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Abstract
The goal of this research is to utilize a transdisciplinary framework to guide the selection of
putative moderators of the effectiveness of an intervention to promote physical activity behavior
adoption and maintenance in the context of a randomized controlled intervention trial. Effective
interventions to increase physical activity are sorely needed, and one barrier to the identification
and development of such interventions is the lack of research targeted at understanding both the
mechanisms of intervention efficacy and for whom particular interventions are effective. The
purpose of this paper is to outline our transdisciplinary approach to understanding individual
differences in the effectiveness of a previously successful exercise promotion intervention. We
explain the rationale for and operationalization of our framework, characteristics of the study to
which we apply the framework, and planned analyses. By embracing a transdisciplinary
orientation for individual differences important in the prediction of physical activity (spanning
molecular approaches, animal models, human laboratory models, and social psychological
models), we hope to have a better understanding of characteristics of individuals that are important
in the adoption and maintenance of physical activity.
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It is well known that regular physical activity has enormous health benefits and that
sedentary lifestyle leads to increased morbidity and mortality (USDHHS, 2008). Yet an
astounding number of individuals remain sedentary (e.g., Pate et al., 1995; Penedo & Dahn,
2005). Recent reports show that less than half of U.S. adults self-report engaging in regular
leisure-time physical activity (Macera et al., 2005) while a study using accelerometer-
acquired data showed that less than 5% of adults met physical activity recommendation
guidelines (Troiano et al., 2008). The development of successful physical activity promotion
interventions is thus crucially important.

At the outset, we acknowledge that there are multiple levels that impinge on energy balance,
broadly defined, from individual difference factors to factors existing outside of the person
including real and perceived social support (Courneya, Plotnikoff, Hotz, & Birkett, 2000),
cultural norms (King, Toobert et al., 2006; King, Marcus et al., 2006), the built environment
(King, Marcus et al., 2006), the availability of and information about healthy food (Matson-
Koffman, Brownstein, Neiner, & Greaney, 2005), and the safety of neighborhoods (King,
Marcus et al., 2006; Foster & Giles-Corti, 2008) among many others. The examination of
each of these levels of influence will be crucial in the ultimate prediction of physical activity
as well as the development of interventions to increase physical activity, and a
multidisciplinary approach will be key to examining each of these levels in concert. While
transdisciplinary approaches to date often combine multiple levels of influence (e.g., Lytle,
2009; Satariano & McAuley, 2003), little research has focused on the interplay of disciplines
within a level, and this is a unique contribution of the transdisciplinary framework we have
proposed. To wit, we view our framework as a broad conceptualization of an approach to
individual difference factors important for the adoption and maintenance of physical activity
that crosses disciplines within the same level of influence.

There are exercise promotion interventions that successfully encourage initial adoption of
physical activity, but these effects are not universal, and the maintenance of regular physical
activity has proven difficult (Bock, Marcus, Pinto, & Forsyth, 2001; Marcus, Nigg, Riebe, &
Forsyth, 2000; Rothman, Baldwin, & Hertel, 2004). Thus, a better understanding of
individual characteristics that account for variability in both successful initial change from
sedentary to active lifestyle and the maintenance of an active lifestyle are important areas for
research. Such knowledge will facilitate the development of a variety of intervention
modalities that are targeted for optimal success. Our perspective, consistent with many in the
exercise promotion field (e.g., Marcus et al., 2006; Rosenfield, 1992) is that a full
understanding of the within-person determinants of physical activity behavior change and
maintenance requires a transdisciplinary approach. Put simply, changing and maintaining
physical activity requires consideration of the complex interplay among psychological,
behavioral, genetic, and physiological determinants and consequences of the behavior
(Dishman et al., 2006; Marcus et al., 2006).

The framework that guides our research is a transdisciplinary conceptualization of potential
relationships among genetic, physiological, and psychological factors and exercise behavior
(Bryan, Hutchison, Seals, & Allen, 2007), an approach suggested in recent editorials
regarding health psychology in general (e.g., Taylor, 2008) and reviews of the exercise
literature in particular (e.g., King, Bauman, & Abrams, 2002; Marcus et al., 2006). We
believe this framework is potentially applicable to both voluntary physical activity (e.g.,
purposeful activity meant to increase heart rate) as well as lifestyle activity (e.g., taking the
stairs, parking farther from the door). We view our framework (see Figure 1) not as a hard
and fast causal model, but as a comprehensive ordered clustering of domains that should be
implicated in tests of individual difference variables that may explain for whom a particular
intervention to increase physical activity is successful and who is able to maintain those
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successes. The purpose of this paper is to illustrate one potential utility of the framework by
explaining how it was used to guide the selection of putative moderators of the efficacy of
an intervention to increase physical activity.

A Transdisciplinary Framework
According to the transdisciplinary framework of Bryan et al. (2007), genetic factors (e.g.,
genes that influence pain tolerance or cardiopulmonary systems) influence both differential
physiological response to exercise (e.g., lactate concentration, temperature regulation) and
the subjective experience of exercise (e.g., affective response to exercise, perceived
exertion). The subjective experience of exercise is, in part, the psychological interpretation
of physiological changes to the body that occur during exercise (e.g., perceiving pain due to
lactate increase). In turn, the subjective experience of exercise influences motivation to
exercise (e.g., those who experience exercise as pleasurable will be more highly motivated
to do it again). This motivation is translated into future exercise behavior, and future
exercise behavior recapitulates the model, leading to changes in and improvements in
physiological responding.

This framework is meant to be flexible and dynamic with respect not only to the factors
included in the model, but in the direction of association between those factors. In fact, as a
result of recent findings in the literature and our own work, we have expanded and
reconceptualized our framework in order to more accurately capture the intended dynamic
structure. Our initial version focused on unidirectional influences; we have since added
bidirectional arrows to indicate the often complex interactions among physiological,
psychological, and genetic variables. For example, while many studies indicate that positive
affective responses to exercise lead to greater motivation (e.g., Bryan et al., 2007; Kwan &
Bryan, 2010a; Kwan & Bryan, 2010b) other studies show that this relationship can also
accrue in the opposite direction, i.e., that one’s motivations regarding exercise can influence
affective responses (e.g., Annesi, 2005). Our original version also conceptualized genes as
the sole exogenous variable. Given recent developments in the field of epigenetics, we now
allow for the possibility of effects of exercise behavior not only on physiological response,
but on gene expression (e.g., epigenetic effects via DNA methylation; Booth & Neufer,
2005).

The advantage of this type of multifaceted approach is its novelty, the incorporation of
multiple disciplines within the same level of influence, and the extent to which the focus is
on the overarching “big picture” of individual differences impinging on a complex behavior
(physical activity). Another strength of this approach is that there is no restriction on the
particular operationalization of the constructs in this framework. For example, we have
generally focused our own work on the motivation construct around the Theory of Planned
Behavior from the social psychological literature (Ajzen, 1991). But there are any number of
other conceptualizations that would also be subsumed under motivation, including quality of
motivation (e.g., self-regulation ability, intrinsic versus extrinsic motivation), motivations
specific to a behavioral outcome (e.g., the motivation to lose weight) or to achieve a
particular goal (e.g., the motivation to finish a 10K). As an example, the Health Action
Process Approach (HAPA; Schwarzer, 1999) emphasizes the role self-efficacy plays in
regulatory processes involved in exercise behavior. According to this approach, the amount
of effort invested in maintaining exercise is dependent upon self-efficacy: Individuals who
believe they will be successful will be more likely to anticipate possible obstacles and plan
how to overcome them whereas individuals who believe they will fail will give up in the
face of hardship.
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This definitional generality applies to each of the constructs in our framework, and as such it
is useful as a foundation for stimulating and encouraging innovative research. The
drawback, of course, is that such an approach cannot have the specificity or detail in any one
domain (i.e., there are entire review articles on the role of lactate, or on one particular facet
of affective response) of more narrow perspectives. Thus, we give a broad overview and
justification for the domains we have focused on as potentially important in understanding
the intra-individual determinants of response to an intervention to increase physical activity,
with the caveat that the individual moderators listed under each domain are not meant to be
exhaustive or inclusive. Finally, while this framework represents an hypothesized
meditational chain and we have tested these relationships in other work (e.g., Bryan et al.,
2007; Magnan et al., 2010), it is not this aspect we explore in the study presented here. The
goal of this study is to use our framework as a basis for the selection of potential moderators
of the effects of an intervention to increase physical activity. These are clearly two separate
issues, for while each of the variables exist in our transdisciplinary (meditational)
framework, it is possible that only a subset might exert a strong enough direct influence to
serve as moderators of intervention efficacy.

Genetic Factors
Research on the human genome is expanding exponentially, and there have been calls for
the addition of genetic data in studies of health behavior generally (e.g., Plomin, 1998;
Taylor, 2008) and physical activity behavior in particular (Dubbert, 2002; Dishman et al.,
2006; Marcus et al., 2006). We thus view genetic factors as the “core” of the
transdisciplinary framework from which, to some degree, all other constructs emanate.
Genetic factors appear to account for a considerable amount of the variance in daily exercise
behavior (e.g., Bouchard & Perusse, 1994; Eriksson, Rasmussen, & Tynelius, 2006), and our
position is that these genetic effects on behavior accrue not directly, but rather through their
influence on physiological and subjective responses to exercise. As mentioned, there is
emerging evidence that environmental and behavioral variables (e.g., exercise) can have a
profound regulatory influence on the expression of the genes via DNA methylation and
other epigenetic mechanisms (Booth & Neufer, 2005). Consistent with this work, the
updated framework allows for the possibility that exercise behavior influences gene
expression, as indicated by the path from exercise behavior to genetic factors.

Our pilot study (Bryan et al., 2007) focused on a single nucleotide polymorphism in the
Brain Derived Neurotrophic Factor (BDNF) gene as a putative genetic factor involved in
voluntary exercise. The BDNF gene was chosen due to evidence linking the neurotrophic
factor it codes for to exercise in animal models (e.g., Donovan et al., 2000; Adlard, Perreau,
& Cotman, 2005; Johnson & Mitchell, 2003; Olson, Eadie, Ernst, & Christie, 2006) and we
showed some support for the importance of this genetic factor and its association with
physiological and affective responses to exercise. As the BDNF gene is just one of many
genetic factors that influences exercise behavior, additional exploration is needed to expand
our knowledge of genetic impacts on physical activity. In addition, the field of genomics is
quickly moving beyond testing one or even a few loci at a time, and we are now conducting
genome wide analyses with up to 1 million genotypes per subject and examining the data
through multivariate approaches designed to capture groups of genetic markers that may be
important at various levels of this transdisciplinary framework (e.g., groups of single
nucleotide polymorphisms associated with temperature regulation or affective change in
response to exercise). The goal for the future is thus to find panels of markers that are
associated with a narrow phenotype of interest (e.g., affective response to exercise) as any
one particular gene is unlikely to account for substantial variance on its own (c.f.,
Hutchison, in press).
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Physiological Factors
Our framework suggests that variations in genetic composition and in prior exercise history
will influence the acute physiological effects of exercise on the body. Body temperature,
stress regulation (e.g., cortisol release), heart rate, and lactate production are examples of
mechanisms that might in turn influence acute subjective responses to exercise (e.g.,
Ekkekakis & Acevedo, 2006; Kiviniemi, Voss-Humke, & Seifert, 2007; Parfitt, Rose, &
Burgess, 2006). Consistent with our framework, our initial work showed that the BDNF
gene moderated the effect of exercise on heart rate and perceived exertion, and that
perceived exertion was then a significant predictor of acute affective response to exercise
(Bryan et al., 2007). In a more recent study we demonstrated that increases in blood lactate
levels during submaximal exercise resulted in less improvement in positive affect and that
larger increases in salivary cortisol during submaximal exercise were associated with less
reduction in negative affect (Kwan et al., unpublished data).

Subjective Experience of Exercise
While there are a multitude of variables that contribute to sustaining one’s motivation over
time, the positive or negative subjective experience of exercise—and in particular the acute
affective response—may be particularly important (Carels, Berger, & Darby, 2006;
Dishman, 1990; Kiviniemi, Voss-Humke, & Seifert, 2007; Lox, Martin, & Petruzzello,
2003). Affective responses to an acute bout of moderate intensity physical activity are a
common target for investigation in exercise psychology (Ekkekakis & Petruzzello, 1999;
Reed, 2005; Yeung, 1996), and have been explored as predictors of future exercise behavior
(e.g., Ekkekakis, Hall & Petruzzello, 2005; Wankel, 1993; Kwan & Bryan, 2010a; 2010b).
Because exercise, on average, leads to improvements in affect, it has been suggested that
participation in exercise could be self-reinforcing (e.g., Annesi, 2005). Consistent with this
logic, evidence suggests that more positive affective responses to exercise are related to
better adherence to exercise programs (Annesi, 2002, 2005; Hardy & Rejeski, 1989).
However, these effects are not universal; studies have shown that some people experience
no change or, worse, deterioration of affect during exercise, even at moderate intensity
(Ekkekakis et al., 2005; Parfitt et al., 2006; Van Landuyt, Ekkekakis, Hall & Petruzzello,
2000). These differences in immediate response are hypothesized to underlie differences in
motivation to exercise in the future.

Motivation
There are a multitude of potential operationalizations of motivation that would be consistent
with our framework, ranging from fundamental drives (e.g., to increase one’s mate value;
Caldwell 2009), to desire for intrinsic reward (e.g., to enjoy the feeling of exerting oneself;
Kilpatrick et al., 2005), to broad behavioral outcomes (e.g., exercising to lower one’s
cholesterol), to concrete goals (e.g., to run the Turkey Trot 5K on Thanksgiving). The basic
theoretical conceptualization we have appealed to in our initial work is based on the Theory
of Planned Behavior (TPB; Ajzen, 1991), which, while certainly not exhaustive or ideal, has
been extensively and successfully applied in the exercise domain (e.g., Hagger,
Chatzisarantis, & Biddle, 2002; Symons Downs & Hausenblas, 2005). The TPB asserts that
ones motivation to engage in a behavior is the result of intentions to engage in the behavior,
which is itself the result of positive attitudes towards, normative support for, and perceived
self-efficacy for the behavior. And increased motivation is, according to the TPB, the most
proximal determinant of behavior.

Use of the Framework in a Study of Physical Activity Behavior Change
As an example of one potential use for the transdisciplinary framework outlined by Bryan et
al. (2007), we recently completed an NCI-funded randomized controlled intervention trial in
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the Denver Metropolitan area comparing an exercise promotion intervention to a health and
wellness contact control. We refer to the study as Colorado STRIDE (COSTRIDE). Both the
exercise and health and wellness control interventions were developed by our collaborator
Bess Marcus and her colleagues (Bock et al., 2001; Marcus, Emmons et al., 1998; Marcus,
Bock et al., 1998; Marcus, Napolitano King et al., 2007; Marcus, Napolitano, Lewis et al.,
2007). Marcus and colleagues have developed an individually-tailored, print-based
intervention to increase physical activity behavior that has demonstrated effectiveness in
helping sedentary individuals to increase their levels of physical activity. The details of our
study and the characteristics of the baseline sample of participants are described elsewhere
(Magnan et al., 2010). In addition to replicating Marcus and colleagues’ study in a
demographically and geographically different area, our goal in this work was to understand
for whom the exercise promotion intervention is successful. We utilized this
transdisciplinary framework to guide our selection of genetic, physiological, and
psychological individual difference variables that might moderate the success of the
intervention for the initiation and maintenance of physical activity.

Study Design
The study sample consists of 238 participants who were recruited over the course of four
years from the Denver Metro area. Participants are relatively inactive (e.g., <90 minutes of
voluntary moderate intensity physical activity per week in the past three months), but
otherwise healthy men and women between the ages of 18 and 45. Final attrition was 23%
(181 of the original 238 successfully completed the 12-month follow-up) consistent with
similar exercise intervention studies (Yancey et al., 2006; Foreyt et al., 1993; Marcus, Bock
et al., 1998). Each participant completed the informed consent process, a VO2 max test
(Christou, Gentile, DeSouza, Seals, & Gates, 2005; Bryan et al., 2007), and submaximal
treadmill test (30 minutes at 65% of VO2 max) during three separate laboratory visits within
the first month of participating. Following the submaximal test, participants were
randomized into either the COSTRIDE exercise intervention or the health and wellness
(HW) contact control. Participants then came back to the clinic for two separate follow-up
visits at 6 and 12 months post-randomization. The intervention was delivered in the form of
direct mailings to participants’ homes, and the informational mailings for the two conditions
differ in content but are matched for frequency and quantity. Participants who were
randomized into the COSTRIDE exercise intervention received mailings with personally
tailored feedback based on responses to recent assessments. These mailings also contained
information on different topics related to exercise such as safety tips for exercising outdoors,
purchasing appropriate athletic shoes, and overcoming obstacles and barriers that hinder
physical activity behavior. Participants who were randomized into the HW condition did not
receive any personalized feedback but they did receive information related to general health
and wellness topics such as stress management, healthy diet, and improved sleep.

Selection and Operationalizations of Moderators
To assess genetic factors that might moderate intervention efficacy, saliva was collected for
DNA analyses at baseline and 12 months. The second sample was collected in order to
examine epigenetic changes (e.g., DNA methylation) that may covary with exercise
behavior. It is important to note, however, that whether or not methylation of DNA assessed
via saliva is indicative of or even associated with methylation in other structures in the body
(e.g., brain, muscle, etc.) is an empirical question. So this particular hypothesis represents an
innovative empirical question being asked in this research. A primary genetic factor of
interest is the BDNF single nucleotide polymorphism identified in our prior work, and we
have already shown that this genetic factor moderates the effectiveness of the intervention

Bryan et al. Page 6

Psychol Sport Exerc. Author manuscript; available in PMC 2012 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



on some psychological outcomes (e.g., depressive symptoms; Caldwell Hooper, Feldstein
Ewing, & Bryan, 2010).

A number of physiological response to exercise moderators were assessed during the
submaximal exercise session, and full details of the procedure for acquiring each of these
measures can be found in Magnan et al. (2010). To summarize briefly, we assessed blood
lactate response, heart rate response, temperature regulation response, and catecholamine
(epinephrine and norepinephrine) response. The blood borne assessments were collected via
an intravenous catheter inserted for the duration of the submaximal exercise session, and
samples were collected by a registered nurse before (11.5ml), at 10 minutes into the activity
(5.5ml) and at the conclusion of the activity (30 minutes; 11.5ml). Heart rate was acquired
via a commercially available heart rate monitor worn continuously throughout the bout, and
core temperature was acquired by taking the average of 2–3 tympanic temperature readings
before activity, three times during activity, and twice post-activity. We acknowledge that
tympanic thermometry is an imperfect assessment of core temperature (see Sato, Kane,
Gisolfi, Kondo, & Sato, 1996) but it was the most pragmatic for our context.

Physiological responses related to body temperature, catecholamine response, and lactate
production may be influential in acute affect changes after exercise and exercise behavior
itself. For example, increased body temperature is associated with increases in negative
affect (e.g., Petruzzello, Landers, & Salazar, 1993) and higher lactate concentration is
associated with greater perceived exertion and fatigue during exercise (Lagally et al., 2002).
Thus, we hypothesize that individuals who experience better temperature regulation, lower
levels of lactate production, and have better catecholamine regulation will be more likely to
maintain a moderate intensity physical activity regimen.

Subjective experience of exercise was assessed in a number of ways with assessments at six
points during the submaximal exercise session: five minutes prior to activity, immediately
before activity begins, 10, 20, and 30 minutes into activity, and five minutes post activity.
Affective response to exercise was measured with the Physical Activity Affect Scale
(PAAS; Lox, Jackson, Tuholski, Wasley, & Treasure, 2000), which includes 12 items
representing four subscales (positive affect, negative affect, exhaustion, and tranquility), the
Feelings Scale (Hardy & Rejeski, 1989) and the Felt Arousal Scale (Svebak & Murgatroyd,
1985), single-item measures of affective valence and arousal, respectively. Ratings of
perceived exertion (RPE) were measured with the commonly used Borg RPE scale (Borg,
1985). Pain sensitivity was assessed with an 11-point (0 = no pain at all to 10 = extremely
intense pain) single-item subjective measure reflecting an individual’s level of current pain
during exercise.

Increasing positive affect and decreasing negative affect is an often reported effect of acute
exercise (e.g., see reviews by Peluso & Guerra de Andrade, 2005 and Reed, 2005).
However, a positive affect increase is not universal – some individuals will experience no
change or even deterioration in affect (Ekkekakis et al., 2005; Parfitt et al., 2006; Van
Landuyt et al., 2000). There is some evidence to suggest that positive affect responses
during exercise result in regular exercise activity (Bryan, et al., 2007; Petruzzello, Hall, &
Ekkekakis, 2001). Thus, we hypothesize that individuals who experience more positive
affect during exercise and less perceived exertion will be more likely to maintain a moderate
intensity physical activity regimen.

Measures of motivation to exercise were assessed in questionnaire format administered at
baseline, 3, 6, 9, and 12 months. Behavioral beliefs representing attitudes towards exercise
were measured using the 18-item physical activity enjoyment scale (PACES; Kendzierski &
DeCarlo, 1991; sample items “I enjoy it” and “I hate it”, α=.91). Remaining motivational
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factors were drawn from our previous work (Bryan & Rocheleau, 2002; Bryan et al., 2007).
Social norms regarding exercise were measured with nine items (sample item “Most people
who are important to me think I should do aerobic exercise.” α=.86). Self-efficacy was
measured with nine items assessing confidence in one’s abilities to engage in aerobic
exercise (sample item “I feel confident that I could do many different kinds of aerobic
exercise.” α=.86). Intention to engage in aerobic exercise was measured with four items
assessing the perceived likelihood of exercise behavior in the next three months (e.g., “How
likely is it that you will go to a recreation center or a health club to do aerobic exercise in the
next three months?” α=.68).

Support for TPB in predicting exercise behavior has been established across populations
including older adults (e.g., Brenes, Strube, & Strandt, 1998), college students (e.g., Bryan
& Rocheleau, 2002) and pregnant women (Godin, 1993), to name a few. Additionally,
Bryan and Rocheleau (2002) found prospective relationships between TPB variables and
exercise behavior measured at a three-month assessment and in a multivariate prediction
model, and TPB variables accounted for 47% of variance in exercise intentions. Thus, we
hypothesize that more positive attitudes, higher self-efficacy, stronger normative support,
and stronger intentions will be associated with better maintenance of exercise behavior.

Exercise behavior was assessed via an interviewer administered measure (7-Day physical
activity recall (PAR); Blair et al., 1985) completed at baseline, 6 and 12 months. At
baseline, 3, 6, 9, and 12 months, we also assessed behavior with a set of three self-report
questions which have shown adequate reliability and validity in our prior work (e.g., Bryan
et al., 2007; Bryan & Rocheleau, 2002). Participants indicated how often they had engaged
in aerobic activity in the past three months (1 = never to 7 = often), the average number of
days per week they engaged in aerobic exercise over the past three months, and the number
of days in the past week they had engaged in aerobic exercise for at least 30 minutes.

Planned Analyses
This study essentially involves a one-factor between-subjects design, where assignment to
intervention condition is the sole manipulated between-subjects factor. Our plan is to
systematically explore the influence of genetic, physiological, subjective response, and
psychological variables consistent with our transdisciplinary framework as potential
moderators of the effectiveness of the intervention. These analyses will allow us to begin to
characterize the types of individuals who respond well to the individually-tailored print-
based intervention versus those for whom a different intervention modality may be
warranted. The primary analyses will involve a random coefficient regression (RCR)
approach (c.f., Cohen, Cohen, West, & Aiken, 2003) where intervention condition, time
(ranging from baseline to 12 months), and the moderator of interest serve as main effects,
and all possible interaction terms are explored. Of key interest will be the
condition×time×moderator effect where we will look for differential responsiveness over
time to the exercise versus health and wellness conditions, as a funtion of level of the
moderator. RCR is appropriate as it allows us to model the intercept and time factors as both
fixed and random effects, to account for individual variability in both exercise behavior at
baseline as well as trajectory of change in response to the intervention (Cohen et al., 2003).
Further, in contrast to more traditional repeated measures ANOVA approaches, RCR allows
us to retain the continuous nature of our moderators for optimal power (MacCallum, Zhang,
Preacher, & Rucker, 2002).

Summary
We hope that we have demonstrated the potential utility of our transdisciplinary framework
for the assessment of moderators of physical activity behavior adoption and maintenance.
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We view this as only one of many potential uses of the framework, and encourage broad
exploration of the relationships proposed in different populations (e.g., sedentary adults,
children, obese individuals, highly trained athletes) and under different circumstances (e.g.,
longitudinal studies of physical activity, physical activity post-partum, physical activity after
cancer treatment).

A particular strength of the research study we described here is its focus on relatively
inactive individuals, a group for whom tests of the effects of genetic factors, physiological
indicators, and most importantly subjective responses to exercise are rare, but for whom the
data are crucially important. While prior research has shown support for specific
relationships in our framework (e.g., affective responses to physical activity being predictive
of future behavior (Bryan et al., 2007; Kiviniemi et al., 2007; Kwan & Bryan, 2010a;
2010b), it has focused primarily on active participants (e.g., highly fit individuals and
trained athletes; Bulbulian & Darabos, 1986; Farrell, Gustafson, Morgan, & Pert, 1987) in
studies of small sample size [e.g., Backhouse, Ekkekakis, Biddle, Foskett, & Williams, 2007
(N = 12); Parfitt et al., 2006 (N = 12)]. Given the health risks associated with a sedentary
lifestyle, and the potential benefits of engagement in some level of activity, it seems crucial
to understand these factors in this understudied group and with adequate sample size to
detect moderated effects of behavior change intervention success.

An advantage of our transdisciplinary framework, more generally, is that it is in no way “set
in stone” and we encourage others to test other potential moderators and relationships not
specifically detailed in the framework. We view the strengths of our framework as: 1) the
categories of variables (genetic, psychological, physiological) within the same level of
influence that it brings together and 2) the notion that we ought to be looking at how these
variables are related to one another so that we know better where, how, and with whom to
intervene. For example, with different populations the processes involved might work
differently. So, for sedentary individuals there may be a larger genetic component associated
with the subjective experience of exercise, so in sedentary individuals genetic factors might
be a larger moderator of exercise uptake. But once one is fit and experiences consistent
rewards, then the motivational variables may take precedence as moderators of maintenance
in response to an intervention. While we cannot address these questions in this particular
study, such explorations in future research would give us important data for the targeting of
different intervention approaches to different types of individuals.

There are certainly limitations to our approach. A major limitation of our transdisciplinary
framework is that we do not address the important social, cultural, and environmental
variables that are crucial to understanding the range of impacts on sedentary lifestyle.
Further, our broad approach that necessitates extensive measurement across a number of
domains from each participant precludes detailed and controlled examinations of any one
section of the model. For example, recent research on core temperature measurement
recommends the use of ingested temperature sensors to record core body temperature (e.g.,
Gant, Atkinson, & Williams, 2006; Goodman, Kenefick, Cadarette, & Cheuvront, 2009).
But the logistical issues and expense of such an approach mean that sample sizes for such
studies are as small as 7 to 10 participants. Since temperature is only one of a large battery
of assessments in transdisciplinary studies, and much larger samples are necessary to have
the power to detect effects in intervention research, sometimes the objectively “best”
measurement strategy is not feasible in transdiscplinary approaches.

In sum, it is our hope that the “big picture” approach that we emphasize will elucidate
relationships among genetic, physiological, and psychological variables that will help us to
better understand individual differences in the initiation and maintenance of physical activity
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behavior and develop effective interventions to increase physical activity, and decrease
morbidity and mortality due to sedentary lifestyle.
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Figure 1.
An expanded and revised transdisciplinary model of exercise behavior.
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