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Atrial fibrillation (AF) is the most common cardiac ar-
rhythmia, affecting an estimated 3 to 6 million people in 

the United States.1,2 The prevalence of AF is expected to rise 
with the aging population and reach 12 million by 2030.1 AF is 
associated with a 4- to 5-fold increased risk of ischemic stroke, 
and the proportion of strokes attributable to AF increases with 
advancing age, ranging from ≈10% overall to 24% in those 
aged 80 to 89 years.1,3,4 The burden of stroke is substantial be-
cause it is a leading cause of functional impairment.4 Effective 

prevention remains the best approach to limit stroke burden. 
Oral anticoagulation therapy with direct-acting oral antico-
agulants (DOACs) is the current standard of care for stroke 
prevention in patients with nonvalvular AF (NVAF).5

Patients with AF experience particularly high stroke-
related disease burden. They are 3 to 4 times more likely to 
suffer severe strokes and have greater initial functional impair-
ment compared with patients with normal sinus rhythm.6,7 For 
patients with AF, risks of 1-year disability and 1-year mortality 
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after stroke are twice those of non-AF–related strokes; hospital 
stays are longer and acute and long-term costs are higher.6,7

Rivaroxaban, a factor Xa inhibitor used in clinical practice 
since its approval in November 2011,8 has increasing use in 
patients with existing and newly diagnosed AF.9 Results from 
clinical and observational studies support the efficacy and safety 
of rivaroxaban in this population, including better effectiveness 
than warfarin for preventing stroke or systemic embolism.9,10 
In the noninferiority clinical trial, ROCKET-AF (Rivaroxaban 
Once Daily Oral Direct Factor Xa Inhibition Compared With 
Vitamin K Antagonism for Prevention of Stroke and Embolism 
Trial in Atrial Fibrillation), secondary end points of all-cause 
mortality and stroke severity were favorably impacted by 
rivaroxaban versus warfarin.11 It is important to note, how-
ever, that treatment with warfarin in the clinical trial setting 
is well controlled, with medication reminders, coagulation 
testing, and associated dose adjustments. This contrasts with 
the real-world setting, in which studies show that international 
normalized ratio (INR) monitoring is not routinely performed 
in warfarin-treated patients and approximately two-thirds of 
patients have poor INR (<2) control.12–14 Warfarin’s narrow 
therapeutic range, broad dose-response variability, and food 
and drug interactions pose challenges to anticoagulation main-
tenance.15 Patients with NVAF and INR <2 have an increased 
risk of death or developing such cardiovascular-related events 
as acute coronary syndrome, ischemic stroke, transient is-
chemic attack, and systemic embolism compared with those 
with INR of 2 to 3.13,14 The need for constant INR monitoring 
and the potential consequences of poor anticoagulation main-
tenance in warfarin-treated patients pose a substantial burden.

Since the introduction of DOACs in 2010, few studies on 
the effectiveness of anticoagulation therapy have included 
stroke severity as an outcome measure. However, it is impor-
tant to understand how anticoagulants protect patients not just 
from stroke but also from more severe strokes that lead to poor 
functional outcomes. Stroke severity, as assessed using the 
National Institutes of Health Stroke Scale (NIHSS), is a strong 
predictor of outcome. In the clinical trial setting, a score of 16 
or higher (moderately severe to severe stroke) was found to 
predict a high probability of death or severe disability.16

Using integrated claims and electronic health record 
data, we found mortality risk to be significantly higher 
(≥100-fold) among patients with more severe stroke com-
pared with patients without stroke.17 Although the absence 
altogether of anticoagulant therapy has been associated with 
higher NIHSS scores, few studies compare the effective-
ness of specific anticoagulation therapies on the reduction in 
stroke risk by severity.

Because NIHSS scores are absent from administrative 
claims databases, machine learning models have been used 
to predict risks of stroke and stroke outcomes.18–20 We have 
previously developed and validated an imputed NIHSS score 
methodology using machine learning algorithms and predic-
tive modeling that was based on features identified in claims 
and electronic health record databases.21,22

For comparison to clinical trial findings, specifically the 
ROCKET-AF trial in which stroke severity was an outcome 
measure, the objective of this study was to understand, in a 
real-world setting, the effects of rivaroxaban and warfarin on 

stroke outcomes, overall and by stroke severity, using imputed 
NIHSS scores.

Methods
Data for this study were available to the authors via third-party li-
cense from Optum, a commercial data provider in the United States, 
and Janssen Pharmaceuticals, which has a license for analysis of the 
de-identified Optum Clinformatics Extended Data Mart—Date of 
Death Database. As such, the authors cannot provide the raw data; 
however, other researchers may access the data by purchase through 
Optum, and the inclusion criteria specified in the methods would 
allow them to identify the same cohort of patients. Interested indi-
viduals may visit www.optum.com/contact.html for more informa-
tion on accessing Optum Clinformatics Extended Data Mart—Date 
of Death Database.

Study Design
This retrospective cohort study was based on an intent-to-treat anal-
ysis of patients from July 1, 2011 to December 31, 2017, using the 
database comprising longitudinal claims data from United Healthcare 
fully insured patients, United Healthcare administrative services only, 
Medicaid, and legacy Medicare Choice membership and claims. Data 
available include integrated enrollment and medical and prescription 
claims data for ≈80 million unique de-identified members since 2000, 
most recently updated December 2017. The dataset complies with 
Health Insurance Portability and Accountability Act regulation and is 
managed according to Optum customer data use agreements.

Study Population
To ensure accurate identification of patients with NVAF, we required 
them to have ≥2 NVAF diagnoses that were ≥1 week apart during the 
period from January 1, 2012 through December 30, 2017. Patients 
also had continuous health plan enrollment (≥6 months before NVAF 
diagnosis) and were started on treatment with either rivaroxaban or 
warfarin as the first anticoagulant treatment within 30 days following 
the initial diagnosis of NVAF. Patients were also required to have 
a CHA

2
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2
-VASc score ≥2, and 2 consecutive prescriptions of ei-

ther index treatment that were ≤45 days apart. Patients were excluded 
if they had a primary stroke diagnosis, had a diagnosis of transient 
AF, or were treated with an oral anticoagulant other than the index 
treatment before index date, defined as the initiation date of either 
rivaroxaban or warfarin treatment. The treatment period was defined 
as the period between index date and the earliest occurrence of either 
study outcome, the end of the study period, the end of healthcare 
enrollment, or the discontinuation or switch of the index treatment.

Patients were followed from index date until the earliest occurrence 
of a primary inpatient diagnosis of stroke, death, the end of health plan 
enrollment, or the end of the study. The first primary stroke diagnosis 
for ischemic or hemorrhagic stroke was identified using International 
Classification of Diseases (ICD)-9 and ICD-10 codes (ischemic: ICD-
9: 433.01, 433.11, 433.21, 433.31, 433.81, 433.91, 434.01, 434.11, 
434.91, 436; ICD-10: I63; transient ischemic attack: ICD-9: 435; ICD-
10: G45.9; or hemorrhagic: ICD-9: 431; ICD-10, I61).

Although the NIHSS scoring measurement is widely accepted and 
is typically included as free text in physicians’ notes, NIHSS scores 
are not readily available in structured claims data.13 For the purposes 
of this study, NIHSS scores were imputed as described previously21,22 
by machine learning algorithms using a random forest method among 
newly diagnosed patients with stroke. Briefly, 1505 patients from the 
de-identified Optum integrated databases of electronic health record 
and claims sources, who had an inpatient stroke diagnosis and NIHSS 
scores, were used to generate a predictive model based on a total of 
1268 initial features derived from claims data. Subsequently, a final 
model was developed with the 127 most clinically relevant predictors 
to impute NIHSS scores for all patients with stroke.

The model for NIHSS imputation seems to be a valid proxy for 
stroke severity in patients with a primary stroke diagnosis. Sung et 
al23 recently also generated a predictive model for NIHSS using the 

www.optum.com/contact.html
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Taiwan’s National Health Insurance claims database. We found that 
our predictive model achieved similar performance to theirs (Pearson 
correlation coefficient between imputed and true NIHSS scores; 0.76, 
Sung et al and 0.73, Kogan et al).21,22 Further, the Sung et al24 model 
was more recently externally validated using a second dataset.

In the present analysis, NIHSS scores were classified into 3 cat-
egories of severity: 1 to <5 (minor), 5 to <16 (moderate), 16 to 42 
(severe). All-cause mortality was assessed at any time following treat-
ment initiation, at any time poststroke, and within 30 days poststroke.

Statistical Analysis
The inverse probability of treatment weighting method25 was used 
to balance the difference in baseline characteristics between patients 
initiating rivaroxaban and those with warfarin treatment. Specifically, 
the propensity score (PS), representing treatment probability, was 
first estimated by regressing treatment assignment (ie, rivaroxaban) 
against baseline risk factors including age, sex, baseline Quan-
Charlson comorbidity index, residence regions, health insurance 
type, health plan type, baseline CHA

2
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2
-VASc score, baseline 

HAS-BLED score, and presence of other baseline risk factors, in-
cluding hypertension, diabetes mellitus, hyperlipidemia, obesity, cor-
onary artery disease, and heart failure. Then, the Cox proportional 
hazard regression model was weighted by the inverse propensity 
score (rivaroxaban: 1/[propensity score]; warfarin: 1/[1–propensity 
score]), comparing risk for developing stroke (overall and by stroke 
severity) and all-cause mortality (at any time following treatment 
initiation, poststroke diagnosis, and within 30 days of stroke diag-
nosis) in patients who initiated rivaroxaban versus those who initiated 
warfarin (reference). Kaplan-Meier estimates were used to evaluate 
the timing of occurrence of stroke and all-cause mortality outcomes. 
Finally, subgroup analyses were performed by treatment duration (<9 
and ≥9 months) and prior renal disease status.

Results
In total, 6876 rivaroxaban-initiated and 13 597 warfarin- 
initiated patients were included in the study. Following inverse 
probability of treatment weighting, the 2 groups were well bal-
anced, with standardized differences for all baseline character-
istics being ≤5%. Both weighted cohorts had an average age of 
75 years, a CHA

2
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2
-VASc score of 3.8, a HAS-BLED score 

of 2.4, and had similar distributions of AF risk factors (Table 1).
The rates for successful follow-up during the 6-month and 

1-year periods were 83% and 64% for the rivaroxaban cohort 
and 88% and 74% for the warfarin cohort. During a mean 
(interquartile range) follow-up of 23 (9–36) months in the 
rivaroxaban cohort and 29 (8–46) months in the warfarin co-
hort, 175 (1.33/100 patient-years [PY]) rivaroxaban and 536 
(1.66/100 PY) warfarin patients developed stroke (Figure). 
Compared with warfarin patients, rivaroxaban patients had a 
19% risk reduction (hazard ratio [HR], 0.81 [95% CI, 0.73–
0.91]) for stroke overall. Analysis by stroke severity revealed 
that rivaroxaban cohort was associated with a 48% lower risk 
(HR, 0.52 [95% CI, 0.33–0.82]) for severe stroke and 19% 
lower risk (HR, 0.81 [95% CI, 0.68–0.96]) for minor stroke 
(Figure). Risk for moderate stroke was not statistically differ-
ent between treatment cohorts. Moreover, the Kaplan-Meier 
estimate showed that the percentages of stroke-free patients at 
12, 36, and 48 months were 99%, 96%, and 95% in the rivar-
oxaban cohort and 98%, 95%, and 94% in the warfarin cohort 
(log-rank P<0.05; see the online-only Data Supplement).

A total of 301 (2.26/100 PY) and 1173 (3.55/100 PY) 
patients died during follow-up in the rivaroxaban and warfarin 
cohorts, respectively, representing a 20% reduction in risk 

of all-cause mortality following treatment initiation among 
rivaroxaban-treated patients (HR, 0.80 [95% CI, 0.74–0.86]; 
Figure). Following stroke diagnosis, a total of 41 (0.31/100 
PY) patients died in the rivaroxaban cohort and a total of 147 
(0.44/100 PY) died in the warfarin cohort, reflecting a 24% 
risk reduction (HR, 0.76 [95% CI, 0.61–0.95]) in rivaroxaban-
treated patients. A total of 12 (0.09/100 PY) patients in the 
rivaroxaban cohort and a total of 67 (0.20/100 PY) patients 
in the warfarin cohort died within the first 30 days follow-
ing stroke, which also reflects a significant risk reduction of 
59% (HR, 0.41 [95% CI, 0.28–0.60]) in 30-day poststroke 
mortality for rivaroxaban relative to warfarin cohort (Figure). 
Additionally, according to the Kaplan-Meier estimates, the 
percentages of patients who remained alive at 12, 36, and 
48 months were 98%, 94%, and 91% in the rivaroxaban co-
hort and 96%, 90%, and 87% in the warfarin cohort (log-rank 
P≤0.05; see the online-only Data Supplement).

We also conducted a sensitivity analysis by restricting 
patients with 1-year follow-up (mean, 10 months; interquar-
tile range, 10–12 months). In rivaroxaban-treated patients as 
compared with warfarin-treated patients, we found similar 
risk reductions of 24% (HR, 0.76 [95% CI, 0.65–0.89]) for 
stroke overall and 35% (HR, 0.65 [95% CI, 0.57–0.74]) for 
all-cause mortality posttreatment initiation.

Subgroup Analysis by Treatment Duration
To assess if the duration of anticoagulation treatment had an 
impact on study outcomes, we performed a subgroup analysis 
of patients who were treated for less than or more than the me-
dian anticoagulation treatment duration of 9 months (Table 2). 
Although in both duration groups, the rivaroxaban cohort 
showed greater risk reductions compared with warfarin for 
most outcomes, the longer duration group showed the most 
pronounced risk reductions in the rivaroxaban cohort for se-
vere stroke (HR, 0.15 [95% CI, 0.05–0.47]), poststroke mor-
tality (HR, 0.49 [95% CI, 0.33–0.75]), and 30-day poststroke 
mortality (HR, 0.32 [95% CI, 0.17–0.62]).

Finally, risk reduction for overall stroke in the rivaroxa-
ban cohort was 21% (HR, 0.79 [95% CI, 0.62–1.01]) among 
patients with prior renal disease and 18% (HR, 0.82 [95% CI, 
0.73–0.93]) among those with no renal disease. Similarly, risk 
reduction for all-cause mortality in the rivaroxaban cohort was 
31% (HR, 0.69 [95% CI, 0.59–0.81]) among those with prior 
renal disease and 14% among those without prior renal di-
sease (HR, 0.86 [95% CI, 0.78–0.94]).

Discussion
This retrospective claims-based cohort study of patients with 
NVAF compared stroke-related risks associated with anticoag-
ulant treatment with either rivaroxaban or warfarin. Our anal-
ysis found that, relative to warfarin-treated patients, patients 
who initiated rivaroxaban had significantly lower risks for 
stroke, specifically for minor and severe strokes. In addition, 
there was significant risk reduction in rivaroxaban-treated 
patients for death at any time following treatment initiation, at 
any time poststroke diagnosis, and within 30 days poststroke 
diagnosis. Most risk reductions were more pronounced for 
patients who received rivaroxaban for 9 months or longer.

https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.119.025554
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Stroke and Stroke Severity Outcomes
In this study, rivaroxaban treatment in patients with NVAF 
was associated with ≈20% reduction in stroke risk. In agree-
ment with our findings, several other observational studies 

have also shown the benefits of DOACs over warfarin in stroke 
prevention among patients with AF. A retrospective cohort 
study of Medicare population has shown that rivaroxaban-
treated patients had 25% risk reduction for stroke/systemic 

Table 1. Unweighted and Weighted Baseline Characteristics in Patients Treated With Rivaroxaban (N=6876) and Warfarin (N=13 597)

Unweighted Unweighted 
Standardized 

Difference

Weighted Weighted 
Standardized 

DifferenceRivaroxaban Warfarin Rivaroxaban Warfarin

Age, y, mean (SD) 73 (9.0) 76 (8.0) 31.2% 75 (8.4) 75 (8.4) 1.1%

Age category, n (%)

    18–65 y 2874 (42%) 4975 (37%) 10.7% 2360 (11%) 2371 (12%) 0.5%

    66–75 y 1164 (17%) 1254 (9%) 23.0% 7794 (38%) 7816 (38%) 0.8%

    ≥76 y 2838 (41%) 7368 (54%) 26.1% 10 442 (51%) 10 244 (50%) 1.1%

Gender, n (%)

    Female 3430 (50%) 6735 (50%) 0.7% 10 175 (49%) 10 155 (50%) 0.6%

Health insurance type, n (%)

    Commercial 1711 (25%) 1524 (11%) 36.1% 3194 (16%) 3184 (16%) 0.2%

    Medicare 5165 (75%) 12 073 (89%)  17 402 (84%) 17 247 (84%)  

Quan-Charlson comorbidity score, 
mean (SD)

1.44 (1.8) 1.85 (2.0) 21.7% 1.71 (1.9) 1.73 (1.9) 1.1%

Quan-Charlson comorbidity score category, n (%)

    ≤3 6134 (89%) 11 300 (83%) 17.7% 17 440 (85%) 17 380 (85%) 1.1%

    >3 742 (11%) 2297 (17%)  3156 (15%) 3051 (15%)  

CHA
2
DS

2
-VASc score, mean (SD) 3.53 (1.2) 3.9 (1.3) 31.7% 3.8 (1.2) 3.8 (1.3) 5.1%

AF risk factors, n (%)

    Hypertension 5899 (86%) 11 210 (82%) 9.17% 17 190 (83%) 17 072 (84%) 0.3%

    Diabetes mellitus 2686 (39%) 5361 (39%) 0.75% 8121 (39%) 8017 (39%) 0.4%

    Hyperlipidemia 4345 (63%) 8279 (61%) 4.75% 12 718 (62%) 12 604 (62%) 0.1%

    Obesity 1065 (15%) 1551 (11%) 11.99% 2627 (13%) 2588 (13%) 0.3%

    Coronary artery disease 2064 (30%) 4885 (36%) 12.60% 7008 (34%) 6950 (34%) 0.02%

    Heart failure 1477 (21%) 4145 (30%) 20.64% 5733 (28%) 5629 (28%) 0.6%

HAS-BLED score, mean (SD) 2.3 (0.9) 2.4 (0.9) 16.3% 2.4 (0.9) 2.4 (0.9) 2.6%

AF indicates atrial fibrillation.

No. Cases (Incidence/100 Patient-Years)
Rivaroxaban Warfarin Hazard Ratios 

(95% Cl) vs Warfarin
Hazard Ratio

(95% CI)

Stroke overall 0.81 (0.73–0.91)

   Severe stroke (NIHSS 16–42) 0.52 (0.33–0.82)

Moderate stroke (NIHSS 5 to <16) 0.94 (0.79–1.11)

Minor stroke (NIHSS 1 to <5) 0.81 (0.68–0.96)

Mortality following treatment initiation 0.80 (0.74–0.86)

Poststroke mortality 0.76 (0.61–0.95)

30-d poststroke mortality

536 (1.66)

39 (0.12)

204 (0.63)

215 (0.66)

1173 (3.55)

 147 (0.44)

67 (0.20)

175 (1.33)

10 (0.08)

72 (0.55)

67 (0.51)

301 (2.26)

41 (0.31)

12 (0.09) 0.41 (0.28–0.60)

Favors rivaroxaban Favors warfarin

0.4 0.6 0.8 1.41.2 1.60.20 1.0

Figure. Comparative effectiveness of rivaroxaban vs warfarin. NIHSS indicates National Institutes of Health Stroke Scale.
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embolism.26 Another claims-based study has reported ≈40% 
risk reduction with rivaroxaban use, relative to warfarin, for 
development of ischemic or intracranial hemorrhage.27 Similar 
results were also observed when other DOACs were compared 
with warfarin, showing ≈60% risk reduction of stroke/sys-
temic embolism26 and intracranial hemorrhage.27 Moreover, a 
Canadian population-based study has supported risk reduction 
for the combined outcomes of stroke and mortality with the 
use of any DOACs (apixaban, rivaroxaban, and dabigatran) 
versus warfarin.28

Although warfarin treatment has been associated with less 
severe neurological deficits and favorable prognosis,14,29 less 
is known about the relationship between DOAC treatment and 
stroke severity. Our findings of ≈50% risk reduction for severe 
stroke with rivaroxaban relative to warfarin use are in line with 
results from the ROCKET-AF clinical trial30 demonstrating that 
stroke severity was favorably impacted by treatment with a DOAC 
(HR, 0.77 [95% CI, 0.52–1.14]).31 In contrast, the ENGAGE 
AF-TIMI 48 trial (Effective Anticoagulation with Factor Xa Next 
Generation in Atrial Fibrillation–Thrombolysis in Myocardial 
Infarction 48) failed to show the protective effects of edoxaban 
against disabling and fatal strokes (as defined by the modified 
Rankin Scale score ≥3), with annual rates of 0.71% for warfarin 

and 0.69% and 0.80% for high-dose and low-dose edoxaban, re-
spectively.32 The impact of other DOACs (eg, apixaban) on stroke 
severity has not been reported. Limited evidence is available in 
the literature on the association of DOACs and stroke severity.

Mortality Outcomes
The current study found significant risk reductions in all-cause 
mortality. Specifically, our study has shown more risk reduc-
tion (≈60%) in early poststroke mortality, suggesting the pro-
tection of death is likely attributable to stroke-related death. 
The ROCKET-AF trial secondary end point of stroke-related 
mortality also suggested that the rivaroxaban cohort had a 
lower event rate for all-cause mortality (HR, 0.85 [95% CI, 
0.70–1.02]) and stroke-related mortality (HR, 0.71 [95% CI, 
0.49–1.03]).11 According to the ROCKET-AF trial, the majority 
of deaths (72%) were cardiovascular in nature, with only 6% 
classified as due to nonhemorrhagic stroke or systemic em-
bolism.33 Several observational studies and clinical trials have 
compared other DOACs to warfarin for mortality risk. A Danish 
registry study of patients treated with warfarin and dabigatran, 
respectively, showed that mortality was significantly lower for 
dabigatran (P<0.05).34 A meta-analysis of 4 randomized trials, 
including DOACs (RE-LY [dabigatran], ROCKET-AF [rivar-
oxaban], ARISTOTLE [apixaban], and ENGAGE AF-TIMI 48 
[edoxaban]), reported significantly lower mortality risk than 
warfarin. The 4 patient cohorts varied considerably in baseline 
risk factors of stroke, with ROCKET-AF having the higher mean 
CHA

2
DS

2
 score (3.5) versus RE-LY and ARISTOTLE (means 

of 2.1–2.2) and lowest median time in therapeutic range for 
warfarin (58% for ROCKET-AF versus 66% to 68% for other 
trials).35 The CHA

2
DS

2
-VASc in this study were 3.76 to 3.82, 

which is similar to what was observed in the ROCKET-AF trial. 
This highlights the importance of real-world evidence from 
nonselected patients in uncontrolled settings in determining the 
effectiveness of therapy received in typical clinical care.

Unlike most claims-based studies, the current study was 
able to assess risk for stroke severity within a population re-
flective of routine clinical practice. Historically, challenges in 
capturing stroke severity scores from claims databases have 
limited studies to analyze such relationships. By using a ma-
chine learning technique, we were able to impute NIHSS 
scores and compare stroke severity and outcomes for 2 treat-
ments. To our knowledge, our study is one of the first to re-
port stroke risk by severity using NIHSS cutoff imputed by a 
machine learning method. The current study’s observational 
design also allowed for a large sample population over a long 
follow-up time, representative of routine clinical practice. 
Additionally, our study went beyond overall mortality assess-
ment by showing more protection of rivaroxaban relative to 
warfarin in early (ie, 30-day) poststroke mortality.

This study has several limitations. As with most database 
research, administrative claims data may not be an accurate 
comparison to a prospective study design. Our study also does 
not provide a measure of adherence and persistence to antico-
agulant therapy, anticoagulant control (INR for warfarin), or 
other cardiovascular event prevention strategies. Nevertheless, 
inverse probability of treatment weighting modeling was used 
to balance the baseline characteristics between the 2 treatment 
cohorts to reduce the impact of confounding factors.

Table 2. Comparative Effectiveness of Rivaroxaban vs Warfarin (Reference 
Group), by Treatment Duration

Outcome

Rivaroxaban Warfarin

Hazard Ratio  
(95% CI)

No. Cases (Incidence/100 
Patient-Years)

Stroke (overall)

    <9 mo 115 (2.43) 318 (2.61) 0.92 (0.80–1.05)

    ≥9 mo 60 (0.72) 218 (1.08) 0.67 (0.56–0.80)

Stroke by severity

    Minor stroke (NIHSS, 1 to <5)

     <9 mo 44 (0.93) 131 (1.08) 0.89 (0.72–1.11)

     ≥9 mo 23 (0.27) 84 (0.42) 0.69 (0.51–0.93)

    Moderate stroke (NIHSS, 5 to <16)

     <9 mo 44 (0.93) 121 (0.99) 0.99 (0.79–1.23)

     ≥9 mo 28 (0.33) 83 (0.41) 0.88 (0.66–1.16)

    Severe stroke (NIHSS, 16–42)

     <9 mo 9 (0.19) 23 (0.19) 0.81 (0.47–1.38)

     ≥9 mo 1 (0.01) 16 (0.08) 0.15 (0.05–0.47)

   Mortality posttreatment initiation

     <9 mo 172 (3.52) 674 (5.35) 0.78 (0.71–0.87)

     ≥9 mo 129 (1.53) 499 (2.44) 0.83 (0.74–0.93)

   Mortality poststroke

     <9 mo 30 (0.61) 92 (0.73) 0.94 (0.73–1.23)

     ≥9 mo 11 (0.13) 55 (0.27) 0.49 (0.33–0.75)

   30-d poststroke mortality

     <9 mo 8 (0.16) 39 (0.31) 0.48 (0.30–0.79)

     ≥9 mo 4 (0.05) 28 (0.14) 0.32 (0.17–0.62)

NIHSS indicates National Institutes of Health Stroke Scale.
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This study showed risk reduction with rivaroxaban treat-
ment in stroke overall and across all but the moderate stroke 
category. A possible explanation for the nonsignificant risk re-
duction for moderate stroke is insufficient power, given that 
the occurrence of stroke is so rare in this study population of 
patients with NVAF taking anticoagulants.

With any anticoagulant use, unwanted bleeding rarely 
occurs. Although our study did not assess complications asso-
ciated with organ-related bleeding as its focus was on stroke 
outcomes and not bleeding risk, it did include intracranial 
hemorrhage as a stroke outcome. Because too few intracra-
nial hemorrhage events occurred to produce meaningful anal-
ysis (≈10% of total stroke events), intracranial hemorrhage 
events were combined with all other stroke types. Reasons for 
treatment discontinuation or switching are not directly avail-
able via claims data. However, neither treatment appeared to 
be stopped more often than the other, as the distributions for 
continuous treatment duration were similar for the 2 cohorts. 
Finally, findings from the current study apply only to preven-
tion of a first stroke, thereby limiting the generalizability of 
findings to prevention of strokes other than first stroke.

In summary, this study showed risk reduction of stroke 
and mortality among patients with NVAF who were treated 
with rivaroxaban versus warfarin. Patients with AF impose 
a particularly high stroke-related disease burden relative to 
those without AF and are more likely to suffer severe strokes 
leading to greater disability and mortality.6 Therefore, under-
standing the importance of anticoagulant treatment choice in 
this population in a real-world setting is critical to optimizing 
patient access to the most effective treatments.

Conclusions
After the initial diagnosis of AF, patients treated with rivarox-
aban versus warfarin had significant risk reduction for stroke, 
especially severe stroke, and all-cause mortality after a stroke. 
To our knowledge, this is the first study to show the associ-
ation between anticoagulation treatments and stroke severity 
and mortality using a large administrative database. NVAF 
patients initiating anticoagulant treatment with rivaroxaban 
showed significant risk reduction relative to warfarin, both in 
stroke overall and in severe stroke, and lower mortality. Also, 
longer anticoagulation treatment with rivaroxaban showed 
significantly better protection from stroke and mortality rel-
ative to warfarin. This study’s findings may help healthcare 
providers choose more effective treatments for managing their 
patients with NVAF, which may improve stroke prevention, 
optimize functional outcomes secondary to risk reduction of 
severe stroke, and reduce mortality from stroke.
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