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Abstract 

Background  Urgent medical treatment is crucial after stroke and transient ischemic attack (TIA), but hindered 
by extensive prehospital delays. Public education campaigns based on FAST (Face-Arm-Speech-Time) have improved 
response after major stroke, but not minor stroke and TIA. We aimed to provide strategies to improve public educa-
tion on a national level, by characterizing TIA and stroke symptoms in a population-based cohort, and extrapolating 
findings to the general Dutch population.

Methods  We included all patients with first-ever stroke or TIA from 2002–2016 in the population-based Rotterdam 
Study (N = 17,931). We determined the prevalence of focal neurological symptoms and their combinations by event 
severity (i.e., TIA, minor stroke [National Institutes of Health Stroke Scale (NIHSS) 0–3], and major stroke [NIHSS > 3]). We 
assessed sensitivity of the FAST test for TIA and stroke, and estimated specificity using survey data on the incidence 
of focal neurological symptoms of non-vascular origin from the same source population. Finally, we determined 
the diagnostic value of adding visual symptoms and vertigo to the FAST test.

Results  Of all 900 patients (mean age: 77.6 years, 57.2% women), 409 (45.4%) had a TIA, 254 (28.2%) had minor stroke, 
and 237 (26.3%) had major stroke. At least one FAST symptom was present in 233/237 (98.3%) of patients with major 
stroke, compared to 186/254 (73.2%) patients with minor stroke, and 250/402 (62.2%) with TIA. Minor strokes and TIA 
not captured by the FAST test most commonly involved visual symptoms (52.7%), dizziness/vertigo (19.5%), disturbed 
coordination (19.1%), and sensory disturbance (18.2%). Sensitivity of FAST for TIA/minor stroke increased from 66.4 
to 80.8% with the addition of visual symptoms, and to 86.1% with further incorporation of dizziness/vertigo, albeit 
with a > 40% increase in the number of false positive events. Nearly all patients with major stroke (97.5%) experienced 
a combination of multiple symptoms, whereas 58.9% of patients with TIA and 26.4% of those with minor stroke 
reported only a single symptom.

Conclusions  In contrast to major stroke, sensitivity of the FAST test is limited to around 65% for TIA and minor stroke 
in a population-based setting. Sensitivity increases by incorporating visual symptoms and vertigo, but this comes 

*Correspondence:
Frank J. Wolters
f.j.wolters@erasmusmc.nl
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-024-20960-5&domain=pdf


Page 2 of 10Claus et al. BMC Public Health         (2024) 24:3512 

with a large number of false positives. Findings of this study may favor a focus on the importance of isolated or tran-
sient symptoms, rather than additional symptoms, in future stroke public education campaigns.

Keywords  Stroke, TIA, FAST, Stroke recognition, Stroke prevention

Introduction
Risk of early recurrent stroke is high after transient 
ischemic attack (TIA) and minor stroke, with up to 10% 
of patients having recurrent stroke within a week when 
left untreated [1]. Urgent medical treatment reduces risk 
of early recurrent stroke by 80% [2, 3], but is often hin-
dered by prehospital delays [4, 5]. Two-thirds of patients 
with TIA and minor stroke do not perceive their symp-
toms as such, and one-third delay seeking medical atten-
tion beyond 24 h.[6] Moreover, approximately half of all 
recurring strokes are preceded by a TIA for which no 
medical attention was sought [7]. In ischemic stroke, the 
prompt initiation of reperfusion therapy corresponds to 
improvement in clinical outcomes for both minor and 
major stroke [8, 9]. Public education campaigns have 
aimed to improve symptom recognition and timely medi-
cal attention after stroke. The Face-Arm-Speech-Time 
(FAST) test has formed the basis of public education in 
the United Kingdom, Ireland, United States, Australia, 
and New Zealand, with variants in several non–English-
speaking countries [7, 10–13]. While such FAST-based 
campaigns have been associated with improved response 
to major stroke, patient response to TIA and minor 
stroke has remained unchanged [7, 14].

The lack of effectiveness of FAST-based campaigns 
to improve response after TIA and minor stroke may 
be attributable, at least in part, to a lower sensitivity of 
the FAST test for minor events. Indeed, a population-
based study in the United Kingdom found that around 
one-third of TIA and minor stroke events were not cap-
tured by the FAST acronym [7]. Effectiveness of public 
education might improve by focus on additional stroke 
symptoms, but it remains uncertain which combination 
of symptoms would be most informative to alternative 
education strategies. One study among patients with 
mostly major stroke in a comprehensive stroke center, 
observed that extension of the FAST-acronym with visual 
symptoms and balance disturbance increased sensitiv-
ity from 86 to 96% [15]. However, no published studies 
have assessed the value of expansions to FAST among 
patients with minor stroke and TIA in a population-
based setting. Other reasons for the limited effectiveness 
of public education on TIA and minor stroke presenta-
tions may include the focus of education efforts on disa-
bling and persistent complaints. Better characterization 
of transient and non-disabling neurological symptoms 
on a population level could be helpful to tailor public 

education strategies also to these minor events, which 
comprise two-thirds of all cerebrovascular events in the 
general population [7].

We therefore aimed to determine the sensitivity of the 
FAST-test in the general population, stratified by TIA 
and stroke severity, and characterized symptomatology. 
To inform future public education campaigns, we extrap-
olated findings from the population-based Rotterdam 
Study to the general Dutch population, aiming to assess 
the diagnostic value of public education on a national 
scale.

Methods
Study population
This study was embedded within the Rotterdam Study, 
an ongoing population-based study of determinants and 
occurrence of disease in persons aged 40 years and older. 
The study comprises 17,931 individuals living in the 
Ommoord suburb of Rotterdam, the Netherlands [16]. 
The design of the Rotterdam Study has been described 
in detail previously. In brief, participants are invited for 
interview and extensive in-person examination at a dedi-
cated research center about once every 3–6 years. The 
current study includes all participants with first-ever 
TIA and stroke (with the exception of subarachnoid 
hemorrhage) between 1st April 2002 and 31st Decem-
ber 2016. Participants with prevalent dementia (n = 144) 
or decreased consciousness (n = 91) were excluded 
(Supplemental Fig.  1). The report is following STROBE 
(Strengthening the Reporting of Observational Studies in 
Epidemiology) guidelines for cohort studies.

Ethics approval
The Rotterdam Study has been approved by the Medical 
Ethics Committee of the Erasmus MC and by the Min-
istry of Health, Welfare and Sport of the Netherlands, 
implementing the Population Screening Act: Rotterdam 
Study. All participants provided written informed con-
sent to participate in the study and to obtain information 
from their treating physicians.

Availability of data
Data can be obtained upon request. Requests should be 
directed towards the management team of the Rotterdam 
Study (secretariat.epi@erasmusmc.nl), which has a pro-
tocol for approving data requests. Because of restrictions 
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based on privacy regulations and informed consent of 
the participants, data cannot be made freely available in 
a public repository. FJW had full access to the data in the 
study and takes responsibility for data integrity and accu-
racy of data analysis.

Ascertainment of stroke and TIA
Stroke was defined according to the World Health 
Organization criteria as a syndrome of rapidly develop-
ing clinical signs of focal (or global) disturbance of cer-
ebral function, with symptoms lasting 24 h or longer or 
leading to death, with no apparent cause other than of 
vascular origin [17]. We defined TIA as the presence of 
focal neurological symptoms, which lasted no longer 
than 24 h and were attributable to dysfunction of one 
arterial territory of the brain [18]. In addition to invited 
examinations, participants were continuously monitored 
for the occurrence of stroke and TIA through linkage of 
the study database with files from general practitioners 
and nursing home physicians, which included discharge 
letters from any hospital admission or outpatient visit. 
Potential TIA and stroke cases were reviewed by research 
physicians, and an experienced vascular neurologist 
adjudicated the final diagnosis, as described in detail pre-
viously [19]. A research physician manually reviewed all 
medical charts and noted the presence of different neuro-
logical symptoms (i.e., facial palsy, arm and leg weakness, 
speech disturbance, visual symptoms, disturbed coordi-
nation, sensory disturbance, and dizziness/vertigo). We 
did not distinguish between proximal and distal arm 
or leg paresis. Any unmentioned symptoms were pre-
sumed absent, in accordance with a previously validated 
method for assessing stroke severity [20]. Stroke sever-
ity was evaluated by reviewing medical charts, applying 
this previously validated methodology that standardizes 
record-based NIHSS assessment using a predefined scor-
ing rule. This approach ensures consistent interpreta-
tion of documented symptoms to assign NIHSS scores 
and differentiate between minor and major strokes [20]. 
The only exception to this rule were very severe hemi-
spheric strokes, for which commonly present symptoms 
that often remain unmentioned in medical charts were 
marked present (e.g., neglect and hemianopia) [20]. 
Major stroke was defined as an NIHSS > 3.

Questionnaire study on stroke symptoms
Between April and July 2020, a series of questionnaires 
was sent out to all community-dwelling participants of 
the Rotterdam Study. The questionnaires were sent both 
digitally and on paper, leading to an average response rate 
of 73.5%. For the current analysis we used data from the 
sixth survey, which included questions on the occurrence 
of focal neurological symptoms during the past 2 months. 

At total of 4,705 participants filled in the questionnaire, 
of whom 3,854 completed the questions on the occur-
rence of neurological symptoms and were aged 50 years 
or older. Participants were specifically enquired about 
sudden limb weakness, facial droop, speech difficulties, 
vertigo, transient loss of vision, and a numb or tingling 
sensation anywhere in the body (Supplemental Table 1).

Statistical analyses
We first compared patient characteristics between TIA, 
minor stroke (NIHSS ≤ 3), and major stroke (NIHSS > 3) 
from the Rotterdam Study cohort, focusing on age, sex, 
stroke subtype and TIA duration of symptoms.

We calculated prevalence of focal neurological symp-
toms in patients with TIA, minor stroke, and major 
stroke. Events were denoted as FAST-positive, if patients 
had facial droop, speech difficulty, and/or arm weak-
ness. We calculated the number of FAST-symptoms for 
all events in the Rotterdam Study cohort, and determined 
the sensitivity of the FAST test for TIA as well as minor 
and major stroke.

Next, we mapped the occurrence of different combi-
nations of symptoms, again stratified by event sever-
ity, using events from the Rotterdam Study cohort. We 
subsequently determined the change in sensitivity of 
the FAST test, if it would additionally incorporate visual 
symptoms (‘eyes’; E-FAST) and visual symptoms plus diz-
ziness/vertigo (‘balance and eyes’; BE-FAST).

We used the reported incidence of focal neurologi-
cal symptoms over a 2-month time period in the Rot-
terdam Study questionnaire to estimate the number of 
persons aged 50 years and older in the study expected to 
experience any of these symptoms. We extrapolated this 
incidence rate to the general Dutch population, using 
population data from Statistics Netherlands, by multiply-
ing the incidence rate with the total number of persons in 
the Dutch population aged 50 years and older [21].

Similarly, using the incidence rate of stroke and TIA in 
all participants from the Rotterdam Study aged 50 years 
and older between 2010–2020 (11.95 per 1000 person 
years), we estimated the expected number of cerebrovas-
cular events in the general population during 2 months. 
Subsequently, we used these numbers to estimate the 
diagnostic value (i.e., specificity, positive and negative 
predictive value) of the FAST-test, as well as E-FAST and 
BE-FAST expansions.

All analyses were performed in R (version 4.2.1), and 
plots were created using the “upset” package.

Results
Of 900 patients with first-ever TIA or stroke, 409 (45.4%) 
had TIA, 254 (28.2%) had minor stroke, and 237 had 
(26.3%) major stroke. Mean age of patients was 77.6 
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(± 9.4) years and 57.2% were female (Table  1). Of 311 
TIAs for which duration of symptoms was reported, two-
thirds (211/311; 67.8%) lasted less than 1 h.

Sensitivity of the FAST test
Virtually all patients with major stroke had ≥ 1 FAST 
symptom (233/237, 98.3%), whereas ≥ 1 FAST-symp-
tom was present in 186/254 (73.2%) minor strokes, and 
250/402 (62.2%) TIAs (Fig. 1). All FAST symptoms were 
less common with minor stroke and TIA than with 
major stroke. For major stroke, arm weakness was pre-
sent in 89% of patients, followed by speech disturbance 
in 71%, and facial palsy in 53% of events (Table  2). In 
contrast, speech disturbance was the most common 
FAST-symptom in TIA and minor stroke, present in 
99/254 (39.0%) of minor strokes and 176/409 (43.0%) 
of TIAs. Arm weakness was present in 126/254 (49.6%) 
minor stroke and 96/409 (23.5%) TIA, and facial palsy 
in 47/254 (18.5%) of minor stroke and 36/409 (8.8%) of 
TIA. Sensitivity of the FAST-test was similar between 
men and women, with at least 1 FAST symptom present 

Table 1  Demographic and clinical characteristics for TIA, minor 
stroke (NIHSS ≤ 3), major stroke (NIHSS > 3)

Numbers are N (%) unless specified otherwise

Data were missing for level of education (1.6%), stroke subtype (3.9%) and TIA 
duration of symptoms (24.0%)

NIHSS National Institutes of Health Stroke Scale, TIA Transient ischemic attack, SD 
Standard deviation, and n/a not applicable

TIA Minor stroke Major stroke
N = 409 N = 254 N = 237

Age, mean (± SD) 76.7 (9.9) 77.4 (8.8) 79.5 (8.9)

Sex, female 245 (59.9) 145 (57.1) 125 (52.7)

Stroke subtype

  Ischemic 409 (100.0) 208 (84.2) 170 (75.6)

  Haemorrhagic n/a 11 (4.5) 28 (12.4)

  Undetermined n/a 28 (11.3) 27 (12.0)

Symptom duration

  0–59 s 34 (10.9) n/a n/a

  1–59 min 177 (56.9) n/a n/a

  1–24 h 100 (32.2) n/a n/a

  > 24 h n/a 254 (100.0) 237 (100.0)

Fig. 1  Prevalence of FAST symptoms according to TIA and stroke severity. Legend: Percentages reflect the percentage of patients 
from the Rotterdam Study, with (A) zero, one, two or three FAST symptoms, (B) at least one FAST symptom and expansions of the FAST-test 
by additionally including visual field defects (Eyes) and dizziness/vertigo (Balance). FAST indicates Face-Arm-Speech-Time; E-FAST 
Eyes-Face-Arm-Speech-Time; BE-FAST Balance-Eyes-Face-Arm-Speech-Time
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in 262/385 (68.1%) of women with TIA or minor stroke, 
and in 174/271 (64.2%) of men.

Non‑FAST symptoms in stroke and TIA
Apart from FAST, the most common symptoms were 
leg weakness (24.1% TIA/minor stroke, 77.2% major 
stroke), visual symptoms (22.3% TIA/minor stroke, 
26.2% major stroke), sensory disturbance (18.9% TIA/
minor stroke, 33.8% major stroke), and dizziness/ver-
tigo (12.3% TIA/minor stroke, 10.5% major stroke). Of 
all 208 patients with visual symptoms, 170 (82%) had 
visual field defects, with another 34 (17%) reporting 
diplopia. Of all 106 patients with dizziness, half were 
most consistent with vertigo and half with non-rota-
tory dizziness. These patterns were similar for TIA and 
minor stroke.

Nearly all patients with major stroke experienced a 
combination of different symptoms (97.5%; Fig.  2). In 
contrast, a large proportion of patients with TIA, and 
to a lesser extent minor stroke, had isolated symptoms, 
most commonly consisting of speech disturbance (23.7% 
TIA and 10.2% minor stroke) or visual symptoms (15.9% 
TIA and 5.6% minor stroke). Of all 220 patients with TIA 
or minor stroke who did not experience any of the FAST 
symptoms, 116 (52.7%) had visual symptoms, 43 (19.5%) 
dizziness/vertigo and 42 (19.1%) disturbed coordination, 
with visual symptoms most often occurring in isolation 
(Fig. 3).

Transient neurological symptoms in the general 
population
Of 3,854 participants who completed the questionnaire 
on neurological symptoms, 881 (22.9%) reported any 
neurological symptom during the past two months, i.e., 
sudden limb weakness, facial droop, speech difficulties, 
vertigo, transient loss of vision, or sensory symptoms. Of 
these, 326 (8.5%) participants reported any of the FAST 
symptoms (i.e., sudden limb weakness, speech difficul-
ties or facial droop). Sudden transient loss of vision was 
reported by 181 individuals (4.7%), and vertigo or non-
rotatory dizziness was reported by 463 (12.0%) partici-
pants (Table  2). Consequently, 456 respondents (11.8%) 
reported any FAST symptom or loss of vision, and 772 
(20.0%) reported any FAST symptom, vertigo/dizzi-
ness, or transient loss of vision. Sensory symptoms were 
reported by 243 individuals (6.3%).

Diagnostic value of an expanded FAST‑test
Incorporation of visual symptoms into the FAST acro-
nym increased sensitivity for TIA and minor stroke from 
66.4% to 80.8% among 656 participants from the Rot-
terdam Study (Fig.  1). Additional incorporation of diz-
ziness/vertigo further increased sensitivity for TIA and 
minor stroke to 86.1% (Fig. 1).

Table  3 shows the diagnostic value of the FAST-test, 
and potential expansions, by combining the observed 
sensitivity of the FAST-test within the Rotterdam Study, 

Table 2  Occurrence of neurological symptoms for all first TIA and strokes in the Rotterdam study

Expressed as patients, N (%). TIA indicates transient ischemic attack

TIA transient ischemic attack, and n/r not recorded
a Respondents to the population-based survey of stroke symptoms, survey is described in Supplemental Table 1
b Survey inquired: “trouble speaking or drooping mouth” and “loss of strength in arm or leg”

TIA Minor stroke Major stroke Respondents surveya

N = 409 N = 254 N = 237 N = 3,854

Weakness 151 (36.9) 154 (60.6) 228 (96.2) n/r

  Facial palsy 36 (8.8) 47 (18.5) 126 (53.2) 39 (1.0)b

  Arm weakness 96 (23.5) 126 (49.6) 211 (89.0) 303 (7.8)b

  Leg weakness 69 (16.9) 89 (35.0) 183 (77.2) 303 (7.8)b

Language or speech deficit 176 (43.0) 99 (39.0) 167 (70.5) 39 (1.0)b

Sensory disturbance 58 (14.2) 68 (26.8) 80 (33.8) 243 (6.3)

Visual symptoms 100 (24.4) 46 (18.1) 62 (26.2) 181 (4.7)

  Visual field defect 78 (19.1) 32 (12.6) 60 (25.3) n/r

  Diplopia 17 (4.2) 14 (5.5) 3 (1.3) n/r

  Positive visual phenomena 13 (3.2) 10 (3.9) 1 (0.4) n/r

Dizziness 43 (10.5) 38 (15.0) 25 (10.5) n/r

  Vertigo 24 (5.9) 22 (8.7) 6 (2.5) 463 (12.0)

  Non-rotatory dizziness 19 (4.6) 19 (7.5) 19 (8.0) n/r

Disturbed coordination 37 (9.0) 33 (13.0) 25 (10.5) n/r
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Fig. 2  Concurrence of neurological symptoms by TIA and stroke severity. Legend: These intersection diagrams show the patterns of co-occurrence 
of different symptoms. Rows represent the types of symptom and columns represent their combinations. All symptoms that are part of a given 
combination are shown as black dots connected by a vertical black line. A single dot without a line implies the symptom occurred in isolation. 
The number of participants with a given combination of symptoms is shown as a vertical bar on top of the matrix. A minimum of two participants 
per combination is shown, single participant combinations are not shown

Fig. 3  TIA and stroke symptoms in patients without any FAST symptom. Legend: This intersection diagram shows the patterns of co-occurrence 
of different symptoms. Rows represent the types of symptom and columns represent their combinations, sorted by frequency. All symptoms 
that are part of a given combination are shown as black dots connected by a vertical black line. A single dot without a line implies the symptom 
occurred in isolation. The number of participants with a given combination of symptoms is shown as a vertical bar on top of the matrix. All 
combinations of all participants are shown
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with the incidence of transient neurological symptoms 
and TIA/stroke from questionnaires, extrapolated to the 
Dutch population. Based on incidence rates in the Rot-
terdam Study, there are 87,525 strokes and TIAs occur-
ring in the general population aged > 50 years in the 
Netherlands annually, implying 14,588 events during the 
2-month questionnaire period. Of these, 10,926 would be 
FAST-positive (sensitivity = 74.9%) and 13,071 BE-FAST 
positive (sensitivity = 89.6%) during 2 months (Table 3).

We extrapolated the incidence of transient neuro-
logical symptoms from the observed distribution in the 
questionnaire in the sample of 3,854 participants, to all 
7,324,267 persons aged > 50 years living in the Neth-
erlands. In the questionnaire 22.9% experienced any 
neurological symptom in the past 2 months, meaning 
1,677,257 (22.9%) Dutch citizens are estimated to experi-
ence any focal neurological symptom per 2 months. Of 
those, 622,563 (8.5%) are estimated to experience FAST-
positive focal neurological symptoms per 2 months 
(Table  3), 11.8% (864,264/7,324,267) are estimated to 
experience FAST-symptoms or loss of vision, and 20.0% 
(1,464,853/7,324,267) to experience FAST symptoms, 
visual field defects or vertigo.

The number of patients with stroke mimics was cal-
culated by subtracting the expected number of TIA and 
stroke patients over a two-month period from the total 
number of individuals in the Netherlands who exhibited 
stroke-like symptoms during the same time frame. This 
led to a positive predictive value of the FAST-test for a 
cerebrovascular event of 1.8%, which declined to 1.5% 
for E-FAST, and 0.9% for BE-FAST (Table  3). Specific-
ity for FAST was 63.2%, declining to 48.8% after incor-
poration of visual symptoms (E-FAST), and to 12.7% 

for BE-FAST. The number of false positive cases conse-
quently increased 2.4-fold by expanding FAST to a BE-
FAST acronym (Table 3).

Discussion
In this population-based study of TIA and stroke 
patients, sensitivity of the FAST-test for detecting TIA 
and minor stroke was much lower than for major stroke, 
with one-third of TIA and minor stroke not captured 
by the FAST-test. FAST-negative events often involved 
visual symptoms or vertigo/dizziness, and incorporation 
of these symptoms in the FAST-acronym increased sen-
sitivity from 66 to 86%, but at the cost of a large number 
of false positive cases and decreasing positive predictive 
value.

The lower sensitivity of the FAST-test for minor stroke 
and TIA, compared to major stroke, is in line with a prior 
population-based study from the United Kingdom [7]. 
This discrepancy between minor and major cerebrovas-
cular events may be partly explained by posterior strokes, 
which are more frequently classified as minor due to less 
NIHSS points attributable to posterior symptoms [22, 
23]. The FAST test has been shown to have lower sensi-
tivity for detecting these posterior strokes [24]. Our find-
ings explain why sensitivity of FAST is higher in cohorts 
of clinical stroke patients, which often include patients 
with more severe neurological deficits. In light of public 
education, this population-based perspective is of par-
ticular importance, as around 70% of all cerebrovascular 
events in the general population are minor stroke or TIA 
[7, 25]. When patients and bystanders comprehend the 
gravity of stroke symptoms, they are more likely to call 

Table 3  Estimated diagnostic value of the FAST test in the general Dutch population. Legend: Comparison of the FAST-acronym with 
additional incorporation of visual (eye) symptoms (E-FAST) and balance (dizziness/vertigo) and eye symptoms (BE-FAST)

622,563 (8.5%) are estimated to have experienced focal neurological symptoms included in FAST (limb weakness, speech difficulties or facial droop) 

Incidence rates of TIA, stroke, and focal neurological symptoms of non-vascular origin from the population-based Rotterdam Study are projected on the population 
aged > 50 years in the Netherlands (according to census data by Statistics Netherlands) 

TIA indicates transient ischemic attack, PPV positive predictive values, NPV negative predictive value, FAST Face-Arm-Speech-Time, E-FAST Eyes-Face-Arm-Speech-Time, 
BE-FAST Balance-Eyes-Face-Arm-Speech-Time
a Indicates symptoms of non-neurological origin
b Includes: facial droop, speech difficulties, limb weakness, vision loss and vertigo, and sensory symptoms, but no coordination problems as these were not inquired in 
the population-based survey of stroke symptoms

TIA and stroke Stroke mimica Totalb Sensitivity Specificity PPV NPV

FAST positive 10,926 611,637 622,563 74.9% 63.2% 1.8% 99.6%

FAST negative 3,662 1,051,032 1,054,694

E-FAST positive 12,502 851,762 864,264 85.7% 48.8% 1.5% 99.7%

E-FAST negative 2,086 810,907 812,993

BE-FAST positive 13,071 1,451,782 1,464,853 89.6% 12.7% 0.9% 99.3%

BE-FAST negative 1,517 210,887 212,404

Total 14,588 1,662,669 1,677,257 - - - -
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for emergency services, leading to reduced prehospital 
delays [5, 26].

Among those with stroke mimics within the extrapo-
lated data from our study 60% had no FAST-symptoms, 
aligning with the pooled estimated specificity of the 
FAST-test of 60% in nine clinical studies [27]. However, 
for the BE-FAST-test, specificity in clinical studies was 
higher compared to our specificity of 13%, ranging from 
23 to 56% [28, 29]. Inclusion of patients presenting to 
emergency medical services in clinical studies, compared 
to our population-based survey, likely led to sampling of 
more severe cases of dizziness and vertigo, with higher 
probability of cerebrovascular disease [29, 30]. We esti-
mated that incorporation of vision loss and vertigo in the 
FAST-test could more than double the number of pres-
entations for suspected stroke. Given the high prevalence 
of vision loss and dizziness of non-cerebrovascular ori-
gin in the population, expansion of the FAST-test could 
imply a substantial increase in the burden on the health-
care system. This should be carefully weighed against 
potential benefits when designing new public education 
campaigns. We found that approximately one in five par-
ticipants experienced at least one stroke symptom within 
the past two months. This is a relatively high figure, 
exceeding the lifetime prevalence of 18–30% reported in 
previous studies for stroke-like symptoms in individuals 
without a history of cerebrovascular events [31–33]. The 
discrepancy could be attributed to differences in assess-
ment methods. Assessors conducting telephone inter-
views may apply stricter criteria for qualifying symptoms 
compared to participants self-reporting on a question-
naire. Additionally, our study focused on recent events 
within the past two months, whereas recall of symptoms 
from further back in time may be less reliable. Nonethe-
less, our findings as well as prior studies do suggest that 
stroke symptoms are relatively common in the general 
population. Although our survey data used to calculate 
the diagnostic value may be susceptible to information 
bias, prior clinical studies support the notion that diz-
ziness/vertigo may be rather non-specific to stroke. For 
example, of patients attending the emergency depart-
ment for dizziness, only 3% were deemed to have an 
acute cerebrovascular event [30]. The inherent difficulty 
for patients to distinguish vertigo from non-rotatory diz-
ziness further underscores the challenges of incorporat-
ing these symptoms in public education on stroke [34].

Alternative strategies for improving public educa-
tion for TIA and minor stroke could focus on symp-
tom severity and transientness, rather than different 
types of symptoms. Despite improved knowledge on 
stroke symptoms following public education, bet-
ter recognition of stroke symptoms does not neces-
sarily lead to immediate help-seeking behavior when 

stroke symptoms arise [35]. The impact of public 
education efforts could be enhanced by highlight-
ing the imperative of directly contacting medical ser-
vices upon stroke symptom manifestation, even when 
symptoms are transient or occur in isolation. Seeking 
urgent medical assistance for transient cerebrovascu-
lar events is important, as early recurrence risk is as 
high as 10% within one week, and 50% of early recur-
rent strokes occur after a TIA for which no medical 
attention was sought [7]. Notably, the introduction 
of public education campaigns has not increased sus-
pected cerebrovascular event presentations at general 
practitioners, indicating that public education fosters 
response directly to hospitals by emergency medical 
services rather than increasing suspected case numbers 
overall [14, 36, 37]. Half of patients with TIA present 
with isolated symptoms [7, 38]. These individuals delay 
longer in seeking medical attention than patients expe-
riencing two or more symptoms [39, 40]. Indeed, those 
with isolated symptoms commonly refrain from seek-
ing medical attention at all [7], despite similar short- 
and long-term risk of recurrent stroke compared to 
those with multiple symptoms [41]. Focus on urgency 
of response when transient or isolated symptoms occur 
may be crucial to improve the effectiveness of public 
education campaign for TIA and minor stroke.

Some limitations need to be taken into account when 
interpreting our findings. First, we did not interview 
patients in the acute phase after symptom onset. Imper-
fect recall of symptoms and incomplete annotation in 
medical records may have led to some under-recognition 
of symptoms. As these symptoms are most often FAST-
negative [20], effects on FAST sensitivity are likely lim-
ited, but unheeded and unrecorded occurrence notably 
of inattention, ataxia, or sensory deficits may affect the 
choice and diagnostic value of FAST expansions. Second, 
although the demographic build-up of the Rotterdam 
Study population in terms of disease burden is similar to 
the Dutch population, extrapolation of incidence rates 
might prove an underestimation due to study screening 
for cardiometabolic risk factors or a Hawthorne effect, 
i.e., the change in behavior as a response to monitor-
ing participants from our study [42]. In fact, the esti-
mates number of strokes was only marginally lower than 
reported in nationwide statistics [43]. This may have led 
to a slight underestimation of the positive predictive val-
ues. Third, we used questionnaire data to estimate the 
incidence of transient neurological symptoms in the gen-
eral population. Although surveys are the only feasible 
way to obtain these numbers, interpretation of the ques-
tions on focal neurological symptoms may have differed 
between participants, and bias these numbers in either 
direction.
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In conclusion, the FAST-test has high sensitivity 
for major stroke, but fails to capture one-third of TIA 
and minor stroke events. Although sensitivity would 
increase substantially by incorporating visual symp-
toms and vertigo in the acronym, the large number 
of false positives could favor a focus on less severe 
and transient events, rather than additional symp-
toms, in future public education campaigns on stroke 
awareness.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12889-​024-​20960-5.

Supplementary Material 1.

Acknowledgements
We thank all staff at the Rotterdam Study research centre, facilitating assess-
ment of participants throughout the years, and acknowledge the support of 
Jolande Verkroost and Frank J.A. van Rooij.

Disclosures
None.

Authors’ contributions
Jacqueline J. Claus made a substantial intellectual contribution to the data 
acquisition, analysis, interpretation and drafting the manuscript. Brian P. 
Berghout made a substantial intellectual contribution to data acquisition, 
interpretation and revising the manuscript critically for important intellectual 
content. M. Kamran Ikram made a substantial intellectual contribution to the 
concept and design of the study, data acquisition, interpretation and revising 
the manuscript critically for important intellectual content. Frank J. Wolters 
made a substantial intellectual contribution to the concept and design of the 
study, data acquisition, interpretation and revising the manuscript critically for 
important intellectual content. He had full access to the data in the study and 
takes responsibility for data integrity and accuracy of data analysis. All authors 
approved the final version of the manuscript for publication. Camiel V. J. Box, 
Silvan Licher and Bob Roozenbeek made a significant contribution to revising 
the manuscript critically for important intellectual content.

Authors’ information
Not applicable. 

Funding
The Rotterdam Study is supported by the Erasmus MC and Erasmus University 
Rotterdam, The Netherlands Organization for Scientific Research (NWO), The 
Netherlands Organization for Health Research and Development (ZonMw), 
the Research Institute for Diseases in the Elderly (RIDE), the Netherlands 
Genomics Initiative, the Ministry of Education, Culture and Science, the Minis-
try of Health, Welfare and Sports, the European Commission (DG XII), and the 
Municipality of Rotterdam. FJW was supported by the Netherlands Organisa-
tion for Health Research and Development (ZonMw) (Veni grant number 
09150162010108). BPB and MKI were supported by the Erasmus Medical 
Centre MRACE grant (grant number 386070).
None of the funding organizations or sponsors were involved in study design, 
in collection, analysis, and interpretation of data, in writing of the report, or in 
the decision to submit the article for publication.

Data availability
Data can be obtained upon request. Requests should be directed towards 
the management team of the Rotterdam Study (secretariat.epi@erasmusmc.
nl), which has a protocol for approving data requests. Because of restrictions 
based on privacy regulations and informed consent of the participants, data 
cannot be made freely available in a public repository. FJW had full access to 
the data in the study and takes responsibility for data integrity and accuracy 
of data analysis.

Declarations

Ethics approval and consent to participate 
The Rotterdam Study has been approved by the Medical Ethics Committee 
of the Erasmus MC and by the Ministry of Health, Welfare and Sport of the 
Netherlands, implementing the Population Screening Act: Rotterdam Study. 
All participants provided written informed consent to participate in the study 
and to obtain information from their treating physicians.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Epidemiology, Erasmus MC, University Medical Centre Rot-
terdam, Wytemaweg 80, Rotterdam, CA 3015, the Netherlands. 2 Department 
of Radiology & Nuclear Medicine, Erasmus MC, University Medical Centre Rot-
terdam, Wytemaweg 80, Rotterdam, CA 3015, the Netherlands. 3 Department 
of Neurology, Erasmus MC, University Medical Centre Rotterdam, Wytemaweg 
80, Rotterdam, CA 3015, the Netherlands. 4 Department of General Practice, 
Erasmus MC, University Medical Centre Rotterdam, Wytemaweg 80, Rotter-
dam, CA 3015, the Netherlands. 

Received: 6 February 2024   Accepted: 4 December 2024

References
	1.	 Giles MF, Rothwell PM. Risk of stroke early after transient ischae-

mic attack: a systematic review and meta-analysis. Lancet Neurol. 
2007;6(12):1063–72.

	2.	 Luengo-Fernandez R, Gray AM, Rothwell PM. Effect of urgent treatment 
for transient ischaemic attack and minor stroke on disability and hospital 
costs (EXPRESS study): a prospective population-based sequential com-
parison. Lancet Neurol. 2009;8(3):235–43.

	3.	 Lavallée PC, Meseguer E, Abboud H, Cabrejo L, Olivot JM, Simon O, 
Mazighi M, Nifle C, Niclot P, Lapergue B, et al. A transient ischaemic attack 
clinic with round-the-clock access (SOS-TIA): feasibility and effects. Lancet 
Neurol. 2007;6(11):953–60.

	4.	 Fladt J, Meier N, Thilemann S, Polymeris A, Traenka C, Seiffge DJ, Sutter R, 
Peters N, Gensicke H, Flückiger B, et al. Reasons for prehospital delay in 
acute ischemic stroke. J Am Heart Assoc. 2019;8(20):e013101.

	5.	 Bouckaert M, Lemmens R, Thijs V. Reducing prehospital delay in acute 
stroke. Nat Rev Neurol. 2009;5(9):477–83.

	6.	 Chandratheva A, Lasserson DS, Geraghty OC, Rothwell PM, Oxford Vas-
cular S. Population-based study of behavior immediately after transient 
ischemic attack and minor stroke in 1000 consecutive patients: lessons 
for public education. Stroke. 2010;41(6):1108–14.

	7.	 Wolters FJ, Li L, Gutnikov SA, Mehta Z, Rothwell PM. Medical atten-
tion seeking after transient ischemic attack and minor stroke before 
and after the UK Face, Arm, Speech, Time (FAST) public education 
campaign: results from the Oxford vascular study. JAMA Neurol. 
2018;75(10):1225–33.

	8.	 Lan L, Rong X, Li X, Zhang X, Pan J, Wang H, Shen Q, Peng Y. Reperfusion 
therapy for minor stroke: a systematic review and meta-analysis. Brain 
Behav. 2019;9(10):e01398.

	9.	 Beland B, Bala F, Ganesh A. Thrombolysis for acute ischemic stroke 
in patients with premorbid disability: a meta-analysis. Stroke. 
2022;53(10):3055–63.

	10.	 Nor AM, McAllister C, Louw SJ, Dyker AG, Davis M, Jenkinson D, Ford GA. 
Agreement between ambulance paramedic- and physician-recorded 
neurological signs with Face Arm Speech Test (FAST) in acute stroke 
patients. Stroke. 2004;35(6):1355–9.

	11.	 Mellon L, Hickey A, Doyle F, Dolan E, Williams D. Can a media campaign 
change health service use in a population with stroke symptoms? 
Examination of the first Irish stroke awareness campaign. Emerg Med J. 
2014;31(7):536–40.

https://doi.org/10.1186/s12889-024-20960-5
https://doi.org/10.1186/s12889-024-20960-5


Page 10 of 10Claus et al. BMC Public Health         (2024) 24:3512 

	12.	 Bray JE, O’Connell B, Gilligan A, Livingston PM, Bladin C. Is FAST stroke 
smart? Do the content and language used in awareness cam-
paigns describe the experience of stroke symptoms? Int J Stroke. 
2010;5(6):440–6.

	13.	 Wall HK, Beagan BM, O’Neill J, Foell KM, Boddie-Willis CL. Addressing 
stroke signs and symptoms through public education: the Stroke Heroes 
Act FAST campaign. Prev Chronic Dis. 2008;5(2):A49.

	14.	 Wolters FJ, Paul NL, Li L, Rothwell PM, Oxford Vascular S. Sustained impact 
of UK FAST-test public education on response to stroke: a population-
based time-series study. Int J Stroke. 2015;10(7):1108–14.

	15.	 Aroor S, Singh R, Goldstein LB. BE-FAST (Balance, Eyes, Face, Arm, Speech, 
Time): reducing the proportion of strokes missed using the FAST Mne-
monic. Stroke. 2017;48(2):479–81.

	16.	 Ikram MA, Brusselle G, Ghanbari M, Goedegebure A, Ikram MK, Kavousi M, 
Kieboom BCT, Klaver CCW, de Knegt RJ, Luik AI, et al. Objectives, design 
and main findings until 2020 from the Rotterdam Study. Eur J Epidemiol. 
2020;35(5):483–517.

	17.	 Hatano S. Experience from a multicentre stroke register: a preliminary 
report. Bull World Health Organ. 1976;54(5):541–53.

	18.	 Bos MJ, van Rijn MJ, Witteman JC, Hofman A, Koudstaal PJ, Breteler 
MM. Incidence and prognosis of transient neurological attacks. JAMA. 
2007;298(24):2877–85.

	19.	 Wieberdink RG, Ikram MA, Hofman A, Koudstaal PJ, Breteler MM. Trends 
in stroke incidence rates and stroke risk factors in Rotterdam, the Nether-
lands from 1990 to 2008. Eur J Epidemiol. 2012;27(4):287–95.

	20.	 Claus JJ, Berghout BBP, Ikram MK, Wolters FJ. Validity of stroke severity 
assessment using medical records in a population-based cohort. J Stroke 
Cerebrovasc Dis. 2023;32(4):106992.

	21.	 Population; gender, age and marital status, January 1st. https://​opend​ata.​
cbs.​nl/​statl​ine/#/​CBS/​nl/​datas​et/​7461B​EV/​table?​froms​tatweb.

	22.	 Inoa V, Aron AW, Staff I, Fortunato G, Sansing LH. Lower NIH stroke scale 
scores are required to accurately predict a good prognosis in posterior 
circulation stroke. Cerebrovasc Dis. 2014;37(4):251–5.

	23.	 Roushdy T, Abdel Nasser A, Nasef A, Elbassiouny A, George J, Aref 
H. A clinical comparative analysis between expanded NIHSS and 
original NIHSS in posterior circulation ischemic stroke. J Clin Neurosci. 
2023;114:77–80.

	24.	 Gulli G, Markus HS. The use of FAST and ABCD2 scores in posterior circula-
tion, compared with anterior circulation, stroke and transient ischemic 
attack. J Neurol Neurosurg Psychiatry. 2012;83(2):228–9.

	25.	 Hastrup S, Johnsen SP, Jensen M, von Weitzel-Mudersbach P, Simonsen 
CZ, Hjort N, Møller AT, Harbo T, Poulsen MS, Iversen HK, et al. Specialized 
outpatient clinic vs stroke unit for TIA and minor stroke: a cohort study. 
Neurology. 2021;96(8):e1096-1109.

	26.	 Iversen AB, Blauenfeldt RA, Johnsen SP, Sandal BF, Christensen B, 
Andersen G, Christensen MB. Understanding the seriousness of a stroke is 
essential for appropriate help-seeking and early arrival at a stroke centre: 
A cross-sectional study of stroke patients and their bystanders. Eur Stroke 
J. 2020;5(4):351–61.

	27.	 Chen X, Zhao X, Xu F, Guo M, Yang Y, Zhong L, Weng X, Liu X. A systematic 
review and meta-analysis comparing FAST and BEFAST in acute stroke 
patients. Front Neurol. 2021;12: 765069.

	28.	 El Ammar F, Ardelt A, Del Brutto VJ, Loggini A, Bulwa Z, Martinez RC, 
McKoy CJ, Brorson J, Mansour A, Goldenberg FD. BE-FAST: a sensitive 
screening tool to identify in-hospital acute ischemic stroke. J Stroke 
Cerebrovasc Dis. 2020;29(7):104821.

	29.	 Pickham D, Valdez A, Demeestere J, Lemmens R, Diaz L, Hopper S, de la 
Cuesta K, Rackover F, Miller K, Lansberg MG: Prognostic value of BEFAST 
vs. FAST to identify stroke in a prehospital setting. Prehosp Emerg Care. 
2019;23(2):195–200.

	30.	 Kerber KA, Brown DL, Lisabeth LD, Smith MA, Morgenstern LB. Stroke 
among patients with dizziness, vertigo, and imbalance in the emergency 
department: a population-based study. Stroke. 2006;37(10):2484–7.

	31.	 Howard VJ, McClure LA, Meschia JF, Pulley L, Orr SC, Friday GH. High 
prevalence of stroke symptoms among persons without a diagnosis of 
stroke or transient ischemic attack in a general population: the REasons 
for Geographic And Racial Differences in Stroke (REGARDS) study. Arch 
Intern Med. 2006;166(18):1952–8.

	32.	 Reading Turchioe M, Soliman EZ, Goyal P, Merkler AE, Kamel H, Cushman 
M, Soroka O, Masterson Creber R, Safford MM. Atrial fibrillation and stroke 
symptoms in the REGARDS study. J Am Heart Assoc. 2022;11(2):e022921.

	33.	 Passler JS, Clay OJ, Wadley VG, Ovalle F, Crowe M. Stroke symptoms with 
absence of recognized stroke are associated with cognitive impairment 
and depressive symptoms in older adults with diabetes. J Geriatr Psychia-
try Neurol. 2016;29(3):142–8.

	34.	 Newman-Toker DE, Cannon LM, Stofferahn ME, Rothman RE, Hsieh YH, 
Zee DS. Imprecision in patient reports of dizziness symptom quality: a 
cross-sectional study conducted in an acute care setting. Mayo Clin Proc. 
2007;82(11):1329–40.

	35.	 Dombrowski SU, Mackintosh JE, Sniehotta FF, Araujo-Soares V, Rodgers 
H, Thomson RG, Murtagh MJ, Ford GA, Eccles MP, White M. The impact 
of the UK “Act FAST” stroke awareness campaign: content analysis of 
patients, witness and primary care clinicians’ perceptions. BMC Public 
Health. 2013;13:915.

	36.	 Flynn D, Ford GA, Rodgers H, Price C, Steen N, Thomson RG. A time series 
evaluation of the FAST National Stroke Awareness Campaign in England. 
PLoS ONE. 2014;9(8):e104289.

	37.	 Bray JE, Mosley I, Bailey M, Barger B, Bladin C. Stroke public awareness 
campaigns have increased ambulance dispatches for stroke in Mel-
bourne. Australia Stroke. 2011;42(8):2154–7.

	38.	 Lavallée PC, Sissani L, Labreuche J, Meseguer E, Cabrejo L, Guidoux C, 
Klein IF, Touboul PJ, Amarenco P. Clinical significance of isolated atypical 
transient symptoms in a cohort with transient ischemic attack. Stroke. 
2017;48(6):1495–500.

	39.	 Howard VJ, Lackland DT, Lichtman JH, McClure LA, Howard G, Wagner 
L, Pulley L, Gomez CR. Care seeking after stroke symptoms. Ann Neurol. 
2008;63(4):466–72.

	40.	 Paul NL, Simoni M, Rothwell PM, Oxford Vascular S. Transient isolated 
brainstem symptoms preceding posterior circulation stroke: a popula-
tion-based study. Lancet Neurol. 2013;12(1):65–71.

	41.	 Tuna MA, Rothwell PM, Oxford Vascular S. Diagnosis of non-consensus 
transient ischaemic attacks with focal, negative, and non-progressive 
symptoms: population-based validation by investigation and prognosis. 
Lancet. 2021;397(10277):902–12.

	42.	 Sedgwick P, Greenwood N. Understanding the Hawthorne effect. Bmj. 
2015;351:h4672.

	43.	 Stroke | Age and Gender. https://​www.​vzinfo.​nl/​beroe​rte/​leeft​ijd-​en-​
gesla​cht#:​~:​text=​In%​202021%​20kwa​men%​20er%​20ong​eveer​,de%​20NIV​
EL%​20Zor​gregi​strat​ie%​20eer​ste%​20lijn%​20.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://opendata.cbs.nl/statline/#/CBS/nl/dataset/7461BEV/table?fromstatweb
https://opendata.cbs.nl/statline/#/CBS/nl/dataset/7461BEV/table?fromstatweb
https://www.vzinfo.nl/beroerte/leeftijd-en-geslacht#:~:text=In%202021%20kwamen%20er%20ongeveer,de%20NIVEL%20Zorgregistratie%20eerste%20lijn%20
https://www.vzinfo.nl/beroerte/leeftijd-en-geslacht#:~:text=In%202021%20kwamen%20er%20ongeveer,de%20NIVEL%20Zorgregistratie%20eerste%20lijn%20
https://www.vzinfo.nl/beroerte/leeftijd-en-geslacht#:~:text=In%202021%20kwamen%20er%20ongeveer,de%20NIVEL%20Zorgregistratie%20eerste%20lijn%20

	Characterizing TIA and stroke symptomatology in a population-based study: implications for and diagnostic value of FAST-based public education
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study population
	Ethics approval
	Availability of data
	Ascertainment of stroke and TIA
	Questionnaire study on stroke symptoms
	Statistical analyses

	Results
	Sensitivity of the FAST test
	Non-FAST symptoms in stroke and TIA
	Transient neurological symptoms in the general population
	Diagnostic value of an expanded FAST-test

	Discussion
	Acknowledgements
	References


