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Abstract

Purpose—The primary purpose of this study was to determine prospective associations of 

accelerometer-assessed physical activity intensity and sedentary time with health-related quality of 

life (HRQOL) indicators among breast cancer survivors.

Methods—Breast cancer survivors (n=358) wore an Actigraph accelerometer for 7 days at 

baseline to assess different activity intensities (light, lifestyle, moderate-to-vigorous) and 

sedentary behavior. 6 months later, survivors completed on-line questionnaires that assessed 

HRQOL indicators (disease-specific HRQOL, fatigue, depression and anxiety) and relevant 

covariates. Relationships between activity and sedentary behavior quartiles and HRQOL indicator 

scores were examined using generalized liner models with Bonferronni multiple comparison 

adjustment.

Results—After adjustment for covariates and sedentary time, each increasing lifestyle activity 

quartile was associated with reduced fatigue duration (p-trend =0.03). Each increasing baseline 

moderate-to-vigorous physical activity (MVPA) quartile was significantly associated with higher 

physical well-being, Functional Assessment of Cancer Therapy-Breast FACT-B total and trial 

outcomes index scores, fewer breast cancer specific concerns and lower fatigue interference, and 

these differences were statistically and clinically significant between survivors in quartile 1 (Q1) 

and Q4. After controlling for covariates and MVPA, relationships between sedentary time and 

HRQOL were mostly null with the exception of lower fatigue duration.

Conclusions—Objectively measured MVPA was positively associated with many HRQOL 

indicators. Lifestyle activity was only inversely associated with fatigue duration while sedentary 

time was positively associated with fatigue duration. Future research is warranted to explore these 

relationships further.
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Introduction

There are approximately 3 million breast cancer survivors in the U.S. with this number 

expected to increase to 4 million by 2020.1 Breast cancer treatment is associated with a 

myriad of deleterious negative side effects that result in compromised health-related quality 

of life (HQOL).2 Survivors have an increased risk of early mortality, comorbid conditions3 

and second primary cancers.4 Increased moderate-to-vigorous physical activity [(MVPA); 

i.e. ≥3.0 metabolic equivalents (METs); brisk walking, jogging, biking] has been 

consistently associated with fewer negative treatment-related side effects, higher QOL, 

longer survival and reduced recurrence and mortality.5, 6 Additionally, emerging evidence 

indicates increased sedentary behavior (i.e. ≤1.5 METs; any waking activity in a sitting or 

reclining posture) may be associated with poorer HRQOL7, 8 and body composition9 and 

increased mortality10 and higher light intensity and lifestyle activity (i.e. 1.6 to <3 METs; 

light walking, household chores, easy gardening) may be associated with reductions in 

functional decline11 and improved QOL12 among cancer survivors, independent of MVPA. 

Furthermore, increased sedentary behavior is also associated with adverse health outcomes 

(i.e. diabetes, cancer, premature mortality) in the general populaiton.13

Despite these relationships, breast cancer survivors demonstrate decreases in MVPA that 

persist post-treatment.14 Self-report data indicate up to 70% do not meet MVPA 

recommendations (i.e. 150 minutes/week).15-17 Objective data indicate survivors spend <2% 

of waking time in MVPA.9, 18 In contrast, breast cancer survivors spend about 2/3 of waking 

time in sedentary behaviors.9, 18, 19 Thus, a paradox of substantial benefits, yet lack of 

participation represents a significant challenge in survivorship research. Understanding how 

sedentary behavior (high volume behavior) and lower intensity activity (potentially easier 

alternative to incorporate into daily life) influence HRQOL could provide greater insight 

into the activity dosage necessary for health benefits in survivors.

Existing literature examining activity and sedentary behavior and patient-reported outcomes 

among breast cancer survivors has several limitations including: a) use of self-report 

measures of activity and sedentary behavior; b) failure to examine light intensity activity and 

c) cross-sectional study designs. Thus, much of the existing evidence is likely subject to 

measurement error from self-report measures which may bias results and lead to incorrect 

inferences about these behaviors. Accelerometers provide valid and reliable objective 

measures of activity20, 21 and sedentary behavior.22 Activity counts from accelerometers can 

be used to derive the amount of time spent in different intensities of activities (e.g. light, 

lifestyle, moderte, vigorous) and sedentary behavior. Prospective objectively-measured 

activity and sedentary behavior using accelerometers enables more accurate, precise, and 

reliable assessment of the wide spectrum of daily movement and sedentary time. It can also 
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provide greater insight into relationship directionality and potential activity dosage needed 

to achieve benefits.

Several recent papers have identified understanding relationships between specific physical 

activity types/intensitities and specific outcomes 23--25 and potential associations between 

sedentary behavior and patient reported outcomes 25, 26 as important research priorities in 

cancer survivorship. We sought to fill these gaps and address prior studies' limitations by 

prospectively examining relationships between objectively-measured activity intensities and 

sedentary behavior and HRQOL indicators among breast cancer survivors. We hypothesized 

higher physical activity duration of any intensity and less sedentary time would be 

significantly associated with improved HRQOL.

Methods

Participants

The present study consists of a subset of breast cancer survivors who participated in a larger 

6-month prospective on-line questionnaire study. Full study details are provided 

elsewhere.27 Briefly, survivors were recruited from the Army of Women© to participate in a 

study on QOL. Inclusionary criteria included: age ≥18 years, prior breast cancer history, 

English-speaking and access to the Internet. Women (n=500) from the original study were 

randomized to wear an accelerometer. Only those who had ≥3 valid days of accelerometer 

data (n=442) and complete data on QOL indicators and covariates (n=358) were included in 

the present analyses. See Figure 1 for details on participant flow through the project.

Procedures

Survivors randomized to receive accelerometers were sent accelerometer packets via mail at 

baseline. The accelerometer packet contained the accelerometer, a log to record when the 

monitor was worn each day, and a self-addressed stamped envelope to return the 

accelerometer to study investigators. All participants were sent reminders to return the 

accelerometer at the end of the 7 day period. Reminders were continued until the monitor 

was received. At 6 months, participants answered on-line questionnaires pertaining to 

HRQOL indicators. All participants were sent a maximum of three reminders to complete 

questionnaires.

Measures

Demographics—Survivors self-reported age, education, height and weight. Body mass 

index (BMI) was estimated using the standard kg/m2 equation.

Health and cancer history—Survivors self-reported information regarding their breast 

cancer (i.e. disease stage, time since diagnosis, treatment type, recurrence). Women were 

also asked to report whether they had been diagnosed (yes or no) with 18 other chronic 

conditions (i.e. diabetes, hypertension, hyperlipidemia). The number of chronic conditions 

reported was summed to obtain a total comorbidity score.
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Physical activity and sedentary behavior—Participants were instructed to wear an 

Actigraph accelerometer (Model GT1M, Health One Technology, Fort Walton Beach, FL) 

on the hip for 7 consecutive days during all waking hours, except when bathing or 

swimming. Activity data were collected in one-minute intervals (epochs). Non-wear time 

was defined as intervals of ≥60 consecutive minutes of zero counts, with allowance for up to 

2 minutes of observations of <100 counts/min within the non-wear interval.28 A day of 

accelerometer wear was considered valid if it registered ≥10 hours of wear time. Each 

minute of wear time was classified according to intensity (counts/min) using commonly 

accepted activity count cut-points27, 28 as follows: sedentary (<100), light (100-759), 

lifestyle (760-2019), and MVPA (≥ 2020). For each valid day, the number of wear time 

minutes classified as sedentary, light, lifestyle, and MVPA were taken as estimates of time 

spent in these activities on that day. The number of minutes with intensity counts ≥100 was 

taken as an estimate of “total” time spent active. Raw counts from the accelerometer were 

summed over wear minutes to obtain “total valid counts” for the reporting day. The number 

of minutes in each category was divided by wear time to estimate proportions of the day 

spent in the respective behavior. Daily estimates of average minutes and proportion of time 

spent sedentary and in each classified activity were averaged across all valid days per 

participant to estimate mean daily minutes and proportion of time. All values controlled for 

wear time.

HRQOL Indicators

Functional Assessment of Cancer Therapy- Breast (FACT-B).29, 30: The FACT-B 

assessed physical, social, emotional and functional well-being and breast cancer specific 

concerns. Participants were asked to indicate how true each statement was for them over the 

last 7 days from 0 (not at all) to 4 (very much). Subscale scores were calculated by 

multiplying the sum of each subscale's items by the number of subscale items and dividing 

by the number of items answered. Higher scores indicate better HRQOL.

The Hospital Anxiety and Depression Scale.31: This scale assessed the frequency of 

depressive states (7 items) and anxiety (7 items) over the past week from 0 (not at all) to 3 

(most of the time). Positively worded items were reverse scored. Higher scores indicate 

greater symptomology.

Fatigue Symptom Inventory.32, 33: This measure assessed fatigue severity, duration, and 

its perceived interference. Higher scores are indicative of greater fatigue severity, duration 

of interference.

Data Analysis

Generalized linear models were used to examine relationships between average daily 

accelerometer-estimated sedentary behavior quartiles, total, MVPA, light and lifestyle 

intensity activity quartiles at baseline and HRQOL indicators (FACT-B, fatigue, depression 

and anxiety) at 6 months. Initial models (Model 1) controlled for age (continuous) and time 

since treatment (continuous). Model 2 adjusted for disease stage, treatment category 

(surgery, radiation therapy, chemotherapy, hormone therapy), body mass index, education, 

income and number of chronic conditions. Next, accelerometer-estimated daily average total 
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sedentary time and MVPA were mutually adjusted for to test for independence (Model 3). 

Linear trends were examined using the median of each sedentary behavior or physical 

activity quartile as a continuous variable. The minimally important difference (MID), the 

smallest difference which individuals and health care providers perceive as beneficial and 

would mandate a change in disease management was also calculated for all statistically 

significant differences in Q1 v. Q4.34

Given women who were included in the present analyses did not differ from those who were 

excluded by current age, time since treatment, stage, treatment, BMI, education, income, 

chronic conditions or HRQOL indicator scores, we assumed data were missing at random. 

Bonferroni's multiple comparisons test was used to correct for potential error as a result of 

multiple comparisons. All analyses were conducted using IBM SPSS Statistics version 19.0 

[39].

Results

Participants

Sample demographic and medical characteristics are shown in Table 1. The mean age was 

56.4 years (SD=9.0). The majority of women were White (97.2%), highly educated (68.4% 

≥college degree) and higher income (79.6% annual household income ≥$40,000). Mean 

time since diagnosis was 81.7 months (SD=67.7; 6.8 years). About half (51.6%) were ≥5 

years since diagnosis. All women underwent surgery. The majority (68.4%) were diagnosed 

with early stage (I or II) disease and received radiation therapy and/or chemotherapy 

(84.7%). A small proportion (10.0%) had a cancer recurrence. These women did not 

significantly differ from those without a history of recurrence on any of the activity 

measures or HRQOL indicators so we elected to include them in the present analyses. 

Almost half were menopausal at diagnosis (44.7%) and were overweight/obese (46.5%). 

Over two-thirds (72.3%) had ≥1 co-occurring chronic condition.

On average, women wore the accelerometer for 843.5 (SD=67.1) minutes/day and had 6.8 

(SD= 1.0) valid days of wear time (see Table 2). Survivors spent approximately 65.8% of 

their day engaged in sedentary behavior. When considering total accumulated MVPA 

minutes, 43.3% of survivors were achieving ≥150 minutes of MVPA per week.

Physical Activity and HRQOL Indicators

On average, women registered 289.3 (SD=72.6) minutes per day in any intensity of activity. 

The majority of these minutes were light intensity (M=202.9, SD=48.7) followed by lifestyle 

intensity (M= 64.3, SD=28.7), and MVPA (M=20.9, SD=18.2; See Table 2). Relationships 

between each activity intensity and HRQOL indicators are presented in Table 3. After 

adjustment for covariates, greater total and light activity quartile at baseline was 

significantly associated with fatigue duration (p-trend=0.02 for both) at 6 months. Results 

were no longer significant when controlling for sedentary time. Baseline lifestyle activity 

was not associated with any HRQOL indicators. After controlling for sedentary time, each 

increasing lifestyle activity quartile was associated with reduced fatigue duration (p-

trend=0.03).
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Each increasing baseline MVPA quartile was statistically significantly associated with 

higher physical well-being, total FACT-B and TOI scores, fewer breast cancer specific 

concerns and lower fatigue interference (p-trend<0.05). Relationships remained largely 

unchanged when controlling for covariates and sedentary time. Survivors in the highest 

MVPA quartile reported statistically significantly better scores on these measures at 6 

months than those in the lowest quartile. All differences exceeded the MID threshold.

Survivors who met public health recommendations for MVPA reported statistically 

significantly better physical well-being (24.8 v. 23.8, p=0.03), FACT-B total scores (118.0 

v. 114.0, p=0.04) and TOI score (75.5 v. 72.1, p=0.01) and fewer breast cancer specific 

concerns (27.5 v 26.0, p=0.01). None of these differences met MID criteria.

Sedentary Time and HRQOL Indicators

On average, participants spent 9.2 hours (M=553.4 minutes; SD=72.6) per day sedentary or 

65.8% of their time. Relationships between sedentary time and HRQOL indicators are 

presented in Table 4. After adjustment for covariates, baseline sedentary time was 

significantly associated with lower physical well-being and increased fatigue duration at 6 

months (p-trend<0.05). Only the relationship between sedentary time and fatigue duration 

held when controlling for MVPA (p-trend=0.03) and met MID criteria.

Discussion

The purpose of this study was to prospectively examine associations between objectively-

measured physical activity of various intensities and sedentary time and HRQOL indicators 

among breast cancer survivors. To the best of our knowledge, this is one of the first studies 

to examine these relationships prospectively. After controlling for covariates and sedentary 

time, greater baseline MVPA quartile was statistically significantly associated with higher 

physical well-being, total FACT-B and TOI scores, fewer breast cancer specific concerns 

and lower fatigue interference. Lower intensity activity and sedentary time results were 

mostly null. However, increased lifestyle activity was associated with decreased fatigue 

duration while increased sedentary time was associated with greater fatigue duration when 

controlling for covariates and sedentary time and MVPA, respectively. Differences between 

Q1 and Q4 for all statistically significant relationships exceeded MID thresholds.34

Consistent with previous research, MVPA was positively associated with many HRQOL 

indicators. Our quartile analyses support a dose-response relationship and indicate, 

compared to those in the lowest MVPA quartile at baseline, survivors in the highest quartile 

(≥33.0 minutes/day) had clinically meaningful higher HRQOL at 6 months. FACT-B scores 

for MVPA Q4 versus Q1 were 6.6% higher at 6 months. This is consistent with other post-

treatment studies35 and emerging evidence suggesting higher MVPA doses may elicit 

greater benefits during treatment.36 Future longitudinal and intervention research is 

warranted to explore relationships between different MVPA doses, HRQOL indicators and 

other outcomes in breast cancer survivors to develop a better understanding of specific 

activity doses needed for specific outcomes at different times along the survivorship 

continuum.23, 25
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Contrary to our hypotheses, associations between light and lifestyle intensity activity and 

sedentary time and HRQOL indicators were less consistent and mostly null. Investigators 

have only recently begun to examine these behaviors in relation to health outcomes in 

cancers survivors. While sedentary time among breast cancer survivors is generally high,18 

and survivors may spend more time sedentary and less time in lower intensity activities than 

similar, healthy individuals,19 associations with health and disease outcomes are still 

relatively unknown.25, 26, 37 Although studies have demonstrated an inverse relationship 

between lower intensity activities and fatigue and depression38 and physical functioning,11 

no studies have prospectively examined objectively-measured light intensity activities. 

Additionally, only two cross-sectional8, 9 studies have used objective sedentary time 

measures. Both reported null findings. While we have extended existing work by 

prospectively examining objectively-measured light intensity activity and sedentary time, 

our findings were mostly non-significant. This may be attributed to our sample being 

relatively healthy and indicate these behaviors may have a ceiling effect. Thus, more 

pronounced benefits may be exhibited in less-healthy subgroups (i.e. older, overweight, 

functionally limited, metastatic disease). It is also possible that, after cancer treatment, 

MVPA has stronger effects than sedentary time or light intensity activities on the 

biopsychosocial pathways influencing physical and mental health including insulin,39 sex 

hormones,40 inflammation,41 adiposity, 40 psychosocial factors (e.g. self-efficacy, self-

esteem, anxiety)42-44 and neurotransmitters (e.g. BDNF).45

Study results should be interpreted in the context of its limitations. First, we are unable to 

determine causal direction because we did not have HRQOL measures prior to activity and 

sedentary time assessment. Hence, we cannot rule out the possibility that HRQOL, fatigue, 

depression and anxiety influence physical activity or sedentary behavior. Further, our 

timeframe of 6 months was somewhat arbitrary. Future studies should evaluate how changes 

in different activity intensities and sedentary time influence HRQOL indicators over time 

with assessments pre-treatment and at multiple post-treatment time points. Second, because 

accelerometers were used, stationary standing was possibly included as sedentary time. 

Furthermore, we lack data on sedentary time context (i.e. reading v. television). Therefore, 

the true volume of time spent sitting or sitting in specific contexts may adversely influence 

HRQOL indicators in breast cancer survivors. Future research should explore relationships 

between HRQOL indicators and other health and disease outcomes in survivors using more 

precise, sensitive objective devices (e.g. ActivPals) and considering sedentary behavior 

context. Finally, the sample was mostly White, high income and highly educated and ∼50% 

were more than 5 years post-diagnosis; thus, it is important to confirm these findings in 

other, more demographically diverse samples at various times since diagnosis.

Our study has several strengths. To the best of our knowledge, this is the first prospective 

study to examine relationships between objectively-measured physical activity intensity and 

sedentary time with HRQOL indicators in breast cancer survivors. Using objective activity 

and sedentary behavior measures reduces the risk of measurement error and 

misclassification. Additionally, there was adequate variability in activity and sedentary time 

in this sample to examine these exposures, and the study sample included a wide range of 

disease and treatment characteristics, suggesting findings could be relevant to many breast 

cancer survivors. Finally, although we did not use a standard comorbidity index (e.g. 
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Charlson Comorbidity Index),46 adjustment for many chronic conditions included in these 

indices did not affect our multivariate estimates. Thus, additional residual confounding due 

to other diseases is likely to be minor.

In conclusion, objectively-measured MVPA is prospectively associated with higher physical 

well-being, total FACT-B and TOI scores, fewer breast cancer specific concerns and lower 

fatigue interference at 6 months. Additionally, lifestyle activity was associated with reduced 

fatigue duration. Increased sedentary time was only associated with greater fatigue duration. 

These findings provide further support for a dose-response relationship between MVPA and 

health outcomes in breast cancer survivors. Future prospective and intervention research is 

warranted to explore relationships between different activity and sedentary time dosages and 

health outcomes in breast cancer survivors to refine exercise prescriptions and design more 

effective, targeted interventions.
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Figure 1. 
Participant flow through study.
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Table 1
Breast Cancer Survivors Demographic and Disease Characteristics (n=358)

Variable Mean (SD)

Age 56.4(9.0)

Race/Ethnicity

 Non-white 2.8%

 Hispanic 1.7%

≥College Degree 68.4%

Annual Income ≥ $40,000 79.6%

Time Since Diagnosis(months) 81.7(67.7)

 <5 years 48.0%

 5 to <10 years 30.7%

 ≥10 years 20.9%

Stage of Disease(%)

 0 19.0%

 I/II 68.4%

 III/IV 12.6%

Experienced Menopause Prior to Diagnosis(%) 44.7%

Treatment(%)

 Surgery/Radiation/Chemotherapy 39.7%

 Surgery/Radiation 28.2%

 Surgery/Chemotherapy 16.8%

 Surgery Only 15.4%

Recurrence(%) 10.6%

Body Mass Index(kg/m2) 26.1(5.3)

 <25 53.5%

 25 to <30 24.8%

 ≥30 21.7%

Comorbidities(%) 1.7(1.6)

 None 27.7%

 1-2 46.6%

 ≥3 26.0%
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Table 2
Descriptive Statistics for Activity and Sedentary Time at Baseline and 6 month HRQOL 
Indicators (n=358)

Variable Mean(SD) Possible Score Range MID34, 47-49

Baseline Activity/Sedentary Time (mins/day)

 Valid Days 6.8(1.0) -- --

 Accelerometer Wear Time 843.5(67.1) -- --

 Sedentary Time 553.4(69.8) -- --

 Total Physical Activity 289.3(72.6) -- --

  Light 202.9(48.7) -- --

  Lifestyle 64.3(28.7) -- --

  Moderate 20.9(18.2) -- --

  Vigorous 1.5(4.7) -- --

  Moderate and Vigorous 22.5(19.6) -- --

6 Month HRQOL Indicators

 Depression 3.9(3.9) 0-21 1.4

 Anxiety 4.4(3.2) 0-21 1.3

 FACT-B

  Physical Well-being 24.2(4.2) 0-28 2-3

  Functional Well-being 22.7(4.7) 0-28 2-3

  Emotional Well-being 20.2(3.6) 0-24 2

  Social Well-being 21.9(5.9) 0-28 2-3

  Breast Cancer-specific Concerns 26.6(5.6) 0-36 2-3

  Total Score 115.7(18.4) 0-144 7-8

  Trial Outcome Index 73.6(12.2) 0-92 5-6

 Fatigue

  Severity 2.9(2.1) 0-10 0.6

  Interference 1.6(2.0) 0-10 0.5 SD

  Duration 2.9(2.2) 0-7 0.5 SD

Note: FACT-B= Functional Assessment of Cancer Therapy-Breast; MID= Minimally Important Difference; Higher scores on depression, anxiety 
and fatigue measures are less desirable (i.e. indicative of more symptomology) while higher scores on the FACT-B subscales are more desirable 
(i.e. indicative of better quality of life).
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