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     Abstract
Purpose: Moderate-to-vigorous intensity physical activity (PA) can alleviate many adverse side effects and symptoms caused by cancer treatments; yet, most cancer survivors are insufficiently active. Evidence shows that theory-based PA behaviour change interventions are more effective than non-theory-based interventions; thus, it is necessary to ascertain modifiable theoretical factors associated with moderate-to-vigorous intensity PA among cancer survivors. Drawing on the health belief model (HBM), the associations between moderate-to-vigorous intensity PA and (1) perceived susceptibility to cancer recurrence and health problems, (2) perceived severity of cancer recurrence and health problems, (3) perceived benefits of PA for reducing risk of cancer recurrence and health problems, (4) perceived barriers to PA, and (5) PA barrier self-efficacy among cancer survivors were examined. Methods: 123 adult cancer survivors (Mage=50.115.5 years; 82.9% female) completed an online self-report survey assessing sociodemographic and medical characteristics, moderate-to-vigorous intensity PA, and the HBM constructs. Data were analyzed descriptively and using hierarchical linear regression analysis. Results: After adjusting for age, sex, body mass index, time since cancer diagnosis, and treatments received, the HBM constructs collectively explained 29% of the variance in moderate-to-vigorous intensity PA. Perceived benefits of PA (β=.20, 95% CI [1.81, 11.67], p=.007) and PA barrier self-efficacy (β=.42, 95% CI [0.26, 0.53], p<.001) were significantly associated with moderate-to-vigorous intensity PA. Conclusion: Raising awareness of the benefits of PA for reducing risk of cancer recurrence and health problems and strengthening self-efficacy to overcome PA barriers may help to promote cancer survivors’ attainment of moderate-to-vigorous intensity PA guidelines. 
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Adult cancer survivors report side effects and symptoms (e.g., physical deconditioning, fatigue, pain, depression) that negatively impact their physical and psychosocial health [1,2]. Participating in physical activity (PA) regularly helps minimize the impact of cancer [3]. It also reduces cancer-related morbidity and mortality while conferring numerous health benefits for adult cancer survivors (e.g., increased strength and aerobic capacity, improved quality of life) [4-6]. As a result, PA guidelines were developed in 2010 for cancer survivors [4]. These guidelines, which align with public health guidelines for the general population [7], stipulate that adult cancer survivors participate in at least 150 minutes of moderate-to-vigorous intensity aerobic PA per week and engage in two strength training sessions a week to achieve health benefits. In light of an evolving evidence base, the PA guidelines for cancer survivors were updated in 2019. A key change made during the update was the suggestion that cancer survivors participate in at least 90 minutes (i.e., three sessions of 30 minutes) of moderate intensity aerobic PA per week instead of the previously suggested 150 minutes of moderate-to-vigorous intensity aerobic PA per week [5]. Though comparable data is not available for the most recent guidelines, it is known that most adult cancer survivors do not meet the 2010 guidelines [8]. 
In order to promote cancer survivors’ attainment of PA guidelines, researchers have examined factors associated with PA in order to inform the development of PA behaviour change interventions [9]. Evidence shows that a range of sociodemographic (e.g., age, education status, annual household income), physical (e.g., body mass index (BMI), post-operative pain), and medical (e.g., treatments received) factors are associated with adherence to PA guidelines [10]. In addition, health behaviour change theories, such as the theory of planned behaviour [11], social cognitive theory [12], and the health belief model (HBM; [13]), suggest that perceived health benefits of a behaviour are at least partially responsible for an individual’s motivation to engage in health promoting behaviours like PA. Based on the HBM [14], cancer survivors may be more likely to engage in PA if they believe: (1) they are susceptible to cancer recurrence and having health problems (i.e., perceived susceptibility), (2) that a cancer recurrence and having health problems would have serious consequences (i.e., perceived severity), (3) engaging in PA would be beneficial for reducing their susceptibility to and/or severity of cancer recurrence and health problems (i.e., perceived PA benefits), (4) the benefits of engaging in PA outweigh the perceived barriers (i.e., perceived barriers to PA), and (5) they are capable of engaging in PA to mitigate the consequences of cancer despite barriers (i.e., PA barrier self-efficacy). Finally, a trigger or cue to action, such as having cancer for cancer survivors, is believed to prompt behaviour change [15]. The HBM holds particular promise for understanding cancer survivors moderate-to-vigorous intensity PA because cancer survivors and close family members have reported that personal or familial cancer history is as a cue to action for making lifestyle changes [16,17].
Although the HBM has been used to investigate other health behaviours (e.g., cancer screening) in the general population [18], it remains unclear whether health beliefs help to explain moderate-to-vigorous intensity PA among cancer survivors [19]. Nonetheless, there is some evidence that health beliefs may be associated with total PA among cancer survivors. In a qualitative study guided by the HBM, a mixed sample of Navajo cancer survivors were found to be aware of the benefits of PA and were willing to participate in PA if they were given the appropriate resources and guidance to overcome barriers to PA [20]. In a longitudinal population-based study of colorectal cancer survivors, both treatment-related actual barriers and perceived barriers to PA were negatively associated with PA [21]. These studies offer preliminary evidence to suggest that the HBM constructs may be important for facilitating moderate-to-vigorous intensity PA among cancer survivors. However, it is necessary to confirm that the HBM constructs help to explain cancer survivors moderate-to-vigorous intensity PA, and thus should be targeted in behaviour change interventions.
This study was conducted to test the effectiveness of the HBM as a theoretical model for understanding correlates of moderate-to-vigorous intensity PA among cancer survivors given that a cancer diagnosis may serve as a cue to action. The first objective was to describe levels of: (1) perceived susceptibility to cancer and health problems, (2) perceived severity of cancer recurrence and health problems, (3) perceived benefits of PA for reducing risk of cancer recurrence and health problems, (4) perceived barriers to PA, (5) PA barrier self-efficacy, and (6) moderate-to-vigorous intensity PA. The second objective was to examine whether the HBM constructs are associated with cancer survivors’ moderate-to-vigorous intensity PA. It was hypothesized that (1) HBM constructs would account for a significant amount of variance in self-reported moderate-to-vigorous intensity PA beyond age, sex, BMI, time since diagnosis, and treatments received, (2) positive associations would be observed for perceived susceptibility to cancer recurrence and health problems, perceived severity of cancer recurrence and health problems, perceived benefits of PA, and PA barrier self-efficacy with moderate-to-vigorous intensity PA, and (3) negative associations would be observed for perceived barriers to PA with moderate-to-vigorous intensity PA.  
Methods
Procedures
Following approval from the University of Ottawa Research Ethics Board, adults diagnosed with cancer were recruited from 2013 to 2018 via advertisements placed on social media, online community bulletin boards and discussion groups, and cancer-support websites. The advertisements contained a brief description of the purpose, process and potential benefits of this study, study eligibility criteria, and a link to an e-consent form housed on Qualtrics. The purpose of the e-consent form was to provide potential participants with the information that they needed to make an informed decisions whether to participate in this study and to obtain a second confirmation that eligibility criteria were met, namely that they: (1) were ≥ 18 years of age, (2) had been diagnosed with cancer, and (3) had completed primary treatment for cancer. After providing digital consent by clicking ‘yes’ at the bottom of the e-consent form, participants were redirected to a secure online survey. 
Measures
Socio-demographic and medical characteristics. Participants self-reported their age, sex, civil status, ethnicity, education level, and annual household income, as well as their height and weight. BMI was computed using the following formula: weight in kilograms/height in meters squared. Participants were also asked to self-report characteristics of their most recent cancer diagnosis (i.e., type, stage, treatments received, date of diagnosis).  
Moderate-to-vigorous intensity PA. Moderate-to-vigorous intensity PA was assessed via a modified version of the Godin Leisure Time Exercise Questionnaire [22]. Participants self-reported the frequency and duration of mild, moderate, and vigorous intensity PA they participated in for at least 10 consecutive minutes during a typical 7-day period. A moderate-to-vigorous intensity PA frequency score was computed by multiplying the frequency scores for moderate and vigorous PA by 5 and 9 metabolic equivalent of tasks (METs), respectively, and summing both scores. Using established procedures to employ the Godin Leisure Time Exercise Questionnaire for classification purposes [23], a cut-point of 24 METs was used to classify participants as “active” (i.e., ≥ 24 METs) or “insufficiently active” (i.e., ≤ 23 METs). This is because ≥ 24 METs is equivalent to 150 minutes of moderate-to-vigorous intensity PA and thus considered active enough to meet the widely endorsed 2010 PA guidelines for cancer survivors [4]. 
HBM constructs. Health beliefs were assessed using a questionnaire developed based on the HBM [14], and adapted to include cancer and PA specific terminology. It consisted of 48 items assessing five health belief constructs: (1) perceived susceptibility to cancer recurrence and health problems (perceived susceptibility; 6 items), (2) perceived severity of cancer recurrence and health problems (perceived severity; 6 items), (3) perceived benefits of PA for the prevention of cancer recurrence and health problems (perceived PA benefits; 12 items), (4) perceived barriers to engaging in PA (perceived barriers to PA; 6 items), and (5) PA barrier self-efficacy (PA barrier self-efficacy; 18 items). Items for constructs (1) to (4) were rated on a scale ranging from 1 (‘strongly disagree’) to 5 (‘strongly agree’). Items for construct (5) were rated on a scale ranging from 0 (‘cannot do at all’) to 100 (‘highly certain can do’). Cronbach’s alpha coefficients ranged from .81 to .96 in the current study. 
Statistical analyses
SPSS (version 26; IBM Corp) was used for data analysis. Initially, data were checked to ensure normality, identify univariate and multivariate outliers, and detect multicollinearity issues. Five univariate outliers (i.e., z-scores > 3 standard deviations (SD) away from the mean) were identified, and were replaced with the next non-extreme value [24]. No multivariate outliers were identified based on Mahalanobis distance scores. HBM constructs and moderate-to-vigorous intensity PA were normally distributed based on visual inspection of the data, as well as observation of kurtosis and skewness values that fell between -1.5 and 1.5. No multicollinearity issues were observed based on variance inflation factors for independent variables of < 1.5. The percentage of missing data was minimal (< 5%) and estimated using multiple imputation. The process involved producing 20 imputed datasets, each with different imputed values for the missing data [25]. Datasets were averaged together to provide an overall pooled dataset [26].
Next, descriptive statistics were computed for study variables using means, SD, frequencies and percentages, and bivariate correlations between study variables were estimated. Last, hierarchical linear regression modeling was used to examine whether the HBM constructs were associated with moderate-to-vigorous intensity PA. Age, sex, BMI, time since diagnosis, surgery (yes/no), chemotherapy (yes/no), and radiotherapy (yes/no) were entered in step 1 and the HBM constructs were entered in step 2. To determine the overall fit of the regression model in each step, multiple correlation coefficients (R), coefficient of determination (R2), and F-ratios were examined. At each step, the regression model was deemed a good fit for the data and statistically significant if F-ratio was significant at p < .05. Standardized (β) and unstandardized beta coefficients (B) along with standard errors (SE) were examined to assess the magnitude of the associations between the HBM constructs and moderate-to-vigorous intensity PA. P-values of < .05 denoted significant associations. 
Results
Table 1 presents descriptive data for study variables. The analytic sample consisted of 123 adult cancer survivors who had a mean age of 50.1±15.5 years. Most participants were female (82.9%), had been diagnosed with breast cancer (35.2%), and were on average 3.6±3.3 years from their most recent diagnosis. The majority of participants had surgery (78%) and had received chemotherapy (61%), with fewer undergoing radiotherapy (49.6%). Half of the sample reported at least one previous diagnosis of cancer. 
On average, participants self-reported high levels of moderate-to-vigorous intensity PA, with 60.2% of the sample being categorized as “sufficiently active” (i.e., meeting 2010 PA guidelines of 150 minutes per week or more of moderate-to-vigorous intensity PA; [4]). Relative to the scale ranges, participants reported moderate-to-high levels of perceived susceptibility to cancer recurrence and health problems, moderate-to-high levels of perceived severity of cancer recurrence and health problems, moderate levels of perceived PA benefits, low levels of perceived barriers to PA, and low levels of PA barrier self-efficacy.
The results of the Pearson bivariate correlations are presented in Table 2. Perceived PA benefits and PA barrier self-efficacy were significantly and positively associated with moderate-to-vigorous intensity PA. Perceived PA barriers were significantly and negatively associated with moderate-to-vigorous intensity PA. The remaining associations were of weak magnitude and not statistically significant. 
The results of the hierarchical linear regression model are presented in Table 3. After adjusting for age, sex, BMI, time since diagnosis and treatments received, the HBM constructs collectively explained 29% of the variance in moderate-to-vigorous intensity PA (p < .001). Perceived PA benefits (p = .007) and PA barrier self-efficacy (p < .001) were significantly and positively associated with moderate-to-vigorous intensity PA.
Discussion
Drawing on the HBM, the purpose of this cross-sectional study was to generate knowledge on theory-based, modifiable factors associated with moderate-to-vigorous intensity PA in order to inform the development, implementation, and evaluation of theory- and evidence-based PA behaviour change interventions for cancer survivors. The findings show that a sample of mostly active cancer survivors (i.e., 60.2% “sufficiently active” based on self-report) have moderate-to-high levels of perceived susceptibility of cancer recurrence and health problems, moderate-to-high levels of perceived severity of cancer recurrence and health problems, moderate levels of perceived PA benefits, low levels of perceived barriers to PA, and low levels of PA barrier self-efficacy. Further, the findings demonstrate that those with more favourable health beliefs regarding the benefits of PA in terms of preventing cancer recurrence and health problems, as well as those with higher self-efficacy for overcoming barriers to PA, engage in more moderate-to-vigorous intensity PA. 
The moderate-to-high levels of perceived susceptibility of cancer recurrence and health problems observed may be expected because cancer survivors are likely aware of the risks of recurrence and may have already been experiencing health problems. Indeed, up to 75% of cancer survivors experience a cancer recurrence [27] and many report adverse health problems (e.g., [1,2]). Equally unsurprising were the moderate-to-high levels of perceived severity of a cancer recurrence and health problems reported based on previous studies showing that cancer survivors perceive a cancer recurrence or a diagnosis of a second primary cancer as distressing [28,29], and that health problems impair quality of life (e.g., [30,31]). Previous studies also show that cancer survivors report cancer recurrence as one of their greatest concerns [29], which may relate to the fear of having to endure treatments again and experience negative side effects and symptoms. Moving forward, it is important to explore ways to help cancer survivors manage their beliefs about cancer recurrence and health problems to decrease levels of distress and promote quality of life. Interventions incorporating mindfulness-based therapy, cognitive behavioural therapy, psychoeducation, gratitude, and communication may help to reduce distress  resulting from fears surrounding cancer recurrence [32], and thus allow them to focus on more positive aspects of life. 
The moderate levels of perceived PA benefits for reducing the risk of cancer recurrence and health problems reported are in line with data showing that some but not all cancer survivors are aware of the benefits of PA [33]. This finding suggests that public health messaging about the benefits of PA may have been effective, but that further large-scale intervention are still needed, especially because perceived PA benefits for reducing the risk of cancer recurrence and health problems was significantly associated with moderate-to-vigorous intensity PA. In contrast to previous studies reporting that cancer survivors often experience physical (e.g., pain, fatigue), psychosocial (e.g., motivation, social support), and environmental (e.g., access to facilities) barriers to participation in PA [33,34] and that such barriers are inversely related to moderate-to-vigorous intensity PA [35,36], low levels of perceived barriers to PA were reported in the current study and these were not associated with moderate-to-vigorous intensity PA in the main analyses. In addition, low levels of PA barrier self-efficacy were observed, meaning that participants did not perceive themselves as competent in overcoming barriers related to PA. Hefferon and colleagues [37] found that breast cancer survivors who struggled to engage in PA often attributed it to barriers associated with low self-efficacy. Taken together, these findings suggests that it may be beneficial to explore strategies to help build cancer survivors’ self-efficacy to overcome PA barriers as this has been shown to encourage engagement in health behaviours [38]. 
	Perceived PA benefits in terms of preventing cancer recurrence and health problems, as well as PA barrier self-efficacy, were significantly and positively associated with self-reported moderate-to-vigorous intensity PA. These results support observations that individuals are more likely to engage in a behaviour if they believe it will lead to positive outcomes and experience fewer challenges/barriers to engaging in the behaviour [39]. For example, Awick and colleagues [40] found that cancer survivors who reported greater PA barrier self-efficacy reported higher levels of PA. In addition, the positive association between PA barrier self-efficacy and moderate-to-vigorous intensity PA is consistent with the HBM propositions and other theoretical perspectives, including the theory of planned behaviour [11] and social cognitive theory [12]. These results underscore the need to ensure cancer survivors are aware of the benefits of PA for reducing the risk of cancer recurrence and health problems. They also suggest that increasing cancer survivors’ PA barrier self-efficacy may be an important strategy to facilitate moderate-to-vigorous intensity PA [33,34]. As healthcare providers are in a unique position to provide cancer survivors with information covering the benefits of moderate-to-vigorous intensity PA and to refer their patients to qualified PA professionals [41], they should be encouraged to do so. Additionally, it may be valuable to develop PA resources (e.g., pamphlets) for cancer survivors that highlight the benefits of PA (including that PA can reduce the risk of cancer recurrence and health problems beyond improving overall health) that can then be distributed by healthcare providers as studies have shown that the distribution of PA pamphlets can increase PA [42]. Last, it may be necessary build partnerships with community partners to offer programs that can help cancer survivors build self-efficacy to overcome barriers to PA and in turn engage in unsupervised PA given limited resources. 
	Finally, despite research suggesting that perceived susceptibility of cancer and health problems, as well as perceived severity of cancer recurrence and health problems, may serve as prompts for engaging in health-promoting behaviours following a cancer diagnosis in family members [16,17], these health beliefs were not significantly associated with self-reported moderate-to-vigorous intensity PA in the current study. These findings suggest that perceiving one is susceptible to cancer recurrence and having health problems and/or that having a cancer recurrence and having health problems is severe may not be enough to motivate cancer survivors’ engagement in moderate-to-vigorous intensity PA. However, considering this sample reported moderate-to-high levels of perceived susceptibility and perceived severity, there may have been a ceiling effect and thus not enough variability to observe associations. Considering other researchers have noted a lack of associations between perceived susceptibility to health problems, perceived severity of health problems, and PA [43], it may be necessary to look to other theories, either in isolation or in conjunction with the HBM, to elucidate additional modifiable factors associated with moderate-to-vigorous intensity PA among cancer survivors. 
	Though the current study is amongst the few that have examined health beliefs and PA [44,45], it has limitations that should be taken into consideration and addressed in future research. Despite observing Cronbach alpha values between .81 to .96, a validated measure was not used to assess the HBM constructs as one does not currently exist for cancer survivors. Also, despite using a PA measure with established reliability and validity, self-report PA data may be biased by social desirability and recall errors. Relatedly, the high levels of self-reported engagement in moderate-to-vigorous intensity PA reported in this sample are not representative of the overall population of cancer survivors, which may reflect response bias. Finally, a larger sample with a more diverse distribution of cancer survivors (e.g., more males) may have yielded different results. 
Conclusion 
This study enhances understanding of levels of and associations between theory-based health beliefs and moderate-to-vigorous intensity PA in a sample of heterogenous cancer survivors. In particular, the HBM constructs collectively accounted for significant variance in moderate-to-vigorous intensity PA among cancer survivors after adjusting for age, sex, BMI, time since diagnosis, and treatments received. The findings demonstrate that perceived susceptibility to cancer recurrence and health problems, as well as perceived severity of cancer recurrence and health problems may not impact moderate-to-vigorous intensity PA. Rather, perceived benefits of PA for reducing the risk of cancer recurrence and health problems, as well as PA barrier self-efficacy were associated with moderate-to-vigorous intensity PA. Considering that not all of the HBM constructs were associated with moderate-to-vigorous intensity PA, it may be necessary to use a multi-theory approach that includes the HBM when designing studies aimed at developing interventions to promote PA. Further, the findings point to the potential relevance of raising awareness of the benefits of PA for reducing risk of cancer recurrence and health problems and strengthening self-efficacy to overcome PA barriers to promote cancer survivors’ attaintment of moderate-to-vigorous intensity PA guidelines.


Table 1. Participants’ socio-demographic and medical characteristics, PA, and health beliefs 
	Variables
	Descriptives

	Socio-demographic characteristics
	

	Age (years), M±SD; range
	50.14±15.47; 19-80

	Sex, n (%)
	

	Female
	102 (82.9)

	Civil Status, n (%)a
	

	Married
	70 (57.4)

	Ethnicity, n (%) 
	

	Caucasian 
	114 (92.7)

	Education level, n (%)
	

	Completed primary school
	1 (0.8)

	Completed high school
	24 (19.5)

	Completed university
	98 (79.7)

	Annual household income (CAD $), n (%)b
	

	< 40 000 
	26 (22)

	40 000 – 80 000
	33 (28)

	> 80 000 
	59 (50)

	Body mass index (kg/m2), M±SD; range
	27.55±6.31; 17.94-45.42

	Medical characteristics
	

	Previous cancer diagnosis, n (%)c
	60 (50)

	Cancer diagnosis, n (%)a
	

	Breast 
	43 (35.2)

	Colorectal
	14 (11.5)

	Lymphoma
	12 (9.8)

	Cancer stage, n (%)
	

	0
	5 (4.1)

	1-2
	55 (44.7)

	3-4
	49 (39.9)

	Time since diagnosis (years), M±SD; range
	3.63±3.30; 0-11.92 

	Treatments received, n (%)
	

	Surgeryd 
	96 (78)

	Chemotherapyd
	75 (61)

	Radiotherapyc
	61 (49.6)

	Moderate-to-vigorous intensity PA (METs), M±SD; range
	30.25±22.88; 0-98

	Health belief model constructs, M±SD
	

	Perceived susceptibility 
	3.80±.90

	Perceived severity 
	3.40±.83

	Perceived PA benefits 
	3.88±.73

	Perceived barriers to PA 
	2.11±.86

	PA barrier self-efficacy 
	56.22±.06


Notes. an=122; bn=118; cn=120; dn=121; PA=Physical activity; METs=Metabolic equivalent of task.


Table 2. Pearson bivariate correlation analysis examining the associations between health belief model constructs and moderate-to-vigorous intensity PA.

	
	MVPA
	Perceived susceptibility
	Perceived severity
	Perceived PA benefits
	Perceived barriers to PA
	PA barrier self-efficacy

	MVPA
	--
	
	
	
	
	

	Perceived susceptibility
	-.13
	--
	
	
	
	

	Perceived severity
	-.06
	.33**
	--
	
	
	

	Perceived PA benefits
	.37**
	-.02
	.02
	--
	
	

	Perceived barriers to PA
	-.21*
	.13
	.33**
	-.22*
	--
	

	PA barrier self-efficacy
	.54*
	-.06
	-.19*
	.34**
	-.44**
	--

	Notes. MVPA = Moderate-to-vigorous intensity physical activity; PA = Physical activity; BMI = Body mass index; * p < .05; ** p < .01.




Table 3. Hierarchical multivariate regression analysis examining the associations between health belief model constructs and moderate-to-vigorous intensity PA controlling for age, sex, body mass index, time since diagnosis, and treatments received.

	Variables
	F
	R2
	Δ R2
	β
	B
	SE
	95% CI

	Step 1
	3.60**
	.18
	
	
	
	
	

	Age (years)
	
	
	
	-.21*
	-0.30
	0.13
	[-0.57, -0.04]

	Sex (0=male; 1=female)
	
	
	
	-.25**
	-15.31
	5.27
	[-25.64, -4.98]

	Body mass index (kg/m2)
	
	
	
	-.15
	- 0.54
	0.31
	[-1.15, -0.07]

	Time since diagnosis (years)
	
	
	
	.22*
	1.53
	0.60
	[0.34, 2.72]

	Surgery (0=no; 1=yes)
	
	
	
	-.07
	-3.95
	5.09
	[-13.93, 6.02]

	Chemotherapy (0=no; 1=yes)
	
	
	
	.01
	0.53
	4.44
	[-8.17, 9.24]

	Radiotherapy (0=no; 1=yes)
	
	
	
	.06
	2.98
	4.39
	[-5.62, 11.58]

	Step 2
	11.30***
	.47
	.29
	
	
	
	

	Perceived susceptibility 
	
	
	
	-.09
	-1.76
	2.02
	[-5.74, 2.21]

	Perceived severity
	
	
	
	-.04
	-1.36
	2.36
	[-6.00, 3.27]

	Perceived PA benefits
	
	
	
	.20**
	6.74
	2.51
	[1.81, 11.67]

	Perceived barriers to PA
	
	
	
	-.01
	-0.53
	2.37
	[-5.18, 4.12]

	PA barrier self-efficacy 
	
	
	
	.42***
	0.44
	0.08
	[0.26, 0.53]


Notes. PA = Physical activity; * p < .05; ** p < .01; *** p < .001; 95% CI = 95% confidence interval. 



References
1. Foster C, Wright D, Hill H, Hopkinson J, Roffe L (2009) Psychosocial implications of living 5 years or more following a cancer diagnosis: A systematic review of the research evidence. Eur J Cancer Care 18 (3):223-247. doi:10.1111/j.1365-2354.2008.01001.x
2. Maass SW, Roorda C, Berendsen AJ, Verhaak PF, de Bock GH (2015) The prevalence of long-term symptoms of depression and anxiety after breast cancer treatment: A systematic review. Maturitas 82 (1):100-108. doi:10.1016/j.maturitas.2015.04.010
3. Norat T, Chan D, Vieira AR, Aune D, Rosenblatt DN, Vingeliene S, Abar L, Vieira R (2014) Systematic review on diet, nutrition, physical activity and survival and second cancers in breast cancer survivors. World Cancer Research Fund International, London, UK
4. Schmitz KH, Courneya KS, Matthews C, Demark-Wahnefried W, Galvao DA, Pinto BM, Irwin ML, Wolin KY, Segal RJ, Lucia A, Schneider CM, von Gruenigen VE, Schwartz AL, American College of Sports Medicine (2010) American College of Sports Medicine roundtable on exercise guidelines for cancer survivors. Med Sci Sports Exerc 42 (7):1409-1426
5. Campbell KL, Winters-Stone KM, Wiskemann J, May AM, Schwartz AL, Courneya KS, Zucker DS, Matthews CE, Ligibel JA, Gerber LH, Morris GS, Patel AV, Hue TF, Perna FM, Schmitz KH (2019) Exercise guidelines for cancer survivors: Consensus statement from international multidisciplinary roundtable. Med Sci Sports Exerc 51 (11):2375-2390. doi:10.1249/MSS.0000000000002116
6. Mishra SI, Scherer RW, Geigle PM, Berlanstein DR, Topaloglu O, Gotay CC, Snyder C (2012) Exercise interventions on health-related quality of life for cancer survivors. Cochrane Database Syst Rev 15 (8):CD007566. doi:10.1002/14651858.CD007566.pub2
7. Warburton DE, Charlesworth S, Ivey A, Nettlefold L, Bredin SS (2010) A systematic review of the evidence for Canada's Physical Activity Guidelines for Adults. Int J Behav Nutr Phys Act 7 (39). doi:10.1186/1479-5868-7-39
8. Blanchard CM, Courneya KS, Stein K (2008) Cancer survivors' adherence to lifestyle behavior recommendations and associations with health-related quality of life: Results from the American cancer society's SCS-II. Int J Clin Oncol 26 (13):2198-2204
9. Grimmett C, Corbett T, Brunet J, Shepherd J, Pinto BM, May CR, Foster C (2019) Systematic review and meta-analysis of maintenance of physical activity behaviour change in cancer survivors. Int J Behav Nutr Phys Act 16 (37):1-20. doi:10.1186/s12966-019-0787-4
10. Szymlek-Gay EA, Richards R, Egan R (2011) Physical activity among cancer survivors: A literature review. N Z Med J 124 (1337):1-13
11. Ajzen I (1985) From intentions to actions: A theory of planned behavior. In:  Action control. Springer, New York, NY, pp 11-39
12. Bandura A, Walters RH (1977) Social learning theory. Prantice Hall, Englewood Cliffs, NJ
13. Rosenstock IM (1966) Why people use health services. Milbank Mem Fund Q 44 (3):94-127
14. Becker MH (1974) The health belief model and personal health behavior. Health Educ Monogr 2:324-473
15. Rosenstock IM (1974) Historical origins of the health belief model. Health Educ Monogr 2 (4):321-335
16. Humpel N, Magee C, Jones SC (2007) The impact of a cancer diagnosis on the health behaviors of cancer survivors and their family and friends. Support Care Cancer 15 (6):621-630. doi:10.1007/s00520-006-0207-6
17. Karvinen KH, Brunet J, Carr LJ (2019) Family history of cancer as a cue to action for physical activity behaviour and beliefs. Psychol Health:1-13. doi:10.1080/08870446.2019.1693570
18. Johnson CE, Mues KE, Mayne SL, Kiblawi AN (2008) Cervical cancer screening among immigrants and ethnic minorities: A systematic review using the health belief model. J Low Genit Tract Dis 12 (3):232-241
19. Gourlan M, Bernard P, Bortolon C, Romain AJ, Lareyre O, Carayol M, Ninot G, Boiche J (2016) Efficacy of theory-based interventions to promote physical activity: A meta-analysis of randomised controlled trials. Health Psychol Rev 10 (1):50-66. doi:10.1080/17437199.2014.981777
20. Bea JW, de Heer HD, Valdez L, Kinslow B, Yazzie E, Lee MC, Nez P, Dalgai S, Schwartz A (2018) Physical activity among Navajo cancer survivors: A qualitative study. Am Indian Alsk Native Ment Health Res 25 (2):54-73. doi:10.5820/aian.2502.2018.54
21. van Putten M, Husson O, Mols F, Luyer MDP, van de Poll-Franse LV, Ezendam NPM (2016) Correlates of physical activity among colorectal cancer survivors: Results from the longitudinal population-based profiles registry. Support Care Cancer 24 (2):573-583. doi:10.1007/s00520-015-2816-4
22. Godin G, Shephard RJ (1985) A simple method to assess exercise behavior in the community. Can J Appl Sport Sci 10 (3):141-146
23. Amireault S, Godin G (2015) The Godin-Shephard leisure-time physical activity questionnaire: Validity evidence supporting its use for classifying healthy adults into active and insufficiently active categories. Percept Mot Skills 120 (2):604-622
24. Rousseeuw PJ, Croux C (1993) Alternatives to the median absolute deviation. J Am Stat Assoc 88 (424):1273-1283
25. Enders CK (2017) Multiple imputation as a flexible tool for missing data handling in clinical research. Behav Res Ther 98:4-18
26. Graham JW, Olchowski AE, Gilreath TD (2007) How many imputations are really needed? Some practical clarifications of multiple imputation theory. Prev Sci 8:206-213
27. Nabors LB, Portnow J, Ammirati M, Baehring J, Brem H, Butowski N, Fenstermaker RA, Forsyth P, Hattangadi-Gluth J, Holdhoff M, Howard S, Junck L, Kaley T, Kumthekar P, Loeffler JS, Moots PL, Mrugala MM, Nagpal S, Pandey M, Parney I, Peters K, Puduvalli VK, Ragsdale J, Rockhill J, Rogers L, Rusthoven C, Shonka N, Shrieve DC, Sills AK, Swinnen LJ, Tsien C, Weiss S, Wen PY, Willmarth N, Bergman MA, Engh A (2017) NCCN guidelines insights: Central nervous system cancers, Version 1.2017. J Natl Compr Canc Netw 15 (11):1331-1345. doi:10.6004/jnccn.2017.0166
28. Levy D, Dhillon HM, Lomax A, Marthick M, McNeil C, Kao S, Lacey J (2019) Certainty within uncertainty: A qualitative study of the experience of metastatic melanoma patients undergoing pembrolizumab immunotherapy. Support Care Cancer 27 (5):1845-1852
29. Simard S, Thewes B, Humphris G, Dixon M, Hayden C, Mireskandari S, Ozakinci G (2013) Fear of cancer recurrence in adult cancer survivors: A systematic review of quantitative studies. J Cancer Surviv 7 (3):300-322. doi:10.1007/s11764-013-0272-z
30. Smith AB, Jaeger B, Pinheiro LC, Edwards LJ, Tan HJ, Nielsen ME, Reeve BB (2018) Impact of bladder cancer on health‐related quality of life. BJU international 121 (4):549-557
31. Dess RT, Jackson WC, Suy S, Soni PD, Lee JY, Abugharib AE, Zumsteg ZS, Feng FY, Hamstra DA, Collins SP (2017) Predictors of multidomain decline in health‐related quality of life after stereotactic body radiation therapy (SBRT) for prostate cancer. Cancer 123 (9):1635-1642
32. Chen D, Sun W, Liu N, Wang J, Zhao J, Zhang Y, Liu J, Zhang W (2018) Fear of cancer recurrence: A systematic review of randomized controlled trials. Oncol Nurs Forum 45 (6):703-712
33. Smith L, Croker H, Fisher A, Williams K, Wardle J, Beeken RJ (2017) Cancer survivors' attitudes towards and knowledge of physical activity, sources of information, and barriers and facilitators of engagement: A qualitative study. Eur J Cancer Care 26 (4). doi:10.1111/ecc.12641
34. Eng L, Pringle D, Su J, Shen X, Mahler M, Niu C, Charow R, Tiessen K, Lam C, Halytskyy O, Naik H, Hon H, Irwin M, Pat V, Gonos C, Chan C, Villeneuve J, Harland L, Shani RM, Brown MC, Selby P, Howell D, Xu W, Liu G, Alibhai SMH, Jones JM (2018) Patterns, perceptions, and perceived barriers to physical activity in adult cancer survivors. Support Care Cancer 26 (11):3755-3763. doi:10.1007/s00520-018-4239-5
35. King KA, Vidourek RA, English L, Merianos AL (2013) Vigorous physical activity among college students: Using the health belief model to assess involvement and social support. Arch Exerc Health Dis 4 (2):267-279
36. Brunet J, Taran S, Burke S, Sabiston CM (2013) A qualitative exploration of barriers and motivators to physical activity participation in women treated for breast cancer. Disabil Rehabil 35 (24):2038-2045
37. Hefferon K, Murphy H, McLeod J, Mutrie N, Campbell A (2013) Understanding barriers to exercise implementation 5-year post-breast cancer diagnosis: A large-scale qualitative study. Health Educ Res 28 (5):843-856
38. Rogers LQ, Markwell S, Hopkins-Price P, Vicari S, Courneya KS, Hoelzer K, Verhulst S (2011) Reduced barriers mediated physical activity maintenance among breast cancer survivors. J Sport Exerc Psychol 33 (2):235-254
39. Rabin C, Pinto B (2006) Cancer‐related beliefs and health behavior change among breast cancer survivors and their first‐degree relatives. Psychooncology 15 (8):701-712
40. Awick EA, Phillips SM, Lloyd GR, McAuley E (2017) Physical activity, self-efficacy and self-esteem in breast cancer survivors: A panel model. Psychooncology 26 (10):1625-1631. doi:10.1002/pon.4180
41. Mina DS, Sabiston CM, Au D, Fong AJ, Capozzi LC, Langelier D, Chasen M, Chiarotto J, Tomasone JR, Jones JM, Chang E, Culos-Reed SN (2018) Connecting people with cancer to physical activity and exercise programs: A pathway to create accessibility and engagement. Curr Oncol 25 (2):149-162. doi:10.3747/co.25.3977
42. Vallance JK, Courneya KS, Plotnikoff RC, Yasui Y, Mackey JR (2007) Randomized controlled trial of the effects of print materials and step pedometers on physical activity and quality of life in breast cancer survivors. J Clin Oncol 25 (17):2352-2359
43. Kasser SL, Kosma M (2012) Health beliefs and physical activity behavior in adults with multiple sclerosis. Disabil Health J 5 (4):261-268
44. Moore G, Cambon L, Michie S, Arwidson P, Ninot G, Ferron C, Potvin L, Kellou N, Charlesworth J, Alla F (2019) Population health intervention research: The place of theories. Trials 20 (285):1-6. doi:10.1186/s13063-019-3383-7
45. Rhodes RE, McEwan D, Rebar AL (2019) Theories of physical activity behaviour change: A history and synthesis of approaches. Psychol Sport Exerc 42:100-109. doi:10.1016/j.psychsport.2018.11.010
