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Exercising with others, motivation, and one-year maintenance of exercise behavior 1 

among workers  2 

 3 

Abstract 4 

Background: Maintaining exercise behavior is important for health. Although exercising with 5 

others may be an effective strategy to maintain doing it, the association between exercising with 6 

others and maintenance of it and mediators of this association remain unconfirmed. The present 7 

study examined whether exercising with others was longitudinally and positively associated 8 

with one-year maintenance of exercise behavior and this association was mediated by exercise 9 

motivation among workers. Methods: This study used data of an online survey-based 10 

longitudinal cohort study on 2,819 Japanese workers who performed exercise at baseline and 11 

responded to a one-year follow-up survey. This study analyzed one-year follow-up data of 12 

participation in exercise, baseline and one-year follow-up data of weekly exercise time, and 13 

baseline data of exercising with others, exercise motivation, and demographic factors. 14 

Participation in exercise (Model 1) and weekly exercise time (Model 2) after one year were 15 

indices of one-year maintenance of exercise behavior. Results: Adjusting for demographic 16 

factors, path analyses showed that exercising with others at baseline indirectly and significantly 17 

predicted one-year maintenance of exercise behavior, mediated by exercise motivation and 18 

weekly exercise time at baseline (standardized total associations, 0.07 in Model 1 and 0.18 in 19 

Model 2; standardized indirect associations, 0.06 in Model 1 and 0.18 in Model 2). 20 

Conclusions: This study found that exercising with others was indirectly and positively 21 

associated with one-year maintenance of exercise behavior, mediated by exercise motivation. 22 

Encouraging participation with others may be effective in supporting motivation and 23 

maintaining exercise behavior. 24 

Keywords: exercise; health behavior; environments; motivation; psychology 25 
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 26 

Introduction 27 

 Maintaining exercise behaviors is important for promoting both physical and mental 28 

health. While physical activity refers to all body movements produced by the skeletal muscles 29 

that require energy expenditure, exercise refers to physical activity performed in leisure domain 30 

for health, fitness, or physical performance. 1 While people engage in physical activities in 31 

various domains, such as leisure, transportation, occupation, and households,2 leisure is 32 

particularly important for promoting both physical and mental health. A meta-analysis3 and a 33 

review article4 state that physical activity in leisure domain provides more mental health 34 

benefits than other domains. Occupational studies have also indicated that, while physical 35 

activity in leisure domains is beneficial for cardiovascular health, engaging physical activity in 36 

occupation domain is not beneficial or even harmful to such health among workers.5 Despite 37 

both mental and physical health benefits, many people drop out from maintaining their exercise 38 

behavior, as reported in previous studies.6,7,8,9 As determinants and effective interventions differ 39 

according to the settings, behavior-specific approaches are recommended when examining 40 

physical activity behavior.10,11 To develop effective support strategies for maintenance of 41 

exercise behavior, identifying the determinants of the maintenance of exercise behavior is 42 

essential.12  43 

Exercising with others would be a determinant of the maintenance of exercise behavior. 44 

The ecological model proposes that multilevel factors, including individual, social, 45 

environmental, and policy levels, determine health behaviors.11 Supporting this, review 46 

articles13,14,15,16 have indicated that maintenance of physical activity behaviors, including 47 

exercise, is determined by multi-level factors. Exercising with others can be categorized as a 48 

social-level factor. Compared with other social-level factors such as perceived norms,6 social 49 

support,17 and social network size.18, one potential advantage of examining exercise with others 50 
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as a determinant would be that it can provide more mental health benefits than exercising alone, 51 

as several studies have indicated.19,20,21,22 Moreover, compared with various behavior change 52 

techniques,23 exercising with others is simple and does not require special knowledge and skills; 53 

implementing exercising with others would be feasible and acceptable for the general public.  54 

Nonetheless, whether exercising with others is associated with maintenance of exercise 55 

or physical activity behavior remains unclear. While most studies have examined the effect of 56 

affiliation to organized exercise groups, such as clubs, gyms, or classes.24,25,26,27, such affiliation 57 

is just one type of exercising with others thereby these findings24,25,26,27 cannot be generalized 58 

to exercising with others. Indeed, people have many opportunities to exercise with others 59 

without belonging to organized exercise groups. For example, exercising with one’s spouse 60 

desirably influences marital satisfaction among older married couples,28 while exercising with 61 

one’s child desirably influences mothers’ affective states.29 In many cases, older married 62 

couples and mothers and their child would exercise together without belonging to such groups. 63 

However, only a few studies22,23 indicated desirable influences of exercising with others on the 64 

maintenance of such behaviors among older population. Further longitudinal studies for 65 

different populations are necessary to confirm the association between exercising with others 66 

and maintenance of exercise behavior. 67 

 Furthermore, motivation can mediate the association between exercising with others 68 

and maintenance of exercise behavior. Clarification of mediators can reveal behavioral 69 

mechanisms, strengthen the theoretical basis of their association, and imply more effective 70 

intervention strategies to promote maintenance of exercise behavior. Self-determination 71 

theory31 assumes that more self-determined motivation is associated with better behavioral 72 

outcomes and that motivation becomes more self-determined if one’s three basic psychological 73 

needs—competency, autonomy, and relatedness—are satisfied. Exercise behavior research 74 

demonstrates that self-determination theory are reasonable for understanding exercise 75 
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behavior .32 Exercising with others can contribute to satisfying the need for relatedness, and in 76 

turn, facilitate self-determined motivation. Supporting self-determination theory, previous 77 

studies show that self-determined motivation mediates the association of satisfied relatedness 78 

with exercise or physical activity behavior.33,34,35,36 These findings are applicable for 79 

investigating the mediator of the association between exercising with others and maintenance 80 

of exercise behavior.  81 

 The present study examined whether exercising with others was longitudinally and 82 

positively associated with the one-year maintenance of exercise behavior and this association 83 

was mediated by exercise motivation among workers. Because 82.7% of Japanese workers 84 

perceive severe stress/anxiety regarding their work37 and longer working time is a well-known 85 

barrier against exercise,38,39,40,41 workers are an important target population for examining the 86 

determinants of exercise behavior. 87 

Methods 88 

Transparency and Openness 89 

 This was not conducted in the present study. The database used in this study is not 90 

publicly available. The database, materials, and analysis scripts supporting the findings of this 91 

study are available from the corresponding author upon request. 92 

 This study analyzed online survey-based longitudinal cohort study called “Xxx-xxxxx 93 

Xxxxxxxxxxxx xxxxx xx xxx Xxxx Xxxxxxxxxxx xxx Xxxxxxxxx (XXXXXX)” (anonymized 94 

for blinded review).42 XXXXXX aimed to identify multidisciplinary determinants of mental 95 

health among Japanese workers. An overview of XXXXXX has been reported in another 96 

paper.42 From XXXXXX, we have published and plan to submit various papers on 97 

multidisciplinary topics. For the topic of exercise, we have published one paper reporting cross-98 

sectional associations of exercise behavior with mental health43 and plan to submit another 99 

paper to report their longitudinal associations. As none of our studies have addressed the 100 
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determinants of exercise maintenance, the present study makes unique scientific contributions.  101 

 XXXXXX received prior approval from the Research Ethics Committee of the 102 

Xxxxxxxx Xxxxxxxxx xx Xxxxxxxxxxx Xxxxxx xxx Xxxxxx, Xxxxx (XXXXX-X-XX) and 103 

the Ethics Committee of Xxxxxxxx Xxxxxx xx Xxxxx Xxxxxxxxxxx xxx Xxxxxxxxxxx, Xxxx 104 

Xxxxxxxxxx (no. XXX). All procedures involving human participants were performed in 105 

accordance with the 1964 Declaration of Helsinki and its later amendments, or comparable 106 

ethical standards. Informed consent was obtained from all study participants. 107 

Participants and Procedures 108 

 XXXXXX conducted a baseline survey in February 2022 and a one-year follow-up 109 

survey from February to March 2023. The participants of the XXXXXX were recruited via a 110 

pool of Japanese online survey monitors which a Japanese Internet research service company 111 

(i.e., Xxxxx Xxxxxxxxxxx) has managed. The detailed process of the baseline survey is 112 

reported in our previous study.42 Because XXXXXX has multidisciplinary purposes, instead of 113 

statistical power, the baseline survey was determined to be 20,000 based on available financial 114 

resources.  115 

 At the baseline survey, the survey company was asked to collect data from randomly 116 

sampled workers aged 20–59 years. The exclusion criteria were as follows: (1) agriculture, 117 

forestry, fishery, mining, and quarry workers; (2) self-employed or executive workers; (3) 118 

workers who had multiple jobs; (4) workers who worked less than 20 hours per week; and (5) 119 

workers who inappropriately to the instructional manipulation check44 or responded to the 120 

baseline survey within an extremely short response time (less than 10 minutes). The company 121 

managed the number of eligible respondents stratified by gender, age groups, and 20 industry 122 

types and terminated the survey when the sample size of the stratified group matched the 123 

distribution ratios of Japanese general employees.45  124 

 In the one-year follow-up survey, the survey company was asked to collect as many 125 
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responses as possible from the baseline survey. Actually, 7,970 of the 20,000 individuals 126 

(39.9%) responded to the one-year follow-up. 127 

 Among the respondents of XXXXXX, the present study included 2,819 individuals 128 

who met both criteria: (1) participated in exercise at baseline, and (2) responded to the one-year 129 

follow-up survey. We excluded 13,086 and 4,095 individuals due to first and second criteria 130 

respectively. From the database of XXXXXX, the present study extracted the baseline and one-131 

year follow-up data of participation and weekly exercise time (outcome), baseline data of 132 

exercising with others and exercise motivation (predictors), and demographic factors (potential 133 

confounders). 134 

Measures 135 

Exercise Participation 136 

Respondents were asked whether they usually participate in exercise by selecting “yes” 137 

or “no.” Using the Japanese national survey46 and physical activity guidelines,47 the survey 138 

defined exercise as “planned and habitual physical activities, such as sports or fitness, for the 139 

purpose of maintaining or improving health and physical strength.” Because the Japanese 140 

national survey46 did not designate the intensities of exercise and physical activity guidelines 141 

recommended at least 30 minutes at least twice a week regardless of the intensities,47 the survey 142 

did not provide explanations about the intensity.  143 

Weekly Exercise Time and Exercise with Others 144 

As described in detail in previous work,43 the survey asked about the frequency (days 145 

per week) and duration (length of time in minutes) of exercising alone and with others, 146 

respectively. If the respondents did not participate in exercise alone, or with others, they were 147 

asked to answer the corresponding questions for “0” days and “0” minutes. From the answers 148 

to these items, the weekly exercise time (hours) was calculated and exercise with others was 149 

classified as yes or no. The weekly exercise time at the one-year follow-up was imputed as “0” 150 
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hours for those who did not participate in exercise. 151 

Exercise Motivation 152 

As explained in our previous work,43 the survey developed and employed a single item 153 

to measure exercise motivation. This was because XXXXXX has more than 300 items and we 154 

were hesitant about using an existing standardized scale, the revised Self-determined 155 

Motivation Scale for Exercise (SMSE-2),48 which has a total of 22 items. The item asked 156 

respondents to indicate their biggest reason to participate in exercise from six choices: “I do not 157 

know why I exercise (1)”, “because other people (e.g., a family member, friend, or doctor) will 158 

be pleased with me (2)”, “because I feel guilty if I do not exercise (3)”, “because exercise is 159 

important to me (4):, “because it is consistent with my values, goals, and aims in life (5)”, or 160 

“because exercising itself as fun (6)”. The wording was extracted from one representative item 161 

of six subscales (non-regulation, external regulation, introjected regulation, identified 162 

regulation, integrated regulation, and intrinsic regulation) of the SMSE-2,48 which entirely 163 

follow the regulatory styles of motivation proposed in self-determination theory.31 The answers 164 

to the single item were treated as a continuous variable, and higher scores were considered to 165 

represent greater self-determined motivation.  166 

Demographic Factors 167 

This study considered gender (men, women), age (years), marital status (unmarried, 168 

married), education from 4 years college (no, yes), annual household income (under 6 million 169 

Japanese yen, over 6 million Japanese yen), overweight (no, yes), type of employment (non-170 

regular, regular), engagement in physical work (no, yes), engagement in shift work (no, yes), 171 

and weekly work time (hours). Overweight was defined as a body mass index of 25 kg/m2 or 172 

higher via self-reported height and weight. 173 

Analyses 174 

 Figure 1 shows a conceptual diagram of the main path analyses. To strengthen the 175 
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robustness of the results, dependent variables included the one-year maintenance of exercise 176 

behavior using two indices: exercise participation after one year (no, yes: Model 1) and weekly 177 

exercise time (hours: Model 2) after one year, adjusting for baseline weekly exercise time. Each 178 

model examined six main paths regardless of their statistical significance: (1) path from 179 

exercising with others at baseline to one-year maintenance of exercise behavior, (2) path from 180 

exercising others at baseline to exercise motivation at baseline, (3) path from exercising others 181 

at baseline to weekly exercise time at baseline, (4) path from exercise motivation at baseline to 182 

weekly exercise time at baseline, (5) path from exercise motivation at baseline to one-year 183 

maintenance of exercise behavior, and (6) path from weekly exercise time at baseline to one-184 

year maintenance of exercise behavior. Additional paths from demographic factors at baseline 185 

to exercising with others, exercise motivation, weekly exercise time at baseline, and one-year 186 

maintenance of exercise behavior were also examined. For additional paths from the 187 

demographic factors, once all paths were included the models, statistically insignificant paths 188 

were removed. Correlations among demographic factors were also included. Exercise 189 

participation after one year (no=0, yes=1), exercising with others at baseline (no=0, yes=1), 190 

gender (men=0, women=1), marital status (unmarried=0, married=1), education from 4 years 191 

college (no=0, yes=1), annual household income (under 6 million Japanese yen=0, over 6 192 

million Japanese yen=1), overweight (no=0, yes=1), type of employment (non-regular=0, 193 

regular=1), engagement in physical work (no=0, yes=1), and engagement in shift work (no=0, 194 

yes=1) were treated as dummy variables. Using the bias-corrected bootstrap method (5000 195 

bootstrap samples), this study estimated the standardized indirect and total associations, and 196 

their 95% confidence intervals in the variables at baseline on the one-year maintenance of 197 

exercise behavior. 198 

This study also conducted sensitivity analyses. Sensitivity analysis 1 included 199 

exercising alone at baseline (no=0, yes=1) as a variable in the main analyses to clarify the 200 
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unique contribution of exercising with others on one-year maintenance of exercise behavior, 201 

independent of total exercise time. This analysis included paths from exercising alone at 202 

baseline to exercise motivation at baseline, weekly exercise time at baseline, and one-year 203 

maintenance of exercise behavior. In addition, paths were included from demographic factors 204 

at baseline to exercising alone at baseline, as well as the cross-sectional correlations between 205 

exercising alone and with others at baseline. Sensitivity analysis 2 replaced the continuous 206 

variable for exercise motivation with a categorical variable, recognizing that this item was not 207 

standardized. While the original item consisted of six choices, this study combined the choices 208 

for external and introjected regulations into a single category owing to the small sample size 209 

for external regulation (n = 35) in accordance with our previous study.43 The five categories had 210 

the following sample sizes: 76 for non-regulation, 199 for external or introjected regulation, 211 

1,179 for identified regulation, 403 for integrated regulation, and 962 for intrinsic regulation. 212 

This study treated identified regulation as the reference variable for exercise motivation because 213 

it had the largest sample size. 214 

This study focused on whether (1) the paths from exercising with others at baseline to 215 

exercise motivation at baseline and exercise motivation at baseline to one-year maintenance of 216 

exercise behavior were positively significant, and (2) the standardized indirect and total 217 

associations between exercising with others and one-year maintenance of exercise behavior 218 

were positively significant. 219 

This study did not contain missing data due to the online survey. The comparative fit 220 

index (CFI), Tucker–Lewis index (TLI), and root mean square error of approximation 221 

(RMSEA) were computed as model fit indices. Statistical significance was set at P < 0.05. IBM 222 

SPSS AMOS 25 for Windows was used to conduct path analyses. 223 

 224 

Results 225 
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Respondent Characteristics 226 

As shown in Table 1, among the respondents, the mean weekly exercise time at 227 

baseline and after one year was 4.2 hours (standard deviation, 3.7 hours) and 3.5 hours (standard 228 

deviation, 3.9 hours), respectively, and 78.1% of respondents participated in exercise after one 229 

year. Compared with non-respondents, follow-up survey were more likely to be male, older, 230 

unmarried, educated from four-year college; have higher annual household income; and less 231 

likely to engage in physical or shift work.  232 

Path Analyses for Predicting One-year Maintenance of Exercise Behavior 233 

 Table 2 shows Pearson’s correlation coefficients for associations of the baseline 234 

variables with exercise participation and weekly exercise time after one year. Weekly exercise 235 

time, exercise with others, and exercise motivation at baseline were positively and significantly 236 

correlated with exercise participation and weekly exercise time after one year.  237 

 The key results for the standardized path coefficients and total and indirect associations 238 

in the main analyses are presented in Figure 2 and Table 3. Supplementary materials indicate 239 

the standardized path coefficients (Model 1, Supplementary Figure 1; Model 2, Supplementary 240 

Figure 2), and total and indirect associations (Supplementary Table 1) of the demographic 241 

factors. As shown in Figure 2, the standardized path coefficients from exercising with others at 242 

baseline to exercise motivation at baseline and from exercise motivation at baseline to exercise 243 

participation and weekly exercise time after one year were positively significant. As shown in 244 

Table 3, the standardized total and indirect associations of exercising with others and exercise 245 

motivation with exercise participation and weekly exercise time after one year were positively 246 

significant.  247 

 Key results for the standardized path coefficients and the total and indirect associations 248 

of sensitivity analysis 1 are sown in Supplementary Figure 3 and Supplementary Table 2; key 249 

results of sensitivity analysis 2 are shown in Supplementary Figure 4 and Supplementary Table 250 
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3. Both sensitivity analyses supported the indirect and longitudinal associations between 251 

exercising with others and one-year maintenance of exercise behavior, mediated by exercise 252 

motivation, even after adjusting for exercising alone at baseline (sensitivity analysis 1) and 253 

treating exercise motivation as a categorical variable instead of a continuous variable 254 

(sensitivity analysis 2).  255 

Discussion 256 

This study found that among workers, exercising with others was longitudinally and 257 

indirectly associated with the one-year maintenance of exercise behavior, mediated by exercise 258 

motivation. Thus, exercising with others emerges as a social-level determinant of maintenance 259 

of exercise behavior, and this association is indirect via an individual-level factor. Only a few 260 

gerontology studies22,30 have investigated exercising with others as an additional social-level 261 

determinant. Beyond social-level factors such as subjective norms,6 social support,17 social 262 

network size,18 and membership in organized exercise groups,24,25,26,27, this study expands the 263 

understanding of social-level determinants of maintenance of exercise or physical activity 264 

behaviors. Regarding the mediating role of exercise motivation, self-determination theory31 and 265 

empirical studies33,34,35,36 have indicated that motivation mediates the association between 266 

psychological needs satisfaction to relatedness with physical activity or exercise behavior. 267 

Exercising with others would one strategy to satisfy such needs, thereby contributing to 268 

motivation and maintenance of exercise behavior. 269 

The path analyses showed that the values of standardized path coefficients from 270 

exercising with others to maintenance of exercise behavior were 0.00 to 0.01 and statistically 271 

insignificant. This result indicates that self-determined motivation is a major pathway in the 272 

link between exercising with others and its maintenance. Studies49,50,51,52,53 on other social-level 273 

factors, such as social support and perceived norms, were not directly but indirectly mediated 274 

by individual-level factors. Regarding social support, these studies have reported that it was not 275 
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directly but indirectly associated with physical activity behavior mediated by self-efficacy,49,51 276 

self-regulation,50 and intrinsic motivation.49 Meta-analyses of health behaviors,52,53 including 277 

physical activity and exercise behaviors, have concluded that perceived norms indirectly 278 

influence health behaviors mediated by behavioral intention, but not directly. The present and 279 

previous studies consistently indicate that individual-level factors are more proximal to 280 

behavior than social-level factors.  281 

Regarding the generalizability of the findings, this study recruited participants from 282 

online survey monitors living in Japan, stratified by age group, gender, and industry type. 283 

Recruitment via online survey monitors and the low response rate of the one-year follow-up 284 

survey would significantly decrease the generalizability. Moreover, as shown in Table 1, 285 

respondent characteristics in the one-year follow-up survey significantly differed from those of 286 

non-respondents. Furthermore, as weekly leisure time is entirely different by working status 287 

and age group,54 the behavioral mechanisms of exercise maintenance may also differ by 288 

working status and age group. The generalizability of this study's findings to nonworkers and 289 

older adults living in Japan remains unclear. Finally, generalizability across different cultures 290 

may be limited because of cultural differences in motivations55 and barriers56 to physical activity.  291 

 As practical implications, encouraging exercising with others may be effective in 292 

supporting exercise motivation and maintaining exercise behavior. Because special knowledge, 293 

skills, or environment is unnecessary when people attempt to exercise with others, encouraging 294 

it may be acceptable and feasible for many people. The current taxonomy23 of behavior-change 295 

techniques and classifications57,58,59 of motivation and behavior change techniques from self-296 

determination theory have not identified performing behavior with others as a unique technique. 297 

Despite the absence of classifications, 57,58,59 encouraging exercising with others can serve as 298 

an additional technique for behavior change. Unstandardized total associations between 299 

exercise with others and exercise participation (yes or no) and with weekly exercise time (hours 300 
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per week) after one year were 0.07 (95% confidence interval (CI): 0.04–0.11) and 1.66 (95% 301 

CI: 1.28–2.06), respectively as shown in Table 3. While exercising with others would make a 302 

small contribution to the prevention of dropout from exercise participation (< 10%), it would 303 

correspond with approximately 1.6 more hours of weekly exercise time after one year compared 304 

with exercising alone. As the Japanese ministry recommends increasing daily physical activity 305 

by 10 minutes,47 exercising with others shows promise as a strategy to increase weekly exercise 306 

time and achieve these recommendations.47 However, we should note that the standardized total 307 

associations were less than 0.20. The sole impact of exercising with others may be small. 308 

Combining other techniques may be more desirable to support exercise motivation and 309 

maintenance of exercise behavior.  310 

This study has limitations. First, this study had a selection bias. The one-year follow-311 

up survey response rate was low (39.9 %). More motivated or health-conscious individuals 312 

might have been overrepresented in this study. Second, exercise motivation without confirming 313 

its validity and reliability. This methodology is not standard in physical activity and exercise 314 

behavior Unlike for intrinsic regulations and non-regulations (Supplementary Figure 4 and 315 

Supplementary Table 3), this study did not reveal clear and robust longitudinal associations 316 

between integrated regulations, and introjected or external regulations, and one-year 317 

maintenance of exercise behavior. These results are inconsistent with the assumption of self-318 

determination theory.31-32 By employing this unstandardized item, this study might have 319 

underestimated the mediating role of exercise motivation. Third, this study did not consider 320 

occupational physical activity, though systematic review indicated that occupational physical 321 

activity is negatively associated with leisure-time physical activity, which is equivalent to 322 

exercise.5 Finally, this study included all exercise intensities. This was because the Japanese 323 

government47 recommended exercises regardless of intensity at the time the study was 324 

conducted. However, the World Health Organization1 recommends moderate-to-vigorous 325 



MAINTENANCE OF EXERCISE BEHAVIOR 

14 
 

intensities for health promotion. Accordingly, future studies should weaken the sampling bias, 326 

measure exercise motivation using a standardized scale48 and occupational physical activity and 327 

exercise intensity.  328 

 329 

Conclusions 330 

The present study examined whether exercising with others was longitudinally and 331 

positively associated with the one-year maintenance of exercise behaviors and this association 332 

was mediated by exercise motivation among workers. Analyzing the longitudinal data of 2,819 333 

Japanese workers, exercising with others was indirectly and positively associated with the one-334 

year maintenance of exercise behavior, mediated by exercise motivation. Thus, encouraging 335 

people to exercise with others may be effective in supporting motivation and maintaining 336 

exercise behavior. 337 

Acknowledgement 338 

 We wish to thank Chihiro Moriishi, Ph.D. for conducting our survey. 339 

 340 

Funding source 341 

This work was supported by a research grant from the Xxxxxxxx Xxxxxxxxx xx 342 

Xxxxxxxxxxxx Xxxxxx xxx Xxxxxx, Xxxxxx (grant number X-XXX-XX). (anonymized for 343 

blinded review) 344 

 345 

References 346 

1. World Health Organization. WHO guidelines on physical activity and sedentary behaviour. 347 

World Health Organization. Published 2020. Accessed June 6, 2025. 348 

https://apps.who.int/iris/bitstream/handle/10665/336656/9789240015128-eng.pdf 349 

2. Strath SJ, Kaminsky LA, Ainsworth BE, et al. Guide to the Assessment of Physical Activity: 350 



MAINTENANCE OF EXERCISE BEHAVIOR 

15 
 

Clinical and Research Applications. Circulation. 2013;128(20):2259-2279. 351 

doi:10.1161/01.cir.0000435708.67487.da 352 

3. White RL, Babic MJ, Parker PD, Lubans DR, Astell-Burt T, Lonsdale C. Domain-specific 353 

physical activity and mental health: A meta-analysis. Am J Prev Med. 2017;52(5):653-666. 354 

doi:10.1016/j.amepre.2016.12.008 355 

4. Teychenne M, White RL, Richards J, Schuch FB, Rosenbaum S, Bennie JA. Do we need 356 

physical activity guidelines for mental health: What does the evidence tell us? Ment Health 357 

Phys Act. 2020;18:100315. doi:10.1016/j.mhpa.2019.100315  358 

5. Janssen TI, Voelcker-Rehage C. Leisure-time physical activity, occupational physical 359 

activity and the physical activity paradox in healthcare workers: A systematic overview of 360 

the literature. Int J Nurs Stud. 2023;141:104470. doi:10.1016/j.ijnurstu.2023.104470 361 

6. Armitage CJ. Can the theory of planned behavior predict the maintenance of physical 362 

activity? Health Psychol. 2005;24(3):235-245. doi:10.1037/0278-6133.24.3.235 363 

7. Simek EM, McPhate L, Haines TP. Adherence to and efficacy of home exercise programs 364 

to prevent falls: A systematic review and meta-analysis of the impact of exercise program 365 

characteristics. Prev Med. 2012;55(4):262-275. doi:10.1016/j.ypmed.2012.07.007  366 

8. Hughes KJ, Salmon N, Galvin R, Casey B, Clifford AM. Interventions to improve 367 

adherence to exercise therapy for falls prevention in community-dwelling older adults: 368 

systematic review and meta-analysis. Age Ageing. 2019;48(2):185-195. 369 

doi:10.1093/ageing/afy164 370 

9. Reljic D, Lampe D, Wolf F, Zopf Y, Herrmann HJ, Fischer J. Prevalence and predictors of 371 

dropout from high-intensity interval training in sedentary individuals: A meta-analysis. 372 

Scand J Med Sci Sports. 2019;29(9):1288-1304. doi:10.1111/sms.13452 373 

10. Giles-Corti B, Timperio A, Bull F, Pikora T. Understanding physical activity environmental 374 

correlates: increased specificity for ecological models. Exerc Sport Sci Rev. 375 



MAINTENANCE OF EXERCISE BEHAVIOR 

16 
 

2005;33(4):175-181. doi:10.1097/00003677-200510000-00005 376 

11. Sallis JF, Owen N. Ecological models of health behavior. In: Glanz K, Rimer B, Viswanath 377 

K, eds. Health Behavior: Theory, Research, and Practice. 5th ed. Jossey-Bass; 2015:43-64. 378 

12. Sallis JF, Owen N, Fotheringham MJ. Behavioral epidemiology: a systematic framework to 379 

classify phases of research on health promotion and disease prevention. Ann Behav Med. 380 

2000;22(4):294-298. doi:10.1007/BF02895665 381 

13. van Stralen MM, de Vries H, Mudde AN, Bolman C, Lechner L. Determinants of initiation 382 

and maintenance of physical activity among older adults: A literature review. Health 383 

Psychol Rev. 2009;3(2):147-207. doi:10.1080/17437190903229462  384 

14. Amireault S, Godin G, Vézina-Im LA. Determinants of physical activity maintenance: A 385 

systematic review and meta-analyses. Health Psychol Rev. 2013;7(1):55-91. 386 

doi:10.1080/17437199.2012.701060  387 

15. Rhodes RE, Sui W. Physical activity maintenance: a critical narrative review and directions 388 

for future research. Front Psychol. 2021;12(September):725671. 389 

doi:10.3389/fpsyg.2021.725671  390 

16. Mahmood A, Nayak P, Deshmukh A, et al. Measurement, determinants, barriers, and 391 

interventions for exercise adherence: A scoping review. J Bodyw Mov Ther. 2023;33:95-392 

105. doi:10.1016/j.jbmt.2022.09.014 393 

17. Kouvonen A, De Vogli R, Stafford M, et al. Social support and the likelihood of maintaining 394 

and improving levels of physical activity: The Whitehall II Study. Eur J Public Health. 395 

2012;22(4):514-518. doi:10.1093/eurpub/ckr091 396 

18. Harada K, Masumoto K, Okada S. Social network and health behaviors among Japanese 397 

older adults: a three-wave longitudinal study. Health Promot Int. 2023;38(2):daad013. 398 

doi:10.1093/heapro/daad013 399 

19. Takeda F, Noguchi H, Monma T, Tamiya N. How possibly do leisure and social activities 400 



MAINTENANCE OF EXERCISE BEHAVIOR 

17 
 

impact mental health of middle-Aged adults in Japan?: An evidence from a national 401 

longitudinal survey. PLoS One. 2015;10(10):e0139777. doi:10.1371/journal.pone.0139777 402 

20. Kanamori S, Takamiya T, Inoue S, Kai Y, Tsuji T, Kondo K. Frequency and pattern of 403 

exercise and depression after two years in older Japanese adults: the JAGES longitudinal 404 

study. Sci Rep. 2018;8(1):11224. doi:10.1038/s41598-018-29053-x  405 

21. Harada K, Masumoto K, Kondo N. Exercising alone or exercising with others and mental 406 

health among middle-aged and older adults: Longitudinal analysis of cross-lagged and 407 

simultaneous effects. J Phys Act Health. 2019;16(7):556-564. doi:10.1123/jpah.2018-0366 408 

22. Seino S, Kitamura A, Tomine Y, et al. Exercise arrangement is associated with physical and 409 

mental health in older adults. Med Sci Sports Exerc. 2019;51(6):1146-1153. 410 

doi:10.1249/MSS.0000000000001884 411 

23. Michie S, Richardson M, Johnston M, et al. The behavior change technique taxonomy (v1) 412 

of 93 hierarchically clustered techniques: building an international consensus for the 413 

reporting of behavior change interventions. Ann Behav Med. 2013;46(1):81-95. 414 

doi:10.1007/s12160-013-9486-6  415 

24. Burke SM, Carron A V., Eys MA, Ntoumanis N, Estabrooks PA. Group versus individual 416 

approach? A meta-analysis of the effectiveness of interventions to promote physical activity. 417 

Sport Exerc Psychol Rev. 2006;2(1):13-29. doi:10.53841/bpssepr.2006.2.1.13 418 

25. Watts P, Webb E, Netuveli G. The role of sports clubs in helping older people to stay active 419 

and prevent frailty: a longitudinal mediation analysis. Int J Behav Nutr Phys Act. 420 

2017;14(1):95. doi:10.1186/s12966-017-0552-5 421 

26. Stevens M, Cruwys T. Membership in sport or exercise groups predicts sustained physical 422 

activity and longevity in older adults compared to physically active matched controls. Ann 423 

Behav Med. 2020;54(8):557-566. doi:10.1093/abm/kaaa003  424 

27. Golaszewski NM, LaCroix AZ, Hooker SP, Bartholomew JB. Group exercise membership 425 



MAINTENANCE OF EXERCISE BEHAVIOR 

18 
 

is associated with forms of social support, exercise identity, and amount of physical activity. 426 

Int J Sport Exerc Psychol. 2022;20(2):630-643. doi:10.1080/1612197X.2021.1891121 427 

28. Yorgason JB, Johnson LN, Hill MS, Selland B. Marital benefits of daily individual and 428 

conjoint exercise among older couples. Fam Relat. 2018;67(2):227-239. 429 

doi:10.1111/fare.12307 430 

29. Kanning M, Do B, Mason TB, Belcher BR, Yang CH, Dunton GF. Doing exercise or sport 431 

together with one’s child is positively associated with mothers’ momentary affect in daily 432 

life, but not with higher levels of overall physical activity. BMC Public Health. 433 

2020;20(1):715. doi:10.1186/s12889-020-08864-6 434 

30. Ota K, Harada K. Tasyatono undo -issen to koureisya no undo-keizoku tono judan-teki-435 

kanren oyobi sono shinri-mekanizumu no kensyo [Longitudinal associations of exercising 436 

with others with maintenance of exercise behavior and its psychological mechanisms 437 

among older adults]. Nihon Yobo Rigakuryoho Gakkai Shi [Journal Phys Ther Prev. 438 

2023;3(1):39-50. doi:10.57304/jptp.JPTP-D-23-00008 (in Japanese) 439 

31. Ryan RM, Deci EL. Self-determination theory and the facilitation of intrinsic motivation, 440 

social development, and well-being. Am Psychol. 2000;55(1):68-78. doi:10.1037//0003-441 

066x.55.1.68 442 

32. Teixeira PJ, Carraça E V, Markland D, Silva MN, Ryan RM. Exercise, physical activity, and 443 

self-determination theory: A systematic review. Int J Behav Nutr Phys Act. 2012;9(1):78. 444 

doi:10.1186/1479-5868-9-78 445 

33. Ullrich-French S, Smith AL, Cox AE. Attachment relationships and physical activity 446 

motivation of college students. Psychol Health. 2011;26(8):1063-1080. 447 

doi:10.1080/08870446.2010.530123 448 

34. Sweet SN, Fortier MS, Strachan SM, Blanchard CM, Boulay P. Testing a longitudinal 449 

integrated self-efficacy and self-determination theory model for physical activity post-450 



MAINTENANCE OF EXERCISE BEHAVIOR 

19 
 

cardiac rehabilitation. Heal Psychol Res. 2014;2(1):1008. doi:10.4081/hpr.2014.1008 451 

35. Chicote-López J, Abarca-Sos A, Gallardo LO, García-González L. Social antecedents in 452 

physical activity: Tracking the self-determination theory sequence in adolescents. J 453 

Community Psychol. 2018;46(3):356-373. doi:10.1002/jcop.21945  454 

36. De Man J, Wouters E, Absetz P, et al. What motivates people with (pre)diabetes to move? 455 

Testing self-determination theory in rural Uganda. Front Psychol. 2020;11(March):404. 456 

doi:10.3389/fpsyg.2020.00404  457 

37. Ministry of Health, Labour and Welfare of Japan. Reiwa-3 nen rodo anzen eisei chosa (jittai 458 

chosa): kekka no gaiyo [Summary Results of Special Survey on Industrial Safety and Health 459 

2021 (actual condition survey)] (in Japanese). Published 2022. Accessed March 11, 2024. 460 

https://www.mhlw.go.jp/toukei/list/dl/r03-46-50_kekka-gaiyo02.pdf 461 

38. Kirk MA, Rhodes RE. Occupation correlates of adults’ participation in leisure-time physical 462 

activity: A systematic review. Am J Prev Med. 2011;40(4):476-485. 463 

doi:10.1016/j.amepre.2010.12.015 464 

39. Harada K, Masumoto K, Kondo N. Different associations of routine work time with exercise 465 

behavior and objectively measured physical activity among middle-aged and older adults: 466 

a daily and longitudinal analysis. J Behav Med. 2020;43(1):44-56. doi:10.1007/s10865-467 

019-00051-2  468 

40. Biswas A, Dobson KG, Gignac MAM, de Oliveira C, Smith PM. Changes in work factors 469 

and concurrent changes in leisure time physical activity: a 12-year longitudinal analysis. 470 

Occup Environ Med. 2020;77(5):309-315. doi:10.1136/oemed-2019-106158  471 

41. Kim C, Jin H, Dusing GJ. Employment conditions and leisure-time physical activity among 472 

korean workers: a longitudinal study (2009-2019). BMC Public Health. 2023;23(1):955. 473 

doi:10.1186/s12889-023-15766-w 474 

42. Xxxxx et al. (anonymized for blinded review) 475 



MAINTENANCE OF EXERCISE BEHAVIOR 

20 
 

43. Xxxxxx et al. (anonymized for blinded review) 476 

44. Masuda S, Sakagami T, Morii M. Chosa kaito no shitsu no kojo no tameno houhou no 477 

hikaku. [Comparison among methods for improving response quality of surveys] (in 478 

Japanese). Shinri Gaku Kenkyu [The Japanese J Psychol. 2019;90(5):463-472. 479 

doi:10.4992/jjpsy.90.18042  480 

45. Ministry of Internal Affairs and Communications of Japan. 2015 Population Census. (in 481 

Japanese). https://www.stat.go.jp/data/kokusei/2015/kekka.html. Published 2016. Accessed 482 

June 6, 2025.  483 

46. Ministry of Health, Labour and Welfare of Japan. Heisei 30-nen kokumin kenko eiyo chosa 484 

hokoku [Report on Japan National Health and Nutrition Survey 2018] (in Japanese). 485 

https://www.mhlw.go.jp/content/001066884.pdf. Published 2019. Accessed June 6, 2025.  486 

47. Ministry of Health, Labour and Welfare of Japan. Kenko dukuri no tameno shintai-katsudo 487 

kijun 2013 [recommended levels of physical activity for health promotion] (in Japanese). 488 

https://www.mhlw.go.jp/stf/houdou/2r9852000002xple-att/2r9852000002xpqt.pdf. 489 

Published 2013. Accessed June 6, 2025. 490 

48. Matsumoto H, Taniguchi A, Nishida J. A revised Self-determined Motivation Scale for 491 

Exercisewith integrated regulation inclusion. J Heal Psychol Res. 2021;34(1):13-22. 492 

doi:10.11560/jhpr.200608129 493 

49. McNeill LH, Wyrwich KW, Brownson RC, Clark EM, Kreuter MW. Individual, social 494 

environmental, and physical environmental influences on physical activity among black and 495 

white adults: a structural equation analysis. Ann Behav Med. 2006;31(1):36-44. 496 

doi:10.1207/s15324796abm3101_7 497 

50. Anderson ES, Wojcik JR, Winett RA, Williams DM. Social-cognitive determinants of 498 

physical activity: The influence of social support, self-efficacy, outcome expectations, and 499 

self-regulation among participants in a church-based health promotion study. Heal Psychol. 500 



MAINTENANCE OF EXERCISE BEHAVIOR 

21 
 

2006;25(4):510-520. doi:10.1037/0278-6133.25.4.510 501 

51. Ishii K, Shibata A, Oka K. Environmental, psychological, and social influences on physical 502 

activity among Japanese adults: structural equation modeling analysis. Int J Behav Nutr 503 

Phys Act. 2010;7:61. doi:10.1186/1479-5868-7-61 504 

52. McEachan R, Taylor N, Harrison R, Lawton R, Gardner P, Conner M. Meta-analysis of the 505 

reasoned action approach (RAA) to understanding health behaviors. Ann Behav Med. 506 

2016;50(4):592-612. doi:10.1007/s12160-016-9798-4  507 

53. Hagger MS, Polet J, Lintunen T. The reasoned action approach applied to health behavior: 508 

Role of past behavior and tests of some key moderators using meta-analytic structural 509 

equation modeling. Soc Sci Med. 2018;213:85-94. doi:10.1016/j.socscimed.2018.07.038  510 

54. Ministry of Internal Affairs and Communication of Japan. 2021 Survey on Time Use and 511 

Leisure Activities: Average Time Spent on Activities for All Persons by Usual Economic 512 

Activity, Limitation in Usual Activities and Age－Weekly Average, Both Sexes (15 Years 513 

Old and Over). https://www.e-stat.go.jp/stat-search/file-514 

download?statInfId=000032262865&fileKind=0. Published 2022. Accessed June 6, 2025. 515 

55. Pan J, Nigg C. Motivation for physical activity among Hawaiian, Japanese, and Filipino 516 

University students in Hawaii. J Appl Sport Psychol. 2011;23(1):1-15. 517 

doi:10.1080/10413200.2010.507498 518 

56. Ito E, Kono S, Walker GJ. Development of cross-culturally informed leisure-time physical 519 

activity constraint and constraint negotiation typologies: The case of Japanese and Euro-520 

Canadian adults. Leis Sci. 2020;42(5-6):411-429. doi:10.1080/01490400.2018.14460641. 521 

57. Gillison FB, Rouse P, Standage M, Sebire SJ, Ryan RM. A meta-analysis of techniques to 522 

promote motivation for health behaviour change from a self-determination theory 523 

perspective. Health Psychol Rev. 2019;13(1):110-130. 524 

doi:10.1080/17437199.2018.1534071 525 



MAINTENANCE OF EXERCISE BEHAVIOR 

22 
 

58. Teixeira PJ, Marques MM, Silva MN, et al. A classification of motivation and behavior 526 

change techniques used in self-determination theory-based interventions in health contexts. 527 

Motiv Sci. 2020;6(4):438-455. doi:10.1037/mot0000172 528 

59. Knittle K, Fidrich C, Hankonen N. Self-enactable techniques to influence basic 529 

psychological needs and regulatory styles within self-determination theory: An expert 530 

opinion study. Acta Psychol (Amst). 2023;240:104017. doi:10.1016/j.actpsy.2023.104017 531 



MAINTENANCE OF EXERCISE BEHAVIOR 

23 
 

Supplementary materials. 

Supplementary Figure 1. Detailed results of standardized path coefficients from path analysis 

for predicting exercise participation after one year (main analyses).  

 

Supplementary Figure 2. Detailed results of standardized path coefficients from path analysis 

for predicting weekly exercise time after one year (main analyses).  

 

Supplementary Table 1. Detailed results of standardized total and indirect associations from 

path analyses for predicting one-year maintenance of exercise behavior (main analyses). 

 

Supplementary Figure 3. Key results of standardized path coefficients from path analyses for 

predicting one-year maintenance of exercise behavior (sensitivity analyses 1).  

 

Supplementary Table 2. Key results of standardized total and indirect associations in path 

analyses for predicting one-year maintenance of exercise behavior (sensitivity analyses 1). 

 

Supplementary Figure 4. Key results of standardized path coefficients from path analyses for 

predicting one-year maintenance of exercise behavior (sensitivity analyses 2).  

 

Supplementary Table 3. Key results of standardized total and indirect associations in path 

analyses for predicting one-year maintenance of exercise behavior (sensitivity analyses 2). 
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Table 1. Comparison of characteristics between respondents and non-respondents to one-year 

follow-up survey among those who participated in exercise at baseline.  

 Response at one-year follow-up survey 
 Yes (n=2819) No (n=4095) p-value 
Gender at baseline, %   <.001a 
 Men 67.1% 62.1%  
 Women 32.9% 37.9%  
Age at baseline, M (SD) 45.1 (9.0) 38.8 (10.3) <.001b 
Marital status at baseline, %   <.001a 
 Unmarried 56.7% 49.6%  
 Married 43.3% 50.4%  
Education from 4-year college at baseline, %   .042a 
No 38.9% 41.3%  
Yes 61.1% 58.7%  

Annual household income at baseline, %   <.001a 
 <¥ 600 million 43.6% 54.4%  
 ≥¥ 600 million 56.4% 45.6%  
Overweight at baseline, %   .352a 
 No 82.4% 83.3%  
 Yes 17.6% 16.7%  
Type of employment at baseline, %   .950a 
 Non-regular 18.7% 18.8%  
 Regular 81.3% 81.2%  
Engagement in physical work at baseline, %   <.001a 
 No 41.4% 37.2%  
 Yes 58.6% 62.8%  
Engagement in shift work at baseline, %   <.001a 
 No 89.7% 86.3%  
 Yes 10.3% 13.7%  
Weekly work time (hours) at baseline, M (SD) 42.0 (9.9) 41.6 (10.7) .098b 
Weekly exercise time (hours) at baseline, M (SD) 4.2 (3.7) 4.3 (3.9) .471b 
Exercise with others at baseline, %   .207a 
 No 77.6% 76.3%  
 Yes 22.4% 23.7%  
Exercise motivation (score, 1 to 6), M (SD) 4.7 (1.2) 4.6 (1.3) .225b 
Exercise participation after one year, %   ― 
 No 21.9% ―  
 Yes 78.1% ―  
Weekly exercise time (hours) after one year, M (SD) 3.5 (3.9) ― ― 

Note. M, mean; SD, Standard deviation 

a chi-squared test. 

b t-test. 
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Table 2. Pearson’s correlation coefficients for associations of demographic factors, weekly exercise time, exercising with others, and exercise 

motivation at baseline with exercise participation and weekly exercise time after one year. 

 Exercise participation 
after one year (no=0, yes=1)  Weekly exercise time (hours) 

after one year 
 Pearson’s r p-value  Pearson’s r p-value 
Gender at baseline (men=0, women=1) .02 .318  .07 <.001 
Age at baseline (years) -.11 <.001  -.08 <.001 
Current marital status at baseline (unmarried=0, married=1) .00 .815  -.03 .120 
Education from 4-year collage at baseline (no=0, yes=1) .08 <.001  .06 .001 
Annual household income at baseline (<¥ 600 million=0, ≥¥ 600 million=1) .02 .240  .03 .122 
Overweight at baseline (no=0, yes=1) -.06 .003  .02 .271 
Type of employment at baseline (non-regular=0, regular=1) .09 <.001  .09 <.001 
Engagement in physical work at baseline (no=0, yes=1) -.03 .099  -.05 .004 
Engagement in shift work at baseline (no=0, yes=1) -.01 .632  -.01 .733 
Weekly work time at baseline (hours) .05 .018  .02 .202 
Weekly exercise time at baseline (hours) .15 <.001  .61 <.001 
Exercise with others at baseline (no=0, yes=1) .06 .001  .17 <.001 
Exercise motivation at baseline (score, 1 to 6) .17 <.001  .17 <.001 
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Table 3. Key results of standardized total and indirect associations in path analyses for predicting one-year maintenance of exercise behavior (main 

analyses). 

 Estimated total association  Estimated indirect association 
 Unstandardized 

(95%CI) 
Standardized 

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

Standardized 
(95%CI) p-value 

Model 1: predicting exercise participation after one year 
Weekly exercise time at baseline (hours) 0.01 (0.01, 0.02) .13 (.09, .16) <.001  ― ―  
Exercise with others at baseline (no=0, yes=1) 0.07 (0.04, 0.11) .07 (.04, .11) <.001  0.06 (0.05, 0.07) .06 (.05, .07) <.001 
Exercise motivation at baseline (score, 1 to 6) 0.05 (0.04, 0.06) .14 (.10, .18) .001  0.00 (0.00, 0.00) .01 (.00, .01) .004 

Model 2: predicting weekly exercise time after one year 
Weekly exercise time at baseline (hours) 0.62 (0.53, 0.69) .60 (.54, .65) .001  ― ―  
Exercise with others at baseline (no=0, yes=1) 1.66 (1.28, 2.06) .18 (.14, .22) <.001  1.62 (1.37, 1.90) .18 (.15, .20) <.001 
Exercise motivation at baseline (score, 1 to 6) 0.41 (0.30, 0.52) .13 (.09, .16) .001  0.11 (0.04, 0.18) .03 (.01, .05) .006 

Note. The one-year maintenance of exercise behavior was treated as exercise participation after one year in Model 1 and weekly exercise time after 

one year in Model 2. For clarity, this table does not display the standardized total and indirect associations of the demographic factors. 

Supplementary Table 1 displays the overall results including demographic factors. The standardized path coefficients in the path analyses are 

shown in Figure 2 for the main variables, and Supplementary Figure 1 and 2 for all variables. The model fit indices were TLI > .999, CFI > .999, 

and RMSEA = .001 for Model 1; and TLI = .996, CFI = .999, and RMSEA = .010 for Model 2. 

95%CI, 95% confidence interval.
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Figure 1. Conceptual diagram of path analyses for predicting one-year maintenance of exercise 

behavior (main analyses).  

 
Note. The one-year maintenance of exercise behavior was treated as exercise participation after 

one year in Model 1 and weekly exercise time after one year in Model 2. Demographic factors 

were age (years), gender (men = 0, women = 1), marital status (unmarried = 0, married = 1), 

education from 4 years college (no = 0, yes = 1), annual household income (under 6 million 

Japanese yen = 0, over 6 million Japanese yen = 1), overweight (no = 0, yes = 1), type of 

employment (non-regular = 0, regular = 1), engagement in physical work (no = 0, yes = 1), 

engagement in shift work (no = 0, yes = 1), and weekly work time (hours). Correlations within 

demographic factors were included in the model.
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Figure 2. Key results of standardized path coefficients from path analyses for predicting one-

year maintenance of exercise behavior (main analyses).  

 
Note. The one-year maintenance of exercise behavior was treated as exercise participation after 

one year in Model 1 and weekly exercise time after one year in Model 2. Sold lines represent 

significant paths and dashed lines represent insignificant paths. While the actual models contain 

demographic factors, they are not displayed here for clarity. Supplementary Figure 1 and 2 

display the overall results for Models 1 and 2, respectively, including the demographic factors. 

The standardized total and indirect associations in the path analyses are shown in Table 3 for 

the main variables and Supplementary Table 1 for all variables. The model fit indices were TLI 

> .999, CFI > .999, and RMSEA = .001 for Model 1; and TLI = .996, CFI = .999, and RMSEA 

= .010 for Model 2. 
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