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Abstract
Purpose: Inappropriate dosing of direct oral anticoagulants is associated with an increased risk of stroke,
systemic embolism, major bleeding, cardiovascular hospitalization, and death in patients with atrial
�brillation. The main goal of the study was to determine the prevalence and associated factors of
inappropriate dosing of direct oral anticoagulants in real-life settings.

Methods: This study was a multicenter, cross-sectional, observational study that included 2,004 patients
with atrial �brillation. The study population was recruited from 41 cardiology outpatient clinics between
January and May 2021. The main criteria for inappropriate direct oral anticoagulant dosing were de�ned
according to the recommendations of the European Heart Rhythm Association.

Results: The median age of the study population was 72 years and 58% were women. Nine hundred and
eighty-seven patients were prescribed rivaroxaban, 658 apixaban, 239 edoxaban, and 120 dabigatran. A
total of 498 patients (24.9%) did not receive the appropriate dose of direct oral anticoagulants. In a
logistic regression model, advanced age, presence of chronic kidney disease, presence of permanent
atrial �brillation, prescription of reduced doses of direct oral anticoagulants, prescription of edoxaban
treatment, concomitant use of amiodarone treatment, and non-use of statin treatment were signi�cantly
associated with potentially inappropriate dosing of direct oral anticoagulants.

Conclusion: The study demonstrated that the prevalence of inappropriate direct oral anticoagulant dosing
according to the European Heart Rhythm Association recommendations was 24.9% in patients with atrial
�brillation. Several demographic and clinical factors were associated with the inappropriate prescription
of direct oral anticoagulants.

Introduction
Atrial �brillation is the most common sustained cardiac arrhythmia in clinical practice and is associated
with a 5-fold increased risk of stroke and systemic embolism [1]. Oral anticoagulant therapy, including
vitamin K antagonists and direct oral anticoagulants, is the cornerstone of atrial �brillation management
to prevent stroke and systemic embolism [2].

Direct oral anticoagulants have been developed with the aim of overcoming several limitations of vitamin
K antagonists, such as delayed onset and offset of anticoagulation, narrow therapeutic window, need for
close monitoring, and several drug-food interactions [2]. In four pivotal randomized controlled trials,
dabigatran, rivaroxaban, apixaban, and edoxaban demonstrated non-inferiority or superiority to warfarin
in the prevention of stroke and systemic embolism with similar or better safety pro�les [3–6]. Recently
published European and American guidelines recommend direct oral anticoagulants as �rst-line therapies
for stroke and systemic embolism prevention in patients with atrial �brillation without a mechanical heart
valve or moderate-to-severe mitral regurgitation [1, 7].
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Direct oral anticoagulants have been widely used and preferred over vitamin K antagonists because of
their e�cacy and safety pro�le, �xed-dose regimen, and lower potential to develop drug–drug
interactions. However, prescribing the appropriate direct oral anticoagulant in an appropriate dose can be
challenging in real-world clinical practice [8, 9]. All direct oral anticoagulants have different standards and
reduced doses, and each direct oral anticoagulant has speci�c dose reduction criteria that mainly depend
on patient-related factors such as age, renal function, body weight, bleeding pro�le, and concomitant
medications [8–10]. Despite the presence of speci�c dose reduction criteria for each direct oral
anticoagulant, inappropriate dosing of direct oral anticoagulants in patients with atrial �brillation is not
uncommon in real-life settings [8, 11]. Real-world studies reported that the prevalence of inappropriate
dosing of direct oral anticoagulants vary between 12.8–39% [9–16].

Inappropriate dosing of direct oral anticoagulants in patients with atrial �brillation has serious clinical
consequences, including an increased risk of stroke and systemic embolism, major bleeding,
cardiovascular hospitalization, and death [8, 12, 13]. Therefore, it is important to determine the
demographic and clinical factors associated with inappropriate dosing of direct oral anticoagulants in
order to develop strategies to overcome this problem. The main goal of the ANATOLIA-AF study was to
identify the prevalence and predictors of inappropriate dosing of direct oral anticoagulants in patients
with atrial �brillation.

Methods
The ANATOLIA-AF study is a national, multicenter, cross-sectional, observational study that included
outpatients with atrial �brillation and was conducted between January and May 2021. The baseline
study population included 2,782 patients enrolled at 41 cardiology centers (11 university hospitals, 11
education and research hospitals, 15 state hospitals, and four private hospitals). We excluded 182
patients with a mechanical heart valve or moderate-to-severe mitral regurgitation, 61 patients with
missing clinical data, and 535 patients who were not taking a direct oral anticoagulant at baseline. Of the
enrolled patients, 2,004 were eligible for inclusion and the �nal analysis.

Patients with atrial �brillation were diagnosed based on documentation on 12-lead electrocardiography
and/or 24-hour Holter electrocardiography recording. Patients aged < 18 years were excluded. The
patients’ demographic, clinical, and laboratory data, including age, sex, body mass index, atrial �brillation
type, medical history and comorbidities, renal function (serum creatinine levels and creatinine clearance),
previous bleeding history, and anticoagulant treatments, were collected at the �rst visit and recorded in a
case report form with standardized de�nitions for all �elds. Creatinine clearance was calculated for each
patient from the serum creatinine level using the Cockcroft-Gault equation [17], a method that was used
in the pivotal trials of direct oral anticoagulants [3–6]. CHA2DS2-VASc (congestive heart failure or left
ventricular dysfunction, hypertension, age ≥ 75 or 65–74 years, diabetes, history of stroke and/or
systemic embolism, vascular disease, and sex) and HAS-BLED (hypertension, renal failure and/or liver
failure, history of stroke, bleeding history, labile international normalized ratio, age > 65 years,
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concomitant drug use that predisposed to bleeding and/or excessive alcohol use) scores were calculated
for each study patient to assess thrombotic and bleeding risk [1].

Study participants were classi�ed as receiving a standard dose of direct oral anticoagulant (dabigatran
150 mg, rivaroxaban 20 mg, apixaban 5 mg, or edoxaban 60 mg) or a reduced dose of direct oral
anticoagulant (dabigatran 110 mg, rivaroxaban 15 mg, apixaban 2.5 mg, or edoxaban 30 mg). The
criteria proposed by the European Heart Rhythm Association Practical Guide on the use of direct oral
anticoagulants in patients with atrial �brillation was used to determine the appropriate dose [18]. The
criteria for de�ning a patient as requiring a reduced dose of direct oral anticoagulant is listed in Table 1.
Finally, the study participants were classi�ed as follows: 1) appropriate dose of direct oral anticoagulant
(using appropriate standard dose of direct oral anticoagulant or appropriate reduced dose of direct oral
anticoagulant in compliance with the dose reduction criteria of the European Heart Rhythm Association
Practical Guide); 2) inappropriate dose of direct oral anticoagulant (using reduced dose of direct oral
anticoagulant without dose reduction criteria of the European Heart Rhythm Association Practical Guide
[inappropriate low dose of direct oral anticoagulant] or using a standard dose of direct oral anticoagulant
with dose reduction criteria of the European Heart Rhythm Association Practical Guide [inappropriate high
dose of direct oral anticoagulant]).
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Table 1
Criteria for de�ning a patient as requiring a reduced dose of direct oral anticoagulants in the ANATOLIA-

AF study
For patients receiving dabigatran

● Age ≥ 80 years

●  Concomitant usage of verapamil

● ≥ 2 of the following criteria: age 75–79 years, GFR 30–50 mL/min/1.73 m2, HAS-BLED score ≥ 3,
concomitant usage of antiplatelet therapy, concomitant usage of amiodarone, or body weight ≤ 60 kg

For patients receiving rivaroxaban

● GFR 15–49 mL/min/1.73 m2

● ≥ 2 of the following criteria: age ≥ 75 years, HAS-BLED score ≥ 3, concomitant usage of
antiplatelet therapy, concomitant usage of amiodarone, or body weight ≤ 60 kg

For patients receiving apixaban

● ≥ 2 of the following criteria: age ≥ 80 years, serum creatinine ≥ 1.5 mg/dL, or body weight ≤ 60kg

● GFR 15–29 mL/min/1.73 m2

● ≥ 2 of the following criteria: age ≥ 75 years, HAS-BLED score ≥ 3, concomitant usage of
antiplatelet therapy, concomitant usage of amiodarone, or concomitant usage of diltiazem

For patients receiving edoxaban

● GFR 15–49 mL/min/1.73 m2

●  Body weight ≤ 60kg

● Concomitant usage of strong P-glycoprotein inhibitor (e.g. dronedarone, ketoconazole,
erythromycin)

●  ≥ 2 of the following criteria: age ≥ 75 years, HAS-BLED score ≥ 3, concomitant usage of
antiplatelet therapy, concomitant usage of amiodarone, or concomitant usage of verapamil

GFR = glomerular �ltration rate; HAS-BLED = uncontrolled hypertension, abnormal renal and liver
function (1 point each), stroke, bleeding, labile international normalized ratios, elderly (age > 65 years),
drugs or alcohol (1 point each) (concomitant use of antiplatelet agents or non-steroidal anti-
in�ammatory drugs, alcohol abuse).

In statistical analysis, for continuous variables, mean ± standard deviation or median (interquartile range)
was reported according to the normality of distribution tested with one-sample Kolmogorov-Smirnov test.
For categorical variables, frequencies were presented. The Pearson's χ2 test or Fisher's exact test was
used for assessing difference in distribution of categorical variables between inappropriate/appropriate
dose groups (Table 2a and 2b) and inappropriately high/inappropriately low/ appropriate groups (Table
3a and 3b). Student's t-test, Mann–Whitney U test and ANOVA were applied with the same purpose for
continuous variables, when appropriate. Variables that were detected to present statistically signi�cant
difference were included in the logistic regression analysis. The univariate regression analysis revealed
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unadjusted odds ratios. In Model 1, each group of variables (demographic features, medical history and
laboratory �ndings, atrial �brillation related features, and treatments) were adjusted for age. In Model 2,
all variables were included in the Model. Nagelkerke R Square value provided for each Model indicated
the amount of variation in the dependent variable. All statistical analyses were performed using SPSS
version 23 for Windows (SPSS Inc., Chicago, IL, USA). P < 0.05 was considered signi�cant
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Table 2
a. The comparison of the socio-demographic pro�le, clinical features, medical history, and

laboratory studies between appropriate dose and inappropriate dose groups
Variable Appropriate

dose
Inappropriate
dose

P-
value

Socio-demographics      

● Age, median (IQR), years 71 (13) 76 (12) < 
0.001

● Age group, n (%)      

● < 65 years 353 (23.4) 44 (8.8) < 
0.001

● 65–74 years 613 (40.7) 158 (31.7)

● ≥ 75 years 540 (35.9) 296 (59.4)

●  Female sex, n (%) 874 (58) 289 (58) 0.999

●  Urban population, n (%) 938 (62.3) 303 (60.8) .566

●  Marital status (single or widowed or
divorced), n (%)

417 (27.7) 190 (38.2) < 
0.001

● Individuals with higher education, n (%) 81 (5.4) 22 (4.4) 0.053

Physical examination      

● BMI, median (IQR), kg/m2 28.1 (5.6) 27.5 (6.4) 0.013

● Systolic BP, median (IQR), mmHg 130 (20) 130 (20) 0.768

● Diastolic BP, median (IQR), mmHg 80 (15) 78 (18) 0.628

● Heart rate, median (IQR), bpm 83 (25) 83 (25) 0.142

AF-related information      

●  Permanent atrial �brillation, n (%) 726 (48.2) 299 (60.1) < 
0.001

●  CHA2DS2-VASc score, median (IQR) 4 (3) 4 (2) < 
0.001

●  CHA2DS2-VASc score, mean ± SD 3.58 ± 1.53 4.13 ± 1.36

●  High stroke risk, n (%) 1281 (85.1) 474 (95.2) < 
0.001

●  HAS-BLED score, median (IQR) 1 (1) 2 (1) < 
0.001

●  HAS-BLED score, mean ± SD 1.41 ± 0.90 1.72 ± 0.91
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Variable Appropriate
dose

Inappropriate
dose

P-
value

●  High bleeding risk, n (%) 150 (9.9) 99 (19.9) < 
0.001

Medical history      

● Previous stroke and/or TIA, n (%) 212 (14.1) 84 (16.7) 0.125

●  Coronary artery disease, n (%) 499 (33.1) 184 (36.9) 0.120

● Congestive heart failure, n (%) 541 (35.9) 227 (45.6) < 
0.001

● Hypertension, n (%) 1155 (76.7) 397 (79.7) 0.168

● Diabetes mellitus, n (%) 431 (28.6) 141 (28.3) 0.889

● Dyslipidemia, n (%) 436 (28.9) 132 (26.5) 0.294

● Peripheral artery disease, n (%) 49 (3.3) 27 (5.4) 0.028

● Chronic kidney disease, n (%) 415 (27.6) 203 (40.8) < 
0.001

● Anemia, n (%) 278 (18.4) 121 (24.3) 0.005

● Current smoker, n (%) 249 (16.5) 71 (14.3) 0.229

● Cardioversion, n (%) 141 (9.3) 33 (6.6) 0.060

● AF ablation, n (%) 62 (4.1) 7 (1.4) 0.004

Previous bleeding history      

● Major bleeding, n (%) 41 (2.7) 23 (4.6) 0.037

●  CRNM bleeding, n (%) 66 (4.3) 34 (6.8) 0.030

● Major and/or CRNM bleeding, n (%) 102 (6.7) 55 (11) 0.002

●  Minor bleeding, n (%) 339 (22.5) 130 (26.1) 0.101

● History of GI bleeding, n (%) 69 (4.6) 34 (6.8) 0.047

Laboratory data      

● Serum creatinine, median (IQR), mg/dL 0.90 (0.35) 0.97 (0.39) 0.029

●  GFR, median (IQR), mL/min 72 (33) 63 (31) < 
0.001

● GFR group, n (%)      

● GFR ≥ 60 mL/min/1.73 m2 981 (79.6) 252 (20.4) < 
0.001
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Variable Appropriate
dose

Inappropriate
dose

P-
value

● GFR 30–59 mL/min/1.73 m2 380 (66) 196 (34)

●  GFR 15–29 mL/min/1.73 m2 35 (83.3) 7 (16.7)

● Hemoglobin, mean ± SD, mg/dL 13.1 ± 1.9 12.5 ± 2.0 < 
0.001

IQR = interquartile range; SD = standart deviation; BMI = body mass index; BP = blood pressure;
AF = atrial �brillation; CHA2DS2-VASc = congestive heart failure, hypertension, age ≥ 75 (2
points), diabetes, stroke (2 points), vascular disease, age 65–74, sex category (female); HAS-
BLED = uncontrolled hypertension, abnormal renal and liver function (1 point each), stroke,
bleeding, labile international normalized ratios, elderly (age > 65 years), drugs or alcohol (1
point each) (concomitant use of antiplatelet agents or non-steroidal anti-in�ammatory drugs,
alcohol abuse); TIA = transient ischemic attack; CRNM = clinically relevant non-major bleeding;
GI = gastrointestinal; GFR = glomerular �ltration rate.
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Table 2
b. The comparison of direct oral anticoagulant treatment patterns and cardiovascular medical

therapies between appropriate dose and inappropriate dose groups
Variable Appropriate dose Inappropriate dose P-value

DOACs, n (%)      

● Dabigatran 83 (69.2) 37 (30.8) 0.081

● Rivaroxaban 764 (77.4) 223 (22.6)

● Apixaban 487 (74) 171 (26)

● Edoxaban 172 (72) 67 (28)

Standard and low doses of DOACs, n (%)      

● Dabigatran 150 mg B.I.D. 51 (83.6) 10 (16.4) < 0.001

● Dabigatran 110 mg B.I.D. 32 (54.2) 27 (45.8)

● Rivaroxaban 20 mg O.D. 597 (85.2) 104 (14.8)

●  Rivaroxaban 15 mg O.D. 167 (58.4) 119 (41.6)

● Apixaban 5 mg B.I.D. 399 (80.8) 95 (19.2)

● Apixaban 2.5 mg B.I.D. 88 (53.7) 76 (46.3)

● Edoxaban 60 mg O.D. 141 (74.2) 49 (25.8)

● Edoxaban 30 mg O.D. 31 (63.3) 18 (36.7)

Other therapies, n (%)      

● Antiplatelet therapy 151 (10.1) 74 (14.9) 0.003

● Beta – blockers 1136 (75.4) 370 (74.3) 0.777

● Verapamil 21 (1.4) 6 (1.2) 0.750

●  Diltiazem 164 (10.9) 69 (13.9) 0.070

● Digoxin 221 (14.7) 86 (17.3) 0.151

● Amiodarone 58 (3.9) 31 (6.2) 0.026

● Propafenone 74 (4.9) 15 (3) 0.073

● ACE-inhibitors or ARBs 911 (60.5) 295 (59.2) 0.677

● ARNI 34 (2.3) 16 (3.2) 0.236

● MRAs 278 (18.5) 98 (19.7) 0.176
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Variable Appropriate dose Inappropriate dose P-value

● Diuretics 742 (49.2) 291 (58.4) < 0.001

● DHP-CCB 292 (19.4) 90 (18.1) 0.525

● Alpha blockers 40 (2.7) 16 (3.2) 0.507

● Statins 329 (21.8) 87 (17.5) 0.041

● PPIs 759 (50.4) 257 (51.6) 0.619

● NSAIDs 149 (9.9) 63 (12.6) 0.046

● Steroids 14 (0.9) 10 (2) 0.054

B.I.D. = twice daily; O.D. = once daily; DOACs = direct oral anticoagulants; ACE = angiotensin-
converting enzyme; ARBs = angiotensin receptor blockers; ARNI = angiotensin receptor-neprilysin
inhibitor; MRAs = mineralocorticoid receptor antagonists; DHP-CCB = dihydropyridine calcium-
channel blockers; PPIs = proton pump inhibitors; NSAIDs = non-steroidal anti-in�ammatory drugs.
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Table 3
a. The comparison of the socio-demographic pro�le, clinical features, medical history, and laboratory

studies between appropriate dose, inappropriate low lose, and inappropriate high dose groups
Variable Appropriate

dose
Inappropriate
low dose

Inappropriately
high dose

P-
value

Demographics        

●  Age, median (IQR), years 71 (13) 73 (12) 77 (7) < 
0.001#

● Age group, n (%)        

●< 65 years 353 (88.9) 25 (6.3) 19 (4.8) < 
0.001#

●65–74 years 613 (79.5) 115 (14.9) 43 (5.6)

● ≥ 75 years 540 (64.6) 100 (12) 196 (23.4)

● Female sex, n (%) 874 (58) 136 (56.7) 153 (59.3) 0.838

● Urban population, n (%) 938 (62.3) 136 (56.7) 167 (64.7) 0.153

● Marital status (single or
widowed or divorced), n (%)

417 (27.7) 90 (37.5) 100 (38.8) < 
0.001§

● Individuals with higher
education, n (%)

81 (5.4) 15 (6.3) 7 (2.7) 0.071

Physical examination        

● BMI, median (IQR), kg/m2 28.1 (5.6) 28.3 (6.5) 26.6 (6) < 
0.001†

● Systolic BP, median (IQR),
mmHg

130 (20) 130 (25) 130 (30) 0.210

● Diastolic BP, median (IQR),
mmHg

80 (15) 77 (18) 80 (18) 0.578

● Heart rate, median (IQR), bpm 83 (25) 83 (29) 84 (23) 0.250

AF-related information        

● Permanent atrial �brillation, n
(%)

726 (48.2) 150 (62.5) 149 (57.8) < 
0.001#

● CHA2DS2-VASc score, median
(IQR)

4 (3) 4 (2) 4 (1) < 
0.001#

● CHA2DS2-VASc score, mean ± 
SD

3.58 ± 1.53 3.83 ± 1.33 4.41 ± 1.34

● High stroke risk, n (%) 1281 (85.1) 223 (92.9) 251 (97.3) < 
0.001#
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Variable Appropriate
dose

Inappropriate
low dose

Inappropriately
high dose

P-
value

● HAS-BLED score, median (IQR) 1 (1) 1 (1) 2 (2) < 
0.001†

● HAS-BLED score, mean ± SD 1.41 ± 0.90 1.45 ± 0.68 1.97 ± 1.02

● High bleeding risk, n (%) 150 (9.9) 10 (4.2) 89 (34.5) < 
0.001#

Medical history        

● Previous stroke and/or TIA, n
(%)

212 (14.1) 36 (15) 48 (18.6) 0.159

● Coronary artery disease, n (%) 499 (33.1) 78 (31.2) 106 (41.1) 0.039†

● Congestive heart failure, n (%) 541 (35.9) 114 (47.5) 113 (43.8) < 
0.001§

● Hypertension, n (%) 1155 (76.7) 184 (76.7) 213 (82.6) 0.112

● Diabetes mellitus, n (%) 431 (28.6) 65 (27.1) 76 (29.5) 0.834

● Dyslipidemia, n (%) 436 (28.9) 56 (23.3) 76 (29.5) 0.183

● Peripheral artery disease, n (%) 49 (3.3) 9 (3.8) 18 (6.9) 0.015†

● Chronic kidney disease, n (%) 415 (27.6) 66 (27.5) 137 (53.1) < 
0.001†

● Anemia, n (%) 278 (18.4) 51 (21.3) 70 (27.1) 0.005†

● Current smoker, n (%) 249 (16.5) 29 (12.1) 42 (16.3) 0.215

● Cardioversion, n (%) 141 (9.3) 17 (7.1) 16 (6.2) 0.160

● AF ablation, n (%) 62 (4.1) 4 (1.7) 3 (1.2) 0.015§

Previous bleeding history        

● Major bleeding, n (%) 41 (2.7) 13 (5.4) 10 (3.9) 0.070

● CRNM bleeding, n (%) 66 (4.3) 18 (7.5) 16 (6.2) 0.076

● Major and/or CRNM bleeding, n
(%)

102 (6.7) 31 (12.9) 24 (9.3) 0.003#

● Minor bleeding, n (%) 339 (22.5) 68 (28.3) 62 (24) 0.137

● History of GI bleeding, n (%) 69 (4.6) 16 (6.7) 18 (6.9) 0.138

Laboratory data        
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Variable Appropriate
dose

Inappropriate
low dose

Inappropriately
high dose

P-
value

● Serum creatinine, median (IQR),
mg/dL

0.90 (0.35) 0.90 (0.35) 1.03 (0.41) < 
0.001†

● GFR, median (IQR), mL/min 72 (33) 70 (26) 53 (28) < 
0.001†

● GFR group, n (%)        

●  GFR ≥ 60 mL/min/1.73 m2 981 (79.6) 155 (12.6) 97 (7.9) < 
0.001#

●  GFR 30–59 mL/min/1.73 m2 380 (66) 66 (11.5) 130 (22.6)

●  GFR 15–29 mL/min/1.73 m2 35 (83.3) 0 (0) 7 (16.7)

● Hemoglobin, mean ± SD, mg/dL 13.1 ± 1.9 12.7 ± 2.1 12.3 ± 2.0 < 
0.001*

IQR = interquartile range; SD = standart deviation; BMI = body mass index; BP = blood pressure; AF 
= atrial �brillation; CHA2DS2-VASc = congestive heart failure, hypertension, age ≥ 75 (2 points),
diabetes, stroke (2 points), vascular disease, age 65–74, sex category (female); HAS-BLED = 
uncontrolled hypertension, abnormal renal and liver function (1 point each), stroke, bleeding,
labile international normalized ratios, elderly (age > 65 years), drugs or alcohol (1 point each)
(concomitant use of antiplatelet agents or non-steroidal anti-in�ammatory drugs, alcohol abuse);
TIA = transient ischemic attack; CRNM = clinically relevant non-major bleeding; GI = 
gastrointestinal; GFR = glomerular �ltration rate.

# Signi�cant for appropriate dose group versus inappropriately low dose group; appropriate dose
group versus inappropriately high dose group; and inappropriately low dose group versus
inappropriately high dose group.

§ Signi�cant for appropriate dose group versus inappropriately low dose group and appropriate
dose group versus inappropriately high dose group.

*Signi�cant for appropriate dose group versus inappropriately high dose group.

†Signi�cant for appropriate dose versus inappropriately high dose group and inappropriately low
dose group versus inappropriately high dose group.
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Table 3
b. The comparison of direct oral anticoagulant treatment patterns and cardiovascular medical therapies

between appropriate dose, inappropriate low lose, and inappropriate high dose groups
Variable Appropriate

dose
Inappropriately
low dose

Inappropriately
high dose

P-
value

DOACs, n (%)        

● Dabigatran 83 (69.2) 27 (22.5) 10 (8.3) < 
0.001#

● Rivaroxaban 764 (77.4) 119 (12.1) 104 (10.5)

● Apixaban 487 (74) 76 (11.6) 95 (14.4)

● Edoxaban 172 (72) 18 (7.5) 49 (20.5)

Standard and low doses of
DOACs, n (%)

       

● Dabigatran 150 mg B.I.D. 51 (83.6) – 10 (16.4) < 
0.001#

● Dabigatran 110 mg B.I.D. 32 (54.2) 27 (45.8) –

● Rivaroxaban 20 mg O.D. 597 (85.2) – 104 (14.8)

● Rivaroxaban 15 mg O.D. 167 (58.4) 119 (41.6) –

● Apixaban 5 mg B.I.D. 399 (80.8) – 95 (19.2)

● Apixaban 2.5 mg B.I.D. 88 (53.7) 76 (46.3) –

● Edoxaban 60 mg O.D. 141 (74.2) – 49 (25.8)

● Edoxaban 30 mg O.D. 31 (63.3) 18 (36.7) –

Other therapies, n (%)        

● Antiplatelet therapy 151 (10.1) 24 (10.7) 50 (22.2) < 
0.001†

● Beta – blockers 1136 (75.4) 185 (77.1) 185 (71.7) 0.439

● Verapamil 21 (1.4) 3 (1.3) 3 (1.2) 0.948

● Diltiazem 164 (10.9) 19 (7.9) 50 (19.4) < 
0.001#

● Digoxin 221 (14.7) 27 (11.2) 59 (22.9) 0.001#

● Amiodarone 58 (3.9) 4 (1.7) 27 (10.7) < 
0.001#

● Propafenone 74 (4.9) 11 (4.6) 4 (1.6) 0.053

● ACE-inhibitors or ARBs 911 (60.5) 135 (56.2) 160 (62) 0.360
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Variable Appropriate
dose

Inappropriately
low dose

Inappropriately
high dose

P-
value

● ARNI 34 (2.3) 7 (2.9) 9 (3.5) 0.453

● MRAs 278 (18.5) 41 (17.1) 57 (22.1) 0.043†

● Diuretics 742 (49.2) 131 (54.6) 160 (62) < 
0.001#

● DHP-CCB 292 (19.4) 45 (18.7) 45 (17.4) 0.773

● Alpha blockers 40 (2.7) 6 (2.5) 10 (3.9) 0.516

● Statins 329 (21.8) 35 (14.6) 52 (20.2) 0.037&

● PPIs 759 (50.4) 108 (45) 149 (57.8) 0.015#

● NSAIDs 149 (9.9) 29 (12.1) 34 (13.2) 0.031§

● Steroids 14 (0.9) 3 (1.3) 7 (2.7) 0.051

B.I.D. = twice daily; O.D. = once daily; DOACs = direct oral anticoagulants; ACE = angiotensin-converting
enzyme; ARBs = angiotensin receptor blockers; ARNI = angiotensin receptor-neprilysin inhibitor; MRAs 
= mineralocorticoid receptor antagonists; DHP-CCB = dihydropyridine calcium-channel blockers; PPIs 
= proton pump inhibitors; NSAIDs = non-steroidal anti-in�ammatory drugs.

# Signi�cant for appropriate dose group versus inappropriately low dose group; appropriate dose
group versus inappropriately high dose group; and inappropriately low dose group versus
inappropriately high dose group.

†Signi�cant for appropriate dose group versus inappropriately high dose group and inappropriately
low dose group versus inappropriately high dose group.

& Signi�cant for appropriate dose group versus inappropriately low dose group and inappropriately
low dose group versus inappropriately high dose group.

§ Signi�cant for appropriate dose group versus inappropriately low dose group and appropriate dose
group versus inappropriately high dose group.

This study was conducted in accordance with the principles of the Declaration of Helsinki, and all
patients provided written informed consent for participation. This study was approved by the Ethics
Committee of Başkent University, School of Medicine (Date: 08.01.2021, Project No. KA20/463 and E-
94603339-604.01.02-1547).

Results
A total of 2,004 patients with atrial �brillation were included in the present study, with a median age of 72
years and 58% female patients. The most common comorbidities were hypertension (77.4%), congestive
heart failure (38.3%), coronary artery disease (34.1%) and diabetes (28.5%). The mean CHA2DS2-VASc
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and HAS-BLED scores of the study population were 3.72 ± 1.51 and 1.49 ± 0.91, respectively. The median
glomerular �ltration rate was 70 mL/min/1.73 m2, and 30.8% of patients had a glomerular �ltration rate < 
60 mL/min/1.73 m2.

The most commonly prescribed direct oral anticoagulant was rivaroxaban (Fig. 1). Among the study
population, more than one-fourth of the patients (27.8%) received a reduced dose of direct oral
anticoagulant, and the proportion of patients receiving a reduced dose of each direct oral anticoagulant
was 49.6% for dabigatran, 29.1% for rivaroxaban, 25.1% for apixaban, and 21.6% for edoxaban.

According to the criteria proposed by the European Heart Rhythm Association [18], 1506 patients (75.1%)
received the appropriate dose of direct oral anticoagulants and 498 patients (24.9%) received an
inappropriate dose. Among patients receiving an inappropriate dose of direct oral anticoagulants, 12% (n 
= 240) received an inappropriately low dose, and 12.9% (n = 258) received an inappropriately high dose
(Fig. 2). The proportion of appropriate prescriptions was higher for rivaroxaban (77.4%) than for apixaban
(74%), edoxaban (72%), or dabigatran (69.2%) (Fig. 3). Inappropriately low doses were more frequent than
inappropriately high doses for dabigatran (22.5% vs. 8.3%, respectively), and an inappropriately high dose
was more frequent than an inappropriately low dose for edoxaban (20.5% vs. 7.5%, respectively) (Fig. 3).
The baseline characteristics of the study groups are shown in Table 2a.

Compared with patients receiving an appropriate dose of direct oral anticoagulants, those receiving an
inappropriate dose of direct oral anticoagulants were signi�cantly older, more likely to be single, and more
likely to have permanent atrial �brillation, congestive heart failure, chronic kidney disease, peripheral
artery disease, anemia, have a history of major and/or clinically relevant non-major bleeding and
gastrointestinal bleeding, higher CHA2DS2-VASc and HAS-BLED scores, lower body mass index,
glomerular �ltration rate, and hemoglobin (Table 2a). Prescription of concomitant antiplatelet drugs
(including aspirin, clopidogrel, prasugrel, or ticagrelor), amiodarone, diuretics, and non-steroidal anti-
in�ammatory drug therapy was higher in patients who received an inappropriate dose of direct oral
anticoagulants. In contrast, the prescription of concomitant statin therapy and previous atrial �brillation
ablation procedures were lower in these patients (Table 2b).

In the univariate analysis, patients receiving an inappropriately high dose of direct oral anticoagulants
were signi�cantly older, more likely to have chronic kidney disease or coronary artery disease, had higher
CHA2DS2-VASc and HAS-BLED scores, and had lower body mass index and glomerular �ltration rate than
those receiving an appropriate or inappropriately low dose of direct oral anticoagulants (Table 3a). In
addition, prescription of edoxaban treatment and rates of concomitant antiplatelet, diltiazem, digoxin,
amiodarone, diuretic, and proton-pump inhibitor therapy were signi�cantly higher in patients receiving an
inappropriately high dose of direct oral anticoagulants than in patients receiving an appropriate or
inappropriately low dose of direct oral anticoagulants (Table 3b). In contrast, patients receiving an
inappropriately low dose of direct oral anticoagulants were more likely to have permanent atrial
�brillation and a history of major and/or clinically relevant non-major bleeding than those receiving an
appropriate or inappropriately low dose of direct oral anticoagulants (Table 3a). Prescription of
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dabigatran was associated with receiving an inappropriately low dose of direct oral anticoagulant (Table
3b).

In the logistic regression model, advanced age (odds ratio [OR]: 2.32; 95% con�dence interval [CI], 1.47–
3.65, P – value < 0.001 for patients ≥ 75 years; and OR: 1.57; 95% CI, 1.03–2.39, P – value < 0.05 for
patients between 65 to 74 years), presence of chronic kidney disease (OR: 4.25; 95% CI, 1.79–10.11, P –
value < 0.001 for patients with stage 3 chronic kidney disease; and OR: 3.73; 95% CI, 1.55–8.99, P – value 
< 0.05 for patients with stage 4 chronic kidney disease), presence of permanent atrial �brillation (OR:
2.16; 95% CI, 1.06–4.41, P – value < 0.05), prescription of edoxaban treatment (OR: 1.60; 95% CI, 1.11–
2.31, P – value < 0.05), prescription of reduced dose of direct oral anticoagulants (OR: 2.54; 95% CI, 1.96–
3.29, P – value < 0.001), concomitant usage of amiodarone treatment (OR: 2.79; 95% CI, 1.63–4.79, P –
value < 0.001), and non-use of statin treatment (OR: 1.63; 95% CI, 1.19–2.21, P – value < 0.05) were
signi�cantly associated with potentially inappropriate dosing of direct oral anticoagulants (Table 4). 
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Table 4
Unadjusted variables and age-adjusted logistic regression analysis/models of factors associated with

inappropriate dose of direct anticoagulants

  Unadjusted Model 1† Model 2‡

  OR (95% CI) OR (95% CI) OR (95% CI)

Demographic features      

Age      

●  < 65 years (reference group)      

● 65–74 years 2.07 (1.44–2.96)
**

2.02 (1.41–2.90) ** 1.57 (1.03–2.39) *

●  ≥ 75 years 4.40 (3.12–6.20)
**

4.16 (2.92–5.93) ** 2.32 (1.47–3.65) **

Marital status      

●  Married (reference group)      

●  Single or widowed or divorced 1.61 (1.30–1.99)
**

1.16 (0.92–1.45) 1.05 (0.81–1.37)

    Nagelkerke R2 = 
0.075

 

Medical history and laboratory
�ndings

     

BMI, kg/m2 0.97 (0.95–0.99)
*

0.99 (0.97–1.01) 0.99 (0.96–1.01)

Presence of CHF 1.49 (1.21–1.83)
**

1.28 (1.02–1.60) * 1.08 (0.82–1.42)

Presence of PAD 1.70 (1.05–2.76)
*

1.44 (0.84–2.45) 1.46 (0.83–2.58)

Absence of AF ablation procedure
history

3.01 (1.37–6.61)
*

1.62 (0.71–3.68) 1.90 (0.77–4.67)

History of major and/or CRNM
bleeding

1.71 (1.21–2.41)
*

1.30 (0.89–1.90) 1.15 (0.77–1.71)

GFR group      

● GFR 15–29 mL/min/1.73 m2

(reference group)
     

● GFR 30–59 mL/min/1.73 m2 2.58-1.13-5.91) * 3.23 (1.40–7.50)* 4.25 (1.79–10.11)
**

● GFR ≥ 60 mL/min/1.73 m2 1.28 (0.56–2.93) 2.39 (1.03–5.56) * 3.73 (1.55–8.99) *
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  Unadjusted Model 1† Model 2‡

Hemoglobin, mg/dL 0.88 (0.83–0.92)
**

0.96 (0.90–1.01) 0.98 (0.92–1.04)

    Nagelkerke R2 = 
0.096

 

AF-related features      

AF type      

● New-onset AF (reference group)      

● Paroxysmal AF 1.33 (0.68–2.62) 1.44 (0.72–2.87) 1.52 (0.73–3.16)

●  Persistent or long-standing
persistent AF

1.44 (0.71–2.90) 1.37 (0.67–2.81) 1.60 (0.75–3.44)

●  Permanent AF 2.17 (1.12–4.20)
*

1.98 (1.01—3.89) * 2.16 (1.06–4.41) *

CHA2DS2-VASc score 1.28 (1.19–1.37)
**

1.07 (0.98–1.16) 1.07 (0.96–1.18)

HAS-BLED score 1.43 (1.27–1.59)
**

1.12 (0.97–1.28) 1.022 (0.87–1.21)

    Nagelkerke R2 = 
0.088

 

Treatments      

DOACs      

●  Rivaroxaban (reference group)      

●  Edoxaban 1.34 (0.97–1.84) 1.50 (1.07–2.12) * 1.60 (1.11–2.31) *

●  Dabigatran 1.53 (1.01–2.31)
*

1.26 (0.81–1.97) 1.19 (0.75–1.91)

●  Apixaban 1.20 (0.96–1.51) 1.23 (0.96–1.57) 1.16 (0.89–1.50)

Dosage of DOAC      

● Standard dose (reference group)      

● Reduced dose 3.48 (2.80–4.31)
**

2.68 (2.12–3.40) ** 2.54 (1.96–3.29) **

Usage of antiplatelet therapy 1.57 (1.16–2.12)
*

1.43 (1.02-2.00) * 1.34 (0.91–1.96)

Usage of amiodarone 1.66 (1.06–2.60)
*

2.02 (1.25–3.28) * 2.79 (1.63–4.79) **
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  Unadjusted Model 1† Model 2‡

Usage of diuretics 1.46 (1.19–1.79)
*

1.20 (0.96–1.49) 1.01 (0.78–1.32)

Usage of NSAIDs 1.35 (0.99–1.84) 1.18 (0.84–1.65) 1.20 (0.83–1.75)

Non-use of statins 1.31 (1.01–1.71)
*

1.57 (1.18–2.10) * 1.63 (1.19–2.21) *

    Nagelkerke R2 = 
0.145

Nagelkerke R2 = 
0.168

OR = odds ration; CI = con�dence interval; BMI = body mass index; CHF = congestive heart failure; PAD 
= peripheral artery disease; AF = atrial �brillation; CRNM = clinically relevant non-major bleeding; GFR 
= glomerular �ltration rate; CHA2DS2-VASc = congestive heart failure, hypertension, age ≥ 75 (2
points), diabetes, stroke (2 points), vascular disease, age 65–74, sex category (female); HAS-BLED = 
uncontrolled hypertension, abnormal renal and liver function (1 point each), stroke, bleeding, labile
international normalized ratios, elderly (age > 65 years), drugs or alcohol (1 point each) (concomitant
use of antiplatelet agents or non-steroidal anti-in�ammatory drugs, alcohol abuse); DOACs = direct
oral anticoagulants; NDAIDs = non-steroidal anti-in�ammatory drugs.

† The variables included in each subtitle of MODEL – 1 were: Demographic features (age and marital
status); Medical history and laboratory �ndings (age, BMI, presence of CHF, presence of PAD, absence
of AF ablation procedure history, history of major and/or CRNM bleeding, GFR group, and
hemoglobin); AF-related features (age, AF type, CHA2DS2-VASc score, and HAS-BLED score);
Treatments (age, DOACs, dosage of DOAC, usage of antiplatelet therapy, usage of amiodarone, usage
of diuretics, usage of NSAIDs, and non-use of statins).

‡ All variables were included in the MODEL – 2.

* P – value < 0.05 and ** P – value < 0.001

Discussion
The nationwide ANATOLIA-AF study provides important real-world data on the prevalence and associated
factors of inappropriate direct oral anticoagulant dosing in patients with atrial �brillation. The principal
�ndings of this study are as follows: 1) more than one-fourth of the patients with atrial �brillation
receiving direct oral anticoagulant therapy received a reduced dose of direct oral anticoagulants; 2)
according to the European Heart Rhythm Association recommendations, nearly one-fourth of the patients
with atrial �brillation received inappropriate doses of direct oral anticoagulant in real-life settings; 3) in
contrast to previously published registries and studies, the rate of inappropriate high-dose prescription of
direct oral anticoagulants was similar to the rate of inappropriate low-dose prescription; and 4) advanced
age, chronic kidney disease, presence of permanent atrial �brillation, prescription of edoxaban, reduced
dose of direct oral anticoagulants, concomitant usage of amiodarone, and non-use of statin treatment
were independently associated with inappropriate direct oral anticoagulant dosing.
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The e�cacy and safety of reduced doses of direct oral anticoagulants, especially rivaroxaban and
apixaban, have been tested in a small proportion of patients in pivotal randomized controlled trials [3–6].
In the ROCKET-AF trial [4], 21% of patients received a reduced dose of rivaroxaban, and in the ARISTOTLE
trial [5], only 4.7% of study participants received a reduced dose of apixaban. However, national registries
and observational studies have demonstrated that the frequency of reduced doses of direct oral
anticoagulant prescription varies between 29–56% [10, 19, 20]. In the ANATOLIA-AF study, the percentage
of individuals that were prescribed reduced doses of direct oral anticoagulants was 27.8%, which is
higher than that in pivotal trials and similar to that in national registries and observational studies [4, 5,
10, 19, 20]. Compared with the patients enrolled in phase 3 randomized controlled trials, patients in
routine clinical practice are older, more frail, more likely to have chronic kidney disease, have a history of
major and/or clinically relevant non-major bleeding and/or gastrointestinal bleeding, and more likely to
receive concomitant antiplatelet therapy and/or interacting drugs [8]. As a result, the prescription of low
doses of direct oral anticoagulants (appropriate or inappropriate) is more common in real-life settings [9,
10, 12, 14–16]. This considerable difference in the prescription of reduced doses of direct oral
anticoagulants between randomized controlled trials and real-world studies may be due to numerous
reasons, including patient-related factors such as advanced age, frailty, and the presence of multiple
comorbidities, or physician-related factors such as lack of awareness about the recommendations of the
guidelines and/or fear of bleeding and other adverse events.

Inappropriate dosing of direct oral anticoagulants is associated with major adverse cardiovascular events
[8, 12, 13, 15]. The prescription of inappropriately low doses of direct oral anticoagulants may increase
the risk of stroke and/or systemic embolism and cardiovascular hospitalization [8, 13, 21], and the
prescription of inappropriately high doses of direct oral anticoagulants may increase the risk of major
bleeding and all-cause mortality [8, 21]. Previously published national registries and studies have reported
a wide range of inappropriate direct oral anticoagulant dosing in real-life settings [9, 10, 12–16]. The
FANTASIIA Registry from Spain revealed that inappropriate doses of direct oral anticoagulants were
prescribed to 32% of study participants, and the SAKURA AF Registry from Japan reported that 26.2% of
patients with atrial �brillation received inappropriate doses of direct oral anticoagulants [10, 12]. The
prevalence of inappropriate direct oral anticoagulant dosing reaches 39% in the Middle East region [15].
In contrast, the ORBIT-AF II Registry, showed that an inappropriate dose of a direct oral anticoagulant was
prescribed to only 12.8% of the patients [13]. A recently published epidemiological meta-analysis
comprising 23 real-world studies and 162,474 patients with atrial �brillation reported that the overall
prevalence of inappropriate direct oral anticoagulant dosing was 24% [11]. In our study, we found that the
prevalence of inappropriate direct oral anticoagulant dosing was 24.9%. The wide range in the prevalence
of inappropriate dosing of direct oral anticoagulants between real-world observational studies might be
related to the differences in the criteria for establishing appropriate doses, geographic and clinical
variations, patient and/or center selection, and physicians’ knowledge.

Data from national registries and observational studies suggest that while the proportion of patients
receiving inappropriately low doses of direct oral anticoagulants vary between 19.3% and 39% [12, 19, 15,
22, 23], the prevalence of inappropriate high-dose direct oral anticoagulant prescription varies between
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1.3% and 4% [12, 13, 19, 22]. A recently published epidemiological meta-analysis reported that the
estimated global prevalence of inappropriate low-dose direct oral anticoagulant prescriptions is 20%, and
the estimated global prevalence of inappropriate high-dose direct oral anticoagulant prescriptions is
relatively low (4–6%) [11]. In contrast, the prevalence of inappropriate high-dose prescriptions of direct
oral anticoagulants was similar to the prevalence of inappropriate low-dose prescriptions in our study
(12.8% versus 12%, respectively). These inconsistent results might be related to differences in the criteria
for establishing an appropriate dose of direct oral anticoagulants. Most observational studies have
assessed the appropriateness of direct oral anticoagulant dosing according to the summary of product
characteristics written by pharmaceutical companies. In contrast, we used the criteria proposed by the
European Heart Rhythm Association for the use of direct oral anticoagulants in patients with atrial
�brillation in the present study. The European Heart Rhythm Association Practical Guide recommends a
systematic assessment algorithm for dose reduction for each direct oral anticoagulant. These
recommendations comprise several patient-related risk factors, such as older age, impaired kidney
function, lower body weight, high bleeding risk, and concomitant use of antiplatelet therapy, verapamil,
diltiazem, amiodarone, or strong P-glycoprotein inhibitors. Some of these criteria are called yellow dose
reduction criteria in the European Heart Rhythm Association Practical Guide. This document recommends
dose reduction if two or more yellow criteria are present, which are not completely present in the summary
of product characteristics [18]. For example, the summary of product characteristics of rivaroxaban
reported only one dose reduction criterion, which recommends a dose reduction if the patient has a
creatinine clearance below 50 mL/min. However, the European Heart Rhythm Association Practical Guide
took into account the patients’ age (≥ 75 years), bleeding risk (HAS-BLED score ≥ 3), low body weight (≤ 
60 kg), and concomitant usage of antiplatelet therapy or amiodarone as yellow criteria for rivaroxaban
dose reduction. The FANTASIIA Registry, which determined the appropriateness of direct oral
anticoagulant dosing according to the European Heart Rhythm Association Practical Guide
recommendations, reported results similar to those of the present study. In this registry, the prevalence of
inappropriately high-dose direct oral anticoagulant prescriptions was 15%, which is higher than previously
published registries, and was approximately similar to the prevalence of inappropriately low-dose direct
oral anticoagulant prescriptions (17%) [10]. Another important real-life study that analyzed the
appropriateness of direct oral anticoagulant dosing according to both the summary of product
characteristics and European Heart Rhythm Association Practical Guide revealed that the rates of
inappropriate direct oral anticoagulant dosing were 18.3% and 23.4%, respectively. According to the
summary of product characteristics, the rate of inappropriately low-dose direct oral anticoagulant
prescriptions (9.8%) was higher than the rate of inappropriate high-dose direct oral anticoagulant
prescriptions (7.8%). In contrast to the summary of product characteristics criteria, the inappropriately
high-dose direct oral anticoagulant prescription was more frequent than the inappropriately low-dose
direct oral anticoagulant prescription according to the European Heart Rhythm Association Practical
Guide recommendations in the same study population (15.0% versus 7.6%, respectively). The authors
concluded that ‘nearly 10% of dosing recommendations by the summary of product characteristics and
the European Heart Rhythm Association Practical Guide were inconsistent, with the summary of product
characteristics recommending the use of the standard direct oral anticoagulant dose while the European
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Heart Rhythm Association Practical Guide recommending dose reduction’ [9]. It is important to highlight
that several risk factors were not considered by the summary of product characteristics of direct oral
anticoagulants. Although advanced age is a well-known risk factor for both stroke and bleeding [9, 24,
25], neither the summary of product characteristics of rivaroxaban nor that of edoxaban consider age as
a risk factor for stroke or bleeding. According to the European Heart Rhythm Association Practical Guide,
age ≥ 75 years is a yellow criterion for dose reduction for all direct oral anticoagulants [18]. Low body
weight is another important risk factor for adverse events, especially major and/or clinically relevant non-
major bleeding, in patients with atrial �brillation who are receiving direct oral anticoagulants [1]. However,
only the summary of product characteristics of apixaban and edoxaban included body weight as a dose
reduction criterion. The European Heart Rhythm Association Practical Guide includes body weight ≤ 60
kg as one of the yellow criteria for dose reduction of dabigatran and rivaroxaban [18]. Concomitant use of
antiplatelet drugs, non-steroidal anti-in�ammatory drugs, or amiodarone increases bleeding risk and/or
affects drug plasma levels in patients receiving direct oral anticoagulant treatment [1, 7, 8, 11]. Although
the summary of product characteristics of each direct oral anticoagulant does not have a speci�c
recommendation, the European Heart Rhythm Association Practical Guide recommends direct oral
anticoagulant dose reduction in those patients [18]. In the context of inconsistent direct oral
anticoagulant dosing recommendations by the summary of product characteristics and the European
Heart Rhythm Association Practical Guide, prescribing the appropriate direct oral anticoagulant dose can
be challenging in clinical practice. Thus, there is a need for more research on the clinical importance of
risk factors causing inconsistencies in dosing recommendations between the European Heart Rhythm
Association Practical Guide and the summary of product characteristics of direct oral anticoagulants.

Previously published registries and meta-analyses have reported an association between older age and
inappropriate direct oral anticoagulant dosing [8, 11, 16, 26, 27]. Similarly, we observed a strong
association between age and inappropriate direct oral anticoagulant dosing. In our study, patients who
received inappropriate low or high doses of direct oral anticoagulants were signi�cantly older than those
who received an appropriate dose of direct oral anticoagulants. Moreover, we found that older age was an
independent predictor of inappropriate direct oral anticoagulant dosing according to the logistic
regression analysis. Future directions and efforts targeting gaps in the elderly patient population may
lead to improved adherence to the recommendations of the European Heart Rhythm Association Practical
Guide.

Chronic kidney disease has been associated with inappropriate direct oral anticoagulant dosing in
previous studies [10, 13, 26, 28]. In the ORBIT-AF II Registry, creatinine clearance was signi�cantly lower in
patients with inappropriate direct oral anticoagulant dosing, and mild-to-moderate renal impairment had
the highest rates of inappropriate dosing [13]. An analysis of a large administrative database including
14,865 patients with atrial �brillation showed that 43% of the patients with a renal indication for dose
reduction received inappropriate high-dose direct oral anticoagulants, which was associated with a higher
risk of major bleeding [29]. In our study, the estimated glomerular �ltration rate, which was calculated
using the Cockcroft-Gault equation, was signi�cantly lower in patients with inappropriate direct oral
anticoagulant dosing. According to the logistic regression analysis, mild-to-moderate renal impairment
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(estimated glomerular �ltration rate 30–50 mL/min/1.73 m2) is associated with prescription of
inappropriate direct oral anticoagulant dosing. This result suggests that many clinicians may not adjust
the direct oral anticoagulant dose according to the renal function and estimated glomerular �ltration rate.
There may be several reasons for this, including a lack of awareness about dose reduction criteria,
physicians’ knowledge, and the use of different calculations to estimate renal function (e.g., Modi�cation
of Diet in Renal Disease formula). Physician awareness of renal function in appropriate direct oral
anticoagulant dosing should be increased, and physicians should be encouraged to use the Cockcroft-
Gault equation, a method used in pivotal trials of direct oral anticoagulants to calculate estimated
glomerular �ltration rate in patients with atrial �brillation and direct oral anticoagulant treatment.

The prescription of a reduced dose of direct oral anticoagulants without dose reduction criteria is
associated with an increased risk of stroke, systemic embolism, cardiovascular hospitalization, and death
[8, 12, 13, 15, 16]. Jacobs et al. [30] reported that receiving a reduced dose of direct oral anticoagulants
was associated with a 2.7-fold increased risk of inappropriate dosing. Similarly, we found that
prescription of a reduced dose of direct oral anticoagulants was independently associated with
inappropriate direct oral anticoagulant dosing. According to age-adjusted logistic regression analysis,
receiving a reduced dose of direct oral anticoagulants was associated with a 2.5-fold increased risk of
inappropriate direct oral anticoagulant dosing in our study population. Thus, to ensure the safety and
e�cacy of direct oral anticoagulants, a reduced dose of direct oral anticoagulants should be prescribed in
accordance with the recommendations of the guidelines in real-life clinical practice [11].

A limited number of real-life observational studies are available on inappropriate dosing of edoxaban [8].
An epidemiological meta-analysis comprising of 1213 edoxaban-treated patients reported that the
highest prevalence of inappropriate direct oral anticoagulant dosing was found in rivaroxaban and
edoxaban [11]. The prevalence of inappropriate high-dose prescriptions of edoxaban was 9%, while the
pooled prevalence of inappropriate high-dose prescriptions for all direct oral anticoagulants was 5% [11].
Similar to this meta-analysis, the highest prevalence of inappropriate high-dose prescriptions of direct
oral anticoagulant was found in edoxaban (20.5%) in the present study. Moreover, the age-adjusted
logistic regression model demonstrated that edoxaban treatment was independently associated with
inappropriate direct oral anticoagulant dosing. Although both regimens of edoxaban were non-inferior to
warfarin with respect to the prevention of stroke or systemic embolism in the ENGAGE AF-TIMI 48 trial,
the rate of ischemic stroke was higher in the low-dose edoxaban group than in the active comparator
group [6]. Thus, physicians may have concerns about the e�cacy of low-dose edoxaban in the prevention
of ischemic stroke. These concerns may lead to the prescription of high-dose edoxaban despite the
presence of impaired renal function, low body weight, or concomitant use of strong P-gp inhibitors.

Concomitant use of amiodarone is another important risk factor affecting direct oral anticoagulant
plasma levels and/or bleeding risk. Amiodarone is the most frequently used pharmacokinetic interacting
drug in direct oral anticoagulant-treated patients [9, 29]. Therefore, the European Heart Rhythm
Association Practical Guide recommends dose reduction in patients receiving direct oral anticoagulant
and amiodarone treatment in the presence of at least one other yellow criterion, while the summary of
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product characteristics does not. The FANTASIIA Registry reported that the prescription of concomitant
amiodarone therapy was signi�cantly higher in patients receiving inappropriately high doses of direct oral
anticoagulants [10]. Similarly, we found that the prescription of amiodarone was signi�cantly higher in
patients who received an inappropriately low or high dose of direct oral anticoagulants compared to
patients receiving an appropriate dose of direct oral anticoagulants. More importantly, age-adjusted
logistic regression analysis demonstrated that the concomitant use of amiodarone was signi�cantly
associated with potentially inappropriate dosing of direct oral anticoagulants. These results suggest that
physicians should consider pharmacokinetic drug-drug interactions, especially between amiodarone and
direct oral anticoagulants, to determine the appropriate dose of direct oral anticoagulants in real-life
settings.

The present study has some limitations. First, the most important limitation of the ANATOLIA-AF study
was its observational design, which may have led to patient evaluation and/or patient selection bias.
Second, the study population was enrolled from cardiology outpatient clinics, and this population did not
include those presenting at family medicine and internal medicine outpatient clinics. Finally, the present
study data were based on the documentation of demographics, medical history, and treatments during
the �rst outpatient clinic visit; follow-up data were not obtained. Thus, we were unable to report the stroke,
systemic embolism, bleeding, and mortality rates in the study population. We will assess the association
between inappropriate direct oral anticoagulant dosing and major adverse cardiac events when our
follow-up data become available. Due to these limitations, the results of this study should be interpreted
carefully.

Conclusion
The present prospective, multicenter, real-world study demonstrated that the prevalence of inappropriate
direct oral anticoagulant dosing according to the European Heart Rhythm Association recommendations
was 24.9% in patients with atrial �brillation. Several demographic and clinical factors, including
advanced age, mild-to-moderate renal impairment, prescription of reduced doses of direct oral
anticoagulants and edoxaban treatment, and concomitant use of amiodarone, were associated with
inappropriate direct oral anticoagulant dosing. Further research is needed to con�rm these �ndings and
to investigate the reasons for inappropriate direct oral anticoagulant dosing. Future guidelines should
consider the speci�c characteristics of patients with atrial �brillation who are underrepresented in
randomized controlled trials and the limitations of the summary of product characteristics.
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Figure 1

Frequency of direct oral anticoagulants among study population
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Figure 2

Frequency of appropriate dose of direct oral anticoagulant, inappropriate low dose of direct oral
anticoagulant, and inappropriate low dose of direct oral anticoagulant prescription for the entire cohort
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Figure 3

Frequency of inappropriate low and high dosing by each direct oral anticoagulant type


