
1150

Owing to the dissemination of evidence-based medicine 
from clinical trials into routine practice, the underuse 

of anticoagulants for nonvalvular atrial fibrillation (NVAF) 
is gradually decreasing.1,2 However, a substantial number of 

patients with NVAF experience ischemic stroke even under 
anticoagulation.2–4 NVAF-associated ischemic stroke despite 
prior anticoagulation indicates the potential presence of under-
lying problems that nullify the thromboembolism-preventing 

Background and Purpose—Ischemic stroke associated with nonvalvular atrial fibrillation (NVAF) despite prior 
anticoagulation may indicate underlying problems that nullify the stroke-preventing effects of oral anticoagulants. We 
aimed to evaluate the risk for recurrent stroke in patients with NVAF with prior anticoagulation, compared with that in 
patients without prior anticoagulation.

Methods—This study comprised pooled individual patient data on NVAF-associated acute ischemic stroke or transient 
ischemic attack from 2011 to 2014 arising from the Clinical Research Collaboration for Stroke in Korea (15 South 
Korean stroke centers) and the Stroke Acute Management With Urgent Risk-Factor Assessment and Improvement-NVAF 
registry (18 Japanese stroke centers). Data on 4841 eligible patients from the Clinical Research Collaboration for Stroke 
in Korea registry were pooled with data on all patients (n=1192) in the Stroke Acute Management with Urgent Risk-
factor Assessment and Improvement-NVAF registry. The primary outcome was recurrent ischemic stroke. The secondary 
outcomes were hemorrhagic stroke and all-cause death. Outcome events were captured up to 1 year after the index event.

Results—Among the 6033 patients in the full cohort, 5645 patients were analyzed, of whom 1129 patients (20.0%) had 
received prior anticoagulation. Median age was 75 years (interquartile range, 69–81 years), and 2649 patients (46.9%) 
were women. Follow-up data of 4617 patient-years (median follow-up 365 days, interquartile range 335–365 days) 
were available. The cumulative incidence of recurrent ischemic stroke in patients with prior anticoagulation was 5.3% 
(60/1129), compared with the 2.9% (130/4516) incidence in patients without prior anticoagulation. The risk for recurrent 
ischemic stroke was higher in patients with prior anticoagulation than in those without (multivariable Cox shared-frailty 
model, hazard ratio 1.50 [95% CI, 1.02–2.21]). No significant differences in the risks for hemorrhagic stroke and mortality 
were seen between the 2 groups.

Conclusions—The risk for recurrent ischemic stroke may be higher in NVAF-associated stroke patients with prior 
anticoagulation than in those without prior anticoagulation.
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effects of oral anticoagulants, which may include drug non-
compliance or other biological factors, including a higher-
risk profile of NVAF. This important issue, however, has 
been escaping attention in the field of stroke care. Here, we 
hypothesized that patients with NVAF-associated stroke with 
prior anticoagulation are at a higher risk for recurrent ischemic 
stroke, compared with anticoagulation-naïve patients. The ob-
jective of the present study was to investigate the risk for recur-
rent stroke in patients with NVAF with prior anticoagulation, 
compared with that in patients without prior anticoagulation.

Methods
Study Population
We built the East-Asian Ischemic Stroke Patients With Atrial 
Fibrillation (EAST-AF) registry, which comprised pooled individual 
patient data from 2 prospective cohort studies, including (1) the 
Clinical Research Collaboration for Stroke in Korea (CRCS-K, 15 
centers in South Korea) and (2) the Stroke Acute Management With 
Urgent Risk-Factor Assessment and Improvement (SAMURAI)-
NVAF registry (18 centers in Japan). The CRCS-K registry is a 
prospective, ongoing, nationwide, multicenter acute stroke registry 
in South Korea that has recruited patients with acute stroke or tran-
sient ischemic attack (TIA) admitted within 7 days from onset.5,6 The 
SAMURAI-NVAF registry was a prospective, multicenter, observa-
tional study in Japan designed to determine the choice of anticoagu-
lant therapy during the acute and chronic stages of ischemic stroke/
TIA and the short- and long-term outcomes in patients with NVAF. In 
the SAMURAI-NVAF registry, patients who were hospitalized within 
7 days after the onset of ischemic stroke/TIA and who were diag-
nosed as having NVAF between September 2011 and March 2014 
were enrolled.7–9 The study was registered with the ClinicalTrials.gov 
and the Japanese University Hospital Medical Information Network 
Clinical Trials Registry (UMIN000006930). Details of the 2 regis-
tries can be obtained from the published reports.5–9

At the Korea University, patient information in the CRCS-K reg-
istry from January 2011 to December 2014 was pooled with that of the 
SAMURAI-NVAF registry. From the CRCS-K registry, we included 
patients aged ≥18 years old and had (1) ischemic stroke or TIA and 
(2) a diagnosis of NVAF. NVAF was diagnosed from 12-lead electro-
cardiograms or monitoring for ≥24 hours during acute hospitalization 
or from previous medical documents. We excluded patients with (1) 
history of prosthetic valve replacement or hemodynamically relevant 
mitral valve stenosis or (2) follow-up data unavailable. Consequently, 
we made a full cohort of the EAST-AF registry (n=6033) using 
the data of all patients registered to the SAMURAI-NVAF registry 
(n=1192) and of 4841 eligible patients from the CRCS-K registry.

For the SAMURAI-NVAF registry, secondary use of the data set 
for this study was approved by the ethics committees of the National 
Cerebral and Cardiovascular Center. For the CRCS-K registry, data 
collection and analysis for this study were approved by the ethics 
committees of the participating centers. The corresponding author 
had full access to all the data of the EAST-AF registry. Anonymized 
data that support the findings of this study are available from the 
corresponding author, upon reasonable request and after permission 
from the ethics committees.

Clinical Data Collection
The following clinical data were collected: country, registering center, 
age, sex, prestroke modified Rankin Scale score, body weight, smok-
ing, timing of NVAF detection relative to the index event (known 
prior or detected after),10 vascular risk factors (hypertension, diabetes 
mellitus, and hyperlipidemia), past medical history (stroke, conges-
tive heart failure, and coronary heart disease), prestroke anticoagu-
lation, prestroke antiplatelets, type of index event (ischemic stroke 
or TIA), baseline National Institutes of Health Stroke Scale score,11 
laboratory data (white blood cell count, hemoglobin, platelet count, 

glucose, creatinine, and prothrombin time/international normalized 
ratio [PT-INR]), renal dysfunction, active malignancy (only in the 
data from the SAMURAI-NVAF registry), and medications at dis-
charge (antiplatelets, warfarin, direct oral anticoagulants, and statins). 
Creatinine clearance was calculated using the Cockcroft-Gault 
Equation.12 Renal dysfunction was defined as creatinine clearance 
<30 mL/min. Antiplatelets included aspirin, clopidogrel, dipyrida-
mole, ticlopidine, and cilostazol. Direct oral anticoagulants included 
dabigatran, apixaban, and rivaroxaban; during the study period, edox-
aban had not yet been approved in Japan and South Korea.

Outcome Events and Follow-Up Period
The primary outcome was recurrent ischemic stroke. The secondary 
outcomes were hemorrhagic stroke and all-cause death, including 
fatal stroke. In the SAMURAI-NVAF registry, follow-up to assess 
the outcome events was performed at 3 months, 1 year, and 2 years 
after the index event, personally in the clinic or by telephone interview 
of the patients or caregivers by the study physicians or trained study 
coordinators at the participating hospitals. In the CRCS-K registry, 
the outcome events were collected at 3 months and 1 year after the 
index event by identification of the events in usual clinical practice or 
by structured telephone interview by trained study coordinators at the 
participating hospitals. In this study, the outcome events were captured 
up to 1 year after the index event. Information about PT-INR at the 
time of recurrent ischemic stroke was collected whenever possible.

Statistical Analysis
The demographics and clinical characteristics according to the pres-
ence or absence of anticoagulant therapy before the index events 
were summarized as median (interquartile range [IQR]) for contin-
uous variables and as frequencies and percentages for categorical 
variables. Statistical differences between the 2 groups were assessed 
using the Mann-Whitney U test or Pearson χ2 test, as appropriate.

The cumulative incidences of the primary and secondary outcomes 
at 1 year were calculated. Univariate Kaplan-Meier survival probabili-
ties were estimated for those with and without prior anticoagulation, and 
we used the log-rank test to compare groups. We constructed univariate 
and multivariable Cox proportional hazard models with adjustments for 
age, sex, timing of NVAF detection, history of stroke, congestive heart 
failure, coronary heart disease, hypertension, diabetes mellitus, baseline 
National Institutes of Health Stroke Scale score, PT-INR, renal dysfunc-
tion, oral anticoagulant therapy at discharge, and statins at discharge. To 
account for the heterogeneity caused by unmeasured covariates among 
the centers, a shared gamma distributed frailty clustered by registering 
centers was included into the multivariable Cox models.13 In addition, 
to reduce biases between the 2 groups besides the prespecified adjust-
ing covariates, we applied inverse probability of treatment weighting 
(IPTW) with the multivariable Cox models. The propensity score for 
each group was estimated using a logistic regression model, which in-
cluded all of the 27 clinical variables other than active malignancy. A 
third-order polynomial term of PT-INR was also included (C statistics 
0.91). After calculating weight values by the IPTW estimators (1/pro-
pensity score for patients with prior anticoagulation; 1/[1−propensity 
score] for those without prior anticoagulation), weight was trimmed at 
the 5th and 95th percentiles to avoid extreme weight.14 Thereafter, data 
balancing was assessed using absolute standardized differences, most 
of which were within the margin of 0.10 after IPTW.15,16 The absolute 
standardized differences in timing of NVAF detection, history of stroke, 
and PT-INR, which were prespecified as the adjusting covariates for 
multivariable models, insistently remained >0.25.17 We assessed the 
proportional hazards assumption through visual inspection of log-log 
plots of the log cumulative hazard against log time. Hazard ratios (HR) 
with 95% CIs were calculated, and P<0.05 was considered statistically 
significant. Because hemorrhagic stroke and death could compete with 
ischemic stroke events, we constructed the Fine and Gray competing-
risks models, where the above-mentioned prespecified adjusting covari-
ates were included with IPTW.13 Missing values were accounted for by 
multiple imputations with chained equations. Inferential statistics were 
obtained from 40 imputed data sets.
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Exploratory subgroup analyses were performed on the basis of 
patient characteristics, including country, age (<65 and ≥65 years), 
sex, prestroke modified Rankin Scale score (0–1 and ≥2), timing of 
NVAF detection, vascular risk factors (hypertension and diabetes 
mellitus), past medical history (stroke, congestive heart failure, and 
coronary heart disease), baseline National Institutes of Health Stroke 

Scale score (0–10 and >10), PT-INR (<2.0 and ≥2.0), renal dysfunc-
tion, oral anticoagulant therapy at discharge (warfarin and direct oral 
anticoagulants), and statins at discharge. We undertook sensitivity 
analyses to confirm the robustness of our results by excluding patients 
without oral anticoagulation at hospital discharge. The purpose of this 
sensitivity analysis was to remove the selection bias for administering 

Figure 1. Study flow chart. CRCS-K indicates Clinical Research Collaboration for Stroke in Korea; EAST-AF, East-Asian Ischemic Stroke Patients With Atrial 
Fibrillation; and SAMURAI-NVAF, Stroke Acute Management With Urgent Risk-Factor Assessment and Improvement-NonValvular Atrial Fibrillation.
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oral anticoagulants at hospital discharge between patients with and 
without prior anticoagulation. In the subgroup and sensitivity analy-
ses, missing values were handled using a pairwise deletion method.

All statistical analyses were performed using the Stata/IC statis-
tical package (version 15.1; Stata Corp LP, College Station, TX).

Results
The study flow chart is shown in Figure 1. From the full 
cohort of 6033 patients, we excluded cases of in-hospital 
death, because its rates differed substantially between the 

Table 1. Baseline Clinical Data According to Presence or Absence of Prior Anticoagulation

Prior Anticoagulation (+)  
(n = 1129)

Prior Anticoagulation (−)  
(n = 4516) P Value

South Korea, N (%) 757 (66.8) 3726 (82.5) <0.01

Age, median (IQR), y 75 (70–80) 75 (68–82) 0.68

Female sex, N (%) 516 (45.7) 2133 (47.2) 0.35

Prestroke mRS score, median (IQR) 0 (0–2) 0 (0–1) <0.01

Body weight, median (IQR), kg 60 (50–66.8) 60 (51.8–68) <0.01

Smoking, N (%) 337 (29.9) 1403 (31.1) 0.42

NVAF known before index event, N (%) 1071 (94.9) 2151 (47.6) <0.01

Vascular risk factor, N (%)

    Hypertension 869 (76.9) 3259 (72.2) <0.01

    Diabetes mellitus 317 (28.1) 1191 (26.4) 0.24

    Hyperlipidemia 399 (35.3) 1256 (27.8) <0.01

Past clinical history, N (%)

    Stroke before index event 542 (48.0) 837 (18.5) <0.01

    Congestive heart failure 167 (14.8) 298 (6.6) <0.01

    Coronary heart disease 158 (13.9) 530 (11.7) 0.03

Prestroke antiplatelets, N (%) 235 (20.8) 1821 (40.3) <0.01

Ischemic stroke as index event, N (%) 1081 (95.8) 4398 (97.4) <0.01

Baseline NIHSS score, median (IQR) 7 (2–15) 8 (3–16) <0.01

Laboratory data, median (IQR)

    White blood cell count, /µL 7200 (5800–8900) 7600 (6100–9640) <0.01

    Hemoglobin, g/dL 13.4 (12–14.7) 13.5 (12.2–14.7) 0.01

    Platelet count, ×103/µL 187 (153–228) 196 (161–237) <0.01

    Glucose, mg/dL 124 (105–151) 124 (106–153) 0.40

    PT-INR 1.28 (1.1–1.66) 1.04 (0.99–1.1) <0.01

Renal dysfunction, N (%)* 124 (10.9) 491 (10.9) 0.91

Active malignancy, N (%)† 15 (4.0), n=375 15 (1.9), n=790 0.03

Medication at discharge, N (%)

    Antiplatelets 326 (28.9) 1482 (32.8) 0.01

    Warfarin 771 (68.3) 2796 (61.9) <0.01

    Direct oral anticoagulants 152 (13.5) 428 (9.5) <0.01

    Dabigatran 68 (6.0) 197 (4.4)  

    Apixaban 7 (0.6) 23 (0.5)  

    Rivaroxaban 77 (6.8) 208 (4.6)  

    Statins 672 (59.5) 3068 (67.9) <0.01

mRS score at discharge, median (IQR) 3 (1–4) 3 (1–4) 0.14

IQR indicates interquartile range; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; NVAF, 
nonvalvular atrial fibrillation; PT-INR, prothrombin time/international normalized ratio; and SAMURAI, Stroke Acute Management 
With Urgent Risk-Factor Assessment.

*Renal dysfunction was defined as creatinine clearance <30 mL/min.
†Only in the data from the SAMURAI-NVAF registry.
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SAMURAI-NVAF registry (2.3%) and the CRCS-K registry 
(7.4%). The cause of this difference remains unclear, but it 
might be due to differences in the timing of obtaining in-
formed consent. Three patients were excluded because of the 
absence of information about anticoagulant therapy before 
the index event. The cohort consisting of the remaining 5645 
patients was used for main analyses. The median age was 75 
years (IQR, 69–81 years), and 2649 patients (46.9%) were 
women. The median baseline National Institutes of Health 
Stroke Scale score was 8 (IQR, 3–15). At hospital discharge, 
4144 patients (73.4%) received anticoagulants.

Of the 5645 patients, 1129 patients (20.0%) had received 
anticoagulation before the index event. The demographic and 
clinical characteristics according to the presence or absence 
of prior anticoagulation are shown in Table 1. Compared with 
patients without prior anticoagulation, those with prior anti-
coagulation were less frequently from South Korea (P<0.01); 
had slightly higher prestroke modified Rankin Scale score 
(P<0.01); and more frequently had hypertension (P<0.01), 
hyperlipidemia (P<0.01), and history of stroke before the 
index event (P<0.01), congestive heart failure (P<0.01), and 
coronary heart disease (P=0.03). NVAF was known before 
the index event in most patients with prior anticoagulation 
and in half of those without prior anticoagulation (P<0.01). 
Anticoagulation at discharge was more prevalent in patients 
with prior anticoagulation than in those without prior anti-
coagulation (warfarin: P<0.01; direct oral anticoagulants: 
P<0.01). The coexistence of active malignancy was seen in 
2.6% (30/1165, only in the data from the SAMURAI-NVAF 
registry). Patients with prior anticoagulation more frequently 
had active malignancy compared with those without (P=0.03).

The 5645 patients included in the main analyses provided 
4617 patient-years of follow-up data (median follow-up 365 
days, IQR, 335–365 days). In this population, there were 190 
recurrent ischemic and 42 hemorrhagic stroke events encoun-
tered. During the follow-up period, 905 patients died. The 
cumulative incidence of recurrent ischemic stroke was 5.3% 
(60/1129) in patients with prior anticoagulation and 2.9% 
(130/4516) in those without prior anticoagulation. The unad-
justed Kaplan-Meier curves for recurrent ischemic stroke are 
shown in Figure 2A. On the log-rank test, recurrent ischemic 
strokes were more frequent in patients with prior anticoagu-
lation than in those without prior anticoagulation (P<0.01). 
In the univariate Cox proportional hazard model, the risk for 
recurrent ischemic stroke was significantly higher in patients 
with prior anticoagulation than in those without prior anti-
coagulation (crude HR, 1.82 [95% CI, 1.34–2.48]); this sta-
tistical significance was maintained in the multivariable Cox 
shared-frailty model (adjusted HR, 1.50 [95% CI, 1.02–2.21], 
model 1 in Table 2). The multivariable Cox model with IPTW 
showed a similar effect size (adjusted HR, 1.54 [95% CI, 
1.01–2.37], model 2 in Table 2). Likewise, the competing-risks 
models showed significantly higher risk for ischemic stroke 
in patients with prior anticoagulation than in those without 
prior anticoagulation (hemorrhagic stroke as competing event: 
adjusted sub-HR 1.61 [95% CI, 1.02–2.53], P=0.04; death as 
competing event: adjusted sub-HR 1.58 [95% CI, 1.03–2.42], 
P=0.03). The cumulative incidence of hemorrhagic stroke 
was 0.6% (7/1129) in patients with prior anticoagulation and 

0.8% (35/4516) in those without prior anticoagulation. The 
cumulative mortality was 14.4% (163/1129) in patients with 
prior anticoagulation and 16.4% (742/4516) in those without 
prior anticoagulation. No significant differences in the risks 
for hemorrhagic stroke and death were evident between the 
2 groups (Figure 2; Table 2). For each model, visual inspec-
tion of the log-log plots suggested that the proportional hazard 
assumption was satisfactory.

In the subgroup analysis, no significant interactions were 
seen between prior anticoagulation and any patient charac-
teristics (Figure 3). In the sensitivity analyses, the adjusted 

Figure 2.  Recurrent ischemic strokes are more frequent in patients with 
prior anticoagulation than in those without prior anticoagulation. Unad-
justed Kaplan-Meier curves for recurrent ischemic stroke (A), hemorrhagic 
stroke (B), and all-cause death (C).
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HR for recurrent ischemic strokes in patients with prior anti-
coagulation was estimated to be 1.78 (95% CI, 1.13–2.79, 
P=0.01) in the multivariable Cox shared-frailty model. The 
2 groups had similar risks for hemorrhagic stroke (adjusted 
HR, 0.83 [95% CI, 0.28–2.45], P=0.74) and all-cause death 
(adjusted HR 0.99 [95% CI, 0.75–1.29], P=0.93). The pro-
portional hazard assumption was satisfactory for each model 
in the sensitivity analyses.

The PT-INR at the time of the recurrent ischemic stroke 
was available only in patients from the SAMURAI-NVAF 
registry. The median PT-INR with warfarin at the time of the 
recurrent ischemic stroke was 1.57 (IQR, 1.21–1.74, n=26). 
The PT-INR with warfarin at the time of the recurrent is-
chemic stroke was higher in patients who were anticoagu-
lated before the index event (1.67 [IQR, 1.57–2.19], n=12) 
than in those without prior anticoagulation (1.36 [IQR, 1.15–
1.68], n=14; P=0.03). The prevalence of active malignancy 
was not significantly different between patients with recur-
rent ischemic stroke (1.6%, 1/61) and those without it (2.6%, 
29/1104; P=0.63).

Discussion
In this multinational East-Asian cohort that comprised pooled 
individual patient data from 2 prospective, observational mul-
ticenter registries of patients after NVAF-associated ischemic 
stroke or TIA indicates that the risk for future recurrent is-
chemic stroke is higher in stroke patients with prior antico-
agulation than in those without prior anticoagulation. This 
increased risk for recurrent ischemic stroke was reproduc-
ible even in the sensitivity analysis cohort, which included 
only patients who were on oral anticoagulation at hospital 
discharge. Our data indicate that developing stroke under 
anticoagulation is itself a risk factor for recurrent stroke, re-
gardless of the standard anticoagulant therapy. This finding 
has profound clinical implications, because clarification of the 
underlying mechanisms would lead to further optimization of 
preventive measures for NVAF-associated stroke, which re-
mains a devastating disorder.

Drug adherence should first be considered as an under-
lying link in our findings. In the EAST-AF registry, most 
patients with prior anticoagulation were warfarin users, and 
the PT-INR at the time of the index event in the prior anticoag-
ulation group was 1.28, which was fairly below the therapeutic 
range.2 This may have been related with insufficient warfarin 
dosage, but it also indicated poor drug adherence. Based on 
the data from the SAMURAI-NVAF registry, the PT-INR at 
the time of the recurrent ischemic stroke in patients antico-
agulated with warfarin was 1.57, which was also lower than 
the therapeutic range. However, patients who were anticoagu-
lated before the index event had higher PT-INR at the time of 
the recurrent ischemic stroke, compared with that in patients 
without prior anticoagulation. Therefore, mechanisms other 
than drug adherence should be considered; these may include 
atrial cardiomyopathy, which is histopathologically charac-
terized by variable degrees of interstitial fibrosis.18,19 King 
et al20 recently showed that severe atrial fibrosis, as quanti-
fied by cardiac magnetic resonance imaging, was associated 
with increased risk for future stroke or TIA. Stroke history 
and heart failure were reported to be independent predictors of 
thromboembolic events even in anticoagulated patients with 
NVAF.21 The higher prevalence of stroke history or congestive 
heart failure in stroke patients with prior anticoagulation may 
reflect the higher-risk profile of NVAF in this patient group.

Failed anticoagulation in NVAF may indicate the impor-
tance of searching for mechanisms other than AF, including a 
prothrombotic state, such as in patients with malignancy. In 
the data from the SAMURAI-NVAF registry, active malig-
nancy was more frequently encountered in patients with prior 
anticoagulation than in those without prior anticoagulation. 
However, the presence of malignancy was not significantly as-
sociated with recurrent ischemic stroke. In addition, the higher 
proportion of patients with hypertension, hyperlipidemia, or 
coronary heart disease suggests a greater prevalence of ather-
osclerotic pathology in the prior anticoagulation group.

Some limitations need to be considered when interpreting 
the results of the present study. First, the biases in the groups 

Table 2. Hazard Ratios for the Outcomes During Follow-Up

Crude Hazard Ratio (95% CI)
Adjusted Hazard Ratio With 

Shared Frailty (95% CI): Model 1*
Adjusted Hazard Ratio With IPTW 

(95% CI): Model 2*

Recurrent ischemic stroke

    Prior anticoagulation (−) 1 (Reference) 1 (Reference) 1 (Reference)

    Prior anticoagulation (+) 1.82 (1.34–2.48); P<0.01 1.50 (1.02–2.21); P=0.03 1.54 (1.01–2.37); P=0.04

Hemorrhagic stroke

    Prior anticoagulation (−) 1 (Reference) 1 (Reference) 1 (Reference)

    Prior anticoagulation (+) 0.77 (0.34–1.74); P =0.53 0.64 (0.24–1.69); P =0.37 0.60 (0.24–1.49); P=0.27

All-cause death†

  Prior anticoagulation (−) 1 (Reference) 1 (Reference) 1 (Reference)

    Prior anticoagulation (+) 0.85 (0.72–1.01); P=0.06 0.96 (0.79–1.18); P=0.71 0.87 (0.69–1.10); P=0.25

IPTW indicates inverse probability of treatment weighting; NIHSS, National Institutes of Health Stroke Scale; NVAF, nonvalvular atrial fibrillation; and 
PT-INR, prothrombin time/international normalized ratio.

*Adjusted for age, sex, timing of NVAF detection, history of stroke, congestive heart failure, coronary heart disease, hypertension, diabetes mellitus, 
baseline NIHSS score, PT-INR, renal dysfunction, anticoagulant therapy at discharge, and statins at discharge.

†The causes of 905 deaths during the follow-up period were stroke (6.1%), cardiovascular events (3.1%), infection (19.6%), and unclear (71.2%).
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could not be perfectly controlled, even after using multivariable 
adjustment with shared frailty and with IPTW. In particular, 
history of stroke before the index event and congestive heart 
failure were clearly more frequent in the patients with prior 
anticoagulation than in those without prior anticoagulation; 
this suggests caution when interpreting our data. However, be-
cause these biases simultaneously indicate the high-risk nature 
of the prior anticoagulation group, the clinical relevance of our 
study still remains significant. Second, the presence of unmeas-
ured confounders, including the parameters associated with is-
chemic stroke risk in NVAF (eg, sustained or paroxysmal AF, 
duration of AF, untreated obstructive sleep apnea, natriuretic 
peptides, or troponins) should be considered.8,19,22 Third, this 
study used pooled individual patient data from South Korea 
and Japan. Between the 2 countries, there are differences in 
drug indications and approved dosage of rivaroxaban, as well 

as stroke care process and health care environments.23 These 
circumstances for patients with stroke or NVAF possibly af-
fected the results in this study. Fourth, the duration of follow-up 
was relatively short. Last, the applicability of our findings to 
ethnicities other than East-Asian is unknown.

Conclusions
The risk for recurrent ischemic stroke may be higher in 
NVAF-associated stroke patients with prior anticoagulation 
than in those without prior anticoagulation.
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