
 

 

 University of Groningen

Physical activity and physical fitness in children with chronic conditions
Bos, Joyce

DOI:
10.33612/diss.110390749

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2020

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Bos, J. (2020). Physical activity and physical fitness in children with chronic conditions. [Thesis fully internal
(DIV), University of Groningen]. Rijksuniversiteit Groningen. https://doi.org/10.33612/diss.110390749

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://doi.org/10.33612/diss.110390749
https://research.rug.nl/en/publications/82d23ea9-3c16-4f6b-80c9-d1e29d9c45d7
https://doi.org/10.33612/diss.110390749


CHAPTER 6
Muscles in motion: a 
randomized controlled trial 
on the feasibility, safety and 
efficacy of an exercise training 
programme in children and 
adolescents with juvenile 
dermatomyositis

G. Esther A. Habers
G.J.F. Joyce Bos
Annet van Royen-Kerkhof
Otto T.H.M. Lelieveld
Wineke Armbrust
Tim Takken
Marco van Brussel

Rheumatology (Oxford) 2016;55(7):1251-1262



106

Chapter 6

ABSTRACT

Objective
To study for the first time in a randomized controlled trial the feasibility, safety 
and efficacy of an exercise training programme in children and adolescents with 
juvenile dermatomyositis (JDM).

Methods
Patients were randomly assigned to the intervention group (IG; n=14) or waiting 
control group (WCG; n=12). The intervention comprised an individually tailored 
12-week home-based exercise programme of treadmill interval training and 
strength exercises. The efficacy of the IG over usual care (WCG) was examined with 
mixed linear regression (intention-to-treat). Effect sustainability during 12 weeks 
follow-up was also examined.

Results
Seventy-five percent of the participants completed the intervention. Reasons for 
discontinuation were motivation/fatigue, recurrent infections and increasing phys-
ical complaints. No hospitalizations occurred and immune suppressive therapy 
remained stable or decreased in the patients who participated in the intervention. 
The estimated marginal means after the intervention period were significantly in 
favour of the IG compared to WCG for standing long jump distance [difference 
between groups (95%CI): 13 cm (2 - 23)], the 30-seconds number of push-ups [8 (3 
- 13)] and sit-ups [4 (0.4 – 8)], and the parent childhood health assessment question-
naire 30+8 score [-0.13 (-0.24 to -0.01)] and effects sustained at follow-up. A trend 
was seen for the maximal oxygen uptake divided by body mass during maximal 
exercise treadmill testing; the IG scored 3.0 ml/kg/min (-1.3 to 7.3) higher compared 
to the WCG. Other outcomes (e.g. isometric muscle strength and perception of 
fatigue) did not differ between IG and WCG.

Conclusion
Exercise training is of value in the clinical management of JDM.
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INTRODUCTION
Juvenile dermatomyositis (JDM) is a rare systemic autoimmune vasculopathy 
characterized by capillary inflammation affecting predominantly the musculoskel-
etal and cutaneous system1. Prominent clinical features are significant muscle 
weakness2, reduced tolerance for anaerobic and aerobic exercise3–7 and fatigue8. 
Despite pharmacological improvements, these clinical features frequently persist 
in patients with JDM, even when the disease is in remission9–12.

In the past, exercise was not recommended as part of treatment for JDM and other 
idiopathic inflammatory myopathies due to consideration of triggering or ampli-
fying the inflammatory response in the affected muscles13,14. Nowadays, exercise 
(training) is increasingly utilized in the clinical management of patients with an 
idiopathic inflammatory myopathy because several studies show no increases of 
muscle damage or inflammation after either a single exercise session15 or after 
an exercise training programme16–21. Additionally, various studies in patients with 
adult dermatomyositis and other idiopathic inflammatory myopathies indicate 
that exercise training enhances muscle strength, aerobic fitness and functional 
outcomes17,18,22,23.

Recently, two studies to exercise training in patients with JDM were performed: 
one study included 10 children with active and non-active mild or chronic JDM20 
and one included 10 adolescents and adults who had recovered from JDM21. Both 
studies showed positive effects of exercise training on muscle strength, functional 
outcomes, aerobic fitness, bone mass, and health-related quality of life. However, 
they comprised small patient groups and did not include a control group.

Therefore, we performed a multicentre randomized controlled trial to study the 
feasibility, safety, and efficacy of an individually tailored 12-week home-based 
exercise training programme in the largest group of patients with JDM studied to 
date. The sustainability of the effects of this training programme after 12 weeks 
follow-up was also examined.

6
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PATIENTS AND METHODS 
Study design
This was a multicentre (four academic hospitals), stratified (age and gender), paral-
lel-group study conducted in The Netherlands with a balanced randomization 
performed by an independent and blinded person using computergenerated lists 
of random numbers with randomly varying block sizes (2 or 4)24. Analyses of the 
data were performed blinded for group allocation.

Between baseline and follow-up 1, patients in the intervention group (IG; n=14) 
performed the intervention, while patients in the waiting control group (WCG; n=12) 
received usual care. Usual care was defined as pharmacological and non-phar-
macological routine care received by the patients for treatment of JDM (see Table 
1 for details). The patients in the WCG performed the intervention after their usual 
care period was completed. To determine the effect sustainability of the interven-
tion, all participants who completed the intervention were measured 12 weeks 
after completing the programme (Figure 1). Measurements were conducted at 
the University Medical Center (UMC) Utrecht and the UMC Groningen by trained 
assessors.

Table 1. Baseline clinical characteristics of the intervention group and waiting control 
group.

Characteristics
               Baseline

 IG (n=14)               WCG (n=12)

Age at inclusion, median (range) years 11.6 (8.3 - 17.5) 12.6 (8.7 - 17.6)
Gender, girls% 64 58
Anthropometrics

Maturity offset, median (range) years -1.5 (-4.8 - 3.9) 0.7 (-4.3 - 2.9)
Height, median (range) metres 1.47 (1.18 - 1.74) 1.64 (1.30 - 1.82)
Height, median (range) Z-score -0.7 (-3.2 - 0.8) -0.6 (-1.7 - 1.5)
Body mass, median (range) kg 40.5 (21.6 - 65.0) 58.4 (27.9 - 79.8)
Body mass, median (range) Z-score 0.6 (-2.5 - 1.4) 0.5 (-1.9 - 2.3)
Body mass index, median (range) 
kg·meter2 20.5 (14.8 - 24.9) 20.0 (14.9 - 26.2)
Body mass index, median (range) Z-score 1.1 (-0.6 - 1.9) 0.6 (-1.6 - 2.1)
Fat free mass, median (range) kg a 34.2 (16.1 - 61.0) 40.3 (17.4 - 51.7)
Fat free mass, median (range) % of body 
mass a 73 (56 - 77) 75 (62 - 82)

Disease characteristics
Age at diagnosis, median (range) years 8.4 (3.6 - 12.1) 6.3 (3.1 - 7.4)



109

Exercise training in children with JDM

Table 1.  Continued

Characteristics
               Baseline

 IG (n=14)               WCG (n=12)
Disease duration at inclusion, median 
(range) years 3.2 (0.8 - 9.1) 7.0 (2.8 - 11.5)

Usual care
Accumulative duration corticosteroids, 
median (range) years 1.3 (0.7 - 6.1) 2.8 (1.0 - 9.3)
Off immunosuppressive medication, n 4 6
Time since last medication, median (range) 
years 0.5 (0 - 2.5) 3.9 (1.7 - 6.0)
On immunosuppressive medication, n 10 6
Corticosteroids, oral, n; median (range) 
mg/day/kg 5; 0.2 (0.1 - 0.3) 2; 0.2 (0.2 - 0.3)
Methotrexate, n; median (range) mg/week/
kg 9; 0.3 (0.2 - 0.8) 4; 0.2 (0.1 - 0.7)
Intravenous immunoglobulin, n; g/month 0 2; 16 and 36
Azathioprine, n; mg/day 0 1; 50
Mesalazine, n; mg/day 0 1; 1500
Hydroxychloroquine, n; mg/day 1; 200 2; 100 and 200
Tacrolimus, n; mg/day 1; 6 2; 5 and 10
Autologous stem cell transplantation, n; 
years before inclusion 0 1; 4.3
Participation in outpatient exercise 
rehabilitation, n 1 5
Participation in gymnastics at school
Full participation, n 10 5
Partial participation, n 2 4
No participation, n 2 3b

Physical transportation
No problems, n 10 5
Problems, without adjustments, n 1 0
Problems, with adjustments (step/
electrical bike), n 3 6
No physical transport, n 0 1

Additional sport participation, (n); frequency 
median (range) week1 (10); 2.3 (1 - 3) (4); 1.3 (1 - 3)

aFat free mass was not measured in the patients from Groningen (n=8). Data of other 
parameters were complete. bIn one patient, gymnastics was not offered at school. IG: 
intervention group; WCG: waiting control group; g: gram; kg: kilogram; mg: milligram; n: 
number.

6
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PARTICIPANTS
Patients were eligible if they were diagnosed with JDM by a paediatric rheumatolo-
gist/immunologist according to the Bohan and Peter criteria25,26, and were between 
the ages of 8 and 18 years at time of enrolment in this study. 

Assessed for eligibility (n=47) Ineligible (n=9)
- Already very active in sport (n=5)
- Recent relapse or concurrent 
other disease (n=4)

Randomized (n=26)

Intervention group (n=14) Waiting control group (n=12)

Enrollment

Baseline

IInntteerrvveennttiioonn  ppeerriioodd  ((nn==1144))
- Accomplished (n=11)
- Stopped prematurely (n=3)a

- Motivation/fatigue (n=1)
- Increasing complaints (n=2)

UUssuuaall  ccaarree  ppeerriioodd  ((nn==1122))
- Stable (n=10)
- Relapse (n=2)b

Follow-up 1 n=14 n=12

SSuussttaaiinnaabbiilliittyy  ppeerriioodd  ((nn==1111))
-- Stable (n=11)

IInntteerrvveennttiioonn  ppeerriioodd    ((nn==1100))
- Accomplished (n=7)
- Stopped prematurely (n=3)a

- Motivation/fatigue (n=2)
- Recurrent infections (n=1)

Follow-up 2 n=11 n=9

SSuussttaaiinnaabbiilliittyy  ppeerriioodd  ((nn==99))
-- Stable (n=9)

Follow-up 3 n=9

Eligible (n=38) Declined to participate (n=12)
- No time/motivation (n=12)

Figure 1. Flowchart for participants according to the CONSORT guidelines. 

The time between two consecutive follow-up measurements was 12 weeks. aThese 
patients left the study after follow-up 1 (intervention group) or follow-up 2 (waiting 
control group) and were removed in the per-protocol analyses. bThese patients left the 
study after follow-up 1 and were included in the per-protocol analyses.
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Patients were excluded: if medical status contra-indicated exercise testing; the 
patient and/or the parents/caregivers had an insufficient understanding of the 
Dutch language; a medical event that might interfere with the outcome of testing 
and/or the trial was present (such as a planned surgery); the rheumatologist 
advised against participation based on a recent relapse or concurrent existence 
of other disease; and/or the patient was already very active in sports without any 
restrictions and without a subjectively diminished exercise capacity. Figure 1 
depicts a flowchart of the patients.

Forty-seven patients were assessed for eligibility, which is approximately three-
quarter of the total JDM population in The Netherlands between the ages of 8 and 
18 years. Of these patients, four had negative advice with respect to participation 
from their rheumatologist and five were already very active in sports. The other 
38 patients were invited to participate; of these, 12 patients declined to participate 
due to lack of time/motivation. The remaining 26 patients were randomly assigned 
to the IG or the WCG. The included patients were all diagnosed between 2000 
and 2012. Participants were included from 2012 to 2014. Medical histories of the 
included patients were extracted from the patients’ records from each associated 
medical centre. This muscles in motion study (including statistics) was approved by 
the Medical Ethics Committee of the UMC Utrecht, The Netherlands. The Medical 
Ethics Committee was informed of the improved statistical analysis techniques 
compared to those included in the original design24. All parents/caregivers as well 
as participants >12 years of age provided informed consent and assent before 
enrolment in the muscles in motion study.

INTERVENTION
The intervention consisted of an individually tailored home-based exercise training 
programme of interval training on a treadmill and strength exercises (Table 2). 
Participants received a treadmill at home together with a detailed and individ-
ualized description of the exercise programme and were asked to keep track of 
every completed stage. Heart rate during the training was measured with a heart 
rate monitor and recorded at three fixed moments during the training. Training 
was supervised by a researcher every other week. A design paper extensively 
describes the rationale and details of the intervention24. Patients were allowed 
to perform other physical activities during the intervention period, the usual care 
period and sustainability period.

6
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Table 2. Description of the intervention.

Factor Weeks 1-4 Weeks 5-8 Weeks 9-12

Frequency, week-1 3 3 2
Time, minutes 40-60 45-60 50-60
Interval training on treadmill

Intensity, heart rate as % of peak heart rate 65-70 70-80 80-90
Interval duration, minutes 3 2-2.5 1-2
Number of intervals 4-7 6-10 10-12

Strength training
Number of different exercises and type 3: squats/sit-ups/push-ups
Number of sets/exercise 3
Number of repetitions/set Week 1: 3

Week 2-12: as much as possible 
in 20 or 30-s

Baseline clinical characteristics
Baseline clinical characteristics included age at inclusion, gender, anthropometrics 
(maturity offset, height, body mass, body mass index and fat-free mass), disease 
characteristics (age at diagnosis and disease duration at inclusion) and usual 
care (medication usage and participation in physical activities). Maturity offset 
was determined with gender-specific equations including age, height, body mass, 
and sitting height27. Fat-free mass was measured with BODYSTAT QuadScan 4000 
(EuroMedix, Leuven, Belgium). The disease duration at inclusion was defined as 
the time from diagnosis to inclusion.

OUTCOME MEASURES 
Feasibility
Feasibility was assessed by examining the tolerability of and adherence to the 
exercise intervention.

Safety
Safety was assessed by evaluating signs of disease relapse during the intervention 
period, reflected by intensification of immune suppression or hospitalization.
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Efficacy 
Primary efficacy outcome measures
Aerobic fitness was assessed with a treadmill-based (RAM, Accuramed BVBA, 
Lummen, Belgium; or GE Healthcare) incremental maximal exercise test according 
the Dubowy protocol set out by the German Society for Pediatric Cardiology28, 
together with gas analysis (ZAN 600, Accuramed BVBA, Lummen, Belgium; or 
Carefusion, Masterscreen CPX, GE Healthcare, Cardiosoft). Briefly, the test was 
started at a speed of 2 kilometers/hour with a 0% grade; the speed increased by 
0.5 kilometers/hour and the grade by 3% every 90 seconds up to a maximum of 
21%. The test was terminated upon voluntary exhaustion despite strong verbal 
encouragement.

The parameters related to aerobic fitness that were assessed were: endurance 
time [minutes]: time from the start to the end of the protocol; VO2peak (l/min): the 
average volume of oxygen uptake during the last 30-seconds period of the test; 
VO2peak/kg (ml/kg/min): VO2peak divided by body mass; and VO2VAT/kg (ml/kg/min): the 
VO2 eliciting the ventilatory anaerobic threshold divided by body mass. The venti-
lator anaerobic threshold was defined by an increase in both the ventilatory equiv-
alent of oxygen (=VE/VO2) and end-tidal pressure of oxygen with no concurrent 
increase in the ventilatory equivalent of carbon dioxide (=VE/VCO2). These values 
were also expressed as percentage of gender-and age-based predicted values28. 
Other primary efficacy outcome measures were isometric muscle strength (hand-
held dynamometer)29 and perception of fatigue (Dutch translated version of the 
PedsQL Multidimensional Fatigue Scale30–32 as described in the design paper24.

Secondary efficacy outcome measures
Secondary outcome measures were previously described in a design paper24 and 
included: muscle pain [10-centimeter visual analogue scale (VAS)]; muscle function 
[Subscale 8 (Strength) of the Bruininks-Osteretsky test of motor proficiency, second 
edition (BOT-2)33 and childhood myositis assessment scale34; functional capacity 
(6-minute walk test35; distance was analysed and expressed as absolute value and 
as percentage of predicted distance based on gender, age, and height)36; phys-
ical activity enjoyment (Physical Activity Enjoyment Scale)37; quality of life (Dutch 
translated PedsQL generic core scale)31,38,39; functional ability [childhood health 
assessment questionnaire (CHAQ) 30+840–42; questions completed by parents, with 
scores ranging from 0 to 3 (with lower score representing less disability)]; VAS pain 

6
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and VAS global disease activity (completed by patients); habitual levels of physical 
activity (accelerometry, monitored by Actical for seven days43 and processed using 
cutoff points of Puyau et al.44; and activity journal (for three days)45.

Statistical analysis
Statistical analysis was performed using SPSS Statistics for Windows (Version 21.0, 
IBM Corporation, Armonk, NY, USA). Efficacy outcome measures were analysed 
with a mixed linear model involving the variables Follow-up (follow-up 1, 2 and 
3), Group (IG and WCG), Follow-up x Group interaction and Baseline value of the 
outcome measure that was analysed. P values < 0.05 were considered statistically 
significant.

The primary end point was the difference between the IG and WCG at follow-up 1 
in estimated marginal means of the primary efficacy outcome measures (sample 
size calculation was based on VO2peak/kg)24 using an intention-to-treat approach (i.e. 
all participants were included in the groups to which they were randomly assigned 
and the researchers made efforts to obtain outcome data for all participants, even if 
the intervention was not completed)46. Power analyses indicated a required sample 
of 11 patients in each group, excluding missings and drop-outs24.

As a secondary endpoint, per-protocol (PP) analyses were performed. Patients 
that stopped prematurely with the intervention in the IG (n=3) or WCG (n=3) were 
excluded from analysis (Figure 1). Results of the PP analyses were only reported if 
statistically significant. As another secondary end point, the effect sustainability of 
the intervention was assessed by analysing the within-subjects effect of Follow-up 
(follow-up 1 and 2 in the IG, together with follow-up 2 and 3 in the WCG). All statis-
tical tests were also performed for the secondary efficacy outcome measures. 
Feasibility and safety measures were only described and not statistically analysed.

RESULTS
The baseline clinical characteristics of the patients in each group are depicted 
in Table 1. The median (range) age at inclusion was 12.3 (8.3-17.6) years and 62% 
were girls. The median (range) age at diagnosis was 7.1 (3.1 -12.1) years. The median 
(range) disease duration at inclusion was 4.4 (0.8-11.4) years.
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STUDY OUTCOMES 
Feasibility
Two patients were unable to start the intervention after the 12 weeks of usual care 
as a consequence of a relapse that occurred during the waiting control period. 
Of the remaining 24 patients, six patients (25%) started the intervention and 
stopped prematurely as a consequence of: lack of motivation/fatigue (n=3; after 
3, 7, and 11 sessions); recurrent infections (n=1; after 9 sessions); and increasing 
complaints at the heel or knee (n=2; both after 16 sessions). The other 18 patients 
(75%) completed the intervention and performed a median of 30 (interquartile 
range: 27-31) of the 32 sessions. Reasons for missing some of the sessions in this 
latter group included other sport activities, holiday, fatigue, illness, and transient 
physical complaints.

Safety
No hospitalization occurred in the patients that participated in the intervention. In 
all patients that started the intervention, immune suppressive therapy remained 
stable or decreased during the study period.

Efficacy
Table 3 shows the baseline values of the outcome measures for both groups. Table 
4 depicts the estimated marginal means for follow-up 1 for both groups, and their 
differences are described below.

6
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Table 3. Baseline values of the efficacy outcome measures in the intervention group and 
waiting control group.

Outcomes Baseline, mean (SD)
 IG (n=14)       WCG (n=12)

Aerobic fitness (maximal exercise on treadmill)
VO2peak/kg, ml/kg/min 38.6 (9.7) 33.9 (6.9)
VO2peak/kg, % of predicted 91 (21) 79 (16)
VO2peak, l/min 1.73 (0.62) 1.71 (0.62)
VO2peak, % of predicted 87 (14) 78 (19)
Endurance time, minutes 11.9 (1.8) 10.1 (1.9)
Endurance time, % of predicted 87 (14) 78 (19)
VO2VAT/kg, ml/kg/min 22.3 (4.9) 20.0 (4.8)
VO2VAT/kg, % of predicted 75 (14) 67 (17)

Maximal isometric muscle strength (Hand-held dynamometry –break method)a

Left knee extensors, N 250 (156) 250 (104)
Right knee extensors, N 255 (137) 261 (112)
Left hip flexors, N 218 (110) 220 (82)
Right hip flexors, N 225 (97) 223 (56)

Perception of fatigue (PedsQL multidimensional fatigue scale – patient form; range 0-100)
Total score 76 (9) 70 (14)
Subscale general fatigue 77 (13) 71 (13)
Subscale sleep/rest fatigue 72 (8) 63 (16)
Subscale cognitive fatigue 77 (11) 76 (22)

Muscle pain (10-cm visual analogue scale muscle pain)
Score, mm 7 (14) 9 (12)
Muscle function (BOT-2 subscale 8 –strength)

Distance of standing long jump, cm 107 (30) 112 (22)
Number of push-ups in 30 s 16 (10) 13 (9)
Number of sit-ups in 30 s 18 (5) 16 (8)
Time wall sit (max: 60), s 43 (17) 41 (19)
Time V-up (max: 60), s 52 (11) 39 (22)

Muscle function (childhood myositis assessment scale; max: 52)
Total score 49.3 (2.7) 49.6 (2.8)

Functional capacity (6-Minute walk test)b

Distance, metres 559 (49) 545 (62)
Distance, % of predicted 85 (9) 81 (8)

Physical activity enjoyment (physical activity enjoyment scale)b
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Table 3. Continued

Outcomes Baseline, mean (SD)
 IG (n=14)       WCG (n=12)

Total score 78 (13) 72 (10)
Quality of life (PedsQL generic core scale–patient form; range 0-100)c

Total score 78 (6) 71 (14)
Subscale physical functioning 80 (10) 68 (22)
Subscale emotional functioning 76 (9) 71 (15)
Subscale social functioning 87 (7) 77 (18)
Subscale school functioning 67 (16) 71 (15)

Functional ability (childhood health assessment questionnaire 30+8)
Disability score (0-3) (parents) 0.22 (0.27) 0.37 (0.30)
10-cm VAS pain, mm (patients) 9 (12) 11 (15)
10-cm VAS global disease severity, mm 
(patients)

13 (12) 6 (9)

Physical activity (Actical–7 days)d

Inactivity, % of the day 82 (3) 83 (4)
Light activity, % of the day 15 (1) 14 (3)
Moderate activity, % of the day 2.9 (1.8) 2.6 (1.6)
Vigorous activity, % of the day 0.1 (0.2) 0.1 (0.3)

Physical activity (Activity journal–3 days)e

Inactivity, % of the day 85 (5) 86 (9)
Light activity, % of the day 8 (4) 10 (9)
Moderate activity, % of the day 6.9 (4.2) 3.9 (3.6)
Vigorous activity, % of the day 0.9 (1.2) 1.0 (1.3)

aOne patient missing for knee extensors because measurements were not valid. bOne 
patient did not have enough energy to perform all tests during a test day. Hence, this 
patient did not perform the 6-minute walk test and physical activity enjoyment scale. 
cOne patient did not fill in the PedsQL generic core scale at baseline. dThree patients 
missing (Actical not worn/data not available). eFive patients missing [not (adequately) 
filled in]. BOT: Bruininks-Osteretsky test of motor proficiency, second edition; CI: 
confidence interval; cm: centimeters; kg: kilogram; l: liters; min: minutes; ml: millilitres; 
mm: millimeters; n: number; N: Newton; s: seconds; SD: standard deviation; IG: 
intervention group; WCG: waiting control group.

6
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Table 4. Baseline values and estimated marginal means for follow-up 1 from the mixed 
linear model in the intervention group and waiting control group for the intention to-treat-
analyses.

Outcomes
Baseline

Mean (SD)
Total (n=26)

Follow-up 1
Estimated marginal means 

(95%CI)
IG (n=14)            WCG (n=12)

Follow-
up 1

p-values
IG vs 
WCG

Aerobic fitness (maximal exercise test on treadmill)a

VO2peak/kg, ml/kg/min 36.5 (9.0) 38.6 (35.9 ; 41.4) 35.7 (32.5 ; 38.8) 0.2
VO2peak/kg, % of predicted 85 (20) 90 (83 ; 96) 83 (76 ; 91) 0.2
VO2peak, l/min 1.72 (0.59) 1.92 (1.76 ; 2.07) 1.77 (1.60 ; 1.95) 0.2
VO2peak, % of predicted 82 (16) 88 (82 ; 94) 83 (76 ; 90) 0.3
Endurance time, min 11.2 (2.0) 11.8 (11.0 ; 12.7) 11.2 (10.2 ; 12.1) 0.3
Endurance time, % of 
predicted 82 (16) 86 (80 ; 92) 81 (75 ; 88) 0.3g

VO2VAT /kg, ml/kg/min 21.3 (5.0) 23.2 (21.1 ; 25.3) 22.1 (19.9 ; 24.3) 0.5
VO2VAT /kg, % of predicted 71 (16) 77 (70 ; 84) 73 (66 ; 80) 0.4

Isometric muscle strength (Hand-held dynamometry –break method)b

Left knee extensors, N 250 (133) 263 (240 ; 287) 246 (219 ; 273) 0.3
Right knee extensors, N 258 (124) 286 (259 ; 313) 256 (225 ; 286) 0.1
Left hip flexors, N 219 (96) 227 (196 ; 258) 223 (190 ; 257) 0.9
Right hip flexors, N 224 (79) 221 (187 ; 254) 228 (191 ; 264) 0.8

Perception of fatigue (PedsQL multidimensional fatigue scale–patient form; 
range 0-100)

Total score 73 (12) 75 (71 ; 79) 74 (69 ; 78) 0.8
Subscale general fatigue 74 (13) 78 (72 ; 84) 75 (69 ; 82) 0.5
Subscale sleep/rest 
fatigue 68 (13) 70 (65 ; 75) 71 (66 ; 76) 0.8
Subscale cognitive fatigue 77 (22) 77 (69 ; 84) 75 (67 ; 83) 0.8

Muscle pain (10-cm visual analogue scale muscle pain)

Score, mm 8 (13) 4 (-3 ; 11) 13 (5 ; 20) 0.1

Muscle function (BOT-2 subscale 8 –strength)c

Distance standing long 
jump, cm 109 (27) 120 (113 ; 127) 107 (99 ; 114) 0.017g

Amount of push-ups in 
30 s

14 (9) 22 (19 ; 25) 14 (10 ; 18) 0.004g
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Table 4. Continued

Outcomes
Baseline

Mean (SD)
Total (n=26)

Follow-up 1
Estimated marginal means 

(95%CI)
IG (n=14)            WCG (n=12)

Follow-
up 1

p-values
IG vs 
WCG

Amount of sit-ups in 30 s 17 (7) 23 (20 ; 25) 18 (15 ; 21) 0.030g

Time wall sit (max: 60), s 41 (18) 44 (38 ; 50) 45 (38 ; 52) 0.8
Time V-up (max: 60), s 47 (17) 50 (43 ; 57) 47 (39 ; 54) 0.5

Muscle function (childhood myositis assessment scale; max: 52)c

Total score 49.4 (2.8) 49.8 (49.1 ; 50.5) 49.9 (49.1 ; 50.7) 0.9

Functional capacity (6-minute walk test)d

Distance, meters 553 (54) 561 (526 ; 596) 554 (514 ; 594) 0.8
Distance, % of predicted 84 (9) 85 (79 ; 90) 83 (77 ; 89) 0.7

Physical activity enjoyment (physical activity enjoyment scale)d

Total score 75 (12) 70 (63 ; 76) 72 (65 ; 79) 0.6

Quality of life (PedsQL generic core scale–patient form; range 0-100)e

Total score 75 (11) 75 (71 ; 79) 76 (71 ; 81) 0.8
Subscale physical 
functioning 75 (17) 79 (74 ; 83) 73 (67 ; 78) 0.1
Subscale emotional 
functioning 74 (12) 74 (67 ; 81) 79 (71 ; 87) 0.4
Subscale social 
functioning 83 (14) 77 (71 ; 83) 82 (76 ; 89) 0.2
Subscale school 
functioning 69 (15) 72 (65 : 79) 71 (63 ; 79) 0.8

Functional ability (childhood health assessment questionnaire 30+8)

Disability score (0-3) 
(parents) 0.29 (0.29) 0.18 (0.10 ; 0.25) 0.30 (0.22 ; 0.39) 0.028g

10-cm VAS pain, mm 
(patients) 10 (13) 16 (4 ; 28) 15 (3 ; 27) 0.9
10-cm VAS global disease 
severity, mm patients) 10 (11) 10 (2 ; 18) 9 (0 ; 17) 0.8
Physical activity (Actical–7 days)f

Inactivity, % of the day 83 (4) 80 (76 ; 85) 83 (81 ; 85) 0.3
Light activity, % of the day 14 (3) 15 (12 ; 19) 13 (11 ; 15) 0.3
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Table 4. Continued

Outcomes
Baseline

Mean (SD)
Total (n=26)

Follow-up 1
Estimated marginal means 

(95%CI)
IG (n=14)            WCG (n=12)

Follow-
up 1

p-values
IG vs 
WCG

Moderate activity, % of 
the day 2.8 (1.7) 4.6 (2.5 ; 6.8) 3.8 (2.6 ; 4.9) 0.5

Vigorous activity, % of the 
day 0.1 (0.3) 0.1 (-0.1 ; 0.3) 0.1 (0.0 ; 0.2) 0.9
Physical activity (Activity journal–3 days)f

Inactivity, % of the day 85 (7) 85 (81 ; 89) 84 (80 ; 89) 0.9
Light activity, % of the day 9 (7) 8 (5 ; 11) 8 (5 ; 11) 0.7
Moderate activity, % of 
the day 5.1 (3.8) 5.6 (2.8 ; 8.4) 6.3 (3.5 ; 9.2) 0.7
Vigorous activity, % of the 
day 1.0 (1.2) 1.3 (0.4 ; 2.2) 1.0 (0.1 ; 1.9) 0.6

aOne patient was not able to maximally perform on the maximal exercise test at follow-
up 1 as a consequence of knee complaints; one patient was not able to reach maximal 
values at the maximal exercise test at follow-up 1, 2, and 3; the ventilatory anaerobic 
threshold was determined in this patient. bOne patient is missing for knee extensors 
because measurements were not valid. cOne patient was not able to perform the 
childhood myositis assessment scale and BOT-2 for the follow-up 1 measurement as a 
consequence of a relapse during the control period. dOne patient did not have enough 
energy to perform all tests during a test day. Hence, this patient did not perform the 
6-minute walk test and physical activity enjoyment scale. eOne patient did not fill in the 
PedsQL generic core scale at baseline. fSix patients missing (Actical not worn/journal 
not (adequately) filled in/data not available). gp <0.05 in per protocol analysis. BOT: 
Bruininks-Osteretsky test of motor proficiency, second edition; CI: confidence interval; 
cm: centimeters; kg: kilogram; l: liters; min: minutes; ml: millilitres; mm: millimeters; n: 
number; N: Newton; s: seconds; SD: standard deviation; IG: intervention group; WCG: 
waiting control group.

Primary outcome measures
Aerobic fitness. VO2peak/kg was higher in the IG compared with the WCG; however, 
this difference was not statistically significant either when expressed in ml/kg/min 
[difference between the two groups in estimated marginal means at follow-up 1 [Δ 
(95%CI); 3.0 ml/kg/min (-1.3, 7.3)] or when expressed as percentage of the predicted 
value [Δ ( 95% CI); 6% (-4, 16); Figure 2B].
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Endurance time on the maximal exercise test showed a trend to be higher in the 
IG compared with in the WCG when either expressed in minutes [Δ (95%CI): 0.7 
min (-0.7, 2.0)] or when expressed as percentage of the predicted value [Δ (95%CI): 
5% (-4, 14)]. This latter analysis reached statistical significance in the PP analysis 
[Δ (95%CI): 12% (1, 23)], and the effect was sustained during the 12 weeks after 
the intervention (Figure 2A). The absolute VO2peak and the ventilatory anaerobic 
threshold during the maximal exercise test did not show significant differences in 
the IG compared to the WCG (Table 4).

Isometric muscle strength. The IG and WCG were at follow-up 1 not statistically 
different for the left knee extensors [Δ (95%CI): 17 N (-18, 53)], the right knee exten-
sors [Δ (95%CI): 31 N (-10, 72)], the left hip flexors [Δ (95%CI): 3 N (-42, 49)], and the 
right hip flexors [Δ (95%CI): -7 N (-56, 42)] (Table 4). No significant differences were 
found in the PP analyses either.

Perception of fatigue. The IG and WCG were at follow-up 1 not statistically different 
for the total score on the PedsQL multidimensional fatigue scale [Δ (95%CI): 1 (-5, 
7)] and the subscales (Table 4). No significant differences were found in the PP 
analyses either.

Secondary outcome measures
Muscle function as assessed with BOT-2 subscale strength was greater in the IG 
compared with the WCG for three individual items: distance from standing long 
jump [Δ (95%CI): 13 cm (2, 23)], number of push-ups in 30 seconds (one patient 
performed full push-ups; all others knee push-ups) [Δ (95%CI): 8 (3, 13)], and 
number of sit-ups in 30 seconds [Δ (95%CI): 4 (0.4, 8)]. These differences in favour 
of the IG became even more significant in the PP analysis. The effects of the inter-
vention on these scores were sustained during the 12 weeks after the intervention 
(Figures 2C-E).

Functional ability as assessed with the disability score from the CHAQ 30+8 was 
significantly better in the IG compared with the WCG [Δ (95%CI): -0.13 (-0.24, -0.01)], 
this was also reflected in the PP analysis. The effect of the intervention on the 
disability score was sustained during the 12 weeks after the intervention (Figure 
2F). VAS pain and VAS global disease severity did not differ significantly between 
the groups.
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The following secondary outcomes were not significantly different in the IG 
compared with the WCG: VAS muscle pain, muscle function as assessed with the 
childhood myositis assessment scale, distance on 6-minute walk test (absolute and 
as percentage of predicted), physical activity enjoyment, quality of life (total and 
subscale scores), and physical activity (Actical and activity journal).

Figure 2. Mean baseline values of the total group and estimated marginal means at fol-
low-up 1, follow-up 2 and follow-up 3 of the IG and WCG.
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Figure 2. Continued

The circles represent the ITT and the squares represent the PP analyses. The thin 
continuous lines represent the usual care period in the WCG, the thick continuous 
lines represent the intervention period, and the dotted lines represent the sustainability 
period. (A) Endurance time as percentage of predicted at the maximal exercise test. (B) 
VO2peak/kg as percentage of predicted at the maximal exercise test. (C) Distance reached 
with standing long jump. (D) Number of push-ups in 30 seconds. (E) Number of sit-ups in 
30 seconds. (F) Disability score at the childhood health assessment questionnaire 30+8. 
Estimated marginal means of both groups in the ITT at follow-up 1 are mentioned in 
Table 4. ITT: intention-to-treat analyses; FU-1: follow up 1; FU-2: follow-up 2; FU-3: follow-
up 3. IG: intervention group; BOT: Bruininks-Osteretsky Test of Motor Proficiency, Second 
Edition; WCG: waiting control group; PP: per-protocol.

 
DISCUSSION
This is the first multicentre randomized controlled trial that studied the feasibility, 
safety, and efficacy of an individualized exercise programme in children and adoles-
cents with JDM. The programme was feasible, showing high adherence and toler-
ation. Exercise training, as conducted in this study, was safe since no hospitaliza-
tions or intensifications of immunosuppression occurred during the intervention 
period. This is in line with earlier studies in both adults and children with JDM and 
other idiopathic inflammatory myopathies16–21. The efficacy of exercise training 
was demonstrated because aerobic fitness, muscle function and functional ability 
were (significantly) higher after the intervention compared with after usual care. 
The findings of this study indicate the value of a training programme in the clinical 
management of patients with JDM.

The feasibility of the programme differed for individual patients, which is not 
surprising given the heterogeneity in phenotype of the JDM population47. Some 
patients became energized by the programme and adhered to all sessions, 
whereas others missed some sessions or stopped prematurely as a consequence 
of motivation and/or fatigue issues, worsening of pre-existing physical complaints 
or transient physical complaints. The home-based nature with every other week 
supervision may more likely facilitate exercise in the long-term and probably 
contributed to a high adherence in some patients; however, it may have made the 
programme less attractive and lowered the adherence in others.

There are several possible reasons why we did not find (large) statistically signifi-
cant effects of the intervention in some outcome measures. First, our patients had 
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on average high baseline values and active lifestyles. Compared to the two previously 
published uncontrolled trials examining a 12-week aerobic (and strength) training 
programme in JDM20,21, our patients had higher initial VO2peak/kg levels and more active 
lifestyles; our patients had an initial VO2peak/kg of 36.5 ml/kg/min and showed high 
participation at gymnastics at school and in sport, whereas the patients in the other 
two studies had an initial VO2peak/kg of 31 and 23 ml/kg/min, respectively, and were 
inactive, did not engage in any form of exercise for at least 6 months prior to and 
during the study, or were exercising at a low intensity. Consequently, less room for 
improvement would be expected in our study.

Also, the high activity level of many of the participants in the control group decreased 
the opportunity for the intervention to be beneficial compared with usual care. Higher 
efficacy of our intervention would be expected when participants in the control group 
were less physically active than they were in our study. However, due to ethical 
reasons, it would be impossible to prohibit participants in the control group being 
physically active.

Futhermore, in our study, there was a high variation between participants at the base-
line as well as in follow-up outcomes. The difference in VO2peak/kg in the IG compared 
with WCG [Δ 3.0 (intention-to-treat) and 5.0 ml/kg/min (PP)] was comparable with 
the improvements seen in VO2peak/kg the other two studies20,21 (4 and 6 ml/kg/min, 
respectively). However, the high variation in VO2peak/kg at baseline and in follow-up 
in our participants (compared with the other two studies) could partly explain why 
our findings were not statistically significant whereas their findings were statistically 
significant. In this context, a larger sample size would have been beneficial- although 
difficult to obtain in this rare disease.

Moreover, despite of the randomization, higher average baseline values were found 
in the IG compared with the WCG for several outcome measures (e.g. aerobic fitness, 
perception of fatigue and quality of life, and functional ability). This reduces the possi-
bility for improvement in the IG as compared with the control group, thus decreasing 
the opportunity to measure significant benefits from our intervention. Presumably 
related to that, the IG and WCG seem to be different for several disease and usual 
care characteristics at baseline. On average, patients in the IG had shorter disease 
duration, showed more participation in gymnastics at school, had fewer limitations 
with physical transportation, and participated more frequently in additional sports 
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compared with patients in the WCG. Due to the small sample size of the study, it was 
not possible to analyse subgroup of patients with more comparable disease and usual 
care characteristics. Future studies should stratify for factors like disease duration 
and baseline performance.

Significant improvements were observed in muscle function in the IG compared with 
the WCG as assessed by the items of BOT-2 subscale strength. However, we found no 
improvements in muscle function as assessed by the childhood myositis assessment 
scale. This latter is partly or totally due to the ceiling effect of this latter tool in combi-
nation with the high baseline values in our patients. We also found no improvement in 
muscle strength measured by hand-held dynamometry; this may be partly explained 
by the low reliability of this instrument48,49. In contrast, Omori et al.20 did observe an 
increase in muscle strength; however, in their study the muscle strength measurement 
was matched with the training programme, which was not the case in our study.

Presumably related to the improved muscle function, subjective measurements 
indicated improvements in performance on physical activities of daily living. First, 
functional ability assessed with the CHAQ 30+8 (completed by parents) significantly 
improved after the intervention. Second, the subscale physical functioning of the 
PedsQL generic core scale showed a trend towards improvement in the IG compared 
with the WCG. This score was not statistically significant, possibly because the ques-
tionnaire is not sensitive enough for this specific topic. However, the anecdotal reports 
of many participants and their parents indicated improved subjective physical func-
tioning. More sensitive outcome measures for examining changes in physical func-
tion are recommended for future studies. A qualitative study to gain insight into the 
patients’ experiences might be of interest. Although physical activity measurements 
did not quantify an increased exercise level after the intervention was finished, some 
patients reported that they maintained an increased exercise level. This latter illus-
trated our findings that the significant improvements were sustained during the 12 
weeks after the intervention.

Generalizability
In this study, approximately three-quarter of the patients with JDM in The Nether-
lands were assessed for eligibility. Furthermore, the inclusion criteria for this study 
were very broad, which resulted in a high variation in disease characteristics, usual 
care, and scores on baseline measurements for the patients. Therefore, the results of 
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this study are applicable to a large group of patients with JDM. The downside of this 
broad range is that patients with a (near) normal physical fitness level were included. 
Most of our patients already commenced exercise directly after diagnosis and start 
of pharmacological treatment as part of their usual care. This high starting level could 
have reduced the efficacy of the intervention as mentioned above. In patients with 
high initial physical fitness level, a higher training intensity might be more suitable. 
As this study involved only patients with clinically stable disease (with and without 
medication), no extrapolation of the present findings can be made to patients with 
active inflammation early in disease course.

Future directions
The heterogeneity observed in the feasibility and efficacy highlight the importance of 
an individualized approach for prescribing an exercise training programme in patients 
with JDM. Future research should explore how the programme should be adjusted for 
each individual patient to further optimize the feasibility and efficacy [e.g. by adjusting 
type (walking vs cycling) and intensity of training].

Furthermore, future research should examine the feasibility, safety, and efficacy of 
exercise training in the active phase of JDM. Adult studies in idiopathic inflammatory 
myopathies indicate that exercise can be safely used in addition to immunosuppres-
sive medication in active disease and also improved muscle performance50.

Only a small number of studies in patients with idiopathic inflammatory myopathies 
have examined outcomes that assess the physiological basis of improvements 
observed during exercise training. These studies, all in adults, indicate an improved 
aerobic metabolism50–52. Future research should further explore the within-muscle 
adaptations after an exercise training programme; this should be undertaken for juve-
nile patients and patients with active disease, because this adds important information 
about underlying mechanisms for treatment effects.

In conclusion, this randomized controlled trial showed that an individually tailored 
12-week home-based exercise training programme in children and adolescents with 
JDM was feasible in most patients, safe in all patients and effective for some aspects 
of aerobic fitness, muscle function, and functional ability. The effect sustained during 
the 12 weeks follow-up after the intervention. Exercise training is therefore of value in 
the clinical management of patients with JDM.
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