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Abstract
Background People often ignore the usefulness of stroke prevention, the typical onset symptoms, and the efficacy of the new 
therapies. In order to attempt to correct this situation, we performed a wide educational campaign addressed to students of 
high schools in Liguria and Piedmont Italian regions.
Method The campaign consisted in two phases: (1) compilation of a simple questionnaire on stroke, followed by a scientific 
lecture on the disease, distribution of didactic materials, and final open discussion; (2) re-filling and sending by participants 
of the same questionnaire for the statistical evaluation of the improvement of stroke awareness.
Results The global initial percentage of wrong answers (number of subjects 2,264) was 33.4%: (A) stroke general knowledge 
23.5%, (B) stroke risk factors 37.6%, (C) stroke early symptoms 34.1%). At the end of the campaign, the total percentage of 
wrong answers (number of subjects 1883) attained the 11.4%.: (A) stroke general knowledge 3.7%, (B) stroke risk factors 
11.7%, (C) stroke early symptoms 12.5%). All these differences were strongly significant.
Discussion and conclusion We demonstrated that our educational campaign obtained an important improvement of stroke 
awareness in our sample. Girl students, Lyceum students, and less young students attained significant better knowledge 
improvement. We hope that the enhanced awareness might induce a more frequent diffusion of prevention strategies, an 
increased capacity of recognizing onset stroke symptoms with shortening of patients’ presentation in the emergency room 
of the hospitals when they can undergo reperfusion treatments.
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Introduction

Stroke is the second leading cause of death and dementia 
and one of the major causes of disability in the world [1, 2]. 
Despite the worldwide increasing possibility of very useful 
treatments of the hyperacute phase of the ischemic forms of 
the disease, by reperfusion strategies [3, 4], the awareness 
in the general population of symptoms and signs of stroke is 
still quite low [5–8]. Moreover, the well-known efficacy of 
primary stroke prevention through modifications and treat-
ments of risk factor is not yet spread in the general popula-
tion nor the need to carefully follow treatments of causal 
stroke mechanisms in reducing the stroke recurrence rate in 
secondary prevention [9].

Thus, many subjects with new onset stroke often attain 
the hospital emergency room too late for getting advantage 
from revascularization therapies and a large amount of peo-
ple at stroke risk are not acquainted with the situation and 
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do not adopt a healthy life style nor correct avoidable risk 
factors [10–14]. Moreover, many patients who survived their 
stroke do not follow prescribed treatments nor change their 
non-healthy life-style in order to avoid recurrence of the dis-
ease [15, 16]. Finally, many stroke patients are not admitted 
to a stroke-unit, one of the best factors linked with prognosis 
improvement [17], even if available in the living area.

Several worldwide surveys demonstrated that the knowl-
edge of typical stroke presentation symptoms, of principles 
of stroke prevention, and of the need of a prompt hospital 
admission, in case of stroke, are strongly lacking in many 
countries, including Italy, even in people with high level 
of education [6–10]. Educational campaigns can improve 
stroke knowledge in the population, enhance prevention, 
improve correct symptoms’ recognition, and timely care 
response [18–23].

A group of vascular neurologists organized a survey 
named “PRESTO” (Italian translation of “FAST” acronym 
[24]) in Liguria (Italy) to spread easy and clear messages 
regarding the stroke prevention strategies as well as the cor-
rect management of the acute phase of the disease.

Educational material (leaflets, videos, radio broadcasts, 
and social media messages) was disseminated to educate 
people to prevent stroke, to be able to recognize the early 
stroke signs, and to call the emergency medical services as 
soon as stroke symptoms appear.

We are aware that school-based education pertaining to 
lifestyle-related diseases can help in preventing diseases like 
stroke. Moreover, we know that educated family members 
will act appropriately by calling emergent medical services 
in the event of a suspected stroke [25–28].

Based on these considerations, we organized a wide 
educational campaign on stroke awareness in several high 
schools involving more than 2500 students and the results 
of this part of the “PRESTO” project [29] are the object of 
the present report. The list of the 19 involved high school 
institutes for 33 didactic sessions, as well as the number of 
participant students of each school, and the school location 
is available in Table 1.

The Liguria and the Piedmont School Regional Direc-
tions (Direzioni Scolastiche Regionali della Liguria e del 
Piemonte) approved the project named “Know stroke in 
order to improve its prevention and treatment” (English 
translation of: “Conoscere l’ictus per meglio prevenirlo e 
curarlo”).

Rotary District 2032 (including Liguria and Piedmont 
southern part) of Rotary International (https:// www. rotary. 
org) and A.L.I.Ce. Liguria ODV (Associazione per la Lotta 
all’Ictus Cerebrale della Liguria: Association for the fight 
against Stroke of the Liguria; http:// ligur ia. alice italia. org) 
gave an unconditioned support for the campaign in high 
schools.

Table 1  Italian high schools 
involved in the study: type, 
name, location, number of 
didactic sessions, and number 
of attending students

DIDACTIC PROJECT “KNOW STROKE IN ORDER TO IMPROVE THEIR PREVENTION AND 
TREATMENT”

N. ATTENDING HIGH SCHOOL TOWN REGION SESSIONS STUDENTS
1 Technical Institute Marco Polo Genoa Liguria 1 60
2 Technical Institute Leonardo da Vinci Alessandria Piedmont 1 75
3 Classic Lyceum Lorenzo Costa La Spezia Liguria 1 75
4 Technical Institute Grandis Cuneo Piedmont 1 74
5 Humanistic Lyceum Giuliano della Rovere Savona Liguria 3 367
6 Classic Lyceum Giordano Bruno Albenga Liguria 1 11
7 Scientific Lyceum Lanfranconi Sestri Ponente Liguria 1 40
8 Scientific Lyceum Lanfranconi Voltri Liguria 1 30
9 Technical Institute Vittorio Emanuele II Genova Liguria 5 310
10 Technical Institute Ruffini Genova Liguria 5 405
11 Technical Institute Rosselli Sestri Ponente Liguria 2 74
12 Technical Institute Enrico Fermi Ventimiglia Liguria 2 112
13 Technical Institute Eugenio Montale Bordighera Liguria 1 33
14 Technical Institute Vallauri Fossano Piedmont 1 326
15 Technical Institute Quintino Sella Biella Piedmont 1 89
16 Humanistic Lyceum Amoretti Imperia Liguria 1 46
17 Artistic Lyceum Amoretti Imperia Liguria 1 43
18 Humanistic Lyceum Aprosio Ventimiglia Liguria 1 212
19 Scientific Lyceum Leonardo Da Vinci Genova Liguria 3 100

Total 33 2.537
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Rotary International is a service organization present 
in more than 200 nations whose stated purpose is to bring 
together business and professional leaders in order to pro-
vide humanitarian service and to advance goodwill and 
peace around the world (https:// www. rotary. org). Two of the 
seven Rotarian main objectives are health promotion in the 
population and improvement of educational in young people.

A.L.I.Ce. Liguria ODV is the local session of A.L.I.Ce. 
Italia ODV (https:// www. alice italia. org/), an Italian very 
large organization of voluntaries against stroke, with more 
than 80 centers in all Italian regions, several thousand mem-
bers, and associated with SAFE (Stroke Alliance for Europe: 
https:// www. safes troke. eu/), which support many initiatives 
for contrast the harmful effect of the disease.

We performed and already published the results, a similar 
project addressed to Rotarians members and their friends 
and relatives a few years ago [30].

The high school project on stroke awareness started at 
the beginning of 2019 but the COVID-19 pandemic caused 
a 2-year arrest of the survey which restarted only at the end 
of 2021 and finished in April 2022.

Methods

The organization of the survey foresaw two main steps:

(1) First step: The participant students have been invited to 
fill in a simple anonymous questionnaire, with multiple 
possible answers, on stroke general knowledge (Sec-
tion A), stroke risk factors (Section B), and stroke early 
symptoms (Section C). The questionnaire is visible in 
the supplemental material (Addendum n° 1). After the 
compilation, one of the vascular neurologist promo-
tors of the campaign (CG, FA) presented a simplified, 
but scientifically correct, lecture on stroke prevention, 
treatment, and early symptoms, including the correct 
answers to the questionnaire. An open and friendly dis-
cussion on the topic followed the presentation.

(2) Second step: After lecture and discussion, the speaker 
distributed another copy of the questionnaire, identical 
to the previous one, and a didactic pamphlet on stroke, 
asking all listeners to read the pamphlet the following 
few days for deepening the topic, and, finally, to re-
fill in the questionnaire. The students sent the second 
questionnaire, by electronic mail or by post, anony-
mously, to the speaker, in order to allow the objective 
quantification of the expected improvement of stroke 
knowledge.

In order to respect the privacy rules, we recorded only 
age, gender, and type of school (Lyceum or Technical 

Institute) of the students who attended the formative ses-
sions and filled in the two questionnaires.

We compared the proportions of correct and wrong 
answers of the first and of the second questionnaires (first 
and second study phases). In mean comparisons, we used 
T-Test for unpaired data. In proportion comparisons, we used 
the  chi2 test with Yates’ correction.

We also performed a multivariate analysis on independent 
factors causing higher proportion of correct answers to the 
questionnaire (multiple logistic regression) using the fol-
lowing binary cutoffs: (a) age (less and equal or more than 
the median value), (b) gender (male, female), and (c) school 
type (Lyceum or Technical Institute). We always considered 
statistically significant the P values less than 5%. We used 
for all statistics the program StatView.

Results

The number of students attending the first phase of the 
educational campaign who filled in the first questionnaire 
was 2264, with mild female predominance (1293 females, 
57.1% vs. 971 males, 42.9%). The mean age (± sd) was 
17.72 (± 3.29) years. The median age was 17 years. The 
age ranged between 13 and 22 years. The school type was 
Lyceum for 914 students (40.4%) and Technical Institute for 
the remaining 1350 ones (59.6%).

The number of students who filled in the second question-
naire was 1883, with a satisfactory 83.2% global recompila-
tion rate. Females remained prevalent (1064 females, 56.6% 
vs. 817 males, 43.4%). The mean age (± sd) was 17.77 
(± 2.95) years; the median age value was 17 years; the age 
ranged between 13 and 22 years.

Table 2 reports the main characteristics of these two 
groups. We did not observe any significant difference in 
relation to age and gender between the students involved 
in the survey comparing the first and the second step, but 
significantly, more Lyceum students completed the second 
step (recompilation of the questionnaire) than Technical 
Institute ones.

At the first phase of the campaign, the global percentage 
of wrong answers was 33.4; in particular, being the pro-
portions of errors the following: (A) stroke general knowl-
edge = 23.5, (B) stroke risk factors = 37.6, (C) stroke early 
symptoms = 34.1.

At the end of the campaign (second phase), the total per-
centage of wrong answers strongly lowered attaining 11.4; 
the proportions of errors were as follows: (A) stroke general 
knowledge = 3.7, (B) stroke risk factors = 11.7; (C) stroke 
early symptoms = 12.5.

All the differences of these three question sub-
sets between the first and the second phase were 
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strongly significant at the statistical univariate analysis 
(P < 0.00001) (Fig. 1). We reported the complete descrip-
tion of the results in Table 3.

In the separate analysis of proportions of correct ver-
sus wrong answers at each item of the questionnaire, all 
differences remained statistically significant, with a clear 
improvement in stroke awareness, with the exception of two 
items on “difficulty in moving both legs” and “sudden high 
fever” in stroke early symptoms subset C. In fact, both these 
two items attained a very high proportion of correct answers 
already in the first phase of the campaign, before the didactic 
sessions, so the improvement in the second phase could not 
reach the statistical significance.

We performed a multivariate analysis on the available fac-
tors (age, gender, and school type) in order to evaluate those 
that independently influenced the correct answer proportion, 
in the first as well as in the second study phase by multiple 
logistic regression.

In the first phase, older age (more than the median value) 
and female gender were statistically associated with a higher 
proportion of correct answers. Technical Institutes had a 
lower rate of correct answers in comparison with Lyceums.

In the second phase, these differences remained, even if 
the significance of older versus younger age was quite lower. 
Table 4 summarizes these results.

Discussion

We demonstrate that, with a careful, complete, and scien-
tifically correct approach, it is possible to largely improve 
stroke awareness in a group of motivated high school 
students.

The sample we analyzed demonstrated also a good pre-
existing knowledge on stroke, better than the one demon-
strated in the study on a representative sample of general 

Table 2  Characteristics of the 
attending students

FIRST PHASE SECOND 
PHASE

N % N % Questionnaire rec-
ompilation rate (%)

Chi2(Yates’ 
corr.)

P

MALE GENDER 971 42.9 817 43.4 84.1 0.10 0.75
FEMALE GENDER 1,293 57.1 1,064 56.6 82.3
AGE ≤ 17 ys. 1,327 58.6 1,077 57.3 81.2 0.72 0.40
AGE > 17 ys. 937 41.4 804 42.7 85.8
TECHNICAL ISTITUTE 1,350 59.6 1,002 53.2 74.2 16.9 0.0004
LYCEUM 914 40.4 881 46.8 96.4
TOTAL 2,264 1,883 83.2

Fig. 1  Univariate statistic com-
parison  (chi2 test with Yates’ 
correction) of correct versus 
wrong answers to the three 
main question subsets of the 
questionnaire in the two steps of 
the survey
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Italian population, published by Baldereschi and co-workers 
a few years ago [6].

The higher percentage of mistakes was, in stroke general 
knowledge (Section A of the questionnaire), on the ben-
eficial role of the new acute reperfusion treatments (45.4). 
In the Section B of the questionnaire (stroke risk factors), 
the proportion of wrong answers was very high in the 
items “atrial fibrillation” (58.4%) and “diabetes” (66.1%). 
Finally, in the last part of the questionnaire, on stroke early 
symptoms (Section C), many subjects ignored that a “sud-
den visual disturbance or diplopia” (47.5%) and a “sudden 
very strong unusual headache” (48.8%) may be prodromal 
stroke symptoms. On the other hand, many students (48.7%) 

erroneously believed that a sudden loss of consciousness 
might be a common initial sign of stroke. Moreover, only 
41.9% of our sample knew that a “sudden strength reduction 
of ipsilateral arm and leg” is one of the most frequent stroke 
symptoms. All these previous mistaken beliefs significantly 
regressed after the didactic sessions and the discussion.

The proportion of wrong answers did not significantly 
lowered in the second phase questionnaire, in comparison 
with the first one, only in two items, in particular, in the 
questions on “difficulty in moving both legs” and “sud-
den high fever” in the section dealing with stroke early 
symptoms.

Table 3  Comparison of correct versus wrong answers to the questionnaire in the two steps of the survey

First phase Second phase Chi2 test P

Correct % Wrong % Correct % Wrong %

A. GENERAL STROKE KNOWLEDGE 10,399 76.5 3,185 23.5 10,875 96.3 423 3.7  <.00001
1.   Definition of the disease 1,590 70.2 674 29.8 1,787 94.9 96 5.1  <.00001
2.   Typical age of stroke onset 2,118 93.5 146 6.5 1,847 98.1 36 1.9  <.00001
3.   Correct behavior in case of stroke 1,803 79.6 461 20.4 1,839 97.7 44 2.3  <.00001
4.   Treatments of the stroke acute phase 1,237 54.6 1,027 45.4 1,762 93.6 121 6.4  <.00001
5.   Timing of thrombolysis 1,911 84.4 353 15.6 1,860 98.8 23 1.2  <.00001
6.   Ideal stroke ward 1,741 76.9 523 23.1 1,780 94.5 103 5.5  <.00001
B.  STROKE RISK FACTORS 16,949 62.4 10,219 37.6 19,949 88.3 2647 11.7  <.00001
1.   Blood hypertension 1,581 69.8 683 30.2 1,730 91.9 153 8.1  <.00001
2.   Emotional stressors 1,533 67.7 731 32.3 1,679 89.2 204 10.8  <.00001
3.   Cigarette smoking 1,335 59.0 929 41.0 1,808 96.0 75 4.0  <.00001
4.   Very high or low external temperature 2,056 90.8 208 9.2 1,803 95.8 80 4.2  <.00001
5.   High cholesterol level 1,172 51.8 1,092 48.2 1,535 81.5 348 18.5  <.00001
6.   Strong physical effort 1,790 79.1 474 20.9 1,699 90.2 184 9.8  <.00001
7.   Carotid stenosis 1,189 52.5 1,075 47.5 1,455 77.3 428 22.7  <.00001
8.   Chronic headache 1,859 82.1 405 17.9 1,700 90.3 183 9.7  <.00001
9.   Atrial fibrillation 942 41.6 1,322 58.4 1,421 75.5 462 24.5  <.00001
10. Familial history of stroke 1,431 63.2 833 39.8 1,651 87.7 232 12.3  <.00001
11. Obesity and low physical activity 1,293 57.1 971 42.9 1,765 93.7 118 6.3  <.00001
12. Diabetes 768 33.9 1,496 66.1 1,703 90.4 180 9.6  <.00001
C.  STROKE EARLY SYMPTOMS 17,892 65.9 9,276 34.1 19,768 87.5 2828 12.5  <.00001
1.   Sudden chest oppression or pain 1,678 74.1 586 25.9 1,726 91.7 157 8.3  <.00001
2.   Sudden strength reduction of ipsilateral arm and leg 1,316 58.1 948 41.9 1,774 94.2 109 5.8  <.00001
3.   Sudden visual loss or diplopia 1,189 52.5 1,075 47.5 1,673 88.9 210 11.1  <.00001
4.   Respiratory difficulties or palpitation 1,459 64.4 805 35.6 1,705 90.6 178 9.4  <.00001
5.   Speaking or understanding difficulty 1,577 69.7 687 30.3 1,746 92.7 137 7.3  <.00001
6.   Sudden very strong unusual headache 1,159 51.2 1,105 48.8 1,539 81.7 344 18.3  <.00001
7.   Difficulty in moving both legs 1,750 77.3 514 22.7 1,486 78.9 397 21.1 .22 N.S.
8.   Sudden high fever             1,994 88.1 270 11.9 1,644 87.3 239 12.7 .49 N.S.
9.   Sudden walking difficulty due to incoordination 1,381 61.0 883 39.0 1,426 75.7 457 24.3  <.00001
10.  Loss of consciousness or pre-syncopal symptoms 1,162 51.3 1,102 48.7 1,550 82.3 333 17.7  <.00001
11.  Nausea and stomach pain 1,818 80.3 446 19.7 1,748 92.8 135 7.2  <.00001
12.  Sudden facial asymmetry 1,409 62.2 855 37.8 1,751 93.0 132 7.0  <.00001
TOTAL 45,240 66.6 22,680 33.4 50,592 89.6 5898 11.4  <.00001
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We believe that this apparent lack of significant improve-
ment depended by the already very low error rate in the 
first questionnaire for the item “sudden high fever,” and by 
the comprehensible possible confusion, in young people, 
between the not simple concepts of “sudden walking diffi-
culty due to incoordination” and “difficulty of moving both 
legs” as initial stroke symptoms.

In the first phase of the study, the results were better in 
students attending Lyceum in comparison with those attend-
ing Technical Institute. The difference remained unchanged 
in the second part of the study. Moreover, the completion 
rate of the second questionnaire was significantly higher in 
Lyceum students.

The students attending Lyceum usually go on with uni-
versity level of education, while Technical Institutes have, 
in Italy, overall professional purpose and their students more 
often search for a job just after school, even if the access to 
university is possible in any case.

In both types of school, the girls attained significantly 
better results than boys, in the first phase questionnaire, and 
this difference remained significant after the formative ses-
sion. The vascular neurologists who performed the scien-
tific lecture observed a higher interest in the topic by girl 
students and many of them declared, during the discussion, 
the intention to attain medical professions after the conclu-
sion of high school cycle. This is in line with the reported 
strong tendency to feminization of the medical professions 
in several countries [31–35].

In Italy, findings available on the ALMALAUREA web-
site (a public organization of the Italian Ministry of Educa-
tion which depicts the situation of Italian Universities [36]) 
confirmed this tendency. In first-level university courses, 
women constitute, in Italy, a marked majority in health 
related degrees (74.4%).

In conclusion, we obtained a very important improve-
ment of stroke awareness in our sample, with particular 

relevance on the role of “thrombolysis/thrombectomy” (Sec-
tion A) with 39% error rate reduction on “atrial fibrillation” 
and “diabetes” as risk factors (Section B), with − 33.9% 
and − 56.5% error rate, respectively, on “sudden strength 
reduction of ipsilateral arm and leg” and “sudden visual 
loss or diplopia” as prodromal symptoms (Section C), 
with − 36.1% and − 36.4% error rate, respectively.

Our group obtained similar results in two recently pub-
lished reports on campaigns centered on stroke awareness 
performed in La Spezia, Italy, addressed to general popula-
tion [37], and in the Rotary Clubs of the North Western 
Italian Rotary District 2032 [30].

We hope that the enhanced awareness might induce 
a more frequent diffusion of prevention strategies, an 
increased capacity of recognizing onset stroke symptoms 
with shortening of patients’ presentation time in emergency 
room of our hospitals when they can undergo thromboly-
sis/thrombectomy, even if other Italian campaigns failed to 
obtain this result [38].

We observed, after the global campaign “PRESTO” 
[29], a significant mild average reduction of onset-to-door 
time (less 33 min) in ischemic stroke patients and a slight 
increase in the number of patients who arrived to hospitals 
with milder symptoms and transient ischemic stroke (TIA), 
in comparison to the same period before the campaign. We 
hope that our educational campaign in high schools might 
have contributed to these encouraging results.

Our study has some specific limitations and strengths. 
The main limitation was that the group of selected subjects 
was, in comparison to the general population, much younger, 
with higher female prevalence, and with higher educational 
level. In effect, the results of our survey could not be gen-
eralized to the global Italian population. Another limit was 
that the percentage of the second phase-recompiled ques-
tionnaires was 83.2 of the previous first phase ones. We can 
speculate that only more motivated students completed the 
survey, introducing a selection bias that may have caused 
an overvaluation of the awareness improvement. Finally, we 
could not perform an analysis of awareness improvement in 
each participant, being the questionnaires anonymous, but 
only a global evaluation. Nevertheless, a very high number 
of subjects were involved with consequent large diffusion of 
the messages on the efficacy of stroke prevention and on the 
need to be able to recognize early onset stroke symptoms. 
Finally, the accurate evaluation of the results was, in our 
opinion, a commendable aspect, in a field often lacking of 
a scientific approach.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10072- 022- 06372-6.
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Table 4  Multiple regression analysis

First phase (dependent variable: proportion of correct answers).  
N = 2,264
Independent variable OR 95% C.I. P
Older vs. Younger Age 1.25 from 1.05 to  1.48 0.011
Female vs. Male gender 1.54 from 1.30 to 1.83 <0.0001
Technical Institute vs. Lyceum 0.79 from 0.66 to 0.93 0.0063 

Second phase (dependent variable: proportion of correct answers).  
N = 1,883
Independent variable OR 95% C.I. P
Older vs. Younger Age 1.21 from 1.01 to 1.46 0.044
Female vs. Male gender 1.47 from 1.22 to 1.77 <0.0001
Technical Institute vs. Lyceum 0.72 from 0.59 to 0.86 0.0005
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