Additional file 1
Table S1. Baseline Characteristics of Study Participants by Total Distance Group
	Variable
	G0
(n=6,474)
	G1
(n=8,755)
	G2
(n=8,754)
	G3
(n=8,754)
	p-value

	Sex

	Male
	6,074 (20%)
	8,068 (27%)
	8,015 (27%)
	7,864 (26%)
	<.01

	Female
	400 (15%)
	687 (25%)
	739 (27%)
	890 (33%)
	

	Age

	20-29 years
	223 (41%)
	190 (35%)
	95 (18%)
	33 (6%)
	<.01

	30-39 years
	1,481 (32%)
	1,536 (33%)
	1,074 (23%)
	499 (11%)
	

	40-49 years
	2,535 (20%)
	3,562 (28%)
	3,457 (27%)
	3,091 (24%)
	

	50-59 years
	1,451 (15%)
	2,383 (24%)
	2,825 (28%)
	3,257 (33%)
	

	60-69 years
	701 (15%)
	978 (21%)
	1,203 (26%)
	1,691 (37%)
	

	70-79 years
	83 (18%)
	106 (22%)
	100 (21%)
	183 (39%)
	

	BMI category (kg/m2)

	Normal (<23)
	1,346 (16%)
	2,099 (26%)
	2,249 (27%)
	2,518 (31%)
	<.01

	Overweight (23-<25)
	1,678 (18%)
	2,401 (26%)
	2,520 (27%)
	2,667 (29%)
	

	Obesity class Ⅰ (25-<30)
	3,102 (22%)
	3,893 (28%)
	3,710 (26%)
	3,371 (24%)
	

	Obesity class Ⅱ/Ⅲ (≥30)
	348 (29%)
	362 (31%)
	275 (23%)
	198 (17%)
	

	Current alcohol consumption

	Yes
	4,759 (19%)
	6,690 (27%)
	6,785 (27%)
	6,628 (27%)
	<.01

	No
	1,715 (22%) 
	2,065 (26%)
	1,969 (25%)
	2,126 (27%)
	

	Lifetime smoking history

	Ever
	4,288 (20%)
	5,814 (27%)
	5,883 (27%)
	5,797 (27%)
	0.48

	Never
	2,186 (20%)
	2,941 (27%)
	2,871 (26%)
	2,957 (27%)
	

	Household income level

	High
	3,823 (20%)
	5,171 (27%)
	5,208 (27%)
	5,053 (26%)
	0.03

	Middle
	2,011 (20%)
	2,668 (27%)
	2,607 (26%)
	2,702 (27%)
	

	Low
	640 (18%)
	916 (26%)
	939 (27%)
	999 (29%)
	

	Area of residence

	Seoul metropolitan area
	3,350 (20%)
	4,382 (26%)
	4,463 (27%)
	4,489 (27%)
	0.07

	Metropolitan city
	1,371 (19%)
	1,870 (26%)
	1,877 (27%)
	1,941 (27%)
	

	Other
	1,753 (19%)
	2,503 (28%)
	2,414 (27%)
	2,324 (26%)
	

	History of chronic diseases1

	Yes
	1,798 (19%)
	2,376 (25%)
	2,541 (27%)
	2,721 (29%)
	<.01

	No
	4,676 (20%)
	6,379 (27%)
	6,213 (27%)
	6,033 (26%)
	

	1 Defined as self-reported physician-diagnosed conditions, including liver disease, hypertension, stroke, heart disease, diabetes mellitus, cancer, or other chronic conditions.





Table S2. Baseline Characteristics of Study Participants by Total Duration Group
	Variable
	G0
(n=6,474)
	G1
(n=8,752)
	G2
(n=8,757)
	G3
(n=8,754)
	p-value

	Sex

	Male
	6,074 (20%)
	8,092 (27%)
	8,050 (27%)
	7,805 (26%)
	<.01

	Female
	400 (15%)
	660 (24%)
	707 (26%)
	949 (35%)
	

	Age

	20-29 years
	223 (41%)
	192 (35%)
	91 (17%)
	35 (6%)
	<.01

	30-39 years
	1,481 (32%)
	1,598 (35%)
	1,017 (22%)
	494 (11%)
	

	40-49 years
	2,535 (20%)
	3,594 (28%)
	3,465 (27%)
	3,051 (24%)
	

	50-59 years
	1,451 (15%)
	2,312 (23%)
	2,878 (29%)
	3,275 (33%)
	

	60-69 years
	701 (15%)
	947 (21%)
	1,207 (26%)
	1,718 (38%)
	

	70-79 years
	83 (18%)
	109 (23%)
	99 (21%)
	181 (38%)
	

	BMI category (kg/m2)

	Normal (<23)
	1,346 (16%)
	2,066 (25%)
	2,235 (27%)
	2,565 (31%)
	<.01

	Overweight (23-<25)
	1,678 (18%)
	2,416 (26%)
	2,534 (27%)
	2,638 (28%)
	

	Obesity class Ⅰ (25-<30)
	3,102 (22%)
	3,917 (28%)
	3,709 (26%)
	3,348 (24%)
	

	Obesity class Ⅱ/Ⅲ (≥30)
	348 (29%)
	353 (30%)
	279 (24%)
	203 (17%)
	

	Current alcohol consumption

	Yes
	4,759 (19%)
	6,715 (27%)
	6,770 (27%)
	6,618 (27%)
	<.01

	No
	1,715 (22%) 
	2,037 (26%)
	1,987 (25%)
	2,136 (27%)
	

	Lifetime smoking history

	Ever
	4,288 (20%)
	5,830 (27%)
	5,880 (27%)
	5,784 (27%)
	0.46

	Never
	2,186 (20%)
	2,922 (27%)
	2,877 (26%)
	2,970 (27%)
	

	Household income level

	High
	3,823 (20%)
	5,261 (27%)
	5,228 (27%)
	4,943 (26%)
	<.01

	Middle
	2,011 (20%)
	2,603 (26%)
	2,598 (26%)
	2,776 (28%)
	

	Low
	640 (18%)
	888 (25%)
	931 (27%)
	1,035 (30%)
	

	Area of residence

	Seoul metropolitan area
	3,350 (20%)
	4,367 (26%)
	4,446 (27%)
	4,521 (27%)
	0.03

	Metropolitan city
	1,371 (19%)
	1,873 (27%)
	1,891 (27%)
	1,924 (27%)
	

	Other
	1,753 (19%)
	2,512 (28%)
	2,420 (27%)
	2,309 (26%)
	

	History of chronic diseases1

	Yes
	1,798 (19%)
	2,364 (25%)
	2,561 (27%)
	2,713 (29%)
	<.01

	No
	4,676 (20%)
	6,388 (27%)
	6,196 (27%)
	6,041 (26%)
	

	1 Defined as self-reported physician-diagnosed conditions, including liver disease, hypertension, stroke, heart disease, diabetes mellitus, cancer, or other chronic conditions.





Table S3. Baseline Characteristics of Study Participants by Frequency Group
	Variable
	G0
(n=6,474)
	G1
(n=8,124)
	G2
(n=9,250)
	G3
(n=8,889)
	p-value

	Sex

	Male
	6,074 (20%)
	7,508 (25%)
	8,469 (28%)
	7,970 (27%)
	<.01

	Female
	400 (15%)
	616 (23%)
	781 (29%)
	919 (34%)
	

	Age

	20-29 years
	223 (41%)
	181 (33%)
	100 (18%)
	37 (7%)
	<.01

	30-39 years
	1,481 (32%)
	1,434 (31%)
	1,152 (25%)
	523 (11%)
	

	40-49 years
	2,535 (20%)
	3,320 (26%)
	3,644 (29%)
	3,146 (25%)
	

	50-59 years
	1,451 (15%)
	2,205 (22%)
	2,998 (30%)
	3,262 (33%)
	

	60-69 years
	701 (15%)
	891 (19%)
	1,256 (27%)
	1,725 (38%)
	

	70-79 years
	83 (18%)
	93 (20%)
	100 (21%)
	196 (42%)
	

	BMI category (kg/m2)

	Normal (<23)
	1,346 (16%)
	1,969 (24%)
	2,383 (29%)
	2,514 (31%)
	<.01

	Overweight (23-<25)
	1,678 (18%)
	2,262 (24%)
	2,665 (29%)
	2,661 (29%)
	

	Obesity class Ⅰ (25-<30)
	3,102 (22%)
	3,564 (25%)
	3,915 (28%)
	3,495 (25%)
	

	Obesity class Ⅱ/Ⅲ (≥30)
	348 (29%)
	329 (28%)
	287 (24%)
	219 (19%)
	

	Current alcohol consumption

	Yes
	1,346 (16%)
	1,969 (24%)
	2,383 (29%)
	2,514 (31%)
	<.01

	No
	1,678 (18%)
	2,262 (24%)
	2,665 (29%)
	2,661 (29%)
	

	Lifetime smoking history

	Ever
	4,288 (20%)
	5,416 (25%)
	6,192 (28%)
	5,886 (27%)
	0.70

	Never
	2,186 (20%)
	2,708 (25%)
	3,058 (28%)
	3,003 (27%)
	

	Household income level

	High
	3,823 (20%)
	4,851 (25%)
	5,503 (29%)
	5,078 (26%)
	<.01

	Middle
	2,011 (20%)
	2,442 (24%)
	2,754 (28%)
	2,781 (28%)
	

	Low
	640 (18%)
	831 (24%)
	993 (28%)
	1,030 (29%)
	

	Area of residence

	Seoul metropolitan area
	3,350 (20%)
	4,095 (25%)
	4,730 (28%)
	4,509 (27%)
	0.38

	Metropolitan city
	1,371 (19%)
	1,726 (24%)
	2,000 (28%)
	1,962 (28%)
	

	Other
	1,753 (19%)
	2,303 (26%)
	2,520 (28%)
	2,418 (27%)
	

	History of chronic diseases1

	Yes
	1,798 (19%)
	2,190 (23%)
	2,666 (28%)
	2,782 (29%)
	<.01

	No
	4,676 (20%)
	5,934 (25%)
	6,584 (28%)
	6,107 (26%)
	

	1 Defined as self-reported physician-diagnosed conditions, including liver disease, hypertension, stroke, heart disease, diabetes mellitus, cancer, or other chronic conditions.





Table S4. Baseline Characteristics of Study Participants by Regularity Group
	Variable
	G0
(n=6,474)
	G1
(n=8,125)
	G2
(n=8,925)
	G3
(n=9,213)
	p-value

	Sex

	Male
	6,074 (20%)
	7,492 (25%)
	8,171 (27%)
	8,284 (28%)
	<.01

	Female
	400 (15%)
	633 (23%)
	754 (28%)
	929 (34%)
	

	Age

	20-29 years
	223 (41%)
	176 (33%)
	107 (20%)
	35 (6%)
	<.01

	30-39 years
	1,481 (32%)
	1,435 (31%)
	1,127 (25%)
	547 (12%)
	

	40-49 years
	2,535 (20%)
	3,294 (26%)
	3,550 (28%)
	3,266 (26%)
	

	50-59 years
	1,451 (15%)
	2,192 (22%)
	2,872 (29%)
	3,401 (34%)
	

	60-69 years
	701 (15%)
	931 (20%)
	1,167 (26%)
	1,774 (39%)
	

	70-79 years
	83 (18%)
	97 (21%)
	102 (22%)
	190 (40%)
	

	BMI category (kg/m2)

	Normal (<23)
	1,346 (16%)
	1,958 (24%)
	2,307 (28%)
	2,601 (32%)
	<.01

	Overweight (23-<25)
	1,678 (18%)
	2,262 (24%)
	2,535 (27%)
	2,791 (30%)
	

	Obesity class Ⅰ (25-<30)
	3,102 (22%)
	3,567 (25%)
	3,797 (27%)
	3,610 (26%)
	

	Obesity class Ⅱ/Ⅲ (≥30)
	348 (29%)
	338 (29%)
	286 (24%)
	211 (18%)
	

	Current alcohol consumption

	Yes
	4,759 (19%)
	6,218 (25%)
	6,856 (28%)
	7,029 (28%)
	<.01

	No
	1,715 (22%)
	1,907 (24%)
	2,069 (26%)
	2,184 (28%)
	

	Lifetime smoking history

	Ever
	4,288 (23%)
	2,409 (13%)
	5,975 (32%)
	6,110 (33%)
	0.77

	Never
	2,186 (20%)
	2,716 (25%)
	2,950 (27%)
	3,103 (28%)
	

	Household income level

	High
	3,823 (20%)
	4,836 (25%)
	5,287 (27%)
	5,309 (28%)
	0.02

	Middle
	2,011 (20%)
	2,434 (24%)
	2,695 (27%)
	2,848 (29%)
	

	Low
	640 (18%)
	855 (24%)
	943 (27%)
	1,056 (30%)
	

	Area of residence

	Seoul metropolitan area
	3,350 (20%)
	4,062 (24%)
	4,565 (27%)
	4,707 (28%)
	0.12

	Metropolitan city
	1,371 (19%)
	1,737 (25%)
	1,915 (27%)
	2,036 (29%)
	

	Other
	1,753 (19%)
	2,326 (26%)
	2,445 (27%)
	2,470 (27%)
	

	History of chronic diseases1

	Yes
	1,798 (19%)
	2,183 (23%)
	2,618 (28%)
	2,837 (30%)
	<.01

	No
	4,676 (20%)
	5,942 (26%)
	6,307 (27%)
	6,376 (27%)
	

	1 Defined as self-reported physician-diagnosed conditions, including liver disease, hypertension, stroke, heart disease, diabetes mellitus, cancer, or other chronic conditions.






Table S5. Associations of Hiking and Overall Physical Activity with Incident Mental Disorders: Full Model Results (Models 1-3)
	Variables
	Hiking
	Overall physical activities

	[bookmark: _Hlk225847475]
	Group
	Event/N
	PY
	Incidence rate
(per 100,000 PY)
	HR(95% CI)1
	Group
	Event/N
	PY
	Incidence rate
 (per 100,000 PY)
	HR(95% CI)1

	
	
	
	
	
	Model 1
	Model 2
	Model 3
	
	
	
	
	Model 1
	Model 2
	Model 3

	Total 
distance
	G0
	992/6,474
	23,731
	4,180
	1.00 (Ref.)
	Q1
	1,220/8,149 
	29,925
	4,077 
	1.00 (Ref.)

	
	G1
	1,337/8,755
	32,088
	4,167
	1.00
(0.92-1.08)
	0.98
(0.90-1.07)
	0.98
(0.90-1.06)
	Q2
	1,234/8,147
	29,995
	4,114 
	1.01 
(0.93-1.09)
	1.01 
(0.93-1.09)
	1.01 
(0.93-1.09)

	
	G2
	1,306/8,754
	32,258
	4,049
	0.97
(0.89-1.05)
	0.93
(0.86-1.01)
	0.93
(0.86-1.01)
	Q3
	1,234/8,213
	30,165
	4,091 
	1.00 
(0.93-1.09)
	0.98 
(0.90-1.06)
	0.98 
(0.91-1.06)

	
	G3
	1,305/8,754
	32,180
	4,055
	0.97
(0.89-1.05)
	0.89
(0.82-0.97)
	0.89
(0.82-0.97)
	Q4
	1,252/8,228
	30,172
	4,149
	1.02 
(0.94-1.10)
	0.96 
(0.89-1.04)
	0.96 
(0.89-1.04)

	Total 
Duration
	G0
	992/6,474
	23,731
	4,180
	1.00 (Ref.)
	Q1
	1,203/8,078 
	29,666
	4,055 
	1.00 (Ref.)

	
	G1
	1,335/8,752
	32,100
	4,159
	1.00 
(0.92-1.08)
	0.98 
(0.91-1.07)
	0.98 
(0.91-1.07)
	Q2
	1,253/8,150 
	29,946
	4,184 
	1.03 
(0.95-1.12)
	1.02 
(0.94-1.10)
	1.02 
(0.94-1.10)

	
	G2
	1,300/8,757
	32,273
	4,028
	0.96 
(0.89-1.05)
	0.93 
(0.85-1.01)
	0.93 
(0.85-1.01)
	Q3
	1,234/8,227 
	30,239
	4,081 
	1.01 
(0.93-1.09)
	0.97 
(0.89-1.05)
	0.97 
(0.89-1.05)

	
	G3
	1,313/8,754
	32,153
	4,084
	0.98 
(0.90-1.06)
	0.89 
(0.82-0.97)
	0.90 
(0.82-0.97)
	Q4
	1,250/8,282 
	30,405
	4,111 
	1.01 
(0.94-1.10)
	0.92 
(0.85-1.00)
	0.92 
(0.85-1.00)

	Frequency
	G0
	992/6,474
	23,731
	4,180
	1.00 (Ref.)
	Q1
	1,312/8,818
	32,398
	4,050 
	1.00 (Ref.)

	
	G1
	1,222/8,124
	29,819
	4,098
	0.98 
(0.90-1.07)
	0.97 
(0.89-1.05)
	0.97 
(0.89-1.05)
	Q2
	1,177/7,751
	28,516
	4,128 
	1.02 
(0.94-1.10)
	1.01 
(0.93-1.09)
	1.01 
(0.93-1.09)

	
	G2
	1,396/9,250
	34,052
	4,100
	0.98
(0.90-1.06)
	0.95 
(0.87-1.03)
	0.95 
(0.87-1.03)
	Q3
	1,209/8,001
	29,369
	4,117 
	1.02 
(0.94-1.10)
	0.98 
(0.90-1.06)
	0.98 
(0.91-1.06)

	
	G3
	1,330/8,889
	32,655
	4,073
	0.97 
(0.90-1.06)
	0.90 
(0.82-0.97)
	0.90 
(0.82-0.97)
	Q4
	1,242/8,167
	29,974
	4,144 
	1.02 
(0.95-1.11)
	0.95 
(0.88-1.03)
	0.95 
(0.88-1.03)

	Regularity
	G0
	992/6,474
	23,731
	4,180
	1.00 (Ref.)
	Q1
	1,205/8,107
	29,800
	4,044 
	1.00 (Ref.)

	
	G1
	1,231/8,125
	29,815
	4,129
	0.99 
(0.91-1.07)
	0.97 
(0.89-1.06)
	0.97 
(0.89-1.06)
	Q2
	1,176/7,546
	27,660
	4,252 
	1.05 
(0.97-1.14)
	1.04 
(0.96-1.13)
	1.04 
(0.96-1.13)

	
	G2
	1,341/8,925
	32,859
	4,081
	0.98 
(0.90-1.06)
	0.94 
(0.87-1.02)
	0.94 
(0.87-1.02)
	Q3
	1,447/9,646
	35,476
	4,079 
	1.01 
(0.93-1.09)
	0.98 
(0.90-1.05)
	0.98 
(0.90-1.05)

	
	G3
	1,376/9,213
	33,852
	4,065
	0.97 
(0.90-1.06)
	0.90 
(0.82-0.97)
	0.90 
(0.83-0.98)
	Q4
	1,112/7,438
	27,321
	4,070 
	1.01 
(0.93-1.09)
	0.93 
(0.85-1.01)
	0.93 
(0.85-1.01)


1Model 1: unadjusted; Model 2: adjusted for age and sex; Model 3: additionally adjusted for insurance premium quintile, residential region, smoking status, alcohol consumption, BMI, and history of chronic disease.




Table S6. Sensitivity Analysis
	Variables
	Hiking

	
	Group
	Event/N
	PY
	Incidence rate
(per 100,000 PY)
	HR(95% CI)1

	
	
	
	
	
	Model 1
	Model 2
	Model 3

	Total 
distance
	G0
	454/6,474
	24,869
	1,826
	1.00 (Ref.)

	
	G1
	632/8,755
	33,611
	1,880
	1.03
(0.91-1.16)
	1.03
(0.91-1.16)
	1.03
(0.91-1.16)

	
	G2
	600/8,754
	33,762
	1,777
	0.97
(0.86-1.10)
	0.97
(0.86-1.10)
	0.97
(0.86-1.10)

	
	G3
	575/8,754
	33,757
	1,703
	0.93
(0.83-1.06)
	0.92
(0.81-1.04)
	0.92
(0.81-1.04)

	Total 
Duration
	G0
	454/6,474
	24,869
	1,826
	1.00 (Ref.)

	
	G1
	615/8,752
	33,650
	1,828
	1.00 
(0.89-1.13)
	1.00
(0.89-1.13)
	1.00 
(0.89-1.13)

	
	G2
	614/8,757
	33,737
	1,820
	1.00 
(0.88-1.13)
	1.00 
(0.88-1.13)
	1.00 
(0.88-1.12)

	
	G3
	578/8,754
	33,743
	1,713
	0.94 
(0.83-1.06)
	0.92 
(0.81-1.04)
	0.92 
(0.81-1.04)

	Frequency
	G0
	454/6,474
	24,869
	1,826
	1.00 (Ref.)

	
	G1
	583/8,124
	31,200
	1,869
	1.02 
(0.91-1.16)
	1.02 
(0.90-1.16)
	1.02 
(0.90-1.16)

	
	G2
	658/9,250
	35,619
	1,847
	1.01
(0.90-1.14)
	1.01 
(0.89-1.14)
	1.01 
(0.89-1.14)

	
	G3
	566/8,889
	34,310
	1,650
	0.90 
(0.80-1.02)
	0.89
(0.78-1.00)
	0.88 
(0.78-1.00)

	Regularity
	G0
	454/6,474
	24,869
	1,826
	1.00 (Ref.)

	
	G1
	588/8,125
	31,211
	1,884
	1.03 
(0.91-1.17)
	1.03 
(0.91-1.16)
	1.03 
(0.91-1.16)

	
	G2
	630/8,925
	34,356
	1,834
	1.01 
(0.89-1.13)
	1.00 
(0.89-1.13)
	1.00 
(0.88-1.13)

	
	G3
	589/9,213
	35,562
	1,656
	0.91 
(0.80-1.03)
	0.89 
(0.79-1.00)
	0.89 
(0.78-1.00)


1Model 1: unadjusted; Model 2: adjusted for age and sex; Model 3: additionally adjusted for insurance premium quintile, residential region, smoking status, alcohol consumption, BMI, and history of chronic disease.
