Supplementary Table 1. Definitions of exclusion criteria
	Exclusion criterion
	Definition

	Prior gastrectomy
	Admission comorbidity records indicating partial gastrectomy, total gastrectomy, afferent loop syndrome, or dumping syndrome

	Gastrointestinal bleeding present at admission
	Admission diagnosis or comorbidity records indicating gastric ulcer, duodenal ulcer, gastrointestinal bleeding, or small intestinal bleeding. Suspected diagnoses were excluded.

	Endoscopic gastrointestinal hemostasis within 2 days of admission
	Japanese procedure codes K654 (endoscopic hemostasis of gastric or duodenal bleeding) or K722 (endoscopic hemostasis of small intestinal or colonic bleeding)

	Upper gastrointestinal endoscopy within 2 days of admission
	Japanese procedure code D308 (esophagogastroduodenoscopy)

	Dual antiplatelet therapy within 2 days of admission
	Concomitant use of aspirin and clopidogrel within 2 days of admission

	Concomitant antiplatelet and anticoagulant therapy within 2 days of admission
	Use of aspirin or clopidogrel with a direct oral anticoagulant or warfarin within 2 days of admission




Supplementary Table 2. Definitions of primary outcomes related to surgical procedures
	Procedures
	Japanese procedure codes

	Surgery for gastric hemorrhage
	K646

	Gastric suturing
	K647

	Laparoscopic gastric suturing
	K647-2

	Gastrotomy
	K648

	Endoscopic gastric suturing
	K654-2

	Laparoscopic partial gastrectomy
	K654-3

	Proximal gastrectomy
	K655-4

	Laparoscopic gastrectomy
	K655-21

	Simple total gastrectomy
	K657-1

	Laparoscopic total gastrectomy
	K657-21

	Vagotomy
	K659-3

	Duodenojejunostomy
	K663



Supplementary Table 3. Covariates definitions
	Primary diagnosis categories
	ICD-10 codes

	Infectious diseases
	A00–B99

	Neoplasms
	C00–D48

	Hematologic and immune disorders
	D50–D89

	Cardiovascular diseases
	I00–I99

	Respiratory diseases
	J00–J99

	Gastrointestinal diseases
	K00–K93

	Neurologic diseases
	G00–G99

	Injuries and external causes
	S00–T98

	Kidney and genitourinary diseases
	N00–N99

	Other disease categories
	All remaining diagnoses


ICD-10, International Classification of Diseases, 10th revision.

Supplementary Table 4. Medication definitions
	Covariates
	Definitions

	Antiplatelet agents
	Aspirin, buffered aspirin, clopidogrel, ticlopidine, prasugrel, ticagrelor, cilostazol, dipyridamole, sarpogrelate, ethyl icosapentate, limaprost, beraprost, ozagrel

	Direct oral anticoagulants
	Apixaban, rivaroxaban, dabigatran, or edoxaban

	Hemostatic therapy
	Carbazochrome sodium sulfonate hydrate or tranexamic acid

	Reversal agents for anticoagulation
	Idarucizumab, four-factor prothrombin complex concentrate, vitamin K preparations, andexanet alfa, or protamine sulfate

	Probiotics
	Lactic acid bacteria or antibiotic-resistant lactic acid bacteria preparations

	Gastroprotective agents
	Ecabet sodium, enprostil, misoprostol, sucralfate, teprenone, or rebamipide

	Vasoactive agents
	Norepinephrine, epinephrine, vasopressin, dopamine, or phenylephrine

	High-risk antibiotics for CDI
	Clindamycin, carbapenems, fluoroquinolones, or second- to fourth-generation cephalosporins

	Moderate-risk antibiotics for CDI
	Broad-spectrum penicillins or beta-lactam/beta-lactamase inhibitor combinations

	Low-risk antibiotics for CDI
	Aminoglycosides, amphenicols, oral glycopeptides, spectinomycin, sulfonamides, first-generation cephalosporins, tetracyclines, narrow-spectrum penicillins, oral penicillins, fosfomycin, polypeptides, macrolides, methenamine, monobactams, trimethoprim-sulfamethoxazole, vancomycin, teicoplanin, linezolid, or metronidazole

	Circulatory failure
	Use of any vasoactive agent or SOFA cardiovascular score at admission of ≥2. Vasoactive agent use was defined as epinephrine or phenylephrine use for two consecutive days, or any use of norepinephrine, vasopressin, or dopamine.

	Coagulopathy
	Use of fresh frozen plasma or SOFA coagulation score at admission of ≥3

	Chronic liver disease
	ICD-10 codes B18, K73, K74, K70.0–K70.9, K71.1–K71.7, K72.1, K72.9, K76.0, K76.2–K76.9, I85, I86.4, I98.2, or Z94.4, or admission comorbidity records containing Japanese terms indicating chronic hepatitis or liver cirrhosis


CDI, Clostridium difficile infection; ICD-10, International Classification of Diseases, 10th Revision; SOFA, Sequential Organ Failure Assessment.

Supplementary Table 5. Proton pump inhibitors were administered within 2 days of admission
	Drug
	Daily dose, median (IQR), mg/day
	N
	(%)

	Omeprazole
	40
	20-40
	3030
	(47.4)

	Lansoprazole
	15
	15-30
	2349
	(36.7)

	Esomeprazole
	20
	(20-20)
	682
	(10.7)

	Rabeprazole
	10
	(10-10)
	337
	(5.3)


IQR, interquartile range.



Supplementary Table 6. Full Baseline characteristics before and after propensity score overlap weighting
	
	Unweighted cohort
	
	
	
	After adjustment
	

	Characteristics
	PPI group (n = 5,941)
	No SUP group (n=3,235)
	ASD
	PPI group 
	No SUP group
	ASD

	Age, years, mean (SD)
	72.6
	(14.0)
	73.6
	(14.9)
	5.7
	72.7 (14.3)
	73.5 (14.8)
	5.1

	Male, n (%)
	3,928
	(66.1)
	1,968
	(60.8)
	11.0
	(63.6)
	(62.8)
	1.6

	Body mass index, n (%)
	
	
	
	
	4.8
	
	
	1.6

	<18.5
	851
	(15.6)
	501
	(16.3)
	
	(17.1)
	(17.2)
	

	18.5–24.9
	2,971
	(54.5)
	1,544
	(52.3)
	
	(52.3)
	(52.6)
	

	25.0–29.9
	1,160
	(21.3)
	643
	(21.8)
	
	(21.5)
	(21.5)
	

	≥30.0
	471
	(8.6)
	265
	(9.0)
	
	(9.1)
	(8.7)
	

	Japanese Coma Scale, n (%)
	
	
	
	
	11.4
	
	
	1.6

	0 (alert)
	3,888
	(65.4)
	2,286
	(70.7)
	
	(68.1)
	(68.4)
	

	1-digit (dizziness)
	1,401
	(23.6)
	662
	(20.5)
	
	(22.1)
	(21.6)
	

	2-digit (somnolence)
	421
	(7.1)
	185
	(5.7)
	
	(6.4)
	(6.4)
	

	3-digit (coma)
	231
	(3.9)
	102
	(3.2)
	
	(3.4)
	(3.6)
	

	Charlson Comorbidity Index, n (%)
	
	
	
	
	4.8
	
	
	3.7

	0
	3,014
	(50.7)
	1,567
	(48.4)
	
	(50.6)
	(48.9)
	

	1
	842
	(14.2)
	464
	(14.3)
	
	(14.0)
	(14.1)
	

	2
	1,324
	(22.3)
	765
	(23.6)
	
	(22.8)
	(23.5)
	

	≥3
	761
	(12.8)
	439
	(13.6)
	
	(12.6)
	(13.5)
	

	SOFA score at ICU admission, mean (SD)
	
	
	
	
	
	
	
	

	Total
	5.4
	(3.0)
	4.9
	(2.9)
	14.6
	5.1(3.0)
	5.1(3.0)
	0.3

	Respiratory
	2.3
	(1.1)
	2.2
	(1.1)
	3.6
	2.3 (1.1)
	2.2 (1.1)
	2.0

	Cardiovascular
	0.5
	(0.8)
	0.4
	(0.8)
	8.4
	0.4 (0.8)
	0.4 (0.8)
	0.2

	Hepatic
	0.3
	(0.7)
	0.3
	(0.6)
	4.5
	0.3 (0.6)
	0.3 (0.6)
	0.7

	Coagulation
	0.7
	(1.2)
	0.5
	(1.1)
	13.0
	0.6 (1.2)
	0.6 (1.2)
	0.4

	Renal
	0.6
	(1.0)
	0.6
	(1.0)
	5.1
	0.6 (1.0)
	0.6 (1.0)
	1.2

	Neurological
	1.0
	(1.3)
	0.9
	(1.3)
	7.1
	0.9 (1.3)
	0.9 (1.3)
	0.1

	Emergency admission to tertiary hospitals, n (%)
	209
	(3.5)
	67
	(2.1)
	8.8
	(3.2)
	(2.4)
	4.5

	Admission in a teaching hospital, n (%)
	5,444
	(91.6)
	2,876
	(88.9)
	9.2
	(91.4)
	(89.4)
	6.8

	COVID-19 infection, n (%)
	970 
	(16.3)
	251
	(7.8)
	26.6
	(12.3)
	(9.9)
	7.5

	Primary diagnosis category, n (%)
	
	
	
	
	
	
	
	

	Infection
	364
	(6.1)
	110
	(3.4)
	12.8
	(4.1)
	(4.2)
	0.9

	Neoplasm
	232
	(3.9)
	129
	(4.0)
	0.4
	(4.1)
	(3.9)
	1.1

	Hematologic and immune disorders
	70
	(1.2)
	22
	(0.7)
	5.2
	(0.8)
	(0.8)
	0.6

	Cardiovascular disease
	2,226
	(37.5)
	1,688
	(52.2)
	29.9
	(46.1)
	(46.9)
	1.6

	Respiratory disease
	1,319
	(22.2)
	689
	(21.3)
	2.2
	(21.1)
	(22.4)
	3.3

	Gastrointestinal disease
	274
	(4.6)
	84
	(2.6)
	10.8
	(3.2)
	(3.5)
	2.0

	Neurological disease
	37
	(0.6)
	22
	(0.7)
	0.7
	(0.7)
	(0.7)
	0.1

	External causes
	101
	(1.7)
	61
	(1.9)
	1.4
	(1.8)
	(1.9)
	0.7

	Renal disease
	185
	(3.1)
	116
	(3.6)
	2.6
	(3.6)
	(3.4)
	0.6

	Other category
	1,133
	(19.1)
	312
	(9.6)
	26.9
	(14.6)
	(12.1)
	7.4

	Circulatory failure
	1,540
	(25.9)
	613
	(18.9)
	16.8
	(26.0)
	(26.1)
	0.3

	Coagulopathy
	405
	(6.8)
	104
	(3.2)
	16.6
	(4.2)
	(3.9)
	1.4

	Chronic liver disease
	184
	(3.1)
	74
	(2.3)
	5.0
	(2.5)
	(2.6)
	0.8

	Barthel Index at admission, mean(SD)
	34.3
	(42.8)
	38.5 
	(44.2)
	9.7
	36.8 (43.8)
	36.3 (43.6)
	1.1

	Non-smoker, n (%)
	2,677
	(45.1)
	1,649
	(51.0)
	11.9
	(47.6)
	(48.8)
	2.6

	Treatments and procedures within 2 days of admission
	
	
	
	
	
	
	
	

	Deep vein thrombosis prophylaxis, n (%)
	2,530 
	(42.6)
	1,206
	(37.3)
	10.8
	(40.6)
	(37.8)
	5.8

	Rehabilitation, n (%)
	2,743 
	(46.2)
	1,331
	(41.1)
	10.1
	(44.3)
	(41.8)
	5.0

	High-flow nasal cannula, n (%)
	3,844
	(64.7)
	1,623
	(50.2)
	29.7
	(56.9)
	(55.7)
	2.3

	Noninvasive positive pressure ventilation, n (%)
	2,105
	(35.4)
	1,615
	(49.9)
	29.6
	(43.3)
	(44.4)
	2.4

	Renal replacement therapy, n (%)
	686
	(11.5)
	270
	(8.3)
	10.7
	(9.4)
	(9.2)
	1.0

	Initiation of enteral nutrition, n (%)
	3,149
	(53.0)
	2,161
	(66.8)
	28.4
	(60.3)
	(61.5)
	2.4

	5% Albumin administration, n (%)
	448
	(7.5)
	112
	(3.5)
	18.0
	(4.8)
	(4.6)
	1.2

	25% Albumin administration, n (%)
	259
	(4.4)
	58
	(1.8)
	14.9
	(2.6)
	(2.4)
	1.8

	Total red blood cell units transfused, mean (SD)
	0.5
	(1.8)
	0.2
	(1.1)
	18.4
	0.3 (1.2)
	0.3 (1.2)
	2.1

	Total platelet units transfused, mean (SD)
	0.5
	(3.4)
	0.1
	(1.8)
	12.3
	0.2 (2.2)
	0.2 (2.2)
	1.2

	Total fresh frozen plasma units transfused, mean (SD)
	0.4
	(3.3)
	0.1
	(1.5)
	12.3
	0.2 (1.8)
	0.2 (1.8)
	0.8

	Antithrombotic therapies, n (%)
	
	
	
	
	
	
	
	

	Antiplatelet therapy
	974
	(16.4)
	260
	(8.0)
	25.7
	(10.7)
	(10.4)
	1.1

	Direct oral anticoagulants
	606
	(10.2)
	409
	(12.6)
	7.7
	(12.0)
	(12.7)
	2.1

	Reversal agents for anticoagulation therapy
	253
	(4.3)
	119
	(3.7)
	3.0
	(3.2)
	(3.6)
	2.5

	Hemostatic therapy, n (%)
	244
	(4.1)
	87
	(2.7)
	7.8
	(3.3)
	(3.3)
	0.3

	Antibiotics, n (%)
	
	
	
	
	
	
	
	

	High-risk antibiotics for CDI
	2,390
	(40.2)
	1,013
	(31.3)
	18.7
	(34.3)
	(34.3)
	0.1

	Intermediate-risk antibiotics for CDI
	1,747
	(29.4)
	787
	(24.3)
	11.5
	(27.4)
	(26.2)
	2.7

	Low-risk antibiotics for CDI
	1,500
	(25.2)
	486
	(15.0)
	25.7
	(18.5)
	(17.8)
	2.0

	No antibiotics
	1,876
	(31.6)
	1,435
	(44.4)
	26.6
	(39.1)
	(40.0)
	1.8

	Probiotics, n(%)
	545
	(9.2)
	130
	(4.0)
	20.9
	(5.8)
	(5.2)
	2.6

	Other gastroprotective agents, n(%)
	113
	(1.9)
	80
	(2.5)
	3.9
	(2.1)
	(2.3)
	1.2

	Non-steroidal anti-inflammatory drugs, n(%)
	273
	(4.6)
	145
	(4.5)
	0.5
	(4.5)
	(4.5)
	0.4

	Corticosteroids, n (%)
	2,701
	(45.5)
	702
	(21.7)
	52.0
	(31.0)
	(29.1)
	4.1

	Dobutamine, n (%)
	569
	(9.6)
	346
	(10.7)
	3.7
	(10.3)
	(10.8)
	1.5


ASD, absolute standardized difference; CDI, Clostridioides difficile infection; HFNC, high-flow nasal cannula; NPPV, noninvasive positive pressure ventilation; PPI, proton pump inhibitor; SD, standard deviation; SOFA, Sequential Organ Failure Assessment; SUP, stress ulcer prophylaxis.




Supplementary Table 7. Missing data
	Variables
	Missing proportion, n(%)

	Weight
	426
	(4.6)

	Height
	634
	(6.9)

	SOFA score at ICU admission
	
	

	Respiratory
	3,546
	(38.6)

	Cardiovascular
	3,121
	(34.0)

	Hepatic
	3,172
	(34.6)

	Coagulation
	3,114
	(33.9)

	Renal
	3,113
	(33.9)

	Neurological
	3,110
	(33.9)

	Barthel index at admission
	
	

	Feeding
	861
	(9.4)

	Bathing
	411
	(4.5)

	Grooming (personal hygiene)
	509
	(5.5)

	Dressing
	509
	(5.5)

	Bowel control
	1,181
	(12.9)

	Bladder control
	902
	(9.8)

	Toilet use
	1,119
	(12.2)

	Transfers (bed to chair and back)
	376
	(4.1)

	Mobility (walking on level surface)
	544
	(5.9)

	Stairs (going up and down)
	533
	(5.8)


ICU, intensive care unit; SOFA, Sequential Organ Failure Assessment.



Supplementary Table 8. Subgroup analysis of 90-day mortality
	Subgroups
	PPI
	
	
	No SUP
	
	Adjusted Cause-specific HR
	95% CI
	P-value for interaction

	
	Number
	Event
	
	Number
	Event
	
	
	

	Severe illness with bleeding risk factors
	
	
	
	
	0.37

	Yes
	744
	208
	
	288
	66
	1.05
	0.74–1.48
	

	No
	5197
	887
	
	2947
	393
	0.89
	0.77–1.02
	

	Enteral nutrition
	
	
	
	
	
	
	0.03

	Yes
	3149
	475
	
	2161
	223
	1.05
	0.88–1.26
	

	No
	2792
	620
	
	1074
	236
	0.79
	0.66–0.95
	

	Respiratory support modality
	
	
	
	
	
	0.39

	NPPV
	2105
	278
	
	1615
	154
	0.98
	0.80–1.21
	

	HFNC
	3836
	817
	
	1620
	305
	0.88
	0.75–1.02
	

	Circulatory failure
	
	
	
	
	
	
	0.17

	Yes
	1799
	416
	
	785
	138
	1.04
	0.82–1.31
	

	No
	4142
	679
	
	2450
	321
	0.85
	0.72–1.01
	


CI, confidence interval; HFNC, high-flow nasal cannula; HR, hazard ratio; NPPV, non-invasive positive pressure ventilation; SUP, stress ulcer prophylaxis.



Supplementary Figure 1 Cumulative incidence function curves for 90-day mortality.
[image: ]

Supplementary Figure 2. Weighted cumulative incidence function curves for 90-day mortality.
[image: ]
Weighted curves were estimated after propensity score overlap weighting.

Supplementary Figure 3. Crude cumulative incidence function curves for live discharge within 90 days.[image: ]

Supplementary Figure 4. Weighted cumulative incidence function curves for live discharge within 90 days.
[image: ]
Weighted curves were estimated after propensity score overlap weighting.



Supplementary Table 9. Sensitivity analyses of the primary outcome
	Sensitivity analyses
	PPI
	　
	No SUP
	　
	Effect measure, HR
	Adjusted hazard ratio
	95% CI

	Fine–Gray model for 90-day upper gastrointestinal bleeding, n (%)
	53
	(0.9)
	28
	(0.9)
	Subdistribution 
	0.79
	0.48–1.31

	Complete case analysis
	26
	(0.9)
	12
	(0.9)
	Cause-specific 
	0.82
	0.38–1.81

	Upper gastrointestinal bleeding requiring hemostatic intervention within 30 days, n (%)
	40
	(0.7)
	23
	(0.7)
	Cause-specific 
	0.74
	0.41–1.31

	Exposure redefined as any SUP use
	62
	(0.8)
	28
	(0.9)
	Cause-specific 
	0.73
	0.46–1.18

	Exposure redefined as PPI use on hospital day 1 or 2
	56
	(0.8)
	29
	(0.7)
	Cause-specific 
	0.90
	0.55–1.45


HR, hazard ratio; PPI, proton pump inhibitor; SUP, stress ulcer prophylaxis.
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