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Abstract

Purpose: To determine the prevalence rate and patterns of adult patients with epilepsy in Taiwan, we conducted a community-
based neuroepidemiological survey.
Methods: Epilepsy was detected by neurologists using one-stage method. It was integrated into a community health screening
service and performed from 1 January 2001 to 31 December 2001 in Keelung, a northern city in Taiwan. A total of 13,663
subjects aged 30 years or older participated in this survey.
Results: There were 52 patients with epilepsy in this study. Among them, 37 were patients with active epilepsy. The age-adjusted
prevalence rate of active epilepsy above 30 years old was 2.77/1000 (to the 1980 US population) with the highest rate in subjects
aged 40–49 years (4.0/1000). There was a trend of higher prevalence rate in male than in female. The most common seizure type

was complex partial seizure (46.0%). Using one-stage detection method, we found nine (24.3%) patients with active epilepsy who
had never been diagnosed before. Among the patients with active epilepsy, 35.1% were symptomatic cases. Head injury (13.5%)
is the leading cause, followed by CNS infection (8.1%), stroke (5.4%) and perinatal insult (5.4%). The lifetime prevalence rate
of epilepsy (including active epilepsy and epilepsy in remission) was 3.14/1000 for age above 30 years.
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Conclusions: Comparing to previous epilepsy survey in 1993, our results showed that the prevalence rate of epilepsy was rather
stable over the past decade in northern Taiwan. Head injury is the leading cause responsible for active epilepsy. Improving public
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cancer, type II diabetes mellitus, hypertension, hyper-
lipidemia, and neurological disorder screening. From 1
January 2001 to 31 December 2001 the epilepsy survey
was integrated into this screening service.
afety is an important public health issue which may help to
2006 Elsevier B.V. All rights reserved.
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. Introduction

Epilepsy is a common neurological disorder. As
here are a variety of underlying etiologies and investi-
ation methods, epidemiological profiles vary widely
cross countries and regions with the reported preva-
ence rates mostly ranging from 4/1000 to 10/1000
for review see ILAE, 1997; Forsgren et al., 2005).
ut extremely high prevalence rate (57/1000) had also
een reported (Gracia et al., 1990). Most of these find-
ngs are based on cross-sectional surveys, and there
ere rare studies addressing whether prevalence rate
as increased or decreased after a period in a country
r region. In a longitudinal study, Hauser et al. (1991)
eported an increasing prevalence rate from 1940 to
980 in Rochester, Minnesota. Information on time
eries of prevalence rates was hardly available in one
r equivalent community-based study. Comparison of
wo surveys at different times may be helpful to look at
he trend regarding the change of prevalence rate and
nderlying etiology.

In 1993, there was one large-scaled two-stage door-
o-door survey of epilepsy which revealed the crude
revalence rate of active epilepsy was 2.7/1000 in
opulations above 40 years old in Taiwan (Su et al.,
998). The prevalence rate was lower than reports from
ost other countries. After approximately 10 years, we

onducted another community-based epidemiological
tudy of epilepsy in Keelung, the most northern city in
aiwan, by using one-stage detection method. The aim
f this study is to determine the prevalence rate and
tiologies of epilepsy in Taiwan and the trend across
0 years.

. Methods
.1. Study areas and population

We conducted a survey for epilepsy in Keelung,
northern city in Taiwan (Fig. 1). This survey was

F
n
t
s
f

occurrence of epilepsy.

ne part of a community screening service: Keelung
ommunity-based integrated screening (KCIS). The
mplementation and preliminary findings of KCIS are
escribed in detail elsewhere (Chen et al., 2004; Tung et
l., 2004; Hsu et al., 2005; Chiu et al., 2006). Briefly, the
CIS screening program is a multiple disease screen-

ng service which targeted at residents aged over 30
ears old living in Keelung. This screening service was
rovided between 1 January 1999 and 31 December
001. All seven administrative regions within this city
ere covered. Pap smear screening was the basis for

ntegrating other screening regimens into KCIS study,
ncluding tests for breast, liver, colorectal and oral
ig. 1. Keelung city is the northernmost city of Taiwan. It is located
ear Taipei, the capital of Taiwan. It consists of seven administra-
ive regions. The Keelung community-based integrated screening is
urvey covered all regions. Previous epidemiological study was per-
ormed at Ilan in 1993. Ilan is located in the northeast area of Taiwan.
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.2. Diagnosis procedures and definitions of
ymptomatic epilepsies

In the place of screening service activity, the
articipating residents were given written informed
onsent. Each subject first answered one screening
uestionnaire. There were well-trained social workers
o help people writing this questionnaire. The details
f the questionnaire were shown in Appendix A. Then
ach subject was evaluated by board-certified neurol-
gists form National Taiwan University Hospital (Drs.
.C. Chen, T.F. Chen, Y.C. Hwang, Y.R. Wen and
.H. Liou).
The overall validity of this instrument was

easured in a hospital sample of 30 patients with
pilepsy; and the sensitivity was 100%. Specificity
as investigated in 30 hospital visitors free of epilepsy

nd other diseases revealed 95%. Each subject was
valuated by a neurologist to determine whether
e or she is a patient with epilepsy on the basis of
nformation on screening questionnaire, history taking
nd neurological examination.

In this study, acute symptomatic seizure is defined
s acute provoked seizure occurring in the immediate
ontext of an injury or event that impairs or alters
rain function. Epilepsy is defined as two or more
linical recurrent unprovoked seizures not related
o withdrawal of drugs or an acute metabolic event.
atient with active epilepsy is the individual had had
eizures or continued receiving antiepileptic drugs
ithin 5 years. The International League Against
pilepsy (ILAE, 1981) classification of seizure was
sed for diagnosis/classification of seizure types.
lectroencephalography (EEG) and neuroimage study
uch as CT scan were not essential for diagnosis. But
he uncertain cases would be referred to Keelung hos-
ital for examinations to provide addition information.
he final diagnosis and classification of seizure type
nd epilepsy etiology were discussed and determined
n a consensus meeting by all neurologists participated
n this study. All the patients with seizure and epilepsy
ere follow-up at Keelung hospital. The patients
ere classified as “old” or “new” cases. Old cases
ere those who had been previously diagnosed as
pilepsy by other hospitals. New cases were patients
ith epilepsy that first detected by this survey. They
ere unrecognized their disease and have never been

reated by any neurologist or traditional physicians.

l
K
A
2

earch 72 (2006) 67–74 69

he major causes of remote symptomatic epilepsy
re defined according to guidelines for epidemiologic
tudies on epilepsy from ILAE commissions (ILAE,
993).

.3. Statistical method

Prevalence was calculated as the number of cases
er 1000 population. The 95% confidence intervals
ere calculated by asymptomatic method. The point-
ates were from 1 January 2001 to 31 December
001. To compare with other reports, we calculated
ge-adjusted rate by using 1980 US population. Age
nd gender specific prevalence rates of active epilepsy
ere calculated. Lifetime prevalence rate of epilepsy
as calculated by including both patients with active

pilepsy and epilepsy in remission on the prevalence
ate (Hauser et al., 1991).

. Results

.1. Prevalence of epilepsy

The overall 16,767 participants aged 30 years or
ore of KCIS program were simultaneously invited

o epilepsy screening. A total of 13,663 subjects
5014 male and 8649 female) were evaluated in this
pilepsy survey by neurologists. The overall atten-
ance rate of epilepsy screening was 81.5%. There
s no striking difference in subgroups of gender and
ge groups. Attendance rate of each age group and
ender was more than 85% except for young age
roup (aged 30–39, 70.9%). Among those partici-
ants, 52 were diagnosed as patients with epilepsy
nd 17 as acute symptomatic seizure. The 17 patients
ith acute symptomatic seizure were not considered

s epilepsy because their seizures were related to
cute provoked events. Thirty-seven cases out of 52
ifetime patients with epilepsy were active epilepsy.
able 1 shows the age- and gender-specific preva-

ence rates of adult patients with active epilepsy in
his study. Data of previous study at Ilan, Taiwan
as also provided for comparison. The crude preva-
ence rate of active epilepsy above 30 years old in
eelung was 2.7/1000 (95% CI: 1.85–3.58 per 1000).
ge-adjusted prevalence rate was 2.77/1000 (95% CI:
.21–3.33 per 1000). The prevalence rate was higher
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pilepsy in different studies. Two studies performed in Taiwan
Keelung and Ilan) show similar trend.

n males (3.8/1000) than in females (2.1/1000). How-
ver, the difference was not statistically significant
P = 0.42). Similar profiles of prevalence were found
hen comparing with previous study at Ilan, Taiwan.
he age-adjusted prevalence rate of active epilepsy

n patients aged 40 or more in Ilan was 2.63/1000
95% CI: 2.21–3.14 per 1000). Higher prevalence rate
as also noted in males (3.2/1000) than in females

2.2/1000).
About the age-specific prevalence rate in this study,

he prevalence rate was highest up to approximately
/1000 in the age group 30–49 years old, declined to
.2/1000 in the age group 50–59 years old, and went
p from 1.8/1000 in the age group 60–69 to more than
/1000 in subjects aged 70 years or older. This pat-
ern was similar to that in the study at Ilan, Taiwan
Fig. 2).

.2. “New” and “old” patients with epilepsy

Table 2 shows the number of patients with active
pilepsy and lifetime epilepsy (active epilepsy and
pilepsy in remission) by age groups. Thirty-seven
ere patients with active epilepsy and 52 were life-
ime epilepsy. In this one-stage survey, in addition to
reviously diagnosed patients (“old” cases), we iden-
ified nine (24.32%) “new” adult patients with active
pilepsy who had never been diagnosed before the sur-
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Table 2
Number of new (first diagnosed) and old (previously diagnosed) patients with epilepsy in this survey

Age Number of active epilepsy Number of lifetime epilepsy (prevalence, ‰) (95% CI)

New Old Total New Old Total Prevalence (95% CI)

30–39 3 6 9 5 8 13 5.58 (2.55–8.60)
40–49 2 12 14 5 16 21 5.97 (3.42–8.52)
50–59 0 3 3 1 4 5 2.01 (0.25–3.77)
60–69 2 3 5 2 4 6 1.81 (0.22–3.39)
70–79 2 3 5 2 4 6 2.36 (0.29–4.42)
80+ 0 1 1 0 1 1 2.28 (−2.18–6.74)

Total 9 28 37 15 37 52 3.14 (2.651–4.67)

L .

v
w
u
s

3

p
s
o
p
a

3
c
c
g
w
(
t
m
g

4

4
y

s
p
w
s
a
p
i
t
2
w
f
i
r

T
A

A

3
4
5
6
7
8

T

ifetime epilepsy included active epilepsy and epilepsy in remission

ey. The lifetime crude prevalence rate of epilepsy
as 3.14/1000 (95% CI: 2.65–4.67 per 1000) with
p to 28.85% (15/52) were newly detected in this
urvey.

.3. Seizure types and etiologies of epilepsy

More than half patients with active epilepsy have
artial onset seizures. The most common type of
eizure in patients with active epilepsy above 30 years
ld was complex partial seizure (46.0%), followed by
artial seizure with secondarily generalization (32.4%)
nd generalized seizure (18.9%).

Among the patients with active epilepsy, only
5.1% could be identified as remote symptomatic
ases whereas 64.9% patients were idiopathic or
ryptogenic. Table 3 shows the etiologies by age
roup. The leading cause of remote symptomatic cases
as head injury (13.5%), followed by CNS infection
8.1%), stroke (5.4%) and prenatal insult (5.4%). All
he five epilepsy patients caused by head injury were

ale and 80% of them (4/5) were at younger age
roups (30–49 years old).

d
p
t
t

able 3
ge-specific etiologies of active epilepsy in Keelung city, Taiwan

ge Head injury Stroke CNS infection Prenatal inj

0–39 2 0 0 1
0–49 2 0 2 1
0–59 0 0 1 0
0–69 0 1 0 0
0–79 1 1 0 0
0+ 0 0 0 0

otal 5 (13.5%) 2 (5.4%) 3 (8.1%) 2 (5.4%)
. Discussion

.1. The prevalence rates of epilepsy across 10
ears in Taiwan

The present community-based epidemiological
tudy using one-stage method revealed the adjusted
revalence rate of active epilepsy above 30 years old
as 2.77/1000 in Keelung, Taiwan. Previous large-

caled neuroepidemiological survey of epilepsy in Ilan,
nother county next to Keelung in Taiwan, with two-
hase door-to-door survey (Su et al., 1998) conducted
n the year 1993, 8 years earlier than our study, revealed
he adjusted prevalence rate of active epilepsy was
.64/1000 above 40 years old. Higher prevalence rate
as noted in males in both studies. The leading cause

or remote symptomatic cases in both studies was head
njury. Moreover, the age-specific prevalence rates are
ather similar in Keelung and Ilan. Although using

ifferent methods of investigation, it seems that the
atterns of epilepsy in adults are quite similar in these
wo populations in Taiwan. These findings may suggest
hat there is no substantial change of the magnitude and

ury Brain tumor Idiopathic/cryptogenic Total

0 6 9
1 8 14
0 2 3
0 4 5
0 3 5
0 1 1

1 (2.7%) 24 (64.9%) 37 (100%)
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auses of this disorder in adults over the past decade in
orthern Taiwan. Few studies addressed the change of
revalence rates over time. In a longitudinal study in the
K, Cockerell et al. (1995) reported similar prevalence

ates of lifetime epilepsy in 1983 and 1993. However,
n increased prevalence rate over time was noted and
an be attributed to improved case identification in
he latest time periods in Minnesota (Hauser et al.,
991).

.2. Etiologies of active epilepsy

Head injury is the leading cause of symptomatic
ases in our study and in Ilan, as found in previous
eports (Haerer et al., 1986; Li et al., 1985; Oun et al.,
003). The majority of our patients with head injury
re male and young. Head injuries are often caused
y accidents. In Taiwan, traffic accident was the major
ause of head injury (Chiu et al., 1997), and motor-
yclists accounted for the vast majority of head injury
ases among traffic accident victims (64.5%). It is well
nown that head injury is a major and preventable cause
f epilepsy (Annegers et al., 1998; Frey, 2003). Our
tudy reflected the importance of improving public traf-
c safety reduce head injuries and thus avoid potential
omplications like epilepsy.

.3. Age-specific prevalence rates

Fig. 2 shows the age-specific prevalence rates in dif-
erent studies. In this survey, the prevalence rate was
ighest in age group 40–50 years old and not elevated at
dvanced age. This pattern was similar to that in China
Li et al., 1985), Ilan (Su et al., 1998) and Bombay, India
Bharucha et al., 1988). In some reports, there was a
teady increase in prevalence rates with age observed
n Minnesota, USA (1980) (Hauser et al., 1991) and
igeria (Osuntokun et al., 1987). However, this was
ot seen in our study and some other studies (Keranen
t al., 1989; Maremmani et al., 1991; Forsgren, 1992;
un et al., 2003). As mentioned before, the high inci-
ence rate in the young group is due to head injury.
nd the lower prevalence rate in old age compared to
estern countries may be also attributed to underlying
tiology related to stroke, which was the most common
ause for epilepsy reported in the elderly (Luhdorf et
l., 1986) and the incidence rate in our country is lower
han that in western countries.

p
t
G
C

es, we recalculated the prevalence rates using similar range of age.
he prevalence rates were all adjusted to US 1980 population shown
bove the top of bar.

.4. Comparison of prevalence rates with previous
tudies

Fig. 3 shows the calculated prevalence rate of adult
atients with active epilepsy in different studies with
imilar range of age. Higher prevalence rates were
oted in Pakistan and Minnesota, USA (Hauser et al.,
991). Median prevalence rate was noted in Nigeria
Osuntokun et al., 1987), China (Li et al., 1985) and
uatemala (Mendizabal and Salguero, 1996). Our data

2.77/1000), together with that in Ilan (Su et al., 1998)
nd in Bombay (Bharucha et al., 1988) were lower than
ther reports.

Two possibilities account for a lower prevalence
ate found in our study. Firstly, different definitions
ay render direct comparison unavailable. Some stud-

es only included active epilepsy whereas some covered
eizure as well as epilepsy. Secondly, unidentified cases
nd concealment due to social stigma may lead to
nderreported cases (Osuntokun et al., 1987; Hauser
t al., 1991; Aziz et al., 1994). In our study, the former
s unlikely because our study was a community-based
urvey with one-stage method. However, concealment
s still probable because there is more psychosocial
ressure toward patients with epilepsy in Chinese cul-

ure regions than in western countries (Caveness and
allup, 1980; Lai et al., 1990; Jensen and Dam, 1992;
hung et al., 1995; Liou et al., 2005). Lower rate of
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pilepsy may be due to the fact that participants under-
oing neurological examination may deny or underre-
ort symptoms and signs related to epilepsy because of
tigma.

In our study, up to 24.32% (9/37) adult patients
f active epilepsy were first detected in this survey.
ecause they were unaware of the meaning or impor-

ance of the clinical symptoms, they did not visit
hysicians to receive any traditional or modern therapy
gainst epilepsy. This may affect their working perfor-
ance and quality of life. In a recent report from China,

p to 41% of patients with epilepsy do not receive medi-
al treatment (Wang et al., 2003). These facts highlight
he importance of finding hidden patients and giving
dequate treatment.

. Conclusion

In conclusion, the prevalence rate of epilepsy was
ather stable over the past decade in Taiwan. The com-
on pattern of adult patients epilepsy mainly attributed

o head injury across time also underscores the impor-
ance of improving public safety in the prevention of
pilepsy cases.
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ppendix A

The questions in the screening questionnaire are:

. Have you ever experienced or been found uncon-
sciousness before?
. (If yes in Q1) At that time, did anybody notice
that you fell suddenly with shouting initially, and
had rigidity and/or convulsions of your limbs or
face?

F

G

earch 72 (2006) 67–74 73

. Have anybody told you that you had eyes star-
ring, impaired response, or stopping ongoing move-
ment/work in a brief period (seconds to minutes)?

. Have you ever heard of seizure or epilepsy?

. Have you ever been diagnosed as a patient of seizure
or epilepsy?

(If yes) (1) When? (2) In which hospital?
(3) Have you taken drugs? (4) How long is the seizure-free

period?
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