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Figurel. Strokelesson and items for junior high
school students. (A) Stroke lesson with our online
systen of stroke enlightenment. (B) School itents
consisted of pen (a), file (b), magnet (c), sticky
note (d) with the FAST message, and stroke
pantphlet,

by each group. It included both a random intercept and
time effect for each student. All statistical analyses for as-
sessing stroke knowledge were performed with Stata soft-
ware using the linear mixed model (MIXED) framework.
Statistical significance was established at P less than .05.

Results

Four students who did not complete questionnaires at
3M were excluded. Finally, we assessed 24 students
(11 girls) in the S group and 72 students (26 girls) in the
T group.

Assessment for Stroke Signs and Risk Factors

Changes in the percentage of correct answers to each
question about stroke signs and risk factors until 3M are
shown in Tables 1 and 2. In the questionnaire on stroke
signs at 3M, the correct answers for facial weakness in
the S group and facial weakness and speech disturbance

in the T group were significantly higher than those at
the BL. The proportions of correct answers for alcohol
intake, smoking, and obesity in the S group and smoking
and hyperglycemia in the T group at IL were significantly
higher than those at the BL; however, those differences
were disappeared at 3M.

The median scores of the questionnaire on stroke signs
and risk factors in the S group at BL, IL, and 3M were
6 (interquartile range 6-8.75), 10.5 (8-11), and 8 (8-9) and
7 (5-7), 9 (8-9), and 8 (6-9), respectively. Those in the T
group were 7 (6-9), 10 (8.25-11), and 9 (7-10) and 7 (6-8),
8 (7-9.75), and 7 (6-8), respectively. From the analysis of
linear mixed model adjusted for gender, class difference,
and each student knowledge level, the scores for symp-
toms in the T group were 1.38 points higher than those
of the S group (P = .016). IL, the scores for symptoms
were 2.26 points higher, and even after 3 months, the
scores were .97 points higher than the scores before les-
sons (P < .001, respectively). The scores for the risks in

Table 1. Changes of the percentage of correct answers to questions about stroke signs and risk factors in the S group

BL (%) IL (%) 3M (%) BL vs IL, P* BL vs 3M, P*
1. Stroke signs
Headache . 71 88 42 287 .080
Vision loss 17 67 13 .001 1.000
Facial weakness 38 71 83 .042 .003
Speech disturbance 67 96 83 .023 318
Numbness on 1 side of body 46 71 58 143 564
Weakness on 1 side of body 54 75 71 227 372
2. Risk factors
Alcohol intake 63 92 83 .036 193
Smoking 63 92 75 .036 .534
Hypertension 79 83 75 1.000 1.000
Dyslipidemia 71 88 67 287 1.000
Hyperglycemia 67 71 50 1.000 380
Obesity 38 79 54 .008 385
Arrhythmia 67 38 46 .082 244

Abbreviations: BL,, baseline (before the lesson); IL, immediately after the lesson; 3M, 3 months after the lesson.

*Fisher exact test.

—287—



E MIYASHITA ET AL.

Table 2. Changes of the percentage of correct answers to questions about stroke signs and risk factors in the T group

BL (%) IL (%) 3M (%) BL vs IL, P* BL vs 3M, P*
1. Stroke signs
Headache 85 69 50 046 <.001
Vision loss 40 72 25 <.001 .075
Facial weakness 54 69 90 .086 <.001
Speech disturbance 69 90 92 .003 .001
Numbness on 1 side of body 67 71 64 719 .861
Weakness on 1 side of body 65 88 74 003 366
2. Risk factors
Alcohol intake 78 89 90 116 067
Smoking 74 90 82 .008 158
Hypertension 83 89 79 471 .670
Dyslipidemia 69 71 57 1.000 167
Hyperglycemia 61 78 57 .046 735
Obesity 51 65 57 128 616
Arthythmia 60 68 49 386 181

Abbreviations: BL, baseline (before the lesson); IL, immediately after the lesson; 3M, 3 months after the lesson.

*Fisher exact test.

the T group were also 1.39 points higher compared with
those of the S group (P = .008). IL, the scores for risks
were 124 points higher (P < .001). However, after
3 months, the increases of the scores were not significant
(P = .246; Table 3). The predicted score adjusted for
gender, class difference, and each student knowledge
level are summarized in Figure 2. There were no signifi-
cant differences in the changes of predicted scores of
stroke symptoms or risk factors until 3M between the

2 groups.

Assessment for FAST Message

Correct answer rates for the meaning of the FAST at IL
were 92% in the S group and 72% in the T group. At
3 months, the correct answer rates were 83% in the S
group and 84% in the T group. Although there was a sig-
nificant difference among the 4 classes in the correct
answer of FAST at IL, no differences were observed be-
tween the 2 groups or gender. The correct answer rates
of FAST at 3 months were also not significantly different

when adjusted for group, gender, class difference, and
correct answer rate at IL (Table 4).

Discussion

In this study, we showed that a schoolteacher could -
conduct a stroke knowledge lesson using our stroke edu-
cation system that includes stroke symptoms, risk factors,
and FAST message to junior high school students with
the same outcomes as those obtained by a stroke neurol-
ogist. The stroke knowledge of the FAST message and
stroke symptoms were preserved until 3 months after
the stroke lesson by a schoolteacher and by a stroke
neurologist.

Some reports have indicated the significance of school-
based interventions of stroke enlightenment. Morgenstern
et al'' reported that a scientific, theory-based, educational
intervention could improve intention to call 911 for stroke
among middle school children. Williams et al reported that
incorporating cultural elements such as hip-hop music
improved retention of stroke knowledge for elementary

Table 3. Linear mixed effect model of symptom and risk scores for the effect of lectures in the S group and time after the lecture
adjusted for gender, class difference, and each student

Symptom score Risk score
Coefficient Z P value 95% CI Coefficient Z P value 95% CI

Girl .55 1.97 .048 .00 to 1.09 .59 2.27 .023 .08 to 1.10
Class difference —.47 ~2.49 .013 -.85t0 —.10 -~ .47 ~2.64 .008 —.82to —.12
T group 1.38 242 016 2610 2.49 1.39 2.65 .008 .36 t0 2.42
Timing of tests

L 2.26 8.66 <.001 1.75 to 2.78 1.24 5.43 <.001 79 t0 1.68

M .97 3.72 <.001 4610 1.48 .26 1.16 246 —.18 to .71

Abbreviations: IL, immediately after the lesson; 3M, 3 months after the lesson.
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Figure 2. Predicted score of symptoms (A) or
risk factors (B) adjusted for gender, class differ-
ence, and each student knowledge level. There
were no significant differences in the changes of
predicted scores of stroke symptoms and risk fac-
tors until 3M between the 2 groups. BL, baseline
(before the lesson); IL, immediately after the
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school children'? and that they would be effective conduits

of critical stroke knowledge to their guardians.'® Previ-

ously, we showed that our stroke education program
improved stroke knowledge, especially the FAST message,
for junior high school students and their parents.'’ These
results indicate that school-based interventions of stroke
enlightenment are effective for the prevention of not only
cardiovascular diseases but also' lifestyle-related diseases
such as hypertension, diabetes mellitus, and dyslipidemia.
In addition, children may educate their parents or grand-
parents indirectly by communication about their acquisi-
tions of stroke knowledge. From the results of the
present study, we propose a new strategy for promoting
school-based interventions all over the country that uses
schoolteachers in an important role for stroke enlighten-
ment.

In the present study, we analyzed results of question-
naires on stroke knowledge by measuring repeatedly in
a longitudinal manner; linear mixed effects models were
adjusted for gender and class difference using the student
number. These analyses demonsirated the efficacy of our
education system performed by either the schoolteacher
or stroke neurologist with the handling of the between-
and within-student attainment of stroke knowledge.
Although the attainment and the BL of stroke knowledge
were different between the genders, 2 groups, and among
the 4 classes, the correct answer rate of FAST at 3 months

time.

M BLiL M

is preserved in spite of groups, gender, class differences,
and the results at IL. Our stroke enlightenment items,
such as the magnet poster on the refrigerator at home
and stationaries printed with the FAST mnemonic, may
fix the FAST message in their minds. On the other hand,
stroke symptoms other than FAST, such as headache
and vision loss, were not recalled by the students after
the lesson. Our items of stroke enlightenment need to
be improved for stroke symptoms not involved in the
FAST mnemonic and stroke risk factors.

There are several limitations to our study. First, a rela-
tively small number of subjects in a single junior high
school may cause selection bias. However, we showed
the effect of our education system by the schoolteacher
with the analysis of the between- and within-student dif-
ference using linear mixed effects models. Second, we
examine the acquisition of stroke knowledge only for
students but not their family. We could not evaluate an in-
direct education effect to their family through students in
this study. However, we have showed that our education
system was beneficial for their guardians and the stu-
dent.'® Third, the assessment of stroke knowledge was
examined by multiple-choice and closed-type questions,
possibly associated with an overestimate of stroke knowl-
edge compared with open-ended questions. Fourth, our
education program in the present study requires access
to the Internet for the stroke lesson. However, the online

Table 4. Multivariate logistic regression of the correct answer of FAST

Correct answer of FAST (IL)

QOdds ratio VA P value 95% CI
T group 7.48 1.54 125 57-97.44
Girl 1.19 3 766 38-3.77
Class difference 21 —3.55 <.001 .09-.50

Correct answer of FAST (3M)

T group 1.74 .51 .608 21-14.41
Girl 92 —.14 .892 .30-2.87
Class difference 81 —.46 .645 34-1.97
Correct answer of FAST at IL 1.22 27 791 28-5.25

Abbreviations: FAST, facial droop, arm weakness, speech disturbance, time to call 119; IL, immediately after the lesson; 3M, 3 months after

the lesson.
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systems can be accessed by anyone, from anywhere, and
at any time, although there may be security issues
and server technical issues. The stroke education program
with these online systems is a promising means of sp-
reading stroke enlightenment nationwide. Finally, this is
a cross-sectional study, and behavioral change of calling
emergent medical service at awareness of stroke re-
mained unknown. Significant delays in seeking care after
stroke were reported, even after a campaign to promote
public awareness of stroke.'* A lack of association be-
tween stroke symptom knowledge and the intent to call
EMS was also indicated from a population-based sur-
vey."” Time monitoring of prehospital delay in the stroke
centers within the area of the intervention of stroke edu-
cation is expected.

In summary, a schoolteacher could play an important
role for spreading stroke knowledge all over the country
using our stroke education system. Our stroke education
system of an online system and school items with the
FAST message is a promising means of education
for larger student populations. A large study of our edu-
cation system with multiple urban junior high schools
should confirm these findings, and monitoring the
changes of prehospital delay in the community is
essential.

Acknowledgment: We express our deepest gratitude to
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