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KEY POINTS 84 

Question: What is the long-term risk of stroke after transient ischemic attack (TIA) or minor 85 

stroke? 86 

Findings: In this systematic review and meta-analysis of 171 068 patients with TIA or minor 87 

stroke from 38 studies, the risk of subsequent stroke was 6% within 1 year, 13% within 5 years, 88 

and 20% within 10 years.  89 

Meaning: Patients who have had a TIA or minor stroke are at a persistently high risk of 90 

subsequent stroke. There is a need for continued improvement in long-term stroke prevention. 91 
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ABSTRACT 92 

Importance: After a transient ischemic attack (TIA) or minor stroke, the long-term risk of stroke 93 

is not well known.  94 

Objective: To determine the annual incidence rates and cumulative incidences of stroke up to 10 95 

years after TIA or minor stroke.  96 

Data Sources: MEDLINE, Embase, and Web of Science were searched from inception through 97 

June 26, 2024. 98 

Study Selection: Prospective or retrospective cohort studies reporting stroke risk during a 99 

minimum follow-up of one year in patients with TIA or minor stroke. 100 

Data Extraction and Synthesis: Two reviewers independently performed data extraction and 101 

assessed study quality. Unpublished aggregate-level data on number of events and person-years 102 

during discrete follow-up intervals were obtained directly from the authors of the included 103 

studies, to calculate incidence rates in individual studies. Data across studies were pooled using 104 

random-effects meta-analysis.  105 

Main Outcomes and Measures: The primary outcome was any stroke. Study-level 106 

characteristics were investigated as potential sources of variability in stroke rates across studies.   107 

Results: The analysis involved 171 068 patients (median age, 69 years [IQR, 65-71]; median 108 

percentage of male patients, 57% [IQR, 52-60]) from 38 included studies. Thirty-four of the 109 

included studies were based on prospectively enrolled cohorts, and in 27 studies, the cohort 110 

analyzed was recruited in or after 2007. Thirty-six studies were assessed as having a low risk of 111 

bias. The pooled rate of stroke per 100 person-years was 5.94 events (95% CI, 5.18-6.76; 38 112 

studies; 155 009 person-years; I2=97%) in the first year, 1.80 events (95% CI, 1.58-2.04; 25 113 

studies; 186 191 person-years, I2=90%) annually in the second through fifth years, and 1.72 114 
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events (95% CI, 1.31-2.18; 12 studies; 30 282 person-years; I2=84%) annually in the sixth 115 

through tenth years. The 10-year cumulative incidence of stroke was 19.8% (95% CI, 16.7-23.1). 116 

Stroke rates were higher in studies conducted in North America (rate ratio [RR], 1.43; 95% CI, 117 

1.36-1.50) and Asia (RR 1.62; 95% CI, 1.52-1.73), compared to Europe, in cohorts recruited in 118 

or after 2007 (RR 1.42; 95% CI, 1.23-1.64), and in studies that employed active versus passive 119 

outcome ascertainment methods (RR, 1.11; 95% CI, 1.07-1.17). Studies focusing solely on 120 

patients with TIA (RR, 0.68; 95% CI, 0.66-0.71) or first-ever index events (RR, 0.45; 95% CI, 121 

0.42-0.49) had lower stroke rates than studies with an unselected patient population. 122 

Conclusions and Relevance: Patients who have had a TIA or minor stroke are at a persistently 123 

high risk of subsequent stroke. Findings from this study underscore the need for improving long-124 

term stroke prevention measures in this patient group.  125 
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INTRODUCTION 126 

A transient ischemic attack (TIA) or minor stroke is a critical warning event that provides an 127 

opportunity to prevent a more severe stroke.1 Research and clinical practice have primarily 128 

focused on secondary stroke prevention in the first 90 days after a TIA or minor stroke,2-5 as the 129 

risk of a subsequent stroke is high during this period, with estimates reaching 17.3% after a TIA6 130 

and 10.6% after a minor stroke.7 Modern secondary prevention strategies, including prompt 131 

diagnostic evaluation, early initiation of dual antiplatelet therapy for 21 to 90 days, and 132 

management of vascular risk factors, have been effective in reducing stroke risk in the short-133 

term.8-11 However, the long-term prognosis of these patients is not well defined. 134 

Recent landmark observational studies12-14 have indicated that the risk of a subsequent 135 

stroke in patients with TIA or minor stroke continues to increase after the first year, although the 136 

reported estimates for long-term stroke risk vary substantially. Retrospective analyses of 137 

population-based cohorts with first-ever TIA from the Danish Stroke Registry12 and the 138 

Framingham Heart Study13 found 5-year stroke risks of 6.1% and 16.1%, respectively. The 139 

international TIAregistry.org prospective registry14 reported a 5-year stroke risk of 9.6% in 140 

patients with TIA or minor stroke who were evaluated in specialized stroke centers.  141 

Nonetheless, estimates from these individual studies may be unreliable due to passive 142 

surveillance methods,12 lack precision due to small sample size,13 or have limited generalizability 143 

due to the specialized nature of the clinical setting.14 Additionally, these studies only reported 144 

cumulative risks and did not assess any changes in the annual stroke rates over time after the 145 

index event.  146 

Accurate estimation of the long-term risk of subsequent stroke and understanding its time 147 

course are essential for patient counseling, risk stratification, and determining the need for and 148 
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approach to extended treatment and surveillance. This information is also important for 149 

informing the design of future trials on the long-term effects of antithrombotic therapy and other 150 

secondary stroke prevention strategies.15 Therefore, we established the Prognosis aftEr tRansient 151 

iSchemic attack or mInor STroke (PERSIST) collaboration to conduct a systematic review and 152 

meta-analysis with the objective of determining the annual incidence rates and cumulative 153 

incidences of stroke up to 10 years after a TIA or minor stroke.  154 

 155 

METHODS 156 

This systematic review and meta-analysis did not require approval by an ethics review board or 157 

patient consent as it is based on a compilation of aggregate-level data from published studies. 158 

This study was registered in PROSPERO: International Prospective Register of Systematic 159 

Reviews (CRD42023476551) and is reported in accordance with the Preferred Reporting Items 160 

for Systematic Reviews and Meta-analyses (PRISMA) statement.16  161 

Eligibility Criteria 162 

We included prospective or retrospective cohort studies that reported any subsequent stroke 163 

events in patients with TIA or minor stroke over a follow-up period of at least 1 year. The 164 

definition of TIA or minor stroke events was based on criteria used in the individual studies. For 165 

the definition of TIA, we considered both the time-based and tissue-based definitions. The time-166 

based definition of TIA is symptoms lasting less than 24 hours, while the tissue-based definition 167 

requires symptoms lasting less than 24 hours and the absence of new visible infarction on 168 

imaging.17 For the definition of minor ischemic stroke, we considered a National Institutes of 169 

Health Stroke Scale score of up to 5. When multiple articles reported on the same patient cohort, 170 

we prioritized the publication with the longest follow-up duration.  171 
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 172 

Search Strategy and Study Selection 173 

In collaboration with a research librarian (D.L.L), we conducted a systematic search of 174 

MEDLINE, Embase, and Web of Science from of inception to June 26, 2024, with no 175 

restrictions on language or publication date. The search strategy included key words and 176 

database-specific subject headings related to transient ischemic attack, stroke, study design, and 177 

prognostic research. Reference lists of included studies were manually searched for additional 178 

eligible studies. The complete electronic search strategy is provided in eAppendix 1 of the 179 

Supplement. Using the Covidence systematic review software (Veritas Health Innovation, 180 

Melbourne, Australia), two reviewers (F.K., V.Y., or R.L.) independently screened, in duplicate,  181 

the titles and abstracts of all identified references, and assessed the full-texts for potential 182 

inclusion of eligible studies. Any disagreements were resolved through discussion and 183 

consensus. 184 

 185 

Data Extraction 186 

Two reviewers (F.K., V.Y., or R.L.) independently extracted the following information from 187 

each included study, with clarifications requested from the study's authors when necessary: 188 

country, data source for cohort identification, setting, cohort recruitment period, patient 189 

population and sample size, TIA definition, maximum follow-up duration, proportion of patients 190 

discharged on antithrombotic medication, and outcome ascertainment method. Studies that 191 

collected outcomes through in-person visits, telephone interviews, or screening of medical 192 

records from both in-hospital (e.g., emergency department logs) and out-of-hospital facilities 193 

(e.g., physician offices) were classified as using an “active” outcome ascertainment method.18 194 
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Studies that identified subsequent stroke events using administrative data, such as hospital 195 

discharge codes based on the International Classification of Diseases, were classified as using a 196 

“passive” outcome ascertainment method.18 197 

As no study publication contained sufficiently detailed information required for our 198 

analyses (see Data Synthesis and Analysis), we contacted the corresponding author of each 199 

potentially eligible study to request unpublished, aggregate-level data on the number of events 200 

(including any stroke, ischemic stroke, hemorrhagic stroke, fatal stroke, and all-cause mortality) 201 

and person-years of follow-up for patients with TIA or minor stroke. We asked for these data in 202 

discrete 1-year intervals of follow-up, up to a maximum of 10 years as applicable in each study. 203 

We specified excluding patients who did not meet our eligibility criteria (e.g., those with a 204 

baseline NIHSS score >5) and appropriately censoring deaths, patients lost to follow-up, and 205 

those withdrawn from the study, while accounting for the exact time to event in the calculation 206 

of person-years. Studies that were unable to provide the required information after our 207 

communication with the corresponding author were excluded. 208 

 209 

Risk of Bias Assessment 210 

At least two reviewers (F.K., V.Y., or R.L.) independently assessed the risk of bias in the 211 

included studies for the primary outcome of any stroke. Clarifications were requested from study 212 

authors when necessary, and any disagreements were resolved through discussion and consensus. 213 

We used a modified version of the Newcastle-Ottawa Scale19 with three selection and three 214 

outcome criteria. These criteria included evaluating the representativeness of the studied cohort, 215 

confirming the use of active case ascertainment methods, ensuring objective or unbiased 216 

adjudication of the primary outcome, and verifying the adequacy of follow-up duration and 217 
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completeness. Comparability criteria were considered irrelevant for this review. Following the 218 

quality assessment standards of previous meta-analyses,20, 21 studies scoring ≥4 points on the 219 

modified Newcastle-Ottawa Scale were classified as having low risk of bias. 220 

 221 

Outcomes 222 

The primary outcome was any stroke as defined by the individual studies. Data were collected 223 

for the following secondary outcomes: ischemic stroke, hemorrhagic stroke, fatal stroke, 224 

disability (modified Rankin Scale [mRS] score >122), myocardial infarction, and all-cause 225 

mortality.   226 

 227 

Data Synthesis and Analysis 228 

We calculated the incidence rate of outcomes per 100 person-years in each study using 229 

unpublished data on the number of events and person-years of follow-up obtained directly from 230 

the authors of the included studies. To assess changes in the annual risk of stroke over time since 231 

the index event, we categorized the incidence rate into three follow-up intervals: year 1, years 2-232 

5, and years 6-10. A random-effects model, employing the DerSimonian–Laird method, was 233 

used to combine data from all studies and derive pooled estimates of the incidence rates, with 234 

each study cohort weighted based on its inverse variance of the rate.23 A random-effects model 235 

was chosen a priori for all analyses because of anticipated between-study variation in design, 236 

setting, location, and population characteristics. 237 

We used the pooled incidence rate of outcomes calculated during the three follow-up 238 

intervals to estimate the cumulative incidence of outcomes. Following the life-table interval 239 

approach described by Szklo and Nieto,24 and used in our previous systematic reviews and meta-240 
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analyses,21, 22 we first determined the probability of survival within each follow-up interval. This 241 

survival probability was conditioned on being at risk at the beginning of each interval and was 242 

calculated using, as the denominator, person-years adjusted for losses during each interval. That 243 

is, the denominator for calculating the survival probability in the second interval (years 2-5) only 244 

included patients who survived the first interval (year 1) and remained at risk at the beginning of 245 

the second interval. Similarly, the survival probability for the third interval (years 6-10) was 246 

calculated among only those who survived both the first and second follow-up intervals and 247 

remained at risk at the beginning of the third interval. For example, if the incidence rate of the 248 

outcome per 100 person-years was 5.0 events in year 1, 2.0 events in years 2-5, and 1.0 events in 249 

years 6-10, then the 10-year cumulative probability of survival was obtained by multiplying the 250 

conditional survival probabilities over all intervals: (95.0%year 1) × ([98.0%]4
years 2-5) × 251 

([99.0%]5
years 6-10) =83.3%. The 10-year cumulative probability of the outcome was then 252 

estimated as the complement of this joint probability of survival: 100%−83.3% =16.7%. 253 

To determine the 95% confidence interval for the cumulative incidence, we used the lower and 254 

upper limits of the incidence rates in the calculation described above.20, 21 255 

 Finally, we computed the case-fatality rate of stroke by dividing the total number of fatal 256 

stroke events by the total number of stroke events. 257 

 Statistical heterogeneity across the studies was assessed using the Cochran Q test (χ2 test 258 

for homogeneity) and visual inspection of the forest plots. The I2 statistic was used to determine 259 

the proportion of variation across studies due to heterogeneity rather than chance.25 260 

  All meta-analyses were performed using StatsDirect Version 3.3.5 (Merseyside, United 261 

Kingdom). To visually depict the development of annual risks over time, we generated time-risk 262 

curves using the pooled incidence rates and the corresponding cumulative incidences of any 263 
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stroke calculated at each year. We assumed that any missing data were missing at random and 264 

performed analyses on all available data. 265 

 266 

Subgroup and Sensitivity Analyses 267 

To explore the factors that might contribute to the expected variability in stroke risks across 268 

studies, we conducted pre-specified subgroup analyses based on the following study 269 

characteristics: location (Europe, North America, Asia), cohort identification (prospective cohort 270 

or registry, administrative database), setting (hospital based, population based), patient 271 

population (TIA or minor stroke, TIA only, first-ever index event),  and outcome ascertainment 272 

(active, passive). We also analyzed stroke rates based on patient recruitment period (before 2007, 273 

in or after 2007) to consider the wide-spread use of aggressive stroke prevention strategies over 274 

the past two decades. We selected 2007, a priori, as the dividing point due to landmark studies on 275 

urgent management of TIA published that year.8-10 To include all studies, we focused our 276 

subgroup analyses on the primary outcome of any stroke within the first year of follow-up and 277 

computed the rate ratio (RR) to statistically compare stroke rates between subgroups.  278 

 To examine potential bias in the pooled rates of stroke at later follow-up intervals (e.g., 279 

years 6-10) caused by higher or lower stroke rates in studies with varying durations of follow-up, 280 

we performed a sensitivity analysis limited to studies with a complete 10-year follow-up period. 281 

 282 

RESULTS 283 

The systematic literature search identified 13051 records. After full-text review, 62 studies 284 

(supplemented with 3 additional studies identified through manually searching the reference lists 285 

of included studies) were considered potentially eligible for inclusion in the meta-analysis 286 



 14 

(eFigure 1). After contacting the corresponding authors of all 65 potentially eligible studies, 287 

unpublished aggregate-level data required for our analyses were obtained from 38 studies,9,12-288 

14,26-59 while the remaining 27 studies were excluded because essential information among 289 

patients with TIA or minor stroke was unavailable (eFigure 1). Publication information and 290 

reasons for exclusion of the 27 studies are detailed in eTable 1 in Supplement. The majority of 291 

the excluded studies were conducted in Europe (n=16), based on prospectively enrolled cohorts 292 

(n=18), hospital-based (n=18), analyzed a cohort recruited before 2007 (n=16), and used active 293 

outcome ascertainment methods (n=16) . Detailed characteristics of the excluded studies, 294 

including the reported number of patients with TIA or minor stroke and estimates for stroke risk 295 

are provided in eTable 2 in Supplement.  296 

 297 

Characteristics of Included Studies 298 

Table 1 provides a summary of the characteristics of the 38 included studies. Detailed study 299 

characteristics can be found in eTable 3 in Supplement. The studies were conducted in various 300 

regions, including 22 in Europe,9,12,26,27,30,31,35,37-41,44,45,47,48,50,51,54,56-59, 7 in Asia,29,32,33,43,46,49,55, 5 301 

in North America,13,28,34,42,52, 1 in Australia,44 and 3 across multiple continents.14,36,53 Among the 302 

included studies, 34 were based on prospectively enrolled cohorts of patients with TIA or minor 303 

stroke,9,12-14,26-34,36,38-49,51,53-59 while 4 studies identified the cohort through administrative 304 

databases.35,37,50,52 Of the cohorts, 30 were hospital-based,9,14,26-33,35,36-41,43,45-54,56,58,59 and 8 were 305 

population-based. 12,13,34,37,42,44,55,57 In 27 studies, the cohort analyzed was recruited in or after 306 

2007.12,14,27,28,30-33,36,37,39,41-44,46,47,49,50,52-56,58,59  307 

The analysis included a total of 171 068 patients with a median age of 69 years (IQR, 65-308 

71 years) across the 38 included studies. The median percentage of male patients was 57% (IQR, 309 
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52-60%), and the median percentage of patients discharged on antithrombotic medication was 310 

95% (IQR, 89-98%). The patient population consisted of TIA or minor stroke in 17 311 

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 312 

stroke only.53 Six studies focused on patients with a first-ever TIA or minor stroke.12,13,47,51,56,59 313 

Among the studies with available information on TIA definition, 26 studies7,12,13,14,26-30,35, 38-41,43-314 

45,47,48,51,52, 54,57,59 used the time-based definition and 8 used the tissue-based 315 

definition.32,40,46,49,50,54-56  316 

There were 24 studies that reported the primary outcome of stroke beyond 1 year of 317 

follow-up, 12 studies that reported stroke beyond 5 years of follow-up, and 10 318 

studies13,26,37,38,40,48,51,56,57,59 that reported stroke up to 10 years of follow-up (Table 1 and eTable 319 

3 in Supplement). Thirty-two  studies9,13,14,26-33,36,38-41,43-51,53-59 were classified as having used an 320 

“active” outcome ascertainment method and 6 studies12,34,35,37,42,52 were classified as having used 321 

a “passive” outcome ascertainment method (Table 1 and eTable 3 in Supplement).  322 

Based on the modified Newcastle-Ottawa Scale, the overall risk of bias was adjudicated 323 

as low for 36 of 38 included studies (Table 1). The component Newcastle-Ottawa Scale scores 324 

for all studies are presented in eTable 4 in Supplement. 325 

 326 

Long-Term Risk of Outcomes After TIA or Minor Stroke 327 

Table 2 presents the pooled number of events, person-years of follow-up, and the corresponding 328 

incidence rates per 100 person-years for all outcomes. Forest plots showing the calculated rates 329 

for the primary outcome of any stroke in individual studies during the three follow-up intervals 330 

can be found in eFigures 2 – 4 in Supplement.  331 

 332 
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Risk of Subsequent Stroke. The pooled rate of stroke per 100 person-years was 5.94 events 333 

(95% CI, 5.18 – 6.76; I2 = 97%) in the first year, 1.80 events (95% CI, 1.58 – 2.04; I2 = 90%) 334 

annually in the second through fifth years, and 1.72 events (95% CI, 1.31 – 2.18; I2 = 84%) 335 

annually in the sixth through tenth years (Table 2 and Figure 1). Based on an analysis of 32 336 

included studies with data available for the first 90 days and 91-365 days separately, 2932 out of 337 

4749 (61.7%) subsequent stroke events in the first year occurred within the initial 90 days. The 338 

pooled rate of stroke per 100 person-years was 16.09 events (95% CI, 13.86 – 18.46; I2 = 93%) 339 

in the first 90 days and 3.04 events (95% CI, 2.59 – 3.53; I2 = 90%) between 91-365 days (Table 340 

2). Among the 10 included studies with a maximum follow-up duration of 10 years, 1707 out of 341 

3390 (50.4%) subsequent stroke events occurred after the first year. The 5- and 10-year 342 

cumulative incidence of stroke was 12.5% (95% CI, 11.0% – 14.1%; Figure 1 and eTable 5 in 343 

Supplement) and 19.8% (95% CI, 16.7% – 23.1%; Table 2 and Figure 1), respectively. Pooled 344 

rates of ischemic, hemorrhagic, and fatal stroke per 100 person-years were 5.89 events (95% CI, 345 

5.23 – 6.60; I2 = 95%), 0.45 events (95% CI, 0.37 – 0.54; I2 = 60%), and 0.48 events (95% CI, 346 

0.34 – 0.64; I2 = 62%) in the first year, with 10-year cumulative incidences of 17.8% (95% CI, 347 

15.0% – 20.8%), 2.8% (95% CI, 1.8% – 4.0%), and 3.2% (95% CI, 1.7% – 5.2%), respectively 348 

(Table 2). Based on an analysis of 17 included studies with data available on both fatal stroke 349 

(n=269) and any stroke (n=2737), the pooled case-fatality rate of subsequent stroke was 10.4% 350 

(95% CI, 7.3% – 14.0%; I2 = 85%; eFigure 5 in Supplement).  351 

 352 

Risk of Disability. Seven studies reported on disability, defined as a modified Rankin 353 

Score >1, among patients without subsequent stroke. The pooled rate of disability was 10.82 354 
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(95% CI, 3.63 – 21.21; I2 = 100%) per 100 person-years in the first year, with a cumulative 355 

incidence of 42.6% (95% CI, 31.4% – 55.4%) at 10 years (Table 2). 356 

 357 

Risk of Myocardial Infarction. There were 20 studies that reported on myocardial 358 

infarction. The pooled rate of myocardial infarction per 100 person-years was 1.08 events (95% 359 

CI, 0.74 – 1.48; I2 = 93%) in the first year, with a cumulative incidence of 5.9% (95% CI, 3.2% – 360 

9.6%) at 10 years (Table 2). 361 

 362 

Risk of All-Cause Mortality. Data on all-cause mortality were available from 35 studies. 363 

The pooled rate of all-cause mortality per 100 person-years was 3.07 deaths (95% CI, 2.07 – 364 

4.26; I2 = 97%) in the first year, with a cumulative incidence of 35.1% (95% CI, 25.1% – 45.6%) 365 

at 10 years (Table 2). Based on an analysis of 17 included studies with data available on both 366 

fatal stroke (n=269) and all-cause mortality (n=2551), the pooled proportion of all-cause 367 

mortality events attributable to fatal stroke was 12.6% (95% CI, 8.9% – 16.9%; I2 = 85%). 368 

 369 

Subgroup and Sensitivity Analyses 370 

Figure 2 displays the rates of stroke events per 100 person-years within the first year after TIA 371 

or minor stroke, stratified by study characteristics. Compared to the stroke rate of 4.74 events 372 

(95% CI, 4.56 – 4.93) reported in studies conducted in Europe, studies conducted in North 373 

America (rate, 6.78 events [95% CI, 6.59 – 6.96]; RR, 1.43; [1.36 – 1.50]) and Asia (rate, 7.70 374 

events [7.32 – 8.09]; RR, 1.62; [1.51 – 1.73) reported higher rates of stroke. Higher stroke rates 375 

were also reported in cohorts recruited in or after 2007 as compared to those recruited before 376 

2007 (6.26 events [95% CI, 6.12 – 6.40] vs. 4.40 events [3.80 – 5.06]; RR, 1.42; [1.23 – 1.64]), 377 
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and studies employing active versus passive outcome ascertainment methods (6.61 events [95% 378 

CI, 6.36 – 6.87] vs. 5.93 events [5.79 – 6.07]; RR, 1.11; [1.07 – 1.17]). Of the 27 studies that 379 

analyzed a cohort recruited in or after 2007, 23 utilized active outcome ascertainment methods. 380 

Among the 12 studies that were conducted in either North America or Asia, nine were part of the 381 

subgroup of studies that analyzed cohorts recruited after 2007. Compared to the stroke rate of 382 

7.13 events (95% CI, 6.95 – 7.31) reported among studies that included an unselected population 383 

of patients with TIA or minor stroke, studies focusing solely on patients with TIA (rate, 4.89 384 

events [95% CI, 4.73 – 5.06]; RR, 0.68; [0.65 – 0.71]) or those with first-ever index events (rate, 385 

3.25 events [3.02 – 3.49]; RR, 0.45; [0.42 – 0.49) reported lower rates of stroke. No differences 386 

in stroke rates were found based on the study’s method of cohort identification or setting.  387 

In a sensitivity analysis limited to studies with a complete 10-year follow-up period, the 388 

pooled rates of stroke within all follow-up intervals were consistent with the primary analysis 389 

(eTable 6 in Supplement). 390 

 391 

DISCUSSION 392 

In this systematic review and meta-analysis, we found that approximately one in five patients is 393 

at risk of having another stroke within 10 years of experiencing a TIA or minor stroke, and 10% 394 

of all subsequent stroke events are likely to be fatal. The annual risk of stroke decreased from 395 

5.9% in the first year to an average of 1.8% per year thereafter (Figure 1). The cumulative risk 396 

of stroke continued to rise over time, increasing by 2.1 times the 1-year risk at 5 years and 3.3 397 

times the 1-year risk at 10 years (Figure 1). Notably, half of all subsequent stroke events 398 

occurred after the first year, underscoring that the elevated risk of stroke in this patient 399 

population persists for over one year after presentation. This risk of subsequent stroke events is 400 
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high but is not readily apparent in routine clinical practice due to its gradual onset over time. 401 

Given that many secondary prevention clinics only monitor patients for the first 90 days, with 402 

long-term preventive care often transitioning to primary care physicians and internists, our 403 

findings emphasize the importance of ongoing vigilant monitoring and risk reduction strategies 404 

beyond the initial high-risk period.  405 

Our study has several strengths. Unlike traditional meta-analyses that rely solely on 406 

published data, our analysis was based on unpublished aggregate-level data from a large number 407 

of studies with an overall low risk of bias. The inclusion of unpublished data allowed us to 408 

generate novel insights into the natural progression of TIA or minor stroke events, including risk 409 

estimates for patient-relevant outcomes like disability. This approach also allowed us to 410 

standardize follow-up durations across study cohorts and use exact person-time at risk during 411 

discrete intervals to assess changes in stroke risk over time after the index event – a limitation of 412 

recent landmark studies on this topic.12-14 Moreover, compared to estimates from individual 413 

study cohorts, the increased sample size and number of events in our meta-analysis of 38 unique 414 

cohorts provide more precise estimates of the long-term risk of outcomes that should enhance 415 

confidence in counselling patients of their prognosis. Lastly, because of a comprehensive 416 

systematic search, our pooled estimates are based on studies from diverse geographic regions (20 417 

countries across 4 continents), improving the generalizability of our findings to a wider range of 418 

patients and clinical settings. 419 

 Several other findings from our study are relevant and warrant discussion. Our 420 

prespecified subgroup analyses revealed that the expected variability in stroke rates was 421 

attributed to differences in study location, recruitment period, methodology, and population 422 

characteristics. Remarkably, the incidence of stroke after TIA or minor stroke was higher in 423 
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study populations recruited in or after 2007 (Figure 2). This observation may be attributed to 424 

diagnostic bias from increased use of magnetic resonance imaging and greater stroke awareness, 425 

leading to better-defined index events and identification of higher-risk individuals.60 Indeed, 426 

nearly half of all clinically diagnosed TIA or minor stroke cases can be stroke mimics, and 427 

excluding these low-risk alternate diagnoses results in an increased risk of subsequent stroke in 428 

this patient group.36 Furthermore, the use of active surveillance monitoring methods in cohorts 429 

recruited after 2007 may have contributed to the identification of more subsequent stroke events. 430 

In our analysis, 23 out of the 27 studies that analyzed cohorts recruited in or after 2007 used 431 

active outcome ascertainment methods, and studies employing these methods reported higher 432 

rates of stroke (Figure 2). Additionally, we found that studies conducted in North America and 433 

Asia reported higher stroke rates than those in Europe. This difference could be attributed to 434 

differences in methodology or various other factors such as ethnocultural influences, 435 

environmental conditions, dietary habits, and societal trends like increased obesity and 436 

urbanization leading to higher exposure to air pollution.61, 62 Interestingly, nine out of the 12 437 

studies conducted in North America or Asia analyzed a cohort recruited in or after 2007. The 438 

higher stroke rates observed in the study populations recruited in or after 2007 may be due to a 439 

combination of factors related to study location and methodology. Nonetheless, the novel finding 440 

that the risk of subsequent stroke after a TIA or minor stroke appears to have increased in the 441 

modern era deserves attention and further research. 442 

 We also found that studies focusing solely on patients with TIA or those with first-ever 443 

index events reported considerably lower rates of subsequent stroke as compared to studies that 444 

included an unselected population of patients with TIA or minor stroke (Figure 2). These 445 

findings highlight an important epidemiological point: the long-term risk of subsequent stroke is 446 
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influenced by the baseline risk of stroke in the population being studied. For example, patients 447 

with proven ischemia using the modern tissue-based definition of TIA are, by definition, at 448 

higher risk of subsequent stroke.63 Likewise, patients with a history of stroke or TIA are a self-449 

declared higher-risk population.64 While these patient characteristics have been established as 450 

strong predictors of early stroke risk,63, 64 their long-term prognostic significance is not well 451 

understood. To better inform appropriate patient selection for long-term secondary prevention, it 452 

is crucial to identify both traditional and non-traditional prognostic factors associated with the 453 

long-term risk of stroke in this patient group.2  454 

Secondly, many patients delay seeking medical attention immediately after experiencing 455 

a TIA or minor stroke, leading to delayed diagnosis when they eventually consult a healthcare 456 

provider for other reasons, sometimes months or even years later. In addition, most patients with 457 

TIA or minor stroke do not have another stroke for many years after the initial event. For these 458 

patients, determining the need and duration of long-term secondary prevention with 459 

antithrombotic medication involves weighing the risk of subsequent stroke against the risk of 460 

bleeding at the later time point. Our analysis of the time course of stroke events showed that the 461 

annual rate of subsequent stroke fell rapidly and remained constant after the first year. It is 462 

unclear whether the observed constant rate is due to continuous use of a single antiplatelet 463 

medication or the natural progression of the disease without treatment. Given that up to 50% of 464 

patients may discontinue long-term medication, the observed rate likely represents a mix of 465 

treated and untreated natural history. Although the annual rate of subsequent stroke after the first 466 

year is low (<2% per year), the cumulative long-term risk is significant, prompting the need to 467 

evaluate the overall benefit of long-term antiplatelet therapy. 468 



 22 

Thirdly, our analysis revealed that among patients without a subsequent stroke during 469 

follow-up, nearly one in three had some neurological disability at 5 years, increasing to two in 470 

every five at 10 years. While subsequent stroke can contribute to disability in this patient 471 

group,65 our study confirms that it is not the only cause. A recent analysis of the TIAregistry 472 

identified pre-existing comorbidities such as diabetes, congestive heart failure, and valvular heart 473 

disease as independent predictors of 5-year disability in patients without subsequent stroke.66  474 

Finally, the risk of mortality in patients with TIA or minor stroke was high, with one-475 

third likely to die from any cause within 10 years. Unlike the time course of subsequent stroke 476 

events, the annual mortality rate gradually increased over time (Table 2). Crucially, nearly 90% 477 

of all-cause deaths occurred for causes other than fatal stroke. This further highlights the 478 

significance of effectively managing comorbid illnesses associated with stroke to decrease the 479 

considerable long-term mortality burden in this population.  480 

 481 

Limitations 482 

 There are a few limitations of our study that are worth noting. First, the reported rates of 483 

stroke across studies were variable, with a high degree of detected heterogeneity (I2 >80%; Table 484 

2). However, true heterogeneity is expected in prevalence and incidence estimates due to 485 

differences in time and location of the included studies.67, 68 Hence, we utilized the random-486 

effects meta-analysis model, accounting for any unexplained within-study and between-study 487 

heterogeneity. Moreover, the I2 statistic was developed in the context of comparative data, which 488 

behave differently than proportions. In meta-analyses of proportions, the I2 statistic tends to be 489 

larger due to the nature of proportional data, where little variance is observed even in studies 490 

with small sample size.67, 68 Second, our pooled estimates may not reflect more recent 491 
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recommendations on the use of dual antiplatelet therapy (DAPT). It is important to note that the 492 

benefit of DAPT predominantly occurs within the first 21 days.69 Therefore, our estimates 493 

beyond one year of follow-up are unlikely to have been impacted by long-term use of DAPT. 494 

However, the pooled risk of stroke in our analysis may be underestimated due to potential missed 495 

early recurrent strokes and incomplete ascertainment in the epidemiological studies we analyzed. 496 

Third, the pooled incidences for the outcome of overall disability are imprecise due to limited 497 

data available from a small number of studies. Fourth, we did not quantify the long-term risk of 498 

bleeding events in this patient population that is required to balance the benefits and harms of 499 

long-term secondary prevention with antithrombotic medication. However, this could be a focus 500 

of future research. Finally, owing to constraints regarding time, resource use, and access to raw 501 

individual-level data, we did not perform an individual patient-data meta-analysis which would 502 

have allowed us to compute direct estimates of the cumulative incidence over time, and adjust 503 

estimates by various risk factors, including the underlying causes of TIA or minor stroke and 504 

potential interactions between risk factors. 505 

 506 

CONCLUSIONS 507 

Patients who have had a TIA or minor stroke are at a persistently high risk of experiencing a 508 

subsequent stroke. TIA or minor stroke events also portend a significant risk of long-term 509 

disability and death. Findings from this study underscore the need for improving long-term 510 

stroke prevention measures in this patient population.511 
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Table 1: Summary of Characteristics of the 38 Included Studies.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Abbreviation: TIA, transient ischemic attack 
a Detailed study characteristics can be found in eTable 2 in Supplement. 
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, we considered both the time-based and tissue-based definitions. For the definition of minor ischemic stroke, 

we considered a National Institutes of Health Stroke Scale score of up to 5.   

d As considered adequate and unlikely to introduce bias according to the Newcastle-Ottawa Scale for quality 

assessment of cohort studies. 

Characteristicsa 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, y, median (IQR)b   69 (65-71) 

Sex, %, median (IQR)b  

    Men 57 (52-60) 

    Women 43 (40-48) 

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

TIA or minor strokec (n=94 538) 17 (45) 

TIA only (n=76 132) 20 (53) 

Minor stroke only (n=398) 1 (3) 

    First-ever index event (n=25 531) 6 (16) 

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 year 24 (63) 

Beyond 5 years 12 (32) 

Up to 10 years 10 (26) 

Method of Outcome Ascertainmentg  

Active 32 (84) 

Passive 6 (16) 

Overall Risk of Biash  

Low 36 (95) 

High 2 (5) 
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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 (e.g., emergency 

department logs) and out-of-hospital facilities (e.g., 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. 
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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 9464/155009 5.94 (5.18-6.76) 97 

   Day 0-90 32 2932/18268 16.09 (13.86-18.46) 93 

   Day 91-365 32 1817/67600 3.04 (2.59-3.53) 90 

 Years 2-5 25 2870/186191 1.80 (1.58 – 2.04) 90 

 Years 6-10 12 465/30282 1.72 (1.31 – 2.18) 84 

 10-year cumulative incidence, % (95% CI) 19.8 (16.7– 23.1) --- 

Components of primary outcome 

Ischemic stroke Year 1 31 8045/131614 5.89 (5.23 – 6.60) 95 

 Years 2-5 21 1970/136894 1.55 (1.35 – 1.75) 82 

 Years 6-10 11 386/29339 1.45 (1.08 – 1.87) 82 

 10-year cumulative incidence, % (95% CI) 17.8 (15.0 – 20.8) --- 

Hemorrhagic stroke Year 1 30 599/122491 0.45 (0.37– 0.54) 60 

 Years 2-5 20 283/136680 0.25 (0.19 – 0.32) 71 

 Years 6 to 10 11 56/29339 0.27 (0.13 – 0.44) 78 

 10-year cumulative incidence, % (95% CI) 2.8 (1.8 – 4.0) --- 

Additional secondary outcomes 

Fatal strokea Year 1 17 139/29777 0.48 (0.34 – 0.64) 62 

 Years 2-5 10 100/33330 0.34 (0.22 – 0.48) 69 

 Years 6 to 10 5 30/11479 0.28 (0.10 – 0.55) 67 

 10-year cumulative incidence, % (95% CI) 3.2 (1.7 – 5.2) ---  

Disabilityb Year 1 7 3503/20753 10.82 (3.63 – 21.21) 100 

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

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

 10-year cumulative incidence, % (95% CI) 42.6 (31.4 – 55.4) --- 

Myocardial infarction Year 1 20 644/51562 1.08 (0.74 – 1.48) 93 

 Years 2-5 13 626/77980 0.65 (0.42 – 0.95) 93 

 Years 6 to 10 7 98/13091 0.48 (0.17 – 0.95) 86 

 10-year cumulative incidence, % (95% CI) 5.9 (3.2 – 9.6) --- 

All-cause mortality Year 1 35 10372/136139 3.07 (2.07 – 4.26) 99 

 Years 2-5 23 6356/125501 3.48 (2.71 – 4.34) 98 

 Years 6 to 10 10 1041/16514 5.06 (3.11 – 7.45) 97 

 10-year 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 Score >1, among patients without subsequent stroke.
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Figure 1: Ten-Year Cumulative Incidence and Incidence Rate of Any Stroke After Transient 

Ischemic Attack or Minor Stroke.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Study cohorts 38 25 22 20 17 12 12 12 10  9 

Person-years 155009 62173 50429 41147 32441 9933 7565 5600 4108 3075 

Events, n 9464 1070 745 614 441 149 110 76 61 69 
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Figure 2: Incidence Rate of Any Stroke Within the First Year by Study Characteristics. 

 

 

 

 

 

 

 

 

 

 

 

Study  

Characteristics 

 

Events/ 

person-years  

 

Rate per 100 

Person-Years 

(95% CI) 

 

Rate Ratio 

(95% CI) 

Location 

Europe 2505/52855 4.74 (4.56-4.93) 1.00 (reference) 

North America 5206/76814 6.78 (6.59-6.96) 1.43 (1.36-1.50) 

Asia 1531/19888 7.70 (7.32-8.09) 1.62 (1.52-1.73) 

Cohort Identification 

Administrative database  1724/29250 5.89 (5.62-6.18) 1.00 (reference) 

Prospective cohort/registry 7740/125759 6.15 (6.02-6.29) 1.04 (0.99-1.10) 

Setting    

Population-based 6451/106281 6.07 (5.93-6.22) 1.00 (reference) 

Hospital-based 3013/48728 6.18 (5.95-6.41) 0.98 (0.94-1.03) 

Recruitment Period 

Before 2007 192/4367 4.40 (3.80-5.06) 1.00 (reference) 

In or after 2007 8211/131200 6.26 (6.12-6.40) 1.42 (1.23-1.64) 

Patient Populationa    

TIA or minor stroke 6015/84273 7.13 (6.95-7.31) 1.00 (reference) 

TIA only 3439/70346 4.89 (4.73-5.06) 0.68 (0.65-0.71) 

First-ever index event 740/22799 3.25 (3.02-3.49) 0.45 (0.42-0.49) 

Outcome Ascertainmentb 

Passive 6822/115046 5.93 (5.79-6.07) 1.00 (reference) 

Active 2642/39963 6.61 (6.36-6.87) 1.11 (1.07-1.17) 

Decreased Rate Than 

Reference Subgroup 
Increased Rate Than 

Reference Subgroup 

a The definition of TIA or minor stroke events was based on criteria used in the 

individual studies. For the definition of TIA, we considered both the time-based 

and tissue-based definitions. For the definition of minor ischemic stroke, we 

considered a National Institutes of Health Stroke Scale score of up to 5.   

b 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 (e.g., emergency department 

logs) and out-of-hospital facilities (e.g., 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. 

   
 

 


