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ORIGINAL ARTICLE

Objectively measured sedentary behavior and quality of life
among survivors of early stage breast cancer

Sheri J. Hartman1,2
& Catherine R. Marinac1,2,3 & John Bellettiere2,3 & Suneeta Godbole2 &

Loki Natarajan1,2
& Ruth E. Patterson1,2

& Jacqueline Kerr2

Received: 10 May 2016 /Accepted: 27 February 2017 /Published online: 22 March 2017
# Springer-Verlag Berlin Heidelberg 2017

Abstract
Purpose This study examined relationships between seden-
tary behavior accumulated in different bout durations and
quality of life (QoL) among breast cancer survivors.
Methods Postmenopausal breast cancer survivors completed
the Short Form Health Survey to assess QoL and wore an
accelerometer to measure sedentary behavior and physical
activity between August 2011 and May 2013.
Results Participants (n = 134) averaged 509.7 min/day in sed-
entary time with 285.2 min/day in short bouts (<20 min) and
224.5 min/day long bouts (≥20 min). Linear regression
models indicated that greater total sedentary time was signif-
icantly associated with worse physical QoL (b = −0.70,
p = 0.02) but not mental QoL (p = 0.92). Models that exam-
ined the accumulation of sedentary time in short bouts and
long bouts together showed that time in long sedentary bouts
was significantly related to physical QoL (b = −0.72,
p = 0.02), while time in short bouts was not (p = 0.63).
Moderate-to-vigorous intensity physical activity (MVPA)
was a significant effect modifier of the relation between time
spent in long sedentary bouts and physical QoL (p = 0.028)
such that greater time in long bouts was associated with worse
physical QoL only among women with lower levels of
MVPA.

Conclusions Findings indicate that time spent in long seden-
tary bouts is associated with worse physical QoL among
breast cancer survivors who do not engage in high levels of
MVPA. Future research should examine reducing sedentary
time as a potential strategy to improve physical QoL.

Keywords Sedentary bouts . Sitting . Physical health .

Lifestyle . Breast cancer . Oncology

Background

Breast cancer and its treatments can have a significant and
potentially long-term negative impact on a woman’s quality
of life (QoL) [1]. Increasing physical activity has been shown
in several reviews and meta-analyses to improve a variety of
physical and psychosocial health outcomes, including QoL
[2–4]. However, much less is known about the impact of sed-
entary behavior on QoL outcomes, especially among breast
cancer survivors. Sedentary behavior refers to any sitting or
reclining activities that do not increase energy expenditure
substantially above the resting level [5] such as watching
TV, reading a book, working on a computer, or driving in your
car. Research indicates that cancer survivors spend about two
thirds of their day in sedentary behaviors such as sitting and
reclining [6–8]. Poor health-related quality of life has been
shown to reduce time to breast cancer recurrence and all-
cause mortality among breast cancer survivors [9].
Therefore, understanding the relationship between sedentary
time and QoL among breast cancer patients is an important
first step in determining if changing sedentary time could be a
potential intervention target to improve breast cancer-related
outcomes.

A limited number of published studies have examined the
relationships between sedentary behavior and QoL in breast
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cancer survivors, and findings from these studies have been
mixed. For example, George et al. found that sedentary time
was not associated with health-related QoL among 710 breast
cancer survivors [10]. Conversely, Phillips et al. found that
greater sedentary time was associated with worse fatigue and
physical well-being among 358 survivors [6]. Explanations
for these discrepant findings may relate to differences in mea-
sures used to assess both QoL and sedentary time. Evidence in
non-cancer populations suggests that the relationship between
sedentary behavior and QoL varies based on the aspect of
QoL that is measured. Specifically, data suggests that seden-
tary behavior is more strongly associated with physical QoL
than mental QoL [11, 12]. Similarly, studies with concurrent
self-reported and objective measures of sedentary behavior
have shown that relationships between sedentary behavior
and health outcomes vary depending on the measurement tool
used to assess sedentary behavior [11, 13, 14].

An emerging area of sedentary behavior research suggests
that the way in which sedentary time is accumulated (e.g., in
long uninterrupted vs. short bouts) can also influence the ef-
fect of sedentary behavior on health outcomes. Extended pe-
riods of uninterrupted sedentary time may have a different
impact on QoL and other outcomes than shorter bouts.
Although we are not aware of published studies that have
compared the relationship of sedentary bout lengths on QoL
outcomes in breast cancer survivors, there is growing evi-
dence in non-cancer populations that prolonged unbroken
bouts of sedentary behaviors (e.g., 20 to 30 min in duration)
have a particularly negative impact on a number of metabolic
risk factors [15]. Interestingly, breaking up sedentary time has
been shown to be positively associated with health outcomes
[16–19]. Taken together, these findings highlight the impor-
tance of partitioning time spent in sedentary behavior into
different bout lengths when examining relationships between
sedentary behavior and health outcomes.

Research in non-cancer populations has shown that the
benefits of engaging in physical activity, including those done
at moderate-to-vigorous intensity, may not reduce negative
impacts associated with prolonged sitting [20]. One reason
for the mixed findings for the relationship of moderate-to-
vigorous intensity physical activity (MVPA) and sedentary
behavior on health may be due to the conceptual/statistical
treatment of MVPA. Many early studies included MVPA as
a covariate in their models to assess Bindependent^ associa-
tions between sedentary behavior and health, effectively
treating it as a confounder [21]. Emerging evidence suggests
that MVPA is most likely a moderator (a.k.a. effect modifier)
whereby greater sedentary time is associated with increased
mortality risk and worse physical functioning only among
adults with low levels of MVPA [20, 22–24]. However, a
recent meta-analysis in non-cancer populations found that in-
creasing time spent in moderate-to-vigorous physical activity
(MVPA) did not result in large decreases in sedentary time

[25]. Therefore, it is important to examine the relationship of
these two distinct behaviors, MVPA and sedentary time, with
quality of life.

The primary objective of the present study was to investi-
gate the relationships between objectively measured sedentary
time and the accumulation of sedentary time in short bouts
(<20 min) and long bouts (≥20min), with physical and mental
QoL among breast cancer survivors. We hypothesized that
total sedentary time would be inversely associated with QoL
among women with a history of breast cancer. We also hy-
pothesized that greater time in long sedentary bouts, but not
short bouts, would be associated with worse QoL. Given the
evidence that the relationship of sedentary behavior and QOL
may not be independent of MVPA [10, 26], we additionally
adjusted all models for time spent in MVPA and examined
whether MVPA modified the relationship between sedentary
time and QoL. These analyses can provide a better under-
standing of sedentary behavior and QoL, which can inform
lifestyle interventions to improve QoL among women with a
history of breast cancer.

Methods

Study design and sample

Participants were postmenopausal breast cancer survivors
from the UC San Diego Transdisciplinary Research in
Energetics and Cancer (TREC) center. The TREC center
was a program project examining the role of insulin resistance
and inflammation in breast cancer risk [27]. Ninety-six over-
weight and obese women (BMI ≥ 25 kg/m2) were recruited for
the Reach for Health Study, a randomized trial examining the
impact of metformin and weight loss interventions on breast
cancer mortality [28]. The baseline data used for this analysis
were obtained prior to randomization into the intervention. An
additional 40 lean women (BMI < 25 kg/m2) were recruited
specifically to enrich the Reach for Health Study sample by
concurrently collecting data on women with BMI < 25 kg/m2

for investigations of lifestyle factors and health outcomes
across the BMI continuum. Recruitment of participants was
conducted simultaneously by means of flyers at community
events, physician referral, and use of cancer patient registries,
and assessments were conducted with the same measures and
clinical space. In addition, the same study staff and protocols
were used for both groups. There were no significant differ-
ences between the two groups in regard to age, race, educa-
tion, or stage of breast cancer (p > 0.05).

Eligibility was assessed via a telephone interview. Eligible
participants were diagnosed with primary operable breast car-
cinoma (stages I-III) within the past 5 years, were postmeno-
pausal at the time of breast cancer diagnosis, and were not
scheduled for or currently undergoing chemotherapy.
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Women were excluded if they had been diagnosed with any
additional primary or recurrent invasive cancer within the last
10 years or had a serious medical condition such as renal
insufficiency, liver impairment, or congestive heart failure.
Participants were also excluded if they were diabetic or using
hormone replacement therapy.

Of the 1157 women who were contacted, 166 were eligible
and 134 completed all relevant study assessments. The most
frequent reasons for ineligibility were not being postmeno-
pausal at diagnosis and diagnosed more than 5 years ago.
All participants attended an in-person study visit where they
completed a series of physical measurements and study ques-
tionnaires. After the clinic visit, participants were provided a
hip-worn accelerometer to wear for 7 days. The UC SanDiego
institutional review board approved all study procedures, and
all participants provided written informed consent.

Measures

Objective assessment of physical activity and sedentary
behavior The ActiGraph GT3X+ accelerometer (ActiGraph,
Pensecola, FL), which records integrated acceleration infor-
mation as an activity Bcount,^ provides an objective estimate
of the movement and intensity of activity. The ActiGraph is
widely used in the field of physical activity and sedentary
behavior research and has good validation with VO2 max
[29]. Participants were asked to wear the accelerometer on
their right hip during waking hours for 7 days and to take it
off for swimming or bathing. A 7-day wear period was select-
ed to ensure collection of at least 3–5 valid days of data, which
is the number of days of data recommended for reliably esti-
mating behavioral patterns [30, 31]. ActiLife v6.3.4 software
was used to screen for sufficient wear time using the guide-
lines for accelerometry-derived physical activity data outlined
by Choi et al. [32]. Sufficient wear time was defined as 5 days
with ≥600 min of wear time or 3000 min (50 h) across 4 days.
A total of four participants had incomplete accelerometer data
and were asked to re-wear the device for the number of miss-
ing days. All complete and valid data were processed in
ActiLife using the low-frequency extension and aggregated
to 60-s epochs so activity and sedentary cut points could be
applied [33].

We relied on established cut points to classify sedentary
behaviors from accelerometer data. As such, a threshold of
100 counts/min on the x-axis defined sedentary activities
[34]. Time spent per day in sedentary activities was calculated
by summing the minutes in a day where the counts were be-
low 100 counts/min. We averaged day level totals across mea-
surement days for each participant to yield the average daily
time spent sedentary. Bouts of sedentary time were identified
as consecutive minutes of sedentary time; each bout was given
a unique identifier. For each day, the number of minutes ac-
cumulated in bouts between 1 and 19 min in duration (Bshort

bouts^) was computed, as was the number of minutes spent in
bouts of at least 20min in duration (Blong bouts^). Long bouts
were operationalized as any bout with a duration greater than
or equal to 20 min as this duration has shown to adversely
affect health in epidemiologic [35] and experimental [18]
studies. The average daily minutes in short and long bouts
were then computed for each person. To determine time spent
in MVPA (activity at three METs or higher, e.g., brisk walk or
faster), established cut points for accelerometer data was used
by summing every minute in a day where the x-axis counts
were 1952 or above [33]. Day level averages for time spent in
MVPAwere then computed for each participant.

Quality of lifeQoLwas assessed using the Short FormHealth
Survey (SF-36) [36]. The questionnaire has been used in di-
verse populations, including women with breast cancer [37],
and has shown to be reliable (Cronbach’s alpha = 0.75 to 0.91)
[38] with good construct validity [39]. The SF-36 provides
physical and mental health component summary scores that
range from 0 to 100, with higher scores corresponding to
better QoL.

Other assessments Height and weight were measured at
baseline clinic visits using standard protocols and used to cal-
culate body mass index (BMI, kg/m2). Medical records were
reviewed to ascertain information related to breast cancer di-
agnosis and treatment, including date of diagnosis, disease
stage, type of breast surgery, chemotherapy (any vs. no che-
motherapy), and use of endocrine therapy.

Statistical methods

Participant characteristics, QoL, and sedentary behavior vari-
ables were presented as mean (SDs) or (n%). Relationships
between time in short bouts, time in long bouts, total sedentary
time, and time spent in moderate-to-vigorous physical activi-
ties were examined with partial correlations between each
accelerometer-derived measure, controlling for accelerometer
wear time.

In multivariable linear regression models, we examined
associations between accelerometer-derived time spent in sed-
entary behavior and QoL outcomes. The sedentary behavior
variables were modeled in 30-min increments (instead of 1-
min increments) in order to make the parameter estimates
more interpretable. Physical and mental health component
summary scores were examined separately. We also
partitioned total sedentary time into time spent in <20 min
bouts and time spent in ≥20 min bouts. Multivariable linear
regression models were used to model QoL outcomes by in-
cluding time in short sedentary bouts and time in long bouts in
the same model [40]. The base models controlled for contin-
uous age and BMI, cancer stage (dichotomous: stage I vs.
stages II and III), and accelerometer wear time. Subsequent
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models also adjusted for time spent in total MVPA, given the
well-documented associations between time spent in MVPA
and QoL in both healthy and diseased populations [6, 41–43].
We considered adjustment for other breast cancer variables
that may influence the association between the exposures of
interest and QoL outcomes (e.g., time since diagnosis, chemo-
therapy, radiation, and use of endocrine therapy); however, the
addition of these variables did not meaningfully influence the
magnitude or statistical significance of the findings we report.
Therefore, we left these additional breast cancer-related vari-
ables out of final models.

Interaction models were used to formally test whether ob-
served relationships between minutes per day in sedentary
behavior and physical health scores varied by time spent in
total MVPA. Interaction models controlled for the same co-
variates as models described above (i.e., age, BMI, cancer
stage, accelerometer wear time, and short sedentary bouts) in
addition to the main effects of minutes per day in sedentary
behavior and total MVPA and the sedentary behavior × total
MVPA interaction term (both modeled as continuous vari-
ables). Main interaction models were run with un-centered
variables, but we tested the consistency of our findings in
models with mean-centered variables. Subsample analyses
were used to explore the nature of effect modification by strat-
ifying models according to whether or not women engaged in
at least 30 min/day of total MVPA, which is consistent with
public health recommendations for physical activity.
Sensitivity analyses were also run with MVPA in bouts of at
least 10 min, the minimum duration of MVPA recommended
by the physical activity guidelines [44, 45].

For all final models, variance inflation factors (VIFs) were
computed to test for multicollinearity; all VIFs were <2 indi-
cating multicollinearity was not an issue. Statistical analyses
were conducted in SAS 9.4 and SAS Studio (Cary, NC), as
well as R version 3.1.3. All statistical tests were two sided, and
alpha was set at 0.05.

Results

One hundred and thirty-four breast cancer survivors complet-
ed the QoL assessment and had accelerometer data collected.
As shown in Table 1, the average age of participants was
63 years. Total sedentary time averaged 509.7 min/day with
285.2 min/day in short bouts and 224.5 min/day in long bouts.

There were statistically significant correlations between
several of the accelerometry-derived activity and sedentary
behavior variables. After controlling for accelerometer wear
time, total sedentary time was significantly associated with
time in long bouts (r = 0.84) but not with time in short bouts.
Total minutes per day of MVPA was significantly inversely
correlated with total sedentary time (r = −0.39) and time in
long bouts (r = −0.25), but was not significantly correlated

with time in short bouts. Time in short sedentary bouts was
only significantly correlated with time in long bouts
(r = −0.51) (data not shown).

In multivariable linear regression models, total minutes per
day of sedentary time was significantly associated with physi-
cal health after adjustment for age, BMI, cancer stage, and total
accelerometer wear time (Table 2). Specifically, results of base
models indicate that each 30-min/day increase in sedentary
time was associated with a 0.70-U decrease in the physical
health summary score (p = 0.02). However, this association
between sedentary time and physical health was not significant
in MVPA-adjusted models.

Table 3 presents models of the associations between time
spent in long and short bouts of sedentary behavior with phys-
ical and mental health summary scores. There was a statisti-
cally significant association between minutes per day spent in
long bouts of sedentary time with the physical health summa-
ry score after adjustment for time in short sedentary bouts,
age, BMI, cancer stage, and total accelerometer wear time.
Results indicate that each 30-min/day increase in total time
spent in long sedentary bouts was associated with a 0.72-U
decrease in physical health scores (p = 0.02), when not con-
trolling for time spent in MVPA. Adjustment for time spent in

Table 1 Characteristics of postmenopausal breast cancer survivors in a
study of sedentary behavior and quality of life (n = 134)

Total

Characteristics mean (SD) unless otherwise noted n = 134

Age 62.6 (6.6)

Caucasian, non-Hispanic, n (%) 106 (79.1)

Primary language: English, n (%) 126 (94.0)

Completed college, n (%) 79 (59.0)

Body mass index (kg/m2) 28.8 (6.6)

Years since diagnosis 2.1 (1.2)

Cancer stage

1 66 (49.3)

2 48 (35.8)

3 20 (14.9)

Received chemotherapy, n (%) 65 (49.2)

Taking endocrine therapy, n (%) 93 (70.5)

Time spent sedentary (min/day) 509.7 (83.9)

Time spent in short sedentary bouts (min/day)a 285.2 (53.5)

Time spent in long sedentary bouts (min/day)b 224.5 (89.2)

Time spent in total MVPAc (min/day) 21.0 (18.3)

Accelerometer wear time (min/day) 832.3 (64.1)

Physical health summary score 47.06 (9.6)

Mental health summary score 50.82 (9.3)

Note: Data were collected between August 2011 and May 2013
aMinutes accumulated in bouts between 1 and 19 min in duration
bMinutes spent in bouts of at least 20 min in duration
cModerate-to-vigorous intensity physical activity

2498 Support Care Cancer (2017) 25:2495–2503



total MVPA attenuated associations between time spent in
long sedentary bouts and physical health to non-significance
(b = −0.49, p = 0.13). It is notable that time spent in total
MVPA was a significant independent predictor of physical
health scores (b = 0.10, p = 0.046). Time spent in short sed-
entary bouts was not significantly associated with physical
health in the base or MVPA-adjusted models (p > 0.05).
None of the sedentary behavior exposure variables were relat-
ed to the mental health summary score (p > 0.05).

We formally tested time spent in MVPA as an effect mod-
ifier of the relationship between sedentary behavior and phys-
ical health scores. We found no evidence of effect modifica-
tion by MVPA for the association between total sedentary
time and QoL. However, there was a statistically significant
interaction between time spent in long sedentary bouts and
time spent in MVPA (both modeled as continuous variables;
p = 0.04). Accordingly, we stratified the analysis by levels of
time spent in MVPA (<30 vs. ≥30 min/day MVPA) and ex-
amined associations between time spent in long sedentary
bouts and physical health scores within each MVPA strata.
We observed that each 30-min/day increase in time spent in
long sedentary bouts was inversely associated with physical
health scores among women who engaged in less than 30min/
day of MVPA (b = −0.78, p = 0.04). However, time in long
bouts was not associated with physical QoL among women

who engaged in 30 or more minutes of MVPA per day
(b = 0.18, p = 0.76) (Fig. 1). We also conducted a sensitivity
analysis with MVPA in bouts of at least 10 min in length and
MVPA remained as an effect modifier (p = 0.04, data not
shown).

Conclusions

The purpose of this study was to examine associations be-
tween objectively measured sedentary time with QoL among
survivors of early stage breast cancer. A novel aspect of this
analysis was the focus on investigating the effects of sedentary
time when accumulated in long vs. short bouts. Our results
indicate that overall sedentary time was related to worse phys-
ical health, and this association appeared to be driven by time
spent in longer sedentary bouts (here measured as ≥20 min in
duration). MVPA moderated the associations between seden-
tary behavior and physical health, with the strongest relation-
ship found among women with low amount of time spent in
total MVPA (here measured as <30 min/day). This could have
public health implications as decreasing sedentary time may
be an important and achievable behavioral target to improve
quality of life for the many breast cancer survivors who are not
meeting physical activity guidelines [46, 47].

Results are consistent with the one published study we
found that examined long sedentary bouts with mental QoL
[48]. Specifically, Vallance and colleagues found no signifi-
cant associations between objectively measured in long sed-
entary bouts and aspects of mental QoL among colon cancer
survivors [48]. However, our findings that time spent in sed-
entary behavior was only associated with physical health
scores among women with low levels of physical activity is
in contrast to a study by George et al. [49], who found that the
associations between sedentary behaviors, as measured by an
inclinometer, were independent of time spent inMVPA. These
conflicting findings may suggest that the impact of sedentary
time varies by cancer type. Alternatively, conflicting findings
may be due to the fact that different measures were used to
assess sedentary behavior and QoL across studies. Research
on sedentary time and QoL is still an emerging field where
consistency in measures could be critical for advancing
knowledge and identifying individuals who might benefit
from reducing sedentary time.

Our finding that long bouts of sedentary time were driving
the relationship between sedentary time and the physical
health among women who do not engage in high amounts of
MVPA could have important implications for tailored behav-
ioral recommendations and intervention targets. For example,
these data suggest that interventions designed to Bbreak up^
long bouts of sedentary time (i.e., via standing breaks) may be
an important strategy to improve QoL among breast cancer
survivors who do not regularly exercise. However, such an

Table 2 Multivariable models of sedentary behavior regressed on
quality of life in a sample of breast cancer survivors (n = 134)

Base model MVPAc-adjusted

b (se) p value b (se) p value

Physical health summary score

Total sedentary timea −0.70 (0.31) 0.02 −0.50 (0.33) 0.13

Breast cancer stageb 2.49 (1.54) 0.11 2.56 (1.53) 0.10

Age 0.11 (0.12) 0.34 0.16 (0.12) 0.19

BMI −0.38 (0.12 ) <0.01 −0.31 (0.12) 0.01

Total MVPAc – – 0.08 (0.05) 0.09

R2 = 0.18 ΔR2 = 0.01

Mental health summary score

Total sedentary timea 0.03 (0.32) 0.92 0.23 (0.34) 0.51

Breast cancer stageb −1.25 (1.63) 0.45 −1.17 (1.6) 0.47

Age 0.01 (0.12) 0.92 0.06 (0.13) 0.66

BMI −0.15 (0.13) 0.25 −0.08 (0.13) 0.53

Total MVPAc – – 0.08 (0.05) 0.12

R2 = 0.02 ΔR2 = 0.01

Data were collected between August 2011 and May 2013. Models also
controlled for total accelerometer wear time. All parameter estimates are
unstandardized
a A 30-min unit of analysis was modeled for the total sedentary time
variable
b Stage I vs. stages II and III
cModerate-to-vigorous intensity physical activity
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intervention may not be effective at improving QoL among
breast cancer survivors who engage in high levels of physical
activity.

One possibility for the lack of association between seden-
tary time and mental QoL is that the context in which the
sedentary activities occurs may be important. For example,
engaging in stimulating sedentary behaviors, such as reading
or having coffee with friends, may increase mental QoL and
thereby attenuate the relationship between sedentary time and

metal QoL. While objective measures of sedentary time may
reduce recall bias of the measurement [50], they often do not
provide information on the context in which sedentary behav-
ior occurs. Future research should examine types of sedentary
behaviors to identify if some behaviors are more detrimental
for QoL in cancer survivors than others.

Strengths of this study include the use of objective methods
to identify sedentary behaviors, which are less prone to recall
and response biases than traditional self-report approaches

Table 3 Multivariable models of
long and short bouts of sedentary
behavior regressed on quality of
life in a sample of breast cancer
survivors (n = 134)

Base model MVPAe-adjusted

b(se) p value b(se) p value

Physical health summary score

Time in short sedentary boutsab −0.27 (0.55) 0.63 0.20 (0.59) 0.73

Time in long sedentary boutsbc −0.72 (0.31) 0.02 −0.49 (0.32) 0.13

Breast cancer staged 2.54 (1.55) 0.10 2.67 (1.53) 0.08

Age 0.12 (0.12) 0.31 0.18 (0.12) 0.14

BMI −0.36 (0.12) <0.01 −0.27 (0.13) 0.04

MVPAe – – 0.10 (0.05) 0.046

R2 = 0.18 ΔR2 = 0.02

Mental health summary score

Time in short sedentary boutsab 0.38 (0.58) 0.52 0.83 (0.63) 0.19

Time in long sedentary boutsbc 0.01 (0.32) 0.96 0.24 (0.34) 0.49

Breast cancer staged −1.20 (1.64) 0.46 −1.09 (1.62) 0.50

Age 0.02 (0.12) 0.89 0.07 (0.12) 0.57

BMI −0.13 (0.13) 0.31 −0.05 (0.14) 0.74

MVPAe – – 0.10 (0.05) 0.07

R2 = 0.02 ΔR2 = 0.01

Data were collected between August 2011 and May 2013. Models also controlled for total accelerometer wear
time. All parameter estimates are unstandardized
aMinutes accumulated in bouts between 1 and 19 min in duration
bA 30-min unit of analysis was modeled for the time spent in sedentary bouts variables
cMinutes spent in bouts of at least 20 min in duration
d Stage I vs. stages II and III
eModerate-to-vigorous intensity physical activity
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[50]. However, it should be noted that the hip-worn acceler-
ometer x-axis counts per minute cut point used to define sed-
entary behavior in the current study is not able to differentiate
between standing still and seated postures [50]. Therefore, it is
possible that we have miss-classified standing still as a seden-
tary behavior. Future studies using devices with inclinometers
may be able to more accurately distinguish between seated
and standing postures [51]. In addition, new computational
methods using raw data from the three accelerometer axes
are being developed to better characterize sedentary time from
accelerometer data, which could be used in future studies to
reduce measurement errors [50]. Given the cross-sectional
nature of the data collected, we also cannot rule out the pos-
sibility of reverse causality between sedentary behavior and
physical health summary scores (e.g., women are sedentary as
a result of poor physical health). Generalizability of these
results may be limited as our sample was predominately diag-
nosed at stage I, white, and highly educated patients.

In summary, the results of the present study demonstrate
that greater sedentary time accumulated in bouts longer than
20 min in duration is associated with worse physical health
among women with low levels of physical activity.
Relationships of sedentary time with mental health were not
uncovered, even using the more discriminating long bouts. To
our knowledge, this was the first study to examine associa-
tions between objectively measured sedentary behavior of dif-
ferent bout lengths and QoL outcomes in breast cancer survi-
vors. Future longitudinal studies should investigate whether
introducing interruptions in sedentary time improves QoL
among inactive breast cancer survivors.
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