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A B S T R A C T

Aim: Adaptation of the Short QUestionnaire to Assess Health-enhancing physical activity (SQUASH) in order
to improve measurement properties in axSpA patients.
Methods: The original SQUASH was adapted using a qualitative stepwise approach with in-depth interviews
including healthcare professionals and patients. Content validity was explored by comparing modified-
SQUASH (mSQUASH) and original SQUASH. Next, mSQUASH was validated according to the OMERACT filter.
International Physical Activity Questionnaire (IPAQ) was used as comparator and tri-axial accelerometer as
gold standard for criterion validity and classification accuracy of intensity. Construct validity was assessed
using Spearman correlations with clinical outcome assessments. For test-retest reliability, intra-class correla-
tion coefficients (ICCs) were calculated. Responsiveness was assessed using standardized response mean
(SRM), stratified by Anchor method.
Results: The mSQUASH measured a systematically higher activity count and had less missing values (8% vs.
16%) then SQUASH. mSQUASH correlated better with accelerometer compared to IPAQ (r = 0.60 vs. r = 0.34).
Accelerometer measured most activity in light intensity, whereas mSQUASH and IPAQ predominately mea-
sured moderate intensity. Correlations with ASDAS, BASDAI, BASFI and ASQoL were better for mSQUASH
then IPAQ. Test-retest reliability was good in both questionnaires. In contrast to IPAQ, responsiveness was in
correspondence with self-reported changes in physical activity for mSQUASH (SRM -0.84 for improvement
and 0.88 for decrease). The average completion time of the mSQUASH was 7 minutes.
Conclusions: The development of the mSQUASH resulted in an easy applicable, valid, reliable and responsive
questionnaire for the assessment of daily physical activity in axSpA patients, which can be used in research
and daily clinical practice.

© 2021 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
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c. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
Introduction

Axial spondyloarthritis (axSpA) is a chronic inflammatory rheu-
matic disease characterized by inflammatory back pain, structural
spine changes and spinal stiffness. Impaired spinal mobility and pain
lead to limitations in performing daily activities. Regular physical
activity is advised for all axSpA patients in the Assessment of Spondy-
loArthritis international Society (ASAS)/European League Against
Rheumatism (EULAR) recommendations for the management of
axSpA. Previous research has been shown that regular physical
activity improve general health and functional status in axSpA
patients [1�7]. Seen from a patients’ perspective, physical activity is
important because it promotes bodily consciousness and indepen-
dence [8,9]. Physical activity is defined as all bodily movement that
contributes to energy expenditure [10]. In general, positive health
effects of regular physical activity include reducing the risk of obesity,
type 2 diabetes, hypertension, cardiovascular disease, depression,
osteoporosis, colon and breast cancer [11]. Correspondingly, there is
a known association between physical inactivity, such as sitting or
lying down, and poor quality of life [12].

A systematic literature review concerning physical activity in
axSpA patients demonstrated that regular physical activity improves
pain, physical function and spinal mobility. However, the effects on
disease activity are debatable and meta-analysis is complicated due

http://crossmark.crossref.org/dialog/?doi=10.1016/j.semarthrit.2021.05.004&domain=pdf
http://creativecommons.org/licenses/by/4.0/
mailto:m.j.g.carbo@umcg.nl
https://doi.org/10.1016/j.semarthrit.2021.05.004
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.semarthrit.2021.05.004
https://doi.org/10.1016/j.semarthrit.2021.05.004
http://www.ScienceDirect.com
http://www.elsevier.com/locate/semarthrit


720 M.J. Carbo et al. / Seminars in Arthritis and Rheumatism 51 (2021) 719�727
to the heterogeneity of the physical activity exercises investigated
[13]. Patients with higher disease activity have been reported being
less physically active [14,15]. Four studies conducted with accelerom-
eters suggest that physical activity levels in general are lower among
axSpA patients than among healthy controls [16]. This difference was
explained by the reduced intensity of physical activity since axSpA
patients tend to do less moderate and vigorous intense physical
activity [17].

Physical activity is investigated with various instruments [16]. To
evaluate the performance of these instruments, measurement prop-
erties including feasibility, discrimination, and truth should be taken
into account [18]. The gold standard for measuring total energy
expenditure is the doubly labeled water method (DLW). However,
DLW is expensive, time consuming, and has a high subject burden,
making DLW less feasible. Accelerometers and physical activity mon-
itoring apps can be used as an alternative. An important disadvantage
of these methods is the lack of specification of the type physical activ-
ity. Another option are self-reported questionnaires, these are low in
costs, have a low patient burden and are easy applicability in clinical
practice. In addition, patient self-management and information about
the specific type of activity can be included [19]. To fully benefit from
these advantages, a questionnaire should include all daily physical
activity domains (i.e. transport, work, household, leisure time and
sports), measuring the total duration, frequency and intensity of
these activities [20].

Since there is a need to easily asses the amount and type of daily
physical activity in axSpA patients, both in daily clinical practice and
in research, we investigated in previous research the validity and
test-retest reliability of the Short QUestionnaire to Assess Health-
enhancing physical activity (SQUASH) and the International Physical
Activity Questionnaire (IPAQ) in axSpA patients [21]. Although both
questionnaires included all domains of daily physical activity, ques-
tionnaire data correlated only fair with accelerometer data (SQUASH
0.35; IPAQ 0.38). Test-retest reliability was good for both question-
naires. However, better limits of agreement and correlation with spi-
nal mobility was found for SQUASH. The SQUASH had also fewer
missing values and was preferred by the patients. Nevertheless, mod-
ification of the SQUASH was recommended to improve validity in
axSpA patients [21].

Therefore, our objective was to modify the SQUASH in collabora-
tion with healthcare professionals and patients in order to improve
measurement properties for the use in axSpA patients.

Patients and methods

This study was conducted within the Groningen Leeuwarden
Axial Spondyloarthritis (GLAS) cohort. The GLAS cohort is an on-
going prospective longitudinal observational cohort study with stan-
dardized follow-up including patient-reported outcome. All included
patients were 18 years or older, fulfilled the 1984 modified New York
criteria for Ankylosing Spondylitis (AS) or the 2009 ASAS criteria for
axSpA [22]. Patients included in this study varied in patient charac-
teristics concerning age, gender, disease status (symptom duration,
disease activity, physical function), and employment status. The
GLAS cohort and an amendment for the present study were approved
by the local ethics committees of the Medical Centre Leeuwarden and
University Medical Centre Groningen. All patients provided written
informed consent according to the Declaration of Helsinki to partici-
pate in the study.

Assessing physical activity: SQUASH, IPAQ and accelerometer

The SQUASH is a daily physical activity questionnaire developed
by the Dutch National Institute of Public Health and the Environment
Statistics Netherlands (CBS), and validated in the general Dutch pop-
ulation [23]. The SQUASH refers to daily physical activity in an
average week during the past month and consists of the following
domains: commuting activities, activities at work and school, house-
hold activities, leisure time activities, and sports. For each activity,
the number of days per week, average time, and intensity (slow/aver-
age/fast) are asked. Activities in the domains ‘work and school’ and
‘household’ are subdivided into two intensity categories: light/mod-
erate and heavy, with some describing examples. In the domain
‘work and school’, days a week was omitted and the average time per
day. For the calculation of activity scores, the total amount of time
per activity, the perceived intensity and the MET values of the Ains-
worth’s compendium are taken into account [24]. The SQUASH total
score is calculated by the sum of all activity scores within the specific
domains. According to the SQUASH protocol, data were excluded if
the total minutes of activity per day exceeded 960 minutes [23].

The IPAQ is a daily physical activity questionnaire developed by
development of an International Consensus Group, which met in
Geneva in 1998, and has been validated in 12 languages in 2003 [25].

IPAQ refers to physical activity during an average week in the past
month and comprises questions in the different domains: occupa-
tional, household and gardening, transport, and leisure time [25].
Each of these domains provides a specific activity score calculated by
multiplying the number of minutes per week of the performed activi-
ties with the accompanying MET value of the Ainsworth’s compen-
dium [24]. The total activity score was calculated by the sum of these
domain scores and was reported in MET-minutes/week. According to
the IPAQ guidelines, data were excluded if the total minutes of activ-
ity per day exceeded 960 minutes or when values were missing.

The tri-axial accelerometer (Actigraph wGT3X-BT) was used as
gold standard to assess physical activity because of its known correla-
tion with DLW [26]. The accelerometer was worn on the right hip
during waking hours, except activities in water (showering or swim-
ming) for 7 days. The outcome of the accelerometer was calculated
by dividing the total activity kilocounts by the total number of days
the device was worn and was expressed in average kilo counts per
day (kilocounts/day). Data were excluded if the accelerometer was
worn for less than 10 hours per day, for less than 5 days or for less
than 2 weekend days [27]. Patients were asked to keep a short diary,
which was used to interpret the accelerometer data.
Adaptation of the SQUASH into the modified SQUASH

The original SQUASH was modified to develop a more disease-
specific physical activity questionnaire for axSpA patients using a
stepwise approach. First, semi-structured, one-to-one, in-depth
interviews were conducted with 9 healthcare professionals with
expertise in axSpA concerning the content, structure, missing items,
and possible requirements for adaptations of the SQUASH. The axSpA
experts consisted of 2 rheumatologists, 2 rehabilitation physicians, 2
physician assistants, and 3 physiotherapists. Next, a focus group ses-
sion was conducted with 8 axSpA patients guided by a trained leader.
As a guideline for the focus group, statements about the content,
structure, and potential adaptations of the SQUASH as suggested by
the majority of experts were presented. A focus group interview
guide with open ended questions was used to stimulate a group dis-
cussion after each presented statement. Adaptations suggested by
the majority of patients (�5) were used for the field testing proce-
dure.

A field test was conducted to improve content and face validity
using semi-structured, in-depth interviews. The interviews were con-
ducted with an interview guide; assessing all aspects of the question-
naire giving patients an opportunity for input before and afterwards.
Patients were asked about relevance, comprehensiveness (no key
concepts missing), and comprehensibility.

All interviews and the focus group were digitally recorded using a
voice recorder. The recorded data were transcribed verbatim, coded



M.J. Carbo et al. / Seminars in Arthritis and Rheumatism 51 (2021) 719�727 721
independently by 2 researchers and analysed using an thematic anal-
ysis approach [28].

Finally, the SQUASH was modified to the new mSQUASH during a
consensus meeting of the research team, taking into account all sug-
gestions of the experts and the patients. A suggested adaptation was
implemented when it was 1) in line with the purpose of the SQUASH,
i.e. measuring physical activity, 2) agreed by the majority of patients,
and 3) not in contrast with another suggested adaptation or current
content of the questionnaire. If multiple suggested adaptations cov-
ered similar topics, the most accessible adaptation was chosen.

Measurement properties of the mSQUASH

To assess measurement properties of the mSQUASH, the Outcome
Measures in Rheumatology Clinical Trials (OMERACT) filter was used
[18]. Consecutive patients from the GLAS cohort visiting our outpa-
tient clinic were asked to participate and randomly assigned to a
group to asses a certain measurement property except for the
patients starting biological treatment (responsiveness group).We
decided to test the measurement properties in separate groups to
avoid response bias. Different patients were used for criterion validity
and reliability since wearing an accelerometer may create more
awareness of physical activity and this may influence how the ques-
tionnaires will be filled in. To limit the number of questionnaires that
patients had to fill in, content validity was assessed in the responsive-
ness group too. Furthermore validity and reliability were approxi-
mately powered on 50 patients, responsiveness on 75 patients (25
starting biological treatment, 50 unchanged therapy).

Truth (validity)
Content validity was tested by filling out the original SQUASH and

mSQUASH in randomized order on 2 different occasions approxi-
mately 2 weeks apart. Missing values, total scores and domain scores
were compared between both questionnaires. SQUASH and
mSQUASH scores were calculated and Bland-Altman analysis was
performed on the total scores to assess systematic difference.

To assess construct validity, it was explored whether the physical
activity questionnaire behaves as expected in relation to other clini-
cal outcome assessments such as disease activity, physical function,
quality of life and disease-related health status. Patients completed
the mSQUASH and IPAQ in randomized order at the outpatient clinic,
together with the clinical assessments included in the standardized
follow-up of the GLAS cohort. Disease activity was assessed using the
ASDAS and BASDAI. Physical functioning was assessed using the
BASFI. Quality of life was assessed using the ASQoL (Ankylosing Spon-
dylitis Quality of Life) and ASAS-Health Index (HI). It was hypothe-
sized that there would be fair to moderate correlations between
physical activity questionnaires and the other clinical outcome meas-
ures as they assess related but different constructs. Spearman’s corre-
lation coefficients were used to analyse the relation between physical
activity questionnaires and clinical assessments. Correlations of
0.0�0.2 were interpreted as poor, >0.2�0.4 as fair, >0.4�0.6 as mod-
erate, >0.6�0.8 as good and >0.8�1.0 as excellent [33].

For criterion validity, the accelerometer was used as gold standard
and the IPAQ was included as comparator. The mSQUASH and IPAQ
were administered in random order at the outpatient clinic (day 1)
and in 7 consecutive days physical activity was also assessed using
the Actigraph accelerometer (day 2�8) [29]. Spearman’s correlation
coefficient was used to analyse the relation of mSQUASH and IPAQ
total scores with accelerometer activity counts. Correlations were
interpreted as described for construct validity.

Discrimination
For test-retest reliability, it was investigated whether repeated

measures yield similar results in patients with stable disease [18].
The mSQUASH and IPAQ were filled out in randomized order on 2
different occasions approximately 2 weeks apart (with a maximum
of 3 weeks). In this time period, it is unlikely the disease status will
change and it is long enough to avoid recall bias. The Intraclass corre-
lation coefficients (ICCs; two-way mixed effect model, single meas-
ures, absolute agreement) between the first and second assessment
of the physical activity questionnaires were calculated. Reliability
was assessed for both total scores and activity scores per domain. ICC
values of at least 0.70 indicate good reliability. Additionally, Bland-
Altman analysis was performed on the total scores to assess system-
atic difference and to calculate 95% limits of agreements (LOA).

For responsiveness, patients starting biological treatment and
patients with unchanged treatment regime were included to investi-
gate sensitivity to change in patients with improvement, stability
and worsening of physical activity. The mSQUASH and IPAQ were
administered in randomized order at the outpatient clinic at baseline
and 3-month visits. At 3 months, all patients were asked to rate if
their physical activity was improved, stable or worsened compared
to the previous visit (Anchor method). It was hypothesized that stan-
dardized response mean (SRM) is negative for patients with
improved condition, close to zero in patients with stable condition,
and positive in patients with worsened condition [31]. The SRM
defined as the mean change in score between 2 visits divided by the
SD of the change in score. The SRM values of >0.80 were considered
as large, 0.50�0.80 as moderate, and <0.50 as small [34]. Further-
more, patient-reported improvement, stability or worsening in phys-
ical activity according to the mSQUASH was compared to the change
in disease activity (BASDAI) to assess the clinical relevance. There
was no CRP available for the 3 month assessment and therefore the
ASDAS could not be calculated.

For classification accuracy, questionnaires and accelerometer out-
come were categorized into minutes spent in different intensities of
physical activity (light, moderate or vigorous) to investigate whether
the questionnaires accurately classify different levels of physical
activity. The categories were defined as in the original publication of
the questionnaires and by Troiano cut-off values for the accelerome-
ter [23,25,30]. The agreement between categories (light, moderate,
vigorous) according to the questionnaires and accelerometer were
explored using descriptive statistics.
Feasibility
Time to complete the mSQUASH including in the field test was

recorded. In order to facilitate accessibility the mSQUASH was trans-
lated from Dutch into English according to the protocol of Beaton
[32]. This protocol uses a stepwise approach, starting with 2 native
English speakers independently translating the mSQUASH and then
reaching consensus in collaboration with a moderator. Subsequently,
a backward translation into Dutch was performed, followed by a sec-
ond consensus meeting with the native translators, a methodologist
and an expert on the topic. The translators had different educational
backgrounds and were unfamiliar with the construct measured. The
mSQUASH will be available for everyone without additional costs,
including codebook and syntax.
Statistical analysis

Statistics were performed using SPSS version 23 (IBM, Armonk,
NY, USA). Results were expressed as numbers of patients (percen-
tages), mean § SD or median (IQR) for categorical, normally and non-
normally distributed data, respectively. P<0.05 were considered sta-
tistically significant.

Since the present study investigates the validity, reliability and
responsiveness of the physical activity questionnaires, total scores
were not calculated if missing values were present in one or more
domains.



722 M.J. Carbo et al. / Seminars in Arthritis and Rheumatism 51 (2021) 719�727
Results

Adaptation of the SQUASH into the mSQUASH

Both experts and patients perceived the original SQUASH as rele-
vant, easy to complete, but somewhat limited in specific response
possibilities and examples. Multiple adaptations were suggested dur-
ing the interviews and the focus group. Only the adaptations which
were implemented in the final consensus meeting of the research
team are reported. Characteristics of axSpA patients who participated
in the focus group session and field test are shown in Tables S1 and
S2.

General adaptations were made regarding the questionnaire
instructions. Examples and explanations of terms used for intensity
were added, as described by the American College of Sports Medicine,
the American Heart Association [35]. The response options ‘light,
moderate or vigorous’ were combined with the options ‘slow, aver-
age and fast’ resp. to facilitate interpretation. Furthermore, the
answer option ‘not applicable’was added to reduce missing values.

Adaptations in specific domains were also applied. Originally, in
the section commuting activities, there was only asked for ‘walking
to/from work or school.’ This excluded all other commuting activities
and therefore a question was added concerning ‘other recurring
transportation activities (for example: to/from supermarket or sports
activity).’ The intensity of physical activity at work or school was
originally formulated in hours of ‘light and average’ and/or ‘heavy’
work. The question was changed in ‘how many hours do you spend
working or at school?’ and ‘how many of these hours are heavy work
hours?’. In the domain household activities, examples of the less
heavy household activities were changed into ‘cooking, doing the
dishes and to tidy up’ since this are all activities done standing-up
and in a slow pace. Examples of heavy household activities were
changed to ‘changing the sheets, carrying young children, cleaning
the bathroom and lifting heavy grocery bags.’ Leisure time activities
originally contained ‘walking, riding a bike, gardening and odd jobs.’
Shopping was added because patients felt it was not yet included and
a common activity for many. Physiotherapy-fitness and exercise
therapy were added as examples to the domain sports. The METs
values were extracted from the Ainsworth’s compendium and
added in the syntax, comparable to method of the original
SQUASH. The total score is calculated by ‘minutes a week’ times
Table 1
Baseline characteristics of all included axSpA patients and stratified f

Content validity Criterion an

Number of patients 42 45
Age (Years) 51.6 (13.9) 50.7(11.6)
Gender (Male) 26 (62%) 23 (51%)
Symptoms duration (years) 22.5 (13.3�33.5) 27.0 (18.0�
HLA-B27+ 33 (79%) 37 (82%)
Biological use 17 (41%) 16 (33%)
DMARD use 4 (10%) 11 (24%)
NSAID use 17 (41%) 31 (69%)
BASDAI (range 0 to 10) 3.4 (1.4�5.5) 3.4 (2.0�5.7
CRP (mg/l) 3.0 (1.0�6.0) 2.0 (0.8�4.4
ASDAScrp 2.0 (0.9) 2.0 (1.0)
BASFI (range 0 to 10) 2.7 (1.1�5.0) 3.3 (1.4�5.7
ASQoL (range 0 to 18) 2.0 (1.0�9.0) 4.0 (0.0�8.8
Occiput-to-wall distance (cm) 6.0 (0.0�11.0) 5.0 (0.0�9.0
Chest expansion (cm) 3.0 (1.8�4.5) 3.0 (1.0�4.6
Modified Schober test (cm) 14.0 (12.0�14.4) 13.0 (12.3�
Lateral spinal flexion (cm) 11.0 (6.0�15.0) 12.8 (10.0�
Cervical rotation (degrees) 70.0 (46.3�80.0) 68.8 (60.0�

Data presented as means § standard deviation, n (%) or median (inte
Score; ASQol, Ankylosing Spondylitis Quality of Life; BASDAI, Bath A
losing Spondylitis Functional Index; CRP, C-reactive protein; DMARD
kocyte antigen B27-postive; NSAID, non-steroidal anti-inflammatory
‘METs-value‘ times ‘intensity/demand factor.’ In the original
SQUASH, there was a standardized increase of the METs value in
the syntax for people over 55 years of age. However, there is no
support for this adaptation in literature including the Ainsworth
compendium and recently published WHO criteria, and therefore
it was not included in the syntax of mSQUASH [36]. In supple-
mentary Table S3 a detailed explanation of the calculation of the
mSQUASH and it components is given.

Measurement properties of the mSQUASH

In total 183 unique axSpA patients were included. Overall, 29
patients were excluded due to incomplete follow up. Leaving 42
patients for content validity, 45 patients for criterion validity, 45
patients for construct validity, 43 patients for test-retest reliabil-
ity and 69 patients for responsiveness of which 24 started biolog-
ical treatment. Characteristics of the included patients are
presented in Table 1. Patient characteristics were comparable
between the different groups, with the exception of patients
starting biological therapy part of the responsiveness group. In 3
patients the mSQUASH was excluded because they exceeded
>960 minutes of activity per day, in 1 of these patients the IPAQ
had to be excluded for the same reason. Additionally, 4 patients
were excluded for not meeting the accelerometer inclusion crite-
ria. Patient characteristics were comparable between included
and excluded patients (data not shown) (Table 2).

Truth (validity)

Content validity mSQUASH vs. SQUASH. The paired full-cases of both
the mSQUASH and the original SQUASH were used for comparison.
The median total score of the mSQUASH was 9045 (IQR 6935-12505)
and for the original SQUASH 8775 (IQR 5742-12905).Bland-Altman
analyses showed that the differences between mSQUASH and origi-
nal SQUASH were mostly stable over the total scoring range (Fig. 1).
Since the few outliers are in the highest scoring range this may be
considered as somewhat heteroscedastic. There were less missing
total scores of the mSQUASH (8%) than of the original SQUASH (16%).
There were also less missing values in the domain scores of the
mSQUASH, which was especially the case in the domain commuting
activity (0% vs 12%).
or substudies assessing measurement properties.

d construct validity Reliability Responsiveness

43 69
49.8 (12.8) 47.0 (13.9)
30 (70%) 32 (46%)

36) 21.0 (13.5�35.5) 19.0 (9.0�31.0)
30 (70%) 54 (78%)
20 (47%) 40 (58%)
7 (16%) 15 (22%)
25 (58%) 45 (65%)

) 2.7 (1.5�5.6) 4.8 (2.7�6.4)
) 1.9 (1.0�3.8) 2.7 (1.0�7.0)

1.9 (1.0) 2.6 (1.1)
) 2.0 (1.7�5.8) 3.3 (1.5�5.7)
) 3.0 (0.5�9.5) 6.0 (0.0�12.0)
) 4.0 (0.0�8.4) 4.0 (0.0�8.0)
) 3.3 (1.6�4.5) 3.0 (1.0�4.8)
14.5) 13.5 (12.3�15.0) 14.0 (13.0�15.0)
16.5) 12.1 (8.8�17.0) 12.5 (9.9�16.2)
80.0) 67.5 (50.6�80.0) 70.0 (60.0�80.0)

rquartile range). ASDAS, Ankylosing Spondylitis Disease Activity
nkylosing Spondylitis Disease Activity Index; BASFI, Bath Anky-
, Disease-modifying antirheumatic drug; HLA-B27+, human leu-
drug; TNF, tumor necrosis factor;



Table 2
Construct validity: Spearman correlations of mSQUASH and IPAQ
with axSpA clinical assessments.

mSQUASH (n = 109) IPAQ (n = 88)

Disease activity
BASDAI (range 0 to 10) �0.26* �0.16
ASDASCRP �0.27* �0.06
Physical Function
BASFI (range 0 to 10) �0.38* �0.25*
Quality of life
ASQoL �0.40* �0.41*
ASAS health index �0.30 �0.20

ASDAS, ankylosing spondylitis disease activity score; ASQoL, anky-
losing spondylitis quality of life; BASDAI, Bath ankylosing spondyli-
tis disease activity index; BASFI, Bath ankylosing spondylitis
functional index; IPAQ, International Physical Activity Question-
naire (in MET-minutes/week); mSQUASH modified- Short Question-
naire to Assess Health-enhancing physical activity Statistically
significant Spearmans’ correlations (*P< 0.05). The ASAS health
index was not available in all patients and therefore lacks power.
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Construct validity. We hypothesized that, due to partly overlapping
constructs, there would be fair to moderate correlations between
physical activity questionnaires and the scores of other clinical
assessments measuring disease activity (ASDAS, BASDAI), physical
function (BASFI), QoL (ASQoL) and health status (ASAS-HI). In case of
BASFI and ASQoL, this could be confirmed for both mSQUASH (-0.38
and -0.40 resp.) and IPAQ (-0.25 and -0.41 resp.). Only for mSQUASH,
fair to moderate correlation were found for ASDAS (-0.26) and BAS-
DAI (-0.27). The correlations of IPAQ with these disease activity
assessments was poor (Table 2).

Criterion validity. For the accelerometer, the mean outcome was
268 kcounts/day (IQR 172�441) and mean wear time was
14.6 hours/day (SD § 2.3). The correlation with accelerometer activ-
ity counts was moderate (r = 0.57, P < 0.001) for the mSQUASH total
score and fair (r = 0.24, P = 0.194) for the IPAQ total score (Fig. 2).
Eight patients (5%) reported they have performed water activities
(i.e. hydro-therapy, hydro-volleyball) for which they were not able to
wear the accelerometer. The correlation between the mSQUASH total
score adjusted for these activities and accelerometer outcome did not
change and was still moderate (r = 0.55, P < 0.001).
Discrimination

Test-retest reliability. The mean time between the first and second
assessment of the questionnaires was 2.1 week. The ICC for the
Fig. 1. Content validity: Scatterplot and Bland-Altman plot of agreement between mSQUASH
tionnaires asses physical activity plotted against the mean of the both assessments, together
mSQUASH total score of the 2 assessments was 0.80, indicating good
reliability. The ICCs for the different domains of the mSQUASH ranged
from 0.64 (commuting activities) to 0.90 (leisure time activities). The
ICC for the IPAQ total score of the 2 assessments was 0.92, also indi-
cating good reliability. The ICCs for the domains of the IPAQ ranged
from 0.36 (transport activities) to 0.83 (work activity score) (Table 4).

The Bland-Altman plots for mSQUASH and IPAQ total scores
showed that the mean difference between the first and second
assessments was small and not significantly different from zero,
which means that no systematic bias was present. For both question-
naires, 95% limits of agreements were wide (for mSQUASH: -5465 to
5737; for IPAQ: -4155 to 3203), meaning that only large changes can
be considered true changes (beyond measurement variation). Only
the mSQUASH scores were well balanced over the scoring range, in
contrast to the most clustered IPAQ scores (Fig. 3; Supplement Figure
S1).

Responsiveness. For the mSQUASH, SRMs were large and corre-
sponded to the direction of self-reported changes in daily physical
activity after 3 months. SRM was -0.84 for the group of patients who
reported improvement of physical activity and 0.88 for decrease in
physical activity. For the group of patients who remained stable, SRM
was close to zero (Table 4). Furthermore, the direction of the change
in physical activity was in line with the change in BASDAI, i.e. patients
who reported improvement in physical activity also achieved signifi-
cantly lower BASDAI scores over time. In contrast, the SRMs of the
IPAQ were small and not in the corresponding direction with the
self-reported changes in physical activity.

Classification accuracy. Both mSQUASH and IPAQ outcome and accel-
erometer outcome were categorized into minutes spent in the 3 dif-
ferent intensities of physical activity (light, moderate or vigorous). As
shown in Table 5, most minutes were classified in moderated inten-
sity by both mSQUASH and IPAQ and in light intensity by the acceler-
ometer. It should be kept in mind that the IPAQ does not score light
physical activity. Both mSQUASH and IPAQ also classified more
minutes in vigorous intensity compared to the accelerometer, both
questionnaires overestimate the intensity of the performed physical
activity compared to the accelerometer.
Feasibility
The mSQUASH was completed in 7 minutes on average. Transla-

tion into English was done according to the protocol of Beaton. For
both the English and Dutch version of the mSQUASH see supplemen-
tary figure S2. The codebook, instructions for building a syntax and
and SQUASH. A: Scatterplot mSQUASH and SQUASH total activity scores. B: Both ques-
with 95% limits of agreement (LOA).



Table 3
Test-retest reliability: ICC of mSQUASH and IPAQ assessed with a 2 week interval.

Baseline 2 weeks ICC 95% CI

mSQUASH
Total activity score(n=27) 8715 (4525;11160) 8780 (4026;10540) 0.80* 0.61 to 0.90
Work and school score (n=33) 135 (0;6480) 180 (0;6390) 0.66* 0.42 to 0.82
Commuting activity score (n=34) 910 (285;1748) 480 (51;1605) 0.64* 0.39 to 0.80
Household activity score (n= 36) 1009 (525;2336) 848 (514;1995) 0.70* 0.48 to 0.84
Leisure-time and sport (n=33) 1605 (863;3660) 1500 (638;2678) 0.90* 0.85 to 0.95
IPAQ
Total activity score (n=25) 3410 (1448;5666) 3360(1283;7845) 0.92* 0.83 to 0.96
Work activity score (n=27) 0 (0;2895) 120 (0;1695) 0.83* 0.66 to 0.91
Transport activity score (n=34) 585 (203;1148) 510 (180;1136) 0.36* 0.03 to 0.63
Household and garden (n=32) 540 (141;863) 371 (146;934) 0.66* 0.41 to 0.82

Median (IQR) of paired complete data are presented. IPAQ, International Physical Questionnaire; MET, meta-
bolic equivalent ; mSQUASH, modified-Short Questionnaire to Assess Health- enhancing physical activity.
Statistically significant Intraclass Correlation Coefficient (* P<0.05).

Fig. 2. Criterion validity: correlation of mSQUASH and IPAQ with accelerometer. Relation between (A) modified-Short Questionnaire to Assess Health-enhancing physical activity
(mSQUASH) total scores and (B) International Physical Activity Questionnaire (IPAQ) and accelerometer activity counts.

Table 4
Responsiveness (SRM) of mSQUASH and IPAQ according to Anchor method and comparison
with changes in BASDAI.

mSQUASH Baseline 3 months SRM 95% CI

improved PA (n = 12) 8189 (4408) 9684 (4155) -0.84 �1.47 to �0.20
stable PA (n = 31) 9127 (4960) 8310 (4328) 0.17 �0.20 to 0.53
decreased PA (n = 15) 6833 (4148) 4281 (3413) 0.88 0.32 to 1.43
IPAQ Baseline 3 months SRM 95% CI
improved PA (n = 9) 1025 (12730) 8169 (8370) 0.36 �0.40 to 1.13
stable PA (n = 19) 5359 (4099) 3962 (4104) 0.53 0.05 to 1.01
decreased PA (n = 12) 3572 (59494) 3908 (8426) �0.11 �0.75 to 0.52
BASDAI (0-10) Baseline 3 months p-value
improved PA (n = 12) 5.4 (2.2) 3.6 (2.0) 0.020
stable PA (n = 21) 3.0 (2.0) 3.0 (1.9) 0.761
decreased PA (n = 14) 5.0 (2.0) 5.5 (2.3) 0.274

Mean (§ SD) of paired complete data are presented. SRM, Standardized response mean; CI, Con-
fidence Interval; mSQUASH, modified Short Questionnaire to Assess Health-enhancing physical
activity, PA: Physical activity, IPAQ, International Physical Activity Questionnaire; BASDAI, Bath
ankylosing spondylitis disease activity index.
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the complete syntax for SPSS are also included as Supplementary files
(Table S3).

Discussion

The mSQUASH was developed and validated, because there is a
need in daily clinical practice and research to assess the amount and
type of daily physical activity more specifically in axSpA patients.
Starting point of this process was the original SQUASH, which is a
physical activity questionnaire developed and validated in the
general Dutch population. In our preparatory work, we showed that
the SQUASH performed better than the IPAQ in assessing amount
and type of daily physical activity in axSpA patients. Furthermore,
the SQUASH was preferred by axSpA patients because of lesser ques-
tions and clearer layout. However, modification was recommended
to especially improve content validity for the use in axSpA patients
[21]. When measuring physical activity, it is essential to including all
content domains in which axSpA patients perform their daily physi-
cal activities as well as the intensity of these activity [20]. The
SQUASH fulfills these requirements more systematically and



Fig. 3. Test-retest reliability: Bland-Altman plots of mSQUASH (A) and IPAQ (A) assessed with a 2 week interval.
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extensively than the IPAQ [21]. Therefore, our first step was to adapt
the SQUASH into the mSQUASH using a stepwise qualitative
approach in collaboration with experts; axSpA patients and health-
care professionals from the field of rheumatology, physiotherapy and
rehabilitation medicine. Most adaptations resulting from this process
were focused on the structure of the SQUASH, modernization of
examples and standardization of the response options. Recently, the
Table 5
Classification accuracy mSQUASH, IPAQ and accelerometer.

Light intensity Moderate intensity Vigorous intensity

mSQUASH 808 (475�1350) 1540 (118�2280) 155 (30�420)
IPAQ n.a. 645 (240�1575) 150 (41�409)
Accelerometer 1766 (1455�2071) 196 (118�270) 0 (0�5)

Data presented as minutes per week, median (IQR). mSQUASH, modified-Short Ques-
tionnaire to Assess Health-enhancing physical activity (minutes). IPAQ, International
Physical Questionnaire (minutes).
Adapted-SQUASH for adults with disabilities has been published.
Besides specific adaptations for wheelchair users, similar adaptations
were made in naming of the categories of self-reported intensity of
activities [37].

The next step was to evaluate the measurement properties of the
mSQUASH for the use in in axSpA patients according to the OMERACT
filter. In the past 20 years, Omeract has been very important in the
development of outcome measure in rheumatology [18]. In our previ-
ous work, we compared the original SQUASH and the IPAQ with the
accelerometer which served as gold standard. The results showed
only fair correlations with the accelerometer for both the SQUASH
and the IPAQ. In our present study, we found improved correlation
for the mSQUASH, whereas the correlation with the IPAQ remained
fair. Additionally, unlike the IPAQ, also good correlation of the accel-
erometer was found with the full scoring range of the mSQUASH. Pre-
viously, no data on responsiveness of physical activity questionnaires
were available in axSpA patients. Interestingly, the mSQUASH dem-
onstrated good sensitivity to change, which is important for daily
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clinical practice and future studies concerning physical activity in
axSpA. Although the subgroups of axSpA patients who reported
improvement, stability or worsening in physical activity were rela-
tively small, we found large SRM values in correspondence with self-
reported changes in physical activity (improvement or worsening)
and SRM close to zero for the unchanged group, indicating that the
assessment of stability is also accurate. This was not found for the
IPAQ, which confirms the superiority in responsiveness of the
mSQUASH.

Besides the advantages of self-reported questionnaires such as
easy applicability and also presenting information about the specific
type of activity, which is unavailable for data collected by electronics
devices. There are also well-known limitations of self-reported ques-
tionnaires such as subjectivity and the risk of a recall bias [38]. The
advantage of a questionnaire inquiring ‘physical activity average-
week’ is minimizing the inherent weekly variation, resulting in a
higher test-retest reliability. Incidentally patients misinterpret the ‘a
normal week in the past month’ as ‘the past week’, however test-
retest reliability remained good [39]. On the other hand, to ensure a
reliable view on the average daily activities in a certain period it is
important to prevent incidental changes for example by holydays or
short sick leave. Furthermore, asking questions about the experi-
enced intensity of physical activity (light, moderate, and vigorous)
has some limitations. The perceived intensity for the patient depends
on several patient characteristics, such as functional limitations, fit-
ness level and interpretation of the patient. An activity that feels vig-
orous for one patient may only be perceived as moderate by another
patient [40]. The objective data gained from the accelerometer indi-
cate that both the mSQUASH and IPAQ overestimate the intensity of
the performed physical activity. The results are comparable with
those of a number of other studies conducted in both healthy and
populations with a disease [41,42]. The overestimation of intensity
should be kept in mind when interpreting the results from the
mSQUASH. The tendency for people to give socially desirable answers
in questionnaires on physical activity is one of the possible reasons
for this overestimation [43].

The mSQUASH demonstrated to be the most valid patient-
reported outcome measure (PROM) to assess daily physically activity
in axSpA patients and the first with supporting evidence of good
responsiveness. The value of PROMs are widely recognized and fre-
quently used in axSpA for assessing quality of life, health status, phys-
ical function and even disease activity [44,45]. The advantage of a
PROM is that the outcome is based on patients’ perspective and
includes how a person perceives his or her behavior. This is essential
information since patients’ ability to classify and quantify their own
physical activity correctly was found to be predictive of achieving
behavioral change [46,47].

To make it possible to use the mSQUASH outside the Netherlands
and to facilitate validation into other languages, we translated the
Dutch mSQUASH into English according to the protocol of Beaton
[32]. Additionally, we have provided a codebook for SPSS data enter-
ing and syntax file for performing mSQUASH calculations. We hope
this availability will promote the use of this PROM in clinical studies
concerning physical activity in axspA and as a result improving com-
parability of these studies. This will eventually help to develop more
data driven guidelines advising on physical activity in axSpA which
are already the cornerstone of our treatment advice.

The adaptations in the mSQUASH are quite general, therefore the
mSQUASH may also suitable for other populations. This however
remains to be investigated.

Conclusion

The development of the mSQUASH resulted in improved mea-
surement properties in axSpA patients, especially criterion validity.
Furthermore, mSQUASH showed good results regarding
responsiveness, indicating its usefulness for longitudinal analysis.
Overall, the mSQUASH performed better than the IPAQ in our study.
The mSQUASH showed to be a valid, reliable, sensitive to change and
feasible questionnaire for the measurement of daily physical activity
in axSpA patients. Although the association with the accelerometer
as a gold standard was good, it should be kept in mind that question-
naires tend to overestimate the intensity of physical activity.

The mSQUASH provides a good opportunity to assess the amount
and type daily physical activity in a standardized way, both at group
level and individual patient level. Healthcare professionals and
patients can use the mSQUASH as a tool to promote patient’s self-
management, individualized exercise programs and achieve exercise
goals.
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