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Cancer patients participating in a lifestyle @
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Abstract

Background: The short form of the International Physical Activity Questionnaire (IPAQ-sf) is a validated questionnaire
used to assess physical activity (PA) in healthy adults and commonly used in both apparently healthy adults and cancer
patients. However, the IPAQ-sf has not been previously validated in cancer patients undergoing oncologic treatment.
The objective of the present study was to compare IPAQ-sf with objective measures of physical activity (PA) in cancer
patients undergoing chemotherapy.

Methods: The present study was part of a 12-month prospective individualized lifestyle intervention focusing on diet,
PA, stress management and smoking cessation in 100 cancer patients undergoing chemotherapy. During the first two
months of the lifestyle intervention, participants were wearing an activity monitor (SenseWear™ Armband (SWA)) for
five consecutive days while receiving chemotherapy before completing the IPAQ-sf. From SWA, Moderate-to-Vigorous
intensity PA (MVPA) in bouts >10 min was compared with self-reported MVPA from the IPAQ-sf. Analyses both
included and excluded walking in MVPA from the IPAQ-sf. Results were extrapolated to a wearing time of seven days.

Results: Sixty-six patients completed IPAQ-sf and wore the SWA over five days. Mean difference and limit of
agreement between the IPAQ-sf and SWA including walking was 662 (+1719) minwk™'. When analyzing time spent
in the different intensity levels separately, IPAQ-sf reported significantly higher levels of moderate (602 minwk™,
p=0001) and vigorous (60 minwk™', p =0.001) PA compared to SWA.

Conclusions: Cancer patients participating in a lifestyle intervention during chemotherapy reported 366 % higher
MVPA level from the past seven days using IPAQ-sf compared to objective measures. The IPAQ-sf appears insufficient
when assessing PA level in cancer patients undergoing oncologic treatment. Activity monitors or other objective tools
should alternatively be considered, when assessing PA in this population.
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Background

The number of new cancer cases is continuously rising
and is estimated to grow from 12.7 million new cases in
2008 to more than 22 million new cases worldwide in
2030 [1, 2]. Parallel to this increase, the possibilities for
surviving cancer has never been better with 32.6 million
cancer survivors worldwide in 2012 [3]. Many cancer
survivors are expected to return to normal and productive
lives following their diagnosis. However, cancer and its
treatments are often associated with long-term impair-
ment of physical, mental and psychosocial health and sur-
vivors are at risk of developing co-morbidities [4, 5].

Physical activity (PA) is recommended as a strategy both
during and after chemotherapy to manage treatment-
related symptoms, prevent early and late co-morbidities,
improve quality of life, increase the rate of chemotherapy
completion and possibly extend overall and disease-
specific survival in cancer patients [6—8]. Consequently,
the American Cancer Society has provided a set of general
PA recommendations for cancer patients and survivors.
Accordingly, cancer patients should avoid inactivity, try to
return to normal daily activities as soon as possible follow-
ing diagnosis, and follow the general PA guidelines for aer-
obic and strength exercise. This recommendation is >150
min of moderate PA per week combined with strength
training two days per week. Further, the importance of in-
dividualizing these PA recommendations to the patient’s
condition and preferences is pointed out, and it is empha-
sized that cancer patients may need to exercise at a lower
intensity and/or for a shorter duration during their treat-
ment [6]. These global PA recommendations are largely
based on self-reports of cancer patients’ PA levels [6].

The International Physical Activity Questionnaire
(IPAQ) is a validated questionnaire developed to moni-
tor self-reported PA levels in healthy adults [9], and the
most commonly used self-report tool of PA worldwide
[10, 11]. However, limitations of the IPAQ include its
length, low compliance and difficulties in completing the
questionnaire [12]. These difficulties may be of even
greater magnitude for cancer patients experiencing dis-
ease and treatment-related side-effects like fatigue, loss
of interest, and cognitive difficulties [13, 14] when
undergoing chemotherapy. A short form of the IPAQ
(IPAQ-sf) is therefore preferred and previously used in
cancer patients [15], but has not been validated in can-
cer patients. Cancer is primarily a disease of the elderly
[16], which can make the use of the IPAQ-sf challenging
since the questionnaire is developed for adults aged
18-65 years [9]. Secondly, the IPAQ-sf defines moderate
PA as activities that make you breathe somewhat harder
than normal [17]. In this regard it is of major importance
to be aware of the fact that cancer patients undergoing
chemotherapy usually are fatigued, which may impair the
patients’ perceived level and intensity of PA. A validation
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study of IPAQ-sf across 12 countries revealed large varia-
tions with respect to correlation between IPAQ and ob-
jective measures of PA by activity monitors [9]. Thus, it is
likely that the accuracy of the IPAQ varies when different
populations are assessed, dependent on the populations’
demographics, cultural backgrounds, physical fitness, level
of physical functioning and disease status [12, 18]. The ob-
jective of the present study was therefore to compare time
in Moderate-to-Vigorous intensity PA (MVPA) recorded
with the short form of the IPAQ with activity directly
quantified using SenseWear™ Armband (SWA) in cancer
patients receiving chemotherapy with curative or palliative
intent.

Methods

The present validation study is part of the I CAN-study
[19]; a 12-month prospective feasibility intervention with
the aim to increase population based adherence to
healthy lifestyle behaviors including diet, PA, mental
stress management and smoking cessation. The inter-
vention was delivered to 100 cancer patients undergoing
chemotherapy with curative or palliative intent through:
1) a grouped start-up course with patients and nearest
relatives, 2) an information binder with recommenda-
tions, recipes and tips on how to manage possible
disease and treatment-related symptoms themselves, and
3) monthly counseling with a lifestyle supervisor with
recommendations individualized to the patients’ abilities,
barriers and preferences. The study is described in detail
elsewhere [19].

Participants

All cancer patients receiving chemotherapy for all cancer
types, with either curative or palliative intent, at one on-
cology center in Kristiansand, Norway were considered
for study participation against the following inclusion
criteria: 1) age > 18 years; 2) life expectancy > 6 months;
3) Eastern Cooperative Oncology Group performance sta-
tus (ECOQ) < 2; and 4) able to speak and read Norwegian.
The only exclusion criterion was suspected anorexia
cachexia syndrome. The study was conducted according
to the guidelines of the Helsinki Declaration. The Regional
Committee for Medical and Health Research Ethics,
South-East approved the study (refno. 2012/1717/REK).
Weritten informed consent was obtained from all patients
before inclusion.

Procedures

Medical and demographic characteristics were collected
via self-report and medical records. These included date
of birth, height (collected by the physicians before start-
up of chemotherapy), tumor type (later categorized into
1 = breast cancer; 2 = colorectal cancer; 3 = prostate can-
cer; 4 =other cancer types), tumor stage (I-IV), ECOG
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(0-2), treatment intention (curative or palliative), marital
status, cigarette smoking status and education level.
Weight was measured to the nearest 0.5 kg (Mechanical
scale, Seca 761, Birmingham, United Kingdom) and body
mass index (BMI) was calculated by dividing weight (kg)
by height (m) squared. Self-reported PA was assessed
using the IPAQ-sf. Objective quantification of PA was
acquired via the SWA, either in conjunction with the
participants’ first or the second appointed visit in the I
CAN-study. The participants had undergone chemo-
therapy from five to twelve weeks at this time point.
Participants were instructed to wear the SWA for five
consecutive days; both including work week and week-
end days. Since the present study was part of a compre-
hensive lifestyle study, participants’ diet, mental stress,
cigarette smoking and quality of life were assessed in
addition to their PA level; a total of 59 questions.

Short form of the International Physical Activity
Questionnaire (IPAQ-sf)

The IPAQ-sf questionnaire assesses PA in bouts of > 10
min as part of leisure time, domestic and gardening ac-
tivities, and work and transportation activities the past
seven days. PA is classified as either Vigorous PA (VPA),
Moderate PA (MPA) or as walking [17]. All walking was
included to MPA, as proposed by Craig et al. [9].
Additionally, MPA minus time spent on walking is pre-
sented. Total PA was defined as the sum of time in
MVPA.

SenseWear Armband
SenseWear™ Armband Prosz and Mini (BodyMedia Inc.
Pittsburgh, PA) has been shown valid compared to indir-
ect calorimetry in cancer patients (underestimation of
daily energy expenditure by 9%, r=0.68; p <0.01) [20]
and doubly labeled water in healthy adults (underestima-
tion of daily energy expenditure by 5%, r=0.81; p < 0.01)
[21]. The sensor array includes an accelerometer, heat
flux-sensor, galvanic skin response sensor, skin tem-
perature sensor and a near-body ambient temperature
sensor [21]. The SWA was worn on the triceps muscle
halfway between the acromion and olecranon processes of
the upper arm, as recommended by the manufacturer.
Participants were instructed to remove the SWA during
water-based activities, such as swimming or bathing, as
the monitor is not waterproof. Data were downloaded
with software developed by the manufacturer (SenseWear
Professional Research Software V.6.1 for Pros and V7.0 for
Mini, algorithm V.2.2.4) after entering necessary demo-
graphic characteristics (sex, age, height, weight, smoking
status).

The SWA was programmed to record PA in 1-min
epochs. The cut-points defined MPA as 3—-6 METs and
VPA >6 METs in bouts >10 min. Total PA was defined
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as the sum of MVPA in bouts of 210 min. Min'wk ™" from
the SWA for each participant was calculated by multipli-
cation of mean MVPA minday " by seven. Complete mea-
surements required SWA wearing-time >19.2 h'day™* on
at least one day.

Data analysis

Descriptive characteristics are presented as mean and
standard deviation (SD). The PA data are presented as
minwk ™' in the present study. The mean difference
(IPAQ-sf minus SWA) + 1.96 SD was calculated accord-
ing to Bland and Altman [22]. To test if the IPAQ-sf
overestimated PA compared to SWA, we applied a
Wilcoxon signed-rank test for the absolute values for
each activity monitor. Differences are presented as
means with 95 % Confidence Intervals (CI). Additionally,
the percentage discrepancy between IPAQ-sf and the
SWA was calculated for each individual within different
intensity categories. A linear regression with MVPA
from SWA as the independent variable and the differ-
ence between IPAQ-sf and SWA for MVPA as the
dependent variable was applied to test for systematic
over-reporting. Level of significance was set to 0.05.
Statistical analysis was performed with SPSS statistical
software version 22 (SPSS Inc., Chicago, IL, USA). A
post hoc power analysis using G*Power [23] yielded a
power of 0.99 to detect differences between means,
based on an effect size of 0.5.

Results

From the 100 I CAN participants, 16 participants
dropped out before enrolment in the present validation
study. The remaining 84 participants received a SWA
and completed the IPAQ-sf. Of these, 18 were elimi-
nated due to 1) SWA malfunction (z=14) or 2) not
sufficient wearing-time of the SWA (n=4). In total 66
participants had valid registrations on the SWA and
were included to the present validation study. There
were no significant differences in self-reported MVPA
between participants vs. non-participants at baseline
(p =0.414). Participants wore the SWA for an average of
3.6 days and 23.7 h'day™" of all valid days. Demographic,
medical and physical characteristics of the participants
(n =66) and non-participants (1 = 34) are presented in
Table 1.

Time in MPA, VPA and MVPA, including and excluding
walking

The mean differences and limits of agreements between
the IPAQ-sf and SWA from the Bland-Altman plots for
time in MVPA were 662 (1719) min'wk ! and 203 (1070)
min'wk ™ with walking included and excluded in the
analyses, respectively (Fig. 1a and b). Figure 1c and d de-
picts the mean differences and limits of agreements
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Table 1 Characteristics of participants (n = 66) and non-participants (n = 34). Presented as frequencies and percentages in parenthesis

unless otherwise stated*®

Participants Non-participants P-value
n=66 (%) n=34 %)
Age, mean (SD)* 59 (11) 62 (12) 254
Height, mean (SD)* 169 (9) 172 (8) a1
Weight, mean (SD)* 72 (14) 78 (16) 085
BMI, mean (SD)* 252 (43) 26.1 (44) 335
Waist circumference, mean (SD)* 91 (12) 96 (13) 097
Sex
- Men 18 (28) 12 (35) 407
- Women 48 (72) 22 (65)
Marital status
- Married/living together 57 (86) 23 (68) 027
- Single/divorced/widowed 9 (14) Ikl (32)
Education level®
- High school or less 34 (52) 13 41) 279
- College/university 31 (48) 19 (59)
Cigarette smoking
- Smoker 8 (12) 5 (15) 716
- Non-smoker 58 (88) 29 (85)
ECOG
-0 49 (74) 29 (85) 312
-1 16 (24) 4 (12)
-2 1 2 1 3
Treatment intention
- Curative 44 (67) 17 (50) 106
- Palliative 22 (33) 17 (50)
Tumor stage
-1 12 (18) 4 (12) 564
-l 14 (21) 7 (20)
Bl 16 (24) 6 (18)
-V 24 (37) 17 (50)
Diagnosis
- Breast cancer 35 (53) 11 (32) 036
- Colorectal cancer 22 (33) 10 (30)
- Prostate cancer 2 (3) 2 6)
- Other 7 an 1" (32
Self-reported moderate-to-Vigorous PA, mean (SD)* (minwk™") 833 (989) 675 (694) 414

#Missing value
*standard deviation

between the IPAQ-sf and the SWA from the Bland-
Altman plots for time in MPA with walking included
and excluded from the analyses; 602 (1694) min'wk ™
and 143 (1009) minwk™, respectively. Furthermore,
Fig. 1 shows that several of the participants also under-
reported their PA compared to the SWA (plots under

the solid line). From the IPAQ-sf, 23 participants re-
ported VPA during the last week. The SWA only identi-
fied three participants conducting VPA during the same
seven-day period, and VPA is thus not depicted in a
Bland-Altman plot. Linear regression revealed no signifi-
cant systematic over-reporting; indicating those who had
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the highest levels of PA did not significantly over-report
their PA levels the most. When comparing the min'wk
differences between IPAQ-sf and the MVPA recorded with
SWA, analyses revealed a 366 % higher MVPA level re-
ported on the IPAQ-sf compared to SWA (p=0.001)
(Table 2). After excluding walking from the analysis, the
IPAQ-sf still reported statistically significant higher levels
of MVPA; 112 % higher compared to the SWA (p = 0.007).
When time in the different intensity categories were
analyzed separately, IPAQ-sf reported significantly more
time spent in MPA (602 minwk™, p=0.001) and VPA
(60 minwk™!, p=0.001) compared to SWA; 342 % and
1200 % more, respectively. Stratified analyses on mean dif-
ferences between patients undergoing curative vs. palliative

chemotherapy revealed no significant difference between
the groups in over-report of MVPA (733 (443, 1023) vs.
521 (211, 832) min'wk ™, respectively, p = 0.395).

Accommodation of PA guidelines

Participants were categorized into fulfilling the American
Cancer Society PA guidelines of =150 minwk™ or not
when comparing MVPA obtained from the IPAQ-sf vs. the
SWA. Analyses revealed significant differences between
the IPAQ-sf and the SWA when walking was included to
the MVPA; IPAQ-sf identified 58 of the participants as
meeting the PA guidelines vs. 32 by SWA (p = 0.001). After
excluding walking from the analyses, 35 of the participants
self-reported accommodating the PA guidelines (p = 0.532).
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Table 2 Mean difference and 95 % Confidence Intervals (95 % Cl)
for PA obtained by the IPAQ-sf and SenseWear Armband
data (n=66)

IPAQ-sf — SWA P-value
Mean difference (95 % Cl)
(minwk™")
Moderate PA
- Walking included 602 (390, 815) 001
- Walking excluded 143 (16, 269) 107
- Walking vs. Moderate 283 (145, 421) 001
(IPAQ-sf vs. SWA)
Vigorous PA® 60 (28, 94) 001
Moderate-to-Vigorous PA
- Walking included 662 (447, 878) 001
- Walking excluded 203 (69, 337) 007

“Missing values

Discussion
In the present study, cancer patients participating in a
comprehensive lifestyle intervention while undergoing
chemotherapy over-reported time in MVPA compared
to SWA, when completing the IPAQ-sf. Specifically,
these cancer patients over-reported their moderate-to-
vigorous PA by nearly 100 min'day *. No differences in
over-reporting were observed between patients undergo-
ing chemotherapy with curative or palliative intent.
Almost 90 % of the participants in the present study
perceived themselves as meeting the PA guidelines of
150 min'wk ™ of MPA while less than 50 % actually met
the PA guidelines according to the objective measures.
Our findings are supported by previous studies, where
more than half of healthy adults included perceived
themselves as accommodating the PA guidelines [24, 25].
Objective measures in the same population revealed that
only 15 % were reaching the guidelines [26]. The higher
percentage of participants self-reporting accommodating
the PA recommendations observed in the present study
compared to previous studies [26] may be a result from
drawing our participants from a lifestyle intervention fo-
cusing on the participants’ diet, mental stress and smoking
cessation in addition to their PA. In addition to measuring
the participants’ lifestyle behaviors, participants also re-
ceived recommendations on how to maintain or adhere to
a healthy lifestyle during their cancer treatment. It is a
well-known phenomenon that individuals participating in
a study often improve aspects of their behavior as a re-
sponse to being studied or they believe they have im-
proved more than what they actually have (the Hawthorne
effect) [27-29]. In the present study, the IPAQ-sf identi-
fied significantly more participants as accommodating the
PA guidelines of 150 min'wk ™" of MVPA vs. the SWA. Six
of the participants reported from 420 to 840 minwk ' of
MVPA, while less than 60 min'wk 'was registered on their
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SWA. These findings are not only statistical significant,
but also of great clinical importance. Health care profes-
sionals should take these findings into consideration when
delivering PA recommendations in this population and if
using IPAQ-sf as an assessment tool in the clinic. In terms
of this knowledge, individualized PA recommendations
can be delivered with barriers such as fatigue, feeling sick,
loss of interest and nausea, in mind [13, 30], so that cancer
patients undergoing oncologic treatment can harvest the
known health benefits from adhering to the developed PA
guidelines [6].

Participants in the present validation study self-reported
being in MVPA 662 min'wk " more than what was object-
ively registered by the SWA; an over-reporting that is sup-
ported in the literature [9, 31-33]. Of the 844 minwk ™!
MVPA reported on the IPAQ-sf in the present study,
participants reported 459 min'wk " as walking activities.
As reported previously, IPAQ-sf may over-report MPA be-
cause it includes walking at any intensity [33]. In the
present study, IPAQ-sf over-reported time spent on
walking by 283 minwk ™" or 1.6 times compared to MPA
obtained by the SWA. When including MPA from the
IPAQ-sf in the analysis, IPAQ-sf over-reported walking by
602 min'wk " or 3.4 times compared to MPA data on the
SWA. To include time spent on walking in the MVPA but
not differentiate the intensity of the walking may be a po-
tential source of over-reporting in cancer patients under-
going chemotherapy, and time spent on walking was thus
both included and excluded to MVPA in the present
study. A significant amount of the walking performed by
these patients may be objectively registered as light inten-
sity [34], while being experienced and self-reported as
moderate [35]. The IPAQ-sf defines MPA as activities that
make you breathe somewhat harder than normal [17].
Importantly, cancer patients dealing with disease- and
treatment-related side-effects such as reduced physical
capacity, fatigue, pain, depression and anxiety [36-39]
may feel short of breath at a much lighter intensity than
they have previously or compared to the population which
the questionnaire is developed for. Consequently, the ex-
perienced side-effects are a great source of over-reporting
since the patients might experience and report the PA as
moderate, while the SWA assesses the PA as light inten-
sity. This is important to have in mind when using self-
reports in cancer patients; many PA self-reports, like the
IPAQ-sf, are developed for use in a healthy population.
Gil-Rey et al. [39] thus suggest cancer-specific PA guide-
lines to maximize the health benefits in this population.

The participants did not systematically over-report
their PA levels when completing the IPAQ-sf; in other
words, higher physical activity levels from the SWA was
not associated with more over-reporting of MVPA re-
ported from the IPAQ-sf. Our findings are in contrast to
the findings of Johnson-Kozlow et al. [31], who revealed
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larger over-reporting in the breast cancer survivors who
reported the highest PA levels on the long form of the
IPAQ. Reasons for our conflicting findings may be the use
of different accelerometer in the two studies and the use
of the long versus the short form of the IPAQ in the
study of Johnson-Kozlow and colleagues [31] and the
present study, respectively. The long form of the IPAQ
gives a total of 35 examples of PA across different activity
domains, i.e. recreational sports, leisure time and house-
work PA. This provides many opportunities for “forward
telescoping”; a recall bias occurring if the activities were
recalled as taking place during the same seven-day period
which is monitored, but actually took place previously
[40]. Secondly, while the participants were undergoing
chemotherapy in the present study and may not have been
able to perform much vigorous PA, the participants in the
study of Johnson-Kozlow et al. [31] were cancer survivors
two years post diagnosis. Recall of vigorous PA is more
likely to be subject to “forward telescoping” on PA self-
reports, since these activities are often easier to remember
due to strong, distinct physiological signals [40].
Importantly, IPAQ has been criticized for being com-
plicated to complete [41] due to difficulties in remem-
bering which activities they performed the past seven
days, to distinguish the intensity of the different
activities and last but not least trying to identify whether
or not the activities lasted > 10 min [42]. These aspects
may be even harder to recognize for cancer patients ex-
periencing disease- and treatment-related side effects
such as pain, mental stress, cognitive difficulties and
fatigue [13, 14, 37]. When comparing the IPAQ-sf to the
SWA, activities lasting > 10 min from the SWA was ap-
plied in the analyses, which may lead to great over-
reporting if the activity lasted < 10 min. Thus, post hoc
PA comparisons assessed by the IPAQ-sf and minute-
by-minute SWA data were conducted in the present
study (data not shown). Analyses revealed that IPAQ-sf
still significantly over-reported VPA but IPAQ-sf now
significantly under-reported MPA by 44 % compared to
the SWA. The difficulties in completing the IPAQ-sf are
reasonably clear. Importantly, there are currently no
gold-standard for quantifying PA [43]; however, acceler-
ometers are a precise and valid tool and thus commonly
used in validating self-reports of PA [32]. Consequently,
it is of concern that both the evidence regarding PA in
cancer patients and the PA recommendations in this
population is developed on the basis of self-reported PA
data, which in turn has impact on the validity of those
recommendations [6]. Another question that arises in
this context is why self-reports only addresses PA in
bouts >10 min, when there is rapidly growing evidence
on health benefits in shorter bouts of PA [44, 45]. This is;
however, an unexplored field in cancer patients, which
needs further investigation, especially since activities of
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longer duration may be hard to complete for cancer pa-
tients with impaired physical capacity due to the oncologic
treatment.

There are strengths and limitations of the present
study. To our knowledge, this is the first time the IPAQ-
sf has been compared to an objective PA monitor in
cancer patients undergoing chemotherapy with either
curative or palliative intent. One key aspect when
designing the present study was to make the objective
registrations feasible to the patients. Many different
guidelines regarding days wearing the activity monitors
are previously provided, with a minimum wearing time
of four days recommended [46, 47]. One weakness of
the present study is that only 66 % of the eligible pa-
tients were included, despite wearing the SWA for only
five days, due to voluntary dropout, SWA malfunction
or insufficient wearing time, leading to a higher inclu-
sion of breast cancer patients who were either married
or living together with someone compared to the total
sample. These observations may indicate that a shorter
wearing time is preferred in this population with regard
to feasibility. Secondly, the participants were instructed
to remove the SWA during water-based activities and
activities such as swimming were thus not recorded.
However, cancer patients at our clinic were advised to
refrain from activities such as swimming in public pools
due to reduced immune function and increased infection
risk during chemotherapy. Further, the present study, as
previous lifestyle interventions, is limited by including
the healthier and fitter participants compared to the
population from which they are drawn [19, 30]. Un-
fortunately, no Bland-Altman plot was calculated for
VPA since only three of the participants had bouts
of 210 min of VPA recorded on the SWA. Further, the
present study is limited by the amount of questions asked.
The present validation study was part of a comprehensive
lifestyle intervention, which focused on the participants'
diet, mental stress, smoking cessation and quality of life in
addition to their PA level. The large amount of questions
asked, perhaps in combination with side effects from the
disease and its treatment, may have affected the accuracy
of the participants’ answers.

Conclusion

Based on our findings, cancer patients participating in a
lifestyle intervention while undergoing chemotherapy
grossly over-report their PA level from the past seven
days when using the IPAQ-sf. Thus, the IPAQ-sf seems
to be insufficient when assessing PA level in cancer pa-
tients undergoing oncologic treatment. Activity monitors
or other objective tools should be considered in this
population as an attempt to bridge the gap between how
physical active the cancer patients perceive themselves
and how physical active they actually are, in order to
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provide each patient with correct and individualized PA
recommendations.

Ethics approval and consent to participate

The Regional Committee for Medical and Health Research
Ethics, South-East approved the study (ref.no. 2012/
1717/REK). Woritten informed consent was obtained
from all patients before inclusion.

Consent for publication
Not applicable.

Availability of data and materials
All relevant data is contained within the manuscript and
the Additional file 1.

Additional file

[ Additional file 1: Availability of data and materials. (XLSX 47 kb) ]

Abbreviations

ECOG: Eastern Cooperative Oncology Group performance status;

IPAQ-sf: international physical activity questionnaire, short form; METs: metabolic
equivalent tasks; Min: minutes; Minwk™": minute per week; MPA: moderate
physical activity; MVPA: moderate-to-vigorous physical activity; PA: physical
activity; SWA: SenseWear Armband; VPA: vigorous physical activity.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

KVB drafted the manuscript, contributed in the statistical analysis and carried
out the data collection. CK, LF and SB supervised the first author throughout
the study and helped draft the manuscript. SB helped coordinate the data
collection and performed the statistical analysis. All authors have contributed
in the study design and in poof-reading and revising the final manuscript.
All authors read and approved the final manuscript.

Acknowledgements

We would first like to acknowledge and thank the Oddrun Mjaland
Foundation for Cancer Research, who funded this study. The authors humbly
thank the participants of the present study for providing their valuable time
and effort. We also thank the outpatient clinic at the Oncologic Department
at the Southern Hospital Trust for their collaboration. Special thanks to the
oncologic nurses Brit Hausken Haddeland and Marit Kristin Bjelland Lund
who greatly contributed in the study by collecting data and supervising the |
CAN participants.

Funding
The present study was funded by the Oddrun Mjéland Foundation for
Cancer Research.

Author details

'Oncologic Department, Southern Hospital Trust, Postbox 416, 4604
Kristiansand, Norway. 2Departmem of Health and Sport Science, University of
Agder, Postbox 422, 4604 Kristiansand, Norway. *Department of Health and
Nursing Science, University of Agder, Postbox 4224604 Kristiansand, Norway.
“Surgical Department, Southern Hospital Trust, Postbox 4164604 Kristiansand,
Norway.

Received: 1 December 2015 Accepted: 6 April 2016
Published online: 19 April 2016

Page 8 of 9

References

1.

20.

21.

22.

23.

Torre L, Bray F, Siegel R, Ferlay J, Lortet-Tieulent J, Jemal A. Global cancer
statistics, 2012. CA Cancer J Clin. 2015;65(2):87-108.

Vineis P, Wild C. Global cancer patterns: causes and prevention. Lancet.
2014;383(9916):549-57.

Ferlay J, Soerjomataram |, Ervik M, Dikshit R, Eser S, Mathers C, et al.
GLOBOCAN 2012 v1.0, Cancer Incidence and Mortality Worldwide: IARC
CancerBase No. 11 International Agency for Research on Cancer, Lyon,
France. 2013. http://globocan.iarcfr. Accessed 17 Mar 2015.

Courneya KS. Exercise in cancer survivors: an overview of research. Med Sci
Sports Exerc. 2003;35(11):1846-52.

Aziz N. Cancer survivorship research: state of knowledge, challenges and
opportunities. Acta Oncologica. 2007;46(4):417-32.

Rock C, Doyle C, Demark-Wahnefried W, Meyerhardt J, Courneya K, Schwartz A,
et al. Nutrition and physical activity guidelines for cancer survivors.

CA Cancer J Clin. 2012;62(4):243-74.

Schmitz K, Courneya K, Matthews C, Demark-Wahnefried W, Galvao D, Pinto B,
et al. American college of sports medicine roundtable on exercise for cancer
survivors. Med Sci Sports Exerc. 2010;42(7):1409-26.

van Waart H, Stuiver M, van Harten W, Geleijn E, Kieffer J, Buffart L, et al.
Effect of Low-Intensity Physical Activity and Moderate- to High-Intensity
Physical Exercise During Adjuvant Chemotherapy on Physical Fitness,
Fatigue, and Chemotherapy Completion Rates: Results of the PACES
Randomized Clinical Trial. J Clin Oncol. 2015;33(17):1918-27.

Craig C, Marshall A, Sjéstrom M, Bauman A, Booth M, Ainsworth B, et al.
International physical activity questionnaire: 12-country reliability and
validity. Med Sci Sports Exerc. 2003;35(8):1381-95.

Bauman A, Ainsworth B, Bull F, Craig C, Hagstromer M, Sallis J, et al.
Progress and pitfalls in the use of the International Physical Activity
Questionnaire (IPAQ) for adult physical activity surveillance. J Phys Act
Health. 2009;6:5-8.

van Poppel M, Chinapaw M, Mokkink L, van Mechelen W, Terwee C. Physical
activity questionnaires for adults: a systematic review of measurement
properties. Sports Med. 2010;40(7):565-600.

Bertheussen G, Oldervoll L, Kaasa S, Sandmael J-A, Helbostad J.
Measurement of physical activity in cancer survivors - a comparison of the
HUNT 1 Physical Activity Questionnaire (HUNT 1 PA-Q) with the
International Physical Activity Questionnaire (IPAQ) and aerobic capacity.
Support Care Cancer. 2013;21(2):449-58.

Courneya K, McKenzie D, Reid R, Mackey J, Gelmon K, Friedenreich C, et al.
Barriers to supervised exercise training in a randomized controlled trial of breast
cancer patients receiving chemotherapy. Ann Behav Med. 2008;35(1):116-22.
Ganz P. Doctor, will the treatment you are recommending cause
chemobrain? J Clin Oncol. 2011;30(3):229-31.

Kang S. The association of physical activity and colorectal and breast cancer:
The Fifth Korea National Health and Nutrition Examination Survey (2008-2011).
J Exerc Rehabil. 2015;11(3):155-60.

WHO (World Health Organization). Cancer. Fact sheet No. 297. 2015.
http//www.who.nt/mediacentre/factsheets/fs297/en/. Accessed February 2015.
IPAQ-group. Guidelines for Data Processing and Analysis of the International
Physical Activity Questionnaire (IPAQ) - Short Form. 2004. http://www.
institutferran.org/documentos/Scoring_short_ipaq_april04.pdf. Accessed
April 2004 2004.

Shook R, Gribben N, Hand G, Paluch A, Welk G, Jakicic J et al. Subjective
Estimation of Physical Activity Using the IPAQ Varies by Fitness Level.

J Phys Act Health. 2015. [Epub ahead of print].

Vassbakk-Brovold K, Berntsen S, Fegran L, Lian H, Mjdland O, Mjdland S, et al.
Individualized Comprehensive Lifestyle Intervention in Patients Undergoing
Chemotherapy with Curative or Palliative Intent: Who Participates?

PLoS One. 2015;10(7). doi:10.1371/journal.pone.0131355.

Cereda E, Turrini M, Ciapanna D, Marbello L, Pietrobelli A, Corradi E.
Assessing energy expenditure in cancer patients: a pilot validation of a new
wearable device. JPEN J Parenter Enteral Nutr. 2007;31(6):502-7.

St-Onge M, Mignault D, Allison D, Rabasa-Lhoret R. Evaluation of a portable
device to measure daily energy expenditure in free-living adults. Am J Clin
Nutr. 2007,85(3):742-9.

Bland J, Altman D. Statistical methods for assessing agreement between
two methods of clinical measurement. Lancet. 1986;1:307-10.

Faul F, Erdfelder E, Buchner A, Lang A-G. Statistical power analyses using
G*Power 3.1: Tests for correlation and regression analyses. Behavior
Research Methods. 2009;41:1149-60.


dx.doi.org/10.1186/s13102-016-0035-z
http://globocan.iarc.fr/
http://www.who.int/mediacentre/factsheets/fs297/en/
http://www.institutferran.org/documentos/Scoring_short_ipaq_april04.pdf
http://www.institutferran.org/documentos/Scoring_short_ipaq_april04.pdf
http://dx.doi.org/10.1371/journal.pone.0131355

Vassbakk-Brovold et al. BVIC Sports Science, Medicine and Rehabilitation (2016) 8:10

24.

25.

26.

27.
28.

29.

30.

31

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Bryan S, Katzmarzyk P. Are Canadians meeting the guidelines for moderate 46.

and vigorous leisure-time physical activity? Appl Physiol Nutr Metab.
2009;34(4):707-15.

Ready A, Butcher J, Dear J, Fieldhouse P, Harlos S, Katz A, et al. Canada’s 47.

physical activity guide recommendations are a low benchmark for
Manitoba adults. Appl Physiol Nutr Metab. 2009;34(2):172-81.

Colley R, Garriguet D, Janssen |, Craig C, Clarke J, Tremblay M. Physical
activity of Canadian adults: accelerometer results from the 2007 to 2009
Canadian Health Measures Survey. Health Rep. 2011,22(1):7-14.

Rosén M. On randomized controlled trials and lifestyle interventions.

Int J Epidemiol. 1989;18(4):993-4.

Forbes G. Diet and exercise in obese subjects: self-report versus controlled
measurements. Nutr Rev. 1993;51(10):296-300.

Lichtman S, Pisarska K, Berman E, Pestone M, Dowling H, Offenbacher E, et
al. Discrepancy between self-reported and actual caloric intake and exercise
in obese subjects. N Engl J Med. 1992;327(27):1893-8.

Courneya K, Segal R, Gelmon K, Mackey J, Friedenreich C, Yasui Y, et al.
Predictors of adherence to different types and doses of supervised exercise
during breast cancer chemotherapy. Int J Behav Nutr Phys Act. 2014;11(85).
doi:10.1186/512966-014-0085-0.

Johnson-Kozlow M, Sallis J, Gilpin E, Rock C, Pierce J. Comparative validation
of the IPAQ and the 7-day PAR among women diagnosed with breast
cancer. Int J Behav Nutr Phys Act. 2006;3(7). doi:10.1186/1479-5868-3-7.

Lee P, Macfarlane D, Lam T, Stewart S. Validity of the International Physical
Activity Questionnaire Short Form (IPAQ-SF): a systematic review.

Int J Behav Nutr Phys Act. 2011;8(115). doi: 10.1186/1479-5868-8-115.
Rzewnicki R, Vanden Auweele Y, De Bourdeaudhuij I. Adressing over-reporting
on the International Physical Activity Questionnaire (IPAQ) telephone survey
with a population sample. Public Health Nutr. 2003,6(3):299-305.

Rogers L, Markwell S, Courneya KS, McAuley E, Verhulst S. Physical activity
type and intensity among rural breast cancer survivors: patterns and
associations with fatigue and depressive symptoms. J Cancer Surviv.
20171;5(1):54-61.

Ainsworth B, Haskell W, Herrmann S, Meckes N, Bassett DJ, Tudor-Locke C,
et al. 2011 Compendium of Physical Activities: a second update of codes
and MET values. Med Sci Sports Exerc. 2011;43(8):1575-81.

Brénstrom R, Petersson L, Saboonchi F, Wennman-Larsen A, Alexanderson K.
Physical activity following a breast cancer diagnosis: Implications for self-
rated health and cancer-related symptoms. Eur J Oncol Nurs. 2015,

Epub ahead of print.

Pinto B, Eakin E, Maruyama N. Health behavior changes after a cancer
diagnosis: what do we know and where do we go from here? Ann Behav
Med. 2000;22(1):38-52.

Vardar-Yagli N, Sener G, Saglam M, Calik-Kutukcu E, Arikan H, Inal-Ince D, et
al. Associations among physical activity, comorbidity, functional capacity,
peripheral muscle strength and depression in breast cancer survivors. Asian
Pac J Cancer Prev. 2015;16(2):585-9.

Gil-Rey E, Quevedo-Jerez K, Maldonado-Martin S, Herrero-Roman F. Exercise
Intensity Guidelines for Cancer Survivors: a Comparison with Reference Values.
Int J Sports Med. 2014. [Epub ahead of print]. doi:10.1055/5-0034-1389972.
Durante R, Ainsworth B. The recall of physical activity: using a cognitive
model of the question-answering process. Med Sci Sports Exerc.
1996,28(10):1282-91.

Hallal P, Gomez L, Parra D, Lobelo F, Mosquera J, Florindo A, et al. Lessons
learned after 10 years of IPAQ use in Brazil and Colombia. J Phys Act Health.
2010;7:5259-64.

Page 9 of 9

Maddocks M, Byrne A, Johnson C, Wilson R, Fearon K, Wilcock A. Physical
activity level as an outcome measure for use in cancer cachexia trials: a
feasibility study. Support Care Cancer. 2010;18(12):1539-44.

Scheers T, Philippaerts R, Lefevre J. Variability in physical activity patterns as
measured by the SenseWear Armband: how many days are needed?

Eur J Appl Physiol. 2012;112(5):1653-62.

Prokop N, Hrubeniuk T, Sénéchal M, Bouchard D. People who perceive
themselves as active cannot identify the intensity recommended by the
international physical activity guidelines. J Sports Med. 2015;17(5):234-41.
Terwee C, Mokkink L, van Poppel M, Chinapaw M, van Mechelen W, de Vet H.
Qualitative attributes and measurement properties of physical activity
questionnaires: a checklist. Sports Med. 2010;1(40):525-37.

White D, Gabriel K, Kim Y, Lewis C, Sternfeld B. Do Short Spurts of Physical
Activity Benefit Cardiovascular Health? The CARDIA Study. Med Sci Sports
Exerc. 2015;47(11):2353-8.

Clarke J, Janssen I. Sporadic and bouted physical activity and the metabolic
syndrome in adults. Med Sci Sports Exerc. 2014;46(1):76-83.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BioMed Central



http://dx.doi.org/10.1186/s12966-014-0085-0
http://dx.doi.org/10.1186/1479-5868-3-7
http://dx.doi.org/10.1186/1479-5868-8-115
http://dx.doi.org/10.1055/s-0034-1389972

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Participants
	Procedures
	Short form of the International Physical Activity Questionnaire (IPAQ-sf)
	SenseWear Armband

	Data analysis

	Results
	Time in MPA, VPA and MVPA, including and excluding walking
	Accommodation of PA guidelines

	Discussion
	Conclusion
	Ethics approval and consent to participate
	Consent for publication
	Availability of data and materials

	Additional file
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Funding
	Author details
	References

