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Abstract
Objective

Since decades, supervised group exercise (SGE) is recommended for people with
axial spondyloarthritis (axSpA). This study examines if weekly SGE contributes to
fulfillment of exercise recommendations in axSpA patients.

Methods

Cross-sectional data from three studies with axSpA patients in the Netherlands,
including two with outpatient populations (n=196 and n=153) and one with SGE
participants (n=128), were analyzed. Sociodemographic and disease characteristics,
SGE participation, health status (ASAS Health Index), spinal mobility and fulfillment
of the recommendations for leisure-time aerobic (=150 min/week moderate-
intensity or =75 min/week vigorous-intensity) and strength and mobility (>2
sessions/week) exercise (measured with SQUASH-questionnaire) were assessed.
Differences between patients with and without SGE were analyzed.

Results

In the two outpatient populations (n=349), 17 patients (5%) used SGE. The SGE
participants (n=145) were significantly older, had longer disease duration, were less
frequently employed, used less medication and had worse spinal mobility than
patients without SGE (n=332). There were no significant differences in health
status. Patients with SGE fulfilled the moderate-intensity aerobic (89% vs. 69%) and
strength and mobility (44% vs. 29%) exercise recommendations more often than
patients without SGE, but the aerobic exercise recommendation was less often
fulfilled with vigorous-intensity exercise (5% vs. 12%).

Conclusion

SGE is used by just few, especially older, axSpA patients and contributes to fulfilling
recommendations for moderate-intensity, mobility and strength exercise. Both in
patients with and without SGE, only a minority fulfilled the recommendations for
vigorous-intensity, strength and mobility exercises. Therefore, future promotion of
exercise should focus on implementing these types of exercise.
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Introduction

Axial spondyloarthritis (axSpA) is a chronic inflammatory rheumatic disease
primarily affecting the spine (1, 2). Patients with axSpA are recommended to
engage in aerobic, strength and mobility exercises, dosed according to public health
recommendations, to positively influence symptoms, cardiorespiratory fitness,
functioning and quality of life (3-7). Supervised group exercise (SGE) in particular
has been recommended for many years for axSpA patients (7-9), as it was found to
have a better effect on symptoms, fitness and functioning than home exercise (7,
8, 10, 11). In some countries, including the Netherlands and Switzerland, local
patient associations organize SGE specifically for axSpA patients: these exercise
groups typically combine land-based and aquatic exercises and sports activities and
are often supervised by a physical therapist (12-14). However, although axSpA
patients are recommended to engage in aerobic, strength and mobility exercises at
least twice a week (3, 5), current SGE in the Netherlands focuses primarily on
mobility and strength exercise and takes place just once a week (5, 12, 13). To
improve the quality of exercise in SGE participants, recent studies sought to
implement SGE enhancements, including greater focus on (high-intensity) aerobic
exercises and educating patient about additional (home) exercises (14, 15).
Therefore, it is important to know how many and which axSpA patients engage in
SGE and to what extent they currently engage in exercise according to public health
exercise recommendations, also compared to patients without SGE.

Itis not entirely clear which axSpA patients participate in SGE, although this is useful
information for future exercise promotion. Findings from previous studies suggest
that only a small minority of axSpA patients engages in axSpA-specific SGE (12, 16,
17) and that this concerns relatively old axSpA patients (12, 13). This should be
taken into account when providing personal exercise advice, as older axSpA
patients, on average, have worse spinal mobility (18), slightly worse health status
(19, 20) and a higher risk of comorbidities (21).

While many studies have examined engagement in physical activity among axSpA
patients, few studies focused specifically on leisure time exercise and no study
looked at the differences between axSpA patients with and without SGE. Exercise
is a subcategory of physical activity and concerns planned, structured and repetitive
activities performed in leisure time and specifically aimed at gaining health benefits
(22). Previous studies showed that in axSpA patients the amount of moderate-
intensity physical activity was comparable to the general population, while
engagement in vigorous-intensity physical activity was lower (16, 23-28), despite
the particularly promising effects in axSpA patients (29). The engagement of axSpA
patients in mobility (approx. 30%) and strength (approx. 10%) exercises appears to
be lacking (6, 23, 30), but the evidence for this is limited. Given the current content
of axSpA-specific SGE (12, 13), SGE contributes to engagement in mobility and

Differences in characteristics, health status and fulfilment of exercise recommendations 51
between axial spondyloarthritis patients with and without supervised group exercise



strength exercises. However, SGE may prevent patients from participating in other
exercise activities, because they already engage in SGE, resulting in not meeting the
recommended exercise frequency (22 sessions/week (3)).

Thus, it is important to know how many and which axSpA patients participate in
SGE and whether SGE contributes to meeting the exercise recommendations.
Therefore, this study aims to compare axSpA patients with and without SGE
regarding sociodemographic and disease characteristics, health status and
engagement in leisure time exercise.

Material and Methods

In this cross-sectional study, data from three cohorts of axSpA patients in the
Netherlands were used:

1. Cohort 1 (n=196) concerns data from a cross-sectional study of the Leiden
University Medical Center (LUMC), including patients with an axSpA diagnosis
confirmed by a rheumatologist from registries of three hospitals in the
southwest of the Netherlands (LUMC in Leiden, Haga Hospital in The Hague and
Reinier de Graaf Gasthuis in Delft). Eligible patients who had ever visited the
rheumatology outpatient clinics from these hospitals were invited for this study
in 2015. There was a 45% response rate and the participants” sex ratio and
proportion using physical therapy was comparable to other axSpA studies (16).
The study used a survey to examine physical therapy use and physical activity
(16).

2. Cohort 2 (n=153) concerns data from the Groningen Leeuwarden Axial
Spondyloarthritis (GLAS) cohort, an ongoing prospective longitudinal
observational cohort study of two hospitals in the north of the Netherlands
(University Medical Center Groningen (UMCG) and Medical Center Leeuwarden
(MCL)), with standardized follow-up of axSpA patients fulfilling the modified
New York criteria (31) or the ASAS classification criteria for axSpA (32). As part
of a validation study, an axSpA-specific physical activity questionnaire, the
(m)SQUASH, was added to the GLAS assessment protocol and presented to all
consecutive patients participating in GLAS in 2018 (33). These data were used
for the present analysis.

3. Cohort 3 (n=128) concerns data from an SGE cohort, with axSpA patients from
four regions geographically spread across the Netherlands (Leiden, Mid
Limburg, the Gooi and the Hague) where local patient associations affiliated to
the Dutch Arthritis Society organize axSpA-specific SGE. The four regions in this
cohort participated in a pilot project to implement proposed SGE
enhancements (13), which was conducted between 2015 and 2018. Of the 130
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SGE participants, almost all patients agreed to participate (n=128). Only
baseline data was used for the current study.

The necessary amendments to analyze the data for the present study were
approved by the local ethics committees of the LUMC, Haga and RdGG (METC-LDD
P14.326/DJ/dj) and UMCG and MCL (GLAS RTPO 364/604).

Assessments

From the three cohorts, data on sociodemographic and disease characteristics,
health status and leisure time exercise were gathered.

Sociodemographic and disease characteristics: Data on age, sex, time since
diagnosis (disease duration) and use of medication related to axSpA, i.e.
analgesics (acetaminophen or opioids, not available in Cohort 2), Non-Steroidal
Anti-Inflammatory Drugs (NSAIDs), biologicals and Disease-Modifying
Antirheumatic Drugs (DMARDs), were included. Additionally, employment
status was derived from the physical activity questionnaire described below. In
Cohort 1 and Cohort 3, data on individual physical therapy use (yes/no) and
duration of SGE engagement (years) were also available.

Disease-related health status: Patients completed questionnaires, including the
Bath Ankylosing Spondylitis Disease Activity Index (BASDAI), which measures
disease activity (34), the Bath Ankylosing Spondylitis Functional Index (BASFI),
which measures physical functioning (35), the Ankylosing Spondylitis Quality of
Life (ASQol) questionnaire, which measures quality of life (36), and the ASAS
Health Index (ASAS HI), which measures participants’ health status (19). Spinal
mobility was assessed with lateral spinal flexion, chest expansion, cervical
rotation (from seated position) and the modified Schober’s test (37). ASAS HI
data were available for Cohorts 1 and 3 and for a subset of Cohort 2. In Cohort
1, no other data on disease-related outcomes were available and ASQolL data
were only available in Cohort 2.

Leisure time exercise: The Short Questionnaire to Assess Health-enhancing
physical activity (SQUASH) (38) was used in Cohort 1 and Cohort 3 to assess
exercise engagement. The modified (m)SQUASH, an axSpA-specific adaptation
of the SQUASH (33), was used in Cohort 2. Both the SQUASH and mSQUASH
measure all physical activity during an average week in the past month. This
study focuses only on leisure time exercise and, therefore, only extracted
frequency and duration of recreational walking, cycling and other exercise
activities that patients reported to engage in from these questionnaires. Both
questionnaires also allowed to identify which patients from Cohorts 1 and 2
engaged in SGE. All exercise activities were assigned the corresponding MET-
value using Ainsworth’s compendium (39); this was done identically for both
the SQUASH and the mSQUASH. Duration (minutes/week) and frequency
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(sessions/week) of all aerobic exercise activities were calculated, as well as
engagement in vigorous-intensity exercise (yes/no) and fulfillment of the World
Health Organisation (WHQO) recommendations for aerobic exercise (moderate-
intensity exercise, defined as >3 MET, for 2150 min/week and/or vigorous-
intensity exercise, defined as 26 MET, for =75 min/week and/or an equivalent
combination) (40). In addition, the frequency of engagement in exercise types
with strength and mobility components was calculated, i.e. gym, aquatic and
home exercise, SGE, competitive sports, climbing and body and mind exercise
(yoga, Pilates or tai chi). It was then assessed whether the recommended
frequency for these strength and mobility exercises (>2 sessions/week) was
fulfilled (yes/no).

Statistical analyzes

For Cohorts 1 and 2, SGE engagement was extracted from the physical activity
guestionnaires. The SGE participants from Cohorts 1 and 2 were combined with SGE
participants from Cohort 3 after assessing if the data from the three cohorts could
be combined. Descriptive statistics were used to report sociodemographic and
disease characteristics, health status and exercise engagement, for patients with
and without SGE separately. Results were reported as means and standard
deviations (SD) or medians and interquartile range (IQR) for normally and non-
normally distributed continuous variables, respectively. Numbers and percentages
were reported for categorical variables. To examine whether the data from the
three cohorts could be combined, characteristics of patients with and without SGE
were compared between the three different cohorts using the Mann-Whitney U
test for non-normally distributed continuous variables and the Chi-Square test for
categorical variables.

A ‘cross-walk’ procedure of ASQolL data into “expected ASAS HI" scores was
performed for patients in Cohort 2 with no available ASAS HI data. For this ‘cross-
walk’, the models of Pike at al. (41) were applied and validated using data of 34
participants of the current study who had both ASAS HI and ASQol data available.
A Bland-Altman plot (Figure Al in Appendix A) showed no proportional bias in these
data.

To examine the differences between patients with and without SGE, Chi-square
tests and Mann-Whitney U tests were used where appropriate. In addition,
univariate and multivariate regression models were performed to examine the
associations of SGE with fulfillment of the aerobic, strength and mobility exercise
recommendations and to correct for potential covariates, i.e. age, sex, employment
and ASAS HI (42, 43). For the associations with aerobic exercise recommendations,
multinomial regression models were used, because the dependent variable
consisted of three categories: not fulfilling any aerobic exercise recommendation
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(reference category), fulfilling only the moderate-intensity exercise
recommendations (= 150 minutes per week) and fulfilling the vigorous-intensity
exercise recommendation (= 75 minutes per week). For the strength and mobility
exercise recommendation (22 sessions/week), logistic regression models were
used. Exploratory analyzes were performed to examine the associations of duration
of SGE participation with ASAS HI and exercise engagement, using Spearman’s
correlation. All statistical analyzes were performed with IBM SPSS Statistics for
Windows, version 23.0 (IBM Corp., Armonk, N.Y., USA).

Results
Patient characteristics

Among the three cohorts (n=477), 145 axSpA patients participated in SGE: in
addition to the 128 SGE participants from Cohort 3, also 17 of 349 patients (5%) in
the outpatient populations of Cohort 1 (n=13/196) and Cohort 2 (n=4/153). In these
145 patients, the median duration of SGE participation was 22 years (IQR 9-25).
Before comparing patients with and without SGE, it was assessed if the data from
the three cohorts could be combined by comparing the 17 SGE participants from
Cohorts 1 and 2 with the 128 from Cohort 3 as well as the patients without SGE
from Cohorts 1 and 2. The subgroups in the different cohorts proved to be
sufficiently comparable: between SGE participants from Cohorts 1 and 2 and Cohort
3, only the difference in employment status reached statistical significance and in
the patients without SGE from Cohorts 1 and 2, only age and disease duration were
significantly different (see Supplementary Table S1). Therefore, the data were
combined.

The differences in characteristics between patients with (n=145) and without
(n=332) SGE are presented in Table 1. AxSpA patients with SGE were significantly
older (p < 0.001), had longer disease duration (p < 0.001) and were less likely to use
biologicals (p < 0.001) and analgesics (p < 0.05). Furthermore, a lower proportion
of SGE participants were employed (p < 0.05), but this difference was not significant
when stratifying subgroups for being younger or older than 65 years. Additional
analysis showed that although not using NSAIDs, biologicals or DMARDS was
associated with engaging in SGE, these patients did not report a higher use of
analgesics or individual physical therapy (data not shown).
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Table 1. Differences between axSpA patients with and without SGE in patient

characteristics.

Patients with  Patients without

SGE (n=145)  SGE(n=332) .
Age, years, Med (IQR) 61 (52-70) 53 (41-63) <0.001
Sex, male, n (%) 92/139 (66) 214/331 (65) 0.750
Disease duration, years, Med (IQR) 27 (15-36) 15 (6-30) <0.001
Individual physical therapy use® n (%) 41/97 (42) 81/182 (45) 0.720
Medication use, n (%)
No NSAID, biological or DMARD 36/125 (29) 35/314 (11) <0.001
NSAID 70/125 (56) 199/303 (66) 0.060
Biological 23/125 (18) 129/316 (41) <0.001
DMARD 15/125 (12)  50/316 (16) 0.307
Analgesics® 32/121 (26) 69/183 (38) 0.041
Being employed, n (%) 64/135 (47) 186/320 (58) 0.036
Employment among under 65s 58/87 (67) 180/254 (71) 0.462
Employment among over 65s 6/48 (13) 8/67 (12) 0.928

2 P-value of Mann Whitney U Test (continuous variables) or Chi Square Test (categorical
variables).

® Not assessed in Cohort 2 (only in Cohorts 1 and 3)

AxSpA = axial spondyloarthritis; SGE = supervised group exercise; NSAID = nonsteroidal
anti-inflammatory drug; DMARD = disease-modifying antirheumatic drug.

Disease-related health-status

The ASAS HI was available for 353 participants. In addition, ‘cross-walking’ of ASQoL
data was applied in 59 participants to calculate the expected ASAS HI (see
Supplementary Figure S1). This resulted in a total of 412 ASAS HI scores. The other
health-status variables were available in fewer participants, because these were
not measured in Cohort 1. As shown in Table 2, there were no significant
differences in ASAS HI, BASFI or BASDAI between patients with and without SGE.
AxSpA patients with SGE had significantly worse lateral spinal flexion (p = 0.01) and
cervical rotation (p < 0.001), but not when adjusting for age (p = 0.321 and 0.064,
respectively). Duration of SGE participation was not significantly associated with
ASAS HI scores (data not shown).
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Table 2. Differences between axSpA patients with and without SGE in different

disease-related outcomes.

Patients with SGE

Patients without SGE

N Med (IQR) N Med (IQR)
ASAS Health Index”® 133 5.0(3.0-7.0) 279 5.0(2.0-8.3) 0.678
BASFI ¢ 56 4.0 (1.9-5.5) 110 2.8(1.0-5.7) 0.156
BASDAI € 80 3.8(2.3-4.8) 141 3.4(1.7-6.0) 0.591
Spinal mobility
Lateral spinal flexion 85  9.5(5.4-14.7) 137 12.3(8.3-16.3) 0.010
Chest expansion 86 2.5(1.7-4.0) 137 3.0(1.0-5.0) 0.369
Cervical rotation 44 52 (40-70) 137 70 (60-80) <0.001
Modified Schober’'s 44 3.5 (2.4-4.8) 137 4.0 (3.0-5.0) 0.542
test

2 P-value of Mann Whitney U Test. When adjusting for age, there was no significant

difference between axSpA patients with and without SGE.

® Original ASAS Health Index: n=353. Expected ASAS Health by ‘cross-walking’ the

Ankylosing Spondylitis Quality of Life (ASQol) scores (Pike et al., 2021): n=59.

“ Not assessed in Cohort 1 (only in most in Cohort 2 and partially in Cohort 3)
AXSpA = axial spondyloarthritis; SGE = supervised group exercise; Med = median;
IQR = interquartile range; BASFI = Bath Ankylosing Spondylitis Functional Index;

BASDAI = Bath Ankylosing Spondylitis Disease Activity Index.

Leisure time exercise

Table 3 and Figure 1 show the differences in weekly exercise engagement between
axSpA patients with and without SGE. Compared to axSpA patients without SGE,
patients with SGE were significantly more likely to fulfill the moderate-intensity
(89% vs. 69%) and the combined WHO aerobic exercise recommendations (90% vs.
74%), while they were less likely to fulfill the aerobic exercise recommendation with
vigorous-intensity exercise (5% vs. 12%). In both patients with and without SGE,
only a small minority engaged in any vigorous-intensity exercise (7% vs. 16%,

respectively).

Differences in characteristics, health status and fulfilment of exercise recommendations
between axial spondyloarthritis patients with and without supervised group exercise
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Table 3. Difference between axSpA patients with and without SGE in weekly exercise

engagement.
Patients with  Patients without ps
SGE (n=135) SGE (n=320)
WHO aerobic exercise recommendations, 121 (90) 236 (74) <0.001
n (%)
Moderate-intensity exercise =150 120 (89) 222 (69) <0.001
min/wk
Vigorous-intensity exercise 275 7 (5) 38 (12) 0.029
min/wk
Aerobic exercise ® duration, minutes, 420 (285-660) 283 (120-540) <0.001
Med (IQR)
Aerobic exercise ® frequency, sessions, 6 (4-9) 5(2-9) 0.035
Med (IQR)
Strength/mobility exercise © >2 sessions, 59 (44) 92 (29) 0.002
n (%)
Exercise types, n (%)
Recreational walking 92 (68) 222 (69) 0.796
Recreational cycling 84 (62) 179 (56) 0.215
Aquatic exercise (besides SGE) 33 (24) 41 (13) 0.002
Gym exercise 17 (13) 69 (22) 0.026
Home exercise 9(7) 23 (7) 0.843
Running 3(2) 26 (8) 0.019
(Competitive) sports 10(7) 25 (8) 0.882
Body and mind exercise 5(4) 10 (3) 0.752
Other sports 2(2) 8(3) 0.498

@ P-value of Mann Whitney U Test (continuous variables) or Chi Square Test (categorical

variables).

®This includes all exercise with at least moderate-intensity (>3 MET), including SGE.
¢ This includes exercise types with potential strength and mobility components, including

SGE.

AxSpA = axial spondyloarthritis; SGE = supervised group exercise; min/wk = minutes per
week; Med = median; IQR = interquartile range.
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Figure 1. Differences in fulfillment of exercise recommendations between axial
spondyloarthritis patients with and without supervised group exercise (SGE).
Min/wk = minutes per week; x/wk = sessions per week.

Furthermore, the recommendation for strength and mobility exercise (22
sessions/week) was fulfilled by 44% of patients with SGE (including the weekly SGE
engagement) and by 29% of patients without SGE (p < 0.01). SGE participants
engaged in aquatic exercise significantly more often (p < 0.01) and in running and
gym exercise less often (both p < 0.01) than patients without SGE. Walking and
cycling were the most popular forms of exercise in both groups.

Tables 4 and 5 present the results of the multinominal and logistic regression
analyzes. After adjusting for age, sex, being employed and ASAS HI scores, SGE
participation was significantly associated with fulfiling the aerobic
recommendation with only moderate-intensity exercise as well as the strength and
mobility exercise recommendation.

Finally, exploratory analyzes showed that duration of SGE participation was not
significantly associated with exercise engagement (data not shown).
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Table 4. Multinomial regression analyzes exploring factors associated with fulfilling aerobic
exercise recommendations in axSpA patients (n=402).

Univariable Multivariable
Exp(B) 95% ClI P Exp(B) 95% ClI P
Fulfilling recommendation
with only moderate-intensity
SGE engagement (no) 0.28 0.15-0.51 <0.001 0.35 0.18-0.67 0.002
Age (years) 1.03 1.01-1.04 0.003 1.01 0.99-1.03 0.602
Sex (male) 1.08 0.68-1.71 0.756 1.09 0.63-1.87 0.765
Being employed (no) 2.00 1.25-3.19 0.004 2.36 1.29-4.34 0.006
ASAS Health Index (0-17)  0.97 0.90-1.03 0.306 0.94 0.87-1.01 0.080
Fulfilling recommendation
with vigorous-intensity
SGE engagement (no) 0.87 0.33-2.34 0.788 0.96 0.33-2.78 0.945
Age (years) 1.00 0.98-1.03 0.957 1.01 0.98-1.05 0.553
Sex (male) 3.98 1.54-10.30 0.004 2.31 0.83-6.41 0.108
Being employed (no) 0.61 0.28-1.35 0.222 1.04 0.36-2.98 0.948
ASAS Health Index (0-17) 0.71 0.61-0.82 <0.001 0.73 0.63-0.85 <0.001

Reference category = not fulfilling aerobic exercise recommendations.
AxSpA = axial spondyloarthritis; SGE = supervised group exercise.

Table 5. Logistic regression analyzes exploring factors associated with fulfilling strength/mobility
exercise recommendation in axSpA patients (n=402).

Univariable Multivariable
Exp(B)  95% Cl P Exp(B)  95%Cl [
SGE engagement (yes) 1.92 1.27-2.92 0.002 1.82 1.16-2.88 0.010
Age (years) 1.01 0.99-1.02 0.455 1.00 0.98-1.01 0.603
Sex (female) 0.88 0.58-1.33  0.547 0.88 0.55-1.39 0.568
Being employed (yes) 0.85 0.58-1.26  0.427 0.70 0.43-1.14 0.155
ASAS Health Index (0-17)  0.94 0.88-0.99 0.027 0.93 0.87-0.99 0.016

Dependent variable = fulfilling the strength and mobility exercise recommendation (22 sessions

per week).

AxSpA = axial spondyloarthritis; SGE = supervised group exercise.
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Discussion

This study showed that just a small minority of axSpA patients participated in SGE;
only 5% of two outpatient cohorts in different regions in the Netherlands. After
combining the data of these two outpatient populations with that of a cohort of
SGE participants, it was found that patients engaging in SGE were older, had longer
disease duration, were less frequently employed, used less medication and had
worse spinal mobility, yet fulfilled the recommendations for (moderate-intensity)
aerobic and strength and mobility exercise more often than patients without SGE.
Both among patients with and without SGE, the vast majority fulfilled the aerobic
exercise recommendation with moderate-intensity exercise (89% and 69%,
respectively), mainly through (brisk) walking and cycling, and only a minority
fulfilled it with vigorous-intensity exercise (5% and 12%) or fulfilled the
recommendation for strength and mobility exercise (44% and 29%). These findings
were in line with previous studies (6, 16, 23-28, 30), showing that although most
axSpA patients engage in sufficient moderate-intensity exercise, just a minority
engages in vigorous-intensity, mobility and strength exercise. These results
demonstrate that SGE contributes to fulfilling the recommendations for aerobic,
mobility and strength exercise. Apparently, SGE participation does not prevent
engagement in other exercise activities, but comes as an addition to it.

The observed differences in age, disease duration, employment and spinal mobility
between patients with and without SGE were in line with indications from previous
studies (12, 13, 18). However, both the lower medication use in patients with SGE
and the comparable health status between patients with and without SGE were
surprising, as health status and physical functioning may deteriorate with age in
axSpA patients, similar to spinal mobility (18-20). It can be speculated that SGE
participation prevented deterioration of health status and the need for analgesics,
since previous studies have shown positive effects of SGE on symptoms, fitness and
functioning (7, 8, 10, 11). However, another possibility is that patients with better
health status and a more active coping choose to participate in SGE.

The findings of this study could guide future exercise promotion, which should likely
have different aims for axSpA patients with and without SGE, as SGE participants
are apparently an aging subgroup within the axSpA population. For patients with
SGE, the current findings support previously proposed SGE enhancements
advocating for higher intensity aerobic exercise during SGE and for patient
education about more frequent exercise to meet mobility and strength exercise
recommendations (12, 13). For patients without SGE, it seems justified to
encourage more weekly exercise engagement, either by promoting SGE or other
appropriate exercise activities. Physical therapists are in a good position to provide
such exercise promotion, as the vast majority of axSpA patients uses physical
therapy over the course of their disease (16, 17).
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Since there are many differences in personal exercise preferences and in SGE
availability between regions (12), future studies could explore which exercise
activities are suitable and equally effective alternatives to SGE. Cycling and (brisk)
walking proved to be the most popular exercise activities: while they may be
suitable for aerobic exercise, they are not suitable for mobility and strength and are
rarely performed at high-intensity. Therefore, patients should be educated about
other appropriate exercise activities that may include high-intensity, strength and
mobility components, such as a home, gym or aquatic exercise program. Such
education requires a personalized approach, taking into account key barriers and
facilitators, including personal motivation and self-efficacy (6, 44). Furthermore, to
support maintenance of exercise over time, it might help to promote group exercise
activities for some patients (6).

Some study limitations should be noted. First, while combining data of three
cohorts resulted in a larger, more generalizable study population with more
statistical power for analysis, it also resulted in missing data and in variation in the
assessments used. This was partially resolved by ‘cross-walking’” ASQolL data to
expected ASAS HI scores and by using only the leisure time exercise questions of
the SQUASH and the mSQUASH, which were identical. Another limitation is that
both the SQUASH and mSQUASH are known to overestimate the intensity of
physical activity (33, 45). The proportion engaging in mobility and strength exercise
may also have been overestimated, as it is uncertain what types of exercise
participants actually performed when reporting to exercise at home or in the gym,
for example. Finally, a relatively low explained variance was found in the regression
models. This may have been caused by not measuring motivation and self-efficacy,
both important determinants of exercise behavior (6).

In conclusion, SGE contributes to fulfilling the exercise recommendations in axSpA
patients, but only few, especially older patients, seem to participate in it.
Furthermore, future exercise promotion should focus on more engagement in
exercise activities with vigorous-intensity and with strength and mobility
components, as only a minority is sufficiently engaged in this. These types of
exercise should be implemented both within SGE and among the general axSpA
population.

62 CHAPTER 3



References

1.

10.

11.

12.

13.

Sieper J, Poddubnyy D. Axial spondyloarthritis. Lancet.
2017;390(10089):73-84.

Van Der Heijde D, Ramiro S, Landewé R, Baraliakos X, Van Den Bosch F,
Sepriano A, et al. 2016 update of the ASAS-EULAR management
recommendations for axial spondyloarthritis. Ann Rheum Dis.
2017;76:978-91.

Rausch Osthoff AK, Niedermann K, Braun J, Adams J, Brodin N, Dagfinrud
H, et al. 2018 EULAR recommendations for physical activity in people with
inflammatory arthritis and osteoarthritis. Ann Rheum Dis. 2018;77(9):1251-
60.

Z3o A, Cantista P. The role of land and aquatic exercise in ankylosing
spondylitis: a systematic review. Rheumatol Int. 2017;37:1979-90.
Dagfinrud H, Halvorsen S, Vgllestad NK, Niedermann K, Kvien TK, Hagen KB.
Exercise programs in trials for patients with ankylosing spondylitis: Do they
really have the potential for effectiveness? Arthritis Care Res (Hoboken).
2011;63:597-603.

Hilberdink B, van der Giesen F, Vliet Vlieland T, Nijkamp M, van Weely S.
How to optimize exercise behavior in axial spondyloarthritis? Results of an
intervention mapping study. Patient Educ Couns. 2020;103(5):952-9.
Millner JR, Barron JS, Beinke KM, Butterworth RH, Chasle BE, Dutton LJ, et
al. Exercise for ankylosing spondylitis: An evidence-based consensus
statement. Semin Arthritis Rheum. 2016;45:411-27.

O'Dwyer T, O'Shea F, Wilson F. Exercise therapy for spondyloarthritis: A
systematic review. Rheumatol Int. 2014;34:887-902.

Van Der Horst-Bruinsma IE, Oostveen JCM, Van Denderen JC, De Sonnaville
PBJ, Nurmohamed MT, Van Tubergen A, et al. Dutch guideline for
diagnostics and treatment of axial spondyloarthritis: Dutch Society for
Rheumatology; 2014  [Available from: https://www.nvr.nl/wp-
content/uploads/2018/09/NVR-Reumatische-ziekten-richtlijn-axiale-SpA-
2014.pdf.

Dagfinrud H, Kvien T, Hagen K. Physiotherapy interventions for ankylosing
spondylitis. Cochrane Database Syst Rev. 2008(1):CD002822.

Reimold AM, Chandran V. Nonpharmacologic therapies in
spondyloarthritis. Best Pract Res Clin Rheumatol. 2014;28:779-92.
Hilberdink B, van der Giesen F, Vliet Vlieland T, van Weely S. Organisation
and content of supervised group exercise for people with axial
spondyloarthritis in the Netherlands. Rheumatol Int. 2021;41(2):391-401.
Hilberdink B, van der Giesen F, Vliet Vlieland T, van Gaalen F, van Weely S.
Supervised Group Exercise in Axial Spondyloarthritis: Patients’ Satisfaction

Differences in characteristics, health status and fulfilment of exercise recommendations 63
between axial spondyloarthritis patients with and without supervised group exercise



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

and Perspective on Evidence-Based Enhancements. Arthritis Care Res
(Hoboken). 2020;72:829-37.

Rausch Osthoff AK, Vliet Vlieland TPM, Meichtry A, van Bodegom-Vos L,
Topalidis B, Blichi S, et al. Lessons learned from a pilot implementation of
physical activity recommendations in axial spondyloarthritis exercise group
therapy. BMC Rheumatol. 2022;6(1):12-.

Hilberdink B, van der Giesen F, Vliet Vlieland T, van Bodegom-Vos L, Van
Weely S. Implementing enhancements in supervised group exercise for
people with axial spondyloarthritis: a hybrid effectiveness—implementation
study. Scand J Rheumatol. 2021:1-9.

Hilberdink B, Vlieland TV, van der Giesen F, van Gaalen F, Goekoop R,
Peeters A, et al. Adequately dosed aerobic physical activity in people with
axial spondyloarthritis: associations with physical therapy. Rheumatol Int.
2020;40(9):1519-28.

Rausch Osthoff AK, van der Giesen F, Meichtry A, Walker B, van Gaalen FA,
Goekoop-Ruiterman YPM, et al. The perspective of people with axial
spondyloarthritis regarding physiotherapy: room for the implementation of
a more active approach. Rheumatol Adv Pract. 2019;3(2):rkz043.

Ramiro S, van Tubergen A, Stolwijk C, van der Heijde D, Royston P, Landewé
R. Reference intervals of spinal mobility measures in normal individuals: the
mobility study. Ann Rheum Dis. 2015;74(6):1218-24.

Kiltz U, van der Heijde D, Boonen A, Akkoc N, Bautista-Molano W, Burgos-
Vargas R, et al. Measurement properties of the ASAS Health Index: results
of a global study in patients with axial and peripheral spondyloarthritis. Ann
Rheum Dis. 2018;77(9):1311-7.

Wariaghli G, Allali F, Berrada K, Idrissi Z, Hmamouchi I, Abougal R, et al.
Normative values for the Bath Ankylosing Spondylitis Functional Index in
the general population compared with ankylosing spondylitis patients in
Morocco. BMC Musculoskelet Disord. 2012;13:40.

Lépez-Medina C, Molto A. Comorbidity management in spondyloarthritis.
RMD Open. 2020;6(2):e001135.

Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and
physical fitness: definitions and distinctions for health-related research.
Public Health Rep. 1985;100(2):126-31.

Fongen C, Halvorsen S, Dagfinrud H. High disease activity is related to low
levels of physical activity in patients with ankylosing spondylitis. Clin
Rheumatol. 2013;32(12):1719-25.

van Genderen S, Boonen A, van der Heijde D, Heuft L, Luime J, Spoorenberg
A, et al. Accelerometer Quantification of Physical Activity and Activity
Patterns in Patients with Ankylosing Spondylitis and Population Controls. J
Rheumatol. 2015;42(12):2369-75.

64

CHAPTER 3



25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

Swinnen TW, Scheers T, Lefevre J, Dankaerts W, Westhovens R, de Vlam K.
Physical activity assessment in patients with axial spondyloarthritis
compared to healthy controls: a technology-based approach. PloS One.
2014;9(2):e85309.

O'Dwyer T, O'Shea F, Wilson F. Decreased physical activity and
cardiorespiratory fitness in adults with ankylosing spondylitis: a cross-
sectional controlled study. Rheumatol Int. 2015;35(11):1863-72.

Haglund E, Bergman S, Petersson IF, Jacobsson LT, Strombeck B, Bremander
A. Differences in physical activity patterns in patients with spondylarthritis.
Arthritis Care Res (Hoboken). 2012;64(12):1886-94.

Fabre S, Molto A, Dadoun S, Rein C, Hudry C, Kreis S, et al. Physical activity
in patients with axial spondyloarthritis: a cross-sectional study of 203
patients. Rheumatol Int. 2016;36(12):1711-8.

Sveaas SH, Bilberg A, Berg lJ, Provan SA, Rollefstad S, Semb AG, et al. High
intensity exercise for 3 months reduces disease activity in axial
spondyloarthritis (axSpA): a multicentre randomised trial of 100 patients.
Br J Sports Med. 2020;54(5):292-7.

Passalent LA, Soever LJ, O'Shea FD, Inman RD. Exercise in ankylosing
spondylitis: discrepancies between recommendations and reality. J
Rheumatol. 2010;37(4):835-41.

van der Linden S, Valkenburg HA, Cats A. Evaluation of diagnostic criteria
for ankylosing spondylitis. A proposal for modification of the New York
criteria. Arthritis Rheum. 1984;27(4):361-8.

Rudwaleit M, van der Heijde D, Landewe R, Listing J, Akkoc N, Brandt J, et
al. The development of Assessment of SpondyloArthritis international
Society classification criteria for axial spondyloarthritis (part Il): validation
and final selection. Ann Rheum Dis. 2009;68(6):777-83.

Carbo MJG, Paap D, Maas F, Baron AJ, van Overbeeke LC, Siderius M, et al.
The mSQUASH; a valid, reliable and responsive questionnaire for daily
physical activity in patients with axial spondyloarthritis. Semin Arthritis
Rheum. 2021;51(4):719-27.

Garrett S, Jenkinson T, Kennedy LG, Whitelock H, Gaisford P, Calin A. A new
approach to defining disease status in ankylosing spondylitis: the Bath
Ankylosing  Spondylitis Disease  Activity Index. J Rheumatol.
1994;21(12):2286-91.

Haywood KL, Garratt AM, Dawes PT. Patient-assessed health in ankylosing
spondylitis: a structured review. Rheumatology (Oxford). 2005;44(5):577-
86.

Doward LC, Spoorenberg A, Cook SA, Whalley D, Helliwell PS, Kay LJ, et al.
Development of the ASQoL: a quality of life instrument specific to
ankylosing spondylitis. Ann Rheum Dis. 2003;62(1):20-6.

Differences in characteristics, health status and fulfilment of exercise recommendations 65
between axial spondyloarthritis patients with and without supervised group exercise



37.

38.

39.

40.

41.

42.

43.

44,

45,

Jenkinson TR, Mallorie PA, Whitelock HC, Kennedy LG, Garrett SL, Calin A.
Defining spinal mobility in ankylosing spondylitis (AS). The Bath AS
Metrology Index. ] Rheumatol. 1994;21(9):1694-8.

Wagenmakers R, van den Akker-Scheek I, Groothoff JW, Zijlstra W, Bulstra
SK, Kootstra JW, et al. Reliability and validity of the short questionnaire to
assess health-enhancing physical activity (SQUASH) in patients after total
hip arthroplasty. BMC Musculoskelet Disord. 2008;9:141.

Ainsworth BE, Haskell WL, Herrmann SD, Meckes N, Bassett DR, Jr., 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.

WHO. Global recommendations on physical activity for health. Geneva:
World Health Organization; 2010.

Pike J, Dong Y, Piercy J, Booth N, Holdsworth E, Hunter T. Cross-walk of the
Assessment of Spondyloarthritis International Society Health Index and
Ankylosing Spondylitis Quality of Life Scores in Ankylosing Spondylitis and
Non-radiographic Axial Spondyloarthritis Patients. Rheumatol Ther.
2021;8(2):849-62.

O’Dwyer T, O’Shea F, Wilson F. Physical activity in spondyloarthritis: a
systematic review. Rheumatol Int. 2015;35:393-404.

Coulter EH, McDonald MT, Cameron S, Siebert S, Paul L. Physical activity
and sedentary behaviour and their associations with clinical measures in
axial spondyloarthritis. Rheumatol Int. 2020;40(3):375-81.

Niedermann K, Nast I, Ciurea A, Vliet Vlieland T, van Bodegom-Vos L.
Barriers and facilitators of vigorous cardiorespiratory training in axial
Spondyloarthritis:  Surveys  among  patients, physiotherapists,
rheumatologists. Arthritis Care Res (Hoboken). 2018;71:839-51.

Arends S, Hofman M, Kamsma YP, van der Veer E, Houtman PM, Kallenberg
CG, et al. Daily physical activity in ankylosing spondylitis: validity and
reliability of the IPAQ and SQUASH and the relation with clinical
assessments. Arthritis Res Ther. 2013;15(4):R99.

66

CHAPTER 3



Difference between observed and expected ASAS HI

Supplementary data

4,00

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, B -

e
]
2,00 °
o
(-]
°
b (]
° ° °

00 o ®

------ ..o

[°]
° °
(-]
-2,00
o
-]
°

______________________________ D

-4,00
00 250 500 7,50 10,00 12,50

Average of observed and expected ASAS HI

Figure S1. Bland-Altman plot to analyse agreement between observed and expected
(from ASQolL) ASAS Hl scores (N=34).

Yellow line = Mean; Blue lines = 95% confidence interval (1,96 * SE Mean); red lines
= limits of agreement (1,96 * SD). ASAS HI = ASAS Health Index; ASQoL = Ankylosing
Spondylitis Quality of Life.

The Bland-Altman plot shows there is no proportional bias in the data, as the
observed ASAS HI scores agree equally through the range of measurements with
the ASAS Hl scores expected from the ASQoL data. The absence of proportional bias
was confirmed by a univariate regression analysis and a one-sample t-test.
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Table S1. Comparison of characteristics of axSpA patients with and without SGE among three
different cohorts.

With SGE Without SGE
Cohort Cohort Cohort  Cohort
1&2 3 pe 1 2 pe
(n=17)  (n=128) (n=183) (n=149)
7
Age, years, Med (IQR) 62 (51-73) (6_22_69) 0.686 (545—67) (53?7_57) <0.001
Sex, male 13/17 (77) (7691{)122 0.339 (16296)/182 ?589/)149 0.054
Disease duration, years, 27 23 11
Med (IQR) 29 (17-37) (15-36) 0.683 (9-35) (5-19) <0.001
Individual physical 37/84 81/182
therapy use ° 4/13 (31) (44) 0.367 (44) n/a n/a
Medication use
No NSAID, biological 33/108 24/183 11/131
or DMARD 3/17 (18) (31) 0.275 (13) (8) 0.190
1 113/1 12
NSAID 12/17 (71) ?58:) 08 0.192 (623)/ 83 (8762/) 0 0.075
Biological 6/17 (35) (1176/)108 0.053 (7308/)183 (531{)133 0.275
DMARD 3/17 (18) (1121/)108 0.441 (2133/)183 (2275)133 0.063
26/1 1
Analgesics ° 6/13 (46) (264{) 08 0.088 (63?2{) 83 n/a n/a
Being employed 4/17 (24) 60/118 0.035 100/177 90/147 0.390

(51) (57) (61)

Reporting frequency (and percentage) unless stated otherwise.

2 P-value of Mann Whitney U Test (continuous variables) or Chi Square Test (categorical
variables).

® Not assessed in Cohort 2 (only in Cohorts 1 and 3)

AxSpA = axial spondyloarthritis; SGE = supervised group exercise; Med = median; IQR =
interquartile range; NSAID = nonsteroidal anti-inflammatory drug; DMARD = disease-
modifying antirheumatic drug; Cohort 1 = LUMC-study (among outpatient clinic population);
Cohort 2 = GLAS cohort (among outpatient clinic population); Cohort 3 = SGE Cohort (among
SGE participants).
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