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Abstract

Purpose—Supervised exercise interventions can elicit numerous positive health outcomes in

older breast cancer survivors. However, to maintain these benefits, regular exercise needs to be

maintained long after the supervised program. This may be difficult, as in this transitional period

(i.e., time period immediately following a supervised exercise program), breast cancer survivors

are in the absence of on-site direct supervision from a trained exercise specialist. The purpose of

the present study was to identify key determinants of regular exercise participation during a 6-

month follow-up period after a 12-month supervised exercise program among women aged 65+

years who had completed adjuvant treatment for breast cancer.

Methods—At the conclusion of a supervised exercise program, and 6-months later, 69 breast

cancer survivors completed surveys examining their exercise behavior and key constructs from the

Transtheoretical Model.

Results—After adjusting for weight status and physical activity at the transition point, breast

cancer survivors with higher self-efficacy at the point of transition were more likely to be active 6-

months after leaving the supervised exercise program (OR [95% CI]: 1.10 [1.01–1.18]). Similarly,

breast cancer survivors with higher behavioral processes of change use at the point of transition

were more likely to be active (OR [95% CI]: 1.13 [1.02–1.26]).

Conclusion—These findings suggest that self-efficacy and the behavioral processes of change,

in particular, play an important role in exercise participation during the transition from a

supervised to a home-based program among older breast cancer survivors.
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Introduction

In addition to the benefits of exercise in reducing the risk of primary breast cancer [1],

recent observational studies suggest that regular exercise participation may reduce the risk

of breast cancer recurrence and breast cancer-related mortality [2]. However, a significant

percentage of breast cancer survivors do not engage in regular exercise. For example, data

from a prospective study of leisure-time exercise in 231 women with early-stage breast

cancer showed that prior to breast cancer diagnosis, 70% of women met current physical

activity guidelines [3]. However, after the first course of adjuvant therapy, the percent

meeting guidelines dropped to 39%. After the second course of cancer treatment, the percent

dropped to 15%. Two- and 6-months after completing treatment, respectively, 41% and 37%

of individuals continued to be insufficiently active (i.e., not meeting physical activity

guidelines).

To increase participation in exercise and to examine the influence of exercise on health

outcomes in breast cancer survivors, researchers have begun to develop structured exercise

programs specific to people with cancer. In a systematic review, Knols et al. [4] summarized

the current evidence of the effect of exercise interventions on exercise behavior in breast

cancer survivors. Among the five randomized controlled trials identified, results showed

that, on average, exercise-based interventions coupled with counseling can increase daily

step counts by over 500 steps per day (i.e., approximately ¼ of a mile). Additionally, prior

studies have shown that adherence to a supervised exercise program can reduce common

side effects associated with breast cancer treatment, such as fatigue [5], depression [6], bone

loss [7], decreased levels of muscular strength [8], decreased aerobic capacity [9], increased

weight gain [10], and impaired quality of life [11].

At some point, breast cancer survivors make the transition from a supervised exercise

program to exercising on their own either because the supervised program ends or access to

the program becomes an issue. During this transitional period, maintaining regular

participation in exercise and continuing to achieve positive health outcomes may be more

difficult, as women no longer have direct supervision from a trained exercise specialist.

Consequently, factors that influence regular participation in exercise during the transitional

period are important to identify, as these factors can then be targeted for change during the

supervised exercise programs to increase the likelihood of a successful transition. To date,

few studies have examined determinants of exercise behavior during the transitional period

among breast cancer survivors [12], and we know even less about the determinants of

exercise behavior among older breast cancer survivors.

The purpose of the present study is to identify key determinants of regular participation in

exercise during a 6-month follow-up period after a 12-month supervised exercise program

among women aged 65+ years who have been previously diagnosed with breast cancer. The

Transtheoretical Model (TTM) of behavior change developed by Prochaska et al. [13–15]
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served as the conceptual framework for this study. Briefly, the TTM is an integrative model

of behavior change that involves progressing through five stages of change, including

precontemplation, contemplation, preparation, action, and maintenance. Key predictors or

facilitators that produce progress through these stages of change include processes of change

(i.e., cognitive and behavioral processes of change), self-efficacy, and decisional balance

(i.e., pros and cons for exercise). These key TTM constructs have been shown to predict

exercise behavior in younger populations [16, 17], adults [18–21], older adults [22],

individuals with chronic diseases [23, 24], and even among cancer patients participating in a

supervised exercise [25] or home-based program [26–28]. The present study extends and

complements previous investigations by examining determinants of exercise behavior during

the transitional period from a supervised to a home-based exercise program among older

breast cancer survivors. These data will be useful in identifying theoretical predictors of

exercise behavior during the transition period that can be targeted for change prior to the

transition.

The aim of the present study was to examine the influence of key TTM constructs (i.e., self-

efficacy, processes of change, and pros and cons of exercise) on changes in exercise

behavior after a supervised exercise program among older breast cancer survivors. We

hypothesized that older breast cancer survivors who had higher perceptions of exercise-

related efficacy, more utilization of behavioral and cognitive processes of change, and report

more pros and fewer cons regarding exercise would be associated with higher levels of

physical activity 6 months after completion of the supervised exercise program.

Methods

Setting and Participants

Participants for the present study were part of a randomized controlled trial of supervised

exercise. We examined the influence of TTM variables on changes in exercise behavior after

the 12-month trial. For the original trial, recruitment strategies included mailings to

potentially eligible women by the Oregon State Cancer Registry and through direct

community approaches. All testing procedures were conducted at Oregon Health & Science

University (OHSU) in Portland, OR. Ethical approval was obtained by the institutional

review board at OHSU and written informed consent was obtained from each participant

prior to participation. Eligibility criteria included breast cancer survivors aged 65+ years

who had completed breast cancer chemotherapy or radiation treatment more than two years

prior to enrollment and who were currently inactive (i.e., less than 30 minutes of planned

moderate-intensity exercise three days a week). Participants were excluded if they had 1)

cognitive difficulties that precluded them from answering survey questions, participating in

the performance tests, or giving informed consent, 2) a medical condition, movement or

neurological disorder, or medication that contraindicated participation in moderate-intensity

aerobic or resistance exercise, and 3) plans to move out of the immediate study area within

18-months.
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Design and Procedures

Participants were part of a prospective, three-armed, randomized controlled trial. The

supervised intervention period was 12-months, with outcomes measured at baseline, 3, 6,

and 12 months. Following the supervised program, additional assessments were made at 18-

months (6-month follow-up). At baseline, participants were randomized into one of three

training groups: aerobic exercise, resistance exercise, and a control group that consisted of

stretching and relaxation exercises. Briefly, participants in each group attended supervised

classes 3 days a week for 12-months with each class lasting approximately 60 minutes. Both

the aerobic and resistance training groups were matched as closely as possible in progression

from the low to high end of the range for moderate-intensity over the first 9-months, with

the intensity maintained for the final 3-months. After the 12-month supervised exercise

program, participants were instructed to continue their intervention exercises as a part of a

home-based program for an additional 6-months. At the end of the supervised program,

participants were provided with their own equipment, an instructional DVD, and a 6-month

training program to follow. Women were neither encouraged nor discouraged from

performing additional physical activity outside of their assigned intervention group and this

additional activity was tracked by self report. Participants from all three groups were

included in the present study.

Assessment of Predictors

Stage of Change—To be consistent with stages of change in the TTM, regular

participation in exercise was defined as “equal to five or more days per week of at least 30-

minutes at a moderate-intensity.” As used in previous studies [24, 29], participants chose

one of five statements describing their readiness to change their exercise behavior. The five

different stages of change include: precontemplation, contemplation, preparation, action, and

maintenance. For example, participants who reported “No, I don’t plan to start in the next

six months” were classified in the pre-contemplation stage. The stage of change algorithm

has demonstrated evidence of reliability and validity in adults of the general population and

those with chronic diseases [24, 29]. Using the participants stage of change score at the

completion of the supervised exercise program (12-months) and at the 18-month assessment

period, five transitional shift groups were created: 1) stable sedentary (pre-contemplation

and/or contemplation at both assessment periods); 2) activity relapsers (action or

maintenance at 12-months moving to contemplation or pre-contemplation at 18-months); 3)

perpetual preparers (preparation at both assessments; preparation at 12-months moving to

pre-contemplation or contemplation at 18 months; action or maintenance at 12-months

moving to preparation at 18 months); 4) activity adopters (pre-contemplation,

contemplation, or preparation at 12-months moving to action or maintenance at 18 months);

and 5) stable active (action and/or maintenance at both assessment periods). Activity status

at the 12-month assessment period was assessed, with participants in the activity adopters

and stable active transitional shift groups classified as “sufficiently active” and those in the

remaining transitional shift groups classified as “insufficiently active.” These transitional

shift groups have been validated in the general population and among adults with chronic

diseases [19, 24, 30].
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Processes of Change—To examine the strategies individuals use to change their

exercise behaviors, a 30-item measure was used to assess both behavioral and cognitive

processes of change. Fifteen items assessed behavioral processes of change (i.e.,

contingency management, counterconditioning, helping relationships, self-liberation, and

stimulus control), whereas the other 15-items assessed cognitive processes of change (i.e.,

consciousness raising, dramatic relief, environmental reevaluation, self-reevaluation, and

social liberation). Participants responded to each question using a Likert scale, with

endpoints ranging from 1 (never) to 5 (repeatedly). A sample behavioral process of change

item is “Instead of relaxing by watching TV or eating, I take a walk or do physical activity.”

A sample cognitive process of change item is “I believe that regular physical activity will

make me a healthier, happier person.” Reliability and validity of both the behavioral and

cognitive processes of change have been previously established [31]. In this sample, internal

consistency, as measured by Cronbach’s alpha, was 0.80 and 0.82 for cognitive processes of

change at the 12- and 18-month assessment periods, respectively. For behavioral processes

of change, internal consistency was 0.79 and 0.86 at the 12- and 18-month assessment

periods, respectively. Behavioral and cognitive processes of change were calculated by

summing the items for each process of change separately and then together for an

assessment of overall process of change (i.e., behavioral plus cognitive). Higher scores

indicate higher use of behavioral processes or cognitive processes of change.

Self-Efficacy—To assess self-efficacy, or an individual’s confidence in her ability to

overcome exercise-related barriers, a 18-item measure, which has demonstrated evidence of

reliability and validity, was used [32, 33]. For each question, participants responded using a

Likert scale, with endpoints ranging from 1 (not at all confident) to 5 (very confident). A

sample item is “I feel confident that I can participate in physical activity when I don’t feel

like it.” In this sample, internal consistency, as measured by Cronbach’s alpha, was 0.93 and

0.95 for self-efficacy at the 12- and 18-month assessment periods, respectively. Items were

summed, with higher scores indicating higher self-efficacy.

Decisional Balance—An individual’s reflection of the pros and cons in engaging in

regular physical activity, referred to as decisional balance, was evaluated using a 10-item

measure. Five items assessed pros of regular exercise, whereas the other five items evaluated

the cons of engaging in regular exercise. Using a Likert scale anchored by 1 (not at all) and

5 (very much), participants rated their degree of agreement with each perceived positive and

negative consequence of exercise involvement. A sample item of pros for exercise is

“physical activity would help me reduce tension or manage stress.” A sample item of cons

for exercise is “physical activity would take too much of my time.” This measure has

previously demonstrated evidence of reliability and validity [34]. In this sample, internal

consistency, as measured by Cronbach’s alpha, was 0.77 and 0.84 for the pros of exercise at

the 12- and 18-month assessment periods, respectively. For the cons of exercise, internal

consistency, as measured by Cronbach’s alpha, was 0.77 and 0.86 at the 12- and 18-month

assessment periods, respectively. Pros and Cons were scored separately by summing the

respective items, with a higher pros score indicating more perceived pros of exercise and a

lower cons score indicating fewer perceived cons of exercise. Overall decisional balance

was calculated by subtracting the cons score from the pros score.
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Self-Reported Physical Activity—To validate the transitional shift groups and to

control for physical activity at the 12-month assessment period, participants self-reported

their physical activity levels using the Community Healthy Activities Model Program for

Seniors (CHAMPS) questionnaire. CHAMPS is a 41-item questionnaire estimating

frequency and caloric expenditure per week in moderate-to-vigorous intensity exercise-

related activities and all exercise-related activities. For the present study, estimation of

caloric expenditure per week in moderate-to-vigorous physical activity was used. First, a

weighted duration variable was calculated by multiplying the duration of time spent in each

moderate-to-vigorous intensity activity and then multiplying by its corresponding MET

value. Then, to estimate caloric expenditure per week in moderate-to-vigorous physical

activity, the weighted duration variable was multiplied by 3.5 and by 60 (to convert METs/

minute to METs/hours) and by (weight in kg/200). The caloric expenditure per week

variable was summed across all moderate-to-vigorous physical activities to create caloric

expenditure per week. Higher caloric expenditure indicates greater time spent in moderate-

to-vigorous physical activity. The CHAMPS questionnaire has demonstrated evidence of

reliability and validity [35–37].

Other Variables—Prior to the supervised exercise program, demographic data were

collected by self-report and consisted of age, race-ethnicity, education, marital status, and

employment. Updated information on the health status of participants was obtained

immediately prior to the transition (i.e., 12-month assessment period) and assessed whether

the participants were diagnosed or experienced any of the following within the last 6-

months: bone fracture, fall, hypertension, diabetes, high cholesterol, osteoporosis, arthritis,

vision changes, heart disease, myocardial infarction, transient ischemic attack, stroke,

seizure, fainting, and pulmonary embolism. Other self-reported medical variables that were

obtained from surveys administered at enrollment included stage of breast cancer, months

since cancer diagnosis, and currently adjuvant hormone therapy. Body mass index (BMI)

was calculated from measured weight and height (weight in kilograms divided by the square

of height in meters). Overweight was defined as a BMI between 25.0 and 29.9 and obese

was defined as a BMI greater than or equal 30.0.

Statistical Analyses

All analyses were performed in STATA. To describe the sample, means were calculated for

continuous variables and proportions were calculated for categorical variables. Statistical

differences between continuous variables were tested using a student’s t-test and statistical

differences between categorical variables were tested with Pearson chi-square (χ2) tests

(Table 1). Due to positively skewed data, the distributions of self-reported CHAMPS

physical activity data were normalized through a square-root transformation. For composite

score variables (e.g., self-efficacy), there were 54 missing values. Of the possible 4,002

values for the TTM variables, this resulted in a 99% completion of all TTM items. For these

54 missing values, row mean substitution was used. There were 6 missing values for the

stage of change variable at either the 12- or 18-month assessment period. Values were not

imputed or substituted for the stage of change variable.
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Pairwise correlation coefficients were calculated to examine the inter-relationships between

caloric expenditure in moderate-to-vigorous intensity exercise-related activities, as measured

by CHAMPS, and the TTM variables (i.e., processes of change, self-efficacy, and decisional

balance) (Table 3). The significance of the pairwise correlation coefficients was tested using

the pairwise significance option. A one-way analysis of variance was used to examine the

association between the TTM variables at the 12-month assessment period and stage of

change, as well as activity status, at the 18-month assessment period. To validate activity

status at the 18-month period, a student t-test was used to determine whether there was a

statistically significant difference in caloric expenditure in moderate-to-vigorous intensity

exercise-related activities at the 18-month period between those classified as “sufficiently

active” (i.e., activity adopters and stable active) and “insufficiently active” (i.e., all those in

the remaining three transitional shift groups). TTM variables at the 12-month assessment

period that were significantly associated (p < 0.05) with either caloric expenditure in

moderate-to-vigorous intensity exercise-related activities, stage of change, or activity status

(i.e., “sufficiently active” and “insufficiently active”) at the 18-month period were examined

in a logistic regression analysis (Table 4). For the logistic regression analysis, activity status

served as the dependent variable, with “insufficiently active” coded as 0, and “sufficiently

active” coded as 1. To obtain odds ratios for the association of the TTM variables at the 12-

month period and activity status at the 18-month period, an adjusted logistic regression

analysis was used that controlled for weight status and physical activity levels at the 12-

month assessment period. Weight status was controlled for in this model because this

variable was significantly associated with activity status (Table 1). Physical activity levels at

the 12-month assessment period, as assessed by the CHAMPS data, were included in the

logistic regression because activity behavior at 12-months was associated with activity

behavior at 18-months (Table 3). Statistical significance was established as p < 0.05.

Results

Of the 115 participants enrolled and randomized to one of the three intervention groups (n =

39 strength training; n = 37 aerobic training; and n = 39 control group) at the start of the

randomized controlled trial, 84 participants were still enrolled in the study at the point of

transition (i.e., 12-month assessment period, baseline for the present study). Of those, 69

participants completed the health history, TTM, and CHAMPS surveys at both the 12- and

18-month assessment periods. Therefore, the sample for the present study was 60% of the

original sample (i.e., 69/115) and 82.1% of the available sample from point of transition at

12-months (i.e., 69/84). With the exception of age (63.0 ± 3.3 vs. 70.6 ± 1.2 yrs, p = 0.01;

mean ± S.E.; values for 115 participants are listed first) and months since breast cancer

diagnosis (164.4 ±45.3 vs. 80.6 ± 5.4, p = 0.02; mean ± S.E., values for 115 participants are

listed first), there were no differences between the 115 participants enrolled and randomized

to the supervised program and the 69 participants who completed questionnaires at the 12-

and 18-month assessment periods with respect to race, education, employment, and stage of

breast cancer. Descriptive characteristics stratified by activity status among these 69

participants are displayed in Table 1. Among all the demographic variables, only weight

status differed by activity status (p = 0.02). Descriptive statistics for the TTM variables

assessed at the 12-month period are shown in Table 2.
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Table 3 displays the correlation matrix between caloric expenditure in moderate-to-vigorous

intensity exercise-related activities, as measured by CHAMPS, and the TTM variables (i.e.,

processes of change, self-efficacy, and decisional balance) at both the 12- and 18-month

assessment periods. For the TTM variables, self-efficacy at 12-months was significantly

associated with physical activity at 18-months (r = 0.35, p = 0.003). Similarly, cons for

exercise (r = −0.35, p = 0.003) and behavioral processes of change (r = 0.30, p = 0.01) at 12-

months were significantly associated with physical activity at 18-months. Pros for exercise

(r = 0.09, p = 0.44) and cognitive processes of change (r = 0.07, p = 0.56) at 12-months,

however, were not significantly associated with physical activity at 18-months. Overall

decisional balance (i.e., pros minus cons for exercise) at 12-months was significantly

associated with physical activity at 18-months (r = 0.30, p = 0.01). Overall processes of

change (cognitive plus behavioral processes of change) at 12-months was not associated

with physical activity at 18-months (r = 0.21, p = 0.08). As expected, physical activity at 12-

months was significantly associated with physical activity at 18-months (r = 0.68, p <

0.0001). Similarly, with the exception of the cognitive processes of change, all of the TTM

variables were significantly associated with each other at both assessment periods.

Using the transformed physical activity data to validate activity status, those classified as

sufficiently active had significantly higher caloric expenditure than those classified as

insufficiently active (M = 43.7 kcals/wk [95% CI: 37.7–49.7] vs. M = 21.1 kcals/wk [95%

CI: 14.4–27.8], p < 0.001).

Results from the one-way analysis of variance showed that for the TTM variables at the 12-

month period, breast cancer survivors with higher perceptions of self-efficacy (p = 0.01) and

greater use of the behavioral processes of change (p < 0.01) were more likely to be in a

higher stage of change at the 18-month assessment period. Similarly, breast cancer survivors

with higher perceptions of self-efficacy (p < 0.001) and greater use of the behavioral

processes of change (p < 0.001) were more likely to be classified as sufficiently active at the

18-month assessment period.

Results from the logistic regression analysis are shown in Table 4. The adjusted logistic

regression model including self-efficacy, cons for exercise, behavioral processes of change,

physical activity at the 12-month assessment period and weight status significantly predicted

activity status, p < 0.001. Thirty-one percent of the total variability of activity status was

accounted for in this model. Breast cancer patients who had higher self-efficacy at the point

of transition had greater odds of being sufficiently active at the 18-month assessment period

(OR [95% CI]: 1.10 [1.01–1.18]). Similarly, breast cancer survivors utilizing more of the

behavioral processes of change at the point of transition had greater odds of being

sufficiently active at the 18-month assessment period (OR [95% CI]: 1.13 [1.02–1.26]).

Women with higher physical activity levels at the point of transition had greater odds of

being sufficiently active at the 18-month assessment period (OR [95% CI]: 1.05 [1.00–

1.10]).
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Discussion

To date, few studies have examined theory-based factors that influence changes in exercise

behavior among breast cancer survivors. Moreover, our knowledge in this area is even more

limited for older breast cancer survivors (i.e., 65+ years), as the few studies that have

examined determinants of exercise behavior have been conducted in younger survivors [12].

Therefore, the aim of the present study was to utilize the TTM to identify theoretical

determinants of regular participation in exercise during a 6-month follow-up period after a

12-month supervised exercise program among breast cancer survivors aged 65+ years. Six

months after completion of a supervised exercise program, 57% of breast cancer survivors

were considered to be sufficiently active. These exercise participation rates are similar to

those reported by Courneya et al. [12], who reported that 58% of breast cancer survivors

were meeting exercise guidelines 6 months after a supervised exercise program. Given the

empirical evidence that regular participation in exercise among breast cancer survivors may

reduce the risk of breast cancer recurrence and breast cancer-related mortality [2], these

exercise participation rates 6 months following a supervised exercise program are less than

optimal. To increase the likelihood of breast cancer survivors maintaining their exercise

program following a supervised exercise program, it is important to understand factors that

influence follow-up exercise participation rates. In partial support of our hypothesis, the

major finding of the present study was that older breast cancer survivors who had higher

self-efficacy and utilized more behavioral processes of change at the end of a 12-month

supervised exercise program had greater odds of being sufficiently active at the 18-month

assessment period.

Limitations of the present study include the relatively small sample size and the use of self-

reported physical activity data. Additionally, the 69 participants in the present study,

compared to the 115 participants randomized to the original supervised exercise program,

differed by age and months since breast cancer diagnosis, suggesting that this select group

may not entirely reflect the broader group of breast cancer survivors interested in exercise.

Future studies using objective measures of physical activity may be useful in confirming our

findings. However, our results are important because this study is the first to assess

predictors of follow-up behavior after a supervised exercise program in older breast cancer

survivors.

Given the benefits of regular participation in exercise among breast cancer survivors, it is

surprising that our knowledge of correlates of increased exercise participation among breast

cancer survivors is limited. Although a few studies have examined cross-sectional correlates

of exercise behavior in breast cancer survivors [38–40], or examined correlates of exercise

adherence during a supervised exercise program[41] or an unsupervised home-based

program [42], we were only able to identify one study examining predictors of follow-up

exercise behavior after an exercise-based intervention in breast cancer survivors [12].

Courneya and colleagues [12] examined predictors of follow-up exercise behavior 6-months

after a randomized trial of exercise training among 201 women with breast cancer. In

addition to examining the influence of demographic, behavioral, medical, and physical

fitness variables, these authors investigated the influence of psychosocial variables on

changes in exercise behavior, specifically examining key constructs from the Theory of
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Planned Behavior (TPB). The TPB asserts that the most important determinant of behavior

is behavioral intention, with key antecedents to intention including an individual’s attitude

(i.e., overall evaluation of the behavior) toward the behavior, their subjective norm (i.e.,

belief about whether most people approve or disapprove of the behavior) associated with the

behavior, and their perceptions of control over the behavior (e.g., whether they feel the

behavior is under their control or not under their control) [43]. Their results showed that

breast cancer survivors with more favorable attitudes toward exercise, stronger perceptions

of control over exercise, and a stronger subjective norm for exercise were more likely to

meet exercise guidelines 6 months after the supervised exercise program. Although the

present study did not examine the utility of the TPB in explaining changes in exercise

behavior, our findings are similar to those of Courneya et al. [12] in that psychological

constructs play an important role in exercise participation. In fact, constructs from the TPB

and TTM share many conceptual similarities in terms of explaining changes in exercise

behavior. For example, attitude from the TPB includes all of the individual beliefs of

decisional balance (pros and cons for exercise); perceived behavioral control from the TPB

has similar qualities as self-efficacy from TTM; and the stage of change construct from

TTM reflects both intention and behavior in the TPB [44].

Additional comparisons can be drawn to a descriptive study from Pinto and colleagues [39]

that examined the inter-relationships between TTM variables, physical activity, dietary

behavior, and weight status among 86 women diagnosed with breast cancer within the last

10-years who were not currently undergoing any cancer-related treatments. Importantly, as

with the majority of other studies [45], this study assessed some (i.e., stage of change,

decisional balance, and self-efficacy), but not all (i.e., processes of change) of the constructs

from the TTM. Results showed that those in the higher stages of motivational readiness

(e.g., maintenance) engaged in more moderate-to-vigorous physical activity than those in

lower stages (e.g., precontemplation and contemplation). Compared to women who were

considered unhealthy (dietary fat ≥ 30% fat and not in the action/maintenance stage of

change for exercise), women who were considered healthy (low-fat diet and exercising at

recommended levels) reported significantly higher self-efficacy for exercise (M = 3.27 vs. M

= 2.26, F = 20.82, p ≤ 0.001). Collectively, these findings, together with the present study,

suggest that the TTM is a useful theoretical framework for explaining exercise behavior

among breast cancer survivors.

In addition to self-efficacy and the behavioral processes of change, and as expected, women

with higher exercise levels at the point of transition had greater odds of being sufficiently

active at the 18-month assessment period. This finding is consistent with that of Courneya

and colleagues [12] who demonstrated that past exercise behavior was a significant predictor

of 6-month follow-up exercise behavior among breast cancer survivors. We ran another

logistic regression model (data not shown) and controlled for potential confounding

variables such as age, weight status, education, marital status, stage of breast cancer, months

since breast cancer diagnosis, exercise attendance during the 12-month supervised program,

and the group assignment during the supervised program. This model produced similar

results as the logistic regression model displayed in Table 4 that controlled for only weight

status and physical activity levels at the 12-month assessment period. It is important to note,
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though, that all of the covariates in the overly adjusted model did not predict activity status

at the 6-month follow-up. With respect to null findings for the demographic variables, this is

similar to the longitudinal findings of Courneya and colleagues [12], but in contrast to other

cross-sectional studies showing that age [46] and education [40] were significant predictors

of exercise behavior in breast cancer survivors. These findings, along with, for example, the

non-significant association of group assignment (i.e., strength training, aerobic training, and

control group) on follow-up activity status (data not shown), suggest that all breast cancer

survivors in a supervised exercise program can benefit from being taught behavioral skills

and strategies to enhances perceptions of exercise-related efficacy.

On the basis of our findings, we recommend that, prior to transitioning into a home-based

exercise program, supervised exercise interventions teach behavioral skills and strategies to

increase self-efficacy among breast cancer survivors. Some behavioral strategies for

changing behaviors that have been successful in persons without cancer include, enlisting

social support, substituting a sedentary behavior with an exercise behavior, and rewarding

oneself for engaging or maintaining exercise behavior [47, 48].

It is important to note that processes of change, as well as self-efficacy, theoretically

increase in a linear sequence across the stages of change (i.e., from precontemplation to

maintenance) [18, 49]. More specifically, behavioral processes of change demonstrate a

greater strength of association with the later stages of change (i.e., action and maintenance

stages), whereas the cognitive processes of change may be more influential in progressing

through the earlier stages of change (i.e., precontemplation to preparation stages). In the

present study, 62% of the breast cancer survivors were in either the action or maintenance

stage at the 12-month assessment period (data not shown); thus, possibly explaining why the

cognitive processes of change at 12-months did not predict activity status at the 18-month

assessment period. This suggests that, with more variability in the stages of change,

cognitive processes of change may have played an important role in shaping exercise

behavior. If future research confirms this speculation, then teaching cognitive skills during

the early part of a supervised intervention may be a sensible strategy too.

In addition to behavioral processes of change, older breast cancer survivors with higher

perceptions of self-efficacy at the conclusion of the supervised program had greater odds of

being sufficiently active at the 18-month assessment period. This finding is consistent with

other cross-sectional studies among women with breast cancer [39, 42], as well as other non-

cancer populations [18, 19, 23]. In accordance with the tenets of TTM [13–15], self-efficacy

perceptions can be influenced from past performances, vicarious experiences (modeling),

verbal encouragement, and physiological state. Therefore, to increase exercise-specific self-

efficacy among breast cancer survivors, supervised exercise programs could: 1) provide

enjoyable and appropriate positive exercise experiences (e.g., moderate intensity activities

such as brisk walking); 2) create opportunities to observe other influential individuals (e.g.,

other breast cancer survivors) perform exercise; 3) provide reinforcement to participate in

exercise; and 4) reduce any potential stress or anxiety associated with exercise (e.g.,

encourage exercising in a safe and enjoyable location).
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In summary, our findings suggest that the behavioral processes of change and exercise-

specific self-efficacy play an important role in follow-up exercise behavior after a

supervised exercise program for older breast cancer survivors. Therefore, strategies to

encourage self-efficacy and use of behavioral processes may be useful in supervised

exercise programs in order to promote long-term adherence to physical activity by older

breast cancer survivors.

Acknowledgments

This study was made possible through Grant Number 5RO1CA120123-03, “Comparison of aerobic and resistance
exercise in older breast cancer survivors,” National Cancer Institute, National Institutes of Health, awarded to Kerri
M. Winters-Stone, Ph.D., Principal Investigator.

References

1. Friedenreich CM, Cust AE. Physical activity and breast cancer risk: impact of timing, type and dose
of activity and population subgroup effects. Br J Sports Med. 2008; 42:636–647. [PubMed:
18487249]

2. Ibrahim EM, Al-Homaidh A. Physical activity and survival after breast cancer diagnosis: meta-
analysis of published studies. Med Oncol. 2010

3. Andrykowski MA, Beacham AO, Jacobsen PB. Prospective, longitudinal study of leisure-time
exercise in women with early-stage breast cancer. Cancer Epidemiol Biomarkers Prev. 2007;
16:430–438. [PubMed: 17372237]

4. Knols RH, de Bruin ED, Shirato K, Uebelhart D, Aaronson NK. Physical activity interventions to
improve daily walking activity in cancer survivors. BMC Cancer. 2010; 10:406. [PubMed:
20684789]

5. Servaes P, Verhagen S, Bleijenberg G. Determinants of chronic fatigue in disease-free breast cancer
patients: a cross-sectional study. Ann Oncol. 2002; 13:589–598. [PubMed: 12056710]

6. Palesh OG, Collie K, Batiuchok D, Tilston J, Koopman C, Perlis ML, et al. A longitudinal study of
depression, pain, and stress as predictors of sleep disturbance among women with metastatic breast
cancer. Biol Psychol. 2007; 75:37–44. [PubMed: 17166646]

7. Ott CD, Twiss JJ, Waltman NL, Gross GJ, Lindsey AM. Challenges of recruitment of breast cancer
survivors to a randomized clinical trial for osteoporosis prevention. Cancer Nurs. 2006; 29:21–31.
quiz 32–23. [PubMed: 16557117]

8. Satariano WA, Ragland DR. Upper-body strength and breast cancer: a comparison of the effects of
age and disease. J Gerontol A Biol Sci Med Sci. 1996; 51:M215–219. [PubMed: 8808991]

9. MacVicar MG, Winningham ML, Nickel JL. Effects of aerobic interval training on cancer patients’
functional capacity. Nurs Res. 1989; 38:348–351. [PubMed: 2587289]

10. Denmark-Wahnefried W, Peterson BL, Winer EP. Changes in weight, body composition, and
factors influencing energy balance among premenopausal breast cancer patients receiving adjuvant
chemotherapy. J Clin Oncol. 2001; 19:2381–2389. [PubMed: 11331316]

11. Montazeri A, Vahdaninia M, Harirchi I, Ebrahimi M, Khaleghi F, Jarvandi S. Quality of life in
patients with breast cancer before and after diagnosis: an eighteen months follow-up study. BMC
Cancer. 2008; 8:330. [PubMed: 19014435]

12. Courneya KS, Friedenreich CM, Reid RD, Gelmon K, Mackey JR, Ladha AB, et al. Predictors of
follow-up exercise behavior 6 months after a randomized trial of exercise training during breast
cancer chemotherapy. Breast Cancer Res Treat. 2009; 114:179–187. [PubMed: 18389368]

13. Prochaska JO, DiClemente CC. Stages and processes of self-change of smoking: toward an
integrative model of change. J Consult Clin Psychol. 1983; 51:390–395. [PubMed: 6863699]

14. Prochaska JO, DiClemente CC, Norcross JC. In search of how people change. Applications to
addictive behaviors. Am Psychol. 1992; 47:1102–1114. [PubMed: 1329589]

15. Prochaska JO, Velicer WF. The transtheoretical model of health behavior change. Am J Health
Promot. 1997; 12:38–48. [PubMed: 10170434]

Loprinzi et al. Page 12

Support Care Cancer. Author manuscript; available in PMC 2014 May 06.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



16. Cardinal BJ, Engels HJ, Smouter J. Changes in preadolescents’ stage of change for exercise
behavior following “Health Kids 2000-Get With It”. Am J Med Sport. 2001; 3:272–278.

17. Cardinal BJ, Engels HJ, Zhu W. Application of the Transtheoretical Model of behavior change to
preadolescents’ physical activity and exercise behavior. Ped Exerc Sci. 1998; 10:69–80.

18. Cardinal BJ, Kosma M. Self-efficacy and the stages and processes of change associated with
adopting and maintaining muscular fitness-promoting behaviors. Res Q Exerc Sport. 2004;
75:186–196. [PubMed: 15209337]

19. Cardinal BJ, Lee J, Kim Y. Predictors of transitional shifts in college students’ physical activity
behavior. International Journal of Applied Sports Sciences. 2010; 22:24–32.

20. Cardinal BJ, Sachs ML. Prospective analysis of stage-of-exercise movement following mail-
delivered, self-instructional exercise packets. Am J Health Promot. 1995; 9:430–432. [PubMed:
10150534]

21. Cardinal BJ, Tuominen KJ, Rintala P. Cross-cultural comparison of American and Finnish college
students’ exercise behavior using transtheoretical model constructs. Res Q Exerc Sport. 2004;
75:92–101. [PubMed: 15532365]

22. Cardinal BJ. Facilitating physical activity and health behavior change among older adults.
Contemporary Psychology, APA Review of Books. 2002; 49:15–17.

23. Cardinal BJ, Kosma M, McCubbin JA. Factors influencing the exercise behavior of adults with
physical disabilities. Med Sci Sports Exerc. 2004; 36:868–875. [PubMed: 15126723]

24. Levy SS, Li K, Cardinal BJ, Maddalozzo GF. Transitional shifts in exercise behavior among
women with multiple sclerosis. Disability and Health Journal. 2009; 2:216–223. [PubMed:
21122762]

25. Courneya KS, Segal RJ, Reid RD, Jones LW, Malone SC, Venner PM, et al. Three independent
factors predicted adherence in a randomized controlled trial of resistance exercise training among
prostate cancer survivors. J Clin Epidemiol. 2004; 57:571–579. [PubMed: 15246125]

26. Courneya KS, Friedenreich CM, Quinney HA, Fields AL, Jones LW, Fairey AS. Predictors of
adherence and contamination in a randomized trial of exercise in colorectal cancer survivors.
Psychooncology. 2004; 13:857–866. [PubMed: 15386794]

27. Courneya KS, Friedenreich CM, Sela RA, Quinney HA, Rhodes RE. Correlates of adherence and
contamination in a randomized controlled trial of exercise in cancer survivors: an application of
the theory of planned behavior and the five factor model of personality. Ann Behav Med. 2002;
24:257–268. [PubMed: 12434937]

28. Bennett JA, Lyons KS, Winters-Stone K, Nail LM, Scherer J. Motivational interviewing to
increase physical activity in long-term cancer survivors: a randomized controlled trial. Nurs Res.
2007; 56:18–27. [PubMed: 17179870]

29. Reed G, Velicer WF, Prochaska JO. What makes a good staging algorithm? Examples from regular
exercise. Am J Health Promot. 1997; 12:57–66. [PubMed: 10170436]

30. Levy SS, Cardinal BJ. Factors associated with transitional shifts in college students’ physical
activity behavior. Res Q Exerc Sport. 2006; 77:476–485. [PubMed: 17243222]

31. Nigg, CR.; Riebe, D. The transtheoretical model: research review of exercise behavior and older
adults. In: Burbank, PM.; Riebe, D., editors. Promoting Exercise and Behavior Change in Older
Adults: Interventions with the Transtheoretical Model. New York: Springer; 2002. p. 147-180.

32. Marcus BH, Eaton CA, Rossi JS. Self-efficacy, decision-making and stages of change: an
intergrative model of physical exercise. J Appl Social Psychol. 1994; 24:489–508.

33. Levy SS, Ebbeck V. The exercise and self-esteem model in adult women: the inclusion of physical
acceptance. Psychol Sport Exerc. 2005; 6:571–584.

34. Plotnikoff RC, Blanchard C, Hotz SB. Validation of the decisional balance scales in the exercise
domain from the transtheoretical model: a longitudinal test. Measure Phys Educ Exerc. 2001;
5:191–206.

35. Giles K, Marshall AL. Repeatability and accuracy of CHAMPS as a measure of physical activity in
a community sample of older Australian adults. J Phys Act Health. 2009; 6:221–229. [PubMed:
19420400]

Loprinzi et al. Page 13

Support Care Cancer. Author manuscript; available in PMC 2014 May 06.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



36. Cyarto EV, Marshall AL, Dickinson RK, Brown WJ. Measurement properties of the CHAMPS
physical activity questionnaire in a sample of older Australians. J Sci Med Sport. 2006; 9:319–
326. [PubMed: 16621699]

37. Stewart AL, Mills KM, King AC, Haskell WL, Gillis D, Ritter PL. CHAMPS physical activity
questionnaire for older adults: outcomes for interventions. Med Sci Sports Exerc. 2001; 33:1126–
1141. [PubMed: 11445760]

38. Milne HM, Wallman KE, Guilfoyle A, Gordon S, Corneya KS. Self-determination theory and
physical activity among breast cancer survivors. J Sport Exerc Psychol. 2008; 30:23–38. [PubMed:
18369241]

39. Pinto BM, Maruyama NC, Clark MM, Cruess DG, Park E, Roberts M. Motivation to modify
lifestyle risk behaviors in women treated for breast cancer. Mayo Clin Proc. 2002; 77:122–129.
[PubMed: 11838645]

40. Hong S, Bardwell WA, Natarajan L, Flatt SW, Rock CL, Newman VA, et al. Correlates of
physical activity level in breast cancer survivors participating in the Women’s Healthy Eating and
Living (WHEL) Study. Breast Cancer Res Treat. 2007; 101:225–232. [PubMed: 17028988]

41. Courneya KS, Segal RJ, Gelmon K, Reid RD, Mackey JR, Friedenreich CM, et al. Predictors of
supervised exercise adherence during breast cancer chemotherapy. Med Sci Sports Exerc. 2008;
40:1180–1187. [PubMed: 18460985]

42. Pinto BM, Rabin C, Dunsiger S. Home-based exercise among cancer survivors: adherence and its
predictors. Psychooncology. 2009; 18:369–376. [PubMed: 19242921]

43. Montano, DE.; Kasprzyk, D. Theory of reasoned action, theory of planned behavior, and the
integrated behavioral model. In: Glanz, K.; Rimer, BK.; Viswanath, editors. Health behavior and
health education: Theory, research, and practice. 4. San Francisco: Jossey-Bass; 2008. p. 67-96.

44. Kosma M, Ellis R, Cardinal BJ, Bauer JJ, McCubbin JA. The mediating role of intention and
stages of change in physical activity among adults with physical disabilities: an integrative
framework. J Sport Exerc Psychol. 2007; 29:21–38. [PubMed: 17556774]

45. Marshall SJ, Biddle S. The Transtheoretical Model of behavior change: A meta-analysis of
applications to physical activity and exercise. Ann Behav Med. 2001; 23:229–246. [PubMed:
11761340]

46. Irwin ML, McTiernan A, Bernstein L, Gilliland FD, Baumgartner R, Baumgartner K, et al.
Physical activity levels among breast cancer survivors. Med Sci Sports Exerc. 2004; 36:1484–
1491. [PubMed: 15354027]

47. Reed, GR. Adherence to exercise and the Transtheoretical Model of behavior change. In: Bull, SS.,
editor. Adherences Issues in Sport and Exercise. New York: Wiley; 1999. p. 19-46.

48. Jordan, PJ.; Nigg, CR. Promoting exercise and behavior change in older adults: Interventions with
the Transtheoretical Model. New York: Springer; 2002. Applying the Transtheoretical Model:
Tailoring interventions to stages of change; p. 181-234.

49. Biddle S, Nigg CR. Theories of exercise behavior. International Journal of Sport Psychology.
2000; 31:290–304.

Loprinzi et al. Page 14

Support Care Cancer. Author manuscript; available in PMC 2014 May 06.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Loprinzi et al. Page 15

Table 1

Descriptive characteristics (mean or proportion [standard error]) of the analyzed sample at baseline (12-

months).

Variable Sufficiently Activeb Insufficiently Activec P-Value

N 36 27

Age 71 (1) 72 (1) p = 0.75

Race/Ethnicity p = 0.39

 % Non Hispanic White 97 (0.3) 100

 % Non Hispanic Black 3 (2) 0

Education p = 0.38

 % High School 22 (7) 19 (8)

 % Associate/Technical Degree 14 (5) 23 (8)

 % Bachelor’s Degree 33 (7) 19 (7)

 % Advanced Degree 19 (6) 34 (9)

 % Other 11 (5) 3 (3)

Marital Status p = 0.44

 % Married 69 (7) 57 (9)

 % Divorced 19 (6) 19 (7)

 % Widowed 11 (5) 23 (8)

Employment p = 0.46

% Retired 80 (6) 77 (8)

% Full-time 0 3 (3)

% Part-Time 11 (5) 11 (6)

% Homemaker 3 (2) 7 (5)

% Unemployed 5 (3) 0

BMI 28 (1) 28 (0) p = 0.57

Weight Statusa p = 0.02

 % Underweight 0 3 (3)

 % Normal Weight 36 (8) 7 (5)

 % Overweight 30 (7) 59 (9)

 % Obese 33 (7) 29 (8)

% Taking Hormones for Breast Cancer 23 (7) 18 (7) p = 0.68

Stage of Breast Cancer p = 0.72

 0 11 (5) 19 (7)

 I 50 (8) 57 (9)

 IIa 25 (7) 15 (7)

 IIb 8 (4) 3 (3)

 IIIa 5 (3) 3 (3)

Months Since Breast Cancer Diagnosis 84 (7) 71 (8) p = 0.27
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Variable Sufficiently Activeb Insufficiently Activec P-Value

% Who had a Health Problem that Prevented Exerciseb 33 (8) 29 (8) p = 0.75

a
Underweight defined as a BMI < 18.5; normal weight defined as a BMI between 18.5 and 24.9; overweight defined as a BMI between 25.0 and

29.9; and obese defined as a BMI greater than or equal 30.0.

b
Participants in the activity adopters or stable active transitional shift groups

c
Participants in the stable sedentary, perpetual preparers, and activity relapsers transitional shift groups.
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Table 2

Descriptive statistics of the TTM variables assessed at the 12-month period.

Variable Mean (SD) Range

Self-Efficacy 67.7 (11.4) 37–90

Pros 19.2 (3.3) 11–25

Cons 8.9 (3.6) 5–20

Decisional Balance (Pros – Cons) 10.3 (5.2) −4 – 20

Cognitive Processes of Change 51.9 (7.1) 34–69

Behavioral Processes of Change 48.8 (7.5) 34–69

Processes of Change (All) 100.7 (12.9) 74–129

Higher self-efficacy scores indicate greater confidence in overcoming exercise-related barriers.

Higher pros scores indicate more perceived pros of exercise.

Lower cons score indicates fewer perceived cons of exercise.

Higher cognitive and behavioral processes of change scores indicate greater use of these processes.
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Table 4

Results of the logistic regression analysis.

Transtheoretical Model Variablea Adjusted Odds Ratio (95% CI) of Being Sufficiently
Active at 6-Month Follow-Upb,c

P-Value

Self-efficacy 1.10 (1.01–1.18) 0.01

Cons for exercise 1.14 (0.92–1.40) 0.20

Behavioral processes of change 1.13 (1.02–1.26) 0.02

Pseudo-R2 = 0.31

a
Variable assessed prior to the transition from supervised to home-based exercise (i.e., 12-month assessment period).

b
Participants in the activity adopters and stable active transitional shift groups.

c
Model adjusted for moderate-to-vigorous physical activity at the 12-month assessment period (continuous) and weight status (underweight,

normal weight, overweight, and obese) at the 12-month assessment period.

Participants in the stable sedentary, perpetual preparers, and activity relapsers transitional shift groups served as the reference group.
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