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Abstract—Background: Little information is available about public knowledge of TIA and prevalence of a TIA diagnosis.
Methods: The National Stroke Association sponsored a telephone survey by single-stage random-digit dialing of noninsti-
tutionalized US residents �18 years old, which was conducted in 1999. Demographic characteristics of participants were
compared to the US population to produce weights for projections. Independent predictors of knowledge and diagnosis of
TIA were determined by including all demographic characteristics in logistic regression models. Results: Among 10,112
participants, 2.3% reported having been told by a physician that they had a TIA. Older age, lower income, and fewer years
of education were independently associated with a diagnosis of TIA. Of those with TIA, only 64% saw a physician within
24 hours of the event. A physician diagnosis of stroke was reported by 2.3% of participants, of whom 19% recalled having
had a TIA before the stroke. An additional 3.2% of participants recalled symptoms consistent with TIA but did not seek
medical attention. Only 8.2% correctly related the definition of TIA and 8.6% could identify a typical symptom. Men,
nonwhites, and those with lower income and fewer years of education were less likely to be knowledgeable about TIA.
Conclusions: An estimated 4.9 million people in the US report a diagnosis of TIA, and many more recall symptoms
consistent with TIA but do not seek medical attention. Reducing stroke risk after TIA could have substantial impact on
public health but will require public education about the importance of having stroke symptoms evaluated, even if they
resolve.
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A physician diagnosis of TIA is associated with high
risk for stroke.1-3 Approximately 11% of those diag-
nosed with TIA in the emergency department will
have a stroke within 90 days,1 and the risk remains
elevated in the months and years that follow.2,4,5 Re-
ducing risk of stroke after TIA could produce impor-
tant reductions in the burden of stroke.

The potential public health impact of stroke pre-
vention after TIA depends on the overall prevalence
of TIA and the proportion of those with symptoms of
TIA who come to medical attention. Prevalence of
TIA has been estimated for a number of populations
in the United States and in other countries. Estimates
in the United States have varied widely, ranging from
1.1% to 6.3%, depending on the characteristics of the
population studied, the method of ascertainment, and
the definition of TIA used.6-12 To determine the propor-
tion of those with TIA who fail to come to medical
attention, it is also necessary to estimate the frequency
of symptoms consistent with TIA that do not prompt a
physician visit.8,13 If a significant proportion of those
with symptoms consistent with TIA do not seek medi-
cal attention, this may indicate a need for public
education.

One reason people may not seek medical attention

rapidly after a TIA is lack of knowledge about its
symptoms and implications.13 Failure to understand
the serious nature of stroke is an important reason
that people delay seeking evaluation.14 Although
stroke and TIA present with identical symptoms,
resolution of symptoms is often perceived as a sign
that urgent evaluation is unnecessary15; the fallacy
of this assumption suggests that knowledge about the
serious nature of TIA may be particularly deficient.
Public knowledge about TIA has not been evaluated in
a large study and identifying deficits may have impli-
cations for designing educational campaigns.

The National Stroke Association sponsored a na-
tionwide population survey of adults in the United
States to estimate prevalence of prior TIA, to evalu-
ate knowledge about its definition and symptoms,
and to estimate the proportion seeking medical at-
tention rapidly after TIA.

Methods. Through an unrestricted grant from Boehringer In-
gelheim, the National Stroke Association convened an expert
panel to formulate a survey to evaluate TIA knowledge and prev-
alence, and Roper Starch Worldwide and International Communi-
cations Research were contracted to conduct the survey. A random
list of telephone numbers was generated by a computer algorithm
that selects exchanges to produce a representative sample of all
US regions. Using random-digit dialing, up to three attempts were
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made to contact any member of a household, with calls made on
three separate days including a weekend day. After identifying
the members in a household 18 years of age or older, one was
randomly selected for interview. The following characteristics
were required for eligibility: availability of selected individual
during the study period, ability to speak English, and under the
quota for sex (required 50% men). Institutions and workplaces
were excluded so nursing home residents were not surveyed. In-
terviews were conducted in 1999 from November 12 through De-
cember 21. An audit of 50% of calls was performed to estimate the
refusal rate and the proportion of randomly generated numbers
called to reach a participant in a dwelling.

The complete script of the telephone survey is available online
at www.ucsf.edu/brain/TIAquestionnaire.pdf. The survey evalu-
ated knowledge about TIA and stroke before asking questions
about physician diagnoses and symptoms. A subject was consid-
ered to know the definition of TIA if he or she reported having
heard of a TIA, reported knowing the definition, and provided a
response to the open-ended question, “What is a transient ische-
mic attack or TIA and what causes it?” that included reference to
stroke or interruption of blood flow to the brain. Knowledge of TIA
symptoms was assessed among those who provided any definition
of TIA from the open-ended question “What are its [TIA’s] symp-
toms?” One specific question was used to estimate prevalence: “A
TIA or ‘mini stroke’ happens when there is a temporary stop in
blood flow to part of the brain. In most cases, TIA comes on
abruptly, then fades away within 24 hours. Have you ever been
told by a physician that you had TIA or a mini stroke?” In addi-
tion, participants were asked about transient symptoms of sudden
onset that were suggestive of TIA. Annual income was classified
as �$25,000, $25,000–$39,999, $40,000–$74,999, or �$75,000.
Education was classified by highest level of achievement (less
than high school graduation, high school graduation, some college,
college graduation, graduate school or more) or as technical
school/other. Self-reported ethnicity was initially categorized by
two variables—white/black/other and Hispanic/non-Hispanic—
which were reclassified into four mutually exclusive categories—
black (regardless of Hispanic ethnicity), Hispanic, non-Hispanic
white, and all others.

The demographic characteristics of participants were com-
pared to US Census estimates of the population in 1999. Weights
for each participant were calculated to project results to the entire
US population. All analyses were unweighted except those report-
ing prevalence in total US population. p Values in univariate
analyses were calculated from �2 tests and CI were calculated
using exact binomial probabilities. Trends over age and income
categories were evaluated with Cuzick nonparametric trend test.16

Multivariable logistic regression analyses included all demo-
graphic characteristics (age, sex, ethnicity, income, education).
The Stata statistical package (version 7, College Station, TX) was
used for all analyses.

Results. Approximately 175,000 total phone numbers were
called, of which 64,400 represented households. A total of 11,400
qualified, and interviews were completed for 10,112 (89%) of
these. An additional 28,200 did not qualify because of language
barrier, unavailability during the study period, or exceeding the
50% sex quota, and 24,800 were contacted but failed to supply
adequate information to judge qualification. The mean age � SD
of participants was 44.9 � 16.7 years and, by design, 50% were
female (table 1).

Only 883 (8.7%) correctly related the definition of TIA and 874
(8.6%) could identify a symptom consistent with TIA (i.e., sudden
numbness or weakness on one side of the body or face; sudden loss
of vision in one or both eyes; sudden difficulty speaking or under-
standing what someone is saying; sudden difficulty walking, dizzi-
ness, or loss of balance; or paralysis in the face, arm, or leg). Age,
sex, ethnicity, income, and education were all important indepen-
dent predictors for knowledge of TIA definition and symptoms in
multivariable models (see table 1).

After the interviewer provided the correct definition of TIA,
231 (2.3%; 95% CI, 2.0 to 2.6%) stated that they had been told by a
physician that they had a TIA or mini stroke. Projecting these
results to the US adult population based on individual sampling
weights, an estimated 4.9 million people have been diagnosed
with TIA. In univariate analysis, history of TIA was more common
in the elderly (figure) and in those with lower income and fewer

years of education (table 2). The most common symptoms recalled
with the TIA were sudden weakness or numbness on one side of
the body or face (12% in isolation, 54% overall), sudden difficulty
walking, dizziness, or loss of balance (13% in isolation, 53% over-
all), sudden difficulty speaking or understanding (5% in isolation,
37% overall), and sudden loss of vision in one or both eyes (9% in
isolation, 37% overall). In multivariable analysis, age and income
remained significant predictors but education was no longer sig-
nificant (see table 2).

Among patients with a history of TIA, 218 (94%) recalled the
timing of a visit to the physician afterwards. Only 147 (64%)
recalled seeing a physician within 24 hours, and 16% were seen
over 1 week later. The first physician seen was a primary care
physician in 145 (63%), and only 53 (23%) saw a neurologist first
or on referral.

A total of 235 (2.3%; 95% CI, 2.0 to 2.6%) reported a physician
diagnosis of stroke, which projects to a prevalence of 4.9 million
stroke survivors in the United States. Characteristics associated
with stroke were similar to those associated with TIA (see table
2). An increase in prevalence of stroke and TIA was evident with
age (see the figure). A TIA occurred before stroke in 44 (19%).
Conversely, stroke occurred after a TIA in 19% (44 of 231) of those
diagnosed with TIA.

An additional 323 people (3.2%; 95% CI, 2.9 to 3.6%) who did
not have a physician diagnosis of TIA or stroke recalled symptoms
typical of TIA (neurologic symptoms of sudden onset lasting �24
hours) that were not brought to medical attention. These symp-
toms included numbness or weakness on one side of the body or
face (n � 208, 2.0%), loss of vision in one or both eyes (n � 115,
1.1%), and difficulty speaking or understanding (n � 142, 1.4%).
Sudden difficulty walking, dizziness, or loss of balance was also
frequently reported (n � 521, 5.1%), but this was not considered a
symptom specific for TIA because symptoms of peripheral vestibu-
lopathy and other conditions could easily be confused.8 The struc-
ture of the questionnaire prevented a participant from describing
both a TIA that was not diagnosed by a physician and a diagnosed
stroke, so it is not possible to estimate prevalence of stroke after
events typical of TIA.

Discussion. Our nationwide survey of US adults
suggests that a history of a physician diagnosis of
TIA is frequent, with an estimated 4.9 million adults
having had a TIA in the past. In addition, many
other participants recalled transient neurologic
symptoms of sudden onset for which they did not
seek medical attention, so the true prevalence of TIA
may be higher. Knowledge about TIA was limited,
with only 8.2% able to identify the correct definition
and only 8.6% able to recognize at least one common
symptom.

Estimates of TIA prevalence in adults have varied
widely,6-12,17-20 ranging from 0.2% among those aged
�40 in a western Japanese town17 to 6.3% among
persons aged 65 to 74 in Cook County, IL.6 Although
no prior study has attempted to estimate prevalence
of TIA in a random sample representative of the US
population, the Atherosclerosis Risk in Communities
(ARIC) study sampled 12,205 adults aged 45 to 64
years in four geographically dispersed US communi-
ties.8,9 In that study, a TIA prevalence of 3.7% was
estimated from a computer algorithm using recalled
symptoms; only a minority of these had a physician
diagnosis of TIA. Our estimate that 2.3% of US
adults have a physician diagnosis of TIA is consis-
tent with these prior estimates.

Differences in patient selection, risk factor preva-
lence, and the criteria for defining a prevalent TIA
likely contribute to the heterogeneity of these esti-
mates. Furthermore, all studies of TIA, including
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this one, suffer from uncertainty in the diagnosis, so
the stringency of diagnostic criteria greatly impacts
estimates of TIA burden. Some symptoms consistent
with TIA are due to other, more benign etiologies,
such as migraine, presyncope, anxiety, and seizure,
and some true TIA are falsely attributed to other
etiologies. This may be a greater problem in the
young, in whom the risk of cerebrovascular disease is
lower but masqueraders are frequent. Differentiat-
ing TIA from other causes of transient neurologic
symptoms is extremely difficult, even for neurolo-
gists reviewing the same cases,21,22 and there is no
reliable objective marker for diagnosis. Thus, any
estimate of TIA prevalence or incidence is likely to
be highly dependent on the methodology used to
identify cases.

Our primary estimate of TIA prevalence was

based on patient recall of a physician diagnosis, and
symptoms consistent with TIA that did not prompt
medical attention were not counted in the preva-
lence. Relying on patient recall adds an additional
source of uncertainty in the estimate of prevalence.
One study found that only 39% of those who recalled
a physician diagnosis of TIA actually had such a
diagnosis confirmed from medical record review, but
only 55% of those with a medical record diagnosis
recalled it.10 Thus, imperfect recall could produce es-
timates of prevalence that are either too high or too
low. However, population-based studies of TIA and
stroke prevalence generally rely on medical record
documentation of a physician diagnosis, which prob-
ably underestimates the true prevalence because
some episodes are not brought to attention and oth-
ers are diagnosed but not documented. A population-

Table 1 Sociodemographic characteristics and knowledge of TIA definition and symptoms*

Characteristics

Knowledge of TIA definition Knowledge of typical TIA symptom

No. (%) p Value OR (95% CI) p Value No. (%) p Value OR (95% CI) p Value

Overall 883 (8.7) 874 (8.6)

Age, y �0.001† �0.001†

18–34 127 (4.3) Ref 123 (4.2) Ref

35–44 183 (8.2) 1.69 (1.32–2.15) �0.001 174 (7.8) 1.62 (1.26–2.07) �0.001

45–54 201 (10.6) 1.98 (1.56–2.52) �0.001 201 (10.6) 2.02 (1.58–2.58) �0.001

55–64 138 (11.7) 2.78 (2.14–3.62) �0.001 138 (11.7) 2.86 (2.19–3.73) �0.001

�65 190 (12.7) 3.36 (2.61–4.31) �0.001 194 (12.9) 3.71 (2.88–4.78) �0.001

Sex �0.001 �0.001

Female 649 (12.8) Ref 638 (12.6) Ref

Male 234 (4.6) 0.29 (0.24–0.34) �0.001 236 (4.7) 0.29 (0.25–0.34) �0.001

Ethnicity �0.001 �0.001

White, non-Hispanic 807 (10.1) Ref 790 (9.9) Ref

Black 23 (2.6) 0.31 (0.20–0.48) �0.001 25 (2.8) 0.34 (0.22–0.53) �0.001

Hispanic 15 (2.8) 0.39 (0.23–0.68) 0.001 12 (2.2) 0.32 (0.17–0.59) �0.001

Other 21 (4.0) 0.43 (0.27–0.69) �0.001 32 (6.2) 0.73 (0.50–1.07) 0.11

Annual income �0.001† �0.001†

�$25,000 134 (5.4) Ref 127 (5.1) Ref

$25,000–$39,000 159 (8.3) 1.61 (1.24–2.08) �0.001 152 (7.9) 1.67 (1.29–2.18) �0.001

$40,000–$74,000 269 (10.4) 1.74 (1.36–2.22) �0.001 275 (10.6) 1.99 (1.55–2.55) �0.001

�$75,000 173 (11.4) 1.69 (1.29–2.23) �0.001 178 (11.8) 1.96 (1.48–2.58) �0.001

Highest level of education �0.001 �0.001

Less than high school
graduation

20 (2.2) Ref 21 (2.3) Ref

High school graduation 153 (4.6) 1.95 (1.21–3.15) 0.006 144 (4.3) 1.73 (1.07–2.77) 0.02

Some college 225 (9.3) 4.04 (2.51–6.51) �0.001 222 (9.1) 3.73 (2.33–5.95) �0.001

Graduated college 278 (12.8) 6.43 (3.98–10.37) �0.001 270 (12.4) 5.63 (3.52–9.01) �0.001

Graduate school or more 168 (18.2) 8.67 (5.29–14.23) �0.001 175 (18.9) 8.35 (5.14–13.56) �0.001

Technical school/other 28 (12.6) 5.27 (2.84–9.78) �0.001 31 (13.9) 5.87 (3.24–10.65) �0.001

* Results for patients who refused to respond are not shown (age, n � 361; ethnicity, n � 199; income, n � 1,598; education, n � 101). OR and CI were
calculated from multivariable logistic regression models that included age category, sex, ethnicity, income category, and education. p Values calculated
from the chi-square test or logistic regression.

† p � 0.001 By Cuzick nonparametric trend test.
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based survey provides important information that
supplements studies based on medical records.

Our study is limited by the sampling methods
used. Those unavailable or declining a telephone in-
terview, those not speaking English, or those with-
out a telephone may be more or less likely to have
had a stroke or TIA than those who agreed to partic-
ipate. Furthermore, we did not attempt to include
individuals living in institutions, such as nursing
homes, where prevalence of TIA and stroke would be
expected to be greater.

We also estimated the prevalence of stroke, which
was identical to that of TIA. Our estimate of 4.9
million US adults with a history of stroke is consis-
tent with other recent estimates. The National
Health and Nutrition Examination Survey of 1988–
1994 estimated the prevalence of stroke as 1.9% of
those aged 25 to 74 years using a survey question
identical to ours,23 whereas we found a prevalence of
2.3% in this age group. Similarly, the National
Health Interview Survey 1989–1991 estimated the
prevalence of stroke as 3.3% of those �45 years old,24

and we found a prevalence of 4.1% in this age group.
Case fatality rates for stroke have tended to decline
over the last 30 years24 and prevalence has tended to
increase,23 potentially explaining the higher esti-
mates we found for 1999 compared to those from a
decade earlier. All these estimates are based on self-
report of noninstitutionalized adults, and inaccura-
cies in patient recall could result in either over- or
underestimation.10

We found that demographic characteristics of
those with a history of TIA were similar to those
with a history of stroke (see table 2). Older age (see
the figure), lower income, and fewer years of educa-
tion were predictors for both TIA and stroke. Except
for symptom duration, the pathophysiology of TIA
and stroke are identical, and studies have suggested
that the risk factors for stroke and TIA are simi-

lar.25,26 Age, income, and education were also inde-
pendent risk factors for stroke or TIA symptoms in
the ARIC study.9 Associations with income and edu-
cation may be related to utilization of healthcare
resources, adherence to treatment plans for risk fac-
tors, or stress.27,28 We cannot rule out the possibility
that poorer education and lower socioeconomic sta-
tus were associated with a greater likelihood of an
error in recall.

Knowledge about TIA appears to be very limited.
Only 8.2% of US adults in this study knew the defi-
nition of TIA and 8.6% could identify at least one
typical symptom. Deficits in knowledge of TIA were
particularly common in young adults, men, and
those with lower income and less education (see ta-
ble 1). Minority populations also tended to be less
knowledgeable about TIA, with black and Hispanic
individuals only about one-third as likely to know
the definition or a symptom of TIA compared to non-
Hispanic white individuals.

We are not aware of other large studies that have
specifically evaluated knowledge of TIA, although
several have evaluated knowledge of stroke and TIA
together. In a random sample of adults in the Cincin-
nati metropolitan area, 57% could identify a warning
sign for stroke or TIA, and only 32% identified weak-
ness or numbness as warning signs.29 In King
County, WA, 39% of sampled residents could name a
symptom of stroke or TIA, with greater deficits in
knowledge among men, Asian Americans, and those
with less income and education.30 Although knowl-
edge about TIA is limited in all populations, target-
ing educational campaigns to men and traditionally
underserved populations may be warranted. Deficits
in specific knowledge about TIA may be more fre-
quent because most people do not recognize that
symptoms and causes of stroke and TIA are the
same. Because initial symptoms of stroke are identi-
cal to symptoms of TIA, education about stroke
warning signs should improve recognition of TIA as
an important condition that requires urgent
evaluation.

In our study and ARIC, many of those with neuro-
logic symptoms consistent with TIA did not seek
medical attention. We found that 3.2% of those sur-
veyed had neurologic symptoms consistent with TIA
that were never evaluated by a physician. Further-
more, delays in seeking treatment were common
even in those with a physician diagnosis, with 16%
presenting for an evaluation more than 1 week after
the event. In ARIC, only 20% of those with TIA or
stroke symptoms recalled a physician diagnosis of
TIA or stroke.8 Other studies have suggested that
many people are unaware of the need for medical
attention after a TIA.13 An estimate of the preva-
lence of TIA based on physician diagnosis may be too
low because many instances are not counted. Re-
gardless, any unfamiliar neurologic symptoms of
sudden onset should prompt medical attention to
rule out a serious medical condition, such as stroke,
TIA, seizure, or cardiac arrhythmia. Thus, the num-

Figure. The prevalence of a recalled physician diagnosis
of TIA (black columns) and stroke (hatched columns) in-
creases similarly by age. Exact binomial 95% CIs are
shown (bars).
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ber of those not seeking medical attention for TIA
symptoms is a problem even if the majority would
have been diagnosed with other conditions.

Given the high prevalence of TIA and its associ-
ated risk of stroke, treatments that prevent stroke
after TIA could have major impact on public health.
In our study, 19% of those with a stroke recalled
having a diagnosis of TIA before. Conversely, 19% of
those with TIA proceeded to have a stroke after-
wards. Because the risk of stroke is greatest in the
first few days after a TIA,1-3 the impact of therapy
will be determined by how quickly it can be initiated.
The high prevalence of symptoms consistent with
TIA that were not brought to medical attention and
the general lack of knowledge about TIA demon-
strate a substantial and remediable deficit in public
awareness. Programs to educate the public about

TIA and its risks are necessary. Altering current
campaigns for stroke awareness by emphasizing that
stroke symptoms are an emergency even if they re-
solve completely is a simple way to advance knowl-
edge about the importance of TIA.
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