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Abstract

Background: Inappropriate dosing of direct oral anticoagulants (DOACs) has been associated with clinical safety
and efficacy; however, little is known about clinical data associated with an inappropriate DOAC dosing in Japan. In
addition, there is no report in which the appropriateness of DOAC dosing between prescription for inpatients and
for outpatients was examined. In this study, we aimed to investigate the prevalence and factors associated in the
inappropriate dosing of DOACs in patients with atrial fibrillation (AF).

Methods: The retrospective cohort study was conducted at a single Japanese university hospital. Both inpatients
and outpatients, who were diagnosed with AF and for whom treatment with either dabigatran, rivaroxaban,
apixaban, or edoxaban was initiated between April 1, 2014 and March 31, 2018, were enrolled in the study.
Appropriateness of DOAC dosing was assessed according to the manufacturer’s labeling recommendations (dose
reduction criteria) of each DOAC. Inappropriate reduced dose, namely, underdosing, was defined as prescription of
a reduced dose of DOAC despite the patient not meeting the dose reduction criteria. Inappropriate standard dose,
namely, overdosing, was defined as prescription of a standard dose of DOAC despite the patient meeting the dose
reduction criteria. Inappropriate DOAC dosing was defined as a deviation of the recommended dose (both
underdosing and overdosing).

Results: A total of 316 patients (dabigatran, 28; rivaroxaban, 107; apixaban, 116; and edoxaban, 65) were included,
with a median (interquartile range) age of 75 (66–81) years and 62.3% male. DOACs were prescribed at an
appropriate standard dose in 39.2% of patients, an appropriate reduced dose in 36.7%, an inappropriate standard
dose in 2.5%, and an inappropriate reduced dose in 19.3%. Multivariate analysis revealed that the inappropriate
dosing of DOACs was significantly associated with prescriptions for outpatients (vs. inpatients; odds ratio [OR] 2.87,
95% confidence interval [CI] 1.53–5.62, p < 0.001) and those with higher HAS-BLED scores (OR 1.87, 95% CI 1.42–
2.51, p < 0.001).
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Conclusions: Our results demonstrated that the inappropriate dosing of DOACs occurred in approximately 20% of
AF patients, and was more frequent in outpatients (vs. inpatients) and in those with a higher risk of bleeding. It is
recommended that pharmacists play a greater role in assisting in the prescription process to help physicians make
better decisions.
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Background
Atrial fibrillation (AF) is the most common serious
arrhythmia and an important risk factor of cardio-
genic stroke. In Japan, the prevalence of AF is pre-
dicted to increase to ≥1% of the Japanese population
by 2050 [1]. Until recently, warfarin was the only
agent used to prevent stroke in AF patients. How-
ever, since 2011, the direct oral anticoagulants
(DOACs) dabigatran, rivaroxaban, apixaban, and
edoxaban have been approved for anticoagulant ther-
apy in Japan. A meta-analysis of randomized clinical
trials has shown the benefit of DOAC therapy in
reducing the incidence of stroke, intracranial
hemorrhage, and mortality among AF patients, com-
pared with the use of warfarin [2]. In addition, anti-
coagulant regimens involving warfarin are generally
under-prescribed by physicians because of the fear of
increased bleeding [3, 4]. In contrast, DOACs have
fixed dose regimens and do not require frequent
dose adjustments or routine pharmacodynamic moni-
toring, including the prothrombin time-international
normalized ratio (PT-INR). However, the dosing of
these drugs should be appropriately adjusted based
on one or more clinical features such as renal func-
tion, age, body weight, and concomitant drug use. In
Japan, the prescription dose for each DOAC is deter-
mined by the manufacturer’s recommendations in
the drug package insert, and the physician’s prescrip-
tion is usually audited by pharmacists; however, phy-
sicians occasionally prescribe inappropriate doses of
DOACs in real-world clinical settings [5–7]. Because
few hospitals in Japan describe clinical laboratory
data for out-of-hospital prescriptions, proper dosing
adjustments may not be performed with prescrip-
tions for outpatients compared with those for inpa-
tients [8]. However, to date, little is known in Japan
about clinical factors associated with an inappropri-
ate DOAC dosing, including whether it is prescribed
for inpatients or outpatients. The inappropriate dos-
ing of DOACs has been associated with clinical
safety and efficacy [6, 9]. Therefore, it is essential to
clarify the factors associated with the inappropriate
dosing of DOACs to better educate physicians and
improve their correct use.

The aim of the present study was to examine the preva-
lence and associated factors related to the inappropriate dos-
ing of DOACs in AF patients at a single Japanese center.

Methods
Setting and study population
This retrospective cohort pilot study was conducted at a
single Japanese university hospital. We included inpa-
tients and outpatients attending the Department of Car-
diovascular Diseases who were diagnosed with AF and
for whom treatment with either dabigatran, rivaroxaban,
apixaban, or edoxaban was initiated between April 1,
2014 and March 31, 2018 (from fiscal year 2014 to
2017). Patients who were under 20 years old, for whom a
DOAC was initiated for the treatment or prophylaxis of
venous thromboembolism, or who had history of DOAC
prescription prior to the study period, were excluded.

Data collection
We collected patient data when a DOAC was prescribed
for the first time during the study period. Patient charac-
teristics, clinical information, and prescription informa-
tion after pharmacist’s inquiries (if any) were obtained
from electronic medical records. These characteristics
included age, gender, height, body weight, body mass
index, current smoking, and alcohol abuse. Clinical in-
formation included comorbidities (hypertension, heart
failure, myocardial infarction, dyslipidemia, diabetes mel-
litus, cerebrovascular disease, and hepatitis) and baseline
laboratory data. Creatinine clearance (CrCl) was estimated
using the Cockcroft and Gault formula [10]. History of
bleeding, including gastrointestinal hemorrhage (GIH),
was also obtained from the medical records. Patient pre-
scription information included the following information:
dosage and administration of DOAC; number of medi-
cines; polypharmacy (number of oral medications ≥6)
[11]; concomitant drug use, particularly antiplatelet
agents, P-glycoprotein inhibitors, and hepatic cytochrome
P450 3A4 inhibitors; and a history of warfarin use.
CHADS2, CHA2DS2-VASc, and HAS-BLED scores were
calculated for each patient based on his or her clinical data
at the time of initial DOAC prescription [12–14].
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DOAC dosing
The appropriateness of DOAC dosing was assessed ac-
cording to the recommendations of the drug package in-
sert for each DOAC. We used certain dose reduction
criteria, including renal function, age, body weight, con-
comitant drug use, and history of GIH, as listed in
Table 1. An inappropriate reduced dose, namely, under-
dosing, was defined as a prescription for a reduced dose
of a DOAC despite the patient not meeting the dose
reduction criteria. An inappropriate standard dose,
namely, overdosing, was defined as a prescription for a
standard dose of a DOAC despite the patient meeting
the dose reduction criteria. An inappropriate DOAC
dosing was defined as a deviation of the recommended
dose (i.e., both underdosing and overdosing). An off-
label dose was defined as a dose not described in the
drug insert package.

Statistical analyses
Binary variables were expressed as proportions and con-
tinuous variables were expressed as the medians and
interquartile ranges (IQRs). Differences in the continu-
ous variables among the four DOACs were evaluated
using the Steel–Dwass test, with differences in categor-
ical variables evaluated using the chi–squared test. Sig-
nificance was adjusted for multiple comparisons using
Bonferroni correction. To determine the factors associ-
ated with the inappropriate dosing of DOACs, compari-
sons between appropriate and inappropriate DOAC
dosing groups were conducted by univariate analysis
using the chi–squared test or Fisher’s exact test (as ap-
propriate) for proportions and the Mann–Whitney U
test for medians. Factors that were significantly associ-
ated with the inappropriate dosing of DOACs in univari-
ate analysis were included in multivariate logistic
regression analysis via a stepwise procedure to identify
risk factors that were independently associated with

inappropriate dosing. A trend analysis for the appropri-
ateness of DOAC dosing was performed using the
Cochran–Armitage trend test. All statistical analyses
were performed using JMP® 14 (SAS Institute Inc., Cary,
NC, USA), with a p value < 0.05 considered significant.

Results
Baseline characteristics
A total of 316 patients (118 inpatients and 198 outpa-
tients) were included in this study, with a median (IQR)
age of 75 (66–81) years and 62.3% male. The demo-
graphic characteristics of the patients stratified by
DOAC are listed in Table 2. Patients administered apixa-
ban (median [IQR]: 79 [73–83] years) were older than
those administered dabigatran (71 [65–80] years) and
rivaroxaban (71 [65–79] years) (p = 0.434 and p < 0.001,
respectively). In addition, median (IQR) CrCl was lower
in patients administered apixaban (51.3 [40.1–64.7] mL/
min) than in those administered dabigatran (64.4 [48.5–
82.1] mL/min) and rivaroxaban (60.9 [50.2–82.5] mL/
min) (p = 0.079 and p = 0.002, respectively). Overall, 200
(64.1%) of the 316 patients had a CrCl ≥50mL/min.
There were no differences in comorbidities among the
patients given the four DOACs. Overall, approximately
70% of patients presented with hypertension, greater
than 30% with heart failure and dyslipidemia, 25% with
diabetes mellitus, and greater than 10% with myocardial
infarction and cerebrovascular disease. Ninety-two
(29.1%) of the 316 patients had a history of warfarin use
and 79 (25%) had concomitant antiplatelet drugs. The
proportion of patients who smoked was higher in the
rivaroxaban group (18.7%) than in the apixaban group
(6.9%) (p = 0.047). Median (IQR) CHADS2 and
CHA2DS2-VASc scores were higher in patients adminis-
tered apixaban (2 [1–3] and 4 [3–5], respectively) than
in those administered rivaroxaban (1 [1–3] and 3 [2–4],
respectively) (p = 0.006 and p = 0.010, respectively).

Table 1 Dose reduction criteria of dabigatran, rivaroxaban, apixaban, and edoxaban in our study

Dabigatran Rivaroxaban Apixaban Edoxaban

Standard dose 150mg twice daily 15 mg once daily 5 mg twice daily 60 mg once daily

Reduced dose 110mg twice daily 10 mg once daily 2.5 mg twice daily 30 mg once daily

Dose
reduction
criteria

Renal
function

CrCl 30 to 50mL/min CrCl 15 to 49mL/min ≥2 of the following: Serum
creatinine ≥1.5 mg/dL

CrCl 15 to 50mL/min

Age Age ≥ 70 years Age≥ 80 years

Body weight Body weight ≤ 60 kg Body weight ≤ 60 kg

Concomitant drug use P-gp inhibitors (quinidine,
verapamil, amiodarone,
tacrolimus, cyclosporine,
ritonavir, nelfinavir,
saquinavir)

CYP 3A4 and P-gp in-
hibitors (fluconazole,
fosfluconazole, clari-
thromycin,
erythromycin)

CYP 3A4 and P-gp inhibitors
[Azole antifungal agents
(except for fluconazole)]
and HIV protease inhibitors]

P-gp inhibitors (quinidine, verapamil,
cyclosporine, erythromycin,
azithromycin, clarithromycin,
itraconazole, diltiazem, amiodarone,
HIV protease inhibitors)

Other History of GIH

CrCl, Creatinine clearance; CYP, hepatic cytochrome P450; GIH, Gastrointestinal hemorrhage; HIV, Human immunodeficiency virus; P-gp, P-glycoprotein
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Table 2 Demographic characteristics of the patients stratified by direct oral anticoagulant

Characteristics Overall (n = 316) Dabigatran (n = 28) Rivaroxaban (n = 107) Apixaban (n = 116) Edoxaban (n = 65)

Age in years, median (IQR) 75 (66–81) 71 (65–80) 71 (65–79) 79 (73–83) 75 (65–81)

< 65 57 (18.0) 6 (21.4) 24 (22.4) 13 (11.2) 14 (21.5)

65≤ − < 70 48 (15.2) 6 (21.4) 25 (23.4) 9 (7.8) 8 (12.3)

70≤ − < 75 46 (14.6) 3 (10.7) 16 (15.0) 18 (15.5) 9 (13.8)

75≤ − < 80 65 (20.6) 6 (21.4) 16 (15.0) 26 (22.4) 17 (26.2)

80≤ 100 (31.6) 7 (25.0) 26 (24.3) 50 (43.1) 17 (26.2)

Male gender 197 (62.3) 22 (78.6) 72 (67.3) 67 (57.8) 36 (55.4)

Body weight in kg, median (IQR) 59.4 (50.6–68.0)c 61.6 (54.6–66.5)a 59.8 (51.9–70.0)b 57.7 (47.3–66.3)a 57.4 (50.4–66.9)

BMI in kg/m2, median (IQR) 23.0 (20.9–25.0)d 22.9 (21.7–25.6)a 23.7 (21.6–25.2)b 22.7 (20.3–24.6)b 22.4 (20.3–24.9)

< 18.5 24 (7.7) 1 (3.7) 3 (2.9) 13 (11.4) 7 (10.8)

18.5≤ − < 25 210 (67.5) 19 (70.4) 73 (69.5) 76 (66.7) 42 (64.6)

25≤ − < 30 67 (21.5) 7 (25.9) 26 (24.8) 19 (16.7) 15 (23.1)

30≤ 10 (3.2) 0 (0) 3 (2.9) 6 (5.3) 1 (1.5)

Type of hospital visit

Inpatients 118 (37.3) 5 (17.9) 32 (29.9) 51 (44.0) 30 (46.2)

Outpatients 198 (62.7) 23 (82.1) 75 (70.1) 65 (56.0) 35 (53.8)

CrCl in mL/min, median (IQR) 57.7 (43.9–78.5)c 64.4 (48.5–82.1)a 60.9 (50.2–82.5)b 51.3 (40.1–64.7)a 60.8 (43.3–94.4)

50≤ 200 (64.1) 19 (70.4) 80 (76.2) 61 (53.0) 40 (61.5)

30≤ − < 50 90 (28.8) 8 (29.6) 21 (20.0) 44 (38.3) 17 (26.2)

15≤ − < 30 21 (6.7) 0 (0) 3 (2.9) 10 (8.7) 8 (12.3)

< 15 1 (0.3) 0 (0) 1 (1.0) 0 (0) 0 (0)

Alcohol abuse 11 (3.5) 2 (7.1) 4 (3.7) 3 (2.6) 2 (3.1)

Smoking 41 (13.0) 4 (14.3) 20 (18.7) 8 (6.9) 9 (13.8)

History of warfarin use 92 (29.1) 10 (35.7) 29 (27.1) 40 (34.5) 13 (20.0)

History of bleeding 42 (13.3) 4 (14.3) 13 (12.1) 19 (16.4) 6 (9.2)

History of GIH 14 (4.4) 3 (10.7) 2 (1.9) 8 (6.9) 1 (1.5)

Comorbidities

Hypertension 210 (66.5) 19 (67.9) 68 (63.6) 75 (64.7) 48 (73.8)

Heart failure 99 (31.3) 7 (25.0) 28 (26.2) 41 (35.3) 23 (35.4)

Myocardial infarction 32 (10.1) 3 (10.7) 14 (13.1) 11 (9.5) 4 (6.2)

Dyslipidemia 104 (32.9) 13 (46.4) 37 (34.6) 29 (25.0) 25 (38.5)

Diabetes mellitus 79 (25.0) 8 (28.6) 24 (22.4) 31 (26.7) 16 (24.6)

Cerebrovascular disease 41 (13.0) 3 (10.7) 11 (10.3) 19 (16.4) 8 (12.3)

Hepatitis 17 (5.4) 0 (0) 7 (6.5) 5 (4.3) 5 (7.7)

Polypharmacy 129 (40.8) 9 (32.1) 37 (34.6) 57 (49.1) 26 (40.0)

Concomitant drug use

Antiplatelet drug 79 (25.0) 3 (10.7) 36 (33.6) 25 (21.6) 15 (23.1)

SAPT 55 (17.4) 2 (7.1) 27 (25.2) 16 (13.8) 10 (15.4)

DAPT 13 (4.1) 1 (3.6) 4 (3.7) 4 (3.4) 4 (6.2)

Non-SAPT/DAPT 17 (5.4) 0 (0) 9 (8.4) 6 (5.2) 2 (3.1)

NSAIDs 4 (1.3) 0 (0) 1 (0.9) 2 (1.7) 1 (1.5)

Amiodarone 11 (3.5) 2 (7.1) 1 (0.9) 4 (3.4) 4 (6.2)

Verapamil 4 (1.3) 0 (0) 4 (3.7) 0 (0) 0 (0)

Diltiazem 11 (3.5) 1 (3.6) 2 (1.9) 7 (6.0) 1 (1.5)
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There were no significant differences in the HAS-BLED
scores among the patients given the four DOACs.

Appropriateness of DOAC dosing
A total of 28 patients were prescribed dabigatran, 107
rivaroxaban, 116 apixaban, and 65 edoxaban (Fig. 1).
The standard dose of the given DOAC was prescribed to
135 patients (42.7%), with a reduced dose given to 178
patients (56.3%). An off-label reduced dose was pre-
scribed to one patient for dabigatran (75 mg twice daily)
and two patients for apixaban (2.5 mg once daily). The
use of a DOAC was contraindicated in only one patient
for rivaroxaban, whose CrCl was 13.8 mL/min. The

prescription rates of dabigatran and rivaroxaban have
been significantly decreasing, with rates of 20.5 and
40.9% in 2014, 4.4 and 47.1% in 2015, 3.7 and 33.3% in
2016, and 5.1 and 15.2% in 2017, respectively (p < 0.001).
In contrast the prescription rate of edoxaban has been
significantly increasing, at 3.4% in 2014, 2.9% in 2015,
28.4% in 2016, and 46.8% in 2017 (p < 0.001) (Fig. 2).
Of the 316 patients included in this study, the appro-

priateness of DOAC dosing could be assessed by using
dose reduction criteria in 309 (97.8%) patients. DOACs
were prescribed at an appropriate standard dose in 124
(39.2%) patients and at an appropriate reduced dose in
116 (36.7%). Underdosing and overdosing occurred in

Table 2 Demographic characteristics of the patients stratified by direct oral anticoagulant (Continued)

Characteristics Overall (n = 316) Dabigatran (n = 28) Rivaroxaban (n = 107) Apixaban (n = 116) Edoxaban (n = 65)

CHADS2 score, median (IQR) 2 (1–3) 2 (1–3) 1 (1–3) 2 (1–3) 2 (1–3)

0–1 123 (38.9) 12 (42.9) 56 (52.3) 33 (28.4) 22 (33.8)

≥ 2 193 (61.1) 16 (57.1) 51 (47.7) 83 (71.6) 43 (66.2)

CHA2DS2-VASc score, median (IQR) 3 (2–5) 3 (2–4) 3 (2–4) 4 (3–5) 4 (2–5)

0–1 46 (14.6) 4 (14.3) 24 (22.4) 9 (7.8) 9 (13.8)

2–3 115 (36.4) 13 (46.4) 41 (38.3) 40 (34.5) 21 (32.3)

≥ 4 155 (49.1) 11 (39.3) 42 (39.3) 67 (57.8) 35 (53.8)

HAS-BLED score, median (IQR) 2 (1–2) 2 (1–2) 2 (1–2) 2 (1–2) 1 (1–2)

0–2 252 (79.7) 27 (96.4) 85 (79.4) 89 (76.7) 51 (78.5)

≥ 3 64 (20.3) 1 (3.6) 22 (20.6) 27 (23.3) 14 (21.5)

Missing data: a n-1, b n-2, c n-4, d n-5
Abbreviations: BMI, Body mass index; CrCl, Creatinine clearance; DAPT, Dual antiplatelet therapy; GIH, Gastrointestinal hemorrhage; IQR, Interquartile range; NSAID,
Non-steroidal anti-inflammatory drug; SAPT, Single antiplatelet therapy

Fig. 1 Appropriateness of dabigatran (a), rivaroxaban (b), apixaban (c), and edoxaban (d) dosing. BW: body weight: CrCl: creatinine clearance
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19.3 and 2.5% of patients, respectively. The appropriate-
ness for each DOAC is described in Fig. 1. For all four
DOACs, underdosing occurred more frequently than
overdosing. In addition, the prevalence of underdosing
tended to be higher for apixaban than for the other three
DOACs (p = 0.066), while it was significantly lower for
edoxaban than for the other three DOACs (p = 0.003).
The rates of the appropriate standard dose, appropriate
reduced dose, underdosing, and overdosing for both in-
patients and outpatients are shown in Fig. 3. The rate of
underdosing was significantly higher in outpatients than

that in inpatients (24.1% vs. 12.7%, p = 0.015), and that
of appropriate reduced dose was significantly lower in
outpatients than that in inpatients (30.9% vs. 48.3%, p =
0.002). The appropriateness of DOAC dosing per fiscal
year is shown in Fig. 4. The rate of underdosing appears
to be significantly decreasing, with a rate of 34.1% in
2014, 22.4% in 2015, 15.4% in 2016, and 6.3% in 2017
(p < 0.001). During the study period, a total of 20 cardi-
ologists initiated DOAC therapy for at least one or more
patients, and we evaluated the appropriateness of DOAC
dosing for 12 physicians who initiated DOAC therapy

Fig. 2 Trends in direct oral anticoagulant prescriptions from fiscal year 2014 to 2017

Fig. 3 Rates of the appropriate standard dose, appropriate reduced dose, underdosing, and overdosing for both inpatients and outpatients
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for more than 10 patients. The rate of underdosing var-
ied among physicians, ranging from 0 to 45.5%, while
overdosing ranged from 0 to 9.5% (Additional file 2:
Figure S1).

Determinants for inappropriate dosing of DOACs
The clinical features associated with the appropriateness
of DOAC dosing are listed in Table 3. Inappropriate
doses of DOAC were prescribed at a significant higher
rate in outpatients compared with inpatients (72.5% vs.
58.8%, p = 0.039). Patients prescribed an inappropriate
dose of a DOAC had higher rates of myocardial infarc-
tion (17.4% vs. 7.9%, p = 0.021) and cerebrovascular dis-
ease (20.3% vs. 10.8%, p = 0.039) as comorbidities, along
with higher median (IQR) CHA2DS2-VASc (4 [3–5] vs. 3
[2–4], p = 0.021) and HAS-BLED (2 [1–3] vs. 1 [1, 2],
p < 0.001) scores than those of patients administered an
appropriate dose. Patients prescribed an inappropriate
dose of DOAC tended to have a greater history of bleed-
ing (20.3% vs. 11.7%, p = 0.066), polypharmacy (50.7% vs.
37.9%, p = 0.056), and higher median (IQR) CHADS2
score (2 [1–3] vs. 2 [1–3], p = 0.052). In addition, these
patients tended to receive single antiplatelet therapy
(24.6% vs. 15.4%, p = 0.076) at a higher rate than those
given an appropriate dose. The comparison of demo-
graphic characteristics among the four groups (i.e.,
underdosing, appropriate reduced dosing, overdosing,
and appropriate standard dosing of DOACs) are listed in
Additional file 1: Table S1.
Using multivariate analysis, we determined that the in-

appropriate dosing of DOACs was significantly associ-
ated with prescriptions for outpatients (vs. for inpatients;
odds ratio [OR] 2.87, 95% confidence interval [CI] 1.53–

5.62, p < 0.001) and higher HAS-BLED score (OR 1.87,
95% CI 1.42–2.51, p < 0.001) (Table 4).

Discussion
Although DOACs have made a significant contribution
to anticoagulant therapy, the use of these drugs should
still be carefully managed. In this study, we investigated
the prevalence and factors associated with the inappro-
priate dosing of DOACs by cardiologists in a Japanese
university hospital. The main findings of our study were
that an inappropriate dose of DOACs was prescribed in
21.8% of patients, with underdosing (19.3%) being more
common than overdosing (2.5%), and prescriptions for
outpatients (vs. inpatients) and those with higher HAS-
BLED scores were associated with inappropriate doses.
There are two large registries that show the prevalence

of the inappropriate dosing of DOACs in Japan, namely,
the Fushimi AF Registry [5] and the SAKURA AF Regis-
try [6, 15]. In the Fushimi AF Registry, 32.2% (37/115) of
dabigatran, 21.2% (47/222) of rivaroxaban, and 25.7%
(52/202) of apixaban users were prescribed an off-label
under-dose (i.e., underdosing) [5]. The SAKURA AF
Registry revealed that inappropriate doses of DOACs
were prescribed in 26.2% patients (underdosing in 22.2%
and overdosing in 4.0% of patients, respectively) [6, 15].
Furthermore, a retrospective cohort study conducted at
a single Japanese center showed that 22.6% of patients
receiving DOACs were inappropriately prescribed, with
21.3% underdosed and 1.3% overdosed [7]. These results
indicated that an inappropriate dose of a DOAC was
prescribed in approximately 1 in 4 or 5 AF patients in
Japan, which is in accordance with our results. In con-
trast, the ORBIT-AF II Registry, a nationwide AF

Fig. 4 Trends in the appropriateness of direct oral anticoagulant dosing from fiscal year 2014 to 2017
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Table 3 Comparison of demographic characteristics between the appropriate and inappropriate dosing of direct oral anticoagulants

Characteristics Appropriate dosing (n = 240) Inappropriate dosing (n = 69) P value*

Age in year, median (IQR) 75 (66–82) 75 (67–79) 0.710

Male gender 146 (60.8) 46 (66.7) 0.379

Body weight in kg, median (IQR) 57.7 (50.0–69.0)a 61.3 (52.2–65.5) 0.581

BMI in kg/m2, median (IQR) 22.9 (20.8–24.9)a 23.2 (20.9–24.9)a 0.616

Type of hospital visit 0.039

Inpatients 99 (41.3) 19 (27.5)

Outpatients 141 (58.8) 50 (72.5)

CrCl in mL/min, median (IQR) 58.4 (42.4–81.0)a 56.4 (48.9–71.4) 0.882

Alcohol abuse 7 (2.9) 3 (4.3) 0.699**

Smoking 32 (13.3) 8 (11.6) 0.705

History of warfarin use 66 (27.5) 24 (34.8) 0.241

History of bleeding 28 (11.7) 14 (20.3) 0.066

History of GIH 9 (3.8) 5 (7.2) 0.320**

DOAC 0.464

Dabigatran 21 (8.8) 6 (8.7)

Rivaroxaban 80 (33.3) 24 (34.8)

Apixaban 84 (35.0) 29 (42.0)

Edoxaban 55 (22.9) 10 (14.5)

Comorbidities

Hypertension 157 (65.4) 49 (71.0) 0.385

Heart failure 73 (30.4) 26 (37.7) 0.254

Myocardial infarction 19 (7.9) 12 (17.4) 0.021

Dyslipidemia 79 (32.9) 24 (34.8) 0.772

Diabetes mellitus 58 (24.2) 19 (27.5) 0.569

Cerebrovascular disease 26 (10.8) 14 (20.3) 0.039

Hepatitis 12 (5.0) 3 (4.3) > 0.999**

Polypharmacy 91 (37.9) 35 (50.7) 0.056

Concomitant drug use

Antiplatelet drug 55 (22.9) 22 (31.9) 0.1291

SAPT 37 (15.4) 17 (24.6) 0.076

DAPT 10 (4.2) 3 (4.3) > 0.999**

Non-SAPT/DAPT 11 (4.6) 4 (5.8) 0.751*

NSAIDs 3 (1.3) 1 (1.4) > 0.999**

Amiodarone 8 (3.3) 3 (4.3) 0.714**

Verapamil 2 (0.8) 1 (1.4) 0.533**

Diltiazem 10 (4.2) 1 (1.4) 0.466**

CHADS2, median (IQR) 2 (1–3) 2 (1–3) 0.052

0–1 98 (40.8) 21 (30.4) 0.118

≥ 2 142 (59.2) 48 (69.6)

CHA2DS2-VASc, median (IQR) 3 (2–4) 4 (3–5) 0.021

0–1 40 (16.7) 3 (4.3) 0.0312

2–3 87 (36.3) 27 (39.1)

≥ 4 113 (47.1) 39 (56.5)

HAS-BLED, median (IQR) 1 (1–2) 2 (1–3) < 0.001
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registry conducted at a community practice in the US,
demonstrated that an inappropriate dose of a DOAC
was prescribed only in 12.5% (994/7925) of patients
(underdosing in 9.3% [734/7925] and overdosing in 3.3%
[260/7925] of patients, respectively) [9]. In a real-world
registry in Spain, the rate of underdosing and overdosing
of DOAC therapy was 17.5% (93/530) and 14.9% (79/
530), respectively [16]. Other retrospective studies con-
ducted abroad indicate that 5.4–17.4% patients are
prescribed inappropriate reduced doses of DOACs (Add-
itional file 1: Table S2) [17–20]. In our study, it was
found that the rate of underdosing has been decreasing
every year. This may be because the prescription rate of
edoxaban has been increasing recently. For DOACs
other than edoxaban, the appropriateness of dosing is
evaluated by considering body weight as well as age and
renal function. However, for edoxaban, doses may be de-
termined only by body weight (≤60 kg); for example, in
the case of a male patient, aged 65 years, with serum cre-
atinine level of 0.8 mg/dL and body weight of 55 kg
(CrCl of 72 mL/min), edoxaban meets the dose reduc-
tion criteria, whereas but the other DOACs do not.
Therefore, the rate of appropriate reduced doses may be
higher for edoxaban than those of the other DOACs,
which shows that higher the prescription rate of edoxa-
ban, lower the rate of underdosing.
Since the appropriateness of DOAC dosing was evalu-

ated based on various dose reduction criteria, such as
US Food and Drug Administration labeling, the Euro-
pean Heart Rhythm Association practical guide, sum-
maries of product characteristics, and manufacturer
labeling recommendations, the prevalence of the in-
appropriate dosing of DOACs also varied depending on
the research. However, the prevalence of underdosing

tends to be higher in comparison with overdosing in all
past reports, which is consistent with the results of the
current study. It is likely that anticoagulant therapies are
under-prescribed by physicians because of the fear of in-
creased bleeding [3, 4, 21]. In addition, the prevalence of
DOAC underdosing in Japan appears to be higher than
in other countries. This may be because Asians have
been reported to have a higher risk of intracranial
hemorrhage during anticoagulant therapy with warfarin
than non-Asians [22], thus physicians in Japan may have
greater concerns regarding bleeding risk. Sato et al. re-
vealed that the HAS-BLED score, which is a practical
risk score for estimating the risk for major bleeding in
AF patients, is an independent predictor of underdosing
for apixaban (OR 1.59, 95% CI 1.18–2.13) and rivaroxa-
ban (OR 2.27, 95% CI 1.51–3.39) [7]. This is in accord-
ance with our results that the inappropriate dosing of
DOACs was significantly associated with higher HAS-
BLED scores (OR 1.87, 95% CI 1.42–2.51). In this study,
a total of 20 cardiologists prescribed DOACs; however,
the risk of stroke or hemorrhage in the patients varied
for each physician (Additional file 1: Table S3), with the
prevalence of inappropriate dosing also varying among
physicians (Additional file 2: Figure S1). Guidelines for
determining the recommended dose of DOACs taking
into account real-world data are needed in the future.
Interestingly, our results demonstrated that the in-

appropriate dosing of DOACs was significantly higher in
prescriptions for outpatients (vs. inpatients; OR 2.87,
95% CI 1.53–5.62, p < 0.001). For outpatients, there are
two types of prescriptions in Japan: one is an out-of-
hospital prescription for a community pharmacy and the
other is an in-hospital prescription for the pharmacy in-
side the hospital. Recently, in Japan, more than 70% of

Table 3 Comparison of demographic characteristics between the appropriate and inappropriate dosing of direct oral anticoagulants
(Continued)

Characteristics Appropriate dosing (n = 240) Inappropriate dosing (n = 69) P value*

0–2 198 (82.5) 49 (71.0) 0.036

≥ 3 42 (17.5) 20 (29.0)

Missing data: a n-1
Abbreviations: BMI, Body mass index; CrCl, Creatinine clearance; DAPT, Dual antiplatelet therapy; DOAC, Direct oral anticoagulants; GIH, Gastrointestinal
hemorrhage; IQR, Interquartile range; NSAID, Non-steroidal anti-inflammatory drug; SAPT, Single antiplatelet therapy
*Comparison between the appropriate and inappropriate dosing of direct oral anticoagulants by using the chi–squared test or Fisher’s exact test (as appropriate)
for proportions and the Mann–Whitney U test for medians
**Fisher’s exact test

Table 4 Factors associated with the inappropriate dosing of direct oral anticoagulants in multivariate analysis

Predictor variables Odds ratio 95% confidence interval P value

Outpatients (vs. inpatients) 2.87 1.53–5.62 < 0.001

HAS-BLED score* 1.87 1.42–2.51 < 0.001

*Odds ratio per point increase
Type of hospital visit (outpatients or inpatients), history of bleeding, myocardial infarction, cerebrovascular disease, polypharmacy, single antiplatelet therapy,
CHADS2 score, CHA2DS2-VASc score, and HAS-BLED score, which were factors associated (p < 0.1) with inappropriate direct oral anticoagulant prescription in
univariate analysis, were included in multivariate logistic regression analysis with a stepwise procedure
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the outpatients receive out-of-hospital prescriptions; this
rate is over 95% at our hospital. For outpatients, the
DOACs were all prescribed as out-of-hospital prescrip-
tions during the study period. For inpatients, the physi-
cian’s prescription is audited by hospital pharmacists,
and if the dose of the DOAC is considered inappropriate
(i.e., underdosing or overdosing) in view of renal func-
tion, age, body weight, concomitant drug use, or other
patient characteristics, a direct inquiry is performed by
the hospital pharmacist. In contrast, for outpatients,
there are few hospitals in Japan in which relevant clinical
laboratory data are attached to out-of-hospital prescrip-
tions, and community pharmacists generally cannot
access these records. Since no laboratory data are dis-
played on the out-of-hospital prescriptions in our hos-
pital, it is possible that adequate audits of community
pharmacists for DOAC prescriptions have not been per-
formed. This may be the reason why a greater propor-
tion of inappropriate DOAC dosing was observed in
outpatients compared with inpatients. In Japan, it has
been reported that clinical laboratory data printed on
out-of-hospital prescriptions contributes to an increase
in the number of inquiries from community pharmacists
to physicians in hospitals, thus promoting the
optimization of prescriptions [23, 24]. For example,
when community pharmacists noticed that the PT-INR
of patients taking warfarin was rising, or levofloxacin
was prescribed at a standard dose to patients with renal
dysfunction, they may suggest that the corresponding
physician reduce the dose appropriately. However, as
prescriptions prior to inquiries conducted by the hos-
pital and community pharmacists could not be analyzed
owing to the retrospective nature of this study, it is
unclear to what extent the pharmacist’s inquiries con-
tribute to the appropriateness of the physician’s pre-
scription. Chertow GM et al. demonstrated that a
computerized order entry system considering renal func-
tion may improve dosing appropriateness and reduce
the length of stay in inpatients with renal insufficiency
[25]. In addition, it has been recommended that pharma-
cists check the laboratory data of outpatients in order to
optimize prescriptions and play a more active role in
aiding physicians to make better decisions [8]. In the
future, further investigation of whether displaying the la-
boratory data on out-of-hospital prescriptions contrib-
utes to patient outcomes is warranted.
There are several limitations of this study that should

be mentioned. First, this study was a retrospective,
single-center pilot study, focused on prescriptions by
only cardiologists in a Japanese university hospital. It is
possible that prescriptions by non-cardiologists (e.g.,
brain surgeons) may have a lower rate of inappropriate
DOAC dosing because they may also consider the risk
of cerebral infarction rather than that of bleeding.

Second, although we could extract clinical data at the
time of the initial DOAC prescription, the number of
patients who were continuously followed up at our hos-
pital was not enough to investigate the association be-
tween the inappropriate dosing of DOACs and
subsequent clinical outcome. As the association between
the appropriateness of DOAC dosing and clinical out-
comes among the four DOACs is still controversial, fur-
ther studies are needed to clarify the effectiveness and
safety of DOAC dosing considering real-world clinical
data. Third, we could not investigate the factors associ-
ated with the inappropriate dosing of each DOAC des-
pite differences in the dose reduction criteria of the four
DOACs because of the relatively small number of pa-
tients. In the future, a multicenter study will be neces-
sary to obtain an adequate sample size of patients to
conduct similar studies in each DOAC group.
In conclusion, our results demonstrated that an in-

appropriate dose of a DOAC was prescribed in approxi-
mately 20% of AF patients, and occurred more
frequently in outpatients (vs. inpatients) and in patients
with a higher risk of bleeding. It is recommended that
pharmacists play a greater role in assisting in the pre-
scription process in order to help physicians make better
decisions. In the future, it may be necessary to introduce
a system that allows patient data, such as clinical labora-
tory data, to be reviewed at community pharmacies.
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