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Abstract
Purpose The level of daily physical activity in patients with cancer is frequently assessed by questionnaires, such as the Physical
Activity Scale for the Elderly (PASE). Objective assessments, with for example accelerometers, may be a good alternative. The
aim of this study was to investigate the agreement between the PASE questionnaire and accelerometer-assessed physical activity
in a large group of patients with different types of cancer.
Methods Baseline accelerometer and PASE questionnaire data of 403 participants from the REACT (Resistance and Endurance
Exercise After Chemotherapy, n = 227), the EXIST (Exercise Intervention After Stem-Cell Transplantation, n = 74), and NET-
QUBIC (NEtherlands QUality of Life And Biomedical Cohort Studies In Cancer, n = 102) studies were available for the current
analyses. Physical activity was assessed by the PASE questionnaire (total score) and accelerometers (total minutes per day > 100
counts). Linear mixed models regression analysis was used to assess the agreement between the PASE questionnaire and
accelerometer-assessed physical activity.
Results The mean (SD) PASE score was 95.9 (75.1) points and mean (SD) time in physical activity measured with the accel-
erometer was 256.6 (78.8) min per day. The agreement between the PASE score and the accelerometer data was significant, but
poor (standardized regression coefficient (B) = 0.36, 95%CI = 0.27; 0.44, p < 0.01).
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Conclusion Agreement between the PASE questionnaire and accelerometer-assessed physical activity was poor. The poor
agreement indicates that they measure different physical activity constructs and cannot be used interchangeably to assess the
level of daily physical activity in patients with cancer.

Keywords Agreement . Exercise . Self-reported physical activity . Accelerometer-assessed physical activity . Cancer

Introduction

Regular daily physical activity is associated with a re-
duced risk of cancer development and a reduction in mor-
tality after the diagnosis of cancer [1–3]. Additionally,
physical activity and exercise interventions have signifi-
cant beneficial effects on the level of fatigue and quality
of life in patients with cancer [4–6]. Previous studies have
also shown that the magnitude of these beneficial effects
is greater in patients with worse baseline values of phys-
ical activity [6]. Correct estimation of the levels of phys-
ical activity in patients with cancer is of utmost impor-
tance to estimate its effect on various health outcomes and
to estimate the effectiveness of intervention programs.
Furthermore, it might be important to identify physically
inactive patients correctly in order to offer these patients
an exercise intervention program. Although various mea-
surement methods are available to estimate levels of phys-
ical activity of patients with cancer, there is no gold stan-
dard for measuring physical activity in daily life on a
large scale [7, 8].

Self-reported questionnaires are a frequently usedmeasure-
ment method to assess physical activity, both in clinical care
and in a research setting [9, 10]. The “Physical Activity Scale
for the Elderly” (PASE) questionnaire is a short (5 to 10 min)
13-item questionnaire, including questions on the frequency
and duration of various leisure time, household, and work-
related activities[11], and was developed and validated to as-
sess physical activity in people over the age of 65 years [12].
The PASE questionnaire has previously been used in younger
patients with cancer [13, 14]. Patients with cancer are often
debilitated and therefore have lower levels of physical activity
compared with age-matched healthy individuals [15].
Consequently, their physical activity levels may be more com-
parable to the elderly. It has been used in several research
projects in elderly people [13, 16–19] and in patients with
various types of cancer [9, 20]. Self-reported questionnaires
involve minimal time investment, costs, and participant bur-
den, which favors their use in epidemiological studies and
large-scale clinical trials [20, 21]. A disadvantage of self-
reported questionnaires is that they are prone to recall bias,
response shift, and social desirability bias [22, 23] and are
therefore likely to over- or underreport physical activity levels
[24]. In contrast, accelerometers provide an objective assess-
ment of daily physical activity based on raw accelerations
[25]. Unfortunately, accelerometer assessments are expensive

and labour intensive, because they have to be initialized before
and read out after use, followed by data processing and anal-
ysis [26].

In order to be able to make a balanced decision on the
choice of using either one or both instruments, it is important
to investigate whether the PASE questionnaire and accelerom-
eters provide similar or different insights into the level of
physical activity of patients with cancer under free-living con-
ditions. Two previous studies in relatively small samples of
patients with cancer showed poor to fair agreement between
the PASE questionnaire and accelerometer-assessed physical
activity [20, 27]. The agreement between both measurements
might differ significantly across different target populations
[8], including cancer type, age [10, 28], gender [10], BMI
[29], smoking status [28], and employment status [28] of the
participants. Furthermore, for epidemiological purposes, it
might be important to accurately distinguish a group of phys-
ically active from a group of physically inactive patients [30].

The aim of this study was to investigate the agreement
between the level of physical activity assessed by the PASE
questionnaire and the accelerometer in a large group of pa-
tients with different types of cancer. In addition, differences in
agreement across various patient characteristics were exam-
ined, as well as the agreement between the instruments to
distinguish the most and the least physically active patients.

Method

Study design and population

This study used baseline data from three studies in which both
PASE and accelerometer data were collected: the Resistance
and Endurance exercise After ChemoTherapy (REACT)
study [31], the Exercise Intervention after Stem cell
Transplantation (EXIST) study [32], and the NETherlands
QUality of life and Biomedical cohort studies In head and
neck Cancer (NET-QUBIC) study [33]. The REACT study
evaluated the effects of a 12-week high-intensity and low-to-
moderate intensity supervised resistance and endurance inter-
val exercise intervention on physical fitness, fatigue, and
health-related quality of life compared with a waiting list con-
trol group in 277 adult patients with cancer (i.e., breast, colon,
ovarian, testicular, cervical cancer, and lymphoma) [31]. The
EXIST study investigated the effects of an 18-week super-
vised high-intensity resistance and interval exercise

3702 Support Care Cancer (2020) 28:3701–3709



intervention compared with usual care on the same outcomes
as the REACTstudy in 109 patients with multiple myeloma or
lymphoma recently treated with high-dose chemotherapy and
autologous stem cell transplantation [32]. Patients for both the
REACT- and EXIST study were recruited between 2011 and
2014. In the REACTstudy, baseline assessment took place 4–
6 weeks after completion of cancer treatment including
((neo-)adjuvant) chemotherapy and in the EXIST study 6–14
weeks after autologous stem cell transplantation [31, 32]. The
NET-QUBIC study is a longitudinal observational cohort
study which aims to describe the long-term course of quality
of life in 739 newly diagnosed patients with head and neck
cancer (HNC) and their informal caregivers and to identify
cancer-related, personal, biological, psycho-behavioral, phys-
ical, and lifestyle-related and social determinants of quality of
life. Baseline assessments took place shortly after the diagno-
sis of head and neck cancer and before the start of treatment.
The total NET-QUBIC assessment protocol involved three
components: (1) patient-reported outcomemeasures; (2) home
visit with interviews and tests (including physical fitness),
during this home visit, patients were provided with materials
to collect data of physical activity (accelerometer) and saliva
samples; (3) collection of blood and oral rinse samples. Due to
logistic reasons, not all components could always be per-
formed (e.g., short time between diagnosis and start of treat-
ment). Also, patients were allowed not to complete all three
components, if this was too much burden. The first data re-
lease included baseline data of the first 254 patients who were
included between February 2014 and June 2016. All studies
were approved by the Medical Ethics Committee of the
Amsterdam UMC (VU University Medical Center or
Academic Medical Center) and the local ethical boards of all
participating hospitals. All patients provided written informed
consent prior to participating in the respective studies.

Outcome measurements

The PASE questionnaire

The PASE questionnaire assesses the duration and frequency
of physical activities that have been undertaken in the past 7
days [34]. The PASE questionnaire contains 13 questions on
leisure, household, and paid or unpaid work-related physical
activities. First, patients are asked to estimate the frequency of
a particular type of physical activity per week, for which they
can choose between never, seldom (1–2 days per week),
sometimes (3–4 days per week), or often (5–7 days per week).
Second, patients are asked to estimate the duration of that
particular type of activity, for which patients could choose
between < 1 h, between 1 and 2 h, between 2 and 4 h, and >
4 h for the leisure and household activities. For the work
activity, different categories for duration are used: < 1 h, be-
tween 1 and 4 h, 5 and 8 h, and > 8 h. For each different types

of physical activity, there are published weightings available
for the respective PASE scores, based on estimated metabolic
equivalent of task (METs) and accelerometer-assessed physi-
cal activity [11]. Each physical activity–specific weighting is
multiplied by a factor based on the frequency and the duration
of this activity, to calculate the activity-specific subscore [35].
Finally, the total score of the PASE questionnaire was calcu-
lated by totaling the subscores of all activities [35]. Only fully
completed PASE questionnaires were used for this analysis.

The accelerometer

Patients were instructed to wear an accelerometer (ActiGraph
wGT3X, ActiGraph LLC, Pensacola, FL, USA) on the hip for
seven (REACT and NET-QUBIC study) or five (EXIST
study) consecutive days to measure physical activity. This
accelerometer measures raw accelerations (i.e., epochs; the
rate of change of the velocity) in three axes [7]. Vertical ac-
celerations were converted into counts per minute, with sev-
eral data reduction steps [36]. Non-wear time was defined as ≥
60 consecutive minutes of consecutive zeros and a valid day
was defined as ≥ 10 h/day of wear time [37, 38]. To be includ-
ed in the analyses, a patient needed to have at least five valid
days, including one weekend day. Total time spent in physical
activity was defined as the total of all the time periods with ≥
100 counts per minute [39] and was calculated for each valid
wear day. The sum of all physically active minutes during all
valid wear days was divided by the number of valid wear
days, in order to calculate the mean number of minutes of
physical activity per day. Furthermore, the accelerometer-
assessed physical activity was also expressed in counts per
minute, because in this way, the intensity of physical activity
is also taken into account. Counts per minute were calculated
by summing up the total counts and divided by the total wear
time during all valid measurement days.

Potential effect modifiers

Age, gender, and cancer type were retrieved from the patients’
medical records. Body weight and height were measured and
body mass index (BMI) was calculated based on these mea-
surements (body weight/height2, kg/m2). The overall comor-
bidity score in the NET-QUBIC study was rated as none, mild,
moderate, or severe with the use of the Adult Comorbidity
Evaluation-27 (ACE-27) [40]. The comorbidity level of par-
ticipants in the EXIST study was assessed by a sports physi-
cian and by a custom-made patient-reported questionnaire and
was retrieved from the patients’ medical records. In the
REACT study, the number of comorbidities was retrieved
from the medical records and calculated as the sum of each
of the following conditions: heart disease, lung disease, dis-
eases of the digestive system, diseases of the nervous system,
endocrine disease, mental disorder, rheumatism or arthritis,
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chronic pain, and other conditions. Subsequently, for all the
studies, the number of comorbidities was dichotomized into
any versus none. The highest level of education, alcohol con-
sumption, and smoking behavior were assessed through
study-specific questions. The highest level of education was
dichotomized into low/moderate (primary vocational educa-
tion to senior general secondary education) versus high edu-
cation level (higher general secondary education, higher pro-
fessional education, and university). For smoking behavior
and alcohol consumption, all patients who smoked or con-
sumed alcohol at the time of the study were defined as
smokers and consumers of alcohol, respectively. Information
about alcohol consumption was only available in the NET-
QUBIC study.

Statistical analysis

Descriptive statistics (mean, standard deviation (SD), or num-
bers and percentages) were generated for demographic, clini-
cal, lifestyle-related factors, total PASE score, and
accelerometer-assessed physical activity. The agreement be-
tween the PASE questionnaire (total score) and accelerome-
ters (minutes of physical activity per day) was analyzed with a
linear mixed models regression analysis, with the total score
of the PASE questionnaire as independent variable and
accelerometer-assessed physical activity as dependent vari-
able. A random intercept on study level was added to take
clustering of patients from different studies into account.
Standardized regression coefficients (B) and the correspond-
ing 95% confidence intervals (CI) were reported. To check for
the differences in agreement across different patient character-
istics (age, gender, BMI, education, comorbidity, alcohol, and
smoking), we added these variables and their interaction terms

with the PASE score into the regression model separately for
each characteristic. Significant effect modification was de-
fined as a p value of < 0.05 of the interaction term in the
multilevel mixed models regression analysis [41]. If signifi-
cant effect modification was found, stratified analyses were
performed. A standardized regression coefficient of 0.50 or
higher was considered as fair agreement and a coefficient of
0.70 or higher was considered as good agreement [42]. A
scatter plot was used to visualize the agreement between the
PASE questionnaire and accelerometer-assessed physical ac-
tivity. We performed a sensitivity analysis in which
accelerometer-based physical activity was expressed in counts
per minute.

To investigate the agreement between both measurement
methods for the identification of the most and the least phys-
ically active patients, the highest active quartile of patients
based on the accelerometer was compared with the highest
active quartile of patients based on the PASE questionnaire.
Crosstabs were generated to present the proportion of patients
that were both in the highest quartile of the PASE score as well
as in the highest quartile of the accelerometer-assessed phys-
ical activity. This process was repeated for the lowest quartiles
of physical activity. All statistical analyses were performed
with SPSS version 22 (IBM Corporation, Armonk, NY,
USA).

Results

In total, 640 patients participated in the REACT (n = 277),
EXIST (n = 109), and NET-QUBIC studies (n = 254). In 38
patients in the NET-QUBIC study, a home visit was not per-
formed and thus had nomeasurements of physical activity and

Fig. 1 Flowchart of patients with valid measurements
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another 53 patients did not have enough time between diag-
nosis and start of treatment to measure sufficient valid wear
days. Other reasons for missing data for the total group of
patients were insufficient valid accelerometer wear days by
participants (n = 122), technical problems with the accelerom-
eter (n = 11), and incomplete or missing PASE questionnaire
(n = 37) (Fig. 1). In total, 403 patients were included in the
current analyses because they had both valid accelerometer

data and a complete PASE questionnaire (Fig. 1). The mean
(SD) age of these 403 patients was 56 (11) years, 58% of the
patients were women, and breast cancer was the most com-
mon cancer type (36%), followed by head and neck cancer
(25%) and lymphoma (13%) (Table 1). The mean (SD) score
of the PASE questionnaire was 95.9 (75.1) and the mean (SD)
accelerometer-assessed physical activity was 256.6 (78.8) mi-
nutes of physical activity per day (Table 1).

Table 1 Baseline characteristics, PASE-score, and accelerometer-assessed physical activity

Total population
N=403

REACT study
N=227

EXIST study
N=74

NET-QUBIC study
n=102

Age, mean (SD) years 56.2 (11) 54.1 (11) 53.2 (9) 63.2 (9)

Gender, n (%) male 169 (42) 46 (20) 48 (65) 75 (74)

Cancer type, n (%)

Breast cancer 144 (36) 144 (63)

Head and neck cancer 102 (25) 102 (100)

Lymphoma 54 (13) 20 (9) 34 (46)

Multiple myeloma 40 (10) 40 (54)

Colon cancer 45 (11) 45 (20)

Ovarian cancer 9 (2) 9 (4)

Testicular cancer 5 (1) 5 (2)

Cervical cancer 4 (1) 4 (2)

BMI, mean (SD) kg/m2 26.5 (4.5) 27.0 (4.4) 25.6 (4.6) 25.9 (4.6)

BMI category, n (%)

Underweight (BMI <18.5) 8 (2) 1 (0) 2 (3) 5 (5)

Normal weight (BMI 18.5-25) 161 (40) 88 (39) 35 (47) 38 (38)

Overweight (BMI 25-30) 156 (39) 89 (39) 24 (32) 42 (43)

Obesity (BMI > 30) 76 (19) 49 (22) 13 (18) 14 (14)

Educational level, n (%)

Low/intermediate 259 (64) 139 (61) 48 (65) 72 (71)

High 140 (35) 86 (38) 26 (35) 28 (28)

Unknown 4 (1) 2 (1) 2 (2)

Comorbidity, n (%)

No 303 (75) 206 (91) 58 (78) 39 (38)

Yes 97 (24) 21 (9) 16 (22) 60 (59)

Unknown 3 (1) 0 (0) 0 (0) 3 (3)

Alcohol consumption, n (%)

No 27 (7) 27 (27)

Yes 75 (19) 75 (74)

Unknown 301 (75) 227 (100) 74 (100) 0 (0)

Smoking, n (%)

No 352 (87) 12 (93) 67 (91) 73 (72)

Yes 46 (11) 12 (5) 7 (10) 27 (27)

Unknown 5 (1) 3 (1) 0 (0) 2 (2)

PASE-score, mean (SD) 95.9 (75.1) 100.6 (73.5) 87.5 (80.6) 91.3 (74.2)

Accelerometer assessed physical activity

mean (SD) minutes in physical activity per day 256.6 (78.8) 280.3 (71.5) 216.3 (64.4) 233.2 (85.3)

mean (SD) activity counts per minute 230.8 (105.8) 256.0 (98.5) 192.9 (88.9) 202.3 (117.8)

SD, standard deviation; n, number of patients; BMI, body mass index; PASE, Physical Activity Scale for the Elderly; REACT, the Resistance and
Endurance exercise After ChemoTherapy study; EXIST, the Exercise Intervention after Stem cell Transplantation study

3705Support Care Cancer (2020) 28:3701–3709



The agreement between the PASE questionnaire and
accelerometer-assessed physical activity expressed in min/day
was significant but poor (B = 0.36, 95%CI = 0.27; 0.44, p <
0.01) (Table 2 and Fig. 2). The agreement between the PASE
score and accelerometer output expressed in counts per minute
was also poor (B = 0.26, 95%CI = 0.17; 0.35, p < 0.01). No
significant differences in agreement were found between the
PASE questionnaire and the accelerometer-assessed physical
activity across subgroups of patients (Table 2).

Of the 101 patients in the lowest quartile of physical activ-
ity based on accelerometers, 51 were also in the lowest quar-
tile based on the PASE score, indicating an agreement of 50%
(Table 3). Forty-four of the 100 patients in the highest quartile
of physical activity based on accelerometers were also in the
highest quartile based on the PASE-score, indicating an agree-
ment of 44% (Table 3).

Discussion

This study investigated the agreement between the PASE
questionnaire and accelerometer-assessed physical activity in
a large group of patients with cancer. Results showed that the
agreement was poor in all subgroups of patients. The results
are in line with the poor agreement reported in an earlier study
in 48 patients with different types of cancer [27] and the poor-
to-fair agreement in patients with lung cancer [20].
Furthermore, in a recent review on the agreement between
accelerometer-assessed physical activity and various physical

activity questionnaires among healthy persons and patients
with various chronic diseases, only 11 of the 57 included
studies reported an agreement (Pearson correlation coeffi-
cient) between questionnaires and accelerometers of ≥ 0.50,
and for most studies only in specific subgroups [10].

The poor agreement between the PASE questionnaire
and accelerometer-assessed physical activity might reflect
the complexity of obtaining an integral estimation of all
aspects of a highly varying behavior such as physical ac-
tivity [43]. Low-intensity physical activities, which are
more typical for patients with cancer compared with those
for the general population [44], might be more often
overestimated with self-report [43]. The poor agreement
between the PASE score and accelerometer-assessed phys-
ical activity might also be caused by social desirability and
recall bias in the PASE questionnaire [27]. On the other
hand, accelerometers also have disadvantages, which
might have influenced the agreement with the PASE ques-
tionnaire [7]. For example, the use of hip-placed acceler-
ometers may have underestimated upper body movements
and activities such as cycling, swimming, and resistance
exercises [27]. In addition to the poor agreement for the
absolute levels of physical activity, results also showed
poor agreement in distinguishing physically active from
physically inactive patients. This finding implies that both
measurement methods do not measure the same construct
and that they cannot be used interchangeably.

A strength of this study is the sample size of more than 400
patients with various types of cancer and treatment regimens.

Table 2 Agreement between PASE questionnaire and accelerometer-assessed physical activity and potential effect modifiers

Agreement between PASE questionnaire and accelerometer-assessed physical activity Standardized coefficient (95%CI) p-value

Total population 0.36 (0.27;0.44) <0.01

REACT study 0.42 (0.30;0.54) <0.01

EXIST study 0.36 (0.14;0.58) <0.01

NET-QUBIC study 0.32 (0.13;0.51) <0.01

Effect modifiers Standardized coefficient (95%CI) Pinteraction
Age 0.00 (-0.00;0.01) 0.32

Age, < 65 vs ≥ 65 years 0.20 (-0.04;0.44) 0.10

Gender, men vs women -0.06 (-0.25;0.12) 0.50

BMI

Normal weight REF REF

Overweight 0.13 (-0.19;0.22) 0.90

Obesity 0.10 (-0.12;0.32) 0.38

Educational level, low/intermediate vs high -0.00 (-0.19;0.18) 0.97

Comorbidity, yes vs no 0.01 (-0.19;0.21) 0.92

Alcohol consumption, yes vs no 0.06 (-0.34;0.47) 0.75

Smoking, yes vs no -0.10 (-0.35;0.15) 0.43

PASE, Physical Activity Scale for the Elderly; NET-QUBIC, NETherlands QUality of life and Biomedical cohort studies In head and neck Cancer;
REACT, the Resistance and Endurance exercise After ChemoTherapy study;EXIST, the Exercise Intervention after Stem cell Transplantation study;REF,
reference category
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A limitation of the study might be that most of the patients
participated in exercise intervention studies or were recently
diagnosed with cancer and were all treated with curative in-
tent, which may have resulted in an under- or overestimation
of the levels of physical activity. However, considering the
variation in physical activity levels, it is unlikely that this
has affected the agreement between the PASE questionnaire
and accelerometer-assessed physical activity. Another limita-
tion may be that we used the PASE questionnaire that is orig-
inally developed for elderly above 65 years in a group of
patients with cancer with a mean age of 56 years. However,
we found no significant differences in agreement between
patients below and above 65 years of age.

The low agreement between the PASE questionnaire and ac-
celerometer output might indicate that these instruments measure
different aspects of the construct physical activity. Therefore, it
may be recommended to use both measures in research and in
clinical practice, as they may produce complementary

information. Physical activity questionnaires might especially
be suitable to investigate the mode, type, and frequency of
moderate-to-vigorous activities that patients perform, but are
generally less accurate to estimate light-intensity physical activ-
ities [7]. On the contrary, accelerometers provide an objective
estimate of the duration and intensity of physical activity, have
no risk of social desirability, response shift and recall bias, but
provide limited information about the type of physical activities
performed [7]. For optimal use in clinical practice, it is important
to reduce the labor intensity and costs of accelerometers or to
search for alternatives for objective physical activity assessments
[45]. Widely available smartphones, pedometers, or fitness
trackers may provide such alternatives, and have shown to be
feasible, and produce valid and reliable step counts in patients
with cancer, when compared with accelerometers [46, 47].

In conclusion, the results of this study showed a poor agree-
ment between the PASE questionnaire and accelerometer-
assessed physical activity in patients with cancer. This indicates

Table 3 Distribution of patients across lowest and highest quartiles of PASE questionnaire and accelerometer-assessed physical activity

In lowest quartile Accelerometer Not in lowest quartile Accelerometer Agreement, %

In lowest quartile PASE-score 51 49 50

Not in lowest quartile PASE-score 50 253

In highest quartile PASE-score 44 56 44

Not in highest quartile PASE-score 56 247

PASE, Physical Activity Scale for the Elderly

Total score of PASE questionnaire
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that they can better be used simultaneously than interchangeably
to assess daily physical activity in patients with cancer, both for
research and clinical purposes.

Author contribution statement All authors contributed to the study con-
ception and design. Material preparation, data collection, and analysis
were performed by Joeri Douma, Caroline Kampshoff, Saskia Persoon,
Jorine Vermaire, Maaike de Beaufort, and Laurien Buffart. Joeri Douma,
Maaike de Beaufort, and Laurien Buffart drafted the manuscript and it
was critically reviewed and approved by all authors.

Funding information The REACT, EXIST, and NET-QUBIC study were
supported by the Alpe d’HuZes/KWF fund and the research grants were
provided by Dutch Cancer Society; REACT (grant number ALPE 2009-
4619), EXIST (grant number ALPE 2009-4620), andNET-QUBIC (grant
number VU 2012-5601).

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institu-
tional research committee (VU University Medical Center, Academic
Medical Center and the local ethical boards of all participating hospitals)
and with the 1964 Helsinki declaration and its later amendments or com-
parable ethical standards.

Disclaimer The funding source had no role in this study.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Ballard-Barbash R, Friedenreich CM, Courneya KS, Siddiqi SM,
McTiernanA, Alfano CM (2012) Physical activity, biomarkers, and
disease outcomes in cancer survivors: a systematic review. J Natl
Cancer Inst 104(11):815–840. https://doi.org/10.1093/jnci/djs207

2. Betof AS, Dewhirst MW, Jones LW (2013) Effects and potential
mechanisms of exercise training on cancer progression: a transla-
tional perspective. Brain Behav Immun 30(Suppl):S75–S87.
https://doi.org/10.1016/j.bbi.2012.05.001

3. Je Y, Jeon JY, Giovannucci EL, Meyerhardt JA (2013) Association
between physical activity andmortality in colorectal cancer: a meta-
analysis of prospective cohort studies. Int J Cancer 133(8):1905–
1913. https://doi.org/10.1002/ijc.28208

4. Otto SJ, Korfage IJ, Polinder S, van der Heide A, de Vries E, Rietjens
JA, Soerjomataram I (2015) Association of change in physical activity
and body weight with quality of life and mortality in colorectal cancer:
a systematic review and meta-analysis. Support Care Cancer 23(5):
1237–1250. https://doi.org/10.1007/s00520-014-2480-0

5. Sweegers MG, Altenburg TM, Chinapaw MJ, Kalter J, Verdonck-
de Leeuw IM, Courneya KS, Newton RU, Aaronson NK, Jacobsen
PB, Brug J, Buffart LM (2018) Which exercise prescriptions im-
prove quality of life and physical function in patients with cancer
during and following treatment? A systematic review and meta-
analysis of randomised controlled trials. Br J Sports Med 52(8):
505–513. https://doi.org/10.1136/bjsports-2017-097891

6. Buffart LM, Sweegers MG, May AM, Chinapaw MJ, van Vulpen
JK, Newton RU, GalvaoDA, Aaronson NK, StuiverMM, Jacobsen
PB, Verdonck-de Leeuw IM, Steindorf K, Irwin ML, Hayes S,
Griffith KA, Lucia A, Herrero-Roman F, Mesters I, van Weert E,
Knoop H, GoedendorpMM,Mutrie N, Daley AJ, McConnachie A,
Bohus M, Thorsen L, Schulz KH, Short CE, James EL, Plotnikoff
RC, Arbane G, Schmidt ME, Potthoff K, van Beurden M,
Oldenburg HS, Sonke GS, van Harten WH, Garrod R, Schmitz
KH, Winters-Stone KM, Velthuis MJ, Taaffe DR, van Mechelen
W, Jose Kersten M, Nollet F, Wenzel J, Wiskemann J, Brug J,
Courneya KS (2018) Targeting exercise interventions to patients
with cancer in need: an individual patient data meta-analysis. J
Natl Cancer Inst. https://doi.org/10.1093/jnci/djy161

7. Strath S, Kaminsky LA, Ainsworth BE et al (2013) Guide to the assess-
ment of physical activity: clinical and research applications: a scientific
statement from the American Heart Association. Circulation 128(20):
2259–2279. https://doi.org/10.1161/01.cir.0000435708.67487.da

8. Terwee CB, Mokkink LB, van Poppel MN, Chinapaw MJ, van
Mechelen W, de Vet HC (2010) Qualitative attributes and measure-
ment properties of physical activity questionnaires: a checklist.
Sports Med 40(7):525–537. https://doi.org/10.2165/11531370-
000000000-00000

9. Forsen L, Loland NW, Vuillemin A, Chinapaw MJ, van Poppel
MN, Mokkink LB, van Mechelen W, Terwee CB (2010) Self-
administered physical activity questionnaires for the elderly: a sys-
tematic review of measurement properties. Sports Med 40(7):601–
623. https://doi.org/10.2165/11531350-000000000-00000

10. Skender S, Ose J, Chang-Claude J, PaskowM, Bruhmann B, Siegel
EM, Steindorf K, Ulrich CM (2016) Accelerometry and physical
activity questionnaires - a systematic review. BMC Public Health
16:515. https://doi.org/10.1186/s12889-016-3172-0

11. Washburn RA, Smith KW, Jette AM, Janney CA (1993) The
Physical Activity Scale for the Elderly (PASE): development and
evaluation. J Clin Epidemiol 46(2):153–162

12. Washburn RA, Ficker JL (1999) Physical Activity Scale for the
Elderly (PASE): the relationship with activity measured by a porta-
ble accelerometer. J Sports Med Phys Fitness 39(4):336–340

13. Ormel HL, van der Schoot GGF, Westerink NL, Sluiter WJ,
Gietema JA, Walenkamp AME (2018) Self-monitoring physical
activity with a smartphone application in cancer patients: a random-
ized feasibility study (SMART-trial). Support Care Cancer 26(11):
3915–3923. https://doi.org/10.1007/s00520-018-4263-5

14. May AM, Korstjens I, van Weert E, van den Borne B, Hoekstra-
Weebers JE, van der Schans CP, Mesters I, Passchier J, Grobbee
DE, Ros WJ (2009) Long-term effects on cancer survivors' quality
of life of physical training versus physical training combined with
cognitive-behavioral therapy: results from a randomized trial.
Support Care Cancer 17(6):653–663. https://doi.org/10.1007/
s00520-008-0519-9

15. McDonald L,OguzM,Carroll R, Thakkar P,YangF,DhalwaniN,Cox
A, Merinopoulou E, Malcolm B, Mehmud F, Ramagopalan S (2019)
Comparison of accelerometer-derived physical activity levels between
individuals with and without cancer: a UK Biobank study. Future
Oncol. https://doi.org/10.2217/fon-2019-0443

3708 Support Care Cancer (2020) 28:3701–3709

https://doi.org/10.1093/jnci/djs207
https://doi.org/10.1016/j.bbi.2012.05.001
https://doi.org/10.1002/ijc.28208
https://doi.org/10.1007/s00520-014-2480-0
https://doi.org/10.1136/bjsports-2017-097891
https://doi.org/10.1093/jnci/djy161
https://doi.org/10.1161/01.cir.0000435708.67487.da
https://doi.org/10.2165/11531370-000000000-00000
https://doi.org/10.2165/11531370-000000000-00000
https://doi.org/10.2165/11531350-000000000-00000
https://doi.org/10.1186/s12889-016-3172-0
https://doi.org/10.1007/s00520-018-4263-5
https://doi.org/10.1007/s00520-008-0519-9
https://doi.org/10.1007/s00520-008-0519-9
https://doi.org/10.2217/fon-2019-0443


16. Hagiwara A, Ito N, Sawai K, Kazuma K (2008) Validity and reli-
ability of the Physical Activity Scale for the Elderly (PASE) in
Japanese elderly people. Geriatr Gerontol Int 8(3):143–151.
https://doi.org/10.1111/j.1447-0594.2008.00463.x

17. Ismail N, Hairi F, Choo WY, Hairi NN, Peramalah D, Bulgiba A
(2015) The Physical Activity Scale for the Elderly (PASE): Validity
and reliability among community-dwelling older adults in
Malaysia. Asia Pac J Public Health 27(8 Suppl):62S–72S. https://
doi.org/10.1177/1010539515590179

18. Ngai SP, CheungRT, Lam PL, Chiu JK, Fung EY (2012) Validation
and reliability of the Physical Activity Scale for the Elderly in
Chinese population. J Rehabil Med 44(5):462–465. https://doi.
org/10.2340/16501977-0953

19. De Nunzio C, Presicce F, Lombardo R, Cancrini F, Petta S, Trucchi
A, Gacci M, Cindolo L, Tubaro A (2016) Physical activity as a risk
factor for prostate cancer diagnosis: a prospective biopsy cohort
analysis. BJU Int 117(6B):E29–E35. https://doi.org/10.1111/bju.
13157

20. Granger C, Parry SM, Denehy L (2015) The self-reported Physical
Activity Scale for the Elderly (PASE) is a valid and clinically ap-
plicable measure in lung cancer. Support Care Cancer 23(11):3211–
3218. https://doi.org/10.1007/s00520-015-2707-8

21. Casartelli N, Bolszak S, Impellizzeri FM et al (2015)
Reproducibility and Validity of the Physical Activity Scale for
the Elderly (PASE) questionnaire in patients after total hip
arthroplasty. American Physical Therapy Association 91(1):86–94

22. Sprangers MA (1996) Response-shift bias: a challenge to the as-
sessment of patients' quality of life in cancer clinical trials. Cancer
Treat Rev 22(Suppl A):55–62

23. Schmier JK, Halpern MT (2004) Patient recall and recall bias of
health state and health status. Expert Rev Pharmacoecon Outcomes
Res 4(2):159–163. https://doi.org/10.1586/14737167.4.2.159

24. Sallis JF, Saelens BE (2000) Assessment of physical activity by
self-report: status, limitations, and future directions. Res Q Exerc
Sport 71(Suppl 2):1–14. https://doi.org/10.1080/02701367.2000.
11082780

25. Plasqui G, Westerterp KR (2007) Physical activity assessment with
accelerometers: an evaluation against doubly labeled water. Obesity
(Silver Spring) 15(10):2371–2379. https://doi.org/10.1038/oby.
2007.281

26. Wright SP, Hall Brown TS, Collier SR, Sandberg K (2017) How
consumer physical activity monitors could transform human phys-
iology research. Am J Phys Regul Integr Comp Phys 312(3):R358–
R367. https://doi.org/10.1152/ajpregu.00349.2016

27. Liu R, Buffart LM,KerstenMJ et al (2011) Psychometric properties
of two physical activity questionnaires, the AQuAA and the PASE,
in cancer patients. BMC Med Res Methodol 11:1–10. https://doi.
org/10.1186/1471-2288-11-30

28. Roth MA, Mindell JS (2013) Who provides accelerometry data?
Correlates of adherence to wearing an accelerometry motion sensor:
the 2008 Health Survey for England. J Phys Act Health 10(1):70–78

29. Timperio A, Salmon J, Crawford D (2003) Validity and reliability
of a physical activity recall instrument among overweight and non-
overweight men and women. J Sci Med Sport 6(4):477–491

30. Pols MA, Peeters PH, Kemper HC, Grobbee DE (1998)
Methodological aspects of physical activity assessment in epidemi-
ological studies. Eur J Epidemiol 14(1):63–70

31. Kampshoff CS, ChinapawMJ, Brug J, Twisk JW, Schep G, Nijziel
MR, van Mechelen W, Buffart LM (2015) Randomized controlled
trial of the effects of high intensity and low-to-moderate intensity
exercise on physical fitness and fatigue in cancer survivors: results
of the Resistance and Endurance exercise After ChemoTherapy
(REACT) study. BMC Med 13:275. https://doi.org/10.1186/
s12916-015-0513-2

32. Persoon S, Chinapaw MJM, Buffart LM, Liu RDK, Wijermans P,
Koene HR, Minnema MC, Lugtenburg PJ, Marijt EWA, Brug J,

Nollet F, Kersten MJ (2017) Randomized controlled trial on the
effects of a supervised high intensity exercise program in patients
with a hematologic malignancy treated with autologous stem cell
transplantation: results from the EXIST study. PLoS One 12(7):
e0181313. https://doi.org/10.1371/journal.pone.0181313

33. van Nieuwenhuizen AJ, Buffart LM, Smit JH, Brakenhoff RH,
Braakhuis BJ, de Bree R, Leemans CR, Verdonck-de Leeuw IM
(2014) A comprehensive assessment protocol including patient re-
ported outcomes, physical tests, and biological sampling in newly
diagnosed patients with head and neck cancer: is it feasible?
Support Care Cancer 22(12):3321–3330. https://doi.org/10.1007/
s00520-014-2359-0

34. Logan S, Gottlieb BH, Maitland SB et al (2013) The Physical
Activity Scale for the Elderly (PASE) questionnaire; does it predict
physical health? Int J Environ Res Public Health 10(9):3967–3986.
https://doi.org/10.3390/ijerph10093967

35. Washburn R, ZhuW, McAuley E et al (2002) The physical activity
scale for individuals with physical disabilities: development and
evaluation. Arch Phys Med Rehabil 83(2):193–200

36. Matthew CE (2005) Calibration of accelerometer output for adults.
Med Sci Sports Exerc 37(11):512–522

37. Migueles JH, Cadenas-Sanchez C, Ekelund U, Delisle Nystrom C,
Mora-Gonzalez J, Lof M, Labayen I, Ruiz JR, Ortega FB (2017)
Accelerometer data collection and processing criteria to assess
physical activity and other outcomes: a systematic review and prac-
tical considerations. Sports Med 47(9):1821–1845. https://doi.org/
10.1007/s40279-017-0716-0

38. Colley R, Connor Gorber S, Tremblay MS (2010) Quality control
and data reduction procedures for accelerometry-derived measures
of physical activity. Health Rep 21(1):63–69

39. Freedson PS, Melanson E, Sirard J (1998) Calibration of the com-
puter science and applications. Inc accelerometer Med Sci Sports
Exerc 30(5):777–781

40. Rogers SN, Aziz A, Lowe D, Husband DJ (2006) Feasibility study
of the retrospective use of the Adult Comorbidity Evaluation index
(ACE-27) in patients with cancer of the head and neck who had
radiotherapy. Br J Oral Maxillofac Surg 44(4):283–288. https://doi.
org/10.1016/j.bjoms.2005.06.025

41. Twisk JWR (2017) Inleiding in de Toegepaste Biostatistiek. Bohn
Stafleu en van Loghum

42. Terwee C, Mokkink LB, van Poppel MNM et al (2010) Qualitative
attributes and measurement properties of physical activity question-
naires. Sports Med 40(7):525–537

43. Shephard RJ (2003) Limits to the measurement of habitual physical
activity by questionnaires. Br J Sports Med 37(3):197–206; discus-
sion 206. https://doi.org/10.1136/bjsm.37.3.197

44. Rogers LQ, Courneya KS, Robbins KT, Malone J, Seiz A, Koch L,
Rao K, Nagarkar M (2006) Physical activity and quality of life in
head and neck cancer survivors. Support Care Cancer 14(10):1012–
1019. https://doi.org/10.1007/s00520-006-0044-7

45. Purswani JM, Ohri N, ChampC (2018) Tracking steps in oncology:
the time is now. Cancer Manag Res 10:2439–2447. https://doi.org/
10.2147/CMAR.S148710

46. Douma JAJ, Verheul HMW, Buffart LM (2018) Feasibility, validity
and reliability of objective smartphone measurements of physical
activity and fitness in patients with cancer. BMC Cancer 18(1):
1052. https://doi.org/10.1186/s12885-018-4983-4

47. Hochsmann C, Knaier R, Eymann J, Hintermann J, Infanger D,
Schmidt-Trucksass A (2018) Validity of activity trackers,
smartphones, and phone applications to measure steps in various
walking conditions. Scand J Med Sci Sports 28(7):1818–1827.
https://doi.org/10.1111/sms.13074

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

3709Support Care Cancer (2020) 28:3701–3709

https://doi.org/10.1111/j.1447-0594.2008.00463.x
https://doi.org/10.1177/1010539515590179
https://doi.org/10.1177/1010539515590179
https://doi.org/10.2340/16501977-0953
https://doi.org/10.2340/16501977-0953
https://doi.org/10.1111/bju.13157
https://doi.org/10.1111/bju.13157
https://doi.org/10.1007/s00520-015-2707-8
https://doi.org/10.1586/14737167.4.2.159
https://doi.org/10.1080/02701367.2000.11082780
https://doi.org/10.1080/02701367.2000.11082780
https://doi.org/10.1038/oby.2007.281
https://doi.org/10.1038/oby.2007.281
https://doi.org/10.1152/ajpregu.00349.2016
https://doi.org/10.1186/1471-2288-11-30
https://doi.org/10.1186/1471-2288-11-30
https://doi.org/10.1186/s12916-015-0513-2
https://doi.org/10.1186/s12916-015-0513-2
https://doi.org/10.1371/journal.pone.0181313
https://doi.org/10.1007/s00520-014-2359-0
https://doi.org/10.1007/s00520-014-2359-0
https://doi.org/10.3390/ijerph10093967
https://doi.org/10.1007/s40279-017-0716-0
https://doi.org/10.1007/s40279-017-0716-0
https://doi.org/10.1016/j.bjoms.2005.06.025
https://doi.org/10.1016/j.bjoms.2005.06.025
https://doi.org/10.1136/bjsm.37.3.197
https://doi.org/10.1007/s00520-006-0044-7
https://doi.org/10.2147/CMAR.S148710
https://doi.org/10.2147/CMAR.S148710
https://doi.org/10.1186/s12885-018-4983-4
https://doi.org/10.1111/sms.13074

	Physical activity in patients with cancer: self-report versus accelerometer assessments
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Method
	Study design and population
	Outcome measurements
	The PASE questionnaire
	The accelerometer
	Potential effect modifiers

	Statistical analysis

	Results
	Discussion
	References


