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Electronic Supplementary Material 2.  
Components of Print-Based Intervention Materials 

Week 
Component 1: 
Information about exercise and 
health promotion 

Component 2:  
Information about tips for effective 
behavior change techniques 

Component 3: 
Fill-out forms for practice of self-regulatory strategies of 
exercise 

1 Recommended amounts and 
types of exercise for health 
promotion (four pages) 

Tips for effective self-monitoring 
(two pages) 

Fill-out form for self-monitoring every day (one page) 

2 Key points of walking for health 
promotion (three pages) 

Tips for effective goal settings and 
action planning (two pages) 

Fill-out form for goal setting and action planning  
Fill-out form for self-monitoring 
Fill-out form for review behavior goal achievement (two pages) 

3 Key points of strength training 
for health promotion (three 
pages) 

Tips for creating and keeping 
desirable motivation (two pages) 

Fill-out form for goal setting and action planning  
Fill-out form for self-monitoring 
Fill-out form for review behavior goal achievement (two pages) 

4 Exercise and brain health (three 
pages) 

Tips for receiving social support 
effectively (two pages) 

Fill-out form for goal setting and action planning  
Fill-out form for self-monitoring 
Fill-out form for review behavior goal achievement (two pages) 

5 Exercise and mental health (two 
pages) 

Tips for preventing relapse and 
coping barriers (three pages) 

Fill-out form for goal setting and action planning  
Fill-out form for self-monitoring 
Fill-out form for review behavior goal achievement (two pages) 

6 Exercise, sedentary behavior, 
and health promotion (two 
pages) 

Tips for building self-confidence to 
maintain exercise behavior (three 
pages) 

Fill-out form for goal setting and action planning  
Fill-out form for self-monitoring 
Fill-out form for review behavior goal achievement (two pages) 

7 Reviews of Week 1 to Week 6 
(two pages) 

Reviews of Week 1 to Week 6 (three 
pages) 

Recommendations for further practices of self-regulatory 
strategies (two pages) 
 

Note. Apart from the three components, the print material at each week had one front cover page. In the final week, in addition to the intervention 
material, the leaflets for health promotion policies and practices in the local community were also delivered to the participants.  
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Descriptive Statistics and Factor Structure for Items on Habit Strength of Exercise 
 

M (SD) 
Coefficient in CFA 

 Model 1 Model 2 
Item 1: I do automatically. (score, 1–7) 4.7 (1.7) 0.67 0.61 
Item 2: I do without having to consciously remember. (score, 1–7) 4.1 (1.8) 0.91 0.87 
Item 3: I do without thinking. (score, 1–7) 3.8 (1.8) 0.95 0.98 
Item 4: I start doing before I realize I’m doing it. (score, 1–7) 3.4 (1.8) 0.80 0.80 

M, mean; SD, standard deviation, CFA, confirmatory factor analysis 
A one-factor structure was examined using confirmatory factor analysis. Model 1 did not contain any correlated errors. Model 2 contained the 
correlated error between item 1 and item 2 (standardized coefficient of correlated error, 0.43 [p<0.001]).  
Model fit indices of model 1 were χ2(2) = 60.7 (p<0.001), CFI = 0.949, TLI = 0.847, and RMSEA = 0.275. 
The model fit indices of model 2 were bχ2(1) = 1.0 (p = 0.307), CFI > 0.990, TFI > 0.999, and RMSEA = 0.011. 
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Descriptive Statistics for Perceived Adherence and Acceptance of intervention 

 n Total, 
 M (SD) 

Delayed 
intervention 

 group, M (SD) 

Immediate 
intervention 

group, M (SD) 

p-
valuea 

Overall, how many pages on the materials did you actually read?  370 8.7 (2.0) 8.8 (1.9) 8.6 (2.1) 0.282 
Overall, how many fill-out forms on the materials did you actually 
fill out? 366 7.2 (2.9) 7.1 (3.0) 7.3 (2.9) 0.646 

Overall, were the print materials easy to understand? 366 8.8 (1.5) 8.9 (1.4) 8.7 (1.7) 0.151 
Overall, was the participation in the intervention meaningful to 
promote your exercise behavior? 366 8.2 (2.0) 8.3 (1.9) 8.1 (2.0) 0.520 

Overall, were you satisfied with the participation in the 
intervention? 365 8.3 (1.8) 8.4 (1.7) 8.2 (1.9) 0.358 

Note. at-test 
The participants responded to each item from “0” (not at all) to “10” (all). 
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Fixed Effects in Mixed Models for Intervention Effects on Exercise Behavior 
  Model 1  Model 2 
  B (95%CI) β p-value  B (95%CI) β p-value 
Intervention group        
 Delayed (reference)    (reference)   
 Immediate -5.8 (-14, 2.4) -0.14 0.165  -5.1 (-13.3, 3.1) -0.13 0.222 
Survey point        
 T1 (reference)    (reference)   
 T2 2.4 (-2.1, 6.8) 0.06 0.298  2.0 (-2.7, 6.7) 0.05 0.399 
 T3 10.1 (5.5, 14.6) 0.25 <0.001  9.5 (4.8, 14.3) 0.24 <0.001 
Intervention group × survey point       
 Immediate × T2 9.4 (3.0, 15.9) 0.24 0.004  9.8 (3.1, 16.4) 0.24 0.004 
 Immediate × T3 0.8 (-5.6, 7.3) 0.02 0.799  0.9 (-5.8, 7.6) 0.02 0.790 
Sex at T1        
 Men ―    (reference)   
 Women ―    -11.2 (-20.2, -2.1) -0.14 0.016 
Age (years) at T1     0.8 (0.2, 1.3) 0.12 0.013 
Educational background at T1       
 < 4-year college ―    (reference)   
 ≥ 4-year college ―    -0.9 (-9.4, 7.6) -0.01 0.841 
Marital status at T1        
 Single ―    (reference)   
 Married ―    6.0 (-6.7, 18.7) 0.06 0.356 
Living arrangement at T1       
 Alone ―    (reference)   
 With others ―    4.1 (-10.0, 18.3) 0.04 0.569 
Perceived economic 
status at T1 (score, 1–5) ―    -1.2 (-6.6, 4.2) -0.02 0.663 

Frailty at T1 (score, 0–25) ―    -1.8 (-3.0, -0.5) -0.13 0.005 
Enrollment with spouse        
 No ―    (reference)   
 Yes ―    2.7 (-5.7, 11.1) 0.03 0.535 
Note. Β: unstandardized regression coefficient; 95%CI: 95% confidence interval; β: 
standardized regression coefficient; T1: baseline survey; T2: second survey; T3: third survey. 

Intercepts for individual differences (variance) were treated as random effects: B = 1196.6 (95% 
confidence interval; 1012.5, 1414.1) in Model 1, B for variance = 1090.4 (95% confidence 
interval; 915.4, 1298.9) in Model 2. 
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Fixed Effects in Mixed Models for Intervention Effects on Self-Regulation of Exercise 
  Model 1  Model 2 
  B (95%CI) β p-value  B (95%CI) β p-value 
Intervention group        
 Delayed (reference)    (reference)   
 Immediate -0.8 (-1.7, 0.1) -0.16 0.089  -0.6 (-1.5, 0.3) -0.13 0.200 
Survey point        
 T1 (reference)    (reference)   
 T2 -0.3 (-0.9, 0.3) -0.07 0.313  -0.4 (-1.0, 0.3) -0.07 0.269 
 T3 3.0 (2.4, 3.7) 0.64 <0.001  3.0 (2.3, 3.6) 0.62 <0.001 
Intervention group × survey point       
 Immediate × T2 4.0 (3.2, 4.9) 0.85 <0.001 

 
4.1 (3.2, 5.0) 0.86 <0.001 

 Immediate × T3 -0.9 (-1.7, 0.0) -0.18 0.054 
 

-0.8 (-1.6, 0.1) -0.16 0.095 
Sex at T1        
 Men ―    (reference)   
 Women ―    -0.1 (-1.1, 0.8) -0.01 0.768 
Age (years) at T1     0.0 (-0.1, 0.1) -0.01 0.754 
Educational background at T1       
 < 4-year college ―    (reference)   
 ≥ 4-year college ―    0.0 (-0.9, 0.8) -0.01 0.916 
Marital status at T1        
 Single ―    (reference)   
 Married ―    0.8 (-0.6, 2.1) 0.07 0.267 
Living arrangement at T1       
 Alone ―    (reference)   
 With others ―    -0.8 (-2.3, 0.6) -0.07 0.263 
Perceived economic 
status at T1 (score, 1–5) ―    -0.1 (-0.7, 0.5) -0.02 0.689 

Frailty at T1 (score, 0–25) ―    -0.2 (-0.3, -0.1) -0.13 0.003 
Enrollment with spouse        
 No ―    (reference)   
 Yes ―    -0.1 (-0.1, 0.8) -0.01 0.774 
Note. Β: unstandardized regression coefficient; 95%CI: 95% confidence interval; β: 
standardized regression coefficient; T1: baseline survey; T2: second survey; T3: third survey. 

Intercepts for individual differences (variance) were treated as random effects: B = 11.2 (95% 
confidence interval; 9.3, 13.4) in Model 1, B for variance = 10.9 (95% confidence interval; 9.0, 
13.2) in Model 2. 
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Fixed Effects in Mixed Models for Intervention Effects on Habit Strength of Exercise 
  Model 1  Model 2 
  B (95%CI) β p-value  B (95%CI) β p-value 
Intervention group        
 Delayed (reference)    (reference)   
 Immediate -1.1 (-2.3, 0.1) -0.17 0.086 

 
-0.7 (-1.8, 0.5) -0.11 0.271 

Survey point   
    

 

 T1 (reference)    (reference)   
 T2 -0.4 (-1.1, 0.3) -0.07 0.243 

 
-0.4 (-1.2, 0.3) -0.07 0.271 

 T3 1.4 (0.7, 2.1) 0.23 <0.001 
 

1.5 (0.7, 2.2) 0.24 <0.001 
Intervention group × survey point       
 Immediate × T2 1.9 (0.9, 3.0) 0.32 <0.001 

 
2.0 (0.9, 3.0) 0.32 <0.001 

 Immediate × T3 0.4 (-0.7, 1.4) 0.06 0.483 
 

0.3 (-0.7, 1.4) 0.05 0.559 
Sex at T1        
 Men ―    (reference)   
 Women ―    0.2 (-1.1, 1.5) 0.02 0.741 
Age (years) at T1     0.2 (0.1, 0.2) 0.17 <0.001 
Educational background at T1       
 < 4-year college ―    (reference)   
 ≥ 4-year college ―    -0.1 (-1.3, 1.1) -0.01 0.831 
Marital status at T1        
 Single ―    (reference)   
 Married ―    0.5 (-1.3, 2.3) 0.04 0.585 
Living arrangement at T1       
 Alone ―    (reference)   
 With others ―    0.8 (-1.1, 2.8) 0.05 0.416 
Perceived economic 
status at T1 (score, 1–5) ―    -1.0 (-1.8, -0.3) -0.12 0.008 

Frailty at T1 (score, 0–25) ―    -0.5 (-0.7, -0.3) -0.26 <0.001 
Enrollment with spouse        
 No ―    (reference)   
 Yes ―    0.4 (-0.8, 1.5) 0.03 0.558 
Note. Β: unstandardized regression coefficient; 95%CI: 95% confidence interval; β: 
standardized regression coefficient; T1: baseline survey; T2: second survey; T3: third survey. 

Intercepts for individual differences (variance) were treated as random effects: B = 23.8 (95% 
confidence interval; 20.1, 28.2) in Model 1, B for variance = 20.3 (95% confidence interval; 
17.0, 24.2) in Model 2. 
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Pearson’s correlations of socio-demographic factors with exercise behavior, self-regulation, and habit strength 
 Changes from T1 to T2  Changes from T2 to T3 

 
Changes in 

average 
exercise time 

Changes in 
self-regulation of 

exercise 

Changes in 
habit strength 

of exercise 
 

Changes in 
average 

exercise time 

Changes in 
self-regulation of 

exercise 

Changes in 
habit strength 

of exercise 

Age at T1 (years) 0.10 
(p = 0.054) 

-0.03 
(p = 0.592) 

0.02 
(p = 0.680) 

 0.02 
(p = 0.730) 

-0.05 
(p = 0.322) 

0.11 
(p = 0.036) 

Sex at T1 (men=0, women=1) -0.06 
(p = 0.272) 

-0.02 
(p = 0.723) 

-0.03 
(p = 0.572) 

 -0.03 
(p = 0.541) 

0.03 
(p = 0.516) 

0.01 
(p = 0.921) 

Educational background at T 
(<4-year college = 0, ≥4-year college=1) 

-0.07 
(p = 0.210) 

0.01 
(p = 0.785) 

0.01 
(p = 0.845) 

 0.05 
(p = 0.328) 

-0.01 
(p = 0.892) 

-0.05 
(p = 0.392) 

Marital status at T1 
(single = 0, married = 1) 

0.01 
(p = 0.882) 

0.00 
(p = 0.992) 

0.06 
(p = 0.284) 

 0.06 
(p = 0.298) 

-0.02 
(p = 0.658) 

0.01 
(p = 0.911) 

Living arrangement at T1 
(alone = 0, with others = 1) 

0.02 
(p = 0.732) 

0.02 
(p = 0.745) 

0.08 
(p = 0.127) 

 0.08 
(p = 0.151) 

-0.07 
(p = 0.206) 

0.07 
(p = 0.186) 

Perceived economic status at T1 
(score, 1–5) 

-0.02 
(p = 0.759) 

0.00 
(p = 0.971) 

0.03 
(p = 0.539) 

 -0.07 
(p = 0.222) 

0.04 
(p = 0.506) 

-0.02 
(p = 0.722) 

Frailty at T1 (score, 0–25) -0.10 
(p = 0.081) 

-0.03 
(p = 0.537) 

-0.12 
(p = 0.027) 

 -0.05 
(p = 0.417) 

-0.27 
(p = <0.001) 

-0.15 
(p = 0.006) 

Enrollment with spouse (no = 0, yes = 1) -0.10 
(p = 0.063) 

-0.04 
(p = 0.414) 

0.01 
(p = 0.846)  0.10 

(p = 0.061) 
0.06 

(p = 0.283) 
0.04 

(p = 0.407) 
Note. T1: baseline survey; T2: second survey; T3: third survey. 
Values represent Pearson’s correlation coefficients. 
Each change score represents residualized change score. 
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Total, Direct, and Indirect Effects of Path Analyses for Sequential Mediation Process of Intervention Effects on Exercise Behavior 

  Total effects  Direct effects  Indirect effects 
  Unstandardized 

(95%CI) 
Standardized 

(95%CI) p-value  Unstandardized 
(95%CI) 

Standardized 
(95%CI) p-value  Unstandardized 

(95%CI) 
Standardized 

(95%CI) p-value 

Path model for changes in average exercise time from T1 to T2         

 Intervention group 
(delayed = 0, immediate = 1) 

6.8 
(0.6, 12.7) 

0.12 
(0.01, 0.22) 0.033  1.4 

(-5.4, 8.4) 
0.03 

(-0.10, 0.15) 0.686  5.4 
(1.9, 9.3) 

0.10 
(0.03, 0.17) 0.002 

 Changes in self-regulation of exercise 
from T1 to T2 (score, 5–25) 

1.4 
(0.5, 2.2) 

0.20 
(0.07, 0.33) 0.004  1.0 

(0.0, 1.9) 
0.14 

(0.01, 0.28) 0.040  0.4 
(0.2, 0.7) 

0.06 
(0.02, 0.11) 0.001 

 Changes in habit strength of exercise 
from T1 to T2 (score, 4–28) 

1.0 
(0.4, 1.7) 

0.18 
(0.07, 0.28) 0.001  1.0 

(0.4, 1.7) 
0.18 

(0.07, 0.28) 0.001  ― ―  

 Frailty at T1 (score, 0–25) -0.2 
(-0.5, -0.0) 

-0.02 
(-0.06, -0.01) 0.006  ― ―   -0.2 

(-0.5, -0.0) 
-0.02 

(-0.06, -0.01) 0.006 

Path model for changes in average exercise time from T2 to T3         

 Intervention group 
(delayed = 0, immediate = 1) 

-6.9 
(-12.7, -1.3) 

-0.13 
(-0.24, -0.03) 0.017  -3.2 

(-10.4, 3.3) 
-0.06 

(-0.19, 0.06) 0.309  -3.6 
(-6.7, -1.0) 

-0.07 
(-0.13, -0.02) 0.005 

 Changes in self-regulation of exercise 
from T2 to T3 (score, 5–25) 

1.3 
(0.4, 2.2) 

0.19 
(0.05, 0.32) 0.005  1.3 

(0.4, 2.2) 
0.19 

(0.05, 0.31) 0.005  0.0 
(-0.2, 0.2) 

0.00 
(-0.02, 0.03) 0.742 

 Changes in habit strength of exercise 
from T2 to T3 (score, 4–28) 

0.1 
(-0.5, 0.7) 

0.01 
(-0.09, 0.11) 0.791  0.1 

(-0.5, 0.7) 
0.01 

(-0.09, 0.11) 0.791  ― ―  

 Age at T1 (years) 0.0 
(-0.0, 0.1) 

0.00 
(-0.01, 0.02) 0.625  ― ―   0.0 

(-0.0, 0.1) 
0.00 

(-0.01, 0.02) 0.625 

 Frailty at T1 (score, 0–25) -0.4 
(-0.8, -0.1) 

-0.04 
(-0.09, -0.01) 0.003  ― ―   -0.4 

(-0.8, -0.1) 
-0.04 

(-0.09, -0.01) 0.003 

Note. 95%CI: 95% confidence interval; T1: baseline survey; T2: second survey; T3: third survey 
The values represent the total, direct, and indirect effects of each factor on the changes in the average exercise time. 
The path models are shown in Figure 3. 
The bias-corrected method (5,000 bootstrap samples) was used to estimate the 95% confidence intervals and p-values. 
Each change score represents residualized change score.  
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Path models for parallel mediation process of intervention effects on exercise behavior. 

Note. T1: baseline survey; T2: second survey; T3: third survey. Figure (a) represents the 
effects from the baseline to the second survey (a), and Figure (b) represents the effects from 
the second to third surveys. The bold and dashed lines represent statistically significant and 
non-significant paths, respectively. Each change score represents a residualized change score. 
The model–fit indices were χ2(4) = 36.1 (p<.001), CFI = 0.787, TLI = 0.467, and RMSEA = 
0.156 in the model for changes from the baseline to the second survey (a), and χ2(6) = 21.0 
(p=.002), CFI = 0.855, TLI = 0.638, and RMSEA = 0.088 in the model for changes from the 
second to third survey (b), respectively.  
  



Electronic Supplementary Material 11. 
Total, Direct, and Indirect Effects of Path Analyses for Parallel Mediation Process of Intervention Effects on Exercise Behavior 

  Total effects  Direct effects  Indirect effects 
  Unstandardized 

(95%CI) 
Standardized 

(95%CI) p-value  Unstandardized 
 (95%CI) 

Standardized 
(95%CI) p-value  Unstandardized 

 (95%CI) 
Standardized 

(95%CI) p-value 

Path model for changes in average exercise time from T1 to T2         

 Intervention group 
(delayed = 0, immediate = 1) 

6.8 
(0.6, 12.7) 

0.12 
(0.01, 0.23) 0.032  1.4 

(-5.4, 8.4) 
0.03 

(-0.10, 0.15) 0.686  5.4 
(2.0, 9.3) 

0.10 
(0.03, 0.17) 0.002 

 Changes in self-regulation of exercise 
from T1 to T2 (score, 5–25) 

1.0 
(0.0, 1.9) 

0.14 
(0.01, 0.28) 0.040  1.0 

(0.0, 1.9) 
0.14 

(0.01, 0.28) 0.040  ― ―  

 Changes in habit strength of exercise 
from T1 to T2 (score, 4–28) 

1.0 
(0.4, 1.7) 

0.18 
(0.07, 0.28) 0.001  1.0 

(0.4, 1.7) 
0.18 

(0.07, 0.28) 0.001  ― ―  

 Frailty at T1 (score, 0–25) -0.3 
(-0.6, -0.1) 

-0.03 
(-0.07, -0.01) 0.002  ― ―   -0.3 

(-0.6, -0.1) 
-0.03 

(-0.07, -0.01) 0.002 

Path model for changes in average exercise time from T2 to T3         

 Intervention group 
(delayed = 0, immediate = 1) 

-6.9 
(-12.7, -1.3) 

-0.13 
(-0.24, -0.03) 0.017  -3.2 

(-10.4, 3.3) 
-0.06 

(-0.19, 0.06) 0.309  -3.6 
(-6.6, -1.0) 

-0.07 
(-0.13, -0.02) 0.005 

 Changes in self-regulation of exercise 
from T2 to T3 (score, 5–25) 

1.3 
(0.4, 2.2) 

0.19 
(0.05, 0.31) 0.005  1.3 

(0.4, 2.2) 
0.19 

(0.05, 0.31) 0.005  ― ―  

 Changes in habit strength of exercise 
from T2 to T3 (score, 4–28) 

0.1 
(-0.5, 0.7) 

0.01 
(-0.09, 0.11) 0.791  0.1 

(-0.5, 0.7) 
0.01 

(-0.09, 0.11) 0.791  ― ―  

 Age at T1 (years) 0.0 
(-0.0, 0.1) 

0.00 
(-0.01, 0.02) 0.587  ― ―   0.0 

(-0.0, 0.1) 
0.00 

(-0.01, 0.02) 0.587 

 Frailty at T1 (score, 0–25) -0.4 
(-0.8, -0.1) 

-0.04 
(-0.09, -0.01) 0.003  ― ―   -0.4 

(-0.8, -0.1) 
-0.04 

(-0.09, -0.01) 0.003 

Note. 95%CI: 95% confidence interval; T1: baseline survey; T2: second survey; T3: third survey 
The values represent the total, direct, and indirect effects of each factor on the changes in the average exercise time. 
The path models are shown in Figure 3. 
The bias-corrected method (5,000 bootstrap samples) was used to estimate the 95% confidence intervals and p-values. 
Each change score represents a residualized change score.  
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