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SUPPLEMENTAL FILE 

Title: Effectiveness and safety of off-label doses of direct oral anticoagulants in atrial fibrillation: Insights from the pooled-

analysis of 148909 patients from 10 real-world studies 

Contents 

eTable 1. Search strategy to identify studies reporting DOACs under- or over-doses 

Literature 

databases 

Search items Items 

found 

MEDLINE via 

PUBMED 

#1 

“dabigatran”[MeSH Terms] OR “dabigatran”[Title/Abstract] OR “Pradaxa”[Title/Abstract] OR “rivaroxaban”[MeSH 

Terms] OR “rivaroxaban”[Title/Abstract] OR “Xarelto”[Title/Abstract] OR “apixaban” [MeSH Terms] OR 

“apixaban”[Title/Abstract] OR “Eliquis”[Title/Abstract] OR “edoxaban”[MeSH Terms] OR 

“edoxaban”[Title/Abstract] OR “Savaysa”[Title/Abstract]) OR “betrixaban”[MeSH Terms] OR 

“betrixaban”[Title/Abstract] OR “Bevyxxa”[Title/Abstract]) OR “Non-vitamin K antagonist oral 

anticoagulants”[Title/Abstract] OR “NOACs”[Title/Abstract]) OR “direct oral anticoagulants”[Title/Abstract]) OR 

“DOACs”[Title/Abstract]) OR “novel oral anticoagulants”[Title/Abstract]) OR “new oral 

anticoagulants”[Title/Abstract]) OR “factor Xa inhibitors”[Title/Abstract]) OR “factor Ⅱa inhibitors”[Title/Abstract] 

1017 
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#2 

“label”[Title/Abstract] OR “off-label” [Title/Abstract] OR “on-label” [Title/Abstract] OR “underdosing” 

[Title/Abstract] OR “underdose”[Title/Abstract] OR “underdosed”[Title/Abstract] OR “overdosing”[Title/Abstract] 

OR “overdose”[Title/Abstract] OR “overdosed”[Title/Abstract] OR “reduced dose” [Title/Abstract] OR “low 

dose”[Title/Abstract] OR “prescribing patterns”[Title/Abstract] OR “dosing patterns”[Title/Abstract] 

#1 AND #2 

EMBASE #1 

‘dabigatran’/exp OR ‘dabigatran’:ti,ab,kw OR ‘Pradaxa’: ti,ab,kw OR ‘rivaroxaban’/exp OR ‘rivaroxaban’: ti,ab,kw 

OR ‘Xarelto’: ti,ab,kw OR ‘apixaban’/exp OR ‘apixaban’: ti,ab,kw OR ‘Eliquis’: ti,ab,kw OR edoxaban’/exp OR 

‘edoxaban’: ti,ab,kw OR ‘Savaysa’: ti,ab,kw OR ‘betrixaban’/exp OR ‘betrixaban’: ti,ab,kw OR ‘Bevyxxa’: ti,ab,kw 

OR ‘Non-vitamin K antagonist oral anticoagulants’: ti,ab,kw OR ‘NOACs’: ti,ab,kw OR ‘direct oral anticoagulants’: 

ti,ab,kw OR ‘DOACs’: ti,ab,kw OR ‘novel oral anticoagulants’: ti,ab,kw OR ‘new oral anticoagulants’: ti,ab,kw OR 

‘factor Xa inhibitors’: ti,ab,kw OR ‘factor Ⅱa inhibitors’: ti,ab,kw 

#2 

‘label’:ti,ab,kw OR ‘off-label’:ti,ab,kw OR ‘on-label’:ti,ab,kw OR‘underdosing’:ti,ab,kw OR ‘underdose’:ti,ab,kw OR 

‘underdosed’:ti,ab,kw OR ‘overdosing’:ti,ab,kw OR ‘overdose’:ti,ab,kw OR ‘overdosed’:ti,ab,kw OR‘reduced 

dose’:ti,ab,kw OR ‘low dose’:ti,ab,kw OR ‘prescribing patterns’:ti,ab,kw OR ‘dosing patterns’:ti,ab,kw 

#1 AND #2 

1127 

COCHRANE #1 193 
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MeSH descriptor: [dabigatran] OR dabigatran: ti,ab,kw OR Pradaxa: ti,ab,kw ORMeSH descriptor: [rivaroxaban] OR 

rivaroxaban: ti,ab,kw OR Xarelto: ti,ab,kw OR MeSH descriptor: [apixaban] OR apixaban: ti,ab,kw OR Eliquis: 

ti,ab,kw OR MeSH descriptor: [edoxaban] OR edoxaban: ti,ab,kw OR Savaysa: ti,ab,kw OR MeSH descriptor: 

[betrixaban] OR betrixaban: ti,ab,kw OR Bevyxxa: ti,ab,kw OR Non-vitamin K antagonist oral anticoagulants: 

ti,ab,kw ORNOACs: ti,ab,kw OR direct oral anticoagulants: ti,ab,kw OR DOACs: ti,ab,kw OR novel oral 

anticoagulants: ti,ab,kw OR new oral anticoagulants: ti,ab,kw OR factor Xa inhibitors: ti,ab,kw OR factor Ⅱa 

inhibitors: ti,ab,kw 

#2 

label:ti,ab,kw OR off-label:ti,ab,kw OR on-label:ti,ab,kw OR underdosing:ti,ab,kw OR underdose:ti,ab,kw OR 

underdosed:ti,ab,kw OR overdosing:ti,ab,kw OR overdose:ti,ab,kw OR overdosed:ti,ab,kw OR reduced dose:ti,ab,kw 

OR low dose:ti,ab,kw OR prescribing patterns:ti,ab,kw OR dosingpatterns:ti,ab,kw 

#1 AND #2 

Overall  2337 

Duplication  279 
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eTable 2. Quality assessment scale 

Bias type Selection 

(sample population) 

Selection 

(sample size) 

Selection 

(participation 

rate) 

Performance bias 

(outcome 

assessment) 

Performance 

bias(analytical methods 

to control for bias) 

Low risk 

(score=2) 

1) Sample from the general 

population, not a select 

group; 

2) Consecutive unselected 

population; 

3) Rationale for case and 

control selection explained. 

1) Sample size 

calculation performed 

and adequate. 

1) High response 

rate (>85%). 

1) Diagnosis using 

consistent criteria 

and direct 

examination. 

1) Analysis appropriate for 

the type of sample 

(subgroup 

analysis/regression etc.) 

Moderate 

risk 

(score=1) 

1) Sample selected from large 

population but selection 

criteria not defined; 

2) Sample selection 

ambiguous but may be 

representative; 

3) Rationale for cases and 

controls not explained; 

1) Sample size 

calculation performed 

and reasons for not 

meeting sample size 

given; 

2) Sample size 

calculation not 

performed but all 

1) Moderate 

response rate (70-

85%). 

1) Assessment from 

administrative 

database or register; 

2) Assessment from 

hospital record or 

interviewer. 

1) Analysis does not 

account for common 

adjustment. 
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4) Eligibility criteria not 

explained; 

5) Analysis to adjust for 

sampling strategy bias. 

eligible persons 

studied. 

High risk 

(score=0) 

1) Highly select population 

making it difficult to 

generalize finding; 

2) Sample selection 

ambiguous and sample 

unlikely to be representative. 

1) Sample size 

estimation unclear or 

only sub-sample 

studied. 

1) Low response 

rate (<70%); 

2) Response rate 

not reported. 

1) Assessment from 

non-validated data or 

generic estimate 

from the overall 

population. 

1) Data confusing. 
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eTable 3. Excluded studies with reasons 

Excluded Studies Drugs Reason for exclusion 

McAliste,2018(McAlister et al., 2018) Direct oral anticoagulants No outcome data 

Leef, 2019(Leef et al., 2019) Direct oral anticoagulants No outcome data 

Lee, 2019-A(Lee and Lee, 2019) Direct oral anticoagulants No outcome data 

Garcia Rodrigue, 2019(Garcia Rodriguez et al., 2019) Direct oral anticoagulants No outcome data 

Falissard, 2019(Falissard et al., 2019) Apixaban No outcome data 

Draper, 2017(Draper et al., 2017) Direct oral anticoagulants No outcome data 

De Caterina, 2019(De Caterina et al., 2019) Edoxaban No outcome data 

Bell, 2016(Bell et al., 2016) Direct oral anticoagulants No outcome data 

Jacobs, 2019(Jacobs et al., 2019) Direct oral anticoagulants No outcome data 

Okumura, 2017(Okumura et al., 2017) Direct oral anticoagulants No outcome data 

Basaran, 2016(Basaran et al., 2016) Direct oral anticoagulants No outcome data 

Lee, 2019-B(Lee et al., 2019) Direct oral anticoagulants The same data source 

Lee, 2020(Lee and Choi, 2020) Direct oral anticoagulants No off-label DOACs dosing data 

Soo Cho, 2020(Kakkar et al., 2013) Direct oral anticoagulants The same data source 

Inoue, 2019(Inoue et al., 2020) Apixaban No adjusted data 

Navarro-Almenzar, 2019(Navarro-Almenzar et al., 2019) Direct oral anticoagulants No adjusted data 

Yamaji, 2017(Yamaji et al., 2017) Direct oral anticoagulants No adjusted data 

Yiginer 2017(Yiginer et al., 2017) Rivaroxaban No outcome data 
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Viprey 2016(Viprey et al., 2016) Direct oral anticoagulants No outcome data 

Vinter 2019(Vinter et al., 2019) Apixaban No off-label dosing data 

Umei 2017(Umei et al., 2017) Direct oral anticoagulants No outcome data 

Tellor 2017(Tellor et al., 2017) Apixaban No outcome data 

Tellor 2015(Tellor et al., 2015) Rivaroxaban No outcome data 

Suwa 2019(Suwa et al., 2019) Apixaban No outcome data 

Sieg 2015(Sieg and Nappi, 2015) Direct oral anticoagulants No outcome data 

Shrestha 2018(Shrestha et al., 2018) Direct oral anticoagulants No outcome data 

Schwartz 2017(Schwartz et al., 2017) Direct oral anticoagulants No outcome data 

Saunders 2019(Saunders et al., 2019) Direct oral anticoagulants Not AF patients data 

Sato 2018(Sato et al., 2018) Direct oral anticoagulants No outcome data 

Pisters 2017(Pisters et al., 2017) Direct oral anticoagulants No outcome data 

Paciaroni 2019(Paciaroni et al., 2019) Direct oral anticoagulants Case control study 

Moudallel 2018(Moudallel et al., 2018) Direct oral anticoagulants No outcome data 

Lavoie 2016(Lavoie et al., 2016) Direct oral anticoagulants No outcome data 

Kim 2019(Kim et al., 2019) Direct oral anticoagulants Not off-label dose study 

Khan 2016(Khan et al., 2016) Direct oral anticoagulants No outcome data 

Kato 2018(Kato et al., 2018) Direct oral anticoagulants No outcome data 

Kartas 2019(Kartas et al., 2019) Direct oral anticoagulants No outcome data 

Jones 2020(Jones et al., 2020) Rivaroxaban No outcome data 
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Hussain 2013(Hussain et al., 2013) Dabigatran No outcome data 

Howerton 2019(Howerton et al., 2019) Direct oral anticoagulants No outcome data 

Hirsh Raccah 2019(Hirsh Raccah et al., 2019) Direct oral anticoagulants No outcome data 

Gibson 2018(Gibson et al., 2018) Apixaban No outcome data 

Galaune 2019(Galaune et al., 2019) Direct oral anticoagulants No outcome data 

Eschler 2019(Eschler et al., 2019) Direct oral anticoagulants Not AF patients data 

Chowdhry 2016(Chowdhry et al., 2016) Dabigatran No outcome data 

Chen 2018(Chen and Lin, 2018) Direct oral anticoagulants No outcome data 

Chan 2018(Chan et al., 2018) Apixaban Not off-label dose study 

CainzosAchirica 2018(Cainzos-Achirica et al., 2018) Dabigatran No off-label dosing data 

Buchholz 2018(Buchholz et al., 2018) Apixaban No outcome data 

Bruneau 2019(Bruneau et al., 2019) Direct oral anticoagulants No outcome data 

Barra 2016(Barra et al., 2016) Direct oral anticoagulants No outcome data 

Alali 2019(Alali et al., 2019) Dabigatran No outcome data 

Ablefoni 2019(Ablefoni and Buchholz, 2019) Rivaroxaban No outcome data 
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eTable 4. Detailed definition of DOACs under- or over-doses in the included studies 

Study Off-label definition 

Benjamin A, 2016 Underdosed and overdosed DOACs were categorized according to U.S. FDA-approved package inserts (PIs). Dabigatran: 

150 mg twice daily is standard dose; CrCl 30 to 50 mL/min: No dosage adjustment necessary unless patient receiving 

concomitant dronedarone, then consider reducing dabigatran to 75mg twice daily; CrCl 15 to 30 mL/min: 75 mg twice 

daily unless patient receiving concomitant dronedarone, then avoid concurrent use; CrCl <15 mL/min or on dialysis: not 

recommended. Rivaroxaban: 20 mg once daily is standard dose; CrCl 15 to 50 mL/min: 15 mg once daily; CrCl 

<15mL/min or on dialysis: Avoid use. Apixaban: 5 mg twice daily unless patient has any 2 of the following: Age ≥80 

years, 

body weight ≤60 kg, or serum creatinine ≥1.5 mg/dL, then reduce dose to 2.5mg twice daily. On dialysis: 5 mg twice 

daily; reduce to 2.5 mg twice daily if age ≥80 years or body weight ≤60 kg. 

Cheng, 2019 Underdosed and overdosed DOACs were categorized according to ROCKET-AF or J-ROCKET dosage criteria. on-label 

dosing: patients received daily dose of rivaroxaban according to ROCKET-AF (20mg/d for patients with an eGFR ≥50 

mL/min and 15 mg/d for those with an eGFR=30–49 mL/min) or J-ROCKET (15 mg/d for patients with an eGFR ≥50 

mL/min and 10 mg/d for those with an eGFR=30–49 mL/min); off-label low-dosing: rivaroxaban at a daily dose of 10mg 

for patients with an eGFR ≥50 mL/min. 

Yao, 2017 Underdosed and overdosed DOACs were categorized according to U.S. FDA-approved package inserts (PIs).Patients with 

a renal indication for dose reduction but who received standard dose DOACs (potential overdosing), patients with no renal 

indication but receiving reduced dose DOACs (potential underdosing).Patients were considered to have a renal indication 

for dose reduction if they were prescribed dabigatran and had an eGFR <30 ml/min/1.73 m2, rivaroxaban and an eGFR 
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<50 ml/min/1.73 m2, The indication for dose reduction with apixaban requires 2 of the following 3 criteria: age≥80 years, 

weight<60 kg, and SCr level ≥1.5 mg/dl. 

Murata, 2018 Underdosed and overdosed DOACs were categorized according to Japan-approved package inserts (PIs).The following 

low-dose regimens were considered to be appropriate: dabigatran, 110 mg (b.i.d.), for patients with a CrCl of 30–50 

mL/min, age ≥70 years and a prior history of bleeding; rivaroxaban, 10 mg (o.d.), for patients with a CrCl of 15–50 

mL/min; apixaban, 2.5 mg(b.i.d.), for patients with any 2 of the following characteristics: ≥80 years, body weight <60 kg 

and serum Cr level≥1.5 mg/dL; and edoxaban, 30 mg (o.d.), for patients with a CrCl of 15–50 mL/min or body weight is 

<60 kg. 

Arbel, 2019 Off-label dose-Reduced DOACs were in compliance with the approved label of Israel. 

Ikeda, 2019 10 mg rivaroxaban in Japanese AF patients with CrCl ≥ 50 mL/min is considered as under-dose. 

Briasoulis, 2020 DOAC prescriptions do not adhere to the Food and Drug Administration (FDA) dosing criteria. Dabigatran: 150 mg twice 

daily is standard dose. CrCl 30 to 50 mL/min: No dosage adjustment necessary unless patient; receiving concomitant 

dronedarone, then consider reducing dabigatran to 75mg twice daily; CrCl 15 to 30 mL/min: 75 mg twice daily unless 

patient receiving concomitant dronedarone, then avoid concurrent use. Rivaroxaban: 20 mg once daily is standard dose. 

CrCl 15 to 50 mL/min: 15 mg once daily. 

Salameh, 2020 The recommended standard dose of apixaban is 5 mg bid. The use of apixaban at reduced adjusted dose (2.5 mg bid) if at 

least one of the following two criteria is fulfilled: eGFR of 15-29 ml/min or at least two of the following: age ≥80 years, 

weight ≤60kg or serum creatinine ≥1.5 mg/dL. 

Yu, 2020 Dose reduction criteria is based on Korean label. Dabigatran: 150 mg twice daily is standard dose; CrCl 30 to 50 mL/min: 

110 mg twice daily, if any of the following: CrCl30-50 mL/min, age ≥75 years. Rivaroxaban: 20 mg once daily is standard 
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dose;15mg once daily if CrCl 15-49mL/min. Apixaban: 5 mg twice daily unless patient has any 2 of the following: 2.5 mg 

twice daily, if at least 2of age ≥80 years, body weight ≤60kg or serum creatinine level≥1.5 mg/dL 

2.5 mg twice daily, if CrCl 15-29 mL/min. Edoxaban: 60 mg once daily is standard dose; 30 mg once daily if any of the 

following: CrCl of15-50mL/min, body weight ≤60kg, concomitant use of glycoprotein in inhibitors. 

Almeida, 2020 The standard dose is 5 mg/bid for apixaban, 20 mg/qd for rivaroxaban, and 150 mg/qd for dabigatran; the underdosed 

is 2.5 mg bid. For apixaban, 15 mg qd for rivaroxaban and 75 mg/qd for dabigatran. 

DOACs: direct oral anticoagulants; eGFR: estimated glomerular filtration rate; CrCl: creatinine clearance. 
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eTable 5. Detailed definition of clinical outcomes in the included studies 

Study Clinical outcomes definition 

Benjamin A, 2016 The outcomes of interest included all-cause death, stroke or systemic embolism, myocardial infarction, and major bleeding 

classified by International Society on Thrombosis and Haemostasis criteria. 

Cheng, 2019 The clinical end points included ischemic stroke, intracranial hemorrhage. Patients were followed up until the occurrence 

of clinical end points or their last visits, which could be traced within the electrical medical record. 

Yao, 2017 The stroke and major bleeding outcomes were identified using ICD-9 codes in the primary or secondary diagnosis 

positions of inpatient claims. Stroke or systemic embolism included ischemic stroke (ICD-9-CM codes: 433.x1, 434.x1, or 

436), and systemic embolism (ICD-9-CM codes: 444.x). Major bleeding was categorized according to the International 

Society on Thrombosis and Haemostasis (ISTH) criteria: (1) Fatal bleeding, and/or, (2) Symptomatic bleeding in a critical 

area or organ, such as intracranial, intraspinal, intraocular, retroperitoneal, intraarticular or pericardial, or intramuscular 

with compartment syndrome, and/or, (3) Bleeding causing a fall in hemoglobin level of 2 g/dL or more, or leading to 

transfusion of two or more units of whole blood or red cells. 

Murata, 2018 Major bleeding was defined as a reduction in the Hb level of at least 2 g/dL, transfusion of at least 2 units of blood or 

symptomatic bleeding in a critical area or organ, and was specified as the endpoint of safety. 

Arbel, 2019 The clinical outcomes were based on the primary ICD-9- CM Codes. Ischemic stroke: 433.x1, 434.x1; myocardial 

infarction: 410.x; intracranial hemorrhage: 430, 431, 432.x; gastrointestinal bleeding: 456.0, 456.20, 530.21, 530.7, 

530.82, 531.0x, 531.2x, 531.4x, 531.6x, 532.0x, 532.2x, 532.4x, 532.6x, 533.0x, 533.2x, 533.4x, 533.6x, 534.0x, 534.2x, 

534.4x, 534.6x, 535.x1, 537.83, 537.84, 562.02, 562.03, 562.12, 562.13 568.81, 569.3, 569.85, 578.x. 

Ikeda, 2019 The outcomes were major bleeding, stroke, and myocardial infarction. Major bleeding was defined as the International 

Society of Thrombosis and Haemostasis (ISTH) criteria. Myocardial infarction is defined as typical symptoms plus 
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elevation in the levels of cardiac biomarkers (troponin I, troponin T, or creatinine kinase-MB) above the upper limit of 

normal, new pathological Q waves in ≥ 2 contiguous electrocardiographic leads, or confirmation at autopsy. 

Briasoulis, 2020 The clinical outcomes were based on the primary ICD-9- CM diagnosis. Ischemic stroke: 433*, 434*, 436*, 4371, 4378, 

4379. Gastrointestinal bleeding: 4552, 4555, 4558, 4560, 45620, 5307, 53082, 5310-5316, 5320-5326, 5330-5336, 5340- 

5346, 53501-53561, 56202-56203, 56212-56213, 5693, 56985, 5780, 5781, 5789, 53783, 56881. Major bleeding: 59970, 

59971, 59972, 71911, 7847*, 7848x, 7863*, 4230*, 4590*, 852*, 853*. 

Salameh, 2020 The efficacy outcomes were defined as hospital discharge diagnoses of ischemic stroke (ICD 9 codes: 433.x1, 434.x1, 

436) or systemic arterial embolism (ICD 9 codes: 444.x, 445.x). Safety outcomes were defined as a hospital discharge 

diagnosis of major bleeding including intracranial hemorrhage and major gastrointestinal bleeding. 

Yu, 2020 The outcomes were stroke or systemic embolism, major bleeding, death, intracranial bleeding, gastrointestinal bleeding, 

and myocardial infarction. Stroke or systemic embolism was defined from diagnosis of ischemic stroke with concomitant 

imaging studies of the brain or related death. Intracranial hemorrhage (ICH) was defined from admission diagnosis of ICH 

with concomitant imaging studies of the brain or related death. Gastrointestinal bleeding was defined from admission 

diagnosis or related death. Major bleeding was defined from ICH, gastrointestinal bleeding, or anemia caused by bleeding. 

Myocardial infarction was defined from admission diagnosis of MI with concomitant use of dual antiplatelet therapy or 

related death. 

Almeida, 2020 The outcome included stroke or systemic embolism, and major bleeding. 

DOACs: direct oral anticoagulants; eGFR: estimated glomerular filtration rate; CrCl: creatinine clearance; MI: myocardial infarction. 
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eTable 6. Detailed demographics and clinical characteristics of the included studies 

Study Mean 

age (y) 

Female 

(%) 

HF 

(%) 

HBP 

(%) 

DM 

(%) 

TIA 

(%) 

MI 

(%) 

Co-

antiplat

elet 

agents 

BMI 

(kg/

m2) 

CrCl 

(mL/

min) 

CHA2D

S2-

VASc>

2 

CHADS2- 

VASc 

(mean) 

HAS-

BLED(

mean) 

Vascular 

disease 

Benjamin A, 

2016(Steinberg et 

al., 2016) 

71.0 41.8 20.7 NR NR NR NR NR 31.4 89.2 87.0 NR NR NR 

Cheng, 

2019(Cheng et al., 

2019) 

75.7 36.0 25.5 56.9 21.9 2.30  NR 23.7 NR NR NR 2.9 NR NR 

Yao, 2017(Yao et 

al., 2017) 
77.5 49.5 51.7 97.8 54.2 NR NR 12.2 NR NR 99.5 NR NR 43.2 

Murata, 

2018(Murata et al., 

2019) 

71.7 28.5 NR 69.4 21.6 10.1 NR 12.7 24.1 70.5 NR 2.9 1.3 11.7 

Arbel, 2019(Morris 

et al., 2019) 
76.0 52.5 28.5 96.0 59.0 NR NR 43.5 30.0 NR NR 4.7 NR 17.5 

Ikeda, 2019(Ikeda 

et al., 2019) 
71.2 33.5 22.1 74.9 23.3 21.2 NR 13.5 24.6 75.5 NR 3.2 1.4 3.4 
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Briasoulis, 

2020(Briasoulis et 

al., 2020) 

51.2 52.3 NR NR NR NR NR NR NR NR NR NR NR NR 

Salameh, 

2020(Kakkar et al., 

2013) 

78.7 51.7 32.6 90.1 46.4 10.3 31.9 48.9 NR 63.8 NR 4.8 2.8 NR 

Yu, 2020(Connolly 

et al., 2009) 
70.5 39.7 61.2 96.3 31.6 45.5 11.7 25.5 NR NR NR 4.6 NR 28.8 

Almeida, 

2020(Patel et al., 

2011) 

84.0 65.9 70.5 85.5 36.4 23.0 NR NR NR 75.8 NR 5.1 2.5 15.8 

BMI: Body Mass Index; CrCl: creatinine clearance rate; DM: Diabetes; HF: heart failure; HBP: hypertension; TIA: transient ischemic attack;MI: 

myocardial infarction; NR: not reported. 
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eTable 7. Quality scores of the included studies 

Study Sample 

population 
Sample size 

Participation 

rate 

Outcome 

assessment 

Analytical 

methods to 

control for bias 

Total score 

Benjamin A, 2016 2 2 2 1 2 9 

Cheng, 2019 2 2 2 1 2 9 

Yao, 2017 2 2 2 1 2 9 

Murata, 2018 2 2 2 1 2 9 

Arbel, 2019 2 2 2 1 2 9 

Ikeda, 2019 2 2 2 1 2 9 

Briasoulis, 2020 2 2 2 1 2 9 

Salameh, 2020 2 2 2 1 2 9 

Yu, 2020 2 2 2 1 2 9 

Almeida, 2020 2 2 2 1 1 8 
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eTable 8. Sensitivity analysis of clinical outcome in under-dose DOACs 

Study omitted 
Stroke: 

HR (95%Cl) 

Major bleeding : 

HR (95%Cl) 

ICH: 

HR (95%Cl) 

GIB: 

HR (95%Cl) 

Death : 

HR (95%Cl) 

MI: 

HR (95%Cl) 

Benjamin A, 2016 1.01 (0.93-1.09) 1.01 (0.77-1.24)   1.41 (0.95-1.87) 1.07 (0.88-1.25) 

Cheng, 2019 1.00 (0.92-1.09)      

Murata, 2018 1.01 (0.93-1.09) 1.05 (0.84-1.25)   1.35 (0.98-1.72)  

Arbel, 2019 1.01 (0.92-1.09)    1.10 (0.98-1.21) 1.10 (0.90-1.29) 

Ikeda, 2019 1.01 (0.92-0.09) 1.01 0.76-1.26) 1.04 (0.61-1.47)   1.07 (0.89-1.25) 

Briasoulis, 2020 1.01 (0.93-1.10) 0.94 (0.68-1.21) 1.11 (0.73-1.49) 1.19 (0.57-1.81)   

Salameh, 2020 1.01 (0.92-1.09) 0.90 (0.74-1.07) 0.99 (0.67-1.33) 0.96 (0.81-1.12)   

Yu, 2020 1.04 (0.87-1.20) 0.96 (0.66-1.27) 0.99 (0.56-1.43) 1.27 (0.82-1.73) 1.54 (1.28-1.79) 0.98 (0.54-1.42) 

Cheng, 2019   1.22 (0.97-1.47)    

Almeida, 2020     1.37 (0.94-1.79)  

CI: confidence interval. 
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eTable 9. Sensitivity analysis of clinical outcome in over-dose DOACs 

Study omitted 
Stroke:  

HR (95%Cl) 

Major bleeding :  

HR (95%Cl) 

ICH:  

HR (95%Cl) 

GIB:  

HR (95%Cl) 

Death :  

HR (95%Cl) 

MI:  

HR (95%Cl) 

Benjamin A, 2016 1.18 (1.04-1.32) 1.15 (1.02-1.29)   1.19 (1.01-1.37) 1.01 (0.73-1.29) 

Murata, 2018 1.18 (1.04-1.32) 1.16 (1.03-1.29)   1.26 (0.85-1.66)  

Briasoulis, 2020 1.17 (1.00-1.33) 1.21 (1.03-1.39) 1.27 (0.80-1.74) 1.17 (0.96-1.38)   

Yu, 2020 1.24 (0.95-1.52) 1.20 (0.89-1.51) 1.16 (0.78-1.53) 1.08 (0.97-1.28) 1.95 (0.75-3.15) 0.31 (0.00-1.26) 

Yao, 2017 1.18 (1.04-1.32) 1.16 (1.02-1.29)     

CI: confidence interval. 
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eTable 10. Meta-regression of clinical outcome in under-dose DOACs 

Variables Stroke: P value MI: P value Death: P value 
Major bleeding: 

P value 
ICH: P value GIB: P value 

Mean age 0.800 0.642 0.657 0.773 0.666 0.813 

Female 0.907 0.817 0.949 0.734 0.877 0.831 

HF 0.135 0.290 0.469 0.524 0.335  

HBP 0.216 0.532 0.375 0.425 0.471  

DM 0.862 0.938 0.724 0.682 0.696  

TIA 0.194  0.422 0.333 0.276  

MI    0.563   

Co-antiplatelet agents 0.657 0.978 0.793 0.563 0.649  

BMI 0.679 0.704 0.687 0.951   

CrCl 0.646  0.681 0.783   

CHADS2-VASc 0.261  0.703 0.470 0.526  

HAS-BLED 0.469   0.533   

Vascular disease 0.265 0.443 0.400 0.458   

BMI: Body Mass Index; CrCl: creatinine clearance rate; DM: Diabetes; HF: heart failure; HBP: hypertension; TIA: transient ischemic attack; 

MI: myocardial infarction 
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eTable 11. Meta-regression of clinical outcome in over-dose DOACs 

Variables Stroke: P value 
Major bleeding: P 

value 

Death: P value ICH: P value GIB: P 

value 

MI: P value 

Mean age 0.861 0.961 0.813    

Female 0.902 0.721 0.831    

HF 0.464 0.486     

HBP 0.550 0.566     

DM 0.924 0.863     

TIA 
 

     

MI 0.413      

Co-antiplatelet agents 
 

0.432     

BMI 
 

     

CrCl 
 

     

CHADS2-VASc 0.796      

HAS-BLED 0.861      

Vascular disease 0.902 0.851     

BMI: Body Mass Index; CrCl: creatinine clearance rate; DM: Diabetes; HF: heart failure; HBP: hypertension; TIA: transient ischemic attack; 

MI: myocardial infarction 
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eFigure 1. Pooled stroke in under-dosing of DOACs 
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eFigure 2. Pooled major bleeding in under-dosing of DOACs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



23 

 

eFigure 3. Pooled ICH in under-dosing of DOACs 
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eFigure 4. Pooled GIB in under-dosing of DOACs 
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eFigure 5. Pooled Death in under-dosing of DOACs 
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eFigure 6. Pooled MI in under-dosing of DOACs 
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eFigure 7. Pooled stroke in under-dosing of individual DOAC 
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eFigure 8. Pooled major bleeding in under-dosing of individual DOAC 
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eFigure 9. Pooled ICH in under-dosing of individual DOAC 
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eFigure 10. Pooled GIB in under-dosing of individual DOAC 
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eFigure 11. Pooled MI in under-dosing of individual DOAC 
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eFigure 12-1. Pooled stroke in under-dose by region 

 

eFigure 12-2. Pooled stroke in under-dose by region (categorizing Israel as Europe) 
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eFigure 13-1. Pooled major bleeding in under-dose by region 

 

eFigure 13-2. Pooled major bleeding in under-dose by region (categorizing Israel as 

Europe) 
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eFigure 14-1. Pooled ICH in under-dose by region 

 

eFigure 14-2. Pooled ICH in under-dose by region (categorizing Israel as Europe) 



35 

eFigure 15-1. Pooled GIB in under-dose by region 

 

eFigure 15-2. Pooled GIB in under-dose by region (categorizing Israel as Europe) 
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eFigure 16-1. Pooled Death in under-dose by region 

 

eFigure 16-2. Pooled Death in under-dose by region (categorizing Israel as Europe) 
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eFigure 17-1. Pooled MI in under-dose by region 

 

eFigure 17-2. Pooled MI in under-dose by region (categorizing Israel as Europe) 
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eFigure 18. Pooled stroke in over-dosing of DOACs 
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eFigure 19. Pooled stroke in over-dosing of individual DOAC 
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eFigure 20. Pooled major bleeding in over-dosing of DOACs 
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eFigure 21. Pooled major bleeding in over-dosing of individual DOAC 
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eFigure 22. Pooled ICH in over-dosing of DOACs 
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eFigure 23. Pooled ICH in over-dosing of individual DOAC 
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eFigure 24. Pooled GIB in over-dosing of DOACs 
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eFigure 25. Pooled GIB in over-dosing of individual DOAC 
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eFigure 26. Pooled Death in over-dosing of DOACs 
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eFigure 27. Pooled MI in over-dosing of DOACs 
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eFigure 28. Pooled stroke in over-dose by region 
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eFigure 29. Pooled major bleeding in over-dose by region 
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eFigure 30. Pooled Death in over-dose by region 
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eFigure 31. Funnel plot (stroke of under-dosing of DOACs) 
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eFigure 32. Funnel plot (major bleeding of under-dosing of DOACs) 
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