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Abstract

Background Although self-regulation interventions are effective in promoting exercise behaviors, moderators and media-
tors 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, 393 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 7 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. Mul-
tiple 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.

Keywords Exercise - Habits - Health literacy - Healthy aging - Self-control

Introduction physical activity, or an equivalent combination of the two,
for healthy living [1]. In Japan, the Ministry of Health,

The health benefits of physical activity among older adults ~ Labour, and Welfare recommends that Japanese 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 Organi-
zation (WHO) recommend that older adults should engage in
at least 150-300 min per week of moderate-intensity aerobic
physical activity, 75-150 min per week of vigorous-intensity
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engage in physical activity at least 40 min per day regard-
less 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 dur-
ing 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
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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 citi-
zens of all ages engage in exercise at any level of intensity at
least 30 min per day, twice a week or more [2].

Self-regulation is a widely accepted strategy for promot-
ing physical activity. Self-regulation is an umbrella term that
describes the pursuit and attainment of goals [5] and 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 theo-
ries/models [7], 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 theo-
ries and models (e.g., process of change in the Transtheo-
retical Model [10]; action planning and coping planning in
the Health Action Process Approach [11]). Health behavior
interventions have commonly employed self-regulation strate-
gies to promote health behaviors [12]. Major self-regulation
strategies included in physical activity interventions are goal
setting, review of behavior goals, self-monitoring of behav-
ior, action planning (including implementation intention),
problem-solving (including relapse prevention and coping
planning), reducing negative emotions, self-talk, time man-
agement, and feedback on behavior [13]. For physical activ-
ity, 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 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 has been also reported.
Although a meta-analysis published in 2014 [17] concluded
that common self-regulation techniques for modifying physi-
cal 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 employ-
ing self-monitoring can increase levels of physical activity
[18]. A meta-analysis of patients with non-communicable
diseases, including older patients [19], showed that mul-
tiple health behavior change interventions based on the
information technology can promote physical activity, and
common interventions have employed self-regulation strate-
gies. 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
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effectiveness of self-regulation interventions among older
Japanese individuals, however, is still limited.

To understand the effectiveness of self-regulation inter-
ventions among older adults more extensively, identifying
moderators (effect modifiers) of the intervention is help-
ful. 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 con-
ceptual 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 suc-
ceed 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 inter-
ventions, 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 physi-
cal activity behavior change [32]. Habit strength is con-
ceptualized as specific actions or tendencies occurring
with little consciousness or reflection in response to spe-
cific contextual cues [32]. When a habit is adequately
formed, contextual cues are assumed to promote behav-
ior automatically, without deliberate efforts or conscious
motivations [33]. This assumption is consistent with the
impulsive process in dual-process models [34]. Previ-
ous 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,
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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 mecha-
nisms 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, 39, 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 rein-
forces the habit, and in turn, the reinforced habit 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 pro-
cess [33, 39, 40]. A review of self-regulation also argued that
attempting to automate behavior is important for successful
self-regulation [5]. Intervention studies have employed plan-
ning 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 exam-
ined (1) whether the self-regulation intervention pro-
moted 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 meas-
ured 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 cross-
over trial. This study followed the CONSORT 2010 state-
ment: extension to randomized crossover trials (Electronic
Supplementary Material 1) [42]. The crossover design is
feasible and equitable in community-based settings. Fig-
ure 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 par-
ticipants by postal mail. The baseline survey was conducted
until October 22, 2020; after that, the participants were ran-
domly 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 materi-
als, 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
7 weeks from October 30 to December 11, 2020. The
second survey was conducted from December 15 to 26,
2020. The same intervention materials were provided to
the delayed intervention group for 7 weeks from January
8 to February 19, 2021. Finally, the third survey was con-
ducted from February 24 to March 7, 2021.

Written informed consent was obtained from all par-
ticipants. The present study received prior approval (no.
443) from the Ethical Committee of the Graduate School
of Human Development and Environment, Kobe Univer-
sity. All procedures were performed in accordance with
the Declaration of Helsinki. Prior to participant recruit-
ment, the trial protocol (ID: UMIN000041990) was pre-
registered at the University Hospital Medical Informa-
tion 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—between interaction of
group and time in a repeated-measurement analysis of
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Fig. 1 Flow of the participants through the study

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 indi-
cated 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 inter-
vention 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 drop-
out rate than any of these studies [44—47]. If the present
study had not reached this sample size at the planned clos-
ing 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 Nada ward, Kobe City,
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Japan, on September 29 and October 1, 2020. The present
study also asked the health and healthcare division in the
Nada ward office to distribute flyers through their related
organizations. Kobe City is one of the major urban cities
in Japan and consists of 9 wards. There are approximately
1,515,000 and 136,000 residents in Kobe City and Nada
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 commu-
nity-based practical trial, any other inclusions/exclusions
were not considered for the present study, and the restric-
tions of it were just based on self-report. The closing date
of the trial 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 cri-
teria and responded to the baseline survey were randomly
assigned to the immediate or delayed intervention groups.
The sample included 60 married couples (120 individuals).
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.
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Interventions

The present study delivered print materials once a week for
seven consecutive weeks by postal mail. Among the vari-
ous 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 Nada ward office, were also delivered to the participants.

The first component each week corresponded with infor-
mation about health consequences (No. 5.1) in the Behavio-
ral 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 infor-
mation shared weekly with participants. Tips for effec-
tive 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 BCTTv1) 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
BCTTvl). Tips for receiving effective social support in the
fourth week corresponded to social support (practical) (No.
3.2in 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 BCTTv1). The third component
was supplemented by building on information from the sec-
ond 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
BCTTvl), 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, par-
ticipants 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 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 Outcome)

Exercise behavior was the main outcome of this study as
planned. The study asked participants to answer the num-
ber of days they engaged in exercise in a usual week (0 to
7 days) in every survey. If they answered 1 to 7 days, the
present study also asked them to indicate the average exer-
cise 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 exercise”
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(goal setting) and “I kept the records about my exercise”
(self-monitoring) [53]. This scale employs a five-point Lik-
ert 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 con-
sistency (Cronbach’s a=0.78) were confirmed by Takeda
et al. [53].

Habit Strength of Exercise

The present study used the Self-Report Behavioral Auto-
maticity 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 exer-
cise 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 con-
sciously remember,” “I do without thinking,” and “I start
doing before I realize I'm doing it” [54]. A seven-point Lik-
ert 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).

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: O to
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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 r coefficient for correlation with average exer-
cise time were calculated. Using baseline and second survey
data among the delayed intervention group, Pearson’s cor-
relation 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. Lin-
ear mixed models were constructed using the mixed com-
mand of Stata v.14 (StataCorp LLC, College Station, TX,
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 sta-
tus, 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
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unstandardized and standardized regression coefficients
were calculated. The variance of intercept for individuals
was treated as a random effect. The random effect was esti-
mated based on the variance components’ covariance struc-
ture. If the interactive effect of the immediate group with
the second survey was statistically significant, the interac-
tive 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 Hypoth-
esis 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 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 pre-
sent study included all participants. Thus, an intention-to-
treat analyses was done for the main effect of the interven-
tion. 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 exer-
cise 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 base-
line 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 interac-
tion 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 modera-
tions. If the group’s interaction terms with health literacy
regressed significantly and positively on the dependent vari-
able 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 posi-
tively at the latter phase, the results would support Hypoth-
esis 2-2. If regressions of any interaction terms were signifi-
cant, the stratified analyses by mean and standard deviation
(SD) were conducted.

This study also conducted additional regression analy-
ses 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 calcu-
lated 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. Sig-
nificance was set at p <0.05. Moderation analyses were per-
formed 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 vari-
ables 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 exer-
cise 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 using pairwise
deletion. As with previous studies [62, 63], this study cal-
culated 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
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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 (5000 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 exam-
ined the parallel mediation model. As this model assumes
that the mediation roles of self-regulation and habit strength
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 base-
line. 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 min (SD =40.7 min) per day. Chi-squared
tests (for categorical variables) and ¢-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 confirma-
tory factor analysis are reported in Electronic Supple-
mentary Material 3. Although the initial model without
correlated error term did not show adequate model fit indi-
ces (¥*[2]1=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 ()(2[1] =1.0 [p=0.307], CFI>0.990,
TFI>0.999, RMSEA =0.011).

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) 0.1122
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*

A1-test, bchi—squared test

M, mean; SD, standard deviation

The sample size of each variable was different due to missing values
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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 interven-
tion group was 0.66.

Perceived Adherence and Acceptance
of Intervention

Descriptive statistics of the scores of the items for perceived
adherence and acceptance of the intervention are shown in
Electronic Supplementary Material 4. 7-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 exer-
cise 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 Fig. 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 interven-
tion 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.

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. Fig-
ure 2(b) and (c) plot the estimated scores at each survey
point. As shown in Table 2 and Fig. 2(b) and (c), the inter-
mediate intervention group significantly elevated their scores
of self-regulation and habit strength from baseline to the sec-
ond 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 cor-
relations of socio-demographic factors with changes in aver-
age 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 sig-
nificantly 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 changes in habit strength and
in average exercise time. The group did not significantly
regress on changes in average exercise time directly. How-
ever, 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 sup-
ported 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 exer-
cise 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

@ Springer



International Journal of Behavioral Medicine (2022) 29:659-675

668

€££00°0 Jo on[ea-d pajoariodun o} [enba st GO'() JO an[eA-d PIJOALIOD Y, ‘POYIOUW S, UOLIFUOE Y} £q PIJOALIOD Ik San[eA-d PUB S[BAISIUI QOUSPLUOD %66

3snods s JUSWI[OIUS PUB ‘QUIISE] JB AJ[IBI} PUE ‘SILIS JIUOU0dd PAAedtad JUItOSUeLIE SUIAI] ‘SOIE}S [BILIBW ‘PUNOISIOB] [EUORBINPS X3S ‘958 10§ pAIsnipy,

asnods yIIm JUSWI[OIUD PUB ‘QUI[ISEQ I A)[Te1J ‘SnIe)s OIWOU0I9 PIAIddIAd ‘quoweSuelie JUIAI ‘Snjels [eILIBW ‘punoISoeq [BUONEBINPI ‘X3S ‘9. 10J paisnlpe JON,

S[OPOW J09JJ3 PAXTW JSUI[ oY} Aq PIJBWINSI I9M SIOUIJIP Y],
KoAaIns pIIy) ‘€[ A9AINS PUOIIS ‘z [ ‘KOAINS QUI[ISBQ ‘[.[ {[BAIAIUI DUIPYUOD %66 ‘ID%S6

(€1°6°0-) (6°C9°0) LTvo) 0€‘Lo (9°T€0) Lo*s1-) (8T *91099)
666°0< 0 T100°0> 8T 100°0 91 100°0> 6'T 200°0 ST 6660< 00— 3S1010X3 JO (I3uans JIqey
90—‘sz-) (e ‘en Ly ‘87 @y ‘v (6€°00) 90°€¢1-) (ST *21009)
100°0> 9T— 100°0> T 100°0> 8'€ 100°0> €€ 100°0> 0°¢ 666'0< 0~  9SIDIOX3 JO UONENII-J[OS
(8¢ ‘v'8-) (9°L1 ‘€'€) (681 ‘9'p) L1 v0) (991 ‘50 06°05-) (Kep 1od soynurur)
666°0< 1= T100°0> €01 100°0> 811 82070 €L 1000 €6 6660< 07c QW) SIOIOXD STLIOAY
qC [9PON
'1°60-) 8T°L0) 9 Tv0) 6TLo (sTc0) 90°s1-) (8T “01005)
666°0< €0 T100°0> 8T 100°0 ! 100°0> 8T €00°0 V'L 666'0< 70— 0S1010XA JO SUADS IqeH
90—‘s't-) (re‘emn Ly ‘87 (% 2 4rd)] (1 20 4] ©90TI-) (ST—G “01005)
100°0> 9T— 100°0> T 100°0> Le 100°0> €€ 100°0> 0°¢ 666'0< 00—  9SIDIAX3 JO UONENIAI-J[OS
09°8L-) 8L10Y) (881 ‘6'1) (ST ‘6°0) (691 ‘€'€) (Ié6cv-) (Kep 1od soynurur)
6660< 60— T1000> 60T T100°0> 811 v10°0 L'L 100°0> T'0T 6660< 'C SwI) SIOIOXD SFLIAY
el [FPOIN
anfea-d €LO1ZL onpea-d €LOVIL onea-d ZLOIL onfea-d €L01ZL onpea-d €LOVIL onpea-d ZLO 1L
dnoi3 uonuaAIoIUL dJRIPIWWIT UM ([D %G6) QOUAIIYIP PJeW ST dnoi3 uonuaaIoul pake[op UM (1D %G6) QOUAIIYIP PAjewIsy

S[opow paxIW :Y33uams JIqeY Pue ‘Uone[n3aI-J[9s ‘I0IABYDQ ISIOIOX UO UOTIUIAIONI JO 1091 ¢ d|qel

pringer

Qs



International Journal of Behavioral Medicine (2022) 29:659-675 669
a —O—Immediate intervention group b —O— Immediate intervention group c —O—Immediate intervention group
. —e— Delayed intervention group ) —e— Delayed intervention group ) —e— Delayed intervention group
60 r G418 ¥20 r
> 0 <
855 | g7 T g9 |
E 16 8
50 r = ~18
% 815 | 2
E45 | 814 | £17 |
X x
8 [0 ()
(0] S <
012 | =
S35 | 3 215 |
S 311 F Q
g @
=30 o —14 r
g 110 ¢ =
<o : . . &0 . : . £o . .
T1 T2 T3 T1 T2 T3 T1 T2 T3

Fig.2 Effect of intervention on a exercise behavior b self-regulation,
and c and habit strength. Note.T1: baseline survey; T2: second survey;
T3: third survey. Figures show estimated means of exercise behavior a,
self-regulation b, and habit strength ¢ at each survey point. The error
bars represent standard errors. Means and standard errors were esti-

and direct effects of changes in habit strength were signifi-
cant during the study phase from baseline to the second sur-
vey, 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, 7(4)=36.1 (p<0.001),
CFI1=0.787, TLI=0.467, RMSEA =0.156; model for the
second to third survey, y*(6)=21.0 (p=0.002), CFI=0.855,
TLI=0.638, RMSEA =0.088) than the sequential mediation
model (model for baseline to the second survey, y*(3)=7.7
(»p=0.052), CF1=0.969, TLI=0.895, RMSEA =0.069;
and the model for the second to third survey, y*(5)=3.3
(»p=0.657), CF1>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 interven-
tion groups, and that health literacy, habit strength, and
socio-demographic factors did not moderate the intervention

mated by the mixed effect models after adjustment of age, sex, educa-
tional background, marital status, living arrangement, perceived eco-
nomic status, frailty at baseline, and enrollment with spouse

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 popula-
tion. 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 exer-
cise 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 sup-
ports 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], estab-
lished habits might not seriously interfere with the develop-
ment 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,
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Fig.3 Path models for sequential mediation process of intervention
effects on exercise behavior. Note. T1: baseline survey; T2: second
survey; T3: third survey. a represents the effects from the baseline to
the second survey a, and b represents the effects from the second to
third surveys. The bold and dashed lines represent statistically sig-
nificant and non-significant paths, respectively. Each change score

executive function might cause the heterogeneous effects
of the self-regulation among older adult. Executive func-
tion 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 suf-
ficient 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 exec-
utive function. It is possible that most of the participants
in the present study had adequate executive function. More

represents the residualized change score. The model-fit indices were
2(3)=1.7 (p=.052), CFI=0.969, TLI=0.895, and RMSEA =0.069
in the model for changes from the baseline to the second sur-
vey a, and y*(5)=3.3 (p=0.657), CFI>0.999, TLI>0.999, and
RMSEA <0.001 in the model for changes from the second to third
survey b, respectively

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 relation-
ship was observed at the initial study phase (from base-
line to the second survey), but not at the next study phase
(from the second to the third survey). The mediating role
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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 inter-
vention and habit strength indicate that the employment of
self-regulation would be an effective strategy for habit for-
mation. 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 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 decid-
ing to perform certain behaviors, execution habits reflect the
habit when actually beginning to perform certain behaviors
[68]. Phillips and Gardner [69] reported that instigation hab-
its significantly predicted exercise behavior, but that execu-
tion 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 avail-
ability 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 Japa-
nese 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 envi-
ronmental 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 newspaper. The flyers stated that the study did not pro-
vide financial incentives for participation. Therefore, it is
possible that those with low motivation would simply ignore
the flyers or not be interested in the participation to 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. 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

@ Springer

present study were print-based and sent to all participants
simultaneously via postal mail. No special knowledge, care-
ful management, or larger resources are necessary for pro-
viding 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 partici-
pants’ socio-demographic characteristics. Thus, the inter-
vention of the present study would be feasible and trans-
latable to general practice. Furthermore, a meta-analysis
reported that interventions using electronic technology can
increase 7.4 min of daily physical activity time among older
adults [73]. As shown in Table 2, the present study increased
11.8 min and 7.6 min of daily exercise time in the immediate
and delayed intervention groups, respectively. Thus, the clin-
ical 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 compen-
sate for this disadvantage of interventions using electronic
technology.

The strength of the present study was the use of a crosso-
ver 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 exer-
cise behavior. Second, long-term maintenance of exercise
behavior after the intervention was not followed. Third, the
total physical activity was not assessed. Promoting exer-
cise behavior is just one way to increase the total volume
of physical activity. Measuring total physical activity, espe-
cially employing objective methods, would strengthen the
scientific and practical values of the present study. Fourth,
the validity and reliability of the measure for exercise behav-
ior 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 spe-
cific 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 inter-
vention included techniques not typical of self-regulation
strategies in health behavior [13] such as “information about
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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. Nonethe-
less, 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 inter-
vention can promote exercise behavior among older adults,
regardless of their health literacy level, habit strength, and
socio-demographic characteristics.
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