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Supplementary Table 1. ICD-10 code definitions and prevalence of liver disease used in this study
	ICD-10 Code
	Disease
	Lilly CCI
	Quan CCI
	Number of patients

	B180
	Chronic viral hepatitis B without delta-agent
	1
	1
	0

	B181
	Chronic viral hepatitis B with delta-agent
	1
	1
	0

	B182
	Chronic viral hepatitis C
	1
	1
	0

	B188
	Other chronic viral hepatitis
	1
	1
	0

	B189
	Chronic viral hepatitis, unspecified
	1
	1
	6

	I850
	Esophageal varices
	1
	-
	1

	I864
	Gastric varices
	1
	-
	0

	K700
	Alcoholic fatty liver
	1
	1
	37

	K701
	Alcoholic hepatitis 
	1
	1
	1

	K702
	Alcoholic fibrosis and sclerosis of liver
	1
	1
	0

	K703
	Alcoholic cirrhosis of liver 
	1
	1
	6

	K704
	Alcoholic hepatic failure
	1
	1
	0

	K709
	Alcoholic liver disease unspecified
	1
	1
	8

	K711
	Toxic liver disease with hepatic necrosis 
	1
	1
	1

	K713
	Toxic liver disease with chronic persistent hepatitis
	1
	1
	0

	K714
	Toxic liver disease with chronic lobular hepatitis
	1
	1
	0

	K715
	Toxic liver disease with chronic active hepatitis 
	1
	1
	0

	K717
	Toxic liver disease with fibrosis and cirrhosis of liver
	1
	1
	0

	K721
	Chronic hepatic failure
	1
	-
	1

	K729
	Hepatic failure unspecified
	1
	1
	2

	K730
	Chronic persistent hepatitis not elsewhere classified
	1
	1
	4

	K731
	Chronic lobular hepatitis not elsewhere classified
	1
	1
	0

	K732
	Chronic active hepatitis not elsewhere classified
	1
	1
	0

	K738
	Other chronic hepatitis unspecified
	1
	1
	4

	K739
	Chronic hepatitis
	1
	-
	35

	K740
	Hepatic fibrosis
	1
	1
	0

	K741
	Hepatic sclerosis
	1
	-
	0

	K742
	Hepatic fibrosis with hepatic sclerosis
	1
	1
	0

	K743
	Primary biliary cirrhosis
	1
	1
	0

	K744
	Secondary biliary cirrhosis
	1
	1
	0

	K745
	Biliary cirrhosis unspecified
	1
	1
	0

	K746
	Unspecified cirrhosis of liver
	1
	1
	5

	K752
	Nonspecific reactive hepatitis
	1
	-
	1

	K753
	Granulomatous hepatitis not elsewhere classified
	1
	-
	0

	K754
	Autoimmune hepatitis
	1
	-
	0

	K7581
	Nonalcoholic steatohepatitis (NASH)
	1
	-
	0

	K7589
	Other specified inflammatory liver diseases
	1
	-
	0

	K759
	Inflammatory liver disease, unspecified
	1
	-
	38

	K760
	Fatty (change of) liver, not elsewhere classified
	1
	1
	46

	K761
	Chronic passive congestion of liver
	1
	-
	0

	K762
	Central hemorrhagic necrosis of liver
	1
	-
	0

	K763
	Infarction of liver
	1
	-
	0

	K764
	Pellosis hepatis
	1
	-
	0

	K765
	Hepatic veno-occlusive disease
	1
	1
	0

	K766
	Portal hypertension
	1
	1
	0

	K767
	Hepatorenal syndrome
	1
	1
	0

	K7680
	Hepatopulmonary syndrome
	1
	1
	0

	K7688
	Other specified diseases of liver
	1
	-
	0

	K7689
	Other disorders of liver
	1
	1
	0

	K769
	Liver disease unspecified
	1
	-
	316

	Z482
	Aftercare for liver transplant
	1
	-
	0

	Z944
	Liver transplant status
	1
	-
	0



Abbreviations: ICD-10, International Classification of Diseases, 10th Revision; CCI, Charlson Comorbidity Index


Supplementary Table 2. Definitions and diagnostic criteria for geriatric syndromes and clinical conditions
	Geriatric syndrome
	Definition and diagnostic criteria

	Frailty
	Cardiovascular health study frailty phenotype 

	　
	 · Exhaustion: "moderate or most of the time during the last week" to either of the following: "I felt that everything I did was an effort" or "I could not get going."

	　
	 · Low activity: physical activity level by K-PASE in the lowest quintile

	　
	 · Slowness: usual gait speed < 0.8 m/sec

	　
	 · Weakness: dominant handgrip strength < 26 kg for men and < 17 kg for women

	　
	 · Weight loss: unintentional weight loss > 3 kg during the previous 6 months

	　
	Korean version of FRAIL criteria

	　
	 · Fatigue: "some of the time" or "most of the time" to the following: "How much of the time during the past 4 weeks did you feel tired?"

	　
	 · Resistance: positive response to the following: "By yourself and not using aids, do you have difficulty walking up 10 steps without resting?"

	　
	 · Ambulation: positive response to the following: "By yourself and not using aids, do you have any difficulty walking 300 meters?"

	　
	 · Illness: having > 5 diseases among the list under multimorbidity (see below)

	　
	 · Loss of weight: weight loss > 5% in the past year

	　
	Frailty Index

	　
	 · Changes in everyday activities, problems getting dressed, problems with bathing, problems carrying out personal grooming, urinary incontinence, toileting problems, gastrointestinal problems, problems cooking, problems going out alone, impaired mobility, musculoskeletal problems, bradykinesia of the limbs, poor muscle tone in limbs, poor limb coordination, poor coordination of the trunk, poor standing posture, irregular gait pattern, falls, mood problems, tiredness all the time, depression, memory changes, changes in general mental functioning, history relevant to cognitive impairment or loss, history of stroke, history of diabetes mellitus, arterial hypertension, cardiac problems, myocardial infarction, congestive heart failure, lung problems, respiratory problems, malignant disease, and other medical history

	Sarcopenia
	Asian Working Group for Sarcopenia criteria

	
	 · Decreased muscle mass: ASM / height2 < 7.0 kg/m2 for men and < 5.7 kg/m2 for women

	　
	 · Plus, low muscle strength or low physical performance

	　
	   · Decreased muscle strength: handgrip strength < 28 kg for men and < 18 kg for women

	　
	   · Decreased physical performance: 6-m walk speed, < 1.0 m/s; Short Physical Performance Battery score, ≤ 9; or five-time chair stand test, ≥ 12 seconds

	　
	European Working Group on Sarcopenia in Older People criteria

	　
	 · Decreased muscle mass: ASM / height2 < 7.0 kg/m2 for men and < 5.5 kg/m2 for women

	　
	 · Plus, low muscle strength or low physical performance

	　
	   · Decreased muscle strength: handgrip strength < 27 kg for men and < 16 kg for women

	ADL disability
	Requiring assistance from another person in performing any of the following 7 activities: bathing, continence, dressing, eating, toileting, transferring, washing face and hands

	IADL disability
	Requiring assistance from another person in performing any of the following 10 activities: food preparation, doing household chores, going out short distance, grooming, handling finances, laundry, managing own medications, shopping, transportation, telephone

	Cognitive dysfunction
	Mini-Mental State Examination score < 24 points

	Depression
	The Center for Epidemiological Studies Depression Scale score ≥ 21 points

	Malnutrition
	Malnutrition if the Mini-Nutritional Assessment Short-Form score < 8 points

	　
	At risk for malnutrition if the Mini-Nutritional Assessment Short-Form score 8-11 points

	　
	Normal nutrition if the Mini-Nutritional Assessment Short-Form score 12-14 points

	Multimorbidity
	Having ≥ 2 chronic conditions among the following: angina, arthritis, asthma, cancer excluding minor skin cancer, chronic lung disease, congestive heart failure, diabetes, heart attack, hypertension, kidney disease, stroke

	SPPB
	Three objective physical function test. Each component is scored from 0 to 4, with a total score ranging from 0 (worst) to 12 (best).

	
	 · Standing: Side-by-side, semi-tandem, and tandem stances

	
	 · Gait speed: 4-meter walk

	
	 · Chair stand test: five repetitions


Abbreviations: ADL, activities of daily living; ASM, appendicular skeletal muscle mass; AWGS, Asian Working Group for Sarcopenia; CES-D, Center for Epidemiological Studies Depression Scale; CHS, Cardiovascular Health Study; EWGSOP, European Working Group on Sarcopenia in Older People; IADL, instrumental activities of daily living; K-PASE, Korean version of the Physical Activity Scale for the Elderly; MMSE, Mini-Mental State Examination; MNA-SF, Mini-Nutritional Assessment Short-Form; SPPB, Short Physical Performance Battery
Supplementary Table 3. Risk of mortality and long-term hospitalization according to the presence of liver disease (n=1,886)
	Outcome
	Group
	Events, n (%)
	Sum of person-years
	Incidence rate*
(95% CI)
	Incidence rate ratio
(95% CI)
	P-value
	Adjusted HR†
(95% CI)
	P-value

	Mortality or long-term hospitalization
	Without 
liver disease
	324 (23.6)
	6409.33
	50.56 (45.05–56.07)
	ref
	0.379
	ref
	0.267

	　
	With liver disease
	93 (18.1)
	2040.28
	45.58 (36.31–54.85)
	0.90 (0.72-1.14)
	
	1.14 (0.90-1.44)
	

	Mortality
	Without
liver disease
	170 (12.4)
	6919.21
	24.57 (20.86–28.28)
	ref
	0.358
	ref
	0.792

	　
	With liver disease
	46 (9.0)
	2181.5
	21.09 (15.01–27.19)
	0.86 (0.62-1.19)
	
	1.05 (0.75-1.45)
	

	Long-term hospitalization
	Without 
liver disease
	233 (17.0)
	6656.7
	35.00 (30.51–39.49)
	ref
	0.328
	ref
	0.789

	　
	With liver disease
	65 (12.7)
	2130.39
	30.51 (23.09–37.91)
	0.87 (0.66-1.15)
	
	1.04 (0.79–1.38)
	


* Incidence rate: Calculated as the number of events per 1,000 person-years.
† Adjusted HR: Adjusted for age, sex, socioeconomic status, frailty, and sarcopenia.
Abbreviations: CI, confidence interval; HR, hazard ratio

Supplementary Table 4. Baseline characteristics of the participants with liver disease according to the presence of frailty by frailty phenotype
	　
	Total
	With frailty
	Without frailty
	P-value

	　
	(n=513)
	(n=112)
	(n=401)
	　

	Follow-up duration, mean (SD), y
	4.25 (2.04)
	4.41 (2.11)
	4.21 (2.02)
	0.343

	Age groups, n (%)
	
	
	
	<0.001

	65-69 years
	135 (26.3)
	15 (13.4)
	120 (29.9)
	

	70-74 years
	140 (27.3)
	25 (22.3)
	115 (28.7)
	

	75-79 years
	134 (26.1)
	40 (35.7)
	94 (23.4)
	

	80-84 years
	66 (12.9)
	16 (14.3)
	50 (12.5)
	

	85- years
	38 (7.4)
	16 (14.3)
	22 (5.5)
	

	Female sex, n (%)
	304 (59.3)
	82 (73.2)
	222 (55.4)
	0.001

	Socioeconomic status, n (%)
	
	
	
	0.359

	National health insurance
	469 (91.4)
	102 (91.1)
	367 (91.5)
	

	Household income <30%
	91 (17.7)
	25 (22.3)
	66 (16.5)
	

	Household income 30–70%
	141 (27.5)
	24 (21.4)
	117 (29.2)
	

	Household income ≥70%
	237 (46.2)
	53 (47.3)
	184 (45.9)
	

	Medical aid
	31 (6.0)
	6 (5.4)
	25 (6.2)
	

	Unknown
	13 (2.5)
	4 (3.6)
	9 (2.2)
	

	Living alone, n (%)
	122 (23.8)
	35 (31.2)
	87 (21.7)
	0.048

	Education level
	
	
	
	<0.001

	University, college or higher
	17 (3.3)
	1 (0.9)
	16 (4.0)
	

	High school
	43 (8.4)
	3 (2.7)
	40 (10.0)
	

	Middle school
	40 (7.8)
	3 (2.7)
	37 (9.2)
	

	Elementary school
	157 (30.6)
	24 (21.4)
	133 (33.2)
	

	Incomplete elementary school
	256 (49.9)
	81 (72.3)
	175 (43.6)
	

	CCI score, mean (SD)
	3.11 (1.64)
	3.04 (1.59)
	3.12 (1.65)
	0.647

	Comorbidities, n (%)
	
	
	
	

	Hypertension
	403 (78.6)
	89 (79.5)
	314 (78.3)
	0.893

	Diabetes mellitus
	296 (57.7)
	67 (59.8)
	229 (57.1)
	0.685

	Dyslipidemia
	446 (86.9)
	89 (79.5)
	357 (89.0)
	0.013

	Chronic kidney disease
	19 (3.7)
	2 (1.8)
	17 (4.2)
	0.351

	Heart failure
	85 (16.6)
	24 (21.4)
	61 (15.2)
	0.155

	Myocardial infarction
	17 (3.3)
	5 (4.5)
	12 (3.0)
	0.638

	Chronic lung disease
	241 (47.0)
	62 (55.4)
	179 (44.6)
	0.057

	Decompensated cirrhosis
	9 (1.8)
	0 (0.0)
	9 (2.2)
	0.233

	Multimorbidity*
	251 (48.9)
	69 (61.6)
	182 (45.4)
	0.003

	Cognitive dysfunction by MMSE-DS
	128 (25.0)
	56 (50.9)
	72 (18.0)
	<0.001

	Depression by CES-D
	47 (9.2)
	39 (34.8)
	8 (2.0)
	<0.001

	Malnutrition by MNA-SF†
	
	
	
	<0.001

	Normal
	302 (58.9)
	36 (32.1)
	266 (66.3)
	

	At risk of malnutrition
	187 (36.5)
	60 (53.6)
	127 (31.7)
	

	Malnourished
	24 (4.7)
	16 (14.3)
	8 (2.0)
	

	ADL, n (%)
	112 (21.8)
	48 (42.9)
	64 (16.0)
	<0.001

	IADL, n (%)
	131 (25.5)
	57 (50.9)
	74 (18.5)
	<0.001

	SPPB‡
	8.2 (3.5)
	4.7 (3.2)
	9.2 (2.9)
	<0.001

	Body mass index, mean (SD), kg/m2
	24.9 (3.3)
	24.2 (3.3)
	25.2 (3.3)
	0.006

	ASM/height2§, kg/m2, mean (SD)
	6.51 (1.23)
	5.87 (1.11)
	6.68 (1.20)
	<0.001

	Grip strength, kg, mean (SD)
	22.41 (9.51)
	13.85 (5.37)
	24.80 (9.03)
	<0.001

	Gait speed, m/s, mean (SD)
	0.79 (0.32)
	0.49 (0.24)
	0.87 (0.29)
	<0.001

	Smoking, n (%)
	35 (6.8)
	3 (2.7)
	32 (8.0)
	0.079

	Alcohol consumption||, n (%)
	
	
	
	0.116

	Non or mild
	498 (97.1)
	112 (100)
	386 (96.3)
	

	Moderate
	11 (2.1)
	0
	11 (2.7)
	

	Severe
	4 (0.8)
	0
	4 (0.8)
	


[bookmark: _Hlk218238540]* Multimorbidity was defined as the presence of two or more chronic conditions.
† Mini-Nutritional Assessment Short-Form (MNA-SF) score < 8 points; At risk for malnutrition as 8-11 points; and Normal nutrition as 12-14 points.
‡ The Short Physical Performance Battery consists of three objective physical function tests: standing balance, gait speed, and the chair stand test. Scores range from 0 (worst) to 12 (best).
§ Calculated as the sum of lean muscle mass in the four limbs divided by the square of the height.
|| Alcohol consumption as non or mild (M: 0–30 g/day, F: 0–20 g/day), moderate (M: 30–60 g/day, F: 20–50 g/day), and severe (M: >60 g/day, F: >50 g/day). 
Abbreviations: ADL, activities of daily living; ASM, appendicular skeletal muscle mass; BMI, body mass index; CCI, Charlson comorbidity index; CES-D, Center for Epidemiological Studies Depression scale; IADL, instrumental activities of daily living; MMSE-DS, Mini-Mental State Examination for Dementia Screening; MNA-SF, Mini Nutritional Assessment-Short Form; SD, standard deviation; SPPB, Short Physical Performance Battery
Supplementary Table 5. Hazard ratios for the association of frailty and sarcopenia with mortality and long-term hospitalization in patients with liver disease (n=513)
	Main Exposure (Definition)
	Unadjusted HR
(95% CI)
	P-value
	Adjusted HR*
(95% CI)
	P-value

	Frailty
	
	
	
	

	 Frailty phenotype
	2.10 (1.78–2.49)
	<0.001
	2.59 (1.53–4.38)
	<0.001

	 Frailty index
	2.19 (1.93–2.49)
	<0.001
	3.62 (2.04–6.43)
	<0.001

	 FRAIL criteria
	1.72 (1.46–2.03)
	<0.001
	1.48 (0.89–2.46)
	0.130

	Sarcopenia
	
	
	
	

	 Sarcopenia by AWGS
	3.04 (2.32–3.98)
	<0.001
	2.12 (1.34–3.36)
	0.001

	 Sarcopenia by EWGSOP
	2.91 (2.21–3.83)
	<0.001
	2.41 (1.49–3.91)
	<0.001


* Adjusted for: Age group, sex, socioeconomic status, living alone, education level, multimorbidity, cognitive dysfunction, depression, and malnutrition.
Abbreviations: AWGS, Asian Working Group for Sarcopenia; CHS, Cardiovascular Health Study; CI, confidence interval; EWGSOP, European Working Group on Sarcopenia in Older People; FRAIL, fatigue, resistance, ambulation, illness, and loss of weight; HR, hazard ratio

Supplementary Table 6. Baseline characteristics of the participants with liver disease according to the presence of sarcopenia by AWGS
	　
	Total
	With sarcopenia
	Without sarcopenia
	P-value

	　
	 (n=513)
	 (n=160)
	 (n=353)
	　

	Follow-up duration, mean (SD), y
	4.25 (2.04)
	4.41 (2.08)
	4.18 (2.02)
	0.248

	Age groups, n (%)
	
	
	
	<0.001

	65-69 years
	135 (26.3)
	25 (15.6)
	110 (31.2)
	

	70-74 years
	140 (27.3)
	33 (20.6)
	107 (30.3)
	

	75-79 years
	134 (26.1)
	49 (30.6)
	85 (24.1)
	

	80-84 years
	66 (12.9)
	30 (18.8)
	36 (10.2)
	

	85- years
	38 (7.4)
	23 (14.4)
	15 (4.2)
	

	Female sex, n (%)
	304 (59.3)
	105 (65.6)
	199 (56.4)
	0.06

	Socioeconomic status, n (%)
	
	
	
	0.545

	National health insurance
	469 (91.4)
	144 (90.0)
	325 (92.1)
	

	Household income <30%
	91 (17.7)
	39 (24.4)
	52 (14.7)
	

	Household income 30–70%
	141 (27.5)
	39 (24.4)
	102 (28.9)
	

	Household income ≥70%
	237 (46.2)
	66 (41.2)
	171 (48.4)
	

	Medical aid
	31 (6.0)
	10 (6.2)
	21 (5.9)
	

	Unknown
	13 (2.5)
	6 (3.8)
	7 (2.0)
	

	Living alone, n (%)
	122 (23.8)
	52 (32.5)
	70 (19.8)
	0.003

	Education level
	
	
	
	<0.001

	University, college or higher
	17 (3.3)
	4 (2.5)
	13 (3.7)
	

	High school
	43 (8.4)
	7 (4.4)
	36 (10.2)
	

	Middle school
	40 (7.8)
	11 (6.9)
	29 (8.2)
	

	Elementary school
	157 (30.6)
	31 (19.4)
	126 (35.7)
	

	Incomplete elementary school
	256 (49.9)
	107 (66.9)
	149 (42.2)
	

	CCI score, mean (SD)
	3.11 (1.64)
	3.26 (1.71)
	3.04 (1.60)
	0.148

	Comorbidities, n (%)
	
	
	
	

	Hypertension
	403 (78.6)
	127 (79.4)
	276 (78.2)
	0.851

	Diabetes mellitus
	296 (57.7)
	92 (57.5)
	204 (57.8)
	>0.999

	Dyslipidemia
	446 (86.9)
	130 (81.2)
	316 (89.5)
	0.015

	Chronic kidney disease
	19 (3.7)
	3 (1.9)
	16 (4.5)
	0.221

	Heart failure
	85 (16.6)
	28 (17.5)
	57 (16.1)
	0.8

	Myocardial infarction
	17 (3.3)
	10 (6.2)
	7 (2.0)
	0.025

	Chronic lung disease
	241 (47.0)
	89 (55.6)
	152 (43.1)
	0.011

	Decompensated cirrhosis
	9 (1.8)
	2 (1.2)
	7 (2.0)
	0.824

	Multimorbidity* 
	251 (48.9)
	87 (54.4)
	164 (46.5)
	0.117

	Cognitive dysfunction by MMSE-DS
	128 (25.0)
	58 (36.7)
	70 (19.8)
	<0.001

	Depression by CES-D
	47 (9.2)
	29 (18.1)
	18 (5.1)
	<0.001

	Malnutrition by MNA-SF†
	
	
	
	<0.001

	Normal
	302 (58.9)
	62 (38.8)
	240 (68.0)
	

	At risk of malnutrition
	187 (36.5)
	78 (48.8)
	109 (30.9)
	

	Malnourished
	24 (4.7)
	20 (12.5)
	4 (1.1)
	

	ADL, n (%)
	112 (21.8)
	48 (30.0)
	64 (18.1)
	0.004

	IADL, n (%)
	131 (25.5)
	62 (38.8)
	69 (19.6)
	<.0001

	SPPB‡
	8.23 (3.51)
	6.47 (3.81)
	9.02 (3.05)
	<0.001

	Body mass index, mean (SD), kg/m2
	24.94 (3.28)
	22.72 (2.64)
	25.97 (3.04)
	<0.001

	ASM/height2§, kg/m2, mean (SD)
	6.51 (1.23)
	5.32 (1.04)
	7.02 (0.91)
	<0.001

	Grip strength, kg, mean (SD)
	22.41 (9.51)
	16.92 (7.38)
	24.90 (9.33)
	<0.001

	Gait speed, m/s, mean (SD)
	0.79 (0.32)
	0.65 (0.31)
	0.85 (0.31)
	<0.001

	Smoking, n (%)
	35 (6.8)
	11 (6.9)
	24 (6.8)
	>0.999

	Alcohol consumption, n (%)
	
	
	
	0.203

	Non or mild
	498 (97.1)
	157 (98.1)
	341 (96.6)
	

	Moderate
	11 (2.1)
	1 (0.6)
	10 (2.8)
	

	Severe
	4 (0.8)
	2 (1.3)
	2 (0.6)
	


* Multimorbidity was defined as the presence of two or more chronic conditions.
† Mini-Nutritional Assessment Short-Form (MNA-SF) score < 8 points; At risk for malnutrition as 8-11 points; and Normal nutrition as 12-14 points.
‡ The Short Physical Performance Battery consists of three objective physical function tests: standing balance, gait speed, and the chair stand test. Scores range from 0 (worst) to 12 (best).
§ Calculated as the sum of lean muscle mass in the four limbs divided by the square of the height.
|| Alcohol consumption as non or mild (M: 0–30 g/day, F: 0–20 g/day), moderate (M: 30–60 g/day, F: 20–50 g/day), and severe (M: >60 g/day, F: >50 g/day).
Abbreviations: ADL, activities of daily living; ASM, appendicular skeletal muscle mass; BMI, body mass index; CCI, Charlson comorbidity index; CES-D, Center for Epidemiological Studies Depression scale; IADL, instrumental activities of daily living; MMSE-DS, Mini-Mental State Examination for Dementia Screening; MNA-SF, Mini Nutritional Assessment-Short Form; SD, standard deviation; SPPB, Short Physical Performance Battery




Supplementary Figure 1. Kaplan-Meier curves for the risk of mortality and long-term hospitalization according to the presence of liver disease.
[image: ]
P-value was determined by the log-rank test
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