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Abstract

BACKGROUND—Breast cancer survivors (BCS) face risk of recurrence and a higher risk of 

developing comorbidities like cardiovascular disease compared to the general population. Physical 

activity (PA) has been shown to reduce such risks. The present analyses sought to identify 1) 

unique patterns of PA among BCS, and 2) characteristics associated with level of PA.

METHODS—548 women reported PA and sociodemographic, health-related and psychosocial 

factors at three time points, 6 months apart, following primary treatment for breast cancer. Cancer-

related factors were obtained from chart reviews. We used finite mixture modeling to examine 

trajectory groups of moderate-vigorous PA (MVPA) in the early post-treatment period. We then 

examined the characteristics associated with trajectory group membership.

RESULTS—We identified three distinct, stable patterns of PA: low (42.5%), medium (45.5%) 

and high MVPA (12.0%) groups. In a multivariate setting, compared to more active BCS, the least 

active group had higher BMI, were less likely to report alcohol consumption, were more likely to 

smoke cigarettes, and had worse physical functioning and vitality scores. Cancer-treatment related 

factors did not significantly predict group membership.

CONCLUSIONS—A large proportion of BCS remain physically inactive following treatment, 

suggesting the need for interventions to improve morbidity and reduce mortality in this population.
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INTRODUCTION

In 2016 there were an estimated 3.56 million breast cancer survivors (BCS) in the U.S.1 and 

this number will increase to almost 4.57 million by 2026.1 Many BCS are at risk of 

subsequent comorbidities, including heart disease, diabetes, hypertension and arthritis, partly 
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as a result of diagnosis and treatment.2,3 Regular physical activity (PA) is an effective 

strategy for improving the health and quality of life of BCS, and can reduce risks of 

recurrence and mortality.4–6 American Cancer Society guidelines recommend survivors 

accumulate approximately 150 minutes of moderate to vigorous intensity PA (MVPA) per 

week, while also decreasing inactivity.7

Previous studies have found that greater PA among post-treatment survivors is associated 

with younger age, white race, lower BMI, fewer depressive symptoms, and better mental 

health.8–11 This research, however, focuses on overall mean levels of PA and its 

correlates,8–13 obscuring heterogeneity in PA patterns. Examination of this heterogeneity 

can identify characteristics of women who might benefit from intervention.

Two recent studies identified characteristics of cancer survivors in distinct PA trajectories. 

The RENEW lifestyle intervention,14 which found three PA trajectories, targeted PA and diet 

to improve physical function in older (≥65 years), overweight, long-term cancer survivors 

(both men and women). Some survivors increased their PA while those reporting the least 

PA over time had higher BMI and lower self-efficacy for exercise at baseline.14 An 

observational study of recently post-treatment BCS15 found five PA trajectory groups. 

Higher levels of depressive symptoms and fatigue and less cancer worry were related to 

decreasing activity levels over time.15 Both of these studies recruited a select group of 

survivors (i.e., those interested in lifestyle behaviors15 or a lifestyle counseling 

intervention14) and one15 excluded participants with physical health concerns. Both 

examined a limited set of predictors.14,15

The present study uses finite mixture modeling to examine PA patterns among BCS who 

recently completed primary treatment and who were not specifically selected on PA-related 

criteria. Two objectives were: 1) to identify distinct groups of women defined by MVPA 

trajectories over time, and 2) to examine a large set of predictors including 

sociodemographic, cancer-related, health-related, and psychosocial characteristics for their 

association with trajectory group membership. We were particularly interested in focusing 

on characteristics of women with low PA levels, as these women stand to benefit the most 

from intervention.

MATERIALS AND METHODS

Study Population and Procedure

This is a secondary analysis of a longitudinal study of age-related differences in adjustment 

to breast cancer. Study design has been previously described.16 Briefly, women diagnosed 

with breast cancer were recruited from Memorial Sloan Kettering Cancer Center (New York, 

NY) and the University of Texas Southwestern Center for Breast Care (Dallas, TX) between 

2002–2006 and followed until 2008. Eligibility criteria included recent (past 8 months) first-

time diagnosis of stage I–III breast cancer, age ≥18 years at diagnosis (although no 

participants were <25 years of age), and ability to read and write English. Eligible women 

were mailed a baseline (T0) questionnaire to complete and return to the Coordinating Center 

at Wake Forest University. Follow-up questionnaires were administered 6 (T1), 12 (T2), and 

18 (T3) months following baseline questionnaires. Chart reviews were conducted after 
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completion of primary treatment to obtain cancer stage and treatment variables. All sites 

obtained approval from their Institutional Review Boards.

Primary Outcome

The primary outcome was self-reported MVPA (walking and/or recreational activity) at T1, 

T2, and T3. Women reported frequency (1 to 5+ days/week) and duration (< 20 minutes, 20–

39 minutes, 40–59 minutes and 60+ minutes) of walking and other mild, moderate, and 

strenuous/very hard exercise over the past month. Standardized metabolic equivalent task 

(MET) values were assigned to each activity. For walking, intensity was assessed using 

speed (2 mph, 2–3 mph, 3–4 mph and >4 mph). Walking for at least 10 minutes at least 3–4 

mph was considered MVPA.17 For recreational PA, moderate intensity activities included 

biking outdoors, use of exercise machines, calisthenics, easy swimming, and dancing. 

Vigorous activities were aerobics, jogging/running, tennis and swimming laps. MET hours 

per week (MET-h/wk) were estimated using the compendium of physical activities.18 The 

PA questionnaire has been used in the Women’s Health Initiative (WHI) study and is valid 

and reliable.19,20

Predictors

Sociodemographic, cancer-related, health-related and psychosocial variables were evaluated 

for their associations with MVPA trajectory group membership. Sociodemographics 

obtained at baseline included age at diagnosis (years), race (white, non-white), married/

partnered (yes/no), educational level (≤ high school, some college, college degree, post-

graduate), and ability to pay for basics (very/somewhat hard, not hard). Cancer-related 

variables, obtained from chart reviews, included time since diagnosis, cancer stage at 

diagnosis (I, II, III), type of surgery (lumpectomy only v. mastectomy), radiation therapy 

(yes/no), chemotherapy (none, chemotherapy with doxorubicin, chemotherapy without 

doxorubicin) and hormonal therapy (yes/no).

Health-related factors consisted of body mass index (BMI), self-reported weight change 

from pre-diagnosis to T1 (none, weight gain of >=5 lbs, weight loss of >=5 lbs), current 

alcohol drinker (yes/no), current smoker (yes/no), and number of comorbidities (0, 1, 2, ≥3 

conditions, out of hypertension, heart disease, high cholesterol, diabetes, arthritis, COPD, 

asthma, lupus and Crohn’s disease). Psychosocial variables included social support, body 

image and depressive symptoms. Social support was assessed by the RAND Social Support 

Scale;21 scores range from 1–5 (coefficient alpha = 0.97). For body image, women ranked 

their satisfaction with their overall bodily appearance on a scale of 1–5. Depressive 

symptoms were measured with the Beck Depression Inventory (BDI) version BDI-1A.22 

The eight SF-36 domains23 served as health-related quality of life (HRQL) measures. All TI 

(or baseline in the case of co-morbidities) health-related and psychosocial measures were 

used in analyses.

Statistical Analyses

SAS Proc Traj24 was used to conduct latent growth curve analyses with MVPA data from 

T1, T2, and T3. This technique identifies distinctive time-based progressions and can model 

variables with a censored normal distribution.25 The censored normal distribution accurately 
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describes the distribution of MVPA MET-h in our sample, where there is a cluster of data at 

the lower end of the scale. The TRAJ procedure assumes that missing data are missing 

completely at random (MCAR).25

Trajectories of MVPA were modeled as functions of time since diagnosis. Models 

containing from two to seven trajectory groups were tested. Based on the recommendations 

of Nagin25 we used a combination of a statistical criterion (the Bayesian Information 

Criterion, or BIC) and subjective judgment (minimum observed group size of 10% and/or 

distinctively different trajectories) to select the optimal number of trajectory groups. A 

higher BIC indicates a better model fit.

All trajectories groups were modeled with an intercept and a linear and quadratic term for 

MVPA MET-h.25 When the BIC pointed to a model where the number of groups appeared 

higher than optimal because of repetition of visually similar trajectories, a more 

parsimonious model with fewer trajectories was chosen. The TRAJ procedure assigns 

posterior probabilities of group membership to all individuals. These probabilities measure a 

specific individual’s likelihood of belonging to each of the model’s trajectory groups. For 

each of the domains investigated, individuals were assigned to the trajectory group for which 

they had the maximum posterior probability. Associations between group membership and 

the previously described covariates were assessed using chi-square tests (for categorical 

variables) and F-tests (for continuous variables). Finally, a multivariable logistic regression 

model (reference group = low MVPA trajectory) was used to examine characteristics 

associated with membership in the lowest MVPA trajectory group (vs all other trajectories 

combined).

RESULTS

Participant Characteristics

A total of 740 surveys were mailed to eligible women; 653 completed baseline surveys for 

an initial response rate of 88%. A total of 565 women completed all four surveys for an 

overall retention rate of 86.5%. Our analytic sample consisted of women who had never or 

were no longer receiving chemotherapy or radiation therapy (n=548) at T1. There were 520 

women at T2 and 498 at T3. The analytic sample had a mean age of 55.8 years, was 

predominantly white (91.6%) and well-educated (65% attended college) (Table 1). Fifty-five 

percent had stage I breast cancer at diagnosis, and 65% received a lumpectomy only. 

Participants were an average of 10.6 months from diagnosis at T1 (range = 6 to 17 months).

Trajectory Model Selection

Table 2 displays the BIC for the evaluated trajectory models, along with the estimated 

percentages of the sample that fell into each trajectory groups resulting from the model. 

These estimated percentages are based on sums of posterior probabilities, and thus differ 

slightly from those reported in Figure 1, which are based on the actual number of women 

assigned to the groups. Although the largest BIC (i.e., the smallest in absolute value of the 

negative BICs) was associated with the four-trajectory model, the increase in information 

(i.e., the change in BIC) is largest with the increase from two to three trajectories. Changes 
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in the BIC after the three trajectory model are small in comparison. Further, visual 

comparison between the 3 and 4-group models showed little substantive added information 

(as confirmed by the comparatively small change in BIC from the 3 to 4 group model.)

The posterior probabilities associated with group assignment in the chosen three-trajectory 

model ranged from 0.50 to 1.0, with 82% of all participants having their posterior 

probability of group assignment above 0.75. Fifty-six percent of the sample had a posterior 

probability >= 0.95.

Description of MVPA Trajectories

Figure 1 shows the three distinct and stable trajectories of MVPA that emerged. Group 1, the 

low MVPA group, consisted of 42.5% (N=233) of the sample. This group had a consistently 

low level of MVPA over 12 months with a mean level of MVPA of 1.1 MET-h/week at T1, 

which did not increase over time. Group 2, the medium MVPA group, was the largest and 

consisted of 45.5% (N=249) of the sample. At T1 this group engaged in a mean level of 12.7 

MET-h/week—a level of MVPA above the PA guidelines (~8.0 MET-h/week).17 Group 3, 

the high MVPA group, consisted of 12% of our sample (N=66). BCS in this group engaged 

in a mean weekly level of 39.4 MET-h/week at T1. None of the groups increased or 

decreased in PA over the observed time period.

Characteristics of MVPA Trajectory Group Membership

For our second objective, we examined characteristics associated with trajectory group 

membership. In bivariate analyses, across the three trajectory groups, women who had lower 

activity levels were significantly older at diagnosis, less likely to be married or partnered, 

and less likely to have attended college than women who had higher activity levels. Less 

active women also reported more difficulty paying for basics and had more comorbidities 

and higher BMI than more active women (Table 3). They were less likely to drink alcohol, 

more likely to smoke, and had less social support, worse body image, greater depressive 

symptoms and lower HRQL on all domains compared to more active women. Post-hoc 

contrasts between groups revealed significant differences between groups 1 vs. 2 and groups 

2 vs. 3 on most of the predictors (except for sociodemographics) suggesting a monotonic 

relation between most of the predictors and group membership.

At T1, BCS in the low MVPA trajectory group were very inactive. Fewer than 5% were 

meeting the PA guidelines while 81% reported 0 MET-h/week of MVPA. Examination of 

their light activity showed 60% of BCS in this group were doing less than 2 MET-h/week of 

light activity (data not shown).

Multivariable logistic regression was used to identify significant predictors of membership 

in the low trajectory group (inactive women). The model included all significant predictors 

from the bivariate analyses. Age, comorbidities, BMI, psychosocial and HRQL variables 

were entered as continuous variables, so that reported odds ratios (Table 4) for these 

independent variables represent the odds ratio associated with a 1-unit increase in the value 

of the independent variable. Women with a higher BMI, who smoked, consumed less 

alcohol, and had lower scores on physical functioning and vitality were more likely to be in 
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the low MVPA trajectory group. A higher role-physical score was also significantly 

predictive of being in the low trajectory group.

DISCUSSION

Consistent with other research, we identified multiple distinct trajectories of MVPA. Just 

over forty-two percent of the sample was consistently inactive with a low level of MVPA 

throughout the follow-up period. The remaining BCS had medium (45.5% of the sample) or 

high (12.0% of the sample) levels of MVPA.

The percentage of BCS in the inactive group was considerably higher than that found in an 

observational study of Canadian BCS (n=199) interested in lifestyle behaviors. That study 

identified 5 distinct trajectory groups over 12 months, including a group that increased 

(10.6%) and one that decreased (9.5%) their activity.15 The consistently inactive group in 

this study was especially small (N=11; 5.5%). Further, this study recruited volunteers 

interested in lifestyle behaviors, and, importantly, participants with physical health concerns 

were excluded.

The percentage of women in our inactive group was higher than in either the intervention or 

waitlist arms of the RENEW trial at baseline. In both arms, three patterns of PA were 

apparent: low, medium and high PA. Both high and medium groups increased their PA in 

response to intervention. The RENEW trial included older participants with breast, prostate 

and colorectal cancer, and included men (45% of sample) who are usually more active than 

women.26 In addition, participants were recruited to participate in a lifestyle counseling 

program.14 The Women’s Health Initiative Study of over 92, 000 post-menopausal women 

aged 50–79 found a much larger percentage of inactive women in 8 years of follow-up 

among a diverse cohort. The largest proportion of women were consistently minimally active 

(74%), followed by moderately (22%) and highly active groups (4%).27

The number and patterns of specific trajectories across studies will vary based on sample 

characteristics and time frame studied, making direct comparisons difficult and not 

particularly meaningful. The important message is that these studies all show heterogeneity 

in patterns of PA over time. The present study is the only study to our knowledge that is 

based on a sample of BCS who were not recruited for an intervention trial or had exclusions 

related to physical health concerns. Given the benefits of even light intensity activity,28 and 

the poor outcomes associated with inactivity, the large proportion of inactive women in our 

study is concerning. Similar to the WHI study,27 we found only stable patterns of PA, 

suggesting that outside of intervention trials or selected samples, BCS are unlikely to change 

their PA behavior.

As with previous research8–11 several health-related and psychosocial characteristics were 

significantly associated with PA. In multivariable analyses, having a higher BMI, not 

drinking alcohol, and having lower physical functioning and lower vitality scores were 

significantly associated with the low MVPA group. (It is likely that the positive relationship 

between higher scores on the role-physical domain of the SF-36 and low PA is due to 

collinearity in the regression model as the low PA group had worse role-physical scores in 
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bivariate analyses.) These characteristics suggest several avenues for possible intervention. 

Our results suggest that higher BMI, greater fatigue and lower levels of physical functioning 

are contributing factors to inactivity. Interventions to increase PA might target overweight or 

obese survivors with weight-loss or weight-management strategies either prior to or 

concurrently with PA interventions.29 Although BCS experiencing fatigue may find it harder 

to be physically active, a meta-analysis has shown that exercise can reduce fatigue.30 

Interventions might emphasize this point with potential recruits. For BCS with compromised 

physical functioning, physical therapy or rehabilitation may be needed prior to starting an 

exercise program. The timing of these interventions is an area for future research. While not 

significant in multivariable analyses, smoking cessation is also critical for long-term 

health.31 Although several other psychosocial variables (e.g., social support, depressive 

symptoms, body image) were related to PA in bivariate analyses, they were no longer 

significant in multivariate analyses. This is likely due to collinearity, as most of the 

psychosocial variables, particularly BDI, were highly correlated with many of the SF-36 

subscales. Consistent with Brunet and colleagues,15 we did not find cancer- or treatment-

related factors to be associated with group membership, suggesting interventions may not 

necessarily need to be tailored based on these characteristics unless safety is a concern.

Strengths and Limitations

This study has several limitations. First, MVPA was assessed via self-report and respondents 

may have over- (or under-) reported their PA. Second, categorizing women into ordinal 

levels of time spent doing PA could have grouped women with slightly different observed 

PA into the same average category. While both of these limitations likely led to some 

misclassification, it is not likely that this led to substantial error at the level of trajectory 

group membership. Third, because MVPA prior to diagnosis was not assessed, we are 

unable to determine whether, and for how many women, PA levels changed as a result of 

diagnosis/treatment. Fourth, while the trajectory modeling procedure assumes data are 

missing completely at random, such “clean” missingness usually is not found. Based on our 

high retention proportion we believe that the potential impact of data not being missing 

completely at random in our sample is likely to be small. Finally, our sample consisted of 

predominantly well-educated white women.

Strengths of this study include a large sample of BCS of different ages who were not 

selected on factors related to PA, and a wide variety of variables measured over 12 months 

during the early post-treatment period. We found that a high percentage of BCS maintain 

relative inactivity in the two years following their diagnosis, suggesting that without 

intervention BCS do not increase their PA post-diagnosis. Interventions might focus on 

reducing sedentary behaviors in this group and/or concurrently targeting weight and 

symptom management. Future research should include pre-diagnosis PA to examine how 

cancer and its treatment impact PA.
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Figure 1. 
Trajectory Groups of MVPA
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Table 1

Sample Characteristics (N=548)

Characteristics Mean or (%) SD

Sociodemographica

Age at diagnosis (mean) 55.8 12.63

Race (white) 91.6

Married/partnered (yes) 73.0

Attended college (yes) 65.2

Difficulty paying for basics

 Not hard 83.9

 Somewhat or very hard 16.1

Cancer-relatedb

Time since diagnosis (mean)c 10.6 1.32

Cancer stage

 I 55.3

 II 38.5

 III 6.2

Lumpectomy only (yes) 65.3

Radiation (yes) 70.6

Chemotherapy

 No chemotherapy 37.4

 Chemotherapy with doxorubicin 47.6

 Chemotherapy no doxorubicin 15.0

Hormone therapy (yes) 74.3

Health-relatedc

Comorbiditya

 0 41.0

 1 28.7

 2 16.9

 3 or more 13.4

BMI (mean)c 25.8 5.41

No change in self-reported weight d 42.2

Self-reported weight gain (±5lbs)d 31.5

Self-reported weight loss(±5lbs)d 26.3

Physical activity (MET-h/wk MVPA)(mean)c 11.0 14.55

Current smokerc 4.7

Current alcohol drinkerc 63.7

Abbreviations: MVPA, Moderate to Vigorous Physical Activity; BMI, Body Mass Index.

a
Sociodemographics & comorbidities were assessed at T0.
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b
Cancer related variables assessed following completion of treatment via chart review.

c
Variables assessed at T1.

d
Change in weight calculated from pre-diagnosis weight subtracted from weight at T1visit.
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Table 4

Multivariable Logistic Regression Predicting Low MVPA Trajectory Group Membership

Variables Odds Ratio 95% Confidence Intervals P value

Sociodemographica

Age at diagnosis (years) 1.01 0.99–1.03 .49

White (yes) 1.07 0.49–2.37 .86

Married/partnered (yes) 0.62 0.37–1.03 .06

Attended college (yes) 0.97 0.61–1.55 .90

Difficulty paying for basics 0.62 0.32–1.18 .14

Health-relatedc

Comorbiditiesa 1.23 0.96–1.56 .10

BMI (kg/m2) 1.10 1.05–1.16 <.01

Self-reported weight gain (±5lbs)d 0.84 0.49–1.42 .51

Self-reported weight loss(±5lbs)d 1.20 0.72–2.02 .49

Alcohol (any) 0.53 0.34–0.83 <.01

Smoking (any) 2.83 1.09–7.39 .03

Psychosocialc

Social support 0.92 0.68–1.24 .59

Body image 0.97 0.79–1.19 .76

Depressive symptoms (BDI) 0.97 0.92–1.02 .19

Health-Related Quality of Lifec

SF-36 Physical Functioning 0.94 0.92–.98 <.01

SF-36 Role Physical 1.04 1.01–1.07 <.01

SF-36 Bodily Pain 1.01 0.98–1.04 .53

SF-36 General Health 1.00 0.97–1.04 .80

SF-36 Vitality .95 0.93–0.98 <.01

SF-36 Social Functioning 1.00 0.96–1.03 .76

SF-36 Role Emotional .99 0.97–1.01 .35

SF-36 Mental Health .98 0.94–1.01 0.14

Abbreviations: MVPA, Moderate to Vigorous Physical Activity; BMI, Body Mass Index; BDI, Beck Depression Inventory.

a
Sociodemographics & comorbidities assessed at T0.

b
Cancer related variables assessed following completion of treatment via chart review.

c
Variables assessed at T1.

d
Change in weight calculated from pre-diagnosis weight subtracted from weight at T1 visit.
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