 (0.9 to 3.6) 1.5 (0.7 to 3.3)

  40–44.9 2693 12.7 (11.5 to 14.0) 10.0 (9.0 to 11.2) 1.1 (0.8 to 1.5) 1.6 (1.2 to 2.1)

  45–49.9 46 935 12.2 (11.9 to 12.5) 9.1 (8.8 to 9.4) 0.9 (0.8 to 1.0) 2.2 (2.1 to 2.3)

  50+ 20 490 12.0 (11.5 to 12.4) 9.1 (8.7 to 9.5) 0.9 (0.8 to 1.0) 2.1 (1.9 to 2.3)

Head circumference at birth, cm

  <25 156 17.3 (12.2 to 24.0) 14.7 (10.0 to 21.2) 1.9 (0.7 to 5.5) 0.6 (1.1 to 3.5)

  25–29.9 940 14.9 (12.8 to 17.3) 11.2 (9.3 to 13.3) 1.4 (0.8 to 2.4) 2.3 (1.6 to 3.5)

  30–32.9 22 199 12.4 (12.0 to 12.9) 9.2 (8.9 to 9.6) 1.0 (0.9 to 1.2) 2.2 (2.0 to 2.4)

  33+ 46 693 12.0 (11.7 to 12.3) 9.1 (8.8 to 9.3) 0.9 (0.8 to 1.0) 2.1 (2.0 to 2.2)

Table 3 Multiple logistic regression model for seizures 
occurring in children aged up to 3 years, born between 34 
and 41 weeks of gestational age

OR (95% CI) P value

Sex, male 1.15 (1.09 to 1.20) <0.001

Late preterm birth 
(34–36 weeks)

1.05 (0.93 to 1.18) 0.431

Low birth weight 
(<2500 g)

1.07 (0.97 to 1.17) 0.201

Birth length (<45 cm) 1.02 (0.88 to 1.17) 0.831

Head circumference 
at birth (<30 cm)

1.19 (0.94 to 1.49) 0.156

Table 4 Multiple logistic regression model for febrile 
seizures in children aged up to 3 years, born between 34 
and 41 weeks of gestational age

OR (95% CI) P

Sex, male 1.21 (1.15 to 1.28) <0.001

Late preterm birth 
(34–36 weeks)

1.10 (0.96 to 1.25) 0.161

Low birth weight 
(<2500 g)

1.08 (0.97 to 1.20) 0.182

Birth length (<45 cm) 1.03 (0.88 to 1.21) 0.709

Head circumference at 
birth (<30 cm)

1.13 (0.86 to 1.46) 0.373
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to 0.041; p=0.001) when compared with girls with BW 
<2500 g. Late preterm birth did not statistically increase 
the risk of seizures or febrile seizures in any of the four 
(stratified) groups.

DISCUSSION
This is the largest study reporting on the prevalence of 
seizures and febrile seizures in East Asia. Moreover, this 
population- based cohort study is the first to report the 
prevalence of seizures and febrile seizures in children 
aged up to 3 years according to GA. We also analysed the 
risk factors for seizures and febrile seizures and evaluated 
the association between late preterm birth and febrile 
seizures.

A cohort study conducted more than 30 years ago 
reported the prevalence rates of seizures and febrile 
seizures as 9.7% and 8.3%, respectively.7 However, subse-
quent studies have been scarce and a recent relatively 
smaller study reported the prevalence rate of febrile 
seizures as 12.3% (n=1560).21 By virtue of its large sample 
size, the 95% CI of the prevalence of febrile seizures was 
8.9%–9.3% in this study, confirming the high prevalence 
rate of febrile seizures in Japan. The prevalence rates of 
febrile seizure vary geographically.2 6–11 15 22–26 The highest 
rate is in Guam, at 11.4% in children aged up to 5 years.24 
The rate in South Korea is also high, at 11.2% in chil-
dren aged up to 5 years.11 In contrast, the prevalence rate 
of febrile seizure is 2.3% in the UK,10 3.4% in the USA,6 
4.3% in Turkey,15 4.9% in Denmark,22 6.9% in Finland25 
and 10.1% in India.27 These geographical differences 
are attributed mainly to the racial and genetic factors.4 
However, the prevalence rate of febrile seizures is only 
0.4%–1.5% in China, as opposed to other East Asian 
countries.26

Differences may also be caused by variances in the 
study’s design. Prevalence rates reported by prospective 
studies are generally higher than those of retrospective 
studies, such as those using hospital- based surveys.25 The 
prevalence rates also differed among previous Japanese 
studies.28 A hospital- based Japanese survey estimated 
a 3.4% prevalence rate of febrile seizures in children 
aged up to 5 years.29 The lifetime prevalence of febrile 
seizure in Turkey also differed between studies (4.3% 
and 9.7%).15 23 Most previous large cohort studies were 
based on a database or datalink obtained from hospitals, 
according to the International Classification of Diseases 
(ICD) code.2 8 11 22 26 Studies based on a datalink of ICD 
codes do not include children who experienced seizures 
or febrile seizures but did not visit the hospital. In 
contrast, our data were obtained directly from parents. 
Another strength of our study is the high coverage rate 
(>95%) of the Kobe city population, due to the unique 
physical examination system requirement for children 
aged 3 years. The response rate was around 70%–80% 
in most of the previous studies based on information 
obtained from patients or parents.9 15 24 Studies with high 
coverage rates of the target populations (n=1033, 1403) 

also had a relatively smaller population, compared with 
our study.25 27

We also determined the incidence rate of seizure and 
febrile seizure according to age. The peak age of seizure 
and febrile seizure onset was between 12 and 24 months, 
which is concurrent with the findings of earlier studies.2–4 
Most febrile seizures occurred between 6 months and 3 
years of age, with a peak incidence at 18 months, although 
approximately 6%–15% of cases occurred after the age 
of 4 years.4 Therefore, based on our results, the lifetime 
prevalence of febrile seizure is approximately 9.6%–
10.7% in Japan. Our study did not investigate the asso-
ciations between age and type of seizure or the genetic 
background. A previous ICD-10 coding study in Germany 
showed that the status epilepticus admission peaked at 
ages between 0 and 12 months.30 Especially, almost half of 
all super refractory status epilepticus admissions occurred 
between the ages of 0 and 12 months.30 A population- 
based genetic study in Scotland for children below the 
age of 36 months showed that children aged less than 6 
months presenting with seizure had an increased chance 
of an underlying genetic cause compared with those 
between 24 and 36 months of age (OR: 4.9, 95% CI 1.9 to 
12.8; p=0.004).31

Among the variables at birth, only male was found to 
be an independent risk factor for seizures and febrile 
seizures in this study. Boys had consistently more febrile 
seizures than girls, although only a few studies have iden-
tified statistical differences.7 8 10 11 15 27 The prevalence 
rates of seizures and febrile seizures tended to increase 
in children with late preterm births, low BW and low HC. 
However, our multivariate analysis identified no associa-
tion between these variables and an increase in seizures 
or febrile seizures. We prepared another multiple logistic 
regression model with three variables: male, late preterm 
birth and low BW, after adjusting for the confounding 
bias among those variables. The results showed that only 
male was associated with an increased risk of seizures and 
febrile seizures (see online supplementary tables S1,S2). 
Moreover, stratified analysis by sex and BW did not reveal 
an increased risk of seizures or febrile seizures in chil-
dren with late preterm births. In the past, the incidence 
rate of epilepsy clearly increased in children born prema-
turely and those with low BW.5 32 The incidence rate of 
epilepsy was 5.23 times higher in children born at 28–32 
weeks’

GA than that in children born at 39–41 weeks’ GA.5 
However, the incidence rate ratio declined to 1.86 and 
1.20 in children born at 33–36 weeks’ GA and 37–38 
weeks’ GA, respectively.5 Perinatal factors such as prema-
ture birth, low BW and brain injury at birth are also 
reported risk factors for a febrile seizure. However, the 
evidence is contradictory, which may partly be caused by 
the differences in the study’s design.3 4 8–11 17 33 It has also 
been reported that very preterm birth is associated with 
an increased risk of febrile seizures.17 These findings, 
along with our results, indicate that very preterm birth 
may increase the risk of seizures and febrile seizures; 
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however, the risk is relatively small in children with late 
preterm births.

A unique feature of our large population- based cohort 
study is that we obtained information directly from 
parents using the examination system for 3- year- old 
children, which has a high population coverage rate 
(>95%). However, this design may also limit the accu-
racy of our diagnosis. Parents might have misrecognised 
seizures and febrile seizures. Recall bias may also be 
responsible; however, the effect is estimated to be small 
as seizures are worrisome and unforgettable events for 
most parents. In this study, definition for characterising 
seizures was not used by the health professionals when 
checking the information from questionnaires, which 
may decrease the accuracy of the seizures diagnosis. We 
were also unable to identify the lifetime prevalence of 
febrile seizures. Most previous studies included children 
aged up to 5 years1011 22 24 25 27; however, our study only 
included children aged up to 3 years, similar to a few 
Japanese studies.7 21 Therefore, the lifetime prevalence of 
febrile seizures in Japan might be higher than that in our 
study. Finally, our study was limited by the lack of detailed 
clinical data on seizures or epilepsy syndromes. We could 
not determine the seizure duration. Therefore, we were 
unable to determine the prevalence of status epilepticus 
in the study population. Further studies are required to 
investigate the prevalence of status epilepticus, which 
requires emergency medical intervention and is associ-
ated with neurological sequelae.

CONCLUSION
We determined the prevalence of seizures and febrile 
seizures in children aged up to 3 years according to 
GA. Multiple logistic regression and stratified analyses 
revealed that late preterm birth was not associated with 
the risk of seizures or febrile seizures. We demonstrated 
that male is an independent risk factor for seizures and 
febrile seizures. Although very preterm birth may increase 
the risk of seizures and febrile seizures, the risk associ-
ated with late preterm birth is considerably small and less 
than that associated with male. Our findings indicate that 
concern for conditions such as seizures is unnecessary in 
late preterm birth babies, which will bring relief to their 
parents.
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