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Variable M SD Physical activity Smartphone addiction Self-esteem
Physical activity 17.61 5.61 -

Smartphone addiction 42.81 10.63 —0.124** -

Self-esteem 28.52 4.77 0.084* —0.360%* -

M, mean; SD, standard deviation; *p < 0.05; **p < 0.01.
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Variable Beta (B) t INGG AF R? F
Model 1 0.022 4427 0.022 4,427
Block 1 Sex 0.089 2.080*

Major —0.075 —1.757

Source 0.042 1.021
Model 2 0.008 5.224% 0.030 4.649*%
Block 1 Sex 0.049 1.054

Major —0.075 —1.753

Source 0.043 1.063
Block 2 Physical activity —1.00 —2.286%
Model 3 0.132 94.526%* 0.162 23.201%*
Block 1 Sex 0.078 1.811

Major —0.055 —1.388

Source 0.095 2.488*
Block 2 Physical activity —0.057 —1.385
Block 3 Self-esteem —0.369 —9.722%%%

Beta (B), standardized coefficients; R?, R square; AR?, R square change; AF, F Change; *p < 0.05; **p < 0.01; ***p < 0.001.
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B(SE) Beta (B) t 95% ClI R R2 F
Step 1 0.131 0.017 10.643 **
Physical activity — smartphone —1.464 —0.131 —3.262** —2.346,
addiction (0.449) —0.582
Step 2 0.088 0.008 4.773*
Physical activity — self-esteem 0.442 0.088 2.184* 0.044, 0.839

(0.202)
Step 3 0.374 0.140 49.050**
Self-esteem — smartphone addiction —0.783 —0.351 —9.2724%% —0.948,

(0.084) —0.616
Physical activity — smartphone —1.119 —0.100 —2.650** —1.947,
addiction (0.422) —0.289

B, unstandardized coeflicient; SE, standard error; Beta (), standardized coefficient; 95% CI, 95% bootstrap confidence intervals; *p < 0.05; **p < 0.01; ***p < 0.001.
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Executive function Episodic memory Attention

Effect 95% ClI Effect 95% ClI Effect 95% ClI
Total sleep time (hours) 001 ~0.05,008 0.002 ~0.06,005 001 ~007,0.16
Number of awakenings 0.003 ~0.13,0.10 ~0.03 ~0.13,005 ~0.06 ~0.23,007
Sleep onset latency (mins) 0.04 ~0.03,0.14 0.05 ~004,019 0.06 ~0.04,025
Sleep efficiency (%) 0.001 ~007,006 0.002 ~0.06,0.04 002 -0.12,017
REM sleep (%) 0.001 ~0.04,006 -001 ~0.12,007 -001 ~0.14,0.12
Light sleep (%) 0.02 ~0.05,0.11 ~0.04 ~0.18,007 ~0.16,0.12
Deep sleep (%) 0.03 ~0.06,0.14 ~003 ~0.17,005 ~0.04 ~0.17,008

CI, Confidence Interval; REM, Rapid Eye Movement. Control condition used as reference group. All models adjusted for age, sex, baseline ftness and baseline standard deviation of the
respective sleep variable. Change scores refer to change from baseline to 24 h post intervention for cognition, and baseline to the night following intervention for slecp.
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Episodic memory Executive function Attention

Control Exercise Control Exercise Control Exercise
Increase 5 3 4 4 5 6
Decrease 0 1 0 1 8 6
No change 2 2 2% 2 17 18

“Increase” means participants increased performance from baseline to a greater extent than the smallest detectable change. “Decrease” means participants decreased performance from baseline
(0.2 greater extent than the smallest detectable change. “No change” means participants change score fell within the range of the smallest detectable change.
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Demographics Baseline

Age, mean (SD) 69.2(43)
Sex, % female () 667 (20)
Years of education, mean (SD) 14(27)
Mood (DASS score), mean (SD) 9.1(47)
MoCA score, mean (SD) 264 (18)
Cardiorespiratory fitness (VO;q.) 23(56)
Sleep medication use, % positive (1) 50 (15)
Total PSQI score, mean (SD), range 97(2.6).6-15
Sleep efficiency (%), mean (SD) 849 (53)
Total sleep time (hours), mean (SD) 65(038)
Sleep onset latency (minutes), mean (SD) 195 (5.6)
Light sleep (%), mean (SD) 63.2(86)
Deep sleep (%), mean (SD) 143 (43)
REM sleep (%), mean (SD) 225(57)

DASS, Depression, Anxiety and Stress Scale; PSQL, Pitisburgh Sleep Quality Index; MoCA,
Montreal Cognitive Assessment; REM, rapid eye movement. All sleep variables taken from
baseline WatchPAT measurements, except for PSQI score which is self-reported. VO,
refers to peak aerobic capacity, averaged across two baseline fitness tests.
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Respective

outcome

Episodic memory 005 018 0776
Attention -002 019 0926
Executive function 003 on 0836
“Total sleep time (hours) 010 020 0617
Number of awakenings La3 083 0.091
Sleep onset latency v 273 0210
(mins)

Sleep effciency (%) 039 095 0686
REM sleep (%) 044 150 0772
Light sleep (%) 153 181 0402
Deep slecp (%) 088 095 0361

p. Unstandardized Regression Coefficient; SE, Standard Error; REM, Rapid Eye Movement
Control condition used as reference group. Age,sex, baseline ftness and standard deviation
of the respective sleep variable used as covariates in all models.
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Visit 1- Baseline 1

1.Baseline cognitive assessment
o Cogstate

2. Fitness assessment

3. Sleep measurement
o WatchPAT (3 nights)

l

Visit 2 - Baseline 2

1. Baseline cognitive assessment
o Cogstate and MoCA

2. Sleep measurement
o WatchPAT (2 nights)

l

Visit 3 - Baseline 3

1. Baseline cognitive assessment
o Cogstate
2. Fitness assessment
3. Counterbalanced allocation to:
C-1(n=15), I-C (n=15)

Control Condition Intervention Condition

1.Cycle for 29 mins (5 min

1.Sit quietly for 29 mins warm up, 1 min at 80% peak
2.Cogstate power, 1 min at 40% peak
3.Take home WatchPAT power, 5 min cool down)
4.24-hr delay 2.Cogstate
5.Cogstate 3.Take home WatchPAT
4.24-hr delay
5.Cogstate
Intervention Condition

Control Condition
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Effect Estimate  BootSE  BootLLCl  BootULCI Effect value (%)

Total effect (physical activity) 02730 00812 01136 04323
Direct effect (physical activity) 0.1999 0.0788 0.0453 0.3545 73.223%
Indirect effect (self-education expectation) 0.0351 0.0127 0.0119 0.0615 12.857%
Indirect effect (learning time) 00315 00162 00028 00673 11538%
Indirect effect (self-education expectation and learning time) 0.0065 0.0026 0.0021 0.0121 2.381%
“Total indirect effect of mediators 0.0730 0.0221 0.0332 0.1205 26.740%

=2,688, BootSE represents the standard error, BootLLCI and BootULCI denote the lower and upper bounds, respectively, of the indirect effect within the 95% confidence interval, as
estimated by the bias-corrected percentile Bootstrap method.





OPS/images/fpsyg-15-1383384/fpsyg-15-1383384-t006.jpg
Effect Estimate BootSE BootLLCI BootULCI Effect value (%)

Total effect (physical activity) 02692 00918 00892 04492
Direct effect (physical activity) 0.1954 0.0908 00.0174 0.3734 72.585%
Indirect effect (self-education expectation) 0.0388 0.0180 0.0045 0.0774 14.413%
Indirect effect (the degree of engagement in learning) 00333 00145 0.0083 0.0644 12.370%
Indirect effect (self-education expectation and the degree of engagement in

00016 00011 0.0001 0.0044 0.594%
learning)
“Total indirect effect of mediators 0.0738 0.0241 0.0278 0.1228 27.415%

=2,688, BootSE represents the standard error, BootLLCI and BootULCI denote the lower and pper bounds, respectively, of the indirect effect within the 95% confidence interval,as
estimated by the bias-corrected percentile Bootstrap method.
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Variable name Variables definitiol

Cognitive ability Cognitive ability test scores

Physical activity Logarithm of average daily physical activity time
Self-education expectations Level of education

Learning time Logarithm of average daily learning time

‘The degree of engagement in learning ‘The degree of Engagement in Learning Scale Score
Age Age

Gender Male=1, Female=

Residence Urban =1, Rural =0

Education level 1=Elementary school, 2= Junior school, 3=Senior school
Parental education level Level of education

Household expenditures Logarithm of annual household expenditures

School location

rovincial capital city, 2= General city, 3=County town, 4= Countryside

Public School Status
Key School Status 1=key school, 0= non-key school
Class size Number of people in the class

Physical activity status

egular physical activity, 0=Infrequent physical activity

Meai

38.22

230

536

603

2230

1373

053

042

179

301

1092

321

091

025

4813
0.50

SD
1039
179
123
042
299
266
050
049
079
118
079
092
028
043
1575

050

N
2,688
2,688
2,688
2,688
1965
2,688
2,688
2,688
2,688
2,688
2,688
2,688
2,688
2,688
2,688

2,688
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Variables Model (1) Model (2)  Model (3)

03540 0,268+ 027344
Physical activity
(0.083) (0.081) (0.081)
Individual
Control Control Control
characteristics
Family characteristics Control Control
School characteristics Control
9.149%% 3298 4.365%
Constant
(1139) (2323) (2.645)
R 0468 0491 0496

2,688, ##%p<0.01, *#p<0.05, *p<0.1. Standard errors are in parentheses.





OPS/images/fpsyg-15-1383384/fpsyg-15-1383384-t003.jpg
Matching Standard

method errors

Nearest-neighbor

38.737 37.620 Lagr* 0477
matching
Nearest-neighbor

38737 37.620 Lir= 0.477
matching with caliper
Kernel matching 38.741 37.939 0.802%% 0.410

688, **%p<0.01, **p<0.05, *p<0.1, nearest-neighbor matching (k=2), nearest-
neighbor matching with caliper (k=2 r=0.01), kernel matching (default kernel function and
bandwidth).
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Physical activity

Individual characteristics

Family characteristics

School characteristics

Constant

r©

0394%
(0.235)

Control
Control
Control

~12476*
(6.484)

0245

03295+
(©0.125)

Control
Control
Control

~6274
(4.239)

0294

2,688, *#%p<0.01, *#p<0.05, *p<0.1. Standard errors are in parentheses.

0326%%
(0.085)
Control
Control
Control

2854
(2.447)

0.354

0.198%%+
(0.073)

Control
Control
Control

10722%%%
(2.241)

0375

0.118*
(0.060)

Control
Control
Control

19.852%%%
(2:853)

0.404
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Exercise | Activation Brain areas BA areas | Hemisphere | Volume Talairach Coordinate
types /m3

Sustained Decreased 50.0% BA19/27/30 Left 840 —14 —42 0 1.14
exercise parahippocampal
paracentral
gyrus/39.1%
culmen/10.9%
lingual gyrus

Variable Increased Middle frontal gyrus BA46 left 592 —46 24 24 1.15

exercise
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Included studies

Voss et al., 2011 ® @ @) @) ® ©) @ @) ©)
Chaddock et al., 2012 @ @ ® ® @ @ @ ® ®
Herting and Nagel, 2013 @ @ ® ® @ @ ) ® ®

(1) Is the source of the information specified? (2) Are inclusion and exclusion criteria for the exposed and non-exposed groups listed or reference to previous publications? (3) Is the time
period for identifying patients given? (4) Do subjective factors of the evaluator obscure other aspects of the study population? (5) Describes any assessment for quality assurance; (6) Explains
the rationale for excluding any patients from the analysis; (7) Describes how confounding factors were evaluated and/or measures to control for confounding; (8) If possible, explains how
missing data were handled in the analysis; (9) Summarizes the response rate of patients and the completeness of data collection; @, yes; @, no; @, unclear.
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Activate Activate

increased decreased

frequency frequency
Frontal 22 9 10.093 0.001
Parietal 12 7 2632 0.105
Temporal 3 1 2.000 0.157
Limbic 10 4 5.145 0.023
system
Insula 1 1 0.000 1.000
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Activation Brain areas BA areas = Hemisphere Volugne Talairach Coordinate
/m

Increased 89.7% intrafrontal gyrus BA6/31 Left 1064 0 0 62 111
/ 5.9% paracentral lobule
/ 4.4% cingulate gyrus
56.3% precentral BA8/9 Left 616 —34 24 34 1.49
gyrus/43.8% middle
frontal gyrus
caudate nucleus caudate Left 472 —6 22 2 1.27

nucleus

85.7% middle frontal BA9/46 Left 424 —46 24 24 1.15
gyrus/14.3% inferior
frontal gyrus

Decreased 73.8% parahippocampal BA19/27/30 Left 544 —14 —42 0 1.14
gyrus/14.3% cerebellar
apex /11.9% lingual gyrus
52.0% posterior cingulate BA18/30/31 Left 208 -22 —68 18 0.94
gyrus/48.0% cuneus
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89.7% intrafrontal gyrus / 5.9% paracentral lobule / 4.4%
cingulate gyrus

56.3% precentral gyrus/43.8% middle frontal gyrus Left 0.00
caudate nucleus Left 0.00
85.7% middle frontal gyrus/14.3% inferior frontal gyrus Left 0.00
73.8% parahippocampal gyrus/14.3% cerebellar apex /11.9% Left 0.00
lingual gyrus

52.0% posterior cingulate gyrus/48.0% cuneus Left 0.00
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Included studies Randomized Blinding Allocation Completeness | Selective Other
methods concealment of outcome reporting of biases

data study results

Davis et al., 2011 Unclear Double-blind Unclear 7 cases of missed No Unclear
visits

Chaddock-Heyman Unclear Unclear Unclear 9 cases of missed No Unclear

etal., 2013 visits

Krafft et al., 2014 Unclear Unclear Unclear 11 cases of missed No Unclear
visits

Zhu et al., 2021 Unclear Unclear Unclear 9 cases of missed No Unclear
visits

Quetal.,, 2024 Unclear Unclear Unclear 2 cases of missed No Unclear
visits
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Included studies

Chen et al,, 2011 2 2 2 2 0 1 2 0 NA NA NA NA 11
Jin, 2016 2 2 2 2 0 1 2 0 2 2 2 2 19
Chen et al., 2016b 2 2 2 2 0 1 2 0 NA NA NA NA 11
Metcalfe et al., 2016 2 2 2 2 0 1 2 0 NA NA NA NA 11
Sachs et al., 2017 2 2 2 2 0 1 0 0 2 2 2 2 17

(1) the purpose of the study was clearly given; (2) the consistency of the included subjects; (3) the expected data collection; (4) the outcome indicators appropriately reflected the purpose of the
study; (5) the objectivity of the evaluation of the outcome indicators; (6) the adequacy of the follow-up time; (7) the loss rate was less than 5%; (8) whether the sample size was estimated; (9)
the appropriateness of the selection of the control group; (10) the synchronization of the control group; (11) the comparability of the baseline between groups; (12) the appropriateness of the
statistical analysis; NA, not applicable.
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Experience N Years of practical ~ Age (years) Height (m; Body mass BMI (kg:

group Male/Female  experience (ko)
HPE N=10 11.20£1.23 21.10£3.99 1.77£0.08 74.25+7.81 23.68+1.85
713
MPE N=10 7.00£1.16 19.20+1.69 1.80+0.07 7352+9.08 22.58+1.58
73
LPE N=14 2.29£1.07 20.64+2.74 1.77£0.06 68.96+9.86 21.95£2.31
3
NPE N=10 - 20.40£3.89 1.70£0.08 66.15+7.04 22.80£1.42
6/4
General N=44 - 20.36+3.13 1.76£0.08 70.56 £ 8.96 22.68+1.90
3113

Data values are expressed as mean  standard deviation. HPE, High Practical Experience; MPE, Medium Practical Experience; LPE, Low Practical Experience; NPE, No Practical Experience;
N, Sample Size; M, Meters; Kg, Kilograms; BMI, Body mass index.
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Included | Study Subject characteristics Interventions/exposures Main results

studies design and controls
Sample Age Girls(%) | Nationality IENS Brain
size (results) activa-
tion
Chen et al., QED 9 10 55.6% CHN One 30 min moderate intensity Flanker (1) Re-
2011 (60~69% HRmax) power bike (SE) organized
intervention vs. pre-intervention (MNI)
Davis et al., RCT E=56 7~11 56.0% USA 13 = 1.6 weeks high intensity Antisaccade Re-
2011 C=60 (166 % 8 bpm) exercise (running () organized
games, jump rope, and modified (Talairach)

basketball and soccer) (VE), 2 times/
week, 20 min/time (520 min) vs.

sedentary activities
Voss et al., CSS E=18 E=98+06 E =55.6% USA Higher aerobic group, 53.6 & 5.6 VO, Flanker (1) Re-
2011 C=18 C=99+06 C=389% max vs. lower aerobic group, organized
37.0 + 4.1 VO, max (MNI)
Chaddock CSS E=14 E=97+£06 E=64.3% USA Higher aerobic group, 53.1 & 4.5 VO, Flanker (1) Increased
etal., 2012 C=18 C=10.1£05| C=389% max vs. lower aerobic group, (MNTI)
36.6 £+ 4.4 VO, max
Chaddock- RCT E=14 E=89+07 E =50.0% USA 36 weeks of moderate to high GO/NO GO Decreased
Heyman Cc=9 C=89+04 C=66.7% intensity intervention to improve ") (MNI)
etal., 2013 cardiorespiratory fitness, muscle

strength, and motor skills (SE), 5
times/week, 60min/time (10800min)
vs. wait control

Herting and CSS E=17 E=16.64+0.8 | E=100.0% USA Higher fitness group, > 10h/week Lexical Decreased
Nagel, 2013 C=17 C=162+£08| C=100.0% aerobic activities vs. lower fitness associative (Talairach)
group, < 1.5h/week aerobic activities memory
encoding
(=)
Krafft et al., RCT E=22 E=97+£08 E=71.0% USA 32 weeks high (161 & 9 bpm) aerobic Antisaccade Decreased
2014 C=17 C=99+09 C=58.0% exercise (SE), 7 times/week, ) (MNI)
40min/time (8960min) vs. sedentary Flanker (1) Increased
attention control (MNTI)
Jin, 2016 QED E=14 E=10.1£1.0 NA CHN 11 weeks moderate intensity (60~69% 2-back (1) Increased
C=12 C=115+038 HR max) combined exercise program (MNTI)

(fancy running ++ martial arts +
fancy jumping rope) (VE), 4
times/week, 30min/time (1320min)

vs. regular activities

Chen et al., QED 9 10 44.4% CHN One 30 min moderate intensity 2-back (1) Increased
2016b (60~69% HRmax) power bike (SE) (MNTI)
intervention vs. pre-intervention
Metcalfe QED 30 168 1.4 57.0% CAN One 27min moderate to high GO/NO GO Decreased
etal., 2016 (60~80% HRmax) power bike (SE) (=) (MNTI)
intervention vs. pre-intervention
Sachs et al., QED E=13 E=89+06 E=55.6% USA 2 years soccer (3 times/week) and Stroop (1) Increased
2017 C=17 C=9.1405 C=4.0% swimming (2 times/week) exercise, (MNTI)
60min/time (VE) (31200 min) vs.
daily activities
Zhu et al., RCT E=9 E=112+12 | E=444% CHN 11 weeks moderate intensity (60-69% N-back (1) Increased
2021 C=8 C=11.8£09 | C=50.0% HR max) after-school exercise (MNI)

(running games, jump rope, martial
arts) (VE), 4 times/week, 30min/time

(1320 min) vs. no additional exercise

Quetal, RCT E=12 NA NA CHN 11 weeks moderate intensity (60-69% 2-back (1) Increased

2024 C=12 HR max) aerobic exercise (fancy (MNI)

running + martial arts + fancy

jumping rope) (VE) vs. regular
activities

E, experimental/exposure group; C, control group; NA, not applicable; RCT, randomized controlled trial; QED, quasi- experimental design; CSS, cross-sectional study; CHN, China;
USA, United States; CAN, Canada; VE, variable exercise; SE, sustained exercise; HRmax, maximum heart rate; bpm, heartbeat rhythm; VO2max, maximum oxygen uptake; 1 indicates
improved cognitive task performance in the intervention/exposure group compared with the control group; — indicates that cognitive task performance was not significantly altered in the
intervention/exposure group compared with the control group.
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(a) Results of the frequency analysis of whole-brain activation changes induced by exercise
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(b) Results of frequency analysis on activation changes in the frontal association areas induced by exercise
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v

Documents excluded prior to selection:
Removal of duplicate documents (n =
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Review and selection of references for
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14391)
'
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Read the documents excluded after the
title

Reviews. Abstracts., Comments,
Letters (n = 7651)

Documents unrelated to the topic of
this study (n = 6469)

I

Documents obtained after
secondary selection: (n = 120)

Read the documents excluded after the
abstract:

Atypical groups (n = 52)

Athletes, pilots, police, soldiers (n =
17)
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Means and standard deviations are presented. RT, response time; ACC, accuracys ms, milliseconds; significant differences between experimental conditions were marked
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