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Abstract
Purpose Previous research has not examined the utility of the Health Action Process Approach (HAPA) to predict physical
activity (PA) change in cancer survivors. The aim of the study was to investigate the efficacy of a HAPA-based model in
predicting temporal change in moderate-to-vigorous physical activity (MVPA) in cancer survivors.
Methods Participants enrolled in the Wearable Activity Technology and Action Planning (WATAAP) trial completed validated questionnaires (n = 64) to assess HAPA constructs (action and maintenance self-efficacy, outcome expectancies, action
planning, risk perceptions, and intention) and wore an ActiGraph to measure PA at baseline, 12 weeks, and 24 weeks later.
Data were analyzed using variance-based structural equation modeling with residualized change scores for model variables.
Results Consistent with predictions, changes in action self-efficacy (β = 0.490, p < 0.001, ES = 0.258) and risk perceptions
(β = 0.312, p = 0.003, ES = 0.099) were statistically significant predictors of intention change over time. Changes in intention (β = 0.217, p = 0.029, ES = 0.040) and action planning (β = 0.234, p = 0.068, ES = 0.068) predicted changes in MVPA.
Overall, the model accounted for significant variance in intention (R2 = 0.380) and MVPA (R2 = 0.228) change.
Conclusions Changes in intention and action planning were important correlates of MVPA change over 24 weeks. Further,
changes in action self-efficacy and risk perceptions predicted changes in intention. Implications for cancer survivors: interventions that foster risk perceptions and self-efficacy, strengthen intentions, and promote action planning may be effective
in promoting sustained PA change in cancer survivors.
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Improved detection and treatment have led to increased cancer survival [1, 2] with two-thirds of patients living beyond
5 years of diagnosis [3]. Interventions that focus on reducing comorbidities, cardiovascular disease (CVD), and cancer
recurrence, and improving quality of life have been shown
to facilitate healthy survivorship trajectories [4]. The promotion of physical activity (PA) is a promising strategy to
reduce the risks of CVD and cancer recurrence. Physically
active survivors have lower CVD-related morbidity [5],
lower recurrence risk, and improved survival compared to
those who are insufficiently active [6]. The American Cancer
Society recommends that survivors participate in a minimum
of 150 min of moderate-intensity PA per week [7]. However,
less than 30% of survivors meet these guidelines [7].
There has therefore been a proliferation in interventions
to increase PA in survivors and research endeavors to better
understand the social-psychological factors that influence
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PA in this group [8]. Understanding the psychosocial factors underpinning PA behavior change is important to identify potentially modifiable factors that could be targeted in
interventions to increase PA. The application of theories in
this endeavor is important because theories facilitate understanding of the determinants of behavior and the associated
mechanisms by which those determinants relate to behavior
[9, 10].
A prominent theoretical model that has been adopted to
identify the determinants of PA is the Health Action Process
Approach (HAPA). The HAPA is a social cognition model
that identifies the belief-based determinants of intentions
and behavior and the processes involved. The HAPA also
incorporates additional constructs aimed at resolving the
frequently reported intention-behavior “gap” [11]. Specifically, two phases required for behavior change are proposed:
motivational and volitional phases [12]. The motivational
phase encompasses constructs involved in intention formation, including outcome expectations, confidence to engage
in PA, known as action self-efficacy, and risk perceptions
[12]. The volitional phase encompasses constructs involved
in the enactment of behavior after an intention has been
formed to bridge the intention-behavior gap. Predictors in
this phase are confidence to overcome barriers, known as
maintenance self-efficacy, and the formation of goal-directed
plans, known as action planning.
While the HAPA has had demonstrable success in
accounting for variance in intention toward, and actual participation in, health behaviors including PA [13], few studies have examined the utility of the HAPA in predicting PA
participation in cancer survivors. One study has examined
the applicability of the HAPA to increase PA in cancer survivors [14] and accounted for significant variance in intentions
(49%) and PA (42%) in African-American breast cancer survivors [14]. However, this study predicted concurrent PA
rather than prospective PA, which does not constitute a valid
test of model predictions because the belief-based constructs
in the theory explicitly refer to future rather than past or concurrent PA. It also did not examine the capacity of the model
to account for a change in PA over time, which is critical to
establish the predictive validity of the model. No study, to
date, has examined the predictive validity of the HAPA in
accounting for long-term PA change in cancer survivors. In
addition, studies applying the HAPA have also tended to rely
on self-report PA measures, which may increase prediction
error because such measures are associated with reporting
and recall bias [13]. The present study aims to address these
shortcomings by adopting the HAPA to predict PA change in
cancer survivors using non-self-report PA measures.
Our specific objective was to examine the utility of
HAPA in predicting change in moderate-to-vigorous PA
(MVPA) from baseline to 12 and 24 weeks among endometrial and colorectal cancer survivors. The study used data
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from the Wearable Activity Technology and Action Planning (WATAAP) trial, a randomized controlled trial (RCT)
of a behavioral intervention aimed at promoting MVPA in
cancer. Based on the HAPA, we predicted that changes in
action self-efficacy, outcome expectancies, and risk perception would predict changes in intention. We also predicted
that changes in action self-efficacy and maintenance selfefficacy would predict changes in action planning. In addition, we hypothesized that changes in intention would predict changes in action planning and PA behavior. Further,
we predicted a direct effect of action planning change on PA
change. Finally, changes in intention were hypothesized to
predict changes in behavior mediated by changes in action
planning.

Method
Study design
The data used in the current study were longitudinal data
collected as part of the WATAAP trial, a RCT of a behavioral intervention aimed at promoting PA in endometrial
and colorectal cancer survivors. The WATAAP intervention methods and protocol have been described previously
[15, 16]. Participants completed self-report measures of
the HAPA constructs (risk perception, action self-efficacy,
maintenance self-efficacy, outcome expectancies, intention,
and action planning) and PA behavior at baseline (T1), at
12 (T2), and 24 weeks (T3) post-intervention. The study
was approved by the St. John of God Healthcare Human
Research Ethics Committee (#1102) and registered with the
Australia and New Zealand Clinical Trials Registry (Trial
registration number ANZCTR2617000131358). Written
informed consent was obtained from participants prior to
enrolment. Eligibility criteria have been reported previously
[15].

Participant recruitment
Participant recruitment and eligibility criteria and the process of randomization have been reported elsewhere [15,
16]. In brief, participants were colorectal or gynecologic survivors (stages 1 and 2) with CVD risk factors, who had completed treatment in the previous five years, were in remission and insufficiently active (i.e., accumulating < 150 min
of MVPA/week). Eligible participants were mailed letters
from their treating oncologist inviting them to participate
in the study. Colorectal and endometrial cancer survivors
(n = 68, M age = 64.1 years, SD = 7.9) were randomized to
intervention (n = 34) and control (n = 34) groups. Four participants dropped out of the trial in the first 12 weeks due to
cancer recurrence (n = 1), unwillingness to be allocated to
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the control group (n = 1), lack of time (n = 1), and unwillingness to wear a Fitbit (n = 1). Baseline characteristics are
published elsewhere [15].

Data collection
Data were collected at each time point at St. John of God
Subiaco Hospital by hospital staff blinded to group allocation. Participants were given a pen and paper questionnaire
to complete covering demographic information and items
based on the HAPA. Participants were also given an ActiGraph GT9X Link accelerometer, waistband, log, and postage materials and were instructed to wear the accelerometer
for 7 consecutive days beginning the day following their
assessment before mailing it back to the research team.

or stress”; “feel more confident about my health”; “sleep
better”; “have a positive outlook”; and “control my weight”).
Action self-efficacy was assessed through four items,
based on previous research with breast cancer survivors [24].
Items assessed participants’ confidence to complete 150 min
of MVPA/week (e.g., “I am confident I can do 150 min of
moderate-intensity PA per week for the next 12 weeks”).
Maintenance self-efficacy was assessed using six items
based on formative research on salient exercise barriers [20,
21]. Items measured confidence to participate in regular PA
over the next 12 weeks in the face of salient barriers (e.g.,
“the weather is bad”; “I do not enjoy exercising”; “I do not
have someone to encourage me to exercise”; “I am in a bad
mood or feeling depressed”; “I can’t notice any improvements in physical fitness”; and “I can’t notice any improvements in my body”).
Action planning was assessed using four items based
on an amended HAPA scale [25]. Participants were asked
whether they had made a plan concerning what, when,
where, and how they would engage in regular PA in the
following 3 weeks.
Intention to participate in moderate-intensity PA was
assessed using two items based on previous measures [26]
(e.g., “I intend to participate in moderate-intensity PA for at
least 150 min per week in the next 12 weeks”).

Moderate‑to‑vigorous physical activity The ActiGraph
GT9X Link was used to assess our primary outcome: time
spent in MVPA in minutes/week. Participants wore the
accelerometer on their right hip for all waking hours. Wear
time had to exceed 10 h per day and contain no excessive
counts (> 20,000) to be considered valid, with non-wear time
defined as at least 60 consecutive minutes of zero counts.
Data were processed using 60-s epochs. Daily accelerometer logs were completed by participants to allow for crosschecking of data. To estimate the mean minutes of MVPA
per day, we used uniaxial Freedson cut points (≥ 1952 counts
per minute) [17].

Data analysis

Health action process approach variables Self-report measures of the HAPA variables were drawn from previouslypublished, validated items with Cronbach’s alpha scores for
each ranging from 0.73 to 0.87 [18]. Items were amended to
reference specific barriers identified by the sample [19–21].
Responses were provided on scales with 6-point response
options. Full study measures are available in Appendix A
(supplemental materials) and online: https://osf.io/6gu3r/?
view_only=9e48e3625e084ca3a7526ea8b3eeea1b.
Risk perception was assessed through four items, based
on a previous scale [22]. Items are scored on a six-point
scale. Items measured perceived risk, vulnerability, likelihood, and a chance of developing health problems related
to an inactive lifestyle (e.g., “I think it is likely that I will
develop health problems related to obesity at some point in
my life”).
Outcome expectations were assessed using twelve items.
Five items were derived from the validated exercise pros
subscale [23] and a further seven items were tailored to
the present study based on formative research with cancer survivors [20, 21]. Items measured the extent to which
participants agreed that regular PA over the next 12 weeks
would help them attain key outcomes (e.g., “reduce tension

In order to model change in the constructs of the constructs
from the proposed HAPA model, we computed residualized
change scores for each and used these scores to estimate the
fit and pattern of effects in the proposed model using structural equation modeling. Each change score was computed
by regressing the final follow-up (T2) score for each variable
on its initial follow-up (T1) and baseline (T0) scores and
extracting the unstandardized residual. The change score
for each variable reflected the extent to which the variable
changed in the variable from baseline. Change scores were
computed using linear multiple regression. The education
and income variables were dichotomized for the purpose
of the main analyses to ease interpretation. Education was
coded as lower (completed high or secondary school only)
and higher (completed at least post-school training or qualification) education, and income was coded as lower (annual
income Australian $52,000 or below) and higher (annual
income Australian $52,001 or higher) income. These variables, along with age and gender, were included as covariates in each model in the main analysis.
The residualized change scores for each variable were
used to estimate the proposed model based on the HAPA
presented in Fig. 1. The model was estimated using
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Fig. 1  Proposed model based
on the Health Action Process
Approach (HAPA) predicting
MVPA among cancer survivors
including path coefficients from
partial least squares structural
equation modeling
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variance-based structural equation modeling using the
WARP 7.0 software [27]. The variance-based approach
differs from the traditional covariance-based approach as
it does not assume the normality of the data and is considered suitable for estimating models in smaller samples. In
the analysis, the residualized change score for each variable
from the proposed model was set as an indicator of a latent
variable, and proposed effects were set as free parameters
in the model. As we were primarily interested in testing the
efficacy of the proposed model in predicting study outcomes,
we also controlled for intervention effects by including a
coded variable representing the intervention condition as
an additional predictor of each latent variable in the model.
Missing data were imputed using linear multiple regression
imputation [27]. The adequacy of the proposed model was
established using multiple goodness-of-fit and model quality indices. Overall model fit was evaluated using Tenenhaus
et al.’s goodness-of-fit (GoF) index [28], with values of 0.100,
0.250, and 0.360 corresponding to small, medium, and large
effect sizes, respectively. Additional indices of model goodness-of-fit are provided by the average block variance inflation
factor for model parameters (AVIF) and the average full collinearity variance inflation factor (AFVIF), which should be
equal to or lower than 3.3 for well-fitting models. Model quality was also indicated by the average path coefficient (APC)
and average R2 (AR2) coefficients, both of which should be
statistically significant. In addition, four other indices were
adopted to evaluate model quality: the Simpson’s paradox ratio
(SPR), R2 contribution ratio (R2CR), the statistical suppression ratio (SSR), and the nonlinear bivariate causality direction
ratio (NLBCDR). The SPR should exceed 0.700 and ideally
approach 1.000, the R2CR and SSR should exceed 0.900 and
0.700, respectively, and the NLBCDR should exceed 0.700
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for high-quality models. Model effects were estimated using
standardized path coefficients with confidence intervals and
test statistics. Effect sizes (ESs) were estimated using Cohen’s
f-square coefficient, which represents R2 the contribution of
each predictor variable to its respective dependent variable.
Values of 0.02, 0.15, and 0.35 represent small, medium, and
large ESs, respectively. Data files and analysis output are available online: https://osf.io/6gu3r/?view_only=9e48e3625e
084ca3a7526ea8b3eeea1b

Results
Participants
Four participants were lost to follow-up resulting in a final
sample of 64 participants (M age = 64.31; SD = 7.70; retention rate 94.12%). Full sample characteristics are presented
in Appendix B (supplemental materials) and online: https://
osf.io/6gu3r/?view_only=9e48e3625e084ca3a7526ea8b
3eeea1b. The majority were colorectal cancer survivors
(78%). A substantial proportion (36%) had a gross annual
household income of Australian $52,000. Educational attainment was diverse with over half having either high school or
post-school training and a further 48% achieving a university
degree.

Structural equation model
The proposed model (APC = 0.143, p = 0.054;
AR2 = 0.087, p = 0.114; AVIF = 1.120; AFVIF = 1.265;
GoF = 0.296; SPR = 0.938; R2CR = 0.980; SSR = 1.000;
NLBCDR = 0.781) exhibited adequate model fit and quality
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indices according to the multiple criteria adopted. Standardized parameter estimates for the proposed direct effects for
the model are summarized in Fig. 1 and Table 1, with full
results reported in Appendix C (supplemental materials).
Consistent with predictions, action self-efficacy
(β = 0.479, p < 0.001, ES = 0.253) and risk perceptions
(β = 0.310, p = 0.003, ES = 0.098) were statistically significant predictors of intentions, although effects of outcome
expectancies on intention were small and not statistically
significant (β =  − 0.055, p = 0.322, ES = 0.013). Similarly,
consistent with predictions, intention (β = 0.213, p = 0.031,
ES = 0.040) and action planning (β = 0.202, p = 0.039,
ES = 0.058) significantly predicted MVPA. The effect of
maintenance self-efficacy (β = 0.162, p = 0.212, ES = 0.025)
was not statistically significant. Examination of the total
effects of intention on MVPA revealed statistically significant effects (β = 0.237, p = 0.019, ES = 0.044). This
is because there were small indirect effects of intentions
on MVPA mediated by action planning, which although
too small to be statistically significant in their own right,
when combined with the direct effects contributed to the
statistically significant total effects. Finally, effects of the
intervention trial were not statistically significant, with
Table 1  Standardized path coefficients and effect sizes for direct and
indirect effects for the partial least squares structural equation model
of the proposed model based on the health action process approach
Effect
Direct effects
Intention → MVPA
Maintenance self-efficacy → MVPA
Action planning → MVPA
Trial → MVPA
Action planning × intention → MVPA
Outcome expectancies → intention
Action self-efficacy → intention
Risk perception → intention
Maintenance self-efficacy → intention
Intention → action planning
Indirect effects
Intention → action planning → MVPA
Outcome expectancies → intention → MVPA
Action self-efficacy → intention → MVPA
Risk perception → intention → MVPA
Maintenance self-efficacy → intention → MVPA
Total effectsa
Intention → MVPA
a

Β

ES

0.213*
0.162
0.202*
0.089
0.088
− 0.055
0.479***
0.310**
− 0.155
0.119

0.040
0.025
0.058
0.010
0.020
0.013
0.253
0.098
0.042
0.014

0.024
− 0.012
0.102
0.066
− 0.033

0.004
< 0.001
0.021
0.014
0.005

0.237*

0.044

Total effect comprises the sum of indirect effects and the direct
effect; β = standardized parameter estimate; SE = standard error;
ES = Cohen’s f2 effect size

*

p < 0.05**; p < 0.01; ***p < 0.001

the exception of the effect on maintenance self-efficacy
(β = 0.229, p = 0.022, ES = 0.053). Overall, the model
accounted for significant variance in intention (R2 = 0.381)
and MVPA (R2 = 0.153).

Discussion
This study examined the utility of the HAPA in predicting
PA behavior change in survivors using non-self-report measures of PA using a prospective longitudinal design. Consistent with predictions, action self-efficacy and risk perceptions were statistically significant predictors of intentions.
Intention and action planning were statistically significant
predictors of MVPA. These findings are broadly consistent
with meta-analytic research on the psychosocial predictors
of PA in cancer survivors in which attitudes and self-efficacy
were the strongest predictors of intentions, and intentions
and self-efficacy were salient predictors of behavior [8].
Similarly, a meta-analysis of the HAPA in health behavior
found prominent roles for action self-efficacy and risk perceptions in the prediction of intention; although, the effects
were much smaller for risk perceptions (β = 0.066), intention, action planning, and maintenance self-efficacy as predictors of behavior [13].
An important finding in the present study was the larger
effect of risk perceptions on intentions compared with effect
sizes found in previous research [13, 29, 30]. The only other
study examining the utility of the HAPA in cancer survivors
found that severity did not predict intention or behavior [14].
A possible reason for these differences may be due to variation in the definition of constructs and measurement such
as failing to link ill health with the specific health behavior.
In the current study, we explicitly linked risk with experience health problems due to an inactive lifestyle, and this
correspondence may have strengthened the effect on intention. Another explanation could be that physical inactivity is
not widely viewed as a cardiovascular risk factor in general
population studies. Findings from the present study suggest
that risk perceptions are likely more pertinent in clinical
populations and may have greater sensitivity to the link
between physical inactivity and health risks. Research on the
role of attitudes reinforces this interpretation: Hirschey et al.
[8] found that instrumental and affective attitudes predicted
PA in cancer survivors. Such findings contrast with metaanalyses that reveal affective attitudes as a better predictor of
behavior in the general population [31, 32]. Recent work in
cancer survivors also found instrumental attitude, which is
closely linked with risk perceptions but not affective attitude
predicted PA intention [33]. The perceived health benefits
of PA encompassed by instrumental attitudes, similar to risk
perceptions, may be more important in intention formation
in clinical populations compared to nonclinical counterparts.
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Consistent with the tenets of the HAPA, there were direct
effects of action planning on PA. This aligns with meta-analytic research applying the HAPA to health behaviors and the
only previous study applying the model to predict PA behavior in cancer survivors [13, 14]. The extent to which individuals report forming action plans to perform PA appears
to be an important correlate of PA participation. This seems
to be the case when behavior is measured concurrently with
the HAPA constructs as reported previously [14], and, most
importantly for PA behavior change, as reported in the current study. This may signal that capacity to plan may be an
important self-enacted strategy for behavior change but also
a potential technique that might be prompted in interventions [11].
Consistent with the HAPA [8, 13, 31] intention was a
predictor of MVPA with a small-to-medium effect size. This
modest association suggests that some participants followed
through on their intentions, while others did not, as reported
elsewhere [34]. This highlights an intention-behavior “gap”
in the current sample. Although action planning was also
included to address this “gap,” it did not mediate or moderate the relationship. This suggests that a critical hypothesis
of the HAPA is not supported in the current sample, contrary to findings elsewhere [13]. However, these effects were
confined to nonexperimental studies—intervention studies
examining the moderating effect of planning in PA contexts
have shown more promise [35] and are an avenue for further
research in cancer survivors.
Although the effect of maintenance self-efficacy on
MVPA in the current study was nonsignificant, the effect
size was not trivial and approached statistical significance
(p = 0.081). Maintenance self-efficacy is a consistent predictor of PA in previous research applying the HAPA [13,
30, 36]. This means that it would be premature to conclude
a lack of an effect for maintenance self-efficacy on MVPA
from the current data. Taking this into account, current
findings are in line with other research applying the model
in health behaviors. Further, one of the few studies that
have examined this effect using non-self-report PA measures found that barrier management, a construct conceptually similar to maintenance self-efficacy, was associated
with increased PA [37]. Taken together, findings suggest
stage-specific self-efficacy may be relevant as a predictor of
MVPA change in cancer survivors.
The model in the present study accounted for 15.3% of
the variance in objective MVPA. While this is slightly lower
than the range of variance explained (17–32%) in previous
studies using the HAPA to predict PA [38–40], it is consistent with others applying the model in the health behavior
domain. For example, Barg et al. [30] accounted for 15% of
the variance in PA, and meta-analytic research has indicated
that the model accounts for 17.5% of the variance in health
behavior [13]. One possible source of variance may be the

13

adoption of a non-self-report MVPA measure. Self-report
measures introduce additional error variance when predicting relationships due to reporting and recall bias. We look to
future research conducted in similar samples and using nonself-report MVPA measures to corroborate current findings.

Study limitations
The present study had several strengths. There is a dearth of
research that has examined the utility of the HAPA in examining PA change in cancer survivors. The longitudinal design
of the study enabled the assessment of behavior change in
the predictive relationships rather than examining “static”
associations between constructs, a limitation of many other
studies applying the model [13]. In addition, non-self-report
measures of PA have rarely been used in the contexts of
testing predictions of the HAPA, so our use of objectively
measured MVPA represents another strength of the study.
It is important, however, to acknowledge the limitations of
the present study. First, the study did not comprehensively
test the HAPA. Measures of coping planning, recovery selfefficacy, and action control were omitted for parsimony and
to reduce participant response burden. Second, the sample
size was relatively small, and findings may therefore not generalize to the wider population of cancer survivors. Finally,
while the modeling of change enabled us to consider the
temporal ordering of effects in the model, the current data
are still correlational, so changes in model variables may still
have been caused by effects of other, unmeasured extraneous variables. This precludes inference of causal links, and
directional relations are therefore based on theory, not the
data.

Clinical implications
The present findings suggest the need to include behavior
change techniques that strengthen intentions, foster selfefficacy, highlight risks associated with physical inactivity,
and prompt action planning in interventions to promote PA
in cancer survivors. For clinicians, the first step in promoting
PA in patients is to prompt intention formation through highlighting the health risks associated with physical inactivity,
the benefits of increased PA (i.e., raising the importance
of exercise), and fostering confidence or self-efficacy to
increase PA. The optimal way to foster confidence is through
successful PA experiences achieved through effective goal
setting and action planning. The development of a detailed
plan of action including what (exercise dose, intensity, and
duration), where (location of exercise), and when (day(s)
and times) may assist in translating the intention into PA
behavior change. However, it would be premature to base
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recommendations exclusively on the current data. Rather,
these findings should contribute to the development of an
evidence base to identify appropriate techniques to promote
MVPA in cancer survivors.

Conclusion
The current study provides preliminary support for key tenets of the HAPA in the context of PA change in cancer survivors. Intention and action planning change was a predictor
of MVPA change. Further, change in action self-efficacy and
risk perceptions predicted intention to change. The current
findings provide some preliminary formative data that may
inform the development of interventions aimed at promoting
PA in cancer survivors.
Supplementary Information The online version contains supplementary material available at https://d oi.o rg/1 0.1 007/s 11764-0 21-0 1107-6.
Acknowledgements The authors would like to acknowledge the hospital staff who assisted with data collection and the patients that kindly
participated in the study.
Author contribution SH: funding acquisition, conceptualization, methodology, and writing the original draft. MH: data analysis, results,
and editing. CMS: conceptualization, data collection, data entry, and
review.
Funding Open Access funding provided by the IReL Consortium. This
work was sponsored by a grant from the Tonkinson Colorectal Cancer
Research Fund (#57838).
Data availability Data and analysis output are available online:
https://osf.io/6gu3r/?view_only=9e48e3625e084ca3a7526ea8b3eeea
1b.
Code availability Coding is available online: https://osf.io/6gu3r/?
view_only=9e48e3625e084ca3a7526ea8b3eeea1b.

Declarations
Ethics approval The study was approved by the St John of God Healthcare HREC (#1102).
Consent to participate Written informed consent was obtained from
participants prior to study enrolment.
Consent for publication Written informed consent for publication of
de-identified data was obtained.
Conflict of interest The authors declare no competing interests.
Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are

included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References
1. Bellizzi KM, Rowland JH, Jeffery DD, McNeel T. Health behaviors of cancer survivors: examining opportunities for cancer control intervention. J Clin Oncol. 2005;23:8884–93.
2. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D.
Global cancer statistics. CA-Cancer J Clin. 2011;61:69–90.
3. Rowland JH. What are cancer survivors telling us? Cancer J.
2008;14:361–8.
4. Demark-Wahnefried W, Aziz NM, Rowland JH, Pinto BM.
Riding the crest of the teachable moment: promoting longterm health after the diagnosis of cancer. J Clin Oncol.
2005;23:5814–30.
5. Keats MR, Cui Y, Grandy SA, Parker L. Cardiovascular disease
and physical activity in adult cancer survivors: a nested retrospective study from the Atlantic PATH cohort. J Cancer Surviv. 2016.
https://doi.org/10.1007/s11764-016-0584.
6. Brown JC, Gilmore LA. Physical activity reduces the risk of
recurrence and mortality in cancer patients. Exerc Sport Sci Rev.
2020;48:67–73.
7. Rock CL, Doyle C, Demark-Wahnefried W, Meyerhardt J, Courneya KS, et al. Nutrition and physical activity guidelines for cancer survivors. CA Cancer J Clin. 2012;62:242–74.
8. Hirschey R, Bryant AL, Macek C, et al. Predicting physical activity among cancer survivors: metaanalytic path modeling of longitudinal studies. Health Psychol. 2020;39(4):269–80.
9. McEwan D, Beauchamp MR, Kouvousis C, Ray CM, Wyrough A,
Rhodes RE. Examining the active ingredients of physical activity
interventions underpinned by theory versus no stated theory: a
meta-analysis. Health Psychol Rev. 2019;13:1–17. https://d oi.o rg/
10.1080/17437199.2018.1547120.
10. Bluethmann S, Barthlolemew LK, Murphy CC, Vernon SW. Use
of theory in behavior change interventions: an analysis of programs to increase physical activity in posttreatment breast cancer
survivors. Health Educ Behav. 2017;44(2):245–53.
11. Sheeran P, Webb TL. The intention–behavior gap. Soc Pers Psychol Compass. 2016;10(9):503–18. https://doi.org/10.1111/spc3.
12265.
12. Schwarzer R, Luszczynska A. How to overcome health compromising behaviors: the health action process approach. Eur Psychol. 2008;13:141–51. https://doi.org/10.1027/1016-9040.13.2.
141.
13. Zhang C, Zhang R, Schwarzer R, Hagger MS. A meta-analysis of the health action process approach. Health Psychol.
2019;38(7):623–37.
14. Paxton RJ. The health action process approach applied to
African American breast cancer survivors. Psychooncology.
2016;25(6):648–55. https://doi.org/10.1002/pon.3866.
15. Maxwell-Smith C, Cohen PA, Platell C, et al. Wearable activity
technology and action-planning (WATAAP) to promote physical
activity in cancer survivors: randomised controlled trial protocol. Int J Clin Health Psychol. 2018;18:124–32. https://doi.org/
10.1016/j.ijchp.2018.03.003.
16. Maxwell-Smith C, Hince D, Cohen P, et al. A randomized
controlled trial of WATAAP to promote physical activity in

13

Journal of Cancer Survivorship

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.
27.
28.
29.

colorectal and endometrial cancer survivors. Psychooncology.
2019;28(7):1420–9.
Freedson PS, Melanson E, Sirard J. Calibration of the computer
science and applications, inc. accelerometer. Med Sci Sports
Exerc. 1998;30(5):777–81. https://doi.org/10.1097/00005768-
199805000-00021.
Parschau L, Barz M, Richert J, Knoll N, Lippke S, Schwarzer R.
Physical activity among adults with obesity: testing the health
action process approach. Rehabil Psychol. 2014;59:42–9. https://
doi.org/10.1037/a0035290.
Hardcastle SJ, Glassey R, Salfinger S, Tan J, Cohen P. Factors
influencing participation in health behaviors in endometrial cancer
survivors. Psychooncology. 2017;26:1099–104. https://d oi.o rg/1 0.
1002/pon.4288.
Maxwell-Smith C, Zeps N, Hagger MS, Platell C, Hardcastle SJ.
Barriers to physical activity participation in colorectal cancer
survivors at high risk of cardiovascular disease. Psychooncology.
2017;26:808–14. https://doi.org/10.1002/pon.4234.
Short CE, James EL, Girgis A, Mcelduff P, Plotnikoff RC. Move
more for life: the protocol for a randomised efficacy trial of a
tailored-print physical activity intervention for post-treatment
breast cancer survivors. BMC Cancer. 2012;12:172–81. https://
doi.org/10.1186/1471-2407-12-172.
Graham SP, Prapavessis H, Cameron LD. Colon cancer information as a source of exercise motivation. Psychol Health.
2006;21:739–55. https://doi.org/10.1080/14768320600603554.
Plotnikoff RC, Blanchard CM, Hotz SB, Rhodes RE. Validation
of the decisional balance scales in the exercise domain from the
transtheoretical model: a longitudinal test. Meas Phys Educ Exerc
Sci. 2001;5:191–206. https://d oi.o rg/1 0.1 207/S
 15327 841MP
 EE05
0401.
Rogers LQ, Shah P, Dunnington G, Greive A, Shanmugham A,
Dawson B, Courneya KS. Social cognitive theory and physical activity during breast cancer treatment. Oncol Nurs Forum.
2005;32:807–15. https://doi.org/10.1188/05.ONF.807-815.
Rhodes RE, Blanchard CM, Matheson DH, Coble J. Disentangling motivation, intention, and planning in the physical activity
domain. Psychol Sport Exerc. 2006;7:15–27. https://doi.org/10.
1016/j.psychsport.2005.08.011.
Ajzen I, Brown TC, Carvajal F. Explaining the discrepancy
between intentions and actions: the case of hypothetical bias in
contingent valuation. Pers Soc Psychol Bull. 2004;30:1108–21.
Kock N. WarpPLS User Manual: Version 7.0. Laredo, Texas:
ScriptWarp Systems™; 2020.
Tenenhaus M, Vinzi VE, Chatelin YM, Lauro C. PLS path modeling. Comput Stat Data Anal. 2005;48:159–205.
Hagger MS, Hardcastle SJ, Hingley C, Strickland E, Pang J, Watts
GF. Predicting self-management behaviors in familial hypercholesterolemia using an integrated theoretical model: the impact of

13

30.

31.

32.
33.

34.

35.

36.
37.

38.
39.

40.

beliefs about illnesses and beliefs about behaviors. Int J Behav
Med. 2016;23:282–94.
Barg CJ, Latimer AE, Pomery EA, Rivers SE, Rench TA, Prapavessis H, Salovey P. Examining predictors of physical activity
among inactive middle-aged women: an application of the health
action process approach. Psychol Health. 2012;27:829–45. https://
doi.org/10.1080/08870446.2011.609595.
McEachan R, Taylor N, Harrison R, Lawton R, Gardner P, Conner M. Meta-analysis of the reasoned action approach (RAA) to
understanding health behaviors. Ann Behav Med. 2016;50:592–
612. https://doi.org/10.1007/s12160-016-979.
Conner M, Norman P. Predicting and changing health behaviour:
research and practice with social cognition models. Maidenhead:
McGraw-Hill Education, Open University Press; 2015.
Maxwell-Smith C, Hagger MS, Kane R, … Hardcastle SJ. Psychological correlates of physical activity and exercise preferences
in metropolitan and nonmetropolitan cancer survivors. PsychoOncology. 2021;30(2):221–230.
Rhodes RE, de Bruijn GJ. How big is the physical activity intention-behaviour gap? A meta-analysis using the action control
framework. Br J Health Psychol. 2013;18(2):296–309. https://
doi.org/10.1111/bjhp.12032.
Bélanger-Gravel A, Godin G, Amireault S. A meta-analytic review
of the effect of implementation intentions on physical activity.
Health Psychol Rev. 2013;7(1):23–54. https://doi.org/10.1080/
17437199.2011.560095.
Lippke S, Plotnikoff RC. Testing two principles of the health
action process approach in individuals with type 2 diabetes.
Health Psychol. 2014;33:77–84.
Fischer X, Donath L, Zahner L, Faude O, Gerber M. Exploring
psychosocial mediators of remote physical activity counselling: a
secondary analysis of data from a 1-year randomised control trial
(MovingCall). J Beh Med. 2020;43(2):271–83.
Scholz U, Sniehotta FF, Schwarzer R. Predicting physical exercise
in cardiac rehabilitation: the role of phase-specific self-efficacy
beliefs. J Sport Exerc Psychol. 2005;27:135–51.
Renner B, Spivak Y, Kwon S, Schwarzer R. Does age make a difference? Predicting physical activity of South Koreans. Psychol
Aging. 2007;22:482–93. https://doi.org/1 0.1037/0882-7974.22.3.
482.
Schwarzer R, Schuz B, Ziegelmann JP, Lippke S, Luszczynska
A, Scholz U. Adoption and maintenance of four health behaviors: theory-guided longitudinal studies on dental flossing, seat
belt use, dietary behavior, and physical activity. Ann Behav Med.
2007;33:156–66. https://doi.org/10.1007/BF02879897.

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

