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Supplement Table 1. Comorbidity definitions
	Diseases
	Definitions

	Valvular diseases
	ICD-10: I05.0, I05.2, I34.2, Z95.2-4
Claim for valve replacement or valvuloplasty: O1781, O1782, O1783, O1791, O1792, O1793, O1797, O1794, O1795, O1796, O1798

	Pacemaker/ICD History
	Claim codes: O2003, O2004, O0203, O0204, O0205, O0206, O0207, O2008, O0211, O0212, O0208, O0209, O0210, EX872, O0213, O0214

	HTN
	I10–I13, I15
; and minimum 1 prescription of anti-hypertensive drug 

	Dyslipidemia
	E78
; and the prescription of lipid-lowering medication or a total cholesterol level ≥ 240 mg/dL.

	Congestive heart failure
	I43, I50, I099, I110, I130, I132, I255, I420, I425, I426,
I427, I428, I429, P290

	Myocardial infarction
	I21, I22, I252

	Cerebrovascular disease
	G45, G46, I60 ~ I69, H340

	Chronic Obstructive Pulmonary Disease
	J40 ~ J47, J60 ~ J67, I278, I279, J684, J701, J703

	Thyroid diseases
	E03, E05


Abbreviations: AF, atrial fibrillation; ICD, implantable cardioverter defibrillator; ICD-10, International Classification of Diseases-10th Revision.


Supplement Table 2. Drug classes and representative medications   
	Drug class
	Medications

	Metformin 
	Metformin  

	SGLT2 inhibitor
	Dapagliflozin, empagliflozin, and ipragliflozin

	Thiazolidinedione 
	Lobeglitazone, and pioglitazone

	DPP-4 inhibitor
	Alogliptin, anagliptin, evogliptin, gemigliptin, linagliptin, saxagliptin, sitagliptin, teneligliptin, and vildagliptin.

	Sulfonylurea
	Glibenclamide, gliclazide, glimepiride, and glipizide

	Alpha-glucosidase inhibitor
	Acarbose, miglitol, and voglibose

	Meglitinides
	Mitiglinide 

	GLP-1 Receptor Agonists
	Dulaglutide, and liraglutide

	Insulin
	Human insulin, insulin aspart, insulin lispro, insulin glulisine, insulin detemir, insulin glargine, and insulin degludec  

	Antiplatelet
	Aspirin, cilostazol, clopidogrel, ticagrelor

	RAS blocker
	Alacepril, azilsartan, candesartan, captopril, cilazapril, enalapril, eprosartan, fimasartan, irbesartan, lisinopril, losartan, olmesartan, perindopril, ramipril, telmisartan, and valsartan.

	Beta-blocker
	Metoprolol, atenolol, betaxolol, bevantolol, bisoprolol, carteolol, nadolol, propranolol

	Other hypertensive drugs
	Alpha blocker: doxazosin
Alpha-beta blocker: carvedilol, celiprolol, nebivolol
Calcium channel blocker: amlodipine, barnidipine, benidipine, cilnidipine, diltiazem, efonidipine, felodipine, lacidipine, lercanidipine, manidipine, nifedipine, nimodipine, nisoldipine, and verapamil.
Diuretics: acetazolamide, amiloride, azosemide, chlorthalidone, furosemide, hydrochlorothiazide, indapamide, spironolactone, torsemide, and xipamide.
Etc: hydralazine, minoxidil


Abbreviations: SGLT2 inhibitor, sodium-glucose cotransporter-2 inhibitor; DPP-4 inhibitor, dipeptidyl peptidase-4 inhibitor; GLP-1, glucagon-like peptide-1; RAS, renin-angiotensin system 



Supplement Table 3. Weighted baseline characteristics of participants 
	Variables
	Second-line antidiabetic medications

	
	SGLT2 inhibitor 
	Thiazolidinedione 
	DPP-4 inhibitor 
	Sulfonylurea 

	Demographic data
	
	
	
	

	Age, years
	55.2 ± 10.4
	55.1 ± 11.2
	55.2 ± 11.2
	55.2 ± 11.3

	20-39 years
	2,017 (5.7)
	2,903 (8.0)
	2,910 (7.9)
	2,976 (8.1)

	40-64 years
	19,711 (55.4)
	20,989 (58.1)
	21,000 (57.1)
	21,183 (57.6)

	≥ 65 years
	13,845 (38.9)
	12,215 (33.8)
	12,881 (35.0)
	12,624 (34.3)

	Women
	12,102 (34.0)
	12,349 (34.2)
	12,351 (33.6)
	12,348 (33.6)

	BMI, kg/m²
	26.6 ± 3.5
	26.5 ± 4.0
	26.4 ± 3.8
	26.4 ± 3.9

	Medical beneficiaries
	619 (1.7)
	650 (1.8)
	692 (1.9)
	692 (1.9)

	Alcohol intake
	
	
	
	

	None
	18,217 (51.2)
	18,509 (51.3)
	18,929 (51.5)
	18,929 (51.5)

	1-2 days/week
	10,793 (30.3)
	10,937 (30.3)
	11,199 (30.4)
	11,193 (30.4)

	3-4 days/week
	4,475 (12.6)
	4,539 (12.6)
	4,540 (12.3)
	4,539 (12.3)

	>5 days/week
	2,088 (5.9)
	2,123 (5.9)
	2,123 (5.8)
	2,122 (5.8)

	Smoking status
	
	
	
	

	Never
	16,880 (47.5)
	17,158 (47.5)
	17,270 (46.9)
	17,270 (47.0)

	Former
	8,602 (24.2)
	8,677 (24.0)
	8,815 (24.0)
	8,806 (23.9)

	Current
	10,096 (28.4)
	10,273 (28.5)
	10,706 (29.1)
	10,708 (29.1)

	Regular exercise*
	6,136 (17.3)
	6,344 (17.6)
	6,365 (17.3)
	6,363 (17.3)

	Comorbidity
	
	
	
	

	Hypertension
	19,946 (56.1)
	20,408 (56.5)
	20,599 (56.0)
	20,587 (56.0)

	Dyslipidemia
	22,739 (63.9)
	22,640 (62.7)
	23,057 (62.7)
	23,048 (62.7)

	Congestive heart failure
	1,049 (3.0)
	1,051 (2.9)
	1,052 (2.9)
	1,052 (2.9)

	Myocardial infarction
	288 (0.8)
	285 (0.8)
	287 (0.8)
	287 (0.8)

	Cerebrovascular disease
	2,142 (6.0)
	2,224 (6.2)
	2,266 (6.2)
	2,266 (6.2)

	Chronic pulmonary disease
	8,723 (24.5)
	8,583 (23.8)
	8,859 (24.1)
	8,857 (24.1)

	Thyroid diseases
	2,348 (6.6)
	2,531 (7.0)
	2,531 (6.9)
	2,534 (6.9)

	Medication use
	
	
	
	

	Antiplatelet
	13,297 (37.4)
	13,367 (37.0)
	13,521 (36.8)
	13,510 (36.7)

	RAS blocker
	1,932 (5.4)
	1,979 (5.5)
	1,979 (5.4)
	1,979 (5.4)

	Beta-blocker
	5,233 (14.7)
	5,337 (14.8)
	5,375 (14.6)
	5,374 (14.6)

	Other hypertensive drugs
	13,518 (38.0)
	13,681 (37.9)
	13,741 (37.4)
	13,746 (37.4)

	Laboratory findings
	
	
	
	

	Fasting glucose, mg/dL
	164.0 ± 62.1
	163.8 ± 63.1
	167.6 ± 65.4
	167.6 ± 68.9

	eGFR, mL/min/1.73㎡
	94.2 ± 16.1
	94.2 ± 17.0
	94.1 ± 16.8
	94.1 ± 16.9


Note: The values for categorical variables are given as the number (percentage); values for continuous variables are given as the mean ± standard deviation.
*Regular exercise was defined as moderate-intensity exercise for at least 5 days per week or vigorous-intensity exercise for at least 3 days per week.
Abbreviations: AF, atrial fibrillation; SGLT2 inhibitor, sodium-glucose cotransporter-2 inhibitor; DPP-4 inhibitor, dipeptidyl peptidase-4 inhibitor; IPTW, inverse probability of treatment weighting; BMI, body mass index; RAS, renin-angiotensin system; eGFR, estimated glomerular filtration rate


Supplement Table 4. Risk of atrial fibrillation according to different second-line antidiabetic medications combined with metformin excluding patients prescribing beta blocker previously
	Incident AF 
	SHR (95% CI)
	P

	SGLT2 inhibitor
	Reference
	

	Thiazolidinedione
	1.23 (1.10-1.39)
	<0.001

	DPP-4 inhibitor
	1.13 (1.00-1.27)
	0.043

	Sulfonylurea
	1.14 (1.01-1.28)
	0.029


Abbreviations: AF, atrial fibrillation; SGLT2 inhibitor, sodium-glucose cotransporter-2 inhibitor; DPP-4 inhibitor, dipeptidyl peptidase-4 inhibitor; SHR, subdistribution hazard ratio; CI, confidence interval
The sub-distribution hazard ratio was calculated using the Fine–Gray competing risk model, treating all-cause mortality as a competing risk and applying the inverse probability of treatment weighting. Treatment weights were calculated using baseline variables, including age, sex, body mass index, medical aid status, alcohol consumption, smoking status, regular exercise, comorbidities (hypertension, dyslipidemia, heart failure, myocardial infarction, cerebrovascular diseases, chronic obstructive pulmonary diseases, and thyroid diseases), laboratory tests (fasting glucose and estimated glomerular filtration rate), and medication use (antiplatelets, statins, RAS blockers, beta-blockers, and other antihypertensive drugs). 



Supplement Table 5. Risk of atrial fibrillation according to different second-line antidiabetic medications combined with metformin excluding patients prescribing antiplatelet previously 
	Incident AF 
	SHR (95% CI)
	P

	SGLT2 inhibitor
	Reference
	

	Thiazolidinedione
	1.41 (1.24-1.60)
	<0.001

	DPP-4 inhibitor
	1.18 (1.03-1.35)
	0.018

	Sulfonylurea
	1.24 (1.08-1.41)
	0.002


Abbreviations: AF, atrial fibrillation; SGLT2 inhibitor, sodium-glucose cotransporter-2 inhibitor; DPP-4 inhibitor, dipeptidyl peptidase-4 inhibitor; SHR, subdistribution hazard ratio; CI, confidence interval
The sub-distribution hazard ratio was calculated using the Fine–Gray competing risk model, treating all-cause mortality as a competing risk and applying the inverse probability of treatment weighting. Treatment weights were calculated using baseline variables, including age, sex, body mass index, medical aid status, alcohol consumption, smoking status, regular exercise, comorbidities (hypertension, dyslipidemia, heart failure, myocardial infarction, cerebrovascular diseases, chronic obstructive pulmonary diseases, and thyroid diseases), laboratory tests (fasting glucose and estimated glomerular filtration rate), and medication use (antiplatelets, statins, RAS blockers, beta-blockers, and other antihypertensive drugs). 



Supplement Table 6. Risk of atrial fibrillation according to different second-line antidiabetic medications combined with metformin excluding patients with events within 1 year of follow-up
	Incident AF 
	SHR (95% CI)
	P

	SGLT2 inhibitor
	Reference
	

	Thiazolidinedione
	1.16 (1.03-1.31)
	0.014

	DPP-4 inhibitor
	1.14 (1.01-1.29)
	0.032

	Sulfonylurea
	1.16 (1.03-1.31)
	0.012


Abbreviations: AF, atrial fibrillation; SGLT2 inhibitor, sodium-glucose cotransporter-2 inhibitor; DPP-4 inhibitor, dipeptidyl peptidase-4 inhibitor; SHR, subdistribution hazard ratio; CI, confidence interval
The sub-distribution hazard ratio was calculated using the Fine–Gray competing risk model, treating all-cause mortality as a competing risk and applying the inverse probability of treatment weighting. Treatment weights were calculated using baseline variables, including age, sex, body mass index, medical aid status, alcohol consumption, smoking status, regular exercise, comorbidities (hypertension, dyslipidemia, heart failure, myocardial infarction, cerebrovascular diseases, chronic obstructive pulmonary diseases, and thyroid diseases), laboratory tests (fasting glucose and estimated glomerular filtration rate), and medication use (antiplatelets, statins, RAS blockers, beta-blockers, and other antihypertensive drugs). 


Supplement Table 7. Risk of atrial fibrillation according to different second-line antidiabetic medications combined with metformin for 80% of 180 and 365 consecutive days 
	 Incident AF 
	SHR (95% CI)
	P

	For 80% of 180 days 
(N=29,928)
	
	

	SGLT2 inhibitor
	Reference
	

	Thiazolidinedione
	1.39 (1.22-1.57)
	<0.001

	DPP-4 inhibitor
	1.21 (1.06-1.38)
	0.004

	Sulfonylurea
	1.36 (1.20-1.55)
	<0.001

	For 80% of 365 days\
(N=24,384)
	
	

	SGLT2 inhibitor
	Reference
	

	Thiazolidinedione
	1.15 (1.01-1.31)
	0.042

	DPP-4 inhibitor
	1.02 (0.89-1.16)
	0.816

	Sulfonylurea
	1.18 (1.03-1.34)
	0.015


Abbreviations: AF, atrial fibrillation; SGLT2 inhibitor, sodium-glucose cotransporter-2 inhibitor; DPP-4 inhibitor, dipeptidyl peptidase-4 inhibitor; SHR, subdistribution hazard ratio; CI, confidence interval
The sub-distribution hazard ratio was calculated using the Fine–Gray competing risk model, treating all-cause mortality as a competing risk and applying the inverse probability of treatment weighting. Treatment weights were calculated using baseline variables, including age, sex, body mass index, medical aid status, alcohol consumption, smoking status, regular exercise, comorbidities (hypertension, dyslipidemia, heart failure, myocardial infarction, cerebrovascular diseases, chronic obstructive pulmonary diseases, and thyroid diseases), laboratory tests (fasting glucose and estimated glomerular filtration rate), and medication use (antiplatelets, statins, RAS blockers, beta-blockers, and other antihypertensive drugs). 


Supplement Table 8. Risk of atrial fibrillation according to different second-line antidiabetic medications combined with metformin under different matching ratios
	Incident AF 
	1:1:1:1 matched cohort
	1:1:3:3 matched cohort

	
	SHR (95% CI)
	P
	SHR (95% CI)
	P

	SGLT2 inhibitor
	Reference
	
	Reference
	

	Thiazolidinedione
	1.20 (1.08-1.35)
	0.001
	1.21 (1.09-1.36)
	<0.001

	DPP-4 inhibitor
	1.21 (1.01-1.44)
	0.040
	1.19 (1.02-1.28)
	0.005

	Sulfonylurea
	1.26 (1.06-1.50)
	0.009
	1.17 (1.07-1.34)
	0.011


Abbreviations: AF, atrial fibrillation; SGLT2 inhibitor, sodium-glucose cotransporter-2 inhibitor; DPP-4 inhibitor, dipeptidyl peptidase-4 inhibitor; SHR, subdistribution hazard ratio; CI, confidence interval
The sub-distribution hazard ratio was calculated using the Fine–Gray competing risk model, treating all-cause mortality as a competing risk and applying the inverse probability of treatment weighting. Treatment weights were calculated using baseline variables, including age, sex, body mass index, medical aid status, alcohol consumption, smoking status, regular exercise, comorbidities (hypertension, dyslipidemia, heart failure, myocardial infarction, cerebrovascular diseases, chronic obstructive pulmonary diseases, and thyroid diseases), laboratory tests (fasting glucose and estimated glomerular filtration rate), and medication use (antiplatelets, statins, RAS blockers, beta-blockers, and other antihypertensive drugs). 



Supplement Figure 1. Pairwise standardized mean differences of IPTW model covariates before and after weighting.
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SMDs for baseline covariates before (Unmatched, ●) and after (IPTW, ▲) weighting are presented for each pairwise comparison of second-line antidiabetic drug classes: (A) SGLT2 inhibitors vs thiazolidinediones, (B) SGLT2 inhibitors vs DPP-4 inhibitors, (C) SGLT2 inhibitors vs sulfonylureas, (D) Thiazolidinediones vs DPP-4 inhibitors, (E) Thiazolidinediones vs sulfonylureas, and (F) DPP-4 inhibitors vs sulfonylureas. Dashed vertical lines represent the absolute SMD threshold of 0.1, indicating acceptable covariate balance after weighting.
Abbreviations: SGLT2 inhibitor, sodium-glucose cotransporter-2 inhibitor; DPP-4 inhibitor, dipeptidyl peptidase-4 inhibitor; SMD, standardized mean difference; IPTW, inverse probability of treatment weighting
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