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Effectiveness, Moderators, and Mediators of Self-Regulation Intervention on Older

Adults’ Exercise Behavior: A Randomized, Controlled Crossover Trial

Abstract
Background: Although self-regulation interventions are effective in promoting exercise
behaviors, moderators and mediators of interventions among older adults are not well
established. This study aimed to examine whether 1) self-regulation intervention promoted
exercise behavior, 2) health literacy and habit strength moderated the intervention effect, and
3) self-regulation and habit strength mediated the intervention effect among older adults.
Methods: This study was a randomized, non-blinded, controlled crossover trial. The baseline
questionnaire survey assessed the average amount of exercise time per day, self-regulation,
habit strength, health literacy, and socio-demographic factors. After the baseline survey, 397
community-dwelling older adults were randomly assigned to either the immediate
intervention or the delayed intervention group. For the immediate group, print-based materials
were provided once a week for seven weeks before a second questionnaire survey. For the
delayed group, the materials were provided only after the second survey. Finally, a third
survey was conducted for both groups. Results: The mixed models showed that the average
exercise time was increased after the intervention in both groups. Multiple regression analyses
revealed that no factor moderated the intervention effect. From the path analyses, the
mediating effect of self-regulation on the relationship between intervention and changes in
average exercise time was supported, but the mediating role of habit strength was not clearly
indicated. Conclusions: Although the mediating roles of habit strength for the intervention
effects are still inconclusive, self-regulation intervention can promote exercise behavior
among older adults, regardless of their health literacy level, habit strength, and socio-

demographic characteristics.
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Introduction

The health benefits of physical activity among older adults are well established. Physical
activities are defined as all activities that require energy expenditure [1, 2]. Current physical
activity guidelines set by the World Health Organization (WHO) recommend that older adults
should engage in at least 150-300 minutes per week of moderate-intensity aerobic physical
activity, 75—150 minutes per week of vigorous-intensity physical activity, or an equivalent
combination of the two, for healthy living [1]. In Japan, the Ministry of Health, Labour, and
Welfare recommends that Japanese older adults engage in physical activity at least 40 minutes
per day regardless of level of intensity [2]. However, the level of physical activity among
older adults is lower than among younger adults [3]. The development and dissemination of
effective strategies to increase physical activity among older adults is a public health priority.
Physical activity occurs in various domains, such as leisure time, occupation, household, and
transportation [1]. After retirement, older adults are likely to lose the opportunity to engage in
physical activities during occupations and transportation [4]. Increasing physical activity
during leisure time would be especially important to compensate for the decrease in
opportunities for physical activity during occupation and transportation among those who are
withdrawing from social roles through retirement. Exercise is a major component of physical
activities that occur during leisure time [1]. Exercise is defined as physical activity that is
planned, structured, repetitive, and designed to promote physical fitness and health [1, 2]. The
Ministry of Health, Labour, and Welfare recommends that Japanese citizens of all ages engage
in exercise at any level of intensity at least 30 minutes per day, twice a week or more [2].

Self-regulation is a widely accepted strategy for promoting physical activity. Self-

regulation is an umbrella term that describes the pursuit and attainment of goals [5] and
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generally refers to an individual’s efforts to modify thoughts, feelings, desires, and actions to
attain higher goals [6]. The concept of self-regulation is incorporated into health behavioral
theories/models, such as the Temporal Self-regulation Theory [8] and Social Cognitive
Theory [9]. Concepts that largely overlap with self-regulation are also included in various
theories and models (e.g., process of change in the Transtheoretical Model [10]; action
planning and coping planning in the Health Action Process Approach [11]). Health behavior
interventions have commonly employed self-regulation strategies to promote health behaviors
[12]. Major self-regulation strategies included in physical activity interventions are goal
setting, review of behavior goals, self-monitoring of behavior, action planning (including
implementation intention), problem-solving (including relapse prevention and coping
planning), reducing negative emotions, self-talk, time management, and feedback on behavior
[13]. For physical activity, interventional [14] and observational studies [15] have consistently
indicated that self-regulation is an important factor in explaining and promoting physical
activity among adults in the general population. Review articles [16] for the mediators of
intervention and have also proposed the importance of self-regulation in physical activity
behavior change.

The effectiveness of self-regulation strategies to promote physical activity among
older adults have been also reported. Although a meta-analysis published in 2014 [17]
concluded that common self-regulation techniques for modifying physical activity in younger
adults would not be effective for older individuals, recent systematic reviews and meta-
analyses support the effectiveness of such interventions [18-21]. One meta-analysis of
cardiovascular disease studies that included older patients reported that interventions
employing self-monitoring can increase levels of physical activity [18]. A meta-analysis of
patients with non-communicable diseases, including older patients [19], showed that multiple

health behavior change interventions based on the information technology can promote
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4
physical activity, and common interventions have employed self-regulation strategies. In non-
clinical settings, reviews [20, 21] showed that interventions using information technology can
increase physical activity among older adults, and majority of such interventions have
employed goal setting. Evidence for the effectiveness of self-regulation interventions among
older Japanese individuals, however, is still limited.

To understand the effectiveness of self-regulation interventions among older adults
more extensively, identifying moderators (effect modifiers) of the intervention is helpful.
Identification of moderating factors can predict who is likely to succeed or fail to implement
behavioral change through such interventions [22, 23]. Health literacy may be a moderator of
self-regulation interventions. People’s health literacy tends to decline as they get older [24,
25]. A systematic review showed that lower health literacy was associated with lower physical
activity levels [26]. A conceptual model proposes that health literacy impacts health
conditions through increasing health behaviors, including physical activity [27, 28]. As health
literacy is generally defined as the ability to access, understand, appraise, and apply health-
related information [29], it can be assumed that those with higher health literacy could
understand, appraise, and apply self-regulation strategies more easily, thereby succeed in
behavior change more definitively than those with lower health literacy. However, as the
systematic review indicated [26], the moderating role of health literacy in the intervention
effects on physical activity behavior change is still overlooked. Only a few studies have
examined the moderating role of health literacy in physical activity interventions, among
younger to middle-aged populations [30, 31]. It remains unclear whether health literacy
moderates the effectiveness of self-regulation interventions for physical activity among older
adults.

Along with health literacy, habit strength may also moderate self-regulation

interventions. Habit strength is recognized as a core research topic in the area of physical
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activity behavior change [32]. Habit strength is conceptualized as specific actions or
tendencies occurring with little consciousness or reflection in response to specific contextual
cues [32]. When a habit is adequately formed, contextual cues are assumed to promote
behavior automatically, without deliberate efforts or conscious motivations [33]. This
assumption is consistent with the impulsive process in dual-process models [34]. Previous
studies of smoking behavior [35] in high school students and physical activity of university
students [36] reported that planning interventions, a major self-regulation strategy, were more
effective in individuals with lower habit strength than in those with higher habit strength.
Results, viewed conceptually, suggest that the pre-existing habit was more likely to interfere
with the learning of new associations between the contextual cues and behavior in those with
higher habit strength [35, 36]. These studies among students [35, 36] suggest that self-
regulation interventions have a greater impact on those with lower habit strength compared to
those with higher habit strength. Another study using a sample of adults, however, reported a
null result for the moderating role of habit strength in the effect of planning intervention on
physical activity behavior change [37]. More extensive research among various populations is
needed to evaluate the moderating role of habit strength in self-regulation interventions.

Furthermore, besides being moderators, clarifying the mediating process of interventions
on behavior change is also helpful to better understand the effectiveness of self-regulation
interventions among older adults. Clarifying the mediating process can guide our
understanding of mechanisms for intervention effects, strengthen the theoretical basis of the
link between intervention and behavior change, and suggest further improvements in
intervention strategies [23, 38]. According to the framework for understanding habit
formation and its determinants [33, 40], as well as moderating role, habit strength might play
a mediating role in the effect of self-regulation interventions on physical activity: increased

self-regulation by the intervention reinforces the habit, and in turn, the reinforced habit
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induces desirable behavior change. It is proposed that continuous employment of self-
regulation could gradually form a habit by translating the reflective process into an impulsive
process [33, 40]. A review of self-regulation also argued that attempting to automate behavior
is important for successful self-regulation [5]. Intervention studies have employed planning to
form habits [41]. However, although self-regulation strategies are widely accepted as a way of
forming a habit, few intervention studies have confirmed their mediation process. Examining
the mediation process of self-regulation interventions could advance current knowledge about
habit formation.

Focusing on exercise behavior from the various aspects of physical activity, the present
study examined 1) whether the self-regulation intervention promoted exercise behavior, 2)
whether health literacy and habit strength moderated the intervention effect, and 3) whether
self-regulation and habit strength mediated the intervention effect among older adults. In
particular, the present study hypothesized that exercise behavior will increase after the self-
regulation intervention (main effect, Hypothesis 1); the increase of exercise behavior
accompanied by the intervention will be larger among those with higher health literacy than
those with lower health literacy (moderating effect, Hypothesis 2-1), and among those with
lower habit strength than those with higher habit strength at baseline (moderating effect,
Hypothesis 2-2). The increase of exercise behavior measured from pre- to post-intervention
will be mediated by changes in self-regulation and habit strength during the same period
(mediating effect, Hypothesis 3).

Methods
Study Design
This study was a non-blinded, randomized controlled crossover trial. This study
followed the CONSORT 2010 statement: extension to randomized crossover trials

(Electronic Supplementary Material 1) [42]. The crossover design is feasible and equitable in
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community-based settings. Figure 1 shows the flow diagram of the intervention. Treating
exercise behavior as the main outcome, the present study distributed the questionnaire surveys
three times to the participants by postal mail. The baseline survey was conducted until
October 22, 2020; after that, the participants were randomly allocated to the immediate or
delayed intervention groups in a 1:1 ratio, using computer-generated random numbers. The
randomization was conducted simultaneously by an assistant staff member who did not know
the research purpose. To avoid contamination of the intervention within married couples due
to the mailing of print-based materials, the randomization was stratified by those who enrolled
accompanying spouses and those who enrolled alone, and married couples were assigned to
the same group. The group allocation was not blinded.

The print-based intervention materials were mailed to the immediate intervention
group for every Friday for seven weeks from October 30 to December 11, 2020. The second
survey was conducted from December 15-26, 2020. The same intervention materials were
provided to the delayed intervention group for seven weeks from January 8 to February 19,
2021. Finally, the third survey was conducted from February 24 to March 7, 2021.

Written informed consent was obtained from all participants. The present study
received prior approval (no. 443) from the Ethical Committee of the Graduate School of
XxxxX XXXXXXXXXXX XXX Xxxxxxxx, Xxxxx University (Deleted for blinded review process).
All procedures were performed in accordance with the Declaration of Helsinki. Prior to
participant recruitment, the trial protocol (ID: XXXXXXXXXX [Deleted for blinded review
process]) was pre-registered at the University Hospital Medical Information Network clinical
trials registry, an authorized clinical trial registry of the International Committee
of Medical Journal Editors. The protocol was not changed after the registration.

Participants

The present study calculated the required sample size using G*Power 3.1 for within—
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between interaction of group and time in a repeated-measurement analysis of variance [43]
prior to recruitment. The intervention effect size on the main outcome was input as small (f =
0.10), the alpha error as 0.05, the power as 0.95, and the correlation among repeated measures
as 0.50. As the present study did not conduct prior pilot trials, a conservative estimate was
judged to be appropriate. The small effect size and higher power were derived from this
decision. The analysis indicated that a sample size of 260 was required. To allow 15% for
dropouts, a sample of approximately 300 participants was collected. The 15% dropout rate
was estimated from recent Japanese community-based health behavior intervention studies,
which have reported dropout rates of 2.2% [44], 5.9% [45], 13.0% [46], and 13.6% [47],
respectively. The present study employed a more conservative dropout rate than any of these
studies [44-47]. If the present study had not reached this sample size at the planned closing
date of the recruitment, the present study would have expanded the closing date and
distributed the flayers once again using inserts into newspapers. Because the present study
recruited the participants simultaneously, the present study did not terminate the enrollment of
the participants beyond the sample size of approximately 300.

Participants were recruited through flyers inserted into the newspaper for all readers
living in Xxxx ward, Xxxx City (Deleted for blinded review process), Japan on September 29
and October 1, 2020. The present study also asked the health and healthcare division in the
Xxxx ward office to distribute flyers through their related organizations. Xxxx City is one of
the major urban cities in Japan and consists of X wards. There are approximately 1,515,000
and 136,000 residents in Xxxx City and Xxxx ward, respectively.

The eligibility criteria for participation were as follows: individuals 1) were aged 60
years or above, and 2) had no restrictions on exercise participation. Due to a community-
based practical trial, any other inclusions/exclusions were considered for the present study,

and the restrictions of it were just based on self-report. The closing date of the trial
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recruitment was planned as October 10, 2020.

Among the 424 individuals who agreed to participate in the trial, the 393 individuals
who met the eligibility criteria and responded to the baseline survey were randomly assigned
to the immediate or delayed intervention groups. The sample included 120 married
individuals (60 couples). Three-hundred seventy two individuals (94.7%) completed the third
survey. No important harm or unintended effects were reported by the participants in either
group during the intervention period. No financial incentives were provided to participants.
Interventions

The present study delivered print materials once a week for seven consecutive weeks
by postal mail. Among the various delivery modes of the interventions, the present study
employed print delivery, because the pandemic of COVID-19 made it difficult to conduct
face-to-face interventions, and a considerable number of older adults are not familiar with the
Internet in Japan.

As shown in Electronic Supplementary Material 2, the print material for each week
consisted of three components with eight pages of A4 paper, in color: 1) information about
exercise and health promotion, 2) information about tips for effective techniques for changing
one’s behavior, and 3) a form to be filled out for the self-regulatory strategy practices. At the
final week, leaflets on health promotion policies and practices in the local community, which
were offered by the staff of the health and healthcare division in the Xxxx ward office, were
also delivered to the participants.

The first component each week corresponded with information about health
consequences (No, 5.1) in the Behavioral Change Technique Taxonomy version 1(BCTTv1)
[48]. The present study aimed to attract the participants providing the latest evidence for
exercise and health promotion.

The second component featured various types of information shared weekly with
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10
participants. Tips for effective self-monitoring shared in the first week aligned with self-
monitoring of behavior (No.2.3 in BCTTv1). Tips for effective goal setting and action
planning given in the second week corresponded to goal setting (behavior) (No. 1.1 in
BCTTvl) and action planning (No. 1.4 in BCTTv1). In the third week, tips for creating and
keeping desirable motivation levels aligned with pros and cons (No. 9.2 in BCTTv1). Tips for
receiving effective social support in the fourth week corresponded to social support
(practical) (No. 3.2 in BCTTv1) and social support (emotional) (No. 3.3 in BCTTv1). Tips
for preventing relapse and coping barriers during the fifth week aligned with problem solving
(No.1.2 in BCTTv1). The sixth week’s tips for building self-confidence to maintain exercise
behavior corresponded to review behavior goal(s) (No. 1.5 in BCTTv1) and focus on past
success (No.15.3 in BCTTvl). The third component was supplemented by building on
information from the second component.

The third component was designed as the main part of the intervention. It provided
three types of fill-out forms. Three fill-out forms corresponded to 1) goal setting (behavior)
(No. 1.1 in BCTTv1) and action planning (No. 1.4 in BCTTv1); 2) self~-monitoring of
behavior (No.2.3 in BCTTv1); and 3) review behavior goal (s) (No. 1.4 in BCTTv1),
respectively. The present study focused on these self-regulation techniques because it would
be sufficiently feasible and effective to provide information about them via weekly
distribution of printed materials during the COVID-19 pandemic. On the fill-out form for goal
setting (behavior) and action planning, at the beginning of the week, the study recommended
that the participants plan and fill out 1) how many days they would exercise during that week,
2) the timing or context for doing exercise on the designated days, and 3) total duration of
exercise on each of the days. For the fill-out from related to self-monitoring of behavior,
participants were advised to daily check and fill out 1) whether they originally planned that

day for exercise, 2) whether they actually did exercise on that day, 3) total duration time of
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11
exercise, and 4) total step counts every day regardless of whether it was a designated exercise
day. On the fill-out form for review behavior goal (s), at week’s end, they were encouraged to
review their daily monitoring records and complete a self-reflection about the overall
achievements of their daily plans for the week.

Measures
Exercise Behavior (Main Qutcome)

Exercise behavior was the main outcome of this study as planned. The study asked
participants to answer the number of days they engaged in exercise in a usual week (zero to
seven days) in every survey. If they answered one to seven days, the present study also asked
them to indicate the average exercise time (hours and minutes) for days when they engaged in
exercise. Walking for exercise, calisthenics, and sports were listed as examples. The weekly
exercise time (hours per week) was calculated by multiplying the frequency by time.

Japanese studies [49-51], including the Japan National Health and Nutrition Survey
conducted by the Ministry of Health, Labour, and Welfare [52], have simply measured
frequencies and durations of exercise in a typical week. Such studies have included all
intensities of exercise behavior and have not limited the intensities to the moderate-to-
vigorous range. The present study followed these Japanese studies [49-52].

Self-regulation of Exercise

The scale developed by Takeda et al. [53] was employed to measure the self-regulation
of exercise. It was developed to measure major self-regulatory behavior change techniques for
exercise. Taketa et al. [53] regarded goal-setting, self-monitoring, gathering information,
stimulus control, and self-reinforcement as major techniques. Thus, the scale was designed to
assess them. The participants were asked to answer this scale in every survey. This scale
consists of five self-regulation items. The instruction given was “how often did you do the

following during the last 1 month?”, and the item examples were “I set realistic goals to do



276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

12
exercise” (goal setting) and “I kept the records about my exercise” (self-monitoring) [53].
This scale employs a five-point Likert scale to answer these items. The range is: “never” (1),
“rarely” (2), “neither” (3), “sometimes” (4), and “often” (5) [53]. Answers were summed
across the five items, with higher scores representing higher self-regulation (range: 5-25).
The construct validity of this scale (GFI = 0.98, AGFI = 0.95, CFI = 0.97, RMSEA = 0.08)
and internal consistency (Cronbach’s o = 0.78) were confirmed by Takeda et al. [53].
Habit Strength of Exercise
The present study used the Self-Report Behavioral Automaticity Index [54], which is a
subscale of the Self-Report Habit Index [55] and is commonly used in psychological research
on habits [56], to assess the habit strength of exercise at every surveys. Internal
inconsistencies (Cronbach’s alpha) of this index for exercise behavior in the previous studies
were ranged from 0.70 to 0.96 [54]. Due to lack of a suitable Japanese version, the index was
translated into Japanese. Following the instruction, “Doing exercise is something...,” the
subscale of this index contains four items: “I do automatically,” “I do without having to
consciously remember,” “I do without thinking,” and “I start doing before I realize I’'m doing
it” [54]. A seven-point Likert scale was employed from “1” (strongly agree) to “7” (strongly
agree), and its score was calculated by summing up the responses of these four items (range:
7-28).
Health Literacy
At the baseline survey, the existing health literacy scale [57] was used to assess the
health literacy level. This scale includes five items. Each item is rated on a five-point scale.
Internal inconsistency (Cronbach’s alpha) of the scale was 0.86 [57]. Construct validity of the
scale was indicated by examining associations with health behaviors, coping styles, and
somatic symptoms [57]. Following Ishikawa et al. [57], the average scores for the five items

were calculated (range: 1-5).
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Socio-demographic Factors

Sex (men, women), age, educational background (< 4-year college, > 4-year college),
current marital status (single, married), living arrangement (alone, with others), perceived
economic status (single five-point Likert scale from very poor [1] to very good [5]), and
frailty score at baseline were included as socio-demographic factors. Frailty scores were
measured using the Kihon checklist [58, 59]. This checklist comprises 25 items, each of
which is answered “yes” or “no” and the answers to all items were then summed (range: 0 to
25). Satake et al. [60] showed that Spearman’s correlation coefficient between the score of the
Kihon checklist and the number of frailty phenotypes was 0.66.
Perceived Adherence and Acceptance of Intervention

The present study investigated perceived adherence and acceptance of the
intervention in the second survey for the participants in the immediate intervention groups and
at the third survey for, all groups. The items are listed in Electronic Supplementary Material 4.
The participants asked to answer these five items from “0” (not at all) to “10” (at all).
Analyses
Psychometric analyses of Habit Strength

Using AMOS version 25.0 (IBM Japan, Ltd., Tokyo, Japan), confirmatory factor
analysis with a one-factor structure was performed on baseline data for habit strength. Chi-
square, comparative fit index (CFI), Tucker-Lewis index (TLI), and root-mean-square error of
approximation (RMSEA) were examined as model fit indices [61]. The cut-off for CFI and
TLI was 0.95 and 0.06 for RMSEA [61]. If the model fit indices in the initial model did not
reach the cut-off values, it was revised by adding one correlated error.

Analyzing the baseline data using SPSS for Windows v.25.0 (IBM Japan, Ltd.,
Tokyo, Japan), Cronbach’s alpha and Pearson’s » coefficient for correlation with average

exercise time were calculated. Using baseline and second survey data among the delayed
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intervention group, Pearson’s correlation coefficient for test-retest was also calculated.
Main Effect of Intervention on Exercise Behavior

The present study used linear mixed models to investigate the main effects of
intervention on exercise behavior. Linear mixed models were constructed using the mixed
command of Stata v.14 (StataCorp LLC, College Station, Texas, USA). Two models were
examined by setting the average exercise time as the dependent variable. In model 1, group (0
= delayed group, 1 = immediate group), survey point (baseline survey = 0, second survey = 1,
third survey = 2), and the interaction terms of the group with the survey point were examined
as the independent variables. In Model 2, in addition to the variables in Model 1, socio-
demographic factors at baseline (age, sex [men = 0, women = 1], age, educational background
[< 4-year college = 0, > 4-year college = 1], marital status [single = 0, married = 1], living
arrangement [alone = 0, others = 1], perceived economic status, and frailty score) and
enrollment with spouse (no = 0, yes = 1) were also included as independent variables. These
independent variables were treated as fixed effects, and unstandardized and standardized
regression coefficients were calculated. The variance of intercept for individuals was treated
as a random effect. The random effect was estimated based on the variance components’
covariance structure. If the interactive effect of the immediate group with the second survey
was statistically significant, the interactive effect of the immediate group with the third survey
was not significant, and the main effect of the third survey was significant; this would be
interpreted as supporting Hypothesis 1. The mixed models estimated the difference and 95%
confidence interval of the average exercise time across each survey point within each group.
The confidence intervals and p-values were corrected using Bonferroni’s method. As 15
comparisons were examined in the mixed command of Stata v.14 for the interaction of the
group with the survey point in the case of the present study, 0.00333 (=0.05/15) was set as the

statistical significance level for Bonferroni’s method. If exercise time increased from baseline
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to the second survey among the immediate group and from the second to the third survey
among the delayed group, these results would support Hypothesis 1.

Since mix models can estimate missing values, the present study included all
participants. Thus, an intention-to-treat analyses was done for the main effect of the
intervention. The maximum likelihood estimation was used to fit the model. Significance was
set at p <0.05.

Moderators of Intervention Effects on Exercise Behavior

The present study conducted multiple regression analyses to investigate the
moderators of the intervention effect on exercise behavior separately for two study phases
(baseline to second survey; second to third survey). By examining concordances of the results
between the two study phases, the present study can strengthen the reproducibility of the
findings. To assess the moderating role of health literacy and habit strength, regression
analyses were performed using two models. The dependent variables were average exercise
time at the second survey for the previous phase and the average exercise time at the third
survey for the latter phase. In both models, the last observation values of the average exercise
time (the average exercise time at the baseline survey for the previous phase; the average
exercise time at the second survey for the latter phase), the group, health literacy at baseline,
habit strength at baseline, the group’s interaction term with health literacy, the group’s
interaction term with habit strength, the socio-demographic factors and enrollment with
spouse were included as independent variables by the forced-entry method. Model 1 included
the participants without missing data (complete case analysis). Imputing missing data by the
multiple imputation method with the Markov chain Monte Carlo approach (30 datasets),
model 2 included all participants. As well as unstandardized regression coefficients in both
models, the standardized regression coefficients in model 1 were also estimated to indicate the

effect sizes of the intervention and the moderations. If the group’s interaction terms with
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health literacy regressed significantly and positively on the dependent variable during the
previous phase and regressed negatively at the latter phase, these results would support
Hypothesis 2-1. If the group’s interaction term with habit strength regressed significantly and
negatively at the previous phase and positively at the latter phase, the results would support
Hypothesis 2-2. If regressions of any interaction terms were significant, the stratified analyses
by mean and standard deviation (SD) were conducted.

This study also conducted additional regression analyses to explore whether any
socio-demographic factors and enrollment with spouse moderated the intervention effects. In
total, eight interaction terms with socio-demographic factors along with enrollment with
spouse were calculated for the group. Then, the eight interaction terms were added in model 1
by the stepwise method. If any interaction term(s) were selected in the model, stratified
analyses were conducted.

Prior to calculating the interaction term and conducting the analyses, continuous
variables were mean-centered. Significance was set at p < 0.05. Moderation analyses were
performed using SPSS for Windows v.25.0 (IBM Japan, Ltd., Tokyo, Japan).

Mediation process of intervention effects on exercise behavior

The total effects of the intervention on self-regulation and habit strength were
examined using linear mixed models. The procedures of the mixed models for self-regulation
and habit strength were the same as the mixed models for the main effects on average exercise
time. The independent variables of Model 1 were group, survey point, and interaction terms of
the group with the survey point. Model 2 added the socio-demographic factors and enrollment
with spouse in Model 1.

Then, the study conducted path analyses to investigate the mediation process of the
intervention effects on exercise behavior separately for two study phases (baseline to second

survey; second to third survey). Significance was set at p < 0.05. Missing values were treated
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using pairwise deletion. As with previous studies [62, 63], this study calculated and analyzed
residualized change scores of average exercise time, self-regulation, and habit strength for
each phase. The main analyses examined the sequential mediation model. This model
specified six main paths: (a) path from the group to changes in self-regulation; (b) path from
the group to changes in habit strength; (c) path from the group to changes in average exercise
time; (d) path from changes in self-regulation to changes in habit strength; (e) path from
changes in self-regulation to changes in average exercise time; and (f) path from changes in
habit strength to changes in average exercise time. In addition to these main paths, the
additional paths from these socio-demographic factors and/or from enrollment with spouse to
changes in self-regulation, habit strength, and average exercise time were included in the
model if statistically significant Pearson correlations of their relationships were observed.
Chi-square, CFI, TLI, and RMSEA were evaluated as model fit indices [61]. Among the main
paths in the sequential mediation model, if paths (a) (d) and (f) were statistically significant
and the path (c) was statistically non-significant, the result would support Hypothesis 3.

The bias-corrected bootstrap method (5,000 bootstrap samples) was used to estimate
direct, indirect, and total effects, and 95% confidence intervals of the group, changes in self-
regulation, and changes in habit strength on changes in average exercise time in the sequential
mediation model. The standardized direct, indirect, and total effects and 95% confidence
intervals were also estimated to indicate the effect sizes of the intervention and the
mediations. If the indirect and total effects of the group, the total effect of changes in self-
regulation, and the direct and total effect of changes in habit strength were statistically
significant, and the direct effects of the group were statistically non-significant, the results
would support Hypothesis 3.

As an additional analysis, the present study also examined the parallel mediation

model. As this model assumes that the mediation roles of self-regulation and habit strength
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were parallel, it did not specify the path from changes in self-regulation to those occurring in
habit strength. Other paths in the parallel model were the same as paths in the sequential
mediation model. By comparing the model fit indices between the sequential and parallel
models, the study investigated which mediation model better explains the data.

The path analyses were conducted using AMOS v.25.0 (IBM Japan, Ltd., Tokyo,
Japan).

Results

Baseline Characteristics of Participants

Table 1 shows the characteristics of the participants at baseline. There were 165 men
and 228 women. The mean age was 74.0 years (SD = 6.5 years). On average, they engaged in
exercise for 37.0 minutes (SD = 40.7 minutes) per day. Chi-squared tests (for categorical
variables) and t-tests (for continuous variables) revealed that there were no significant
differences in baseline characteristics between the intermediate and delayed intervention
groups.
Psychometric Characteristics of Habit Strength

The means and SD of each item and results of confirmatory factor analysis are
reported in Electronic Supplementary Material 3. Although the initial model without
correlated error term did not show adequate model fit indices (¥*[2] = 60.7 (p<0.001), CFI =
0.949, TLI = 0.847, RMSEA = 0.275), the model fit indices of revised model containing the
correlated error between item 1 and item 2 met their cut-off (¥*[1] = 1.0 [p = 0.307], CFI >
0.990, TFI> 0.999, RMSEA = 0.011).

The Cronbach’s alpha was 0.90. The Pearson’s correlation between habit strength and
average exercise time at baseline was 0.44. The test-retest correlation of the delayed
intervention group was 0.66.

Perceived Adherence and Acceptance of Intervention
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Descriptive statistics of the scores of the items for perceived adherence and
acceptance of the intervention are shown in Electronic Supplementary Material 4. T-tests
indicated that there were no significant differences in the scores between the immediate and
delayed intervention groups.

Main Effects of Intervention on Exercise Behavior

Electronic Supplementary Material 5 shows the fixed effects in the mixed models for
the effects of intervention on exercise behavior. For Hypothesis 1, significant interactive
effects of the immediate group with the second survey, non-significant interactive effects of
the immediate group with the third survey, and the significant main effects of the third survey
were detected. These results supported Hypothesis 1.

Table 2 represents the estimated differences in average exercise time from the
baseline to the second and third surveys within each group. Figure 2(a) plots the estimated
average exercise time at each survey point. As shown in Table 1 and Figure 2(a), the
intermediate intervention group significantly increased their average exercise time from the
baseline to the second survey, and maintained their average exercise time from the second to
the third survey. Among the delayed intervention group, while the average exercise time did
not significantly change from the baseline to the second survey, it significantly increased from
the second to the third survey. These results supported Hypothesis 1.

Moderators of Intervention Effects on Exercise Behavior

Table 3 presents the results of examining the moderating roles of health literacy and
habit strength in the intervention effects. In both models (Models 1 and 2) and both study
phases (baseline to second survey; second to third survey), the main effects of the group
significantly regressed on changes in average exercise time. However, the interaction terms of
the group with health literacy and habit strength did not significantly regress on changes in it.

These results did not support Hypotheses 2-1 and 2-2.
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In the additional regression analyses, any interaction terms with the socio-
demographic factors and enrollment with spouse for the group were not selected in the model
by the stepwise method.

Mediation Process of Intervention Effects on Exercise Behavior

The fixed effects in the mixed models for self-regulation and habit strength are
shown in Electronic Supplementary Material 6 and Electronic Supplementary Material 7.
Table 2 represents estimated differences of self-regulation and habit strength among each
survey point within each group. Figure 2(b) and (c) plot the estimated scores at each survey
point. As shown in Table 2 and Figure 2(b) and (c), the intermediate intervention group
significantly elevated their scores of self-regulation and habit strength from baseline to the
second survey, and kept the score of habit strength at the third survey. Though the score of
self-regulation was significantly decreased from the second to third survey, the score of it at
the third survey was still significantly higher than the baseline survey among the intermediate
intervention group. Among the delayed intervention group, while self-regulation and habit
strength did not significantly change from the baseline to the second survey, they were
significantly increased from the second to the third survey.

Electronic Supplementary Material 8 shows Pearson’s correlations of socio-
demographic factors with changes in average exercise time, self-regulation, and habit
strength. Frailty significantly correlated with changes in habit strength from the baseline to
the second survey, changes in self-regulation from the second to the third survey, and changes
in habit strength from the second to the third survey. Age was significantly correlated with
changes in habit strength from the second to the third survey.

Figure 3 represents the path models for the sequential mediation model of the
intervention on exercise behavior. At both study phases, the group significantly regressed on

changes in self-regulation, and changes in self-regulation significantly regressed on both
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changes in habit strength and in average exercise time. The group did not significantly regress
on changes in average exercise time directly. However, while changes in habit strength
significantly regressed on changes in average exercise time from baseline to the second
survey, it did not significantly regress on it from the second to the third survey. Thus, while
path coefficients for the study phase from baseline to the second survey supported Hypothesis
3, path coefficients for the phase from the second to the third survey did not support
Hypothesis 3 due to non-significant regression from habit strength to average exercise time.

Electronic Supplementary Material 9 represents the total, direct, and indirect effects
of changes in average exercise time for the path analysis of the sequential mediation model.
During both phases, the total and indirect effects of the group and the total and direct effects
of change in self-regulation were significant, and the direct effect of the group were not
statistically significant. However, while the total and direct effects of changes in habit strength
were significant during the study phase from baseline to the second survey, the total and direct
effects of changes in habit strength were not significant during the phase from the second to
the third survey. Therefore, corresponding to findings from the path coefficients, the total,
direct, and indirect effects during the study phase from the second to the third survey did not
support Hypothesis 3 due to non-significant total direct effects of habit strength, though these
effects during the phase from baseline to the second survey supported it.

Another path model for the parallel mediation process is shown in Electronic
Supplementary Material 10. The total, direct, and indirect effects for the parallel mediation
model is displayed in Supplementary Material 11. The model fit indices of the parallel
mediation model were poorer (model for baseline to the second survey, ¥*(4) = 36.1 (p<.001),
CFI1=0.787, TLI = 0.467, RMSEA = 0.156; model for the second to third survey, ¥*(6) = 21.0
(p=.002), CFI=0.855, TLI = 0.638, RMSEA = 0.088) than the sequential mediation model

(model for baseline to the second survey, ¥*(3) = 7.7 (p=.052), CFI = 0.969, TLI = 0.895,
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RMSEA = 0.069; and the model for the second to third survey, ¥*(5) = 3.3 (p=.657), CFI >
0999, TLI > 0.999, RMSEA < 0.001). Thus, results support that the sequential mediation
model was appropriate to fit the data.
Discussion

The present study found that exercise behavior was promoted after intervention in
both immediate and delayed intervention groups, and that health literacy, habit strength and
socio-demographic factors did not moderate the intervention effect on exercise behavior in
both groups. These findings show that self-regulation interventions can facilitate exercise
behavior among older Japanese adults, regardless of their health literacy level, habit strength
and socio-demographic characteristics. Although recent systematic reviews and meta-analyses
have supported the positive effects of self-regulation interventions on physical activity [18-
21], there is little evidence pertaining to the older Japanese population. The present study
contributes to confirming the role of self-regulation in physical activity promotion among
older adults living in various regions. While people tend to decline in health literacy [24, 25]
as they get older, decline in health literacy would not be major causes of the heterogeneous
effects of self-regulation among older adults. Regardless of their health literacy levels, older
adults could accept and incorporate self-regulation strategies into their daily exercise
behaviors. Similar to the present study, previous studies on younger populations have shown
that physical activity interventions are effective even for participants with low health literacy
[30, 31]. Regarding the moderating role of habit strength, while previous studies of smoking
behavior [35] and physical activity [36] among students confirmed its effects, a previous
study for physical activity among adults in general [37] did not. Our research on older adults
supports the previous findings drawn from studies of adults in general [37]. Although more
research would be necessary to confirm the moderating role of habit strength, the present

study, and findings related to adults in general [37], established habits might not seriously
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interfere with the development of new habits. In terms of practical settings, adequate
acceptability of physical activity interventions among those with lower health literacy and
higher habit strength would be favorable. Instead of health literacy and habit strength,
executive function might cause the heterogeneous effects of the self-regulation among older
adult. Executive function represents higher-order cognitive abilities to control thought and
action [64], and declines with aging [65]. Since self-regulation refers to one’s behavior
management skills, successful self-regulation of physical activity requires sufficient executive
function [66]. Hall et al. [67] showed that the effects of implementation intention, a concept
similar to self-regulation, are more relevant among older adults with higher executive function
than among those with lower executive function. It is possible that most of the participants in
the present study had adequate executive function. More extensive studies examining
moderators, especially focusing on executive function, would be beneficial to confirm the
effectiveness of self-regulation interventions among older adults.

For the mediating process, the present study found that the intervention indirectly
influenced habit strength and exercise behavior, mediated by self-regulation. However, the
present study did not show a clear relationship between habit strength and exercise behavior;
a significant relationship was observed at the initial study phase (from baseline to the second
survey), but not at the next study phase (from the second to the third survey). The mediating
role of self-regulation on the relationship between intervention and exercise behavior
confirms the successful manipulation of self-regulation by implementing the intervention in
the present study. Furthermore, the findings about the mediating roles of self-regulation in the
relationship between intervention and habit strength indicate that the employment of self-
regulation would be an effective strategy for habit formation. This finding empirically
supports the framework for understanding habit formation and its determinants [33, 40] and

strengthens the current evidence about the strategies of habit [41]. However, the desirable
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effect of forming habit on behavior change was not replicable in the present study. One
potential reason for the inconsistent results of habit-strength-to-behavior relationships might
be that habit strength has multiple components: instigation habit and execution habit [68].
While instigation habits reflect the habit when deciding to perform certain behaviors,
execution habits reflect the habit when actually beginning to perform certain behaviors [68].
Phillips and Gardner [69] reported that instigation habits significantly predicted exercise
behavior, but that execution habits did not. The lack of careful discrimination of these two
types of habit strength in the present study might have caused their contamination when
answering the survey, leading to inconsistent results on the relationship between habit strength
and exercise behavior. As a systematic review [70] stated that the relationship between habit
strength and physical activity is still inconclusive due to the limited availability of evidence,
and further detailed examinations are necessary to reveal the relationship between them.

As for the generalizability of the findings, participants in the present study are not
representative of the older Japanese population. There were more women than men in the
sample. While the study intervention was carried out in a typical Japanese urban environment,
it is obvious that environmental resources, which are important determinants of leisure-time
physical activity among older adults [71], are considerably different between urban and rural
areas. The present study recruited participants via flyers inserted into the city newspaper. The
flyers stated that the study did not provide financial incentives for participation. Therefore, it
is possible that those with low motivation would simply ignore the flyers or not be drawn to
participate in the study. Most participants are likely to have been highly motivated. This
would lead to sampling bias. Intention strength might not have been an important confounder
and moderator of the intervention for this study, unlike other intervention-based studies (e.g.
Pfeffer and Strobach [72]). The Health Action Process Approach [11] proposes that

promoting planning (one strategy of self-regulation) is important when intentions are formed.
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Thus, the findings might not be generalizable to individuals with lower intention levels.

For the feasibility and translatability of the intervention to general practices, all
intervention materials used in the present study were print-based and sent to all participants
simultaneously via postal mail. No special knowledge, careful management, or larger
resources are necessary for providing the materials. As shown in Supplementary Table 4,
perceived adherence and acceptance of the intervention among the participants might be
adequate. The intervention effects were not heterogeneous with regard to the participants’
socio-demographic characteristics. Thus, the intervention of the present study would be
feasible and translatable to general practice. Furthermore, a meta-analysis reported that
interventions using electronic technology can increase 7.4 minutes of daily physical activity
time among older adults [73]. As shown in Table 2, the present study increased 11.8 minutes
and 7.6 minutes of daily exercise time in the immediate and delayed intervention groups,
respectively. Thus, the clinical impact of the print-delivered intervention in the present study
is equivalent to that of interventions using electronic technology. As 27.6% of older adults are
still non-users of the Internet in Japan [74], interventions using electronic technology cannot
approach a considerable proportion of older adults. The print-based interventions could
compensate for this disadvantage of interventions using electronic technology.

The strength of the present study was the use of a crossover design. By employing
this approach, the present study can confirm the replicability of the findings. However, this
study has several limitations. First, as indicated above, most of the participants were highly
motivated to engage in exercise behavior. Second, long-term maintenance of exercise
behavior after the intervention was not followed. Third, the total physical activity was not
assessed. Promoting exercise behavior is just one way to increase the total volume of physical
activity. Measuring total physical activity, especially employing objective methods, would

strengthen the scientific and practical values of the present study. Fourth, the validity and
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reliability of the measure for exercise behavior were not established. Especially, the present
study did not restrict exercise behavior to moderate-to-vigorous intensity levels in accordance
with current recommendations in Japan [2]. This is not consistent with global research trends
on physical activity and health and the recommendations of the World Health Organization
[1]. Fifth, the translation of the measure of habit strength did not align with rigorous
procedures of scale developments (e.g. back translation). Sixth, the rationales of the
intervention material were not rigorously constructed. The material was not based on specific
health behavior theories/models. This intervention did not cover all major techniques to
improve self-regulation and habit strength (e.g., feedback on behavior). Lack of such
strategies may have weakened the intervention effects. Additionally, the first and second
components of the intervention included techniques not typical of self-regulation strategies in
health behavior [13] such as “information about health consequences” and “social support”.
The inclusion of such techniques may contaminate the results. Examining other potential
mediators (e.g. beliefs about consequences) would have been also beneficial [38]. Finally,
adherence to the intervention was measured only by self-report. Nonetheless, the present
study contributes to a better understanding of the effects of self-regulation interventions on
exercise behavior among older adults.

In conclusion, although the mediating roles of habit strength for the intervention effects
are still inconclusive, the findings of the present study show that self-regulation intervention
can promote exercise behavior among older adults, regardless of their health literacy level and
socio-demographic characteristics.

Informed consent: Informed consent was obtained from all individual participants included in
the study.
Ethical approval: All procedures performed in studies involving human participants were in

accordance with the ethical standards of the institutional and/or national research committee
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and with the 1964 Helsinki declaration and its later amendments or comparable ethical
standards.
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Table 1.
Baseline Characteristics of Participants and Comparison between Immediate and Delayed Intervention Group
n Total Delayed intervention Immediate intervention p-value
group (n=197) group (n = 196)
Age (years), M (SD) 393 74.0(6.5) 74.0 (6.3) 73.9 (6.7) 0.938*
Sex (women), % 393 58.0% 57.4% 58.7% 0.792°
Educational background (4-year college) 387 48.1% 47.2% 49.0% 0.720°
Marital status (married), % 391 72.6% 73.5% 71.8% 0.710°
Living arrangement (with others), % 390  82.3% 80.5% 84.10% 0.353°
Perceived economic status (score, 1-5), M (SD) 391 3.3(0.7) 3.3(0.7) 3.3(0.7) 0.736%
Frailty (score, 0-25) , M (SD) 381 4.8(3.1) 4.5 (3.0) 5.0(@3.1) 0.115%
Enrollment with spouse, % 393 30.5% 30.5% 30.6% 0.973°
Health literacy (score, 1-5), M (SD) 389  3.9(0.6) 3.9 (0.6) 3.9 (0.6) 0.694*
Average exercise time (minutes per day), M (SD) 374 37.0 (40.7) 40.3 (46.5) 33.6 (33.4) 0.112%
Self-regulation of exercise (score, 5-25), M (SD) 390 12.6 (4.7) 13.0 (4.8) 12.2 (4.5) 0.099%
Habit strength of exercise (score, 4-28), M (SD) 390 16.0(6.2) 16.6 (6.0) 15.5(6.3) 0.078*

Note. *t-test, °chi-squared test
M, mean; SD, Standard deviation

The sample size of each variable was different due to missing values.
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Table 2.
Effect of Intervention on Exercise Behavior, Self-Regulation, and Habit Strength: Mixed Models

Estimated difference (95% CI) Estimated difference (95% CI)

within delayed intervention group within immediate intervention group

Tl1toT2 p-value T1toT3 p-value T2toT3 p-value T1toT2 p-value TI1toT3 p-value T2toT3 p-value

Model 1?
Average exercise time 24 10.1 7.7 11.8 10.9 -0.9
(minutes per day) 43.9.1) 0999 33,16.9) 00 (g9 145 004 (4o 188 <00 (4o 178 <0001 (5560 TOOP
Self-regulation of exercise -0.0 3.0 33 3.7 2.2 -1.6
(score, 5-25) 12,06) 097 (21,40) 0001 (5443 <0001 547 <0001 334 <0001 5 06 <0001
Habit strength of exercise -0.4 1.4 1.8 1.5 1.8 0.3
(score, 4-28) 15,06 0999 (03,25 9003 (9729 <001 G406 001 9728 <0001 (494 099
Model 2°
Average exercise time 2.0 9.5 7.5 11.8 10.5 -1.3
(minutes per day) 5.0.9.0) 29 25,166 "0 (04,147 928 (46,189 <001 33176 0001 (5455 OO
Self-regulation of exercise -0.4 3.0 33 3.8 2.2 -1.6
(score, 5-25) 13,06 09 20,39 00 440 VO 6547 <00 350 001 (55 g6 <00
Habit strength of exercise -0.4 1.5 1.9 1.6 1.8 0.2
(score, 4-28) 1507 29 03,26 %92 (730 001 o427 0001 4629 <0001 5575 0999

95%CI: 95% confidence interval; T1: baseline survey; T2: second survey; T3: third survey.

The differences were estimated by the liner mixed effect models.

*Not adjusted for age, sex, educational background, marital status, living arrangement, perceived economic status, frailty at baseline, and enrollment
with spouse.

Adjusted for age, sex, educational background, marital status, living arrangement, perceived economic status, and frailty at baseline, and
enrollment with spouse.

95% confidence intervals and p-values are corrected by the Bonferroni’s method. The corrected p-value of 0.05 is equal to uncorrected p-value of
0.00333.



Table 3.

Moderating Role of Health Literacy for Intervention Effects on Exercise Behavior: Multiple Regression Analyses

39

Models for average exercise time at T2

Models for average exercise time at T3

Model 1? Model 2 Model 1° Model 2
B (95% CI) B p-value B(95%CI) p-value B(O5%CI) B p-value B (95% CI) p-value
Average exercise time at last survey® 0.8 0.67 <0.001 0.7 <0.001 0.7 0.70 <0.001 0.7 <0.001
(0.7, 0.9) (0.6, 0.7) (0.6, 0.8) (0.6, 0.8)
Intervention group 8.1 0.10 0.009 8.2 0.008 -6.7 -0.09 0.026 -6.3 0.024
(delayed=0, immediate=1) @.1, 14.1) 2.2,14.2) (-12.6, -0.8) (-11.7,-0.8)
. 1.0 0.02 0.793 2.7 0.520 -5.7 -0.08 0.139 -7.8 0.036
Health literacy at T1 (score, 1-5) (-6.8. 8.8) (-5.4.10.7) (132, 1.9) (-15.1, -0.5)
Intervention group x health literacy at T1 1.4 0.01 0.794 -2.0 0.725 2.3 0.02 0.662 5.8 0.243
(9.2, 11.9) (-12.9, 9.0) (-7.9. 12.4) (3.9, 15.5)
Habit strength at T1 (score, 1) (-0.2;61 Y 0.10 0.119 (_0'2.’41'2) 0.306 (_0'(3).,41.2) 0.07 0.269 (_0'?.’61'2) 0.109
Intervention group x habit strength at T1 (-1'-;)’.1)'9) -0.01 0.895 (-0'(;.’31'3) 0.589 (_0'(;.’31'3) 0.03 0.584 (-0'2.’11'0) 0.826
Age at T1 (years) 0.3 0.04 0.331 0.3 0.203 0.1 0.02 0.670 0.2 0.488
g y (-0.3,0.8) (-0.2, 0.8) (0.4, 0.6) (-0.3,0.6)
Sex at T1 (men = 0, women = 1) -6.1 -0.08 0.109 -59 0.127 -0.2 0.00 0.957 1.7 0.618
’ (-13.6, 1.4) (134, 1.7) (-7.4.7.0) (-5.0, 8.4)
Educational background at T'1 -5.5 -0.07 0.126 -6.0 0.095 4.1 0.05 0.239 4.5 0.160
(< 4-year college = 0, > 4-year college = 1)  (-12.5, 1.6) (-13.0, 1.0) (-2.7, 10.8) (-1.8, 10.8)
. 1.0 0.01 0.850 2.0 0.699 09 0.01 0.856 -1.6 0.739
Marital status at T1 (no =0, yes = 1) (9.6, 11.6) (-8.1, 12.0) (9.3, 112) (107, 7.6)
Living arrangement at T'1 1.5 0.01 0.811 1.9 0.745 32 0.03 0.583 5.8 0.257
(alone = 0, with others = 1) (-10.5. 13.4) (-9.4.13.2) (-8.3, 14.7) (-4.2.15.8)
Perceived economic status at T1 (score, 1-5) -1.5 -0.03 0.509 -1.0 0.648 -1.7 -0.03 0467 -09 0.661
’ (-6.1,3.1) (-5.5,.3.4) (-6.2,2.9) (-5.2,3.3)
. -0.3 -0.03 0.568 -09 0.116 -0.6 -0.05 0.289 -0.5 0.392
Frailty at T1 (score, 0-25) (-15,0.8) (-2.0,02) (-1.7,0.5) (-1.6, 0.6)
Enrollment with spouse (no=0, yes=1) -6.3 -0.07 0.074 -6.4 0.070 5.6 0.07 0.101 5.2 0.101
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(-13.2, 0.6) (-13.3,0.5) 1.1, 12.4) (-1.0, 11.4)

B: unstandardized regression coefficient; 95%CI: 95% confidence interval; B: standardized regression coefficient; T1: baseline survey; T2: second
survey; T3: third survey.

%F(14,312)=27.9, p<0.001, R? = 0.556.

°F(14,304)=29.4, p<0.001, R? = 0.555.

‘For models with average exercise time at T2, average exercise time at T1 was entered. For models with average exercise time at T3, average

exercise time at T1 was entered.

Health literacy and habit strength were mean centered.

Model 1 was complete-case analysis.

In model 2, missing values were handles by the multiple imputation method with the Markov chain Monte Carlo approach (30 datasets).



Figure 1.

Flow of the participants through the study
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Figure 2.

Effect of Intervention on (a) Exercise Behavior (b), Self-regulation, and (c), and Habit Strength

a —O— Immediate intervention group b —O— Immediate intervention group c —C— Immediate intervention group
- —e— Delayed intervention group ) —e— Delayed intervention group ) —e— Delayed intervention group
60 r 318 r Y20
o <
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T1 T2 T3 T1 T2 T3 T1 T2 T3

Note.T1: baseline survey; T2: second survey; T3: third survey. Figures show estimated means of exercise behavior (a), self-regulation (b), and
habit strength (c) at each survey point. The error bars represent standard errors. Means and standard errors were estimated by the mixed effect
models after adjustment of age, sex, educational background, marital status, living arrangement, perceived economic status, frailty at baseline,

and enrollment with spouse.
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Figure 3.

Path models for sequential mediation process of intervention effects on exercise behavior.

Frailty at T1
(score, 0-25)

-0.2 (p=0.009)
A 4

a R=022 Changes in self-regulation of |g_4 (p<0.001) Changes in habit strength of R?=0.13
exercise from T1 to T2 > exercise from T1to T2
(score, 5-25) (score, 4-28)

3.8 (p<0.001) 0.2 (p=0.720) . 0 (p=0.025) 1.0 (p=0.002)

Changes in average exercise

Intewentlon group ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, time from T1 to T2

(delayed=0, immediate=1) 1.4 (p=0.669) (minutes per day)
R?=0.07
4.2 (p=0.230)
Frailty at T1 Age at T1
(score, 0-25) (years)
-0.3 (p<0.001) -0.1 (p=0.146)§ 0.1 (p=0.074)§
\ \ly v )
b R2=0.18 Changes in self-regulation of | 0.3 (p<0.001)| Changes in habit strength of R*=0.18
exercise fromT2to T3 > exercise fromT2to T3
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R2=0.05
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 the residualized change
score. The model—fit indices were ¥*(3) = 7.7 (p=.052), CFI = 0.969, TLI = 0.895, and
RMSEA = 0.069 in the model for changes from the baseline to the second survey (a), and
¥*(5)=3.3 (p = 0.657), CF1 > 0.999, TLI > 0.999, and RMSEA < 0.001 in the model for

changes from the second to third survey (b), respectively.
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