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Background: Atrial fibrillation (AF) is a common arrhythmia and a major risk factor for stroke.
Aims: To assess whether AF in patients with acute ischaemic stroke is associated with severe stroke and
early death.
Materials/methods: Patients with acute ischaemic stroke (15 831) who were registered in the Japan
Multicenter Stroke Investigators’ Collaboration registry were analysed. The AF group comprised 3335
(21.1%) patients (median age, 75 years) and the non-AF group comprised 12 496 (78.9%) patients
(median age, 70 years). The association between AF and severe stroke and early death was investigated
by means of multivariate logistic regression analysis.
Results: The admission National Institutes of Health Stroke Scale (NIHSS) score of the AF group was higher
than that of the non-AF group (median, 12 v 5; p , 0.0001). Multivariate logistic regression analyses
found that female sex, advanced age, AF, and a history of stroke were independent factors associated with
severe stroke (NIHSS score, > 11). The mortality rate within 28 days after admission was 11.3% in the AF
group and 3.4% in the non-AF group (p , 0.0001). Multivariate logistic regression analyses identified
older age, AF, and NIHSS score at admission as independent factors associated with early death.
Conclusion: AF was a predictive factor for severe stroke and early death in acute ischaemic stroke. Careful
cardiac evaluation and appropriate treatment are needed to improve outcome in patients with acute stroke
and AF.

A
trial fibrillation (AF) is a common arrhythmia that is
associated with a high risk of stroke, particularly
cardioembolic stroke.1 AF carries an annual risk of

thromboembolic complications of 3–6%, which is five to
seven times greater than that of controls with sinus
rhythm.2–4 AF is present in 15–21% of patients affected by
stroke.5–11 In a clinical study in Hokkaido, a northern part of
Japan, the incidence of ischaemic events in 20 000 patients
with AF, who were followed up in cardiovascular clinics, was
4.6% during a 1.7 year follow up period.12

Patients with AF have an increased risk of major, disabling
stroke, often caused by large infarctions in the middle cerebral
artery territory.13–15 Some studies demonstrated that AF was
associated with an increased risk of death in the first four weeks
after stroke.5 16 This associationwas explained by several factors,
including the advanced age in stroke patients with AF, large
infarction, severe neurological deficits, and poor functional out-
comes. However, it is not clear whether AF itself is associated
with early death in patients with acute ischaemic stroke.
We conducted a nationwide prospective survey from May

1999 to April 2000 in Japan (Japan Multicenter Stroke
Investigators’ Collaboration; J-MUSIC) to clarify the current
status of stroke management and outcome. In total, 16 922
patients were registered to J-MUSIC.17 18 We performed
retrospective and secondary analyses to assess whether AF
was associated with severe stroke and early death in patients
with acute ischaemic stroke, using data from the large
sample of hospitalised patients registered in J-MUSIC.

MATERIALS AND METHODS
We conducted a multicentre prospective hospital based
registration study (J-MUSIC) from May 1999 to April 2000 in
which 156 hospitals participated.17 18 In total, 16 922 consecu-
tive patients with acute ischaemic stroke and transient ischae-
mic attack (TIA) within seven days of onset were registered in

our study.17 We excluded 1091 TIA patients, and thus enrolled
15 831 patients with acute stroke into our present study. First,
we divided patients into two groups based on the presence of
AF: the AF group and the non-AF group. We compared the
baseline and clinical characteristics and outcome between these
two groups. Second, we used multivariate logistic regression
analyses to investigate the association between AF and severe
stroke, and early death. Early deathwas defined as deathwithin
28 days after admission. Informed consent was obtained from
all patients participating in our study.
For all patients, the following data from the common

stroke protocol were assessed: (1) age and sex; (2) past
history of stroke; (3) National Institutes of Health Stroke
Scale (NIHSS) score on admission; (4) time from stroke onset
to arrival at hospital; (5) cardiovascular risk factors (hyper-
tension, diabetes mellitus, hyperlipidaemia, AF, and current
smoking); (6) treatment, including thrombolytic treatment,
heparin, and aspirin; (7) death within 28 days after
admission; (8) hospital discharge status; and (9) residence
after hospital discharge.
AF included both paroxysmal AF and persistent AF identified

by electrocardiography (ECG) and/or 24 hour ECG monitoring
during admission. Patients with a history of paroxysmal AF
confirmed by ECG were also classified as patients with AF. The
hospital discharge status was evaluated by using the modified
Rankin scale score (mRS)19 and death. Good outcome was
defined as mRS scores of 0, 1, and 2. Residence after hospital
discharge was classified into two groups: the patient’s own
home and an institution (including nursing home and another
hospital for rehabilitation and medical management).

Abbreviations: AF, atrial fibrillation; CI, confidence interval; ECG,
electrocardiography; J-MUSIC, Japan Multicenter Stroke Investigators’
Collaboration; mRS, modified Rankin scale; NIHSS, National Institutes of
Health Stroke Scale; OR, odds ratio; TIA, transient ischaemic attack
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Statistical analysis
Statistical analyses were performed with a commercially
available software package (Stat-view, version 4.5; SAS
Institute, Cary, North Carolina, USA). The Mann-Whitney
U test was used to detect differences in age and NIHSS scores

among the groups. All other differences were assessed using
the x2 test. We divided the patients into five groups based on
stroke severity (NIHSS score: ( 6, 7–10, 11–15, 16–22, and
> 23) according to those in the TOAST study.20 Multivariate
logistic regression models were used to identify factors
associated with mild stroke (NIHSS scores, ( 6) and severe
stroke (NIHSS scores, > 11) at admission. Furthermore,
multivariate logistic regression models were applied to
identify factors associated with early death after admission.
Next, we examined the early death rate in patients with and
without AF by five groups based on stroke severity. According
to the results, we divided patients into subgroups and applied
multivariate logistic regression models to identify factors
associated with early death for each group. Variables
(p , 0.20) associated with stroke severity and early death
in the univariate analysis were selected to be evaluated in the
multivariate logistic regression analyses. Differences were
considered significant at the level of p , 0.05.

RESULTS
The mean age of all patients (6130 women and 9701 men)
was 70.7 (SD, 11.5) years (median, 71; range, 18–107). The
AF group comprised 3335 patients (21.1%) and the non-AF
group comprised 12 496 patients (78.9%). Table 1 shows the
baseline features of the patients with and without AF.

Severity of stroke (NIHSS on admission)
The mean (SD) and median NIHSS scores for all patients
were 8.3 (7.9) and 5. The scores were significantly higher in
the AF group (mean, 13.7; SD, 9.7; median, 12) than in the
non-AF group (mean, 6.9; SD, 6.7; median, 5) (p , 0.0001;
fig 1). AF was seen in 11.5% of patients with NIHSS scores of
0–6, 17.4% of patients with scores of 7–10, 32.5% of patients
with scores of 11–15, 46.3% of patients with scores of 16–22,
and 54.0% of patients with scores > 23 (p , 0.0001). Thus,
the frequency of AF rose steeply as NIHSS scores increased.
The mean (SD) and median NIHSS scores were 7.4 (8.2) and
4 in patients aged less than 45 years, 5.8 (6.2) and 4 in
patients aged 45–54 years, 6.6 (6.9) and 4 in patients aged
55–64 years, 7.8 (7.6) and 5 in patients aged 65–74 years, 9.6
(8.3) and 7 in patients aged 75–84 years, and 12.3 (9.0) and
10 in patients aged 85 years or older (p , 0.0001).
Multivariate logistic regression analysis identified female
sex, increased age, AF, and history of stroke as independent
factors associated with severe stroke (table 2).

Table 1 Baseline characteristics of patients with and without AF

Characteristics
Total
N=15831

With AF
N=3335

Without AF
N=12496 p Value

Mean (SD; median) age (years) 70.7 (11.5; 71) 74.5 (9.8; 75) 69.6 (11.7; 70) ,0.0001
,45 (%) 1.9 0.4 2.3
45–54 (%) 7.6 2.8 8.9
55–64 (%) 19.5 14.4 20.8
65–74 (%) 33.2 31.8 33.5
75–84 (%) 28.2 36.0 26.1
.84 (%) 9.8 14.6 8.5

Female (%) 38.7 46.5 38.0 0.0003
History of stroke (%) 34.2 35.6 30.1 ,0.0001
Risk factors

Hypertension (%) 61.2 48.7 64.5 ,0.0001
Diabetes mellitus (%) 24.7 16.9 26.8 ,0.0001
Hyperlipidaemia (%) 16.6 9.5 18.5 ,0.0001
Smoking (%) 17.3 10.2 19.2 ,0.0001

NIHSS score (mean, SD, median) 8.3, 7.9, 5 13.7, 9.7, 12 6.9, 6.7, 5 ,0.0001
0–6 (%) 57.4 31.3 64.4
7–10 (%) 15.4 12.7 16.2
11–15 (%) 9.9 15.3 8.5
16–22 (%) 9.6 21.0 6.5
>23 (%) 7.7 19.7 4.5

AF, atrial fibrillation; NIHSS, National Institutes of Health Stroke Scale.
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Figure 1 Distribution of National Institutes of Health Stroke Scale
(NIHSS) scores for (A) patients with atrial fibrillation (AF) and (B) patients
without AF.
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Time between stroke onset and hospital arrival
Thirty five per cent of patients were admitted within three
hours of stroke onset. The cumulative frequency was 48.1%
within six hours, 58.4% within 12 hours, 71.7% within 24
hours, 83.6% within 48 hours, and 91.0% within 72 hours.
Both the frequency of AF and the NIHSS score at admission
were higher in patients admitted within 24 hours of onset
than in those admitted after 24 hours (frequency of AF:
85.6% v 68.1%; p , 0.0001; NIHSS score: mean, 9.5; SD, 8.5;
median 6 v mean, 5.5; SD, 5.4; median, 4; p , 0.0001).

Treatment within 12 hours of stroke onset
When we define thrombolytic treatment as intravenous
tissue plasminogen activator or intra-arterial urokinase or
tissue plasminogen activator, 7.3% of the AF group and 1.3%
of the non-AF group received thrombolytic treatment during
the superacute phase of their stroke.

Treatment within seven days of stroke onset
Heparin was administered to 38.1% of the AF group and to
10.6% of the non-AF group (p , 0.0001), whereas aspirin
was given to 7.0% of the AF group and to 10.5% of the non-
AF group (p , 0.0001).

Length of hospital stay
The mean (SD) length of hospital stay for all patients was
35.3 (34.1) days (median, 25; range, 1–429). The mean (SD)
length of hospital stay for the AF group was 40.5 (37.8) days
(median, 29; range, 0–374) and for the non-AF group 34.0
(32.9) days (median, 24; range, 0–429) (p , 0.0001).

Death within 28 days of admission
A total of 804 patients (5.1%) died within 28 days of
admission. Early death was more frequent in patients
admitted within 24 hours of onset than in those admitted
after 24 hours (6.5% v 1.5%; p , 0.0001). Their mean (SD)
survival time was 8.3 (7.5) days (median, 5; range, 0–28). The
mortality rate was 11.3% in the AF group and 3.4% in the
non-AF group (p , 0.0001). The mortality rate was higher in
the patients with AF than in those without AF for each age
group (p , 0.0001 for each group; fig 2). Univariate analysis
showed that older age, higher NIHSS score, presence of AF,
history of stroke, thrombolytic treatment, and the use of
heparin were higher in the early death group (table 3).
Multivariate logistic regression analysis identified age, AF,
and NIHSS score at admission as independent factors
associated with early death (table 3). Figure 3 shows the
death rate in patients with and without AF stratified by
NIHSS score group. In patients with NIHSS scores of 0–6 and
7–10, the death rate of patients with AF was higher than that
of those without (p = 0.0001 and p = 0.0123, respectively).
However, no significant differences were seen in those with
NIHSS scores of 11–15, 16–22, and . 23. Therefore, we

Table 2 Multivariate logistic regression analysis models for probability of mild and severe neurological deficits

Variable

NIHSS score (6 NIHSS score >11

OR 95% CI p Value OR 95% CI p Value

Female sex 0.85 0.789 to 0.914 ,0.0001 1.25 1.150 to 1.356 ,0.0001
Age difference of 1 year 0.97 0.970 to 0.976 ,0.0001 1.03 1.025 to 1.033 ,0.0001
Hypertension 1.15 1.068 to 1.230 0.0002 0.79 0.728 to 0.853 ,0.0001
Diabetes mellitus 0.92 0.846 to 0.992 0.031 0.92 0.836 to 1.008 0.0728
Hypercholesterolaemia 1.22 1.109 to 1.338 ,0.0001 0.77 0.687 to 0.862 ,0.0001
Atrial fibrillation 0.29 0.268 to 0.318 ,0.0001 4.43 4.067 to 4.828 ,0.0001
Current smoking 1.09 0.985 to 1.195 0.097 0.83 0.735 to 0.929 0.001
History of stroke 0.72 0.667 to 0.772 ,0.0001 1.32 1.216 to 1.433 ,0.0001

CI, confidence interval; NIHSS, National Institutes of Health Stroke Scale; OR, odds ratio.
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performed multivariate logistic regression analysis for prob-
ability of early death in patients with NIHSS scores , 11 and
> 11. AF was an independent factor associated with early
death in patients with NIHSS scores , 11, but not in those
with NIHSS scores > 11 (table 4).

Hospital discharge status
The proportions of patients with each mRS score at discharge in
the AF and non-AF groups were as follows: 9.4% and 15.7% for
score 0, 18.4% and 33.2% for score 1, 11.6% and 14.8% for score
2, 7.7% and 9.1% for score 3, 16.9% and 14.7% for score 4, 19.6%
and 7.6% for score 5, and 16.4% and 5.0% for death, respectively.
Good outcome was observed in 39.4% of patients with AF and
in 63.7% of patients without AF, respectively (p , 0.0001).
Multivariate logistic regression analysis showed that older age
(odds ratio (OR), 1.03; 95% confidence interval (CI), 1.02 to
1.04), the presence of AF (OR, 1.3; 95% CI, 1.14 to 1.55),
diabetes mellitus (OR, 1.2; 95% CI, 1.02 to 1.44), and NIHSS
score at admission (OR, 1.1; 95% CI, 1.14 to 1.15) were
independent factors associated with death.

Residence after hospital discharge
Sixty two per cent of all patients were discharged home and
38% were sent to an institution. Of the patients without AF,
66.4% returned to their own homes, whereas only 45.1% of
patients with AF returned home (p , 0.0001).

DISCUSSION
Our study showed that AF was clearly associated with an
increased risk of severe neurological deficits. The fact that
patients with AF have more severe stroke than those without

AF supports the hypothesis that the pathogenetic mechanism
of stroke may be different. First, strokes in patients with AF
may chiefly be cardioembolic, which causes a sudden
occlusion of large cerebral arteries without sufficient collat-
eral blood flow, resulting in more severe strokes.1 12–14 Several
studies have reported that stroke patients with AF more often
have large cortical infarcts on computed tomography, and
less frequently have lacunar infarction compared with
patients without AF.5 8 10 15 Second, a previous study found
a significant reduction in hemispheric cerebral blood flow in
patients with AF compared with those with sinus rhythm.21

The effect of the decreased hemispheric cerebral blood flow
may contribute to the development of large infarcts and
neurological severity in patients with AF.
Our present study showed that older age and higher NIHSS

score at admission were independent factors associated with
early death, results that agreed with previous reports.20 22 23

Furthermore, we identified AF as an independent factor for
early death, in particular, for patients with NIHSS scores 0–
10. Previous studies have reported that AF was associated
with an increased risk of early death.5 7 9 16 This was
explained by its association with severe neurological deficits
and the older age of patients with AF. However, not all
investigators agreed that AF itself increased the risk of
death.8 24 25 In our present study, after adjustment for age and
NIHSS score using multivariate logistic analysis, AF was
identified as an independent risk factor for early death,
which was compatible with the results of the Oxfordshire
community stroke project.10

Heart diseases are more frequent in patients with AF than
in those without.26 27 Some studies have suggested that

Table 3 Multivariate logistic regression analysis models for probability of early death

Variable

Univariate analysis Multivariate logistic regression analysis

Early death

Yes (n = 804) No (n = 15004) p Value OR 95% CI p Value

Female 45.9% 38.4% ,0.0001 1.00 0.841 to 1.178 0.957
Age in years (mean, SD, median) 74.8, 10.8, 75 70.4, 11.5, 71 ,0.0001 1.01* 1.005 to 1.020 0.002
Hypertension 52.6% 61.7% ,0.0001 0.95 0.809 to 1.119 0.957
Diabetes mellitus 20.9% 24.9% 0.011 1.11 0.912 to 1.354 0.297
Hypercholesterolaemia 8.6% 17.7% ,0.0001 0.75 0.570 to 0.990 0.042
Atrial fibrillation 47.8% 19.6% ,0.0001 1.27 1.061 to 1.510 0.009
Current smoking 10.2% 17.7% ,0.0001 0.88 0.680 to 1.148 0.353
History of stroke 35.0% 31.1% 0.021 – – –
Thrombolytic treatment 17.0% 4.8% ,0.0001 1.34 1.007 to 1.795 0.045
Aspirin 1.9% 10.1% ,0.0001 0.30 0.175 to 0.503 ,0.0001
Heparin 23.5% 16.0% ,0.0001 0.91 0.750 to 1.108 0.352
NIHSS score on admission (mean, SD,
median) 21.5, 9.7, 22 7.6, 7.2, 5 ,0.0001 1.15� 1.137 to 1.155 ,0.0001

*Analysis by difference of 1 year; �analysis by difference of 1 point.
CI, confidence interval; NIHSS, National Institutes of Health Stroke Scale; OR, odds ratio.

Table 4 Multivariate logistic regression analysis models for probability of early death in patients with NIHSS ,11 and >11

Variable

NIHSS score ,11 NIHSS score >11

OR 95% CI p Value OR 95% CI p Value

Age (years) 1.02* 1.004 to 1.041 0.014 1.01* 0.998 to 1.014 0.141
Hypertension – – – 0.96 0.805 to 1.145 0.650
Hypercholesterolaemia 0.59 0.323 to 1.082 0.088 0.85 0.624 to 1.153 0.293
Atrial fibrillation 1.88 1.210 to 2.924 0.005 1.11 0.928 to 1.338 0.248
Current smoking – – – 0.88 0.657 to 1.181 0.397
Thrombolytic treatment 3.58 1.474 to 8.677 0.005 1.18 0.885 to 1.584 0.255
Aspirin 0.52 0.242 to 1.127 0.0976 0.22 0.105 to 0.440 ,0.0001
Heparin 1.26 0.776 to 2.034 0.3523 0.80 0.653 to 0.986 0.037
NIHSS score on admission 1.23� 1.153 to 1.319 ,0.0001 1.11� 1.098 to 1.124 ,0.0001

*Analysis by difference of 1 year; �analysis by difference of 1 point.
CI, confidence interval; NIHSS, National Institutes of Health Stroke Scale; OR, odds ratio.
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cardiac causes of death in the acute phase of stroke
predominate in patients with AF compared with those
without AF.28 29 Tomita et al reported that 77% of 2677
patients with AF had heart diseases such as hypertensive
heart disease, ischaemic heart disease, valvular heart disease,
sick sinus syndrome, and cardiomyopathy.12 In our study, the
mortality rate in patients with NIHSS scores of , 11 was
higher in patients with AF than in non-AF patients. Death in
such patients may be caused by stroke complications, such as
heart diseases and pneumonia, rather than stroke itself.
Careful cardiac evaluation and treatment are needed in acute
stroke patients with AF even if patients’ neurological deficits
are mild. Furthermore, Lin et al reported that the one year
survival rate was lower in patients with AF compared with
those without AF.30 Secondary prevention of embolic events
is one of the most important issues for patients with AF.
Our present study has some limitations. First, the defini-

tion of AF in our study included both chronic AF and
paroxysmal AF. The frequency of paroxysmal AF is reported
to be about half that of chronic AF in Japan.12 Thus, the
presence of paroxysmal AF may not have been fully
recognised in our present study. Second, we did not assess
stroke recurrence and the cause of death, such as severe
stroke, stroke recurrence, heart failure, renal failure, pneu-
monia, and pulmonary embolism. Some studies reported no
difference in the frequency of stroke recurrence between
acute stroke patients with and without AF,9 22 29 whereas
other studies disagreed with these findings.31 32 Further
studies are needed to investigate stroke recurrence and the
cause of death related to AF. Third, Saxena et al reported that
AF was a high risk carried early death, which could be
explained by older age and large infarcts.22 Unfortunately, we
did not examine the neuroimaging findings, such as
computed tomography and magnetic resonance imaging.
Fourth, the NIHSS score at admission may be affected by
some previous neurological deficits, particularly in patients
with a history of stroke. The severity of stroke at admission in
patients with AF might be estimated to be severe compared
with those without AF because patients with AF more often
had a history of stroke than those without AF. Finally, early
aspirin use is of benefit in acute ischaemic stroke.33 However,
few patients in our study were treated with aspirin during the
acute phase of stroke. The death rate in our present study
might have been lower if aspirin had been used more
frequently in patients in the acute phase of stroke.
In conclusion, our study showed that AF was a predictive

factor for both severe stroke and early death in acute
ischaemic stroke. Therefore, careful cardiac evaluation and
appropriate treatment are needed to improve the outcome in
patients with acute stroke and AF.
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