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Abstract

Purpose: While exercise has been shown to be beneficial in improving health-related quality of life (HRQOL) among cancer
survivors, evidence is limited on the independent role of sedentary behavior. We examined how objectively measured
sedentary time was associated with HRQOL among long-term cancer survivors.

Methods: This cross-sectional study included 54 cancer survivors, on average 3.4 years postdiagnosis, who were enrolled
into an exercise trial designed to improve cognitive function. At baseline, we measured sedentary time and moderate-
vigorous intensity physical activity with the ActivPal, cardiorespiratory fitness with treadmill testing, and self-reported
HRQOL with an established scale (SF-36). In multivariate models, we regressed HRQOL on sedentary time (percent of waking
time spent sitting and lying).

Results: Survivors with higher sedentary time had significantly poorer physical functioning (f=—0.50, p=0.028), general
health (B=—0.75, ptrend=0.004), and physical summary scores (f=—0.34, p=0.003). We did not observe associations
between sedentary time and role-physical (p=0.342), bodily-pain (p=0.117), vitality (p=0.095), social functioning
(p=0.407), role-emotional (p=0.509), mental health (p=0.494), or mental summary scores (p = 0.527).

Conclusion: In this cross-sectional study of cancer survivors, we observed deleterious associations between sedentary time

and aspects of physical HRQOL. Future prospective studies of sedentary time and HRQOL are needed to establish
temporality and to facilitate the design of effective health promotion interventions for cancer survivors.
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Introduction

It is estimated that over 14 million cancer survivors are living in
the US today, and that this number will rise to 18 million by the
year 2022 [1]. Worldwide is it estimated there are 28 million
cancer survivors within 5 years of diagnosis [2]. Survivors face
many physical and emotional challenges throughout their
treatment and recovery, including persistent and profound adverse
effects on physical and mental quality of life [3] which compromise
survivors’ abilities to maintain independent lifestyles. Even five
years after diagnosis, many survivors still experience impaired
physical functioning [4,5], and the importance of preserving
physical function within this expanding population has grown
exponentially [6].

A recent roundtable by the American College of Sports
Medicine concluded that exercise is safe during and after cancer
treatment and results in improvements in health-related quality of
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life (HRQOL) [7]. Sedentary behavior —common behavior
involving prolonged sitting or reclining that requires only low
levels of energy expenditure— has been shown to have deleterious
health consequences independent of the beneficial effects of
exercise in general adult populations [8]. Little is known about the
relationship between sedentary behavior and HRQOL among
survivors. One study on this topic found that self-reported
television watching time was inversely related to functional well-
being among colorectal cancer survivors [9], but another found
that self-reported sedentary time was not related to HRQOL
among breast cancer survivors [10]. Because sedentary behavior
can be feasibly modified in adults [11], there is a need for more
research in this area to inform behavioral interventions for
Survivors.

The purpose of this study was to evaluate how objectively
measured sedentary time was related to HRQOL among long-
term cancer survivors.
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Methods

Participants

The present cross-sectional study was conducted among cancer
survivors recruited into the Activity Trial for Improving Chemo-
brain (TACTIC), a study designed to evaluate the effect of a six-
month exercise intervention on cognitive functioning after
chemotherapy. Main findings from the trial have not yet been
published. Cancer survivors were recruited via the Vanderbilt
Ingram Cancer Center (VICC) cancer registry, VICC oncology
clinics, a press release from VICC to local media outlets, mass
emails via Medical Center Communications to all Vanderbilt
faculty and staff, and mass emails to targeted participants in the
Clinical Research Volunteer Registry of the General Clinical
Research Center, local oncology clinics, and cancer support
groups and services. To be eligible for the trial, all survivors
needed to have completed at least four rounds of chemotherapy in
the past five years, have no evidence of disease, and to have
reported the onset of persistent cognitive difficulties following
chemotherapy. In addition, survivors included had no prior
diagnosis of cancer of the central nervous system, did not engage
in regular exercise in the past year (e, >=5 days/wk,
>=20 min/d, >=3 months), did not have cardiovascular
disease, orthopedic problems, or medical conditions that could
be worsened by exercise, be 18 years of age or older, and not be
pregnant at the start of the study. We obtained written informed
consent from all study participants. The study was approved by the
institutional review board at Vanderbilt, in accord with assurances
filed with and approved by the US Department of Health and
Human Services. Of the 64 survivors in this intervention, we
excluded from our analysis those with missing data for sedentary
time (n = 1), fitness (n=1), HRQOL (n = 6), and radiation (n = 2).

Our final sample size was 54.

Measurements

Sedentary behavior and physical activity. We assessed
time during the waking day spent in sedentary behavior and
moderate-vigorous intensity physical activity (MVPA) using the
activPAL device (PAL Technologies, Glasgow, Scotland). The
monitor is worn on the mid-right thigh, and uses information
about thigh position to estimate time spent in different body
positions (horizontal =lying or sitting; vertical =standing or
stepping). The instrument records the start and stop time of each
individual bout (or event) of lying or sitting, standing, and
stepping. Participants wore the device during waking hours,
exclusive of bathing and swimming, for seven consecutive days.
They were asked to record the time they got out of/into bed and
the times they wore the monitor each day. Sedentary behavior was
measured as time spent sitting or lying during the waking day, and
physically active behavior was measured as the sum of time spent
standing or stepping. For each participant, we calculated percent
of day spent in sedentary behavior (sedentary behavior/wear
time). The device also estimates the energy cost of ambulatory
activities using a prediction equation that employs stepping
cadence and duration as the predictor variables (MET-
hours = (1.4 Xduration  [hours])+(4—1.4)x(cadence  [steps/min-
ute]/120) xduration activPAL. We calculated time recorded in
moderate-vigorous stepping activities (i.e., MVPA, 3+ METs)
using these data. ActivPAL accuracy for measuring body posture
in laboratory settings is 95 to 100% [12], and there is also good
agreement for sedentary time (R*>0.94) between activPAL and
direct observation in a free-living studies [13,14]. We are unaware
of validation studies for MVPA estimates from activPAL, but the
duration estimates derived using this approach compare favorably
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to the 1952 count per minute ActiGraph threshold of Freedson
[14]. Quality control checks were implemented to identify non-
compliance during the wearing period (i.e., <10 hrs/d of wear) or
other problems with the data (i.e., monitor malfunction or wearing
the device upside down). Days with at least 10 hours of wearing
were considered valid and were used to create daily averages of
relevant parameters. The average number of hours the monitor
was worn was 15.4 (SD = 2.1) hours/day and the average number
of days monitored was 5.8 (SD =1.9).

HRQOL. HRQOL was assessed using the Medical Outcomes
Study SF-36 Quality of Life Scale [15], a 36 item, valid and
reliable short-form instrument [16,17] that is widely used among
medically ill and healthy populations [18]. The SF36® yields eight
subscales (physical functioning, role-physical, bodily pain, general
health, social functioning, role-emotional, mental health, vitality)
and two component summary scores (physical and mental). For all
scales, a higher score (0-100) represents better functioning and
well-being. The component summary scores were standardized on
a T-score metric, with a score of 50 representing the U.S. general
population average (standard deviation = 10).

Cardiorespiratory fitness was measured at baseline
by medically supervised symptom-limited maximal treadmill
testing using a modified Bruce protocol starting at 1.7 mph and
0 percent grade [19]. The equation of Foster and colleagues [20]
was used to estimate peak fitness levels in terms of METs by
dividing the predicted values by 3.5 ml/kg/min. All testing was
completed using the established protocols at the Vanderbilt
Dayani Center for Health and Wellness.

At baseline, trained study personnel
collected anthropometric measures (height, weight, skinfolds) and
body composition via bioelectrical impedance [21]. Participants
reported on their demographic characteristics. We abstracted from
medical records information regarding cancer diagnoses (diagnosis
date, type, tumor stage) and treatment (dates, types), including
receipt of radiation treatment in addition to chemotherapy.

Fitness.

Other covariates.

Statistical Analysis

Differences in descriptive characteristics of women with higher
vs. lower sedentary time were tested using t-tests (continuous
variables) or likelihood ratio chi-square tests (categorical variables).

We regressed HRQOL linearly on sedentary time in multivar-
iate models. To identify potential confounders in our analysis, we
evaluated all covariates listed in Table 1 (age, sex, MVPA,
cardiorespiratory fitness, BMI, cancer type and stage, radiation
treatment, and years since treatment) individually in relation to the
base HRQOL and sedentary time model. Factors that changed
the magnitude of beta values for the physical or mental HRQOL
summary scores by at least 10%, improved model fit by
comparison of log likelihood values in full and reduced models
and/or were statistically significant were retained in our final
model. Our final model for analyses of sedentary time included
age, MVPA, fitness, and radiation. BMI did not meet the criteria
for model inclusion and additional adjustment for BMI did not
result in substantial changes to the estimates obtained.

Results

On average, cancer survivors spent the majority (69%) of their
15.4 hour waking day engaged in sedentary behaviors (Table 1),
and they spent roughly 21% of their time standing, and 11% of
their time stepping. Within the stepping time, participants spent an
average of 0.5 hours per day in MVPA. About half of the
participants engaged in 30 minutes of MVPA a day and may have
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Table 1. Demographic, Clinical, and Lifestyle Characteristics of Cancer Survivors in TACTIC.

Characteristic Mean (SE) N %

Age 54.3 (8.8)

ActivPal wear time (hrs/day) 15.4 (2.2)

% Daily sedentary time' 69.2 (10.9)

% Daily standing time' 20.5 (8.5)

% Daily stepping time' 103 (4.1)

Hours per day spent sitting or lying (activPAL) 10.7 (2.3)

Hours per day spent in moderate-vigorous physical activity (activPAL) 0.5 (0.2)

Cardiorespiratory fitness level (METs, treadmill test) 6.0 (1.4)

Body mass index (kg/m?) 28.7 (6.9)

Sex
Men 9 17
Women 45 83

Cancer stage
| 17 31
I 22 41
1] 10 19
Not reported 5 9

Cancer type
Breast 36 67
Colorectal, hematological, head and neck, lung, cervical 18 33

Radiation treatment in addition to chemotherapy
Yes 33 61
No 21 39

Tcalculated using activPAL as % of waking day spent in that behavior.
doi:10.1371/journal.pone.0087937.t001

been meeting current guidelines for physical activity (data not
shown).

As shown in Table 2, survivors with higher sedentary time
reported significantly poorer physical well-being, as indicated by
lower scores on several physical HRQOL indices, including
overall physical summary scores (B=—0.34, p=0.003), and
subscores for physical functioning (B=—0.50, p=0.028)and
general health (B=—0.75, p=0.004), and we did not observe
associations between sedentary time and role-physical (p =0.342),
bodily-pain (p=0.117), vitality (p=0.095), social functioning
(p =0.407), role-emotional (p =0.509), mental health (p=0.494),
or mental summary scores (p = 0.527).

Discussion

Our results fill a gap in the literature by demonstrating, for the
first time, the relationship of objectively measured sedentary time
and HRQOL among long-term cancer survivors. The only other
studies examining sedentary behavior and HRQOL among cancer
survivors used self-report measures of sedentary time; one reported
a deleterious association [9] and the other reported no association
[10]. The present study used an objective measure vs. a self-
reported measure of sedentary time, and we found that sedentary
time was significantly related to overall physical HRQOL, perhaps
specifically for physical functioning and general health.

It is biologically plausible that sedentary time may compromise
physical HRQOL. Sedentary behavior is thought to displace time
otherwise spent in the light-intensity non-exercise activities of daily
living [8], and because these activities result in a substantial
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amount of physical activity energy expenditure [22,23,24] and
ambulation, they may be important in the preservation of physical
health after cancer. Prolonged sedentary time has been linked to
disruptions of metabolic activity within individual muscle cells,
insulin response, oxidative stress, and DNA repair mechanisms

Table 2. Multivariate associations' between objectively
measured sedentary time (continuous) and HRQOL scores.

B se p-value
Physical summary score —0.34 0.11 0.003
Physical functioning —0.50 0.22 0.028
Role-physical —0.50 0.52 0.342
Bodily pain —0.39 0.24 0.117
General health —0.75 0.25 0.004
Mental summary score 0.09 0.14 0.527
Vitality —0.53 0.31 0.095
Social functioning —0.27 0.32 0.407
Role-emotional 0.37 0.56 0.509
Mental health 0.15 0.22 0.494

"Beta values and standard errors from linear regression models adjusted for
age, radiation treatment, hrs/day moderate-vigorous intensity physical activity
(activPAL), and cardiorespiratory fitness.
doi:10.1371/journal.pone.0087937.t002
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[25], and these mechanisms may be important to physical
HROQOL.

Self-reported sedentary behavior has been shown to be higher in
cancer survivors than individuals without cancer [26], stressing the
importance of this behavior as a target for health promotion efforts
in this group. In fact, current national physical activity guidelines
for adults include statements about avoiding inactivity [27] and
limiting discretionary screen/sedentary time [28]. As assessed by
the activPAL, cancer survivors spent 69% of their 15.4 hour
waking day sitting and lying down, which calculates to about
~10.6 hours of daily sedentary time. This estimate of % sedentary
time is consistent and almost identical to national survey estimates
among breast [29] and prostate [30] cancer survivors.

It is important to understand these findings in the context of
what constitutes a the minimally important difference (MID) in the
SF-36 necessary that would signify a meaningful or clinical effect
[31] Cohen’s (1992) criteria has been used previously in cancer
populations [32] and suggests that a small effect is indicated by a
0.20 SD and a medium effect by a 0.50 SD [33], there is support
in the literature that MIDs in HRQOL fall within this range
[34,35]. Applying this criterion to our study, a small and medium
effect would translate to a 2 and 5 point difference. Extrapolating
the results of our study, every 10% increase in sedentary time
(~every 92 minute increase) was associated with a statistically
significant 3.5 point decrease in physical component summary
scores, a 5 point decrease in physical functioning, scores and a
7.5 point decrease in general health scores, suggesting that these
differences may have clinical relevance.

Our study had several strengths. The use of objective measures
of physically active and sedentary behaviors and cardiorespiratory
fitness negated the need for retrospective recall of activities. Our
measurements were also made about 3.4 years after chemotherapy
was completed, so it i1s unlikely that cancer treatment would have
affected health behaviors or outcomes. In addition, we had
information on cancer diagnoses and treatment from medical
records for all survivors. Further, all participants in the present
study, aside from their previous cancer diagnosis and treatment
experience, were free of major chronic diseases or orthopedic
limitations, were suitable to participate in an unsupervised
moderate intensity exercise program, and thus were a homoge-
nous group with respect to physical health.

However, this study had several limitations. Given the present
study’s cross-sectional design, we were not able to establish

References

1. Siegel R, DeSantis C, Virgo K, Stein K, Mariotto A, et al. (2012) Cancer
treatment and survivorship statistics, 2012. CA: A Cancer Journal for Clinicians
62: 220-241.

2. Bray F, Ren JS, Masuyer E, Ferlay J (2013) Global estimates of cancer
prevalence for 27 sites in the adult population in 2008. Int J Cancer 132: 1133
1145.

3. Hewitt M, Rowland JH, Yancik R (2003) Cancer Survivors in the United States:
Age, Health, and Disability. The Journals of Gerontology Series A: Biological
Sciences and Medical Sciences 58: M82-M91.

4. Michael YL, Kawachi I, Berkman LF, Holmes MD, Colditz GA (2000) The
persistent impact of breast carcinoma on functional health status: prospective
evidence from the Nurses” Health Study. Cancer 89: 2176-2186.

. Sweeney C, Schmitz KH, Lazovich D, Virnig BA, Wallace RB, et al. (2006)
Functional limitations in elderly female cancer survivors. J Natl Cancer Inst 98:
521-529.

6. Demark-Wahnefried W, Morey MC, Sloane R, Snyder DC, Cohen HJ (2009)
Promoting Healthy Lifestyles in Older Cancer Survivors to Improve Health and
Preserve Function. Journal of the American Geriatrics Society 57: s262-s264.

7. Schmitz KH, Courneya KS, Matthews C, Demark-Wahnefried W, Galvao DA,
et al. (2010) American College of Sports Medicine Roundtable on Exercise
Guidelines for Cancer Survivors. Medicine & Science in Sports & Exercise 42:

1409-1426.

o

PLOS ONE | www.plosone.org

Sedentary Time and Quality of Life in Survivors

temporality of the sedentary time-HRQOL relationship. Further,
our results should be interpreted in the context of our study
population’s small size and cancer diagnoses our findings may be
most applicable to cancer survivors that received chemotherapy
and survived at least 3 years after their treatment and therefore
may be less applicable to other groups of survivors. Additional
research is needed to confirm the present results and determine the
extent to which these findings are applicable to other populations.
Our study also focused only on objectively measured sedentary
behavior and HRQOL at one point during the cancer survivor-
ship period (~3.4 years post-treatment), and because the effect of
sedentary time may vary during and after cancer treatment, more
research is needed on sedentary time and change in sedentary time
at different points during survivorship. It would also be of interest
in future research to also explore how postdiagnosis sedentary time
is related to preservation of HRQOL, given recent findings
documenting an independent association of sedentary and decline
in physical function in postmenopausal women without cancer
[36].

Given that we found associations between sedentary time and
aspects of physical HRQOL even after adjustment for MVPA, our
study provides preliminary evidence that sedentary behavior may
be another independent health behavior, in addition to MVPA
participation, which could be targeted and changed to preserve
functioning after cancer. There are a multitude of opportunities to
address this behavior, both in the clinic and home settings, and an
intervention targeting the interruption of sedentary behavior in
cancer survivors is being evaluated [37,38], though it only utilizes
a 5 question self-report measure of sedentary behavior. Future
prospective studies with objective and validated self-report
measures of sedentary time and HRQOL are needed to establish
temporality, evaluate the potential dose-response relationship, and
facilitate the design of effective interventions to promote health,
preserve function, and ultimately reduce cancer comorbidities in
this growing population.

Author Contributions

Conceived and designed the experiments: SMG CMA JG ZK KLH BAM
CEM. Performed the experiments: JG ZK KLH BAM CEM. Analyzed the
data: SMG CEM. Contributed reagents/materials/analysis tools: SMG
CMA JG ZK KLH BAM CEM. Wrote the paper: SMG CMA JG ZK
KLH BAM CEM. Approved the final manuscript: SMG CMA JG ZK
KLH BAM CEM.

8. Owen N, Healy GN, Matthews CE, Dunstan DW (2010) Too Much Sitting: The
Population Health Science of Sedentary Behavior. Exercise & Sport Sciences
Reviews 38: 105-113.

9. Lynch B, Cerin E, Owen N, Hawkes A, Aitken J (2011) Television viewing time
of colorectal cancer survivors is associated prospectively with quality of life.
Cancer Causes and Control 22: 1111-1120.

10. George SM, Alfano C, Wilder Smith A, Irwin M, McTiernan A, et al. (2012)
Sedentary Behavior, Health-Related Quality of Life and Fatigue among Breast
Cancer Survivors. J Phys Act Health.

11. Gardiner PA, Eakin EG, Healy GN, Owen N (2011) Feasibility of reducing older
adults’ sedentary time. Am J Prev Med 41: 174-177.

12. Grant PM, Ryan CG, Tigbe WW, Granat MH (2006) The validation of a novel
activity monitor in the measurement of posture and motion during everyday
activities. British Journal of Sports Medicine 40: 992-997.

13. Kozey-Keadle S, Libertine A, Lyden K, Staudenmayer J, Freedson P (2011)
Validation of Wearable Monitors for Assessing Sedentary Behavior. Medicine &
Science in Sports & Exercise 43: 1561-1567.

14. Matthews CE, Kozey-Keadle S, Sampson J, Lyden K, Bowles HR, et al. (2013)
Validation of a previous day recall measure of active and sedentary behaviors
Medicine and Science in Sports and Exercise (in press).

15. Ware JE, Jr., Sherbourne CD (1992) The MOS 36-item short-form health
survey (SF-36). I. Conceptual framework and item selection. Med Care 30: 473—
483.

February 2014 | Volume 9 | Issue 2 | e87937



20.

21.

26.

27.

. Hays RD, Sherbourne CD, Mazel RM (1993) The RAND 36-Item Health

Survey 1.0. Health Econ 2: 217-227.

. Ware JE, Jr. (1996) The SF-36 Health Survey. In: Spilker B, editor. Quality of

life and pharmacoeconomics in clinical trials. 2nd ed. Philadelphia: Lippincott-
Raven. pp. 337-345.

. Jacobsen PB, Jim HSL (2011) Consideration of Quality of Life in Cancer

Survivorship Research. Cancer Epidemiology Biomarkers & Prevention 20:
2035-2041.

. ACSM (2000) American College of Sports Medicine: Guidelines for Exercise

Testing and Prescription. 6th ed. Baltimore: Williams and Wilkins. pp. 92.
Foster C, Jackson AS, Pollock ML, Taylor MM, Hare J, et al. (1984)
Generalized equations for predicting functional capacity from treadmill
performance. Am Heart J 107: 1229-1234.

Kotler DP, Burastero S, Wang J, Pierson RN, Jr. (1996) Prediction of body cell
mass, fat-free mass, and total body water with bioelectrical impedance analysis:
effects of race, sex, and disease. Am J Clin Nutr 64: 489S-497S.

. Levine JA, Eberhardt NL, Jensen MD (1999) Role of nonexercise activity

thermogenesis in resistance to fat gain in humans. Science 283: 212-214.

. Levine JA, Lanningham-Foster LM, McCrady SK, Krizan AC, Olson LR, et al.

(2005) Interindividual variation in posture allocation: possible role in human
obesity. Science 307: 584-586.

. Westerterp KR (2001) Pattern and intensity of physical activity. Nature 410:

539-539.

. Reich KA, Chen Y-W, Thompson PD, Hoffman EP, Clarkson PM (2010) Forty-

eight hours of unloading and 24 h of reloading lead to changes in global gene
expression patterns related to ubiquitination and oxidative stress in humans.
Journal of Applied Physiology 109: 1404—1415.

Kim RB, Phillips A, Herrick K, Helou M, Rafie C, et al. (2013) Physical activity
and sedentary behavior of cancer survivors and non-cancer individuals: results
from a national survey. PLoS ONE 8: ¢57598.

U.S. Department of Health and Human Services (2008) Physical Activity
Guidelines for Americans: Be Active, Healthy, and Happy. Washington, DC.

. EU Working Group on Sport & Health (2008) EU Physical Activity Guidelines.

Brussels, Belgium.

PLOS ONE | www.plosone.org

30.

31.

32.

33.
34.

36.

38.

Sedentary Time and Quality of Life in Survivors

. Lynch B, Dunstan D, Healy G, Winkler E, Eakin E, et al. (2010) Objectively

measured physical activity and sedentary time of breast cancer survivors, and
associations with adiposity: findings from NHANES (2003-2006). Cancer
Causes and Control 21: 283-288.

Lynch BM, Dunstan DW, Winkler E, Healy GN, Eakin E, et al. (2011)
Objectively assessed physical activity, sedentary time and waist circumference
among prostate cancer survivors: findings from the National Health and
Nutrition Examination Survey (2003-2006). European Journal of Cancer Care
20: 514-519.

Guyatt G, Walter S, Norman G (1987) Measuring change over time: assessing
the usefulness of evaluative instruments. J Chronic Dis 40: 171-178.

Yost KJ, Haan MN, Levine RA, Gold EB (2005) Comparing SF-36 scores across
three groups of women with different health profiles. Qual Life Res 14: 1251~
1261.

Cohen J (1992) A power primer. Psychol Bull 112: 155-159.

Hays RD, Farivar SS, Liu H (2005) Approaches and recommendations for
estimating minimally important differences for health-related quality of life

measures. COPD 2: 63-67.

. Kosinski M, Zhao SZ, Dedhiya S, Osterhaus JT, Ware JE, Jr. (2000)

Determining minimally important changes in generic and disease-specific
health-related quality of life questionnaires in clinical trials of rheumatoid
arthritis. Arthritis Rheum 43: 1478-1487.

Seguin R, LaMonte M, Tinker L, Liu J, Woods N, et al. (2012) Sedentary
Behavior and Physical Function Decline in Older Women: Findings from the
Women’s Health Initiative. Journal of Aging Research 2012: 10.

Short CE, James EL, Plotnikoff RC (2013) Theory-and evidence-based
development and process evaluation of the Move More for Life program: a
tailored-print intervention designed to promote physical activity among post-
treatment breast cancer survivors. Int J Behav Nutr Phys Act 10: 124.

Short CE, James EL, Girgis A, McElduff P, Plotnikoff RC (2012) Move more for
life: the protocol for a randomised efficacy trial of a tailored-print physical
activity intervention for post-treatment breast cancer survivors. BMC Cancer 12:

172.

February 2014 | Volume 9 | Issue 2 | e87937



