Predictors of cancer survivors’ response to a community-based exercise program
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Abstract
Objective: To explore the degree to which sociodemographic (i.e., age, sex, ethnicity, weight status, vocational status, marital status), medical (i.e., stage of cancer, treatment status, comorbidity burden), functional (i.e., self-rated health, exercise capacity), cognitive (i.e., exercise self-efficacy beliefs), and behavioural (i.e., program adherence, extra-curricular exercise) factors predicted cancer-related fatigue and quality of life among 224 cancer survivors who participated in the community-based Wellspring Cancer Exercise Program (WCEP). Design: Prospective, quasi-experimental single-group repeated measures design. Method: Data on predictors and outcomes were collected using self-report and objective measures upon enrollment in the program (week 0), every 10 weeks until program completion (weeks 10, 20, 30), and at 16-weeks follow-up (46 weeks). Data were analyzed using multilevel modeling. Results: In general, participants who were working or transitioning to work, rated their health better, and had higher exercise self-efficacy beliefs had lower cancer-related fatigue, and those who rated their health better and had higher exercise self-efficacy beliefs had higher quality of life. Also, there was a significant interaction between time and exercise self-efficacy beliefs for cancer-related fatigue and quality of life such that greater improvements were observed among participants with higher exercise self-efficacy beliefs. Conclusion: Cancer survivors’ perceptions of their health and their ability to exercise should be fostered to ensure they respond positively to physical activity programs in terms of cancer-related fatigue and quality of life.
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Highlights:
· There is variability in cancer survivors’ response to community-based exercise programs.
· Exercise self-efficacy beliefs predict improvements in cancer-related fatigue and quality of life.
· Cancer survivors’ perceptions of their health and their ability to exercise should be fostered.


Introduction
The transition from a life without cancer to a life with cancer poses several challenges (e.g., psychological distress, loss of feelings of personal control, physical side effects, recurrence) that can negatively affect adults’ wellbeing (Harrington, Hansen, Moskowitz, Todd, & Feuerstein, 2010; Stein, Syrjala, & Andrykowski, 2008). Compared to adults without a history of cancer, cancer survivors (i.e., anyone living with a history of cancer – from the moment of diagnosis onwards) may experience poorer quality of life (Weaver et al., 2012; Yabroff, Lawrence, Clauser, Davis, & Brown, 2004). Cancer survivors may also experience cancer-related fatigue, which is a common and debilitating condition that can persist for years following completion of treatment (Hofman, Ryan, Figueroa-Moseley, Jean-Pierre, & Morrow, 2007). Although cancer-related fatigue and quality of life are related, they are distinct outcomes. Cancer-related fatigue refers to a persistent, subjective sense of tiredness or exhaustion related to cancer or cancer treatment that is not proportional to recent activity and that significantly interferes with usual functioning (Mock et al., 2000), whereas quality of life refers to a person’s subjective evaluation of their wellbeing and functioning across physical, functional, psychological/emotional, social, and spiritual domains (Ferrans, 2005).
	There is an ever-expanding body of literature showing that exercising regularly enhances cancer survivors’ quality of life and reduces cancer-related fatigue (Brown et al., 2011; Cramp & Byron-Daniel, 2012; Dennett, Peiris, Shields, Prendergast, & Taylor, 2016; Ferrer, Huedo-Medina, Johnson, Ryan, & Pescatello, 2010; Fong et al., 2012; Mishra et al., 2012; Sabiston & Brunet, 2012; Schmitz et al., 2005; Segal et al., 2017). Indeed, several researchers have observed positive effects of exercise on various health and behavioural outcomes in cancer survivors when exercise is delivered in a supervised setting by qualified exercise professionals (Brown et al., 2011; Ferrer et al., 2010; Mishra et al., 2012; Segal et al., 2017), including those delivered in community settings (Noble, Russell, Kraemer, & Sharratt, 2012; Schneider, Hsieh, Sprod, Carter, & Hayward, 2007). Whilst the magnitude of the treatment effect of exercise has varied across studies, some heterogeneity is to be expected due to between-study differences (e.g., variations in participants, methodology, study design features, exercises performed). However, it is also possible that there is unexplored heterogeneity in participants’ responses to exercise programs that could be explained by individual-level predictors, which can be called heterogeneity of treatment effect. Providers of community-based exercise programs for cancer survivors are often tasked with tailoring programs to a diverse population in terms of sociodemographic, medical, functional, cognitive, and behavioural factors. Thus, the ability to identify individual-level factors that might help predict responsiveness to community-based exercise programs could be of value to assist in tailoring the parameters of exercise delivery and behavioural support strategies to optimize their benefit for cancer survivors. 
	Predictors of treatment-related outcomes such as quality of life and fatigue are increasingly being addressed in the cancer literature (Kampshoff et al., 2014) and findings may guide the selection of predictors to test for responsiveness to exercise programs. However, there is conflicting evidence around predictors based on meta-analyses. For example, Abrahams et al. (2016) found that receiving chemotherapy in combination with other treatments was associated with greater cancer-related fatigue compared to surgical treatment alone. In contrast, Prue, Rankin, Allen, Gracey and Cramp (2006) did not find an association between type of treatment and cancer-related fatigue. Additionally, Mols, Vingerhoets, Coebergh, and van de Poll-Franse (2005) found that receiving chemotherapy treatment was negatively associated with quality of life. Many other sociodemographic (i.e., age, sex, ethnicity, weight status, vocational status, marital status, income level) and medical (i.e., stage of cancer, treatment status, comorbidity burden) factors have also been tested as predictors of cancer-related fatigue and/or quality of life, but results have been conflicting and most are based on observational studies (Mols et al., 2005; Prue et al., 2006). In the few studies that have explored moderators of the effects of exercise on cancer-related fatigue and quality of life, evidence seems to suggest that older cancer survivors report the greatest reductions in cancer-related fatigue (Brown et al., 2011) and that breast cancer survivors report the greatest improvements in quality of life (Ferrer et al., 2010). Considering the limited and conflicting evidence, further testing of sociodemographic and medical factors as predictors of cancer survivors’ responsiveness to exercise programs warrants further testing. 
	Other relevant putative predictors include cognitive (i.e., exercise self-efficacy beliefs), functional (i.e., self-rated health, exercise capacity), and behavioural (i.e., program adherence, extracurricular exercise) factors. A large body of literature shows that exercise self-efficacy beliefs are associated with enhanced quality of life, reduced cancer-related fatigue, as well as intervention adherence and exercise behaviour (Courneya et al., 2004; Loprinzi, Cardinal, Si, Bennett, & Winters-Stone, 2012; Rogers, McAuley, Courneya, & Verhulst, 2008). Functional factors have occasionally been examined as predictors of cancer-related fatigue, with mixed results (van Weert et al., 2006; Winters-Stone, Bennett, Nail, & Schwartz, 2008). Surprisingly, however, fewer behavioural factors have been examined as moderators of response to exercise because they are often considered outcomes. Particularly in the context of a community-based exercise program, program adherence and extracurricular exercise have rarely been included in predictor analyses to determine if they further contribute to predicting cancer-related fatigue and quality of life outcomes. Given evidence that cancer survivors with higher overall exercise levels tend to have better outcomes (Courneya et al., 2014; Li et al., 2016), it would be worthwhile to test these factors for their potential to moderate the effects of community-based exercise programs. 
The Present Study
Based on the existing literature, there is a clear need to explore how sociodemographic, medical, cognitive, functional, and behavioural factors may relate to cancer-related fatigue and quality of life outcomes among cancer survivors participating in community-based exercise programs. Therefore, the objective of the present study was to explore predictors of change in cancer-related fatigue and quality of life among cancer survivors who enrolled in the Wellspring Cancer Exercise Program (WCEP). The WCEP, as investigated in the present study, has been previously described (Santa Mina et al. (2017)). Briefly, it was a free, ongoing, community-based exercise program designed to address the well-documented need for accessible programs to promote exercise participation among adults during and after treatment for cancer. Following an initial assessment, participants took part in 30 weeks of individualized aerobic and resistance exercise prescriptions in the presence of other participants. Each group session lasted approximately 60 minutes, comprised approximately 8-10 participants, and was supervised by two qualified exercise professionals (e.g., kinesiologists, physiotherapists) who were trained in exercise for people with cancer. The first 10 weeks comprised the ‘initial phase’ during which time participants completed two group sessions per week. For the remaining 20 weeks (referred to as the ‘transition phase’), participants completed one group session per week and were encouraged to exercise on their own outside the program. In addition to the provision of exercise sessions, techniques designed to engage participants and enhance knowledge acquisition, exercise self-efficacy beliefs, and behavioural activation were used by the WCEP staff. Techniques used include: (1) modeling, (2) tailoring the program to participants’ fitness level, (3) offering positive feedback, (4) providing immediate assistance, (5) encouraging the use of diaries to prompt self-regulation, and (6) ensuring progression to increase the likelihood of program completion. 
As a community-based program, the WCEP serves a diverse group of adult cancer survivors in terms of their sociodemographic and medical backgrounds, as well as their cognitive beliefs, physical functioning, and exercise behaviours, which makes it an excellent candidate for exploring how these factors may relate to changes in the target outcomes of cancer-related fatigue and quality of life. We have previously demonstrated that participants enrolled in the WCEP showed statistically significant and clinically meaningful improvements in cancer-related fatigue and functional capacity by week 20 and quality of life by week 46 (i.e., 16 weeks following program completion; Santa Mina et al., 2017). Yet, substantial inter-individual variability in the outcomes was observed, indicating the possibility that certain individual-level factors may moderate the response to the program. Thus, based on previous research, potential factors, for which data were available, that could predict differences in cancer-related fatigue and quality of life outcomes were explored in the present study. The resulting set of factors tested included: sociodemographic (i.e., age, sex, ethnicity, weight status, vocational status, marital status), medical (i.e., stage of cancer, treatment status), functional (i.e., comorbidity burden, self-rated health, functional exercise capacity), cognitive (exercise self-efficacy beliefs), and behavioural (i.e., extra-curricular exercise, program adherence) factors. It was hypothesized that participants who had less comorbidity burden, higher self-rated health, functional exercise capacity and exercise self-efficacy beliefs, who engaged in more extracurricular exercise, and had high adherence to the WCEP protocol would experience greater exercise-induced changes in cancer-related fatigue and quality of life. Considering that previous literature examining sociodemographic and medical factors has yielded equivocal findings, these analyses were exploratory and no hypotheses were made. 
Methods
This study employed a single-group quasi-experimental design. Main study procedures and materials were reviewed and approved by the University Health Network Research Ethics Board, and are explained in detail in (Santa Mina et al. (2017)). In brief, adults who enrolled in the WCEP between November 2012 and December 2013 were asked to provide consent to participate in additional assessments for research purposes. The present study consists of secondary analyses of these data; main outcomes are reported in (Santa Mina et al. (2017)). Participants who agreed completed standardized assessments at five time points: upon enrollment in the program, completion of the initial phase (10-weeks), mid-transition phase (20-weeks), post-program (30-weeks), and at 16-weeks follow-up (46-weeks). All participants who met the WCEP eligibility criteria were eligible to participate in the present study. Eligibility criteria included: (1) be ≥18 years of age, (2) have been diagnosed with cancer, (3) have no previous enrollment in the WCEP, and (4) have received a referral and clearance from an oncologist or family physician to participate in the WCEP. No additional inclusion/exclusion criteria were set for the WCEP or the current analyses.  
Assessment of Predictors
Sociodemographic and medical characteristics. Data on age, sex, vocational status, ethnicity, marital status, height, and weight were obtained from participants’ records at Wellspring. For the current analyses, several characteristics were dichotomized because of sparse endorsement, which introduced estimation problems and model instability. Specifically, East Asian (7.6%), Afro-Caribbean/African (7.1%), South Asian (5.8%), South East Asian (3.1%), or Other (4.0%) were combined into a single category to dichotomize ethnicity as ‘other’ (0) or ‘Caucasian’ (1). Similarly, marital status was dichotomized as ‘separated/divorced, single, or widowed’ (0) or ‘married or common law’ (1) and vocational status was dichotomized as ‘currently unemployed, on disability, retired, or a student’ (0) or ‘working or transitioning to work (i.e., returning to work within upcoming six months)’ (1). Type of cancer, cancer stage, and treatment status (i.e., off- or on-treatment) were also extracted from participants’ records at Wellspring, and similar to some sociodemographic characteristics, cancer type was dichotomized as ‘non-breast’ (0) or ‘breast’ (1) given that so few participants were diagnosed with bladder (0.4%), colorectal (7.1%), gynecological (9.4%), head and neck (5.8%), leiomyosarcoma (0.4%), leukemia (2.7%), melanoma (0.4%), myeloma (2.7%), pancreatic (0.4%), prostate (2.7%), renal (0.4%), skin (1.3%), stomach (0.4%).
Comorbidity burden. Comorbidity burden was measured at each assessment using the Charlson Comorbidity Index (CCI; Charlson, Pompei, Ales, & MacKenzie, 1987). The CCI is a multi-item questionnaire that considers the presence or absence of 19 different conditions, weighted with a score of 1, 2, 3, or to 6 according to their association with 1-year mortality. A total score was computed by summing all weighted CCI items within each assessment, with higher scores indicating greater comorbidity burden. 
Self-rated health. A single item from the Medical Outcomes Study 36-item Short-Form Health Survey (Ware & Sherbourne, 1992) was used at each assessment to measure participants’ self-rated health. Participants rated the degree to which they would say their health was ‘excellent’, ‘very good’, ‘good’, ‘fair’, or ‘poor’, with higher scores reflecting greater self-rated health.
Functional exercise capacity. The 6-minute walk test (6MWT; Guyatt et al., 1985; Rikli & Jones, 1999) was used at each assessment to measure participants’ functional exercise capacity. It is a submaximal exercise test that entails measurement of distance walked in meters over a span of 6 minutes on a hard, flat surface. The distance walked was used as a measure of functional status. 
Exercise self-efficacy beliefs. The 9-item Multidimensional Self-Efficacy for Exercise Scale (MSES; Rodgers, Wilson, Hall, Fraser, & Murray, 2008) was used at each assessment to assess participants’ self-efficacy beliefs in relation to exercise. It is designed to measure three sub-domains of exercise self-efficacy (i.e., task, scheduling, coping). Participants rated each item on a 10-point scale. A sample item is “How confident are you that you can complete your exercises using proper technique?” The measure yields a global score reflecting overall levels of exercise self-efficacy beliefs as well as three subscale scores, with higher scores reflecting higher self-efficacy beliefs. As the three subscales scores were highly correlated in the present study (r>.80), the global score was used in the current analyses to avoid issues of multicollinearity. 
Extra-curricular exercise and adherence to the WCEP. The Godin Leisure Time Exercise Questionnaire (GLTEQ; Godin & Shephard, 1985) was used at each assessment to measure participants’ participation in exercise outside the WCEP. Only scores from the first three questions were used in the current analyses as they allow for the assessment of mild, moderate, and vigorous intensity exercise, whereas the fourth question focuses solely on exercise that is performed long enough to work up a sweat and make the heart beat rapidly (i.e., moderate and vigorous intensity exercise). Participants were asked to report the number of times per week they engaged in mild, moderate, and vigorous intensity exercise for more than 15 minutes outside the WCEP program within the past 7 days. A total extracurricular exercise score was calculated for each assessment by multiplying the reported frequencies of mild, moderate, and vigorous intensity exercise by 3, 5, and 9 metabolic equivalents, respectively, and summing the scores obtained. Adherence was operationalized as attendance to scheduled exercise group sessions and was recorded by the WCEP staff; it was calculated as the percentage of attended sessions between each scheduled assessment time point.
Assessment of Outcomes
Cancer-related fatigue. The 13-item Functional Assessment of Cancer Therapy Fatigue (FACT-F; Yellen, Cella, Webster, Blendowski, & Kaplan, 1997) was used at each assessment to assess participants’ levels of fatigue. Participants rated the extent to which they experienced a range of symptoms in the past 7 days on a 5-point frequency/severity scale. A sample item is “I have trouble starting things because I am tired.” Mean scores were computed for each assessment, with higher scores reflecting lower levels of fatigue.
Quality of life. The 27-item Functional Assessment of Cancer Therapy - General (FACT-G; Cella et al., 1993) was used at each assessment to assess participants’ quality of life during the past 7 days. It consists of four subscales measuring physical, functional, social, and emotional functioning and wellbeing. Sample items are “I have a lack of energy” (physical), “I feel sad” (emotional), “I am able to enjoy life” (functional), and “I am satisfied with family communication about my illness” (social). Participants rated items on a 5-point scale. An overall score based on the mean of the four subscales was derived for each assessment, with higher scores indicating greater overall quality of life. 
Data Analysis
Data were analyzed using SPSS (version 24; IBM Corp, Armonk, NY, USA) and the level of statistical significance was set to p<.05. The analyses proceeded in two phases. First, prior to the main analyses (i.e., multilevel modeling), the issue of missing data when participants completed the assessment but had item-level missing data was addressed using multiple imputation (Enders, 2017). Multiple imputation was favoured because it accommodates mixtures of nominal, ordinal and continuous variables and allowed us to include all variables in the model that may predict missingness and/or correlate with the main study variables. This process involved creating 20 datasets (i.e., 20 or more is a current rule of thumb; Graham, Olchowski, & Gilreath, 2007), for which the missing data were imputed, each with different values. Of note, prior to dealing with missing data, predictor and outcome values were compared across those participants who completed all five assessments and those who completed four or less assessments using chi-square analysis for categorical or dichotomous variables and analysis of variance for continuous variables. Also, missing data when participants did not participate in an assessment was not imputed because an important advantage of multilevel modeling is that it allows for the analysis of incomplete repeated measures data without restrictive assumptions on the covariance matrix. Thus, rather than eliminate incomplete cases, multilevel models were estimated using all available data under the assumption that the non-response could be considered random. 
Second, using each of the 20 datasets, a series of multilevel models were estimated using Restricted Maximum Likelihood (REML) with cancer-related fatigue and quality of life as outcomes following strategies described by Bollen and Curran (2006). The parameter estimates and standard errors obtained from each database were then combined to yield a single set of estimates and standard errors. Multilevel modeling was used because of the hierarchical nature of the data whereby observations at each time point were nested within participants (Singer, 1998; Willett, Singer, & Martin, 1998). Two different plausible error structure specifications were selected to consider the impact of homoscedasticity and autocorrelation of errors over time (Singer & Willett, 2003): (1) first order autoregressive structure, which considers correlations to be highest for adjacent observations and a systematically decreasing correlation with increasing distance between time points, and (2) unstructured covariance structure, which considers that no two pairs of observations are equally correlated. Models were then compared using two commonly used information criteria (i.e., Aikaike’s Information Criterion; AIC); Schwartz’s Bayesian Information Criteria; BIC) to identify which error structure gave the best model fit. Models that minimized AIC and BIC values were retained.
Briefly, as a first step to running the multilevel models, the assumption of multivariate modeling were verified and it was confirmed that both outcomes were normally distributed. Then, unconditional multilevel linear growth models were estimated for cancer-related fatigue and quality of life separately and compared to unconditional quadratic growths models to ensure that linear models were the optimal functional form for both outcomes. Because it was assumed that not all participants had the same baseline levels or the same exact rate of change over time, fixed and random effects for time were included. The fixed effects provide estimates of the average levels at baseline and average rate of change for the sample, whereas the random effects serve to ascertain whether there was variability in baseline levels and in the rate of change. These competing models were compared using the aforementioned information criteria and the chi-square difference test. Next, time-invariant (i.e., age, sex, ethnicity, marital status, stage of cancer, program adherence) and time-varying (i.e., weight status, vocational status, treatment status, comorbidity burden, self-rated health, functional exercise capacity, exercise self-efficacy beliefs, and extra-curricular exercise) predictors were added individually to each model (to conserve power) in order to test the effect of each predictor on cancer-related fatigue and quality of life. In these conditional multilevel growth models, continuous predictors were grand-mean centered by subtracting the sample mean from each observed value to make the interpretation of the model parameters easier; no centering was necessary for dichotomous predictors as they already had a natural zero point.
Results
	In total, 224 adults enrolled in the WCEP and consented to completing additional assessments for research purposes. High attrition was observed as fewer participants completed the 10-week (n=156), 20-week (n=76), 30-week (n=86), and 46-week (n=52) assessments (see Supplemental file for CONSORT figure depicting flow of participants and reasons for drop-out throughout the WCEP and the main study). Reasons for drop-out included: cancer and/or treatment morbidity, non-cancer illness, distance/transportation/vacation, deceased, return to work, not interested/no reason, and exercise at home/no time. Participant characteristics at baseline are presented in Table 1, and are differentiated between participants who completed all assessments (i.e., completers) and those who did not (i.e., non-completers). To summarize, most participants were female (82.1%), married/common-law (55.4%), were working or transitioning to work (75.4%). The mean age was 54.91 years (standard deviation [SD]=9.92), and the ethnicity of the sample was approximately half Caucasian (50.9%). The majority of participants were diagnosed with breast cancer (56.3%) and were off-treatment (61.6%). Comparison of sociodemographic, medical, functional, cognitive, and behavioural factors between completers and non-completers did not reveal any significant differences. Based on these findings, multiple imputation was performed to address missing data as it has been shown to be capable even with large quantities of missing data, as may be expected in a free, ongoing community-based program like the WCEP.
	For the main analyses, the form of change in cancer-related fatigue and quality of life (i.e., linear, quadratic) was first identified using unconditional multilevel growth models. In doing so, different error structures were tested. Based on the BIC and AIC values, as well as the chi-square difference test (after re-estimating the models using Maximum Likelihood since chi-square difference test cannot be performed with REML), the optimal form retained for both outcomes was linear. As well, an unstructured covariance structure gave the best fit for cancer-related fatigue and quality of life. In these retained models (not tabled), the fixed estimates indicated that there was a significant mean intercept for cancer-related fatigue (estimate=32.45, standard error [SE]=0.64, p<.001) and quality of life (estimate=73.55, SE=0.88, p<.001) as well as significant mean linear slopes for cancer-related fatigue (estimate=1.44, SE=0.27, p<.001) and quality of life (estimate=1.27, SE=0.38, p<.001). For cancer-related fatigue, these values reflect that the model-implied initial value was 32.45, and that levels improved by 1.44 units per assessment. For quality of life, these values reflect that the model-implied initial value was 73.55, and that levels increased by 1.27 units per assessment. In addition, the random effects indicated that there was significant variability in cancer-related fatigue and quality of life at baseline (ps<.001), but not in the rate of change over time (ps≥.64).
Next, time-invariant and time-varying predictors were added to each model to test the effect of each predictor on cancer-related fatigue and quality of life. The results of the conditional multilevel growth models are tabulated in Table 2. In comparison to the unconditional multilevel growth models, both conditional multilevel growth models resulted in a reduction in -2 Restricted Log Likelihood, AIC, and BIC, indicating better fit and suggesting that the addition of predictors helped to explain significant individual differences in cancer-related fatigue and quality of life. 
For cancer-related fatigue, there were main effects for vocational status (estimate=2.90, SE=1.29, p=.03), self-rated health (estimate=1.90, SE=0.60, p=.002), and exercise self-efficacy beliefs (estimate=1.63, SE=0.37, p<.001), indicating that participants who worked, rated their health better, and had higher exercise self-efficacy beliefs generally had lower cancer-related fatigue. In addition, there was an interaction between time and exercise self-efficacy beliefs (estimate=0.35, SE=0.18, p=.04), meaning that the magnitude of the linear slope of the trajectory of cancer-related fatigue over time increased by 0.35-units for each one-unit increase in exercise self-efficacy beliefs. To better understand the nature of this association, the interaction was probed by test of simple slopes at specific values of exercise self-efficacy beliefs, namely at high (1 SD above the mean), moderate (at the mean), and low (1 SD below the mean) levels (see Curran, Bauer, & Willoughby, 2006; Preacher, Curran, & Bauer, 2006). Probing showed that the simple slopes for cancer-related fatigue were significant at each level of exercise self-efficacy beliefs (i.e., low estimate=0.93, SE=0.35, p=.01; moderate estimate=2.96, SE=0.50, p<.001; high estimate=4.99, SE=0.78, p<.001), but that the magnitude of the association increased as exercise self-efficacy beliefs increased. Put another way, cancer-related fatigue improved more over time among participants with high levels of exercise self-efficacy beliefs.
	For quality of life, there were main effects for self-rated health (estimate=3.80, SE=0.78, p<.001) and exercise self-efficacy beliefs (estimate=3.17, SE=0.50, p<.001), indicating that quality of life scores were generally higher for participants who rated their health better and had higher exercise self-efficacy beliefs. In addition, there was an interaction between time and exercise self-efficacy beliefs (estimate=0.60, SE=0.24, p=.01). Again, the interaction was probed by test of simple slopes at high, moderate, and low values of exercise self-efficacy beliefs. Probing showed that the simple slopes for quality of life were only significant at moderate (estimate=2.77, SE=0.66, p<.001) and high (estimate=5.12, SE=1.04, p<.001) levels of exercise self-efficacy beliefs, but not at low levels (estimate=0.42, SE=0.47, p=.37). In other words, quality of life improved over time for participants with moderate and high levels of exercise self-efficacy beliefs only.
Discussion
Community-based cancer exercise programs afford cancer survivors appropriate exercise prescription and supervision to ensure safety and effectiveness. The present manuscript reports on the degree to which 14 sociodemographic (i.e., age, sex, ethnicity, weight status, vocational status, marital status), medical (i.e., stage of cancer, treatment status, comorbidity burden), functional (i.e., self-rated health, exercise capacity), cognitive (i.e., exercise self-efficacy beliefs), and behavioural (i.e., program adherence, extracurricular exercise) factors predicted levels of and change in cancer-related fatigue and quality of life among cancer survivors participating in the community-based WCEP. Results permit three main conclusions: (1) vocational status, self-rated health, and exercise self-efficacy beliefs predicted cancer-related fatigue, and self-rated health and exercise self-efficacy beliefs predicted quality of life, (2) participants with higher exercise self-efficacy beliefs throughout the WCEP showed greater improvements in cancer-related fatigue and quality of life, and (3) sociodemographic and medical factors did not predict cancer-related fatigue and quality of life. Results help to better understand which cancer survivors may benefit more from participating in the WCEP. They also provide insight into changes that could be made to the program to better benefit all cancer survivors. 
The first main conclusion is that vocational status, self-rated health, and exercise self-efficacy beliefs predicted cancer-related fatigue, and that self-rated health and exercise self-efficacy beliefs predicted quality of life. Although numerous studies provide evidence that exercise is effective in reducing cancer-related fatigue and improving quality of life among cancer survivors (Brown et al., 2011; Cramp & Byron-Daniel, 2012; Dennett, Peiris, Shields, Prendergast, & Taylor, 2016; Ferrer, Huedo-Medina, Johnson, Ryan, & Pescatello, 2010; Fong et al., 2012; Mishra et al., 2012; Sabiston & Brunet, 2012; Schmitz et al., 2005; Segal et al., 2017), few have investigated variations in the effects of exercise between individuals. This is important to consider as the average treatment effects do not necessarily translate each individual cancer survivor who takes part in an exercise program. By assessing variations in the effects of the WCEP amongst its participants, the analyses revealed that participants who worked or were transitioning to work at enrolment and who rated their health better and had higher exercise self-efficacy beliefs throughout the WCEP reported lower cancer-related fatigue and higher quality of life in general. For this reason, it would be necessary to investigate the direction of associations to assess the possibility that reverse causality exists. It is possible that it may be easier for cancer survivors who experience lower cancer-related fatigue and higher quality of life to return to work. It is also possible that experiencing low levels of cancer-related fatigue and high levels of quality of life leads cancer survivors to rate their health better and have higher exercise self-efficacy beliefs. In addition to investigating the direction of associations, potential differences based on work status that may arise from differences in cancer diagnoses and treatment and that might modify the effects of exercise should be examined. Nevertheless, it appears that cancer survivors at risk of experiencing greater cancer-related fatigue and poorer quality of life include those who are not working, rate their health poorly, and have low exercise self-efficacy beliefs. This finding highlights the importance of routinely assessing these factors because they may indicate the significance of addressing circumstantial factors that may contribute to these negative outcomes.
The second main conclusion is that participants with higher exercise self-efficacy beliefs throughout the WCEP showed greater improvements in cancer-related fatigue and quality of life. The implication of this finding is noteworthy as it suggest that incorporating strategies to enhance cancer survivors’ self-efficacy beliefs in relation to exercise may prove particularly useful to optimize the effects of the WCEP on cancer-related fatigue and quality of life. In concordance with tenets of self-efficacy theory (Bandura, 1977) and past research (Courneya et al., 2004; Karvinen et al., 2007; Loprinzi et al., 2012; Rogers et al., 2008), several strategies warrant consideration. These include: (1) providing mastery experiences, (2) having participants see others who are like them and have similar capacities complete exercises successfully, (3) proving positive feedback, support, and encouragement, and (4) having participants do exercises that give them pleasure and that are associated with positive emotions. Adapting exercises, showing flexibility, and offering alternatives according to participants’ capabilities may also show promising results as a failure to adherence to exercise protocol may be interpreted as a failure in personal self-efficacy.
The third main conclusion is that sociodemographic (i.e., age, sex, ethnicity, weight status, marital status) and medical (i.e., stage of cancer, treatment status, comorbidity burden) factors did not predict cancer-related fatigue and quality of life. Although these factors have received more attention as potential predictors of cancer-related fatigue and quality of life in the literature in comparison to functional, cognitive, and behavioural factors (Kampshoff et al., 2014), the lack of association in the present study is not entirely surprising because past studies have yielded inconsistent findings regarding sociodemographic and medical factors associated with such outcomes. Thus, a tentative inference is that differences in participants’ age, sex, ethnicity, weight status, marital status, stage of cancer, treatment status, and comorbidity burden is not likely to result in different outcomes within the context of community-based cancer exercise programs such as the WCEP. Accordingly, a more promising approach may be to identify genetic or molecular subgroups of cancer survivors for whom exercise has greater effects on health-related and patient-reported outcomes (Friedenreich, Neilson, Farris, & Courneya, 2016).
Strengths and limitations
A strength of the present study is that data were collected from a relatively heterogeneous sample of cancer survivors, and that weight status, vocational status, treatment status, comorbidity burden, self-rated health, functional exercise capacity, exercise self-efficacy beliefs, and extracurricular exercise were measured at multiple time points to capture changes throughout the WCEP. Consequently, within-person variability could be analyzed. Considering that community-based exercise programs must cater their services to a diverse population of cancer survivors, it is important to understand how individual-level factors may predict responses to such programs. However, due to the challenges of collecting data from a community-based exercise program, some limitations and caveats should be noted. First, participants in the present study were a convenience sample of adult cancer survivors who registered for the WCEP and were interested in participating in additional assessments for research purposes, which may have introduced self-selection bias. Relatedly, limitations to the generalizability of the results are important to consider. The sample included a high proportion of women and cancer survivors who were working or transitioning to work. It is possible that men and those who are currently unemployed, on disability, retired, or a student would not show the same inclination to participate in the WCEP, the same positive responses to the WCEP, or the same associations between predictors and outcomes. A second potential limitation is the use of self-report measures to assess most study variables, with the exception of measure of functional exercise capacity. Although self-report is appropriate to assess internal states such as self-rated health and exercise self-efficacy beliefs, the assessment of weight status and extracurricular exercise could be bolstered with the addition of direct measures to help diminish socially desirable responding. Third, causal inference methods were not employed to address the research objective. Fourth, although multilevel modeling can help to mitigate bias caused by drop-out, high attrition was observed. Whilst this limitation is not unique to the present study (Cheifetz et al., 2014; Haas, Kimmel, Hermanns, & Deal, 2012; Noble et al., 2012), this can undermine the effectiveness of the WCEP and/or the results of the present study. Nevertheless, it is worth noting that most of the reasons participants listed for leaving the WCEP or the study were not related to the program itself (i.e., cancer and/or treatment morbidity, non-cancer illness, distance / transportation / vacation, deceased, return to work, not interested/no reason, exercise at home/no time). Last, sub-types of self-efficacy exercise beliefs were not analyzed separately as the sample size was not large enough to produce stable estimates and sub-types were highly correlated. Considering the multifaceted nature of self-efficacy exercise beliefs, it would be valuable to pay more attention to each type in future studies with larger sample sizes. 
Conclusions
Whereas improvements in cancer-related fatigue and quality of life have been reported following exercise (Brown et al., 2011; Cramp & Byron-Daniel, 2012; Dennett, Peiris, Shields, Prendergast, & Taylor, 2016; Ferrer, Huedo-Medina, Johnson, Ryan, & Pescatello, 2010; Fong et al., 2012; Mishra et al., 2012; Sabiston & Brunet, 2012; Schmitz et al., 2005; Segal et al., 2017), the current results suggest that cancer survivors’ exercise self-efficacy beliefs – a malleable cognitive factor – can affect the impact of a 30-week exercise program that was designed to address the well-documented need for accessible programs to promote exercise participation among adults during and after cancer treatment. This finding is key to understanding for whom exercise programs may be most beneficial and it highlights specific strategies that could be employed to maximize the effects of exercise on cancer-related fatigue and quality of life. Indeed, it suggests that integrating strategies to promote cancer survivors’ exercise self-efficacy beliefs within community-based exercise programs may enhance the benefits.
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Table 1. Characteristics of participants at baseline (pre-program) with and without complete data.
	 
	Total
	Completers
	Non-completers
	F
	X2

	Predictors
	
	
	
	
	

	   Age (mean years, SD)
	54.91 (9.92)
	56.16 (9.72)
	54.52 (9.97)
	1.11
	

	   Sex (% male) 
	17.9
	19.2
	17.4
	
	0.09

	   Marital status (% married or common law)*
	55.4
	51.9
	56.4
	
	0.45

	   Ethnicity (% Caucasian)*
	50.9
	51.9
	50.6
	
	0.03

	   Body mass index (mean kg/m2, SD)
	27.83 (6.69)
	27.44 (7.37)
	27.94 (6.49)
	0.23
	

	   Vocational status (% working or transitioning to work)*
	75.4
	73.1
	76.2
	
	0.04

	   Cancer type (% breast)
	56.3
	59.6
	55.2
	
	0.31

	   Cancer stage (% yes)*
	
	
	
	
	0.41

	       I
	19.2
	17.3
	19.8
	
	

	       II
	22.8
	25.0
	22.1
	
	

	       III
	21.4
	19.2
	22.1
	
	

	       IV
	9.4
	9.6
	9.3
	
	

	   Treatment status (% on-treatment)*
	38.4
	36.5
	39.0
	
	0.10

	   Comorbidity burden (mean, SD)
	1.14 (2.07)
	1.17 (2.06)
	1.13 (2.07)
	0.01
	

	   Exercise self-efficacy beliefs (mean, SD)
	6.44 (1.50)
	6.32 (1.47)
	6.47 (1.51)
	0.41
	

	   Extracurricular exercise (mean, SD)
	1242.02 (1097.61)
	1034.41 (881.84)
	1304.78 (1149.82)
	2.44
	

	   Functional exercise capacity (mean, SD)
	427.75 (112.70)
	432.90 (143.13)
	426.19 (102.20)
	0.14
	

	   Self-rated health (mean, SD)
	1.86 (0.96)
	1.67 (0.83)
	1.92 (0.99)
	2.73
	

	Outcomes
	
	
	
	
	

	   Fatigue (mean, SD)
	32.12 (10.45)
	33.04 (11.23)
	31.84 (10.22)
	0.53
	

	   Quality of life (mean, SD)
	74.26 (14.32)
	77.30 (13.37)
	73.35 (14.51)
	3.07
	


Notes. Participant characteristics were compared across those participants who completed all assessments and those who did not using chi-square analysis for categorical or dichotomous variables and analysis of variance for continuous variables; none of the comparisons were significant at a p<.05 level. *Total frequencies do not add to 100% due to missing data.


Table 2. Pooled fixed effects results of multilevel modeling analyses testing time-invariant and time-varying predictors of cancer-related fatigue and quality of life. 
	
	Cancer-related fatigue
	Quality of life

	
	Estimates
	Standard errors
	ps
	Estimates
	Standard errors
	ps

	Intercept
	33.30
	3.48
	<.001
	0.71
	3.28
	<.001

	Time
	0.91
	1.34
	.50
	0.31
	1.51
	.84

	Age (in years)a
	-0.001
	0.07
	.98
	0.12
	0.09
	.15

	Sex (0=female)
	-0.81
	1.91
	.67
	1.50
	2.29
	.51

	Marital status (0=separated/ divorced, single, or widowed)
	0.27
	1.79
	.88
	3.40
	1.89
	.08

	Ethnicity (0=non-Caucasian)
	0.19
	1.25
	.88
	0.23
	1.61
	.89

	Vocational status (0=currently unemployed, on disability, retired, or a student)
	2.90
	1.29
	.03
	3.02
	1.77
	.09

	Body mass indexa,b,c
	-0.04
	0.09
	.63
	-0.01
	0.12
	.96

	Cancer stage
	-0.20
	0.94
	.84
	-0.53
	0.86
	.54

	Treatment status (0=off-treatment)c 
	-0.52
	1.35
	.70
	0.04
	1.63
	.98

	Comorbidity burdena,c
	-0.44
	0.33
	.19
	-0.57
	0.42
	.17

	Self-rated healtha
	1.90
	0.60
	.002
	3.78
	0.79
	<.001

	Functional exercise capacitya
	0.01
	0.01
	.10
	0.01
	0.01
	.41

	Exercise self-efficacy beliefsa,c
	1.63
	0.37
	<.001
	3.19
	0.49
	<.001

	WCEP adherencea
	0.02
	0.02
	.25
	0.04
	0.03
	.09

	Extracurricular exercisea,c
	-0.01
	0.02
	.77
	-0.05
	0.04
	.22

	Time*age
	-0.05
	0.03
	.12
	-0.04
	0.04
	.28

	Time*sex
	1.13
	0.76
	.14
	1.73
	1.00
	.09

	Time*marital status
	-0.11
	0.65
	.85
	-1.07
	0.75
	.16

	Time*ethnicity
	0.75
	0.62
	.23
	0.78
	0.71
	.28

	Time*vocational status
	-0.79
	0.66
	.24
	-0.39
	1.03
	.71

	Time*body mass index
	0.03
	0.04
	.42
	-0.01
	0.05
	.85

	Time*cancer stage
	-0.33
	0.45
	.48
	-0.14
	0.45
	.75

	Time*treatment status
	-0.54
	0.63
	.40
	-1.24
	0.84
	.14

	Time*self-rated health
	0.05
	0.35
	.89
	-0.13
	0.47
	.79

	Time*comorbidity burden
	0.38
	0.23
	.12
	0.26
	0.28
	.36

	Time*functional exercise capacity
	-0.01
	0.01
	.43
	-0.02
	0.03
	.54

	Time*exercise self-efficacy beliefs
	0.35
	0.18
	.04
	0.59
	0.24
	.02

	Time*WCEP adherence
	-0.02
	0.01
	.10
	-0.03
	0.02
	.98

	Time*extracurricular exercisea,c
	-0.03
	0.01
	.06
	-0.02
	0.02
	.19


Notes. aContinuous predictors are grand-mean centered for main and interaction effects. bBody mass index calculated as participants’ weight (in kilograms; kg) divided by their height (in meters; m) squared. cTime-varying predictors are the repeated assessments of participants. WCEP = Wellspring Cancer Exercise Program. 

