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ABSTRACT:Background: Patients with stroke or transient ischemic attack (TIA) are at high early risk ofmortality andmorbidity. Current risk
prediction tools focus on patients after hospital discharge but not on those surviving to outpatient follow-up. We examined whether
demographic and medical history data could predict 1-year stroke recurrence and mortality, among those discharged alive and event-free for
90 days after stroke and 1 day after TIA. Methods: Data were obtained from the Ontario Stroke Registry (13,848 stroke and 13,059 TIA
patients) and linked to administrative databases. Two-thirds of each cohort were used for model derivation and one-third for validation.
Multivariable regression models were used to predict stroke recurrence and all-cause mortality. Results: There were 238 (2.71%) recurrent
strokes in the ischemic stroke and 298 (3.44%) in the TIA cohorts at one year. Increasing age and previous stroke/TIA were associated with an
increased risk of recurrent stroke in both cohorts. A higher modified Rankin Scale and diabetes were associated with an increased risk of
recurrent stroke in the stroke cohort and heart failure, smoking and discharge location in the TIA cohort. Time-dependent areas under the
curve were modest, 0.59 (0.54–0.64) and 0.59 (0.55–0.64) for the stroke and TIA validation cohorts, respectively. C-statistics from derivation
and validation cohorts for mortality ranged from 0.74–0.78. Conclusion:The predictive accuracy of themodels was quite low after accounting
for several risk factors. Additional risk factors associated with stroke recurrence for people seen in outpatient stroke clinics, and innovative
approaches to individualized secondary prevention are needed.

RÉSUMÉ: Prédictionde la récidivedesAVCetde lamortalité auboutd’unanchezdespatients ambulatoires stables aprèsunAVCischémique
etunaccident ischémique transitoire.Contexte : Lespatients ayant subiunAVCischémiqueouunaccident ischémique transitoire (AIT)présentent
un risque élevé demortalité et demorbidité à court terme. Les outils actuels deprédictiondes risques se concentrent sur les patients après leur sortie de
l’hôpital, mais pas sur ceux qui survivent et font l’objet d’un suivi ambulatoire. Nous avons ainsi examiné si des données démographiques et les
antécédentsmédicauxde ces patients pouvaient prédire la récidivedesAVCet lamortalité aubout d’un an chez les patients ayant obtenu leur congé et
nedonnant à voir aucun incidentpendant 90 jours aprèsunAVCischémique et 1 jour aprèsunAIT.Méthodes :Nosdonnéesont été obtenues àpartir
du registre desAVCde l’Ontario (13 848 patients victimes d’unAVC ischémique et 13 059 patients victimes d’unAIT) et étaient reliées à des bases de
données administratives. Lesdeux tiersde chaquecohorte ont étéutiliséspour ladérivationdenotremodèle et un tiers pour la validation.Desmodèles
de régressionmultivariables ont été utilisés pour prédire la récidive desAVC et lamortalité toutes causes confondues.Résultats : On a dénombré 238
(2,71 %) AVC récurrents dans la cohorte des AVC ischémiques et 298 (3,44 %) dans la cohorte des AIT, et ce, au bout d’un an. L’âge avancé et les
antécédents d’AVC ischémiques et d’AIT étaient associés à un risque accru d’AVC récurrent au sein des deux cohortes. Un score plus élevé à l’échelle
de Rankin modifié et le diabète étaient associés à un risque accru de récidive d’AVC dans la cohorte des AVC ischémiques, tandis que l’insuffisance
cardiaque, le tabagisme et le lieu d’obtention de son congé de l’hôpital étaient associés à un risque accru dans la cohorte des AIT. Les aires sous la
courbeROCdépendantes du temps étaientmodestes, soit respectivement 0,59 (0,54-0,64) et 0,59 (0,55-0,64) pour les cohortes de validation desAVC
ischémiques et des AIT. Les statistiques de concordance des cohortes de dérivation et de validation pour la mortalité variaient entre 0,74 et 0,78.
Conclusion : La précision prédictive desmodèles était assez faible après avoir tenu compte de plusieurs facteurs de risque. L’identification de facteurs
de risque supplémentaires associés à la récidive des AVC chez les personnes suivies dans des cliniques ambulatoires spécialisées dans les AVC, ainsi
que des approches innovantes en matière de prévention secondaire individualisée, demeurent nécessaires à cet égard.
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Introduction

Over the past 15 years, there has been considerable effort to reduce
short-term morbidity and mortality after stroke and to reduce
stroke recurrence after transient ischemic attack (TIA). For those
with TIA, the emphasis on the first 90 days began in earnest in 2004
when studies showed high 30- and 90-day stroke recurrence
rates.1,2 With changes in process, expedited assessments and
treatment, rates of recurrent stroke after TIA dropped signifi-
cantly.2 Similarly, organized systems of care,3,4 and expanded
eligibility for thrombolysis 5 and endovascular thrombectomy,6,7

have helped to reduce mortality and improve 90-day outcomes
after ischemic stroke. Given these changes, there are more people
living with the effects of stroke than ever before.

Most of these advances have focused on the early, highest-risk
period after stroke or TIA. However, the long-term risk of stroke
recurrence remains high. Even when people survive the high-risk
90-day period after stroke and TIAwithout adverse events, they are
still at over seven times the risk of having another stroke in the next
1-year and five times the risk after 3- and 5-years compared to
matched controls.8 Globally, the 10-year risk of stroke recurrence
after TIA or minor stroke is 20%.9

It is well recognized that the more vascular risk factors are
controlled, the lower the recurrence risk.10,11 Yet, almost no stroke
survivors achieve targets on all risk factors, and many have
recurrent strokes despite good risk control.11 It remains unclear
howmuch of the long-term recurrence ormortality risks for people
seen in outpatient stroke clinic settings can be attributable to
identifiable factors. To date, many clinical prediction models exist
for in-hospital,12 7-day,13 30-day14,15 and 3-month outcomes16 for
stroke/TIA patients. In a systematic review of 66 predictionmodels
for survival and functional outcome in ischemic stroke patients,
outcome periods ranged from seven days to ten years, with most
models examining outcomes in the first three months.17 However,
people seen in stroke prevention clinics are those who survive the
initial high-risk period and typically have sufficient residual
function to attend outpatient clinics. Few of the abovementioned
prediction models account for this survival bias. Given the limited
resources for specialty stroke prevention services, aging global
population and increasing survival of people after stroke,18 there is
a need to better predict longer-term stroke recurrence and
mortality for the stroke prevention clinic population.

The primary objective of this study was to determine whether
demographic, medical history and stroke event data reflecting the
episode of care for the index stroke, and available in an outpatient
setting, could be used to create a predictionmodel for 1-year stroke
recurrence after accounting for the competing risk of death.
Specifically, we aimed to identify factors associated with 1-year
outcomes among patients who survive and are event-free 90 days
after stroke, and one day after TIA discharge, from acute care, to
mimic when these patients would typically be seen in a secondary
prevention clinic. These timings reflect national practice and
guidelines for stroke management.19

Methods

Study cohort

Our cohort was obtained from the Ontario Stroke Registry (OSR)
held at ICES (formerly known as the Institute for Clinical
Evaluative Sciences). The OSR was a province-wide registry
developed for monitoring and reporting on the quality of stroke
care that included a population-based sample of patients with
stroke and TIA who were seen at any of the province’s 150 acute
care institutions until 2013.20 Stroke was determined by clinical
presentation, confirmed by brain imaging and obtained through
chart reviews performed by trained abstractors with clinical
expertise.

We included all patients aged 18 or older who were discharged
alive between April 1, 2002 and March 31, 2013 after
hospitalization or emergency room visit with a diagnosis of
ischemic stroke or TIA. We limited our cohort to Ontario
residents who were in hospital for under 90 days and were not
discharged to a long-term or palliative care facility (Figure 1).
Patients with missing information on rurality index, income and
modified Rankin scale (mRS) were excluded as based on our prior
experience patients with missing information in these factors
have higher rates of missingness in other variables in admin-
istrative datasets. Next, we selected the patients who had a
recorded referral to a secondary prevention clinic at discharge
resulting in a sample of 26,907 patients (13,848 with ischemic
stroke and 13,059 with TIA). Finally, to capture patients who
survived long enough to attend an outpatient clinic, we
conducted a landmark analysis, excluding TIA patients who
had died or had a recurrent stroke within one day (n = 63) and
ischemic stroke patients who had died or had a recurrent stroke
within 90 days of discharge (n = 703). The landmark date (1 and
90 days after hospital discharge) was used as the new index date
(time zero) for the risk prediction models.

To assess outcomes, we used the Canadian Institute for Health
Information Discharge Abstract Database (DAD) to capture
hospital admissions for ischemic stroke, and the Ontario
Registered Persons Database (RPDB) to capture deaths. The
DAD includes data from the discharge abstracts of all acute care
hospitals in Ontario, including admission and discharge dates and
diagnoses, and the RPDB provides basic demographic information
and vital statistics about anyone who has ever been eligible for
Ontario’s universal health insurance plan. These datasets were
linked using unique encoded identifiers and analyzed at ICES.

Candidate variable selection

The OSR collected 505 variables on patients with stroke/TIA
including sociodemographic characteristics, vascular risk factors,
comorbidities, stroke type, severity, Charlson comorbidity index
score, CHADS2 and CHA2DS2-VASc risk scores at admission,
hospital care, complications and outcomes including length of stay,
neurologic deficit and mRS at discharge, discharge medications
and disposition.

To begin variable selection, we used clinician input to filter from
the initial variables in OSR to 136 clinically relevant variables,
including those with a potential relationship to stroke recurrence and
excluding those with known poor coding reliability. We excluded
variables that would not be potentially available to a clinician assessing
a patient’s risk in an outpatient clinic setting, had high missingness
(>10%) or low prevalence (<3%). This selection process resulted in 18
candidate variables for univariable analysis for all models.

Highlights
• Existing recurrent stroke risk prediction models do not target the
population that survives to outpatient follow-up.

• We developed and validated risk predictionmodels for patients attending
stroke prevention clinics, but the predictive accuracy of the models was
modest.

• Additional risk factors and innovative approaches to individualized
secondary prevention are needed.
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Statistical analysis

Model creation
The ischemic stroke and TIA cohorts were randomly divided
into a derivation cohort (2/3 of the sample; n = 9,232 for
ischemic stroke, 8,706 for TIA) and a validation cohort (1/3 of
sample; n = 4,616 for stroke; 4,353 for TIA). Characteristics of
the derivation and validation cohorts were reported prior to
model development using means for age and proportions for
categorical variables and compared using standardized mean
differences, with values of <0.10 indicating negligible differences
between the two cohorts.

Our primary and secondary outcomes were stroke recurrence
and all-cause mortality one year after their respective landmark
periods. For univariate analysis, we examined the association
between each candidate predictor and recurrent stroke outcome
using a Fine-Gray subdistribution hazard (sdHR) model to
account for the competing risk of death. For univariate analysis
to predict risk of death at one year, we used a univariate Cox
proportional hazards model. For age, as a continuous variable, we

tested linearity of association with outcomes using cubic spline
analyses with five knots at percentiles 5, 25, 50, 75 and 95. We
performed multivariable regression analyses with backward
selection using a p-value of <0.10 for variable inclusion in the
first model. Age, as a continuous variable, and sex were chosen a
priori for inclusion; and other variables with a p-value <0.10 were
included in the final models.

Model evaluation
Multicollinearity was assessed by evaluating condition indices, and
no instances of high correlations (condition index >10) between
variables in the initial and final models were found. Model
discrimination was evaluated using time-dependent area under the
curve (AUC) for the competing risk stroke models and c-statistic
for the mortality models. We assessed the performance of each
model in the validation cohorts, applying the risk coefficients from
the derivation models and determining the c-statistic or time-
dependent AUC.We also constructed calibration plots to compare
the outcome rates by decile of predicted risk versus observed risk in
the validation cohorts.

Total: All TIA and ischemic stroke patients in Ontario Stroke Registry dataset
72,297

Include: Link to CIHI-DAD, define index date as date of discharge, exclude length of stay >90
71,474

Include: Index date between April 2002 -March 31, 2013
71,457

Include: Discharge disposition alive
66,008

Exclude: Invalid ICES key number
64,805

Exclude: Non-Ontario residents
64,759

Exclude: Age on index date <18 or >118 years
64,680

Exclude: Resident of long-term care, nursing home, complex continuing care (CCC), or 
palliative

61,590

Exclude: Discharge disposition - long-term care, nursing home, CCC, or palliative
59,410

Exclude: Missing values in rurality index or income 
59,112

Exclude: Multiple records (keep the earliest)
54,394

Exclude: Missing Modified Rankin score group
52,846

Include: Referred to secondary prevention clinic 
26,907

Stroke
13,848

Derivation
9,232

Mortality*
9,058

Stroke*
8,794

Validation
4,616

Mortality*
4,510

Stroke*
4,351

TIA
13,059

Derivation
8,706

Mortality
8,706

Stroke**
8,664

Validation
4,353

Mortality
4,353

Stroke**
4,332

Figure 1. Flowchart of final cohort creation from
OSR and CIHI-DAD datasets. CIHI-DAD = Canadian
Institute for Health Information Discharge Abstract
Database. *Excluded patients who had died/
recurrent stroke within 90 days of discharge.
**Excluded patients who had died/recurrent
stroke within one day of discharge.
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All analyses were conducted using SAS version 9.4 (SAS
Institute, Cary, NC). The use of data in this project was authorized
under section 45 of Ontario’s Personal Health Information
Protection Act, which does not require review by a Research
Ethics Board. We followed the TRIPOD guideline21 for reporting
our study (Supplemental Table S1).

Results

A full summary of baseline characteristics of the derivation and
validation cohorts is available in Table 1. Univariate analyses
between each candidate predictor and outcome variable in
derivation cohorts are reported in Supplemental Tables S2
and S3.

Among patients with an ischemic stroke (mean age 69 years;
43% female), 238 (2.7%) had a recurrent stroke within one year of
landmark period. Of the 18 candidate variables, seven entered the
final model. Age, prior stroke/TIA, mRS 3–5 and diabetes were
associated with an increased risk of recurrent stroke. Comorbid
hypertension predicted a reduction in risk of recurrent stroke. The
time-dependent AUCwas 0.62 (0.59–0.66) in the derivation cohort
and 0.59 (0.54–0.64) in the validation cohort (Table 2, Figure 2A).

Among patients with a TIA (mean age 70.0 years; 49% female),
298 recurrent strokes were observed within one year (3.44%). Nine

of the 18 candidate variables entered the final model. Age,
hypertension, prior stroke/TIA, CHF or pulmonary edema,
smoking and discharge location (acute other) were all associated
with an increased risk of recurrent stroke. Cancer and valvular
heart disease were associated with a decreased risk of recurrent
stroke. The time-dependent AUC was 0.67 (0.65–0.70) in the
derivation cohort and 0.59 (0.55–0.64) in the validation cohort
(Table 3, Figure 2B).

Models for mortality in both the TIA and stroke cohorts had
greater discrimination (Supplemental Table S4). The C-statistics of
both the derivation and validation models ranged from 0.74–0.78
in the stroke and TIA cohorts (Supplemental Table S5; Figures 2C
and 2D).

Discussion

Most outcome predictionmodels for stroke/TIAwere developed to
identify outcomes after discharge; however, these models may not
apply to the population of people seen in stroke prevention clinics.
One-third of people discharged alive will pass away, be
institutionalized, have a recurrent stroke or MI within 1 day of
discharge for TIA or 90 days of stroke.8 Thus, most predictive
models are weighted to outcomes that occur before clinic visits,
limiting utility in an outpatient clinical setting. By imposing a

Table 1. Baseline characteristics of the derivation and validation cohorts: candidate predictor variables

Candidate predictor variables

Ischemic stroke cohort TIA cohort

Derivation cohort
(n = 9,232)

Validation cohort
(n = 4,616)

Derivation cohort
(n = 8,706)

Validation cohort
(n = 4,353)

Age at discharge (mean ± SD) 69 ± 14 68 ± 14 70 ± 13 70 ± 13

Sex (Female) 3,983 (43%) 2,011 (44%) 4,302 (49%) 2,114 (49%)

Modified Rankin (0–2) 3,072 (33%) 1,513(33%) 8,392 (96%) 4,205 (97%)

History of:

Asthma/COPD 986 (11%) 514 (11%) 852 (10%) 405 (9%)

Atrial fibrillation 1,226 (13%) 640 (14%) 887 (10%) 442 (10%)

CAD* 2,009 (22%) 960 (21%) 1,775 (20%) 885 (20%)

Cancer 622 (7%) 330 (7%) 488 (6%) 249 (6%)

Dementia** 315 (3%) 168 (4%) 308 (4%) 150 (3%)

Diabetes 2,313 (25%) 1,190 (26%) 1,912 (22%) 883 (20%)

Hyperlipidemia 3,954 (43%) 1,934 (42%) 3,673 (42%) 1,805 (42%)

Hypertension 6,315 (68%) 3,100 (67%) 5,547 (64%) 2,721 (63%)

Peripheral vascular disease 461 (5%) 225 (5%) 321 (4%) 152 (4%)

HF/Pulmonary edema 511 (6%) 267 (6%) 316 (4%) 176 (4%)

Hemodialysis or renal disease 281 (3%) 116 (3%) 230 (3%) 101 (2%)

Smoking (in past 6 months) 1,964 (21%) 1,075 (23%) 1,241 (14%) 602 (14%)

Stroke/TIA 2,175 (24%) 1,058 (23%) 2,502 (29%) 1,212 (28%)

Valvular heart disease 405 (4%) 176 (4%) 330 (4%) 130 (3%)

Discharge location

Acute other 375 (4%) 196 (4%) 150 (2%) 96 (2%)

Inpatient rehab 2,281 (25%) 1,167 (25%) 56 (1%) 21 (1%)

Home/Retirement home 6,576 (71%) 3,253 (75%) 8,500 (97%) 4,236 (97%)

Data presented as n (%) unless otherwise indicated. Standardized differences were<0.10 for comparisons of all variables between derivation and validation cohorts (data not shown). *Includes
myocardial infarction, angina, percutaneous coronary intervention or coronary artery bypass grafting. **Includes Alzheimer’s disease, chronic confusion or senility. CAD = coronary artery
disease; COPD = chronic obstructive pulmonary disease; HF = heart failure; TIA = transient ischemic attack; SD = standard deviation.
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landmark period – including only those who survived to typical
stroke prevention clinic visit windows without events – the current
study sought to provide better models to guide clinicians in stroke
clinics on identifying the highest-risk individuals.

In the stroke cohort, themodel predicting stroke recurrence had
relatively few variables: age, sex, mRS, atrial fibrillation, diabetes,
hypertension and previous history of stroke/TIA. Although most
of these predictors have been included in previous models, it is
interesting to note that some predictors do not appear consistently.
For instance, age has been found to be unrelated or being of low
importance in predicting the risk of recurrent stroke in a number of
previous studies, but was important in our models.22,23 In the TIA
cohort, age, prior history of stroke/TIA, CHF, smoking, cancer,
hypertension, valvular heart disease and discharge to another
facility other than rehabilitation were predictors of recurrent
stroke, and similarly some of these variables do feature as
significant predictors in other studies exploring the risk of stroke
after TIA but not consistently.24–26

The association between hypertension and the decreased risk of
recurrent strokes in the ischemic stroke cohort may be unexpected,
but information on the relationship between hypertension and
recurrent stroke in the literature is contradictory.27 It is possible
that there is greater adherence to hypertension treatment when the
diagnosis is a stroke rather than a TIA. This is reflected in our TIA
cohort findings, where hypertension was positively associated with
a risk of stroke one year post TIA. Unfortunately, data concerning
the effectiveness of treatment for known hypertension or treatment
adherence were not available for this analysis.

The negative association between stroke outcome and history of
cancer in the TIA cohort is contrary to the literature which reports
an increased risk of recurrent stroke in patients with cancer.28–30

However, prior studies suggest that this increased stroke risk may
be associated with more recent cancer diagnoses (i.e., within the
first 6–12 months)31 and our dataset only specifies “history of
cancer” without information on diagnosis dates or cancer type.
Though the exact associations between cancer and stroke
recurrence require further investigation, our results reinforce the
complexity of this relationship.32 The unexpected protective effect
of the baseline cancer and valvular heart disease on the risk of

recurrent stroke in the TIA cohort might also be explained by
unmeasured confounding.

The unreliability of sex as a significant predictor variable was
expected given the competing evidence for and against its impact
on stroke recurrence and mortality.33,34 We did not find sex as a
predictor of stroke recurrence or mortality. There is some evidence
that women have poorer medical management at presentation,
which may act as an additional confounder in the relationship
between sex and stroke recurrence and/or mortality.34 In the TIA
cohort, there were no sex effects for the stroke recurrence model.
However, women had a reduced mortality risk compared to men.
Women presenting with TIA are more likely to have atypical
symptoms and less likely to have diffusion-weighted MR imaging
changes showing a minor stroke,35 so women may be at a lower
recurrence risk.

We conducted a targeted search of past prediction models but
found no model that predicted stroke recurrence or death among
stroke or TIA patients treated in stroke prevention clinics or
surviving the early high-risk periods. Published c-statistics from
models of in-hospital or discharged cohorts have similar
performance characteristics as our models, with modest predictive
accuracy, which limits clinical utility (Supplemental Table S6).
Historically, clinical prediction models have had more success in
predicting death as opposed to stroke recurrence.17,26,36 Those
findings were consistent with our results, with models for all-cause
mortality in the stroke and TIA cohorts having the greater
c-statistics than the models for stroke recurrence.

Due to limitations of data availability, current models include
stroke and TIA populations between 2002 and 2013 in Ontario and
do not capture any potential changes in population characteristics,
patient management strategies and outcomes that might have
occurred thereafter, and, hence, may differ meaningfully from
contemporary practice. In addition, study data did not include
information on race and ethnicity, post-discharge changes in
adherence to medications, rehabilitation care, lifestyle modifica-
tions and other cardiovascular health metrics such as control of
blood pressure, blood glucose and total cholesterol, which could be
available in outpatient settings and could improve the predictive
ability of the models. Lastly, our aim was to predict outcomes

Table 2. Predictors of recurrent stroke among ischemic stroke patients in the final model, derivation cohort

Predictor variables n = 8,794

Number (%) of outcomes 238 (2.71%)

sdHR (95% CI) P-value

Age 1.02 (1.01–1.03) < 0.01

Sex (Female) 1.04 (0.81–1.35) 0.74

Modified Rankin (3–5) 1.33 (1.02–1.73) 0.04

History of:

Atrial Fibrillation 1.34 (0.96–1.86) 0.09

Diabetes 1.34 (1.00–1.79) 0.048

Hypertension 0.74 (0.55–0.99) 0.04

Stroke/TIA 1.52 (1.14–2.01) < 0.01

Time–dependent AUC (derivation cohort) 0.62 (0.59–0.66)

Time-dependent AUC (validation cohort) 0.59 (0.55–0.64)

AUC = area under the curve; CI = confidence interval; sdHR = subdistribution hazard ratio; TIA = transient ischemic attack.
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among patients who were referred to a secondary prevention clinic
after TIA/stroke. While the results are not intended to be
generalizable to those who were not referred it is noteworthy to
mention that it has previously been shown that, in comparison
with people referred to stroke prevention clinics, those who are not
referred tend to be older, more likely to have dementia, live in a
long-term care or in a rural residence, more often treated for the
index event in a hospital without an on-site SPC and have a higher
risk of 1-year mortality, but no difference in risk for recurrent
stroke or TIA.37 We also could not assess if the patient, in fact,
attended the clinic after the referral and the factors potentially
affecting referral decisions or access.

Previous prediction models have emphasized early stroke
recurrence within the highest-risk period in the first 90 days post

stroke or TIA,24,25 unlike in the present study, where the emphasis
is on patients who survived the first 90 days post ischemic stroke,
or one day post TIA, without a recurrent stroke. Thus, the small
number of predictor variables in the final models, the unexpected
findings (e.g., hypertension and cancer), and low c-statistics in
both cohorts reflect a broader theme in the stroke literature: after
the early high-risk period, the risk of longer-term ischemic stroke
recurrence is difficult to predict.27 Yet, this risk is 7-fold higher
than age-matched controls at one year and remains five times
higher even five years after an event.8 The current prediction
models underscored the critical gaps that exist in our under-
standing of risk factors for stroke recurrence. Without knowledge
of additional factors that increase the risk of recurrent stroke, the
ability to mitigate this risk is limited. Measures of target attainment

OUTCOME: STROKE RECURRENCE

A Ischemic stroke cohort B TIA cohort 

OUTCOME: MORTALITY

C Ischemic stroke cohort D TIA cohort

Observed probability of recurrent stroke_1y Observed probability of recurrent stroke_1y

Figure 2. Calibration figures for risk prediction models in validation cohorts.
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and adherence to risk reduction targets may help to fill this gap,
and novel, modifiable risk factors may be needed to identify new
targets. The laudable advancements in the acute treatment of
stroke in recent years bring with them an increasing challenge:
keeping those who have survived stroke and TIA, often with
relatively little or no disability, free of recurrent stroke in the long
term. Work to achieve and sustain long-term vascular risk
reduction, identify novel predictors of risk, and innovative
approaches to long-term individualized management are needed
for improved secondary stroke prevention.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/cjn.2025.10405.
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