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ABSTRACT
Objectives This study aimed to determine the effect 
of a stroke education programme on elementary school 
students and their parental guardians in a rural area in 
Japan that has high stroke mortality.
Design School class based intervention study.
Setting Eleven public elementary schools in Tochigi 
Prefecture, Japan.
Participants 268 students aged 11–12 years and 267 
parental guardians.
Interventions Students received lessons about stroke 
featuring animated cartoons and were instructed to 
communicate their knowledge about stroke to their 
parental guardians using material (comic books) 
distributed in the lessons. Stroke knowledge (symptoms, 
risk factors and attitude towards stroke) and behavioural 
change for risk factors were assessed at baseline, 
immediately after the programme and at 3 months. We 
also evaluated behavioural change for risk factors among 
parental guardians.
Results The percentage of students with all correct 
answers for stroke symptoms, risk factors and the 
recommended response to stroke was significantly 
increased at 3 months P<0.001). We observed a 
significant increase in the percentage of guardians who 
chose all correct symptoms (P<0.001: 61.0% vs 85.4%) 
and risk factors (P<0.001: 41.2% vs 59.9%) at 3 months 
compared with baseline. The percentage of parental 
guardians with a high behavioural response to improving 
risk factors was significantly increased at 3 months 
compared with baseline (P<0.001).
Conclusions In a rural population with high stroke 
mortality, stroke education can improve knowledge about 
stroke in elementary school students and their parental 
guardians.

Ethics and dissemination We conducted the intervention 
as a part of compulsory education; this study was not 
a clinical trial. This study was approved by the Ethics 
Committee of the National Cerebral and Cardiovascular 
Center (M27-026).

InTRODuCTIOn
Stroke has a high burden of medical costs 
for lifestyle disease, and it’s one of the main 
causes of disability and death in Japan.1–3A 
shorter time between stroke onset and 
hospital arrival is associated with favourable 
outcomes, especially since the advent of 
thrombolytic treatment with tissue-type plas-
minogen activator (t-PA) for cerebral infarc-
tion.4 5 Previous studies indicated that t-PA 
treatment within 4.5 hours of stroke onset 
dramatically improved acute mortality and 
functional outcomes.6 7 However, substantial 
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delays in t-PA treatment are common, with the main 
reason being lack of knowledge about stroke symptoms.8

Strategies for effective community education about 
stroke in Japan include the distribution of leaflets, 
lectures and television programmes.9–11 Stroke education 
for children at school may expand community knowledge 
about stroke because children are expected to share this 
knowledge with their families. Previous studies indicated 
that early stroke education improved knowledge about 
stroke among junior high school students.12–15 However, 
most studies were performed in urban settings such as 
Osaka, a Japanese prefecture with low stroke mortality; 
few studies have been carried out in elementary schools 
in high-risk rural areas.16–18 In Tochigi (a high-risk rural 
area), the stroke mortality rate in 2010 was 62.8/100 000 
population for men and 35.5/100 000 population for 
women. In contrast, the rate was 43.9/100 000 popula-
tion for men and 21.5/100 000 population for women 
in Osaka (urban area) and 49.2/100 000 population for 
men and 25.8/100 000 population for women in Tokyo 
(urban area) in 2010.19

Some previous school-based studies focused on 
improving stroke knowledge, but few have focused on 
the effect of improved stroke knowledge on healthy 
behaviour.20–22 This study aimed to clarify the effective-
ness of stroke education about early symptoms and risk 
factors on elementary school students and their parental 
guardians in Tochigi Prefecture, an area with one of the 
highest stroke mortality rates in Japan.

METhODS
Study population
This study was performed as a part of the Tochigi stroke 
education project,23 a supervised public education campaign 
on stroke in Tochigi Prefecture. Tochigi has 1 974 255 resi-
dents, an area of 6409 km2 and a population density of 308.2 
people/km2.24–26 Compared with Tokyo (population density 
6168.1/km2) and Osaka (population density 4639.9/km2), 
which are Japan’s most urbanised areas, Tochigi is a rural 
area.25 Tochigi Prefecture has a high age-adjusted stroke 
mortality rate. In 2012, the Tochigi Prefecture government 
started a stroke education project for all residents living in 
Tochigi Prefecture.23 The prefectural office appointed eight 
local municipalities as intensive education areas. Partic-
ipants in our study were 279 sixth grade students (aged 
11–12 years) from 11 public elementary schools in these 
eight municipalities (total population: 628 174 people) and 
their parental guardians.24 We provided nine lessons: one 
for each municipality and a joint lesson for three neigh-
bouring small schools.

Stroke education programme
Before starting the lessons, two instructors from Keio 
University (KK, public health nurse; SK, educational 
expert) visited the National Cerebral and Cardiovascular 
Center to learn about educational tools and lecturing 
methods from stroke neurologists engaged in delivering 

lessons at elementary schools in Osaka. Next, they visited 
Dokkyo Medical University and presented about these 
methods to other instructors.

Participating students received a 45 min lesson about 
stroke delivered by our adjunct instructors (present 
authors). Eight adjunct instructors visited the elemen-
tary schools: three stroke neurologists, two public health 
physicians, one public health nurse, one management 
dietitian and one educational expert. Each instructor 
conducted one lesson, except for the educational expert 
who taught two lessons.

First, students were instructed about risk factors, symp-
toms and signs of stroke (20 min). Second, students watched 
an animated cartoon and reviewed the stroke signs using the 
FAST mnemonic (Facial numbness, Arm or leg numbness 
or weakness, difficulty in Speaking or understanding and 
Time to call an ambulance) (10 min) using manga (comic 
books). These materials have been previously described 
elsewhere.17 After the lesson, students were asked to use the 
manga to instruct their parental guardians. Participating 
parental guardians were asked to complete a questionnaire 
about stroke knowledge.

Students and parental guardians completed a question-
naire to assess learning about stroke at baseline (before 
the lesson; BL), immediately after the lesson (IL) and at 
3 months after the lesson (3 Mo). Questionnaires were 
disseminated to all students and parental guardians (279 
pairs). In total, 268 students submitted completed ques-
tionnaires (response rate 96.1%). No student refused 
to participate, but some students were lost to follow-up 
because of illness-related absence from school (eg, 
common cold) on the day of the lecture. Eleven of the 
279 parental guardians did not return completed ques-
tionnaires for any time point.

Assessment
The main outcomes were percentage of correct answers 
(stroke signs, symptoms and risk factors (multiple 
choice), attitude towards stroke and behaviour regarding 
risk factors (only parental guardians)). Participants were 
assessed as to whether they correctly checked each item 
and selected all correct answers (full points).

The questionnaire on stroke contained closed ques-
tions, including:

 ► Stroke signs and symptoms (three of seven items were 
correct)

 – Correct: facial weakness in one side/speech 
disturbance/numbness in one side of the body

 – Incorrect: flatus/fever/stomachache/stiff 
shoulders

 ► Risk factors
 – Correct: hypertension/high cholesterol/smoking/

heavy drinking
 – Incorrect: back pain/faecal impaction/affluence

 ► Attitude towards stroke (one of four items was correct)
 – Take them to visit the hospital by taxi or private car
 – Take them to visit family doctor
 – Call an ambulance
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 – Lie down to rest
 ► Attitude towards risk factors for stroke (only parental 

guardians)
 – Doing nothing in particular
 – Intend to change behaviour but not yet started
 – Engaged in lifestyle modification (uncontrolled) 

and medical treatment
 – Controlled lifestyle modification and medical 

treatment.
We also collected parental guardians’ basic informa-

tion, including age, relationship to the student and 
whether the family contained medical staff.

Statistical analysis
Statistical analysis was performed using R software (V.3.3.1). 
We compared stroke knowledge (signs, risk factors and 
attitude towards stroke) and behavioural change at base-
line, immediately after the lesson and at 3 months. The 
McNemar test and binomial tests using Bonferroni correc-
tion were used. P values <0.05 were considered statistically 
significant.

As this study was performed as part of the Tochigi 
stroke education project,23 the stroke education lessons 
were performed as official elementary school classes. The 
main study protocol on stroke education for elementary 
school students conformed to the Declaration of Helsinki. 
Ethical approval was also granted for data analysis and 
publication of our manuscript.

RESulTS
Change in students’ knowledge of stroke
In total, 268 students were assessed after excluding those 
who did not complete the questionnaire and those with 
missing responses. The percentage of correct answers for 
each stroke sign increased significantly immediately after 
lessons and at 3 months compared with baseline (table 1). 
The number of students who chose all correct answers 
(full points) for three stroke signs increased significantly 
after the lesson (BL, 43.3%; IL, 95.9%; 3 Mo, 91.0%).

The percentage of students who answered that they 
would call an ambulance on recognition of stroke signs 
increased after the lesson (BL, 73.9% vs IL, 96.6%; 
P<0.001), although this decreased at 3 months (to 92.9%; 
P=0.038). The percentage of correct answers for each risk 
factor increased significantly immediately after the lesson 
and at 3 months. The number of students who chose all 
correct answers for the four risk factors increased signifi-
cantly after the lesson (BL, 28.0% vs IL, 94.8%; P<0.001). 
However, this decreased at 3 months (to 73.5%; P<0.001).

Change in parental guardians’ knowledge and behaviour 
towards stroke
In total, 268 parental guardians submitted question-
naires. We assessed 267 of these questionnaires after 
excluding one that had been completed by a student. Of 
the 267 parental guardians, 82.8% (n=221) were mothers 
and 10.4% (n=28) were medical staff. The percentage of 

responses correctly identifying facial weakness on one side 
as a stroke symptom increased after the lesson (table 2). 
The number of parental guardians who chose all correct 
answers for the three stroke signs also increased after 
the lesson (BL, 61.0%; IL, 88.8%; 3 Mo, 85.4%), as did 
the percentage of parental guardians who indicated that 
they would call an ambulance (BL, 81.6% vs IL, 94.7%; 
P<0.001). However, this percentage did not decrease 
significantly at 3 months after the lesson (93.3%). The 
percentage of parental guardians who selected smoking 
and heavy drinking as risk factors increased significantly 
immediately after the lesson, although this decreased at 
3 months. In addition, parental guardians who chose all 
correct answers for the four risk factors increased after the 
lesson (BL, 41.2% vs IL, 73.8%; P<0.001) and decreased 
significantly at 3 months (IL, 73.8% vs 3 Mo, 59.9%; 
P<0.001).

Changes in behavioural responses for risk factors among 
parental guardians are shown in table 3. The percentage 
of parental guardians who answered ‘controlled life-
style modification and medical treatment’ at 3 months 
was significantly increased compared with baseline (BL, 
15.7% vs 3 Mo, 20.2%).

DISCuSSIOn
In a prefecture in Japan with high stroke mortality, 
elementary school students and their parental guardians 
showed improved knowledge of stroke immediately after 
a stroke education lesson provided by adjunct instruc-
tors. Furthermore, they retained the knowledge at 3 
months after the lesson. In particular, this programme 
had a significant effect on participants’ understanding of 
stroke symptoms, and they were able to recall the FAST 
mnemonic that was emphasised during the lesson. These 
results were similar to those reported by previous studies 
in junior high11–15 and elementary schools.16 17

Previous studies in Osaka (the second largest urban area 
in Japan) reported that students improved their knowl-
edge of stroke signs during stroke education and remem-
bered the FAST message after education.11 12 15 There were 
regional differences in mortality and medical environment 
between those studies and the present study. The crude 
stroke mortality rate in Tochigi Prefecture was about two 
times higher than that in Osaka Prefecture, where stroke 
education was delivered to junior high school students.16 17 
Tochigi Prefecture also has a high age-adjusted mortality 
rate (about 1.5 times higher than that in Osaka). There-
fore, general interest about stroke may be greater in Tochigi 
Prefecture than in Osaka because the social burden of 
stroke is greater in Tochigi relative to other prefectures. 
Our study suggested that stroke education lessons improved 
knowledge about stroke in Tochigi Prefecture. Ishigami et 
al17 showed that the percentages of total correct answers 
for stroke signs at baseline among parental guardians were: 
facial weakness, 67%; numbness on one side of the body, 
76%; and speech disturbance, 93%. These percentages were 
lower than those in our study. However, that study obtained 



4 Kato S, et al. BMJ Open 2017;7:e017632. doi:10.1136/bmjopen-2017-017632

Open Access 

Ta
b

le
 1

 
P

er
ce

nt
ag

es
 o

f c
or

re
ct

 r
es

p
on

se
s 

am
on

g 
st

ud
en

ts

B
L 

(N
=

26
8)

IL
 (N

=
26

8)
3 

M
o

 (N
=

26
8)

B
L 

vs
 IL

B
L 

vs
3 

M
o

IL
 v

s
3 

M
o

n
P

er
ce

nt
ag

e 
o

f 
co

rr
ec

t 
an

sw
er

s
n

P
er

ce
nt

ag
e 

o
f 

co
rr

ec
t 

an
sw

er
s

n
P

er
ce

nt
ag

e 
o

f 
co

rr
ec

t 
an

sw
er

s
P

 v
al

ue
 (a

ft
er

 B
o

nf
er

ro
ni

 
co

rr
ec

ti
o

n)

S
tr

o
ke

 s
ig

ns
 a

nd
 s

ym
p

to
m

s

C
or

re
ct

ly
 c

ho
os

in
g 

co
rr

ec
t 

an
sw

er
s

 
 Fa

ci
al

 w
ea

kn
es

s 
in

 o
ne

 s
id

e
18

8
70

.1
26

8
10

0.
0

26
7

99
.6

<
0.

00
1

<
0.

00
1

1.
00

 
 S

p
ee

ch
 d

is
tu

rb
an

ce
23

6
88

.1
26

8
10

0.
0

26
7

99
.6

<
0.

00
1

<
0.

00
1

1.
00

 
 N

um
b

ne
ss

 in
 o

ne
 s

id
e 

of
 t

he
 b

od
y

21
7

81
.0

26
3

98
.1

25
7

95
.9

<
0.

00
1

<
0.

00
1

0.
32

8

C
or

re
ct

ly
 c

ho
os

in
g 

in
co

rr
ec

t 
an

sw
er

 
 Fl

at
us

25
7

95
.9

26
7

99
.6

26
8

10
0.

0
0.

01
9

0.
00

3
1.

00

 
 S

tif
f s

ho
ul

d
er

s
22

8
85

.1
26

5
98

.9
26

1
97

.4
<

0.
00

1
<

0.
00

1
1.

00

 
 Fe

ve
r

19
3

72
.0

26
5

98
.9

26
2

97
.8

<
0.

00
1

<
0.

00
1

1.
00

 
 S

to
m

ac
ha

ch
e

26
7

99
.6

26
8

10
0.

0
26

6
99

.3
1.

00
1.

00
1.

00

C
or

re
ct

ly
 c

ho
os

in
g 

al
l c

or
re

ct
 a

nd
 in

co
rr

ec
t 

an
sw

er
s

 
 A

ns
w

er
ed

 a
ll 

co
rr

ec
tly

11
6

43
.3

25
7

95
.9

24
4

91
.0

<
0.

00
1

<
0.

00
1

0.
07

2

A
tt

it
ud

e 
to

w
ar

d
s 

st
ro

ke

 
 C

al
l a

n 
am

b
ul

an
ce

19
8

73
.9

25
9

96
.6

24
9

92
.9

<
0.

00
1

<
0.

00
1

0.
03

8

S
tr

o
ke

 r
is

k 
fa

ct
o

rs

C
or

re
ct

ly
 c

ho
os

in
g 

co
rr

ec
t 

an
sw

er
s

 
 H

yp
er

te
ns

io
n

22
1

82
.5

26
5

98
.9

24
3

90
.7

<
0.

00
1

0.
00

6
<

0.
00

1

 
 H

yp
er

ch
ol

es
te

ro
la

em
ia

19
4

72
.4

26
5

98
.9

24
9

92
.9

<
0.

00
1

<
0.

00
1

<
0.

00
1

 
 H

ea
vy

 d
rin

ki
ng

19
9

74
.3

26
6

99
.3

25
0

93
.3

<
0.

00
1

<
0.

00
1

<
0.

00
1

 
 S

m
ok

in
g

18
8

70
.1

26
7

99
.6

25
1

93
.7

<
0.

00
1

<
0.

00
1

<
0.

00
1

C
or

re
ct

ly
 c

ho
os

in
g 

in
co

rr
ec

t 
an

sw
er

 
 Fa

ec
al

 im
p

ac
tio

n
24

5
91

.4
26

3
98

.1
26

4
98

.5
0.

00
3

<
0.

00
1

1.
00

 
 A

ffl
ue

nc
e

25
9

96
.6

26
7

99
.6

26
8

10
0.

0
0.

06
4

0.
01

2
1.

00

 
 B

ac
k 

p
ai

n
25

4
94

.8
26

5
98

.9
26

8
10

0.
0

0.
02

2
<

0.
00

1
0.

75
0

C
or

re
ct

ly
 c

ho
os

in
g 

al
l c

or
re

ct
 a

nd
 in

co
rr

ec
t 

an
sw

er
s

 
 A

ns
w

er
ed

 a
ll 

co
rr

ec
tly

75
28

.0
25

4
94

.8
19

7
73

.5
<

0.
00

1
<

0.
00

1
<

0.
00

1

3 
M

o,
 3

 m
on

th
s 

af
te

r 
th

e 
le

ss
on

; B
L,

 b
ef

or
e 

th
e 

le
ss

on
; I

L,
 im

m
ed

ia
te

ly
 a

ft
er

 t
he

 le
ss

on
.



 5Kato S, et al. BMJ Open 2017;7:e017632. doi:10.1136/bmjopen-2017-017632

Open Access

Ta
b

le
 2

 
P

er
ce

nt
ag

es
 o

f c
or

re
ct

 r
es

p
on

se
s 

am
on

g 
p

ar
en

ta
l g

ua
rd

ia
ns

B
L 

(N
=

26
7)

IL
 (N

=
26

7)
3 

M
o

 (N
=

26
7)

B
L 

vs
 IL

B
L 

vs
3 

M
o

IL
 v

s
3 

M
o

n
P

er
ce

nt
ag

e 
o

f 
co

rr
ec

t 
an

sw
er

s
n

P
er

ce
nt

ag
e 

o
f 

co
rr

ec
t 

an
sw

er
s

n
P

er
ce

nt
ag

e 
o

f 
co

rr
ec

t 
an

sw
er

s
P

 v
al

ue
 (a

ft
er

 B
o

nf
er

ro
ni

 
co

rr
ec

ti
o

n)

S
tr

o
ke

 s
ig

ns
 a

nd
 s

ym
p

to
m

s

C
or

re
ct

ly
 c

ho
os

in
g 

co
rr

ec
t 

an
sw

er
s

 
 Fa

ci
al

 w
ea

kn
es

s 
in

 o
ne

 s
id

e
19

7
73

.8
25

3
94

.8
25

4
95

.1
<

0.
00

1
<

0.
00

1
1.

00

 
 S

p
ee

ch
 d

is
tu

rb
an

ce
26

5
99

.3
26

3
98

.5
26

2
98

.1
0.

15
7

1.
35

9
1.

00

 
 N

um
b

ne
ss

 in
 o

ne
 s

id
e 

of
 t

he
 b

od
y

24
6

92
.1

25
7

96
.3

25
7

96
.3

0.
15

7
0.

15
7

1.
00

C
or

re
ct

ly
 c

ho
os

in
g 

in
co

rr
ec

t 
an

sw
er

 
 Fl

at
us

26
7

10
0.

0
26

7
10

0.
0

26
7

10
0.

0
 

 –
 

 –
 

 –

 
 S

tif
f s

ho
ul

d
er

s
24

0
89

.9
25

9
97

.0
25

5
95

.5
0.

00
2

0.
00

8
1.

00

 
 Fe

ve
r

26
7

10
0.

0
26

7
10

0.
0

26
4

98
.9

 
 –

 
 –

0.
75

 
 S

to
m

ac
ha

ch
e

26
7

10
0.

0
26

7
10

0.
0

26
7

10
0.

0
 

 –
 

 –
 

 –

C
or

re
ct

ly
 c

ho
os

in
g 

al
l c

or
re

ct
 a

nd
 in

co
rr

ec
t 

an
sw

er
s

 
 A

ns
w

er
ed

 a
ll 

co
rr

ec
tly

16
3

61
.0

23
7

88
.8

22
8

85
.4

<
0.

00
1

<
0.

00
1

0.
66

6

A
tt

it
ud

e 
to

w
ar

d
s 

st
ro

ke

 
 C

al
l a

n 
am

b
ul

an
ce

21
8

81
.6

25
2

94
.7

24
9

93
.3

<
0.

00
1

<
0.

00
1

1.
00

S
tr

o
ke

 r
is

k 
fa

ct
o

rs

C
or

re
ct

ly
 c

ho
os

in
g 

co
rr

ec
t 

an
sw

er
s

 
 H

yp
er

te
ns

io
n

24
9

93
.3

24
7

92
.5

25
7

96
.3

1.
00

0.
40

1
0.

22
7

 
 H

yp
er

ch
ol

es
te

ro
la

em
ia

22
1

82
.8

23
7

88
.8

23
1

86
.5

0.
07

8
0.

58
0.

58

 
 H

ea
vy

 d
rin

ki
ng

17
3

64
.8

24
7

92
.5

21
7

81
.3

<
0.

00
1

<
0.

00
1

<
0.

00
1

 
 S

m
ok

in
g

20
4

76
.4

25
2

94
.4

23
6

88
.4

<
0.

00
1

<
0.

00
1

0.
02

7

C
or

re
ct

ly
 c

ho
os

in
g 

in
co

rr
ec

t 
an

sw
er

 
 Fa

ec
al

 im
p

ac
tio

n
25

7
96

.3
26

0
97

.4
26

3
98

.5
1.

00
0.

32
8

1.
00

 
 A

ffl
ue

nc
e

26
4

98
.9

26
5

99
.3

26
5

99
.3

1.
00

1.
00

1.
00

 
 B

ac
k 

p
ai

n
26

5
99

.3
26

6
99

.6
26

3
98

.5
1.

00
1.

00
1.

00

C
or

re
ct

ly
 c

ho
os

in
g 

al
l c

or
re

ct
 a

nd
 in

co
rr

ec
t 

an
sw

er
s

 
 A

ns
w

er
ed

 a
ll 

co
rr

ec
tly

11
0

41
.2

19
7

73
.8

16
0

59
.9

<
0.

00
1

<
0.

00
1

<
0.

00
1

3 
M

o,
 3

 m
on

th
s 

af
te

r 
th

e 
le

ss
on

; B
L,

 b
ef

or
e 

th
e 

le
ss

on
; I

L,
 im

m
ed

ia
te

ly
 a

ft
er

 t
he

 le
ss

on
.



6 Kato S, et al. BMJ Open 2017;7:e017632. doi:10.1136/bmjopen-2017-017632

Open Access 

Table 3 Attitude towards risk factors for stroke among parental guardians

BL (N=242) IL (N=242) 3 Mo (N=242) BL vs IL BL vs 3 Mo IL vs 3 Mo

n % n % n %
P value (after Bonferroni 
correction)

Controlled lifestyle modification and medical 
treatment

38 15.7 36 14.9 49 20.2 1.00 0.01 0.17

Engaged in lifestyle modification (uncontrolled) 
and medical treatment

10 4.1 14 5.8 20 8.3

Intend to change behaviour but not yet started 101 41.7 98 40.5 90 37.2

Doing nothing in particular 93 38.4 94 38.8 83 34.3

3 Mo, 3 months after the lesson; BL, before the lesson; IL, immediately after the lesson.

similar outcomes to the present study for risk factors. Gener-
ally, it is difficult for a population with good stroke knowl-
edge to improve this knowledge; this is called a ‘ceiling 
effect.’ However, our study demonstrated that lessons were 
effective for improving stroke knowledge.

For the question regarding whether to call an ambulance 
at the onset of a stroke, the percentage of correct answers 
among parental guardians at baseline in our study was 
slightly lower than that in a previous study.11 The rate of 
people transported by emergency medical services (EMS) in 
Tochigi has always been lower than that in Osaka (Tochigi: 
398.0 per 100 000 population vs Osaka: 622.3 per 100 000 
population in 2015).19 Moreover, there are 5.5 hospitals 
and 1089.5 hospital beds per 100 000 population in Tochigi 
compared with 6.0 hospitals and 1219.7 hospital beds per 
100 000 population in Osaka.19 This suggests that the differ-
ence in response between the studies may stem from the 
different prefectural characteristics. Stroke programmes 
may increase the number of people transported by EMS in 
rural areas such as Tochigi and may promote the diffusion 
of appropriate care.

Previous research involving education programmes indi-
cated that children communicated their disease knowledge 
with their parents. Williams et al reported that a child-medi-
ated stroke education programme improved the percentage 
of respondents that selected all stroke symptoms and risk 
factors correctly.27 However, they did not report improved 
correct responses for some stroke symptoms. Our research 
showed similar results to that study. In our study, participating 
students and parental guardians had good stroke knowledge 
at baseline because: (1) a stroke education programme 
using mass media started in 2012 in the study area and (2) 
Japanese students are expected to study non-communicable 
diseases (cancer and cardiovascular disease) in health and 
physical education lectures, as set out in educational guide-
lines for elementary and junior high schools.28 29

Another study described a children-to-parents education 
programme for non-communicable diseases.30 In that study, 
students accepted the school-based intervention, shared 
health information with their parents and encouraged this 
behaviour in their parents. As a result, students’ mothers 
increased their physical activity and lost weight. Although 
the parents did not attend the lesson directly, they improved 
their behaviour with respect to risk factors. Similar results 

were observed in the present study, with parental guardians 
reporting improved health behaviours. Stroke education 
may be particularly effective for participants who previ-
ously (before the lesson) neglected their health. In addi-
tion, this programme may encourage participants to move 
from modifying their health behaviours to maintenance of 
healthy behaviours. Because children shared stroke knowl-
edge with their parental guardians, they may monitor and 
encourage one another’s healthy behaviours.

The lessons in the present study were conducted by eight 
adjunct instructors with differing educational and occu-
pational backgrounds. However, all instructors used the 
same educational tools, focusing on the FAST mnemonic 
(described in the manga and cartoon animation) developed 
by the National Cerebral and Cardiovascular Center.31 32 
Our study showed no significant differences in terms of the 
instructors’ backgrounds in the percentages of students’ 
and guardians’ correct answers (data not shown).

Our study has several limitations. First, the sample size 
was small; however, this is the first report on the effect of an 
education programme on knowledge about stroke among 
elementary school students in a sparsely populated area. 
Second, participating parental guardians did not show 
significant improvement in knowledge about stroke risk 
factors. We believe this was because of a ‘ceiling effect,’ as 
the percentage of correct answers at baseline was higher 
than in previous studies.16 17 Third, our study did not adjust 
for some potential confounders, including medical history 
and socioeconomic status (eg, educational status, income 
and occupation) for parental guardians, academic perfor-
mance for students and the existence of relatives with stroke. 
Finally, we did not assess real change in behaviour for risk 
factor control and real attitude during a stroke. Further 
research to address these limitations is warranted.

COnCluSIOn
In a rural population with relatively high knowledge about 
stroke symptoms and risk factors, stroke education delivered 
by multidisciplinary instructors using animated cartoons and 
informational manga improved stroke knowledge among 
elementary school students and their parental guardians. 
In addition, the student-mediated programme improved 
behaviour regarding risk factors. Stroke education in 
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elementary schools may be effective in changing students’ 
and parental guardians’ behaviour regarding stroke risk 
factors, as it has a simultaneous impact on two generations. 
However, assessment of the real impact on behavioural 
changes in communities requires further research in a large 
population with long-term follow-up.

Author affiliations
1Department of Preventive Medicine and Public Health, Keio University School of 
Medicine, Shinjuku, Tokyo, Japan
2Department of Neurology, Dokkyo Medical Unversity, Mibu, Tochigi, Japan
3Department of Public Health, Dokkyo Medical University, Mibu, Tochigi, Japan
4Department of Clinical Nursing, Shiga University of Medical Science, Otsu, Shiga, 
Japan
5Department of Cerebrovascular Medicine, National Cerebral and Cardiovascular 
Center, Suita, Osaka, Japan
6Graduate School of Health Management, Keio University, Fujisawa, Kanagawa, 
Japan

Acknowledgements We offer cordial thanks to the Tochigi Prefectural Government 
and Board of Education and school officials at the public elementary school that 
participated in this study.

Contributors TO, CY and KM designed this study. SK, TO, KK, HT, MN and 
MU visited participating elementary schools and instructed students on stroke 
knowledge. SK analysed the data in our study and wrote the first draft of the 
manuscript. TO, KK, HT, MN, MU, DS, NM, TH, SW, TA, TT, GK, KH, CY and KM 
commented on the draft manuscript.

Funding This research was supported by the Intramural Research Fund of the 
National Cerebral and Cardiovascular Center (27-1-3) .

Competing interests None declared.

Ethics approval This study was approved by the Ethics Committee of the National 
Cerebral and Cardiovascular Center (M27-026).

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement No additional data are available.

Open Access This is an Open Access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited and the use is non-commercial. See: http:// creativecommons. org/ 
licenses/ by- nc/ 4. 0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the 
article) 2017. All rights reserved. No commercial use is permitted unless otherwise 
expressly granted.

REFEREnCES
 1. Ministry of Health, Labour and Welfare. Estimates of National Medical 

Care Expenditure 2014. 2014 http://www. mhlw. go. jp/ toukei/ saikin/ 
hw/ k- iryohi/ 14/ (cited 10 Aug 2017).

 2. Ministry of Health, Labour and Welfare. Comprehensive survey of 
living conditions 2016. 2016 http://www. mhlw. go. jp/ toukei/ saikin/ hw/ 
k- tyosa/ k- tyosa16/ index. html (cited 10 Aug 2017).

 3. Ministry of Health, Labour and Welfare. Vital statistics 2015. 2015 
http://www. mhlw. go. jp/ toukei/ saikin/ hw/ jinkou/ kakutei15/ index. html 
(cited 10 Aug 2017).

 4. Yamaguchi T, Mori E, Minematsu K, et al. Alteplase at 0.6 mg/kg 
for acute ischemic stroke within 3 hours of onset: Japan Alteplase 
Clinical Trial (J-ACT). Stroke 2006;37:1810–5.

 5. Kimura K, Iguchi Y, Shibazaki K, et al. Early stroke treatment 
with IV t-PA associated with early recanalization. J Neurol Sci 
2010;295:53–7.

 6. Hacke W, Kaste M, Bluhmki E, et al. Thrombolysis with alteplase 
3 to 4.5 hours after acute ischemic stroke. N Engl J Med 
2008;359:1317–29.

 7. Wahlgren N, Ahmed N, Dávalos A, et al. Thrombolysis with alteplase 
3-4.5 h after acute ischaemic stroke (SITS-ISTR): an observational 
study. Lancet 2008;372:1303–9.

 8. Chang KC, Tseng MC, Tan TY. Prehospital delay after acute stroke in 
Kaohsiung, Taiwan. Stroke 2004;35:700–4.

 9. Miyamatsu N, Okamura T, Nakayama H, et al. Public awareness 
of early symptoms of stroke and information sources about stroke 
among the general Japanese population: the Acquisition of Stroke 
Knowledge Study. Cerebrovasc Dis 2013;35:241–9.

 10. Morimoto A, Miyamatsu N, Okamura T, et al. Effects of intensive and 
moderate public education on knowledge of early stroke symptoms 
among a Japanese population: the acquisition of stroke knowledge 
study. Stroke 2013;44:2829–34.

 11. Miyamatsu N, Kimura K, Okamura T, et al. Effects of public education 
by television on knowledge of early stroke symptoms among a 
Japanese population aged 40 to 74 years: a controlled study. Stroke 
2012;43:545–9.

 12. Amano T, Yokota C, Sakamoto Y, et al. Stroke education program of 
act FAST for junior high school students and their parents. J Stroke 
Cerebrovasc Dis 2014;23:1040–5.

 13. Shigehatake Y, Yokota C, Amano T, et al. Stroke education using an 
animated cartoon and a manga for junior high school students. J 
Stroke Cerebrovasc Dis 2014;23:1623–7.

 14. Matsuzono K, Yokota C, Takekawa H, et al. Effects of stroke 
education of junior high school students on stroke knowledge of their 
parents: Tochigi project. Stroke 2015;46:572–4.

 15. Ohyama S, Yokota C, Miyashita F, et al. Effective education 
materials to advance stroke awareness without teacher 
participation in junior high school students. J Stroke Cerebrovasc 
Dis 2015;24:2533–8.

 16. Sakamoto Y, Yokota C, Miyashita F, et al. Effects of stroke education 
using an animated cartoon and a manga on elementary school 
children. J Stroke Cerebrovasc Dis 2014;23:1877–81.

 17. Ishigami A, Yokota C, Nishimura K, et al. Delivering knowledge 
of stroke to parents through their children using a manga for 
stroke education in elementary school. J Stroke Cerebrovasc Dis 
2017;26:30393–7.

 18. Williams O, Noble JM. ‘Hip-hop’ stroke: a stroke educational 
program for elementary school children living in a high-risk 
community. Stroke 2008;39:2809–16.

 19. Health, Labour and Welfare Statistics Association. J health and 
welfare statistics 2016/2017 2016;63.

 20. Owolabi MO, Akinyemi RO, Gebregziabher M, et al. Randomized 
controlled trial of a multipronged intervention to improve blood 
pressure control among stroke survivors in Nigeria. Int J Stroke 
2014;9:1109–16.

 21. Kim JI, Lee S, Kim JH. Effects of a web-based stroke education 
program on recurrence prevention behaviors among stroke patients: 
a pilot study. Health Educ Res 2013;28:488–501.

 22. Jeon MY, Jeong H. Effects of a stroke primary prevention program on 
risk factors for at-home elderly. Med Sci Monit 2015;21:3696–703.

 23. Tochigi Prefecture Health and Welfare Department Health Promotion 
Division. Tochigi stroke education project (Internet). http://www. kenko- 
choju. tochigi. jp/ contents/ page. php? id= 58 (cited 12 Dec 2016).

 24. Statistics Bureau, Ministry of Internal Affairs and Communications. 
Population census of Japan. http://www. e- stat. go. jp/ SG1/ estat/ 
GL08020103. do?_ toGL08020103_& tclassID= 000001077447& 
cycleCode= 0& requestSender= estat (cited 20 Dec 2016).

 25. Statistics Bureau, Ministry of Internal Affairs and Communications. 
Japan Statistical Yearbook (Internet). 2017 http://www. stat. go. jp/ 
data/ nenkan/ index1. htm

 26. Ministry of Land, Infrastructure and Transport. Statistical reports on 
the land area by prefectures and municipalities in Japan. http://www. 
gsi. go. jp/ KOKUJYOHO/ MENCHO/ 201510/ opening. htm

 27. Williams O, DeSorbo A, Noble J, et al. Child-mediated stroke 
communication: findings from Hip Hop stroke. Stroke 2012;43:163–9.

 28. Ministry of Education, Culture, Sports, Science and Technology. 
Educational guidelines for elementary school (Internet). http://www. 
mext. go. jp/ a_ menu/ shotou/ new- cs/ youryou/ eiyaku/ 1261037. htm 
(accessed 12 July 2017).

 29. Ministry of Education, Culture, Sports, Science and Technology. 
Educational guidelines for junior high school (Internet). http://www. 
mext. go. jp/ a_ menu/ shotou/ new- cs/ youryou/ eiyaku/ 1298356. htm 
(accessed 12 Jul 2017).

 30. Gunawardena N, Kurotani K, Indrawansa S, et al. School-based 
intervention to enable school children to act as change agents 
on weight, physical activity and diet of their mothers: a cluster 
randomized controlled trial. Int J Behav Nutr Phys Act 2016;13:45.

 31. Kothari RU, Pancioli A, Liu T, et al. Cincinnati prehospital stroke 
scale: reproducibility and validity. Ann Emerg Med 1999;33:373–8.

 32. The National Cerebral and Cardiovascular Center. Stroke enlightenment 
system for elementary and junior high school students (Internet). http://
www. ncvc. go. jp/ about/ excellence/ 09. html (accessed 12 Jul 2017).

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://www.mhlw.go.jp/toukei/saikin/hw/k-iryohi/14/
http://www.mhlw.go.jp/toukei/saikin/hw/k-iryohi/14/
http://www.mhlw.go.jp/toukei/saikin/hw/k-tyosa/k-tyosa16/index.html
http://www.mhlw.go.jp/toukei/saikin/hw/k-tyosa/k-tyosa16/index.html
http://www.mhlw.go.jp/toukei/saikin/hw/jinkou/kakutei15/index.html
http://dx.doi.org/10.1161/01.STR.0000227191.01792.e3
http://dx.doi.org/10.1016/j.jns.2010.05.012
http://dx.doi.org/10.1056/NEJMoa0804656
http://dx.doi.org/10.1016/S0140-6736(08)61339-2
http://dx.doi.org/10.1161/01.STR.0000117236.90827.17
http://dx.doi.org/10.1159/000347066
http://dx.doi.org/10.1161/STROKEAHA.113.001537
http://dx.doi.org/10.1161/STROKEAHA.111.634196
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2013.08.021
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2013.08.021
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2014.01.001
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2014.01.001
http://dx.doi.org/10.1161/STROKEAHA.114.007907
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2015.07.001
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2015.07.001
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2014.02.015
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2016.10.005
http://dx.doi.org/10.1161/STROKEAHA.107.513143
http://dx.doi.org/10.1111/ijs.12331
http://dx.doi.org/10.1093/her/cyt044
http://dx.doi.org/10.12659/MSM.895519
http://www.kenko-choju.tochigi.jp/contents/page.php?id=58
http://www.kenko-choju.tochigi.jp/contents/page.php?id=58
http://www.e-stat.go.jp/SG1/estat/GL08020103.do?_toGL08020103_&tclassID=000001077447&cycleCode=0&requestSender=estat
http://www.e-stat.go.jp/SG1/estat/GL08020103.do?_toGL08020103_&tclassID=000001077447&cycleCode=0&requestSender=estat
http://www.e-stat.go.jp/SG1/estat/GL08020103.do?_toGL08020103_&tclassID=000001077447&cycleCode=0&requestSender=estat
http://www.stat.go.jp/data/nenkan/index1.htm
http://www.stat.go.jp/data/nenkan/index1.htm
http://www.gsi.go.jp/KOKUJYOHO/MENCHO/201510/opening.htm
http://www.gsi.go.jp/KOKUJYOHO/MENCHO/201510/opening.htm
http://dx.doi.org/10.1161/STROKEAHA.111.621029
http://www.mext.go.jp/a_menu/shotou/new-cs/youryou/eiyaku/1261037.htm
http://www.mext.go.jp/a_menu/shotou/new-cs/youryou/eiyaku/1261037.htm
http://www.mext.go.jp/a_menu/shotou/new-cs/youryou/eiyaku/1298356.htm
http://www.mext.go.jp/a_menu/shotou/new-cs/youryou/eiyaku/1298356.htm
http://dx.doi.org/10.1186/s12966-016-0369-7
http://dx.doi.org/10.1016/S0196-0644(99)70299-4
http://www.ncvc.go.jp/about/excellence/09.html
http://www.ncvc.go.jp/about/excellence/09.html

	Effects of a school-based stroke education program on stroke-related knowledge and behaviour modification―school class based intervention study for elementary school students and parental guardians in a Japanese rural area
	ABSTRACT
	Methods
	Study population
	Stroke education programme
	Assessment
	Statistical analysis

	Results
	Change in students’ knowledge of stroke
	Change in parental guardians’ knowledge and behaviour towards stroke

	Discussion
	Conclusion
	References


