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Abstract

Objective: To evaluate the effectiveness of long-term, personalized, supervised exercise therapy on functional ability compared with usual care
in people with axial spondyloarthritis (axSpA) and severe functional limitations.

Methods: Participants were randomly 1:1 assigned to the intervention [maximal 64 sessions, with 14 additional optional sessions of supervised
active exercise therapy (e.g. aerobic and muscle strengthening) with individualized goal-setting, education and self-management regarding phys-
ical activity] or usual care (care determined by clinician(s) and participants themselves). Primary endpoint was the change in the Patient-Specific
Complaints activity ranked 1 [PSC1 (0-10)] at 52 weeks. Secondary endpoints were the PSC activities ranked 2 and 3, the Bath Ankylosing
Spondylitis Functional Index, 6-min walk test, Patient Reported Outcome Measurement Information System-Physical Function-10 and the Short
Form-36 Physical and Mental Component Summary Score (SF-36 PCS and MCS). Statistical comparisons comprised independent student t-
tests and linear mixed models, based on intention-to-treat.

Results: 214 participants [49% female, age 52 (s.p. 12) years], were randomized to the intervention (n = 110) or usual care (n=104) group. In
the intervention group 93% started treatment, using on average 40.5 sessions (s.0. 15.1). At 52 weeks, the difference in change in PSC1 be-
tween groups favoured the intervention group [mean difference (95% ClI); -1.8 (-2.4 to —1.2)]. Additionally, all secondary outcomes, except the
SF-36 MSC, showed significantly greater improvements in the intervention group with effect sizes ranging from 0.4 to 0.7.

Conclusion: Long-term, supervised exercise therapy proved more effective than usual care in improving functional disability and physical quality
of life in people with axSpA and severe functional limitations.

Trial registration: Netherlands Trial Register NL8238, included in the International Clinical Trial Registry Platform (ICTRP) (https://trialsearch.
who.int/Trial2.aspx?TriallD=NL8238).

Keywords: spondyloarthritis, physical therapy, physical function, exercise, randomized trial.

Rheumatology key messages
* Long-term supervised exercise therapy improves physical functioning in people with axSpA experiencing severe functional limitations.
* Long-term supervised exercise therapy should be considered for people with axSpA and severe functional limitations.
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Introduction

Axial spondyloarthritis (axSpA) is a chronic rheumatic dis-
ease, characterized by inflammation of the spine and sacroil-
iac joints. Over time, inflammation can lead to structural
spinal damage including ankylosis, which can lead to de-
creased spinal mobility and poor functioning. Primary symp-
toms of axSpA include (back)pain, pronounced stiffness,
sleep problems and fatigue [1, 2]. Peripheral joints, in partic-
ular the shoulder and hip joints, may also be affected,
whereas extra-musculoskeletal manifestations may occur in
the eye, skin or gut [1].

International clinical guidelines for the management of
axSpA include both pharmacological and non-pharmacological
treatment modalities [3-5]. Pharmacological treatment of peo-
ple with axSpA includes non-steroidal anti-inflammatory drugs
(NSAIDs), conventional synthetic, target synthetic or biological
disease modifying anti-rheumatic  drugs (csDMARDs,
tsDMARDs, bDMARDS) and/or local glucocorticosteroids.
The cornerstones of non-pharmacological treatment are patient
education and exercise therapy [3-5]. The recommendations on
exercise therapy are based on evidence showing that exercise (e.
g. aerobic, muscle strengthening and functional exercises) is an
effective intervention improving pain, disease activity, func-
tional ability and axial mobility in people with axSpA [6-11].
Exercise therapy seems to be safe, however, no clear evidence is
available as harm outcomes of exercise therapy are poorly
reported
[7, 11, 12]. Moreover, no studies were performed on the impact
of exercise on the long-term radiographic progression, whereas
preclinical research suggests that exercise could contribute to
new bone formation [13].

When considering the evidence supporting exercise in
axSpA it is critical to acknowledge that, clinical trials assess-
ing the effectiveness of exercise therapy typically tend to ex-
clude people with axSpA who exhibit persistent disease
activity, inconsistent medication use, multiple joint replace-
ments and/or comorbidities. Even with the current optimal
pharmacological treatment, a significant proportion of the
axSpA population experiences inadequate symptom control
[14]. A Dutch expert group estimated in 2016 that around
5% to the total population of people with a diagnosis of
axSpA experience severe functional ability (i.e. limitations in
basic daily activities related to selfcare, transfers and/or mo-
bility indoors or outdoors), possibly jeopardizing their func-
tional independence [15]. Notably, no research specific to
this subpopulation could be identified, resulting in a lack of
evidence regarding the benefits and harms of exercise therapy
for people with axSpA and severe functional limitations.

Due to an unfavourable course of the disease, people with
axSpA and severe functional limitations may gain substantial
benefits from exercise therapy, provided that it is tailored to
the complexity of their individual impairments and func-
tional limitations. Recent guidelines on the management of
axSpA underscore the importance of tailored approaches to
personalized care [3-5, 10]. Considering the potential variety
and evolvement of needs over time due to varying underlying
health problems, this particular subgroup requires a long-
lasting, specific, personalized approach. Earlier research has
shown that a tailored exercise intervention for people with
rheumatoid arthritis and severe functional limitations [16],
for elderly people with mobility problems [17, 18] and people
with knee osteoarthritis and multimorbidity [19] were
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feasible and effective with respect to physical functioning and
pain. However, the efficacy of such a comprehensive, person-
alized approach in people with axSpA and severe functional
limitations remains to be established.

In summary, there is a knowledge gap on the benefits and
harms of active exercise therapy in people with axSpA with
severe functional limitations. The aim of the study was to
evaluate the effectiveness of a long-term, personalized, super-
vised exercise therapy program on functional ability com-
pared to usual care in a population of people with axSpA and
severe functional limitations in daily activities and/or
participation.

Methods
Study design

The Longstanding EXercise therapy in axial SPondyloArthritis
(L-EXSPA) study was conducted in parallel with a similar study
in people with rheumatoid arthritis. The protocol of both stud-
ies was published earlier [20]. The L-EXSPA study concerns a
52-week, randomized, assessor-blinded, parallel-group study,
with follow-up assessments at 104 or 156 weeks. The study
complies with the Declaration of Helsinki and was approved by
the Medical Ethical Review Board Leiden-Den Haag-Delft
(METC-LDD, NL70093.058.19) and was registered in the
Netherlands Trial Register, in the International Clinical Trials
Registry Platform (ICTRP, NL8238). This paper presents the
primary 52-week results.

Participants

Eligible individuals were adults (aged >18 years) with a clini-
cal diagnosis of axSpA as confirmed by their rheumatologist.
These individuals experienced self-perceived severe limita-
tions in basic daily activities related to self-care (such as
dressing and washing), transfers (including getting in and out
of bed, rising from a chair or using the toilet), and/or mobility
indoors or outdoors. The limitations were directly or indi-
rectly linked to their axSpA, e.g. being caused by persisting or
progressive disease activity despite optimal medical treatment
and/or severe ankylosis and/or deformities and/or severe
comorbidities (e.g. pulmonary or cardiovascular disease, obe-
sity). Additionally, it was determined that their functional
limitations were unlikely to improve or be resolved with a
brief exercise therapy intervention. Individuals who had un-
dergone physical therapy in the past three months, or those
who were in need for admission to a hospital or rehabilita-
tion centre, were excluded from the study. If a potential par-
ticipant was undergoing physical therapy but met the other
eligibility criteria, he/she could still participate if physical
therapy was stopped for a minimum of 3 months.

Randomization

Participants were randomly allocated (1:1) to receive either
long-term, personalized exercise therapy or usual care for
52 weeks using randomization software Castor Electronic
Data Capture [(EDC ), Amsterdam, The Netherlands, 2019].
Randomization was stratified by sex (female/male) and
health care insurance coverage of physical therapy (<12 or
>12 sessions physical therapy) and executed in blocks of
varying sizes of 4, 6 or 8. The two researchers responsible for
the randomization (WFP, SvW) communicated the allocation
to the participants and managed the recruitment and training
of intervention physical therapists.
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Recruitment and selection procedures

During the recruitment period of 28months (planned
19 months, plus 9 months elongation due to COVID-19 pan-
demic) information on the study was disseminated widely. For
people with axSpA dissemination occurred through websites,
digital newsletters, flyers and (digital)posters; for rheumatolo-
gists and clinical nurse specialists via e-mails, and presentations.
The Dutch Arthritis Society (ReumaNederland) and local/re-
gional patient organizations supported the dissemination.
Information letters were sent to invite possibly eligible people
with axSpA in three centres (Reade, Amsterdam; Sint
Maartenskliniek, Nijmegen; Leiden Univeristy Medical Center,
Leiden). Interested people registered for the study online or via
their treating clinician. Eligibility screening, except for the clini-
cal diagnosis of axSpA, was conducted by one of two research-
ers via telephone interview and subsequently all screening
results (presence of functional limitations in specific basic daily
activities; the potential relationship of functional limitations
with their rheumatic condition or associated comorbidities; like-
liness of effect of a short-term intervention, based on the dura-
tion of the limitations and previous use of exercise therapy or
failure of such an intervention; planned multidisciplinary team
intervention or admission to hospital or rehabilitation centre)
were discussed with two other members of the research team
(experienced physical therapists). In case of doubt consultations
were sought with other members of the research team, and,
when necessary, communication was established with the pa-
tient and/or their treating rheumatologist. Finally, the treating
rheumatologist was asked to confirm the diagnosis of axSpA.
People meeting all eligibility criteria and providing written in-
formed consent were enrolled.

Intervention and usual care condition

The description of the intervention, a personalized, super-
vised active exercise therapy lasting 52 weeks, delivered
according a standardized protocol, is described in
Supplementary Table S1, available at Rheumatology online.
In summary, the intervention involved an initial assessment,
collaborative goal-setting with the patient regarding func-
tional ability, and supervised active exercise therapy with reg-
ular monitoring, evaluation and adaptation as needed. The
treatment encompassed various exercises (aerobic, muscle
strengthening, flexibility/joint range of motion and func-
tional/neuromotor exercises), patient education and promo-
tion of physical activity. A wearable activity tracker was
provided to motivate participants to stay active by monitor-
ing their physical activity levels. Physical therapists tailored
the intervention to each patient's limitations and health sta-
tus, following guidelines for exercise dosage [9, 21, 22]. A
recommended fixed frequency of two sessions per week for
the initial 12 weeks was advised, followed by a decrease to
once weekly, totalling 64 sessions, with 14 additional op-
tional sessions based on participants' needs. Physical thera-
pists underwent mandatory training through live training
sessions or an e-learning app and were instructed not to treat
those in the usual care condition.

Participants in the usual care group received care deter-
mined by their clinician(s) and themselves, including regular
physical therapy through physician or self-referral, without
specific encouragement or discouragement. After 52 weeks,
both participants in the intervention and usual care groups
had access to the intervention until the end of the study.

Outcome measures

The detailed description of the baseline characteristics and
primary and secondary outcome measures are described in
Supplementary Table S2, available at Rheumatology online.
In addition, the treating rheumatologist was asked to provide
the following clinical information: year of axSpA diagnosis;
radiographic/non-radiographic axSpA; Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI) at time of inclu-
sion. The selection of outcome measures was primarily based
on their ability to reflect functional ability on the level of the
ICF component ‘Activities and Participation’ [23]. The pri-
mary endpoint was the change in the highest-ranked Patient-
Specific Complaints Numeric Rating Scale (PSC1) score [24,
25] at 52 weeks. The PSC consists of the participant’s three
most limited activities, ranked from 1 to 3, with level of diffi-
culty of each activity scored on a Numeric Rating Score
(NRS, anchors 0: easy to 10: impossible to do). Secondary
endpoints included measures of physical functioning and
quality of life: PSC activities rated as second and third (PSC2
and PSC3), the Patient Reported Outcome Measurement
Information System Physical Function-10 (PROMIS PF-10)
[26, 27], Bath Ankylosing Spondylitis Functional Index
(BASFI) [28, 29] and the 6-min walk test (6-MWT) [30], the
Short Form-36 (SF-36) Physical and Mental Component
Summary Score (PCS and MCS) [31, 32].

The occurrence of Serious Adverse Events (SAEs) or
Adverse Events (AEs) was prospectively recorded in the inter-
vention group by the treating physical therapists. For the pur-
pose of this study, SAEs were defined as events that resulted
in death or were life threatening, required hospitalization or
resulted in significant or permanent (aggravation of) disabil-
ity or incapacity and were directly related to the exercise ther-
apy treatment. AEs were defined as unfavourable events
directly related to exercise therapy treatment but that were
not severe, such as a temporary interruption of the therapy
for nausea or a fall without serious injuries. At 52 weeks, par-
ticipants in the intervention group who had used the interven-
tion and participants in the usual care group who had used
physical therapy were asked to complete four questions on
two common AEs related to exercise or physical therapy
treatment: occurrence of muscle soreness (yes/no), occurrence
of fatigue (yes/no) and, if yes, a rating of severity on a scale
from 0 to 10 (0 =no—10 = severe muscle soreness/fatigue).

Data collection and blinding

Data on the PSC and the 6MWT were collected at baseline and
at 52 weeks, all other outcomes were collected at baseline, 26
and 52weeks (Supplementary Table S3, available at
Rheumatology online). Data were collected by electronic ques-
tionnaires using the data monitoring system OnlinePROMs®
(2020, Interactive Studios BV, Den Bosch, The Netherlands)
and through face—face encounters. All data were gathered by
two assessors (MT and MvW), who were blinded to the treat-
ment allocation. Participants were instructed to refrain from re-
vealing their allocation to assessors to avoid unblinding. At 52-
weeks, researchers documented their inference regarding the
participant's group assignment (yes/no).

Statistical analyses

A planned sample of 172 participants was estimated to pro-
vide >90% power for testing the superiority of the long-
term, personalized exercise intervention versus usual care for
the primary endpoint of the PSC at week 52. The assumed
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difference was based on a population effect size of 0.5, being
an accepted threshold for discrimination for changes in pa-
tient reported outcomes in chronic diseases [33]. Power esti-
mations were calculated using a two-sided significance level
of 0.05. Taking into account a 20% drop-out rate, 215 peo-
ple with axSpA and severe functional limitations needed to
be included.

Effectiveness analyses were performed according to the
intention-to-treat principle, with the allocation only being
revealed after completing all analyses. Only measurements
performed within a time frame of 6 weeks around the initially
planned time points were used in analyses. The mean changes
between baseline and 52 weeks in PSC1, PSC2, PSC3 and the
6MWT between the intervention and usual care groups were
compared using unpaired Student’s ¢ test. For the other out-
comes, linear mixed models were employed as three time
points were available for these outcomes and differences be-
tween the groups at these time points were estimated.

In addition, the effect size of the difference in change of the
primary and secondary outcome measures between the two
groups was determined using Cohen's Effect Size d = (Mean
difference intervention group—Mean difference usual care
group)/pooled standard deviation (s.p.), the latter calculated
with the formula: s.0. = [(s.0.1%+ 5.0.2%)/2].

We omitted the intended secondary per-protocol analysis
because in the intervention group, the number of attended
treatment sessions was likely to be related to a high degree of
achieving individual goals. Furthermore, in the usual care
group, a variety of factors such as participants' health status
or insurance, could influence the use of conventional physical
therapy, making it difficult to define per-protocol treatment.

Results
Patient recruitment, randomization and baseline
characteristics

A total of 426 individuals were screened for eligibility, of
whom 217 met the eligibility criteria and were willing to par-
ticipate. They were randomly allocated to long-term person-
alized exercise therapy or usual care. After randomization,
one patient in each group immediately withdrew from the
study; to reach the intended number of 215 participants two
additional participants were randomized. In the usual care
group, one patient appeared to have no clinical axSpA diag-
nosis and was excluded secondarily. This resulted in 110 par-
ticipants in the intervention group and 104 participants in
the usual care group (Fig. 1). Between baseline and 52 weeks,
12 participants were lost to follow-up. One participant in the
usual care group deceased, while others were lost to follow-
up due to serious deterioration of health conditions other
than axSpA, lack of interest, private circumstances or lost
contact. At 52 weeks, 3 of the 202 assessments were con-
ducted outside the predefined 6-week time frame. Thus, 101
(92%) participants of the intervention group and 98 (94%)
of the usual care group were included in the primary analysis.

The distribution of demographic and disease characteristics
was balanced between the intervention and usual care groups
(Table 1). Approximately two third of the participants had a
BASDAI score >4. Participants experienced high levels of
functional limitations as reflected by the BASFI, mean (s.Dn.)
scores were 6.0 (2.1) and 5.9 (1.8) for the intervention and
the usual care group, respectively.

Maria A. T. van Wissen et al.

Intervention and effectiveness

A total of 102 (93%) participants started the intervention
with 117 physical therapists trained for its delivery; in 15
participants two physical therapists were involved. The mean
number of treatment sessions was 41 (s.n. 15.1) in these 102
participants. Seven of the 102 participants started their treat-
ment more than 3 months after their inclusion date. Due to a
logistical error, two participants (2%) in the usual care group
were given access to the intervention before they finished the
assessment at 52 weeks (one week too early). Furthermore, in
the 52-week study period, 70 (67%) participants in the usual
care group had physical therapy other than the designated
study intervention.

The blinding was unsuccessful in 16 of the 202 (8%) par-
ticipants who completed the 52-week assessment. For 126 of
the remaining 186 participants (68%) the assessors were able
to guess the treatment allocation correctly at 52 weeks.

Primary outcome measure

At week 52, the improvement in PSC1 was statistically signif-
icantly greater in the intervention group than in the usual
care group (mean difference —1.8 [95%CI -2.4 to —1.2]), the
accompanying effect size was 0.8 (Table 1).

Secondary outcome measures

The results of the secondary outcome measures are shown in
Table 2. Change scores of the PSC2 [mean difference —1.3
(=1.9 to -0.6)], PSC3 [-1.5 mean difference (-2.2 to —0.8)]
and 6MWT [mean difference 30 meter (13-48)] showed sta-
tistically significant differences at 52 weeks in favour of the
intervention group. Effects size were 0.5 for PSC2, 0.7 for
PSC3 and 0.5 for the 6MWT.

The results for the other secondary outcomes assessed at
baseline, 26 and 52 weeks are shown in Table 3. There was a
statistically significantly improvement favouring the interven-
tion group for the PROMIS PF-10, BASFI and the SF-36 PCS,
while there were no differences regarding the changes of the
SF-36 MCS. The accompanying effect sizes were 0.6 for the
PROMIS PF-10, 0.5 for BASFI, 0.4 for SF-36 PCS and 0.1
for the SF-36 MCS.

Harms

Throughout the 52-week study period, no (S)AEs related to
the intervention occurred. In the usual care group, one pa-
tient died because of cancer. At 52 weeks, 87% (89 out of
102) of the intervention group participants and 70% (31 out
of 44) of the usual care group participants who underwent
physical therapy completed questions about muscle soreness
and fatigue. Among those who received physical therapy,
76% (n=68/89) of the participants in the intervention group
and 70% (n = 31/44) of the usual care group reported muscle
soreness, while 80% (z=71/89) and 64% (n=28/44), re-
spectively, reported fatigue. The mean severity ratings for
muscle soreness were 3.8 (s.p. 2.1) and 4.5 (s.p. 2.4), and 4.6
(s.D. 2.4) and 4.6 (s.p. 2.9) for fatigue in the intervention and
usual care groups, respectively.

Discussion

This study assessed the effectiveness of long-term, personal-
ized, supervised exercise programme in people with axSpA
and severe functional limitations compared with usual care.
The intervention group showed significantly greater
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426 Assessed for eligibility

[ Enrollment ]

209 Excluded'

28 Declined to participate after receiving information

25 Not diagnosed with Axial Spondyloarthritis

113 No severe limitations in daily activities caused by axSpA
22 Recently diagnosed, first short therapy and medication

N

4

prescription

38 Individually treated by a physical therapist and/or a
multidisciplinary team in the last 3 months and did not
want to quite temporary for 3 months.
In need of hospital admission

12 Other reasons

217 Randomized

110 Baseline assessments

Lost to Follow-up

Lost interest

Serious deterioration of health
Private circumstances

Unable to contact

OO ]

\4
111 Intervention group Allocation 106 Control group
> 1 Withdre.w immediately after
randomization
1 Withdrew immediately after -
randomization
—> 1 Excluded. no axSpA
v v
Baseline

104 Baseline assessments

5 Lost to Follow-up
1 Deceased
4 Lost interest

2 12 months assessments not
completed within predefined timeframe of
6 weeks and not included in the analyses.

! multiple reasons possible for exclusion.

Figure 1. Flowchart

improvements than the usual care group in primary and sec-
ondary outcome measures of functional ability and quality of
life, with the exception of the SF-36 MCS.

A novelty of our study is our intentional selection of partic-
ipants with severe functional limitations. This highly-selected
population has been omitted from prior research on exercise

A \ 4
103 12 months assessments 12 months 99 12 months assessments
A4 A
101 Analyzed in Intention-to-treat Analyses 98 Analyzed in Intention-to-treat

1 12 months assessment not
completed within predefined timeframe
of 6 weeks and not included in the

therapy for axSpA [6, 7, 34], which makes this study a valu-
able addition to existing evidence. The demographic compo-
sition of our study cohort skews towards an older age group
with a higher proportion of female participants than other
studies into the effectiveness of exercise therapy. Moreover,
more than half of the participants enrolled presented with
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Table 1. Baseline demographics and disease characteristics of participants with axSpA and severe functional limitations in the intervention and usual care group
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Intervention group (N=110)

Usual care group (N=104)

Female, N (%)
Age in years, mean (s.D.)
Age in categories
18-40years, N (%)
41-65 years, N (%)
>66years, N (%)
BMI (kg/m?), mean (s.D.)
Single-person household, N (%)
Higher Education, N (%)
Work status
<66 years old, N (%)
Paid job, N (%)
No job, health problems, N (%)
No job, other reasons, N (%)
Health insurance with additional coverage, N (%)
Self-reported duration of axial complaints (years), mean (s.D.)
Years since diagnosis (years), Mean (s.D.)
Radiographic spondyloarthritis, N (%)
BASDAI, Mean (s.D.)
BASDAI >4, N (%)
BASFI, Mean (s.n.)
PA 150 min per week of moderate-intensity PA, N (%)
PA two times a week muscle- and bone-strengthening, N (%)
Current medication use®, N (%)
Any DMARD
bDMARD
tsDMARD
¢sDMARD
NSAIDs
Glucocorticoids Oral
No axSpA treatment related medication
Smoking status: Ever smoked, N (%)
Number of comorbidities, N (%)
0
1-2
3-4
>5
Joint replacement surgeries >1, N (%)

56 (50.9)
51.9 (11.7)

97 (88.2)
33 (34.0)
22(22.7)

42 (43.3)
94 (87.0) (n=108)
23.5(12.9) (n=107)

141 11.3) (n=97)

49 (47.1)
52.4(12.1)

90 (86.5)

34 (37.8)

16 (17.8)

40 (44.4)

83 (81.4) (n=102)
24.6 (14.9) (n=102)
16.1 (14.8) (n="91)

( (
( (
4(80) (n="93) 79(87) (n=91)
9(2.1) (n=64) 0(1.6) (n=70)
4 (69) (n=164) 6 (66) (n=70)
0(2.1) (n=105) 9 (1.8) (n= 99)
4(77.8) (n=108) 0(78.4) (n=102)
(3 1) (n=108) 9 (28.4) (1=102)
=106 n=102

68 (64) 66 (65)

63 (59) 65 (64)

1(1) 3(3)

10 (9) 8 (8)

55 (52) 47 (46)

15 (14) 11 (11)

6 (6) 7(7)

64 (59) (n=108) 67 (66) (n=102)
(n=106) (n=101)

4(3.8) 11 (10.9)

23 (21.7) 24 (23.8)

33 (31.1) 28 (27.7)

46 (43.4) 38 (37.6)

11 (10) 15 (14)

Higher education: associate degree program, higher education Bachelor program; 4-year education at universities of applied sciences, Master degree program
at universities of applied sciences and at research universities and doctoral degree program at research universities.

? Multiple answers possible.

BMI: Body Mass Index; BASDAL: Bath Ankylosing Spondylitis Disease Activity Index; BASFI: Bath Ankylosing Spondylitis Functional Index;PA: physical
activity; bDMARDS: biological DMARDS; tsDMARD: targeted synthetic DMARDS; csDMARD: conventional synthetic DMARDS.

three or more comorbidities. Female sex, comorbidities and
age are factors known to be associated with functional dis-
ability and a high disease burden [14, 35, 36]. Furthermore,
women are more likely to participate in research than men
[37, 38]. We deliberately selected participants facing severe
functional limitations as a result of an unfavourable progres-
sive disease course, which likely accounts for the notable
prevalence of individuals with radiographic axSpA. This
characteristic composition of our study population is also dis-
tinctly reflected in the baseline scores on the BASFI, averaging
around 6, which contrasts with the mean BASFI observed in
recent randomized controlled trials exploring the effective-
ness of exercise therapy, which typically range between 2 and
3.5 [39-42]. These findings underscore the lack of research
on the effectiveness of exercise therapy in this pa-
tient category.

Overall, our intervention program yielded effects sizes
ranging from 0.4 to 0.8 on outcomes measures related to
physical functioning. The effect on physical functioning
assessed in our study (BASFI g difference —0.78, 95%CI:
—1.21 to -0.34) is smaller than those reported in a recent

meta-analysis on the effectiveness of an exercise program
combining aerobic, flexibility and muscle strength exercises
based on seven RCTs (BASFI -1.19, 95%CI: -1.61 to
—-0.76) [43], but larger than those reported in a recent
Cochrane review including five RCTs comparing exercise
therapy with usual care (BASFI —-0.4, 95%CI: -0.6 to -0.2)
[7]. These numbers illustrate that, if guided by a trained phys-
ical therapist applying a personalized approach, people with
severe functional limitations due to an unfavourable course
or comorbidities, can be just as responsive to training as peo-
ple with axSpA without severe limitations.

Our findings align with previous studies in rheumatic dis-
orders or elderly people demonstrating the advantages of a
personalized approach to exercise therapy [16-18]. Notably,
we only included people with severe limitations that were di-
rectly or indirectly linked to their axSpA, despite optimal
medical treatment. This suggests that sustained guidance
from physical therapy significantly contributes to the health
status of optimally treated people with axSpA and severe
functional limitations. Consequently, we advocate integrating
a long-term, personalized, supervised exercise program into
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Table 2. Differences between groups on the primary and secondary outcome PSC NRS and 6-MWT at 52 weeks: intention to treat analyses

Intervention group

Intervention vs
usual care group

Control group

Baseline 52 weeks Mean change Baseline 52 weeks Mean change Mean difference
mean (S.D.) mean (S.D.) (95% CI) mean (S.D.) mean (S.D.) (95% CI) in change scores
between groups
(95% CI)
N 101 101 101 98 98 98 199
Primary outcome
PSC NRS 17 (0-10) 7.6 (1.1) 4.6 (2.5) -3.0[-3.4,-2.5] 7.7 (1.1) 6.5(2.2) -1.2[-1.6,-0.7] -1.8[-2.4.-1.2]
Secondary outcome
PSC NRS 2" (0-10) 7.4 (1.1) 4.9 (2.5) -2.5[-3.0,-2.1] 7.4 (1.2) 6.1(2.1) -1.3[-1.7,-0.8] -1.3[-1.9,-0.6]
PSC NRS 3° (0-10) 7.4(1.2) 4.8 (2.6) -2.6[-3.2,-2.1] 7.2 (1.3) 6.1(2.3) -1.1[-1.6,-0.7] -1.5[-2.2,-0.8]
6-MWTP (meters) 401 (102) 436 (108) 35[22,48] 403 (87) 407 (95) 41[-7,16) 30 (13, 48]
(n=288) (n=2388) (n=93) (n=93) (n=181)

* Primary outcome measure.
® Secondary outcome measures.

PSC: Patient-Specific Complaints; NRS: numeric rating scale; N: number of patients; 6-MWT: Six Min Walk Test.

Table 3. Differences between groups on the secondary outcomes PROMIS PF-10, BASFI, SF-36 PCS and SF-36 MCS over time: intention to

treat analyses

Outcome measure Timepoints Intervention group Control group Estimated mean differences between groups
N Mean (s.D.) N Mean (s.p.) y/] 95%CI
PROMIS PF-10 Baseline 105 35.2 (4.695) 99 36.5 (4.64)
(13.5-61.9) 26 weeks 99 37.3 (5.68) 92 36.4(5.45) 2.03 [0.98, 3.09]
52 weeks 96 37.9 (6.05) 97 36.4(5.29) 2.58 [1.39, 3.76]
BASFI (0-10)° Baseline 105 6.0 (2.09) 99 5.9 (1.84)
26 weeks 97 5.2(2.34) 92 5.9(2.11) -0.70 [-1.14,-0,27]
52 weeks 96 5.1(2.359) 97 5.8(1.88) ~0.78 [-1.21, -0,34]
SF-36 PCS (0-100) Baseline 105 28.2 (8.18) 929 29.4 (7.22)
26 weeks 97 31.6 (9.71) 92 29.4(7.71) 3.11 [1.09, 5.13]
52 weeks 95 32.0 (9.08) 97 29.6(8.85) 3.21 [1.04, 5.38]
SF-36 MCS (0-100) Baseline 105 44.6 (10.56) 99 45.7 (11.42)
26 weeks 97 46.3 (10.38) 92 46.0(11.18) 1.04 [-1.50, 3.58]
52 weeks 95 46.4 (10.15) 97 46.3 (10.93) 0.88 [-1.73, 3.49]

? Lower score indicates better outcome.

N: number of patients; PROMIS PF-10: Patient Reported Outcome Measurement Information System Physical Function 10-Item Short Form; SF-36 PCS: 36-
item Short Form Health Survey Physical Component Summary Score; SF-36 MCS: 36-item Short Form Health Survey Mental Component Summary Score.

clinical practice for all people with axSpA and severe func-
tional limitations. Furthermore, this approach is likely to of-
fer benefits in the treatment of other, albeit less common,
rheumatic diseases with potential complex consequences.
However, our findings are in particular generalizable to other
countries than the Netherlands with a similar healthcare sys-
tem for people with inflammatory rheumatic disorders.
Successful implementation of our intervention in clinical
practice requires careful design of implementation strategies
after examination of the context [44].

This study exhibits notable strengths, characterized by its
randomized design, blinded raters, sufficient power and a
low drop-out rate. Moreover, the treatment followed a well-
defined protocol, and the intervention’s physical therapists
underwent comprehensive training. However, the study is
not without limitations. The reliance on self-reported data
for the collection of axSpA treatment-related medication may
have compromised accuracy, potentially influencing group
differences. Baseline medication data might not be entirely
precise, as the relatively high self-reported use of oral gluco-
corticoids could be attributed to treating comorbid condi-
tions and extra-musculoskeletal manifestations. Furthermore,

we did not gather information on medication changes during
the 52-week study period, so it is unknown to what extent
possible differences between the intervention and usual care
groups could have affected our results. However, only partic-
ipants who received optimal medical treatment at baseline
were included. The selection of outcome measures primarily
focussed on their ability to reflect functional ability on the
level of the ICF component ‘Activities and Participation’ [23].
Measures reflecting underlying impairments (e.g. pain, fa-
tigue, spinal mobility) were considered less suitable due to an-
ticipated individual wvariation. Additionally, for logistic
reasons we did not assess the effects of our exercise program
on physical activity and disease activity levels. Consequently,
our findings do not permit inferences about the possible me-
diation role of those variables on measures of functional abil-
ity. However, exercise programs are known to have a
substantial effect on disease activity [6]. Finally, we did not
gather information on the presence of widespread pain, nor
on the presence of peripheral involvement or extra-articular
manifestations at baseline. Considering the substantial size of
our research sample, the likelihood of significant imbalances
between groups is minimal. However, it is unknown to what
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extent this data had a possible impact on the content of the
intervention and usual care groups and to what extent this
could have affected the results of the trial.

In conclusion, to our knowledge this is the first study on
the effectiveness of a supervised exercise program for people
with axSpA and severe functional limitations. We demon-
strated that long-term, personalized, supervised exercise ther-
apy was more effective with respect to functional ability and
quality of life than usual care over 52 weeks of treatment.
Further research is needed to explore the long-term out-
comes, and assess its cost-effectiveness and applicability of
this approach in the management of other rheumatic diseases
with potential complex consequences.
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