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[bookmark: _Toc207015956]Supplemental Table S1. Specification and emulation of a target trial of GLP1RA versus Pioglitazone among patients with type 2 diabetes on major adverse cardiovascular events and adverse liver events.
	Protocol component
	Target trial specification
	Emulation using observational data

	Eligibility criteria
	All adult new users of GLP1RA and pioglitazone with type 2 diabetes between January 2008 and December 2022 were identified. 

Patients were excluded if they had: (i) co-initiation of GLP1RA and pioglitazone. (ii) prescription of other drugs within the class of thiazolidinedione within 12 months before baseline; (iii) end-stage kidney disease (ESKD), defined as estimated glomerular filtration rate (eGFR) <15ml/min/1.73m2, or history of kidney replacement therapy (dialysis or kidney transplantation) on or before baseline; (iv) contraindications of GLP1RA or pioglitazone, such as pancreatitis and heart failure (HF), respectively, on or before baseline; (v) cirrhosis, HCC, liver failure or liver transplantation on or before baseline. 

Baseline date is defined as that of the first GLP1RA or pioglitazone prescription.
	Same as specification

	Treatment strategy
	1.	Initiation of GLP1RA which was continued during follow-up.
2.	Initiation of pioglitazone which was continued during follow-up.
	Same as specification

	Assignment procedures
	Patients are randomly assigned to receive GLP1RA versus pioglitazone.
	Eligible patients are assigned at baseline to the treatment strategy that their data are consistent with. 
To emulate randomization, we perform a 1:1 propensity-score matching approach to generate a study population with a similar probability of treatment assignment between the two study groups. 
Propensity score was estimated by a logistic regression model conditional on baseline covariates liver diseases), medication use 6 months prior to baseline (anti-diabetic medications, anti-hypertensive medications, anticoagulants, antiplatelet agents and lipid-lowering medications), and baseline year.

	Outcomes
	The primary outcomes are: 
· Major adverse liver outcomes (MALO), which are the composite outcome of cirrhosis, decompensated cirrhosis (including hepatic encephalopathy, hepatorenal syndrome, ascites, or variceal bleeding), hepatocellular carcinoma, liver failure, liver transplantation, and liver-related mortality.
· Major adverse cardiovascular events (MACE), which include myocardial infarction, stroke and cardiovascular mortality.

Secondary outcomes included heart failure and individual outcomes within MALO and MACE. 
	Same as specification

	Follow-up period
	Patients are observed from the baseline date (time zero) to the earliest of event occurrence, date of registered death, or the end of the observation (31 December 2023).
	Same as specification. For PP effects, patients were additionally censored when they had treatment crossover (i.e. patients crossing over from GLP1RA to pioglitazone, or vice versa) or treatment discontinuation.

	Causal contrasts of interest
	Intention-to-treat effect: effect of assignment of the treatment strategy.
Per-protocol effect: effect of adherence to the assigned strategy.
	Observational analogues of the intention-to-treat effect: effect of initiation of the treatment strategy.

Observational analogue of per-protocol effect: effect of adherence to the initiated treatment strategy, i.e., patients are artificially censored when they discontinued the assigned treatment or switched between GLP1RA and pioglitazone. 

Discontinuation is defined as the absence of a prescription refill within a 60-day grace period after the date of the last recorded prescription.

	Analysis plan
	Intention-to-treat analysis

Per-protocol analysis: patients are censored when they deviate from the respective treatment strategies (GLP1RA or Pioglitazone use) for a grace period of 60 days.
	Intention-to-treat analysis and per-protocol analysis

Cox proportional hazards regression models were employed to assess the treatment-outcome association

Missing data was handled by multiple imputations


Abbreviations: GLP1RA, glucagon-like peptide-1 receptor agonist.
[bookmark: _Toc207015957]Supplemental Table S2. List of disease diagnosis codes, procedure codes, and laboratory criteria for each clinical diagnosis.
	　
	ICD-9-CM dx
	ICD-9-CM px
	ICD-10-CM code
	BNF
	Laboratory

	Type 2 diabetes
	250.0[02] 250.1[02] 250.2[02] 250.3[02] 250.4[02] 250.5[02] 250.6[02] 250.7[02] 250.8[02] 250.9[02]
	
	
	
	

	Type 1 diabetes
	250.x1 250.x3
	
	
	
	

	End-stage kidney disease
	585.5 585.6 586
	39.95 54.98 55.6
	
	
	eGFR <15mL/min/1.73m2

	Dialysis
	585.6 V45.11 V56.0
	39.95 54.98
	
	
	

	Kidney transplant
	V42.0 996.81
	55.61 55.69
	
	
	

	Pancreatitis
	577.0 577.1
	
	
	
	

	Pre-existing diseases
	
	
	
	
	

	Atrial fibrillation
	427.31
	
	
	
	

	Diabetic retinopathy
	362.01 362.03-362.06
	
	
	
	

	Diabetic neuropathy
	249.6x 250.6x 337.1x 355.x 357.2
	
	
	
	

	Cardiovascular disease
	410-414.9 798.x 428.x 430-438.99
	36.03 36.04 36.06 36.07 36.09 36.1 36.10 36.11 36.12 36.13 36.14 36.15 36.16 36.17 36.19 36.2 36.31 36.32 36.33 36.34 36.39 36.91 36.99
	
	
	

	Heart failure
	428.x
	
	
	
	

	MACE
	
	
	
	
	

	Myocardial infarction
	410.x
	
	
	
	

	Stroke
	430-438.99
	
	
	
	

	Cardiovascular mortality
	
	
	I00-99
	
	

	Other cardiovascular diseases and procedures
	411-414.x
	36.03 36.04 36.06 36.07 36.09 36.1 36.10 36.11 36.12 36.13 36.14 36.15 36.16 36.17 36.19 36.2 36.31 36.32 36.33 36.34 36.39 36.91 36.99
	
	
	

	Major adverse liver outcome
	
	
	
	
	

	Cirrhosis
	571.5 571.6 572.3 456.1 456.21
	
	
	
	

	Hepatocellular carcinoma
	155.0 155.2
	
	
	
	

	Decompensated cirrhosis
	
	
	
	
	

	Hepatic encephalopathy
	070.2 070.20 070.21 070.22 070.23 070.44 070.71 070.6 572.2
	
	
	
	

	Hepatorel syndrome
	572.4
	
	
	
	

	Ascites
	789.5 789.59
	54.91
	
	
	

	Variceal bleeding
	456.0 456.20
	42.91 44.91 39.1
	
	
	

	Liver failure
	570 572.8 782.4
	
	
	
	

	Liver transplantation
	V42.7
	50.51 50.59
	
	
	

	Liver-related mortality
	
	
	B16-19 C22.0 E83.01 I85.0 I85.9 I86.4 I98.2 I98.3 K70-77 R18.x
	
	

	Chronic liver diseases 
	
	
	
	
	

	Hepatitis B
	070.20 070.21 070.22 070.23 070.30 070.31 070.32 070.33 070.42 070.52 V02.61
	
	
	5.3.3.1
	

	Hepatitis C
	070.41 070.44 070.51 070.54 070.70 070.71 V02.62
	
	
	5.3.3.2
	

	Unspecified viral hepatitis, chronic hepatitis, other chronic hepatitis, liver disease
	070.9 571.4 571.40 571.41 571.49
	
	
	
	

	Fatty liver disease
	571.8 571.9
	
	
	
	

	Alcoholic liver disease
	571.0 571.2 571.3
	
	
	
	

	Alcoholic hepatitis
	571.1
	
	
	
	

	Wilson’s disease
	275.1
	
	
	
	

	Autoimmune hepatitis
	571.42
	
	
	
	

	Primary biliary cholangitis & Primary sclerosing cholangitis
	571.6
	
	
	
	


Abbreviations: MACE, major adverse cardiovascular event; ICD-9-CM, International Classification of Diseases, 9th Revision; ICD-10-CM, International Classification of Diseases, 10th Revision; BNF, British National Formulary; eGFR, estimated glomerular filtration rate. 












[bookmark: _Toc207015958]Supplemental Table S3. Data completion rate before multiple imputation and propensity score matching.
	Factors % (n)
	All
 (N=87165)
	GLP1RA
 (N=4617)
	Pioglitazone
 (N=82548)

	Socio-demographics
	
	
	

	Sex
	100.0% (87165)
	100.0% (4617)
	100.0% (82548)

	Age
	100.0% (87165)
	100.0% (4617)
	100.0% (82548)

	Smoking status
	88.9% (77479)
	90.2% (4163)
	88.8% (73316)

	Alcohol status
	88.5% (77155)
	90.1% (4158)
	88.4% (72997)

	Clinical factors
	
	
	

	Body mass index
	73.2% (63806)
	80.9% (3734)
	72.8% (60072)

	HbA1c
	93.6% (81629)
	94.6% (4369)
	93.6% (77260)

	Fasting glucose
	89.8% (78262)
	87.8% (4052)
	89.9% (74210)

	SBP
	70.7% (61641)
	76.8% (3547)
	70.4% (58094)

	DBP
	70.7% (61640)
	76.8% (3547)
	70.4% (58093)

	LDL-C
	92.2% (80408)
	93.5% (4319)
	92.2% (76089)

	HDL-C
	93.3% (81355)
	94.8% (4376)
	93.3% (76979)

	Triglyceride
	93.4% (81411)
	94.8% (4379)
	93.3% (77032)

	eGFR
	96.9% (84420)
	97.9% (4521)
	96.8% (79899)

	UACR
	65.5% (57062)
	58.7% (2709)
	65.8% (54353)

	ALT
	77.9% (67943)
	92.5% (4269)
	77.1% (63674)

	Albumin
	72.0% (62736)
	92.0% (4249)
	70.9% (58487)

	Bilirubin
	71.8% (62589)
	92.0% (4246)
	70.7% (58343)

	Platelet
	48.9% (42627)
	84.2% (3886)
	46.9% (38741)

	Duration of diabetes
	100.0% (87165)
	100.0% (4617)
	100.0% (82548)

	Pre-existing comorbidities
	
	
	

	Atrial fibrillation
	100.0% (87165)
	100.0% (4617)
	100.0% (82548)

	Diabetic retinopathy
	100.0% (87165)
	100.0% (4617)
	100.0% (82548)

	Diabetic neuropathy
	100.0% (87165)
	100.0% (4617)
	100.0% (82548)

	CVD
	100.0% (87165)
	100.0% (4617)
	100.0% (82548)

	Chronic liver disease 
	100.0% (87165)
	100.0% (4617)
	100.0% (82548)

	Use of medication (6 months prior to baseline)
	
	

	Anti-diabetic medications 
	100.0% (87165)
	100.0% (4617)
	100.0% (82548)

	Insulin
	100.0% (87165)
	100.0% (4617)
	100.0% (82548)

	Metformin
	100.0% (87165)
	100.0% (4617)
	100.0% (82548)

	Sulphonylurea
	100.0% (87165)
	100.0% (4617)
	100.0% (82548)

	SGLT2i
	100.0% (87165)
	100.0% (4617)
	100.0% (82548)

	DPP4i
	100.0% (87165)
	100.0% (4617)
	100.0% (82548)

	Alpha-glucosidase inhibitors
	100.0% (87165)
	100.0% (4617)
	100.0% (82548)

	Anti-hypertensive medications 
	100.0% (87165)
	100.0% (4617)
	100.0% (82548)

	ACEI/ARB
	100.0% (87165)
	100.0% (4617)
	100.0% (82548)

	Beta-blockers
	100.0% (87165)
	100.0% (4617)
	100.0% (82548)

	Calcium-channel blockers
	100.0% (87165)
	100.0% (4617)
	100.0% (82548)

	Diuretics
	100.0% (87165)
	100.0% (4617)
	100.0% (82548)

	Other anti-hypertensive medications
	100.0% (87165)
	100.0% (4617)
	100.0% (82548)

	Anticoagulants
	100.0% (87165)
	100.0% (4617)
	100.0% (82548)

	Antiplatelet agents
	100.0% (87165)
	100.0% (4617)
	100.0% (82548)

	Aspirin
	100.0% (87165)
	100.0% (4617)
	100.0% (82548)

	Clopidogrel
	100.0% (87165)
	100.0% (4617)
	100.0% (82548)

	Other antiplatelet agents
	100.0% (87165)
	100.0% (4617)
	100.0% (82548)

	Lipid-lowering medications
	100.0% (87165)
	100.0% (4617)
	100.0% (82548)

	Statins
	100.0% (87165)
	100.0% (4617)
	100.0% (82548)

	Fibrates
	100.0% (87165)
	100.0% (4617)
	100.0% (82548)

	Ezetimibe
	100.0% (87165)
	100.0% (4617)
	100.0% (82548)

	Other lipid-lowering medications
	100.0% (87165)
	100.0% (4617)
	100.0% (82548)

	Baseline year
	100.0% (87165)
	100.0% (4617)
	100.0% (82548)


[bookmark: _Hlk176881745]Abbreviations: GLP1RA, glucagon-like peptide-1 receptor agonist; HbA1c, glycated hemoglobin; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; UACR, urine albumin-creatinine ratio; ALT, alanine aminotransferase; CVD, cardiovascular disease; HBV, hepatitis B; HCV, hepatitis C; SGLT2i, sodium-glucose transport protein 2 inhibitor; DPP4i, dipeptidyl peptidase 4 inhibitor; ACEI/ARB, angiotensin converting enzyme inhibitors/ angiotensin receptor blockers.













[bookmark: _Toc207015959]Supplemental Table S4. Baseline characteristics in new users of GLP1RA and pioglitazone after multiple imputations and before 1:1 propensity-score matching.
	Baseline Characteristics
	All
(N=87165)
	GLP1RA
 (N=4617)
	Pioglitazone
 (N=82548)
	ASMDa

	
	Median (IQR)/No. (%)
	Median (IQR)/No. (%)
	Median (IQR)/No. (%)
	

	Sociodemographic characteristics
	
	
	
	

	Sex
	
	
	
	

	Male
	46328 (53.1%)
	2707 (58.6%)
	43621 (52.8%)
	0.117**

	Female
	40837 (46.9%)
	1910 (41.4%)
	38927 (47.2%)
	

	Age year
	62.8 (55.6 - 70.1)
	57.4 (48.0 - 65.3)
	63.1 (56.0 - 70.3)
	0.559**

	Smoking status
	
	
	
	

	Non-smoker
	59676 (68.5%)
	3036 (65.8%)
	56640 (68.6%)
	0.078

	Ex-smoker
	12643 (14.5%)
	790 (17.1%)
	11853 (14.4%)
	

	Current smoker
	14846 (17.0%)
	791 (17.1%)
	14055 (17.0%)
	

	Alcohol status
	
	
	
	

	Non-drinker
	60156 (69.0%)
	2930 (63.5%)
	57226 (69.3%)
	0.128**

	Ex-drinker
	6642 (7.6%)
	378 (8.2%)
	6264 (7.6%)
	

	Current drinker
	20367 (23.4%)
	1309 (28.4%)
	19058 (23.1%)
	

	Clinical factors
	
	
	
	

	Body mass index (kg/m2)
	26.4 (23.8 - 29.6)
	30.2 (27.0 - 34.0)
	26.3 (23.7 - 29.3)
	0.753**

	HbA1c
	
	
	
	0.045

	%
	8.1 (7.5 - 9.2)
	8.4 (7.5 - 9.5)
	8.1 (7.5 - 9.1)
	

	mmol/mol
	65.0 (58.0 - 77.0)
	68.0 (58.0 - 80.0)
	65.0 (58.0 - 76.0)
	

	Fasting glucose (mg/dL)
	83.2 (25.9 - 153.7)
	85.6 (30.3 - 153.6)
	83.0 (25.7 - 153.7)
	0.034

	SBP (mmHg)
	132.0 (122.0 - 143.0)
	134.2 (124.0 - 146.0)
	132.0 (122.0 - 143.0)
	0.136**

	DBP (mmHg)
	75.0 (67.2 - 82.0)
	78.0 (70.0 - 85.0)
	74.0 (67.0 - 81.0)
	0.261**

	LDL-C (mg/dL)
	81.0 (65.7 - 97.0)
	80.2 (63.0 - 99.3)
	81.0 (65.7 - 96.8)
	0.010

	HDL-C (mg/dL)
	43.3 (37.5 - 51.4)
	41.4 (35.2 - 48.7)
	43.7 (37.5 - 51.8)
	0.212**

	Triglyceride (mg/dL)
	127.6 (89.9 - 186.0)
	150.6 (106.3 - 221.4)
	126.7 (88.6 - 184.2)
	0.239**

	eGFR (mL/min/1.73m2)
	84.3 (64.9 - 96.3)
	85.8 (59.8 - 101.0)
	84.3 (65.1 - 96.2)
	0.028

	Albuminuria status
	
	
	
	

	UACR <30 mg/g
	49390 (56.7%)
	1984 (43.0%)
	47406 (57.4%)
	0.347**

	UACR 30-300 mg/g
	27730 (31.8%)
	1630 (35.3%)
	26099 (31.6%)
	

	UACR >300 mg/g
	10045 (11.5%)
	1003 (21.7%)
	9043 (11.0%)
	

	ALT (U/L)
	24.0 (17.0 - 35.2)
	26.7 (18.7 - 40.3)
	23.3 (17.0 - 35.0)
	0.152**

	Albumin (g/L)
	42.0 (39.0 - 44.0)
	41.9 (39.0 - 44.1)
	42.0 (39.0 - 44.0)
	0.001

	Bilirubin (µmol/L)
	9.5 (7.0 - 12.7)
	9.0 (7.0 - 12.0)
	9.6 (7.0 - 12.8)
	0.091

	Platelet (x 109/L)
	247.8 (206.0 - 295.0)
	252.0 (210.8 - 300.2)
	247.4 (206.0 - 294.4)
	0.041

	Duration of diabetes year
	11.0 (6.0 - 17.0)
	13.0 (7.0 - 19.0)
	11.0 (6.0 - 17.0)
	0.189**

	Pre-existing comorbidities
	
	
	
	

	Atrial fibrillation
	1159 (1.3%)
	103 (2.2%)
	1056 (1.3%)
	0.073

	Diabetic retinopathy
	6939 (8.0%)
	584 (12.6%)
	6355 (7.7%)
	0.164**

	Diabetic neuropathy
	1449 (1.7%)
	169 (3.7%)
	1280 (1.6%)
	0.133**

	CVD
	6527 (7.5%)
	795 (17.2%)
	5732 (6.9%)
	0.319**

	Chronic liver disease 
	6903 (7.9%)
	487 (10.5%)
	6416 (7.8%)
	0.096

	Use of medication (6 months prior to baseline)
	
	
	

	Anti-diabetic medications 
	86218 (98.9%)
	4537 (98.3%)
	81681 (98.9%)
	0.058

	Insulin
	20569 (23.6%)
	2792 (60.5%)
	17777 (21.5%)
	0.862**

	Metformin
	79306 (91.0%)
	4032 (87.3%)
	75274 (91.2%)
	0.125**

	Sulfonylurea
	63795 (73.2%)
	2189 (47.4%)
	61606 (74.6%)
	0.581**

	SGLT2i
	8010 (9.2%)
	1945 (42.1%)
	6065 (7.3%)
	0.881**

	DPP4i
	28359 (32.5%)
	2003 (43.4%)
	26356 (31.9%)
	0.238**

	Alpha-glucosidase inhibitors
	965 (1.1%)
	53 (1.1%)
	912 (1.1%)
	0.004

	Anti-hypertensive medications 
	70750 (81.2%)
	4000 (86.6%)
	66750 (80.9%)
	0.157**

	ACEI/ARB
	55784 (64.0%)
	3517 (76.2%)
	52267 (63.3%)
	0.283**

	Beta-blockers
	24486 (28.1%)
	1846 (40.0%)
	22640 (27.4%)
	0.268**

	Calcium-channel blockers
	49535 (56.8%)
	2566 (55.6%)
	46969 (56.9%)
	0.027

	Diuretics
	8956 (10.3%)
	714 (15.5%)
	8242 (10.0%)
	0.165**

	Other anti-hypertensive medications
	6659 (7.6%)
	479 (10.4%)
	6180 (7.5%)
	0.101**

	Anticoagulants
	1251 (1.4%)
	162 (3.5%)
	1089 (1.3%)
	0.143**

	Antiplatelet agents
	16961 (19.5%)
	1446 (31.3%)
	15515 (18.8%)
	0.292**

	Aspirin
	16313 (18.7%)
	1360 (29.5%)
	14953 (18.1%)
	0.269**

	Clopidogrel
	1392 (1.6%)
	213 (4.6%)
	1179 (1.4%)
	0.187**

	Other antiplatelet agents
	299 (0.3%)
	61 (1.3%)
	238 (0.3%)
	0.116**

	Lipid-lowering medications
	68558 (78.7%)
	3754 (81.3%)
	64804 (78.5%)
	0.070

	Statins
	66641 (76.5%)
	3599 (78.0%)
	63042 (76.4%)
	0.038

	Fibrates
	3248 (3.7%)
	351 (7.6%)
	2897 (3.5%)
	0.179**

	Ezetimibe
	984 (1.1%)
	202 (4.4%)
	782 (0.9%)
	0.214**

	Other lipid-lowering medications
	38 (0.0%)
	14 (0.3%)
	24 (0.0%)
	0.067

	Baseline year
	
	
	
	

	2008-2010
	1998 (2.3%)
	57 (1.2%)
	1941 (2.4%)
	0.384**

	2011-2013
	2000 (2.3%)
	175 (3.8%)
	1825 (2.2%)
	

	2014-2016
	9509 (10.9%)
	406 (8.8%)
	9103 (11.0%)
	

	2017-2019
	32769 (37.6%)
	1087 (23.5%)
	31682 (38.4%)
	

	2020-2022
	40889 (46.9%)
	2892 (62.6%)
	37997 (46.0%)
	


Abbreviations: IQR, interquartile range; GLP1RA, glucagon-like peptide-1 receptor agonist; ASMD, absolute standardized mean difference; HbA1c, glycated hemoglobin; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; UACR, urine albumin-creatinine ratio; ALT, alanine aminotransferase; CVD, cardiovascular disease; HBV, hepatitis B; HCV, hepatitis C; SGLT2i, sodium-glucose transport protein 2 inhibitor; DPP4i, dipeptidyl peptidase 4 inhibitor; ACEI/ARB, angiotensin converting enzyme inhibitors/ angiotensin receptor blockers. 
a ASMD < 0.1 indicates an optimal balance between groups. ** Absolute standardized mean difference > 0.1.

[bookmark: _Toc207015960]Supplemental Figure S1. Forest plot of hazard ratios (95% CI) for MALO in different subgroups. 
[image: ]
Forest plot shows hazard ratio (HR) and 95% confidence interval (CI). Incidence rate (IR) is reported as events per 100 person-years of follow-up. Abbreviations: ITT, intention-to-treat; PP, per-protocol; MALO, major adverse liver outcome; HbA1c, glycated hemoglobin; CVD, cardiovascular diseases; eGFR, estimated glomerular filtration rate; IR, incident rate; HR, hazard ratio; CI, confidence interval. 
[bookmark: _Toc207015961]Supplemental Figure S2. Forest plot of hazard ratios (95% CI) for MACE in different subgroups. 
 [image: ]
Forest plot shows hazard ratio (HR) and 95% confidence interval (CI). Incidence rate (IR) is reported as events per 100 person-years of follow-up. Abbreviations: ITT, intention-to-treat; PP, per-protocol; MACE, major adverse cardiovascular disease; HbA1c, glycated hemoglobin; eGFR, estimated glomerular filtration rate; CVD, cardiovascular diseases; IR, incident rate; HR, hazard ratio; CI, confidence interval. 

[bookmark: _Toc207015962]Supplemental Figure S3. Sensitivity analysis of the risk of outcomes allowing a maximum of 30 days gap between two successive prescriptions in per-protocol analysis.
[image: ]
Forest plot shows hazard ratio (HR) and 95% confidence interval (CI). Incidence rate (IR) is reported as events per 100 person-years of follow-up. Abbreviations: PP, per-protocol; MALO, major adverse liver outcome; MACE, major adverse liver event; GLP1RA, glucagon-like peptide-1 receptor agonist; IR, incident rate; HR, hazard ratio; CI, confidence interval.





[bookmark: _Toc207015963]Supplemental Figure S4. Sensitivity analysis of the risk of MALO and MACE excluding adverse outcomes happened within 6 months after follow-up.
[image: ]
Forest plot shows hazard ratio (HR) and 95% confidence interval (CI). Incidence rate (IR) is reported as events per 100 person-years of follow-up. Abbreviations: ITT, intention-to-treat; PP, per-protocol; MALO, major adverse liver outcome; MACE, major adverse cardiovascular event; GLP1RA, glucagon-like peptide-1 receptor agonist; IR, incidence rate; HR, hazard ratio; CI, confidence interval.




[bookmark: _Toc207015964]Supplemental Figure S5. Sensitivity analysis of the risk of outcomes excluding saxagliptin users at baseline. 
 [image: ]
Forest plot shows hazard ratio (HR) and 95% confidence interval (CI). Incidence rate (IR) is reported as events per 100 person-years of follow-up. Abbreviations: ITT, intention-to-treat; PP, per-protocol; MALO, major adverse liver outcome; MACE, major adverse cardiovascular event; GLP1RA, glucagon-like peptide-1 receptor agonist; IR, incidence rate; HR, hazard ratio; CI, confidence interval.

[bookmark: _Toc207015965]Supplemental Figure S6. Sensitivity analysis of the risk of outcomes considering the competing risk events. 
 [image: ]
Forest plot shows subdistribution hazard ratio (SHR) and 95% confidence interval (CI). Abbreviations: ITT, intention-to-treat; PP, per-protocol; MALO, major adverse liver outcome; MACE, major adverse cardiovascular events; GLP1RA, glucagon-like peptide-1 receptor agonist; SHR, subdistribution hazard ratio; CI, confidence interval.





[bookmark: _Toc207015966]Supplemental Figure S7. Sensitivity analysis of the risk of outcomes treating SGLT2i as time-varying covariates. 
[image: ]
Forest plot shows hazard ratio (HR) and 95% confidence interval (CI). Abbreviations: SGLT2i, sodium-glucose transport protein 2 inhibitor; PP, per-protocol; MALO, major adverse liver outcome; MACE, major adverse cardiovascular events; GLP1RA, glucagon-like peptide-1 receptor agonist; HR, hazard ratio; CI, confidence interval.







[bookmark: _Toc207015967]Supplemental Figure S8. Sensitivity analysis of the risk of outcomes applying inverse probability of censoring weighting in per-protocol analysis.
 [image: ]
Forest plot shows hazard ratio (HR) and 95% confidence interval (CI). Abbreviations: PP, per-protocol; MALO, major adverse liver outcome; MACE, major adverse cardiovascular events; GLP1RA, glucagon-like peptide-1 receptor agonist; HR, hazard ratio; CI, confidence interval.







[bookmark: _Toc207015968]Supplemental Figure S9. Sensitivity analysis of the risk of outcomes among patients with hepatic steatosis at baseline.
 [image: ]
Forest plot shows hazard ratio (HR) and 95% confidence interval (CI). Incidence rate (IR) is reported as events per 100 person-years of follow-up. Abbreviations: GLP1RA, glucagon-like peptide-1 receptor agonist; ITT, intention-to-treat; PP, per-protocol; MALO, major adverse liver outcome; MACE, major adverse cardiovascular events; IR, incidence rate; HR, hazard ratio; CI, confidence interval.



[bookmark: _Toc207015969]Supplemental Figure S10. Comparison between pioglitazone and individual drug within GLP1RA class in ITT analysis.
[image: ]
Forest plot shows hazard ratio (HR) and 95% confidence interval (CI). Incidence rate (IR) is reported as events per 100 person-years of follow-up. Abbreviations: GLP1RA, glucagon-like peptide-1 receptor agonist; ITT, intention to treat; MALO, major adverse liver outcome; MACE, major adverse cardiovascular events; IR, incidence rate; HR, hazard ratio; CI, confidence interval.
image2.emf
No. of events IR (95% CI) No. of events IR (95% CI)

ITT analysis

Sex 0.821

Female  3696 53 0.71 (0.54-0.93) 50 0.68 (0.52-0.90) 0.96 (0.65-1.42) 0.848

Male  5162 114 1.14 (0.95-1.37) 113 1.16 (0.96-1.39) 1.02 (0.78-1.32) 0.893

Age 0.558

<60years  5176 78 0.70 (0.56-0.88) 74 0.66 (0.52-0.83) 0.94 (0.68-1.29) 0.697

≥

60 years 3646 86 1.36 (1.10-1.69) 85 1.45 (1.17-1.79) 1.07 (0.79-1.45) 0.644

HbA1c levels 0.891

<8% 2750 30 0.67 (0.47-0.96) 30 0.67 (0.47-0.96) 1.00 (0.60-1.66) 0.996

≥

8% 5252 123 1.14 (0.96-1.37) 120 1.19 (1.00-1.42) 1.04 (0.81-1.34) 0.752

eGFR levels 0.217

<60 mL/min/1.73m

2

1762 69

2.28 (1.80-2.89)

57

1.97 (1.52-2.55) 0.86 (0.60-1.22) 0.391

≥

60 mL/min/1.73m

2

6542 78

0.60 (0.48-0.75)

92

0.69 (0.56-0.84) 1.15 (0.85-1.56) 0.362

Diabetes duration 0.932

<10 years 3226 39 0.63 (0.46-0.87) 40 0.62 (0.46-0.85) 0.99 (0.63-1.53) 0.947

≥

10 years 5594 130 1.15 (0.97-1.36) 121 1.15 (0.96-1.37) 1.01 (0.78-1.29) 0.968

Baseline CVD 0.493

No 7434 113 0.76 (0.63-0.92) 110 0.74 (0.61-0.89) 0.97 (0.75-1.26) 0.816

Yes 1296 46 2.04 (1.53-2.73) 50 2.34 (1.77-3.08) 1.14 (0.76-1.70) 0.523

PP analysis

Sex 0.815

Female  3696 16 0.47 (0.29-0.77) 15 0.49 (0.29-0.81) 0.98 (0.48-1.98) 0.957

Male  5162 45 0.85 (0.64-1.14) 43 0.99 (0.74-1.34) 1.13 (0.74-1.73) 0.558

Age 0.815

<60years  5176 30 0.56 (0.39-0.80) 25 0.60 (0.40-0.88) 0.98 (0.58-1.68) 0.953

≥

60 years 3646 31 0.94 (0.66-1.33) 33 1.04 (0.74-1.46) 1.14 (0.69-1.86) 0.610

HbA1c levels 0.468

<8% 2750 15 0.55 (0.33-0.92) 12 0.50 (0.28-0.87) 0.85 (0.40-1.81) 0.671

≥

8% 5252 41 0.80 (0.59-1.09) 44 1.00 (0.74-1.34) 1.21 (0.79-1.86) 0.378

eGFR levels 0.444

<60 mL/min/1.73m

2

1762

24 1.69 (1.13-2.52)

22

1.50 (0.99-2.28) 0.89 (0.50-1.59) 0.691

≥

60 mL/min/1.73m

2

6542

31 0.46 (0.33-0.66)

32

0.59 (0.42-0.83) 1.20 (0.73-1.96) 0.480

Diabetes duration 0.700

<10 years 3226 14 0.45 (0.27-0.77) 14 0.58 (0.34-0.98) 1.15 (0.55-2.41) 0.718

≥

10 years 5594 47 0.84 (0.63-1.12) 44 0.89 (0.66-1.19) 1.03 (0.68-1.56) 0.873

Baseline CVD 0.806

No 7434 39 0.52 (0.38-0.72) 37 0.61 (0.44-0.84) 1.13 (0.72-1.77) 0.601

Yes 1296 18 1.57 (0.99-2.50) 19 1.57 (1.00-2.47) 1.02 (0.53-1.94) 0.957

p for interaction N

Pioglitazone (Reference) GLP1RA

HR (95% CI) p-value

0 1 2 3

GLP1RA better Pioglitazone better
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HR (95% CI) p-value

No. of events IR (95% CI) No. of events IR (95% CI)

PP analysis

MALO 16 0.20 (0.12-0.32) 18 0.27 (0.17-0.43) 1.30 (0.66-2.55) 0.448

MACE 54 0.66 (0.51-0.87) 51 0.77 (0.59-1.01) 1.10 (0.75-1.61) 0.634



GLP1RA Pioglitazone (Reference)

0 1 2

Pioglitazone better GLP1RA better
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HR (95% CI) p-value

No. of events

IR (95% CI)

No. of events

IR (95% CI)

MALO

ITT analysis

56 0.31 (0.24 - 0.41) 50 0.29 (0.22 - 0.38) 0.92 (0.63 – 1.34) 0.652

PP analysis

12 0.14 (0.08 - 0.24) 13 0.17 (0.10 - 0.30) 1.29 (0.59 - 2.83) 0.528

MACE

ITT analysis

143 0.81 (0.69 - 0.95) 134 0.77 (0.65 - 0.92) 0.96 (0.76-1.22) 0.756

PP analysis

42 0.48 (0.35 - 0.65) 37 0.50 (0.36 - 0.69) 1.06 (0.68 - 1.65) 0.791

Pioglitazone (Reference) GLP1RA



0 1 2 3

Pioglitazone better GLP1RA better
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No. of events IR (95%CI) No. of events IR (95%CI)

ITT analysis

MALO 51 0.29 (0.22 - 0.38) 57 0.33 (0.25 - 0.43) 1.15 (0.79 - 1.67) 0.476

MACE 189 1.07 (0.93 - 1.24) 159 0.92 (0.79 - 1.08) 0.86 (0.70 - 1.07) 0.178

PP analysis

MALO 14 0.16 (0.09 - 0.27) 19 0.26 (0.16 - 0.40) 1.53 (0.77 - 3.06) 0.228

MACE 70 0.80 (0.63 - 1.01) 56 0.76 (0.59 - 0.99) 0.90 (0.63 - 1.28) 0.549

p-value

Pioglitazone (Reference) GLP1RA



N= 8870 HR (95% CI)

Pioglitazone better

GLP1RA better

0 1 2 3 4


image6.emf
SHR (95% CI) p-value

ITT analysis

MALO 0.94 (0.66-1.35) 0.740

MACE 0.99 (0.80-1.23) 0.922

PP analysis

MALO 1.13 (0.60-2.15) 0.700

MACE 1.10 (0.77-1.57) 0.600



0 1 2 3

Pioglitazone better GLP1RA better
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HR (95% CI) p-value

PP analysis

MALO 1.05 (0.56-1.99) 0.877

MACE 0.99 (0.69-1.42) 0.963



0 1 2 3

Pioglitazone better GLP1RA better
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HR (95% CI) p-value

PP analysis

MALO 1.05 (0.56-1.99) 0.875

MACE 1.02 (0.69-1.50) 0.919



0 1 2 3

Pioglitazone better GLP1RA better
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No. of events IR (95% CI) No. of events IR (95% CI)

ITT analysis

MALO 8 0.27 (0.13 - 0.54) 11 0.37 (0.21 - 0.68) 1.36 (0.54-3.39) 0.512

MACE 19 0.64 (0.41 - 1.01) 30 1.03 (0.72 - 1.48) 1.60 (0.90-2.85) 0.108

PP analysis

MALO 2 0.13 (0.03 - 0.54) 4 0.31 (0.12 - 0.82) 2.15 (0.39-11.76) 0.376

MACE 5 0.33 (0.14 - 0.81) 11 0.84 (0.47 - 1.52) 2.47 (0.86-7.12) 0.094

p-value N=1722

Pioglitazone (Reference) GLP1RA



HR (95% CI)
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Pioglitazone better GLP1RA better
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Comparison

No. of events

IR (95% CI)

No. of events

IR (95% CI)

Pioglitazone vs Semaglutide

1314

MALO 4 0.31 (0.12-0.84) 4 0.31 (0.12-0.82) 0.97 (0.24-3.88) 0.965

MACE 13 1.03 (0.60-1.77) 14 1.09 (0.64-1.84) 1.04 (0.49-2.22) 0.917

Pioglitazone vs Exenatide

1256

MALO 8 0.24 (0.12-0.48) 12 0.38 (0.21-0.66) 1.58 (0.64-3.86) 0.319

MACE 28 0.85 (0.59-1.23) 18 0.57 (0.36-0.90) 0.68 (0.38-1.24) 0.208

Pioglitazone vs Dulaglitide

3932

MALO 24 0.43 (0.29-0.64) 20 0.36 (0.23-0.56) 0.86 (0.47-1.55) 0.611

MACE 64 1.15 (0.90-1.47) 66 1.20 (0.94-1.53) 1.04 (0.74-1.47) 0.818

Pioglitazone vs Liraglutide

2512

MALO 18 0.25 (0.16-0.40) 21 0.29 (0.19-0.45) 1.16 (0.62-2.18) 0.639

MACE 67 0.95 (0.75-1.21) 65 0.91 (0.72-1.17) 0.96 (0.68-1.36) 0.831

N

Pioglitazone (Reference)



Individual drugs within GLP1RA

HR (95% CI) p-value

0 1 2 3 4 5

Pioglitazone better GLP1RA better


image1.emf
No. of events IR (95% CI) No. of events IR (95% CI)

ITT analysis

Sex 0.623

Female  3696 20 0.27 (0.17-0.41) 21 0.29 (0.19-0.44) 1.06 (0.58-1.96) 0.846

Male  5162 43 0.43 (0.32-0.57) 37 0.37 (0.27-0.52) 0.88 (0.57-1.37) 0.578

Age 0.613

<60years  5176 27 0.24 (0.17-0.35) 24 0.21 (0.14-0.32) 0.87 (0.50-1.50) 0.610

≥

60 years 3646 34 0.53 (0.38-0.75) 33 0.56 (0.40-0.78) 1.02 (0.63-1.64) 0.946

HbA1c levels 0.598

<8% 2750 14 0.31 (0.19-0.53) 10 0.22 (0.12-0.42) 0.72 (0.32-1.62) 0.428

≥

8% 5252 39 0.36 (0.26-0.49) 34 0.33 (0.24-0.47) 0.92 (0.58-1.47) 0.739

eGFR levels 0.446

<60 mL/min/1.73m

2

1762 14

0.45 (0.27-0.77)

9

0.30 (0.16-0.58) 0.67 (0.29-1.55) 0.353

≥

60 mL/min/1.73m

2

6542 41

0.31 (0.23-0.43)

41

0.30 (0.22-0.41) 0.97 (0.63-1.49) 0.888

Diabetes duration 0.153

<10 years 3226 12 0.19 (0.11-0.34) 19 0.29 (0.19-0.46) 1.54 (0.75-3.18) 0.241

≥

10 years 5594 51 0.45 (0.34-0.59) 39 0.37 (0.27-0.50) 0.83 (0.54-1.25) 0.367

Baseline CVD 0.226

No 7434 49 0.33 (0.25-0.44) 51 0.34 (0.26-0.45) 1.04 (0.70-1.54) 0.846

Yes 1296 13 0.57 (0.33-0.97) 7 0.32 (0.15-0.66) 0.55 (0.22-1.39) 0.209

PP analysis

Sex 0.373

Female  3696 6 0.18 (0.08-0.39) 9 0.29 (0.15-0.56) 1.60 (0.57-4.49) 0.375

Male  5162 13 0.25 (0.14-0.42) 10 0.23 (0.12-0.43) 0.91 (0.40-2.08) 0.817

Age 0.394

<60years  5176 7 0.13 (0.06-0.27) 4 0.10 (0.04-0.25) 0.66 (0.19-2.25) 0.502

≥

60 years 3646 12 0.36 (0.21-0.64) 15 0.47 (0.28-0.78) 1.33 (0.62-2.86) 0.460

HbA1c levels 0.855

<8% 2750 4 0.15 (0.06-0.39) 4 0.17 (0.06-0.44) 1.05 (0.26-4.19) 0.948

≥

8% 5252 13 0.25 (0.15-0.44) 11 0.25 (0.14-0.45) 0.96 (0.43-2.15) 0.925

eGFR levels 0.368

<60 mL/min/1.73m

2

1762

4 0.28 (0.11-0.75)

2

0.14 (0.03-0.54) 0.48 (0.09-2.63) 0.399

≥

60 mL/min/1.73m

2

6542

12 0.18 (0.10-0.32)

12

0.22 (0.12-0.39) 1.15 (0.52-2.57) 0.733

Diabetes duration 0.029

<10 years 3226 2 0.06 (0.02-0.26) 8 0.33 (0.17-0.67) 5.14 (1.08-24.36) 0.042

≥

10 years 5594 17 0.31 (0.19-0.49) 11 0.22 (0.12-0.40) 0.71 (0.33-1.51) 0.370

Baseline CVD 0.816

No 7434 16 0.21 (0.13-0.35) 16 0.26 (0.16-0.43) 1.17 (0.58-2.35) 0.654

Yes 1296 3 0.26 (0.08-0.81) 3 0.25 (0.08-0.76) 0.93 (0.19-4.59) 0.925

N HR (95% CI) p-value p for interaction

GLP1RA Pioglitazone (Reference)

0 1 2 3 4 5 6 7 8 9

GLP1RA better Pioglitazone better


