Supplementary information
Table S1. Characteristics of male participants across the five age-groups
	 
	Overall
(n=275)
	Age-groups
	

	
	
	40s
	50s
	60s
	70s
	80s
	p for 
linear trend

	
	
	(n=30)
	(n=42)
	(n=58)
	(n=109)
	(n=36)
	

	Oral hypofunction
	72 (26.2)
	3 (10.0)
	3 (7.1)
	13 (22.4)
	34 (31.2)
	19 (52.8)
	<0.01

	Seven elements
	
	
	
	
	
	
	

	Poor oral hygiene
	58 (21.1)
	3 (10.0)
	3 (7.1)
	13 (22.4)
	30 (27.5)
	9 (25.0)
	<0.01

	Oral dryness
	92 (33.5)
	6 (20.0)
	12 (28.6)
	21 (36.2)
	40 (36.7)
	13 (36.1)
	0.10

	Low occlusal force
	30 (10.9)
	1 (3.3)
	0 (0.0)
	8 (13.8)
	9 (8.3)
	12 (33.3)
	<0.01

	Low tongue-lip motor function 
	122 (44.4)
	10 (33.3)
	13 (31.0)
	21 (36.2)
	59 (54.1)
	19 (52.8)
	<0.01

	Low tongue pressure
	67 (24.4)
	2 (6.7)
	5 (11.9)
	13 (22.4)
	28 (25.7)
	19 (52.8)
	<0.01

	Low masticatory function
	17 (6.2)
	1 (3.3)
	2 (4.8)
	3 (5.2)
	3 (2.8)
	8 (22.2)
	0.03

	Low swallowing function
	94 (34.2)
	7 (23.3)
	13 (31.0)
	14 (24.1)
	45 (41.3)
	15 (41.7)
	0.03

	Oral Measurements
	
	
	
	
	
	
	

	No. of natural teeth
	27 (24–28)
	28 (28–30)
	28 (27-29)
	27 (25–28)
	26 (22–28)
	24 (10–27)
	<0.01

	No. of functional teeth
	28 (27–29)
	29 (28–30)
	28 (28–30)
	28 (27–28)
	28 (26–28)
	28 (27–28)
	<0.01

	Oral hygiene, %
	22.2 (11.1–38.9)
	8.3 (0.0–22.2)
	16.7 (0.0–27.8)
	30.6 (16.7–44.4)
	27.8 (11.1–50.0)
	27.8 (16.7–47.2)
	<0.01

	Mucosal wetness
	27.7 (26.2–29.3)
	28.4 (27.1–29.7)
	28.4 (26.4–29.4)
	27.6 (26.1–29.3)
	27.4 (26.0–29.1)
	28.3 (26.3–30.0)
	0.27

	Occlusal force, N
	962 (675–1237)
	1180 (924–1363)
	1168 (918–1472)
	995 (647–1187)
	933 (650–1182)
	601 (326-899)
	<0.01

	Tongue-lip motor function
	
	
	
	
	
	
	

	/pa/, times/second
	6.6 (6.2–7.2)
	6.9 (6.4–7.2)
	6.8 (6.4–7.2)
	6.8 (6.4–7.2)
	6.6 (6.2–7.0)
	6.6 (6.0–7.0)
	<0.01

	/ta/, times/second
	6.6 (6.2–7.2)
	7.1 (6.6–7.6)
	7.0 (6.4–7.6)
	6.8 (6.4–7.2)
	6.6 (6.1–7.0)
	6.3 (5.8–6.8)
	<0.01

	/ka/, times/second
	6.0 (5.4–6.6)
	6.6 (5.8–7.0)
	6.4 (5.8–7.0)
	6.2 (5.8–6.6)
	6.0 (5.6–6.6)
	5.8 (5.4–6.2)
	<0.01

	Tongue pressure, kPa
	36.4 (30.2–42.1)
	41.4 (36.9–47.4)
	42.1 (36.8–50.5)
	37.0 (30.6-42.5)
	34.2 (29.1-39.6)
	29.6 (26.5-34.4)
	<0.01

	Masticatory function, score
	6 (5–7)
	6 (5–6)
	6 (5–7)
	6 (5–7)
	6 (5–7)
	6 (3–6)
	0.57

	Swallowing function, points
	1 (0–4)
	1 (0–2)
	1 (0–3)
	1 (0–2)
	2 (0–5)
	1 (0–5)
	0.06

	Regular dental checkups, no
	131 (47.6)
	21 (70.0)
	23 (54.8)
	22 (37.9)
	47 (43.1)
	18 (50.0)
	0.05

	Tooth brushings, 
less than twice a day
	73 (26.6)
	5 (16.7)
	7 (17.1)
	17 (29.3)
	35 (32.1)
	9 (25.0)
	0.09

	Other characteristics
	
	
	
	
	
	
	

	Age, years
	70 (58–75)
	46 (44–47)
	53 (51–56)
	66 (65–68)
	73 (72–75)
	82 (81–85)
	<0.01

	Height, cm
	167.2 
(162.3–171.0)
	170.6 
(167.6-174.6)
	168.4 
(164.3-171.8)
	168.0 
(164.3-171.0)
	166.2 
(162.0-170.3)
	163.3 
(159.3-166.5)
	<0.01

	Weight, kg
	65.8 (58.9–73.5)
	68.7 (63.1-77.8)
	69.0 (64.5-77.3)
	65.9 (60.2-76.6)
	63.7 (57.9-71.2)
	61.3 (57.1-68.3)
	<0.01

	BMI, kg/m2
	23.5 (21.8–25.8)
	24.3 (21.8-26.2)
	24.3 (22.3–28.1)
	23.6 (21.9-26.0)
	23.3 (21.5–25.2)
	23.0 (22.0–25.0)
	0.02

	Comorbidities
	
	
	
	
	
	
	

	Hypertension
	111 (40.4)
	0 (0.0)
	12 (28.6)
	26 (44.8)
	51 (46.8)
	22 (61.1)
	<0.01

	Stroke
	18 (6.5)
	0 (0.0)
	0 (0.0)
	2 (3.4)
	10 (9.2)
	68 (16.7)
	<0.01

	Heart disease
	43 (15.6)
	0 (0.0)
	0 (0.0)
	8 (13.8)
	21 (19.3)
	14 (38.9)
	<0.01

	Diabetes mellitus
	37 (13.5)
	0 (0.0)
	4 (9.5)
	8 (13.8)
	21 (19.3)
	4 (11.1)
	0.03

	Dyslipidemia
	85 (30.9)
	2 (6.7)
	6 (14.3)
	20 (34.5)
	37 (33.9)
	20 (55.6)
	<0.01

	Osteoporosis
	5 (1.8)
	0 (0.0)
	0 (0.0)
	2 (3.4)
	0 (0.0)
	3 (8.3)
	0.09

	Cancer
	34 (12.4)
	0 (0.0)
	0 (0.0)
	7 (12.1)
	19 (17.4)
	8 (22.2)
	<0.01

	Data are presented as n (%) or median (IQR).
Abbreviations: No., number; BMI, body mass index; IQR, interquartile range.






Table S2. Characteristics of female participants across the five age-groups
	 
	Overall
(n=370)
	Age-groups
	

	
	
	40s
	50s
	60s
	70s
	80s
	p for 
linear trend

	
	
	(n=21)
	(n=24)
	(n=108)
	(n=151)
	(n=66)
	

	Oral hypofunction
	75 (20.3)
	0 (0.0)
	1 (4.2)
	14 (13.0)
	33 (21.9)
	27 (40.9)
	<0.01

	Seven elements
	
	
	
	
	
	
	

	Poor oral hygiene
	58 (15.7)
	0 (0.0)
	2 (8.3)
	19 (17.6)
	28 (18.5)
	9 (13.6)
	0.17

	Oral dryness
	125 (33.8)
	4 (19.0)
	6 (25.0)
	42 (38.9)
	54 (35.8)
	19 (28.8)
	0.62

	Low occlusal force
	45 (12.2)
	1 (4.8)
	0 (0.0)
	4 (3.7)
	22 (14.6)
	18 (27.3)
	<0.01

	Low tongue-lip motor function 
	129 (34.9)
	4 (19.0)
	6 (25.0)
	28 (25.9)
	53 (35.1)
	38 (57.6)
	<0.01

	Low tongue pressure
	111 (30.0)
	0 (0.0)
	3 (12.5)
	27 (25.0)
	51 (33.8)
	30 (45.5)
	<0.01

	Low masticatory function
	37 (10.0)
	2 (9.5)
	1 (4.2)
	2 (1.9)
	15 (9.9)
	17 (25.8)
	<0.01

	Low swallowing function
	115 (31.1)
	5 (23.8)
	8 (33.3)
	34 (31.5)
	36 (23.8)
	32 (48.5)
	0.11

	Oral Measurements
	
	
	
	
	
	
	

	No. of natural teeth
	27 (23–28)
	28 (28–28)
	28 (28–30)
	27 (25–28)
	26 (21–28)
	22 (16–27)
	<0.01

	No. of functional teeth
	28 (27–28)
	28 (28–28)
	28 (28–30)
	28 (27–28)
	28 (27–28)
	28 (26–28)
	<0.01

	Oral hygiene, %
	16.7 (11.1–38.9)
	5.6 (0.0–16.7)
	13.9 (0.0–22.2)
	22.2 (11.1–44.4)
	22.2 (11.1–38.9)
	16.7 (11.1–33.3)
	0.04

	Mucosal wetness
	27.9 (26.2–29.4)
	28.2 (27.6–29.6)
	28.3 (27.0–29.8)
	27.7 (25.4–29.2)
	27.6 (26.2–29.1)
	28.1 (26.1–29.7)
	0.81

	Occlusal force, N
	683 (504–894)
	788 (521–959)
	670 (516–1090)
	777 (607–904)
	645 (463–882)
	558 (329–801)
	<0.01

	Tongue-lip motor function
	
	
	
	
	
	
	

	/pa/, times/second
	6.8 (6.2–7.2)
	6.8 (6.4–7.0)
	6.8 (6.5–7.2)
	6.8 (6.4–7.2)
	6.6 (6.2–7.0)
	6.6 (6.0–7.0)
	<0.01

	/ta/, times/second
	6.6 (6.2–7.0)
	7.2 (6.6–7.4)
	7.0 (6.4–7.7)
	6.8 (6.4–7.2)
	6.6 (6.2–7.0)
	6.4 (5.8–6.8)
	<0.01

	/ka/, times/second
	6.2 (5.8–6.6)
	6.6 (6.2–7.0)
	6.4 (6.0–7.0)
	6.2 (6.0–6.6)
	6.2 (5.8–6.6)
	5.8 (5.4–6.2)
	<0.01

	Tongue pressure, kPa
	33.3 (29.2–38.1)
	38.5 (34.8–44.1)
	34.3 (31.3–42.9)
	34.3 (30.0–38.8)
	32.8 (28.5–37.6)
	31.0 (26.9–35.7)
	<0.01

	Masticatory function, score
	6 (4–6)
	5 (5–7)
	6 (5–7)
	6 (5–6)
	5 (4–6)
	5 (2–6)
	<0.01

	Swallowing function, points
	1 (0–3)
	0 (0–2)
	1 (0–4)
	1 (0–4)
	1 (0–2)
	2 (0–5)
	0.03

	Regular dental checkups, no
	138 (37.3)
	11 (52.4)
	11 (45.8)
	35 (32.4)
	47 (31.1)
	34 (51.5)
	0.91

	Tooth brushings, 
less than twice a day
	27 (7.3)
	0 (0.0)
	1 (4.2)
	8 (7.4)
	14 (9.3)
	4 (6.1)
	0.32

	Other characteristics
	
	
	
	
	
	
	

	Age, years
	71 (66–76)
	46 (41–48)
	53 (52–56)
	67 (65–68)
	73 (72–75)
	83 (81–85)
	<0.01

	Height, cm
	153.6 
(150.0–157.9)
	157.9 
(154.2–161.9)
	157.1 
(153.0–161.8)
	156.3 
(153.2–159.4)
	153.2 
(149.5–155.9)
	149.3 
(145.3–151.3)
	<0.01

	Weight, kg
	51.6 (46.1–57.6)
	52.6 (48.5–57.9)
	58.5 (50.8–66.8)
	52.4 (48.1–60.0)
	51.9 (45.5–57.3)
	47.4 (44.6–51.7)
	<0.01

	BMI, kg/m2
	22.0 (19.9-24.2)
	20.8 (19.3–22.3)
	22.4 (21.0–27.2)
	22.2 (19.7–24.4)
	22.1 (19.5–24.4)
	21.6 (19.9–23.4)
	0.36

	Comorbidities
	
	
	
	
	
	
	

	Hypertension
	127 (34.3)
	0 (0.0)
	4 (16.7)
	34 (31.5)
	64 (42.4)
	25 (37.9)
	<0.01

	Stroke
	15 (4.1)
	0 (0.0)
	0 (0.0)
	1 (0.9)
	12 (7.9)
	2 (3.0)
	0.07

	Heart disease
	47 (12.7)
	0 (0.0)
	0 (0.0)
	10 (9.3)
	29 (19.2)
	8 (12.1)
	<0.01

	Diabetes mellitus
	33 (8.9)
	0 (0.0)
	0 (0.0)
	13 (12.0)
	16 (10.6)
	4 (6.1)
	0.41

	Dyslipidemia
	148 (40.0)
	0 (0.0)
	2 (8.3)
	40 (37.0)
	74 (49.0)
	32 (48.5)
	<0.01

	Osteoporosis
	59 (15.9)
	0 (0.0)
	0 (0.0)
	15 (13.9)
	28 (18.5)
	16 (24.2)
	<0.01

	Cancer
	47 (12.7)
	0 (0.0)
	0 (0.0)
	10 (9.3)
	29 (19.2)
	8 (12.1)
	<0.01

	Data are presented as n (%) or median (IQR).
Abbreviations: No., number; BMI, body mass index; IQR, interquartile range.





Table S3. Characteristics of participants by sample: the Otassha Study
	
	Overall
(n=524)
	Age-groups
	

	
	
	60s
	70s
	80s
	p for 
linear trend

	
	
	(n=162)
	(n=260)
	(n=102)
	

	Oral hypofunction
	140 (26.7)
	27 (16.7)
	67 (25.8)
	46 (45.1)
	<0.01

	Seven elements
	
	
	
	
	

	Poor oral hygiene
	108 (20.6)
	32 (19.8)
	58 (22.3)
	18 (17.6)
	0.80

	Oral dryness
	189 (36.1)
	63 (38.9)
	94 (36.2)
	32 (31.4)
	0.23

	Low occlusal force
	73 (13.9)
	12 (7.4)
	31 (11.9)
	30 (29.4)
	<0.01

	Low tongue-lip motor function 
	216 (41.2)
	49 (29.0)
	112 (43.1)
	57 (55.9)
	<0.01

	Low tongue pressure
	168 (32.1)
	40 (24.7)
	79 (30.4)
	49 (48.0)
	<0.01

	Low masticatory function
	48 (9.2)
	5 (3.1)
	18 (6.9)
	25 (24.5)
	<0.01

	Low swallowing function
	175 (33.4)
	47 (29.0)
	81 (31.2)
	47 (46.1)
	0.01

	Oral Measurements
	
	
	
	
	

	No. of natural teeth
	26 (22-28)
	27 (25–28)
	26 (21–28)
	23 (14–27)
	<0.01

	No. of functional teeth
	28 (27–28)
	28 (27–28)
	28 (27–28)
	28 (27–28)
	0.05

	Oral hygiene, %
	22.2 (11.1–44.4)
	27.8 (11.1–44.4)
	22.2 (11.1–44.4)
	22.2 (11.1–40.3)
	0.52

	Mucosal wetness
	27.7 (26.0–29.3)
	27.6 (25.5–29.1)
	27.6 (26.1–29.1)
	28.2 (26.1–29.8)
	0.05

	Occlusal force, N
	753 (515–986)
	814 (606–1005)
	768 (522–1013)
	559 (327–838)
	<0.01

	Tongue-lip motor function
	
	
	
	
	

	/pa/, times/second
	6.6 (6.2–7.0)
	6.8 (6.4–7.2)
	6.6 (6.2–7.0)
	6.6 (6.0–7.0)
	<0.01

	/ta/, times/second
	6.6 (6.0–7.0)
	6.8 (6.4–7.2)
	6.6 (6.1–7.0)
	6.3 (5.8–6.8)
	<0.01

	/ka/, times/second
	6.0 (5.6–6.6)
	6.2 (5.8–6.6)
	6.0 (5.6–6.6)
	5.8 (5.4–6.2)
	<0.01

	Tongue pressure, kPa
	33.3 (28.8–38.4)
	34.8 (30.0–40.7)
	33.7 (28.8–39.0)
	30.8 (26.7–35.3)
	<0.01

	Masticatory function, score
	6 (5–7)
	6 (5–7)
	6 (5–7)
	5 (3–6)
	<0.01

	Swallowing function, points
	1 (0–4)
	1 (0–3)
	1 (0–3)
	2 (0–5)
	0.02

	Regular dental checkups, no
	202 (38.5)
	56 (34.6)
	94 (36.2)
	52 (51.0)
	0.01

	Tooth brushings,
less than twice a day
	87 (16.6)
	25 (15.4)
	49 (18.9)
	13 (12.7)
	0.74

	Other characteristics
	
	
	
	
	

	Sex, female
	323 (61.6)
	106 (65.4)
	151 (58.1)
	66 (64.7)
	0.70

	Age, years
	73 (68–78)
	66 (65–68)
	73 (72–75)
	82 (81–85)
	<0.01

	Height, cm
	157.6 
(151.7–164.3)
	159.1 
(154.8–165.8)
	157.7 
(152.3–165.4)
	151.4 
(147.6–161.1)
	<0.01

	Weight, kg
	56.1 (48.6–64.0)
	58.1 (50.5–65.8)
	56.3 (49.9–64.4)
	51.3 (45.8–58.5)
	<0.01

	BMI, kg/m2
	22.6 (20.5–24.7)
	22.6 (20.4–24.9)
	22.7 (20.4–24.7)
	22.2 (20.7–23.9)
	0.43

	Comorbidities
	
	
	
	
	

	Hypertension
	220 (42.0)
	58 (35.8)
	115 (44.2)
	47 (46.1)
	0.07

	Stroke
	33 (6.3)
	3 (1.9)
	22 (8.5)
	8 (7.8)
	0.02

	Heart disease
	90 (17.2)
	18 (11.1)
	50 (19.2)
	22 (21.6)
	0.02

	Diabetes mellitus
	64 (12.2)
	19 (11.7)
	37 (14.2)
	8 (7.8)
	0.49

	Dyslipidemia
	223 (42.6)
	60 (37.0)
	111 (42.7)
	52 (51.0)
	0.03

	Osteoporosis
	64 (12.2)
	17 (10.5)
	28 (10.8)
	19 (18.6)
	0.08

	Cancer
	81 (15.5)
	17 (10.5)
	48 (18.5)
	16 (15.7)
	0.15

	Data are presented as n (%) or median (IQR).
Abbreviations: No., number; BMI, body mass index; IQR, interquartile range.





Table S4. Characteristics of participants by sample: middle-aged workers
	
	Overall
(n=121)
	Age-groups
	

	
	
	40s
	50s
	60s
	p for 
linear trend

	
	
	(n=51)
	(n=66)
	(n=4)
	

	Oral hypofunction
	7 (5.8)
	3 (5.9)
	4 (6.1)
	0 (0.0)
	0.84

	Seven elements
	
	
	
	
	

	Poor oral hygiene
	8 (6.6)
	3 (5.9)
	5 (7.6)
	0 (0.0)
	0.94

	Oral dryness
	28 (23.1)
	10 (19.6)
	18 (27.3)
	0 (0.0)
	0.73

	Low occlusal force
	2 (1.7)
	2 (3.9)
	0 (0.0)
	0 (0.0)
	0.12

	Low tongue-lip motor function 
	35 (28.9)
	14 (27.5)
	19 (28.8)
	2 (50.0)
	0.56

	Low tongue pressure
	10 (8.3)
	2 (3.9)
	8 (12.1)
	0 (0.0)
	0.26

	Low masticatory function
	6 (5.0)
	3 (5.9)
	3 (4.5)
	0 (0.0)
	0.61

	Low swallowing function
	34 (28.1)
	12 (23.5)
	21 (31.8)
	1 (25.0)
	0.42

	Oral Measurements
	
	
	
	
	

	No. of natural teeth
	28 (28–30)
	28 (28–29)
	28 (28–29)
	29 (26–31)
	0.74

	No. of functional teeth
	28 (28–30)
	28 (28–29)
	28 (28–30)
	29 (26–31)
	0.95

	Oral hygiene, %
	11.1 (0.0–22.2)
	5.6 (0.0–22.2)
	16.7 (0.0–23.6)
	22.2 (18.1–34.7)
	0.06

	Mucosal wetness
	28.4 (27.1–29.7)
	28.4 (27.1–29.7)
	28.3 (26.6–29.6)
	30.0 (28.9–31.8)
	0.96

	Occlusal force, N
	985 (729–1263)
	930 (716–1260)
	1046 (743–1312)
	935 (868–1260)
	0.52

	Tongue-lip motor function
	
	
	
	
	

	/pa/, times/second
	6.8 (6.4–7.2)
	6.8 (6.4–7.2)
	6.8 (6.4–7.2)
	6.6 (6.2–6.8)
	0.82

	/ta/, times/second
	7.0 (6.6–7.4)
	7.2 (6.6–7.4)
	7.0 (6.4–7.6)
	7.0 (6.2–7.6)
	0.65

	/ka/, times/second
	6.4 (5.8–7.0)
	6.6 (6.0–7.0)
	6.4 (5.8–7.0)
	6.2 (5.7–6.8)
	0.20

	Tongue pressure, kPa
	41.0 (34.5–46.1)
	41.0 (35.7–46.0)
	40.8 (32.9–46.1)
	39.8 (32.3–46.0)
	0.65

	Masticatory function, score
	6 (5–7)
	6 (5–7)
	6 (5–7)
	6 (4–7)
	0.65

	Swallowing function, points
	1 (0–3)
	1 (0–2)
	1 (0–4)
	1 (0–11)
	0.35

	Regular dental checkups, no
	67 (55.4)
	32 (62.7)
	34 (51.5)
	1 (25.0)
	0.10

	Tooth brushings,
less than twice a day
	13 (10.7)
	5 (9.8)
	8 (12.3)
	0 (0.0)
	0.96

	Other characteristics
	
	
	
	
	

	Sex, female
	47 (38.8)
	21 (41.2)
	24 (36.4)
	2 (50.0)
	0.80

	Age, years
	51 (46–54)
	46 (43–48)
	53 (51–56)
	60 (60-60)
	<0.01

	Height, cm
	165.1 
(158.8–170.5)
	165.1 
(158.3–170.8)
	165.1 
(158.8–170.3)
	164.7 
(158.1–168.0)
	0.56

	Weight, kg
	66.4 (57.5–74.0)
	63.1 (53.0–73.3)
	66.8 (58.3–75.7)
	61.9 (55.6–82.3)
	0.21

	BMI, kg/m2
	23.3 (21.4–26.7)
	22.8 (20.7–25.0)
	23.8 (22.1–28.1)
	23.5 (21.5–29.3)
	0.03

	Comorbidities
	
	
	
	
	

	Hypertension
	18 (14.9)
	0 (0.0)
	16 (24.2)
	2 (50.0)
	<0.01

	Stroke
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	-

	Heart disease
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	-

	Diabetes mellitus
	6 (5.0)
	0 (0.0)
	4 (6.1)
	2 (50.0)
	<0.01

	Dyslipidemia
	10 (8.3)
	2 (3.9)
	8 (12.1)
	0 (0.0)
	0.26

	Osteoporosis
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	-

	Cancer
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	-

	Data are presented as n (%) or median (IQR).
Abbreviations: No., number; BMI, body mass index; IQR, interquartile range.





