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Abstract
Background—Recognition of stroke warning signs and risk factors reduces prehospital delay and increa-
ses stroke survival. The goal of this study was to evaluate the public knowledge of stroke warning signs and
risk factors in a rural area in Central Pennsylvania.

Materials and Methods—In this study, the 2016 Sullivan County Health Fair attendees in central Penn-
sylvania answered a structured close-ended multiple choice questionnaire about stroke warning signs and
risk factors. Further questions were asked about their reaction to acute stroke, the source of their stroke
knowledge, and if they had personally known a stroke victim.

Results—Out of 163 respondents, 85.3% selected ≥3 (out of 4) correct stroke warning signs and 71.8% of
respondents selected ≥3 (out of 5) correct stroke risk factors. Regarding the wrong stroke warning signs,
34.4% mentioned neck pain followed by chest pain (33.1%). Identification of ≥1 (out of 3) wrong stroke
warning signs were significantly lower among the respondents of postgraduate level education in compari-
son with other literacy groups. 95.7% of respondents chose “call 911 immediately” in response to an acute
stroke. A relative with a history of stroke was the most cited source of information. Multivariate analysis
found that a high level of education increases odds of recognition of ≥3 correct stroke risk factors (0.21;
95% confidence interval, 0.09–0.61). Knowing anyone with stroke was associated with an awareness of the
life-threatening nature of stroke (r = 0.21, P < 0.01).

Conclusion—Respondents’ recognition of stroke warning signs was favorable. About 85% of respond-
ents recognized at least three stroke warning signs with no significant age and literacy effect. Our results
provide evidence that the subjects most at risk of stroke are those with the least awareness of stroke risk
factors.
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Introduction
Stroke is the most common cause of disability [1] and
the fifth leading cause of death in the United States [2].
Every 40 seconds, someone suffers from a stroke in the
United States, and every 4 min, someone dies of a stroke
[3]. It has been estimated that increased life expectancy
by 2020 will result in a higher incidence of stroke
among population worldwide [4]. Urgent access to

effective medical treatment, especially thrombolysis, is
an important predictor of stroke outcome [5,6]. How-
ever, prehospital delay continues to be the main reason
for treatment delay among stroke patients [7]. Different
factors have been attributed to delays in treatment-seek-
ing behavior among the victims of acute stroke; how-
ever, the main factor is thought to be the lack of public
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knowledge about stroke symptoms and the concept of
“time is brain” [8,9]. Associations between higher
knowledge of stroke among the patients, their family
members, and timely treatment-seeking behavior have
been described [10,11]. Therefore, increasing the public
knowledge of stroke symptoms and risk factors may
reduce prehospital delay, improve treatment-seeking
behavior, and increase the chance of getting urgent med-
ical attention [12].

Former stroke awareness studies have shown poor
knowledge of stroke risk factors and warning signs
among the general populations in different developing
and developed countries [13–18]. Stroke knowledge sur-
veys in the United States have shown different trends in
public stroke knowledge in various time periods from
significant improvement to no significant change, [17]
with the more prominent incremental trend in stroke
warning signs and knowledge [19].

The goal of this survey was to evaluate the public
knowledge of stroke warning signs and risk factors in a
rural area in Central Pennsylvania.

Methods
In this study, all local attendees of the 2016 Sullivan
County Health Fair in Pennsylvania were selected to
answer a questionnaire regarding stroke risk factors and
warning signs. Sullivan County is an entirely rural com-
munity in Central Pennsylvania. It is the second least
populous county in Pennsylvania with the total popula-
tion of 6428 (male: 51.4%, white race: 95.9%) [20].

Our questionnaire was developed based on surveys for-
merly performed in the United States [14,21] and
Europe [22,23]. Respondents who had received educa-
tion for stroke warning signs and risk factors within the
past three months of the survey were excluded from the
study. A structured close-ended multiple choice ques-
tionnaire was administered. The questionnaire can be
provided upon the request. The questionnaire included
demographic queries as well as questions to assess the
respondents’ recognition of stroke risk factors and warn-
ing signs. Based on the Face, Arm, Speech, Time
[24,25] stroke warning signs, the respondents chose the
correct stroke warning signs among the following
options: back pain, neck pain, droopy face, imbalance,
arm weakness, speech difficulty, and chest pain. Sub-
jects were also asked to select the correct stroke risk fac-
tors among the following: gender, stress, age factor,
hypertension, diabetes, smoking, and hypercholesterole-
mia. Further questions asked about the subjects’ reaction
after observation of a person with acute stroke signs, the

source of their stroke knowledge, if they were seeing a
physician on a regular basis, if they believed stroke is
preventable, and whether they personally knew a stroke
victim. Each correct answer for stroke warning signs
(droopy face, imbalance, arm weakness, and speech dif-
ficulty) and stroke risk factors (age factor, hypertension,
diabetes, smoking, and hypercholesterolemia) received 1
point, and a composite score was calculated for every
respondent. A similar scoring method was applied for
wrong answers. Favorable scores of correct stroke warn-
ing signs or risk factors were equal to or more than 3,
and a composite score of 1 or more for wrong stroke
warning signs and risk factors represented wrong stroke
knowledge.

After the questionnaire was completed, we educated the
respondents regarding the signs and symptoms of stroke,
critical nature of the disease, and the importance of call-
ing 911. We also educated the respondents regarding the
stroke risk factors and primary stroke prevention.

Statistical analysis
Normal and skewed distributed continuous variables are
presented as mean ± standard deviation (SD) and
median ± SD, respectively. Discrete values are demon-
strated as median (Quartiles). The statistical difference
among groups was detected using the χ2-test, Fisher’s
exact test, unpaired t-test, and Mann–Whitney U-test as
indicated for dichotomous or continuous variables. We
used multivariable linear regression method to analyze
the effects of gender, education, and age on stroke
knowledge. A p-value of <0.05 was considered as statis-
tically significant. Statistical package for the social sci-
ences (SPSS, Chicago, IL, USA) version 17 for Win-
dows was used for data analysis.

Results
A total of 163 respondents completed the survey. Only
two respondents refused to complete the questionnaire.
73% of the study population were women, and 98.1%
were white. Three cases did not answer the question of
educational level. Table 1 includes the respondents’
demographic information.

Subjects of the lowest literacy had the least awareness of
the following stroke risk factors: hypertension (63.0%, P
= 0.009) and diabetes (60.3%, P = 0.006). We did not
observe any significant differences among different age
groups in terms of identification of individual stroke
warning signs and risk factors (Table 2); however,
knowledge of ≥3 correct stroke risk factors was signifi-
cantly higher among the postgraduate level literacy
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group (83.7%, P = 0.015) compared to the rest of
respondents (Table 3).

Out of 163 respondents, 34.4%, 33.1%, and 16.6%
chose neck pain, chest pain, and back pain as the stroke
warning signs, respectively (Table 2). Respondents from

Table 1. Baseline demographic information
Variable Overall (N = 163) <35 (n = 22) 35–49 (n = 20) 50–69 (n = 73) ≥70 (n = 48)
Sex
Male (%) 44 (27.0) 5 (22.7) 3 (15.0) 18 (24.7) 18 (37.5)
Female (%) 119 (73.0) 17 (77.3) 17 (85.0) 55 (75.3) 30 (62.5)
Literacy
High school (%) 72 (45.6) 9 (42.9) 10 (50.0) 29 (40.8) 24 (52.2)
Undergraduate (%) 43 (27.2) 4 (19.0) 6 (30.0) 23 (32.4) 10 (21.7)
Postgraduate (%) 43 (27.2) 8 (38.1) 4 (20.0) 19 (26.8) 12 (26.1)
Ethnicity
White (%) 159 (98.1) 21 (95.5) 20 (100.0) 72 (98.6) 46 (97.9)
Black (%)

 
3 (1.9)

 
1 (4.5)

 
0 (0.0)

 
1 (1.4)

 
1 (2.1)

 

Table 2. Identification of correct and wrong stroke warning signs and risk factors (stratified by age)
Characteristics Total (N = 163), n

(%)
<35 (n = 22), n
(%)

35–49 (n = 20), n
(%)

50–69 (n = 73), n
(%)

≥70 (n = 48), n
(%)

P

Correct warning signs
Speech difficulty (%) 151 (92.6) 20 (90.9) 19 (95.0) 67 (91.8) 45 (93.8) 0.935
Droopy face (%) 144 (88.3) 20 (90.9) 15 (75.0) 69 (94.5) 40 (83.3) 0.058
Arm weakness (%) 134 (82.2) 20 (90.9) 18 (90.0) 55 (75.3) 41 (85.4) 0.198
Imbalance (%) 126 (77.3) 21 (95.5) 15 (75.0) 54 (74.0) 36 (75.0) 0.187
Wrong warning signs
Neck pain (%) 56 (34.4) 10 (45.5) 6 (30.0) 22 (30.1) 18 (37.5) 0.541
Chest pain (%) 54 (33.1) 11 (50.0) 8 (40.0) 16 (21.9) 19 (39.6) 0.040*
Back pain (%) 27 (16.6) 6 (27.3) 4 (20.0) 8 (11.0) 9 (18.8) 0.281
Knowledge of correct warning
signs ≥ 3 (%)

139 (85.3) 21 (95.5) 16 (80.0) 63 (86.3) 39 (81.3) 0.401

Wrong knowledge of warning
signs 1 (%)

79 (48.5) 14 (63.6) 12 (60.0) 30 (41.1) 23 (47.9) 0.196

Correct risk factors
Smoking (%) 128 (78.5) 18 (81.8) 18 (90.0) 60 (82.2) 32 (66.7) 0.098
Hypercholesterolemia (%) 123 (75.5) 18 (81.8) 16 (80.0) 56 (76.7) 33 (68.8) 0.587
Hypertension (%) 120 (73.6) 19 (86.4) 16 (80.0) 54 (74.0) 31 (64.6) 0.233
Diabetes (%) 118 (72.4) 19 (86.4) 16 (80.0) 53 (72.6) 30 (62.5) 0.166
Age factor (%) 102 (62.6) 18 (81.8) 11 (55.0) 51 (69.9) 22 (45.8) 0.010*
Wrong risk factors
Stress (%) 135 (82.8) 15 (68.2) 20 (100.0) 64 (87.7) 36 (75.0) 0.013*
Gender (%) 73 (44.8) 13 (59.1) 11 (55.0) 33 (45.2) 16 (33.3) 0.157
Knowledge of correct risk factors
≥ 3 (%)

117 (71.8) 19 (86.4) 16 (80.0) 52 (71.2) 30 (62.5) 0.170

Knowledge of wrong risk factors ≥
1 (%)

 

140 (85.9)
 

19 (95.5)
 

20 (100.0)
 

64 (87.7)
 

37 (77.1)
 

0.088
 

Table 3. Identification of correct and wrong stroke warning signs and risk factors (stratified by literacy level)
Characteristics Total (N = 160), n (%) High School (n = 73),

n (%)
Undergraduate (n =
44), n (%)

Postgraduate (n =
43), n (%)

P

Correct warning signs
Speech difficulty (%) 150 (93.8) 69 (94.5) 41 (93.2) 40 (93.0) 0.934
Droopy face (%) 141 (88.1) 62 (84.9) 40 (90.9) 39 (90.7) 0.520
Arm weakness (%) 132 (82.5) 63 (86.3) 35 (79.5) 34 (79.1) 0.510
Imbalance (%) 122 (76.3) 53 (72.6) 33 (75.0) 36 (83.7) 0.387
Wrong warning signs
Neck pain (%) 56 (35.0) 31 (42.5) 17 (38.6) 8 (18.6) 0.028*
Chest pain (%) 53 (33.1) 31 (42.5) 17 (38.6) 5 (11.6) 0.002*
Back pain (%) 27 (16.9) 17 (23.3) 7 (15.9) 3 (7.0) 0.075
Knowledge of correct warning signs ≥ 3
(%)

136 (85.0) 63 (86.3) 36 (81.8) 37 (86.0) 0.785

Knowledge of wrong warning signs ≥ 1
(%)

78 (48.8) 44 (60.3) 24 (54.5) 10 (23.3) 0.000*

Correct risk factors
Hypertension (%) 118 (73.8) 46 (63.0) 34 (77.3) 38 (88.4) 0.009*
Diabetes (%) 116 (72.5) 44 (60.3) 36 (81.8) 36 (83.7) 0.006*
Smoking (%) 124 (77.5) 53 (72.6) 36 (81.8) 35 (81.4) 0.397
Hypercholesterolemia (%) 120 (75.0) 51 (69.9) 33 (75.0) 36 (83.7) 0.250
Age factor (%) 100 (62.5) 42 (57.5) 28 (63.6) 30 (69.8) 0.415
Wrong risk factors
Gender (%) 71 (44.4) 30 (41.1) 19 (43.2) 22 (51.2) 0.564
Stress (%) 133 (83.1) 60 (82.2) 38 (86.4) 35 (81.4) 0.792
Knowledge of correct risk factors ≥ 3 (%) 114 (71.3) 44 (60.3) 34 (77.3) 36 (83.7) 0.015*
Knowledge of wrong risk factors ≥ 1 (%)

 
137 (85.6)

 
61 (83.6)

 
40 (90.9)

 
36 (83.7)

 
0.502
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postgraduate literacy group had a significantly higher
rate of not recognizing neck pain (18.6%, P = 0.028)
and chest pain (11.6%, P = 0.002) as stroke signs (Table
3). Selecting ≥1 wrong stroke warning signs was signifi-
cantly lower among the respondents of the postgraduate-
level literacy in comparison with other literacy groups
(23.3%, P < 0.001) (Table 3).

A relative with a history of stroke was the most cited
source of information, followed by media, books, and
magazines (Tables 4 and 5). Friends were chosen as the
significantly least important source of stroke knowledge
for postgraduate respondents compared to the subjects
with high school and undergraduate literacy (9.3%, P =
0.021).

Most respondents’ (95.7%) first measure in case of
encountering a stroke patient was an immediate 911 call
(Tables 6 and 7). 12.9% of the respondents reported that
they would also consider “Drive the patient to an emer-
gency room.” There was a significant difference
between respondents with high school or lower level

education versus respondents who had an undergraduate
or postgraduate education (20.5% vs. 6.8%, P = 0.031).

In the regression analysis, a higher level of education
and younger age corresponded with better knowledge of
stroke risk factors (Table 8). There was a correlation
between the knowledge of stroke risk factors and know-
ing that stroke is preventable (r = 0.16, P < 0.05).
Knowing anyone with stroke was related to familiarity
with the life-threatening nature of the stroke (r = 0.21, P
< 0.01) (Table 9).

Table 8. Multivariable regression: factors related to
knowledge of at least three stroke warning signs or
risk factors

Factor Odds ratio (95% confidence interval) P-value
Knowledge ≥ 3 warning signs
Age –0.08 (–0.23–0.07) 0.308
Gender 0.04 (–0.24–0.42) 0.595
Education 0.03 (–0.14–0.21) 0.687
Knowledge ≥ 3 risk factors
Age –0.17 (–0.46––0.02) 0.037*
Gender –0.03 (–0.57––0.41) 0.737
Education

 
0.21 (0.09–0.61)

 
0.008*

 

Table 4. Source of stroke knowledge among respondents (stratified by age)
Source of stroke knowl-
edge

Total (N = 163), n
(%)

<35 (n = 22), n (%) 35–49 (n = 20), n
(%)

50–69 (n = 73), n (%) ≥70 (n = 48), n (%) P

Relative had a stroke 55 (33.7) 7 (31.8) 6 (30.0) 25 (34.2) 17 (35.4) 0.973
Media 52 (31.9) 7 (31.8) 7 (35.0) 27 (37.0) 11 (22.9) 0.433
Books and magazines 44 (27.0) 6 (27.3) 5 (25.0) 20 (27.4) 13 (27.1) 0.997
Friends 35 (21.5) 1 (4.5) 4 (20.0) 20 (27.4) 10 (20.8) 0.151
Doctor 33 (20.2) 3 (13.6) 4 (20.0) 14 (19.2) 12 (25.0) 0.725
Others 28 (17.2) 7 (31.8) 2 (10.0) 12 (16.4) 7 (14.6) 0.231
No stroke knowledge

 
11 (6.7)

 
3 (13.6)

 
1 (5.0)

 
4 (5.5)

 
3 (6.3)

 
0.580

 

Table 5. Source of stroke knowledge among the respondents (stratified by literacy level)
Source of stroke knowledge Total ( N = 160), n (%) High school (n = 73), n

(%)
Undergraduate (n = 44), n
(%)

Postgraduate (n = 43), n
(%)

P

Relative had a stroke 53 (33.1) 28 (38.4) 16 (36.4) 9 (20.9) 0.136
Media 51 (31.9) 26 (35.6) 13 (29.5) 12 (27.9) 0.640
Books and magazines 43 (26.9) 19 (26.0) 12 (27.3) 12 (27.9) 0.974
Friends 36 (22.5) 17 (23.3) 15 (34.1) 4 (9.3) 0.021*
Doctor 32 (20.0) 13 (17.8) 8 (18.2) 11 (25.6) 0.563
Others 27 (16.9) 11 (15.1) 8 (18.2) 8 (18.6) 0.854
No stroke knowledge

 
10 (6.3)

 
3 (4.1)

 
4 (9.1)

 
3 (7.0)

 
0.545

 

Table 6. Actions to be taken by respondents when a stroke occurs near them (stratified by age)
Action to be taken Total (N = 163), n

(%)
<35 (n = 22), n (%) 35–49 (n = 20), n (%) 50–69 (n = 73), n

(%)
≥70 (n = 48), n
(%)

P

Call 911 immediately 156 (95.7) 21 (95.5) 20 (100.0) 69 (94.5) 46 (95.8) 0.765
Drive the patient to an emer-
gency room

21 (12.9) 5 (22.7) 2 (10.0) 10 (13.7) 4 (8.3) 0.395

Call a physician 8 (4.9) 0 (.0) 0 (.0) 7 (9.6) 1 (2.1) 0.093
Take the patient to a clinic 6 (3.7) 0 (.0) 0 (.0) 5 (6.8) 1 (2.1) 0.260
Wait only a few hours

 
2 (1.2)

 
0 (.0)

 
0 (.0)

 
1 (1.4)

 
1 (2.1)

 
0.844

 

Table 7. Actions to be taken by respondents when a stroke occurs near them (stratified by Literacy level)
Action to be taken Total (N = 160), n (%) High school (n = 73),

n (%)
Undergraduate (n = 44),
n (%)

Postgraduate (n = 43),
n (%)

P

Call 911 immediately 152 (95.0) 69 (94.5) 43 (97.7) 40 (93.0) 0.583
Drive the patient to an emergency
room

21 (13.1) 15 (20.5) 2 (4.5) 4 (9.3) 0.031*

Call a physician 7 (4.4) 4 (5.5) 1 (2.3) 2 (4.7) 0.710
Take the patient to a clinic 6 (3.8) 3 (4.1) 0 (.0) 3 (7.0) 0.225
Wait only a few hours

 
2 (1.3)

 
2 (2.7)

 
0 (.0)

 
0 (.0)

 
0.299
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Discussion
Our stroke awareness survey assessed public recognition
of stroke risk factors, warning signs, and some of the
associated factors in a rural population in Central Penn-
sylvania. Respondents’ recognition of stroke warning
signs was favorable—about 85% recognized at least
three stroke warning signs with no significant age and
literacy effect. This exceeds the results of previous sur-
veys [14,26–29]. The most frequently identified stroke
warning signs were speech difficulty, droopy face, and
arm weakness, similar to the results of previous studies
[19,29,30]. Less than half of the studied population
selected at least one or more wrong warning signs such
as “neck pain” as the most common, followed by “chest
pain” and “back pain.” Selection of wrong stroke warn-
ing signs has been attributed to the confusion between
signs of stroke and heart attack [29]. Although in our
study, there were no statistically significant differences
among different literacy groups regarding recognition of
stroke warning signs, literacy level was found to play an
important role in the identification of the wrong warning
signs. More than half of respondents with high school
level of education chose at least one or more wrong
warning signs, while this was less than one-third of the
respondents with postgraduate literacy level.

In contrast to previous studies [9,31], our subjects had
lower awareness of stroke risk factors compared to
stroke warning signs. Nevertheless, our subjects had bet-
ter stroke risk factor awareness in comparison with other
surveys [14,19,21]. The most frequently selected risk
factor was smoking, followed by hypercholesterolemia,
hypertension, diabetes, and age factor. Nearly 60% of
our respondents with high school education identified
hypertension and diabetes as stroke risk factors. It was
significantly lower than subjects with higher education
but much more than former studies [29,31]. Further-
more, the higher rate of selection wrong stroke risk fac-
tors, compared to the correct ones, shows a sensible gap
of risk factor knowledge compared to warning signs
knowledge among respondents in our cohort.

In previous studies [9,31,32], in the case of stroke suspi-
cion, respondents selected “immediate 911 call”
between 27% and 100%. Our result is closer to the
higher end of this range. In a former survey [33], older
age had a negative effect on the likelihood of calling
911. The proportion of respondents who called 911 were
reported to be different based on each stroke warning
sign [34].

Previous surveys cited different major sources of stroke
information among their respondents [14,15,18]. Source
of stroke knowledge included a relative with stroke his-
tory, media, books/magazines, doctor, and other sources
in our cohort. Pancioli et al. [14] reported “relative with
a history of stroke” as the main source of stroke infor-
mation. 20.2% of our respondents selected physician as
their source of knowledge. It seems such a wide range of
results for stroke source of information in various stud-
ies may be related to personal preference or remem-
brance at the time of interview. Nevertheless, the
respondents may achieve stroke knowledge over time
from multiple sources.

The proportion of our respondents who correctly recog-
nized at least three warning signs and risk factors were
significantly higher compared to former studies [31,34]
and this may be attributed to the type of questions used.
It might be easier to recognize the stroke signs and risk
factors when the questions are multiple choice [34,35].
Rowe et al. [36] compared the results of correctly identi-
fied stroke risk factors using both close-ended and open-
ended questions. The correct answers for close-ended
questions were between 77% and 95% while this range
was between 7% and 24% for open-ended questions.

We found that younger age and a high level of education
is significantly associated with a higher rate of identify-
ing stroke risk factors. Our results provide some evi-
dence that in our population the subjects most at risk of
stroke are the group with the least knowledge of stroke
risk factors.

Table 9. Correct and wrong stroke knowledge variables, regular physician visit variable, stroke preventability
variable, stroke is life-threatening variable, know anyone with stroke variable, relative with stroke variable
and calling of 911 variable correlations (N= 163), *P< 0.05, **P< 0.01

Variables 1 2 3 4 5 6 7 8 9 10
Call 911 —
Regular physician visit –0.066 —
Know anyone with stroke 0.051 0.017 —
Relative with stroke 0.040 0.036 0.349** —
Stroke is preventable 0.014 –0.048 –0.026 –0.101 —
Stroke is life-threatening 0.253** 0.042 0.205** 0.024 0.014 —
Correct warning signs knowledge 0.219** 0.000 0.117 0.120 0.026 0.001 —
Correct risk factors knowledge 0.032 –0.105 0.062 0.111 0.160* 0.062 0.193* —
Wrong warning signs knowledge 0.163* –0.006 –0.090 0.060 –0.027 0.025 0.072 0.150 —
Wrong risk factors knowledge

 
0.109

 
–0.095

 
0.074

 
0.113

 
0.021

 
-0.065

 
0.190*

 
0.291**

 
0.050

 
—
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We should interpret high levels of stroke knowledge
cautiously. In real, stressful situations, people’s behav-
iors are influenced by various emotional, psychological,
and regional factors. Therefore, having a higher score in
the stroke knowledge survey will not guarantee respond-
ents’ proper action in critical moments [37].

A small sample size was one of the limitations of this
study. However, we had a higher response rate compared
to other similar studies with less than 200 respondents
[38,39]. We also used convenience sampling which can
be subject to sampling bias. Although we excluded sub-
jects who had received information about stroke signs
and risk factors, attendants of health fair may have more
basic awareness of stroke compared to the rest of the
population.

Our findings support regular public stroke education
with more emphasis on subjects with lower literacy and
elderlies. Stroke training programs should be tailored
based on the target populations. Further studies are nee-
ded to define associated factors for a long-lasting behav-
ior change among individuals with stroke risk factors.

Acknowledgements
None.

References
1. WHO. WHO: The World Health Report 2000. Health systems:

improving performance 2000Geneva, SwitzerlandAvailable from:
http://www.who.int/whr/2000/en/whr00_en.pdf

2. Centers for Disease Control and Prevention, National Center for
Health Statistics. Underlying cause of death 1999–2013 on Cdc
Wonder online database, released 2015. Data are from the Multiple
Cause of Death Files, 1999–2013, as compiled from data provided.
February 3;2015 Available from: http://wonder.cdc.gov/ucd-
icd10.html

3. Mozaffarian D, et al. Heart disease and stroke statistics—2016
update. Circulation 2016;133(4):e38–e360.10.1161/CIR.
0000000000000350

4. Jones SP, et al. Stroke knowledge and awareness: an integrative
review of the evidence. Age Ageing 2010;39(1):11–22.10.1093/
ageing/afp196

5. Hake W, et al. Association of outcome with early stroke treatment:
pooled analysis of ATLANTIS, ECASS, and NINDS rt-PA stroke
trials. Lancet 2004;363(9411):768–774.10.1016/
S0140-6736(04)15692-4

6. Kaste M, et al. Thrombolysis for acute ischemic stroke: a consensus
statement of the 3rd Karolinska Stroke Update, October 30–31,
2000. Stroke 2001;32(11):2717–2718.10.1161/hs1101.098639

7. Evenson KR, et al. A comprehensive review of prehospital and in-
hospital delay times in acute stroke care. Int J Stroke 2009;4(3):
187–199.10.1111/j.1747-4949.2009.00276.x

8. Evenson KR, et al. Prehospital and in-hospital delays in acute stroke
care. Neuroepidemiology 2001;20:65–76.10.1159/000054763

9. Sug Yoon S, et al. Knowledge of stroke risk factors, warning symp-
toms, and treatment among an Australian urban population. BMC
Public Health 2001;1:14.10.1186/1471-2458-1-14

10. Teuschl Y, Brainin M. Stroke education: discrepancies among fac-
tors influencing prehospital delay and stroke knowledge. Int J
Stroke 2010;5(3):187–208.10.1111/j.1747-4949.2010.00428.x

11. Kim YS, et al. Stroke awareness decreases prehospital delay after
acute ischemic stroke in Korea. BMC Neurol
2011;11:2.10.1186/1471-2377-11-2

12. Morgenstern LB, et al. Improving delivery of acute stroke therapy:
the TLL Temple Foundation Stroke Project. Stroke 2002;33(1):160–
166.10.1161/hs0102.101990

13. Reeves MJ, et al. Changes in knowledge of stroke risk factors and
warning signs among Michigan adults. Cerebrovasc Dis 2008;25(5):
385–391.10.1159/000121338

14. Pancioli AM, et al. Public perception of stroke warning signs and
knowledge of potential risk factors. JAMA 1998;279(16):1288–
1292.10.1001/jama.279.16.1288

15. Müller-Nordhorn J, et al. Knowledge about risk factors for stroke:
a population-based survey with 28 090 participants. Stroke
2006;37(4):946–950.10.1161/01.STR.0000209332.96513.82

16. Pandian JD, et al. Public awareness of warning symptoms, risk fac-
tors, and treatment of stroke in Northwest India. Stroke 2005;36(3):
644–648.10.1161/01.STR.0000154876.08468.a0

17. Kleindorfer D, et al. Temporal trends in public awareness of
stroke : warning signs, risk factors, and treatment. Stroke
2009;40(7):2502–2506.10.1161/STROKEAHA.109.551861

18. Kim JS, Yoon SS. Perspectives of stroke in persons living in Seoul,
South Korea. a survey of 1000 subjects. Stroke 1997;28(6):1165–
1169.10.1161/01.STR.28.6.1165

19. Schneider AT, et al. Trends in community knowledge of the warn-
ing signs and risk factors for stroke. JAMA 2003;289(3):343–
346.10.1001/jama.289.3.343

20. Community Facts. Profile of general population and housing char-
acteristics: 2010. U.S. Census Bureau 2010Census. Available from:
https://factfinder.census.gov/faces/tableservices/jsf/pages/product-
view.xhtml?src=CF

21. Blades LL, et al. Rural community knowledge of stroke warning
signs and risk factors. Prev Chronic Dis 2005;2(2):A14.Available
from: http://www.cdc.gov/pcd/issues/2005/apr/04_0095.htm

22. Rossnagel K, et al. Out-of-hospital delays in patients with acute
stroke. Ann Emerg Med 2004;44(5):476–483.10.1016/j.anne-
mergmed.2004.06.019

23. Morgan K, et al. Slan 2007: survey of lifestyle, attitudes & nutri-
tion in Ireland: main report. Psychol 2008Available from: http://
epubs.rcsi.ie/psycholrep/3/

24. Harbison J, et al. Diagnostic accuracy of stroke referrals from pri-
mary care, emergency room physicians, and ambulance staff using
the face arm speech test. Stroke 2003;34(1):71–76.Available from:
http://www.ncbi.nlm.nih.gov/pubmed/12511753

25. Harbison J, et al. Rapid ambulance protocol for acute stroke. Lan-
cet 1999;353(9168):1935.10.1016/S0140-6736(99)00966-6

26. Mikulik R, et al. Calling 911 in response to stroke: a nationwide
study assessing definitive individual behavior. Stroke 2008;39(6):
1844–1849.10.1161/STROKEAHA.107.499806

27. Das K, et al. Awareness of warning symptoms and risk factors of
stroke in the general population and in survivors stroke. J Clin Neu-
rosci 2007;14(1):12–16.10.1016/j.jocn.2005.12.049

28. Park MH, et al. No difference in stroke knowledge between
Korean adherents to traditional and western medicine—the Age

Sadighi et al. 9

Journal of Vascular and Interventional N
eurology, Vol. 10



study: an epidemiological study. BMC Public Health
2006;6:153.10.1186/1471-2458-6-153

29. Hickey A, et al. Knowledge of stroke risk factors and warning
signs in Ireland: Development and application of the Stroke Aware-
ness Questionnaire (SAQ). Int J Stroke 2012;7(4):298–
306.10.1111/j.1747-4949.2011.00698.x

30. Parahoo K, et al. Stroke: awareness of the signs, symptoms and
risk factors—a population-based survey. Cerebrovasc Dis
2003;16(2):134–140.

31. Reeves MJ, et al. Knowledge of stroke risk factors and warning
signs among Michigan adults. Neurology 2002;59:1547–1552.

32. Cheung RTF, et al. Knowledge of stroke in Hong Kong Chinese.
Cerebrovasc Dis 1999;9(2):119–123.10.1159/000015909

33. Jurkowski JM, et al. Awareness of necessity to call 9-1-1 for stroke
symptoms, upstate New York. Prev Chronic Dis
2008;5(2):A41.Available from: http://www.pubmedcentral.nih.gov/
articlerender.fcgi?artid=2396991&tool=pmcentrez&render-
type=abstract

34. Yoon SS, et al. Knowledge of stroke risk factors, warning symp-
toms, and treatment among an Australian urban population. Stroke
2001;32(8):1926–1930.

35. Greenlund KJ, et al. Low public recognition of major stroke symp-
toms. Am J Prev Med 2003;25(4):315–319.10.1016/
S0749-3797(03)00206-X

36. Rowe AK, et al. Stroke awareness among Georgia adults: epidemi-
ology and considerations regarding measurement. South Med J
2001;94(6):613–618.10.1097/00007611-200194060-00014

37. Carroll C, et al. Stroke in Devon: knowledge was good, but action
was poor. J Neurol Neurosurg Psychiatry 2004;75(4):567–
571.10.1136/jnnp.2003.018382

38. Kothari R, et al. Patients’ awareness of stroke signs, symptoms,
and risk factors. Stroke 1997;28(10):1871–1875.10.1161/01.STR.
28.10.1871

39. Hux K, et al. Common perceptions about strokes. J Community
Health 2000;25(1):47–65.10.1023/A:1005140918066

10

Journal of Vascular and Interventional N
eurology, Vol. 10


