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Abstract
Background: Each direct oral anticoagulant (DOAC) has different dose reduction cri-
teria. Here, we evaluated the differences in the doses of three anti- Xa DOACs and 
clinical events based on the dose reduction criteria in patients with atrial fibrillation 
(AF).
Methods: Consecutive AF patients prescribed with anti- Xa DOACs [rivaroxaban 
(Riva), apixaban (Apix), and edoxaban (Edox)] between April 2011 and May 2016 were 
retrospectively evaluated. The incidences of thromboembolic and bleeding events 
were evaluated by the end of December 2020, focusing on the dose proportion.
Results: A total of 786 patients (72 ± 10 years old, 66.9% male) were enrolled in this 
study [Riva (n = 337), Apix (n = 239), and Edox (n = 210)]. The proportion of reduced 
dose prescriptions was significantly greater for Edox (79.2%) than Riva (38.7%) or Apix 
(31.9%). A Kaplan– Meier analysis showed that the incidence of minor bleeding was 
significantly higher in the Apix than other groups (p < .001), even after propensity 
score matching. The standard dose of Apix had significantly higher bleeding events 
than the other DOACs (p < .001). Moreover, 23.2% and 51.6% of the patients with a 
standard dose of Apix were fulfilled with the dose reduction criteria for Riva and Edox 
and had more minor bleeding events than the unfulfilled ones (p = .046).
Conclusions: The patients with a standard dose of Apix had a higher incidence of 
minor bleeding events than the other dosages. A reduced dose of apixaban was not 
prone to being chosen because of the dose reduction criteria, which may have been 
associated with a higher minor bleeding rate in patients with Apix.

K E Y W O R D S
anti- Xa direct oral anticoagulants, atrial fibrillation, bleeding complications, dose reduction 
criteria

http://www.journalofarrhythmia.org
mailto:
https://twitter.com/HidehiraFukaya
https://orcid.org/0000-0002-7588-554X
https://twitter.com/HidehiraFukaya
https://orcid.org/0000-0003-2223-9541
https://orcid.org/0000-0003-4463-6185
https://orcid.org/0000-0003-0890-2757
https://orcid.org/0000-0002-8494-9621
https://orcid.org/0000-0002-2448-616X
https://orcid.org/0000-0002-5920-4417
https://orcid.org/0000-0002-0702-0800
https://orcid.org/0000-0001-6645-6404
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:hidehira@med.kitasato-u.ac.jp


    | 387FUKAYA et Al.

1  |  INTRODUCTION

Atrial fibrillation (AF) is the most common tachyarrhythmia, and its 
prevalence is increasing.1 Anticoagulation therapy for patients with 
AF has been emphasized to prevent ischemic strokes and systemic 
thromboembolisms. Recent guidelines2– 4 recommend strict anti-
coagulation for AF patients based on a thromboembolic risk strat-
ification.5,6 After the launch of direct oral anticoagulants (DOACs), 
the total prescription rate of oral anticoagulants (OACs) has been 
increasing, and the proportion of DOACs among the total OAC pre-
scriptions has been expanded.7,8 On the other hand, inappropriately 
reduced prescriptions of DOACs are seen in clinical practice.9– 11 In 
addition, four currently available DOACs, that is, dabigatran (Dabi), 
rivaroxaban (Riva), apixaban (Apix), and edoxaban (Edox), have dif-
ferent dose reduction criteria, which may affect the selection of 
drugs as well as the efficacy or safety outcomes. The dose reduction 
criteria for Dabi are a recommendation, and the actual prescription 
is at the discretion of physicians. However, anti- Xa DOACs have 
strict definitions. Here, we evaluated thromboembolic and bleed-
ing events in three anti- Xa DOACs, focusing on the dose reduction 
criteria.

2  | METHODS

2.1  |  Study population and evaluation parameters

Consecutive AF patients who were prescribed anti- Xa DOACs from 
April 1, 2011 to May 31, 2016 at Kitasato University Hospital were 
retrospectively enrolled in this study. Age, sex, body weight (BW), 
serum creatinine (Cr), and Cr clearance (CCr) were evaluated as 
baseline characteristics. CCr was estimated by the Cockcroft– Gault 
equation as follows: CCr = {(140 – age) × (weight in kg) × (0.85 if fe-
male)}/(72 × serum creatinine).12 Because patients with severe renal 
insufficiency (CCr < 15 ml/min) did not have an indication for each 
DOAC, they were excluded from this study. CHADS2

5 and CHA2DS2- 
VASc6 scores were used for the risk stratification of stroke and 
thromboembolic events, and the HAS- BLED score13 was used as the 
risk stratification for bleeding events. Their constituent factors were 
also evaluated. Currently available doses of anti- Xa DOACs in Japan 
are 15 mg or 10 mg once daily for Riva, 5 mg or 2.5 mg twice daily for 
Apix, and 60 mg or 30 mg once daily for Edox.

Regarding the efficacy and safety outcomes, the incidence of 
strokes, STEs, and major and minor bleeding events was evaluated 
among the three groups until the end of 2020. To avoid events with 
inappropriate dose prescriptions, the patients with inappropriate 
under or overdose prescriptions were excluded. The definitions of 
major bleeding were a decrease in the hemoglobin level of >2.0 g/dl, 
transfusion of >2 units of blood, or symptomatic bleeding in a critical 
area or organ, which were the same as the definitions used in the 
phase III studies of each DOAC.14– 18 The definition of minor bleed-
ing was not clinically relevant, but significant bleeding events, such 
as nose bleeding needing intervention, macro- hematuria, blackish 

feces/melena, or hemoptysis, which were not matched with the 
definition of major bleeding. We also calculated the adjusted hazard 
ratio (HR) for the outcomes between each DOAC with the factors 
that exhibited a statistical significance in the univariate analyses.

2.2  |  Statistical analyses

Continuous variables were compared by an ANOVA and post hoc 
Tukey– Kramer analysis or Kruskal– Wallis analysis with a Steel– 
Dwass post hoc analysis when applicable. Data are presented as the 
mean value +/− standard deviation or median with the interquartile 
range. Categorical variables were compared by using the chi- square 
test if appropriate and are reported as percentages. Ordinal vari-
ables were compared by a Wilcoxon analysis and are shown as me-
dian values with data ranges. The survival distribution in each group 
was calculated using the Kaplan– Meier method. The log- rank test 
was used to compare the stroke/STE and major and minor bleed-
ing events among the three groups during the observation period. 
A two- sided p- value <.05 was considered statistically significant. If 
the analyses included multiple comparisons, a p- value <.01 was con-
sidered statistically significant using a Bonferroni correction. A Cox 
proportional hazard model was used to compare the outcomes 
among the three groups, followed by a multivariate analysis to ad-
just for any significantly different factors. Further, propensity score 
matching as a sensitivity analysis was performed using 1:1 nearest 
neighbor matching algorithm with the factors used for the adjust-
ment in the multivariate analysis. Optimal caliper was set as 0.05. All 
analyses were performed with JMP 13.1 software (SAS).

This study was approved by the ethical committee of clinical 
studies in Kitasato University Hospital (IRB # B20- 105).

3  |  RESULTS

3.1  |  Study population and baseline patient 
characteristics

There were 1485 consecutive patients prescribed DOACs assigned 
to this study. To focus on the relationship between the dose reduc-
tion criteria and clinical events, patients prescribed Dabi were ex-
cluded (n = 500). A total of 65 patients were also excluded because 
of a lack of data (n = 39), contraindications to DOACs (n = 2), and in-
dications for catheter ablation despite a CHADS2 score of 0 (n = 24). 
A total of 920 patients were finally enrolled, and 134 patients with 
an inappropriate- under (n = 118) or - overdose (n = 16) prescription 
were excluded from the evaluation of the outcomes; therefore, 786 
patients were ultimately enrolled in this study (Figure 1).

Table 1 shows the patient characteristics among the groups. The 
Apix and Edox groups had a significantly higher age (<0.001), lower 
BW (p < .001), higher serum Cr (p = .003), and lower CCr (p < .001) 
than the Riva group. Regarding the factors constituting the CHADS2, 
CHA2DS2- VASc, and HAS- BLED scores, the proportion of patients 
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F IGURE  1 The study flow chart. 
A total of 786 patients prescribed an anti- 
Xa direct oral anticoagulant were finally 
enrolled and followed until the end of 
2020. See the text for the details.

TA B L E  1  Baseline characteristics

All Riva Apix Edox

p valuen = 786 n = 337 n = 239 n = 210

Age, y.o. 72 ± 10 71 ± 10 74 ± 9 73 ± 11 <.001

Female: n (%) 260 (33.1) 104 (30.9) 75 (31.4) 81 (38.6) .145

BW, kg 58.5 [50.2- 67.0] 60.0 [51.6- 67.4] 59.3 [50.8- 68.0] 55.3 [47.4- 64.9] <.001

Cr, mg/dL 0.89 [0.75- 1.08] 0.86 [0.73- 1.03] 0.93 [0.77- 1.08] 0.94 [0.76- 1.19] .003

CCr, ml/min 58.2 [42.8- 74.1] 65.0 [47.3- 79.1] 57.2 [44.9- 71.0] 46.6 [35.8- 67.5] <.001

HF: n (%) 300 (38.2) 115 (34.1) 94 (38.1) 94 (44.8) .046

HT: n (%) 491 (62.5) 215 (63.8) 160 (67.0) 116 (55.2) .032

Age≧75 y.o.: n (%) 369 (47.0) 133 (39.5) 123 (51.5) 113 (53.8) .001

Age 65– 74 y.o.: n (%) 271 (34.5) 124 (36.8) 80 (33.5) 67 (31.9) .467

DM: n (%) 186 (23.7) 87 (25.8) 57 (23.9) 42 (20.0) .297

Stroke/TIA: n (%) 142 (18.1) 49 (14.5) 61 (25.5) 32 (15.2) .002

Vascular disase: n (%) 163 (20.7) 73 (21.7) 51 (21.3) 39 (18.6) .646

Liver/kidney disease: n (%) 26 (3.3) 10 (3.0) 7 (2.9) 9 (4.2) .626

Bleeding tendency: n (%) 29 (3.7) 9 (2.7) 8 (3.4) 12 (5.7) .175

Antiplatelets co- prescpription: n (%) 115 (14.6) 61 (18.1) 32 (13.4) 22 (10.5) .040

AF type .056

Paroxysmal 344 127 116 101

Persistent 90 45 23 22

Long- standing persistent 352 165 100 87

Underwent CA: n (%) 44 (5.6) 15 (4.5) 18 (7.5) 11 (5.2) .275

CHADS2 score 2 [1- 3] 2 [1- 3] 2 [1- 3] 2 [1- 3] .091

CHADS2- VA2Sc score 3 [2- 4] 3 [2- 4] 4 [2- 5] 3 [2- 4] .002

HAS- BLED score 2 [1- 2] 2 [1- 2] 2 [1- 3] 2 [1- 2] .064

Abbreviations: BW, body weight; CA, catheter ablation; Cr, serum creatinine; CCr, creatinine clearance; DM, diabetes mellitus; HF, heart failure; HT, 
hypertension; TIA, transient ischemic attack.
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≥75 years old was higher in the Apix and Edox groups than the 
Riva group (p = .003). The proportion with heart failure was higher 
(p = .046) and with hypertension was lower (p = .032) in the Edox 
group than in other groups. The proportion of patients with a prior 
stroke or transient ischemic attack (TIA), that is, for secondary pre-
vention, was higher in the Apix group than Riva and Edox groups. 
That of antiplatelets co- prescriptions was higher in the Riva group 
(p = .040). As a result, the Apix group had the highest CHA2DS2- 
VASc scores, whereas the CHADS2 and HAS- BLED scores did not 
significantly differ among the three groups.

3.2  |  Incidence of bleeding complications

The Kaplan– Meier analysis for the incidence of a stroke/STE and 
major and minor bleeding events during 561 [113– 1473] days of 
the observational period among the groups are shown in Figure 2. 
Although the incidences of stroke/STE (Figure 2 left) and major 
bleeding events (Figure 2 middle) did not significantly differ among 
the three groups (p = .093 and p = .075, respectively), the Apix group 
had a significantly higher incidence of minor bleeding events than 
the Riva and Edox groups (Figure 2 right, log- rank <0.001). Figure 3 
shows the minor bleeding events for the different doses. In the 

standard dose subgroup analysis (Figure 3 left), the Apix group had a 
further higher incidence of minor bleeding than the others (log- rank 
<0.001), whereas the reduced dose in the Apix group was compara-
ble to that in the Riva group (Figure 3 right).

We also evaluated the patient characteristics with or without 
minor bleeding events for each DOAC (Table 2). There were no sta-
tistical differences in the proportion of the dose selections in the 
Apix group (standard dose: 75.0% vs. 80.0% for with vs. without 
minor bleeding events). Further, the age, BW, and CCr also did not 
differ between the sub- groups. Of note, the HAS- BLED score was 
statistically higher in the patients with minor bleeding in the Apix 
group.

Further, we used the Cox proportional Hazard model to adjust 
for the outcomes according to the age, BW, Cr, and CHA2DS2- VASc 
scores, which had statistically significant differences in the univari-
ate analysis. Table 3 shows the results of the adjusted HR between 
each DOAC for the minor bleeding events. Apix still had a higher 
minor bleeding risk than Riva [HR: 3.170, 95% confidential interval 
(CI): 1.762– 5.703, p < .001] and Edox [HR 4.379, 95%CI: 1.919– 9.992, 
p < .001].

To avoid any selection bias, we also performed propensity score 
matching using the age, BW, Cr, and CHA2DS2- VASc scores. Table S1 
shows the baseline characteristics after the propensity score 

F IGURE  2 Overall results of the Kaplan– Meier analysis of strokes/systemic thromboembolisms (STEs) and major and minor bleeding 
among the three anti- Xa direct oral anticoagulant. Strokes/STEs (left) and major bleeding (middle) events were not significantly different 
among the groups; however, minor bleeding events were significantly higher in the Apix group (right).

F IGURE  3 Kaplan– Meier analysis of 
minor bleeding among the three anti- 
Xa direct oral anticoagulants (DOACs) 
for standard or reduced doses. In the 
subgroup analysis, minor bleeding events 
were evaluated with standard (left) or 
reduced (right) doses of the three anti- 
Xa DOACs. The standard dose of Apix 
showed a higher rate of minor bleeding 
events.
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matching between Riva versus Apix and Apix versus Edox, respec-
tively. Those were well matched except for a history of a stroke in 
the Riva versus Apix matching. The Kaplan– Meier analyses after the 
propensity score matching are shown in Figure 4. Even after the pro-
pensity score matching, the Apix group showed significantly higher 
minor bleeding events than the Riva (p < .001) and Edox (p = .002) 
groups, respectively.

3.3  |  Relationship between bleeding events and the 
dose reduction criteria

According to the dose reduction criteria on the bleeding outcomes, 
we evaluated the dose changes for each DOAC. Focusing on the 
patients with a standard dose of Apix, 23.2% and 51.6% of those 
patients were fulfilled with the dose- reduction criteria of Riva and 
Edox. In the patients who were fulfilled with the dose- reduction cri-
teria of Riva, the incidence rate of minor bleeding events was 13.0%/
patient- year. Likewise, that was 9.2%/patient- year in the patients 
who were fulfilled with Edox. Those event rates were significantly 
higher than those who were not fulfilled with those criteria in the 
patients with the standard dose of Apix (5.3%/patient- year, Log- lank 
p = .046). On the other hand, the stroke/STE event rates were 1.1, 
2.8, and 3.3%/patient- year in the patients fulfilled with Riva, Edox, 
and not fulfilled, respectively, and did not statistically differ among 
those sub- groups (Log- lank p = .222).

4  | DISCUSSION

In this study, we evaluated the incidence of strokes/STEs and bleed-
ing complications with anti- Xa DOACs, focusing on the dose reduc-
tion criteria. Our findings in this study were (1) the incidence of 
minor bleeding complications was higher in the Apix group than Riva 
and Edox groups even after an adjustment for the age, BW, Cr, and 
CHA2DS2- VASc score, or after performing propensity score match-
ing, (2) the incidences were higher in the Apix group with a standard 
dose, and (3) focusing on the dose of Apix, 23.2% and 51.6% of the 
patients with the standard dose of Apix were fulfilled with the dose 
reduction criteria for Riva or Edox, and those patients showed the 
higher incidence rate of minor bleeding events than those who were 
not fulfilled. Those differences may be associated with higher bleed-
ing events in the Apix group.

4.1  |  Impact of the dose reduction criteria for each 
DOAC on the bleeding events

All four DOACs have different dose reduction criteria. Since that 
for Dabi is a recommendation, the choice of two doses, 110 mg or 
150 mg twice daily, is at the discretion of the physicians. On the other 
hand, the other anti- Xa DOACs have strict criteria that have to be 
observed; however, they are all different. Therefore, we also evalu-
ated the prescribed dose proportions of standard/reduced doses for 
each DOAC in 920 patients prescribed anti- Xa DOACs (Figure S1- 1) 
in clinical practice. Upper graphs show the actually prescribed doses 
of the three DOACs, and lower graphs show the proportions of the 
authorized dose that we should have prescribed in accordance with 
the dose reduction criteria for each DOAC. The ratio of standard 
and reduced doses on each DOAC significantly differed among the 
three groups (p < .001) in both the actual and authorized dose pre-
scriptions. Although the incidence of stroke and thromboembolic 
events was comparable among the three groups (Figure 2 left) and 
even in separate evaluations of the two different doses (Figure S2), 
the patients in the Apix group had more minor bleeding events than 
the others (Figure 2 right). Moreover, patients with a standard dose 
of Apix had a higher bleeding rate than the others (Figure 3 left). 
As shown in Table 2, there were no statistical differences in the 

TA B L E  3  Adjusted cox regression analysis for minor bleeding 
events (age, BW, Cr, and CHA2DS2- VASc score)

Variables Hazard ratio [95% CI] p- value

Apix vs. Riva 3.170 [1.762- 5.703] <.001

Apix vs. Edox 4.379 [1.919- 9.992] <.001

Riva vs. Edox 1.381 [0.567- 3.365] .477

Age 1.015 [0.980- 1.501] .400

Body weight 0.984 [0.961- 1.007] .167

Cr 1.721 [0.848- 3.495] .133

CHA2DS2- VASc score 1.062 [0.890- 1.268] .508

Abbreviations: BW, body weight; Cr, creatinine; CI, confidential interval.

F IGURE  4 Kaplan– Meier analysis of 
minor bleeding after the propensity score 
matching. After the propensity score 
matching, the minor bleeding events 
were also greater in the Apix than Riva 
(p < .001) and Edox groups (p = .002).
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proportion of dose selections in the Apix group. Only the HAS- BLED 
score was statistically higher in the patients with minor bleeding in 
the Apix group; therefore, the HAS- BLED score would also be help-
ful for predicting minor bleeding events. According to the detailed 
bleeding sites, gastro- intestinal bleeding was most prevalent in the 
Apix group (Table S2).

Since the present study was a retrospective analysis, some fac-
tors of the patient background were significantly different among 
the groups (Table 1), posing a selection bias. In fact, the Apix group 
had insignificant but numerically higher HAS- BLED scores than the 
other groups, which may have been associated with the results. In 
this study, only 22.7% of the patients in the Apix group matched the 
dose reduction criteria, which was significantly lower than that of 
the others (Figure S1- 1).

There was a possibility that the different baseline character-
istics would affect the dose selection; therefore, we presumably 
evaluated the differences in the dose selection if all patients were 
prescribed every single DOAC. Figure S1- 2 shows the presumptive 
analysis of the dose proportions. Even in this presumptive analy-
sis, the proportion of a reduced dose in the Apix group was signifi-
cantly lower than that in the other groups (p < .001). Therefore, 
it was proposed that the dose reduction criteria for Apix would 
be too strict, and a standard dose of Apix would be chosen even 
in patients with a high bleeding risk. Concerning this issue, we 
evaluated the dose proportion changes from the standard dose of 
Apix to Riva or Edox, suggesting that the standard dose in the Apix 
group included patients who would be candidates for a reduced 
dose of Riva (23.2%) or Edox (51.6%). In fact, in the patients with 
the standard dose of Apix, the patients who were fulfilled with 
the dose reduction criteria of Riva and Edox experienced minor 
bleeding in 13.0 and 9.2%/patient- year, respectively, which was 
statistically higher than that in the patients who were not ful-
filled with any other dose- reduction criteria (5.3%/patients- year, 
Log- lank p = .046). The patients with reduced doses of the other 
DOACs, especially for Edox, had lower event rates of minor bleed-
ing than with Apix, whereas the Stroke/STE event rates were com-
parable even for the reduced doses of three DOACs (Figure S2). 
In this study, the patients with bleeding complications in the Apix 
group had a higher HAS- BLED score than those without (Table 2). 
Therefore, the standard dose of Apix might not be suitable for 
patients with higher HAS- BLED scores. In lean, small, and aged 
Japanese patients, the muscle volume would be small, so the sCr 
and CCr would apparently be preserved even in such patients. In 
contrast, patients with a low BW19 or low body mass index20,21 
are also associated with a higher bleeding risk. These discrepan-
cies might have affected the results of this study. In the J- ELD 
AF Registry,22 a multicenter prospective cohort study in Japanese 
elderly AF patients >75 years taking apixaban, the proportion of 
the patients with a reduced dose was 57.6%, which was higher 
than those in the present study (22.7%) and previous reports.17,23 
That might have been just because the J- ELD AF Registry only 
included elderly patients >75 years, resulting in an average age of 
81.7 years. An age ≥80 years is one of the dose reduction criteria 

for Apix; therefore, the reduced dose tended to be chosen in the 
J- ELD AF Registry. They concluded that there were no differences 
in the event rates between the patients with standard and reduced 
doses for 1 year of observation, although the total death and car-
diovascular death were higher in the reduced- dose group than 
standard- dose group. In our present study, we included all gener-
ations prescribed anti- Xa DOACs, and 77.3% of the patients in the 
Apix group were prescribed the standard dose. Considering those 
results, the patients with a high bleeding risk but unmatched to the 
dose reduction criteria for Apix had experienced minor bleeding 
events in the present study.

4.2  |  Reduced dose of DOACs

Due to the concern for bleeding complications, anticoagulation ther-
apy tends to be less provided.24– 27 Even after the launch of DOACs, in-
appropriate underdoses were seen in 10%– 30% of the patients.10,25,28 
In this study, inappropriate underdoses were also seen in 8%– 12% 
of the patients (Figure S1- 1), which was similar to the previous re-
ports.28,29 It has been reported28 that an inappropriate underdose 
of DOACs causes higher mortality and a higher hospitalization rate; 
therefore, physicians should abide by the dose reduction criteria for 
choosing the appropriate dose of each DOAC. For the Asian popula-
tion, Lee et al. reported from the Korean nationwide claims database30 
that the proportion of off- label underdoses of Apix was 41%, and the 
patients with off- label inappropriate underdoses of Apix had a signifi-
cantly higher rate of ischemic strokes and all- cause death than those 
with the on- label standard dose, whereas the major bleeding events 
were not different between the two groups. This study suggested 
that an inappropriate underdose was also not uncommon in the Asian 
population and contributed to adverse clinical events.

Regarding an appropriately reduced dose of DOACs, there is 
not enough evidence for its efficacy and safety. In the randomized 
control phase III studies of DOACs, the RE- LY trial14 of Dabi and 
the ENGAGE- AF trial18 of Edox were evaluated with two differ-
ent doses and compared with vitamin K antagonists (VKAs). On 
the other hand, in the ROCKET AF16 and J- ROCKET AF15 trials 
of Riva and the ARISTOTLE trial of Apix,17 the outcomes for the 
two different doses were not separately analyzed, and the num-
ber of enrolled patients with a reduced dose was quite small (the 
J- ROCKET AF: n = 141 and the ARISTOTLE: n = 428). Therefore, 
we have to state that the evidence for a reduced dose of Riva and 
Apix was not robust. In the Denmark registry that focused on a re-
duced dose prescription, the appropriate underdoses of Riva and 
Apix showed a significantly higher mortality than the VKA or Dabi 
groups.31 After that report, the recent European Heart Rhythm 
Association practical guide4 recommends a reduced dose of Dabi 
(110 mg twice daily) or a reduced dose of Edox (30 mg once daily) 
for patients with concern for drug– drug interactions or a higher 
bleeding risk. In this study, the reduced dose subgroup with Riva 
and Apix had a higher rate of minor bleeding events than the Edox 
subgroup (Figure 3 right). We should also take note of whether the 
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reduced DOAC doses have the same efficacy and safety outcomes 
as the standard dose.

Because of the difference in the dose reduction criteria for each 
DOAC, the selected dose would be variable. It is crucial to avoid in-
appropriate underdose prescriptions; however, the outcomes of the 
standard dose were significantly different in the present study. We 
also evaluated the minor bleeding events after adjusting for some 
factors (age, BW, Cr, and CHA2DS2- VASc score), and a propensity 
score matching analysis was also performed to reduce the selection 
bias. Those results indicated that the Apix group still had a higher 
event rate of minor bleeding. Further, the patients with the stan-
dard dose of Apix who were matched with the other DOAC dose- 
reduction criteria had more minor bleeding events. Therefore, 
selecting DOACs with consideration of those results would provide 
safer outcomes in AF patients on anti- Xa DOACs.

5  |  STUDY LIMITATIONS

Our investigation had several limitations. First, this study was a 
single- center retrospective analysis, so the number of patients was 
small. Further, selection bias could not be eliminated. The propor-
tion of appropriately reduced doses in this study was higher (Riva: 
27.3%, Apix: 22.7%, and Edox: 72.3%, respectively) than that in the 
Phase III studies (22.1%, 4.7%, and 25.3%, respectively).15,18,32 In 
spite of this, in the reports of the Japanese post- market surveillance 
of those DOACs, the proportion of a reduced dose was reported 
as 21.2% (Riva), 26.8% (Apix), and 61.1% (Edox),23,33,34 suggesting 
that our data were compatible with the Japanese real- world data. 
Second, we only evaluated the patients prescribed with DOACs, that 
is, those with VKAs were not included. Third, the efficacy and safety 
outcomes may have been underestimated because the patients with 
those events were not necessarily noticeable, and the observational 
periods were different for each DOAC. Further prospective studies 
are necessary to evaluate the relationship between the dose selec-
tion and efficacy/safety outcomes in real- world practice.

6  |  CONCLUSION

The patients with a standard dose of Apix had a higher incidence of 
minor bleeding events than the other dosages. A reduced dose of 
apixaban was not prone to being chosen because of the dose reduc-
tion criteria, which may have been associated with a higher minor 
bleeding rate in patients with Apix.
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