Supplementary Table 1. List of specific information available to define physical multimorbidity and covariates in the Japan Public Health Center-based Prospective Study and the Japan Epidemiology Collaboration on Occupational Health Study

	Conditions
	Cohort
	Study site
	Available information1
	Definitions of harmonized variable

	Morbid conditions

	Cancer
	JPHC
	Cohort I & II
	Past site-specific cancer
	Positive responses to any of the site-specific cancer

	
	J-ECOH
	Site 1, 3, 6, 7, 9, 12, 13, 14
	Present and past cancer
	Positive responses to either present cancer or past cancer

	
	
	Site 2, 11
	Past cancer of any type
	A positive response to previous diagnosis of cancer

	Heart 
disease
	JPHC
	Cohort I
	Past ischemic heart disease (angina pectoris and myocardial infarction)
	A positive response to past ischemic heart diseases

	
	
	Cohort II
	Past myocardial infarction
	A positive response to past myocardial infarction

	
	J-ECOH
	Site 1
	Present and past ischemic heart disease (angina pectoris and myocardial infarction)
	Positive responses to either present or past ischemic heart diseases

	
	
	Site 3, 6, 7, 9, 12, 14
	Present and past ischemic heart disease (angina pectoris and myocardial infarction) and present and past other heart diseases (not specified)
	Positive responses to either present or past ischemic heart diseases

	
	
	Site 2, 11
	Past ischemic heart disease (angina pectoris and myocardial infarction) and past other heart diseases (not specified)
	Positive responses to past ischemic heart diseases

	Stroke
	JPHC
	Cohort I & II
	Past stroke
	A positive response to past stroke

	
	J-ECOH
	Site 1, 3, 6, 7, 9, 12, 13, 14
	Present and past stroke
	Positive responses to either present or past stroke

	
	
	Site 2, 11
	Past stroke
	A positive response to past stroke

	Hypertension
	JPHC
	Cohort I & II
	Past hypertension
	A positive response to past hypertension

	
	J-ECOH
	Site 1, 3, 6, 7, 9, 11, 12, 14
	Present and past hypertension and anti-hypertensive medication
	Positive responses to either present hypertension or anti-hypertensive medication

	
	
	Site 2
	Past hypertension and anti-hypertensive medication
	Positive responses to either past hypertension or anti-hypertensive medication

	Diabetes
mellitus
	JPHC
	Cohort I & II
	Past diabetes mellitus
	A positive response to past diabetes mellitus

	
	J-ECOH
	Site 1, 3, 6, 7, 9, 11, 12, 14
	Present and past diabetes mellitus and anti-diabetic medication
	Positive responses to either present diabetes mellitus, past diabetes mellitus, or anti-diabetic medication

	
	
	Site 2
	Past diabetes mellitus and anti-diabetic medication
	Positive responses to either past diabetes mellitus or anti-diabetic medication

	Dyslipidemia
	JPHC
	Cohort I & II
	Lipid-lowering medication
	A positive response to lipid-lowering medication

	
	J-ECOH
	Site 1, 3, 6, 7, 9, 11, 12, 14
	Present and past dyslipidemia and the use of medication for dyslipidemia
	Positive responses to either present dyslipidemia or the use of medication

	
	
	Site 2
	Past dyslipidemia and the use of medication for dyslipidemia
	Positive responses to either past dyslipidemia or the use of medication

	Excess
body weight
	JPHC
	Cohort I & II
	Self-reported height and weight
	BMI ≥25 kg/m2

	
	J-ECOH
	All sites
	Measured height and weight
	BMI ≥25 kg/m2

	Kidney
disease
	JPHC
	Cohort I
	Past kidney disease
	A positive response to past kidney disease

	
	
	Cohort II
	Past chronic kidney failure (including receiving dialysis)
	A positive response to past chronic kidney failure

	
	J-ECOH
	Site 1, 3, 6, 7, 9, 12, 14
	Present and past kidney disease
	Positive responses to either present or past kidney disease

	
	
	Site 2, 11
	Past kidney disease
	A positive response to past kidney disease

	Liver
disease
	JPHC
	Cohort I & II
	Past chronic hepatitis/cirrhosis
	A positive response to past chronic hepatitis/cirrhosis

	
	J-ECOH
	Site 6, 7, 9, 12, 14
	Present and past chronic hepatitis and present and past other liver diseases (excluding fatty liver)
	Positive responses to either present or past chronic hepatitis or present or past other liver diseases

	
	
	Site 1
	Present and past chronic hepatitis
	Positive response to either present or past chronic hepatitis

	
	
	Site 11
	Present and past liver diseases (excluding fatty liver)
	Positive response to either present or past liver diseases

	
	
	Site 2
	Past chronic hepatitis and other liver diseases (excluding fatty liver)
	Positive response to either past chronic hepatitis or past liver diseases

	
	
	Site 3
	Past chronic hepatitis
	A positive response to past chronic hepatitis

	Asthma
	JPHC
	Cohort I & II
	Past asthma
	A positive response to past asthma

	
	J-ECOH
	Site 1, 3, 6, 7, 9, 12, 14
	Present and past asthma
	Positive responses to either present or past asthma

	
	
	Site 2, 11
	Past asthma
	A positive response to past asthma

	Lifestyle parameters

	Alcohol
	JPHC
	Cohort I
	Initial query on alcohol consumption frequency (hardly ever, 1-3 times/month, 1-2 days/week, 3-4 days/week, 5-6 days/week, and everyday), followed by beverage-specific quantity assessment per day, covering Japanese sake, shochu, beer, whisky, and other types for those who responded to drink one day per week or more frequently.
	We calculated the daily alcohol consumption by first multiplying the estimated alcohol consumption (based on the sum of estimated alcohol consumption for each type of alcoholic beverage) by the estimated number of days per week it was consumed (using the midpoint of the specified category range). This was then divided by 7 to obtain the daily average. Assuming that one 'go', a unit of volume commonly used in Japan, contains 23 g ethanol, we converted the value into the equivalent in Japanese sake, categorizing participants into: did not drink; drank < 1 go (23 g ethanol, including occasional drinkers); drank 1-1.9 go (23-45.9 g); drank ≥ 2 go (46 g).

	
	
	Cohort II
	Initial evaluation categorizes alcohol consumption status into never drinker, former drinker, or current drinker. Subsequent inquiries gauge consumption frequency and quantify intake per occasion. Detailed assessment encompasses beverage types—Japanese sake, shochu, awamori, beer, wine, and whisky. 
	

	
	J-ECOH
	Site 1,12
	Frequency of alcohol consumption (measured as the number of days per week) and daily alcohol consumption amount, inquired from participants in 'go' units (a traditional Japanese volume measurement).
	We calculated the daily alcohol consumption by first multiplying the estimated alcohol consumption by the number of days per week it was consumed. This was then divided by 7 to obtain the daily average. We categories participants into: did not drink; drank < 1 go; drank 1-1.9 go; drank ≥ 2 go.

	
	
	Site 2
	Alcohol consumption frequency (everyday, three times a week, 1-2 days per month, former drinker, never drinker) and alcohol consumption amount per occasion according to beverage type (beer (<1; 1-1.9; 2-2.9; 3-4.9; and ≥5 bottles), Japanese sake (<1; 1-1.9; 2-2.9; 3-4.9; and ≥5 go), shochu (6:4; <1; 1-1.9; 2-2.9; 3-4.9; and ≥5 glasses), whisky [double]; <1; 1-1.9; 2-2.9; 3-4.9; and ≥5 glasses)
	We calculated the daily alcohol consumption by first multiplying the estimated alcohol consumption by the estimated number of days per week it was consumed (hardly ever = 0, sometimes = 3 and often = 7). This was then divided by 7 to obtain the daily average. 

	
	
	Site 3, 6, 7, 11
	Alcohol consumption frequency (hardly ever, sometimes, and often) and alcohol consumption amount per occasion (<1; 1-1.9; 2-2.9; and ≥3 go)
	We calculated the daily alcohol consumption by first multiplying the estimated alcohol consumption by the estimated number of days per week it was consumed (hardly ever = 0, sometimes = 3 and often = 7). This was then divided by 7 to obtain the daily average. 

	
	
	Site 9
	Alcohol consumption frequency (don’t drink, former drinker, drink almost everyday, drink 3-5 times per week, drink twice per week or less frequently) and alcohol consumption amount per occasion (0-1.0; 1.1-2.0; ≥2.1 go)
	We calculated the daily alcohol consumption by first multiplying the estimated alcohol consumption by the number of days per week it was consumed (don’t drink/former drinker = 0, drink twice or less frequently = 1, drink 3-5 times per week = 4, and drink almost everyday = 7). This was then divided by 7 to obtain the daily average. 

	
	
	Site 14
	Alcohol consumption frequency (the number of days per week) and alcohol consumption amount per occasion (<1; 1-1.9; 2-2.9; and ≥3 go)
	We calculated the daily alcohol consumption by first multiplying the estimated alcohol consumption by the number of days per week it was consumed. This was then divided by 7 to obtain the daily average. 

	Smoking
	JPHC
	Cohort I
	Initial query on lifetime smoking, followed by a subsequent question on current smoking status (No; Yes; Yes, but occasionally) for those affirming ever smoking.
	Respondents denying any history of smoking are classified as never smokers. Those acknowledging past smoking but denying current smoking are classified as former smokers. Individuals affirming both past and present smoking are identified as current smokers.

	
	
	Cohort II
	Initial query on current smoking status, succeeded by queries for former smokers detailing cessation age, average cigarettes smoked, and smoking initiation age.
	Individuals affirming the initial smoking status question are classified as current smokers. Those denying initial smoking status yet providing answers to the subsequent questions for former smokers are categorized as former smokers. Conversely, respondents negating initial smoking status without answering the former smoker questions are identified as never smokers.

	
	J-ECOH
	Site 1,2,3,6,7,9,12, 
	A question on current smoking status with response options including never smoker, former smokers, and current smokers
	Never, former and current smokers

	
	
	Site 11, 14
	A question on current smoking status with response options including smokers and non-smokers
	Never, former and current smokers


J-ECOH: The Japan Epidemiology Collaboration on Occupational Health Study; JPHC: The Japan Public Health Center-based Prospective Study
1 In cohorts or study sites where only past medical history was asked to the participants, we deemed that the information also included the current medical history.
2 The Cohort I of the JPHC includes residents in the catchment area of five public health centers (Ninohe, Iwate; Yokote, Akita; Saku, Nagano; Katsushika, Tokyo; and Chubu, Okinawa), whereas Cohort II includes residents in the catchment area of the remaining six centers (Nagaoka, Niigata; Mito, Ibaraki; Suita, Osaka; Chuo-higashi; Kochi; Kamigoto, Nagasaki; and Miyako, Okinawa).




Supplementary Table 2. The number of deaths registered among individuals aged 40-64 years at baseline who participated in the Japan Public Health Center-based Prospective Study and the Japan Epidemiology Collaboration on Occupational Health Study are shown in the International Classification of Diseases Version 10 chapters

	Ch.
	Block
	Title
	JPHC
	J-ECOH

	I
	A00–B99
	Certain infectious and parasitic diseases
	461 (2.0)
	3 (1.1)

	II
	C00–D48
	Neoplasms
	9069 (38.4)
	125 (45.5)

	III
	D50–D89
	Diseases of the blood and blood-forming organs and certain disorders involving the immune mechanism
	83 (0.4)
	0 (0.0)

	IV
	E00–E90
	Endocrine, nutritional and metabolic diseases
	383 (1.6)
	0 (0.0)

	V
	F00–F99
	Mental and behavioral disorders
	112 (0.5)
	0 (0.0)

	VI
	G00–G99
	Diseases of the nervous system
	448 (1.9)
	5 (1.8)

	VII
	H00–H59
	Diseases of the eye and adnexa
	0 (0.0)
	0 (0.0)

	VIII
	H60–H95
	Diseases of the ear and mastoid process
	0 (0.0)
	0 (0.0)

	IX
	I00–I99
	Diseases of the circulatory system
	5846 (24.8)
	80 (29.1)

	X
	J00–J99
	Diseases of the respiratory system
	2,450 (10.4)
	8 (2.9)

	XI
	K00–K93
	Diseases of the digestive system
	900 (3.8)
	9 (3.3)

	XII
	L00–L99
	Diseases of the skin and subcutaneous tissue
	20 (0.1)
	0 (0.0)

	XIII
	M00–M99
	Diseases of the musculoskeletal system and connective tissue
	161 (0.7)
	1 (0.4)

	XIV
	N00–N99
	Diseases of the genitourinary system
	497 (2.1)
	0 (0.0)

	XV
	O00–O99
	Pregnancy, childbirth and the puerperium
	0 (0.0)
	0 (0.0)

	XVI
	P00–P96
	Certain conditions originating in the perinatal period
	0 (0.0)
	0 (0.0)

	XVII
	Q00–Q99
	Congenital malformations, deformations and chromosomal abnormalities
	20 (0.1)
	0 (0.0)

	XVIII
	R00–R99
	Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere classified
	477 (2.0)
	4 (1.5)

	XIX
	S00–T98
	Injury, poisoning and certain other consequences of external causes
	17 (0.1)
	0 (0.0)

	XX
	V01–Y98
	External causes of morbidity and mortality
	1712 (7.3)
	39 (14.2)

	XXI
	Z00–Z99
	Factors influencing health status and contact with health services
	0 (0.0)
	0 (0.0)

	XXII
	U00–U99
	Codes for special purposes
	0 (0.0)
	1 (0.4)

	
	
	Missing
	955 (4.0)
	0 (0.0)

	
	
	Total
	23,611 (100.0)
	275 (100.0)


Results are shown in terms of numbers and proportions.
Ch: Chapter; J-ECOH: Japan Epidemiology Collaboration on Occupational Health Study; JPHC: Japan Public Health Center-based Prospective Study



Supplementary Table 3. The Cox proportional hazards model examining the association between physical multimorbidity and the risk of all-cause mortality in Japan confined the study participants to individuals without cancer, heart disease, or stroke at baseline

	
	
	Physical multimorbidity
	Weight / Heterogeneity1

	
	
	No
	Yes
	

	All-cause mortality
	
	
	

	JPHC
	Person-years
	2,000,880
	233,606
	

	
	No of events
	18,467
	3,674
	

	
	Model 1
	1.00 (ref.)
	1.36 (1.30-1.42)
	83.8%

	
	Model 2
	1.00 (ref.)
	1.40 (1.34-1.46)
	92.4%

	J-ECOH
	Person-years
	258,778
	43,727
	

	
	No of events
	181
	56
	

	
	Model 1
	1.00 (ref.)
	1.64 (1.21-2.22)
	16.2%

	
	Model 2
	1.00 (ref.)
	1.67 (1.22-2.28)
	7.6%

	Total
	Model 1
	1.00 (ref.)
	1.40 (1.22-1.60)
	I2 = 29.1%, p = 0.24

	
	Model 2
	1.00 (ref.)
	1.55 (1.33-1.82)
	I2 = 12.0%, p = 0.29


The results are shown as hazard ratios and corresponding 95% confidence intervals. Model 1 was adjusted for age and sex, while accounting for clustering at the study sites. Model 2 was adjusted for smoking status and alcohol consumption.
P-values for the Schoenfeld tests for Models 1 and 2 in JPHC were as follows: for all-cause mortality, 0.001 and 0.003; for mortality due to physical disorders, 0.001 and 0.03; for mortality due to mental disorders/suicide, 0.001 and 0.02; and for mortality due to injuries/accidents, 0.001 and 0.003. In the J-ECOH study, the corresponding values were 0.001 and 0.03, 0.02 and 0.02, 0.015 and 0.03, and 0.03 and 0.04, respectively.
1 Heterogeneity was assessed using I2-statistics and Cochran’s Q-statistics.
2 The proportional hazards assumption was not fulfilled in relation to physical multimorbidity.

Supplementary Table 4. Results of the Cox proportional hazards model examining the association between physical multimorbidity and the risk of all-cause mortality in Japan, stratified by sex

	
	
	Physical multimorbidity
	Weight / Heterogeneity1 

	
	
	No
	Yes
	

	Male participants
	
	
	

	JPHC
	Person-years
	906,680
	122,363
	

	
	No of events
	11,894
	2,754
	

	
	Model 1
	1.00 (ref.)
	1.36 (1.29-1.44)
	56.3%

	
	Model 2
	1.00 (ref.)
	1.44 (1.38-1.50)
	59.8%

	J-ECOH
	Person-years
	216,250
	45,527
	

	
	No of events
	174
	73
	

	
	Model 1
	1.00 (ref.)
	1.83 (1.48-2.26)
	43.7%

	
	Model 2
	1.00 (ref.)
	1.85 (1.48-2.32)
	40.2%

	Total
	Model 1
	1.00 (ref.)
	1.55 (1.16-2.06)
	I2 = 85.7%, p = 0.008

	
	Model 2
	1.00 (ref.)
	1.59 (1.25-2.03)
	I2 78.8%, p = 0.03

	Female participants
	
	
	

	JPHC
	Person-years
	1,124,549
	140,781
	

	
	No of events
	7,081
	1,882
	

	
	Model 1
	1.00 (ref.)
	1.56 (1.49-1.64)
	99.9%

	
	Model 2
	1.00 (ref.)
	1.55 (1.49-1.62)
	99.9%

	J-ECOH
	Person-years
	45,791
	4,069
	

	
	No of events
	23
	5
	

	
	Model 1
	1.00 (ref.)
	2.39 (0.57-10.07)
	0.1%

	
	Model 2
	1.00 (ref.)
	2.47 (0.59-10.30)
	0.1%

	Total
	Model 1
	1.00 (ref.)
	1.56 (1.49-1.64)
	I2 = 0.0%, p = 0.56

	
	Model 2
	1.00 (ref.)
	1.55 (1.49-1.62)
	I2 = 0.0%, p = 0.52


The results are shown in terms of hazard ratios and corresponding 95% confidence intervals. Model 1 was adjusted for age and sex while accounting for clustering at the study sites. Model 2 was adjusted for smoking status and alcohol consumption.

1 Heterogeneity was assessed using I2-statistics and Cochran’s Q-statistics.



Supplementary Figure 1. Log-log Plots Based on Cox Proportional Hazards Model Examining the Association Between Physical Multimorbidity and All-cause and Cause-specific Mortality among participants in the Japan Public Health Center-based Prospective Study 
[image: グラフィカル ユーザー インターフェイス, グラフ, アプリケーション, 折れ線グラフ]
The blue lines represent individuals without physical multimorbidity at baseline, and the red lines represent individuals with physical multimorbidity at baseline. The x-axis shows the natural logarithm of analysis time, while the y-axis represents the negative log-log of survival probability. 


Supplementary Figure 2. Log-log Plots Based on Cox Proportional Hazards Model Examining the Association Between Physical Multimorbidity and All-cause Mortality among participants in the Japan Epidemiology Collaboration on Occupational Health Study 
[image: グラフ, 折れ線グラフ

自動的に生成された説明]
The blue lines represent individuals without physical multimorbidity at baseline, and the red lines represent individuals with physical multimorbidity at baseline. The x-axis shows the natural logarithm of analysis time, while the y-axis represents the negative log-log of survival probability. 
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