Universiteit

4 Leiden
The Netherlands

The effect and safety of exercise therapy in patients with systemic

sclerosis: a systematic review
Liem, S.I.E.; Vlieland, T.P.M.V.; Schoones, J.W.; Vries-Bouwstra, J.K. de

Citation

Liem, S. I. E., Vlieland, T. P. M. V., Schoones, J. W., & Vries-Bouwstra, J. K. de. (2019). The
effect and safety of exercise therapy in patients with systemic sclerosis: a systematic review.
Rheumatology Advances In Practice, 3(2). doi:10.1093/rap/rkz044

Version: Not Applicable (or Unknown)
License: Leiden University Non-exclusive license

Downloaded from: https://hdl.handle.net/1887/3627201

Note: To cite this publication please use the final published version (if applicable).


https://hdl.handle.net/1887/license:3
https://hdl.handle.net/1887/3627201

Rheumatology Advances in Practice 2019;0:1-13
doi:10.1093/rap/rkz044

RHEUMATOLOGY ADVANCES IN PRACTICE
Review

The effect and safety of exercise therapy in patients
with systemic sclerosis: a systematic review

Sophie I. E. Liem ® !, Theodora P. M. Vliet Vlieland?, Jan W. Schoones® and
Jeska K. de Vries-Bouwstra'

Abstract

Given the shortcomings of previous literature reviews evaluating the effect and safety of exercise ther-
apy in SSc, we aimed to carry out a systematic review of the literature specifically on this topic.
A structured search strategy was performed in Medline (via PubMed) and other electronic databases
from 1990 to 3 September 2019. Randomized controlled trials, observational designs, conference
abstracts and trial registrations were included if they concerned SSc patients >18years of age, exer-
cise therapy and reported outcomes related to physical functioning. Nine articles were included. Four
randomized controlled trials compared (a) hand exercises, (b) orofacial exercises, (c) aerobic exercises
or (d) aerobic exercises plus resistance training with no exercise, demonstrating effects on hand
function (a), maximum mouth opening (b), peak oxygen uptake (c+d) and quality of life. All five obser-
vational studies concerning hand, orofacial, aerobic and/or strengthening exercises reported improve-
ments of hand function, mouth opening, aerobic capacity and/or muscle strength. In conclusion, the

evidence on the effect and safety of exercise therapy in SSc is scanty.

Key words: systemic sclerosis, scleroderma, exercise therapy, exercise, review

Key messages
o Literature on the effectiveness and safety of exercise in patients with SSc is scarce.
« Beneficial effects of hand, orofacial or aerobic exercises are reported in patients with SSc.
o Well-designed trials are needed to determine the optimal timing, content and dosage of exercise in SSc.

Introduction

SSc is a rare, systemic autoimmune disease characterized
by skin fibrosis and vasculopathy [1]. In addition to the
skin, multiple organ systems, including the musculoskele-
tal, cardiac, pulmonary and gastrointestinal systems, are
involved, resulting in a broad range of symptoms [2].

For various reasons, including joint pain and limited
range of motion, fatigue and dyspnoea as a result of
lung involvement, the exercise capacity of SSc patients
was found to be limited in comparison to healthy
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controls [3, 4]. Moreover, apart from impairments in ac-
tivities and participation, their level of physical activity in
daily life appears to be relatively low [5]. To overcome
or decrease these impairments and limitations, aside
from medical treatment, the usage of rehabilitation inter-
ventions is advocated in the management of patients
with SSc [6]. Exercise therapy is an important element
of rehabilitation, aiming to improve the overall function-
ing of the individual and to support patients to meet the
demands of daily living [7]. Indeed, the usage of physical
therapy in patients with SSc is substantial, with 50-60%
of patients visiting a physical therapist over a period of
12 months [8, 9]. Despite this relatively wide use, the evi-
dence for the effect of exercise therapy appears to be
scanty.

To the best of our knowledge, to date three literature
reviews, one of which was performed systematically,
have assessed the effect of exercise therapy in patients
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with SSc. A systematic review by Willems et al. [10]
published in 2015 assessed the effect of various non-
pharmacological interventions in SSc, including exercise
therapy. That review included three studies specifically
on exercise therapy [11-13], two pertaining to orofacial
exercises [11, 13] and one to muscle-strengthening and
aerobic exercises [12]. Of these three studies, only one
was a randomized controlled trial (RCT) and met the cri-
teria for high methodological quality [13]. The systematic
review also included eight studies on multidisciplinary
interventions, of which exercise therapy formed a part
[14-21]. However, given that the programmes were
comprehensive, the effect of exercise therapy alone
cannot be determined from these studies. A more recent
literature review specifically addressed aerobic and re-
sistance exercise in SSc, with interventions categorized
into aerobic exercises and aerobic exercises in combi-
nation with resistance exercise, and patients divided
into those with and without pulmonary involvement [22].
This review included 10 studies [12, 15, 16, 19, 23-28],
four being RCTs. One RCT concerned the evaluation of
an intervention combining a personalized physical ther-
apy programme with occupational therapy, meaning that
the effect of physical therapy alone cannot be deter-
mined [28]. Although this literature review comprised
one more recent study [28], studies with smaller study
populations [23, 27] and case reports [24-26], it was not
performed systematically. The authors concluded that
SSc patients who participate in exercise programmes in-
volving aerobic exercise and aerobic exercise combined
with resistance training improve in exercise tolerance,
cardiorespiratory fitness, walking distance, muscle
strength and function, in addition to health-related qual-
ity of life [22]. The most recent review, published in 2019
by Mugii et al. [29], was not performed systematically
and included 11 studies concerning rehabilitation ther-
apy applied for SSc categorized into four domains:
hand, face, global and pulmonary rehabilitation. Three
studies [11, 13, 27] concerned exercise therapy specifi-
cally, and eight studies concerned comprehensive care
[14, 15, 17, 18, 28, 30-32]. Of these studies, one study
was not yet mentioned in the two other reviews [32].
That review concluded that although few high-quality
RCTs have been conducted to date, previous studies in-
dicated the effect of rehabilitation therapy for decreasing
local and systemic disabilities, resulting in improved
quality of life.

In conclusion, a systematic literature review specifically
addressing the effect of exercise therapy and distinguishing
different types of exercise programmes (hand exercises,
orofacial exercises and aerobic and muscle-strengthening
exercises) is lacking. A comprehensive overview of the al-
ready existing evidence and ongoing research is needed to
identify the gaps in knowledge, to plan future research
projects and to develop specific guidelines for physical
therapists. For this purpose, the aim of the present study
was to identify and summarize the literature on the effect
and safety of exercise therapy in patients with SSc and
provide an overview of ongoing research in this field.

Methods

This systematic review was conducted according to the
PRISMA guidelines [33]. Moreover, we adhered largely
to the AMSTAR 2 tool [34], with the exception of the
protocol registration before commencement. This is a
drawback of our approach.

Search strategy

The databases Medline (via PubMed), Embase, Web of
Science, Cochrane Library, PsycINFO, CENTRAL,
Emcare, Academic Search Premier, ScienceDirect and
Wiley Online Library were searched from 1990 to 3
September 2019. To compose the search strategy, we
used PICO (Patient, Intervention, Comparison, Outcome)
research question: ‘What is the effect of exercise ther-
apy (I) on outcomes regarding physical functioning (O) in
systemic sclerosis patients (P), if possible in comparison
(C) to a different type of exercise, no intervention or a
non-exercise intervention? The broad computerized
search strategy consisted of the combination of two
main components (for the detailed search strategy, see
Supplementary Material, Search Strategy section, avail-
able at Rheumatology Advances in Practice online): SSc
and exercise therapy. The search strategy was formu-
lated with the help of a trained librarian (J.W.S.).
Additionally, the reference lists of relevant articles were
hand searched for additional relevant studies.

Inclusion criteria and study selection

Studies were eligible for inclusion in the review if the
study was published in English or Dutch, because these
languages are mastered by the authors; the publication
date was between 1990 and 3 September 2019; the
study included participants > 18years of age with SSc
taking part in an exercise programme; and the interven-
tion consisted only of exercise therapy reported on one
or more outcomes regarding physical functioning.
Moreover, we included RCT, controlled clinical trials and
observational designs. Over the past years, non-phar-
macological treatment, and thus exercise therapy, of
SSc has gained increasing attention. Therefore, we
screened conference abstracts to check for potentially
missed studies for the literature synthesis. Moreover,
both conference abstracts and clinical trial registrations
were searched to make an inventory of ongoing and up-
coming projects in this field. All inclusion criteria were
applicable, except for the criterion that it should include
results/data.

For the purpose of this review, exercise therapy was
defined as planned, repetitive movements, which were,
at least in part, supervised by a physical therapist [35].
All studies on exercises fulfilling these criteria were ac-
cepted, irrespective of the type, frequency, intensity,
mode or duration. Excluded were studies on exercise
therapy that were only provided unsupervised or where
exercise therapy was part of a larger multidisciplinary
intervention.

https://academic.oup.com/rheumap
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The procedure for the selection of the studies was
based on the recommendations of Furlan et al. [36].
Initially, two reviewers independently screened titles and
abstracts with the inclusion criteria in mind. Titles and
abstracts that passed this screening underwent a full-
text review using the complete set of inclusion and
exclusion criteria, performed independently by the same
two reviewers. In the eventof discrepancies in agree-
ment, abstracts or full-text articles were reviewed by a
third investigator (J.K.V.-B.).

Quality assessment

The methodological quality of both randomized and non-
randomized studies was evaluated using the Downs and
Black checklist, which consists of 27 criteria representing
five domains: study reporting, external validity, internal
validity-bias, internal validity-confounding and power [37].
The Cochrane Musculoskeletal Group has identified the
Downs and Black checklist as one of six useful tools to
assess risk of bias, including bias in non-randomized (ob-
servational) studies [38]. ltem 27 of the checklist regard-
ing the domain power was modified slightly. The original
question of item 27 (‘Did the study have sufficient power
to detect a clinically important effect where the probabil-
ity value for a difference being due to chance is less than
5%7’) was changed to ‘Did the study include a power
analysis?’, with answer options yes or no (Supplementary
Material, Modified Downs and Black Checklist for evalu-
ating study quality section, available at Rheumatology
Advances in Practice online). For each study, two
reviewers (S..LE.L. and T.P.M.V.V.) independently scored
all 27 items, and disagreements were resolved by con-
sulting a third reviewer (J.K.V.-B.). A total quality score
was then calculated by adding up all item scores (zero or
one, except for item 5, where 0=no, 1=partially, and
2=yes), resulting in a maximum possible score of 28.
The checklist does not provide a cut-off point for deter-
mining a high-quality study. Therefore, we arbitrarily de-
fined that a study was considered high quality with a
score higher than two-thirds of the maximum possible
score (if all 28 items were applicable, then a score of
> 19 was considered as high quality).

Data extraction

Data extraction concerned general characteristics of the
study, patient characteristics, intervention characteris-
tics, outcome measurements and results.

General characteristics of the studies included publi-
cation year, study design, country and authors. Patient
characteristics included the inclusion and exclusion cri-
teria, the number of participants, mean age (in years),
mean disease duration (in years) and female/male ratio.
It was also recorded if, and how, the diagnosis of SSc
was established (based on published criteria, clinical di-
agnosis, or not reported) [39, 40].

Regarding the intervention, the type of exercises, the
frequency, intensity, mode and duration were recorded.
Exercise programmes were categorized into three groups:

https://academic.oup.com/rheumap

Effect of exercise therapy in SSc

hand exercises; orofacial exercises; and muscle-strength-
ening and aerobic exercises.

The primary outcomes of interest to this review were
measurements of physical functioning. For that purpose,
we considered measures of general physical functioning,
such as the HAQ or Short Form 36 (SF-36) or 12 physical
component scale. In addition, for every category of exer-
cises (hand, orofacial, aerobic and/or muscle-strengthening
exercises), we used a list of probable outcomes of physical
functioning of particular interest for that type of exercise.
For hand exercises, these were measures of hand function
or grip strength. For orofacial exercises, we considered
oral aperture. For aerobic and/or muscle-strengthening
exercises, 6 min walking test, peak oxygen uptake, oxygen
saturation, heart rate, metabolic equivalent, repetition and
muscular threshold were included. In the case of doubt
about whether an outcome measure could be considered
to be a measure of physical functioning, the authors dis-
cussed it together for consensus. Additionally, adherence
rates and adverse events were recorded if reported.

One reviewer (S.I.E.L.) extracted the data and entered
data items into an electronic day entry programme
(Microsoft Excel), with all data being cross-checked by
one of the authors (T.P.M.V.V.).

Analysis

Owing to the heterogeneity of the included studies, in
particular with regard to the study designs and contents
of the intervention, a meta-analysis was not performed.
Therefore, a descriptive analysis was used to assess the
effect of exercise therapy.

Results
Search results

The systematic search yielded 880 unique article referen-
ces, of which 58 were selected for full-text review (Fig. 1).
Nine articles met the inclusion criteria. No additional titles
were obtained by checking the references of included
papers and the available literature reviews [10, 22, 29].

Characteristics of the included studies

The characteristics of the included studies are shown in
Table 1. The total number of participants included in the
various studies varied from 4 to 48. The average age of
the patients ranged from 44.0 to 69.6 years, whereas the
mean disease duration ranged from 3.5 to 12.6years
and the percentage of women ranged from 75 to 100%.
The diagnosis of SSc was based on the ACR and
EULAR criteria 2013 [40] in three studies [41-43], on the
preliminary criteria for the classification of SSc of the
ARA criteria 1980 [39] in four studies [12, 13, 23, 44]
and not reported in two studies [11, 27].

Methodological quality

The methodological quality of the included studies is
shown in Table 2. Of the nine included studies, one was
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Fic. 1 Flow diagram of selection process
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(n =880)

Screening

Records screened: - No S5c =18 years (n = 76)

- No exercise therapy (n=
740)

J

- Exercise therapy as part
of multimodal
intervention (n = 6)

eligibility: (n = 58)

Eligibility

Full-text articles assessed for

Full-text references excluded,

with reasons
» (n=49)

- Other language than
Dutch or English (n=0)

- No SSc patients 2 18
years (n=0)

- No exercise therapy (n
=11)

- No outcomes regarding

(n=9)

Studies included in analysis: =0)

physical functioning (n

- Not correct study
design (n = 24)

Included J

rated as being of high quality [13]. There was an agree-
ment >80% of the scores on the individual items. In
case of discordance, consensus was achieved after dis-
cussion with the third reviewer.

Effect of exercise therapy

The effect of exercise therapy per study is shown in
Table 3.

Hand exercises

Regarding hand exercises, two studies were identified [41,
44], with both showing beneficial effects on hand function.

- Unsupervised exercise
therapy (n=0) or
exercise therapy as
part of multimodal
intervention (n = 14)

Piga et al. [44] conducted a study in which an exercise
programme consisting of strengthening and mobility exer-
cises supported by telemedicine was compared with a
similar intervention with the aid of common daily-life
objects in 20 patients, with 10 patients in each group. SSc
patients showed an improvement of hand function mea-
sured by the Functional Index for Hand OsteoArthritis
(FIHOA, from 13.9 to 7.7 in the intervention group vs from
14.0 to 9.50 in the control group, P < 0.01), but the be-
tween-subject effect was not significant (P = 0.496). The
HAQ (1.49 to 0.81, P = 0.016), and the HAnd Mobility in
Scleroderma (HAMIS, right hand: from 5.2 to 3.3, P =
0.016; left hand: from 4.7 to 2.2, P = 0.075) improved
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High
Low

21/28
13/26

21,23, 25,26

21,26

15,16,17, 18,19, 20

16, 19, 20

1,2,3,4,5(x),6,7,9,10 13

1,2,4,6,7,8,9,10

Yuen, 2011 [13]
Pizzo, 2003 [11]

17,22

Aerobic and muscle-stregthening exercises

Low

18/28
17/28
12/25
12/23
12/24

21,23, 26
21,23, 26

16, 17,18, 19, 20
16, 17,18, 19,20
16, 18,19, 20

18,20

13
13
13
13
13

1,2,3,4,5,6,7,9,10
1,2,3,4,5,7,9,10

1,2,3,4,6,7,10

Mitropoulos, 2018 [42]
Mitropoulos, 2019 [43]
Oliveira, 2009 [23]

Pinto, 2011 [12]

Low

17,22, 23

Low

5,17,22,23

Low

26
26

1,2,3,4,6,7,9,10
1,2,3,4,6,7,9

17,22, 28,25

Low

16, 18, 19

Alexanderson, 2014 [27]

Only the numbers for fulfilled criteria are reported.

2Quality score is the sum of positive scores. Studies are considered of high quality when their total quality score reflects at least two-thirds of answered items.

Effect of exercise therapy in SSc

significantly only in the telemedicine group. Patients in the
experimental group performed 93.4% (range 71.4-98.8%)
of the scheduled exercise sessions, and no adverse
events were recorded.

Landim et al. [41] evaluated the effect of a home-
based hand care programme in 22 SSc patients. The
primary outcomes, hand pain measured by visual analog
scale and the Cochin hand function scale, both im-
proved significantly (hand pain: 3.97 vs 2.21, P =
0.0022; Cochin hand function scale: 19.24 vs 12.48, P <
0.0001). Furthermore, significant improvements were
noted in secondary outcomes, such as the scleroderma
HAQ (0.95 vs 0.48, P < 0.0001) and grip strength (14.43
vs 19, P = 0.0022). Patients considered the programme
easy to follow, and no adverse effects related to exer-
cises were noted.

Orofacial exercises

Two studies [11, 13] reported the effects of orofacial
exercises on the maximal oral aperture. In the RCT of
Yuen et al. [13], 48 patients were included for a multiface-
ted oral health intervention. Of those 48 participants, 28
participants, with a mean oral aperture of <40mm at
baseline, were additionally randomized between orofacial
exercise instructions (n=13) and no exercises (n=15). In
a subgroup analysis including only the patients with an
oral aperture <40mm at baseline, this study demon-
strated a significantly larger increase in oral aperture at
3months for the intervention group compared with those
receiving no exercise (2.81 vs —0.61mm, P = 0.01).
However, this effect did not last at the 6-month evalua-
tion (2.75 vs 2.33mm, P = 0.19). In an observational
study in 10 patients with SSc and a maximal mouth
opening < 30mm, Pizzo et al. [11] showed a mean im-
provement of oral aperture of 10.7 =2.06 mm after the
exercise programme (P < 0.0049).

The adherence rates to the orofacial exercise were
48.9% [13] and 100% [11]. Reasons for discontinuation
were soreness of the lips or at the jaw point, decreased
pigmentation at the mouth corner, forgetfulness or not
having the time [13]. It was stated that, with the excep-
tion of transient muscular fatigue, no adverse effects
were reported in one study [11], whereas the other did
not mention adverse effects [13].

Aerobic and muscle-strengthening exercises

Five studies evaluated the effect of aerobic exercise
programmes in SSc patients, of which two programmes
included only aerobic training [23, 42] and three pro-
grammes combined aerobic exercise and resistance
training [12, 27, 43].

The two most recent studies, both RCTs, on aerobic
exercise and aerobic exercise in combination with mus-
cle-strengthening exercises, were performed by
Mitropoulos et al. [42, 43, 45] The first RCT [42]
compared three groups: two with high-intensity interval
training (arm cranking and cycling) and one control
group (no exercise). The exercise groups underwent a
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TaeLE 3 Results of exercise interventions of included studies

First author, Primary outcomes at
year, country baseline

[reference]

Hand exercises
Piga, 2014, ltaly E: HAQ: 1.49
[44] Dreiser’s index: 13.9

HAMIS right hand: 5.2
HAMIS left hand: 4.7
C: HAQ: 1.56
Dreiser’s index: 14.0
HAMIS right hand: 4.7
HAMIS left Hand: 2.2

Landim, 2017, Pain visual analog scale:
Brazil [41] 3.97
Cochin hand function
scale: 19.24

Orofacial exercises

Yuen, 2011, USA Oral aperture (mm)

[13] E:27.4
C:32.4
P = 0.049 between
groups
Pizzo, 2003, Maximal mouth opening

Italy [11] (mm): 26

Aerobic and muscle-strengthening exercises

Mitropoulos, VO,peak (ml/kg/min):
2018, United E1:17.7
Kingdom [42] E2:14.6
C:14.3
Mitropoulos, VO,peak (ml/kg/min):
2019, United E: 20.6
Kingdom [43] C:15.7
Oliveira, 2009, VOypeak (ml/kg/min):
Brazil [23] 19.72
Metabolic equivalent:
5.63
Pinto, 2011, Highest exercise load of
Brazil [12] leg press: 67 kg; and
bench press 47 kg
VO,peak: 21.6 ml/kg/min
Alexanderson, 6 min walk test at base-
2014, Sweden line unknown
[27]

Adherence, %

93.4 (range 71.4-
98.8)

Not determinable

48.9 (s.0. = 32.6)

100

E1 (arm crank): 92
E2 (cycle ergome-
try): 88

Not determinable

100

Not determinable

98

Results

The experimental group showed significant
improvements in Dreiser’s index (13.9-7.7),
HAQ (1.49-0.81) and the HAMIS (right hand:
5.2-3.3; left hand: 4.7-2.2) over time, but dif-
ferences between groups were not significant
(change over time in control group for
Dreiser’s index: 14.0-9.50; HAQ: 1.56-1.09;
HAMIS right hand: 4.7-3.2; HAMIS left hand:
2.2-1.7).

Significant improvements in hand pain mea-
sured by visual analog scale (3.97 vs 2.21, P
= 0.0022), Cochin hand function scale (19.24
vs 12.48, scleroderma HAQ (0.95 vs 0.48 and
handgrip strength improved (14.43 vs 19.00)

In 3 months, the experimental group showed a
significantly larger change (i.e. increase) in
the size of oral aperture compared with the
control group (2.81 vs —0.61 mm). This effect
did not last at the 6-month evaluation (2.75 vs
2.33 mm).

There was a significant difference in the overall
change of the oral aperture size in the orofa-
cial exercise group (2.75 mm) but not the
no-exercise group (2.33 mm)

The maximum mouth opening improved signifi-
cantly from 26 to 36.7 mm after the
intervention

In both intervention groups, values of VO,peak
were greater post-exercise intervention com-
pared with the control group (significantly for
the arm crank group).

Both intervention groups reported improved
quality of life

VO,peak was significantly greater in the exer-
cise group (25.6+7.2 ml/kg/min) compared
with the control group after the exercise
intervention

Significant improvement in VOopeak (19.72 vs
22.27), peak exercise oxygen saturation
(84.14 vs 90.29) and metabolic equivalent
95.63-6.36)

Significant improvement in muscle strength
and function, time to exhaustion, heart rate at
rest, and the workload and time of exercise
at ventilatory thresholds and peak of exercise

No patient showed a statically significant
change in physical walking distance during
the 6 min walk test.

Three patients significantly improved with re-
spect to muscular endurance concerning hip
and shoulder flexion.

Aerobic capacity measured by treadmill test
improved in one patient statistically signifi-
cant and clinically significant in one patient.

Reduced fatigue measured by visual analog
scale in three patients.

C = control group; E: experimental group; HAMIS: HAnd Mobility in Scleroderma; VOjpeak: peak oxygen consumption.

https://academic.oup.com/rheumap
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12-week supervised exercise programme. Twice weekly,
they performed 30s high-intensity interval training inter-
spersed with 30s of passive recovery for a total of 30 min.
Peak oxygen uptake increased in both exercise groups
significantly post-intervention compared with baseline.
Quality of life was assessed as a secondary outcome and
improved significantly in both exercise groups [42].

In the second, most recent RCT [43] 32 patients with
limited SSc were randomly allocated to an exercise
group (n=16) or a no-exercise group (n=16). Similar
high-intensity training to that in the other study from the
same authors [42] was combined with resistance train-
ing comprising five upper-body exercises (chest press,
arms lateral raise, biceps curl, triceps extension and
handgrip dynamometer). This exercise programme also
lasted 12 weeks and was performed twice weekly. Peak
oxygen uptake and transcutaneous oxygen pressure of
the exercise group improved significantly when com-
pared with the control group after the intervention [43].

Oliveira et al. [23] noted a significant improvement in
peak oxygen consumption (19.72 vs 22.27, P = 0.006)
after an 8-week programme consisting of moderate-in-
tensity aerobic exercise on a treadmill in seven SSc
patients. Furthermore, peak blood lactate significantly
decreased (1.43 vs 1.84, P = 0.01). Peak exercise oxy-
gen saturation significantly improved in comparison to
baseline (84.14 vs 90.29, P = 0.048), whereas resting
oxygen saturation did not improve after exercise.

In the study by Pinto et al. [12], 11 SSc patients par-
ticipated in a 12-week combined resistance and aerobic
training programme, with twice weekly sessions.
Patients significantly improved with respect to muscle
strength and function, time to exhaustion, heart rate in
resting conditions and, in addition, the workload and
time of exercise at ventilatory thresholds and peak of
exercise were increased.

Using a single-subject experimental design, Alexanderson
et al. [27] enrolled four SSc patients (three women and one
man) in an 8-week exercise programme consisting of aero-
bic exercise corresponding to 15 on the Borg rating of per-
ceived exertion scale (strenuous) and muscular endurance
training, three times per week. Three patients improved sig-
nificantly with respect to muscular endurance concerning
hip and shoulder flexion. Aerobic capacity measured by
treadmill test improved significantly in one patient, and clini-
cal aerobic capacity improved in another patient.

Safety of exercise therapy

As shown in Table 4, in seven of the nine studies no ad-
verse events related to the exercise programmes were
reported [12, 23, 27, 41-44]. Pizzo et al. [11] reported
transient muscular fatigue as an adverse event.
Although the study by Yuen et al. [13] did not report ad-
verse events in the manuscript, the reasons for discon-
tinuation for both groups were specified. These included
sickness, diagnosis of cancer, incarceration, complaint
of sore throat after dental cleaning in the intervention
group; and hip replacement, military service and unable
to re-schedule the final visit before termination of the study

https://academic.oup.com/rheumap
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in the control group. Moreover, reasons for discontinuation
in the studies of hand exercises were major abdominal
surgery [44] and transport problems [41] in the exercise
groups. In the study by Mitropoulos et al. (2018) [42] and
in the study by Oliveira et al. [23], two dropouts in the in-
tervention group were recorded, but the reasons were not
specified. The studies by Pizzo et al., Pinto et al.,
Alexanderson et al. and Mitropoulos et al. (2019), all in-
cluded patients completed the follow-up [11, 12, 27, 43].

Conference abstracts and clinical trial registrations

A total of 631 conference abstracts and clinical trial
registrations have been reviewed independently by
S.I.LEL. and T.P.M.V.V. None of the conference
abstracts could be linked to a published paper that we
had missed. Two conference abstracts and one clinical
trial registration pointed out ongoing research (Table 5).

Preliminary results of an exploratory study on the effects
of orofacial exercises in SSc patients have been published
as a conference abstract. This study assessed two differ-
ent exercise approaches designed to increase oral aper-
ture. The first group exercised with a passive jaw motion
device and the second group did mouth-stretching exer-
cises. Both groups had to exercise for 10min, three times
per day for 3 months. Outcome measures were oral aper-
ture and compliance of the intervention [46, 47].

The Scleroderma  Patient-centered Intervention
Network has an ongoing RCT that will evaluate the ef-
fect of an online hand-exercise intervention study, in ad-
dition to usual care, on hand function and health-related
quality of life in SSc patients with at least mild hand
function limitations [48-50].

Moreover, a randomized, controlled 6-month parallel
group study is registered, wherein patients will be randomly
assigned to the home care rehabilitation group or the con-
trol group. The intervention consists of a physical exercise
programme at home: aerobic exercise on a stationary bicy-
cle, muscular endurance training of the upper limb three
times a week and daily stretching exercises for finger joint
motion. The control group will be given generic recommen-
dations to increase physical activity. This RCT has com-
pleted its recruitment, but no results are published yet [51].

Discussion

This systematic review on the effect of exercise therapy
in patients with SSc overall points in the direction of ben-
eficial effects and no adverse outcomes, but the evidence
is weak. The conclusion of this review is in line with three
reviews conducted in the past 4 years [10, 22, 29], one
being a systematic literature review [10]. Previous litera-
ture reviews concluded that SSc patients without or with
mild pulmonary involvement can be as physically active
as the general population, whereas the present review
provides more insights into the effect of exercise therapy
on top of other non-pharmacological interventions, into
different types of exercise programmes and into the
methodological quality of the studies.
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TaBLE 4 Safety of exercise therapy

First author, publication Adverse events

year [reference]

Hand exercises

Piga, 2014 [44] None reported

Landim, 2017 [41] None reported

Orofacial exercises

Yuen, 2011 [13] Not determinable

Pizzo, 2003 [11] Mid-muscular fatigue at the
cheek and the temporomandib-
ular joint was reported in 10/10
and 4/10 subjects, respectively.
This occurred during the exer-
cise programme and disap-
peared within 30 min after
finishing the exercises

Aerobic and muscle-strengthening exercises
Mitropoulos, 2018 [42] None reported
Mitropoulos, 2019 [43] None reported
Oliveira, 2009 [23] None reported

Pinto, 2011 [12] None reported
Alexanderson, 2014 [27] None reported

Dropouts/protocol violations

E: one patient discontinued the exercise protocol because of
major abdominal surgery and was withdrawn from the trial

C: two patients reported discontinuing the protocol for >1 week
for no specific reason and were withdrawn from the study

Five patients did not return for re-evaluations and were ex-
cluded. In the flow diagram, transportation problems are given
as the reason

E: four participants dropped out. Some of the known reasons for
participant dropout included sickness, diagnosis of cancer, in-
carceration, and complaint of sore throat after dental cleaning

C: five participants dropped out. Some of the known reasons for
this included hip replacement, military service, and unable to
re-schedule the final visit before termination of the study

No dropouts

One dropout for each exercise group. Reasons are not specified

No dropouts

Nine patients agreed to participate and seven completed the
study. Reasons are not given

No dropouts

One participant missed two of in total 24 exercise sessions ow-
ing to medical investigations of increased lung symptoms

C: control group; E: experimental group.

The present study makes it all the more clear that re-
search in this area is very scanty, and the available evi-
dence is weak. The weakness of the evidence is mainly
attributable to the lack of studies with a randomized, con-
trolled design. In addition, probably related to the fact
that SSc is a relatively rare disease, the sample sizes
were generally small. It should also be noted that the
aims and contents of exercise programmes varied
greatly, for which purpose we categorized the pro-
grammes into hand exercises, orofacial exercises and
aerobic and muscle-strengthening exercises. Besides,
the outcome parameters used differed greatly between
the studies, making it difficult to judge the generalizability
of the shown efficacy.

Moreover, it is important to note that the interventions
in the studies on aerobic exercise in the present system-
atic review [12, 23, 27, 42, 43] did not meet public health
recommendations for health-enhancing physical activity.
The total duration of supervised moderate-intensity exer-
cise ranged from 30 to 50 min, whereas for healthy adults
the American College of Sports Medicine recommends to
undertake > 150 to 300 min of moderate-intensity exer-
cise. Such recommendations are advocated for all

10

patients with rheumatic and musculoskeletal diseases
[35]. Of course, it is natural that the included interventions
did not meet the public health recommendations because
they focused on a single aspect of exercise; however, we
believe that more attention to the minimum requirements
of exercise to attain health benefits is needed.

In seven of the nine studies, no adverse events re-
lated to the exercise programmes were reported [12, 23,
27, 41-44]. Only one study [11] reported muscular fa-
tigue as an adverse event, which occurred during the
exercise programme and disappeared within 30 min af-
ter finishing the exercises. However, the quality assess-
ment revealed that in most of the cases the reporting of
potential adverse events was not part of the outcome
assessment. Therefore, adverse events might be under-
reported. It is likely that the systematic recording of po-
tential adverse effects of exercise therapy in clinical
studies needs more attention. This could be achieved
by including it in checklists, such as those of The
CONSORT group. Currently, in the CONSORT statement
on the reporting of research on non-pharmacological
treatment with the description of outcomes, potential
adverse events are not particularly mentioned [52].

https://academic.oup.com/rheumap
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TasLE 5 Overview of ongoing and upcoming projects concerning exercise therapy in SSc

First author, coun- Study design

Subjects
try [reference]

Hand exercises
Kwakkenbos, multi-  RCT
centre [48, 49]

586 SSc patients with at
least mild hand function

Intervention

E: online hand-exercise
intervention, 3 months

limitations (Cochin hand  C: usual care

function scale >3)

Orofacial exercises
Sydow, Belgium, oD

Aerobic and muscle-strengthening exercises

Ferrari, Italy [50] Single-blind 33 SSc patients
RCT, parallel
assignment

SSc patients with maximal E1: exercises with jaw
[46, 47] oral aperture <40 mm

motion device

E2: mouth-stretching
exercises

In both groups, patients
had to exercise for 10
min, three times/day for
3 months

E: home-based exercise
programme consisting of
aerobic exercise on a
stationary bicycle,
muscle-endurance
training of upper limb
and stretching exercises
for finger joint motion.

Outcomes

Cochin hand function

scale

Mouth opening

6 min walking test,

maximum oxygen
consumption, handgrip
strength, one repetition
maximum of biceps
strength, muscular
strength of lower limbs,
hand mobility in

C: encouragement to scleroderma test
perform generic aerobic

physical activity

C: control group; E: experimental group; OD: observational design; RCT: randomized controlled trial.

Although the current evidence suggests that physical exer-
cise in SSc patients appears to be safe, it is important to
screen patients beforehand and for exercise to be super-
vised by qualified health professionals, especially if patients
have cardiopulmonary involvement. As an example, in an
RCT on a multidisciplinary intervention including exercise
therapy, potentially eligible patients with SSc had to undergo
screening tests to assess their exercise intolerance, with the
results being discussed by a cardiologist and a pulmonolo-
gist [19]. In other rheumatic conditions, such as OA, proto-
cols on how to adapt exercise to co-morbidity have been
developed [53].

Additionally, when assessing the methodological qual-
ity, none of the included studies had the maximum
score for internal validity. The maximum score for inter-
nal validity was 13 points, based on seven questions
concerning bias and six concerning confounding. The
score for internal validity ranged from three to eight
points. Only four of the nine studies scored more than
half of the 13 points. This indicates methodological
shortcomings of the included studies. For future exer-
cise interventions, it is important to bear this in mind
when designing the intervention.

Limitations of our study are that a meta-analysis was
not performed because of the variety of interventions and
outcomes and that we focused on exercise therapy, im-
plying involvement of a health professional, as opposed
to fully unsupervised home exercise or the promotion of

https://academic.oup.com/rheumap

physical activity. The search strategy we used was very
broad, but did not yield studies on unsupervised exercise
or physical activity. Furthermore, we included only eight
studies, with small study populations, which makes it
hard to draw firm conclusions. Another limitation of our
study was that we extracted data only on outcomes di-
rectly related to exercise therapy, i.e. physical function-
ing, and not on outcomes other than physical functioning,
such as appearance/body image or mouth hygiene.

Conclusion

In conclusion, the literature on the effect of exercise ther-
apy in patients with SSc is scanty and diverse. Overall,
exercise therapy is described as safe, and studies indi-
cate a possible positive effect, but no firm conclusions
can be drawn. Given the high variability and the fact that
some studies show that possible effects and adherence
might wane after stopping the programme, it is important
to evaluate specific preferences and needs of the patient.
Collaborative efforts to conduct methodologically sound
intervention studies are needed, taking into account spe-
cific disease-related factors, such as lung involvement
and fatigue, and with adequate reporting.

Funding: No specific funding was received from any fund-
ing bodies in the public, commercial or not-for-profit sec-
tors to carry out the work described in this manuscript.
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