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Oral anticoagulation therapy (OAT) is a mainstay for stroke prevention in atrial fibrilla-
tion (AF) patients. However, whether the risks of stroke/systemic embolic events (SEE)
and bleeding events are affected by the type, duration, and frequency of AF in patients
receiving OAT has been previously debated. We aimed to determine the risk of stroke/
SEE and bleeding events associated with paroxysmal AF compared to persistent or per-
manent AF among patients who received OAT. Comprehensive literature searches of the
Cochrane Library, PubMed/MEDLINE, and EMBASE databases were conducted from
inception to July 2018. In total, 495 records were retrieved, of which 6 phase III random-
ized controlled trials (RCTs) focusing on the efficacy and safety of OAT in AF patients
were ultimately evaluated and included. Among 70,447 AF patients, 15,028 (21.3%)
patients had paroxysmal and 55,419 (78.7%) had persistent or permanent AF. Compared
to persistent or permanent AF, the incidence of stroke/SEE was lower in paroxysmal
AF patients (risk ratio [RR] 0.79, 95% confidence interval [CI] 0.71 to 0.88, P <0.00001,
I2 = 0%). Overall, all-cause mortality was also lower in paroxysmal AF than in persistent
or permanent AF patients (RR 0.72, 95% CI 0.66 to 0.79, P <0.00001, I2 =0%). Annual-
ized major bleeding rates were similar across AF types (RR 1.06, 95% CI 0.96 to 1.17, P =
0.22, I 2= 35%). In conclusion, in patients with moderate-to-high risk of stroke receiving
anticoagulation, those with paroxysmal AF have a lower risk of stroke, systemic embolism,
and mortality but similar risk of major hemorrhage compared to persistent or permanent
AF patients. © 2018 Published by Elsevier Inc. (Am J Cardiol 2019;123:922−928)
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Atrial fibrillation (AF) is associated with increased
mortality and morbidity, mainly as a result of thromboem-
bolic complications.1 The risk of thromboembolism for
individuals with AF is correlated with increases in the
CHADS2 and CHA2DS2-VASc scores.2−5 The distinction
between paroxysmal and persistent or permanent AF has
not been used to guide the choice of stroke prophylaxis, as
it remains unclear whether the pattern of AF affects the
risk of thromboembolism. Several studies6−8 have sug-
gested a lower risk of stroke in patients with paroxysmal
AF than in those with persistent or permanent AF. In con-
trast, other studies have reported a comparable stroke risk
for paroxysmal and persistent or permanent AF.9−13

Therefore, all AF patients who are at moderate-to-high
risk of stroke, regardless of the AF type, are recommended
to receive oral anticoagulation therapy (OAT), based on
the clinical subtype of AF, according to the most recent
guidelines.14 Given that reports have rarely focused on
whether patients with paroxysmal, persistent, or perma-
nent AF will receive more benefit from OAT, the present
study, which is based on pooled data from 6 phase III clin-
ical trials, aims to determine the risk of stroke/systemic
embolic events (SEE) and bleeding events associated with
paroxysmal versus persistent or permanent AF in patients
who received OAT.
Methods

Comprehensive literature searches of the Cochrane
Library, PubMed/MEDLINE, and EMBASE databases
were performed, from inception to July 2018, using the fol-
lowing search terms: “atrial fibrillation”, “paroxysmal”,
“intermittent”, “sustained”, “persistent”, and “permanent”.
The electronic search was specified for peer-reviewed jour-
nals, and additional data not identified in the electronic
database were collected from other data resources, particu-
larly original data that were absent in the published articles.
We also performed an additional search of the references of
studies that were retrieved. Specifically, we contacted the
corresponding authors to obtain original data that were not
reported in the published articles.

The following inclusion criteria were used for study
selection: (1) Types of studies: RCTs focusing on the

http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjcard.2018.11.055&domain=pdf
mailto:huihui_bao@126.com
mailto:xiaoshumenfan@126.com
www.ajconline.org
https://doi.org/10.1016/j.amjcard.2018.11.055


Figure 1. Study search diagram.
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efficacy and safety of OAT in patients with various types of
AF; (2) Types of participants: AF patients at moderate-high
risk of stroke; (3) Types of interventions: OAT including
warfarin or new oral anticoagulants (NOACs); (4) Types of
outcome measures: efficacy endpoints of stroke/SEE or all-
cause mortality. The safety endpoints were major bleeding,
all bleeding, or both. The exclusion criteria were as follows:
(1) Duplicated reports on the same cohort; (2) Certain pub-
lication types, such as conference abstracts, letters, com-
ments, case reports, observational cohort studies, and
editorials; (3) Studies not published in English; (4) Data
presented for a treatment that was not an anticoagulant.

All studies retrieved by the search strategy were inde-
pendently screened by 2 reviewers (W.Z. and Y.X.). The
initial prescreening was performed by reading the titles and
abstracts to select studies for further data extraction. Sec-
ondary selection was conducted by comprehensively
reviewing the full text to determine whether the efficacy
and safety outcomes of OAT and the patterns of AF were
reported. Articles meeting the eligibility criteria were
selected after review of the full text.

Data were extracted from each eligible study or calculated
from the data presented, including the baseline characteristics
of participants, interventions, comparisons, outcomes, and fol-
low-up duration. The study endpoints included efficacy and
safety outcomes. The primary efficacy endpoint for this analy-
sis was stroke/SEE. The secondary efficacy endpoint was all-
cause mortality. The safety endpoints for this analysis were
major bleeding and all bleeding. If the event number was
unavailable in the full text or by contacting the corresponding
authors, it was calculated using the following formula: Event
number = (Total patient number)£ (Event rate [per 100
patient years])£ (Follow-up duration [years]). Discrepancies
were resolved by consensus or, if necessary, through discus-
sion or consultation with a third reviewer (L.Y.).

The methodological quality of the 6 included RCTs was
evaluated using the Cochrane Collaboration Risk of Bias
Tool,15 with discrepancies resolved by consensus. Potential
publication bias was evaluated by visually inspection of
funnel plots16 and by analytical appraisal based on the
Begg adjusted-rank correlation test17 and Egger’s linear
regression test.18 According to the Begg or Egger methods
for publication bias evaluation, a two-sided P value of 0.10
or less was regarded as indicating significance. Sensitivity
analyses were performed by sequentially removing each
study and reanalyzing the remaining dataset (producing a
new analysis for each study removed) and by analyzing
data from studies with moderate and low risk of bias. Both
risk of bias and quality of included studies were indepen-
dently evaluated by 2 reviewers (W.Z. and Y.X.).

Statistical analyses were performed using Review Man-
ager Version 5.3, Stata and SPSS Statistics. The chi-square
statistic and independent-samples t tests were used to assess
the differences in the baseline characteristics of the 2 groups.
The incidences of stroke/SEE, mortality, and major bleeding
were measured as dichotomous outcome variables that were
then compared between the different AF patterns. Subgroup
analyses were conducted according to the type of OAT
(NOACs and warfarin). The risk ratio (RR) was calculated
and presented with the 95% confidence interval (CI) for sum-
mary estimates. Due to the heterogeneity among the included
studies, appropriate statistical models were selected to ensure
that the statistical data were estimated correctly. Cochran’s
chi-square test was performed, and the I2 statistic was deter-
mined to evaluate the heterogeneity among included studies.
Cochran’s chi-square test was used to determine whether the
observed difference may be due to chance alone. A low p
value (cut-off of 0.10) indicated significant heterogeneity
among different studies. The I2 statistic describes the per-
centage of total variation across studies due to significant
heterogeneity rather than random chance. An I2 statistic
greater than 75% suggests considerable heterogeneity among
studies. Statistical significance was set at a P value <0.05.
Results

A total of 495 records were identified through the above-
mentioned literature search strategy. After removing dupli-
cates, we extracted 310 records for screening. Then, 275
were excluded by reviewing the title and abstract, and the
full texts of the remaining 35 articles were retrieved for fur-
ther review if they met the predetermined criteria. Finally,
6 eligible RCTs were identified and included in the present
study.7,8,19−23 With regard to the data of patients with dif-
ferent types of AF, subgroup analyses of 6 trials (ACTIVE
W [Atrial fibrillation Clopidogrel Trial with Irbesartan for
prevention of Vascular Events], SPORTIF [Stroke Preven-
tion using an Oral Thrombin Inhibitor in atrial Fibrillation],
RE-LY [Randomized Evaluation of Long-term Anticoagu-
lation Therapy], ARISTOTLE [Apixaban for Reduction in
Stroke and Other Thromboembolic Events in Atrial Fibril-
lation], 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], ENGAGE-AF [Effective Anticoagulation
with Factor Xa Next Generation in Atrial Fibrillation-
Thrombosis In Myocardial Infarction study 48]) were pub-
lished in peer-reviewed journals24−29 (Figure 1).

These studies were of high quality and are presented in
Figure 2a. Visual inspection of the funnel plot (Figure 2b)
showed a symmetrical shape, and quantitative evaluation



Figure 2. Methodological quality summary. (a) Risk of bias summary: review of author’s judgments about each risk of bias item for each included

study. + indicates low risk;¡ indicates high risk; ? indicates unclear risk. (b) Funnel plots show all studies included in the bias analysis.
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suggested no significant publication bias (Egger’s test [P =
0.433] or Begg’s test [P = 0.452]).

The characteristics of the included studies are summa-
rized in Table 1. Based on the data of 6 eligible trials, a
total of 70,447 AF patients were enrolled, among which
15,028 (21.3%) patients had paroxysmal AF and 55,419
(78.7%) patients had persistent or permanent AF. Com-
pared to patients with persistent or permanent AF, patients
with paroxysmal AF were younger, more likely female and
had a similar CHADS2 score (Table 2).

The incidence rates of stroke/SEE, mortality and major
bleeding in patients with paroxysmal or persistent/permanent
AF treated with oral anticoagulants are shown in Table 3.
Compared to patients with persistent or permanent AF,
patients with paroxysmal AF were associated with a
Table 1

Patient characteristics in the included studies

Study ID Data source Patients N Anticoagulation strategy Comparison Outcomes of interest Median duration

of follow-up

Hohnloser 2007 ACTIVE W AF 3367 warfarin or combined

antiplatelet therapy

paroxysmal vs sustained stroke/SEE; bleeding 1.3 Y

Lip 2008 SPORTIF III and V NVAF 7329 warfarin or ximelagatran paroxysmal vs persistent stroke; mortality; bleeding ≥18.6 M*

Flaker 2012 RE-LY NVAF 18,107 Dabigatran, etexilate

or warfarin

paroxysmal vs persistent

and permanent

stroke/SEE; bleeding 2 Y

Khatib 2013 ARISTOTLE NVAF 18,198 apixaban or warfarin paroxysmal vs persistent

and permanent

stroke/SEE; mortality;

bleeding

1.8 Y

Steinberg 2015 ROCKET-AF NVAF 14,062 rivaroxaban or warfarin paroxysmal vs persistent stroke/SEE; mortality;

bleeding

1.9 Y

Link 2017 ENGAGE AF-TIMI 48 NVAF 9384 edoxaban or warfarin paroxysmal vs persistent

and permanent

stroke/SEE; mortality;

bleeding

2.8 Y

N, Number of patients NA, not available Y, years M, months

* For SPORTIF III, the median follow-up was 17.9 months per patients (range 0−26 months); for SPORTIF V, the median follow-up was 20.1 months

(range 0−31 months); and for the pooled analysis, the median follow-up was 18.6 months per patient (range 0−31 months).
significant reduction in stroke/SEE incidence (2.75% vs
3.39%, RR = 0.79, 95% CI = 0.71 to 0.88, P <0.00001, I2 =
0%) (Figure 3a) and all-cause mortality (6.48% vs 8.35%,
RR 0.72, 95% CI 0.66 to 0.79, P <0.00001, I2 = 0%)
(Figure 3b) after receiving OAT. No significant heterogene-
ity was detected in the analysis of the efficacy outcomes.

In all 6 trials, major bleeding was mainly defined accord-
ing to the criteria of the International Society on Thrombo-
sis and Hemostasis. Annualized major bleeding rates were
similar across AF types (RR 1.05, 95% CI 0.97 to 1.15,
P = 0.67, I 2= 56%) (Figure 4). Due to the high heterogene-
ity among trials, subgroup analyses were conducted accord-
ing to OAT (NOACs and warfarin). Similarly, no
significant difference in major bleeding was observed
between the paroxysmal and persistent or permanent AF

www.ajconline.org


Table 2

Baseline characteristics according to the types of atrial fibrillation (AF)

Variables Paroxysmal AF

(n = 6730)

Persistent/permanent AF

(n = 36226)

P value

Age 70.10§ 10 71.14§ 9.5 0.000

Women 3030 (41.29%) 13,496 (34.65%) 0.000

CHADS2 score 2.52 § 1.26 2.54 § 1.23 0.203
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groups (RR 1.06, 95% CI 0.96 to 1.17, P = 0.22, I2 = 35%),
regardless of treatment with NOACs (RR 1.08, 95% CI
0.95 to 1.22, P = 0.23, I2 = 24%) or warfarin (RR 1.05, 95%
CI 0.90 to 1.23, P = 0.54, I2 = 51%).

The significantly lower stroke/SEE (RR 0.79, 95% CI
0.71 to 0.88, P <0.0001, I2 = 0%) and all-cause mortality
(RR 0.72, 95% CI 0.66 to 0.79, P <0.00001, I2 = 0%) rates
in patients with paroxysmal AF than in those with persistent
or permanent AF were confirmed by fitting with a random
effect model. The sensitivity analysis performed by
Table 3

Incidence of the stroke/SEE, mortality, and bleeding in patients with parox

anticoagulants

Hohnloser 2007

(ACTIVE W)

Lip 2008

(SPORTIF)

Stroke/SEE paroxysmal AF; 1.5% 0.93% 1

persistent/permanent AF 1.5% 1.73% 1

All-cause mortality paroxysmal AF; NA 2.62% N

persistent/permanent AF NA 3.6% N

Major bleeding paroxysmal AF; 3.2% 2.33% 3

persistent/permanent AF 2% 2.16% 3

SEE, systemic embolic events; NA, not available

Figure 3. Forest plot of the comparative analysis of the incidence of efficacy out

temic embolism events (SEE), (b) all-cause mortality. P <0.05 was considered sta
sequentially removing each study individually and reana-
lyzing the remaining dataset is shown in Table 4. The
results were not affected by removal of any single study.
Discussion

The present study is the first to use a pooled analysis to
determine whether paroxysmal AF exhibits a similar or
lower stroke risk than persistent or permanent AF in
patients receiving OAT. The most important finding of the
present meta-analysis is that paroxysmal AF patients show
significantly improved efficacy and a similar safety profile
compared to persistent or permanent AF patients. Regard-
ing efficacy outcomes, patients with paroxysmal AF were
less likely to experience stroke or systemic embolic out-
comes than persistent or permanent AF patients. In addi-
tion, the all-cause mortality of paroxysmal AF patients was
lower. Regarding safety outcomes, major bleeding did not
differ by AF pattern.
ysmal or persistent/permanent atrial fibrillation (AF) treated with oral

Event rates (per patient year)

Flaker 2012

(RE-LY)

Khatib 2013

(ARISTOTLE)

Steinberg 2015

(ROCKET-AF)

Link 2017

(ENGAGE AF-TIMI 48)

.32% 0.98% 1.73% 1.49%

.55%/1.49% 1.52% 2.18% 1.83%/1.95%

A 2.81% 3.52% 3%

A 3.9% 4.78% 4.4%/4.4%

.57% 2.22% 3.31% 2.86%

.29%/2.29% 2.68% 3.55% 2.65%/2.73%

comes for different types of atrial fibrillation (AF) patients. (a) Stroke/sys-

tistically significant.



Figure 4. Forest plot of the comparative analysis of the incidence of safety outcomes in different types of AF patients. (a) Major bleeding events in different

types of AF patients, (b) subgroup analyses for major bleeding events by type of AF patient, taking new oral anticoagulants (NOACs) or warfarin. P <0.05
was considered statistically significant.

Table 4

Sensitivity analysis

Excluded trial Stroke/SEE All-cause mortality Major bleeding

RR (95% CI) P value RR (95% CI) p value RR (95% CI) P value

Hohnloser 2007 0.78 (0.7−0.87) <0.00001 NA NA 1.01 (0.90, 1.15) 0.81

Lip 2008 0.80 (0.72−0.89) <0.0001 0.72 (0.66,0.79) <0.00001 1.04 (0.90, 1.20) 0.6

Flaker 2012 0.75 (0.66−0.86) <0.0001 NA NA 1.00 (0.87, 1.16) 1

Khatib 2013 0.81 (0.72−0.91) 0.0004 0.72 (0.65,0.79) <0.00001 1.09 (0.98, 1.21) 0.13

Steinberg 2015 0.78 (0.69−0.88) <0.0001 0.70 (0.63,0.78) <0.00001 1.07 (0.92, 1.24) 0.41

Link 2017 0.79 (0.7−0.89) 0.0002 0.75 (0.67,0.83) <0.00001 1.04 (0.88, 1.23) 0.67

RR, Risk ratio; 95% CI, 95% confidence interval; NA, not available.
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Both CHA2DS2 and CHA2DS2-VASc score, which are
used to estimate the risk of stroke, do not consider the type
of AF. If the risk of thromboembolism is substantially
lower in paroxysmal AF patients, then the AF pattern may
be important when determining a risk score to guide thera-
peutic decisions. Prior studies have shown conflicting
results regarding whether paroxysmal AF patients have a
lower risk of thromboembolism than those with persistent
or permanent AF. Among patients treated with OAT in the
SPORTIF, ARISTOTLE, ROCKET-AF, and ENGAGE
AF-TIMI 48 trials, those with paroxysmal AF had a lower
risk of stroke/SEE than persistent or permanent AF patients.
In the ACTIVE W and RE-LY trials, however, the overall
risk of stroke/SEE was similar in paroxysmal, persistent,
and permanent AF patients. Our meta-analysis demon-
strated that paroxysmal AF patients were less likely to

www.ajconline.org
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experience stroke or systemic embolic outcomes than per-
sistent or permanent AF patients regardless of whether they
have similar CHADS2 scores based on pooled data from
the above RCTs. Given these results, it will be necessary to
include AF pattern in the current risk scoring systems.

The present study implied that paroxysmal AF patients
are more likely to benefit from OAT than those with persis-
tent or permanent AF. This finding may be explained as fol-
lows: (1) The efficacy of OAT was significant in women.
Compared to patients with persistent or permanent AF, par-
oxysmal AF patients were more likely to be female in the
included studies. A prior meta-analysis assessed the efficacy
of antithrombotic therapy in women and found that warfarin
decreased the risk of stroke by 84% in women compared to
60% in men.2 (2) Platelet activation, a key factor of thrombo-
genesis, was greater in permanent AF patients receiving ther-
apeutic anticoagulation than in those with paroxysmal AF.30

(3) AF burden, which is positively correlated with the risk of
ischemic stroke in adults not taking OAT, was smaller in par-
oxysmal AF than in persistent or permanent AF.31 It remains
unknown whether paroxysmal AF is associated with a lower
risk of thromboembolism due to sharing of underlying mech-
anisms, such as fibrosis and atrial dilatation, or whether the
shorter time in AF is directly responsible.

Our study has some limitations. The baseline character-
istics of different AF types were only based on 4 RCTs.
However, the characteristics of patients in the 2 studies not
included were consistent with the pooled patient character-
istics in our meta-analysis. Patients with paroxysmal AF
were younger, and more females were included in the RE-
LY and ENGAGE AF-TIMI 48 trials. Moreover, some het-
erogeneity was observed for the major bleeding rates
among trials. We performed subgroup analyses according
to different types of OAT to reduce the heterogeneity,
which was reflected by a decrease in I2 from 56% to 35%.
We also found that the slight difference in the definition of
major bleeding among the 6 trials also contributed to the
heterogeneity.

In conclusion, the present study shows that paroxysmal
AF patients exhibited a similar safety and favorable efficacy
profile compared to those with persistent or permanent AF.
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