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Abstract
Purpose Colorectal cancer (CRC) survivors spend approximately 9 h per day in sedentary behavior (SED), despite
recommendations to reduce sitting time. The purpose of this study was to examine predictors of SED among CRC
survivors over a 1-year duration.
Methods Male and female CRC survivors (< 5 years since diagnosis) participated in a 12-week moderate-to-vigorous physical
activity randomized controlled trial. To measure SED, participants were given a CSA monitor to wear for three consecutive days
(including one weekend day). Additionally, fitness (Treadmill walk test), body composition (bioelectrical impedance analysis)
and questionnaires (Profile of Mood States, Exercise Processes of Change and Self-Efficacy for Exercise) were administered.
Follow-up assessments were completed at a 3-month, 6-month, and 12-month follow-up.
Results Forty-six colorectal survivors (average age = 57.3 ± 9.7 years) completed the 12-month study. Using latent class
models, four classes of SED behavior over time were identified: class 1 (high and sustained SED over time), class 2 (low
and sustain SED over time), class 3 (increasing SED over time), and class 4 (high SED through 6-months, followed be a
marked decrease at 12-months). Males were more likely to be in class 1, while majority of females were in class 3.
Those CRC survivors with a better mood at baseline were in class 2, while those with poor fitness, high body fat, and
higher cognitive processes at baseline were in class 3.
Conclusion Identifying the characteristics of survivors who engage in high SED can help healthcare providers to target their
efforts to reduce SED.
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Introduction

Sedentary behavior (SED), commonly defined as prolonged
sitting or any activity accumulating < 1.5 metabolic equiva-
lents (METs) is associated with chronic disease, cardiovascu-
lar disease, and all-cause mortality [1–4]. The American
Cancer Society has advised adults to reduce prolonged periods
of SED such as screen-based entertainment [5] in effort to
maintain weight and reduce risk of developing certain types
of cancers (e.g., breast, colon, endometrial) [6]. However,
even with the recommendations and associated detriments to

health, colorectal cancer (CRC) survivors spend approximate-
ly 8.75 h per day in objectively measured SED [7]; fairly
consistent with other objectively assessed SED (~ 9.5 h)
among breast and prostate cancer survivors [8]. Identifying
ways to reduce SED among CRC and other cancer popula-
tions remains a challenging obstacle facing researchers and
healthcare providers. Identifying survivors who may be at risk
of high SED, based on their specific characteristics (i.e., de-
mographics, mental, and physical health) may be a useful
approach to steer them away from increased SED.

Researchers have begun to identify correlates signifi-
cantly associated with SED among CRC survivors. In a
cross sectional study, characteristics such as multiple co-
morbidities, being male, and having a higher body mass
index (BMI) were significantly associated with increased
SED among CRC survivors [7]. A two-armed randomized
controlled trial evaluating a 6-month telephone delivered
intervention for healthy behavior change (i.e., physical
activity, dietary habits, smoking) among CRC survivors
noted being older (> 60 years), male and non-obese were
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more likely to reduce SED in response to the intervention
[9]. The need for additional longitudinal work to under-
stand predictors of SED (as opposed to correlates) [10]
can help healthcare providers to guide cancer survivors
away from developing a sedentary lifestyle.

Very few studies have examined the longitudinal predictors
of SED among CRC survivors such as body composition (i.e.,
fat mass), fitness, mood, self-efficacy for exercise, and exer-
cise processes of change. Thus, the purpose of this exploratory
study is to identify predictors of SED among CRC survivors
over a 12-month duration. We hypothesized, those survivors
who were less fit and had high body fat, lower self-efficacy for
exercise, and low use of cognitive processes were more likely
to have increased SED compared to their counterparts.

Methods

Male and female CRC survivors were invited to participate in
a home-based PA intervention. Study methods have been pre-
viously reported [11]. Briefly, CRC survivors were random-
ized to participate in either (i) a 12-week, home-based PA
program targeting moderate-intensity (PA group) or (ii) a con-
tact control condition (control group). Participants were
assessed at baseline, 3-months (3M), 6-months, (6M), and
12-months (12M). The Institutional Review Boards at The
Miriam Hospital and the Women and Infants Hospital ap-
proved the study.

Participants

All interested participants completed a phone screener with
research staff to determine initial eligibility. To be eligible
for participation, the following criteria were used: (1) ≥
18 years of age, (2) completed treatment and adjuvant treat-
ment for colon or rectal cancer (Stage 0-3), (3) ≤ 5 years since
treatment completion, (4) fluent in the English language, and
(5) have access to a telephone. In addition, participants needed
to be able to walk unassisted and be sedentary (defined as <
60 min/week of moderate-intensity PA or < 20 min/week of
vigorous-intensity PA) over the past 6-months. Exclusion
criteria included prior history of cancer and/or a medical or
psychiatric illness.

All eligible participants signed an informed consent to
participate in the study. Medical clearance was obtained
from participant’s oncologist (additional clearance from
physicians was provided for those with cardiovascular
disease or diabetes).

Randomization

Upon completion of baseline assessments, participants were
randomized based on age (< 65 years versus ≥ 65 years), cancer

type (colon versus rectal), and gender. Randomization groups
included the following: (1) a 12-week, home-based moderate-
intensity PA program (PA group), or (2) a contact control con-
dition (control group).

Physical activity group (PA group)

Upon randomization, participants in the PA group met in per-
son with research staff to receive instructions on exercising at
moderate-intensity. Specifically, participants were instructed
on how to use the heart rate (HR) monitor and pedometer
(Digiwalker, Yamax Corporation, Tokyo, Japan) for each PA
session. Using the provided HR monitor, participants were
instructed to exercise at 64–76% (moderate-intensity) of their
estimated maximal HR. In addition to wearing the equipment,
participants recorded their HR, steps, and activity on a PA log.
Types of activities included brisk walking, biking, or use of
home exercise videos. At the start of the program, all partici-
pants were encouraged to exercise time times/week for a 10-
min duration. Over the 12-week intervention, those in the PA
group progressed to 30 min/day on at least 5 days/week.

The PA intervention consisted of 12-weekly calls between
the participant and the study Intervention Coordinator. During
each call, the Intervention Coordinator reviewed the partici-
pant’s previous weeks’ activity, identified PA barriers and
problem solved, and reviewed health-related information to
ensure safety. If a participant reported physical symptoms that
could cause harm such as chest pain or breathing difficulties
during PA, they were instructed to halt all activity and contact
their physician. Following the 12-weekly calls, the PA group
began monthly calls for 3-months with the Intervention
Coordinator to continue PA progress and develop a plan to
remain active. Throughout the study, participants were never
asked about their SED nor did they receive guidance on ways
to reduce time spent sitting.

Contact control group (control group)

Control group participants also received weekly calls from
research staff for 12-weeks. During these calls, the
Intervention Coordinator administered the Symptom
Questionnaire to monitor problems such as headaches [12].
Following the 12-weekly calls, the Intervention Coordinator
completed monthly calls for 3-months in which the Symptom
Questionnaire continued to be administered. SED and ways to
reduce time spent sitting was never discussed during the
weekly calls or at any point throughout the study duration.

Measures

At baseline, all participants completed demographic, medical,
and treatment history questionnaires. Participants completed
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similar measurements at 3M, 6M, and 12M follow-up visits as
described below.

a) Accelerometer data. SED was measured using the
Computer Sciences and Applications (CSA), Inc.,
PA monitor (CSA model 7164). SED was defined as
< 100 counts per minutes [13]. Participants were re-
quired to wear the monitor during all waking hours on
their right hip for three consecutive days (including at
least one-weekend day). The monitor was removed
during periods where it might get wet such as bathing
or swimming. The CSA monitors have been validated
among males and females [14]; in addition, PA inten-
sities have been defined [13].

b) Submaximal fitness test. The treadmill walk test was used
to measure physical fitness by participants self-selecting
the fastest speed in which they were able to walk 1 mile.
Once the speed on the treadmill was selected, it was held
constant until a mile was completed. Maximal oxygen
update (VO2 peak) was calculated using a validated equa-
tion [15]. The treadmill walk test has been validated
among young, fit adults [16] and older adults [15].

c) Body composition. Using a bioelectrical impedance
analysis (BIA), resistance and reactance was mea-
sured to calculate fat-free mass and fat mass [17].
With participants in the supine position, the BIA was
performed with a single frequency (50 kHz) electrical
current produced by a BIA-Quantum II RJL system
analyzer (RJL systems, Clinton Township, MI).

d) Mood. The Profile of Mood States (POMS) questionnaire
was administered to assess mood and is a reliable method
of assessing mood states (i.e., anxiety, confusion, fatigue,
and anger) [18]. There are six subscales: depression-de-
jection, anger-hostility, vigor-activity, fatigue-inertia, ten-
sion-anxiety, and confusion-bewilderment within the
POMS questionnaire. From these subscales, a Total
Mood Disturbance (TMD) score is calculated by sum-
ming depression, anger, fatigue, tension, and confusion
subscales and then subtracting the vigor subscale.

e) Self-efficacy for exercise: The Exercise Self-Efficacy
questionnaire is used to assess the participant’s confi-
dence in exercise during different situations (e.g., when
tired or on vacation) [19]. Participants responded to each
question using a 5-point scale (1 = not at all confident,
5 = extremely confident). The responses were summed;
higher scores indicated a greater confidence to exercise.

f) Exercise processes of change: The exercise processes of
change is a 30-item questionnaire used to assess ten pro-
cesses of change which may affect exercise habits among
adults [20]. Of the ten processes of change, five are behav-
ioral (self-liberation, helping relationships, stimulus
control, counter conditioning, reinforcement management)
and five are cognitive (dramatic relief, environmental

reevaluation, social liberation, self-reevaluation). For exam-
ple, questions such as BI tell myself I am able to keep
exercising if I want to^ assesses behavioral process, while
a cognitive process example is BI recall information people
have personally given me on the benefits of exercise^. On a
5-point Likert scale, participants were asked to rate the
frequency of use for each process (1 = never, 5 = repeated-
ly). Higher scores indicated a more common occurrence.

Statistical analyses

Baseline data (demographics, medical history, PA level, and
psychosocial constructs) were summarized using means (stan-
dard deviations) for continuous data and percentages (N) for
categorical variables. Between-group differences in baseline
variables have been previously published [11]. Mean SED
across study follow-ups (3M, 6M, and 12M) were summa-
rized both between groups and within groups using indepen-
dent and paired t tests, respectively.

For the purpose of this study, all randomized participants
were included in the analysis. We did not impute missing
outcomes, but rather, used models that make a missing at
random assumption (MAR) with estimation via a likelihood-
based approach (EM algorithm). First, using mixed-effects
models with subject specific intercepts, we assessed
between-group differences in SED over time.Models adjusted
for baseline values of the outcome, potential confounders (em-
ployment, gender, disease stage), and adjusted standard errors
for repeated measures within participant. Results did not sug-
gest significant between group or within group differences
over time in SED. Thus, as a subsequent step, we sought to
identify patterns of change in SED in the aggregated sample
using latent class models (LCM).

LCMs can be thought of as a data reduction technique;
simply put, they map vectors of responses (SED at baseline
and each follow-up) for each participant to a single class
which represents a pattern of behavior change over time
(SED in this case). This methodology has the advantage of
objectively identifying patterns of behavior change supported
by the data. Pattern can then be considered an outcome (or
predictor) in subsequent analyses (e.g., we can identify pre-
dictors of sedentary pattern of behavior).

In order to identify the ideal number of classes in the
data, we fit a series of LCMs with number of classes
ranging from 2 to 5. Models were compared using
Bayesian Information Criteria (BIC), with lower values
indicative of better model fit. The final model (with low-
est BIC value) was used to compute the most likely class
for each participant, and the distribution of classes across
the cohort of participants was summarized.

Analysis of Variance (ANOVA) and chi-squared tests were
used to compare baseline demographics, medical history,
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fitness, and psychosocial constructs between classes. All anal-
yses were carried out in R and SAS Version 9.3 and signifi-
cance level set at alpha = 0.05 a priori.

Results

Forty-six CRC survivors were included in the final sample.
The average age of participants was 57.3 years (SD = 9.73);
the majority were female (57%), and nearly three quarters
(70%) were diagnosed with Stage 0–2 CRC. A full description
of the baseline data has been presented elsewhere [11] and is
summarized across randomized groups (PA group vs. control
group) in Table 1.

Unadjusted mean SED from baseline through follow-ups
(3M, 6M, and 12M) is presented in Fig. 1. Mean objectively
measured SED was 1641.65 (SD = 480.56) minutes/
monitoring period (3-day monitoring period) and 1791.78
(SD = 342.21) minutes/monitoring period (3-day monitoring
period) at baseline and 12M follow-up respectively. Results
suggest there were no significant changes in mean SED from
baseline to 3M, 3M to 6M or 6M to 12M (p’s > .05) between
or within randomized groups.

Data supported a 4-class model of SED over time, with
22% of participants having high and sustained min/
monitoring period of SED (class 1), 24% low and
sustained SED (class 2), 33% with increasing SED over
time (class 3), and 22% with high SED through 6M
followed by a marked decrease from 6M to 12M (class
4). These trajectories are illustrated in Fig. 2. With respect
to demographics, there were significant between-class dif-
ferences in gender with female participants more likely to
be in classes 2 through 4 compared to class 1 (p < .05).
This differs for male participants for whom 90% had high
and sustained SED over time (class 1).

Furthermore, there were significant between-class differ-
ences in baseline mood, fitness, body fat, and cognitive pro-
cesses (p’s < .05). Total mood disturbance (TMD) was signif-
icantly lower at baseline among those with low and sustained
SED over time (class 2). Baseline cognitive processes were
significantly higher and fitness and body fat significantly
worse at baseline among participants with increasing SED
over time (class 3). Mean comparisons for each of the psycho-
social, fitness, and demographic variables are presented in
Table 2. There were no additional significant between-class
differences at baseline.

Table 1 Baseline demographics
among randomized groups, n =
46

Intervention (PA group),
N = 20

Control (control group),
N = 26

Age 59.45 (11.22) 55.62 (8.25)

Gender, % female 12 (60%) 14 (53.8%)

Education, % at least some college 16 (80%) 19 (73.1%)

Employment, % FT/PT* 9 (45%) 20 (76.9%)

Chemotherapy 19 (95%) 19 (73.1%)

Radiation 11 (55%) 9 (34.6%)

Disease Stage

0 0 (0%) 1 (3.8%)

1 4 (20%) 4 (15.4%)

2 9 (45%) 14 (53.8%)

3 7 (35%) 7 (26.9%)

Objectively measured MVPA, min/monitoring period 29.45 (28.56) 38.73 (44.29)

Objectively measured SED, min/monitoring period 1612.80 (600.57) 1663.85 (374.68)

Total mood disturbance 8.35 (11.26) 11.35 (18.12)

Self-efficacy 2.76 (.68) 2.76 (.94)

Processes

Cognitive 2.72 (.65) 2.81 (.92)

Behavioral 2.41 (.52) 2.44 (.68)

Fitness, peak VO 21.90 (7.59) 23.80 (8.66)

Body composition

BMI 27.85 (5.97) 29.38 (6.05)

% body fat 40.48 (5.66) 40.18 (9.63)

*p < .05 for between group differences

Mean (std deviation) for continuous variables; N (%) for categorical variables. FT full time, PT part time,MVPA
moderate-to-vigorous physical activity, SED sedentary behavior, BMI body mass index
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Discussion

CRC survivors spend the majority of their day in SED [7],
even though SED has been associated with poorer quality of
life outcomes among cancer survivors [8]. As the number of
cancer survivors continues to increase within the USA [21],
examining longitudinal predictors associated with SED is a
necessary step to identify those individual survivors at a great-
er risk. The purpose of this study was to identify predictors
associated with SED among male and female CRC survivors
over a 12-month duration. By identifying these characteristics,

health providers can be proactive with their individual ap-
proach to reduce SED among this population.

The majority (90%) ofmale CRC participants fell into class
1 (high and sustained SED), while females were more likely to
be in classes 2–4 with a majority (80%) in class 3 (increasing
SED over 12M). This difference in SED with gender is con-
sistent within the literature. Previous studies have found being
male as a characteristic significantly associated with increased
SED (approximately 42 min/day) as compared to female CRC
survivors [7]. The difference in time spent in SED between
male and female survivors may be partially due to

Fig. 1 Unadjusted mean
sedentary behavior over time by
group. Mean sedentary time at
baseline (time 0) and follow-up
(time 3, 6, and 12). I =
intervention (PA group) and C =
control (control group)
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participation in light-intensity activities. Lynch and colleagues
showed that greater light-intensity activity was significantly
associated with being female among CRC survivors [7].
Higher levels of light-intensity activity (e.g., gardening,
cooking) among female survivors may replace time spent in
SED as compared to males.

Physical characteristics at baseline such as fitness and body
fat were significantly worse among class 3 participants
(increasing SED over 12-months) compared to the other clas-
ses. Previous research using NHANES 2003–2004 data ex-
amined the potential association between low cardiorespirato-
ry fitness and SED among young (mean age = 22.4 ±
10.3 years) adults. Results suggested that low fitness may
mediate the risk of SED among adults [22]. Specifically,
males with low fitness spent approximately 36 more minutes
in SED compared to more fit males; similar trends were seen
among women [22]. Our findings (low fitness is associated
with high SED over 1 year) is consistent with those of healthy,
young adults. While the association with low fitness and SED
exists among young adults, more research is necessary to fur-
ther understand this relationship among CRC survivors who
tend to be older (mean age in this sample was 57.3 years).

Secondly, higher body fat has been associated with high
SED among older [23] and healthy [24, 25] adults.
Specifically, among cancer survivors, SED was significantly
associated with adiposity among breast cancer survivors [26].

Conversely, no significant relationship was seen between
SED and adiposity among prostate cancer survivors [27].
Our data show members of class 3 (increasing SED) had
significantly higher body fat at baseline compared to the
other classes. Interestingly, class 3 participants had the
lowest SED at baseline (but did increase over time) among
the other classes. Due to the small sample size and differ-
ing results from prior research based on gender (SED was
associated with fat mass among female survivors [breast]
and not male survivors [prostate]), this result should be
considered with caution. However, we can speculate that
the high body fat in addition to low fitness played a key
role in causing an increase in SED over time.

Among class 2 (low, sustained SED), a significantly better
mood was reported at baseline as compared to the other clas-
ses. Overall, among CRC survivors, no association has been
seen between psychosocial health outcomes (i.e., depression,
anxiety, and satisfaction with life) and SED (including overall
SED or SED accumulated in 30-min bouts) [28]. To the best
of our knowledge, mood and SED have not been examined
among CRC survivors. However, among young adults, wors-
ened mood was reported with high levels of SED following a
1-week sedentary induced environment [29]. Members of
class 2 (low, sustained SED) had low levels of SED at base-
line; therefore, they most likely participated in higher levels of
light-or moderate-intensity PA, thus improving their mood.

Table 2 Difference in baseline variables by class

Class 1 Class 2 Class 3 Class 4

Study group, % intervention 4 (40%) 5 (45.5%) 7 (46.7%) 4 (40%)

Age 56.60 (11.40) 57.91 (7.85) 57.33 (8.96) 57.20 (12.19)

Gender, % female* 1 (10%) 7 (63.6%) 12 (80%) 6 (60%)

Education, % at least some college 9 (90%) 7 (63.6%) 12 (80%) 6(60%)

Employment, % FT/PT* 5 (50%) 7 (63.6%) 12 (80%) 5 (50%)

Chemotherapy 8 (80%) 10 (90.9%) 12 (80%) 8 (80%)

Radiation 6 (60%) 4 (36.4%) 7 (46.7%) 3 (30%)

Disease stage, % stage 3 3 (30%) 3 (27.3%) 5 (33.3%) 3 (30%)

MVPA, min/monitoring period 44.30 (40.45) 20.73 (11.38) 34.53 (36.00) 40.70 (55.69)

SED, min/monitoring period* 1953.80 (206.11) 1505.45 (243.50) 1320.20 (627.71) 1961.50 (128.73)

Total mood disturbance* 17.40 (16.79) .82 (10.50) 10.87 (16.06) 11.60 (14.85)

Self-efficacy 2.80 (.99) 2.62 (.79) 2.84 (.74) 2.76 (.96)

Processes

Cognitive* 2.70 (.29) 2.77 (.82) 3.13 (.99) 2.32 (.66)

Behavioral 2.31 (.56) 2.45 (.44) 2.58 (.70) 2.28 (.68)

Fitness, peak VO2* 26.51 (9.61) 23.75 (7.50) 18.84 (6.67) 24.79 (8.00)

Body composition

BMI 28.28 (6.40) 28.15 (4.06) 30.04 (6.14) 27.76 (7.59)

% body fat* 34.87 (9.75) 40.86 (5.05) 44.33 (6.30) 39.11 (8.87)

*p < .05 for between class differences

Mean (std deviation) for continuous variables; N (%) for categorical variables. FT full time, PT part time, MVPA moderate-to-vigorous activity, SED
sedentary behavior, BMI body mass index. Monitoring period refers to the 3-day accelerometer wear time
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Overall, more longitudinal research is necessary to further
understand the relationship of mood and SED over time
among CRC survivors.

Class 3 (increased SED over time) reported greater use of
cognitive processes at baseline. To the best of our knowledge,
limited research exists to help explain the relationship be-
tween higher cognitive processes as a predictor of SED over
time among CRC survivors. Due to the small sample size in
addition to the fact that this study did not assess cognitive
processes for SED, these results should be taken with caution.
More research is necessary to understand the possible associ-
ation of cognitive processes and SED among cancer survivors
and healthy adults.

There are several limitations to this research. The small
sample size (n = 46) limits the generalizability of the study
sample. Additionally, majority of participants were well-
educated and Non-Hispanic White. Although an objective
assessment, the CSA monitor was only worn for 3 days
(including at least one-weekend day). Data collection from
additional days (e.g., 7 days) can improve the assessment
of SED. Furthermore, the authors recognize the limitation
of using the assessments of self-efficacy and processes of
change which have been developed for PA, not SED.
Transtheoretical model constructs for SED have been val-
idated among college students [30]; however, these mea-
sures were not validated prior to the study’s inception. This
study has several strengths that should be highlighted.
Firstly, a longitudinal study design is an advantage as a
majority of the prior work has been cross-sectional [10].
Previous work has examined the association of SED with
characteristics such as gender among cancer survivors.
Participants also completed submaximal fitness testing
and body fat measures; the use of these measures can add
to the literature to further describe characteristics associat-
ed with SED among CRC survivors.

In conclusion, among CRC survivors, four classes were
identified based on objectively measured SED over a 12-
month duration. A variety of characteristics arose within each
class such as being male was associated with high, sustained
SED over a 12-month duration. In addition, having a better
mood at baseline were associated with low, sustained SED,
while poor fitness and increased body fat were associated with
increasing SED over time. Recommendations for future re-
search include obtaining objective SEDdata for at least 1 week
to increase accuracy of SEDmeasurement and using validated
questionnaires exploring motivational variables relevant to
SED (e.g., SED-specific self-efficacy and processes of
change). While more research is necessary, these predictors
of SEDmay help healthcare providers predict future sedentary
lifestyles among CRC survivors. Finally, consistent with the
literature [9, 31, 32], there were no intervention (group assign-
ment) effects on SED suggesting that interventions targeting
SED are needed.
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