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Balance 1.00 (2.00) 1.00 (1.00) 0436 1.00 (3.00) 3.00 (1.00) 0,003
Gait Speed 1.00 (1.00) 1.00 (1.00) 0557 1.00 (1.00) 1.00 (1.00) 0956
Gait speed time (s) 1411 (14.72) 12.48 (1633) 0937 10.22 (9.00) 9.09 (8.14) 0682
Sit-Stand 0.00 (1.00) 0.00 (1.00) 0925 0.00 (1.00) 1.00 (2.00) 0.149

(*) p < 0.05.
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Balance 100 (2.00) 100 (3.00) 0317

Gait Speed 100 (1.00) 1.00 (1.00) 0739
Gait speed time (5) 1411 (14.72) 1022 (9.00) 0086
Sit-Stand 0,00 (1.00) 0.00 (1.00) 0206

1.00 (1.00)
1.00 (1.00)
12.48 (16.33)

0.00 (1.00)

3,00 (1.00)
1.00 (1.00)
909 (8.14)

1.00 (2.00)

<0.001%

0.129

0.004

0.002¢

) p < 005,
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Groups

CcG IG
DifBalance 000 (0.75) 100 (1.50) <0001%
DifGaitSpeed 0.00 (0.00) 0,00 (0.00) 0326
DifTGaitSpeed (s) [ (617) -138 (7.75) 0375
DifSitStand 0,00 (0.00) 100 (1.00) 0022*

(*) p < 0.05.
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Groups

CG IG
DifQuadDom 41.83 + 49.37 48.89 + 41.68 0.61
DifQuadnDom 39.78 + 54.11 50.05 + 40.67 0.481
| DifHAMDom 30.44 £ 26.19 25.94 £ 28.09 0581
DifHAMnDom 29.39 £ 27.33 3166 £ 24.89 0773
DifAddDom 2551 £ 16.18 2327 £ 14.00 0.624
 DifAddnDom 2687 +17.72 2239 £17.77 0.402
DifAbdDom 33.36 £ 29.15 3672 %2329 0.674
DifAbdnDom 27.15 2591 32.98 +24.94 0.448
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DIfTUG -1.66 (13.71) -631 (80.91) 0439
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Total sample (n = 45) (n%) CG (n = 24) n (%) IG(n=21)n

‘ Male Participant 12 (266) 6(25) ‘ 6(2857) 0073
‘ Female Participant 33(733) 18 (75) ‘ 15 (7142)

‘ Dominant Right Side 38 (84.4) 21 (875) ‘ 17 (80.95) 0.689
‘ Dominant Left Side 7(155) 3(125) ‘ 4(19.04)

‘ Fall risk (FES-1 > 31) 26 (5738) 14 (58.3) | 1267) 0936
" Fall risk (ABC <67%) 27 (60) 14 (58.3) ‘ 13 (619) 0807
‘ Age 846 %84 85.13 (8.94) | 8410 £799 0.688
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QuadDom 164.98 + 60.29 1864 +51.04 0.209 206.82 + 49.69 2353 £ 442 0.05%
QuadnDom 159.57 + 68.68 17846 + 44.2 0.286 19936 + 64.24 22852 + 43.02 0.085
HAMDom 1262 + 4093 143 + 3961 0.171 156.65 + 47.1 16894 + 352 0333
HAMnDom 11923 + 49.88 136.96 + 32.09 0.17 148.63 + 51.85 168.63 + 38.95 0.156
AddDom 87.04 £ 1647 90.06 £ 13.61 051 11255 + 21.61 11333 + 1689 0.895
AddnDom 82.1 2373 8597 £ 14.78 0523 108.98 + 26.7 10836 + 14.11 0921
 AbdDom 10317 £ 225 10058 £ 18.19 0.676 13654 + 37.03 137.31 + 23.67 0933
AbdnDom 98.17 + 34.18 99.09 £ 19.38 0.914 12533 + 3427 13207 + 2242 0434
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QuadDom 164.98 + 60.29 206.82 + 49.69 <0.001* 1864 + 51.04 2353 £ 44.2 <0.001%
QuadnDom 159.57 + 68.68 199.36 + 64.24 0.002* 178.46 + 44.2 22852 + 43.02 <0.001%
HAMDom 1262 + 4093 156.65 + 47.1 <0.001% 143 £ 39.61 168.94 £ 35.2 <0.001%
7 HAMnDom 119.23 + 49.88 148.63 + 51.85 | <0.001* 13696 + 32.09 168.63 + 38.95 <0.001%
 AddDom 87.04 + 1647 112,55 + 21.61 <0.001* 90.06 £ 13.61 11333 £ 16.89 <0.001%
AddnDom 82.1+2373 | 10898 £ 267 <0.001* 8597 + 14.78 108.36 + 14.11 <0.001%
AbdDom 10317 + 225 13654 + 37.03 <0.001* 10058 £ 18.19 13731 £ 23.67 <0.001%
AbdnDom 98.17 + 34.18 12533 + 3427 <0.001* 99.09 £ 19.38 13207 + 2242 <0.001%

(*) p < 0.05.






OPS/images/fpubh-12-1301067/fpubh-12-1301067-t002.jpg
Dependent Regular physical  Non-physical Bootstrap SE

variable exercise group exercise group
Physical health 6589 6047 0542 0078
Emotional health 1599 1786 ~0.187 0028
Cognitive health 21.846 20799 1032 0401

(1) SE—standard error; ATT—average treatment efect on the trateds (2) #p <0.05, **p <0.01, **¥p <0.001.

69497+
~6.6797%

2573%

0.000

0.000

001
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Physical health Emotional health Cognitive health

Sig* Sig™ Sig* Sig™ Sig* Sig™
10 0.000 0.000 0.000 0,000 0.000 0.000
L1 0,000 0,000 0,000 0,000 0.000 0,000
12 0,000 0,000 0,000 0,000 0.000 0,000
13 0.000 0,000 0.000 0.000 0.000 0.017
14 0,000 0,000 0,000 0,000 0.000 0.965
15 0,000 0.000 0,000 0,000 0.000 10.000
16 0.000 0,000 0.000 0,003 0.000 10.000
17 0000 0,000 0,000 0019 0.000 10.000
18 0,000 0.000 0.000 0.077 0.000 10.000
19 0.000 0.000 0.000 0211 0.000 10.000
20 0,000 0,000 0,000 0833 0,000 10.000

Sig" and Sig" are the upper and lower limits of the significance level of a Wilcoxon signed-rank test, respectively.
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Baseline 2010

7040 older adults
(ages = 60)
—

matched by ID

Follow up 2018

3651 older adults

(ages > 68)

Remaining 3170 older
adults

Remaining

1927 older adults

Delete cases with missing data
on either variable

761 older adults

with re

1031 older adults
without physical exercise

lar ph;

135 older adults with non-}
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428 older adults in the regular phys
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Variables OR Std. error z P [95% Confidence Intervall

Constant 0.005 0.006 0.000 0.000,0.049)
Gender 0.89 0118 0405 0.693,1.160]
Age 1032 0014 2350 0019 1.005,1.059]
Educational status 1017 0.048 0360 0715 [0928,1.115]
Household registration 5510 0722 13.030 0.000 [4.263,7.122])
Marital status 0752 0115 ~1.860 0.063 [0557,1.015]
Number of children 1019 0.046 0420 0677 [0933,1.113]
Income level 1136 0.056 2600 0.009 [1032,1.251]
Chronic disease 1024 0132 0.180 0856 [0.796,1.317)
Interpersonal relationships 1104 0032 3470 0.001 [1.044,1.167)
Physical health * 1165 0.084 2120 0034 [1.012,1.343]
Emotional health * 0615 0.063 -4720 0,000 [0.503,0.753]
Cognitive health * 1043 0.006 6780 0,000 1.030,1.055]
Pseudo R* 0307

ROC 0833

" represents the data of the variable from 2010 and the others from the data from 2018.
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Variables Low global Average to high
cognition global cognition

Adjusted
HR*
(95%Cl) (95%CI)

Physical activity | 0.12(0.03-053) | 001 118(067-207) 057

Diet quality 303 (087~ 008 097(044-217) 094
10.65)

Smokingstatus | 0.08 (001-049) 001 066(034-128) 021

Alcohol drinking | 2,17 (0.39- 037 060(030-122) 015

status 12.26)

Sleep duration 235 (053~ 025 078(042-149) 041
10.41)

Body massindex | 164 (0.50-545) 040 065(033-129) 021
Blood pressure 081 (0.11-6.09) | 083 073(024-217) 036

Total serum 073(020-275) 064 179(0.76-423) 018

cholesterol
Glycemicindex  055(0.15-202) | 036  065(036-118) 0.5

No. of ideal health metrics

< Reference Reference

2 077(027-222) 062 088(0.30-258) 081
3 281(094-843) 006 061(021-180) 036
4 L18(028-494) 081 086(0.36-206) 072
5 120(031-474) 079 124(032-491) 075
6 036(002-606) 047 039(0.07-203) 025
27 068 (007-664)  0.73 - -

“Each health metric was dichotomized (Ideal vs. no ideal), and no ideal status was set as
reference. All HRs were calculated after adjusting for socio-demographic variables (age,
gender, race and ethnicity, educational level, health insurance, family income, marital status),
disease history (congestive heart failure, coronary heart disease, stroke, cancer/malignancy,
diabetes, metabolic syndrome), health behaviors (physical activity,diet quality, smoking and
alcohol drinking status, sleep duration, and body mass index), and NHANES cycle (Model
5). HR, hazard ratio; Cl, confidence interval; NHANES, National Health and Nutrition
Examination Survey. ‘Because no cancer death was observed for older adults with low global
cognition in 0 ideal metric category, adults with 0 or 1 ideal metrics were grouped as 1
category (1).
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Characteristics Low global cognition Average to high global

(N =726) cognition (N =2,198)
Age <001
60-64 141 (14.47) [9.70-19.43] 774 (35.36) [32.29-38.43]
65-69 139.(13.41) [10.01-16.80] 532 (25.76) [22.97-28.55]
70-74 135(20.33) [16.41-24.25] 414(1872) [16.48-20.95]
75-79 100 (14.41) (10.91-17.92] 212(975) [827-11.22)
>80 211 (37.29) [30.47-44.10] 266 (10.42) [9.07-11.76]
Gender 051
Male 397 (47.05) [42.91-51.19] 1,026 (45.29) [42.94-47.63]
Female 329 (52.95) [48.81-57.09] 1,172 (54.71) [52.37-57.06]
Race and ethnicity <001
Mexican American 79 (6.78) [2.98-10.58] 178 (277) [1.54-4.01]
Other Hispanic 117 (9.74) [5.60-13.89] 179.(256) [1.69-3.43]
Non-Hispanic White 246 (60.62) [50.65-70.59) 1,148 (82.93) [79.89-85.96]
Non-Hispanic Black 224(17.02) [10.95-23.08] 471(6:84) [(481-8.87)
Other 60 (5.84) [3.72-7.95) 222 (4.90) [3.44-6.37)
Education level <001
school or less 543.(69.15) [63.42-74.88) 882 (32.36) [28.79-35.93]
Some college or higher 181 (30.85) (25.12-36.58] 1315 (67.64) [64.07-71.21]
Health insurance <001
Private insurance 281 (50.03) [43.98-56.07) 1,278 (68.33) [65.49-71.16]
Public insurance 366 (43.75) [38.72-48.78] 751 (26.43) [23.51-29.35)
No insurance 76 (6.22) [4.15-8.30] 163 (524) [3.73-6.75]
Family income <001
Low 313(38.33) [31.55-45.10) 496 (14.28) [11.39-17.17)
Medium 229 (41.27) [36.05-46.48] 789 (37.63) [34.15-41.11]
High 108 (20.41) [15.49-25.33] 741 (48.09) [42.70-53.49]
Marital status <001
Married 353 (49.86) [44.35-55.38) 1,256 (64.38) [62.07-66.69]
Never married 40 (5.62) [3.05-8.20] 126 (4.09) [2.96-5.22
Living with partner 18 (1.91) [0.85-2.98) 61(278) [1.61-395]
Other 315 (42.60) (37.32-47.88] 751 (28.75) [26.86-30.64]

Disease condition

Congestive heart failure 77 (11.96) [9.24-14.69] 126 (5.79) [4.21-7.37] <0.01
Coronary heart disease 78(11.71) [8.53-1488] 182 (8.93) [7.04-1083] 006
Stroke 83 (12.18) [7.69-16.67) 117 (5.27) [4.07-6.46] <001
Cancer/malignancy 124 (22.02) [16.90-27.15] 463 (24.32) [21.21-27.44] 051
Diabetes 262 (34.60) [29.99-39.20] 557 (21.31) [19.02-23.59] <0.01
Metabolic syndrome 342.(46.00) [40.33-51.68] 903 (40.36) [36.25-44.47) o

Data were presented as unweighted number and weighted percentage with 95% confidence interval. NHANES, National Health and Nutrition Examination Survey.
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Characteristics Low global cognition Average to high global

cognition
Physical activity, minutes/week <001
Ideal (2150) 269.(33.52) [27.72-39.31) 1,137 (54.42) [51.22-57.62)
Intermediate (1-150) 122 (1501) [11.63-18.39] 367 (15.35) [13.64-17.06]
Poor (0) 335 (51.48) [45.94-57.02] 694(30.23) [27.92-32.54]
Diet quality 064
Ideal 208 (33.17) [28.34-38.01] 704 (34.66) [30.42-38.91)
Poor 439 (66.83) [61.99-71.66] 1,355 (65.34) [61.09-69.58]
Smoking status 052
Never 347 (48.85) [44.26-53.45) 1,093 (49.74) [46.23-53.25)
Former 274 (38.61) [33.52-43.70) 837 (39.58) [36.50-42.65]
Current 105 (12:54) [9.45-15.63] 266 (10.68) [9.06-12.31]
Alcohol drinking status <001
No 275 (41.69) [38.06-45.31) 638 (24.66) [21.71-27.61]
Yes 428 (58.31) [54.69-61.94] 1531 (75.34) [72.39-78.29)
Sleep duration, hours/daily <001
Regular (7-8) 375 (54.36) [48.37-60.35) 1,236 (62.37) [59.72-65.02)
Short (<7) 253 (28.66) [23.77-33.54) 757 (28.11) [26.05-30.17]
Long (>8) 97 (1698) [13.43-20.53] 200 (952) [7.80-11.23]
Body mass index on
Ideal (BMI 18.5-24.9) 190 (29.34) [2497-33.71] 552 (24.76) [21.88-27.65]
Intermediate (BMI 25.0-29.9) 247 (37.24) [32.12-4235) 758 (36.44) [34.19-38.69]
Poor (BMI 230.0) 251(33.43) [27.34-39.52) 831 (38.80) [35.90-41.69]
Blood pressure, mm Hg <001
Ideal (<120/80 untreated) 85(1206) [8.79-15.34] 330 (21.25) [18.15-24.35)
Intermediate (120-139/30-89 or treated) 458 (70.53) [66.37-74.70] 1,249 (66.18) [62.40-69.97)
Poor (2140/90) 101 (17.40) [13.19-21.61] 247 (12.57) [10.52-14.61)
Total serum cholesterol, mg/dL <001
Ideal (<200 untreated) 212.(27.26) [23.20-31.32] 544.(23.79) [21.14-26.44]
Intermediate (200-239 or treated) 434 (66.65) [6232-70.99] 1,355 (64.33) [60.75-67.90]
Poor (2240) 44(6.08) [4.08-8.0] 238 (11.88) [9.89-13.88]
Glycemic index, HbALc, % <001
Ideal (<5.7%) 219 (34.88) [30.51-39.24] 853 (45.37) [41.78-48.96]
Intermediate (5.7-6.4) 289 (41.04) [37.16-44.91] 899 (10.63) [37.34-43.92]
Poor (26.5%) 184(24.09) [19.26-28.92) 377 (13.99) [12.80-15.20]
No. of ideal health metrics <001
0 20 (269) [031-5.07] 42(161) [0.90-2.32)
1 96 (12.80) (9.36-16.23] 240/(9.53) [7.31-11.74]
2 159 (21.04) (17.95-24.13] 446 (19.74) [1694-22.54]
3 195 (27.54) [22.78-32.30] 528 (24.95) [21.41-28.48)
4 127 (18.94) [1491-22.97] 462 (21.93) [19.48-24.38]
5 70(956) [6.60-12.51] 276 (12.64) [10.12-15.17)
6 37(453) [264-6.43] 128 (6.75) [4.64-8.86]
7 11(244) (0.34-4.55] 43(2.30) [1.45-3.15]
8 3(0.46) [0.00-1.05] 7(0.33) [0.01-0.64]
9 0 2(0.24) [0:00-0.57)

Data were presented as unweighted number and weighted percentage with 95% confidence interval. BMI, body mass index.
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Variables Low global Average to high
cognition global cognition

Adjusted Adjusted P
HR* HR
(95%CI) (95%Cl)
Physical activity | 0.48 (0.28-0.

) 001 0.72(0.52-1.00) 0.05
Diet quality 063(043-095) 003 093(063-139) 073
Smokingstatus | 091 (051-161) 073 064(0.47-086) <001

Alcohol drinking | 1.46 (0.87-245) | 015 110(074-161) 064

status
Sleepduration | 076 (0.53-1.10) | 0.4  094(071-124) 065
Body massindex | 1.64(0.99-272) | 006  098(0.65-148) 093
Blood pressure | 120 (0.63-227) | 057 079(0.42-147) 044

Total serum 120(073-200) 046 139(0.94-205) 010

cholesterol
Glycemicindex  1.19(0.65-218) =~ 057  085(0.62-117) 030

No. of ideal health metrics

0 Reference Reference

1 064(034-122) 047 | 027(0.09-083) 003
2 077 (044-134) 034 034(0.15-077) 001
3 085(047-154) 058 033(0.12-091) 003
4 061(033-112) 001 034(0.14-080) 002
5 077(030-198) 057 028(0.10-075) 001
6 063(029-140) 025 0.11(0.03-038) <001
27 032(010-102) 005 0.16(0.04-068) 001

“Each health metric was dichotomized (Ideal vs. no ideal), and no ideal status was set as
reference. All HIRs were calculated after adjusting for socio-demographic variables (age.
gender, race and ethnicity; educational level, health insurance, family income, marial status),
isease history (congestive heart failure, coronary heart disease,stroke, cancer/malignancy;
diabetes, metabolic syndrome), health behaviors (physical actvity, diet quality, smoking and
alcohol drinking status, sleep duration, and body mass index), and NHANES cycle (Model

. HR, hazard ratio; CI, confidence interval; NHANES, National Health and Nutrition
Examination Survey.
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Variables Low global Average to high
cognition global cognition

Adjusted Adjusted P
HR* HR
(95%CI) (95%Cl)

Physical activity | 0.49 (0,24~

99) 005 033(0.17-064) <001
Diet quality 050(023-112) 009 129(0.65-257) 045
Smokingstatus 183 (0.87-385) | 0.1 053(032-0.88) 002

Alcohol drinking | 1.19 (0.43-331) | 073 178(092-3.43) 0.8

status
Sleepduration | 070 (034-143) | 031 075(039-145) 038
Body massindex 1.8 (0.93-380) | 008 100(044-227) 099
Blood pressure | 115 (0.44-303) | 077 068(022-208) 049

Total serum 135(079-230) 027 083(044-155) 054

cholesterol
Glycemicindex  195(0.65-582) = 023 115(059-223) 067

No. of ideal health metrics

0 Reference Reference

1 090 (0.17-467) 089 024(0.07-0.80) 002
2 099(026-3.85) 099 025(0.08-0.81) 002
3 099(023-430) 099 0.26(0.10-070) 001

4 095 0.20(0.06-064) 001

5 102(0.18-582) 098 013(003-047) <001
6 174(043-713) 043 003(0.01-0.16) <001
>7 063 0.16(0.02-116) 007

“Each health metric was dichotomized (Ideal vs. no ideal), and no ideal status was set as
reference. All HIRs were calculated after adjusting for socio-demographic variables (age.
gender, race and ethnicity; educational level, health insurance, family income, marial status),
isease history (congestive heart failure, coronary heart disease,stroke, cancer/malignancy;
diabetes, metabolic syndrome), health behaviors (physical actvity, diet quality, smoking and
alcohol drinking status, sleep duration, and body mass index), and NHANES cycle (Model

. HR, hazard ratio; CI, confidence interval; NHANES, National Health and Nutrition
Examination Survey.
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Unadjusted Adjusted®

OR (95% CI) p-value OR (95% ClI) p-value
Regular PA
Participation in regular PA 1 1
Not participating in regular PA 1.22(1.08-1.38) 0.002 1116 (1.01-1.34) 0033

OR, odds ratio; CI, confidence intervals PA, physical activity.
‘Adjusted for sex (male and female), body mass index (<25 and > 25), smoke (smoker and non-smoker), and alcohol (drinkers and non-drinkers).





OPS/images/fpubh-12-1304876/crossmark.jpg
©

2

i

|





OPS/images/fpubh-12-1304876/fpubh-12-1304876-g001.jpg
Outcome Adjusted HR (95%CT) P value
All-cause death
Model 1 3.45 (2.75-432) <0.01
Model 2 1.85 (1.41-2.43) - <0.01
Model 3 1.80 (1.35-2.39) s 2 <0.01
Model 4 1.64 (1.23-2.18) - <0.01
Model 5 1.50 (1.09-2.06) —— 0.01
Model 6 1.46 (1.04-2.05) - 0.03
Cardiovascular dcath
Model 1 4.43 (3.18-6.16) <0.01
Model 2 226 (1.54-3.32) —— <0.01
Model 3 2.24 (1.39-3.60) —a— <0.01
Model 4 1.93 (1.18-3.17) — 0.01
Model 5§ 1.83 (1.11-3.01) —a— 0.02
Model 6 1.78 (1.02-3.13) —— 0.04
Cancer death
Model 1 1.59 (0.92-2.74) —— 0.09
Model 2 0.95 (0.54-1.68) 0.85
Model 3 0.91 (0.50-1.66) 0.75
Model 4 0.92 (0.50-1.68) 0.77
Model 5 1.10 (0.58-2.11) 0.76
Model 6 1.02 (0.47-2.23) 0.96
05 05 1 2
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AELELIES Male (n=182) male (n =133)

Normality Cognitive p-value Normality Cognitive p-value
(n=111) impairment (n =71) (n=40) impairment (n = 93)
The number of PA (times/week) 5314197 510223 0695 5894183 6272103 0523
PA time (min) 645143883 41762627 0017 522243383 65333137 0346
Grip strength (kg) 28334664 2424669 <0.001 1655405 15.66+457 0355
ADL (score) 029121 179£266 <0.001 018071 118214 0.004
TADL (score) 1084227 3636422 <0.001 0702156 3274365 <0.001

Mean £ SD. PA, physical activity; ADL, activities of daily living; IADL, instrumental acti

5 of daily living,
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Unadjusted Adjusted®

OR (95% ClI) p-value OR (95% ClI) p-value

Physical activity
Engaging in 150 min per week 1 1
Not engaging in 150 min per week 229(1.32-397) 0.003 208 (1.13-3.83) 0018

OR, odds ratio; CI, confidence intervals PA, physical activity.
‘Adjusted for sex (male and female), body mass index (<25 and > 25), smoke (smoker and non-smoker), and alcohol (drinkers and non-drinkers).
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AELELIES Male Female

Normality Cogpnitive impairment Normality Cogpnitive impairment
Crippled disorder 66 (59.46) 45(59.21) 33 (71.74) 60 (59.41)
Brain lesion 9(8.11) 10(13.16) 3(652) 9(891)
Visual disturbance 8(721) 9(11.84) 5(10.87) 11(1089)
Hearing defect 14(12.61) 5(6.57) 3(652) 13(12.87)
Dysphasia 1(090) 1032) 1217) 2(198)
Renal disorder 4(3.60) 10132) 1217) 3(297)
Cardiopathy 8(721) 2(263) 0.(000) 1(099)
Mental retardation 1(090) 3(3.95) 0(0.00) 2(198)
Total 111 (100) 76 (100) 46(100) 101 (100)

Case, n (%).
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\ELELIES Total (n = 315)
Male (n = 182) Female (n =133)

Normality Cognitive impairment Normality Cognitive impairment
(n=111) (n=71) (n=40) (n=93)

Body composition, (mean:+D)

Age (years) 70232446 73524620 69.18+352 7298+5.61
Height (cm) 167.3926.41 16469636 155.45£5.00 153914565
Weight (kg) 64.78+10.64 59.75£8.98 59.4547.12 55514£9.99
BMI (kg/m’) 2310£3.48 2104276 2634291 23384359

Cognitive scales, (mean + SD)
K-MMSE (score) 27124194 17.86+5.74 26434165 1580586
Health-related factors, (n (%))

Smoking, n (%) 72(64.86) 36 (50.70) 1(2.50) 5(5.38)
Alcohol, n (%) 79(71.17) 18 (25.35) 7(17.50) 13.(13.98)
Hypertension, n (%) 144(39.64) 28 (39.44) 21(5250) 16(5055)
Diabetes, n (%) 16 (14.41) 19(26.76) 10 (25.00) 18(19.35)
Cancer, n (%) 6(5.41) 2(282) 0(0.00) 0(0.00)
Lung, n (%) 12(10.81) 4(5.63) 0(0.00) 7(7.53)
Liver, n (%) 2(1.80) 0(0.00) 1250 0(0.00)
Cardiac, n (%) 12(10.81) 8(11.27) 2(5.00) 11(11.83)
Cerebrovascular, n (%) 13(11.71) 18 (25.35) 5(12:50) 11(1183)

BMI, body mass index; K-MMSE, Korean-Mini Mental State Examination.
ly
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Parameters Age Men Women Sex effect Age effect Sex X age

CMJ Height (cm) 260 <70 14.09 + 6.7 1232 £ 256 0025 <0.001# | 0218
270 <80 12.94 + 3.65++ 901 + 4314+
280 7.72 £ 4144+ 7.09 £ 398+
CMJ CT (ms) 260 <70 221.8 + 1408™ 210 + 2£108.4** 0237 0041 0756
270 <80 236.0 £ 102.3* 196.0 £ 83.7°
280 1536 + 87.7 1228 + 89.7
CMJ (Wrkg) 260 <70 1061 529+ 7.94 + 356+ 0036 <0.001# 0503
270 <80 856 + 436++ 603 £ 2.64++
280 470 + 240 466 + 215
HG Right (kg) 260 <70 3298 £ 12.48 20.65 £ 8.65 <0.001## 0.106 0.849
270 <80 29.85 % 11.31 22.69 £ 10.55
280 26.10 £ 9.07 2053 £ 8.86
HG left (kg) 260 <70 3143 £ 1143 1870 + 8.83 <0.001## 0176 0440
270 <80 29.77 £ 9.65 14.46 + 6.83
280 27.70 £ 6.76 1831 % 240
VE (L/min) | 260 <70 6491 £ 22,61 40.56 + 13.52 <0.001# <0.001## 0.106
270 <80 47.80 £ 16764+ 3298 & 14.53++
280 35.03 £ 13.88++ 30.08 + 16.92++
VO2peak (mL/kg/min) 260 <70 2430 + 1117 23.46 £ 10.15 0762 0.005 0479
270 <80 2219 £ 530+ 18.87 + 8.02+
280 14.05 % 10144+ 1644 + 8,514+

+p < 0.05; ++p < 0.01; differences 260 < 70; *p < 0.05; **p < 0.01 differences vs. 280; < 0.05; < 0.01 differences vs. 70 < 80; #:
jump; CT: contact time; HG: hand grip; VE: expired volume; VO, peak oxygen uptake.

oderate effect size; ##: large effect size; CMJ: countermovement
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rameters Age Men Women Sex effect Age effect Sex X age

TUG (s) 260 <70 643 £ 1.72 671 £ 099 0942 <0.001% 0880
270 <80 7.14 £ 155 721 +204
>80 9.09 £ 256 8.83 + 367
Speed gait (m/s) 260 <70 L12 £ 0.37% 119 £ 024 0978 0.001# 0223
270 <80 118 £ 0.33* [ 107 £ 034 |
>80 [ 078 £ 0.03 082 + 034
Chair Stand (s) 260 <70 7.50 + 3.43* 867 + 268" 0218 0132 0323
270 <80 874 + 445 831 +390%
280 928 + 504 1163 £ 6.11
Side-by Side Stand (point) 260 <70 1.00 £ 0.00 1.00 £ 0.00 1.000 1.000 1.000
270 <80 1.00 £ 0.00 1.00 % 0.00
>80 1.00 £ 0.00 1.00 % 0.00
Semi tandem stand (point) 260 <70 1.00 £ 0.00 1.00 £ 0.00 0057 0038 0.006#
270 <80 [ 1.00 £ 0.00 095 + 020
=80 0.80 + 0.44 1.00 £ 0.00
Tandem stand (point) 260 <70 1.85 + 048 1.90 £ 029 0.069 0.195 0.048#
270 < 80 1.86 + 042 1.81 039
280 140 £ 0.89 192 £ 027
SPPB Chair Stand (point) 260 <70 380 + 052 376 +052* 0548 0.002¢ 0.880
270 <80 [ 372 £ 0.65* [ 370 +0.58"
=80 320+ 083 3.00 £ 115
SPPB Gait time (point) 260 <70 390 + 030 390 +029% 0813 <0.001% | 0854
270 <80 375 £ 060 370 £ 045
>80 320 £ 044 330 £ 085
SPPB Total (point) 260 <70 1155 + 0.99** 1158 £ 0.79% 0451 <0.001## 0.048
270 <80 1133 + 1.04% 1118 + 0.98*
>80 9.60 £ 151 [ 10.23 £ 2.00

o5 U o DT i arences i SA0: I inodocate aiiect e W Lt aliect sor: TUG: tied ip ind i SPPE: shioot sl pochorimico batieey,
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arametel

Height (m)

Weight (kg)

BMI

Fat mass (%)

Fat free mass (%)

*p < 0.05; *p < 0.01 differences vs. 280; # moderate effect

Age Men Women Sex effect
260 <70 171 £ 007 157 £ 0.06* <0001##
70 <80 169 £ 007 152 £ 005*

280 154 £ 003 151 + 008
260 <70 8224 +7.51 67.38 + 12.86 <0.001#
270 <80 79.33 £ 12.00 6645 £ 1152

>80 7480 £9.33 6332 £7.89
260 <70 2828 +3.20 2720 £5.15 0.302
270 <80 2772 + 3.44 2841 + 4.06

280 3127 £ 247 27.84 £ 5.08
260 <70 23.88 £ 5.94° 066795 | 0017
270 <80 2578 +4.83 33.65 £ 749

280 3495 £7.14 3490 £822
260 <70 75.46 £ 674° 68.67 £ 7.66% 0.007
270 <80 7374 £5.12 65.36 £ 5.56

>80 6405 £7.14 6479 + 8.50

ize; ##: large effect

e BAE By viass indie.

Age effect

<0.001#

0409

0589

0018

0.013#

0.037

0.876

0.334

0.378

0.288
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Study characteristics

Cross-sectional epidemiological studies

Main Findings

Reference

NHANES 2005-2012. n = 22,692 both men and women
aged 20285 years

NHANES 2001-2002. 1 = 1,340 older adults (F: 51.8%)
aged 71.4 (7.8] years

NHANES 2017-2018. 1 = 1,221 (M: 627; F: 594) aged
65 years and older

NHANES 2017-2018. n.= 4004 (F: 51.7%) aged 51.6 [17.8]
years

NHANES 2013-2014. 1 = 1912 (F: 52.2%) aged
20-75 years

NHANES 2017-2020. n = 4522 females aged 44.5 [20.5]
years

= 357 both men and women aged 63.6 [5.9] years

= 721 both men and women aged 57-70 years

n = 583 both men and women aged 48-77 years

= 50 (mainly men) aged >65 years

= 60 both men and women aged >60 years

Lean tissue mass n = 509 both men and women
aged >50 years

Muscle strength n = 426 both men and women
aged >50 years

= 176 women aged 56-70 years

8 systematic reviews with meta-analysis. n = 784 both men
and women aged >65years

= 1,192 both men and women

n =225 (M: 74, F: 151)

= 492 both men and women aged 20-76 years

= 1,076 both men and women aged 42-72 years

Food and Drug Administration (FDA) - United States of
America

European Food Safety Authority (EFSA) - European
Union

Natural and Non-prescription Health Products
Directorate (NNHPD) - Health Canada

Ministry of Health, Labor and Welfare (MHLW) - Japan

Spanish Agency for Food Safety and Nutrition
(AESAN) - Spain

‘The study’s findings suggest a link between dietary
creatine and depression. Authors reported that
“depression prevalence was 42% higher among adults in
the lowest quartile (0-0.26 g) compared to adults in the
highest quartile (0.70-3.16 g) of creatine consumption.”

A significant positive correlation was observed between
cognitive function and creatine intake across the entire
sample. Participants who consumed more than 0.95 g of
creatine per day exhibited higher scores on cognitive
functioning assessments compared to those with lower
creatine intake (p < 0.05). This indicates that dietary
creatine may offer protective benefits against diminished
cognitive performance in the older population

Up to 70% of elderly individuals in the United States
consume less than 1.00 g of creatine daily, with
approximately 19.8% consuming no creatine at all.
‘Those with suboptimal creatine intake were found to
have a 2.62-fold increased risk of angina pectoris and a
259-fold increased risk of liver conditions compared to
their counterparts who consume 1.00 g or more of
creatine per day, after adjusting for demographic and
nutritional variables

Almost two-thirds of US adults consume dietary creatine
below recommended levels of 1.0 g per day

A significant inverse correlation was observed between
dietary creatine intake and serum levels of neurofilament
light chain (NfL), a recognized biomarker for neuronal
damage. This finding indicates that creatine may exert
protective effects against neuronal injury

A strong correlation was observed between increasad dietary
cratine intake and a reduced risk of oligrmenorrhea. A
craatine-rich diet hasbeen associated with decreased risks of
reprodudtive health isstes among U.S women. Specificaly,
females consuming 213 mg of creatine per kilogram of body
weight per day exhibited significantly lower risks of
experiencing irregular menstrual cydes, obstetric
complications, and pehic pathobogies

Meta-analytic clinical evidence

‘The results from this meta-analysis are encouraging in
supporting a role for creatine monohydrate
supplementation during resistance training in healthy
aging by enhancing muscle mass gain, strength, and
functional performance over resistance training alone

Creatine supplementation during resistance training
results in ~1.4 kg greater increase in lean tissue mass
when compared to placebo. This translates to
significantly greater increases in upper body (chest press)
and lower body (leg press) strength in older adults

‘This systematic review concluded that creatine
monohydrate is safe to use in older adults. Also, in
conjunction with moderate- to high-intensity exercise,
creatine supplementation may improve skeletal muscle
health in the aging population

This systematic review and meta-analysis aimed to
summarize these factors influencing the efficacy of
nutritional interventions on muscle mass in older adults.
Pooled summary effect indicated that creatine
monohydrate supplementation is an effective
intervention for increasing muscle mass measures in
older adults

In the subgroup analysis of the types of nutrients, only
creatine showed synergistic effects with resistance
training on lean body mass

Regardless of dosing strategy, creatine monohydrate
enhances lean tissue mass and strength gains from
resistance training compared to placebo. Subanalyses
revealed that a creatine-loading phase followed by
‘maintenance dosing (<5 g/day) significantly increased
chest press strength. Higher doses (>5 g/day), both with
and without loading, resulted in substantial gains in leg
press strength. Additionally, supplementation on
training days alone significantly improved lean tissue
mass and strength compared to placebo

Creatine monohydrate plus resistance training in a small
cohort of older females enhanced muscle strength when
the duration was at least 24 weeks; however, there was no
effect on muscle mass

In this umbrella review of systematic reviews and meta-
analyses, the authors concluded that data suggest a
positive effect of creatine supplementation on top of
progressive resistance training on muscle mass and
muscle strength

Adding creatine supplementation to a resistance training
program results in an increase in lean body mass. In
adults over 48 years old, creatine supplementation alone
(with or without exercise) increased lean mass by
~0.6 kg. When combined with resistance training, the
increase in lean body mass was greater, with an
additional gain of 0.47 kg, totaling ~1.1 kg

Creatine monohydrate supplementation enhances
measures of memory performance in healthy
individuals, especially in older adults (66-76 years)

Recent evidence indicates that creatine monohydrate
supplementation may have positive effects on cognitive
function in adults, particularly in areas such as memory,
attention span, and information processing speed

Creatine supplementation enhances sit-to-stand
performance, muscle function, and lean tissue mass in
individuals at risk of functional disability

Regulatory Agencies

The FDA expressed no objections to a Generally
Recognized as Safe (GRAS) application by Alzchem
Group AG, permitting the inclusion of creatine
monohydrate as a food additive in various food products
(GRAS Notice 931)

“Based on the totality of data and information presented
in the notice, Alzchem concludes that creatine
‘monohydrate is GRAS for its intended use in food”

The EFSA panel concluded that a cause-and-effect
relationship has been established between the
consumption of creatine in combination with resistance
training and improvement in muscle strength in adults
over the age of 55

“In order to obtain the claimed effect, 3 g of creatine
should be consumed daily in conjunction with resistance
training, which allows an increase in the workload over
time. Resistance training should be performed at least
three times per week for several weeks, at an intensity of at
least 63%-75% of one repetition maximum. The target
population is adults over the age of 55 who are engaged in
regular resistance training.”

Creatine monohydrate was assigned a monograph by the
NNHPD that overviews research on this product to
substantiate safety and efficacy. Only products
containing creatine monohydrate can benefit from an
abbreviated licensing process by referencing the
‘monograph

Creatine monohydrate (2 L- 7 F ) is considered a
“non-drug” that i allowed to be sold as a food ingredient
and additive under the Food Sanitation Act (Act No.
46 0f 2018). Health claims of creatine monohydrate for
muscle maintenance with exercise was accepted in 2019

The Scientific Comittee considers that the maximum
daily amounts of 341 g of creatine monohydrate
provides a maximum daily amount of 3 g/day of creatine
and is acceptable from the standpoint of its safety in use
as food supplements for a healthy adult population

Bakian et al. (2020)

Ostojic et al. (2021)

Ostojic et al. (2021)

Ostojic (2021)

Ostojic et al. (2024)

Ostojic et al. (2024)

Devries & Phillips (2014)

Chilibeck et al. (2017)

Stares & Bains (2019)

Martin-Cantero et al. (2021)

Choi et al. (2021)

Forbes ct al. (2021)

Dos Santos et al. (2021)

Gielen et al. (2021)

Delpino et al. (2022)

Prokopodis et al. (2023)

Xu et al. (2024)

Davies et al. (2024)

GRAS Notice Inventory - GRN No. 000931 (USFaD
and Inventories, 2020)

EFSA NDA Panel (2016) (EFSA Panel on Dietetic
Products NaAN, 2016)

NNHPD 28th June 2024 (Canada, 2024)

MHLW No. 0328 on 28th March 2024 (Ministry of
Health LaW)

AESAN Scientific Committee (2024) (Fernandez et al.,
2024)
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Groups

CG IG
Dif_AE45D 001 (7.37) -3.00 (6.76) 0363
Dif_RE45D ~001 (1024) 315 (7.56) 0363
Dif_VEASD 0,02 (3949) 062 (1.90) 046
Dif_ AE4SND ~259 (8.93) 048 (10.19) 0759
Dif_RE4SND -274 (893) -5.70 (12.32) 0539
Dif_VE4SND -113 (428) 0388 (2.88) 0179
Dif_AE20D 311 (19.98) -193 (13.50) 0649
Dif RE20D 334 (19.98) 193 (13.50) 0577
Dif_VE20D 118 (5.18) -180 (3.47) 0059
Dif_AE20ND 046 (11.17) 556 (19.79) 0246
Dif_RE20ND 046 (12.78) 5.63 (20.53) 0339
 Dif_VE20ND ~168 (697) 0.92 (464) 0114
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Absolute Error 45 Dom 7.5 (7.49) 592 (7.39) 0.658 7.37 (5.96) 456 (6.81) 0122
Absolute Exror 45 Nao Dom 672 (12.12) 631 (7.63) 0.045° 7.89 (9.47) 7.74 (6.34) 0187
Relative Error 45" Dom 6.92 (7.61) 576 (7.55) 0.989 7.37 (7.20) 456 (7.80) 0217
Relative Error 45’ Ndo Dom 672 (12.12) 520 (8.19) 0.045° 7.89 (9.64) 6.67 (6.67) 0.018*
Variable Error 45 Dom 234 (280) 331 (3.36) 0775 179 (3.36) 133 (215) 0274
Variable Error 45’ Nao Dom 335 (3.84) 176 (352) 0073 219 (0.76) 164 (273) 0.808
Absolute Error 20" Dom 15.17 (13.02) 1398 (19.73) 0732 1822 (1437) 14,64 (8.80) 0.689
Absolute Exror 20° Nao Dom 1536 (14.62) 1261 (12.85) 0.605 1670 (20.67) 11.89 (12.80) 0058
Relative Error 20° Dom -15.17 (13.02) ~13.98 (19.73) 071 -1822 (1437) ~14.63 (8.80) 0.689
Relative Error 20° Nao Dom 1536 (14.62) ~11.89 (12.80) 0503 -16.70 (20.67) 1189 (12.80) 0,058
Variable Error 20° Dom 374 (5.31) 503 (5.40) 0407 401 (3.87) 352 (262) 0079
Variable Error 20° Nao Dom 531 (4.68) 434 (5.18) 026 279 (3.36) 389 (277) 0181

(*) p < 0.05.
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