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Abstract

Background—Improved understanding of the mediators of physical activity (PA) interventions
could lead to improvements in theory and programs.

Purpose—To examine the 24-month mediating effects of psychosocial variables on PA and
cardiorespiratory fitness (CRF) outcomes in 878 initially sedentary adults aged 35-75
participating in the Activity Counseling Trial.

stritesk@mailbox.sc.edu.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Baruth et al. Page 2

Methods—~Participants were assigned to one of three intervention arms: physician advice,
assistance, or counseling. MacKinnon’s product of coefficients was used to test for longitudinal
and contemporaneous mediation.

Results—Changes in behavioral processes of change from baseline to 24 months significantly
mediated the relationship between the active intervention arms and improvements in PA and CRF
from baseline to 24 months in both men and women. None of the other psychosocial variables
tested met criteria for mediation.

Conclusions—Results indicate that behavioral interventions should incorporate methods to

encourage participants to use these behavioral strategies as they attempt to become more active.

Keywords
Behavior change; Exercise; RCT; Intervention; Physician counseling

Introduction

Progress has been made in developing more effective approaches to promoting physical
activity (PA) [1]; however, much less is known regarding how behavioral interventions work
[2]. As a result, there has been a call for research on mediating mechanisms [2]. A mediator
is an intervening variable that provides a possible explanation for the causal relationship
between an intervention and an outcome [3]. More specifically, mediators begin to open up
the “black box” of behavior change and provide explanations for why or how interventions
produce improvements in behavior, or fail to do so [4]. Behavioral interventions are typically
designed to change mediators that are implicitly or explicitly identified, but effects on
potential mediators are seldom examined. Investigating potential mediators may assist
researchers in understanding which variables are most important for increasing PA,
potentially leading to more effective and targeted interventions [5].

Although some researchers have criticized the transtheoretical model (TTM) [6-8], it has
been successfully used to understand behavior change [9]. A meta-analysis by Marshall and
Biddle [10] found support for the application of the TTM in predicting and explaining PA
behavior. This model proposes that individuals move through various stages as they attempt
to adopt and maintain PA (i.e., precontemplation, contemplation, preparation, action, and
maintenance) [11]. Three constructs are hypothesized to mediate the change process:
decisional balance, cognitive and behavioral processes of change, and self-efficacy [10]. A
number of studies have examined theoretical constructs from the TTM as mediators of PA
change, and findings have been mixed [5, 12-17].

Napolitano et al. [14] found that the behavioral processes of change mediated the
relationship between two types of tailored interventions (each compared to the control
group) and PA change, whereas self-efficacy, decisional balance, and the cognitive processes
did not. Calfas et al. [16] also found that the behavioral processes of change were significant
mediators of PA change in a primary care intervention, whereas self-efficacy and cognitive
processes of change were not. In another primary care intervention, Pinto et al. [15] found
that decisional balance and behavioral processes of change significantly mediated changes in

Ann Behav Med. Author manuscript; available in PMC 2020 April 09.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Baruth et al.

Methods

Page 3

PA at 6 weeks but not at 8 months. Self-efficacy and cognitive processes of change were not
significant mediators at either time point. Lewis et al. [12] found partial support for self-
efficacy and the behavioral processes of change as mediators of an individually tailored PA
intervention, but no support for decisional balance and the cognitive processes. Finally, two
interventions, one with breast cancer survivors [13] and the other with mothers enrolled in
the Women, Infant, and Child (WIC) Program [17], found no support for hypothesized TTM
constructs (cognitive and behavioral processes of change, decisional balance, and self-
efficacy) as mediators of PA change. Although the findings from these studies make it
difficult to make definitive conclusions as to which mediators may be most important for PA
change, the behavioral processes of change seem to be the most consistent mediator in the
available literature. Additional mediation analyses will allow researchers to compare results
with other studies, and help to understand the key factors that might explain why an
intervention improves PA. Further research on theoretical mediators of PA behavior change
is crucial for moving the PA intervention field forward [1].

Primary care settings are an appealing setting for PA interventions because of the potential
broad population reach and the perceived influence of medical practitioner advice on
individuals’ health information [18]. The Activity Counseling Trial (ACT) provides an
opportunity to conduct comprehensive mediation analyses in a large diverse sample. The
ACT was a multicenter randomized controlled trial that evaluated the efficacy of three levels
of primary care PA counseling, delivered over 2 years, in increasing and maintaining PA and
cardiorespiratory fitness (CRF) in sedentary adults [19, 20]. Because the transtheoretical
model (TTM) was used to develop and guide intervention strategies in the ACT, constructs
from the TTM were tested as mediators [9]. The purpose of this study was to examine the
mediating effects of psychosocial variables on PA and CRF outcomes in the ACT. Consistent
with the theoretical model and the design of the interventions themselves, we hypothesized
that changes in self-efficacy, decisional balance, and cognitive and behavioral processes of
change would mediate changes in PA and CRF.

A more detailed description of the ACT is provided elsewhere [19-21]. In brief, the ACT
compared the effects of three PA counseling interventions on PA and CRF over 24 months in
patients recruited from primary care settings. The interventions varied by level of counseling
intensity and resource requirements [20, 21]. The interventions were designed and powered
to test the research questions for men and women separately [20, 21]; therefore, mediation
analyses were conducted separately by gender. Participants were recruited over an 18-month
period from ten primary care facilities, involving 51 physicians, four physician assistants,
and one nurse practitioner [21]. The primary care facilities were affiliated with three clinical
centers: Stanford University, the University of Tennessee, and the Cooper Institute in
conjunction with the University of Texas Southwestern Medical Center. The ACT
coordinating center was Wake Forest University School of Medicine, and the project office
was the National Heart, Lung, and Blood Institute [21]. The ACT study was approved yearly
by each of the Institutional Review Boards from the clinical and coordinating centers.
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After baseline assessments, participants were randomly assigned to one of three treatment
arms: physician advice, assistance, and counseling [19]. With the exception of physician
advice, the intervention was delivered by ACT health educators [21]. All three arms were
given the same PA goals, based on the national recommendations of five or more days of 30
min or more of moderate intensity PA [22] or three or more days of 30 min of vigorous
intensity PA [23]. See Table 1 and King et al. [19] for a more detailed description of the
intervention components for each of the three intervention arms.

Demographic variables—~Participants were asked to report their age, gender, race,
current marital status, income, and highest grade of school completed [24].

Body mass index—Height to the nearest 1/10 cm and weight to the nearest 1/10 kg were
obtained by trained staff. To calculate body mass index (BMI), weight in kilograms (kg) was
divided by height in squared meters (m?2). Overweight was defined as a BMI of 25.0-29.9
kg/mZ2, and obese was defined as a BMI 0f=30.0 kg/m2.

Physical activity—PA was assessed as average energy expenditure per day (kcal/kg/day)
using the 7-day PA recall (PAR) [25, 26]. During a structured interview, participants were
asked to recall the amount of time spent in each 24-h period during the past 7 days in four
categories of activity intensity: sleep (1.0metabolic equivalent of tasks; METS), moderate
(3.0-5.0 METS), hard (5.1-6.9 METS), and very hard (=7.0 METS) [20, 21]. Hours of light
intensity activity (1.1-2.9 METS) were obtained by subtracting the sum of the other activity
categories from 24. The interviewers guided participants through the recall process day-by-
day (starting with the previous day and working backwards), by asking open-ended
questions, and using prompts and cues. The interviewer first asked about the participant’s
sleep (e.g., what time did you go to bed last night? What time did you get out of bed this
morning?), and then about all other physical activities of at least walking intensity
performed. Participants were asked to report the intensity and duration of each activity
performed throughout the day. To provide a frame of reference and thus assist with recall,
each day was segmented into morning, afternoon, and evening. To improve precision at each
time point, the 7-day PAR was administered twice, at least 7 days apart at baseline, 6 months
(once in person and once by telephone), and 24 months [20, 21]. The values from the two
interviews at each time point were averaged [21]. Interviewers administering the 7-day PAR
were trained to use a standardized protocol [21]. Skewness in the PAR data in the present
study was corrected with a square root transformation. The 7-day PAR is widely used, and
has been shown to be sensitive to change in PA interventions [27-29] and to have good
reliability and validity [26, 29-34].

Cardiorespiratory fithess—CRF was assessed by measuring maximal oxygen uptake
(VO, max, ml/kg/min) using a graded maximal exercise test on a treadmill. After
participants warmed-up with a brief walk at a 0% grade, the speed was increased until
steady-state heart rate of 60% of age-predicted maximum or a rating of 11-13 on the Borg
scale [35] of perceived exertion was maintained for 4 min [20, 21]. Then, treadmill grade
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was elevated 2% in 2-min stages until the RPE reached 17 or above; thereafter, increasing
the grade by 1% until the participant reached volitional fatigue or standard stopping criteria
[20, 21, 36].

Self-efficacy—Self-efficacy for overcoming barriers to regular PA (i.e., barriers efficacy)
was measured using the 14-item Stanford self-efficacy scale [37]. Using an 11-point scale
ranging from “I cannot do at all” to “certain that | can do,” participants were asked how
confident they were that they could be physically active under a variety of conditions over
the next 6 months (e.g., when tired, when feeling depressed, when on vacation, during bad
weather). Items were summed to obtain a barriers efficacy score. Performance self-efficacy,
which was developed for ACT [24] and was based on the self-efficacy construct [38], was
measured with five items. Using the same 11-point scale, participants were asked how
confident they were that at the present time they could walk at a fast pace without stopping
for different durations of time (e.g., 10, 20 min, etc.). Items were summed to obtain a
performance efficacy score. The barriers efficacy scale has been shown to have an internal
consistency of 0.92 and to be significantly correlated with PA [39]. The internal consistency
for the present study was 0.91 for barriers efficacy and 0.93 for performance self-efficacy.

Decisional balance—Decisional balance was assessed using a 12-item measure by
Marcus et al. [40]. Six items assessed pros to PA (e.g., | would feel less stressed if | was
regularly PA) and six items assessed cons to PA (e.g., | feel uncomfortable when | engage in
PA because | get out of breath and my heart beats very fast). Using a five-point scale ranging
from “not at all important” to “extremely important,” participants were asked to rate how
important each statement was in their decision concerning whether or not to be physically
active. Items were summed separately to obtain an overall “pros” and “cons” score.
Decisional balance has been shown to have good internal consistency (0.79 for pros, 0.95 for
cons) and has correlated significantly with the stage of change of PA [40]. The internal
consistency for the present study was 0.87 for the pros score and 0.73 for the cons score.

Processes of change—Cognitive and behavioral motivational processes of PA change
were assessed using the 20-item version of the Marcus et al. scale [41]. Using a five-point
scale ranging from “never” to “repeatedly,” participants were asked to rate the frequency of
experiences that could affect PA during the past month. Ten items were used to assess the
behavioral processes of change (enlisting social support, reward yourself, remind yourself,
commit yourself, substitute alternatives) and ten items were used to assess the cognitive
processes of change (comprehend the benefits, increase healthy alternatives, increase
knowledge, warnings of risk, care about the consequences). Items were summed to obtain a
behavioral process of change score and a cognitive process of change score. In addition to
overall indices, individual behavioral and cognitive processes were scored by summing the
two items used to measure each. The processes of change have been shown to have good
internal consistency (0.83) and to be correlated with stage of change (2=0.06-0.20 for
behavioral processes, 2= 0.11-0.45 for cognitive processes, p<.001 for all) [42]. The
internal consistency for the present study was 0.77 for the cognitive processes and 0.72 for
the behavioral processes. The internal consistencies for the individual cognitive processes
ranged from 0.43 to 0.84 and from 0.55 to 0.71 for the individual behavioral processes.
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Statistical Analyses

Results

Longitudinal (i.e., changes in mediators from baseline to 6 months and changes in PA and
CRF from 6 to 24 months) and contemporaneous (i.e., changes in mediators and changes in
PA and CRF from baseline to 24 months) mediation were examined separately. The two
active intervention arms, assistance and counseling, were combined and compared to the
advice arm because CRF in women at 24 months was significantly higher in both the
assistance and counseling groups than in the advice group, with no differences between the
counseling and advice groups (for men, all three arms showed increases over time).
Mediation analyses were conducted separately for men and women.

To test for mediation, MacKinnon’s product of coefficients test (ap) as used [43]. This test
consists of: (1) estimating the effect of the intervention on changes in each potential
mediator (a coefficient) by regressing the hypothesized mediator on intervention arm,
controlling for the mediator at baseline, (2) estimating the effect of changes in the mediator
on changes in the outcome (B coefficient) by regressing the outcome on the hypothesized
mediator, controlling for intervention arm, the outcome at the previous time point, and the
mediator at the previous time point(s), (3) calculating the product of coefficients by
multiplying the a and B coefficients (af), and (4) constructing asymmetric confidence limits
base on the distribution of the product using the PRODCLIN program [44]. Confidence
intervals that did not include zero were considered statistically significant. All models also
controlled for age, race/ethnicity, education level, BMI, and site (dummy coded).

Because multicollinearity may be present in a multiple mediator model, we first tested each
mediator separately in a single-mediator model. Next, multiple-mediator models were used
to (1) test the independent effects of those variables found to be significant in the single-
mediator models, and to (2) test for suppression effects in the single-mediator models (all
potential mediators were entered simultaneously to see if particular mediators suppressed the
effects of other mediators). Finally, to determine the extent of the mediated effect, the
percentage of the total effect mediated was calculated for each significant mediator by the
following equation: afl(af+c), where c is the direct effect of the intervention on the
outcome (PA or CRF) [45]. These analyses were conducted for changes in mediating
variables from baseline to 6 months and baseline to 24 months, and separately for each
outcome variable (PA and CRF from 6 to 24 months and baseline to 24 months) and gender.
Figure 1 depicts our hypothesized mediation model. Proc GLM was used to conduct all
mediation analyses (SAS version 9.2; SAS Institute, Cary, NC, USA).

More detailed results of the ACT have been published elsewhere [21]. Briefly, for women at
24 months, CRF was significantly higher in both the assistance and the counseling arms
compared to the advice arm. There were no significant differences in CRF between the
counseling and assistance arms. There were also no significant between arms differences in
reported total PA for women, which generally increased across all three arms. For men, there
were no significant between arm differences in CRF or in total PA at 24 months [21]. Men in
all three arms generally increased their fitness and PA across the 24-month period [21].
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Participants

As has been reported elsewhere [21], participants were 874 community-dwelling adults (395
women and 479 men), 35-75 years of age, without a history or evidence of coronary heart
disease who were patients of an ACT primary care provider and physically inactive. The
mean age of participants was 51.9+9.7 years for women and 51.4+ 9.6 year for men. Nearly
one third of the participants belonged to a minority racial/ethnic group, 56% were college
graduates, and more than 41% reported annual household incomes of $75,000 or more.

PA Mediation Results for Men

Table 2 shows the a and B coefficients, their standard errors, the ap estimate, and the
asymmetric confidence limits for changes in each potential mediator from baseline to 6 and
24 months for PA outcomes in men in the single and multiple mediator models. Changes in
hypothesized mediators from baseline to 6 months did not significantly mediate the
relationship between intervention group assignment and change in PA from baseline to 24
months (longitudinal mediation). However, changes in behavioral processes of change from
baseline to 24 months mediated the relationship between intervention group and PA at 24
months (contemporaneous mediation). More specifically, committing yourself and
substituting alternatives uniquely contributed to the significant relationship. The behavioral
processes of change mediated 28% of the total effect of the intervention on PA change.
Behavioral processes remained significant in the multiple-mediator model. Table 3
summarizes the significant findings (mediators, a, and B paths) for the baseline to 6 and 24
month mediators for the PA outcome in men in the single- and multiple-mediator models.

CRF Mediation Results for Men

Table 4 shows the a and B coefficients, their standard errors, the ap estimate, and the
asymmetric confidence limits for changes in each potential mediator from baseline to 6 and
24 months for CRF outcomes in men in the single and multiple mediator models. Changes in
hypothesized mediators from baseline to 6 months did not significantly mediate the
relationship between intervention group assignment and change in CRF from baseline to 24
months (longitudinal mediation). However, changes in behavioral processes of change from
baseline to 24 months mediated the relationship between intervention group and CRF at 24
months (contemporaneous mediation). More specifically, substituting alternatives uniquely
contributed to the significant relationship. The behavioral processes of change mediated
26% of the total effect of the intervention on CRF change. In the multiple mediator model,
the effect for behavioral processes of change was no longer significant, likely due to its
relationship with the cognitive processes (#=0.70) and pros of exercise (/=0.49) at 24
months. Table 5 summarizes the significant findings (mediators, a, and B paths) for the
baseline to 6 and 24 month mediators for the CRF outcome in men in the single and multiple
mediator models.

PA Mediation Results for Women

Table 6 shows the a and B coefficients, their standard errors, the ap estimate, and the
asymmetric confidence limits for changes in each potential mediator from baseline to 6 and
24 months for PA outcomes in women in the single and multiple mediator models. Changes
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in hypothesized mediators from baseline to 6 months did not significantly mediate the
relationship between intervention group assignment and change in PA from baseline to 24
months (longitudinal mediation). However, changes in behavioral processes of change from
baseline to 24 months mediated the relationship between intervention group and PA at 24
months (contemporaneous mediation). More specifically, substituting alternatives uniquely
contributed to the significant relationship. The behavioral processes of change mediated
43% of the total effect of the intervention on PA change. In the multiple mediator model, the
effect for behavioral processes of change was no longer significant, likely due to its
relationship with the cognitive processes (+=0.66), barriers self-efficacy (+=0.47), pros of
exercise (r=0.39), and performance self-efficacy (0.36) at 24 months. Table 7 summarizes
the significant findings (mediators, a, and p paths) for the baseline to 6 and 24 month
mediators for the PA outcome in women.

CRF Mediation Results for Women

Table 8 shows the a and B coefficients, their standard errors, the ap estimate, and the
asymmetric confidence limits for changes in each potential mediator from baseline to 6 and
24 months for CRF outcomes in women in the single and multiple mediator models.
Changes in hypothesized mediators from baseline to 6 months did not significantly mediate
the relationship between intervention group assignment and change in PA from baseline to
24 months (longitudinal mediation). However, changes in behavioral processes of change
from baseline to 24 months mediated the relationship between intervention group and CRF
at 24 months (contemporaneous mediation). More specifically, substituting alternatives
uniquely contributed to the significant relationship. The behavioral processes of change
mediated 22% of the total effect of the intervention on CRF change. In the multiple mediator
model, the effect for behavioral processes of change was no longer significant, again, likely
due to its relationship with the cognitive processes (r=0.66), barriers self-efficacy (= 0.47),
pros of exercise (/=0.39), and performance self-efficacy (0.36) at 24 months. Table 9
summarizes the significant findings (mediators, a, and B paths) for the baseline to 6 and 24
month mediators for the CRF outcome in women in the single and multiple mediator
models.

Multiple-mediator Models

The multiple-mediator models were conducted to examine suppression effects and
multicollinearity among the hypothesized mediators. Results from these models found no
evidence of significant suppression. However, there was multicollinearity among
hypothesized mediators in the contemporaneous mediator models, in both men and women
and for both outcomes. As mentioned above, some of the mediators at the 24 month time
point were highly correlated. Because of this, particularly for the behavioral processes of
change, variables found to be significant in the single-mediator models were no longer
significant when entered into a model simultaneously. These findings support our reasoning
for testing mediation in both singleand multiple-mediator models.
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Discussion

Theory-based interventions that assess specific mediating mechanisms have been
recommended because they can significantly advance our understanding of PA behavior
change [1-3]. Yet, relatively little is known regarding whether these interventions operate in
the way specified by the underlying theory or conceptual schema. Mediator analyses may
help to identify which variables and which theories are most effective for changing PA-
related behaviors. The present study examined the 6 and 24 month psychosocial mediators
of a 24-month primary care intervention aimed at increasing PA and CRF in men and
women. We found that changes in the hypothesized mediators from baseline to 6 months did
not significantly mediate the relationship between intervention group and PA or CRF change
from 6 to 24 months (i.e., longitudinal models). Changes in behavioral processes of change
from baseline to 24 months were found to be significant mediators of the relationship
between intervention group and changes in PA and CRF from baseline to 24 months in both
men and women (i.e., contemporaneous models).

We recognize that the lack of significant mediation found with the longitudinal models
prevents us from establishing causality [46]. Caution is needed when interpreting the results
from the contemporaneous models, as we cannot be certain that the intervention changed the
behavioral processes of change first, which in turn increased PA and CRF. However, we feel
that temporal precedence in our contemporaneous models can be justified empirically and
theoretically, as decisions about the relationship between the mediators and outcomes were
based on conceptual theory and prior empirical evidence [45]. Although longitudinal
mediation can provide causal information, it may not capture all mediational relationships.
The timing of measurements in mediation analyses is very important, as it is possible to miss
relationships if the timing of the measures differs from the timing of the mediated effects
[45, 47]. For example, it is possible that most of the change in mediators occurred between
baseline and 3 months, which led to increases in PA and CRF from 3 to 24 months. In this
case, contemporaneous mediational relationships may match the true temporal relationship
more closely, and thus be more accurate than the longitudinal mediation models [45]. The
lag between measures, particularly at time2 and time3 is quite lengthy (18 months); it is
possible that changes in mediating and outcome variables occurred during this time period,
but we were unable to capture them.

Mediation analyses allowed us to examine both the action theory (how the intervention
changes the mediator, a path) and the conceptual theory (how the mediating variable affects
the outcome variable, B path) aspects of the ACT intervention [48]. In cases where there is
nonsignificant mediation, these types of analyses help identify which aspect failed, which
may help improve future interventions. In examining the action theory aspect of the ACT,
the intervention successfully changed three of the targeted mediators in a manner consistent
with the TTM: pros of exercise (men only) and the cognitive (men only) and behavioral
processes of change. A consistent finding for both men and women was the significant
increase in the use of the behavioral processes of change, as measured at both 6 and 24
months. The consistent change in the behavioral processes of change across genders speaks
to the robustness of the intervention, which included one-onone counseling, interactive mail,
and for the counseling arm, telephone-based advice, in its ability to effectively teach
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participants how to use these processes in a manner that could produce meaningful changes.
The lack of intervention effects for the other targeted TTM constructs could be due to a
number of factors. For example, it is possible that the intervention components targeting
these constructs were not intensive enough or were not functioning as anticipated. It is also
possible that the intervention did change these constructs, but the measures used were not
reliable or valid enough to detect change for the targeted population [49]. Our findings are
consistent with other studies in that the intervention was able to successfully change certain
TTM constructs, but not others [12, 15, 16].

In examining the conceptual theory aspect of the ACT, changes in many of the hypothesized
mediators from baseline to 24 months were associated with changes in PA and CRF from
baseline to 24 months in both men and women. The TTM posits that individuals will
progress through the stages (and thus increase PA) when the pros of exercise increase and
the cons decrease (i.e., a positive decisional balance), there is greater use of the cognitive
(e.g., seeking out information about PA) and behavioral processes of change (e.g., rewarding
oneself for being physically active), and self-efficacy increases [9, 50]. Our findings support
the theoretical predictions of the TTM. Changes in the behavioral processes of change
seemed especially important again, as changes were consistently related to increases in both
outcomes for men and women. Changes in behavioral processes of change have been
associated with changes in physical activity in other mediation studies based on the TTM
[12, 14-16].

Despite significant a paths and p paths consistent with these theoretical models, mediation
was established only for behavioral processes of change (e.g., commit yourself, substitute
alternatives), and only in the less rigorous contemporaneous models. In the
contemporaneous models, behavioral processes of change emerged as a mediator for men
and women for both PA and CRF. This consistency across genders and outcomes points to
the importance and strength of this variable in its potential ability to successfully change PA-
related behaviors. The behavioral processes of change mediated 22-43% of the total effect
of the intervention on changes in PA in CRF. Although these effects may be meaningful in a
public health perspective (i.e., small changes can have large effects across a population),
caution should be used when interpreting these findings, as the effect of the intervention was
small and not statistically significant, with the exception of fitness in women.

The important role of the behavioral processes of change has been shown in several other
studies [12, 14-16], including two conducted in primary care settings. Calfas and colleagues
[16] examined whether a brief primary care PA intervention involving one behavioral
counseling session by physicians was successful in changing hypothesized mediators, and
whether changes in these mediators were associated with changes in PA at 6 weeks.
Although they did not conduct mediation analyses per se, they also found that the
intervention significantly increased behavioral processes of change, and changes in the
behavioral processes were associated with significant changes in various PA-related
outcomes [16]. Pinto et al. [15] examined similar relationships in a primary care PA
intervention of physician counseling. They found that the intervention had a significant
effect on behavioral processes of change at 6 weeks, and changes in behavioral processes
were related to motivational readiness for PA at 6 weeks. Interestingly, this relationship held
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at 6 weeks, but at 8 months it was non-significant, perhaps suggesting the early impacts of
changes in intervention-based mediators on PA behavior.

Lewis and colleagues reported in their review of PA interventions that behavioral processes
of change were the most consistently reported mediator of PA behavior change in
theoretically based PA interventions [5]. A recent study by Napolitano et al. found that
behavioral processes of change were the only significant mediator for two different types of
intervention arms (print and telephone separately compared to control) and PA at 6 months
[14]. Consistent with our findings, these intervention arms were able to change other
theoretical constructs (i.e., self-efficacy, decisional balance, and cognitive processes).
However, because changes in these variables did not result in changes in PA [14], criteria for
mediation were not met. Compared to Napolitano et al. [14], the missing links in the
mediation chain for the present study were in opposite paths, as we had many significant 8
paths (strong conceptual theory), but fewer significant a paths (weaker action theory). It
should be mentioned that Napolitano et al. [14] used a multiple mediator model; thus, it is
possible that the lack of significant p paths were influenced by multicollinearity.
Multicollinearity was an issue in our study, as significant p paths in the single-mediator
models were sometimes no longer significant in a multiple-mediator model. This was
particularly a problem for the behavioral processes of change, which were highly correlated
with other tested mediators. The discrepancies discussed here illustrate the inconsistencies in
mediator findings across PA intervention studies as described in the Lewis et al. [5] review.

The present findings, along with those reported in these other studies, suggest that
interventions should incorporate strategies that specifically aim to increase participants’ use
of behavioral processes of change such as encouraging participants to enlist social support,
reward themselves for being active, or substitute alternatives for being active instead of
sedentary. Although one may have expected the cognitive processes of change to act as
mediators of PA change given participants enrolled in the ACT were currently inactive,
research has shown that people use all ten processes when attempting to change PA behavior
[10]. It has also been hypothesized that cognitive processes may change when a person
decides to enroll in a PA intervention, which in theory would be before the actual start of the
intervention [5]. Both of these are plausible explanations for our findings.

The lack of other significant mediators is a bit perplexing. There are several possible
interpretations for these null findings. The “active” intervention arms (i.e., assistance and
counseling) did seem effective in changing the targeted constructs, but it also appears that
participants in the optimal standard care arm (i.e., physician advice) made changes in both
the targeted mediators and PA behaviors. The TTM was developed by observing how people
naturally and intentionally make behavioral changes (i.e., “self-help”) [9]. Therefore, it is
possible that certain constructs/mediators were changed by participants regardless of
intervention arm assignment. Brief structured advice by a physician might have yielded
changes in some of these constructs, particularly the cognitive variables. Although changes
in many of the targeted constructs (mediators) predicted changes in the PA/CRF outcomes,
mediation as evaluated in the current study (i.e., intervention group significantly affects
mediator which significantly affects outcome) was not shown for many of the constructs.
This may reflect the greater intervention intensity needed to produce improvements in
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processes sufficient to be linked to behavior changes. Alternatively, these results may reflect
shortcomings inherent in the specific methods we used in defining mediation, insufficient
statistical power for discerning such mediational effects, or other methodological
constraints. Furthermore, it is possible that some unmeasured variable (e.g., exercise
enjoyment) was changed by the intervention and subsequently produced changes in PA and
CRF.

This study had a number of strengths. CRF was assessed objectively for each participant
using a maximal treadmill test, while PA was assessed with a valid self-report measure that
was administered via a trained interviewer twice at each time point. All self-report measures
used to assess mediators were shown to be reliable, valid measures in other studies.
However, we do recognize the potential biases that accompany using any self-report
measure. Second, this study had a large enough sample size to conduct gender-specific
analyses. Third, the length of the intervention allowed us to examine changes across
mediators and outcome variables at multiple time periods (i.e., 6 and 24 months). A
limitation to our study was the sample, as they were predominantly White, generally highly
educated, and had fairly high income levels. Our study findings may not generalize to other
populations.

The present study contributes to the growing literature examining mediators of change in PA
interventions. Mediation analyses improve understanding of how effective the intervention
was in changing the targeted theoretical constructs and give insight into which constructs are
associated with the desired PA-related outcomes. The present findings support the
importance of targeting the behavioral processes of change, in both men and women, in PA
interventions. Although no other variables were found to be significant mediators, we are not
suggesting that behavioral processes should be the only variables targeted by PA
interventions. The current relatively small literature of PA mediators is inconclusive, and is
limited by sample sizes, analytic approaches, study duration, and inclusiveness of mediating
constructs. More research examining a variety of potential mediating theoretical constructs,
using appropriate statistical analyses, will assist in understanding which mediators are most
important for achieving desired outcomes and how mediators may vary by subpopulation. A
better understanding of the most important mediators will allow for more parsimonious
interventions, as researchers can eliminate components that target theoretical constructs that
are not as important for behavior change, and further emphasize those that do. Such
streamlined interventions may be easier to develop, implement, and disseminate.
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Intervening
Variable
M

Independent R Dependent
Variable e Variable
X T’ ¥

Single Mediator Regression Models
Longitudinal:

M months = 0X + Mpaseline
Y4 months = TX + BMe months + Mbasetine + Y6 months

Contemporaneous:
Moy months = 0X + Maseline
Y 24 months = T'X + BMa4 months + Mbascline + Ybaseline

Independent Variable (X): Assignment to assistance or counseling group compared to advice group

Intervening Variables (M): self-efficacy, decisional balance, cognitive processes of change, and
behavioral processes of change (each tested separately)

Dependent Variable (Y): PA or CRF (each tested separately  for each potential mediator)

Fig. 1.
Activity Counseling Trial hypothesized mediation model
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