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Purpose: To compare the effectiveness and safety of reduced or standard daily doses of direct oral anticoagulants (DOACs) with
warfarin in Japanese patients with nonvalvular atrial fibrillation (NVAF). We used post-hoc analyses to identify patient groups that
could benefit from reduced-dose DOACs.
Patients and Methods: Using the National Database of Health Insurance Claims and Specific Health Checkups of Japan, we
identified 944,776 patients with NVAF who had started an oral anticoagulant after at least one year of non-use between April 2011 and
March 2016. We matched patients taking any, reduced, or standard doses of DOACs 1:1 with those taking warfarin. We measured
treatment effectiveness based on admission due to stroke or systemic embolism (S/SE) and safety based on admission due to any
bleeding (defined as major bleeding, MB). We compared both outcomes between DOACs and warfarin using the Cox proportional
hazards model. We used post-hoc analysis to match patients receiving reduced-dose DOACs to those receiving standard-dose DOACs
and compared treatment effectiveness and safety.
Results:More than half of patients receiving DOACs used a reduced dose. The occurrences of S/SE and MB in patients receiving any,
reduced, or standard doses of DOACs were equal to or lower than those receiving warfarin. In the post-hoc analysis, the risk of S/SE
and MB was similar between reduced and standard doses of DOACs except for those with a history of cerebral infarction and CHA2

DS2-VASc score ≥3, where the risk of S/SE was lower for reduced doses of any and individual DOACs.
Conclusion: Findings from the current study are consistent with recent Asian and global studies but different from most studies
conducted in North America and Europe, where patients receiving a reduced dose of DOACs had an increased risk of S/SE. Future
studies should test the reproducibility of results from the current study.
Keywords: atrial fibrillation, oral anticoagulant, database, propensity score, CHA2DS2-VASc score, pharmacoepidemiology

Introduction
Anticoagulant therapy is widely used to prevent stroke and systemic embolism in patients with atrial fibrillation.1–3 The
advent of direct oral anticoagulants (DOACs) has facilitated anticoagulant therapy for patients with nonvalvular atrial
fibrillation (NVAF) because it does not require frequent laboratory monitoring, and randomized trials have shown that the
efficacy and safety of DOACs are similar or superior to treatment with warfarin.4–7 However, individualizing the daily
dose of DOACs to maximize the benefit of preventing stroke or systemic embolism while minimizing the risk of bleeding
is essential because laboratory monitoring is not available to optimize dosing.

The criteria used for a reduced daily dose differ among DOAC types; the criteria also differ among country
guidelines, even for the same DOAC (Table S1).1–3 Standard and reduced daily doses of rivaroxaban also vary among
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countries. In Japan, standard and reduced doses are 15 and 10 mg/day, respectively, based on a study of rivaroxaban
pharmacokinetics in Japanese subjects.8 Yet, standard and reduced daily doses of rivaroxaban are 20 and 15 mg/day,
respectively, in many other countries.

The use of reduced-dose DOACs which do not conform to current guidelines/regulations is common, particularly in
Asia.9–13 Reports on the effectiveness and safety of reduced-dose DOACs showed conflicting results.14–55 In the current
study, we investigated the distribution of daily DOAC doses and the effectiveness and safety of reduced- and standard-
dose DOACs compared to warfarin using a national Japanese claims database. In post-hoc analysis, we assessed patient
groups that could benefit from reduced- versus standard-dose DOACs.

Materials and Methods
Dataset and Patient Selection
We used claims data for patients who received an oral anticoagulant such as warfarin, dabigatran, rivaroxaban, apixaban, or
edoxaban, between April 1, 2010, and March 31, 2016, extracted from the National Database of Health Insurance Claims
and Specific Health Checkups of Japan (NDB Japan). We identified 3,389,507 patients assuming that pairs of two identifiers
(ID1 and ID2) represented the same patient if one of these two was identical between pairs.56 All subjects had ID1 and ID2;
ID1 was created by encrypting the combination of health card number issued by the workplace, date of birth, and sex, while
ID2 was created by encrypting the combination of family and given names, date of birth, and sex.56 Two identifiers are used
in NDB Japan because ID1 may change when a subject gets a new job, and ID2 may change when the family name changes
(eg, due to marriage). We selected patients who were at least 20 years old and had started a single oral anticoagulant after
a diagnosis of atrial fibrillation, not specified as “suspected” or “valvular” (defined as NVAF in the current study), who had
at least one year of no anticoagulant use (Figure 1). We excluded patients if they had a diagnosis code other than NVAF
indicating use of an oral anticoagulant (defined as “non-AF indication”, Table S2) except when the first non-AF indication
appeared after the patient with NVAF had started an oral anticoagulant (Figure S1). We also excluded patients if they had
received edoxaban before October 2014 when NVAF became an indication for this medication or had died in the month
after starting an oral anticoagulant because only the year and month of death were available from Japanese claims data; thus
we were not able to confirm whether a patient had access to the drug.

Of the remaining 944,776 eligible patients, 727,866 had a diagnosis code of NVAF only during the observation
period, while 216,910 had a diagnosis code of NVAF followed by a non-AF indication after starting an oral antic-
oagulant. New users of an oral anticoagulant included 373,956 who received warfarin and 570,820 who received DOACs
as follows: dabigatran (n=191,441), rivaroxaban (n=207,496), apixaban (n=150,143), and edoxaban (n=21,740).

Daily Dose of DOAC
We defined the daily dose of DOAC as the most frequently prescribed dose in one or more DOAC prescriptions before
a study subject was censored (see details of censoring under Statistical Analysis). We classified the daily dose as
a reduced dose if the most frequent daily dose was 220 mg/day dabigatran, 10 mg/day rivaroxaban, 5 mg/day apixaban,
and 30 mg/day edoxaban. The daily dose was classified as a standard dose if the dose was 300 mg/day dabigatran, 15 mg/
day rivaroxaban, 10 mg/day apixaban, and 60 mg/day edoxaban.

Estimation of Propensity Scores and 1:1 Matching
We estimated the propensity score (PS) using the age at which a patient started an oral anticoagulant (as a continuous
variable), sex, and 28 diagnosis codes and 34 drug codes potentially relevant to the use of an anticoagulant or occurrence
of outcomes as covariates (Table S3). The confounding status was positive if we found a corresponding diagnosis code or
drug in any claims issued within one year before the patient started an oral anticoagulant. Using logistic regression, we
estimated three separate PSs for any, reduced, or standard doses of any DOAC compared to warfarin. We also estimated
PSs for any, reduced, or standard doses of individual DOACs (dabigatran, rivaroxaban, apixaban, or edoxaban) compared
to warfarin. Since clinical practice for the selection of an anticoagulant (DOAC versus warfarin) for patients with specific
characteristics (eg, age or comorbidities) may have changed during the observation period, we divided the 60 months
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between April 2011 and March 2016 into ten six-month periods and estimated PSs in each of ten groups of patients who
started an oral anticoagulant in the corresponding six-month period.

We matched a patient receiving warfarin to a patient receiving a DOAC by PS (1:1 matching) in each of ten six-
month periods using Parsons’ 5-to-2 digit matching algorithm.57 We used sex, age group (<55, 55–64, 65–74, or >74
years old), and previous history of outcomes (diagnosis code of cerebral infarction, systemic embolism, intracranial
bleeding, gastrointestinal (GI) bleeding, other bleeding, and myocardial infarction in any outpatient/inpatient claim
before starting an oral anticoagulant) as additional matching variables.

Outcomes
The main outcome for treatment effectiveness was hospital admission due to stroke or systemic embolism (S/SE), and the
main outcome for safety was major bleeding (MB), defined as admission due to any bleeding (Table S4A). We also
examined individual outcomes for effectiveness (cerebral infarction, cerebral bleeding, and systemic embolism) and

Figure 1 Flow chart for selection of new users of DOAC and warfarin with NVAF. aFigure S1 diagrammatically shows the exclusion process.
Abbreviations: DOAC, direct oral anticoagulant; OAC, oral anticoagulant; AF, atrial fibrillation; NVAF, non-valvular atrial fibrillation.
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safety (intracranial bleeding, GI bleeding, and other bleeding), hospital admissions due to myocardial infarction, and
deaths due to any cause. In the current analysis, cerebral bleeding was included as an outcome to evaluate effectiveness
(stroke) and safety (intracranial bleeding) as in the RE-LY randomized trial.4

The current study used a conservative definition of outcomes (Table S4B); the first admission after starting an oral
anticoagulant when it was the admission to a diagnosis procedure combination (DPC) hospital in which S/SE or MB was
one of three major DPC diagnoses (main condition, trigger-for-hospitalization condition, and greatest-resource
condition),58 or the admission to a non-DPC hospital in which the diagnosis was followed by outcome-specific treatment
specified in Table S4C. Throughout this study we used this outcome definition because some outcomes had not yet been
validated. However, in the sensitivity analysis (detailed in Statistical Analysis) we used less strict definitions that
included any admission with a diagnosis code of S/SE or MB.

Main and individual outcomes (and myocardial infarction) were estimated separately in patients with and without
a history of the corresponding outcomes before starting an anticoagulant (Figure S2). To avoid complexity, we considered
patients with a diagnosis of any intracranial bleeding before starting an anticoagulant to have a history of intracranial
bleeding (a component of the main outcome for MB) and a history of cerebral bleeding (a component of the main
outcome for S/SE) even if the patient had a history of intracranial bleeding other than cerebral bleeding (eg, subarachnoid
bleeding).

In previous studies, the code for “dead” in inpatient or outpatient claims had a high positive predictive value (PPV)
(95.6%).59 The PPV for acute myocardial infarction in DPC claims was 78.7% to 93.8%,58,60 and the PPV for
cerebrovascular diseases, including hemorrhagic and ischemic stroke, in DPC claims was 85.7% to 89.9%.60,61

In this study, we followed patients until the occurrence of an outcome of interest, death (“dead” indicated on an
inpatient or outpatient monthly claim), first diagnosis of a non-AF indication, anticoagulant discontinuation (defined as
a gap between prescriptions with 30 days of grace period), change to a different anticoagulant (including change from
one type of DOAC to another), or March 31, 2016, whichever came first. Information on “day” was available in the
claims data for treatment and outcome occurrences, while we defined the date of death for this study as day 15 of the
month when the patient died.

Statistical Analyses
We estimated frequencies and percentages for categorical variables and means and standard deviations for continuous
variables to summarize patient characteristics. We assessed covariate balance in patients with DOAC versus warfarin
using the absolute standardized difference (aSD), in which a value of 0.1 or more was considered important.62

After 1:1 matching, we compared the occurrence of outcomes between DOAC and warfarin by estimating rate ratios
(RRs) and hazard ratios (HRs) using Cox proportional hazards models with 95% confidence intervals (CIs). We regarded
death as a competing event to the outcome of interest when estimating HRs and generating the cumulative incidence
function.63,64 In the primary analyses, we compared the main outcome for effectiveness (S/SE) and safety (MB) between
patients receiving DOAC and those receiving warfarin with and without a history of S/SE and any bleeding, respectively,
for any, reduced, or standard doses of any DOAC. In the secondary analyses, we repeated the estimation from the
primary analyses for each DOAC along with individual outcomes for effectiveness and safety, myocardial infarction, and
all-cause mortality.

We conducted several sensitivity analyses. First, we repeated the primary and secondary analyses using a less strict
definition of first admission to any hospital with a condition code for each outcome. Second, we conducted stratified
analyses by sex and age group (<55 versus ≥55, <65 versus ≥65, and <75 versus ≥75 years old). Third, we analyzed data
for the main outcomes using grace periods of 15, 60, and 90 days. Fourth, we conducted weighting analyses using the
PSs used for 1:1 matching after excluding subjects with preference scores <0.3 or >0.7 in each of ten six-month
periods.65 In the weighting analyses, we estimated HRs and 95% CIs using the robust variance by inverse probability of
treatment weighting (IPTW),66 matching weight (MW),67 overlapping weight (OW),68 and fine stratum weighting
(FSW).69 In FSW, we stratified patients into 100 fine strata in each of ten six-month periods. When stratified by the
history of outcome of interest, sex, and age group, we estimated the distribution of all covariates in each stratum.
Covariates with aSD>0.1 in any stratum were included in the model when HR was estimated using the Cox proportional

https://doi.org/10.2147/CLEP.S358277

DovePress

Clinical Epidemiology 2022:14626

Kubota and Ooba Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=358277.docx
https://www.dovepress.com/get_supplementary_file.php?f=358277.docx
https://www.dovepress.com/get_supplementary_file.php?f=358277.docx
https://www.dovepress.com
https://www.dovepress.com


hazards model.70 We did not present HRs and CIs when the number of outcomes was smaller than five times the number
of explanatory variables (an exposure variable plus covariates with aSD>0.1).71

For additional analyses, we divided patients selected by 1:1 matching divided into six subgroups for CHA2DS2-VASc
scores (0 or 1, 2, 3, 4, 5, and >5),72 five subgroups for HAS-BLED scores (0 or 1, 2, 3, 4, and >4),73 and seven subgroups for
Charlson Comorbidity Index (CCI) scores (0, 1, 2, 3, 4, 5, and >5) in each six-month period. We estimated the CCI score
according to a previous study in which risk factors were defined by the International Classification of Diseases, Tenth Revision
(ICD-10) codes.74 We defined the risk factors for the CHA2DS2-VASc and HAS-BLED scores in Tables S5A and B by
references to a prior study on mapping ICD-9 clinical modification (CM) codes (ICD-9 CM) to ICD-10 CM codes regarding
those scores.75 We estimated RRs and HRs to evaluate the occurrence of S/SE in patients on DOACs compared with warfarin
in subgroups classified using CHA2DS2-VASc scores, the occurrence of MB in subgroups using HAS-BLED scores, and all-
cause mortality in subgroups using CCI scores. We stratified all patients by these scores irrespective of whether they had
a history of the outcomes of interest because they were used to estimate the scores (eg, prior stroke and bleeding). In the Cox
proportional hazards model, PS was included as an explanatory variable while using six-month periods in which PS was
estimated as strata because the matching was ignored when we stratified subjects according to these scores.

We used post-hoc exploratory analyses to compare patients receiving reduced-dose DOACs to those receiving standard-
dose DOACs to find patient groups that might benefit from the reduced-dose treatment. We estimated PSs and matched
a reduced-dose DOAC user to a standard-dose DOAC user in each of ten six-month periods similarly to the matching of
a DOAC user to a warfarin user, except that we used the molecular entity of DOAC (dabigatran, rivaroxaban, apixaban, and
edoxaban) as a matching variable in addition to sex, age group, and history of each outcome. We estimated effectiveness and
safety in those patients on a DOAC selected by 1:1 matching. Specifically for S/SE and cerebral infarction, we estimated RRs
and HRs for individual DOACs. As additional post-hoc exploratory analyses, we subclassified patients selected by 1:1
matching by CHA2DS2-VASc scores or HAS-BLED scores and evaluated effectiveness and safety in each subgroup.
Specifically for S/SE and cerebral infarction, we divided patients into those with CHA2DS2-VASc score <3 and those with
CHA2DS2-VASc score ≥3 and estimated RRs and HRs for individual DOACs. Furthermore, we subdivided patients taking
a DOAC selected by 1:1 matching by three additional factors and evaluated S/SE and cerebral infarction. First, we stratified
them by the number of days (0–7, 8–14, 15–30, and 31 or more days) between the last day of admission due to S/SE or
cerebral infarction, before starting DOAC treatment, and the day when they initiated DOAC treatment. Second, we stratified
patients by the type of NVAF diagnosis before starting a DOAC; NVAF as one of three major DPC diagnoses, another in-
hospital diagnosis, or an outpatient diagnosis only. Third, we stratified patients by the number of days delay (0–30, 31–90,
91–365, and 366 days or longer) between the earliest day when any claim recorded the NVAF diagnosis and the day of
starting a DOAC. In the Cox proportional hazards model used in additional post-hoc analyses to stratify patients by CHA2

DS2-VASc scores, HAS-BLED scores, and three additional factors, we used PS as an explanatory variable while using six-
month periods in which we estimated PS as strata because we ignored 1:1 matching in those additional analyses.

All statistical analyses were conducted by using SAS 9.4.

Ethics
This study was approved by the ethics committee of the Nihon University School of Pharmacy which waived the need of
obtaining patient consent (16-008) and registered to the UMIN Clinical Trials Registry (UMIN000027974) even though
this was an observational study. All data accessed complied with data protection and privacy regulations given in relevant
guidelines and laws.

Results
Table 1 shows that the age, sex, and other characteristics of patients who used warfarin were similar to those who used
any, reduced, and standard doses of any DOAC after 1:1 matching (aSD<0.1 for all covariates). These characteristics
were also similar for matched patients who used warfarin and any, reduced, and standard doses of individual DOACs
(aSD<0.1 for all covariates) (data not shown). In the pre-matched population, patients who used warfarin had a mean age
of 60.2 years, and 57.9% were male; patients who used reduced-dose DOACs were slightly older (62.0 years old) and
had slightly fewer males (54.5%), and those who used standard-dose DOACs were considerably younger (51.5 years old)
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Table 1 Distribution of Covariates in New Users with Any, Reduced, and Standard Doses of Direct Oral Anticoagulant (DOAC)
Compared with New Users of Warfarin Selected by 1:1 Matching

Any Dose of DOAC vs Warfarin Reduced Dose of DOAC vs
Warfarin

Standard Dose of DOAC vs
Warfarin

Warfarin
(N=222,030)

DOAC
(N=222,030)

Warfarin
(N=184,837)

DOAC
(N=184,837)

Warfarin
(N=96,302)

DOAC
(N=96,302)

Males (%) 134,045(60.4%) 134,045(60.4%) 108,282(58.6%) 108,282(58.6%) 69,530(72.2%) 69,530(72.2%)

Age, mean (SD) 59.0 (11.0) 59.0 (10.8) 60.3 (10.4) 60.2 (10.2) 53.1 (10.5) 53.3 (9.8)

Fiscal year at cohort entrya

2011 43,295(19.5%) 43,295(19.5%) 29,248(15.8%) 29,248(15.8%) 10,135(10.5%) 10,135(10.5%)

2012 61,330(27.6%) 61,330(27.6%) 49,727(26.9%) 49,727(26.9%) 17,393(18.1%) 17,393(18.1%)

2013 53,481(24.1%) 53,481(24.1%) 47,392(25.6%) 47,392(25.6%) 28,282(29.4%) 28,282(29.4%)

2014 37,657(17.0%) 37,657(17.0%) 34,197(18.5%) 34,197(18.5%) 23,561(24.5%) 23,561(24.5%)

2015 26,267(11.8%) 26,267(11.8%) 24,273(13.1%) 24,273(13.1%) 16,931(17.6%) 16,931(17.6%)

Comorbidities

Alcohol-related condition 3892(1.8%) 3591(1.6%) 2995(1.6%) 2987(1.6%) 2110(2.2%) 1948(2.0%)

Anemia 32,859(14.8%) 32,888(14.8%) 27,794(15.0%) 27,905(15.1%) 9661(10.0%) 9382(9.7%)

Atherosclerosis 26,042(11.7%) 26,629(12.0%) 22,285(12.1%) 22,701(12.3%) 9267(9.6%) 9532(9.9%)

Cancer 25,560(11.5%) 25,288(11.4%) 22,357(12.1%) 21,910(11.9%) 9369(9.7%) 9034(9.4%)

Cancer, metastatic 2693(1.2%) 2619(1.2%) 2318(1.3%) 2271(1.2%) 1028(1.1%) 968(1.0%)

Connective tissue disorder 1190(0.5%) 1128(0.5%) 1066(0.6%) 979(0.5%) 443(0.5%) 349(0.4%)

Dementia 5971(2.7%) 5670(2.6%) 5303(2.9%) 5216(2.8%) 821(0.9%) 897(0.9%)

Diabetes mellitus 29,257(13.2%) 29,270(13.2%) 24,035(13.0%) 24,030(13.0%) 13,217(13.7%) 12,834(13.3%)

Diabetes with complication 13,842(6.2%) 13,741(6.2%) 11,544(6.2%) 11,364(6.1%) 5984(6.2%) 5750(6.0%)

Disorders of esophagus 72,542(32.7%) 72,913(32.8%) 62,151(33.6%) 62,591(33.9%) 28,088(29.2%) 28,543(29.6%)

Duodenitis/Gastritis 90,965(41.0%) 90,572(40.8%) 77,944(42.2%) 77,447(41.9%) 34,751(36.1%) 35,098(36.4%)

Dyslipidemia 100,670(45.3%) 100,857(45.4%) 84,927(45.9%) 84,825(45.9%) 43,502(45.2%) 42,869(44.5%)

Fracture 14,971(6.7%) 14,813(6.7%) 13,198(7.1%) 13,119(7.1%) 3653(3.8%) 3839(4.0%)

Gout 11,156(5.0%) 10,800(4.9%) 9036(4.9%) 8770(4.7%) 5500(5.7%) 5132(5.3%)

Heart Failure/Left

Ventricular Failure

112,611(50.7%) 111,920(50.4%) 94,182(51.0%) 93,976(50.8%) 41,735(43.3%) 41,370(43.0%)

HIV 36(0.0%) 29(0.0%) 29(0.0%) 23(0.0%) 20(0.0%) 12(0.0%)

Hypertension 173,454(78.1%) 172,816(77.8%) 146,081(79.0%) 144,914(78.4%) 71,796(74.6%) 70,914(73.6%)

Hyperthyroidism 7391(3.3%) 7535(3.4%) 5916(3.2%) 6058(3.3%) 3716(3.9%) 3775(3.9%)

Inflammatory arthritis 5643(2.5%) 5474(2.5%) 4846(2.6%) 4652(2.5%) 1905(2.0%) 1847(1.9%)

Liver Disease 24,709(11.1%) 24,781(11.2%) 20,606(11.1%) 20,603(11.1%) 10,447(10.8%) 10,318(10.7%)

Liver disease, severe 11,751(5.3%) 11,495(5.2%) 10,014(5.4%) 9682(5.2%) 4812(5.0%) 4455(4.6%)

(Continued)
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Table 1 (Continued).

Any Dose of DOAC vs Warfarin Reduced Dose of DOAC vs
Warfarin

Standard Dose of DOAC vs
Warfarin

Warfarin
(N=222,030)

DOAC
(N=222,030)

Warfarin
(N=184,837)

DOAC
(N=184,837)

Warfarin
(N=96,302)

DOAC
(N=96,302)

Obesity 1168(0.5%) 1220(0.5%) 907(0.5%) 924(0.5%) 631(0.7%) 698(0.7%)

Paraplegia 5650(2.5%) 5503(2.5%) 4595(2.5%) 4345(2.4%) 2196(2.3%) 2119(2.2%)

Peptic ulcer 56,204(25.3%) 56,196(25.3%) 47,050(25.5%) 47,404(25.6%) 21,168(22.0%) 21,248(22.1%)

Vascular disease 7584(3.4%) 7520(3.4%) 6527(3.5%) 6464(3.5%) 2716(2.8%) 2566(2.7%)

Pulmonary disease 55,636(25.1%) 55,351(24.9%) 47,494(25.7%) 47,319(25.6%) 20,830(21.6%) 20,735(21.5%)

Renal disorders 17,834(8.0%) 17,842(8.0%) 15,196(8.2%) 14,801(8.0%) 5818(6.0%) 5487(5.7%)

Sleep apnea 2919(1.3%) 2978(1.3%) 2204(1.2%) 2382(1.3%) 1631(1.7%) 1839(1.9%)

Co-prescribed drugs

Acetoaminophen 39,530(17.8%) 39,297(17.7%) 33,064(17.9%) 33,122(17.9%) 15,664(16.3%) 15,425(16.0%)

NSAIDs 101,989(45.9%) 101,799(45.8%) 85,352(46.2%) 85,351(46.2%) 41,714(43.3%) 42,001(43.6%)

Anticonvulsant 6559(3.0%) 6417(2.9%) 5382(2.9%) 5293(2.9%) 2468(2.6%) 2348(2.4%)

Antipsychotic 43,285(19.5%) 43,521(19.6%) 36,578(19.8%) 36,874(19.9%) 14,893(15.5%) 14,580(15.1%)

Aspirin 66,727(30.1%) 67,325(30.3%) 56,002(30.3%) 56,891(30.8%) 24,566(25.5%) 23,972(24.9%)

Clopidogrel 15,978(7.2%) 16,068(7.2%) 13,439(7.3%) 13,460(7.3%) 6144(6.4%) 5941(6.2%)

Ticlopidine 4097(1.8%) 4141(1.9%) 3478(1.9%) 3505(1.9%) 1239(1.3%) 1168(1.2%)

ACE inhibitor/ARB 96,442(43.4%) 96,197(43.3%) 80,585(43.6%) 80,586(43.6%) 38,035(39.5%) 37,465(38.9%)

Beta blocker 37,586(16.9%) 37,914(17.1%) 31,008(16.8%) 31,504(17.0%) 18,462(19.2%) 17,933(18.6%)

Carvedilol 23,202(10.4%) 22,944(10.3%) 18,864(10.2%) 18,668(10.1%) 9,303(9.7%) 8,704(9.0%)

Dihydropyridine 111,165(50.1%) 110,870(49.9%) 94,406(51.1%) 94,014(50.9%) 44,899(46.6%) 44,410(46.1%)

Thiazide and other

antihypertensives

45,048(20.3%) 44,641(20.1%) 37,795(20.4%) 37,292(20.2%) 15,273(15.9%) 14,620(15.2%)

Diltiazem 7801(3.5%) 7868(3.5%) 6492(3.5%) 6678(3.6%) 2822(2.9%) 2879(3.0%)

Verapamil 15,926(7.2%) 15,780(7.1%) 12,723(6.9%) 12,924(7.0%) 6448(6.7%) 6175(6.4%)

Dipyridamole 2622(1.2%) 2507(1.1%) 2286(1.2%) 2134(1.2%) 705(0.7%) 690(0.7%)

Nitrate 29,222(13.2%) 29,662(13.4%) 24,039(13.0%) 24,184(13.1%) 10,616(11.0%) 10,014(10.4%)

Digoxin 37,373(16.8%) 36,865(16.6%) 30,857(16.7%) 30,794(16.7%) 12,365(12.8%) 11,817(12.3%)

Furosemide/carperitide 40,650(18.3%) 40,257(18.1%) 33,355(18.0%) 33,203(18.0%) 11,854(12.3%) 11,163(11.6%)

Tolvaptan and other
diuretics

17,173(7.7%) 16,741(7.5%) 14,766(8.0%) 14,564(7.9%) 5062(5.3%) 5061(5.3%)

Heparin 61,788(27.8%) 60,322(27.2%) 49,044(26.5%) 48,169(26.1%) 24,228(25.2%) 22,746(23.6%)

Lipid-lowering drug 58,462(26.3%) 58,666(26.4%) 49,572(26.8%) 49,825(27.0%) 25,240(26.2%) 24,943(25.9%)
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and more often male (73.6%) (Table S6A). The annual number of new users of any oral anticoagulant (warfarin or
DOAC) gradually increased from 170,596 in fiscal year (FY; April to March of the following year) 2011 to 200,114 in
FY 2014 but decreased slightly to 195,344 in FY 2015. However, new warfarin users declined 74% from FY 2011 to FY
2015, while users of any DOAC increased by 6.8-fold (Figure 2). In FY 2011, 45,485 (26.7%) of the 170,596 new oral
anticoagulant users were using DOACs, while in FY 2015, 162,898 (83.4%) of the 195,349 new anticoagulant users used
DOACs. In pre-matching, new warfarin users had more frequently anemia, hypertension, heart failure, peptic ulcer,
vascular disease, pulmonary disease, and renal disease; furthermore, they used drugs more frequently including aspirin,
angiotensin-converting-enzyme inhibitor/angiotensin receptor blocker, carvedilol, and proton pump inhibitor, to treat

Table 1 (Continued).

Any Dose of DOAC vs Warfarin Reduced Dose of DOAC vs
Warfarin

Standard Dose of DOAC vs
Warfarin

Warfarin
(N=222,030)

DOAC
(N=222,030)

Warfarin
(N=184,837)

DOAC
(N=184,837)

Warfarin
(N=96,302)

DOAC
(N=96,302)

Thyroid replacement 2550(1.1%) 2439(1.1%) 2347(1.3%) 2250(1.2%) 1030(1.1%) 1003(1.0%)

Insulin 11,457(5.2%) 12,516(5.6%) 8808(4.8%) 9363(5.1%) 5296(5.5%) 4825(5.0%)

Oral antidiabetics 30,062(13.5%) 29,970(13.5%) 25,186(13.6%) 24,977(13.5%) 13,533(14.1%) 13,271(13.8%)

Histamine H2 antagonist 51,163(23.0%) 50,359(22.7%) 42,280(22.9%) 42,021(22.7%) 19,261(20.0%) 18,562(19.3%)

Misoprostol 896(0.4%) 924(0.4%) 764(0.4%) 742(0.4%) 289(0.3%) 331(0.3%)

Proton pump inhibitor 43,867(19.8%) 43,775(19.7%) 36,726(19.9%) 36,798(19.9%) 15,752(16.4%) 15,594(16.2%)

Sucralfate 2125(1.0%) 2094(0.9%) 1860(1.0%) 1755(0.9%) 765(0.8%) 705(0.7%)

Corticosteroid 44,029(19.8%) 43,507(19.6%) 36,755(19.9%) 36,208(19.6%) 18,003(18.7%) 17,529(18.2%)

Cyclosporine 231(0.1%) 205(0.1%) 173(0.1%) 179(0.1%) 106(0.1%) 87(0.1%)

Estrogen replacement 360(0.2%) 402(0.2%) 318(0.2%) 320(0.2%) 118(0.1%) 158(0.2%)

Azithromycin 7801(3.5%) 7946(3.6%) 6365(3.4%) 6525(3.5%) 3278(3.4%) 3478(3.6%)

Clarithromycin 27,480(12.4%) 27,223(12.3%) 23,187(12.5%) 22,948(12.4%) 11,613(12.1%) 11,493(11.9%)

Azole antifungal 886(0.4%) 788(0.4%) 741(0.4%) 626(0.3%) 359(0.4%) 292(0.3%)

Past history of outcomes

Stroke/Systemic embolism 88,698(39.9%) 88,698(39.9%) 74,187(40.1%) 74,187(40.1%) 32,303(33.5%) 32,303(33.5%)

Any bleeding 54,059(24.3%) 54,059(24.3%) 45,475(24.6%) 45,475(24.6%) 20,034(20.8%) 20,034(20.8%)

Cerebral infarction 78,436(35.3%) 78,436(35.3%) 66,146(35.8%) 66,146(35.8%) 28,731(29.8%) 28,731(29.8%)

Systemic embolism 7648(3.4%) 7648(3.4%) 5796(3.1%) 5796(3.1%) 2236(2.3%) 2236(2.3%)

Intracranial bleeding 15,818(7.1%) 15,818(7.1%) 13,431(7.3%) 13,431(7.3%) 4918(5.1%) 4918(5.1%)

Gastro-intestinal bleeding 18,633(8.4%) 18,633(8.4%) 15,385(8.3%) 15,385(8.3%) 6289(6.5%) 6289(6.5%)

Other bleeding 26,250(11.8%) 26,250(11.8%) 22,141(12.0%) 22,141(12.0%) 10,549(11.0%) 10,549(11.0%)

Myocardial infarction 34,405(15.5%) 34,405(15.5%) 28,669(15.5%) 28,669(15.5%) 13,232(13.7%) 13,232(13.7%)

Notes: Absolute standardized difference (aSD) was <0.1 for all variables between users of any, reduced, and standard doses of DOAC compared with new users of warfarin
selected by 1:1 matching. aFiscal year is 1 year from April 1 of the year to March 31 of the next year.
Abbreviations: HIV, human immunodeficiency virus infection; NSAIDs, non-steroidal anti-inflammatory drugs; ACE, angiotensin-converting-enzyme; ARB, angiotensin
receptor blocker.
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those conditions than new users of any, reduced, or standard doses of DOACs. The proportion of patients with a history
of S/SE was higher in reduced-dose DOAC users but lower in standard-dose DOAC users than warfarin users. Similarly,
the proportion of patients with a history of any bleeding was higher in users of reduced-dose DOACs but lower in
standard-dose DOAC users than warfarin users (Table S6A).

Table 2 shows the distribution of new users’ most frequent daily DOAC dose, demonstrating that most (>89%) patients
used either reduced or standard doses. Dabigatran and edoxaban had around 70% reduced-dose users, while rivaroxaban and
apixaban had slightly over 50% reduced-dose users. The proportion of reduced-dose users of any DOACwas 67% in FY 2011
but decreased to 57% in FY 2013 and 54% in FY 2015. This decrease was mainly due to the shift in frequently used DOACs
from dabigatran in FY 2011 and FY 2012 to rivaroxaban and apixaban in FY 2013 to FY 2015 (Table S6B). The daily DOAC
dose did not change for most users; reduced-dose DOAC users were on the same daily dose for 97.7–99.1% of the observation

Figure 2 Number of new users of an oral anticoagulant between FY 2011 and FY 2015.
Note: Fiscal year is 1 year from April 1 of the year to March 31 of the next year.
Abbreviations: FY, Fiscal year; DOAC, direct oral anticoagulant; OACs, oral anticoagulants; pts, patients.

Table 2 Most Frequent Daily Dose of DOAC and Patients with Reduced and Standard Daily Doses with a History of S/SE and Any
Bleeding

Most Frequent Daily Dose Dabigatran Rivaroxaban Apixaban Edoxaban Total

< Reduced daily dose 19,514 (10.2%) 503 (0.2%) 1989 (1.3%) 2015 (9.3%) 24,021 (4.2%)

Reduced daily dose 129,426 (67.6%) 104,934 (50.6%) 77,939 (51.9%) 15,749 (72.4%) 328,048 (57.5%)

With a history of S/SE 50,809 (39.3%)a 51,745 (49.3%)a 43,504 (55.8%)a 7940 (50.4%)a 153,998 (46.9%)a

With a history of any bleeding 33,860 (26.2%)a 37,717 (35.9%)a 32,680 (41.9%)a 6416 (40.7%)a 110,673 (33.7%)a

> Reduced daily dose and <Standard daily dose 269 (0.1%) 54 (0.0%) 24 (0.0%) 0 (0%) 347 (0.1%)

Standard daily dose 42,132 (22.0%) 101,819 (49.1%) 70,158 (46.7%) 3969 (18.3%) 218,078 (38.2%)

With a history of S/SE 13,197 (31.3%)b 36,924 (36.3%)b 28,123 (40.1%)b 1511 (38.1%)b 79,755 (36.6%)b

With a history of any bleeding 8216 (19.5%)b 28,134 (27.6%)b 21,802 (31.1%)b 1212 (30.5%)b 59,364 (27.2%)b

> Standard daily dose 100 (0.1%) 186 (0.1%) 33 (0.0%) - c(0.0%) 326 (0.1%)

Total 191,441 (100%) 207,496 (100%) 150,143 (100%) 21,740 (100%) 570,820 (100%)

Notes: aProportion of the number of patients with reduced daily dose is shown. bProportion of the number of patients with standard daily dose is shown. cNot shown
according to the publication rule of the NDB Japan. Reduced daily dose was 220 mg/day for dabigatran, 10 mg/day for rivaroxaban, 5 mg/day for apixaban, and 30 mg/day for
edoxaban. Standard daily dose was 300 mg/day for dabigatran, 15 mg/day for rivaroxaban, 10 mg/day for apixaban, and 60 mg/day for edoxaban.
Abbreviations: DOAC, direct oral anticoagulant; S/SE, stroke/systemic embolism.
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periods, and standard-dose DOAC users were on the same daily dose for 96.1–98.1% of the observation periods (Table S7A
and B). The proportion of patients with a history of S/SE and any bleeding was higher in reduced-dose users than in standard-
dose users for all four DOACs, as seen in Table 2.

Table 3 shows crude incidence rates, RRs, and HRs of S/SE and MB in 222,030, 184,837, and 96,302 users of any, reduced,
or standard DOAC doses, respectively, and the same number of warfarin users selected by 1:1 matching. The data were further
stratified into patients with and without a history of each outcome before starting an oral anticoagulant. For example, 222,030
pairs of users of any dose of DOAC andwarfarin were divided into 133,332 pairs without and 88,698 pairs with a history of S/SE.
During the observation period, the incidence rate of S/SE was 17.6 to 21.8 per 1000 patient-years in warfarin users without

Table 3 Association of Any, Reduced, and Standard Doses of Any DOAC with Main Outcomes for Effectiveness and Safety Compared
to Warfarin

Description Warfarin DOAC Rate Ratio
(95% CI)

Hazard Ratio
(95% CI)

N PYs N of
Outcomes

Rate
(/1000

PYs)

N PYs N of
Outcomes

Rate
(/1000

PYs)

Any dose of DOAC

N of patients 222,030 222,030

Patients without a history of outcome

S/SE 133,332 162,604.6 3410 21.0 133,332 145,410.8 1889 13.0 0.62(0.59–0.66) 0.63(0.60–0.66)

MB 167,971 198,674.0 4107 20.7 167,971 182,143.6 2857 15.7 0.76(0.72–0.80) 0.79(0.76–0.83)

Patients with a history of outcome

S/SE 88,698 77,347.2 9493 122.7 88,698 79,812.2 7322 91.7 0.75(0.73–0.77) 0.78(0.76–0.80)

MB 54,059 49,160.2 1864 37.9 54,059 47,852.1 1527 31.9 0.84(0.79–0.90) 0.88(0.82–0.93)

Reduced dose of DOAC

N of patients 184,837 184,837

Patients without a history of outcome

S/SE 110,650 131,346.1 2868 21.8 110,650 121,328.9 1529 12.6 0.58(0.54–0.61) 0.57(0.54–0.61)

MB 139,362 159,603.4 3433 21.5 139,362 151,148.2 2426 16.1 0.75(0.71–0.79) 0.83(0.78–0.87)

Patients with a history of outcome

S/SE 74,187 62,885.8 7766 123.5 74,187 66,728.0 5735 85.9 0.70(0.67–0.72) 0.73(0.71–0.75)

MB 45,475 40,583.8 1567 38.6 45,475 40,396.2 1286 31.8 0.82(0.77–0.89) 0.87(0.81–0.93)

Standard dose of DOAC

N of patients 96,302 96,302

Patients without history of outcome

S/SE 63,999 67,465.2 1190 17.6 63,999 62,230.5 661 10.6 0.60(0.55–0.66) 0.56(0.52–0.62)

MB 76,268 78,879.2 1358 17.2 76,268 74,377.5 996 13.4 0.78(0.72–0.84) 0.85(0.79–0.92)

Patients with history of outcome

S/SE 32,303 25,856.8 3211 124.2 32,303 27,277.0 3093 113.4 0.91(0.87–0.96) 0.96(0.92–1.00)

MB 20,034 16,700.3 545 32.6 20,034 16,785.2 423 25.2 0.77(0.68–0.88) 0.80(0.71–0.90)

Note: New users of any, reduced, and standard doses of DOAC and new users of warfarin were selected by 1:1 matching.
Abbreviations: DOAC, direct oral anticoagulant; PYs, patient-years; CI, confidence interval; S/SE, stroke or systemic embolism; MB, major bleeding.
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a history of S/SE and 5.7 to 7.1 times higher in those with a history of S/SE. The incidence rate of MBwas 17.2 to 21.5 per 1000
patient-years in warfarin users without a history of bleeding and 1.8 to 1.9 times higher in those with a history of bleeding. Both
RRs and HRs of any, reduced, and standard doses of DOACs compared with warfarin were lower than 1.0 for both S/SE andMB
in those with and without a history of these outcomes. Figure S3A shows the cumulative incidence functions of S/SE in patients
receiving any dose of DOAC of any type or warfarin with or without a history of S/SE. The cumulative incidence increased
rapidly once patients started oral anticoagulant treatment, particularly among those with a history of S/SE, in which approxi-
mately 5% of patients developed S/SE and required hospitalization within approximately 50 days after starting warfarin or
DOACs. The cumulative incidence of MB also increased shortly after starting an oral anticoagulant, but the initial rise was
modest relative to S/SE (Figure S3B). RRs and HRs for effectiveness and safety, myocardial infarction, and all-cause mortality
are shown in Table S8. RRs and HRs were <1.0 for most individual outcomes with or without a history of the outcome but were
approximately 1.0 for GI bleeding in patients treated with any, reduced, or standard doses of DOAC, irrespective of whether they
had a history of GI bleeding. RRs andHRswere also about 1.0 for cerebral infarction, cerebral bleeding, and intracranial bleeding
in patients receiving standard-dose DOACs who had a history of those outcomes. Figure 3, Table 3, and Table S8 show the HRs

Figure 3 Hazard ratios and their 95% confidence intervals for main and individual outcomes in patients with any, reduced, and standard doses of any DOAC, compared with
the same number of patients with warfarin selected by 1:1 matching by propensity score.
Abbreviations: DOAC, direct oral anticoagulant; CI, confidence interval.
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and 95% CIs estimated using the Cox proportional hazards model for main and individual outcomes. Figure S4A–D show HRs
for main and individual outcomes following treatment with individual DOACs, which were similar to those following treatment
with any DOAC (Figure 3).

Figure S5 shows HRs and 95% CIs for less strictly defined outcomes in patients receiving any, reduced, or standard
doses of any DOAC compared to warfarin. The HRs’ point estimates for less strictly defined outcomes were similar to
those for strictly defined outcomes shown in Figure 3. However, the 95% CIs were narrower because with strictly defined
outcomes, 45–57% of patients had cerebral infarction, cerebral bleeding, and intracranial bleeding, 26–39% had GI
bleeding and other bleeding, and 9–19% had myocardial infarction and systemic embolism compared to those with less
strict definition (Table S9). Figure S6A–H show that HRs stratified by sex or age were similar to those in the primary
analysis. The only exception was patients ≥65 years old, whose MB HR was close to 1.0 with or without a history of the
outcome (Figure S6F). In patients ≥75 years old, only 658 users of standard-dose DOACs were matched to warfarin
users, and HRs were not shown for many individual outcomes because the number of patients with those outcomes was
<5 times the number of explanatory variables (an exposure variable plus covariates with aSD>0.1) (Figure S6H). The
analyses for grace periods of 15, 60, and 90 days were similar to the primary analysis using the grace period of 30 days
(Figure S7). Figure S8A and B show the main outcomes calculated using four weighting methods, and the individual
outcomes calculated by MW, respectively. The HRs estimated using four weighting methods were similar and generally
consistent with the 1:1 matching results from the primary analyses (Figure 3). After excluding subjects with preference
scores <0.3 and >0.7, 86.9% and 87.8% of users were included when warfarin use was compared to use of any and
reduced doses of DOAC, respectively (Table S10). However, only 46.9% of patients were included when comparing use
of warfarin to the standard dose of DOAC, indicating that the distribution of baseline characteristics in patients using the
standard dose of DOAC were substantially different from those using warfarin.

Table S11 and Figure S9 show the incidence rates, RRs, and HRs of outcomes for S/SE when stratified by CHA2DS2-
VASc scores. The incidence rate of S/SE for a CHA2DS2-VASc score>5 was more than ten times higher than for a CHA2

DS2-VASc score of 0 or 1 in both warfarin and DOAC users. RRs and HRs were <1.0 for lower CHA2DS2-VASc scores
but increased and approached 1.0 with increasing CHA2DS2-VASc scores, particularly for standard-dose DOAC users.
The incidence rate of MB for a HAS-BLED score>4 was 5 to 7.5 times greater than the rate of MB for a HAS-BLED
score of 0 or 1 in both warfarin and DOAC users (Table S12 and Figure S10). RRs and HRs for MB were < 1.0 for lower
HAS-BLED scores but approached 1.0 with increasing HAS-BLED scores. The all-cause mortality for a CCI score >5
was more than 11 times higher than for a CCI score of 0 (Table S13 and Figure S11). RRs and HRs were approximately
0.7 regardless of the CCI score for patients receiving any, reduced, or standard doses of DOAC compared to those
receiving warfarin.

Table S14A and Figure S12 show main and individual outcomes in 96,170 reduced-dose DOAC users that were directly
matched to the same number of standard-dose DOAC users. After 1:1 matching, the mean patient age was 55.0 years, and
69.2% were males, for those receiving either reduced- or standard-dose DOACs (aSD<0.1 for all covariates). In patients
without a history of S/SE or MB, HRs of reduced- compared to standard-dose DOACs for effectiveness and safety were
slightly less than 1.0. However, for those with a history of S/SE or cerebral infarction, reduced-dose DOACs were clearly
better than standard-dose DOACs (HR=0.66, 95% CI: 0.63–0.69 and HR=0.65, 95% CI: 0.62–0.68, respectively).
However, in those with a history of any bleeding, the MB HR was about 1.0. The findings were similar after stratification
by sex and age group (Figure S13). As for any DOAC (Table S14A and Figure S12), for individual DOACs reduced-dose
was better than standard-dose for patients with a history of S/SE (HR; 0.61–0.73, Table S14B) and cerebral infarction (HR;
0.60–0.72, Table S14C), although estimates were unstable for edoxaban due to a small sample size.

Table S15A and Figure S14 show HRs and CIs for S/SE, and Table S15B shows HRs and CIs for cerebral bleeding in
patients who used reduced- compared to standard-dose DOACs stratified by CHA2DS2-VASc scores. The risks of S/SE
and cerebral infarction were similar between reduced- and standard-dose DOACs when the CHA2DS2-VASc score was 0
or 1, but reduced-dose DOACs were better than standard-dose DOACs (HR<1.0) when the CHA2DS2-VASc score was
≥3. Table S15C and D show HRs and CIs for S/SE and cerebral infarction in patients who used reduced- compared to
standard-dose of individual DOACs divided into two groups; one with CHA2DS2-VASc score<3 and the other with
CHA2DS2-VASc score≥3. The reduced-dose was better than the standard-dose regarding both S/SE (HR; 0.52–0.76) and
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cerebral infarction (HR; 0.52–0.76) for all individual DOACs when the CHA2DS2-VASc score was ≥3. Table S16 and
Figure S15 show the HRs and CIs for the main outcome of MB in patients receiving reduced-dose DOACs compared to
standard-dose DOACs stratified by HAS-BLED scores. HRs for MB were stable and about 1.0 regardless of the HAS-
BLED score. Table S17A and B show the results of the first additional post-hoc study, in which the incidence rates of S/
SE and cerebral infarction were highest when DOACs were started 15 to 30 days after S/SE and cerebral infarction
admissions, respectively. HRs were about 0.8 and similar regardless of when DOACs were started after the last S/SE or
cerebral infarction admission. Table S18A and B show the results of the second post-hoc study where the incidence rates
of S/SE and cerebral infarction were similar between the three diagnosis types of NVAF with and without history of S/SE
and cerebral infarction, respectively. With a history of S/SE and cerebral infarction, HRs were approximately 0.7 for all
diagnosis types. Table S19A and B show the results of the third post-hoc study. The incidence rates of S/SE and cerebral
infarction were of similar magnitude irrespective of the delay between the first diagnosis of NVAF and the day of starting
DOACs with and without a history of S/SE and cerebral infarction, respectively. With a history of S/SE and cerebral
infarction, HRs were approximately 0.7 irrespective of whether the delay was ≤30 days, 31–90 days, 91–365 days or
≥366 days.

Discussion
More than half of patients with NVAF who started DOACs in Japan between FY 2011 and FY 2015 used reduced doses.
Users of standard-dose DOACs were approximately 10 years younger and more often male than users of reduced-dose
DOACs or warfarin. After 1:1 matching, both reduced- and standard-dose DOAC users had decreased risks of S/SE and
MB than warfarin users. These findings were consistent for individual DOACs and after stratification by sex and age
group except for GI bleeding and MB in individuals ≥65 years of age. When stratified by CHA2DS2-VASc and HAS-
BLED scores, RRs and HRs for both S/SE and MB were <1.0 in patients with low scores but HRs approached 1.0 for
those with high CHA2DS2-VASc and HAS-BLED scores. After stratification by CCI scores, the HR of all-cause
mortality was stable and about 0.7 regardless of CCI score in users of any, reduced, or standard doses of DOACs
compared to users of warfarin. This was potentially the result of residual confounding because in pre-matching, the
proportion of warfarin users with conditions like anemia, heart failure, and renal diseases was higher than that for
reduced- and standard-dose DOAC users, and the confounding control may have been insufficient for all-cause mortality
(Table S6A). Exploratory analyses suggested that the effect of reduced- and standard-dose DOACs was not substantially
different except for those with a history of S/SE (particularly cerebral infarction) and CHA2DS2-VASc score ≥3, in which
the effect of reduced-dose DOACs was better than standard-dose DOACs for any DOAC (Tables S14A, S15A and B)
and individual DOACs (Tables S14B, S14C, S15C and D). The finding that reduced-dose DOACs were more beneficial
than standard-dose DOACs in patients with a history of S/SE and cerebral infarction was consistent across individual
DOACs and in stratified analysis by the period between the last day of admission due to S/SE or cerebral infarction and
the day of starting DOACs (Table S17A and B); type of NVAF diagnosis (Table S18A and B); and magnitude of the
delay between the first NVAF diagnosis and the day of starting DOACs (Table S19A and B).

In the current study, the proportion of patients using reduced dose DOACs who met the criteria for receiving
a reduced dose was unknown because creatinine clearance and body weight values were not available in the claims
data (Table S1). However, it is likely that a considerable fraction of reduced-dose DOAC users (accounting for more than
half of all users) did not meet the criteria because the proportion of patients with renal disorders was <10%, and the
average age of reduced-dose DOAC users was 62 years before 1:1 matching (Table S6A).

Our findings differed from those in studies from the United States (US),14–16 Europe,17–21 Israel,22 and Asia23–28

reporting the association between reduced-dose DOACs and the increased risk of S/SE. Some systematic reviews have
also reported that use of reduced-dose DOACs produced less favorable outcomes than standard-dose DOACs.17,29–32

However, several reports, mainly from Asia33–46 but also from the US47–50 and Israel,51 as well as international/global
studies,52,53 show that reduced-dose DOACs were not associated with an increased risk of S/SE; in some of these
studies, investigators specified reduced-dose as “inappropriately reduced-dose” or “off-label underdose”.39,47–49,51,53 In
a recent systematic review, Choi et al reported that reduced-dose DOACs were not associated with an increased risk of
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S/SE in Asians,54 and Shen et al reported the same conclusion in a systematic review that included a diverse
population.55

In the current study, a direct comparison of patients receiving reduced- and standard-dose DOACs suggests that the
use of reduced-dose DOACs may be beneficial to patients with a history of cerebral infarction and high CHA2DS2-VASc
score (≥3), but whether this finding, obtained in post-hoc analyses is reproducible should be tested in the future.
Currently, trial-approved DOAC doses or those recommended by respective country guidelines/regulations may be
used as indicated in recent consensus recommendations issued by experts in Asia-Pacific regions.76,77

A strength of this study is the large number of patients extracted from the NDB Japan database. This allowed for
analyses in subgroups stratified by individual DOAC, sex, and age group with and without a history of the outcome of
interest and subgroups divided by CHA2DS2-VASc, HAS-BLED, and CCI scores.

Our study has several limitations. First, we have not validated the definition of NVAF used in the current study, and
thus its accuracy remains unknown. The definition of NVAF based on ICD-10 codes and anticoagulants provided 94.1%
of the PPV in a study conducted using a claims database in Korea.78 The PPV in the current study may be similar because
the ICD-10 codes for AF and oral anticoagulant use were also included in the definition of NVAF. We used the diagnosis
code for a non-AF diagnosis before starting an anticoagulant as an additional exclusion criterion (Figure 1 and Figure
S1), which might improve the specificity and PPV of the NVAF definition. Similarly, we have not validated the
definitions of the outcomes except for cerebrovascular disorders, myocardial infarction, and death.58–61 As a result,
conservative (strict) outcome definitions (Table S4B) were used that were likely to be more specific. Another limitation
of this study was that creatinine clearance and body weight information was not available; therefore, we could not
identify patients who met the criteria for reduced-dose DOAC treatment. Furthermore, there was a short observation
period, and the average time period obtained by dividing person-years (PY) by the number of patients (N) in Table 3 was
slightly more than a year for those without a history of outcomes and less than a year for those with a history of
outcomes. Lastly, this is an observational study, not a clinical trial, therefore, we cannot exclude the possibility that our
findings were due to residual confounding. Future studies should determine whether the finding that reduced-dose
DOACs are beneficial to patients with a history of S/SE (particularly cerebral infarction) or high CHA2DS2-VASc scores
can be reproduced, using data sources that include creatinine clearance and body weight. If other studies replicate our
findings, randomized clinical trials may confirm or negate the possible beneficial effect of reduced-dose DOACs,
particularly in the Asian population with a history of S/SE and high CHA2DS2-VASc scores.

Conclusion
Between FY 2011 and FY 2015, the proportion of patients with NVAF who started DOACs, among all NVAF patients
starting oral anticoagulants, increased from 27% to 83%. More than half of new DOAC users used reduced-dose
DOACs. These patients were older and included a higher proportion of females than those using standard-dose
DOACs. The effectiveness (S/SE) and safety (MB) of reduced- and standard-dose DOACs were at least as strong as
for warfarin use. This is not consistent with studies conducted mainly in the US and Europe, where reduced DOAC
doses were associated with an increased incidence of S/SE,14–32 but consistent with some recent studies in Asia, other
countries, and international/global studies.33–55 Exploratory post-hoc analyses suggested that reduced-dose DOACs
may be better than standard-dose DOACs for patients with a history of S/SE or cerebral infarction and high CHA2DS2-
VASc scores (≥3). However, it may be prudent to respect recent consensus recommendations by experts in Asia-Pacific
regions76,77 that trial-approved doses of DOACs or doses recommended by specific country guidelines/regulations
should be used until more results become available. Physician recommendations for individual patients are also
important.

Data Sharing Statement
In the guidelines for the use of NDB Japan, it is strictly prohibited to share any data except for tables and figures in
published papers.
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