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Abstract

Purpose—Cancer survivors are highly sedentary and have low physical activity. How physical
activity interventions impact sedentary behavior remains unclear. This secondary analysis
examined changes in sedentary behavior among breast cancer survivors participating in a physical
activity intervention that significantly increased moderate-to-vigorous physical activity (MVPA).

Methods—Insufficiently active breast cancer survivors were randomized to a 12-week physical
activity intervention (exercise arm) or control arm. The intervention focused solely on increasing
MVPA with no content targeting sedentary behavior. Total sedentary behavior, light physical
activity (LPA), and MVPA were measured at baseline and 12 weeks (ActiGraph GT3X+
accelerometer). Separate linear mixed-effects models tested intervention effects on sedentary
behavior, intervention effects on LPA, the relationship between change in MVPA and change in
sedentary behavior, and potential moderators of intervention effects on sedentary behavior.

Results—The exercise arm had significantly greater reductions in sedentary behavior than the
control arm (mean — 24.9 min/day (SD = 5.9) vs. — 4.8 min/day (SD =5.9), b= - 20.1 (SE = 8.4),
p=0.02). Larger increases in MVPA were associated with larger decreases in sedentary behavior
(b=-1.9(SE=0.21), p<0.001). Women farther out from surgery had significantly greater
reductions in sedentary behavior than women closer to surgery (6= - 0.91 (SE = 0.5), p=0.07).
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There was no significant group difference in change in LPA from baseline to 12 weeks (6= 5.64
(SE =7.69), p=0.48).

Conclusions—Breast cancer survivors in a physical activity intervention reduced total sedentary
time in addition to increasing MVPA.

Implications for Cancer Survivors—Both increasing physical activity and reducing sedentary
behavior are needed to promote optimal health in cancer survivors. These results show that MVPA
and sedentary behavior could be successfully targeted together, particularly among longer-term
cancer survivors.

Clinical trial registration—This study is registered at www.ClinicalTrials.gov ().

Keywords
Sedentary behavior; Sitting; Physical activity; Breast cancer

Introduction

Numbering over 3.5 million, breast cancer survivors represent the largest group of female
cancer survivors in the USA [1]. Breast cancer survivors spend approximately two-thirds of
waking time (i.e., ~ 9 h per day) in sedentary behaviors [2, 3], which is higher than
individuals without cancer [2, 4]. Sedentary behaviors include activities where the
predominant posture is sitting, reclining, or lying and energy expenditure is low [5-9]. A
growing body of research has linked sedentary behavior among breast cancer survivors with
increased risk of cancer recurrence and mortality [10] and poor health outcomes including
adiposity [3], greater number of comorbidities [11], worse quality of life [4, 12, 13], and
higher fatigue [4]. Sedentary behavior is distinct from inactivity (i.e., not meeting physical
activity guidelines of 150 min of moderate-to-vigorous physical activity (MVPA) per week
for health or too little exercise), in that an individual who meets the physical activity
guidelines can still be highly sedentary [14]. Most studies have found that the negative
health impacts of sedentary behavior are independent of exercise [9, 15, 16], though research
is mixed [17, 18]. A recent meta-analysis showed that together, low physical activity and
high sedentary behavior increased risk of all-cause mortality by 59% (95% CI 1.52, 1.66)
and that the increase in mortality risk was not attenuated by guideline levels of physical
activity (i.e., 150 min of MVVPA weekly) [17]. Further, a recent analysis of accelerometer-
measured sedentary time in 739 adults found that MVPA had little, if any, attenuating effect
on the associations between sitting time and cardio-metabolic risk biomarkers [19].
Therefore, among breast cancer survivors who generally have low levels of activity and are
highly sedentary [2, 3], both increasing physical activity and reducing sedentary behavior
may be needed to promote optimal health [20].

Many interventions have targeted increasing MVPA in cancer survivors [21-23], yet few
studies have examined how increasing physical activity impacts accelerometer-measured
sedentary time in cancer survivors. In a 12-week randomized controlled trial of a peer-led
physical activity intervention among 76 breast cancer survivors, the intervention successfully
increased physical activity, but there were no significant changes in sedentary time both
within the intervention group and between the intervention and control groups [24].
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Moreover, in an 8-week randomized controlled trial of a supervised physical activity
intervention in 26 breast cancer survivors, Guinan et al. found no significant changes in
sedentary behavior from baseline to 8 weeks in the intervention group compared with the
control group; however, the intervention did not improve physical activity either [25]. These
results suggest that physical activity interventions may not reduce sedentary behavior in
breast cancer survivors. Yet the samples were small, and only one of the interventions
significantly increased MVPA [26].

There are numerous potential explanations for the lack of an intervention effect on sedentary
time in these previous trials. First, these interventions did not explicitly target sedentary
behavior. Two meta-analyses have shown that interventions that included sedentary
behavior-specific strategies yielded greater reductions in sedentary behavior compared with
interventions solely targeting increases in physical activity or interventions that included
both physical activity and sedentary behavior components [27, 28]. For example, strategies
such as finding time to exercise or scheduling a daily exercise session are unlikely to change
sedentary behavior because sedentary behavior is highly habitual [29]; interrupting
sedentary behavior may require frequent prompts and environmental cues to help individuals
become more conscious of their sitting and form new habits [29-31]. Alternatively, the lack
of intervention effect on sedentary behavior in the study by Pinto and colleagues [24] may
have been due to a compensatory “rest and recover” process, whereby higher activity leads
to fatigue, and therefore sedentary behavior remains unchanged [32, 33] or even increases
during non-active periods [34]. The “rest and recover” phenomenon following MVPA has
been documented in the intervention literature in non-cancer populations [34] but is
understudied among cancer survivors. This process may be particularly relevant for breast
cancer survivors, who often experience high levels of fatigue long after treatment has
concluded [35]. As the evidence linking sedentary behavior to adverse health consequences
in cancer survivors continues to grow, it is important to understand how physical activity
interventions impact both physical activity and sedentary behavior.

The primary aim of this secondary analysis was to examine changes in sedentary behavior
among breast cancer survivors participating in a physical activity intervention that
significantly increased MVPA [36]. In line with the “rest and recover” process, we
hypothesized that the exercise arm would have greater increases in sedentary behavior from
baseline to 12 weeks compared with the control arm. We also examined intervention effects
on light physical activity (LPA). Sedentary behavior and LPA were assessed via an
ActiGraph accelerometer at baseline and 12 weeks.

Considering the high prevalence of sedentary behavior, emerging evidence of deleterious
associations with health outcomes, and limited evidence to date, further investigation of
factors that impact sedentary time in breast cancer survivors is needed [29, 32, 37, 38]. In
cross-sectional samples, sedentary time has been related to older age and higher BMI [39].
Therefore, we also explored the association between change in MVVPA and change in
sedentary behavior and potential moderators (age, BMI, receipt of chemotherapy, and time
since surgery) of intervention effects on change in sedentary behavior.
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Methods

Participants and design

Participants were enrolled in the Memory & Motion Study, a 12-week randomized
controlled trial of a theory- and technology-based physical activity intervention [40]. Data
were collected from February 2015 to July 2016. The UC San Diego Institutional Review
Board approved all study procedures and all study participants provided written informed
consent. Eligible participants were female breast cancer survivors, age 21-85 years old, who
were diagnosed less than 5 years prior to study enrollment, had completed chemotherapy
and/or radiation treatment, self-reported less than 60 min of MVPA in 10-min bouts per
week, and had access to the Internet and a Fithit-compatible computer, tablet, or phone.
Exclusion criteria included any medical condition that could make it potentially unsafe to
partake in an unsupervised physical activity intervention (based on the Physical Activity
Readiness Questionnaire [41]), other primary or recurrent invasive cancer within the last 10
years, or unable to commit to a 12-week intervention.

A full description of the study protocol has been previously published [40]. In brief, women
were recruited through cancer registry lists. Potential participants were phone-screened to
determine eligibility. Interested and eligible women were then scheduled for an in-person
visit and received an ActiGraph GT3X+ accelerometer to wear for 7 days and bring back to
the randomization visit. At the randomization visit, 87 breast cancer survivors were
randomized to receive either a 12-week physical activity intervention (exercise arm, N/ = 43)
or waitlist wellness contact control condition (control arm, /= 44). For the final assessment,
participants were mailed an ActiGraph GT3X+ and asked to wear it at the start of week 12
and bring it with them to the final in-person visit. One participant in each arm was lost to
follow-up prior to the final visit, leading to a 97.7% retention rate (exercise n= 42, control n
= 43) [36].

Physical activity intervention (exercise arm)

The intervention focused solely on increasing MVPA to meet the study goal of 150 min of
MVPA per week and did not contain any content related to decreasing sedentary time. At the
beginning of the intervention, participants met face-to-face with a trained interventionist
who used motivational interviewing techniques to help each participant set a specific,
personalized physical activity goal and an action plan to gradually increase their activity.
Participants received a Fitbit One activity tracker and were taught how to use it to self-
monitor their physical activity. Two 20-min intervention phone calls at the 2- and 6-week
time points focused on reviewing Fitbit data and discussing progress toward the goal. To
promote accountability, the interventionist also checked Fitbit data at least once per week
and contacted participants between calls to provide encouragement or extra support.
Specifically, the interventionist emailed participants who met any of the following criteria:
met or exceeded their personal activity goal, reduced activity by more than 20% from
previous week, or were 20% or more below their personal activity goal. Participants who
reduced their activity or did not meet their personal activity goal were offered an extra
intervention phone call. Four of 44 exercise arm participants received an additional call,
which focused on providing support or problem-solving as needed. All participants in the
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exercise arm also received standardized, twice-weekly emails throughout the 12-week
intervention with theory-based content and reminders to wear and sync their Fitbit. The
emails targeted constructs of social cognitive theory [42] and control theory [43-45]
including self-monitoring, how to get social support for being active, how to find places to
be active, exercise videos, and tips on how to change outcome expectations and use your
thoughts to motivate you to exercise [40].

Waitlist wellness contact control condition (control arm)

The control arm received standardized emails every 3 days on women’s health topics (e.g.,
healthy eating, stress management, and general brain health). The control arm also received
intervention materials and a Fitbit after completing the final measures.

Measures

Physical activity and sedentary behavior

The ActiGraph GT3X+, a well-validated research-grade accelerometer [46], was used to
assess the frequency, duration, and intensity of sedentary behavior, LPA, and MVPA at
baseline and 12 weeks. For 7 days prior to each measurement time point, participants were
instructed to wear the ActiGraph on their right hip during all waking hours except while
bathing, for at least 12 h per day. Wear time was screened using ActiLife software
(ActiGraph, Pensacola, FL) applying guidelines outlined by Choi et al. [47]. Non-wear time
was defined as intervals of at least 60 consecutive minutes of zero counts, with allowance for
up to 2 min of observations of < 100 counts per minute within the non-wear interval. To be
considered valid, days of data collection required at least 600 min (10 h) of wear time.
Sufficient wear time was classified as at least 10 h of wear per day for at least 5 days or
greater than 50 h across 4 days. All complete and valid data were processed in ActilLife
software using the low-frequency extension and aggregated to 60-s epochs. Each minute of
wear time was classified according to intensity (counts per minute (cpm)) using Freedson
cut points as follows: sedentary (< 100 cpm), LPA (100-1951 cpm), and MVPA (= 1952
cpm) [48]. For each valid day, the number of minutes classified as sedentary, LPA, or in
MVPA was taken as an estimate of the total time spent in these activities on that day. Daily
estimates of minutes spent sedentary, in LPA, or in MVVPA were averaged across all valid
days per participant at each time point to estimate mean daily minutes in each activity. The
number of minutes in each category was divided by wear time to estimate proportions of the
day spent in each behavior.

Demographics and cancer treatment variables

Participants self-reported their age and other demographics at the baseline visit. Body mass
index (BMI) was calculated from height and weight objectively measured at the baseline and
final in-person visits. Surgery date and chemotherapy treatment regimen were collected
through medical chart reviews.

Statistical analysis

All analyses were performed using an intent-to-treat principle. That is, missing data were
assumed “missing at random” and were accounted for in the mixed-effects models by using
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a likelihood-based estimation method, which uses all available data and does not omit
individuals with partially missing data. Data were analyzed using R [49]. The distribution
(mean [SD] and n[%]) of participant demographics and breast cancer characteristics was
calculated at baseline. Accelerometer-measured sedentary behavior, LPA, and MVPA,
assessed at baseline and 12 weeks, were described using mean (SD). Group differences in
baseline characteristics were assessed using t tests, chi-squared tests, or 2-tailed Fisher exact
tests (when warranted by small cell counts) for categorical variables. Differences in baseline
sedentary time, LPA, and MVPA were each assessed using a separate linear mixed-effects
regression model of day-level MVPA (or LPA or sedentary time), adjusting for ActiGraph
wear time, and using a fixed-effect term for group.

Separate linear mixed-effects regression models were used to examine differences in (1)
sedentary behavior and (2) LPA, over time between the exercise and control arms. Each
model controlled for ActiGraph wear time and included fixed-effect terms for group
(exercise arm vs. control arm), time point (baseline, 12 weeks), and the time-by-group
interaction. To account for the correlation between repeated measures of the same
individuals over time, each model included a subject-level random intercept. If there were
significant between-group differences over time in MVPA (or LPA), the association between
change in sedentary time and change in MVPA (or LPA) was explored using a separate
linear mixed-effects regression model. This model controlled for ActiGraph wear time and
included fixed-effect terms for group (exercise arm vs. control arm), change in MVPA (or
LPA), and the interaction between group and change in MVPA (or LPA). To account for the
correlation between repeated measures of the same individuals over time, the model
included a subject-level random intercept.

Potential moderators of the intervention effect on sedentary behavior (age, BMI, receipt of
chemotherapy, and time since surgery) were examined by adding the potential moderator
and a 3-way interaction term (time, group, and moderator) to the mixed-effects regression
model. The significance of the interaction term was set at the 0.1 level, as is common
practice with interaction analyses. For significant moderators, values for the moderator were
modeled to yield predicted change in sedentary time at that value.

Demographic and clinical characteristics of the sample, stratified by study arm, are shown in
Table 1. There were no significant differences between study arms on baseline
characteristics. Overall, the mean age was 57 years (SD = 10.4) and mean BMI was 27
kg/m?2 (SD = 6.3). On average, participants were 30 (SD = 16.7) months post-surgery and
over half (53%) received chemotherapy. At the baseline measurement, on average,
participants wore the accelerometer for 837.6 (SD = 63.3) minutes per day (~ 14 h per day)
and had 7.2 (SD = 1.1) valid days of wear time. They spent 534.3 min per day (SD = 85.2,
63.8% of wear time) in sedentary behaviors, 288.9 min per day (SD = 70.4, 34.5% of wear
time) in LPA, and 14.4 min per day (SD = 14.4, 1.7% of wear time) in MVPA.

Changes in sedentary time, LPA, and MVPA from baseline to 12 weeks between the exercise
and control arms are presented in Table 2. Participants in the exercise arm had significantly
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greater reductions in total sedentary time compared with those in the control arm (mean

- 24.9 min per day (SD =5.9) vs —4.8 min per day (SD = 5.9), with a group difference in
change scores of b= -20.1 (SE = 8.4), p=0.02). Within the exercise arm, there was a
significant increase in LPA from baseline to 12 weeks (mean increase 11.4 min per day (SD
=5.6), p=0.04), but no significant group difference in change in LPA from baseline to 12
weeks between the exercise and control arms (6= 5.64 (SE = 7.69), p= 0.48). As previously
published, participants in the exercise arm had significantly greater increases in
accelerometer-measured MVPA compared with the control arm (mean increase 14.2 min per
day (SD =13.9) vs. 0.7 min per day (SD =9.7), b=7.24 (SE = 0.97), p< 0.001) [36]. A
greater increase in MVVPAwas associated with a greater decrease in total sedentary time (6=
- 1.9, (SE =0.21), p< 0.001), whereby each daily 1-min increase in MVPA was associated
with a ~ 2-min decrease in sedentary time. The relationship between change in MVPA and
change in sedentary time did not differ between the exercise and control arms.

Time since surgery was a significant moderator of the intervention effect on sedentary
behavior between baseline and 12 weeks (group x time x time since surgery, 6= - 0.91 (SE
=0.5), p=0.07). On average, exercise arm women farther out from surgery had greater
decreases in sedentary time than women closer to surgery, relative to control arm women
(Fig. 1). For instance, in the exercise arm, a survivor who was 36 months from surgery
decreased her sedentary time on average by 30.4 min between baseline and 12 weeks, while
a survivor who was 12 months from surgery decreased her sedentary time by 10.7 min
during the same period. In the control arm, someone 36 months out from surgery decreased
her sedentary time on average by 4.1 min, while someone 12 months out from surgery
decreased her sedentary time by 6.4 min. Age (6= 0.70 (SE = 0.83), p=0.40), BMI (b=

- 1.6 (SE = 1.3), p=0.22), and receipt of chemotherapy (6= - 26.4 (SE = 16.8), p=0.12)
were not significant moderators of the intervention effect on sedentary behavior between
baseline and 12 weeks.

Discussion

The aim of this secondary analysis was to assess change in sedentary behavior among breast
cancer survivors participating in a 12-week theory-based physical activity intervention that
increased MVPA in the exercise arm compared with the control arm. Contrary to our
hypothesis that the physical activity intervention would increase sedentary behavior, women
in the exercise arm reduced their sedentary time by about 25 min per day, which was
significantly greater than the ~ 5-min reduction in the control arm. The magnitude of
sedentary behavior decrease observed in this study is comparable to a recent meta-analysis
of 19 sedentary-specific interventions which found an overall pooled effect of a — 25 min per
day decrease in sedentary time favoring the intervention group [50]. There was no
intervention effect on LPA. Overall, our results suggest that breast cancer survivors both
increased MVPA and reduced sedentary behavior within the framework of a physical
activity intervention, and the volume of sedentary behavior change was similar in size to
reductions reported in sedentary behavior-specific interventions. Given the important and
potentially independent health effects of physical activity and sedentary behavior [9, 15, 16],
it is promising that the exercise intervention did not lead to a compensatory increase in
sitting but instead decreased sedentary time.
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Strengths of this study include the randomized design and use of mixed-effects models to
yield unbiased results. However, because this study was conducted in a predominantly white,
highly educated sample of women enrolled at an academic medical center, results may not
be generalizable to all breast cancer survivors. Further, sedentary behavior was only assessed
for 7 days at baseline and 12 weeks; the 7-day measurement snapshots may not be reflective
of usual behavior. On average, participants wore the ActiGraph for ~ 14 waking hours per
day. Future studies that measure activity across the 24-h day would provide valuable data to
explore changes in all daily activities (i.e., MVPA, LPA, sedentary time, and sleep) in the
context of an intervention targeting MVPA and to identify optimal amounts of time that
should be spent in each of these activities over the course of the day to maximize health

[51].

Using accelerometry to measure sedentary time is both a strength and a limitation. Objective
measures of sedentary behavior are less prone to recall and response biases than traditional
self-report methods [52]. However, the hip-worn accelerometer x-axis cut points used to
define sedentary behavior in this study cannot distinguish between standing still and seated
postures [53, 54]; therefore, standing still may have been misclassified as a sedentary
behavior. Because accelerometry also picks up signals that are not actually intensity (e.g.,
may recognize sitting in a vehicle as movement, rather than sedentary behavior), use of
machine learning classifiers to identify a range of sedentary activities may improve our
understanding of how physical activity interventions impact sedentary behaviors [55]. While
the Freedson cut points are widely used to determine physical activity in cancer survivors
[56], they were derived from healthy young adults (mean age 24 years) [48]. Therefore, they
may not optimally capture MVPA in older populations including cancer survivors [56].
Future studies should consider applying other accelerometer cut points that have higher
sensitivity to a range of moderate intensity activities, such as the Matthews cut points
(moderate intensity = 760 cpm) [57]. Finally, the accelerometer does not collect any data
about behavioral context. An ideal approach to understanding the influence of a physical
activity intervention on sedentary time would include both objective (i.e., accelerometer
and/or ActivPAL) and self-report measures of behavior [38].

Our findings differ from other studies in breast cancer survivors that found no impact of a
physical activity intervention on sedentary behavior [24, 25]. One potential explanation for
this discrepancy is that the women in Memory & Motion intervention, who completed the
study at a comprehensive cancer center, may have been differentially motivated to change
their health behaviors compared with participants enrolled in a community-based program
delivered by peer coaches [26]. Our participants increased their physical activity by an
average of 99.4 min per week [36], while women in the study conducted by Pinto and
colleagues had smaller increases in accelerometer-measured MVPA (average of 56.9 min per
week) [26]. It is possible that large changes in physical activity may be needed to impact
sedentary time. These results also contrast with two meta-analyses of studies in non-cancer
populations showing that interventions targeting sedentary behavior result in greater
reductions in sedentary behavior compared with interventions targeting increases in physical
activity or interventions aimed at changing both physical activity and sedentary behavior
[27, 28]. However, neither meta-analysis included any studies among cancer survivors.
While our intervention contained no specific content targeting sedentary behavior, increases
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in MVPA were associated with decreases in sedentary time from baseline to 12-weeks in
both study arms. This is consistent with research showing that cancer survivors are
particularly motivated to change their health behavior [58] and may explain why our results
differ from those in non-cancer populations.

Our findings are supported by results recently reported from the ACTIVATE trial [59]. This
study used a wearable activity tracker and motivational interviewing sessions to promote
both increasing MPVA and reducing sedentary time over 12 weeks. They also found
significant intervention effects on both MVPA (ActiGraph GT3X+; mean increase 52 min
per week (95% CI 24.4, 79.6) in the intervention arm vs. 11.4 min per week (95% CI - 16.1,
40) in the control arm; p = 0.04) and sedentary time (ActivPal; mean reduction — 23.5
min/day (95% CI — 49, — 2) in the intervention arm vs. + 13.1 min/day (95% CI - 11.1,
37.3) in the control arm; p=0.01). These results are generally consistent with our findings
and the aforementioned meta-analysis of sedentary-specific interventions which found
comparable reductions in sedentary time [50]. As our study focused solely on promoting
MVPA, it is not surprising that, on average, our participants increased their physical nearly
twice as much as the ACTIVATE participants. Despite our intervention not targeting
sedentary behavior, we found similar reductions in total sedentary time. Results of the
ACTIVATE trial also provide evidence for the feasibility of successfully targeting and
changing both physical activity and sedentary behaviors in breast cancer survivors.

To further improve our understanding of factors that influence sedentary behavior and to
inform future intervention development, we examined potential demographic and clinical
moderators of the intervention effect on sedentary time. To our knowledge, this is the first
study to examine the moderating effect of time since surgery on the impact of a physical
activity intervention on sedentary behavior in cancer survivors. The intervention effect on
sedentary behavior was moderated by time since surgery, whereby women farther out from
surgery had greater decreases in sedentary time than women closer to surgery. Previous
research has shown that cancer survivors encounter different barriers throughout
survivorship and have low levels of physical activity and high levels of sedentary behavior in
the early survivorship period [2]. The present results add to this literature, suggesting that
women closer to surgery may need extra support for changing these behaviors. Moreover,
the intervention effect on sedentary behavior was not moderated by factors that have
previously been associated with greater sedentary time (age and BMI) [11] or receipt of
chemotherapy. Additional studies in larger samples are needed to confirm these findings.

In summary, increasing physical activity did not lead to unintended increases in sedentary
behavior among breast cancer survivors participating in a 12-week physical activity
intervention. Women in the exercise arm of our study both increased their MVPA and
decreased their sedentary time. Therefore, MVPA and sedentary behavior may be synergistic
behaviors that could be successfully targeted together in behavioral interventions,
particularly among cancer survivors farther out from treatment.

This work was supported by the National Cancer Institute of the National Institutes of Health (KO7CA181323).
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Fig. 1.
Change in sedentary time (minutes per day) between baseline and 12 weeks for someone 12

months vs. 36 months since surgery, by study arm (V= 87)
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