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Abstract

Since atrial fibrillation (AF) is a potent risk factor for thromboembolism, anticoagulation therapy is essential to
prevent thromboembolism. Vitamin K antagonists (VKAs), mainly warfarin, have reportedly been able to reduce
the risk of thromboembolism by 60%-70%. Although several non-VKA oral anticoagulants (NOACs) are
currently available for the prevention of ischemic stroke and systemic embolism in patientswith non-valvular AF
(NVAF), VKAs remain to be used in patients with contraindication for NOACs such as severe renal impairment
or valvular AF. The J-RHYTHM Registry was conducted as a nationwide prospective observational study to
investigate the status of anticoagulation therapy with warfarin and the optimal anticoagulation therapy in Japanese
patients with AF. A consecutive series of outpatients aged >20 years with AF of any type was recruited between
January and July 2009, regardless of antithrombotic drug use. A total of 7,937 patients with AF were registered
from 158 institutions. Patients were followed up for 2 years or until an event, such as thromboembolism, major
hemorrhage, and all cause death, whichever occurred first. The main analysisin 7,406 patients with NV AFshowed
the prothrombin time international normalized ratio (PT-INR) of 1.6-2.6 was safe and effective at preventing
thromboembolic events in patients with NV AF,particularly patients aged >70 years. The PT-INRof 2.6-2.99 was
also effective, but associated with a slightly increased risk of major hemorrhage. This AF registry has become a

landmark study in Japan, and so far, more than 20 post hoc analyses have been published. In addition, the J-
RHYTHM Registry 2 extended the follow-up period of the J-RHYTHM Registry for a total of 5 years, to
investigate the effects of NOACs and the long-term effects of warfarin in Japanese patients with NVAF. This

review overviews the J-RHYTHM Registry and the J-RHYTHM Registry 2.
Keywords: atrial fibrillation, anticoagulation, warfarin, NOAC, thromboembolism, major hemorrhage.

Introduction

Atrial fibrillation (AF) is likely to be developed in the pop-
ulation of advanced age. Therefore, the number of people with
AF has been increasing worldwide along with the rise in aged
population, and it is predicted to reach 5-16 million in the Unit-
ed States [1-3], and more than 1 million in Japan [4,5] in 2050.
Since AF is a potent risk factor for thromboembolism [1,6], an-
ticoagulation therapy is essential to preventing thromboembo-
lism, specifically cardiogenic ischemic stroke that is likely to lead
patients to poor prognosis. Vitamin K antagonists (VKAS),
mainly warfarin, have reportedly been able to reduce the risk of
thromboembolism by 60%-70% [7,8]. Although several non-

VKA oral anticoagulants (NOACs, equal to direct oral an-
ticoagulants [DOACs]) are currently available for the preven-
tion of ischemic stroke and systemic embolism in patients with
non-valvular AF (NVAF), VKAs remain to be used in patients
with contraindication for NOACs such as severe renal impair-
ment or valwular AF. Since anticoagulation therapy raises a risk
of hemorrhagic complications [9], optimal anticoagulation ther-
apy with well-balanced risk assessment for thromboembolic and
hemorrhagic events should be chosen [10]. A therapeutic strate-
gy, including anticoagulation therapy with a high-evidence level
based on the results of randomized controlled trials (RCTS) or
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Table 1. Publications of the J-RHYTHM Registry and J-RHYTHM Registry 2

J-RHYTHM Registry First author Year Journal* Short title [Reference]

Study design Atarashi H. 2011 J Cardiol J-RHYTHM Registry study design [12]

Baseline data Atarashi H. 2011 CircJ Status of anticoagulation in AF in Japan [13]

Baseline subanalysis JRR invesrtigators | 2011 CircJ Warfarin use and INR control in AF patients [15]

Main analysis Inoue H. 2013 CircJ Target INR in NVAF [14]

Post hoc analyses Inoue H. 2014 Am J Cardiol Effect of gender on the prognosis of NVAF [16]
Okumura K. 2014 CircJ CHA;DS,-VASc and HAS-BLED scores in Japanese [17]
Inoue H. 2014 CircJ Type of NVAF and thromboembolism [18]
Yamashita T. 2015 J Cardiol Warfarin anticoagulation intensity in Japanese NVAF [19]
Kodani E. 2015 CircJ Anticoagulation in valvular AF [20]
Suzuki S. 2015 CircJ Ischemic stroke in Japanese AF patients [21]
Chishaki A. 2015 Thromb Res Propensity score matching subanalysis [22]
Ogawa H. 2015 Int J Cardiol Antiplatelet therapy in Japanese patients with AF** [23]
Tomita H. 2015 CircJ Validation of CHA2DS2-VA in Japanese NVAF [24]
Tomita H. 2015 Int J Cardiol Risk factors for bleeding in Japanese NVAF** [25]
Kodani E. 2015 CircJ Non-valvular AF in elderly Japanese patients [26]
Kodani E. 2016 J Stroke Cerebrovasc Dis| Secondary stroke prevention with warfarin in nonvalvular AF [27]
Watanabe E. 2016 Int J Cardiol Net clinical benefit of adding aspirin to warfarin [28]
Inoue H. 2016 Am J Cardiol BMI and prognosis of AF [29]
Inoue H. 2016 CircJ Regional differences in AF prognosis [30]
Kodani E. 2016 J Am Heart Assoc Blood pressure and events in nonvalvular AF [31]
Kumagai N. 2017 Am J Cardiol. Statin and thromboembolism in AF [32]
Kodani E. 2018 Eur Heart J QCCO Renal function and outcomes in non-valvular AF [33]
Inoue H. 2018 CircJ Renal dysfunction and warfarin control [34]
Inoue H. 2018 CircJ Time in therapeutic range and outcomes of NVAF [35]
Kodani E. 2019 CircJ Digitalis and mortality in NVAF [36]
Kodani E. 2020 Int J Cardiol Hemoglobin and outcomes of non-valvular AF [37]
Kodani E. 2020 Int J Cardiol Heart Vasc | CrCl versus eGFR for outcomes in non-valvular AF [38]

J-RHYTHM Registry 2 | Kodani E. 2016 CircJ Beneficial effect of NOACs in NVAF [39]

* Abbreviated to the style used in Index Medicus (http://www.nIm.nih.gov/tsd/serials/lIji.html). ** Letter to the Editor
JRR,J-RHYTHMRegistry; QCCO, Qual Care Clin Outcomes; AF atrial fibrillation; INR, internationalnormalized ratio; NVAF,non-valvularatrialfibrillation;
BMI, body massindex; CrCl, creatinine clearance; eGFR, estimated glomerular filtration rate; NOACs,non-vitaminK antagonist oral anticoagulants.

their meta-analysis is generally recommended. However, results
from the RCTSs are not always extrapolated to actual patient’s in
general clinical setting, because patients with poor condition are
usually excluded from RCTs. In contrast, results from registry
studies are often helpful for physicians to determine the thera-
peutic strategy, although the evidence level is not high, because
there are few exclusion criteria and diverse patients are included
in the registry study from actual clinical setting [11]. Therefore,
it is termed as real-world data. Several registry studies focusing
real-world patients with AF have been initiated worldwide since
the 2000s and some of these are currently ongoing. Among these,
we had conducted the J-RHYTHM Registry [12], wherein more
than 7,000 Japanese patients with AF were registered since

January 2009 [13,14] and more than 20 ,DOS[' hOCanaIyses[lS-
38], have been published in addition to the main analysis [14]
(Table 1). Thus, we herein overview the J-RHYTHM Registry,
which has become a landmark registry study of AF in Japan, and
the J-RHYTHM Registry 2 [39], which was the extended study
of the J-RHYTHM Registry with an extended follow-up period
for a total of 5 years, to investigate the effectsof NOACsand the
long-term effects of anticoagulation therapy with warfarin in
Japanese patients with NVAF.

Differences between Randomized Controlled Trial and
Registry Study

It is necessary to understand the differences between RCT
and observational study to interpret the results of registry studies
properly. In RCTs, patients are assigned randomly into the ther-
apeutic and control groups, and the prespecified endpoints such
as thromboembolism, major hemorrhage, and all-cause death are
investigated prospectively for the defined observation period.
Since patient characteristics become comparable owing to
randomization, a simple comparison using unadjusted data canbe
allowed to determine the differences in event rates and drug
effects among groups. Eligible subjects in RCTSs, specifically in
phase |1 clinical trials prior to the approval of novel drugs, are
often far from those in real-world clinical setting since the trials
are achieved among limited patients who met the strict enroll-
ment criteria and were under the strict control. In contrast, in reg-
istry study, subjects are generally enrolled consecutively without
exclusion criteria and do not receive any intentional intervention.
Medications, including antithrombotic drugs, are determined by
participating physicians and are sometimes out of their approved
doses or indications. Since a selection bias always exists in an
observational study, patient characteristics in thetherapeutic gro-
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-up are not similar to those in the control group. When com-
paring outcome events between the groups with different patient
characteristics, it is necessary to adjust for confounding factors
using some statistical methods such as multivariate Cox propor-
tional hazard model and propensity score matching. Therefore,
the results in the adjusted model often differ from those in the
unadjusted model. Note that it is difficult to adjust completely
for unmeasured variables and unrecognized risk factors even
after adjusting maximally for known confounding factors suchas
components of the conventional risk scores. Therefore, RCT is
able to prove hypothesis, whereas observational study is just
hypothesisgenerating in nature. That is why evidence level of
registry study is lower than that of RCT. In addition, since there
are various subjects and participating physicians in registrystud-
ies, it seems common and rather inevitable that different registry
studies with different populations result in different results.

Study Design of the J-RHY THM Registry

The J-RHYTHM Registry was conducted as a nationwide
prospective observational study to investigate the status of anti-
coagulation therapy and the optimal anticoagulation therapy in
Japanese patients with AF [12]. The study design and baseline
patient characteristics have been reported elsewhere [12,13].
Briefly, the study protocol conformed to the Declaration of Hel-
sinki and was approved by the ethics committee of each partici-
pating institution. Written informed consent was obtained from
all participants at the time of enrollment. A consecutive seriesof
outpatients aged >20 years with AF of any type was recruited
since January 2009, regardless of the antithrombotic drug use.
Only patients who have maintained a sinusrhythm for morethan
1 year wereexcluded. All drugs and their dosages wereselected at
the discretion of the treating physicians. Patients withvalvular AF
(mechanical heart valve and mitral stenosis) were analyzed
separately [20] from those with NVAF[14]. Risk factors for

Table 2. Evaluations at baseline and at the 2-year follow-up visit

Evaluations at baseline Evaluations during 2-year follow-up

Demographic information (age,
sex)

Medical history

Risk factors for thromboembolism
(CHADS2score)

Physical examination

Physical examination

Peripheral blood pressure

Peripheral blood pressure

Heart rate

Heart rate

Laboratory information

Laboratory information

International normalized ratio

International normalized ratio

Platelet count

Serum creatinine

Hemoglobin

Medications

Warfarin

Antiplatelets

Antihypertensives

Medication for diabetes mellitus

Antiarrhythmics

(Adapted from Atarashi et al., J Cardiol 2011; 57: 95-9 [12].)

thromboembolism were evaluated using the CHADS2 score
(congestive heart failure, hypertension, age >75 years, and
diabetes mellitus for 1 point and history of stroke or transient
ischemic attack [TIA] for 2 points) [40]. Anticoagulation inten-
sity was determined at the time of enrollment (baseline) and at
each follow-up visit using the prothrombin time international
normalized ratio (PT-INR) in patients receiving warfarin (Table
2). Timein therapeutic range (TTR) was also calculated using the
Roosendaal method [41] to evaluate the overall quality of
anticoagulation therapy during the follow-up period. Note that the
target PT-INR levels were set at 1.6-2.6 for patients aged >70
years and at 2.0-3.0 for those aged <70 years according to the
Japanese guidelines [42]. Patients were followed up for 2 years
or until an endpoint event, whichever occurred first. The
primary endpoints were defined as thromboembolism, including
symptomatic ischemic stroke, TIA, and systemic embolism;
major  hemorrhage, including intracranial hemorrhage,
gastrointestinal hemorrhage, and other hemorrhages requiring
hospitalization; and all-cause death. In some post hoc analyses,
cardiovascular death [18,20,22,26,27,29,32,33,36,39] and the
composite of thromboembolism, major hemorrhage, and all-
cause death [33-35,37,38], whichever occurred first for each
patient, were also evaluated. The diagnostic criteria for each
event have been described elsewhere [12,13]. If any event
occurred during the follow up period, PT-INR and blood
pressure (BP) at the time prior to and closest to the event were
recorded [12,14,31]. i

Differences between the J-RHYTHM Registry and the
Fushimi AF Registry

The Fushimi AF Registry [43,44] is another major registry
study in Japanese patients with AF, which was initiated in 2011
just before the approval of the first NOAC dabigatran, and is
often compared with the J-RHYTHM Registry.

In contrast to the J-RHYTHM Registry, the Fushimi AF
Registry was conducted by predominantly general practitioners,
and patients with AF, visiting general hospital or clinic, were
widely recruited from localized area in Fushimi, Kyoto, Japan.
Therefore, risk of thromboembolism in the Fushimi AF Registry
was higher than that in the J-RHYTHM Registry; that is, the
mean CHADSZ, scores were 2.1+1.4 and 1.7+1.2, respectively
[12,43]. In addition, PT-INR values were assessed only at the
time of enrollment in the Fushimi AF Registry [43]. In this
review, some results of the Fushimi AF Registry will be
compared with those in the J-RHYTHM Registry, as appropriate.
Patients Characteristics at Baseline

A total of 7,937 patients with AF were registered from 158
institutions until July 2009. Baseline characteristics in the J-
RHYTHM Registry are shown in Table 3. A notable feature of
this registry was that anticoagulation therapy with warfarin was
performed more frequently (87.3%) compared with that in the
FushimiAF Registry (50.5%) [43,44] because most of the partic-
ipating physicians specialized in cardiology and in the manage-
ment of cardiac arrhythmias in the J-RHYTHM Registry. On the
contrary, antiplatelets were less prescribed in the J-RHYTHM
Registry than in the Fushimi AF Registry (25.9% vs. 31.3%)
[12,43]. The most impressive result of the baseline data analyses
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Table 3. Baseline characteristics of the J-RHYTHM Registry

Number of patients 7,937
Age, years 69.7+9.9
Sex, men 68.9%
Type of atrial fibrillation

Paroxysmal 37.1%

Persistent 14.4%

Permanent 48.5%
Comorbidities

Coronary artery disease 10.1%

Valvular disease 13.7%

Mitral stenosis/Prosthetic valve 3.5%/3.1%

Cardiomyopathy 8.3%

HCM/DCM 3.4%/4.9%

Congenital heart disease 1.3%

COPD 1.7%

Hyperthyroidism 1.7%
CHADSZ score 1.7+1.2

0 15.6%

1 34.0%

>2 50.4%
Risk factors for stroke

C: Heart failure 30.0%

H: Hypertension 59.1%

A: Age >75 years 32.8%

D: Diabetes mellitus 18.2%

S,: Stroke/TIA 14.0%
Heart rate, /min 72.5+13.2
Systolic blood pressure, mmHg 125.7+£16.1
Diastolic blood pressure, mmHg 73.1+11.1
Antithrombotic therapy

Warfarin 87.3%

PT-INR 1.92+0.50

Achievement rate of target PT-INR* 53.1%

<70 years (rate of PT-INR 2.0-3.0) 37.0%

>70 years (rate of PT-INR 1.6-2.6) 66.2%

Antiplatelet 25.9%

Aspirin 22.3%

Warfarin+ aspirin 15.7%

Data expressed as percentage or mean + standard deviation.

HCM, hypertrophic cardiomyopathy; DCM, dilated cardiomyopathy; COPD,
chronic obstructive pulmonary disease; TIA, transient ischemic attack; PT-
INR, prothrombin time international normalized ratio.

*Target INR was2.0-3.0 (<70years)or1.6-2.6 (=70 years).

(Adapted from Atarashietal. Circ J.2011;75: 1328-33[13].)
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Figure 1. Distribution of baseline PT-INR in the J-RHYTHM Registry. PT-
INR, prothrombin time international normalized ratio Generated from At-
arashi et al., Circ J. 2011; 75: 1328-33 [13]. *
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Figure 3. Two-year event rates of thromboembolism (A) and major hemor-
rhage (B). PT-INR, prothrombin time international normalized ratio Generat-
ed from Inoue et al., Circ J. 2013; 77: 2264-70 [14].

Was that the distribution of baseline PT-INR values was
extremely similar between patients aged <70 years and those
aged >70 years [13] (Figure 1). This suggested that most
Japanese physicians managed patients with AF receiving
warfarin aiming the PT-INR levels around 2.0 even in younger
patients aged <70 years. The factors for the hesitation of
warfarin use included age

<60 years, paroxysmal AF, and antiplatelet use [15]. Diabetes
mellitus and antiplatelet use were negative factors to achieve tar-
get PT-INR in the J-RHYTHM Registry [15].

Event Analyses

Of the 7,937 entire patients with AF, a total of 7,406 patients
with NVAF were analyzed after excluding those with valvular
AF and who lost to follow-up [14] (Figure 2). Incidence rates of
clinically important events were relatively low on the whole, that
is, 0.8 per 100 person-year for thromboembolismand 0.9 per 100
person-year for major hemorrhage [14,17], compared with 2.7%
and 1.5% per year, respectively, in the Fushimi AF Registry
[44]. The incidence of thromboembolism and all-cause death
was significantly lower and that of major hemorrhage was higher
in patients receiving warfarin than in those not receiving
anticoagulation therapy [14,17,22]. When patient backgrounds
were equalized using propensity score matching, in other words,
when mimicking RCT, the incidence of major hemorrhage in
patients receiving warfarin,was comparable, whereas that of
thromboembolism and all-cause death was significantly lower in
patients receiving warfarin, compared with those not receiving
warfarin [22]. These findings suggested that anticoagulation
therapy with warfarin might have beneficial effects to reduce the
incidence of thromboembolismand all cause death and might not
induce hemorrhagic compligations, although the J- RHYTHM
Registry was not an RCT. In contrast, anticoagulation therapy,
mainly warfarin, did not affect the incidence of either thromboe-
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mbolism or major hemorrhage in the Fushimi AF Registry [44].
It was probably due to the lower rate of anticoagulation therapy
in that registry [44]. , Regarding baseline PT-INR,
thromboembolism occurred less frequently in patients receiving
warfarin with the baseline PT-INR of 1.6-2.99 than in those not
receiving anticoagulation therapy, whereas major hemorrhage
occurred more frequently in the PT-INR>2.6 ,[14] (Figure 3).
Thus, the PT-INR of 1.6-2.6 was safe and effective at
preventing thromboembolic events in patients with NVAF,
particularly in those aged >70 years. The PT-INR of 2.6-2.99
was also effective, but associated with a slightly increased risk
of major hemorrhage [14]. The estimated association between
PT-INR and event risk for ischemic stroke/systemic embolism
was similar to that in the Western countries, whereas that for
intracranial hemorrhage (ICH) shifted leftward (lower) by a PT-
INR of approximately 0.5 in Japanese patients with NVAF [19],
indicating that the optimal therapeutic range of PT- INR would
be narrower in Japanese patients with NVAF treated with
warfarin than those in Caucasians. Accordingly, the PT-INR of
1.6-2.6, which is a current target for patients aged >70 years in
Japan [42], might be optimal for all Japanese patients with
NVAF. However, TTR should be kept more than 60% to obtain
the satisfactory effect of warfarin in preventing throm-
boembolism and all-cause death [35]. Several previous studies
have also demonstrated that the TTR needs to be maintained
above 60%-75% for a significant reduction in stroke and sys-
temic embolism [45-47]. In addition, major hemorrhage wasob-
served more frequently in patients with low TTR of <40% (haz-
ard ratio [HR] 5.57, 95% confidence interval [CI] 2.04-15.25,
compared with no-warfarin) in the J-RHYTHM Registry [35].
Some confounding factors not determined in the present
analysis could have been involved in the association between
TTR<40% and major hemorrhagic events.

Post hoc Analyses on Risk Assessment

Since the CHA2DS2-VASc score [48] was adopted as a risk
assessment score for thromboembolism in the 2012 focused up-
date of the European Society of Cardiology (ESC) Guidelinesfor
the Management of Atrial Fibrillation [49], this risk score has
been used worldwide and also adopted in the 2016 ESC
Guidelines [50] and in the other guidelines [51-54]. It comprises
age >75 years and prior stroke, TIA, or thromboembolism for 2
points and other components of the CHADS: score, vascular
disease (prior myocardial infarction, peripheral artery disease, or
aortic plaque), age 65-74 years, and sex category (female sex)
for 1 point. Certainly, these components were identified as sig-
nificant risk factors for ischemic stroke, TIA, and systemic em-
bolism in Caucasians [48,55]. In contrast, the CHADSz score[40]
has been adopted in the Japanese guidelines [42] to sim- plify
the risk assessment for thromboembolism in patients with
NVAF. The HAS-BLED score (hypertension [systolic BP >160
mmHg], abnormal renal/liver function, stroke, bleeding history or
predisposition, labile INR, elderly [>65 years], drugs/alcohol
concomitantly) [9] has also been widely used for the
assessment of bleeding risks during anticoagulation therapy.
Since risk factors for adverse events in patients with AF might
be specific in race, ethnicity, and generation, these risk scores
should be validated for the suitability in current Japanese
patients with NVAF.

Therefore, several post hoc analyses were performed to validate
conventional risk scores and to identify other risk factors for ad-
verse events using the data of the -RHYTHM Registry.

Validation of Conventional Risk Scores
In a sub analysis of the J-RHYTHM Registry on the

validation of the CHA2DS2-VASc and the HAS-BLED scores in
Japanese patients with NVAF [17], the efficacy of warfarin
treatment in reducing thromboembolic events was observed in
patients with the CHADSz score of 1 (odds ratio [OR] 0.39,95% ClI
0.18-0.81) and>2 (OR 0.43, 95% CI 0.25-0.73) and with the
CHA:zDS2- VASc score of 1 (OR 0.25, 95% C10.06-1.01) and >2
(OR 0.45,95% CI10.29-0.70). There was no significant difference
in the rate of thromboembolism in patents with the CHA2DS:-
VASc score of 0; thus, the CHA2DS2-VASc score was useful for
identifying patients at truly low risk of thromboembolism. The
HAS-BLED score >3 was also useful for identifying patients at
high risk of major bleeding [17]. Thus, these risk scores were
useful for Japanese patients with NVAF as well as for Caucasians.
However, the predictive ability of the CHADS: scere for
thromboembolism assessed by C-statistics was superior to that of
the CHA2DS2- VASc score (0.638 vs. 0.595, P=0.043) in another
sub analysis of the J-RHYTHM Registry [24], indicating that the
CHADS: score rather than the CHAxDS2-VASc score may be
more suitable for Japanese patients with NVAF. Indeed, in a
pooled analysis of the 3 major Japanese AF registries (J-
RHYTHM Registry, Fushimi AF Registry, and Shinken Database)
[21], the 3 components in the CHA2DS2-VASc score (vascular
disease, age 65—74 years, and female sex) added to the CHADS:
score werenot associated with ischemic stroke in Japanesepatients
with NVAF not receiving anticoagulation therapy. Thus, the
current recommendation in Japanese guidelines, in which the
CHADS; score is adopted [42], may be appropriate for Japanese
patients with NVAF, despite the CHAxDS2-VASc score is
recommended in other countries [49,50,52-54].

Evaluation of Each Component of the CHADS:
Score Congestive Heart Failure

Congestive heart failure is defined as recent exacerbated
heart failure within the past 100 days[40,56]. However, it is gen-
erally determined by physicians based on symptoms, examina-
tions, and medications for heat failure because the definition of
exacerbation is vague in a clinical setting. In the J-RHYTHM
Registry, 30% of patients were diagnosed with heart failure [13]
(Table 3). Although an analysis focusing specifically on heart
failure has not been achieved yet, heart failure was used as an ad-
justing variable in several post hoc analyses. Consequently, heart
failure was not identified as an independent risk factor for throm-
boembolism in patients with NVAF, including those receiving
warfarin [18,29-36] or in those not receiving anticoagulation
therapy [21,23]. In contrast, heart failure was consistently an in-
dependent risk factor for all-cause death [18,29,33-37] and car-
diovascular death [18,29,33-37] in Japanese patients with NVAF.
The reasons why heart failure was not identified as a significant
risk factor for thromboembolism include the following: the cur-
rent standard therapeutic drugs for heart failure differ from those
in the 1990s, heart failure is a stronger risk factor for all-cause
and cardiovascular deaths than thromboembolism [18, 29, 33-
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37,57], and the severity or duration of heart failure was notcon-
sidered. Certainly, in a subanalysis of the ENGAGE AF-TIMI48
(Effective Anticoagulation With Factor Xa Next Generation in
Atrial Fibrillation-Thrombolysis in Myocardial Infarction 48)
trial [58], severe heart failure with New York Heart Association
class 111 or IV was a significant risk factor for thromboembo-
lism (HR 1.45, 95% CI 1.12-1.88). In addition, the incidenceof
stroke or systemic embolism markedly increased in the 30 days
after admission for heart failure (HR 12.0, 95% CI 4.59-31.98)
in a subanalysisof the Fushimi.AF Registry [59].

Hypertension

Hypertension is a risk factor for stroke even in patients with
its history and/or adequate BP control under treatment in the
Framingham study [60]. In sub analyses on hypertension of the
phase 1l trialsusing NOACs, hypertension was a significant risk
factor for stroke or systemic embolism in the 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) trial [61] and the AR-
ISTOTLE (Apixaban for Reduction in Stroke and Other Throm-
boembolic Events in Atrial Fibrillation) trial [62], but not in the
RE-LY (Randomized Evaluation of Long Term Anticoagulant
TherapY) trial [63]. In a sub analysis of the J-RHYTHM
Registry on hypertension and BP values [31], hypertension
(including its history and/or under treatment) was an
independent risk factor for major hemorrhage (HR 1.52, 95%
Cl 1.05-2.21) but not for thromboembolism. Systolic and
diastolic BP values at the time of enrollment were well-
controlled on average (Table 3) [13,31]. Thus, either systolic or
diastolic BP value at the time of enrollment was not an
independent risk factor for thromboembolism or major
hemorrhage. In contrast, the systolic BP >136 mm Hgat the time
closest to the event was a significant risk factor for both events
compared with systolic BP <114 mmHg as a reference (OR
2.88,95% CI 1.75-4.74for thromboembolismand OR 1.61,95%
Cl 1.02-2.53 for major hemorrhage) [31] (Figure 4). A
subanalysis of the Fushimi AF Registry on hypertension [64]
also showed that event rates in patients with hypertension were
comparable to those without it, but the incidence rates of stroke
or systemic embolism and hemorrhagic stroke in patients with a
baseline systolic BP >150 mmHg were significantly higher than
those with adequate BP control [64]. Since patients with higher
BP had consistently indicated higher event rates in all studies
[31,61-64], appropriate BP control is definitely important and
may result in reduced risks of both thromboembolism and ma-
jor hemorrhage in patients with NVAF. The association between
the visit-to-visit BP variability during the follow-up period and
adverse events in patients with NVAF was reported in a post
hoc analysis of the AFFIRM (Atrial Fibrillation Follow-Up
Investigation of Rhythm Management) Study [65] that the third
and highest quartiles of systolic BP-standard deviation were
independently associated with a higher risk for stroke (HR 1.85
and HR 2.33, respectively). This issue could be a nexttask to be
clarified in the J-RHYTHM Registry.

Age >75 years

Age >75 years is indicated as a strong risk factor for throm-
boembolism among the components of the CHADS:
score[40,55,66]. In a sub analysis of the J-RHYTHM Registry on
old- er patients and PT-INR[26], age >75 years was also a
strong risk factor for thromboembolism. In that study, composite
events of thromboembolism and major hemorrhage were less
frequent in patients with the PT-INR of 1.6-2.6, even in those
aged 75-84 years and also >85 years [26], indicating that
anticoagulation therapy with warfarin could have beneficial
effects even in very old patients with NVAF if PT-INRvalues
were kept between 1.6 and 2.6.
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Figure 4. Odds ratios for thromboembolism (A) and major hemorrhage (B) in
each quartile of systolicaBP Multivariate logistic regression model using
systolic BP quartiles at the time closest to the event per at the end of the follow-
up peri- od. Odds ratios were adjusted for the components (except hypertension)
ofthe

CHA2DS,-VASc score and use of warfarin and antiplatelet. BP, blood pressure
at the time prior to and closest to an event or at the end of follow-up. Generated
from Kodani etal., J Am Heart Assoc.2016; 5: 004075 [31].

Diabetes mellitus

Diabetes mellitus was identified as a risk factor for throm-
boembolism in some studies in Caucasians [7,55]. However, in
the pooled analysis of the 3 major Japanese AF registries (J-
RHYTHM Registry, Fushimi AF Registry, and Shinken Da-
tabase) [21], diabetes mellitus was not identified as a risk factor
for ischemic stroke in Japanese patients with NVAF not receiv-
ing anticoagulation therapy. Therefore, it remains controversial
whether diabetes mellitus is certainly an independent risk factor
for thromboembolism. Possible reasons for the discrepant results
include differences in duration of diabetes mellitus, blood glu-
cose levels, and oral hypoglycemic agents among the studies.

In a sub analysis of the J-JRHYTHM Registry on the effect
of stain use in patients with NVAF and diabetes mellitus [32],
the incidence of thromboembolism in those receiving statin in
addition to warfarin was lower than that in those receiving
warfarin only [32]. Accordingly, the concomitant use of warfarin
and statin might have clinically beneficial effects for
thromboembolism in patients with NAVF and diabetes mellitus.

Prior stroke or transient is chemic attack
Prior stroke or TIA is recognized as a stronger risk for

thromboembolism than other risk factors [27, 55, 67, 68]; thus, it
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has been assigned for 2 points in both the CHADS2 [40] and the
CHA2DS2-VASc scores [48]. In a sub analysis of the J-
RHYTHM Registry on the secondary prevention of stroke [27],
prior stroke or TIA was consistently a stronger risk factor for
thromboembolism. In that study, composite events of
thromboembolism and major hemorrhage were less frequent in
patients with the PT-INR of 1.6-2.6, even in those with prior
stroke or TIA [27], indicating that anticoagulation therapy with
warfarin with PT-INR values between 1.6 and 2.6 could be
beneficial for the secondary prevention of stroke.

Evaluation of Factors Not Included in the CHADS2 Score

As shown before, either vascular disease, age 6574 years,
or female sex in the CHA2DS2-VVASc score were not a signifi-
cant risk for ischemic stroke in Japanese patients with NVAF
not receiving anticoagulation therapy in the pooled analysis of
the 3 major Japanese AF registries including the J-RHYTHM
Registry [21]. In post hoc analyses of the J-RHYTHM Registry,
several factors not included in the CHADS: score such as female
sex, AF type, body mass index (BMI), renal Impairment,
hemoglobin level and platelet count, antiplatelet use, digitalis
use, and geographical region, were also evaluated [16,23,28-
30,33,36,37,69].

Sex category (female sex)

Female sex was identified as arisk factor for thromboembo-
lism in the Framingham study [#]-and the Swedish Cohort
Atrial Fibrillation stud [55]. Hewever in other studies [66,70,71],
it was not identified as a solo risk factor in AF patients aged
<65 years without other organic diseases, to whom anticoagulant
therapy would not be needed. In a subanalysis of the J-
RHYTHM Regis- try on sex differences in adverse events [16],
female sex wasnot identified as a risk factor in Japanese
patients with NVAF, afinding consistent with other studies in
Caucasians [66,70,71]. In a validation study of the J-RHYTHM
Registry on the CHA2DS2- VA score (excluding female sex
from the CHA2DS2-VASc score) [24], the predictive ability of
the CHA2DSz-VA score for thromboembolism assessed by C-
statistics was superior to that of the CHA:DS2-VASc score
(0.624 vs. 0.595, P=0.029).Thus, being female should be
considered as not a risk, but a modifier of other risk factors
independent of sex [24,72].

Atrial fibrillation type

Based on the results of the ACTIVE W (Atrial fibrillation
Clopidogrel Trial with Irbesartan for prevention of Vascular
Events) Substudy [73], AF type had been thought no association
with the incidence of ischemic stroke. In a sub analysis of the J-
RHYTHM Registry on AF type [69], the results supported the
ACTIVE W Sub study; that is, the risk for thromboembolism in
patients with permanent AF was comparable to those with
paroxysmal AF after adjusting multiple confounding factors
[69]. However, several subsequent post hoc analyses using AF
type as a covariate on multivariate analysis revealed that the risk
of thromboembolism in patients with paroxysmal AF was
significantly lower than those with permanent AF even in the

same study subjects [29,30,35]. Thus, the results of multivariate
analysis should be interpreted cautiously, since they often differ
among studies depend upon the differences in selected explana-
tory variables for the adjustment as in this case. In a sub analysis
of the Fushimi AF Registry [74], the risk for thromboembolism
in patients with persistent or permanent AF was higher than those
with paroxysmal AF. In addition, in the J-RISKAF study, a
pooled analysis of the 5 major Japanese AF registries, including
J- RHYTHM Registry, Fushimi AF Registry, Shinken Database,
Keio Inter hospital Cardiovascular Studies, and Hokuriku-Plus
AF Registry (N=12,289), also demonstrated that the risk ratio of
persistent or permanent AF for ischemic stroke was, significantly
high (HR 1.59, 95% CI 1.21-2.10) compared with paroxysmal
AF (Table 4) [75]. Differences in duration and frequency of par-
oxysmal AF episodes might also have contributed to the
discrepant results.

Table 4. Risk factors for ischemic stroke in Japanese patients with AF

Characteristic HR (95% CI) P value
Age

<75 years 1 [Reference]

75-84 years 1.74 (1.32-2.30) <0.001

>85 years 2.41 (1.63-3.56) <0.001
Hypertension 1.60 (1.15-2.23) 0.006
Previous stroke 2.75 (2.09-3.62) <0.001
Persistent or permanent 1.59 (1.21-2.10) 0.001
atrial fibrillation
Body mass index <18.5 kg/m2A 1.55 (1.05-2.29) 0.03
No oral anticoagulant 1.86 (1.40-2.47) <0.001

Stepwise Cox proportional hazard model

Pooled analysis of 5 major Japanese atrial fibrillation registries including
J-RHYTHM Registry, Fushimi AF Registry, Shinken Database, Keio Inter hos-
pital Cardiovascular Studies, and Hokuriku-Plus AFRegistry (N=12,289).

HR, hazard ratio; Cl, confidence interval

(Adapted from Okumura et al. JAMA Netw Open 2020; 3: €202881 [75].).

Body weight or body mass index

Although the association between body weight (BW) and
adverse events in patients with AF have been reported [76-79],
results were inconsistent. In a study from China, the incidence
rate of thromboembolism was higher in AF patients with obese
than in those with underweight or normal weight [77]. In
contrast, obesity was not associated with poor outcomes among
subjects with established AF, but rather associated with lower
mortality [76,77,80]. This phenomenon is known as the obesity
paradox [81,82]. Furthermore, several studies did not find a
significant association between BW and embolic risk [76,78,79].
Even in Japanese patients with AF, results were inconsistent
[29,83]. In a sub analysis of the Fushimi AF Registry [83], a low
BW of <50 kg was identified as an significant risk factor for
ischemic stroke/ systemic embolism in Japanese patients with
AF. In contrast, in a sub analysis of the J-RHYTHM Registry on
BMI [29], low BMI of <18.5 kg/m? was identified as a stronger
risk factor (com- pared with normal BMI of 18.5-24.9 kg/m?)
for all cause death (HR 2.40, 95% CI 1.59-3.63), rather than for
thromboembolism (HR 1.22, 95% CI 0.63-2.38). The possible
reason is thought that patients with low BW or low BMI are
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often complicated with sarcopenia, frailty, and renal
impairment in patients with AF, specifically in elderly
patients. Interestingly, the obesity paradox for mortality was
ohserved in this study, demonstrating that mortality in patients
with slightly high BMI of 25-29.9 kg/m? was lower than
those with normal BMI of 185-24.9 kg/m? [29], as in
previous reports[76,77,80].

Renal impairment

Renal impairment is also reportedly a risk factor for stroke or
all-cause death in patients with AF [84,85] as well as in the
general population [86,87]. It is also true in Japanese patients
with AF [33,88]. In a sub analysis of the Fushimi AF Registry
on renal function, incidence of stroke/systemic embolism and
major bleeding in patients with low creat in ine clearance (CrCl)
of <30 mL/min was significantty higher compared with those
with CrCl >50 mL/min [88]. In contrast, in a sub analysis of the
J- RHYTHM Registry on renal function [33], low CrCl of <30
mL/min was a stronger risk factor (compared with CrCl >80 mL/
min) for all-cause death (HR 6.44, 95% CI 3.03-13.7), rather than
for thromboembolism (HR 1.69, 95% CI1 0.62—4.62). Thereason
may be similar to BMI since BMI and renal impairment often
coexist. Low BMI (<18.5 kg/m?2) and severe renal impairment
(CrCl <30 mL/min) could be a competing risk against all-cause
death. Cumulative rates of composite event including
thromboembolism, major hemorrhage and all-cause death
showed evident trends significantly across the 4 CrCl groups [33]
(Figure 5). In addition, the association between CrCl and TTR
was found in patients with NVAF aged >70years [34]. Low
CrCl of <30 mL/min was independently associated with low
TTR of <65%. For thromboembolism, low TTR of <65% was a
stronger risk (HR 2.26, 95% CI 1.37-3.72 compared with TTR
>65%) than low CrCl of <30 mL/min (HR 1.68, 95% CI 0.41-
1.85 compared with CrCl of >80 mL/min), where as both low
TTR and low CrCl were independently associated with an
increased risk of all-cause death (low TTR, HR 1.60, 95% Cl

1.07-2.38; low. CrCl, HR 5.32, 95% CI 1.56-18.18) and
composite events (low TTR, HR 1.58, 95% CI 1.22-2.04; low
CrCl, HR 2.03,95%CI 1.10-3.76) [34]. In general, CrCl is used
for dose adjustments of NOACs in patients with NVAF, and
estimated glomerular filtration rate (eGFR) is adopted for the
diagnosis of chronic kidney disease [89]. Since the predictive
ability of CrCl versus eGFR for the outcomes in patients with
NVAF remains controversial, the C-statistics of CrCl were
compared with those of eGFR in a subanalysis of the J-
RHYTHM Registry [38]. The C-statistics of CrCl for
thromboembolism, major hemorrhage, and all cause death were
0.609, 0.599, and 0.746; and those of eGFR were 0.542, 0.573,
and 0.677, respectively. Thus, CrCl was superior to eGFR in the
prediction of adverse outcomes in patients with NVAF,
specifically of thromboembolism and all cause death[38].

-us cardiac diseases such as coronary artery diseases after
percutaneous coronary intervention [90,91], chronic heart failure
[92], and AF [93,94]. A lower platelet count is also reportedly
associated with a lower risk of stroke but a higher risk of bleed-
ing events [95]. In a sub analysis of the J-RHYTHM Registry on
hemoglobin level and platelet count [37], a lower hemoglobin
level (<12.0 g/dL) was an independent risk factor for all-cause
death (HR 2.19, 95% CI 1.52-3.17) and composite events (HR
1.61, 95% CI 1.25-2.07), but not for thromboembolism or
major hemorrhage in Japanese patients with NVAF. In contrast,
platelet count was not independently associated with any
outcome event after adjusting the confounding factors [37]. A
recent sub anal- ysis of the Fushimi AF Registry on hemoglobin
level [96] also demonstrated that a lower hemoglobin level
(<13.0 g/dL in men and <12.0 g/dL in women) was an
independentrisk factor for not only all-cause dearth but also
major bleeding and heart failure hospitalization. It is consistent
in both registries that anemia is definitely an independent risk
factor for all-cause death, but not for thromboembolism[37,96].
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Figure 5. The Kaplan-Meier curves for the composite of thromboembolism,
major hemorrhage, and all-cause death in the 4 CrCl groups. CrCl, creatinine
clearance (mL/min) Cited from Kodani et al., Eur Heart J Qual Care Clin
Outcomes. 2018; 4: 59-68 [33].
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Hemoglobin concentration or anemia is reportedly associ- ated
with poorer outcomes and higher mortality in patients with vario-
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Antiplatelet use

Aspirin was shown to be inferior to warfarin or apixaban
in pr*eventing stroke in Caucasian patients with AF [97,98].
Since it was also shown in Japanese patients with NVAF that
a low-dose aspirin was comparable to placebo in preventing
stroke and rather caused a marginally increased risk of major
bleeding in the JSAT (Japan Atrial Fibrillation Stroke Trial)
Study [99], an antiplatelet use has not been recommended
for the prevention of stroke in patients with NVAF in
Japanese guidelines T42]. However, an antiplatelet was
prescribed to many patients with AF in actual clinical setting
in Japan [13,43] and China [100]. In a pooled analysis of the
3 major Japanese AF registries (J-RHYTHMRegistry,
Fushimi AF Registry, and Shinken Database) to assess the
benefit and the risk of antiplatelet therapy in Japanese
patients with AF who were not receiving anticoagulation
therapy [23], ischemic stroke was more frequent in those
receiving antiplatelet than those not receiving it. However,
antiplatelet use was not in- dependently associated with the
incidence of thromboembolism or major hemorrhage after
adjusting multiple confounding factors [23]. In contrast,
among patients receiving anticoagulation therapy with
warfarin, the incidence of thromboembolism was
comparable and that of major hemorrhage was higher in
those receiving both aspirin and warfarin compared with
those receiv- ing warfarin only. Positive net clinical benefit
of adding aspirin to warfarin was obtained in only high-risk
patients with the CHA2DS2-VASc score >2 and the HAS-
BLED score>3 in the J- RHYTHM Registry [28].

Digitalis use

Digitalis, mainly digoxin, which has been used for ventricu-
lar rate control and heart failure management in patients with AF
for a long time, is reportedly a poor prognostic factor [101]. In a
sub analysis of the J-RHYTHM Reqgistry on digitalis use and
mortality [36], digitalis yse was associated with all cause deathin
the crude model, whereas it was not proven in the propensity
score matching model. Several clinical confounding factors
might contribute to increased mortality in patients with NVAF
treated with digitalis. Patient condition, comorbidities, and
digoxin concentration were more strongly associated with
patient prognosis, rather than djgoxin use itself [36,102].

Geographical region

Several efforts were made to avoid the uneven regional dis-
tribution of the study population, which were pre specified that
patient registration was performed in proportion to the popula-
tion density from each of the 10 Japanese geographical regions,
and a maximum of 100 patients were allowed to enroll in each
institution [12]. Nevertheless, there were differences in patient
characteristics, frequency of anticoagulation therapy, PT-INR,
and incidence rate of thromboembolism among 10 geographical
regions, and geographical region itself was independently asso-
ciated with the incidence of thromboembolism [30].

Hemorrhagic Risk
According to the results from a sub analysis of the RE-LY
trial [103], olderage (> 75 years), low BW (<50 kg), renal

impairment (CrCl <50 mL/min), and antiplatelet use have been
identified as major risk factors for hemorrhagic events during
anticoagulation therapy. In a post marketing surveillance (PMS)
study, the J-Dabigatran Surweillance, in Japanese patients with
NVAF receiving dabigatran, age, prior stroke/TIA/systemic
embolism, myocardial infarction, gastrointestinal bleeding, and
pglycoprotein inhibitor use were identified as independent risk
factors for major bleeding [104]. In a sub analysis of the J-
RHYTHM Registry on the risk factors for bleeding events during
anti coagulation therapy with warfarin [25], the highest risk factor
for major hemorrhage among the components of the HAS-BLED
score[9], was prior bleeding (OR 5.03, 95% CI 3.13-7.82) followed
by elderly (age >65 years), labile PT-INR defined as episode(s) of
PT-INR >3.5 during the study period, and antiplatelet use in patients
with NVAF. For ICH, it was labile PT-INR (OR 5.00, 95% CI 2.39-
9.66) followed by prior bleeding and antiplatelet use [25]. Although
hypertension was not identified as an independent factor for major
hemorrhage or ICH in this sub analysis [25], it was significant risk
factor for major hemorrhage in an- other sub analysis on
hypertension (HR 1.52, 95%CI 1.05-2.21) in patients with
NVAF[31]. As on the AF type, the resultson hypertension as an
event risk often differ among studies. Possible reasons for the
discrepant results include the different definition of hypertension was
used among studies, that is, hypertension was defined as only the
baseline systolic BP >140 mmHg in the former sub analysis [25],
whereas as the baseline systolic BP>140 mmHg, diastolic BP >90
mmHg, history of hypertension, and/or under treatment in the latter
sub analysis [31]. On theother hand, when BP values at the time
closestto the eventor at the end of follow-up were used for analysis,
the systolic BP >136 mmHg was a strong risk factor for ICH (OR
4.55, 95%CI 1.89-10.96) even after adjusting for the components of
the HAS-BLED score [31]. According to the sub analyses on
hypertension of the phase 11l trials using NOACs [61-63,105,106],
and the sub analyses of the Japanese AF registries [31,64],
uncontrolled hypertension is also a certain risk factor for
hemorrhagic events.

Valvular Atrial Fibrillation

Although NOACSs can be used for the prevention of throm-
boembolism in patients with NVVAF, these are contraindicated for
patients with valvular AF including mechanical prosthetic valves
and mitral stenosis. Since the effectiveness or safety of NOACs
for valwular AF has not been proven [107,108], warfarin is still
necessary for patients with valvular AF. In the J-RHYTHM Reg-
istry, 421 patients had valvular AF defined as mitral stenosisand/
or mechanical valve replacement, accounting for 5.3% of the
entire patients with AF, and they were analyzed separately from
those with NVAF. Composite event of thromboembolism and
major hemorrhage was less frequent in the PT-INR of 1.6-2.6 in
patients with valvular AF [20], as well as those with NVAF[14],
although the PT-INRof 2.0-3.0 is currently recommended [42].

Effects of Non-Vitamin K Antagonist Oral Anticoagulants

Although warfarin was the solo anticoagulant in the J-
RHYTHM Registry because no NOAC had been approved in
2009 [13], the use of NOACs has increased in number during
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the extended follow-up period between 2012 and 2014 in the J-
RHYTHM Registry 2 [39] (Figure 6). Consequently, the risk of
thromboembolism in NOAC users was significantly lower than
that in warfarin users (1.4+1.1 vs. 1.7+1.2 in CHADS: score).
All event rates of thromboembolism, major hemorrhage, and all
cause death in 923 patients receiving NOACs at the end of
follow-up were significantly lower than those receiving warfarin
even after adjusting multiple confounding factors. However, the
follow-up period after initiating an anticoagulant was not
considered, which was deemed as a limitation of this study [39].
On the other hand, in the Fushimi AF Registry, the first NOAC
dabigatran was prescribed in 2.1% of patients at entry [43], and
the use of NOACs gradually increased in number with various
changing patterns during the follow-up period [109]. Consid-
ering the changes in anticoagulant status as a time-dependent
covariate, NOAC use was not associated with stroke/systemic
embolism or major bleeding events [109]. Subsequently, in the
SAKURAAF Registry, which is another Japanese registry study
in patients with NVVAF receiving anticoagulation therapy, initiat-
ed in September 2013 [110], the incidence of thromboembolism
and all-cause death in NOAC users was comparable to that in
warfarin users, whereas major hemorrhage in NOAC users was
less frequent than that in warfarin users after adjusting patient
characteristics and duration of treatment using propensity score
matching [111]. Affecting factors for the discrepant resultson the
effects of NOACs among these registries may include the dif-
ferences in patient characteristics, rates of NOAC use, duration
of medications, and changing patterns in anticoagulants. Further
investigation may be necessary to clarify the efficacy and safety
of NOACs compared with VKAs in real-world clinical setting.

Long-Term Effects of Warfarin

In the J-RHYTHM Registry 2, long-term event rates were
also evaluated [39]. The 5 year incidence rates of thromboembo-
lism and all-cause death were significantly lower in patients who
continued warfarin therapy throughout the study period com-
pared with those who did not receive any anticoagulant(5.0% vs.
7.8%, P=0.021 and 5.8% vs. 10.2%, P<0.001, respectively),
whereas the incidence of major hemorrhage was higher in pa-
tients on warfarin therapy compared with those without antico-
agulation therapy (5.9% vs. 2.6%, P=0.007) [39]. In addition,
adjusted HRs for thromboembolism were significantly lower in
all PT-INR subgroups, but those for major hemorrhage were
significantly higher in the PT-INRof >2.6, compared with theno
anticoagulation group as a reference, indicating that baseline PT-
INR levels still influenced the incidence of subsequent events
duringthe 5 year follow-up period. The beneficial effects of war-
farin to prevent thromboembolism lasted for 5 years, whereas
long-term use of warfarin might increase major hemorrhage [39].
These results support our previous reports on target PT-INR
values in the J-RTYTHM Registry [14].

Perspectives and Direction of Registry Study

Although registry studies are not an RCT and thus have
several limitations, they have played a substantial role in
under- standing the characteristics and the status of
anticoagulationther- apy in real-world patients with AF.
However, several concerns to be resolved have also risen since

event rates and effects of anticoagulants differed between registry
studies. First, although the number of patients in the J-RHYTHM
Registry was largest among single registry studies of AFin Japan,
it was smaller than the other registries using big data such as
insurance database in Western countries or nationwide registries in
Taiwan [112], Swe- den [55], and other countries. Furthermore, in
the J-RHYTHM Registry, there was lacking in data on
echocardiographic findings (left atrial size, left ventricular ejection
faction, flow velocity) and biomarkers (brain natriuretic peptide, d-
dimer, and others) that might be associated with adverse events. To
resolve these concerns, the J-RISK AF Research Group attempted
to identify the risk factors for adverse events in patients with AF
using a larger database combined with 5 major Japanese AF
registries including the J-RHYTHM Registry [75]. Consequently,
age >75 vyears, hypertension, previous stroke, persistent or
permanent AF, and low BMI of <18.5 kg/m? were identified as
risk factors for ischemic stroke in 12,289 Japanese patients with
NVAF [75]. Another problem is that the causes of death are not
always cardiogenic stroke or bleeding complications
[36,57,113,114]. Non- cardiovascular death caused by infection or
malignancy is reportedly more common in real-world clinical
setting; 35.8% in the international GARFIELD-AF (Global
Anticoagulant Reg- is try in the Field-Atrial Fibrillation) [113],
42.7% in aFrench regional registry [114], and 66.0% in a French
nationwide data base [57], specifically in older patients [115]. So
far, the target of risk assessment has mainly been for
thromboembolism and major hemorrhage and the strategy of
anticoagulation therapy hasbeen determined by the net clinical
benefit [10,28] based on both event risks. However, it will be
necessary to consider mortality, to evaluate risks of death, and to
determine a therapeutic strategy based on the net clinical outcome
considering all cause death. Certainly, low BMI [29], renal
impairment [33], and anemia[37] were strongly associated with
all-cause death and composite events including all-cause death in
addition to older age, heart failure, prior stroke or TIA, and
coronary artery disease in the J- RHYTHM Registry. Furthermore,
other investigators have reported that frailty is also associated with
worse prognosis in patients with AF; patients with frailty are less
likely to receive anticoagulation therapy and have various
comorbidities predis- posing to adverse events [116-118].
Therefore, clinical factors not including conventional risk scores
such as low BW or low BMI, renal impairment, anemia, and
frailty could be more important to assess the total risk of patients
with AF considering the prognosis of individuals. Since most of
these factors are fit to the exclusion criteria in RCTSs, it is difficult
to validate these risk factors for adverse events in RCT, whereas it
could be clarified in registry studies using real-world patients.
Thus, registry study deserves to be achieved beyond devidence
lewvel.
Conclusions

In a recent decade, anticoagulation therapy in patients with
AF has been shifted from warfarin to NOACs. Although infor-
mation of NOAGCs is limited in the J-RHYTHM Registry, this
registry study has provided the insights into the optimal PT-INR
levels in patients receiving warfarin and into the risk assessment
not only for thromboembolism and major hemorrhage but also
for all-cause death. We believe that these findings could be help-
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-ful for all physicians in the management of Japanese patients
with AF.
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