1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

o WATIG,

HE

M 'NS;))\

D)

NS

NIH Public Access

Author Manuscript

Published in final edited form as:
Am JHealth Behav. 2010 ; 34(6): 764—-775.

The Long and Winding Road to Physical Activity Maintenance

A. Lauren Crain, PhD[Research Investigator],
952-967-5354, HealthPartners Research Foundation, Mail Stop 21111R, PO Box 1524,
Minneapolis, MN 55440-1524, fax: 952-967-5022

Brian C. Martinson, PhD[Senior Research Investigator],
952-967-5021, HealthPartners Research Foundation, Mail Stop 21111R, PO Box 1524,
Minneapolis, MN 55440-1524, fax: 952-967-5022

Nancy E. Sherwood, PhD[Senior Research Investigator], and
952-967-7303, HealthPartners Research Foundation, Mail Stop 21111R, PO Box 1524,
Minneapolis, MN 55440-1524, fax: 952-967-5022

Patrick J. O’Connor, MD MPHI[Senior Clinical Investigator]
952-967-5034, HealthPartners Research Foundation, Mail Stop 21111R, PO Box 1524,
Minneapolis, MN 55440-1524, fax: 952-967-5022

A. Lauren Crain: Lauren.A.Crain@HealthPartners.Com; Brian C. Martinson: Brian.C.Martinson@HealthPartners.Com;
Nancy E. Sherwood: Nancy.E.Sherwood@HealthPartners.Com; Patrick J. O’Connor:
Patrick.J.Oconnor@HealthPartners.Com

Abstract

Objectives—To build upon state-of-the art theory and empirical data to estimate the strength of
multiple mediators of the efficacious Keep Active Minnesota (KAM) physical activity (PA)
maintenance intervention.

Methods—The total, direct, and indirect effects through which KAM helped randomized
participants (KAM n=523; UC n=526) maintain moderate or vigorous PA (MVPA) for up to 2
years were estimated using structural equation modeling.

Results—Multiple mediators explained half (p=.052, P=.13) of the effect of KAM on MVPA
(B=.105, P=.004). Self-efficacy was the upstream variable in 2 endogenously mediated effects, and
the self-concept mediator emerged as the strongest predictor of MVPA.

Conclusions—KAM positively impacted self-efficacy, which was associated with PA
enjoyment, integration into the self-concept, and PA maintenance. Successful long-term PA
maintenance appears to be influenced by multiple small interrelated mediational pathways. Future
research evaluating maintenance models should specify recursive relationships among mediators
and outcomes.
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INTRODUCTION

It is well established that regular physical activity (PA) of at least moderate intensity has
positive effects on the healthl=6 and well-being of mid-life and older adults.”~19 Yet, unless
PA is maintained long-term, many of these benefits do not persist. Thus, attempts to increase
population levels of PA face a 2-fold challenge: first, to encourage and facilitate the
initiation of regular PA among the sedentary and, second, to assist individuals in developing
and maintaining a habit of PA once they have begun.11

Interventions that are effective in helping people both initiate and maintain health-promoting
levels of PA are needed to successfully increase population levels of PA. To maximize the
health impact of such interventions, it is useful to know which work, but added value inheres
in understanding why they work. A compelling argument has been made for the importance
of adopting a mediating variable framework to systematically incorporate the role of theory
in PA initiation interventions and for identifying the most efficacious intervention
components, so that we can cost-effectively design and implement behavioral
interventions.12-15 Also important is an understanding of the processes involved in
maintaining PA so that there are effective interventions appropriate to individuals at
differing points in their behavioral change process.16

In the spirit of identifying cost-effective interventions for PA adoption, a small but growing
body of literature has used increasingly sophisticated methodological tools to better
articulate some of the moderators or mediators of PA intervention efficacy.1319.17-22 The
predominant focus has been on the examination of mediators of PA initiation with less
emphasis placed on the mediators of PA maintenance.16:23-27 |n response to the increasing
recognition of the importance of developing and understanding strategies to achieve long-
term maintenance of behavior change, the present work attempts to build upon state-of-the
art theory and empirical data regarding PA mediators23 to identify and estimate the strength
of multiple mediational pathways of PA maintenance.

Examination of this literature suggests that psychosocial variables derived from social
cognitive theory (eg, self-efficacy) and the transtheoretical model (eg, behavioral processes
of change) are important mediators of physical activity. Previously identified mediators of
the effects of PA interventions on PA outcomes include home access to PA equipment,16
self-efficacy,17:18.28.29 social support,18:30 enjoyment of PA,3! behavioral and cognitive
processes of change,15:28:32 and decisional balance,32 with the most consistently observed
mediator being self-efficacy.

The factors promoting behavior-change initiation may differ from those that promote their
maintenance.23 For example, Rothman33 has suggested that decisions regarding behavioral
initiation depend on favorable expectations regarding future outcomes, whereas decisions
regarding behavioral maintenance depend on perceived satisfaction with received outcomes.
Consistent with this argument, PA adherence has been found to be predicted by realization
of psychological and fitness benefits.17:34

Based on the assertion that what predicts the adoption of PA may differ from what predicts
PA maintenance, Nigg et al have recently proposed a theory of PA maintenance (PAM).23
The PAM posits that interventions aimed at long-term maintenance of PA would be
expected to function largely through psychosocial variables grouped under the 3 headings of
goal-setting, motivation, and self-efficacy. Moreover, these factors are theorized to be
integral to PA maintenance, as well as being interrelated and having reciprocal effects. A
recent empirical demonstration of such interrelatedness has been provided by Dishman et al,
who documented an indirect effect of self-efficacy on PA adoption operating through self-
management strategies.3> The PAM framework also recognizes that these interrelated
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psychosocial processes occur within the larger context of the PA environment on one hand
(which may either facilitate or inhibit sustained PA) and ever-present life stressors on the
other (which often negatively affect the setting and achievement of life goals, including
sustained PA).

To date, theories regarding mediators of PA maintenance and potential differences between
mediators of initiation and maintenance remain largely untested. It may not be feasible, for
example, to incorporate a long-term maintenance component into initiation trials, given their
focus and limited duration. Although formal mediational analyses of PA maintenance are
not readily found in the literature, a number of studies have examined predictors of PA
maintenance, typically following participation in a PA initiation program. Bock et al
reported that baseline smoking status, perceived benefits of PA, and endorsement of
processes of change were predictive of PA maintenance at 12 months.36 Additionally, use of
behavioral and cognitive processes of change, more positive mood, higher self-efficacy, and
lower perceived barriers to PA at the end of the 6-month initiation intervention were
predictive of 12-month PA maintenance. In a recent home-based PA intervention among 205
sedentary adults, Williams et al explored differences in predictors of initiation and
maintenance of PA, finding that although access to home-based PA equipment was
predictive of PA adoption, maintenance of PA at 12 months was predicted only by self-
efficacy and perceived satisfaction.18 In the study with the longest follow-up period,
McAuley et al reported that older adults with higher self-efficacy following completion of a
6-month intervention were more likely to report higher levels of PA 18 months
postintervention and that higher levels of PA, more positive affect, and higher self-efficacy
at this interim time point were predictive of higher levels of PA at 5-year follow-up.24 These
interventions, geared toward PA initiation, demonstrate that factors (eg, self-efficacy)
supporting initiation may also be integral to PA maintenance and that extant theorizing on
mediators of maintenance shows promise (eg, satisfaction, self-efficacy). The development
and estimation of formal mediational models of PA maintenance can build upon the
information regarding predictors of PA maintenance provided by these studies.

A direct approach for theory development with respect to PA maintenance is to examine
mediational processes in the context of an intervention program that explicitly targets PA
maintenance.23 Keep Active Minnesota (KAM) tested a PA maintenance intervention
among active 50- to 70-year-old adults whose baseline level of activity represented an
increase within the previous year.11:37-38 Participants randomized into the KAM
intervention were offered an interactive telephone and mail-based PA support program. In
addition to assessing PA level at 6, 12, and 24 months after randomization, we assessed
multiple theoretically grounded mediators of PA maintenance at each time point. KAM was
successful in helping adults maintain their PA level across the study period, providing the
opportunity to explore potential pathways through which the intervention was effective.

Because this work represented an initial attempt to identify mediators of PA maintenance
and quantify their relative importance, we measured constructs that had been shown
previously to mediate behavior initiation or maintenance, that had been theorized to be
relevant to PA maintenance, or that were explicitly emphasized in the content of the
intervention. An inclusive approach made it possible to assess whether empirically
demonstrated mediators of initiation also play a role in the context of maintenance. The
mediators considered important to this work included self-efficacy for exercise,17:18:28.29
barriers to exercise,32 enjoyment of exercise,3! incorporation of PA into the self-
concept,3%-41 and social support received from family and from friends.18:30 Self-efficacy
was included because there has been consistent empirical evidence that it is related to PA
initiation17:18.28.29 and has been argued to be theoretically related to PA maintenance.23
Moreover, the KAM intervention focused on both increasing self-efficacy and identifying
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possible solutions to known barriers to PA, which itself has been considered a key potential
factor for maintaining health-promoting behavior, particularly among older adults.1742-45
Satisfaction with the outcomes of a behavior is thought to be integral to its maintenance.17:34
Enjoyment of PA was considered a potential mediator of maintenance because, like
satisfaction, it taps into how much people positively evaluate PA that has been initiated,31:33
We speculated that there would be no single mediator uniquely associated with PA and, in
fact, that a chain of mediational processes might best explain long-term maintenance.
Assessing multiple mediators in a large sample enabled these goals to be met.

We propose that the mediators under study here are components of a process whereby over
time, an individual’s self-concept is modified to incorporate the notion of being a physically
active person. Specifically, we propose that through even modestly sustained physical
activity and belief that one has the ability to continue engaging in physical activity (self-
efficacy), being a physically active person becomes an important part of one’s self-concept.
Activity becomes less about “what one does” and more about “who one is.”

The goals of this exploratory process were to identify significant factors that mediated the
efficacy of a phone-based intervention on PA and simultaneously estimate the relative
strength of multiple indirect pathways through these constructs to increased PA. The KAM
intervention focused on improving self-efficacy through cognitive, behavioral, and
environmental strategies. As such, the most immediate effect of KAM should be on self-
efficacy (path a; in Figure 1). Heightened self-efficacy should reduce the extent to which
participants allowed common barriers to prevent them from being physically active (ag) and
promote the incorporation of activity into the self-concept (a7), in addition to the direct
impact of KAM on these mediators (a,, ag). We also speculated that KAM participants
would more frequently take advantage of social support from family (a4) and friends (as)
once such support was offered. Each of the mediators was expected to be predictive of
MVPA (b4 through bs).

METHODS
Participant Eligibility and Recruitment

This study protocol was reviewed and approved by the HealthPartners Research Foundation
Institutional Review Board; moreover, the study was conducted among 50-to 70-year-old
members recruited from one large managed-care organization in the Minneapolis/St. Paul
metropolitan area. Participants were recruited over 15 months beginning in September 2004
by means of direct mail to potentially eligible health plan members and supplemented with
study advertisements in health plan communications.

We used health plan records and self-report to assess eligibility criteria. Participants were
eligible if they were 50 to 70 years old, self-reported that they had increased their activity
over the previous year and that they were accumulating an average of at least 30 minutes of
moderate to vigorous PA at least 2 days per week over the previous 4 weeks, had no
comorbidities that would preclude engaging in moderate to vigorous PA, and were enrolled
in the health plan for 11 of the past 12 months to allow assessment of their health records to
confirm the absence of significant comorbidities.

Eligible members who consented to participate in the study (N=1049) were randomly
assigned to the KAM intervention or to a usual care group (UC). All participants self-
reported their PA levels at baseline prior to being informed of their randomization
assignment and again 6, 12, and 24 months postrandomization so that PA, expressed as
weekly kcal expenditure, could be assessed over the 2 years following randomization. The
targeted sample size of n=500 per arm was based on that needed to adequately power the
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primary efficacy analyses. A KAM-by-time interaction with between-groups differences of
Cohen’s d=.00 at baseline and d=.25 at 24 months was predicted. Additional detail regarding
the target population, eligibility assessment, recruitment, and study design may be found in
previous publications.11:37

KAM Intervention—Participants randomized into KAM were offered an interactive
telephone- and mail-based physical activity support program that was developed by this
study team and based primarily on principles of Bandura’s social cognitive theory#647 and
relapse prevention theory.*8 The core component of KAM included 7 phone-based sessions
with an activity coach with background in exercise science and training in behavior-change
theory. Coaching-session content focused on self-management, using cognitive, behavioral,
and environmental strategies, with particular emphasis on enhancing self-efficacy through
identification of PA barriers and problem solving to prevent and/or recover from relapse.
These core sessions were followed by monthly check-in calls for the remainder of the first
12 months and bimonthly calls during the second year of study participation and
supplemented with motivational challenges, 4 optional group sessions, and a physical
activity resource lending library. Additional detail about the KAM intervention may be
found in a previously published paper.38

Measures—Randomization to KAM (n=523) or UC (n=526) was the predictor in these
analyses. Outcomes and mediators were measured during telephone interviews with
participants prior to, and 6, 12, and 24 months after, randomization. The latent outcomes and
mediators were constructed from the common variance across the 6-, 12-, and 24-month
composites and scaled so that higher values represented more of the measured construct.

The intervention efficacy outcome measure was kilocalories expended per week on
moderate and vigorous activities (MVPA) at 6, 12, and 24 months. MVVPA was computed
using the CHAMPS instrument, designed for use in adult populations such as this one to
assess the self-reported frequency and duration of a range of common activities and convert
these reports into weekly kcal expenditure.*

Six constructs hypothesized to function as mediators were each measured 6, 12, and 24
months postrandomization. The self-efficacy composite consisted of participant ratings of
their confidence on a scale from 0 to 100% that they could continue being active even if
each of 12 common barriers to physical activity (eg, bad weather, vacation, schedule
conflict) was present.59 The mean of the 12 ratings was divided by a constant, 20, so that the
0-100 scale would more closely approximate the 5-point range of other mediators. The
internal consistency of the self-efficacy measures ranged from 0=.88 (6, 12m) to 0=.90
(24m) in this sample.

To measure barriers to physical activity, participants rated how true it was (1=not at all true,
5= very true for me) that each of 21 barriers had made regular exercise more difficult in the
previous 6 months (eg, | have difficulty exercising when | get busy; | have difficulty
figuring out how to fit exercise into my daily life; | have difficulty exercising when | just
want to relax and enjoy myself).51 In contrast to the perceived likelihood that they could be
active in the future (self-efficacy), the barriers composite assessed how often situational
adversity had in fact prevented participants from being active. A composite barriers score
was calculated at each time point as the mean of the 21 ratings with internal consistencies
ranging from a=.90 (6m, 12m) to a=.91 (24m).

Four items were included in each survey to assess how much enjoyment participants derived

from being physically active.52 Each item (eg, | enjoy being physically active; being
physically active is very pleasant) was rated on a 5-point scale (1=not at all true, 5= very
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true for me), and the mean of the ratings was taken at each time point. Internal consistencies
ranged from a=.90 (12m) to ¢=.91 (6m, 24m).

Participants also reported on the extent to which being physically active was incorporated
into the self-concept using an adaptation of the Athletic Identity Measurement Scale.>3 Five
(eg, Physical activity is an important part of my life; other people see me as a physically
active person) of the original 10 items were rated on a 5-point scale (1=not at all true, 5=
very true for me) and averaged into a single score at each time point. Internal consistencies
ranged from a=.86 (6m) to 0=.88 (24m).

Two scales were included to measure perceptions of how often in the past 6 months
participants had received social support for being physically active from family or others
living in the household or from friends or acquaintances.>* Each of the 10 supportive
behaviors (eg, exercised with me, helped plan activities around my exercise) was rated on a
5-point scale (1=none, 2=rarely, 3=a few times, 4=often, 5=very often) twice, once in
reference to family and once to friends. Responses to the family items were averaged into a
measure of family support at each time point (o=.82 at 6m, 12m to a=.84 at 24m) whereas
the friends items were averaged into a measure of friend support (a=.83)

Analysis Plan

A structural equation model was estimated using all available observations from all
participants. Latent mediator and MVPA factors were estimated as the common variance in
the 6-, 12-, and 24-month composites for each construct; and structural relationships
between KAM participation, mediators, and MVPA were specified. Most pertinent to our
conceptualization of the mechanisms by which KAM maintains MVVPA were the multiply
mediated indirect effects of KAM on MVPA. Standardized path coefficients were estimated
using maximum likelihood estimation, and an excellent fit of the specified model to the raw
covariance matrix would be obtained if the comparative fit index (CFI) > .95, root mean
square error of approximation (RMSEA) < .05, and the model ¥2/df < 2.55 All analyses were
carried out using Mplus 5.0 software.%8

The measurement model specified one manifest variable (KAM), 5 latent mediators, and one
latent outcome (MVPA). KAM was a binary indicator measured without error of whether
the participant was randomly assigned to KAM (KAM=1) or UC (KAM=0). Separate latent
factors representing self-efficacy, barriers, family support, and friends support were each
indicated by the composites measured for each construct at 6, 12, and 24 months For
example, the self-efficacy factor was the shared variance of self-efficacy composites
measured at 6, 12, and 24 months. Because the enjoyment and self-concept latent factors
were correlated at .89, a single latent factor, self-concept/enjoyment, was the common
variance in the 3 enjoyment and 3 self-concept composites. The MVPA latent factor was
constructed from the 6-, 12-, and 24-month MVPA kcal expenditure composites.
Correlations across the 5 latent mediators and between mediators measured at the same point
in time (eg, barriers at 6m with enjoyment at 6m) were freely estimated to account for
covariance in these measures arising from contemporaneous measurement that was
independent of the structural relationships.

The structural model specified that paths be estimated from KAM to each of the 5 mediators
(self-efficacy aq, barriers ay, self-concept/enjoyment ag, family support a4, friend support
as); from self-efficacy to barriers (ag) and to self-concept/enjoyment (a7); from each
mediator to MVPA (self-efficacy by, barriers by, self-concept/enjoyment b, family support
by, friend support bs); and from KAM to MVPA (c and ¢’). The a and ¢ paths thus estimate
between-groups differences in the latent mediator and outcome factors indicated by the 6-,
12-, and 24-month composites. The ¢ path estimated the direct effect of KAM on MVPA
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whereas ¢’ estimated the residual direct effect once the hypothesized mediational effects
were estimated. The mediation effects estimated by the az-b, and as-bs assessed whether
KAM increased the extent to which participants relied on the social support offered by
friends and family that helped them maintain PA. The endogenous mediation effects
estimated by aj-ag-b, and a;-az-bs assessed whether KAM increased perceptions of self-
efficacy; which in turn was related to reducing perceived barriers to exercise or to
incorporating activity and its enjoyment into the self-concept; and fewer barriers and activity
being more central to the self-concept predictive of increased activity.

The participants were on average about 57 years old (M=57.1, SD=5.1) and tended to be
female (72.4%), non-Hispanic white (93.0%), and overweight (Mg = 27.6, SD=5.4).
KAM participants relative to UC participants were less likely to be non- Hispanic white
(91.0% vs 94.9%, P<.05), with no other significant between-groups differences in
demographic characteristics. In general, there was excellent fidelity to the intervention as
well as study retention. Eighty-two percent of the participants randomized to the KAM
intervention completed the core components of the intervention, and 92-94% of the
randomized participants completed follow-up surveys at 6, 12, or 24 months. A more
detailed description of study participants and the KAM consort diagram are provided
elsewhere 1138

In the measurement model, the indicators for each construct loaded strongly on the intended
latent factor, without any estimated cross-loadings, and were consistent over time. The
median magnitude of correlations among the mediating latent factors was —.12 (barriers
with social support from family) and ranged from .07 (self-efficacy with social support from
family) to —.40 (barriers with self-concept/enjoyment). The means and standard deviations
of the measured variables are shown in Table 1, and a table of correlations among the
measured variables and factor loadings of each indicator is available from the first author.

Prior to estimating the mediated relationships between KAM and MVPA, there was a
significant positive effect of KAM on MVPA, B =.105, z=2.90, P=.004. On average, KAM
participants expended about .10 SD, or about 190, more kcal per week on moderate and
vigorous activities over the 2-year follow-up period than did UC participants. Once the
indirect effects were added, the estimated structural model was an excellent representation
of the covariances among the measured variables, y2(141)=282.11, y2/df=2.0, CF1=.98,
RMSEA=.031, R-square =.198. The direct KAM-MVPA relationship was no longer
significant, and the strength of the standardized path coefficient was reduced by about 50%,
Ber =.052, z=1.52, P =.13. This difference suggests that about half of the efficacy of KAM in
helping participants maintain PA may be attributed to the mediated KAM-MVPA
relationships.

Table 2 displays how the total indirect effect is partitioned into the specific indirect effects
that were estimated in the structural model. The total indirect effect of KAM on MVPA by
way of the mediators was significant, total p=.050, z=3.23, P <.001. The significance (ie, p/
se > 1.96) of all but one of the structural KAM-mediator (a+) paths, and all of the mediator-
MVPA paths (b+), demonstrates that being a KAM participant positively impacted
constructs that are predictive of physical activity (see Figure 1). However, none of the singly
mediated indirect effects, and only one of the multiply mediated indirect effects, was
significant once the combined effects of the a«and b= paths were considered. The one
significant indirect effect, Ba1- a7-b3 =.009, z=1.99, P<.05, showed that KAM significantly
increased self-efficacy (B, =.088, z=2.57, P=.01), self-efficacy was positively related to
physical activity enjoyment and self-concept (B,7=.583, z=22.80, P<.001), and a stronger
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self-concept as a physically active person predicted more physical activity (Bp3 =.174,
z=3.19, P=.001).

DISCUSSION

The goal of these analyses was to build upon state-of-the art theory and empirical data
regarding physical activity maintenance by testing mediational models of physical activity
maintenance using data from the KAM physical activity maintenance trial, one of the few
trials to date specifically focused on maintenance. Self-efficacy and the enjoyment and
incorporation of activity into the self-concept emerged as key mediators of KAM on PA
maintenance. Self-efficacy was the upstream variable in 2 endogenously mediated effects,
through perceived barriers to PA and incorporation of PA into the self-concept. The self-
concept/enjoyment mediator emerged as the strongest predictor of PA and was thus figural
in 2 indirect effects (ie, KAM — self-concept/enjoyment - MVPA; KAM - self-efficacy —
self-concept/enjoyment — MVVPA).

The role of self-efficacy in PA initiation is well documented, and it may have promoted PA
maintenance in much the same manner as it promotes initiation. We assert that the KAM
intervention enhanced self-efficacy by encouraging participants to identify ways to use
multiple available resources, such as social support and their own problem-solving skills, to
prevent relapse. Employing these strategies may have helped participants maintain short-
term PA by successfully anticipating and preventing relapse, or by re-initiating activity after
a brief relapse or reduction in activity.

We speculate that the enjoyment of activity and its integration into the self-concept may
serve a function that is more specific to PA maintenance and has not, to date, received as
much empirical attention in this literature. Several psychological processes could explain
why engaging in PA could increase the likelihood that participants transitioned from
thinking about PA as a behavior that they do — in which case the extrinsic costs, benefits,
and barriers are more likely to exert influence on the likelihood of doing the behavior — to
perceiving themselves as physically active people who enjoy being active. This transition
may mean that the benefits of PA are more likely to be intrinsic23:3341 and that engaging in
PA says something about who they are. As an example, more frequent activity may have
become a more salient piece of self-relevant information and included in the working self-
concept; or the implications of repeated PA may have been internalized to bring about
perceptions of consistency between behavior and the self-concept particularly if there is an
interpersonal component of having engaged in the behavior, such as relying on a social
network to support PA, having a workout buddy; or discussing plans for PA with an activity
coach. Once incorporated, the self-concept may perpetuate long-term PA through well-
documented processes such as dissonance or self-discrepancy reduction or self-verification.
There is modest evidence that the relationship between intention to exercise and number of
bouts of exercise is stronger among people for whom exercise is self-descriptive and
important®” and that self-engagement predicts intentions to engage in healthful behaviors.>8

These analyses highlight self-efficacy, self-concept integration, and enjoyment of PA as key
candidates for further research on PA maintenance. Integration of PA into the self-concept
and enjoyment of PA were not empirically distinct in these data, possibly due to the
likelihood that people enjoy behaviors that reinforce a valued aspect of the self-concept.
Future research would benefit from disentangling these empirically related but conceptually
distinct factors. Perceived barriers to PA were not directly affected by the KAM intervention
but, similar to previous work investigating the transition from PA initiation to maintenance,
played an intervening role in predicting MVVPA. Social support from family and social
support from friends were not especially strong performers in these analyses although future
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research should confirm or refute their relative importance to PA maintenance. The relative
importance of other constructs that have been studied in the PA initiation literature but were
not included here (eg, satisfaction, psychological and fitness benefits, goal setting,
motivation, self- management strategies) also warrant further attention.

The total indirect effect was statistically and practically significant. However, the facts that
only one of the 7 estimated indirect effects was statistically significant and that all of the
individual indirect effects were quite small demonstrate that appropriately incorporating the
multitude and timing of mechanisms that work in concert to promote PA maintenance may
require more complicated conceptual models than those that have been put forth to explain
PA initiation. We assert that PA maintenance be conceptualized as a process that includes a
multitude of small yet interrelated mediational pathways from behavior initiation to
maintenance. Thus, we propose that no single mediator or indirect effect is at the heart of
successful long-term maintenance and that effective maintenance models should capture
recursive relationships among mediators and outcomes.

The theoretical frameworks from which the KAM intervention was developed and the
literature that guided our selection of mediators explicitly address singly mediated pathways
(ie, intervention — mediator — outcome). For the purposes of explaining long-term
maintenance they can and should be expanded to accommodate multiple linkages between
intervention and outcomes, including those in which mediators and outcomes predict each
other over the course of time (eg, KAM intervention — t2 self-efficacy— t3 MVPA- t4 self-
concept—t5 MVPA).59.60 |_ikewise, the interrelationships among mediators should not be
overlooked as theories specific to activity maintenance are further developed and
empirically tested.23

KAM focused on helping participants engage in cognitions and behaviors conducive to PA.
If we consider that continued engagement in PA helps sustain the image of oneself as an
active individual, it seems just as plausible to posit that continued participation in activities
or perseveration on aspects of the self that are counterproductive or inconsistent with the
development and sustenance of an “active” self-concept may pose a threat to PA
maintenance. Thus, an alternative target for intervention might be to identify and address
specific components of self-concept that inhibit individuals from integrating PA into the
self-concept.

A limitation of the analytic approach lies in how repeated measures were incorporated into
the structural model. Each latent factor was constructed as the common variance in a
construct measured across 3 points in time, which effectively removed temporal order from
the mediator to MVPA structural paths (b1 — bs). This measurement approach makes it
impossible to assert temporality in the mediator-MVPA structural paths, only that the
mediators and MVPA are related, because the mediator and outcome factors are aggregates
of the 6-, 12-, and 24-month composites. At this relatively early stage of identifying
mediators important to PA maintenance, and in the absence of time-specific a priori
hypotheses to guide model specification, we determined that this limitation was acceptable.

We believe that these are some of the first empirical findings that bring integration of PA
into the self-concept to light as an important determinant of long-term PA maintenance.
These analyses provided empirical evidence to inform further development of conceptual
frameworks to explain long-term behavioral maintenance that incorporate complex
mediational paths between behavior initiation and long-term maintenance. Future empirical
work would be well served by a priori hypotheses that guide when multiple mediators and
outcomes are assessed, their placement relative to each other in a structural model, and the
personal characteristics that could moderate the hypothesized processes.
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Figure 1.
Standardized Structural Path Coefficients and Standard Errors for the Mediators of KAM
and Physical Activity

Am J Health Behav. Author manuscript; available in PMC 2012 April 4.



Page 14

Crain et al.

UONRZIWIOPURNSOd SYIUOIA #Z PUB ZT ‘9 pue auljaseq 1e sa)isodwo) WdAN PUe J0JRIPSIA 104 SUOIRIASQ PIepUBIS PUR UBaIA

NIH-PA Author Manuscript

082z €812 vS0C  OVBT  UBAN NV VdAW
20 €10 270 0.0  as

w79 197 X19C o9z wew  on

50 €10 €0 0L0  aS

9.2 0.2 2z §97 UedN WM  spualid ‘Woddng [eioog
08°0 L0 110 €0 as

el LBLT 80T ELT uween  on

100 8.0 110 1.0  as

62 162 162 2827 UedN WM  Apuwed ‘boddng feioog
06°0 80 €80 €80  QaS

w707 10y 0y Ty UeN  ON

5.0 €10 110 180 QS

6T7 9TV TV 80% UBN WM wawAofug as1o1axg
160 98°0 v80 ¥80  aS

e 8E LL8€ T8 gge uween  on

620 €10 90 8/0  aSs

00v  T0¥ 86'€ Y8 UBBN NV 1d39u02-J185
vL0 040 210 890  as

622 822 €€z 887 BN ON

99°0 890 690 690  4S

e 922 827  OvZ UBAN NV 9s1249x3 0] SIatlieg
160 160 £60 160  4S

«087C 887 «x0LC 08z N ON

68°0 980 880 /80  QaS

862 62 167 08Z U NV A3eoiyse-yjas
74 z 9 g

T alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Am J Health Behav. Author manuscript; available in PMC 2012 April 4.



Page 15

Crain et al.

100>d

F¥¥
‘70">d
*¥

'50">d
*

:uosiedwod DN SA NV

669T  ST9T  /TTZ  8¥8T QS
wWE06T  _ VE6T  geor  LISTZ wespy 0N
€60z  998T  99/T 8¥ST QS
vz zt 9 g

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Am J Health Behav. Author manuscript; available in PMC 2012 April 4.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Crain et al.

Partitioning the Total Effect of KAM on MVPA Into Direct, Indirect, and Singly and Multiply Mediated

Indirect Effects

Table 2

B

Total effect .105
Direct effect .052
Indirect effects .050
Singly and multiply mediated indirect effects
KAM-Self-efficacy-MVPA (a;—b,) .012
KAM-Barriers-MVPA (a,-by) —.004
KAM-Self-concept-MVPA (az—bs) .010
KAM-Family-MVPA (a;~by) .009
KAM-Friends-MVPA (as—bs) .006
KAM-Self-efficacy-Barriers-MVPA (a;- ag-b,) .009

KAM-Self-efficacy-Self-concept-MVPA (a;- a;-b3)  .009

se

.036
.034
.016

.007
.004
.006
.005
.004
.005
.004

2.90
1.52
3.23

1.69
—-0.99
1.75
171
1.42
1.65
1.99

.004
13
.001

.09
.32
.08
.09
.16
.10
.05
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