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ABSTRACT

Objectives: While the short-term impact of atrial fibrillation–related stroke has been well studied,
surprisingly little is known about its long-term effect on survival.

Methods: We followed 13,559 patients with atrial fibrillation for a median of 6 years, identifying
ischemic strokes through computerized databases and validating 1,025 events. Stroke severity
was determined from hospital records. We compared survival of stroke patients with comparator
nonstroke patients (matched for age, sex, race, comorbid conditions, and time of entry into the
cohort) using proportional hazard models controlling for warfarin use and compared survival by
degree of discharge deficit.

Results: Median survival after stroke was 1.8 years compared with 5.7 years for matched nonstroke
comparators (hazard ratio [HR] 2.8, 95% confidence interval [CI] 2.5–3.2). This increased risk of all-
cause death persisted even after restricting the analysis to the 576 stroke patients who survived
6 months after the initial stroke event (HR 2.0, 95% CI 1.7–2.5, adjusting for warfarin use). Risk of
death was strongly associated with stroke severity: HR 2.9 (95% CI 2.3–3.5) for strokes resulting in
major deficits and HR 8.3 (95% CI 5.2–13.2) for strokes resulting in severe deficits compared with
matched comparators without stroke.

Conclusions: Ischemic stroke approximately triples the mortality rate in patients with atrial fibrillation.
This effect persists well beyond the immediate period poststroke and is strongly associated with disa-
bility after stroke. Stroke prevention by anticoagulation has even greater beneficial effects on survival
than usually consideredwhen focusing solely on30-daymortality rates.Neurology®2014;82:1033–1037

GLOSSARY
ATRIA 5 AnTicoagulation and Risk factors In Atrial fibrillation; CHADS2 5 Congestive heart failure, Hypertension, Age .75
years, Diabetes mellitus, and Stroke; CI 5 confidence interval; HR 5 hazard ratio; ICD-9 5 International Classification of
Diseases, Ninth revision.

Atrial fibrillation is an increasingly common medical condition, with an estimated prevalence of at
least 2.5 million people in the United States,1,2 and contributes to significant morbidity and
mortality largely by raising the risk of ischemic stroke.3 Stroke is the fourth leading cause of death
in the United States and median survival after stroke has been reported to be approximately 5 to 10
years, depending on stroke severity and patient factors.2,4–6 Strokes occurring in the setting of atrial
fibrillation result in worse neurologic deficits and higher 30-day mortality than strokes occurring in
people without atrial fibrillation.7,8 As a result, we would anticipate that long-term survival after
atrial fibrillation–related stroke would also be particularly poor. However, information on long-
term outcomes after atrial fibrillation–related stroke is relatively scarce. The objective of this
analysis was to provide precise estimates of the impact of atrial fibrillation–associated ischemic
stroke on long-term survival. Such information is needed to fully inform the decision to use
anticoagulants or other risky interventions to prevent stroke in patients with atrial fibrillation.9,10

METHODS The AnTicoagulation and Risk factors In Atrial fibrillation (ATRIA) Study is a cohort of 13,559 adults aged 18 years or

older with diagnosed atrial fibrillation enrolled in Kaiser Permanente Northern California.11 As described previously, cohort members

were identified between July 1, 1996 and December 31, 1997 by searching automated inpatient, outpatient, and ECG databases for

From the Departments of Medicine (M.C.F., A.S.G.) and Epidemiology & Biostatistics (A.S.G.), University of California, San Francisco; Division
of Research (A.S.G., N.K.P., N.U.), Kaiser Permanente of Northern California, Oakland; and Clinical Epidemiology Unit (Y.C., L.H.B., D.E.S.),
General Medicine Division, Massachusetts General Hospital, Boston.

Go to Neurology.org for full disclosures. Funding information and disclosures deemed relevant by the authors, if any, are provided at the end of the article.

© 2014 American Academy of Neurology 1033

mailto:mfang@medicine.ucsf.edu
http://neurology.org/


ICD-9 diagnoses of atrial fibrillation (427.31) and followed until

death, cohort disenrollment, or the study end date of September

30, 2003.12 Patients with diagnosed mitral stenosis, valvular

repair or replacement, transient postoperative atrial fibrillation,

or concurrent hyperthyroidism were excluded so as to focus on

“nonvalvular,” nontransient atrial fibrillation.

Identification of ischemic stroke and outcomes. To identify

stroke events, computerized hospitalization and billing databases were

searched for primary discharge diagnosis of ischemic stroke. Patients

who presented to other institutions with stroke were also identifiable

using health plan databases because Kaiser Permanente was financially

responsible for those hospitalizations. The medical records of poten-

tial events were abstracted and the events adjudicated by an outcomes

committee using a formal study protocol, with 2 physicians reviewing

the medical records for each potential event and a third physician re-

viewing cases in which the initial reviewers disagreed. If there was no

consensus on the validity of an event, an expert neurologist adjudi-

cated the event.We considered events as valid ischemic strokes if they

resulted in sudden-onset neurologic deficits that persisted for at least

24 hours that were not explained by other etiologies (such as tumor,

infection, or vasculitis). The primary outcome of the analysis, all-

cause mortality, was determined using medical chart review, health

plan databases, and the comprehensive California State death

certificate registry.

Clinical risk factors. Patient age and sex were obtained from

administrative databases. Clinical risk factors were identified by

searching for specific ICD-9–coded diagnoses based on previously

validated algorithms.11 The diagnosis of diabetes mellitus was deter-

mined through a health plan registry.13 Clinical factors were used to

calculate a CHADS2 (Congestive heart failure, Hypertension, Age

.75 years, Diabetes mellitus, and Stroke) and a CHA2DS2-VASc

(Congestive heart failure, Hypertension, Age, Diabetes mellitus,

Stroke, Vascular disease, and Sex) stroke risk score for patients

at the index date.14 Warfarin exposure at the time of stroke was

obtained through review of the admission medical records, and

longitudinal warfarin use was determined using a validated algo-

rithm that incorporated pharmacy dispensing of warfarin and serial

outpatient international normalized ratio tests.11 Data on functional

disability at the time of hospital discharge were collected by review-

ing physician, nursing, physical/occupational therapy, and social

work notes available in the medical record. Severity of functional

deficits was categorized using a modified Rankin Scale15 with the

following scores: fatal inpatient event 5 6; severe disability (i.e.,

deficits that resulted in total dependence) 5 5; major disability

(i.e., deficits that prevented independent living) 5 3 or 4; minor

disability (i.e., residual deficit that did not interfere with indepen-

dent living) 5 1 or 2; and no disability 5 0.

Statistical analysis. The primary outcome was all-cause mortality

occurring during the cohort follow-up period through September

2003. For each patient who developed a stroke, we randomly

selected a single matched comparator from among patients in the

cohort who had not developed a stroke. Stroke patients and their

comparators were matched on age (within 5 years), sex, whether

they had a stroke before entry into the cohort, and time since

entering the cohort. We also attempted to match on the following

risk factors that could contribute to differences in mortality:

hypertension, diabetes mellitus, congestive heart failure, coronary

artery disease, and history of cancer (excluding nonmelanoma skin

cancers). Ninety-eight percent of patients sustaining an ischemic

stroke were paired with nonstroke comparators who matched on

all 5 of these latter clinical features. The median survival was

determined from Kaplan-Meier curves, with the index date being

the date of stroke presentation for stroke patients. Log-rank tests

were used to compare the survival of all stroke patients and their

comparators, as well as stratify by modified Rankin Scale score at

discharge. Unadjusted hazard ratios (HRs) were calculated using

proportional hazards models, containing an indicator for patients

with stroke. We generated adjusted HRs using proportional hazards

models controlling for time-varying warfarin use during follow-up.

The analysis of subsequent survival for stroke patients who were

alive at 6 months poststroke was limited to stroke patient/nonstroke

comparator pairs who were both alive at 6 months. This excluded

7% of stroke patients who were alive at 6 months but whose

matched nonstroke comparator had died by 6 months. All analyses

were performed using SAS software, version 9.3 (SAS Institute Inc.,

Cary, NC).

Standard protocol approvals, registrations, and patient
consents. The study was approved by institutional review boards

of participating institutions. Waiver of informed consent was ob-

tained because of the nature of the study.

RESULTS The cohort consisted of 13,559 subjects
with atrial fibrillation followed for a median of 6 years,
accumulating a total of 66,754 person-years of follow-
up. There were 1,025 patients presenting with incident
ischemic stroke during follow-up. Stroke patients and
their nonstroke comparators were well matched for
age, sex, race, hypertension, diabetes mellitus,
congestive heart failure, coronary artery disease status,
history of cancer, CHADS2 stroke risk score, and
time from cohort entry to index date (table). Among
the 1,025 stroke patients, 382 (37%) were receiving
warfarin therapy at the time of their stroke, 286 (28%)
were taking aspirin therapy alone, 329 (32%) were not

Table Characteristics of 1,025 patients presenting with ischemic stroke and
1,025 matched comparator patientsa without stroke in the ATRIA atrial
fibrillation cohort

Stroke
(n 5 1,025)

No stroke
(n 5 1,025)

Age, y, mean (SD) 79 (9) 78 (8)

Females, n (%) 543 (53.0) 543 (53.0)

Nonwhite race, n (%) 139 (13.6) 131 (12.8)

Diagnosed hypertension, n (%) 722 (70.4) 725 (70.7)

Diabetes mellitus, n (%) 274 (26.7) 272 (26.5)

Prior stroke, n (%) 193 (18.8) 193 (18.8)

Chronic heart failure, n (%) 437 (42.6) 436 (42.5)

Coronary artery disease, n (%) 398 (38.8) 397 (38.7)

History of cancer, n (%) 182 (17.8) 177 (17.3)

CHADS2 stroke risk score, mean (SD) 2.5 (1.2) 2.5 (1.2)

CHA2DS2-VASc stroke risk score, mean (SD) 4.4 (1.6) 4.4 (1.6)

Time between cohort entry and index date of analysis, y,
mean (SD)

2.6 (1.9) 2.6 (1.9)

Abbreviations: ATRIA 5 AnTicoagulation and Risk factors In Atrial fibrillation; CHADS2 5

Congestive heart failure, Hypertension, Age .75 years, Diabetes mellitus, and Stroke;
CHA2DS2-VASc 5 Congestive heart failure, Hypertension, Age, Diabetes mellitus, Stroke,
Vascular disease, and Sex.
a Patients matched for age, sex, nonwhite race, hypertension, diabetes mellitus, prior stroke,
heart failure, coronary artery disease, history of cancer, and duration of follow-up between
cohort entry and index date of analysis.
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receiving antithrombotic therapy, and 3% were not
receiving warfarin and had unknown aspirin status. A
total of 64% of stroke cases and 65% of nonstroke
comparators were treated with warfarin for at least
some part of follow-up.

Thirty-daymortality after ischemic stroke was 24.7%.
By 1 year, 40.3% (95% confidence interval [CI] 37.3%–

43.5%) of stroke patients had died, 51.9% (95% CI
48.7%–55.1%) by 2 years, and 72.8% (95% CI
69.4%–76.1%) by 5 years (figure 1A). Median survival
was 1.8 years (95% CI 1.6–2.1 years) after stroke. For
matched nonstroke comparators, the median survival was
5.7 years (95% CI 5.1–6.2 years).

The HR for death comparing patients sustaining
an ischemic stroke with matched nonstroke compara-
tors was 2.6 (95% CI 2.3–3.0). After controlling for
warfarin exposure during follow-up, the HR for death

associated with stroke was largely unchanged at 2.8
(95% CI 2.5–3.2). This increased risk of all-cause
death associated with stroke persisted even after we
restricted the analysis to the 576 stroke patients and
their matched controls who survived 6 months after
the initial stroke event (figure 1B) (HR 2.0, 95% CI
1.7–2.5, adjusting for warfarin use).

Of the 1,002 subjects who had documented func-
tional status at discharge, 13% died in hospital, 9%
had severe deficits at the time of discharge, 37% had
major deficits, 38% had minor deficits, and 4% had
no deficits. Severity of stroke was strongly associated with
subsequent survival. Subjects with minor or no deficits
after stroke had only slightly worse survival compared
with patients without stroke (HR 1.7, 95% CI 1.3–
2.1; figure 2A). In contrast, survival was dramatically
worse with more severe strokes: compared with subjects
without stroke, stroke patients with major deficits had an
HR of death of 2.9 (95% CI 2.3–3.5) and those with
severe deficits had an HR of 8.3 (95% CI 5.2–13.2)
(figure 2, B and C). These HRs were all adjusted for
warfarin use during follow-up.

DISCUSSION Numerous studies have documented
the heightened risk of ischemic stroke in patients with
atrial fibrillation and the augmented severity of atrial
fibrillation–associated strokes, including increased
30-day mortality.7,8,16,17 However, relatively few studies
have focused on the impact of such events on longer-
term survival. Precise estimates of longer-term survival are
needed to fully inform decisions to use risky therapies,
such as anticoagulants, to prevent stroke.9 Our study
finds that ischemic stroke nearly triples the risk of
death in patients with atrial fibrillation, even after
controlling for multiple other factors that might
contribute to mortality by tight matching on covariates
supplemented by regression modeling. Our analysis of
the longer-term outcomes after stroke demonstrates that
the negative consequences of stroke on survival persist far
beyond the immediate event. Specifically, the median
survival of ATRIA cohort members sustaining an
ischemic stroke was less than 2 years. In comparison,
the median survival of cohort members who had
not sustained an ischemic stroke but were otherwise
matched for age, sex, and multiple comorbid
conditions was 5.7 years. Adjusting for warfarin use
poststroke had little effect on our findings. There was a
clear negative impact of stroke on survival even among
patients who had survived 6 months after the stroke.

The poor survival that we observed after atrial
fibrillation–related ischemic stroke is considerably worse
than the survival reported for patients after stroke from all
causes.18–20 In a general, predominantly non–atrial fibril-
lation population, 1-year mortality after ischemic stroke
ranged from approximately 2% to 29% depending on
patient factors.4,18,20–22 In contrast, among ATRIA atrial

Figure 1 Survival of patients with ischemic stroke compared with matched
controls

(A) Survival of 1,025 atrial fibrillation patients with ischemic stroke compared to 1,025
matched comparators without stroke. (B) Survival of 576 patients with ischemic
stroke who survived $6 months after stroke presentation compared to 576 matched
comparators.
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fibrillation cohort members sustaining an ischemic stroke,
40% had died within 1 year after their stroke event.

In our study, long-term survival after an ischemic
stroke was strongly correlated with the severity of the
stroke. For those with no or minor deficits poststroke,
survival was only modestly worse than that for non-
stroke matched comparators. However, as the func-
tional deficits increased, the mortality rates increased
markedly. Such findings have been observed in other
studies of stroke in the general population.5,6 This asso-
ciation between long-term survival and stroke severity
provides strong evidence that later deaths poststroke
are, at least in part, attributable to the stroke events
themselves. In many studies, “fatal” stroke is limited
to deaths within 30 days of the stroke event.23,24 Our
results make clear that the impact of stroke on survival
extends far beyond the initial 30-day period.16,25,26

There are several limitations to our analysis.
Although we successfully matched for multiple clinical
factors related to mortality risk, we did not have meas-
ures of the severity of these comorbid conditions. We
included warfarin use as a poststroke variable but did
not assess anticoagulation control. Also, other unmea-
sured confounders may have affected our estimates of
mortality risk and we lacked measures of initial stroke
severity, such as the NIH Stroke Scale. We did not have
clinical information on the cause of death after hospital
discharge. As a result, we could not directly link later
deaths to the functional deficits resulting from stroke.
However, the strong association between discharge defi-
cit and subsequent risk of death supports such a relation-
ship across the entire ATRIA population sustaining an
ischemic stroke.

Ischemic stroke nearly triples the risk of death in
patients with atrial fibrillation, with more than half
of patients dying within 2 years after the event. Impor-
tantly, the negative effect of stroke on survival persists
far beyond the initial event, demonstrating that 30-day
case fatality rates are a conservative estimate of the
effect of stroke on survival. Our findings quantify addi-
tional negative health effects of stroke among patients
with atrial fibrillation and further highlight the impor-
tance of preventing stroke in the first place and reduc-
ing the severity of strokes that do occur, primarily
through the judicious use of anticoagulant therapy.16,26
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(C) Survival comparison of 88 stroke patients with severe deficits at discharge to 88
matched comparator patients without stroke.
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