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a b s t r a c t

Purpose: This study investigated: (1) physical activity behaviour of cancer survivors throughout the day,
(2) the relationship between objective and subjective measures of physical activity, and (3) the rela-
tionship between daily physical activity and fatigue.
Method: Physical activity was measured objectively using 3D-accelerometry (expressed in counts per
minute (cpm)), and subjectively using a Visual Analogue Scale (VAS; 0e10) implemented on a smart-
phone in 18 cancer survivors (6 male; age 55.7 ± 10.2 yrs; free from cancer, last treatment �three months
previously), and matched controls. Fatigue was scored thrice daily on a smartphone (0-10 VAS).
Results: Mean daily physical activity of cancer survivors did not deviate from controls (1108 ± 287 cpm
versus 1223 ± 371 cpm, p ¼ .305). However, in cancer survivors physical activity significantly decreased
from morning to evening (p < .01) and increased levels of fatigue throughout the day were reported
(p < .01). Furthermore, a positive correlation was found between levels of fatigue and the magnitude of
the decline in physical activity from afternoon to evening (p < .05). Objective and subjective measured
physical activity showed low correlations.
Conclusions: This study demonstrated imbalanced activity patterns in cancer survivors. Also, the more a
survivor felt fatigued, the greater the decline in activity behaviour throughout the day. The low corre-
lation between objective and subjective physical activity suggests low awareness in cancer survivors
about their daily physical activity performed. Ambulatory monitoring provides new insights in both
patterns of physical activity and fatigue, which might be a valuable tool to provide activity management
more efficiently during treatment of fatigue.

© 2014 Elsevier Ltd. All rights reserved.
Introduction

Cancer-Related Fatigue (CRF) often interferes with the perfor-
mance of daily activities (Curt et al., 2000), can have devastating
social and economic consequences (Flechner and Bottomley, 2002)
and may even hinder the chance of remission or cure as a result of
its demotivating effects (Morrow et al., 2002). Not surprisingly, CRF
is perceived by both patients and caregivers as a highly distressing
and debilitating symptom.
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It is generally believed that physical activity (PA) is important in
the treatment of CRF (Cramp and Byron-Daniel, 2012). Existing
guidelines state that improvements to a patient's level of physical
fitness and normalization of levels of daily activity, a process
termed activity management, are important treatment goals for
CRFmanagement (Donnelly et al., 2010; Mitchell et al., 2007; Smith
and Toonen, 2007). Moderate PA is associated with the alleviation
of cancer-related symptoms such as fatigue (Cramp and Byron-
Daniel, 2012), and the beneficial effect of activity management on
fatigue in patients undergoing cancer treatment has been demon-
strated in several randomized controlled studies (Barsevick et al.,
2004; Ream et al., 2006; Yates et al., 2005).

Most of the studies examining PA and fatigue in cancer survivors
have used retrospective outcomemeasures, such as questionnaires,
to capture the extent and the nature of PA. Although these mea-
sures provide a general idea of the amount of PA performed,
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previous studies involving cancer survivors demonstrated a
discrepancy between PA measured retrospectively with question-
naires and PA measured using objective measures such as accel-
erometers (Goedendorp et al., 2010; Grossman et al., 2008; Rogers
et al., 2009; Servaes et al., 2002). A likely explanation for the
discrepancy is that questionnaires are prone to recall bias. When
people are asked to recall past behaviour, only a part of that
behaviour will be recalled, depending on the question asked, the
frequency, severity, or impact of the behaviour in question
(Shiffman et al., 2008). For example, for PA behaviour it is known
that light or moderate PA is difficult to measure using question-
naires (van Poppel et al., 2010); one is likely to forget ‘normal’, daily
PA, but will recall high intensity bouts of activity.

Ambulatory monitoring techniques can provide more accurate
and detailed information on daily PA behaviour and fatigue
(Broderick et al., 2014). Ambulatory monitoring uses objective
methods (e.g. accelerometers), subjective methods (e.g. symptoms
scored several times during a day), or a combination of both, to
capture behaviour as it occurs in patients' daily life. So far, only a
few studies have employed ambulant monitoring, such as accel-
erometry, to capture PA in cancer survivors (Broderick et al., 2014).
The results are surprising, as contrary to the studies using ques-
tionnaires, only a minority of these studies report lower levels of PA
in cancer survivors as compared with healthy controls (Knols et al.,
2009), while themajority report no differences in PA level (Alt et al.,
2011; Ferriolli et al., 2012; Grossman et al., 2008). Even so, the
expected relationship between PA and fatigue is scarcely observed
when evaluated using ambulant monitoring. Only one study re-
ported a significant e but low e correlation between an increase in
daily steps and a decrease in fatigue in adult survivors of childhood
cancer (Blaauwbroek et al., 2009).

Most of the studies that objectively assessed PA in cancer sur-
vivors used parameters that related to the amount of PA performed
(such as intensity, number of steps, or total amount of daily PA).
However, PA is not only a ‘multi-dimensional construct incorpo-
rating frequency, time, type and duration’ (Broderick et al., 2014),
but also a behaviourial construct, concerned with patterns of PA
within a specific time period (Broderick et al., 2014). To illustrate,
for other populations who suffer from chronic disease, it has been
reported that not the amount of PA, but PA behaviour might be a
useful predictor of health outcomes (Evering et al., 2011a,b; van
Weering et al., 2009). So far, there are no studies evaluating pat-
terns of PA reported in the cancer literature. Therefore, better in-
sights into both PA behaviour in cancer survivors and its relation to
self-reported fatigue are desirable.

When discussing the role of PA behaviour in CRF management,
another important aspect is ‘awareness’. Awareness is considered
essential for effective behaviour change (Pinto and Ciccolo, 2011),
and is therefore a prerequisite for treatments that aim to change
activity behaviour such as activity management. No previous study
could be found that explicitly evaluated awareness of daily PA
behaviour in cancer survivors.

Therefore, to explore the potential value of PA behaviour in CRF
treatment, this study: (1) assessed PA behaviour throughout the
day in a pilot group of cancer survivors; (2) compared objective and
subjective ambulatory monitoring techniques to gain insights into
the level of awareness of cancer survivors with regard to their daily
PA performed; and (3) explored the relationship between specific
parameters of daily PA pattern and self-reported fatigue in cancer
survivors.

Methods

A cross-sectional study was performed at the Roessingh Center
for Rehabilitation, Enschede, the Netherlands. The experimental
protocol was approved by the Twente Medical Ethics Committee,
and informed written consent was obtained from each participant
before enrolment.

Participants and setting

Cancer survivors were recruited from the Roessingh Rehabili-
tation Center Enschede, the Netherlands. Inclusion criteria were:
(1) formerly diagnosed with cancer; (2) completed cancer treat-
ment (i.e. surgery, chemo- and/or radiotherapy) �3 months pre-
viously; (3) ability to read and speak Dutch; and (4) aged 18 or
above. The exclusion criteria were: (1) use of wheelchair; (2) ter-
minal or progressive disease; and (3) participation in a rehabilita-
tion program in the previous three months.

For comparison of daily activity behaviour, a sample of healthy
controls was included in the study. Controls were recruited by
asking the patients to ask their spouses to participate. The sample
of healthy controls was supplementedwith controls selected from a
database available at the research center. This database consisted of
family members from both patients included in other studies and
from employees or students working at the research center. The
controls were selected from the database based on their age and
sex, so that the two groups were comparable in terms of age and
sex. Inclusion criteria for healthy controls were: (1) 18 years or
older; (2) subjective report of being healthy; (3) no history of
cancer. The same exclusion criteria applied for the controls as for
the main cancer survivor group.

Procedures

Eligible cancer survivors and controls were approached by the
first and second authors, who provided verbal and written infor-
mation about the study. Subjects who were willing to participate
were asked to fill in an informed consent. On the morning of the
first day, the procedure was explained and demographic charac-
teristics were recorded for each participant. After that, participants
filled in a questionnaire about fatigue. Instructions were given
about the use of the equipment, namely an activity sensor and a
smartphone. Instructions covered the correct placement of the
accelerometer and the wearing schedule. Participants were asked
to wear the accelerometer and smartphone for five consecutive
days from 8:00 until at least 22:00, excluding time spent bathing or
participating in water activities. Participants were also asked to
perform their normal, daily routine, and to not change their
physical activity pattern. After instruction, the accelerometer and
smartphonewere given to the participants, and returned by post or
in person to the research center after five days of monitoring.

Study measures

For each participant, the following personal information was
recorded: age, sex, BMI, and current work status. For survivors, the
following information was added: treatment received, location of
cancer and months passed since final cancer treatment.

Ambulatory measures e Cancer survivor and controls
Objective PA behaviour was assessed using the MTx inertial 3-D

motion sensor (XSens Technologies B.V., Enschede, the
Netherlands), which is a tri-axial piezoelectric accelerometer that
measures accelerations in the x, y, and z-axis. This sensor was
attached to the waist by means of an elastic belt. Data were
transmitted wirelessly through a Bluetooth connection and stored
on a smartphone. The output measure was calculated following the
method described by Bouten et al. (1994), which is highly related to
measuring energy expenditure (Plasqui andWesterterp, 2007). The
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accelerometer data were bandpass filtered through a 4th order
Butterworth filter (.11e20 Hz). The absolute value of the accelera-
tion of each of the axes was integrated over time periods of 60 s and
summed thereafter. The resulting data was expressed in counts per
minute (cpm).

Ambulatory measures e Cancer survivors only
Fatiguewas rated three times a day (13:00,17:00 and 20:00) on a

Visual Analogue Scale (VAS) by the cancer survivors, to rate fatigue
in the morning, afternoon, and evening, respectively. In a previous
study that employed the same activity monitoring method (van
Weering et al., 2009), it was shown that especially early in the
morning activity data was missing, because patients turned on the
system late in the morning. Therefore, it was chosen to schedule
morning fatigue rating at 13:00, so sufficient morning activity data
would be available to correlate with the morning fatigue scores.
Scores could range from 0 (“I am not tired at all”) to 10 (“I am totally
exhausted”). The VAS has been previously successfully applied and
validated in heterogeneous cancer populations (Seyidova-
Khoshknabi et al., 2011).

Self-rated level of PA was assessed at the end of each measure-
ment day (20:00). Cancer survivors were asked to rate their level of
activity during that day on a VAS, ranging from 0 (“not active at all”)
to 10 (“maximum level of activity”).

Retrospective self-report measures e Cancer survivors only
The Multidimensional Fatigue Inventory (MFI) questionnaire

(Smets et al., 1995) was used to measure fatigue retrospectively in
cancer survivors, as experienced over the previous days. This 20-
item questionnaire covers five dimensions: General Fatigue, Phys-
ical Fatigue, Reduced Activity, Reduced Motivation, and Mental
Fatigue. The MFI has been previously and successfully validated in
cancer patients with various diagnosis sites (Seyidova-Khoshknabi
et al., 2011).

Data analysis

Ambulatory measures
Objective PA behaviour (accelerometer). Three days per partici-

pant with at least 420minute per day was set as theminimum to be
included in the data analysis. Matlab algorithms were written to
allow calculation of: PA level per hour, per day part and per whole
day. For each group, the mean and standard error of the mean
(SEM) per hour were calculated. Only those hours for which at least
30minute weremeasured, were included for analysis. The mean PA
level per hour was used to calculate PA per day part;
morning (8:00e12:00), afternoon (12:00e17:00), and evening
(17:00e20:00). Only day parts for which at least 50% of the total
datawas available were included in the analysis. Finally, mean daily
activity was calculated for each participant by averaging the mean
activity of all the measurement days. To represent the PA pattern,
the change in the PA between day parts was calculated,
being the difference in cpm between (a) morning and afternoon
(cpmafternoon e cpmmorning); (b) afternoon and evening (cpmevening e

cpmafternoon); and (c) morning and evening (cpmevening e

cpmmorning).
Daily fatigue. For each participant, scores of all measurement

days were averaged into overall mean and standard deviation (SD)
fatigue scores per day part (morning, afternoon, evening). To
describe daily fatigue levels, a VAS fatigue score of �4 (out of 10)
was used to represent a moderate to high level of fatigue (Temel
et al., 2006).

Self-rated activity. Scores from all the measurement days were
averaged, resulting in a mean score of self-rated activity for each
participant, ranging from 0 to 10.
Retrospective fatigue (MFI)
A score for each dimension of the MFI was calculated, with

higher scores indicating more fatigue (Smets et al., 1995).

Statistical analysis

IBM's Statistical Package for the Social Sciences (SPSS, 20.0) was
used for the statistical analyses of our data. Descriptive statistics
were used to summarize the characteristics of the sample. For all
statistical analyses, a significance level of p < .05 was used.
Normality of the outcome measures was tested using P-Plots, and
histograms. Friedman's ANOVA was used to test the change in fa-
tigue throughout the day in cancer survivors.

An independent t-test was performed to compare differences
between survivors and controls in mean daily PA level. Secondly,
differences in PA between day parts were tested using repeated
measures ANOVA for both groups independently. Thirdly, to test
group differences in PA patterns throughout the day (i.e. between
day parts), repeatedmeasures ANOVA (RMANOVA)with a grouping
factor (survivors versus controls) were performed, with PA per day
part being the repeated measure.

Level of awareness was tested by calculating Kendall's Tau cor-
relation between objective PA per day (accelerometer) and self-
rated PA (VAS physical activity).

To explore the relationship between daily fatigue and activity
patterns, correlations (Kendall's Tau) were calculated between
objective PA per day part and fatigue per day part.

For all correlations, cutoff scores of <.3, .3 � r � .8, and >.8 were
used to represent low,moderate and high correlations, respectively.

Results

Participants

Forty-four cancer survivors were approached for participation.
Twenty-three cancer survivors participated in the study, of whom
18 survivors (6 male; mean age 56.7 ± 10.2 yrs) provided sufficient
accelerometer data to be included in the final data-analysis. The
most important reasons for exclusion of survivors were no interest
in study, current participation in a rehabilitation program or pro-
gressive disease. Most survivors were women diagnosed with
breast cancer, resulting in twice as many women than men in the
study sample. Scores on the domains of the MFI varied between 10
and 13, which is relatively high compared to literature (Schwarz
et al., 2003). The sample of healthy controls comprised nine
spouses of included survivors, and nine healthy subjects selected
from the database. Characteristics of the included survivors and
matched healthy controls are presented in Table 1. There were no
significant differences found for age, sex, BMI or work status be-
tween the survivors and the controls.

Physical activity behaviour

From the included cancer survivors, 85 days (i.e. 94% of all
possible measurement days), and from the healthy controls 83 days
(92%) were suitable for analysis. Reasons for missing data were
technical failure, incorrect use of the system, and insufficient time
for PA monitoring. It was found that the mean daily activity level of
cancer survivors (M ¼ 1108 cpm, SD ¼ 287 cpm) did not deviate
significantly from daily PA levels in the control group
(M¼ 1223 cpm, SD¼ 371 cpm) (p ¼ .305). Daily activity patterns of
both groups are visualized in Table 2 and Fig. 1. Cancer survivors
exhibited a significant decrease of PA during the day (p ¼ .001;
Greenhouse-Geisser corrected), while the PA level between day
parts did not differ significantly in controls (p ¼ .147). However, the



Table 1
Characteristics of the study population.

Cancer survivors
(n ¼ 18)

Healthy controls
(n ¼ 18)

Age, mean (SD) 56.7 (10.2) 55.2 (8.2)
Sex, n
Male 6 6
Female 12 12

Body mass index, mean (SD) 25.2 (3.9) 25.3 (2.9)
Employed, n (%)
Yes 8 (44) 12 (67)

Location of cancer, n (%)
Breast 12 (66) e

Testicular 2 (11) e

Lung 2 (11) e

Skin 1 (6) e

Colon 1 (6) e

Treatment, n (%)
Surgery 2 (11) e

Radiotherapy 1 (6) e

Surgery þ Radiotherapy 4 (22) e

Surgery þ Chemotherapy 3 (17) e

Chemotherapy þ Radiotherapy 2 (11) e

Surgery, chemotherapy þ radiotherapy 6 (33) e

Time since final treatment
<12 months, n (%) 10 (56%)

Multidimensional Fatigue Inventory, mean (SD)
General fatigue 12.9 (3.8) e

Physical fatigue 11.8 (3.8) e

Reduced activity 11.1 (3.7) e

Reduced motivation 10.1 (3.5) e

Mental fatigue 11.2 (3.8) e
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group � time interaction failed to reach significance (p ¼ .199,
Greenhouse-Geisser corrected).

Awareness daily activity levels

A low correlation of .193 (p ¼ .270) was observed between self-
rated VAS activity scores and mean daily PA as measured by the
accelerometer, suggesting a low awareness of actual physical ac-
tivity level in cancer survivors.

Patterns of fatigue

Of all VAS fatigue scores, 94%were available for analysis. Missing
values occurred primarily for the evening hours, and were caused
by technical failures (empty battery before the questionwas asked;
question did not appear on the smartphone, or system was shut
down before fatigue was scored due to connection failures with the
activity sensor). Cancer survivors reported a significant increase in
fatigue levels during the day (p ¼ .006), with 89% of participants
reporting a VAS fatigue score of >4 during the evening (Fig. 2).

Ambulatory fatigue rated with the VAS fatigue, did not correlate
with fatigue measured with the MFI.

Relationship between PA behaviour and fatigue

Both PA in the morning and PA in the afternoon were moder-
ately and positively correlated with fatigue in the evening (Table 3),
meaning that the higher the physical activity in the morning and
Table 2
Day part activity (in counts per minute) in both cancer survivors and controls.

Day part activity (mean ± sd) Morning Afternoon Evening

Cancer survivors (n ¼ 18) 1364 ± 480 1034 ± 415 835 ± 353
Controls (n ¼ 18) 1285 ± 517 1291 ± 402 1065 ± 453
afternoon, the higher the level of fatigue in the evening. Further-
more, moderate negative correlations were found between levels of
fatigue in the afternoon and evening and the magnitude of the
decrease in PA from afternoon to evening. That is, the more the
survivors felt fatigued, the higher the decrease in activity
throughout the day.

No significant correlations were found between subscales of the
MFI and ambulant measured PA behaviour, either accelerometry
nor daily reported VAS activity.

Discussion

This study has explored the potential value of PA behaviour in
CRF treatment, through investigation of daily activity behaviour
and its relation to fatigue in cancer survivors by using ambulatory
monitoring techniques. Furthermore, we investigated whether
cancer survivors are aware of their own daily activity behaviour.

Our results show that, on average, daily activity levels of cancer
survivors from this sample are comparable to those of age- and
gender-matched controls. This finding is in line with the study of
Servaes et al. (2002) who also found no difference in daily activity
levels between post-treatment breast cancer survivors and healthy
controls. However, distribution of physical activity throughout the
day turned out to be less balanced in cancer survivors as compared
to the healthy controls; with the cancer survivors displaying a
significant decrease in physical activity from morning to evening.
This is the first known study to show imbalances during the day in
PA behaviour in cancer survivors. Imbalances in PA behaviour have
also been reported for other chronic patient groups, such as COPD,
chronic low back pain and chronic fatigued patients (Tabak et al.,
2012; van Weering et al., 2009). In those studies, the existence of
symptoms, e.g. fatigue, pain or dyspnea, was suggested as a
possible cause of altered PA behaviour. That assumption is sup-
ported by the results of the present study: cancer survivors re-
ported a significant increase in levels of fatigue from morning to
evening. Furthermore, the more the survivors felt fatigued, the
greater the decline in activity behaviour from afternoon to the
evening displayed by the cancer survivors.

Both the level and pattern of fatigue observed in our sample of
cancer survivors are consistent with a previous study in which fa-
tigue was assessed multiple times daily in breast cancer survivors
(Curran et al., 2004), showing high levels of experienced fatigue
from late morning to evening. Although increasing fatigue levels
from late morning to evening are considered normal, and are also
observed in healthy persons (Curran et al., 2004), cancer survivors
seem more ‘fatiguable’ with overall higher levels of fatigue, except
when getting up in the morning directly after a night's sleep
(Curran et al., 2004).

In our study, the relation between PA behaviour and fatigue
patterns suggests that cancer survivors might be performing too
much activity in the morning, resulting in increased fatigue levels,
which in turn results in a relapse in activity from the afternoon
going into the evening. One possible explanation for this specific
pattern of PA is that cancer survivors are not aware of their PA
behaviour and the effect that certain activities have on their energy
and fatigue levels. This phenomenon has been previously observed
in other populations suffering from chronic disease (Evering et al.,
2011a,b; Tabak et al., 2012; van Weering et al., 2011). For example,
as described in the paragraph above, cancer survivors might feel
‘good’, i.e. not fatigued directly after waking up, and start with their
‘normal’ routine of daily activities. In healthy persons, this would
not result in any significant increase in fatigue, whereas due to the
high ‘fatiguability’ of cancer survivors (Curran et al., 2004), energy
levels are quickly depleted in cancer survivors, resulting in
increased levels of fatigue. This supports the assumption that
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balancing activity patterns, i.e. activity management, might reduce
the experience of fatigue. Therefore, the role of PA as part of CRF
treatment should not be limited to increasing the daily PA level, for
example by exercise programs, but should also incorporate advice
and tools for balancing activities over a day. In our study, we did not
monitor fatigue levels directly following a night's sleep, and
therefore cannot draw conclusions about whether or not this hy-
pothesis holds for our sample of cancer survivors. Therefore, future
research should further explore the interplay and cause-and-effect
between changes in PA patterns and experienced fatigue.

The relationship between PA behaviour and fatigue in the pre-
sent study is in contrast with previous studies that reported no
causal relationship between ambulant measured PA level and fa-
tigue (Gielissen et al., 2012; Goedendorp et al., 2010). As discussed
in the Introduction, these contradicting findings might result from
the use of different outcome measures to represent PA and fatigue
between the present and previous studies. In the present study,
ambulant monitoring techniques were used to assess both PA and
fatigue, while previous studies correlated retrospective measures
for fatigue with ambulant measured PA. Information gathered by
means of ambulatory monitoring is likely to be different and result
in other conclusions than when the outcomes are assessed by
means of retrospective questionnaires, since ambulatory assess-
ment is less subject to recall bias, but more importantly, provides
more and more detailed outcome parameters, which allows for
indepth analysis of actual PA patterns in relation to fatigue. Servaes
Fig. 2. Daily fatigue pattern measured with the VAS fatigue in cancer survivors
(n ¼ 18).
et al. (2002) have already demonstrated that both retrospective
measured PA and fatigue were correlated, as were ambulant
measured PA and fatigue, while retrospective measures correlated
poorly with ambulant outcome measures. This was supported by
the findings of our study, as no significant correlations were found
between retrospective measured fatigue (i.e. MFI) and ambulant
measured fatigue, or between retrospective fatigue and ambulant
measured PA behaviour. This emphasizes the importance of
choosing suitable assessment methods when examining the rela-
tion between PA and fatigue.

As indicated by behaviour change theories (e.g. Cognitive
Behavioural Theory), awareness of a subject's own PA behaviour is
very important, otherwise PA behaviour change programs are un-
likely to be successful (Pinto and Ciccolo, 2011). In the present
study, awareness was operationalized by the relationship between
the daily PA level measured using an accelerometer, and the PA
level rated by the cancer survivor at the end of each measurement
day on an 11-point scale. By using this approach, the recalled period
of PA behaviourmatches the period of objectively assessed PA. Also,
both the score on self-rated PA and the resulting correlation will be
less biased by recall problems than when measured using a ques-
tionnaire. Therefore, this approach is considered more advanta-
geous than comparing objective PA with retrospective
questionnaires, and a better indicator for the mismatch between
perception of and the actual PA behaviour. The results demonstrate
low awareness in cancer survivors, suggesting that the survivors'
perception of the PA performed on a particular day deviates from
the actual level of PA. Therefore, for activity management to be
successful, treatment should also focus on increasing awareness of
actual activity behaviour.
Table 3
Correlations between ambulatory PA behaviour (accelerometry) and fatigue (VAS
fatigue) in cancer survivors (n ¼ 18).

VAS fatigue

Morning Afternoon Evening

Day part activity
Morning �.007 .076 .326y

Afternoon �.146 .149 .454**

Evening �.292 �.092 .133
PA pattern
AfternooneMorning �.232 �.107 �.074
EveningeAfternoon �.097 �.428* �.430*

EveningeMorning �.213 �.226 �.336y

*p value < .05; **p value < .01; yp value < .10.
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This study provides evidence of the value of ambulatory moni-
toring in the management of both PA and fatigue. As reported
previously by Hermens et al., the use of ambulatory monitoring and
feedback applications is a promising approach to monitoring,
increasing awareness of, and thereby positively influencing daily
activity behaviour (Hermens and Vollenbroek-Hutten, 2008). By
using these applications, activity behaviour is measured using
ambulatory monitoring techniques, e.g. an accelerometer. By
receiving personalized feedback messages on a smartphone, pa-
tients can be informed about their activity behaviour, and are
provided with advice about how to optimize activity behaviour.
Previous research demonstrated that giving real-time feedback on
actual activity behaviour can positively influence the activity
behaviour in patients suffering from chronic fatigue and chronic
pain (Evering, 2013; van Weering, 2011). The use of ambulatory
monitoring and feedback applications might also be a promising
approach to providing activity management efficiently in the
treatment of CRF.

Our study provides new insights into daily activity behaviour
and its relation with self-reported fatigue in cancer survivors.
However, potential limitations should be considered to help inter-
pret the results. First, selection bias might be present due to the
sampling method chosen for this study. We included cancer sur-
vivors who voluntarily applied for a cancer rehabilitation program
to improve their physical and mental recovery following cancer
treatment. It is likely that people who start a rehabilitation pro-
gram, will experience a higher burden of symptoms and functional
limitations in daily life compared to survivors who do not apply for
supervised rehabilitation. It remains unknown how representative
the findings of this study are regarding daily activity and fatigue for
cancer survivors in general. Therefore, caution should be taken in
generalizing the findings. Second, the small sample resulted in low
statistical power, which might result in spurious effects or corre-
lations. However, by using the mean value of a minimum of three
days in the analysis, the probability of the disproportionate influ-
ence of a single extreme measurement on the end result was
reduced. Future research should further test the observed rela-
tionship between PA behaviour and patterns of fatigue in a larger,
adequately powered study. Last, although the present study sug-
gests that daily physical activity patterns are associated with self-
reported levels of fatigue in cancer survivors, no causal relation-
ship between physical activity and fatigue could be established due
to the cross-sectional nature of the study design. One further step
would be to investigate whether activity coaching in daily life de-
creases self-reported fatigue in cancer survivors.

Conclusion

This is one of the first studies reporting on daily PA patterns in
cancer survivors. Cancer survivors demonstrated imbalanced PA
patterns as compared to those shown by the controls, while the
overall level of PA was comparable between groups. Also, in cancer
survivors PA behaviour was associated with the experience of fa-
tigue during the day; the more the survivors felt fatigued, the
greater the decline in activity behaviour from afternoon to the
evening. This implies that providing survivorswith advice and tools
for balancing activities efficiently over a day might be of impor-
tance in the treatment of CRF. Furthermore, the observed low
awareness in cancer survivors regarding the daily PA performed
suggests that during treatment attention should be paid to making
patients aware of their activity behaviour. The use of ambulatory
monitoring techniques is a promising method to employ activity
management more efficiently in cancer survivors. These methods
enable daily monitoring of PA and fatigue, and can provide survi-
vors with real-time feedback on their behaviour, improving both
awareness and the ability to change PA behaviour. Future research
should determine if balancing activity through the use of ambula-
tory techniques indeed reduces the experience of fatigue in cancer
survivors.
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