ONLINE DATA SUPPLEMENT

Definitions of DOACs recommended prescription
Full or reduced doses were defined as recommended if prescribed according to the manufacturer's labeling (based on phase-III RCTs), the major society guidelines, and Regulatory Agencies as follows [1-11].
- Apixaban, approved doses 5 or 2.5 mg twice daily. The reduced dose is recommended for all patients when the CrCl is 15-29 ml/min or in the presence of at least two factors or more between creatinine value at least 1.5 mg/dl, age at least 80 years and body weight 60 kg or less.
- Dabigatran, approved doses 150 or 110 mg twice daily; lower dose is recommended for all patients with CrCl 30-50 ml/min at high risk of bleeding, defined by HASBLED and in patients aged more than 80 years old or in concomitant use of verapamil. According to FDA criteria Dabigatran, approved doses of 150 or 75 mg twice daily: the lower dose of 75 mg in patients with CrCl 15-30 ml/min.
- Edoxaban, approved doses 60 or 30 mg once a day. A reduced dose is recommended for all patients with CrCl 15-49 ml/min or in those with normal renal function, but at least one between low body weight (<60 kg) and a concomitant P-gp inhibitor therapy (dronedarone, cyclosporine, erythromycin, or ketoconazole).
- Rivaroxaban, approved doses 20 or 15 mg once daily; reduced dose is recommended for all patients with creatinine clearance (CrCl) 15-49 ml/min. According to Japanese criteria, rivaroxaban doses 15 or 10 mg once daily; reduced dose of 10 mg in patients with CrCl 15-49 mL/min.


Search strategy
("atrial fibrillation"[MeSH Terms] OR "atrial fibrillation"[All Fields]) AND ("anticoagulants"[MeSH Terms] OR "anticoagulant*"[All Fields] OR "doac*"[All Fields] OR "apixaban"[All Fields] OR "rivaroxaban"[All Fields] OR "edoxaban"[All Fields] OR "dabigatran"[All Fields]) AND ("inappropriate prescribing"[MeSH Terms] OR "off label use"[MeSH Terms] OR "low dose"[All Fields] OR "high dose"[All Fields] OR "off label"[All Fields] OR "appropriate*"[All Fields] OR "overdos*"[All Fields] OR "underdos*"[All Fields])
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Table S1. Main characteristics of included and non-included studies

	First author
	Year
	Design
	Data source
	DOACs
	Definition of appropriate/inappropriate dose
	Standard dose group
n (%)
	Underdose group
n (%)
	Overdose group
n (%)
	Study Outcomes

	INCLUDED STUDIES

	Arbel [12]
	2019
	P
	Clalit Health
Services
	A/D/R
	Recommendations from III phase trial
	5140 (61)
	3285 (39)
	NA
	All-cause mortality, stroke, and myocardial infarction, bleeding event that required hospitalization.

	Shrestha [13]
	2017
	P
	Optum/Humedica SmartFile database
	A/D/R
	Apixaban: 2.5 mg twice daily for patients with ≥2 of the following characteristics: age ≥80 years, body weight ≤60 kg, and serum creatinine ≥1.5 mg/dL.
Dabigatran: 150 mg twice daily for those with CrCl ≥30 mL/min or 75 mg twice daily among those with CrCl <30 mL/min.
Rivaroxaban: 20 mg once daily among those with CrCl >50 mL/min or 15 mg once daily among those with CrCl ≤50 mL/min.
	319 (82.2)
ON TOTAL GROUP
A: (64.7)
D: (14.9)
R: (20.4)
	51 (13.1)
	18 (4.6)
	Bleeding and stroke.

	Steinberg [14]
	2016
	P
	ORBIT-AF II Registry
	A/D/R
	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 75 mg 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 <15 mL/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 2.5 mg twice daily.
On dialysis: 5 mg twice daily; reduce to 2.5 mg twice daily if age ≥80 years or body weight ≤60 kg.
	5000 (87)
A: 1926 (33.6)
D: 391 (6.8)
R: 2683 (46.7)
	541 (9.4)
A: 263 (4.6)
D: 32 (0.5)
R: 246 (4.3)
	197 (3.4)
A: 46 (0.8)
D: 2 (0.0)
R: 149 (2.6)
	All-cause death, stroke or systemic embolism (adjudicated from
primary source documentation), myocardial infarction, cause-specific hospitalization (cardiovascular, bleeding, or noncardiovascular, nonbleeding); and major bleeding classified by International Society on Thrombosis and Haemostasis criteria.

	Murata [15]
	2018
	P
	SAKURA AF Registry
	A/D/E/R
	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.
Edoxaban: 30 mg (o.d.), for patients with a CrCl of 15–50 mL/min or body weight is <60 kg.
	1223 (73.8)
A: 338 (20.4)
D: 322 (19.4)
E: 19 (1.1)
R: 544 (32.8)
	369 (22.2)
A: 82 (4.9)
D: 92 (5.5)
E: 13 (0.8)
R: 185 (11.1)
	66 (4.0)
A: 4 (0.2)
D: 35 (2.1)
E: 2 (0.1)
R: 25 (1.5)
	Stroke (ischemic stroke, hemorrhagic stroke, or transient ischemic attack [TIA]) or systemic embolism (SE), cardiovascular death or death from any cause, major bleeding (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).

	Briasoulis [16]
	2020
	R
	Medicare beneficiaries enrolled in a large U.S.
health plan with prescription drug coverage
	D/R
	Dabigatran: low dose if severe renal disease (defined as eGFR < 30mL/minute/1.73 m2) or had moderate renal disease and concurrent use of a p-gp inhibitor (where moderate renal disease
was defined as eGFR 30–50 mL/minute/1.73 m2 and p-gp inhibitors included dronedarone, cyclosporine, itraconazole, tacrolimus, ketoconazole).
Rivaroxaban: low dose if eGFR< 50 or concomitant use of a dual P-gp- Cyp3A4 inhibitor (including ketoconazole, fluconazole, itraconazole, cobicistat, conivaptan, indinavir, voriconazole, posaconazole, nefazodone HCL, ritonavir, saquinavir, telithromycin).
	19320 (69.6)
D: 6063 (21.8)
R: 13257 (47.8)
	3564 (12.8)
D: 1013 (3.6)
R: 2551 (9.2)
	4863 (17.5)
D: 959 (3.4)
R: 3904 (14.1)
	Ischemic stroke, any major bleeding, gastrointestinal bleeding, intracranial bleeding.

	Yagi [17]
	2019
	P
	Cardiovascular Institute
	R
	Rivaroxaban: inappropriate overdose and underdose defined as 15 mg in patients with CCr 30–49 mL/min, and 10 mg in patients with CCr ≥ 50 mL/min, respectively.
	500 (79.2)
	123 (19.5)
	8 (1.3)
	All-cause death, thromboembolism (ischemic stroke, transient
ischemic attack, and systemic embolism), and major and minor bleeding events (ISTH).

	Gustafson [18]
	2019
	R
	University of Utah Health
	A/D/E/R
	“Labeled” or “off-label” consistent or inconsistent with United States Food and Drug Administration-approved prescribing information, respectively.
	209 (85.6)
A: 138 (55.4)
D: 6 (2.4)
R: 65 (26.1)
	28 (11.5)
A: 12 (4.8)
D: 4 (1.6)
R: 12 (4.8)
	7 (2.9)
A: 2 (1.0)
D: 0 (0.0)
R: 5 (2.0)
	Thromboembolism, major bleed or clinically relevant nonmajor bleed (CRNMB), death from any cause.

	Wakamatsu [19]
	2020
	P
	AF
Frontier Ablation Registry
	A/D/E/R
	Dabigatran: 110 mg (b.i.d.) for patients with CrCl 30-50 mL/minute, age >70
years, or a history of bleeding.
Rivaroxaban: 10 mg (o. d.) for patients with CrCl of 15-50 mL/minute.
Apixaban: 2.5 mg (b.i.d.) for patients with any 2 of the following: age >80 years, body weight < 60 kg, and serum Cr >1.5 mg/dL.
Edoxaban: 30 mg (o.d.) for patients with CrCl 15-50 mL/minute or body weight < 60 kg).
	947 (81.4)
A: 325 (27.9)
D: 200 (17.2)
E: 103 (8.8)
R: 319 (27.4)
	216 (18.6)
A: 56 (4.8)
D: 84 (7.2)
E: 25 (2.1)
R: 51 (4.4)
	NA
	Thromboembolic event (ischemic stroke, TIA, or systemic embolic event), hemorrhagic
stroke, cardiovascular event (hospitalization for heart failure, myocardial infarction/unstable angina, or another cardiovascular disorder), or death (cardiovascular death, stroke-related death, or death from any other cause). Major bleeding, defined as a reduction in the Hb concentration of at least 2 g/dL, transfusion of at least two units of blood, or symptomatic bleeding in a critical area or organ, was specified as the safety endpoint.

	Salameh [20]
	
	R
	Clalit Health Services
	A
	Apixaban: reduced adjusted dose (2.5 mg bid) if at least one of the following two criteria is
fulfilled: i) eGFR of 15-29 ml/min or ii) at least two of the following: age ≥80 years, weight ≤60
kg or serum creatinine ≥1.5 mg/dL.
	17880 (64.4)
	9885 (35.6)
	NA
	Ischemic stroke, systemic arterial embolism, major bleeding including intracranial hemorrhage and major gastrointestinal bleeding.

	Ohno [21]
	2020
	P
	DIRECT registry
	A/D/E/R
	Online Appendix. The present study used the Japanese criteria.
	1740 (79.3)
A: 504 (23.0)
D: 418 (19.0)
E: 379 (17.3)
R: 439 (20.0)
	338 (15.4)
A: 87 (4.0)
D: 137 (6.2)
E: 26 (1.2)
R: 88 (4.0)
	117 (5.3)
A: 5 (0.2)
D: 75 (3.4)
E: 26 (1.2)
R: 11 (0.5)
	Clinically significant bleeding, major bleeding (ISTH), and gastro-intestinal bleeding. Major adverse cardiovascular event [MACE: a composite of all-cause death, all myocardial infarction, and stroke/systemic embolism] and its individual components.

	Yu [22]
	2020
	R
	national health insurance
system (NHIS) of Republic of Korea
	A/D/E/R
	Dabigatran: 110 mg twice daily, if any of the following: CrCl 30-50 mL/min, age ≥75 years.
Rivaroxaban: 15mg once daily if CrCl 15-49 mL/min.
Apixaban: 2.5 mg twice daily, if at least 2 of age ≥80 years, body weight ≤60 kg or serum creatinine level ≥1.5 mg/dL 2.5 mg twice daily, if CrCl 15- 29 mL/min.
Edoxaban: 30 mg once daily, if any of the following: CrCl of 15-50mL/min, body weight ≤60 kg, concomitant use of p- glycoprotein inhibitors.
	32400 (60.4)
A: 7673 (14.3)
D: 8934 (16.6)
E: 3461 (6.4)
R: 12332 (23.0)
	16757 (31.2)
A: 4002 (7.4)
D: 6428 (12.0)
E: 901 (1.7)
R: 5426 (10.1)
	4492 (8.4)
A: 258 (0.5)
D: 1017 (1.9)
E: 832 (1.5)
R: 2385 (4.4)
	Stroke or systemic embolism, major bleeding, and death from any cause, intracranial bleeding, gastrointestinal bleeding, and myocardial infarction.

	Camm [23]
	2020
	P
	GARFIELD-AF registry
	A/D/E/R
	According to the European Medicines Agency (EMA), the U.S. Food and Drug Administration (FDA), or the Japanese Pharmaceuticals and Medical Devices Agency (PMDA).
	7603 (72.9)
	2423 (23.2)
	400 (3.8)
	Clinical events defined using previously reported
standardized definitions.

	Godino [24]
	2020
	R
	INSIghT registry
	A/D/E/R
	Rivaroxaban: reduced dose recommended with creatinine clearance (CrCl) 15–49 ml/min.
Edoxaban: reduced dose with CrCl 15–49 ml/min or in those with normal renal function, but at least one between low body weight (<60 kg) and a concomitant P-Gp inhibitor therapy. Apixaban: reduced dose recommended with CrCl 15–29 ml/min or in presence of at least two factors or more between creatinine value at least 1.5 mg/dl, age at least 80 years and body weight 60 kg or less.
Dabigatran: reduced dose with CrCl 30–50 ml/min at high risk of bleeding.
	664 (87.4)
ON STANDARD GROUP
A: 209 (31.5)
D: 230 (34.6)
E: 70 (10.5)
R: 155 (23.3)
	65 (8.5)
	31 (4.1)
	Thromboembolic events, including ischemic stroke, transient ischemic attack (TIA), systemic embolismand myocardial infarction (MI); major bleeding, defined according to the
ISTH, overall bleedings, including minor bleeding, gastrointestinal, intracranial, symptomatic and fatal bleeding, overall death, cardiac death.

	Steinberg [25]
	2018
	P
	ORBIT-AF II Registry
	A/D/E/R
	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 75 mg 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 <15 mL/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 2.5 mg twice daily.
On dialysis: 5 mg twice daily; reduce to 2.5 mg twice daily if age ≥80 years or body weight ≤60 kg.
	6931 (87.4)
IN STANDARD DOSE
A: 2889 (43.5)
D: 451 (6.8)
E: 58 (0.9)
R: 3238 (48.8)
	734 (9.3)
	260 (3.3)
	Stroke or systemic embolism, major bleeding (ISTH)

	Anouassi [26]
	2020
	R
	multispecialty quaternary care hospital in
the United Arab Emirates (UAE)
	A/D/R
	Apixaban: a reduced dose of 2.5 mg twice daily indicated for patients who meet at least 2 of 3 of the following criteria: age ≥80 years, weight ≤60 kg, and serum creatinine (sCr) ≥1.5 mg/dL.
Dabigatran: 150 mg or 110 mg twice daily dosing regimen. Low dose of 75 mg twice daily indicated for patients with CrCl between 15-30 mL/minute.
Rivaroxaban: dose 15 mg once daily recommended for CrCl 15-50 mL/minute. 15 mg daily dose also in patients with a history of percutaneous coronary intervention (PCI) on clopidogrel in the PIONEER AF-PCI study.
Edoxaban: dose reduction to 30 mg daily for CrCl of 15-50 mL/minute.
	491 (80.7)
A: 264 (43.4)
D: 112 (18.4)
R: 115 (18.9)
	106 (17.4)
A: 75 (12.3)
D: 11 (1.8)
R: 20 (3.3)
	11 (1.8)
A: 7 (1.1)
D: 0 (0.0)
R: 4 (0.6)
	Ischemic stroke and bleeding events, major bleeding (ISTH)

	Atarashi [27]
	2021
	P
	EXPAND Study
	R
	Over-dose: rivaroxaban 15 mg with CrCl < 50 mL/min
Under-dose: rivaroxaban 10 mg with CrCl ≥ 50 mL/min
	5089 (74.8)
	1609 (23.6)
	108 (1.6)
	Stroke/SE, ischemic stroke, major bleeding, and non-major bleeding

	Sugrue  [28]
	2021
	R
	
	A/D/R
	United States FDA-approved package inserts
	7303 (85.1)
	1071 (12.4)
	202 (2.4)
	Ischemic stroke and/or TIA and/or embolism, major bleeding, clinically relevant non-major bleeding, and any bleeding

	Kotalczyk [29]
	2021
	P
	ChiOTEAF
	A/D/R
	
	969 (74.0)
	341 (26.0)
	NA
	TE (ischemic stroke, transient ischemic attack, or peripheral embolism), ali-cause death, and major bleeding

	Fernandez [30]
	2020
	P
	EMIR
	R
	Overdosage: rivaroxaban 20 mg with Cockcroft-Gault creatinine clearance <50 ml/min
Underdosage: rivaroxaban 15 mg with Cockcroft-Gault creacinine clearance ≥50 ml/min
	1183 (83.3)
	138 (9.7)
	100 (7)
	Thromboembolic evencs (stroke, transienc ischemic attack, systemic embolism or myocardial infarction}, major bleeding (ISTH definition), ali-cause deach, cardiovascular death,
myocardial infarccton, arrhythmia or percutaneous or surgical coronary revascularization

	Lee [31]
	2021
	R
	Korean National Health Insurance Service
database
	A
	Appropriate: (2.5mg twice daily for patients with at least two of the following: age ≥80 years, body weight ≤60 kg, or serum creatinine level ≥1.5mg/dl
	5340 (62.7)
	2890 (33.9)
	282 (3.3)
	ischaemic stroke, major bleeding (MB), all-cause death, and composite clinical outcomes (ischaemic stroke + MB + all-cause death)

	Chen [32]
	2021
	R
	-
	A
	Per-label adequate-dose group: 5mg twice daily or 2.5mg twice daily per the Food and Drug
Administration label recommendations (at least 2 of the following criteria: age ≥ 80years, body weight <60kg, or serum creatinine value ≥ 1.5mg/dL)
Off-label reduced-dose group: 2.5mg twice daily, but not consistent with Food and Drug
Administration label recommendations
	826 (77.0)
	247 (23.0)
	NA
	Stroke, including ischemic or hemorrhagic, transient ischemic attack (TIA), or SE, all-cause mortality

	Ashraf [33]
	2021
	R
	-
	A/D/E/R
	Appropriate dabigatran at 150 mg twice daily with normal renal function,
75 mg twice daily with creatinine clearance (CrCl) of 15-30 mL/min, and not recommended with CrCl <15 mL/min.
Appropriate rivaroxaban at 20 mg once daily without renal impairment, at 15 mg once daily for CrCl 15-50 mL/min, and not recommended for CrCl <15 mL/min.
Appropriate apixaban at 5 mg twice daily unless the patient had 2 of the following: body weight ≤60 kg, age ≥80 years, or serum creatinine ≥ 1.5 mg/dL in which case the dose was reduced to 2.5 mg twice daily.
Aoppropriate edoxaban at a dose of 60 mg once daily if CrCl ≥51 mL/min, 30 mg once daily if CrCl was 15-50 mg/min, and not recommended if CrCl <15 mL/min.
	6401 (78.8)
	Inappropiate: 1724 (21.2)
	NA
	All-cause mortality, stroke/transient ischemic attack/distal embolization, myocardial infarction(MI)/acute coronary syndrome (ACS)/percutaneous coronaryintervention (PCI)/and coronary artery bypass graft (CABG), major bleeding (ISTH), fatal bleeding.

	Tellor [34]
	2017
	R
	-
	A
	FDA package labeling: reduced dose of 2.5 mg orally twice daily for NVAF if 2 of the following characteristics are present: age ≥80 years, sCr ≥1.5 mg/dL (or receiving hemodialysis), or weight ≤60 kg
	580 (83.2)
	98 (14.19
	19 (2.7)
	Major, clinically relevant nonmajor, and minor bleeding (ISTH)

	NON-INCLUDED STUDIES

	Sato [35] 
	2018
	R
	Tachikawa General Hospital
	A/D/E/R
	Apixaban: reduced dose recommended with at least 2 of the following characteristics: age >80 years, weight<60 kg, or serum creatinine level >1.5 mg/dL.
Rivaroxaban: reduced dose recommended for patients with moderate renal impairment (creatinine clearance of 15-49mL/min).
Edoxaban: reduced dose recommended for patients with moderate or severe renal impairment (creatinine clearance of 15-49 mL/min), those with weight<60kg, or those with concomitant use of interacting drugs (eg, verapamil).
Dabigatran: reduced dose recommended for elderly patients (age>70 years), patients with moderate renal impairment (creatinine clearance of 30-49mL/min), those with concomitant use of interacting drugs (eg, verapamil), or those with a high risk of bleeding.
	1753 (78.1)
A: 781 (34.8)
D: 385 (17.2)
E: 230 (10.2)
R: 364 (16.2)
	490 (21.9)
A: 229 (10.2)
D: 102 (4.5)
E: 33 (1.5)
R: 119 (5.3)
	NA
	Stroke (ischemic or hemorrhagic)/systemic embolism, major bleeding, defined using the Randomized Evaluation of Long-Term Anticoagulant Therapy criteria.

	Yao [36]
	2017
	R
	OptumLabs Data Warehouse
	A/D/R
	Dabigatran: renal indication for dose reduction if eGFR <30 ml/min/1.73 m2.
Rivaroxaban: if eGFR <50 ml/min/1.73 m2.
Apixaban: if SCr level >1.5 mg/dl.
	1,473 (9.9)
	13,392 (90.1)
	NA
	Ischemic stroke or systemic embolism, major bleeding.

	Ikeda [37]
	2019
	P
	XAPASS
	R
	Rivaroxaban: Creatinine clearance (CrCl) ≥ 50 mL/min
	4185 (64.2)
	2336 (35.8)
	NA
	Any bleeding, including, major bleeding (ISTH), non-major bleeding, composite of stroke (hemorrhagic or ischemic), non-central nervous system (non-CNS) SE, and myocardial infarction (MI.


DOACs: direct oral anticoagulants; P: prospective; R: retrospective; A: apixaban; D: dabigatran; E: edoxaban; R: rivaroxaban; CrCl: creatine clearance; ISTH: International Society on Thrombosis and Haemostasis; TIA: transient ischemic attack


Table S2. Characteristics of patients of included and non-included studies

	First author
	Follow-up
	Total patients
	Mean age
	Male
	CHA2DS2VASc/
CHADS2
	HAS-BLED
	Creatinine Clearance
	Events

	INCLUDED STUDIES

	Arbel [12]
	23 months
(median 20; interquartile range 12 and 31 months)
	8425
	App: 72
Inapp: 81
	App: 50%
Inapp: 45%
	App: 4.37
Inapp: 5.05
	NA
	App: 0.89
Inapp: 1.03
	IS
App: 84
Inapp: 86

Death
App: 354
Inapp: 684

	Shrestha [13]
	NA
	388
	App: 68.0
Inapp: 76.7
	App: 62.4%
Inapp: 44.9%
	App: 3.1
Inapp: 4.3
	NA
	App: CrCl>50 91.5%
Inapp: CrCl>50 68.1%
	IS
App: 5.2%
Under: 7.8%
Over: 5.6%

	Steinberg [14]
	NA
	5,738
	App: 70.0
Under: 79.0
Over: 80.0
	App: 59.9%
Under: 51.8%
Over: 33.0%
	App: ≥2 85.6%
Under: ≥2 96.5%
Over: ≥2 97.5%
	NA
	App: 93.2
Under: 66.7
Over: 47.2
	IS/SE
App: 70
Under: 11
Over: 5

MB
App: 187
Under: 23
Over: 15

Death
App: 158
Under: 36
Over: 18

	Murata [15]
	39.3 months
	1,658
	App std: 66.9
App under: 79.2
Under: 71.2
Over: 76.0
	App std: 78.4%
App under: 61.2%
Under: 71.0%
Over: 69.7%
	App std: 2.42
App under: 3.69
Under: 2.88
Over: 3.24
	App std: 1.16
App under: 1.46
Under: 1.25
Over: 1.52
	App std: 84.1
App under: 51.2
Under: 70.1
Over: 58.8
	IS/SE
App std: 21
App under: 26
Under: 11
Over: 5

	Briasoulis [16]
	NA
	27747
	NA
	D
App std: 53.2%
App under: 42.1%
Under: 44.4%
Over: 45.7%

R
App std: 56.3%
App under: 44.4%
Under: 41.3%
Over: 47.7%
	NA
	NA
	NA
	D
IS
App std: 319
App under: 25
Under: 59
Over: 57

MB
App std: 393
App under: 62
Under: 82
Over: 124

R
IS
App std: 256
App under: 176
Under: 89
Over: 57

MB
App std: 426
App under: 307
Under: 147
Over: 294

	Yagi [17]
	NA
	631
	CCr ≥ 50
App: 65.3
Under: 72.9

CCr < 50
App: 79.8
Over: 79.0
	CCr ≥ 50
App: 87%
Under: 73%

CCr < 50
App: 47%
Over: 73%
	CCr ≥ 50
App: 1.8
Under: 2.9

CCr < 50
App: 3.6
Over: 2.8
	CCr ≥ 50
App: 1.3
Under: 1.9

CCr < 50
App: 1.8
Over: 1.6
	CCr ≥ 50
App: 84.5
Under: 72.2

CCr < 50
App: 40.4
Over: 44.1
	IS/SE
CCr ≥ 50
App: 1
Under: 0

CCr < 50
App: 0
Over: 0

MB
CCr ≥ 50
App: 5
Under: 2

CCr < 50
App: 2
Over: 0

Death
CCr ≥ 50
App: 2
Under: 2

CCr < 50
App: 1
Over: 0

	Gustafson [18]
	NA
	249
	App: 71.2
Inapp: 76.6
	App: 60.8%
Inapp: 67.5%
	App: 3.2
Inapp: 3.9
	NA
	App: 72.2
Inapp: 60.4
	IS/SE
App: 2
Over: 0

Death
App: 7
Over: 4

	Wakamatsu [19]
	median 19.0
[11.3-25.7] months
	1163
	App std: 63.3
App under: 73.2
Under: 64.8
	App std: 77.0%
App under: 75.7%
Under: 50%
	App std: 2.1
App under: 2.4
Under: 3.4
	App std:  0.8
App under: 1.2
Under: 0.9
	App std: 76.7
App under: 73.3
Under: 53.0
	IS/SE
App std: 9
App under: 6
Under: 2

MB
App std: 76.7
App under: 73.3
Under: 53.0

Death
App std: 9
App under: 8
Under: 3

	Salameh [20]
	App std: 17131 PY
App under: 5709 PY
Under: 12753 PY
	27765
	App std: 73.8
App under: 86.3
Under: 81.4
	App std: 51.4%
App under: 39.2%
Under: 48.5%
	App std: 4.3
App under: 5.5
Under: 5.2
	App std: 2.7
App under: 3.0
Under: 2.9
	App std: 79.7
App under: 34.6
Under: 56.8
	IS/SE
App std: 162
App under: 88
Under: 165

MB
App std: 193
App under: 117
Under: 229

	Ohno [21]
	407.2 ± 388.3 days
	2,216
	App std: 66
App under: 78
Under: 70
Over: 70
	App std: 76.7%
App under: 47.8%
Under: 65.1%
Over: 75.2%
	App std: 2.74
App under: 4.17
Under: 3.23
Over: 3.09
	App std: 2.27
App under: 2.83
Under: 2.54
Over: 2.56
	App std: 0.82
App under: 0.85
Under: 0.81
Over: 0.83
	IS/SE
App std: 17
App under: 16
Under: 6
Over: 2

MB
App std: 35
App under: 32
Under: 15
Over: 8

Death
App std: 14
App under: 45
Under: 15
Over: 3

	Yu [22]
	NA
	53649
	App: 69.8
Under: 70.7
Over: 74.8
	App: 61.8%
Under: 61.0%
Over: 46.8%
	App: 4.5
Under: 4.6
Over: 5.3
	NA
	NA
	IS/SE
App std: 1196
Under: 584
Over: 235

MB
App std: 884
Under: 442
Over: 194

Death
App std: 897
Under: 472
Over: 222

	Camm [23]
	NA
	10,426
	App: 70.0
Under: 77.0
Over: 75.0
	App: 58.3%
Under: 49.2%
Over: 51.5%
	App: 3.0
Under: 4.0
Over: 4.0
	App: 1.0
Under: 1.0
Over: 2.0
	NA
	IS/SE
App: 102
Under: 39
Over: 10

MB
App: 82
Under: 15
Over: 7

Death
App: 360
Under: 195
Over: 33

	Godino [24]
	NA
	760
	App: 70.9
Inapp: 77.1
	App: 65.8%
Inapp: 54.2%
	App: 3.3
Inapp: 4.3
	App: 1.9
Inapp: 2.5
	App: 78.5
Inapp: 62.9
	IS/SE
App: 16
Inapp: 4

MB
App: 28
Inapp: 2

Death
App: 55
Inapp: 15

	Steinberg [25]
	NA
	7925
	App std: 69.00
App under: 84.00
Under: 79.00
Over: 80.00
	App std: 62.34%
App under: 36.4%
Under: 51.36%
Over: 37.31%
	App std: ≥2 84.66%
App under: ≥2 99.64%
Under: ≥2 97.00%
Over: ≥2 95.77%
	NA
	App std: 89.65
App under: 37.39
Under: 60.19
Over: 44.09
	IS/SE
App: 91
Under: 16

MB
App: 189
Under: 32

Death
App: 177
Under: 52

	Anouassi [26]
	241 (122,582) days
	608
	65.2±13.9
	58.6%
	3.8±2.0
	NA
	43.41±11.1
	IS
App: 15
Inapp: 11

MB
App: 29
Inapp: 13

	Atarashi [27]
	897.1±206.8 days
	6806
	71.6 ± 9.4
	67.70%
	2.1 ± 1.3
	1.4 ± 0.9
	CrCl ≥ 50 mL/min: 78.2%
CrCl < 50 mL/min: 21.8%
	IS/SE
App: 94
Under: 36
Over: 4

MB
App: 151
Under: 46
Over: 9

Death
App: 189
Under: 68
Over: 13

	Sugrue  [28]
	1.2 ± 1.6 years
	8576
	App: 69.0±11.8 years
Under: 71.1±11.9
Over: 79.0±7.6
	App: 66.3%
Under: 61.3%
Over: 32.7%
	App: 2.9 ± 1.8
Under: 3.5 ± 3.3
Over: 3.6 ± 3.3
	NA
	App: 86.7 ± 37.4
Under: 79.8 ± 40.4
Over: 40.2 ± 8.4
	IS/SE
App: 81
Under: 16
Over: 3

MB
App: 121
Under: 21
Over: 7

	Kotalczyk [29]
	1 year
	1310
	App: 69.6±10.1
Under: 79.09±10.2
	App: 60%
Under: 64.5%
	App: 3.23±1.61
Under: 4.20±1.63
	App: 1.69±0.96
Under: 2.29±1.03
	NA
	IS/SE
App: 3
Under: 10

MB
App: 5
Under: 10

Death
App: 9
Under: 18

	Fernandez [30]
	2 years
	1421
	App: 73.0±9.6 years
Under: 78.4 ± 8.7 years
Over: 82.3 ± 5.6 years
	App: 56.9%
Under: 53.6%
Over: 41.0%
	App: 3.4 ± 1.5
Under: 3.4 ± 1.5
Over: 4.2 ± 1.3
	App: 1.5 ± 1.0
Under: 2.0± 1.0
Over: 1.9 ± 0.9
	App: 78.2 ± 31.1
Under: 67.5 ± 17.1
Over: 41.6 ± 7.7
	IS/SE
App: 10
Under: 1
Over: 2

MB
App: 17
Under: 3
Over: 4

Death
App: 49
Under: 13
Over: 6

	Lee [31]
	2 years
	8512
	App st: 68.2 ± 8.6 years
App low: 83.7 ± 4.4 years
Under: 73.7 ± 7.7 years
Over: 82.6 ± 3.5 years
	App st: 63.2%
App low: 33.4%
Under: 47.5%
Over: 55.4%
	App st: 3.8 ± 1.7
App low: 5.4 ± 1.5
Under: 4.3 ± 1.6
Over: 5.4 ± 1.6
	NA
	App st: 80.8 ± 24.7
App low: 68.3 ± 23.6
Under: 75.8 ± 25.7
Over: 72.2 ± 23.1
	IS
App st: 129
Under: 116

MB
App st: 84
Under: 61

Death
App st: 314
Under: 375

	Chen [32]
	Median 15.1 months (interquartile range,
7.7–25.6)
	1073
	App: 75.1±10.5 years
Under: 76.5±8.3 years
	App: 53%
Under: 52%
	App: 4.1±1.8
Under: 4.5±1.6
	App: 2.3±1.1
Under: 2.5±1.1
	App: 68.2±28.5
Under: 65.1±26.1
	IS/TIA/SE
App: 36
Under: 16

MB
App: 45
Under: 18

Death
App: 39
Under: 10

	NON-INCLUDED STUDIES

	Sato [35]
	2 years
	2272
	App: 73
Inapp: 72
	App: 63%
Inapp: 67%
	App: 1.98
Inapp: 1.82
	App: 1.85
Inapp: 1.94
	App: 61.1
Inapp: 64.3
	IS/SE
App: 2.2 (100-p/y)
Inapp: 2.4 (100-p/y)

MB
App: 2.0 (100-p/y)
Inapp: 2.4 (100-p/y)

Death
App: 2.3 (100-p/y)
Inapp: 2.6 (100-p/y)

	Yao [36] 
	3.6 months (IQR: 1.5 to 8.4 months)
	1,473
	App: 77±8
Inapp: 70±11
	App: 41.5%
Inapp: 49.2%
	App ≥4: 83.8%
Inapp ≥4: 50.6%
	App ≥3: 95.1%
Inapp ≥3: 39.6%
	App: 38±8
Inapp: 73±17
	PROPENSITY SCORE MATCHING
A
IS/SE
App: 1
Under: 6

MB
App: 10
Under: 14

D
IS/SE
App: 5
Under: 5

MB
App: 16
Under: 15

R
IS/SE
App: 8
Under: 5

MB
App: 23
Under: 22

A
IS/SE
App under: 2
Over: 0

MB
App under: 1
Over: 3

D
IS/SE
App under: 0
Over: 0

MB
App under: 0
Over: 2

R
IS/SE
App under: 2
Over: 5

MB
App under: 10
Over: 19

	Ikeda [37]
	NA
	6521
	App: 68.0
Under: 74.8
	App: 72.9%
Under: 60.0%
	App: 1.8
Under: 2.3
	App: 1.2
Under: 1.6
	App: 82.6
Under: 69.0
	IS/SE
App: 1.09 (100-p/y)
Under: 1.26 (100-p/y)

MB
App: 1.63 (100-p/y)
Under: 1.34 (100-p/y)


DOACs: direct oral anticoagulants; P: prospective; R: retrospective; A: apixaban; D: dabigatran; E: edoxaban; R: rivaroxaban; CrCl: creatine clearance; ISTH: International Society on Thrombosis and Haemostasis; TIA: transient ischemic attack; IS: ischemic stroke; SE: systemic embolism; MB: major bleeding; app: appropriate dose; inapp: inappropriate dose; under: underdose; over: overdose; std: standard dose; NA: not available/reported.




NEWCASTLE - OTTAWA QUALITY ASSESSMENT SCALE
CASE CONTROL STUDIES
Selection
1) Is the case definition (patients treated with NRD-DOAC) adequate?
a) yes, with independent validation *
b) yes, eg record linkage or based on self-reports
c) no description
2) Representativeness of the cases
a) consecutive or obviously representative series of cases *
b) potential for selection biases or not stated
3) Selection of Controls (patients treated with RD-DOAC)
a) community controls *
b) hospital controls
c) no description
4) Definition of Controls
a) treatment with RD-DOACs *
b) no description of source

Comparability
1) Comparability of cases and controls on the basis of the design or analysis
a) study controls for age, sex, CHA2DS2-Vasc *
b) study controls for any additional factor * 

Exposure
1) Ascertainment of exposure
a) secure record (eg surgical records) *
b) structured interview where blind to case/control status *
c) interview not blinded to case/control status
d) written self-report or medical record only
e) no description
2) Same method of ascertainment for cases and controls
a) yes *
b) no
3) Non-Response rate
a) same rate for both groups *
b) non respondents described
c) rate different and no designation

NEWCASTLE - OTTAWA QUALITY ASSESSMENT SCALE
COHORT STUDIES
Selection
1) Representativeness of the exposed cohort
a) truly representative of the average NVAF patients treated with DOAC in the community *
b) somewhat representative of the average NVAF patients treated with DOAC in the community *
c) selected group of users eg nurses, volunteers
d) no description of the derivation of the cohort
2) Selection of the non-exposed cohort
a) drawn from the same community as the exposed cohort *
b) drawn from a different source
c) no description of the derivation of the non-exposed cohort
3) Ascertainment of exposure
a) secure record (eg surgical records) *
b) structured interview *
c) written self-report
d) no description
4) Demonstration that outcome of interest was not present at start of study
a) yes *
b) no

Comparability
1) Comparability of cohorts on the basis of the design or analysis
a) study controls for age, sex, CHA2DS2-Vasc, creatinine clearance, weight *
b) study controls for any additional factor * 

Outcome
1) Assessment of outcome
a) independent blind assessment *
b) record linkage *
c) self-report
d) no description
2) Was follow-up long enough for outcomes to occur
a) yes (≥12 months) *
b) no
3) Adequacy of follow up of cohorts
a) complete follow up - all subjects accounted for *
b) subjects lost to follow up unlikely to introduce bias - small number lost (≤20 %) follow up, or description provided of those lost*
c) follow up rate ≤80% and no description of those lost
d) no statement


Table S3. Newcastle-Ottawa Scale for evaluating the quality of the studies.
	 
	Selection
	Comparability
	Outcome
	Total score

	Steinberg, 2016 [14]
	****
	**
	**
	8

	Murata, 2018 [15]
	****
	**
	***
	9

	Arbel, 2019 [12]
	****
	**
	***
	9

	Shrestha, 2017 [13]
	****
	*
	*
	6

	Yagi, 2019 [17]
	***
	*
	 - 
	4

	Briasoulis, 2020 [16]
	***
	*
	**
	6

	Gustafson, 2019 [18]
	***
	**
	*
	6

	Wakematsu, 2020 [19]
	**
	*
	**
	5

	Salameh, 2020 [20]
	**
	**
	*
	5

	Ohno, 2020 [21]
	****
	**
	**
	8

	Yu, 2020 [22]
	**
	*
	*
	4

	Godino, 2020 [24]
	****
	**
	**
	8

	Camm, 2020 [23]
	****
	**
	**
	8

	Anouassi, 2020 [26]
	***
	*
	*
	5

	Steinberg, 2018 [25]
	****
	**
	**
	8

	Atarashi, 2021 [27]
	****
	**
	***
	9

	Sugrue, 2021 [28]
	****
	**
	**
	8

	Kotalczyk, 2021 [29]
	****
	**
	*
	7

	Fernandez, 2020 [30]
	****
	**
	*
	7

	Lee, 2021 [31]
	****
	**
	*
	7

	Chen, 2021 [32]
	****
	*
	*
	6

	Ashraf, 2021 [33]
	****
	*
	**
	7

	Tellor, 2017 [34]
	***
	*
	*
	6






Figure S1. Subgroup analysis – Population
IS/TIA/SE non-recommended dose versus recommended dose
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MB non-recommended dose versus recommended dose
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Death non-recommended dose versus recommended dose
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IS/TIA/SE non-recommended high dose versus recommended dose
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MB non-recommended high dose versus recommended dose
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Death non-recommended high dose versus recommended dose
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IS/TIA/SE non-recommended low dose versus recommended dose
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MB non-recommended low dose versus recommended dose
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Death non-recommended low dose versus recommended dose
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Figure S2. Subgroup analysis - NOACs
IS/TIA/SE non-recommended dose versus recommended dose
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MB non-recommended dose versus recommended dose
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Death non-recommended dose versus recommended dose
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IS/TIA/SE non-recommended high dose versus recommended dose
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MB non-recommended high dose versus recommended dose
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Death non-recommended high dose versus recommended dose
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IS/TIA/SE non-recommended low dose versus recommended dose
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MB non-recommended low dose versus recommended dose
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Death non-recommended low dose versus recommended dose
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Figure S3. Funnel plots
IS/TIA/SE non-recommended dose versus recommended dose
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MB non-recommended dose versus recommended dose
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Death non-recommended dose versus recommended dose
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IS/TIA/SE non-recommended high dose versus recommended dose
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MB non-recommended high dose versus recommended dose
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Death non-recommended high dose versus recommended dose
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IS/TIA/SE non-recommended low dose versus recommended dose
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MB non-recommended low dose versus recommended dose
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Death non-recommended low dose versus recommended dose
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