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Abstract

Background—Inactivity and sedentary behavior are related to poorer health outcomes in breast 

cancer survivors. However, few studies examining these behaviors in survivors have used 

objective measures, considered activities other than moderate-to-vigorous intensity activity 

(MVPA) and/or sedentary behavior (i.e. low intensity activities) or compared survivors to healthy 

controls. The purpose of the present study is to compare accelerometer-measured activity of 

various intensities (total, light, lifestyle, MVPA) and sedentary behavior between breast cancer 

survivors and non-cancer controls.

Methods—An imputation-based approach of independent sample t-tests adjusting for multiple 

comparisons was used to compare estimates of participation in each activity and sedentary 

behavior between survivors [n=398; M(SD)age=56.95 (9.11)] and block-matched non-cancer 

controls [n=1120; M(SD)age=54.88 (16.11)]. Potential moderating effects of body mass index 

(BMI), age, and education were also examined.

Results—Breast cancer survivors registered less daily total (282.8 v. 346.9) light (199.1 v. 

259.3) and lifestyle (62.0 v. 71.7) activity minutes and more MVPA (21.6 v. 15.9) and sedentary 

behavior (555.7 v. 500.6) minutes than controls (p<0.001 for all). These relationships were largely 
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consistent across BMI, age and education. On average, survivors spent an estimated 66.4% of their 

waking time sedentary and 31.1% in light/lifestyle activity and 2.6% in MVPA.

Conclusions—Breast cancer survivors are more sedentary and participate in less low intensity 

activity than controls. Although survivors registered more MVPA, these levels were insufficient. 

Future research should explore these differences and potential benefits of targeting low intensity 

activities and reducing sedentary time in this population.
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INTRODUCTION

In breast cancer survivors, higher physical activity levels are associated with fewer negative 

treatment-related side effects, higher quality of life (QOL) and improved disease-specific 

outcomes including longer survival and reduced risk of recurrence and mortality [1–3]. 

However, self-reported population level data indicate up to 70% [4–6] of breast cancer 

survivors do not meet recommendations of 150 minutes per week of moderate-to-vigorous 

intensity physical activity (MVPA; [7, 8]; ≥ 3 METs; e.g. brisk walking, jogging, 

swimming). In addition to low activity levels, self-reported data indicate cancer survivors 

may engage in more sedentary behavior than non-cancer controls [9]. Sedentary behavior 

refers to any waking activity characterized by an energy expenditure ≤ 1.5 metabolic 

equivalents and sitting or reclining posture and is distinct from too little exercise.34 

Emerging evidence indicates increased sedentary behavior in combination with low activity 

levels is associated with lower QOL, poorer body composition and increased mortality in 

breast cancer survivors and other cancer survivor group [10–14]. The combined high 

prevalence of inactivity and sedentary time may be particularly concerning for cancer 

survivors given their already heightened risk for poor health and disability [15].

Despite potential relationships between physical activity, sedentary behavior and health 

outcomes in breast cancer survivors, only two studies to date [12, 16] have used objective 

measures to estimate these behaviors. These studies found survivors spent less than 2% of 

their waking time in MVPA and between 66–78% of their time sedentary. Additionally, 

MVPA may decrease in the year following treatment while sedentary behavior may remain 

relatively high and stable [16]. While these studies are informative, their findings are limited 

because they did not compare survivors to healthy controls and consisted of relatively small 

sample size (<200 women). Moreover, both studies were primarily focused on MVPA and 

sedentary behavior and gave less consideration to lower intensity activities (1.5 to <3.0 

METs; e.g. activities of daily living, slow walking) which have more recently been 

associated with health benefits. These include reduced disability, chronic disease prevalence, 

body mass index (BMI), waist circumference, depression, and fatigue and improved 

cardiovascular health and QOL in older adults [17–19] and individuals with Multiple 

Sclerosis [19] and reduced functional decline [20] and improved QOL [21] in cancer 

survivors. Thus, understanding breast cancer survivors’ participation in lower intensity 

activities may be important.

Phillips et al. Page 2

Gynecol Oncol. Author manuscript; available in PMC 2016 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The purpose of the present study was to compare a sample of breast cancer survivors to 

population-based controls without a history of cancer from the National Health and 

Nutrition Examination Survey (NHANES; http://www.cdc.gov/nchs/nhanes.htm) block-

matched on body mass index (BMI), age and education to examine whether a) objectively 

measured physical activity and sedentary time differ between the two groups, overall and by 

different activity types (sedentary, light, lifestyle, MVPA) and b) these relationships vary by 

demographic characteristics (BMI, age and education) associated with activity levels in the 

general population.

METHODS

Participants

Breast Cancer Survivors—Data for breast cancer survivors in the present study 

consisted of baseline data from a subset of women randomized (n=500) to wear an 

accelerometer as part of a larger 6-month prospective study in 2010. Full study details are 

provided elsewhere [22]. Briefly, survivors were recruited from the Army of Women© to 

participate in a study on quality of life©. Inclusionary criteria included: age ≥18 years, prior 

history of breast cancer, English-speaking and access to the Internet. Because of the small 

number of racial and ethnic minorities in this sample (n=7) and those under the age of 30 

(n=2), the sample was restricted to women who were White and ≥30 years old. Finally, only 

women who were randomized to the accelerometer subgroup and had ≥1 valid day of 

accelerometer data (n=442) with complete data on all matching variables (age, BMI and 

education) were included in these analyses (n=398).

Non-Cancer Controls—Controls were selected from NHANES 2003–2006 which 

provides a nationally representative sample of the civilian, non-institutionalized U.S. 

population. NHANES uses a complex, multi-stage clustered probability design described in 

detail at: http://www.cdc.gov/nchs/nhanes.htm. For the present study, women were selected 

to match the characteristics of the breast cancer survivors. Thus, all women who were 

White, ≥30 years old, had ≥1 valid day of accelerometer data, had completed at least some 

high school, and had no previous history of cancer were included as potential control 

participants in these analyses (n=1120).

Measures

Demographics—Breast cancer survivors self-reported age, education, height and weight. 

BMI was estimated using the standard kg/m2 equation. NHANES controls self-reported age 

and education during the health interview and height and weight were measured during the 

examination and used to calculate BMI.

Health and cancer history—Breast cancer survivors self-reported information regarding 

their breast cancer (i.e. disease stage, time since diagnosis, treatment) and other cancer 

history. NHANES controls were asked to indicate whether they had ever been diagnosed 

with cancer (yes/no). All women reporting a previous history of cancer including non-

melanoma skin cancer were excluded from these analyses.
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Physical activity and sedentary behavior—Participants from both studies were 

instructed to wear Actigraph accelerometers [Model 7164 for (NHANES) and Model GT1M 

(survivors), Health One Technology, Fort Walton Beach, FL], a valid and reliable objective 

activity [23, 24] and sedentary behavior [25] measure, for 7 consecutive days on the hip 

attached to an elastic belt during all waking hours, except when bathing or swimming. 

NHANES participants were given an accelerometer during their NHANES mobile 

examination center appointment while survivors received their accelerometer via mail. Both 

groups were provided with self-addressed stamped envelopes to return accelerometers to 

study investigators. Only data from monitors in calibration were used in these analyses.

For both groups, activity data were collected in one-minute intervals (epochs). In accordance 

with methods previously used to process NHANES data [26], 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. 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-

points [25, 26] as follows: sedentary (<100), light activity (100–759), lifestyle activity (760–

2019), and MVPA (≥ 2020). For a valid day of accelerometer wear, the number of minutes 

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

time spent in these activities on the reporting 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 were 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 were adjusted for wear time to control for potential difference between 

individuals.

Matching Procedure

Participants were block-matched on BMI (<25, 25 to <30, ≥30), age (30–45 years, 46–60 

years, > 60 years) and education (≤High School, >High School). We matched on these 

variables because of their consistent relationship to physical activity participation in the 

general population. [26] There were no breast cancer survivors in the following 2 groups: a) 

BMI <25, age 30–45 years and ≤ High School education and b) BMI <25, age 46–60 years 

and ≤ High School education, so no NHANES matches were selected for these groups. 

Thus, matching was performed within16 different matching groups. For each case, there was 

an average of 80.7 (SD=19.6; range= 23 to 144) possible NHANES matches. We randomly 

selected, with replacement, two NHANES matches for each survivor. We repeated the 

selection process 1,000 times to ensure the comparison between survivors and NHANES 

controls would not be dependent upon a single set of selected NHANES participants and to 

account for the variability that could be attributed to unmeasured confounders.
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Data Analyses

Descriptive statistics were calculated for breast cancer survivors’ demographics and disease 

characteristics. Group means for sedentary behavior and activity variables were calculated 

separately for survivors and NHANES controls, and tests for differences between the means 

were conducted using independent-sample t-tests. Standard point estimates of the mean and 

standard error were used for the breast cancer survivor sample. Means and standard errors 

computed from NHANES controls accounted for variability induced by donor selection 

using the laws of total expectation and total variance as follows. The point estimate of the 

mean for controls was the average of the point estimates from the 1,000 iterations. The 

standard error was the square root of the total variance which was calculated by adding the 

sample variance of the 1,000 mean estimates to the average of the sample variances from the 

1,000 iterations. Activity data examined included: total valid counts, time spent sedentary 

and in total, light, lifestyle, and MVPA activities and percentage of wear time spent 

sedentary and in total, light, lifestyle, and MVPA activities. Due to the skewness in total 

valid counts, we log transformed each participant’s average total valid counts before testing 

for between-group differences on this variable. A priori, we decided to focus on potential 

differences in sedentary, total, light, lifestyle, and MVPA estimated minutes and proportion, 

overall, and within eight subgroups defined by BMI (<25, 25 to <30, ≥30), age (30–45 

years, 46–60 years, > 60 years) and education (≤High School, >High School). To control for 

the possibility of false positives due to multiple comparisons, the Benjamini–Hochberg false 

discovery rate procedure (BH step-up procedure; [27]) was used for all tests (126 total). 

Briefly, the nominal p-values for the tests were arranged from smallest to largest, and the 

k-th test was judged statistically significant only if the nominal p-value was less than .

05×k/n. In what follows, we report nominal p-values for all tests. Discussions of significant 

findings pertain only to those identified after adjustment for multiple tests. All analyses were 

conducted using SAS (version 9.3, SAS Institute Inc., Cary, NC).

RESULTS

Participant Characteristics

Table 1 details disease-related variables for the breast cancer survivor sample. Briefly, the 

majority of women (66.1%) were diagnosed with early stage (I or II) disease, were not 

currently receiving treatment other than hormonal therapies (97.2%) and were post-

menopausal at diagnosis (85.9%). Over half of women (53.8%) were ≥ 5 years post-

diagnosis. The majority of women had been treated with surgery (79.4%) and 66.6% and 

54.8% had received radiation therapy and chemotherapy, respectively. There were no 

significant differences between survivors and non-cancer controls with regard to the mean 

estimates for age (57.0 v. 58.4; p=0.09) or BMI (26.3 v. 27.1; p=0.07. indicating our block 

matching was successful.

Valid Wear Time

Overall, 97.0% of survivors and 86.6% of controls had ≥3 valid days of accelerometer data 

which is often used as the standard for evaluating accelerometer data [28]. The average log 

transformed total valid counts (p=0.36) and wear time (p=0.21) did not significantly differ 

between groups.
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Physical Activity

Results regarding the estimates for the various types of activities for both groups are 

presented in Table 2. On average, controls registered significantly greater total daily 

physical activity minutes than breast cancer survivors (346.9 v. 282.8, p<0.001). Survivors 

registered significantly fewer daily light (199.1 v. 259.3, p<0.001) and lifestyle (62.0 v. 

71.7, p=0.001) minutes and significantly more MVPA minutes (21.6 v. 15.9, p<0.001) than 

controls.

Estimated differences in total and light activity were consistent between survivors and 

controls across analyses stratified on age, BMI and education. Difference in lifestyle activity 

estimates only remained for women who were aged 30–45 years (67.75 v. 87.93, p=0.009) 

and 46–60 years (69.00 v. 83.65, p≤ 0.001), normal weight (64.86 v. 78.93, p=0.002) and 

more educated (61.87 v. 71.80, p=0.001). Between-group differences in MVPA only 

remained significant for middle-aged (46–60; p=0.017), older (≥60; p<0.001), normal 

weight (p=0.002) and more educated (p=0.001) women.

Sedentary Time

Differences between estimates of daily sedentary time for breast cancer survivors and 

controls are presented in Table 3. On average, survivors spent an additional 55 minutes 

sedentary compared to controls (555.7 v. 500.6, p<0.001). This relationship was consistent 

across age, BMI and education (p≤0.02 for all).

Proportion of Time Spent Active and Sedentary

On average, compared to controls, the proportion of time registered as sedentary was higher 

in breast cancer survivors (66.4% v. 59.1%, p<0.001; see Figure 1). The proportion of time 

registered in light and lifestyle activities were significantly lower for survivors compared to 

controls (23.7% v. 30.9%, p<0.001 and 7.4% v. 8.4%,p=0.002, respectively). However, 

survivors registered a significantly greater proportion of time in MVPA (2.6% v. 1.8%, 

p=<0.001). Differences persisted across all age groups, BMI categories and education for 

the proportion of time spent sedentary (p≤ 0.02 for all) and in light intensity activity (p≤ 

0.02 for all). Differences in the proportion of time registered in lifestyle activity and MVPA 

remained significant for most groups. Lifestyle activity did not differ for women who were 

≥60 (p=0.77), overweight (p=0.74) and obese (p = 0.15) and less educated (p=0.51). MVPA 

did not differ for younger (30 to 45; p=0.28) and less educated women (p=0.27).

DISCUSSION

By using accelerometers to objectively compare breast cancer survivors to healthy controls 

on a full range of activity intensities (sedentary, light, lifestyle, MVPA), this study expands 

on current knowledge regarding participation in sedentary and activity behaviors among 

survivors. Our findings suggest survivors registered significantly more time sedentary (about 

1 hour/day more) and less time active (about 1 hour/day less light/lifestyle activity) than 

healthy controls. However, breast cancer survivors registered significantly more time in 

MVPA than controls, although the magnitude of this difference was small (about 6 minutes), 

and these levels were not adequate to meet physical activity recommendations [8] or result 
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in significant differences in total daily energy expenditure. Generally, findings were 

consistent across age, BMI and education. Between-group differences were not observed for 

older (≥60 years), overweight/obese, or less educated women for lifestyle activity and 

younger (≤45 years), obese, or less educated women for MVPA.

Overall, our estimates of survivors’ activity and sedentary behavior are similar to other 

published studies using accelerometry [12, 16]. However, our sample registered more 

MVPA than those previous studies by Lynch and colleagues (21.6 v. 3.7 minutes; [12]) and 

Sabiston and colleagues (21.6 v. 14.2 to 16.3 minutes; [16]) and slightly less sedentary 

behavior than Sabiston et al. (555.7 v. 641.4 to 647.5; [16]). Our sedentary estimates were 

identical to those of Lynch et al.[12] These differences could potentially be explained by 

sample recruitment sources. Higher levels MVPA in our sample may result from recruitment 

of a more educated, motivated, and healthier population via Army of Women.© 

Additionally, our sample was restricted to White women, recruited nationally and consisted 

of longer-term survivors. The higher sedentary behavior levels observed by Sabiston et al. 

could be due to recruitment of participants from regional clinics and hospitals immediately 

post-treatment whereas our study and Lynch et al.’s were more heterogeneous in terms of 

time post-treatment and geography.

Despite the large number of MVPA interventions and large body of evidence indicating 

increased MVPA is beneficial for breast cancer survivors [3, 29], the current study provides 

further evidence that very few survivors engage in enough MVPA to fully realize these 

benefits even if they are engaging in more MVPA than similar non-cancer controls. This 

paradox of substantial benefits, yet lack of participation, is not unique to survivors [19], but 

represents a significant challenge cancer survivorship research [30]. Our findings indicating 

breast cancer survivors spend significantly less time participating in lower intensity 

activities than healthy controls add an additional dimension to this paradox. Survivors may 

not only engage in insufficient MVPA, but also insufficient lower intensity activity. As 

emerging evidence suggests lower intensity activities are associated with health benefits [17, 

18, 20, 21] after controlling for MVPA, increasing these behaviors in survivors may have 

important health implications. Furthermore, lower intensity activities may contribute to the 

baseline fitness and functioning necessary to perform MVPA so limited participation in low 

intensity activities may be related to lower MVPA [11]. Finally, our findings could have 

implications for weight management. For example, in our sample, the energy expenditure 

from an extra 5.7 minutes of MVPA (i.e. brisk walking= 3.3 METs; ~21 calories for a 140 

pound survivor; [31]) would not compensate for the missed energy expenditure from 9.7 

minutes of lifestyle activity (i.e. light cleaning =2.5 METs; ~27 calories; [31]) and 60.2 

minutes of light intensity activity (i.e. household walking=2.0 METs; ~134 calories; [31]).

These data suggest future research is warranted in cancer survivors to: a) examine potential 

health benefits of lower intensity activity, b) explore the relationship between lower 

intensity activities and MVPA and c) identify the minimal dosages of activity necessary to 

achieve clinically meaningful health benefits. This is not to discount the importance of 

identifying the dosage to maximize health benefits, but rather to identify a minimal activity 

level that may be easier for survivors to achieve and incorporate into their daily lives. 

Finally, future research should examine how activity patterns change pre- and post-diagnosis 
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using objective measures and investigate multi-level factors including treatment-related side 

effects, physical environment and behavioral factors influencing breast cancer survivors’ 

participation in different activity types to identity potential intervention targets.

Our results indicate breast cancer survivors not only spend less time active than controls but 

also more time sedentary. Given emerging evidence supporting the negative health 

consequence of sedentary behavior in the general population [32, 33] and cancer survivors 

[10, 12, 34, 35], these findings are particularly concerning. While it is biologically plausible 

increased sedentary behavior could be related to poorer health outcomes in survivors 

through increased adiposity, hormone dysregulation, metabolic dysfunction and 

inflammation [34], additional research is needed to understand the relationship between 

sedentary behavior, health outcomes and survival in breast cancer survivors and other 

survivor populations. This research should include examining dose-response relationships, 

identifying clinically-meaningful cut-points and investigating the effects of breaking up 

sedentary time [11]. Additionally, it is important to develop a better understanding of the 

multi-level determinants of sedentary behavior to identify potential intervention targets in 

survivors. Finally, future research should examine the relationship between different activity 

intensities and sedentary behavior in cancer survivors.

Collectively, findings from this study highlight breast cancer survivors’ low physical 

activity and high sedentary behavior compared to controls using objective measures. While 

many important benefits may result from increasing cancer survivors’ MVPA, it may be 

equally important, and potentially more feasible at a population-level, to increase lower 

intensity activities and reduce sedentary behavior. Future research is warranted to 

understand the potential benefits and risks of increasing lower intensity activities and 

reducing sedentary behavior and the feasibility and effectiveness of these interventions in 

comparison to, or in conjunction with, interventions to increase MVPA in breast cancer 

survivors and other survivor populations.

There are several limitations to the current study worth noting. First, we used a convenience 

sample of breast cancer survivors who were predominately well-educated, were relatively 

young and had early stage disease. Additionally, because of the low number of minority 

participants, we had to limit our sample to White women. Therefore, our sample may not be 

representative of the larger breast cancer survivor population. In addition, we did not use a 

true case control-design, but rather gathered our controls from a population-based sample 

and used a block-matching design. Thus, study methods and participant recruitment were 

different. We were unable to perfectly match patients on specific characteristics and could 

have neglected a key matching characteristic (i.e. comorbidity) or mismatched on our 

criteria (i.e. self-reported v. measured BMI) which could have influenced estimates of 

between-group differences. However, we conducted simulation analyses of 1,000 iterations 

to correct for potential errors resulting from our matching-scheme, and cases and controls 

did not differ on matching variables suggesting our matching scheme was successful. 

Additionally, we are not able to infer why differences in time spent active and sedentary 

might exist from our data. As mentioned above, future studies should explore determinants 

of changes in survivors’ activity and sedentary behavior patterns to identify intervention 

targets. Finally, while accelerometers are not subject to self-report bias, they do not capture 
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accurate workloads pertaining to certain activities (e.g. stationary biking, swimming, weight 

training) or data relative to body positioning (e.g. sitting, standing, lying down). Despite 

these limitations, this study improves on past studies examining objective activity and 

sedentary behavior in breast cancer survivors by comparing activity levels to controls and 

incorporating a large group of relatively heterogeneous survivors in terms of disease 

characteristics (e.g. time since treatment, age, stage).

In conclusion, the current study suggests breast cancer survivors spend less time active and 

more time sedentary than healthy controls despite the fact that they engage in more MVPA. 

It is critical to further understand the health implications of these behavioral patterns and 

better understand their determinants at various time points post-treatment and diagnosis so 

effective interventions can be developed to increase physical activity, reduce sedentary time 

and, ultimately, enhance health and disease outcomes in breast cancer survivors and other 

survivor populations.
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Highlights

• Breast cancer survivors registered more moderate-to-vigorous physical activity 

than controls but still did not participate meet public health recommendations.

• Breast cancer survivors are engaged in more sedentary behavior and less low 

intensity activity than matched non-cancer controls.

• Sedentary behavior and light intensity activity may be viable intervention targets 

in addition to moderate-to-vigorous physical activity.
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Figure 1. 
Estimated proportions of daily time spent in sedentary behavior and each activity type for 

breast cancer survivors and non-cancer NHANES matched-controls.
*All proportion were significant at p<0.05 even after correcting for multiple tests using 

Benjamini–Hochberg procedure (BH step-up procedure) at α =0.05
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Table 1

Breast cancer survivors’ demographic and disease characteristics

Breast Cancer Survivors
(n=398)
n (%)

Age (M, SD) 57.0 (9.11)

Disease Stage

  Stage 0 76 (20.1%)

  Stage 1 126 (33.3%)

  Stage 2 124 (32.8%)

  Stage 3 42 (11.15)

  Stage 4 10 (2.7%)

Currently Receiving Treatment

  Chemotherapy 10 (2.5%)

Treatment Received

  Surgery 395 (99.5%)

  Chemotherapy 224 (56.3%)

  Radiation Therapy 268 (67.3%)

Time Since Diagnosis 7.1 (5.5)

  <5 years 184 (46.2%)

  5 to < 10 years 121 (30.4%)

  ≥10 years 93 (23.4%)

Post-menopausal at Diagnosis 342 (85.9%)
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