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Abstract
Objective: The aim of this study is to examine the demographic, medical, and social-cognitive correlates
of objectively measured sedentary behavior in advanced cancer patients with brain metastases.

Methods: Advanced cancer patients diagnosed with brain metastases, aged 18 years or older,
cognitively intact, and with palliative performance scale greater than 30%, were recruited from a Rapid
Access Palliative Radiotherapy Program multidisciplinary brain metastases clinic. A cross-sectional
survey interview assessed the theory of planned behavior variables and medical and demographic
information. Participants wore activPAL™ (PAL Technologies Ltd, Glasgow, United Kingdom) acceler-
ometers recording time spent supine, sitting, standing, and stepping during 7 days encompassing palliative
whole brain radiotherapy treatments.

Results: Thirty-one patients were recruited. Correlates of median time spent supine or sitting in hours
per day were instrumental attitude (i.e., perceived benefits) of physical activity (r=�0.42; p=0.030) and
affective attitude (i.e., perceived enjoyment) of physical activity (r=�0.43; p=0.024). Moreover, partici-
pants who sat or were supine for greater than 20.7 h per day reported significantly lower instrumental
attitude (M=0.7; 95% CI=0.0–1.4; p=0.051) and affective attitude (M=0.7; 95% CI=0.0–1.4;
p=0.041). Finally, participants who were older than 60 years of age spent more time sitting or being supine.

Conclusions: Instrumental attitude and affective attitude were the strongest correlates of objectively
measured sedentary behavior. This information could inform intervention studies to increase physical
activity in advanced cancer patients with brain metastases.
Copyright © 2014 John Wiley & Sons, Ltd.

Introduction

Two recent Cochrane reviews determined that physical
activity has beneficial effects on physical functioning,
fatigue, and overall quality of life in cancer patients both
during and post treatment [1,2]. In their Physical Activity
and Cancer Control framework of the entire cancer control
continuum, Courneya and Friedenreich [3] concluded that
the effects of physical activity in cancer patients at the end
of life are unknown. Our systematic review showed
preliminary evidence that at least some advanced cancer
patients were willing and able to tolerate physical activity
interventions, with some demonstrating improvement in
select quality of life outcomes [4].
The quality of life of advanced cancer patients is

negatively impacted by metastatic disease [5]. The most
common intracranial tumors in adults are brain metastases,
which occur in up to 40% of all cancer patients during the
course of their illness [6]. Metastatic spread to the brain
contributes to significant morbidity; in a prospective
study of 170 patients with brain metastases referred to an
outpatient palliative radiotherapy clinic, the two most

prevalent symptoms were fatigue and poor sense of well-
being [7]. In a qualitative study using semi-structured inter-
views of nine non-small cell lung cancer patients with brain
metastases, participants identified mobility and body image
as among the most important determinants of their quality
of life [8].
When facilitating behavior change in any population,

utilizing a theoretical framework can identify targets by
which motivation and adherence can be maximized [9].
The social-cognitive theory [10], self-determination
theory [11], and attribution theory [12] have all been used
to examine constructs related to physical activity motiva-
tion and behavior in various cancer populations. Most
research, however, has examined and supported the theory
of planned behavior (TPB) in understanding physical
activity behavior in cancer populations [13–15]. In our
pilot study of fifty advanced cancer patients with a median
survival of 104 days, affective attitude, self-efficacy, and
intention were the strongest correlates of self-reported
physical activity [16].
Most recently, we conducted a study examining objec-

tively measured physical activity and quality of life in
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cancer patients with brain metastases who were undergoing
palliative whole brain radiotherapy [17]. There were
moderate to large associations between higher levels of
sedentary behavior and poor quality of life in our sample
of brain metastases patients who were undergoing palliative
whole brain radiotherapy. The present article reports the
demographic, medical, and social-cognitive correlates of
objectively measured sedentary behavior from that study.
The hypothesis was that TPB variables would have
medium to large correlations (i.e., r=0.3–0.5) with objec-
tively measured sedentary behavior.

Theoretical framework

One validated social-cognitive model of human motivation
to facilitate understanding of behavior is the TPB (Fig. 1)
[18]. An individual’s intention is the primary determinant
of behavior in the TPB and is influenced by three
independent factors: attitude, perceived behavioral control
(PBC), and subjective norm. Attitude is defined as the
positive or negative appraisal of a given behavior, and
comprised the following: (a) affective attitude, or the
feelings elicited by the possibility of performing the given
behavior, and (b) instrumental attitude, or the rational
evaluation of potential benefits of performing the given
behavior. Ajzen [18] posits that attitudes are grounded in
behavioral beliefs, including the advantages and disadvan-
tages from performing a given behavior. PBC is defined
as an individual’s perceived control over and confidence
in performing a given behavior, and is divided into the
following: (a) perceived controllability, or the individual’s
control over performing a given behavior, and (b)
perceived self-efficacy, or the difficulty or ease of
performing a given behavior. Ajzen [18] contends that
PBC is grounded in control beliefs, including the extent
to which certain preventative or helpful factors could
influence behavior. PBC and intention together can directly
impact behavior. Subjective norm is defined as perceived
social pressure to perform or not perform a given behavior.
The higher the PBC and the more positive the attitude and
subjective norm, the greater the individual’s intention
would be to perform a given behavior [18].

Methods

Complete details regarding the methods of the parent
study have been provided elsewhere [17]; hence, a
summary of the main methods with supplemental
information on TPB variable assessment is presented here.
Ethical approval was obtained to approach consecutive
patients through the Rapid Access Palliative Radiotherapy
Program multidisciplinary brain metastases clinic [19] at
the Cross Cancer Institute in Edmonton, Canada. Eligibility
criteria included the following: (a) diagnosis of brain me-
tastases; (b) 18 years of age or older; (c) able to understand,

provide written informed consent in, and speak English;
and (d) cognitive ability to participate (defined as normal
Folstein’s Mini-Mental State Score for patient’s age and
education level [20]). Participants were ineligible if they
presented either with a Palliative Performance Scale level
of 30% or less [21], or any absolute contraindications to
physical activity.
At the time of survey, all participants were asked to

wear an activPAL™ accelerometer [22] to monitor supine,
sitting, standing, and stepping levels for up to 7 days of
their whole brain radiotherapy treatments. The study
coordinator administered a cross-sectional survey via
face-to-face interviews to all participants. At the begin-
ning of each interview, the study coordinator defined
physical activity as any bodily movement produced by
the skeletal muscles that results in a substantial increase
in energy expenditure over resting levels [23]. Each TPB
standardized item has established reliability and validity
from previous research in cancer populations [13–16].
Scores for each TPB variable were calculated through
averages of the respective items.
Attitude. The scales were preceded by the phrase ‘I

think that for me to perform regular physical activity over
the next month would be…’ Six items were used to assess
affective (i.e., enjoyable/unenjoyable, pleasurable/painful,
and fun/boring) and instrumental (i.e., useful/useless,
beneficial/harmful, and important/unimportant) attitudes.
The 7-point scales were used with the descriptors of ex-
tremely (1 and 7), quite (2 and 6), and slightly (3 and 5;
4 was not labeled). As measured by Cronbach’s α, internal
consistency for affective and instrumental attitude was
0.95 and 0.75, respectively.
Subjective norm. For injunctive norms, the scales were

preceded by the phrase ‘I think that if I engaged in regular
physical activity over the next month, most people who
are important to me would be…’ Three items were used
to assess injunctive norm. (i.e., approving/disapproving,
encouraging/discouraging, and supportive/unsupportive).
For descriptive norms, the scales were preceded by the
phrase ‘I think that over the next month, most people
who are important to me will themselves be…’ Two items
were used to assess descriptive norm (i.e., active/inactive
and agree/disagree that important others will be physically
active regularly). The 7-point scales were used with the
descriptors of extremely/strongly (1 and 7), quite/
moderately (2 and 6), and slightly (3 and 5; 4 was not
labeled). As measured by Cronbach’s α, internal consis-
tency for injunctive and descriptive norm was 0.97 and
0.81, respectively.
PBC and self-efficacy. The phrase ‘If you were really

motivated…’ followed by (a) how controllable would it
be for you to do regular physical activity over the next
month? (1 [extremely uncontrollable] to 7 [extremely con-
trollable] was used to measure PBC. The phrase ‘if you
were really motivated…’ followed by ‘how confident
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would you be that you could do regular physical activity
over the next month (1 [extremely unconfident] to 7
[extremely confident]) was used to measure self-efficacy.
Intention. Three items were used to assess intention: (a)

how motivated are you to perform regular physical
activity over the next month? (1 [extremely unmotivated]
to 7 [extremely motivated]), (b) how committed are you
to doing regular physical activity over the next month?
(1 [extremely uncommitted] to 7 [extremely committed]),
and (c) I intend to do regular physical activity over the
next month (1 [strongly disagree] to 7 [strongly agree]).
As measured by Cronbach’s α, internal consistency for
intention was 0.93.
Data analysis was performed using SPSS version 20.0

software (SPSS, Inc., Evanston, IL). As supported by a
recent systematic review of accelerometry analysis of
physical activity and sedentary behavior in older adults
[24], participants were divided into two categories on the
basis of a roughly median split of their sedentary behavior
as measured by the activPAL™ accelerometer (<20.7 vs.
≥20.7 h spent sitting or supine per day). Pearson’s
correlations were used to examine associations between
objectively measured sedentary behavior and TPB con-
structs, and the intercorrelations between TPB constructs
were also analyzed. Medium to large correlations were de-
fined as r= 0.3–0.5 according to Cohen [25]. Independent
samples t-tests were performed to compare the following:
(a) differences in objectively measured sedentary behavior
based on medical and demographic factors, and (b) differ-
ences in TPB constructs based on the cut-point of 20.7 h
spent sitting or supine per day. All statistical tests were
two-sided (α = 0.05). Because of the small sample size,
associations were interpreted on the basis of both effect
sizes and p values. A medium effect size of d = 0.5 for
between-group comparisons, and r= 0.3 for correlations,
were considered to be meaningful associations.

Results

Complete details regarding recruitment, sample medical,
and demographic characteristics have been provided

elsewhere [17]. Briefly, 31 participants were recruited from
the Rapid Access Palliative Radiotherapy Program multi-
disciplinary brain metastases clinic between November
2009 and June 2011. As of November 1, 2013, 90%
(28 of 31) of the participants were deceased, with a median
survival of 171 days from the time of study consent to the
time of death.
Table 1 shows that participants demonstrated high

levels of all TPB variables, with means ranging 5.9–6.4
on the 7-point scales. Intercorrelations between TPB vari-
ables were generally medium. Overall, instrumental atti-
tude (r=�0.42, p = 0.03) and affective attitude
(r=�0.43, p= 0.04) showed the strongest correlation with
objectively measured sedentary behavior; the negative
correlations indicate that higher levels of TPB variables
are correlated with lower levels of objectively measured
sedentary behavior. The correlation between intention
and objectively measured sedentary behavior (r=�0.32,
p= 0.10) was not statistically significant, but potentially
meaningful.
Table 2 presents differences in TPB variables between

participants based on the median of 20.7 h spent sitting
or supine per day. Participants whose activPAL™ acceler-
ometers recorded higher levels of objectively measured
sedentary behavior reported significantly lower instrumen-
tal attitude (M= 0.7, 95% CI 0.0–1.4, p= 0.051) and affec-
tive attitude (M= 0.7, 95% CI 0.0–1.4, p = 0.041).
Differences in PBC (M= 0.7, 95% CI �0.1–1.6,
p= 0.084), self-efficacy (M= 0.7, 95% CI �0.1–1.5,
p= 0.099), and intention (M= 0.6, 95% CI �0.2–1.4,
P= 0.123) were not statistically significant, but were po-
tentially meaningful (d values> 0.5).
Table 3 presents differences in objectively measured

sedentary levels based on medical and demographic fac-
tors. Participants who were <60 years of age (M= 19.4,
95% CI �4.0–0.0, p= 0.055) recorded less time spent sit-
ting or supine per day on their activPAL™ accelerometers.
There were no other significant or meaningful associations
found between objectively measured sedentary levels and
BMI, gender, cancer diagnosis, comorbidities, income, ed-
ucation, and marital status.

Table 1. Median time spent sitting or supine in hours per day and theory of planned behavior variables: descriptive statistics and bivariate
correlations

Variable 1 2 3 4 5 6 7 Mean SD

1. Median time spent sitting or supine in hours per day 20.6 2.6
2. Instrumental attitude �0.42* 6.2 1.0
3. Affective attitude �0.43* 0.88** 5.9 1.2
4. Injunctive norm �0.16 0.44* 0.32 6.4 1.1
5. Descriptive norm 0.18 0.17 0.14 0.28 6.4 0.6
6. Perceived behavioral control �0.15 0.56** 0.37* 0.17 0.19 5.9 1.1
7. Self-efficacy �0.14 0.48** 0.40* 0.20 0.53** 0.71** 6.0 1.2
8. Intention �0.32 0.63** 0.53** 0.33 0.18 0.57** 0.37* 5.9 1.0

*p=0.05 (two-tailed).
**p= 0.01 (two-tailed).
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Discussion

The purpose of this study was to examine the demo-
graphic, medical, and social-cognitive correlates of
objectively measured sedentary behavior in cancer
patients with brain metastases undergoing palliative whole
brain radiotherapy. Overall, instrumental attitude and
affective attitude were the strongest correlates of objec-
tively measured sedentary levels. Although not statisti-
cally significant, there were potentially meaningful
differences in PBC, self-efficacy and intention, and a
potentially meaningful association between intention and
objectively measured sedentary behavior. Older age was
associated with higher level of objectively measured
sedentary behavior. These findings lend rationale to future
pilot research exploring behavioral interventions for
cancer patients with brain metastases undergoing pallia-
tive whole brain radiotherapy.
Consistent with our hypothesis, TPB variables showed

medium to large correlations with objectively measured
levels of sedentary behavior. In particular, those participants
who spent less time sitting or supine per day also reported
higher instrumental attitude. These findings correspond
with previous research that showed that instrumental
attitude is an independent predictor of exercise intentions

in multiple myeloma patients [26], bladder cancer patients
[27], and lung cancer patients [14]. Because this is an
exploratory pilot study, one cannot determine whether
patients with brain metastases who anticipated greater
benefits from physical activity engaged in less sedentary
behavior. Future studies are needed to determine whether
emphasizing the unique advantages of physical activity
may be one means of improving instrumental attitude and
reducing sedentary behavior in this patient population.
Affective attitude was another significant correlate to

objectively measured sedentary levels in our sample of
advanced cancer patients with brain metastases. Those
participants who spent less time sitting or supine per day
also reported higher affective attitude than those who
recorded spending more time in objectively measured
sedentary behavior. These findings correspond with previ-
ous research that showed that affective attitude is an
independent predictor of exercise intentions in endome-
trial cancer patients [28], non-Hodgkin’s lymphoma
patients [29], bladder cancer patients [27], and lung cancer
patients [14]. Because this is an exploratory pilot study, it
is not known whether patients with brain metastases who
felt that physical activity would be enjoyable engaged in
less sedentary behavior. Future studies are needed to
investigate whether emphasizing the enjoyable elements

Table 3. Differences in median time spent sitting or supine in hours per day based on demographic and medical variables

Variable Mean SD Mean difference 95% CI t Effect size (d) p

Age (years) �2.1 �4.1 to�0.2 �2.2 0.89 0.035
Younger than 60 (n=9) 18.9 2.8
60 or older (n=15) 21.0 1.8

Gender 0.8 �1.2 to 2.9 0.9 0.34 0.41
Male (n=11) 20.6 1.8
Female (n=13) 19.8 2.8

Body mass index �1.5 �4.9 to 1.9 �1.1 0.53 0.33
Normal/underweight (n=7) 19.1 3.6
Overweight/obese (n=17) 20.6 1.7

Diagnosis 0.1 �2.0 to 2.2 0.1 0.08 0.90
Other cancer (n=11) 20.3 2.4
Lung cancer (n=13) 20.1 2.6

Comorbidities �0.1 �2.2 to 2.0 �0.1 0.04 0.92
<2 (n=12) 20.1 2.0
≥2 (n=12) 20.1 2.9

Table 2. Difference in theory of planned behavior according to median time spent sitting or supine in hours per day

Variable
Sitting or supine less

than 20.7 h per day (N=12)
Sitting or supine

for 20.7 h or more per day (N=12) Mean Difference 95% CI t Effect Size p

Mean SD Mean SD (d)

Instrumental attitude 6.6 0.9 5.9 0.9 0.7 0.0–1.4 2.1 0.78 0.051
Affective attitude 6.4 0.8 5.7 1.0 0.7 0.0–1.4 2.2 0.72 0.041
Injunctive norm 6.5 0.5 6.2 1.5 0.4 �0.5–1.3 0.8 0.36 0.41
Descriptive norm 6.3 0.4 6.4 0.7 �0.1 �0.5–0.4 �0.4 �0.18 0.70
Perceived behavioral control 6.2 0.7 5.5 1.3 0.7 �0.1–1.6 1.8 0.67 0.084
Self-efficacy 6.3 0.6 5.6 1.3 0.7 �0.1–1.5 1.7 0.69 0.099
Intention 6.2 0.8 5.6 1.1 0.6 �0.2–1.4 1.6 0.62 0.12
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of physical activity may be another means of improving
affective attitude and reducing sedentary behavior in this
patient population.
From our previous research in advanced cancer patients,

affective attitude, self-efficacy, and intention were the
strongest correlates of patient-reported physical activity
levels [16]. In the present study, affective attitude and
instrumental attitude were the strongest correlates, with
potentially meaningful associations noted for intention,
PBC, and self-efficacy. These differences may be due to
the fact that our brain metastases sample had a median
survival of 171 days, versus 104 days in our previous sam-
ple of advanced cancer patients; conversely, 62% of our
brain metastases sample, versus only 4% of our previous
sample of advanced cancer patients, had an initial
Palliative Performance Status level of >80%. A Palliative
Performance Status level of 50% may be more reflective
of the activPAL™-recorded median time of 20.7 h spent
sitting or supine per day for our sample; this suggests an
increase in sedentary behavior during the 7 days
encompassing palliative whole brain radiotherapy treat-
ments. These clinical characteristics may indicate that
our brain metastases sample may be at an earlier point
on the cancer trajectory than our previous sample of
advanced cancer patients; future longitudinal studies may
elucidate these differences.
In the current study, participants who were<60 years of

age, recorded less time spent sitting or supine per day on
their activPAL™ accelerometers, compared with those
participants who were ≥60 years of age. This corresponds
to previous research in bladder cancer patients [27], as
well as our previous sample of advanced cancer patients,
wherein participants who were <60 years of age reported
greater levels of total physical activity than those who
were ≥60 years of age [16]. Older patients may not feel
as much control over, or attribute the same value to their
ability to participate in physical activity, given their
comorbidities and perceptions of frailty [30]. Larger
prospective studies are required to delineate the potential
associations between age and physical activity determi-
nants in this population.
Overall, this is the first study to examine correlates of ob-

jectively measured sedentary behavior in cancer patients

with brain metastases. Strengths of this study include the
objective measurement of sedentary behavior, and the
application of a validated social-cognitive theory to physi-
cal activity in this understudied population. On the other
hand, study weaknesses included the fact that this was a
cross-sectional study with a small sample size. Larger stud-
ies in this population are required in order to establish
standards by which effect sizes can be compared, as well
as to examine age-related covariates, such as frailty, which
may impact potential recommendations specific to this
population. There may be bias in that participants who
are interested in physical activity may be more likely to
participate in our study. Third, this study did not identify
the salient underlying beliefs about physical activity, which
may be unique in patients with brain metastases who are
undergoing palliative whole brain radiotherapy. The
exploratory nature of this pilot study precludes drawing
direct clinical implications to this population.
Nevertheless, these findings indicate that instrumental

attitude and affective attitude toward physical activity
were the strongest correlates of objectively measured sed-
entary behavior in this sample of advanced cancer patients
with brain metastases. Older age was associated with
greater levels of objectively measured sedentary behavior.
Through emphasizing the potential benefits and enjoy-
ment of physical activity, this information could inform
future behavioral interventions in cancer patients with
brain metastases. As highlighted by the Physical Activity
and Cancer Control framework [3], further pilot studies
are warranted to determine the role of physical activity
in this understudied population.
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