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Aims The pattern of atrial fibrillation (AF) occurrence—paroxysmal, persistent, or permanent—is associated with progressive
stages of atrial dysfunction and structural changes and may therefore be associated with progressively higher stroke risk.
However, previous studies have not consistently shown AF pattern to predict stroke but have been hampered by
methodological shortcomings of low power, variable event ascertainment, and variable anticoagulant use.

Methods
and results

We analysed the rates of stroke and systemic embolism in 6563 aspirin-treated patients with AF from the ACTIVE-A/
AVERROESdatabases. Therewas thorough searching forevents and adjudication. Multivariable analyseswereperformed
with the adjustment for known risk factors for stroke. Mean age of patients with paroxysmal, persistent, and permanent
AF was 69.0+9.9, 68.6+ 10.2, and 71.9+9.8 years (P , 0.001). The CHA2DS2-VASc scorewas similar in patients with
paroxysmal and persistent AF (3.1+1.4), but was higher in patients with permanent AF (3.6+1.5, P , 0.001). Yearly
ischaemic stroke rates were 2.1, 3.0, and 4.2% for paroxysmal, persistent, and permanent AF, respectively, with adjusted
hazard ratio of 1.83 (P , 0.001) for permanent vs. paroxysmal and 1.44 (P ¼ 0.02) for persistent vs. paroxysmal.
Multivariable analysis identified age ≥ 75 year, sex, history of stroke or TIA, and AF pattern as independent predictors
of stroke, with AF pattern being the second strongest predictor after prior stroke or TIA.

Conclusion In a large population of non-anticoagulated AF patients, pattern of AF was a strong independent predictor of stroke risk
and may be helpful to assess the risk/benefit for anticoagulant therapy, especially in lower risk patients.
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Introduction
Atrial fibrillation (AF) is a common cardiac arrhythmia and patients
with AF are at an increased risk of cardioembolic stroke. Anticoagu-
lation with INR-adjusted warfarin1 or with non-VKA oral anticoagu-
lants (NOACs) such as dabigatran, rivaroxaban, apixaban, and
edoxaban is highly effective in reducing the risk of stroke, but is asso-
ciated with an increased risk of bleeding.1,2 Although the NOACs
offer a more favourable safety profile than warfarin, the bleeding

risk is not negligible, and the potential benefit of anticoagulant
therapy still needs to be balanced against this risk. Therefore, the de-
cision on whether and how to treat individual patients should be
based on the predicted absolute risk of stroke in the absence of
anticoagulation, and the predicted risk of bleeding with a specific
anticoagulant.

Studies in non-anticoagulated AF patients have identified several
clinical characteristics predictive of stroke, such as age, sex, previous
stroke, hypertension, heart failure, diabetes mellitus, and peripheral
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arterial disease.3 –9 Clinical risk factors have been combined into risk
scores to allow a more convenient evaluation of stroke risk,3 – 7 and
guidelines recommend their use to guide the decision on whether
or not to anticoagulate a patient.10

Atrial fibrillation has been classified according to its pattern of oc-
currence; permanently or intermittently, however, the terminology
has not always been consistent. Recent guidelines have proposed a
consensus definition for the classification of the temporal occurrence
of AF: paroxysmal AF episodes are self-limiting and shorter than 1
week, episodes lasting longer than 7 days are referred to as persistent,
and permanent AF refers to AF without any intercurring sinus
rhythm.10 Previous studies of the relation between AF pattern of oc-
currence and the risk of stroke have yielded conflicting results.11–25

Although some recent trials have reported higher stroke rates in
patients with permanent compared with paroxysmal AF,11,13,15,17,23

other studies did not report a significant difference.12,14,16,18–22,24–27

Current guidelines recommend that the pattern of AF should not
influence the decision on whether or not to treat patients with
anticoagulants.10

The available data comparing stroke risk in patients with paroxys-
mal and permanent AF are limited by methodological issues, such as a
small sample sizes with limited number of events,11,12,19,25 or differ-
ential use of anticoagulation in patients with paroxysmal AF com-
pared with permanent AF.18,20,24 In many cohort studies, event
ascertainment is likely to be incomplete and verification is poor,
with lumping of ischaemic and haemorrhagic stroke and poor dis-
crimination of systemic embolism.

In order to further investigate whether the pattern of AF is asso-
ciated with the risk of stroke, we have pooled the data on aspirin-
treated patients from the ACTIVE-A and AVERROES study. The
pattern of AF in this large group of non-anticoagulated patients
was defined according to recent guidelines as well as by objective
baseline ECG criteria, and all events were rigorously detected and
adjudicated.

Methods

Patient selection
We pooled the data on aspirin-treated patients from ACTIVE-A and
AVERROES. The patient selection criteria for these trials have been pub-
lished previously.28,29 In short, ACTIVE-A was a double-blind, rando-
mized, multi-centre placebo-controlled trial comparing clopidogrel
75 mg with placebo on top of low-dose aspirin in patients with AF and
at least one clinical risk factor for stroke, and who had a contraindication
for oral anticoagulation. AVERROES was a double-blind, double-dummy
randomized, multi-centre placebo-controlled trial comparing apixaban
5 mg twice daily with aspirin 81–324 mg once daily in patients with AF
and at least one clinical risk factor for stroke, and who were deemed
unsuitable for vitamin K antagonists.

Documentation of AF required either AF on baseline ECG, or at least
one (AVERROES) or two (ACTIVE-A) episodes of AF in the 6 months
prior to randomization, by ECG, rhythm strip, or at least 30 min of
pacemaker-detected AF. In addition, patients were eligible for AVER-
ROES if they had at least one of the following risk factors: prior stroke
or TIA; age ≥75 years; arterial hypertension on treatment; diabetes mel-
litus; heart failure (New York Heart Association class ≥2 at time of en-
rolment or left ventricular ejection fraction ≤35% documented within
6 m of enrolment); or documented peripheral arterial disease. Patients

were eligible for ACTIVE-A if they had any of the following risk factors:
age of 75 years or older; treatment for hypertension; history of stroke,
transient ischaemic attack, or non-central nervous system systemic
embolism; left ventricular ejection fraction of less than 45%; peripheral
vascular disease; or age of 55–74 years plus either diabetes mellitus or
coronary artery disease.

Definitions
Pattern of atrial fibrillation occurrence
Investigators characterized patients as having one of the following AF pat-
terns: paroxysmal, persistent, or permanent. We also characterized
patients into two groups according to their baseline ECG: those with
sinus rhythm on ECG and those with all other rhythms than sinus
rhythm, including AF, atrial flutter, atrial and ventricular paced rhythm,
ventricular paced, atrial paced, and other (denoted by AF/FL/other in
tables and figures).

Clinical events
In both ACTIVE-A and AVERROES, there were systematic procedures in
place to identify all potential stroke and systemic embolic events; and all
reported outcome events were rigorously adjudicated by experts. All
strokes were classified as ischaemic or haemorrhagic, or unspecified
(not classified as definitely ischaemic or haemorrhagic). The outcome
of interest for the current analysis was the composite outcome of
ischaemic or unspecified stroke or systemic embolism.

Statistical analyses
Analyses were conducted according to the intention-to-treat principle.
All patients randomized to aspirin in ACTIVE-A and AVERROES trials
were included in the analysis. The outcome events were observed
from the randomization until either study end or loss to follow-up or
death. The outcome variable was the time to the first occurrence of
either ischaemic or unspecified stroke or systemic embolism. Annual
event rates (% per year) were calculated as number of first events per
100 patient-years of follow-up. Kaplan–Meier cumulative hazard rates
were plotted according to clinical presentation of AF (paroxysmal, per-
sistent, permanent) and baseline ECG assessment of sinus or non-sinus
(AF/FL/other) rhythms.

Baseline characteristicsof patients with paroxysmal, persistent, orper-
manent AF, and patients with baseline ECG showing sinus rhythm or AF/
FL/other were summarized as mean+ SD for continuous variables and
frequencies and percentages for categorical variables, and were com-
pared using Pearson Chi-square tests for categorical variables and
Kruskal–Wallis tests for continuous variables. Cox proportional
hazards regression models stratified by trial were used to assess the
effects of permanent vs. paroxysmal/persistent and permanent/persist-
ent vs. paroxysmal AF on the risk of ischaemic or unspecified stroke or
systemic embolism in subgroups of baseline characteristics and CHA2-

DS2-VASc scorecategoriesof 0–1, 2–3, and≥4. Significanceof the inter-
actions between the AF pattern and the baseline characteristics and
CHA2DS2-VASc scorewere testedusing Cox modes fitted to all patients.
Similar subgroup analyses and tests of interaction were carried out for
AF/FL/other vs. sinus rhythm.

Univariate and multivariable Cox proportional hazards regression
models were used to assess an independent effect of the AF pattern
defined based on AF pattern (paroxysmal, persistent, permanent) or
based on baseline ECG assessment (sinus rhythm, AF/FL/other) on the
risk of ischaemic or unspecified stroke or systemic embolism, unadjusted
and adjusted for (i) age ≥75 years, sex, prior stroke or TIA, hypertension,
diabetes, heart failure, and peripheral arterial disease; (ii) CHA2DS2-
VASc score (0–1, 2–3, ≥4). Analyses were performed using SAS
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software, version 9.2 of the SAS System for SunOS (SAS Institute Inc.,
Cary, NC, USA). All tests of significance were two-sided. Significance
was established at the 5% level.

Results

Baseline characteristics
A total of 6573 patients were treated with aspirin alone in the
combined data sets of ACTIVE-A (N ¼ 3782) and AVERROES
(N ¼ 2791) patients. Atrial fibrillation pattern at baseline was parox-
ysmal in 1576 (24%), persistent in 1136 (17%), andpermanent in 3854
(59%) patients. Baseline ECG showed sinus rhythm in 1539 patients
(23%) and AF/flutter/other in 5024 patients (77%). Mean age was
slightly higher in patients with permanent AF compared with parox-
ysmal AF. Paroxysmal AF patients were more likely to be female than
permanent AF patients (47.7 vs. 39.8%), and fewer patients with par-
oxysmal AF had a history of stroke or TIA (9.6 and 16.2%, respective-
ly), or of heart failure (25.4 and 40.3%, respectively). Overall, this
resulted in a mean CHA2DS2-VASc score of 3.1+ 1.4 for patients
with paroxysmal AF, compared with 3.6+1.5 for patients with
permanent AF. Patients with persistent AF had a similar mean CHA2-

DS2-VASc score as patients with paroxysmal AF (Table 1). Baseline
medication use was also different among patients with paroxysmal,
persistent, and permanent AF, with higher use of beta-blockers,
amiodarone, and statins in patients with paroxysmal AF, and higher
use of digoxin in patients with permanent AF (Table 1).

On average, baseline characteristics of patients with sinus rhythm
on baseline ECG werecomparablewith thoseof patients subjectively
categorized as paroxysmal AF, and baseline characteristics of patients
with AF/flutter/other rhythm on baseline ECG were comparable
with those of patients with permanent AF (Table 1).

Classification of atrial fibrillation
When assessed by rhythm on the baseline ECG, patients with sinus
rhythm at baseline were classified as having paroxysmal AF in 1075
(70.1%), persistent AF in 438 (28.5%), and permanent AF in 21
(1.4%) patients. Just over two-thirds of patients with non-sinus
rhythm at baseline were classified as having permanent AF (3829,
72.6%) (see Supplementary material online, Table S1).

Risk of embolic events
The rate of embolic events (ischaemic or unspecified stroke or
systemic embolism) was 2.1%/year in patients with paroxysmal AF,
3.0%/year in patients with persistent AF, 4.2% in patients with
permanent AF, resulting in a hazard ratio (HR) for non-paroxysmal
vs. paroxysmal of 1.91 [95% confidence interval (CI) 1.50–2.43; P ,

0.001] (Table 2). This trend of increase in risk of embolic events with
progression from paroxysmal to persistent to permanent AF pattern
was highly consistent in all subgroups of the individual risk factors. Fur-
thermore, outcome rates were higher in patients with permanent and
persistent AF compared with patients with paroxysmal AF within each
CHA2DS2-VASc category. There were no significant interactions
between individual CHA2DS2-VASc risk factors or risk category and
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Table 1 Baseline characteristics of the patients by pattern of atrial fibrillation and by baseline ECG showing sinus rhythm
or AF/FL

Pattern of AF P-valuea Baseline ECG P-valuea

Paroxysmal
(N 5 1576)

Persistent
(N 5 1136)

Permanent
(N 5 3854)

Sinus rhythm
(N 5 1539)

AF/FL/other
(N 5 5024)

Age, years, mean+ SD 69.0+9.9 68.6+10.2 71.9+9.8 ,0.001 67.7+9.9 71.5+9.9 ,0.001

Age ≥ 75 years, n (%) 496 (31.5) 347 (30.5) 1734 (45.0) ,0.001 417 (27.1) 2156 (42.9) ,0.001

Female, n (%) 752 (47.7) 480 (42.3) 1535 (39.8) ,0.001 740 (48.1) 2026 (40.3) ,0.001

Prior stroke or TIA, n (%) 151 (9.6) 120 (10.6) 626 (16.2) ,0.001 132 (8.6) 764 (15.2) ,0.001

Hypertension, n (%) 1407 (89.3) 990 (87.1) 3319 (86.1) 0.01 1393 (90.5) 4321 (86.0) ,0.001

Diabetes mellitus, n (%) 283 (18.0) 203 (17.9) 799 (20.7) 0.02 261 (17.0) 1025 (20.4) 0.003

Heart failure, n (%) 400 (25.4) 352 (31.0) 1554 (40.3) ,0.001 411 (26.7) 1896 (37.7) ,0.001

Peripheral arterial disease, n (%) 46 (2.9) 32 (2.8) 123 (3.2) 0.76 34 (2.2) 167 (3.3) 0.03

CHA2DS2-VASc score, mean+ SD 3.1+1.4 3.1+1.4 3.6+1.5 ,0.001 3.0+1.4 3.5+1.5 ,0.001

CHA2DS2-VASc score, n (%)

0–1 201 (12.8) 159 (14.0) 265 (6.9) 226 (14.7) 400 (8.0)

2–3 795 (50.5) 565 (49.7) 1677 (43.5) 782 (50.8) 2252 (44.8)

≥4 579 (36.8) 412 (36.3) 1911 (49.6) ,0.001 531 (34.5) 2371 (47.2) ,0.001

Medication use at baseline, n (%)

Beta-blocker 918 (58.3) 642 (56.6) 2068 (53.7) 0.01 873 (56.8) 2755 (54.9) 0.20

Digoxin 229 (14.5) 243 (21.4) 1672 (43.5) ,0.001 151 (9.8) 1992 (39.7) ,0.001

Amiodarone 313 (19.9) 231 (20.4) 294 (7.6) ,0.001 360 (23.4) 477 (9.5) ,0.001

Statin 569 (36.1) 373 (32.9) 1031 (26.8) ,0.001 549 (35.7) 1426 (28.4) ,0.001

a P-value is fromthe two-sample Wilcoxontest (for comparison of sinus rhythm andAF/FL)orKruskal–Wallis test (for comparison amongparoxysmal, persistent, andpermanentAF)
for continuous variables and Chi-square test for categorical variables.
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Table 2 Risk of ischaemic or unspecified stroke or systemic embolism according to clinical presentation of AF in subgroups of baseline characteristics

Paroxysmal Persistent Permanent Permanent vs.
paroxysmal/persistenta

P-value for
interactionb

Permanent/persistent vs.
paroxysmala

P-value for
interactionb

No. of
events/
patients

Event rate
(%/year)

No. of
events/
patients

Event rate
(%/year)

No. of
events/
patients

Event rate
(%/year)

Hazard ratio
(95% CI)

P-value Hazard ratio
(95% CI)

P-value

Overall 77/1576 2.1 74/1136 3.0 385/3854 4.2 1.74 (1.44–2.11) ,0.001 1.91 (1.50–2.43) ,0.001

Age

,75 years 43/1080 1.6 39/789 2.2 172/2120 3.4 1.76 (1.35–2.29) ,0.001 0.27 1.85 (1.33–2.57) ,0.001 0.70

≥75 years 34/496 3.1 35/347 4.6 213/1734 5.4 1.48 (1.13–1.94) 0.005 1.73 (1.21–2.48) 0.003

Sex

Male 29/824 1.5 28/656 1.9 187/2319 3.4 2.01 (1.49–2.70) ,0.001 0.32 2.06 (1.40–3.04) ,0.001 0.75

Female 48/752 2.7 46/480 4.3 198/1535 5.6 1.68 (1.31–2.14) ,0.001 1.93 (1.42–2.63) ,0.001

Prior stroke or TIA

No 65/1424 1.9 60/1016 2.6 277/3228 3.6 1.64 (1.33–2.03) ,0.001 0.72 1.78 (1.36–2.32) ,0.001 0.93

Yes 12/151 4.2 14/120 6.7 108/626 7.9 1.53 (0.99–2.35) 0.06 1.85 (1.02–3.36) 0.04

Hypertension

No 11/168 2.8 10/146 3.5 52/535 4.3 1.39 (0.83–2.31) 0.21 0.35 1.50 (0.79–2.85) 0.22 0.41

Yes 66/1407 2.0 64/990 2.9 333/3319 4.2 1.80 (1.47–2.21) ,0.001 1.98 (1.52–2.57) ,0.001

Diabetes mellitus

No 63/1292 2.0 60/933 2.8 305/3055 4.2 1.78 (1.44–2.19) ,0.001 0.70 1.91 (1.46–2.49) ,0.001 .0.99

Yes 14/283 2.2 14/203 3.5 80/799 4.4 1.59 (1.03–2.45) 0.04 1.88 (1.07–3.30) 0.03

Heart failure

No 64/1175 2.2 46/784 2.5 232/2300 4.1 1.74 (1.39–2.19) ,0.001 0.89 1.66 (1.27–2.18) ,0.001 0.08

Yes 13/400 1.5 28/352 4.1 153/1554 4.5 1.67 (1.18–2.36) 0.004 2.87 (1.64–5.05) ,0.001

Peripheral arterial disease

No 75/1529 2.1 71/1104 2.9 372/3731 4.2 1.75 (1.44–2.12) ,0.001 0.95 1.89 (1.48–2.41) ,0.001 0.68

Yes 2/46 1.9 3/32 4.8 13/123 5.1 1.66 (0.59–4.69) 0.34 2.55 (0.59–11.1) 0.21

CHA2DS2-VASc score

0–1 4/201 0.8 6/159 1.7 7/265 1.0 0.91 (0.35–2.41) 0.86 0.50 1.57 (0.51–4.81) 0.43 0.31

2–3 38/795 2.0 24/565 1.9 127/1677 3.2 1.60 (1.18–2.17) 0.002 1.43 (1.00–2.04) 0.05

≥4 35/579 2.6 44/412 5.0 251/1911 5.7 1.61 (1.25–2.07) ,0.001 2.11 (1.49–3.00) ,0.001

a Hazard ratios were estimated using Cox proportional hazards models fitted separately in subgroups of patients. The P-value is from the Wald test.
bP-value for interaction is from the Wald test of interaction between AF pattern and baseline characteristic. Interactions were tested in Cox models fitted to all patients.
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thepatternofAF(Table 2). Similar results were foundwhen AFpattern
was defined based on baseline ECG, with a two-fold increase in
outcome rates in patients with non-sinus rhythm (4.0%/year) com-
pared with those with sinus rhythm at baseline (1.9%/year, HR 2.06,
P , 0.001) (see Supplementary material online, Table S2). Plots of
the cumulative hazard rates show a separation of the curves from
the start for different AF patterns, either investigator-defined or by
baseline ECG assessment (Figures 1 and 2).

In a univariate analysis of baseline risk factors associated with
stroke and systemic embolism, baseline ECG, age ≥75 years, sex,
and prior stroke or TIA were found to be significant predictors of
events (Table 3). Atrial fibrillation pattern remained predictive of
stroke risk in a multivariable analysis, with an adjusted HR of 1.83
(95% CI, 1.43–2.35) for permanent vs. paroxysmal AF, and an

adjusted HR of 1.44 (95% CI, 1.05–1.98) for persistent vs. paroxys-
mal AF. Permanent AF pattern was the second strongest predictor
of stroke risk in this multivariate analysis, after a history of stroke
or TIA (Table 3). No significant interactions were found between
AF pattern and individual CHA2DS2-VASc risk factors or between
AF pattern and CHA2DS2-VASc score (Table 3). Similarly, patients
enrolling in ACTIVE-A or AVERROES with non-sinus rhythm on
their baseline ECG had a HR of 1.83 (1.42–2.36) for stroke or sys-
temic embolism compared with patients with sinus rhythm on their
baseline ECG (see Supplementary material online, Table S3).

Discussion
Our data, based on non-anticoagulated aspirin-treated patients from
the pooled ACTIVE-A and AVERROES studies, show that persistent
and permanent AF are associated with an almost two-fold higher rate
of stroke or systemic embolism than paroxysmal AF after adjustment
for other independent predictors. Results were similar when AF
pattern was assessed by baseline rhythm on ECG; stroke rates
were about 50% lower when the baseline ECG showed sinus
rhythm compared with AF/flutter.

An important question is whether the observed effect is indeed
related to the pattern of AF, or is due to confounding factors. Previ-
ous studies have pointed out that patients with permanent AF are
older and have a higher cardiovascular risk compared with patients
with paroxysmal AF.6,14,16,20,21 This was confirmed in our study.
Atrial fibrillation pattern thus likely identifies patient groups with dif-
ferent disease state and comorbidities, which in turn may affect atrial
mechanical and endothelial function. Nevertheless, we observed the
same gradient of increased risk with increased chronicity (paroxys-
mal–persistent–permanent) independently in the low, moderate,
and high risk patient groups, according to CHA2DS2-VASc scores.
Furthermore, after correcting for all CHA2DS2-VASc risk factors in
the multivariable analysis, AF pattern was still the second strongest
predictor of risk of stroke or systemic embolism, after a history of
stroke or TIA.

Various previous studies have reported that AF pattern was either
not associated with stroke risk, or have concluded that observed
differences in stroke risk are due to associated risk factors such as
increased age.14,16,18,20,22 In contrast, recent analyses of large con-
temporary trials have suggested an independently increased stroke
risk with non-paroxysmal vs. paroxysmal AF.17,23 Despite these con-
flicting results, there is a wide consensus that treatment decision for
stroke prevention should not be influenced by AF pattern.10

There are several reasons why the findings from the present ana-
lysis are credible. Our results are based on data of a large number of
exclusively non-anticoagulated patients over a wide range of CHA2-

DS2-VASc scores, with very substantial study power due to having
more than 500 ischaemic strokesorembolic events during follow-up.
All events were independently adjudicated by expert committees,
and the same results were consistently seen in each of the
ACTIVE-A and AVERROESdata sets independently (see Supplemen-
tary material online, Tables S4–S6, and Figure S1).

The use of data of a non-anticoagulated group of patients has
several advantages. First, although aspirin also offers limited protec-
tion against AF-related stroke, event rates in aspirin-treated patients
more accurately reflect the true risk in the absence of anticoagulant

Figure 1 Kaplan–Meier cumulative hazard rates of embolic
events according to the pattern of atrial fibrillation occurrence.

Figure 2 Kaplan–Meier cumulative hazard rates of embolic
events according to the baseline ECG.
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treatment, allowing to accurately assess the predictive value of a
certain factor.

Secondly, anticoagulant therapy may act as a confounder. The
ACTIVE-W trial found a trend towards higher stroke rates in perman-
ent compared with paroxysmal AF in non-anticoagulated patients,
but not in warfarin-treated patients.16 Similarly, the data from the
Stockholm cohort did not show a significant overall difference in
stroke rate according to AF pattern, but indicated a significant 48% in-
crease in stroke in the subgroup of non-anticoagulated patients with
permanent compared with paroxysmal AF.20 This confounding effect
of anticoagulants may be due to the efficacy of anticoagulants in pre-
venting stroke, thus reducing power.Recent very large trials in anticoa-
gulated AF patients with larger numbers of events reported lower
stroke rates in paroxysmal vs. non-paroxysmal AF patients
(SPORTIF,19 ARISTOTLE,17,23 and ENGAGE-AF22,30). Differential
use of anticoagulant treatment may confound the association
between AF pattern and risk of stroke in registries. The European
Heart Survey showed no significant differences in stroke rate
between paroxysmal and permanent AF patients (1.90 vs. 1.60%/
year),18 but anticoagulant therapy was used in only 50% of paroxysmal
AF patients, compared with 71% of permanent AF patients.18

Although AF has typically been classified according to its pattern,
the definitions have changed over time,31 and a variety of terms have
been used for both non-permanent (paroxysmal, intermittent) and
permanent (sustained, persistent) AF. Even with the currently
accepted definitions of clinical AF patterns, classification can be
challenging, especially in patients who present with both short self-
terminating AF episodes and longer episodes. We performed a
sensitivity analysis using a more objective classification by means
of baseline ECG rhythm. Baseline sinus rhythm correlated well
with reported non-permanent AF, and about three quarters
of patients without sinus rhythm on their baseline ECG where
classified as permanent AF. Our main findings did not differ

whether the AF pattern was assessed by the investigator or by
single baseline ECG.

There is a biological plausibility to the higher stroke risk in patients
with permanent AF. Although the mechanisms of thrombus forma-
tion in AF patients are not fully understood, stasis of blood in the
left atrium and its appendage is thought to play an important role.32

The electrical resulting mechanical abnormalities are present con-
tinuously in patients with permanent AF, but only intermittently in
paroxysmal AF patients. Beyond stasis, pathophysiological changes
in the atrial wall and endothelium are thought to promote activation
of coagulation while impeding protective antithrombotic mechan-
isms such as nitric oxide. If AF is considered a ‘spectrum’ of disease,
evolving from paroxysmal to permanent AF, these pathophysiologic-
al changes are likely to be more pronounced in persistent presenta-
tions of the arrhythmia. Indeed, the duration and burden of AF have
been shown to be related to structural, functional, and electrical
changes in the fibrillating atrium,33,34 and levels of biomarkers asso-
ciated with increased stroke risk in AF are higher in patients with per-
manent compared with paroxysmal AF.7,35– 37 Thus, rather than
having a causal effect, AF pattern likely acts as a clinical surrogate
marker reflecting increasing structural and functional changes
which predispose to thrombus formation. This is further illustrated
by the finding that progression from paroxysmal to sustained AF
increased the risk of adverse cardiovascular events38 and stroke.11

There are several limitations to the present study. First, AF pattern
was assessed once, at baseline. Patients may have progressed from
paroxysmal or persistent to permanent AF during the time of
the follow-up; however, this would only dilute the findings. The
number and duration of episodes of paroxysmal AF were not
assessed; hence, our study does not inform on the burden of parox-
ysmal AF beyond the simple clinical assessment of overall AF pattern.
Nevertheless, quantification of AF burden is not available in most
patients, whereas assessment of current rhythm is done routinely
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Table 3 Pattern of atrial fibrillation, baseline risk factors, and risk of ischaemic or unspecified stroke or systemic
embolism

Unadjusted analysis Adjusted for baseline
characteristics

Adjusted for CHA2DS2-VASc
score

Hazard ratio (95% CI) P-valuea Hazard ratio (95% CI) P-valuea Hazard ratio (95% CI) P-valuea

Pattern of AF

Persistent vs. paroxysmal 1.43 (1.04–1.96) 0.03 1.44 (1.05–1.98) 0.02 1.44 (1.04–1.97) 0.03

Permanent vs. paroxysmal 2.04 (1.60–2.61) ,0.001 1.83 (1.43–2.35) ,0.001 1.84 (1.44–2.36) ,0.001

Age ≥ 75 years 1.79 (1.51–2.12) ,0.001 1.50 (1.25–1.78) ,0.001 � �
Female 1.66 (1.40–1.97) ,0.001 1.59 (1.33–1.89) ,0.001 � �
Prior stroke or TIA 2.39 (1.97–2.91) ,0.001 2.08 (1.70–2.53) ,0.001 � �
Hypertension 0.91 (0.71–1.16) 0.43 0.92 (0.72–1.19) 0.54 � �
Diabetes 1.09 (0.88–1.35) 0.41 1.06 (0.86–1.31) 0.61 � �
Heart failure 1.19 (1.00–1.42) 0.06 1.07 (0.89–1.27) 0.48 � �
Peripheral arterial disease 1.22 (0.76–1.96) 0.40 1.20 (0.75–1.92) 0.45 � �
CHA2DS2-VASc score

2–3 vs. 0–1 2.34 (1.42–3.84) ,0.001 � � 2.22 (1.35–3.65) 0.002

≥4 vs. 0–1 4.44 (2.73–7.24) ,0.001 � � 4.04 (2.48–6.59) ,0.001

aThe P-value is from Wald test, Cox proportional hazards model.
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at each patient visit. Therefore, the finding that clinical AF pattern is
associated with stroke risk is complementary to studies reporting
the predictive value of AF burden in patients with continuous
rhythm monitoring, such as the ASSERT trial.39

Second, for inclusion in ACTIVE-A and AVERROES, patients were
deemed to be ‘unsuited’ for oral anticoagulant therapy. Although
the overall stroke and bleeding risk profiles of these patients were
comparable with that in other large double-blind trials of anticoagu-
lants in AF27,40,41 and in a large population registry,42 this has to be
taken into account when generalizing to a broad AF population.

Finally, our data set included relatively few patients at very low risk
of stroke. There were no patients with a CHA2DS2-VASc score of 0,
andonly10% of the patientshad aCHA2DS2-VASc scoreof1.A study
by Scardi et al.15 found that in young AF patients without additional
risk factors, yearly stroke rates were 0.36% for paroxysmal, and
1.30% for permanent AF patients over a 10-year follow-up, suggest-
ing that the AF pattern is also linked to stroke risk in low-risk patients.

What are the implications of our findings? Our data show that
patients with permanent AF are at a higher risk of stroke compared
with patients with non-permanent AF. Although permanent AF
increased the risk of embolic events by 50–100% in patients with a
CHA2DS2-VASc score of 2 or greater, patients with paroxysmal AF
still had yearly stroke rates of at least 2%. This confirms the recom-
mendations that patients with a high clinical risk of stroke should
be anticoagulated regardless of their AF pattern. However, in decid-
ing whether to offer anticoagulation to low-risk patients, where the
risk to benefit ratio of anticoagulation is less clear, it may be useful
to consider the pattern of AF occurrence, or perhaps more simply,
whether the patient is currently in sinus rhythm or not.

Supplementary material
Supplementary material is available at European Heart Journal online.
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