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IMPORTANCE After a transient ischemic attack (TIA) or minor stroke, the long-term risk of
stroke is not well-known.

OBJECTIVE To determine the annual incidence rates and cumulative incidences of stroke
up to 10 years after TIA or minor stroke.

DATA SOURCES MEDLINE, Embase, and Web of Science were searched from inception
through June 26, 2024.

STUDY SELECTION Prospective or retrospective cohort studies reporting stroke risk during
a minimum follow-up of 1 year in patients with TIA or minor stroke.

DATA EXTRACTION AND SYNTHESIS Two reviewers independently performed data extraction
and assessed study quality. Unpublished aggregate-level data on number of events and
person-years during discrete follow-up intervals were obtained directly from the authors of
the included studies to calculate incidence rates in individual studies. Data across studies
were pooled using random-effects meta-analysis.

MAIN OUTCOMES AND MEASURES The primary outcome was any stroke. Study-level
characteristics were investigated as potential sources of variability in stroke rates across
studies.

RESULTS The analysis involved 171 068 patients (median age, 69 years [IQR, 65-71]; median
proportion of male patients, 57% [IQR, 52%-60%]) from 38 included studies. The pooled
rate of stroke per 100 person-years was 5.94 events (95% CI, 5.18-6.76; 38 studies; I2 = 97%)
in the first year, 1.80 events (95% CI, 1.58-2.04; 25 studies; I2 = 90%) annually in the second
through fifth years, and 1.72 events (95% CI, 1.31-2.18; 12 studies; I2 = 84%) annually in the
sixth through tenth years. The 5- and 10-year cumulative incidence of stroke was 12.5%
(95% CI, 11.0%-14.1%) and 19.8% (95% CI, 16.7%-23.1%), respectively. Stroke rates were
higher in studies conducted in North America (rate ratio [RR], 1.43 [95% CI, 1.36-1.50]) and
Asia (RR, 1.62 [95% CI, 1.52-1.73]), compared with Europe, in cohorts recruited in or after
2007 (RR, 1.42 [95% CI, 1.23-1.64]), and in studies that used active vs passive outcome
ascertainment methods (RR, 1.11 [95% CI, 1.07-1.17]). Studies focusing solely on patients with
TIA (RR, 0.68 [95% CI, 0.65-0.71) or first-ever index events (RR, 0.45 [95% CI, 0.42-0.49])
had lower stroke rates than studies with an unselected patient population.

CONCLUSIONS AND RELEVANCE Patients who have had a TIA or minor stroke are at a
persistently high risk of subsequent stroke. Findings from this study underscore the need for
improving long-term stroke prevention measures in this patient group.
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A transient ischemic attack (TIA) or minor stroke is a criti-
cal warning event that provides an opportunity to pre-
vent a more severe stroke.1 Research and clinical prac-

tice have primarily focused on secondary stroke prevention in
the first 90 days after a TIA or minor stroke2-5 because the risk
of a subsequent stroke is high during this period, with esti-
mates reaching 17.3% after a TIA6 and 10.6% after a minor
stroke.7 Modern secondary prevention strategies, including
prompt diagnostic evaluation, early initiation of dual anti-
platelet therapy for 21 to 90 days, and management of vascu-
lar risk factors, have been effective in reducing stroke risk in
the short-term.8-11 However, the long-term prognosis of these
patients is not well-defined.

Recent landmark observational studies12-14 have indi-
cated that the risk of a subsequent stroke in patients with TIA
or minor stroke continues to increase after the first year, al-
though the reported estimates for long-term stroke risk vary
substantially. Retrospective analyses of population-based co-
horts with first-ever TIA from the Danish Stroke Registry12 and
the Framingham Heart Study13 found 5-year stroke risks of 6.1%
and 16.1%, respectively. The international TIAregistry.org
prospective registry14 reported a 5-year stroke risk of 9.6% in
patients with TIA or minor stroke who were evaluated in spe-
cialized stroke centers. Nonetheless, estimates from these in-
dividual studies may be unreliable due to passive surveil-
lance methods,12 lack precision due to small sample size,13 or
have limited generalizability due to the specialized nature of
the clinical setting.14 Additionally, these studies only re-
ported cumulative risks and did not assess any changes in the
annual stroke rates over time after the index event.

Accurate estimation of the long-term risk of subsequent
stroke and understanding its time course are essential for
patient counseling, risk stratification, and determining the
need for and approach to extended treatment and surveil-
lance. This information is also important for informing the de-
sign of future trials on the long-term effects of antithrombotic
therapy and other secondary stroke prevention strategies.15

Therefore, the Prognosis After Transient Ischemic Attack or
Minor Stroke (PERSIST) collaboration was established to
conduct a systematic review and meta-analysis with the objec-
tive of determining the annual incidence rates and cumulative
incidences of stroke up to 10 years after a TIA or minor stroke.

Methods
This systematic review and meta-analysis did not require ap-
proval by an ethics review board or patient consent because it
is based on a compilation of aggregate-level data from published
studies. This study was registered in PROSPERO: International
Prospective Register of Systematic Reviews (CRD42023476551)
and is reported in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement.16

Eligibility Criteria
We included prospective or retrospective cohort studies that
reported any subsequent stroke events in patients with TIA or

minor stroke over a follow-up period of at least 1 year. The defi-
nition of TIA or minor stroke events was based on criteria used
in the individual studies. For the definition of TIA, we consid-
ered both the time-based and tissue-based definitions. The
time-based definition of TIA is symptoms lasting less than 24
hours, while the tissue-based definition requires symptoms
lasting less than 24 hours and the absence of new visible in-
farction on imaging.17 For the definition of minor ischemic
stroke, we considered a National Institutes of Health Stroke
Scale score of up to 5. When multiple articles reported on the
same patient cohort, we prioritized the publication with
the longest follow-up duration.

Search Strategy and Study Selection
In collaboration with a research librarian (D.L.L.), we con-
ducted a systematic search of MEDLINE, Embase, and Web of
Science from inception to June 26, 2024, with no restrictions
on language or publication date. The search strategy in-
cluded key words and database-specific subject headings re-
lated to transient ischemic attack, stroke, study design, and
prognostic research. Reference lists of included studies were
manually searched for additional eligible studies. The com-
plete electronic search strategy is provided in the eAppendix
in Supplement 1. Using the Covidence systematic review soft-
ware (Veritas Health Innovation), 2 reviewers (F.K., V.Y., or R.L.)
independently screened, in duplicate, the titles and abstracts
of all identified references and assessed the full texts for po-
tential inclusion of eligible studies. Any disagreements were
resolved through discussion and consensus.

Data Extraction
Two reviewers (F.K., V.Y., or R.L.) independently extracted the
following information from each included study, with clarifi-
cations requested from the study’s authors when necessary:
country, data source for cohort identification, setting, cohort re-
cruitment period, patient population and sample size, TIA defi-
nition, maximum follow-up duration, proportion of patients dis-
charged with antithrombotic medication, and outcome
ascertainment method. Studies that collected outcomes through
in-person visits, telephone interviews, or screening of medi-
cal records from both in-hospital (eg, emergency department
logs) and out-of-hospital facilities (eg, physician offices) were
classified as using an active outcome ascertainment method.18

Studies that identified subsequent stroke events using admin-
istrative data, such as hospital discharge codes based on the

Key Points
Question What is the long-term risk of stroke after transient
ischemic attack (TIA) or minor stroke?

Findings In this systematic review and meta-analysis of 171 068
patients with TIA or minor stroke from 38 studies, the risk of
subsequent stroke was 5.9% within 1 year, 12.8% within 5 years,
and 19.8% within 10 years.

Meaning Patients who have had a TIA or minor stroke are at a
persistently high risk of subsequent stroke. There is a need for
continued improvement in long-term stroke prevention.
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International Classification of Diseases, were classified as using
a passive outcome ascertainment method.18

Because no study publication contained sufficiently de-
tailed information required for our analyses (see the Data Syn-
thesis and Analysis section), we contacted the corresponding
author of each potentially eligible study to request unpub-
lished, aggregate-level data on the number of events (includ-
ing any stroke, ischemic stroke, hemorrhagic stroke, fatal
stroke, and all-cause mortality) and person-years of follow-up
for patients with TIA or minor stroke. We asked for these data
in discrete 1-year intervals of follow-up, up to a maximum of
10 years as applicable in each study. We specified excluding
patients who did not meet our eligibility criteria (eg, those with
a baseline National Institutes of Health Stroke Scale score >5)
and appropriately censoring deaths, patients lost to follow-
up, and those withdrawn from the study, while accounting for
the exact time to event in the calculation of person-years.
Studies that were unable to provide the required information
after our communication with the corresponding author
were excluded.

Risk of Bias Assessment
At least 2 reviewers (F.K., V.Y., or R.L.) independently as-
sessed the risk of bias in the included studies for the primary
outcome of any stroke. Clarifications were requested from
study authors when necessary, and any disagreements were
resolved through discussion and consensus. We used a modi-
fied version of the Newcastle-Ottawa Scale19 with 3 selection
and 3 outcome criteria. These criteria included evaluating the
representativeness of the studied cohort, confirming the use
of active case ascertainment methods, ensuring objective or
unbiased adjudication of the primary outcome, and verifying
the adequacy of follow-up duration and completeness. Com-
parability criteria were considered irrelevant for this review.
Following the quality assessment standards of previous
meta-analyses,20,21 studies scoring 4 points or more on the
modified Newcastle-Ottawa Scale were classified as having low
risk of bias.

Outcomes
The primary outcome was any stroke as defined by the indi-
vidual studies. Data were collected for the following second-
ary outcomes: ischemic stroke, hemorrhagic stroke, fatal
stroke, disability (modified Rankin Scale score >1),22 myocar-
dial infarction, and all-cause mortality.

Data Synthesis and Analysis
We calculated the incidence rate of outcomes per 100 person-
years in each study using unpublished data on the number of
events and person-years of follow-up obtained directly from
the authors of the included studies. To assess changes in the
annual risk of stroke over time since the index event, we cat-
egorized the incidence rate into 3 follow-up intervals: year 1,
years 2 through 5, and years 6 through 10. A random-effects
model, utilizing the DerSimonian-Laird method, was used to
combine data from all studies and derive pooled estimates of
the incidence rates, with each study cohort weighted based on
its inverse variance of the rate.23 A random-effects model was

chosen a priori for all analyses because of anticipated between-
study variation in design, setting, location, and population
characteristics.

We used the pooled incidence rate of outcomes calculated
during the 3 follow-up intervals to estimate the cumulative
incidence of outcomes. Following the life-table interval ap-
proach described by Szklo and Nieto,24 and used in our previ-
ous systematic reviews and meta-analyses,21,22 we first deter-
mined the probability of survival within each follow-up interval.
This survival probability was conditioned on being at risk at the
beginning of each interval and was calculated using, as the de-
nominator, person-years adjusted for losses during each inter-
val. That is, the denominator for calculating the survival prob-
ability in the second interval (years 2-5) only included patients
who survived the first interval (year 1) and remained at risk at
the beginning of the second interval. Similarly, the survival prob-
ability for the third interval (years 6-10) was calculated among
only those who survived both the first and second follow-up
intervals and remained at risk at the beginning of the third in-
terval. For example, if the incidence rate of the outcome per 100
person-years was 5 events in year 1, 2 events in years 2 through
5, and 1 event in years 6 through 10, then the 10-year cumula-
tive probability of survival was obtained by multiplying the con-
ditional survival probabilities over all intervals: (95.0%year 1) ×
([98.0%]4

years 2-5) × ([99.0%]5
years 6-10) = 83.3%. The

10-year cumulative probability of the outcome was then esti-
mated as the complement of this joint probability of survival:
100% − 83.3% = 16.7%.

To determine the 95% confidence interval for the cumu-
lative incidence, we used the lower and upper limits of the
incidence rates in the calculation described above.20,21

Finally, we computed the case-fatality rate of stroke by di-
viding the total number of fatal stroke events by the total num-
ber of stroke events.

Statistical heterogeneity across the studies was assessed
using the Cochran Q test (χ2 test for homogeneity) and visual
inspection of the forest plots. The I2 statistic was used to de-
termine the proportion of variation across studies due to
heterogeneity rather than chance.25

All meta-analyses were performed using StatsDirect
Version 3.3.5. To visually depict the development of annual
risks over time, we generated time-risk curves using the pooled
incidence rates and the corresponding cumulative inci-
dences of any stroke calculated at each year. We assumed that
any missing data were missing at random and performed analy-
ses on all available data.

Subgroup and Sensitivity Analyses
To explore the factors that might contribute to the expected
variability in stroke risks across studies, we conducted pre-
specified subgroup analyses based on the following study char-
acteristics: location (Europe, North America, Asia), cohort iden-
tification (prospective cohort or registry, administrative
database), setting (hospital based, population based), patient
population (TIA or minor stroke, TIA only, first-ever index
event), and outcome ascertainment (active, passive). We also
analyzed stroke rates based on patient recruitment period (be-
fore 2007, in or after 2007) to consider the widespread use of
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aggressive stroke prevention strategies over the past 2 de-
cades. We selected 2007 a priori as the dividing point due to
landmark studies on urgent management of TIA published that
year.8-10 To include all studies, we focused our subgroup analy-
ses on the primary outcome of any stroke within the first year
of follow-up and computed the rate ratio (RR) to statistically
compare stroke rates between subgroups.

To examine potential bias in the pooled rates of stroke at
later follow-up intervals (eg, years 6-10) caused by higher or
lower stroke rates in studies with varying durations of follow-
up, we performed a sensitivity analysis limited to studies with
a complete 10-year follow-up period.

Results
The systematic literature search identified 23 548 records.
After full-text review, 62 studies (supplemented with 3 addi-
tional studies identified through manually searching the
reference lists of included studies) were considered poten-
tially eligible for inclusion in the meta-analysis (eFigure 1 in
Supplement 1). After contacting the corresponding authors of
all 65 potentially eligible studies, unpublished aggregate-
level data required for our analyses were obtained from 38
studies,9,12-14,26-59 while the remaining 27 studies were
excluded because essential information among patients with
TIA or minor stroke was unavailable (eFigure 1 in Supple-
ment 1). Publication information and reasons for exclusion of
the 27 studies are detailed in eTable 1 in Supplement 1. The
majority of the excluded studies were conducted in Europe
(n = 16), based on prospectively enrolled cohorts (n = 18),
hospital based (n = 18), analyzed a cohort recruited before
2007 (n = 16), and used active outcome ascertainment meth-
ods (n = 16). Detailed characteristics of the excluded studies,
including the reported number of patients with TIA or minor
stroke and estimates for stroke risk, are provided in eTable 2
in Supplement 1.

Characteristics of Included Studies
Table 1 provides a summary of the characteristics of the 38
included studies. Detailed study characteristics can be found
in eTable 3 in Supplement 1. The studies were conducted in
various regions, including 22 in Europe,9, 12, 26, 27, 30, 31, 35, 37-41,

45, 47, 48, 50, 51, 54, 56-59 7 in Asia,29,32,33,43,46,49,55 5 in North
America,13,28,34,42,52 1 in Australia,44 and 3 across multiple
continents.14,36,53 Among the included studies, 34 were based
on prospectively enrolled cohorts of patients with TIA or mi-
nor stroke,9,12-14,26-34,36,38-49,51,53-59 while 4 studies identified
the cohort through administrative databases.35,37,50,52 Of the
cohorts, 30 were hospital based,9,14,26-33,35-41,43,45-54,56,58,59 and
8 were population based.12,13,34,37,42,44,55,57 In 27 studies, the
cohort analyzed was recruited in or after 2007.12,14,27,28,30-33,

36, 37, 39, 41-44, 46, 47, 49, 50, 52-56, 58, 59

The analysis included a total of 171 068 patients with a me-
dian age of 69 years (IQR, 65-71) across the 38 included stud-
ies. The median percentage of male patients was 57% (IQR,
52%-60%), and the median proportion of patients dis-
charged with antithrombotic medication was 95% (IQR, 89%-

98%). The patient population consisted of TIA or minor stroke
in 17 studies,14,26,28,32,40,42-44,46,49,51,55-59 TIA only in 20
studies,12, 13, 27, 29-31, 33-39, 41, 45, 47, 48, 50, 52, 54 and minor stroke
only in 1 study.53 Six studies focused on patients with a first-
ever TIA or minor stroke.12,13,47,51,56,59 Among the studies with
available information on TIA definition, 26 studies7,12-14,26-30,

35, 38-41, 43-45, 47, 48, 51, 52, 54, 57, 59 used the time-based definition
and 8 used the tissue-based definition.32,40,46,49,50,54-56

There were 24 studies that reported the primary outcome of
stroke beyond 1 year of follow-up, 12 studies that reported stroke
beyond 5 years of follow-up, and 10 studies13,26,37,38,40,48,51,56,57,59

that reported stroke up to 10 years of follow-up (Table 1; eTable 3
in Supplement 1). Thirty-two studies9,13,14,26-33,36,38-41,43-51,53-59

were classified as having used an active outcome ascertainment
method and 6 studies12,34,35,37,42,52 were classified as having used
a passive outcome ascertainment method (Table 1; eTable 3 in
Supplement 1).

Based on the modified Newcastle-Ottawa Scale, the over-
all risk of bias was adjudicated as low for 36 of 38 included stud-
ies (Table 1). The component Newcastle-Ottawa Scale scores
for all studies are presented in eTable 4 in Supplement 1.

Long-Term Risk of Outcomes After TIA or Minor Stroke
Table 2 presents the pooled number of events, person-years
of follow-up, and the corresponding incidence rates per 100
person-years for all outcomes. Forest plots showing the cal-
culated rates for the primary outcome of any stroke in indi-
vidual studies during the 3 follow-up intervals can be found
in eFigures 2 to 4 in Supplement 1.

Risk of Subsequent Stroke
The pooled rate of stroke per 100 person-years was 5.94
events (95% CI, 5.18-6.76; I2 = 97%) in the first year, 1.80
events (95% CI, 1.58-2.04; I2 = 90%) annually in the second
through fifth years, and 1.72 events (95% CI, 1.31-2.18;
I2 = 84%) annually in the sixth through tenth years (Table 2
and Figure 1). Based on an analysis of 32 included studies
with data available for the first 90 days and 91 through 365
days separately, 2932 of 4749 subsequent stroke events
(61.7%) in the first year occurred within the initial 90 days.
The pooled rate of stroke per 100 person-years was 16.09
events (95% CI, 13.86-18.46; I2 = 93%) in the first 90 days and
3.04 events (95% CI, 2.59-3.53; I2 = 90%) between 91 and 365
days (Table 2). Among the 10 included studies with a maxi-
mum follow-up duration of 10 years, 1707 of 3390 subse-
quent stroke events (50.4%) occurred after the first year. The
5- and 10-year cumulative incidences of stroke were 12.5%
(95% CI, 11.0%-14.1%; Figure 1; eTable 5 in Supplement 1) and
19.8% (95% CI, 16.7%-23.1%; Table 2 and Figure 1), respec-
tively. Pooled rates of ischemic, hemorrhagic, and fatal stroke
per 100 person-years were 5.89 events (95% CI, 5.23-6.60;
I2 = 95%), 0.45 events (95% CI, 0.37-0.54; I2 = 60%), and
0.48 events (95% CI, 0.34-0.64; I2 = 62%), respectively, in
the first year, with 10-year cumulative incidences of 17.8%
(95% CI, 15.0%-20.8%), 2.8% (95% CI, 1.8%-4.0%), and 3.2%
(95% CI, 1.7%-5.2%), respectively (Table 2). Based on an
analysis of 17 included studies with data available on both
fatal stroke (n = 269) and any stroke (n = 2737), the pooled
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Table 1. Summary of Characteristics of the 38 Included Studies

Characteristica No. of studies (%)
Location

Europe 22 (58)

Asia 7 (18)

North America 5 (13)

Multicontinental 3 (8)

Australia 1 (3)

Data source for cohort identification

Prospective cohort study or registry 34 (89)

Administrative data 4 (11)

Setting

Hospital based 30 (79)

Population based 8 (21)

Cohort recruitment period

Before 2007 3 (8)

In or after 2007 27 (71)

Overlapping before and after 2007 8 (21)

Study population (n = 171 068)b

No. of study participants, median (IQR)b 964 (429-1972)

Age, median (IQR), yb 69 (65-71)

Sex, median (IQR), %b

Male 57 (52-60)

Female 43 (40-48)

Postdischarge antithrombotic therapy, median (IQR), %b 95 (89-98)

TIA or minor stroke [No. of participants]c 17 (45) [94 538]

TIA only [No. of participants] 20 (53) [76 132]

Minor stroke only [No. of participants] 1 (3) [398]

First-ever index event [No. of participants] 6 (16) [25 531]

Patient follow-up >85%d 29 (76)

TIA definitione

Time based 26 (68)

Tissue based 8 (21)

Unavailable or not applicable 4 (16)

Maximum follow-up durationf

Beyond 1 y 24 (63)

Beyond 5 y 12 (32)

Up to 10 y 10 (26)

Method of outcome ascertainmentg

Active 32 (84)

Passive 6 (16)

Overall risk of biash

Low 36 (95)

High 2 (5)

Abbreviation: TIA, transient ischemic attack.
a Detailed study characteristics can be found in eTable 2 in Supplement 1.
b As applicable to the target population studied in this systematic review and

meta-analysis (TIA or minor stroke).
c The definition of TIA or minor stroke events was based on criteria used in the

individual studies. For the definition of TIA, both the time-based and tissue-based
definitions were considered. For the definition of minor ischemic stroke, a
National Institutes of Health Stroke Scale score of up to 5 was considered.

d As considered adequate and unlikely to introduce bias according to the
Newcastle-Ottawa Scale for quality assessment of cohort studies.

e The time-based definition of TIA is symptoms lasting less than 24 hours, while
the tissue-based definition requires symptoms lasting less than 24 hours and
the absence of new visible infarction on imaging.

f As applicable to the intervals of follow-up investigated in this systematic
review and meta-analysis (year 1, years 2-5, years 6-10).

g Studies were classified as using an active outcome ascertainment method
if they collected outcomes through in-person visits, telephone interviews,
or screening of medical records from both in-hospital (eg, emergency
department logs) and out-of-hospital facilities (eg, physician offices).
Studies that identified subsequent stroke events using administrative data,
such as hospital discharge codes based on the International
Classification of Diseases, were classified as using a passive outcome
ascertainment method.

h The component Newcastle-Ottawa Scale scores for all studies are presented in
eTable 4 in Supplement 1.
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case-fatality rate of subsequent stroke was 10.4% (95% CI,
7.3%-14.0%; I2 = 85%; eFigure 5 in Supplement 1).

Risk of Disability
Seven studies reported on disability, defined as a modified
Rankin Scale score greater than 1, among patients without
subsequent stroke. The pooled rate of disability was 10.82
(95% CI, 3.63-21.21; I2 = 100%) per 100 person-years in the first
year, with a cumulative incidence of 42.6% (95% CI, 31.4%-
55.4%) at 10 years (Table 2).

Risk of Myocardial Infarction
There were 20 studies that reported on myocardial infarc-
tion. The pooled rate of myocardial infarction per 100 person-

years was 1.08 events (95% CI, 0.74-1.48; I2 = 93%) in the first
year, with a cumulative incidence of 5.9% (95% CI, 3.2%-
9.6%) at 10 years (Table 2).

Risk of All-Cause Mortality
Data on all-cause mortality were available from 35 studies. The
pooled rate of all-cause mortality per 100 person-years was 3.07
deaths (95% CI, 2.07-4.26; I2 = 97%) in the first year, with a
cumulative incidence of 35.1% (95% CI, 25.1%-45.6%) at 10
years (Table 2). Based on an analysis of 17 included studies with
data available on both fatal stroke (n = 269) and all-cause mor-
tality (n = 2551), the pooled proportion of all-cause mortality
events attributable to fatal stroke was 12.6% (95% CI, 8.9%-
16.9%; I2 = 85%).

Table 2. Incidence of Outcomes After Transient Ischemic Attack or Minor Stroke

Outcomes Follow-up interval
Study cohorts
(n = 38) Events/person-years

Rate per 100 person-years
(95% CI) I2, %

Primary outcome

Any stroke Year 1 38 9464/155 009 5.94 (5.18-6.76) 97

Day 0-90 32 2932/18 268 16.09 (13.86-18.46) 93

Day 91-365 32 1817/67 600 3.04 (2.59-3.53) 90

Years 2-5 25 2870/186 191 1.80 (1.58-2.04) 90

Years 6-10 12 465/30 282 1.72 (1.31-2.18) 84

10-y Cumulative incidence, %
(95% CI)

19.8 (16.7-23.1)

Components of primary outcome

Ischemic stroke Year 1 31 8045/131 614 5.89 (5.23-6.60) 95

Years 2-5 21 1970/136 894 1.55 (1.35-1.75) 82

Years 6-10 11 386/29 339 1.45 (1.08-1.87) 82

10-y Cumulative incidence, %
(95% CI)

17.8 (15.0-20.8)

Hemorrhagic stroke Year 1 30 599/122 491 0.45 (0.37-0.54) 60

Years 2-5 20 283/136 680 0.25 (0.19-0.32) 71

Years 6-10 11 56/29 339 0.27 (0.13-0.44) 78

10-y Cumulative incidence, %
(95% CI)

2.8 (1.8-4.0)

Additional secondary outcomes

Fatal strokea Year 1 17 139/29 777 0.48 (0.34-0.64) 62

Years 2-5 10 100/33 330 0.34 (0.22-0.48) 69

Years 6-10 5 30/11 479 0.28 (0.10-0.55) 67

10-y Cumulative incidence, %
(95% CI)

3.2 (1.7-5.2)

Disabilityb Year 1 7 3503/20 753 10.82 (3.63-21.21) 100

Years 2-5 2 253/4365 5.82 (5.14-6.53) 0

Years 6-10 1 25/636 3.93 (2.54-5.80) 93

10-y Cumulative incidence, %
(95% CI)

42.6 (31.4-55.4)

Myocardial infarction Year 1 20 644/51 562 1.08 (0.74-1.48) 93

Years 2-5 13 626/77 980 0.65 (0.42-0.95) 93

Years 6-10 7 98/13 091 0.48 (0.17-0.95) 86

10-y Cumulative incidence, %
(95% CI)

5.9 (3.2-9.6)

All-cause mortality Year 1 35 10 372/136 139 3.07 (2.07-4.26) 97

Years 2-5 23 6356/125 501 3.48 (2.71-4.34) 98

Years 6-10 10 1041/16 514 5.06 (3.11-7.45) 97

10-y Cumulative incidence, %
(95% CI)

35.1 (25.1-45.6)

a Definition of fatal stroke varied between studies and included both deaths
directly from stroke and those presumed to be secondary to stroke.

b Disability was defined as a modified Rankin Scale score >1 among patients
without subsequent stroke.
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Subgroup and Sensitivity Analyses
Figure 2 displays the rates of stroke events per 100 person-
years within the first year after TIA or minor stroke, stratified
by study characteristics. Compared with the stroke rate of 4.74
events (95% CI, 4.56-4.93) reported in studies conducted in
Europe, studies conducted in North America (rate, 6.78 events
[95% CI, 6.59-6.96]; RR, 1.43 [95% CI, 1.36-1.50]) and Asia (rate,
7.70 events [95% CI, 7.32-8.09]; RR, 1.62 [95% CI, 1.52-1.73])
reported higher rates of stroke. Higher stroke rates were also
reported in cohorts recruited in or after 2007 as compared with
those recruited before 2007 (6.26 events [95% CI, 6.12-6.40]
vs 4.40 events [95% CI, 3.80-5.06]; RR, 1.42 [95% CI, 1.23-
1.64]), and studies using active vs passive outcome ascertain-
ment methods (6.61 events [95% CI, 6.36-6.87] vs 5.93 events
[95% CI, 5.79-6.07]; RR, 1.11 [95% CI, 1.07- 1.17]). Of the 27 stud-
ies that analyzed a cohort recruited in or after 2007, 23 used
active outcome ascertainment methods. Among the 12 stud-
ies that were conducted in either North America or Asia, 9 were
part of the subgroup of studies that analyzed cohorts re-
cruited after 2007. Compared with the stroke rate of 7.13 events
(95% CI, 6.95-7.31) reported among studies that included an
unselected population of patients with TIA or minor stroke,

studies focusing solely on patients with TIA (rate, 4.89 events
[95% CI, 4.73-5.06]; RR, 0.68 [95% CI, 0.65-0.71]) or those with
first-ever index events (rate, 3.25 events [95% CI, 3.02-3.49];
RR, 0.45 [95% CI, 0.42-0.49) reported lower rates of stroke.
No differences in stroke rates were found based on the study’s
method of cohort identification or setting.

In a sensitivity analysis limited to studies with a com-
plete 10-year follow-up period, the pooled rates of stroke within
all follow-up intervals were consistent with the primary analy-
sis (eTable 6 in Supplement 1).

Discussion
This systematic review and meta-analysis found that approxi-
mately 1 in 5 patients is at risk of having another stroke within
10 years of experiencing a TIA or minor stroke, and 10% of all
subsequent stroke events are likely to be fatal. The annual risk
of stroke decreased from 5.9% in the first year to an average
of 1.8% per year thereafter (Figure 1). The cumulative risk of
stroke continued to rise over time, increasing by 2.1 times the
1-year risk at 5 years and 3.3 times the 1-year risk at 10 years

Figure 1. Ten-Year Cumulative Incidence and Incidence Rate of Any Stroke After Transient Ischemic Attack
or Minor Stroke
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(Figure 1). Notably, half of all subsequent stroke events oc-
curred after the first year, underscoring that the elevated risk
of stroke in this patient population persists for more than 1 year
after presentation. This risk of subsequent stroke events is high
but is not readily apparent in routine clinical practice due to
its gradual onset over time. Given that many secondary pre-
vention clinics only monitor patients for the first 90 days, with
long-term preventive care often transitioning to primary care
physicians and internists, the current findings emphasize the
importance of ongoing vigilant monitoring and risk reduc-
tion strategies beyond the initial high-risk period.

This study has several strengths. Unlike traditional meta-
analyses that rely solely on published data, the current analy-
sis was based on unpublished aggregate-level data from a large
number of studies with an overall low risk of bias. The inclu-
sion of unpublished data allowed novel insights into the natu-
ral progression of TIA or minor stroke events, including risk
estimates for patient-relevant outcomes such as disability. This
approach also allowed standardization of follow-up dura-
tions across study cohorts and use of exact person-time at risk
during discrete intervals to assess changes in stroke risk over
time after the index event—a limitation of recent landmark
studies on this topic.12-14 Moreover, compared with estimates
from individual study cohorts, the increased sample size and
number of events in this meta-analysis of 38 unique cohorts
provide more precise estimates of the long-term risk of out-
comes that should enhance confidence in counseling pa-
tients of their prognosis. In addition, because of a comprehen-
sive systematic search, these pooled estimates were based on
studies from diverse geographic regions (20 countries across
4 continents), improving the generalizability of the current
findings to a wider range of patients and clinical settings.

Several other findings from this study are relevant and war-
rant discussion. First, the prespecified subgroup analyses re-
vealed that the expected variability in stroke rates was attrib-
uted to differences in study location, recruitment period,
methodology, and population characteristics. Remarkably, the
incidence of stroke after TIA or minor stroke was higher in study
populations recruited in or after 2007 (Figure 2). This obser-
vation may be attributed to diagnostic bias from increased use
of magnetic resonance imaging and greater stroke awareness,
leading to better-defined index events and identification of
higher-risk individuals.60 Indeed, nearly half of all clinically
diagnosed TIA or minor stroke cases can be stroke mimics, and
excluding these low-risk alternate diagnoses results in an in-
creased risk of subsequent stroke in this patient group.36 Fur-
thermore, the use of active surveillance monitoring methods
in cohorts recruited after 2007 may have contributed to the
identification of more subsequent stroke events. In the cur-
rent analysis, 23 of the 27 studies that analyzed cohorts re-
cruited in or after 2007 used active outcome ascertainment
methods, and studies using these methods reported higher
rates of stroke (Figure 2). Additionally, it was found that stud-
ies conducted in North America and Asia reported higher stroke
rates than those in Europe. This difference could be attrib-
utedtodifferencesinmethodologyorvariousotherfactorssuch
as ethnocultural influences, environmental conditions, di-
etary habits, and societal trends such as increased obesity and
urbanization leading to higher exposure to air pollution.61,62

Interestingly, 9 of the 12 studies conducted in North America
or Asia analyzed a cohort recruited in or after 2007. The higher
stroke rates observed in the study populations recruited in
or after 2007 may be due to a combination of factors related
to study location and methodology. Nonetheless, the novel

Figure 2. Incidence Rate of Any Stroke Within the First Year by Study Characteristics
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2505/52 855 4.74 (4.56-4.93)Europe 1 [Reference]

5206/76 814 6.78 (6.59-6.96)North America 1.43 (1.36-1.50)

1531/19 888 7.70 (7.32-8.09)Asia 1.62 (1.52-1. 73)

Patient populationa

6015/84 273 7.13 (6.95-7.31)TIA or minor stroke 1 [Reference]

3439/70 346 4.89 (4.73-5.06)TIA only 0.68 (0.65-0.71)

740/22 799 3.25 (3.02-3.49)First-ever index event 0.45 (0.42-0.49)

Cohort identification

1724/29 250 5.89 (5.62-6.18)Administrative database 1 [Reference]

7740/125 759 6.15 (6.02-6.29)Prospective cohort/registry 1.04 (0.99-1.10)

Setting

6451/106 281 6.07 (5.93-6.22)Population based 1 [Reference]

3013/48 728 6.18 (5.95-6.41)Hospital based 0.98 (0.94-1.03)

Recruitment period

192/4367 4.40 (3.80-5.06)Before 2007 1 [Reference]

8211/131 200 6.26 (6.12-6.40)In or after 2007 1.42 (1.23-1.64)

Outcome ascertainmentb

6822/115 046 5.93 (5.79-6.07)Passive 1 [Reference]

2642/39 963 6.61 (6.36-6.87)Active 1.11 (1.07-1.17)

aThe definition of transient ischemic
attack (TIA) or minor stroke events
was based on criteria used in the
individual studies. For the definition
of TIA, both the time-based and
tissue-based definitions were
considered. For the definition of
minor ischemic stroke, a National
Institutes of Health Stroke Scale score
of up to 5 was considered. Studies
with overlapping recruitment period
cutoffs (eg, 2002-2010) were
excluded from the analysis.
bStudies were classified as using an
active outcome ascertainment
method if they collected outcomes
through in-person visits, telephone
interviews, or screening of medical
records from both in-hospital
(eg, emergency department logs) and
out-of-hospital (eg, physician offices)
facilities. Studies that identified
subsequent stroke events using
administrative data, such as hospital
discharge codes based on the
International Classification of Diseases,
were classified as using a passive
outcome ascertainment method.
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finding that the risk of subsequent stroke after a TIA or minor
stroke appears to have increased in the modern era deserves
attention and further research.

The current study also found that studies focusing solely
on patients with TIA or those with first-ever index events re-
ported considerably lower rates of subsequent stroke as com-
pared with studies that included an unselected population of
patients with TIA or minor stroke (Figure 2). These findings
highlight an important epidemiological point: the long-term
risk of subsequent stroke is influenced by the baseline risk of
stroke in the population being studied. For example, patients
with proven ischemia using the modern tissue-based defini-
tion of TIA are, by definition, at higher risk of subsequent
stroke.63 Likewise, patients with a history of stroke or TIA are
a higher-risk population.64 While these patient characteris-
tics have been established as strong predictors of early stroke
risk,63,64 their long-term prognostic significance is not well-
understood. To better inform appropriate patient selection for
long-term secondary prevention, it is crucial to identify both
traditional and nontraditional prognostic factors associated
with the long-term risk of stroke in this patient group.2

Second, many patients delay seeking medical attention im-
mediately after experiencing a TIA or minor stroke, leading to
delayed diagnosis when they eventually consult a health care
professional for other reasons, sometimes months or even years
later. In addition, most patients with TIA or minor stroke do
not have another stroke for many years after the initial event.
For these patients, determining the need and duration of long-
term secondary prevention with antithrombotic medication
involves weighing the risk of subsequent stroke against the risk
of bleeding at the later time point. The current analysis of the
time course of stroke events showed that the annual rate of sub-
sequent stroke fell rapidly and remained constant after the first
year. It is unclear whether the observed constant rate was due
to continuous use of a single antiplatelet medication or the
natural progression of the disease without treatment. Given
that up to 50% of patients may discontinue long-term medi-
cation, the observed rate likely represents a mix of treated and
untreated natural history. Although the annual rate of subse-
quent stroke after the first year is low (<2% per year), the cu-
mulative long-term risk is significant, prompting the need to
evaluate the overall benefit of long-term antiplatelet therapy.

Third, this analysis revealed that among patients without
a subsequent stroke during follow-up, nearly 1 in 3 had some
neurological disability at 5 years, increasing to 2 in every 5 at
10 years. While subsequent stroke can contribute to disabil-
ity in this patient group,65 this study confirmed that it is not
the only cause. A recent analysis of TIAregistry.org identified
preexisting comorbidities, such as diabetes, congestive heart
failure, and valvular heart disease, as independent predic-
tors of 5-year disability in patients without subsequent stroke.66

Fourth, the risk of mortality in patients with TIA or minor
stroke was high, with one-third likely to die from any cause
within 10 years. Unlike the time course of subsequent stroke

events, the annual mortality rate gradually increased over time
(Table 2). Crucially, nearly 90% of all-cause deaths occurred
for causes other than fatal stroke. This further highlights the
significance of effectively managing comorbid illnesses asso-
ciated with stroke to decrease the considerable long-term mor-
tality burden in this population.

Limitations
There are a few limitations of this study that are worth not-
ing. First, the reported rates of stroke across studies were vari-
able, with a high degree of detected heterogeneity (I2 > 80%;
Table 2). However, true heterogeneity is expected in preva-
lence and incidence estimates due to differences in time and
location of the included studies.67,68 Hence, the random-
effects meta-analysis model was used, accounting for any un-
explained within-study and between-study heterogeneity.
Moreover, the I2 statistic was developed in the context of com-
parative data, which behave differently than proportions. In
meta-analyses of proportions, the I2 statistic tends to be larger
due to the nature of proportional data, where little variance is
observed even in studies with small sample size.67,68

Second, the pooled estimates may not reflect more re-
cent recommendations on the use of dual antiplatelet therapy
(DAPT). It is important to note that the benefit of DAPT pre-
dominantly occurs within the first 21 days.69 Therefore, these
estimates beyond 1 year of follow-up are unlikely to have been
impacted by long-term use of DAPT. Third, the pooled risk of
stroke in the current analysis may be underestimated due to
potential missed early recurrent strokes and incomplete as-
certainment in the epidemiological studies analyzed.

Fourth, the pooled incidences for the outcome of overall
disability are imprecise due to limited data available from a
small number of studies. Fifth, the long-term risk of bleeding
events in this patient population that is required to balance
the benefits and harms of long-term secondary prevention
with antithrombotic medication was not quantified. How-
ever, this could be a focus of future research. Sixth, owing to
constraints regarding time, resource use, and access to raw in-
dividual-level data, an individual patient data meta-analysis
was not performed, which would have allowed to compute
direct estimates of the cumulative incidence over time, and
adjust estimates by various risk factors, including the under-
lying causes of TIA or minor stroke and potential interactions
between risk factors.

Conclusions
Patients who have had a TIA or minor stroke are at a persis-
tently high risk of experiencing a subsequent stroke. TIA or mi-
nor stroke events also portend a significant risk of long-term
disability and death. Findings from this study underscore the
need for improving long-term stroke prevention measures in
this patient population.
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