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ABSTRACT

Background

Strength training or aerobic exercise programmes, or both, might optimise muscle and cardiorespiratory function and prevent additional
disuse atrophy and deconditioning in people with a muscle disease. This is an update of a review first published in 2004 and last updated
in 2013. We undertook an update to incorporate new evidence in this active area of research.

Objectives

To assess the effects (benefits and harms) of strength training and aerobic exercise training in people with a muscle disease.

Search methods

We searched Cochrane Neuromuscular's Specialised Register, CENTRAL, MEDLINE, Embase, and CINAHL in November 2018 and clinical
trials registries in December 2018.

Selection criteria

Randomised controlled trials (RCTs), quasi-RCTs or cross-over RCTs comparing strength or aerobic exercise training, or both lasting at least
six weeks, to no training in people with a well-described muscle disease diagnosis.

Data collection and analysis

We used standard methodological procedures expected by Cochrane.

Main results

We included 14 trials of aerobic exercise, strength training, or both, with an exercise duration of eight to 52 weeks, which included 428
participants with facioscapulohumeral muscular dystrophy (FSHD), dermatomyositis, polymyositis, mitochondrial myopathy, Duchenne
muscular dystrophy (DMD), or myotonic dystrophy. Risk of bias was variable, as blinding of participants was not possible, some trials did
not blind outcome assessors, and some did not use an intention-to-treat analysis.

Strength training compared to no training (3 trials)

For participants with FSHD (35 participants), there was low-certainty evidence of little or no effect on dynamic strength of elbow flexors
(MD 1.2 kgF, 95% Cl -0.2 to 2.6), on isometric strength of elbow flexors (MD 0.5 kgF, 95% CI -0.7 to 1.8), and ankle dorsiflexors (MD 0.4 kgF,
95% Cl -2.4 to 3.2), and on dynamic strength of ankle dorsiflexors (MD -0.4 kgF, 95% Cl -2.3 to 1.4).

Strength training and aerobic exercise training for muscle disease (Review) 1
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For participants with myotonic dystrophy type 1 (35 participants), there was very low-certainty evidence of a slight improvement in
isometric wrist extensor strength (MD 8.0 N, 95% CI 0.7 to 15.3) and of little or no effect on hand grip force (MD 6.0 N, 95% CI 6.7 to 18.7),
pinch grip force (MD 1.0 N, 95% CI -3.3 to 5.3) and isometric wrist flexor force (MD 7.0 N, 95% Cl —3.4 to 17.4).

Aerobic exercise training compared to no training (5 trials)

For participants with DMD there was very low-certainty evidence regarding the number of leg revolutions (MD 14.0, 95% CI -89.0 to 117.0;
23 participants) or arm revolutions (MD 34.8,95% CI -68.2 to 137.8; 23 participants), during an assisted six-minute cycle test, and very low-
certainty evidence regarding muscle strength (MD 1.7, 95% CI -1.9 to 5.3; 15 participants).

For participants with FSHD, there was low-certainty evidence of improvement in aerobic capacity (MD 1.1 L/min, 95% Cl 0.4 to 1.8, 38
participants) and of little or no effect on knee extension strength (MD 0.1 kg, 95% CI 0.7 to 0.9, 52 participants).

For participants with dermatomyositis and polymyositis (14 participants), there was very low-certainty evidence regarding aerobic capacity
(MD 14.6,95% CI -1.0 to 30.2).

Combined aerobic exercise and strength training compared to no training (6 trials)

For participants with juvenile dermatomyositis (26 participants) there was low-certainty evidence of an improvement in knee extensor
strength on the right (MD 36.0 N, 95% Cl 25.0 to 47.1) and left (MD 17 N 95% CI 0.5 to 33.5), but low-certainty evidence of little or no effect
on maximum force of hip flexors on the right (MD -9.0 N, 95% Cl -22.4 to 4.4) or left (MD 6.0 N, 95% CI -6.6 to 18.6). This trial also provided
low-certainty evidence of a slight decrease of aerobic capacity (MD -1.2 min, 95% Cl 1.6 to 0.9).

For participants with dermatomyositis and polymyositis (21 participants), we found very low-certainty evidence for slight increases in
muscle strength as measured by dynamic strength of knee extensors on the right (MD 2.5 kg, 95% CI 1.8 to 3.3) and on the left (MD 2.7 kg,
95% Cl 2.0 to 3.4) and no clear effect in isometric muscle strength of eight different muscles (MD 1.0, 95% CI -1.1 to 3.1). There was very
low-certainty evidence that there may be an increase in aerobic capacity, as measured with time to exhaustion in an incremental cycle test
(17.5 min, 95% CI 8.0 to 27.0) and power performed at VO, max (maximal oxygen uptake) (18 W, 95% CI 15.0 to 21.0).

For participants with mitochondrial myopathy (18 participants), we found very low-certainty evidence regarding shoulder muscle (MD -5.0
kg, 95% Cl -14.7 to 4.7), pectoralis major muscle (MD 6.4 kg, 95% Cl -2.9 to 15.7), and anterior arm muscle strength (MD 7.3 kg, 95% Cl -2.9
to 17.5). We found very low-certainty evidence regarding aerobic capacity, as measured with mean time cycled (MD 23.7 min, 95% CI 2.6
to 44.8) and mean distance cycled until exhaustion (MD 9.7 km, 95% CI 1.5 to 17.9).

One trial in myotonic dystrophy type 1 (35 participants) did not provide data on muscle strength or aerobic capacity following combined
training. In this trial, muscle strength deteriorated in one person and one person had worse daytime sleepiness (very low-certainty
evidence).

For participants with FSHD (16 participants), we found very low-certainty evidence regarding muscle strength, aerobic capacity and VO,
peak; the results were very imprecise.

Most trials reported no adverse events other than muscle soreness or joint complaints (low- to very low-certainty evidence).

Authors' conclusions

The evidence regarding strength training and aerobic exercise interventions remains uncertain. Evidence suggests that strength training
alone may have little or no effect, and that aerobic exercise training alone may lead to a possible improvement in aerobic capacity, but
only for participants with FSHD. For combined aerobic exercise and strength training, there may be slight increases in muscle strength
and aerobic capacity for people with dermatomyositis and polymyositis, and a slight decrease in aerobic capacity and increase in muscle
strength for people with juvenile dermatomyositis. More research with robust methodology and greater numbers of participants is still
required.

PLAIN LANGUAGE SUMMARY

Strength training or aerobic exercise training for muscle disease

Review question

What are the effects (benefits and harms) of strength training and aerobic exercise training in people with muscle disease?
Background

Strength training, which is performed to improve muscle strength and muscle endurance, or aerobic exercise programmes, which are
designed to improve aerobic (cardiovascular) fitness, might optimise physical fitness and muscle strength in people with muscle disease.
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The number of training studies in people with muscle diseases is increasing steadily. This is an updated review that includes nine newly
added studies.

Study characteristics

The review includes three trials of strength training in people with facioscapulohumeral muscular dystrophy (FSHD) and myotonic
dystrophy (136 participants), five trials of aerobic exercise (cardiovascular training) in people with dermatomyositis and polymyositis
(14 participants), Duchenne muscular dystrophy (DMD; 30 participants) and FSHD (111 participants), and six trials of strength training
combined with aerobic exercise in people with mitochondrial myopathy (18 participants), myotonic dystrophy type | (35 participants),
dermatomyositis and polymyositis (68 participants), and FSHD (16 participants).

Key results and certainty of the evidence

The findings of this review should be interpreted with caution due to the variable quality of the included studies, variation in exercise
interventions, and outcomes measured. It was not possible for participants to be blinded (unaware of whether or not they were in the
exercise group). We have, at best, low confidence in the results because of the small numbers of people included in the studies, a variability
in results across studies, differences in populations and interventions across studies, and some issues regarding the conduct and design
of the studies, in addition to the lack of blinding.

We have little confidence in findings that strength training has little or no effect on dynamic strength (during movement) of the elbow
flexors and ankle dorsiflexors or on isometric (static contraction) strength of elbow flexors and ankle dorsiflexors in people with FSHD; and
that the combination of strength training and aerobic exercise may have a positive effect on right and left knee extensor strength but no
effect on right and left hip flexor strength in people with juvenile dermatomyositis. (Flexors are muscles that tend to bend the joint and
extensors straighten or extend the joint).

We have very little confidence in findings that in people with myotonic dystrophy type 1 there may be a slight improvement in isometric
wrist extensor strength and little or no effect on hand grip force, pinch grip force orisometric wrist extensor strength after strength training;
that participants with dermatomyositis, polymyositis and juvenile dermatomyositis may experience a positive effect of the combination
of strength training and aerobic exercise on dynamic strength of right and left knee extensors; that people with dermatomyositis and
polymyositis may have a positive effect of aerobic exercise training on aerobic capacity; and that there may be a slight decrease in aerobic
capacity after aerobic exercise training in people with juvenile dermatomyositis.

We found evidence that was too uncertain for conclusions to be drawn regarding the effect of strength training on shoulder muscle
strength, pectoralis major muscle strength and anterior arm muscle strength in mitochondrial myopathy, the effect of aerobic exercise
training in people with mitochondrial myopathy, in the effect of aerobic exercise training on maximal workload in people with FSHD, and
on the number of arm and leg revolutions in a six-minute cycle test in boys with DMD.

We have limited or very little confidence in findings of the absence of adverse events (side effects) in most studies. Additional high-quality
studies with a high number of participants is needed.

Date up to date

The most recent search for evidence was in November 2018.

Strength training and aerobic exercise training for muscle disease (Review) 3
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Strength training compared to no training for myotonic dystrophy

Strength training compared to no training for myotonic dystrophy

Patient or population: people with myotonic dystrophy

Setting: hospital
Intervention: strength training

Comparison: without strength training

Outcomes Mean (SD) without strength Mean (SD) with strength train- Difference (95%  Certainty of What happens
training ing Cl) the evidence
(GRADE)
Muscle Hand grip force  The mean change in hand grip The mean change in hand grip MD 6.0 N higher lelelo) May have little or
strength force without strength training force with strength training was (6.7 lowerto 18.7  Very lowb no effect on hand
was an increase of 3.0 N (17.0) anincrease of 9.0 N (17.0) higher) grip force
assessed with
electronic dy- Pinch grip force  The mean change in pinch grip The mean change in pinch grip MD 1.0 N higher B0 May have little or
namometer force without strength training force with strength training was (3.3 lowerto 5.3 Very lowb no effect on pinch
Follow-up: was an increase of 3.0 N (7.0) anincrease of 4.0 N (6.0) higher) grip force
mean 12 weeks . . o ] ] ]
Isometric wrist ~ The mean change in isomet- The mean change in isometric MD 7.0 N higher DO May have little or
35 participants  flexor force ric wrist flexor force without wrist flexor force with strength (3.3lowerto17.4  Very lowb no effect on iso-
(LRCT)a strength training 0.0 N (17.0) training was an increase of 7.0 N higher) metric wrist flexor
(14.0) force
Isometric wrist ~ The mean change in isomet- The mean change in isometric MD 8.0 N higher lelelo) May slightly im-
extensor force ric wrist extensor force without wrist extensor force with strength (0.7 higher to Very lowb prove isometric
strength training was 0.0 N (10.0)  training was an increase of 8.0 N 15.3 higher) wrist extensor force
(12.0)
Aerobic capacity No data were provided for this outcome
Time-scored functional assess- A study with a matched-pair design presented data from multiple - HEOO The effect on time-
ments of muscle performance functional tests (see text). There were no statistically significant differ- Very lowb scored function-

Follow-up: 24 weeks

36 participants (1 RCT)a

ences between the training and control groups.

al assessments
of muscle perfor-
mance are uncer-
tain

Quality of life

No data were provided for this outcome
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Pain No data were provided for this outcome

Experienced fatigue No data were provided for this outcome

Adverse effects requiring with- 1 participant in the training group withdrawn by GP from an exercise session because of DBOO May have few or no

drawal back problems and did not complete final test session because of knee pain (relatednessto  Very low¢ adverse effects re-
the exercise intervention unclear). quiring withdrawal

Follow-up: 24 weeks
o In the other trial (36 participants), a few participants complained of muscle soreness and
71 participants (2 RCTs) transient strength reduction after 8 weeks, but no signs of muscle damage were found after
24 weeks.

Cl: confidence interval; GP: General Practitioner; MD: mean difference RCT: randomised controlled trial; SD: standard deviation

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

dData from a second myotonic dystrophy trial with 36 randomised participants was not suitable for inclusion in this analysis.

n

bDowngraded three levels: two levels for imprecision and for study limitations. Quote: "The study sample was small and heterogeneous which lead to an underpowered study".

Sample size of 35. Blinding of participants and personnel was not possible and the trial was also at a high risk of selective reporting bias.
¢Downgraded three levels: one level for imprecision and two levels for study limitations. The trial was unblinded and at a high risk of selective reporting and attrition bias.

Summary of findings 2. Strength training compared to no training for facioscapulohumeral muscular dystrophy

Strength training compared to no training for facioscapulohumeral muscular dystrophy

Patient or population: people with facioscapulohumeral muscular dystrophy
Setting: at home

Intervention: strength training

Comparison: without strength training

Outcomes Mean (SD) without strength Mean (SD) with strength train-  Difference (95% Certainty of What happens
training ing Cl) the evidence
(GRADE)
Muscle Elbow flexors - The mean change in maximum The mean change in maximum MD 0.5 kg higher ®BoO May be little or no
strength: maxi- maximum vol- voluntary isometric contrac- voluntary isometric contrac- (0.7 lowerto 1.8 Lowa;b effect on isometric
mum voluntary  untary isomet- tion of the elbow flexors without  tion of the elbow flexors with higher) muscle strength of
ric contraction elbow flexors
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isometric con-
traction

Assessed with

strength training was a decrease
of 0.6 (1.9) kg

strength training was a decrease
of 0.1 (1.9) kg

e Elbow flex- The mean change in dynamic The mean change in dynamic MD 1.2 kg higher ®B00 May be little or no
Quantitative ors - dynamic strength of the elbow flexors strength of the elbow flexors (0.2 lower to 2.6 Lowab effect on dynamic
Muscle Assess-  gtrength without strength trainingwasan  with strength trainingwas anin-  higher) muscle strength of
ment fixed my- increase of 1.4 (2.0) kg crease of 2.5 (2.1) kg elbow flexors
ometry testing
system Ankle dorsiflex- ~ The mean change in maximum The mean change in maximum MD 0.4 kg higher ®B00 May be little or no
Follow-up: ors - maximum isometric voluntary contraction isometric voluntary contraction (2.4 lowerto 3.2 Lowa;b effect on isometric
mean 52 weeks  isometric vol- of the ankle dorsiflexors without  of the ankle dorsiflexors with higher) muscle strength of
35 participants untary contrac-  strength training was a decrease  strength training was a decrease ankle dorsiflexors
(1RCT) tion of 1.6 (4.2) kg of 1.1 (4.3) kg

Ankle dorsiflex-  The mean change in dynamic The mean change in dynamic MD 0.4 kg lower ®BOO May be little or no
ors - dynamic strength of the ankle dorsiflex- strength of the ankle dorsiflex- (2.3 lowerto 1.4 Lowa,b effect on dynamic
strength ors without strength training ors with strength training was a higher) muscle strength of
was a decrease of 11 (2.8) kg decrease of 1.5 (2.7) kg ankle dorsiflexors
Elbow flexors The mean change in muscleen- ~ The mean change in muscleen- ~ MD 8.0 kgF/s lower  @®co May be little or no
- muscle en- durance of the elbow flexors durance of the elbow flexors (42.0 lower to 26.0 Lowa,b effect on muscle
durance without strength training was a with strength training was ade-  higher) endurance of el-
decrease of 3.0 (35.5) kgF/s crease of 11.0 (65.0) kgF/s bow flexors
Ankle dorsiflex- ~ The mean change in muscleen- ~ The mean change in muscle en- MD 17.0 kgF/s low-  e®oco May be little or no
ors - muscle en-  durance of the ankle dorsiflex- durance of the ankle dorsiflex- er (34.8 lowerto 0.8 Lowab effect on muscle
durance ors without strength training ors with strength training was a higher) endurance of ankle
was a decrease of 29.0 (28.0) decrease of 46.0 (25.3) kgF/s dorsiflexors
kgF/s
Aerobic capacity No data were provided for this outcome
Time-scored functional assess- No data were provided for this outcome
ments of muscle performance
Quality of life No data were provided for this outcome
Pain 11 out of 34 participants in the training group reported pain in neck and shoulder regionto  e®co May be no effect on
the physical therapist during his home visits. 5 mentioned a period with elbow complaints.  Lowa,b pain experience

Follow-up: mean 52 weeks

34 participants (1 RCT)

The number of neck-shoulder and elbow complaints did not differ between groups at base-

line and at the final visit

Experienced fatigue

No data were provided for this outcome
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Adverse effects requiring with- 1 participant stopped training because of recurring, training-related muscle soreness and
drawal fatigue. She had a second diagnostic workup, revealing a mitochondrial myopathy as well
as FSHD. The training programme was well tolerated. Participants experienced no notable
general fatigue or muscle soreness. The training-induced muscle fatigue lasted less than an
hour, so daily activities could be carried out normally afterwards.

Follow-up: mean 52 weeks

35 participants: 35 (1 RCT)

BBOO
Lowa,b

May be few or no
adverse effects re-
quiring withdrawal

Cl: confidence interval; MD: mean difference; RCT: randomised controlled trial; SD: standard deviation

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded one level for study limitations: participants and personnel were not blinded, as blinding of participants and personnel was not possible.

bDowngraded one level for imprecision: sample size of 35.

Summary of findings 3. Aerobic exercise compared to no training for dermatomyositis and polymyositis

Aerobic exercise compared to no training for dermatomyositis and polymyositis

Patient or population: people with dermatomyositis and polymyositis
Setting: hospital

Intervention: aerobic exercise

Comparison: without aerobic exercise training

Outcomes Mean (SD) without Mean (SD) with aero-  Difference (95% Certainty of the What happens
aerobic exercise bic exercise Cl) evidence
(GRADE)
Muscle strength No data were provided for this outcome
Aerobic capacity: VO, max (defined as the highest ~ The mean change in The mean change in MD 14.6 mL/min/kg  @cco The effect on aer-
0, consumption) VO, max without aero- VO, max with aero- higher Very lowa,b,c obic capacity (VO,

bic exercise was a de-
Assessed with an incremental cycle testonacycle  crease of 2.6 (16.9) mL/
ergometer min/kg

Follow-up: mean 6 weeks
14 participants (1 RCT)

bic exercise was an in-
crease of 12.0 (12.4)
mL/min/kg

(1.0 lower to 30.2
higher)

max) is uncertain
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Time-scored functional assessments of muscle The mean change in The mean change in MD 17.6 higher (5.6  @oo0 The effect on dis-
performance: disability disability without aer-  disability with aero- lower to 40.8 high-  Very lowa.b,c ability is uncertain
obic exercise was an bic exercise was an in- er)

Assessed with the modified Functional Assessment  jncrease of 2.9 (29.3) crease of 20.5 (10.9)

Screening Questionnaire

Follow-up: mean 6 weeks

14 participants (1 RCT)

Quality of life No data were provided for this outcome

Pain No data were provided for this outcome

Experienced fatigue No data were provided for this outcome

Adverse effects requiring withdrawal No adverse effects were described B0 The presence or
Very lowa;b.c absence of adverse

Follow-up: mean 6 weeks

14 participants (1 RCT)

effects requiring
withdrawal is un-
certain

Cl: confidence interval; MD: mean difference; RCT: randomised controlled trial; SD: standard deviation; VO, max: maximal oxygen uptake

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded one level for study limitations: there was no information about the generation of the list. It is not clear what is meant by "distinct randomisation lists", there was no
published information on the method of allocation concealment, there was no published information about blinding of the assessor of the other measurements and no primary
or secondary outcomes were defined. Blinding of participants and personnel was not possible.
bDowngraded one level for indirectness: there was no objective assessment of physical activity or exercise level to ensure compliance.
¢Downgraded one level for imprecision, due to sample size.

Summary of findings 4. Aerobic exercise compared to no training for Duchenne muscular dystrophy (DMD)

Aerobic exercise compared to no training for Duchenne muscular dystrophy (DMD)

Patient or population: boys with DMD

Setting: at home or at school, depending on the preferences of the participants

Intervention: aerobic exercise
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Comparison: without aerobic exercise training

Outcomes Mean (SD) without aerobic Mean (SD) with aerobic ex- Difference Certainty of What happens
exercise ercise (95% Cl) the evidence
(GRADE)
Muscle strength: hip extensors, knee The mean change in mus- The mean change in mus- MD 1.7 higher ®000o The effect on muscle
extensors, ankle dorsiflexors, shoulder  cle strength of hip extensors, cle strength of hip extensors, (1.9 lower to Very lowa,b strength of hip exten-
abductors and elbow extensors knee extensors, ankle dorsi- knee extensors, ankle dorsi- 5.3 higher) sors, knee extensors, an-
flexors, shoulder abductors flexors, shoulder abductors kle dorsiflexors, shoul-
Assessed with MRC (sum scores) and elbow extensors in MRC and elbow extensors in MRC der abductors and el-
sum score without aerobic ex-  sum score with aerobic ex- bow extensors is uncer-
FOHOW__UP: mean 14 weeks ercise was a decrease of 0.7 ercise was an increase of 1.0 tain
15 participants (1 RCT)
(5.7) (1.4)
Aerobic capacity Number of leg The mean change in number ~ The mean change in number MD 14 revolu- OO The effect on aerobic ca-
revolutions of leg revolutions without aer-  of leg revolutions with aero- tions higher Very lowa,b pacity (number of leg
Assessed with As- obic exercise was an increase  bic exercise was an increase (89.0 lower to revolutions) is uncertain
sisted 6-minute cy- 0f30.9 (131.9) of 44.9 (107.6) 117.0 higher)
cle test
F . Numberofarm  The mean change in number The mean change in number MD 34.8 revolu-  @ocoo The effect on aerobic ca-
ollow-up: mean . . . . . - - ;
14 weeks revolutions of arm revolu'gons W|thqut of arm reyolutlons vylth aero-  tions higher Very lowa,b pacity (.numt.)er of arm.
23 participants (1 aerobic exercise was an in- bic exercise was an increase (68.2 loyver to revolutions) is uncertain
RCT) crease of 30.9 (131.9) of 65.7 (107.6) 137.8 higher)
Time-scored functional assessments  The mean change in MFM to- The mean change in MFM to- MD 7.2 % higher @cco The effect on overall
of muscle performance: function- tal score without aerobic ex- tal score with aerobic exercise (3.7 lower to Very lowa,b functional abilities is un-
al abilities in 3 different dimensions, ercise was a decrease of 6.4 was a decrease of 0.8 (16.9) %  18.1 higher) certain

standing positions and transfers, axial

(13.0) %
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See Table 3 for MFM in
standing positions and
transfers; axial and prox-
imal motor functions
and distal motor func-
tions

and proximal motor functions and dis-
tal motor function

Assessed with Motor Function Measure
total
Scale from 0% to 100%

Follow-up: mean 14 weeks
29 participants (1 RCT)

Quality of life No data were provided for this outcome

Pain No data were provided for this outcome

Experienced fatigue No data were provided for this outcome
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Adverse effects requiring withdraw-  No serious adverse events were observed or reported. - Telelo)

al . » . . Very lowa.b
During the training phase, postural adjustments were made in

3/24 participants who reported pain at the lateral side of the
knee or foot due to an external rotation of the hip during train-
ing. 2 boys had injuries unrelated to training.

The presence or absence
of adverse effects requir-
ing withdrawal is uncer-

Follow-up: mean 14 weeks tain

29 participants (1 RCT)

Cl: confidence interval; MD: mean difference; MFM: Motor Function Measure; MRC: Medical Research Council; RCT: randomised controlled trial; SD: standard deviation

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded two levels for imprecision as it is not known if the sample size of 29 is sufficient. Quote: "No historical data were available at the start of this study in 2008. The
sample size was therefore not based on statistical analysis. We arbitrarily chose to include 20 to 30 participants".

bDowngraded one level for study limitations: participants and outcome assessor had no information about previous test results at each assessment but were not blinded to
treatment allocation. Moreover, boys were originally allocated to the intervention group, but replaced to the control group within two weeks after trying the intervention. One boy
discontinued the training and assessment after 12 weeks and was excluded from the analysis, so the analysis was not intention-to-treat. Blinding of participants and personnel
was not possible.

Summary of findings 5. Aerobic exercise compared to no training for facioscapulohumeral muscular dystrophy

Aerobic exercise compared to no training for facioscapulohumeral muscular dystrophy

Patient or population: people with facioscapulohumeral muscular dystrophy
Setting: at home and in rehabilitation centres

Intervention: aerobic exercise

Comparison: without aerobic exercise training

Outcomes Mean (SD) without aerobic Mean (SD) with aerobic ex- Difference (95% Certainty of the What happens
exercise ercise Cl) evidence
(GRADE)
Muscle strength: maximum voluntary ~ The mean change in max- The mean change in max- MD 0.1 kg higher ODOO May have lit-
isometric knee extension strength imum voluntary isometric imum voluntary isometric (0.7 lower to 0.9 Lowbs,c tle or no effect

Assessed with Quantitative Muscle As-
sessment fixed myometry testing sys-
tem

Follow-up: mean 16 weeks

knee extension strength with-
out aerobic exercise was a de-
crease of 1.8 (1.4) kg

knee extension strength
with aerobic exercise was a
decrease of 1.7 (1.4) kg

higher)

on quadriceps
strength
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52 participants (1 RCT)a

Aerobic capacity: VO, peak The mean change in VO, peak  The mean change in VO, MD 1.1L/min high- eeco May increase aer-
) _ ) without aerobic exercisewas  peak with aerobic exercise ~ er (0.4 higherto 1.8 Lowbsc obic capacity (VO,
Assessed with submaximal cycling test 3 decrease of 0.4 (0.8) L/min was an increase of 0.7 (1.3) higher) peak) slightly
L/min
Follow-up: mean 16 weeks
38 participants (1 RCT)?
Time-scored functional assessments = The mean change in distance ~ The mean change in dis- MD 31.0 higher 300 May improve dis-
of muscle performance: distance walked in the 6-min walk test ~ tance walked in the 6-min (19.3 higherto 42.7  Lowbsc tance walked in a
walked without aerobic exercise was ~ walk test with aerobic exer-  higher) 6-min walk test
anincrease of 0.0 (15.0) m cise was an increase of 31.0
Assessed with 6-minute walk test (27.0) m
Follow-up: mean 16 weeks
52 participants (1 RCT)a
Quality of life The mean change in quali- The mean change in quali- MD 10.0 lower (19.6 ~ @doo May improve quali-
o ] ty-of-life score without aero- ty-of-life score with aerobic ~ lowerto 0.4 lower)  Lowb.c ty of life slightly
Assessed with Sickness Impact Profile  pjc exercise was an increase exercise was a decrease of
of 8.0 (19.0 2.0 (16.0
Scale from 0 to 572 (1.0 (16.0)
Follow-up: mean 16 weeks
52 participants (1 RCT)d
Pain The mean change in pain The mean change in pain MD 1.0 lower (3.0 SPOO May have little or
) ] score without aerobic exer- score with aerobic exercise lower to 1.0 higher)  Lowbsc no effect on pain
Asssesed with a Visual Analogue Scale  (jse was an increase of 1.0 was an increase of 0.0 (4.5)
2.8
Scale from 0 to 100 (2:8)
Follow-up: mean 16 weeks
52 participants (1 RCT)d
Experienced fatigue The mean change in fatigue The mean change in fatigue ~ MD 7.3 lower (8.1 ®&®00 May improve expe-
score without aerobic exer- score with aerobic exercise lower to 6.5 lower) Lowb,c rienced fatigue

Assesed with Checklist Individual
Strength

Scale from 7 to 56

Follow-up: mean 16 weeks
52 participants (1 RCT)a

cise was a decrease of 1.2
(1.0)

was a decrease of 8.5 (2.0)
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(4%

Adverse effects requiring withdraw-  There were no adverse events leading to withdrawal 300 May be no adverse
al Lowbsc effects requiring
15 participants who had received aerobic exercise training reported 1 to 5 adverse withdrawal
Follow-up: mean 16 weeks events: 4 participants experienced knee pain, 9 saddle soreness, 7 neck and shoul-
der pain, and 6 back pain. All these complaints resolved spontaneously during the
52 participants (1 RCT)@ study period

Cl: confidence interval; MD: mean difference; RCT: randomised controlled trial; SD: standard deviation; VO, peak: peak oxygen uptake

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

adWe did not include data from two other small studies in this summary. These trials had 13 and 19 participants, respectively. Both were at high risk of bias due to their methods
of randomisation, lack of allocation concealment, lack of blinding, and attrition.

bDowngraded one level for imprecision: the sample size was 52 participants.

cDowngraded one level for study limitations: blinding of participants and personnel was not possible.

Summary of findings 6. Aerobic exercise and strength training compared to no training for mitochondrial myopathy

Aerobic exercise and strength training compared to no training for mitochondrial myopathy

Patient or population: people with mitochondrial myopathy
Setting: rehabilitation unit

Intervention: aerobic exercise and strength training
Comparison: without aerobic exercise and strength training

Outcomes Mean (SD) without aerobic exer- Mean (SD) with aerobic exer- Difference Certainty of What happens
cise and strength training cise and strength training (95% ClI) the evidence
(GRADE)
Muscle strength:  Assessed with The mean change in shoulder mus- The mean change in pectoralis MD 5.0 kg lower  @cco The effect on
the heaviest shoulder press cle strength, without aerobic exer- major muscle strength, with aer- (14.7 lower to Very lowa,b shoulder press
weight that could ~ exercise cise and strength trainingwas anin-  obic exercise and strength train- 4.7 higher) muscle strength
be lifted through- crease of 10.7 (10.0) kg ing was an increase of 5.7 (11.0) is uncertain
out the complete kg
range of move-
ment (1RM test) Assessed with The mean change in pectoralis major  The mean change in pectoralis MD 6.4 kg high-  @coco The effect on
butterfly exer- muscle strength without aerobicex- ~ major muscle strength with aero-  er Very lowa,b strength of pec-
cise toralis major

feaqny £1
aueiyds’o) =

‘yyeay 19199
*SUOISII3P pawioju]
*32UBPINS pashiL

SM3IADY J13BWSISAS JO seqeleq auelyd0)



“p¥7 ‘suos 13 A81IM uyor Aq paysiiqnd ‘uoneioqe|jod aueyd0) 3y L 6107 @ 3y3uAdod

(ma1nay) aseasip a)asnwi 104 Suruie} asI249xa d1qosae pue Sujuresy YySuans

€T

Follow-up: mean ercise and strength training was an bic exercise and strength training  (2.89 lower to muscle is un-
12 weeks increase of 0.6 (11.0) kg was an increase of 7.0 (9.0) kg 15.7 higher) certain
18 participants (1
RCT) Assessed with The mean change in anterior arm The mean changein anteriorarm  MD 7.3 kg high-  e@cco The effect on
biceps curlsex-  muscle strength, without aerobicex-  muscle strength, with aerobicex-  er Very lowa,b anterior arm
ercise ercise and strength training was an ercise and strength training was (2.9 lower to muscle strength
increase of 0.7 (12.0) kg anincrease of 8.0 (10.0) kg 17.5 higher) is uncertain
Aerobic capaci- Mean time cy- The mean change in mean time cy- The mean change in mean time MD 23.7 min @000 The effect on
ty: measures of cled till exhaus-  cled till exhaustion without aerobic cycled till exhaustion with aero- higher Very lowa,b mean cycle
(physical) work tion exercise and strength training was a bic exercise and strength training (2.6 higher to time until ex-
capacity decrease of 2.7 (16.0) min was an increase of 21.0 (28.0) min  44.8 higher) haustion is un-
certain
Assessed with in-
cremental cycle Mean distance The mean change in distance cycled  The mean change in distancecy-  MD 9.7 km high-  @oce The effect on
test cycled untilex-  until exhaustion without aerobicex-  cled until exhaustion with aero- er Very lowa,b mean distance
Follow-up: mean haustion ercise and strength training was a bic exer.cise and strength training (1.5 higher to u.ntillexhaus—
12 weeks decrease of 0.9 (6.0) km was an increase of 8.8 (11.0) km 17.9 higher) tlgn is uncer-
18 participants (1 tain
RCT)
Aerobic capac- Assessed with The mean change in distance walked = The mean change in distance MD 78.0 m high- @ccoe The effect
ity: distance shuttle walking  until exhaustion without aerobicex- ~ walked until exhaustion with aer-  er Very lowa,b on distance
walked until ex- test ercise and strength training was an obic exercise and strength train- (144.9 lower to walked until ex-
haustion increase of 17.0 m ing was an increase of 95.0 m 300.9 higher) haustion is un-
certain
Follow-up: mean
12 weeks
18 participants (1
RCT)
Time-scored functional assess- No data were provided for this outcome
ments of muscle performance
Quality of life The mean change in quality-of-life The mean change in quality-of- MD 9.8 lower OO The effect on
score without aerobic exercise and life score with aerobic exercise (25.7 lower to Very lowa,b quality of life is
Assessed with Nottingham Health strength training was an increaseof ~ and strength training was a de- 6.1 higher) uncertain

Profile
Scale from 0 to 100
Follow-up: mean 12 weeks

18 participants (1 RCT)

1.5(17.7)

crease of 8.3 (16.8)

Pain

No data were provided for this outcome
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Experienced fatigue No data were provided for this outcome

Adverse effects requiring with- There were no adverse events leading to withdrawal. OO The presence

drawal Very lowa,b or absence of
Every participant was able to tolerate the exercise training regimen without complications. adverse effects

Follow-up: mean 12 weeks Most cancellations happened because of muscle soreness associated with the unaccustomed requiring with-
exercise activity. drawal is uncer-

18 participants (1 RCT) tain

Cl: confidence interval; MD: mean difference; RCT: randomised controlled trial; SD: standard deviation; 1RM: one repetition maximum

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded two levels for study limitations: no published information on the blinding of outcome assessors. The study author (Cejudo) told us that the evaluators knew to
which group each participant was assigned, one participant (of 10) was missing from the intervention group and one participant (of 10) was missing from the control group. The
analysis was not intention-to-treat and the article defined no primary and secondary outcomes. Blinding of participants and personnel was not possible.

bDowngraded two levels for imprecision: no power analysis performed before start of the study. Moreover, the sample size was 18 participants.

Summary of findings 7. Aerobic exercise and strength training compared to no training for myotonic dystrophy type 1

Aerobic exercise and strength training compared to no training for myotonic dystrophy type 1

Patient or population: people with myotonic dystrophy type 1
Setting: department of physical therapy of a hospital
Intervention: aerobic exercise and strength training
Comparison: without aerobic exercise and strength training

Outcomes Mean (SD) without aerobic Mean (SD) with aerobic ex- Difference (95% Certainty of the What happens
exercise and strength train-  ercise and strength training = Cl) evidence
ing (GRADE)
Muscle strength No data were provided for this outcome
Aerobic capacity No data were provided for this outcome
Time-scored functional assess- The mean changein distance ~ The mean change in distance ~ MD 11 m higher BEeO May have little or
ments of muscle performance: dis-  walked without aerobic exer-  walked with aerobic exercise ~ (66.9 lowerto88.9  Very lowd no effect on dis-
tance walked higher)
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Assessed with: 6-minute walk test
(m)

Follow-up: mean 14 weeks
35 participants (1 RCT)

cise and strength trainingwas  and strength training was an
adecrease 0of 2.0 (119.0) m increase 0f 9.0 (116.0) m

tance walked in a
6-minute walk test

Quality of life

No data were provided for this outcome

Pain

No data were provided for this outcome

Experienced fatigue

No data were provided for this outcome

Adverse effects requiring with-
drawal

Follow-up: mean 14 weeks

35 participants (1 RCT)

No adverse effects required withdrawal

The study-specific questionnaire on perceived effects showed that one person report-
ed deterioration in muscle strength and another a worsening in daytime sleepiness.

BOOO May have few or no
Very lowd adverse effects re-
quiring withdrawal

Cl: confidence interval; MD: mean difference; RCT: randomised controlled trial; SD: standard deviation

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded two levels forimprecision: no power analysis performed before start of the study. Moreover, the sample size was 35 participants; and one level for study limitations

(blinding of participants and personnel was not possible).

Summary of findings 8. Aerobic exercise and strength training compared to no training for dermatomyositis and polymyositis

Aerobic exercise and strength training compared to no training for dermatomyositis and polymyositis

Patient or population: people with dermatomyositis and polymyositis

Setting: at home and at the department of physical therapy of 3 participating hospitals
Intervention: aerobic exercise and strength training

Comparison: without aerobic exercise and strength training

Outcomes

Mean (SD) without aero-  Mean (SD) with aerobic Difference
bic exercise and strength  exercise and strength (95% Cl)
training training

Certainty of What happens
the evidence
(GRADE)
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Muscle Muscle strength: MMT-8 (maxi- The mean change in The mean change in MD 1.0 higher lelelo) May have no clear
strength mal isometric strength of neck MMT-8 without aerobicex- MMT-8 with aerobic exer- (1.l1lowerto3.1  Verylowab effect on maximal
o flexors, middle deltoid, gluteus  ercise and strength train- cise and strength train- higher) isometric strength
21 participants  maximus, gluteus medius, bi- ing was an increase of 4.0 ing was an increase of 3.0 of neck flexors,
(LRCT) ceps brachii, wrist extensors, (1.5) (3.0) middle deltoid, glu-
wrist flexors, ankle dorsiflexors) teus maximus, glu-
teus medius, bi-
Scale from 0 (no movement) to ceps brachii, wrist
80 (normal) extensors, wrist
flexors, ankle dorsi-
Follow-up: mean 12 weeks flexors
Muscle strength: maximum The mean change in 5RM The mean change in 5RM MD 2.5kg more @00 May slightly in-
load in 5RM, for right knee ex- for right knee extensors for right knee extensors (1.75 more to Very lowa,b crease muscle
tensors without aerobic exercise with aerobic exercise and 3.25 more) strength of right
Assessed with hand-held dy- and strength trainingwas  strength training was an knee extensors
namometer an increase of 1.3 (0.9) kg increase of 3.8 (0.9) kg
Follow-up: mean 12 weeks
Muscle strength: maximum The mean change in 5RM The mean change in 5RM MD 2.7 kg more  @ce6 May slightly in-
load in 5RM, for left knee exten-  for left knee extensors for left knee extensors (2.0moreto 3.4  Verylowab crease muscle
sors without aerobic exercise with aerobic exercise and more) strength of left
Assessed with hand-held dy- and strength trainingwas  strength training was an knee extensors
namometer an increase of 1.1 (0.7) kg increase of 3.8 (1.1) kg
Follow-up: mean 12 weeks
Aerobic capac-  Aerobic capacity: time cycled The mean change in time The mean change in time MD 17.5 min POOO May slightly extend
ity, expressed till exhaustion cycled till exhaustion cycled till exhaustion higher Very lowa,b time to exhaustion
in measures without aerobic exercise with aerobic exercise and (8.0 higher to
of (physical) Assessed with change from and strength trainingwas  strength training was an 27.0 higher)
work capacity baseline in incremental cycle an increase of 0.8 (4.8) increase of 18.3 (13.3) min
test on a cycle ergometer min
Follow-up: mean 12 weeks
15 participants (1 RCT)
Aerobic capacity: power per- The mean changein pow-  The mean changeinpow-  MD 18.0 W high- @ocoe May slightly in-
formed at VO, max er performed at VO, max er performed at VO, max er Very lowa,b crease aerobic ca-
without aerobic exercise with aerobic exerciseand  (15.0 higher to pacity (power per-
Assessed with exhaustion incre-  and strength trainingwas  strength training was an 21.0 higher) formed at VO, max)

mental cycle test on a cycle er-
gometer

Follow-up: mean 12 weeks
21 participants (1 RCT)

adecrease of 4.0 (3.5) W

increase of 14.0 (3.5) W
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Aerobic capacity: VO, max Aerobic capacity improved on average 0.27 SDs (0.35 SMD 0.27 higher  @ooo The effect on aer-
less to 0.90 more) in the aerobic exercise and strength (0.35 lower to Very lowbi.c obic capacity (VO,
Assessed with exhaustion incremental cycle teston  training group than in the group without training 0.90 higher) max) is uncertain.
a cycle ergometer
As a rule of thumb,
Follow-up: mean 12 weeks a SMD of 0.2 repre-
. sents a small effect
40 participants: 40 (2 RCTs)
Time-scored functional assessments of muscle The mean change in Func-  The mean changein Func-  MD 5.5 higher ®O0O The effect on
performance: muscle performance tional Index without aero-  tional Index with aero- (2.9 lower to Very lowbsc change in muscle
o N ) bic exercise and strength bic exercise and strength 13.9 higher) performance is un-
Assessed with disease-specific Functional Index training was an increase of  training was an increase of certain
11.6 (8.5 17.1(10.2
Scale from 0 to 64 (8.5) (102)
Follow-up: mean 24 weeks
19 participants (1 RCT)
Quality of life The mean changein SF-36  The mean change in SF-36  MD 9.5 higher DO May improve qual-
) General Health score with- ~ General Health score (5.5 higher to Very lowa,b ity of life-general
Assessed with SF-36 General Health out aerobic exercise and with aerobic exerciseand  13.5 higher) health
lef 010 100 (where 100 is optimal strength training was an strength training was an
scalefrom 9o (where is optimal) increase of 6.0 (4.9) increase of 15.5 (4.4) See Table 4 for
Foll ) 1 K GRADE assessment
oflow-up:mean 12 Weeks of other quality-of-
21 participants (1 RCT) life measures
Pain No data were provided for this outcome
Experienced fatigue No data were provided for this outcome
Adverse effects requiring withdrawal No withdrawals due to adverse events DBOO May have few or no
Very lowd adverse effects re-

Follow-up: 12 or 24 weeks

40 participants (2 RCTs)

In a 12-week study, no adverse events were noted.

In a 24-week study, 19 participants reported no adverse effects other than
short-term muscle soreness. None developed inflammatory infiltrates.

quiring withdrawal

5RM: 5 voluntary repetitions; Cl: confidence interval; MD: mean difference; MMT-8: manual muscle testing of eight muscle groups; RCT: randomised controlled trial; SD:

standard deviation; SMD: standardised mean difference; SF-36: Short Form 36; VO, max: maximal oxygen uptake

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different.
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Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded two levels for study limitations. Quote: "One patient in the exercise group was not able to perform the exercise programme and was excluded from the analysis".
Follow-up was therefore incomplete and analysis was not by intention-to-treat. Quote: "We aimed for nine patients in the exercise group, but some analyses were performed
with N =7 (VO, max measurements) or N = 3 (mitochondrial enzyme activities)." (...) "All measurements were not successfully performed both before and after training in each

subject". Blinding of participants and personnel was not possible.
bDowngraded one level for imprecision: small samples.

cDowngraded two levels for serious imprecision. Quote: "An important limitation is the lack of power analysis and the low number of patients, conditions that may explain lack
of significant between-group differences, with frequent dropouts further hampering the analyses and conclusion.(...) The exercise intensity level was defined only for the aerobic

walks, not for the resistive home exercise programme".

dDowngraded two levels for serious imprecision and study limitations. The combined sample size was too small to rule out less common adverse effects requiring withdrawal.

Blinding of participants and personnel was not possible.

Summary of findings 9. Aerobic exercise and strength training compared to no training for facioscapulohumeral muscular dystrophy

Aerobic exercise and strength training compared to no training for facioscapulohumeral muscular dystrophy

Patient or population: people with facioscapulohumeral muscular dystrophy

Setting: at home

Intervention: aerobic exercise and strength training
Comparison: without aerobic exercise and strength training

Outcomes Mean (SD) without aerobic exer- Mean (SD) with aerobic exer- Difference Certainty of What happens
cise and strength training cise and strength training (95% Cl) the evidence
(GRADE)
Muscle strength: MVC quadriceps at The mean change in MVC quadri- The mean change in MVC MD 15 Nm high-  e@cco The effect on
rest ceps at rest without aerobic exer- quadriceps at rest with aerobic  er Very lowa,b MVCis uncer-
Assessed with femoral nerve magnetic cise and strength training was ade-  exercise and strength training (27.77 lower to tain
stimuli delivered during isometric maxi-  crease of 1.0 (40.0) Nm was an increase of 14.0 (47.0) 57.77 higher)
mum voluntary contractions and at rest Nm
Follow-up: mean 24 weeks
16 participants (1 RCT)
Aerobic capacity Maximal aero- The mean change in maximal aer- The mean change in maximal MD 45W higher  @cco The effect on
o bic power obic power without aerobic exer- aerobic power with aerobic ex- (20.51 lower to Very lowa,b maximal aero-
Assessed W'_th Incre- cise and strength training was an ercise and strength trainingwas  110.51 higher) bic power is un-
mental cycling test increase of 0.0 (37.0) W anincrease of 45.0 (87.0) W certain
Follow-up: mean 24 . .
weeks VO, peak The mean change in VO, peak The mean change in VO, peak MD 12.4 mL/ @000 The effect on
without aerobic exercise and with aerobic exercise and min/kg higher Very lowa,b oxygen uptake

is uncertain
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16 participants (1

strength training was a decrease of

strength training was an in-

(2.21 higher to

RCT) 0.1 (7.9) mL/min/kg crease of 12.3 (12.4) mL/min/kg  22.59 higher)
Time-scored functional assessments The mean change in distance The mean change in distance MD 64.0 m high- e@cco The effect
of muscle performance: distance walked without aerobic exercise walked with aerobic exercise er (50.9 lowerto  Very lowa,b on distance
walked and strength training was a de- and strength training was anin-  178.9 higher) walked in a 6-
crease of 2.0 (103.0) m crease of 62.0 (130.0) m min walk test is

Assessed with 6-minute walk test uncertain
Follow-up: mean 24 weeks
16 participants (1 RCT)
Quality of life The mean change in SF-36 score The mean change in SF-36 MD 14.0 high- OO The effect on

) without aerobic exercise and score with aerobic exerciseand  er (4.2 lower to Very lowa,b quality of life is
Assessed with SF-36 Health Survey strength training was a decrease of  strength training was an in- 32.2 higher) uncertain

5.0 (17.0) crease of 9 (20)

Scale from 0 to 100
Follow-up: mean 24 weeks
16 participants (1 RCT)
Pain No data were provided for this outcome
Experienced fatigue The mean change in FSS score The mean change in FSS score MD 15.0 lower SO The effect on

) ) ) without aerobic exercise and with aerobic exercise and (27.9 lower to Very lowa;b experienced fa-
Assessed with Fatigue Severity Scale strength training was an increase strength training was a de- 2.1 lower) tigue is uncer-
(FSS) of 5.0 (11.0) crease of 10.0 (15.0) tain
Scale from 9 to 63
Follow-up: mean 24 weeks
16 participants (1 RCT)
Adverse effects requiring withdrawal No training complications were reported. ®EOO The presence of

Very lowa,b adverse effects

Follow-up: mean 24 weeks

16 participants (1 RCT)

requiring with-
drawal is uncer-
tain

Cl: confidence interval; FSS: Fatigue Severity Score; MD: mean difference; MVC: maximal voluntary contraction; RCT: randomised controlled trial; SD: standard deviation;
SF-36: Short-Form-36; VO, peak: peak oxygen uptake

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
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Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded two levels for study limitations: investigators involved in training and testing participants were not blinded, "Two patients dropped out in the TG [training] group
before starting the training programme, (...). Another patient, included in CG [the control group], withdrew for unknown reasons before starting the training program. In total, 16
patients completed the study...and analysis was not according intention-to-treat." Blinding of participants and personnel was not possible.

bDowngraded two levels for imprecision: the number of participants in the study was smaller (16 participants) than the calculated sample size.

Summary of findings 10. Aerobic exercise and strength training compared to no training for juvenile dermatomyositis

Aerobic exercise and strength training compared to no training for juvenile dermatomyositis

Patient or population: children and adolescents with juvenile dermatomyositis
Setting: at home

Intervention: aerobic exercise and strength training
Comparison: without aerobic exercise and strength training

Outcomes Mean (SD) without aerobic exercise Mean (SD) with aerobic exer- Difference Certainty of What happens
and strength training cise and strength training (95% ClI) the evidence
(GRADE)

Muscle Maximum force  The mean change in maximum force The mean change in maximum MD 36.0 N high-  eeco May increase

strength of right knee ex-  of right knee extensors without aero- force of right knee extensors with  er Lowa,b dynamic mus-
tensors bic exercise and strength trainingwas  aerobic exercise and strength (25.0 higher to cle strength of

Assessed with a decrease of 5.0 (15.0) N training was an increase of 31.0 47.1 higher) right knee ex-

hand-held dy- (13.5)N tensors

namometer

F . Maximum force ~ The mean change in maximum force of = The mean change in maximum MD 17.0 N high-  eeco May increase

ollow-up: . . . -

mean 12 weeks of left knee ex- left.knee extensors Wlthqut aerobicex- force gf left kr}ee extensors with er Lowa,b dynamic mus-

26 participants tensors ercise and strength training was a de- aer.ol‘olc exercise and strength (0.5 hlgher to cle strength of

(1RCT) crease of 4.0 (27.0) N training was an increase of 13.0 33.5 higher) left knee exten-

(12.0) N sors slightly
Maximum force  The mean change in maximum force The mean change in maximum MD9.0N lower  @®co May have little
of right hip flex-  of right hip flexors without aerobicex-  force of right hip flexors with aer-  (22.4 lower to Lowa,b or no effect on
ors ercise and strength training was anin-  obic exercise and strength train- 4.4 higher) dynamic mus-
crease of 5.0 (18.0) N ing was a decrease of 4.0 (16.5) N cle strength of
the right hip
flexors

Maximum force ~ The mean change in maximum force The mean change in maximum MD 6.0 N higher  eeco May have little
of left hip flex- of left hip flexors without aerobic ex- force of left hip flexors with aero- (6.6 lower to Lowa;b or no effect on
ors ercise and strength trainingwas anin-  bic exercise and strength training  18.6 higher) change in dy-

crease of 3.0 (17.0) N

was an increase of 9.0 (15.5) N

namic muscle
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strength of the
left hip flexors

Aerobic capac- Endurancetime The mean change in endurance time The mean change in endurance MD 1.2 min low- eeco May slightly
ity without aerobic exercise and strength ~ time with aerobic exercise and er Lowa,b decrease en-
) training was an increase of 1.1 (0.5) strength training was a decrease (1.55 lower to durance time
Assessed with min of 0.1 (0.4) min 0.85 lower)
treadmill-based
incremental VO, peak The mean change in aerobic capacity, = The mean change in aerobic MD2.1mlL/kg/  e®co May decrease
maximal exer- expressed in measures of oxygen up- capacity, expressed in mea- min lower Lowa,b aerobic capaci-
Cise test take (i.e. VO, peak) without aerobicex-  sures of oxygen uptake (i.e. VO, (3.3 lowerto ty slightly
Follow-up: ercise and strength training was anin-  peak) with aerobic exercise and 0.9 lower)
mean 12 weeks crease of 2.1 (1.6) mL/kg/min strength training was an increase
26 participants of 0.0 (1.4) mL/kg/min
(1LRCT)
Time-scored functional assess- The mean change in distance walked The mean change in distance MD 7.0 m lower  @®co May have lit-
ments of muscle performance: in a 6-min walk test without aerobic walked in a 6-min walk test with (21.6 lower to Lowa,b tle or no effect
distance walked in meters exercise and strength training was an aerobic exercise and strength 7.6 higher) on distance
increase of 9.0 m (20.0) training was an increase of 2.0 m walked in a 6-
Assessed with 6-min walk test (17.5) min walk test
Follow-up: mean 12 weeks
26 participants (1 RCT)
Quality of life The mean change in PedsQL Generic The mean change in PedsQL MD 8.0 lower DO May improve
) ] Core Scale score without aerobic ex- Generic Core Scale score with (9.8 lowerto 6.2  Lowab quality of life
Assessed with PedsQL Generic ercise and strength trainingwas anin-  aerobic exercise and strength lower) slightly
Core Scale crease of 5.0 (2.5) training was a decrease of 3.0
2.0
Scale from 0 to 100 20
Follow-up: mean 12 weeks
26 participants (1 RCT)
Pain The mean change in score on VAS The mean change in score on MD 7.0 lower TeICIC) May decrease
) without aerobic exercise and strength ~ VAS with aerobic exercise and (9.7 lowerto 4.3  Lowab pain level
Assessed with 10-cm VAS training was an increase of 4.0 (3.5) strength training was a decrease  lower) slightly
0f 3.0 (3.5)
Scale from: 0 to 100
Follow-up: mean 12 weeks
26 participants (1 RCT)
Experienced fatigue The mean change in PedsQL Multidi- The mean change in PedsQL MD 5.0 lower SPOO May increase
mensional Fatigue Scale score without ~ Multidimensional Fatigue Scale (6.5lowerto 3.5 Lowab experienced fa-

aerobic exercise and strength training

score with aerobic exercise and

lower)

tigue slightly
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Assessed with PedsQL Multidimen- ~ was an increase (improvement) of 4.0 strength training was a decrease
sional Fatigue Scale (2.0) of 1.0 (2.0)

Scale from 0 to 100 (higher scores
indicate less fatigue)

Follow-up: mean 12 weeks
26 participants (1 RCT)

Adverse effects requiring with- There were no adverse events leading to withdrawal. 300 May have no

drawal Lowa,b adverse effects
No hospitalisation occurred in the participants who participated in the intervention. In all par- requiring with-

Follow-up: mean 12 weeks ticipants who started the intervention, immune suppressive therapy remained stable or de- drawal

creased during the study period.
26 participants (1 RCT)

Cl: confidence interval; MD: mean difference RCT: Randomised controlled trial; SD: standard deviation; VAS: visual analogue scale VO, peak: peak oxygen uptake

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low certainty: our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect.

aStudy limitations: blinding of participants and personnel was not possible.
bDowngraded one level for imprecision: 26 participants, according to the authors of the juvenile dermatomyositis study, there was a high variation in aerobic fitness and disease
characteristics between the participants at baseline.
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BACKGROUND

Description of the condition

The term 'muscle disease' comprises a large group of conditions.
Skeletal muscles are primarily affected, but in some disorders
other organ systems may also be involved. Most conditions are
progressive, causing the muscles to gradually weaken over time.
When a person is diagnosed as having a muscle disease, questions
arise about the prognosis, possible interventions, and genetics.
However, people with muscle disease are usually also concerned
about everyday issues, such as participation in sports, work and
hobbies. To answer these concerns, there is a need for controlled
trials of aerobic exercise and strength training in people with a
muscle disease.

Description of the intervention

Training, or physical fitness training is defined as a planned,
structured regimen of regular physical exercise deliberately
performed to improve one or more of the following components
of physical fitness: cardiorespiratory fitness, body composition,
muscle strength and endurance, and flexibility (Garber 2011).

Strength training is defined as a systematic programme of exercises
designed to increase an individual's ability to exert or resist force
using, for example, weights, weight machines or elastic cords
(Garber 2011).

Aerobic exercise training, or cardiorespiratory fitness training, is
defined as training that is designed to improve the capacity and
efficiency of aerobic energy-producing systems and is effective for
improving cardiorespiratory endurance. It consists of an activity
or combination of activities that uses large muscle groups, can
be maintained continuously, and is rhythmical and aerobic in
nature, for example walking, running, cycling, rowing, aerobic
dance exercise, or swimming (Garber 2011).

How the intervention might work

A progressive loss of muscle strength and muscle endurance
is common in people with muscle disease and often leads
to loss of functional abilities and mobility. Pain and fatigue
may also be common symptoms, all of which contribute to a
decreased quality of life. Low physical activity levels may lead
to even more deconditioning, greater weakness and atrophy of
skeletal muscles, which cause a vicious circle of disuse and
increased fatigue (McDonald 2002). In healthy people, the best
intervention to improve strength and cardiorespiratory function is
physicaltraining. Strength training or aerobic exercise programmes
in people with muscle disease might maximise muscle and
cardiorespiratory function and prevent additional disuse atrophy
(Vignos 1983). The question of whether muscle exercise is beneficial
or harmful for people with muscle disease has been debated
for many years. In the past, reports of progression of weakness
after exercise in people with myopathies have encouraged a
cautious approach to training (Johnson 1971; Fowler 1984; Brouwer
1992). Traditionally, many people with a muscle disease were
advised to avoid physical exertion (Fowler 1982). However, the
previous update of this review showed that moderate-intensity
strength training in myotonic dystrophy and facioscapulohumeral
dystrophy (FSHD), and aerobic exercise training in dermatomyositis
and polymyositis and myotonic dystrophy appeared to do no harm,
but there was insufficient evidence to conclude that they offered

benefit. Moreover, it showed that in mitochondrial myopathy,
aerobic exercise combined with strength training may be effective
in increasing submaximal endurance capacity. Limitations in the
design of studies in other muscle diseases prevented more general
conclusions in these disorders. Although the number of exercise
studies in people with a muscle disease is now gradually increasing,
the overall number of studies is still scarce.

Why it is important to do this review

In this review, we systematically analysed evidence from
randomised controlled trials (RCTs) and quasi-RCTs on the
effectiveness and safety of strength training and aerobic exercise
training in people with specified muscle diseases. The review was
first published in 2005 (Van der Kooi 2005), and previously updated
in2010 and 2013 (Voet 2010a; Voet 2013). We undertook this update
to incorporate evidence from recent trials in this active area of
research.

OBJECTIVES

To assess the effects (benefits and harms) of strength training and
aerobic exercise training in people with a muscle disease.

METHODS

Criteria for considering studies for this review
Types of studies

We included all RCTs, quasi-RCTs, or cross-over RCTs that made any
of the following comparisons:

« strength training versus no training;
« aerobic exercise training versus no training;

« combined strength training and aerobic exercise versus no
training.

Quasi-RCTs are trials that allocate participants to experimental
or control groups based on a method that is not truly random.
The method of allocation is known, but is not considered strictly
random, for example, it may be based on a hospital record
number or date of birth. (There is a greater risk of selection
bias in quasi-randomised trials where allocation is not adequately
concealed compared with randomised controlled trials with
adequate allocation concealment.) We included eligible studies
regardless of publication status or language of publication.

Types of participants

We selected all trials that included participants with a well-
described diagnosis of a muscle disease, such as inflammatory
myopathies, metabolic myopathies, muscular dystrophies, muscle
diseases with myotonia. We decided not to include studies looking
at strength training or aerobic exercise training for people in
whom muscle weakness was not the primary feature, but might
have been secondary to chronic renal insufficiency, chronic heart
failure, renal or heart transplantation, or corticosteroid use. We
did not review the effects of respiratory muscle training. We did
not include studies regarding aerobic exercise training for McArdle
disease because there is a separate Cochrane Review available for
this metabolic myopathy (Quinlivan 2011). We excluded studies in
which participants had a variety of muscle diseases if we could
not obtain results for each condition separately. We assessed the

Strength training and aerobic exercise training for muscle disease (Review)
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diagnostic criteria of each study; diagnosis had to be confirmed by
muscle biopsy or genetic testing.

Types of interventions

To date, there is no evidence or recommendation for a minimum
duration of training in muscle disease. However, in the first six
weeks, the change in muscle strength or aerobic capacity is
generally caused by neural adaptation. Therefore, we included all
forms of strength training and aerobic exercise training lasting at
least six weeks.

We excluded studies using a within-participant design, with the
non-exercised limb as a control. If exercises are performed to
increase muscle strength on one side of the body, voluntary
strength can increase on the contralateral side. This concept is
called cross-education, and has been described with different
forms of exercises. A meta-analysis of 16 randomised studies
concluded that, on average, the magnitude of cross-education
is eight per cent of the initial strength of the untrained limb
(Munn 2004). Neural adaptations to training and learning effects
due to testing are postulated as explanations (Sale 1988; Shima
2002; Munn 2005; Lee 2007 ). Moreover, the results may well be
confounded by the presence of asymmetric weakness of both
limbs, as the absolute gain in muscle strength resulting from
strength training is related to pre-exercise muscle weakness (Kilmer
2002). For this reason, a non-exercised limb is not an appropriate
control, even if training is randomly assigned. For this reason, we
excluded studies using such a within-participant design.

Types of outcome measures
Primary outcomes

Primary outcome measure specific to strength training:

« muscle strength, expressed as change in measures of static
(i.e. isometric) or dynamic strength between baseline and post-
training/control period.

Primary outcome measure specific to aerobic exercise training:

« aerobiccapacity, expressed as change in measures of (physical)
work capacity between baseline and post-training/control
period.

Secondary outcomes

Secondary outcome measure specific to strength training:

« muscle endurance or muscle fatigue, expressed as change
between baseline and post-training/control period.

Secondary outcome measure specific to aerobic exercise training:

« aerobic capacity, expressed in measures of oxygen
consumption, parameters of cardiac function or parameters
of respiratory function, expressed as change between baseline
and post-training/control period.

Secondary outcome measures applicable to both strength training
and aerobic exercise training, expressed as change between
baseline and post-training/control period:

« timed-scored functional assessments of muscle
performance, such as a six-minute walk test (Florence 2008);

+ quality-of-life measures, such as the Short Form 36 (SF-36)
Health Survey (Ware 2000);

« pain assessed by an analogue pain scale (Kahl 2005);

« experienced fatigue, assessed by questionnaires, e.g. Checklist
Individual Strength (CIS-fatigue; Vercoulen 1999);

Secondary outcome measures specific to assess the safety of the
interventions:

« parameters of muscle membrane permeability (serum
creatine kinase (CK) level, myoglobin level);

+ adverse effects requiring withdrawal of the participant
from the study, for example, acute rhabdomyolysis, increasing
muscle pain, injury, etc.

We compared data on outcome measures at baseline with those
obtained after at least six weeks of training. When there were
assessments at more than one time (e.g. during the intervention,
after cessation of the intervention), our preference was for data on
outcome measures obtained at the end of the intervention. When a
trial measured an outcome in multiple ways, we reported them all.

We did not use the reporting of specific outcomes as a study
selection criterion.

Search methods for identification of studies
Electronic searches

We searched the following databases:

« the Cochrane Neuromuscular Specialised Register via the
Cochrane Register of Studies (CRS-Web; 16 November 2018;
Appendix 1);

« the Cochrane Central Register of Controlled Trials (CENTRAL) via
the Cochrane Register of Studies (CRS-Web; 16 November 2018;
Appendix 1);

« MEDLINE (1946 to 15 November 2018; Appendix 3);

« Embase (1974 to 15 November 2018; Appendix 4);

+ CINAHL (1937 to November 2018; Appendix 5);

« World Health Organization International Clinical Trials Registry
Platform (apps.who.int/trialsearch; searched 22 December
2018; Appendix 6);

« US National Institutes of Health Ongoing Trials
Register ClinicalTrials.gov (www.clinicaltrials.gov; searched 22
December 2018; Appendix 7).

Searching other resources

We reviewed the bibliographies of the trials identified and other
reviews of the subject, and contacted some of the authors in the
field to clarify trial eligibility or to identify additional published and
unpublished data.

Data collection and analysis
Selection of studies

Two review authors (Voet, Van der Kooi) independently checked the
references identified by the search strategy. We obtained the full
text of all potentially relevant studies for independent assessment
by both review authors. We decided which trials fitted the inclusion
criteria. We resolved disagreements through discussion, and a third
review author (Geurts) acted as arbitrator where necessary.
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Data extraction and management

We collected study data in sufficient detail to complete
Characteristics of included studies tables: details of participants,
interventions and comparators, outcomes and study design. We
also collected details of funding source for each study and the
declarations of interest for the primary investigators.

Two review authors (Voet, Van der Kooi) independently extracted
the data from the included trials onto a specially designed
data extraction form, and graded the risk of bias and certain
other aspects of the design of the included trials. We resolved
disagreements through discussion, and a third review author
(Geurts) acted as arbitrator where necessary. Authors of primary
studies did not extract data from their own studies. Voet entered
data into Review Manager 5 (RevMan 5) and Van der Kooi checked
the data entry (Review Manager 2014).

Assessment of risk of bias in included studies

Two review authors (Voet, Van der Kooi) independently
assessed the risk of bias in included studies according to
guidance in the Cochrane Handbook for Systematic Reviews of
Interventions (Higgins 2011a). We assessed the included studies
for randomisation sequence generation, allocation concealment,
blinding (participants and outcome assessors), incomplete
outcome data, selective outcome reporting and other sources of
bias. When there was uncertainty, we contacted study authors for
clarification. We resolved disagreements about fulfilment of 'Risk
of bias' criteria by discussion between the two review authors. We
made a judgement on each of the 'Risk of bias' criteria, of 'high
risk of bias', 'low risk of bias' or 'unclear risk of bias' Whenever
characteristics of study design or dropout rates were likely to cause
a highrisk of bias, we planned to make a note of this and investigate
the possibility of differences in treatment effects varying with the
degree of this problem.

Measures of treatment effect

When possible we expressed the results as mean differences (MD)
with 95% confidence intervals (Cl) for continuous outcomes, and
risk ratios (RR) with 95% Cl for dichotomous outcome measures.

When studies used a variety of instruments (for example rating
scales) to measure the same continuous outcome, we calculated
standardised mean differences (SMDs) with corresponding 95% Cls
instead of MDs. We took data from the post-training and post-
control period measurements.

For the interpretation of the Cohen’s SMD, we used a rule of thumb
to interpret the magnitude of effect for the SMD using the following
criteria (Schiinemann 2011a):

o lessthan 0.40 represents a small effect;
« 0.40t0 0.70 represents a moderate effect;
« greater than 0.70 represents a large effect.

Unit of analysis issues
Cross-over trials

The effects of an intervention given in one period persist into
a subsequent period. A major concern of cross-over trials is the
potential for carry-over effect. This occurs when an effect (e.g.
pharmacological, physiological, psychological) of treatment in the

first phase is carried over to the second phase. As a consequence
of entry to the second phase, participants can differ systematically
from their initial state despite a wash-out phase (Higgins 2011b).
As the effects of training given in one period can persist into a
subsequent period, we only used data from eligible randomised
cross-over studies up to the point of first cross-over. We did not
consider data from the subsequent (second) period of cross-over
trials for analysis.

Studies with multiple treatment groups

Where multiple trial arms are reported in a single trial, we will
include only the data for interventions eligible for inclusion in
this review. If more than one comparison (e.g. treatment A versus
placebo and treatment B versus the same placebo group) are
combined in the same meta-analysis, we will follow guidance in the
Cochrane Handbook for Systematic Reviews of interventions, and, for
example, combine groups to create a single pair-wise comparison
where clinically appropriate, or split the shared group into two or
more groups (Higgins 2011b).

Dealing with missing data

We sought relevant missing data by contacting the primary study
author or the corresponding study author. To optimise the strategy
for dealing with missing data, we used an intention-to-treat (ITT)
analysis when possible. ITT analysis includes all participants,
including those who did not receive the assigned intervention
according to the protocol as well as the participants who were lost
to follow-up. We investigated attrition rates, for example dropouts
and withdrawals, to optimise data analyses.

Assessment of heterogeneity

We assessed heterogeneity both by visual inspection of the
forest plots and by a formal statistical test for heterogeneity,
that is, the Chi? test and the I? statistic (Higgins 2003). As
recommended in the Cochrane Handbook for Systematic Reviews
of Interventions, we interpreted an 1? value from 0% to 40% as
might “not be important”; from 30% to 60% as may represent
“moderate” heterogeneity; from 50% to 90% as may represent
“substantial” heterogeneity; and from 75% to 100% as representing
“considerable” heterogeneity (Deeks 2011). We considered P values
less than 0.10 to be statistically significant heterogeneity. When
we found heterogeneity, we assessed potential reasons for the
differences by examining the study characteristics.

Data synthesis

We performed analyses according to Cochrane recommendations
(Deeks 2011). We combined trial results for appropriate pairings
of treatments using the Cochrane statistical package RevMan 5
(Review Manager 2014). Even though the outcome measures used,
as well as the type and duration of intervention, might differ, we
adapted, if applicable, the pooled SMD as an overall measure of
the effect. We excluded studies at high risk of bias from the meta-
analysis (other than a high risk of performance bias, which is a
feature of most or all exercise studies). In the presence of small
sample bias, the random-effects estimate of the intervention is
more beneficial than the fixed-effect estimate (Deeks 2011). We
reported data narratively in the absence of meta-analysis.
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'Summary of findings' tables

We described the main outcome differences between study groups
in the 'Summary of findings' tables for all studies except for studies
with a high risk of bias. We included the following outcomes:

« muscle strength, expressed as change in measures of static (i.e.
isometric) or dynamic strength;

« aerobic capacity, expressed as change in measures of (physical)
work capacity;

Weincluded the following outcomes (expressed as change between
baseline and post-training control period)

« timed-scored functional assessments of muscle

performance, such as a six-minute walk test;
« quality-of-life measures, such as the Short Form 36 (SF-36)
Health Survey;

« pain, assessed by an analogue pain scale;

« experienced fatigue, assessed by questionnaires, e.g. Checklist
Individual Strength (CIS-fatigue);

« adverse effects requiring withdrawal of the participant from
the study.

When there were assessments at more than one time (e.g. during
the intervention, after cessation of the intervention), we took data
from the post-training and post-control period measurements.

We used the five GRADE considerations (study limitations,
consistency of effect, imprecision, indirectness and publication
bias) to assess the certainty of a body of evidence (studies
that contribute data for the prespecified outcomes). We used
methods and recommendations described in Chapters 11 and 12
of the Cochrane Handbook for Systematic Reviews of Interventions
(Schiinemann 2011a; Schiinemann 2011b), using GRADEpro
software (GRADEpro GDT). We considered RCTs as high-certainty
evidence if the five factors above were not present to any serious
degree, but downgraded the certainty to moderate, low or very
low. We downgraded evidence once if a given GRADE consideration
was serious and twice if very serious. We justified all decisions to
downgrade or upgrade the certainty of evidence using footnotes
and we made comments to aid readers' understanding of the
review where necessary. We downgraded underpowered studies, or
studies without power analysis, once for 'serious' imprecision,

No exercise guidelines exist for people with a muscle disease.
We therefore assessed the training programmes according to
the American College of Sports Medicine (ACSM) guidelines.
We provided a description of the training programmes in the
Characteristics of included studies.

Subgroup analysis and investigation of heterogeneity

We presented data forindividual muscle diseases separately. As the
pathophysiology of each muscle disease differs, we considered that
their reaction to training might be different.

We decided at protocol stage not to make subgroups based on sex
or age, for we expected that the large differences in disease severity
in a specific muscle disease would be of much more influence on
outcome than sex or age. Moreover, the ACSM state in their Stand
Position (ACSM 1998), that relative improvements resulting from
aerobic and resistance training are similar for young and old, male
and female.

Where P value was less than 0.10 or I? statistic value greater than
50% (or both), we compared the fixed-effect estimate against the
random-effects model to assess the possible presence of small
sample bias (i.e. by which the intervention effect is more beneficial
in smaller studies) in the published literature. In addition, in the
case of statistical heterogeneity, we scrutinised the studies for
sources of clinical heterogeneity and methodological differences.

Sensitivity analysis

We plan to carry out the following sensitivity analyses if meta-
analysis is possible in future.

« Repeatthe analysis excluding unpublished studies (if there were
any)

+ Repeat the analysis excluding studies at high risk of bias (in any
domain)

« Repeat the analysis excluding other types of studies (e.g. to
determine the effects of borderline decisions on inclusion)

RESULTS

Description of studies
Results of the search

The searches for previous publications of this review found
approximately 7400 references in total. The previous version of
the review included five randomised trials. The database searches
for this update found 628 new references, reduced to 492 after
deduplication. We found 19 records in other sources (see Figure
1 for a chart illustrating the study selection process (Moher
2009)). After assessing the titles and abstracts, we identified 78
articles for potential inclusion: 32 articles describing completed
trials that studied strength training as an intervention, 27 that
studied aerobic exercise training, and 19 that studied combined
strength training and aerobic exercise, sometimes incorporated
in more comprehensive rehabilitation programmes. From these
we selected 10 new articles reporting nine new studies for
inclusion at this update. Most strength training studies included
people with the following muscle diseases: slowly progressive
dystrophies (mostly myotonic dystrophy and facioscapulohumeral
muscular dystrophy (FSHD)) and in the older studies, non-specified
progressive muscular dystrophies and inflammatory myopathies.
Studies on the effects of aerobic exercise training mainly included
people with slowly progressive dystrophies and inflammatory
and metabolic myopathies (mostly unspecified mitochondrial
myopathies).
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Figure 1. Study selection flow diagram
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Only 16 studies were RCTs making a comparison between training
and non-training participants (Lindeman 1995; Wiesinger 1998a;
Wiesinger 1998b; Van der Kooi 2004; Cejudo 2005; Dawes 2006;
Kierkegaard 2011; Aldehag 2013; Jansen 2013; Munters 2013;
Voet 2014; Alexanderson 2014; Andersen 2015; Bankolé 2016;
Habers 2016; Andersen 2017). Regrettably, the extension of the
initially randomised, controlled, six-week aerobic exercise study
in people with dermatomyositis and polymyositis by Wiesinger
and colleagues lost its randomised controlled design due to a
decision of the ethics committee, so we had to exclude it (Wiesinger
1998b). We also excluded a randomised controlled strength
training combined with aerobic exercise study that compared
eight weeks of walking and strengthening exercises to no training

in 20 participants with different muscle diseases, as both study
groups consisted of participants with various muscle diseases and
the study authors did not present outcome measures for each
condition separately (Dawes 2006). As the pathophysiology of each
muscle disease differs, their reaction to training might be different.
Itis not known if the effect of strength training and aerobic exercise
training is the same for every muscle disease. Therefore, data
should be presented and analysed for each disease individually,
and the power should be sufficient for each individual disorder.
For this reason, we cannot draw any conclusions with regard to
the effect of exercise training for each specific muscle disease in
the study. Finally, the report provided no specific details about the
exercise programme and the risk of bias of the study was high.
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In conclusion, we included a total of 14 studies: three strength
training studies (Lindeman 1995; Van der Kooi 2004, Aldehag 2013);
five aerobic exercise studies (Wiesinger 1998a; Jansen 2013; Voet
2014; Andersen 2015; Andersen 2017); and six strength training
combined with aerobic exercise studies (Cejudo 2005; Kierkegaard
2011; Munters 2013; Alexanderson 2014; Bankolé 2016; Habers
2016) (see Characteristics of included studies).

Included studies

See Characteristics of included studies.

Strength training studies

Lindeman 1995 compared the effect of 24 weeks of training versus
no training in 36 adults with myotonic dystrophy and 30 adults
with hereditary motor and sensory neuropathy types | or II. As this
review is concerned with muscle disease, we have not discussed
the results of the hereditary motor and sensory neuropathy
participant group. Participants were recruited via neurologists,
physiatrists, and the Dutch association for neuromuscular diseases
(Spierziekten Nederland), and were selected on clinical grounds,
without genetic verification.

Van der Kooi 2004 compared 52 weeks of strength training versus
no training in a factorial study that also compared albuterol with
placebo after the first 26 weeks of training in 65 adults with FSHD.
Participants or a first-degree relative had to have the associated
deletion at chromosome 4 (described by Deidda 1996), and clinical
symptoms of FSHD. We only discuss the results for the comparison
of strength training versus no training (35 adults with FSHD).

Aldehag 2013 was a cross-over trial that compared 12 weeks
of hand training versus no training in 35 adults with myotonic
dystrophy type 1. We have only included data from the first period
in the analysis. The diagnosis was genetically confirmed in all
participants.

None of the training schemes used in the strength training studies
were adequate with respect to the number of muscle groups
trained, as the ACSM recommends eight to 10 exercises of all the
major muscle groups. Only four muscle groups were trained in the
Lindeman 1995 myotonic dystrophy study and two muscle groups
were trained in the Van der Kooi 2004 FSHD strength training study.
The Aldehag 2013 myotonic dystrophy study consisted of strength
training only of hand muscles. A physiotherapist supervised the
training in Lindeman 1995 and Van der Kooi 2004, and in Aldehag
2013, an occupational therapist supervised training.

Aerobic exercise training studies

Wiesinger 1998a was an aerobic exercise study that compared six
weeks of cycle and step aerobic exercise with no training in nine
adults with dermatomyositis and five adults with polymyositis.
All the participants had an established diagnosis of primary
inflammatory muscle disease, as defined by the established criteria
of Bohan and Peter (Bohan 1975a; Bohan 1975b), with a disease
duration of at least six months. Muscle biopsies, electromyograms
and laboratory studies had been performed in all participants to
establish the diagnosis. We therefore considered the quality of the
diagnostic criteria to be adequate.

Jansen 2013 compared 24 weeks of assisted bicycle training of the
arms and legs with no training in 30 boys with Duchenne muscular

dystrophy (DMD), all of whom had a DNA-established diagnosis of
DMD.

Voet 2014 compared 16 weeks of cycling exercises with no training
in a factorial trial, which also compared 16 weeks of cognitive
behaviour therapy in 57 adults with FSHD. We only discussed
the results for cycling exercises versus no training comparison in
this review. Participants or a first-degree relative had to have the
associated deletion at chromosome 4 (Deidda 1996), and clinical
symptoms of FSHD.

Andersen 2015 compared 12 weeks of aerobic training with a
placebo supplement versus no training in a factorial trial in 41
adults with FSHD that also included a group of participants with
training and a protein supplement. This review only discusses
the results for the comparison of aerobic training with a placebo
supplement versus no training. Participants had clinical symptoms
of FSHD, and they or a first-degree relative had to have the
associated deletion at chromosome 4 (Deidda 1996).

Andersen 2017 compared eight weeks of high-intensity cycling
exercises versus no training in 13 adults with FSHD, followed by
eight weeks of unsupervised training. We have only discussed the
results of the first eight weeks' training in this review. Participants
had clinical symptoms of FSHD, and they or a first-degree relative
had to have the associated deletion at chromosome 4 (Deidda
1996).

The training programmes of all FSHD studies (Voet 2014; Andersen
2015; Andersen 2017), and the Wiesinger 1998a dermatomyositis
and polymyositis study fulfilled most of the minimum requirements
for aerobic exercise in healthy people, as defined by the ACSM
Position Stand (Garber 2011). In Wiesinger 1998a the training
frequency in the first two weeks was only twice a week, and in
Andersen 2015, once to twice a week, but frequency increased
to three times a week in the remaining four weeks. According to
the ACSM, (healthy) children and adolescents should participate in
activities that promote muscle strength on two or three days per
week (ACSM 2015). In the DMD study, however, the duration of each
training session was only 15 minutes, with a frequency of five days
a week (Jansen 2013).

In the Andersen 2015 aerobic exercise in FSHD study, participants
were supervised via phone calls. In the Jansen 2013 DMD study,
parents or teachers or both were instructed to assist the boys.
Training intensity and posture were monitored and adjusted by
the primary investigator, if necessary. In the Andersen 2017 FSHD
study, participants received live instructions from an unknown
professional. In Wiesinger 1998a and Voet 2014 a physiotherapist
supervised the training.

Combined aerobic exercise and strength training studies

Cejudo 2005 was a combined aerobic exercise and strength
training study that compared 12 weeks of cycle exercises and
dynamic and isokinetic strength training to no training in 18
adults with mitochondrial myopathy. Diagnosis was based on
clinical and muscle biopsy data. Biopsy findings were determined
by biochemical and histological techniques, without genetic
verification. One participant in each group had only a probable
diagnosis of mitochondrial myopathy.

Kierkegaard 2011 compared 14 weeks of balance exercises,
aerobic activities, flexibility exercises, strength exercises, and brisk
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walks versus no training in 35 people with genetically-confirmed
myotonic dystrophy type 1.

Munters 2013 compared 12 weeks of cycle exercises and
endurance exercises of the knee extensors versus no training
in 12 adults with dermatomyositis and 11 adults with
polymyositis. Two publications described the same RCT but
included different numbers of participants. According to the study
author, one publication focused on microdialysis data. Because
microdialysis membranes broke inside the muscles, data from
some participants needed to be excluded, which explains the
apparent discrepancy. Participants had a diagnosis of definite or
probable dermatomyositis or polymyositis (Bohan 1975a; Bohan
1975b).

Alexanderson 2014 compared a 24-week resistive home exercise
programme and brisk walking with range of motion exercises
in nine adults with dermatomyositis and 10 adults with
polymyositis. Participants had a diagnosis of definite or probable
dermatomyositis or polymyositis according to established criteria
(Bohan 1975a; Bohan 1975b).

Bankolé 2016 compared 24 weeks of strength training, high-
intensity interval, and low-intensity aerobic training to no training
in 16 adults with FSHD. Participants had clinical symptoms of FSHD
and they or a first-degree relative had to have the associated
deletion at chromosome 4 (Deidda 1996).

Habers 2016 compared 12 weeks of treadmill interval training
and strength exercises with usual care in 26 children and
adolescents with juvenile dermatomyositis (see Characteristics
of included studies). Participants were diagnosed with juvenile
dermatomyositis by a paediatric rheumatologist/immunologist,
according to the Bohan and Peter criteria (Bohan 1975a; Bohan
1975b).

The aerobic exercise part of the combined aerobic exercise
and strength training studies (Cejudo 2005; Kierkegaard 2011;
Munters 2013; Alexanderson 2014; Bankolé 2016; Habers 2016),
were all congruent with the ACSM guidelines (Garber 2011). In
the myotonic dystrophy study, the intervention consisted of a
comprehensive group exercise training programme supported by
music (Kierkegaard 2011).

In the Alexanderson 2014 dermatomyositis and polymyositis study,
participants were supervised by phone calls. In the mitochondrial
myopathy study (Cejudo 2005), there was no published information
regarding supervision. In all other studies, a physiotherapist
supervised the training (Kierkegaard 2011; Munters 2013; Bankolé
2016).

The strength training part of the Kierkegaard 2011 combined
aerobic exercise and strength training study in myotonic dystrophy
met the requirements of the ACSM guidelines (Garber 2011).
The study author could not give the exact training load of each
strength training exercise as a percentage of repetition maximum
(RM), as it was not tested that way. However, all major muscle
groups were trained: arm, back, leg and abdominal muscles
(Kierkegaard 2011). Only three muscle groups were trained in the
mitochondrial myopathy study (Cejudo 2005). Alexanderson 2014,
the dermatomyositis and polymyositis study, defined the exercise
intensity level only for the aerobic walks, not for the resistive home
exercise programme.

All studies except the Kierkegaard 2011 myotonic dystrophy
type | study and the Alexanderson 2014 dermatomyositis and
polymyositis study focused on a limited number of muscle groups.

Although there is no single optimal combination of sets and
repetitions for strength training in children and adolescents, one to
three sets of six to 15 repetitions performed two to three times per
week on nonconsecutive days is reasonable, according to the ACSM
(Faigenbaum 2017). The Habers 2016 juvenile dermatomyositis
study fulfilled these requirements and focused on the proximal
muscle groups, since these tend to be most affected in juvenile
dermatomyositis. The training was supervised by a physiotherapist
or researcher.

Excluded studies

We excluded 62 studies because there was no randomised
controlled comparison between training and non-training
participants, and six RCTs that made a comparison between two
different training regimes (see Characteristics of excluded studies).

Ongoing studies

The database searches for this update found six ongoing studies:
one strength training study in people with sporadic inclusion body
myositis (Jorgensen 2016), one strength training study in DMD
(NCT02421523), one aerobic exercise study in oculopharyngeal
muscular dystrophy (NCT02158156), one aerobic exercise study in
myotonic dystrophy type 1 (Van Engelen 2015), and two aerobic
exercise studies in participants with (mixed) neuromuscular
diseases (Veenhuizen 2015; Wallace 2016).

Risk of bias in included studies

The 'Risk of bias' assessments across included studies are
displayed graphically in Figure 2 and Figure 3.
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Figure 2. 'Risk of bias' summary: review authors' judgements about each 'Risk of bias' item for each included study
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Figure 3. 'Risk of bias' graph: review authors' judgements about each 'Risk of bias' item presented as percentages

across all included studies
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Allocation

Seven studies described the methods used for generation of the
randomisation sequence as well as for allocation concealment
and we judged them to have a low risk of bias (Lindeman 1995;
Kierkegaard 2011; Aldehag 2013; Alexanderson 2014; Voet 2014;
Bankolé 2016; Habers 2016). We judged two studies to be at unclear
risk of selection bias because they failed to adequately report
the methods used to generate a random sequence (Wiesinger
1998a; Munters 2013). We judged three studies to be at unclear
risk of selection bias because they failed to adequately report the
methods of allocation concealment (Wiesinger 1998a; Van der Kooi
2004; Cejudo 2005). We rated three studies at high risk of selection
bias as they used a quasi-randomisation method (Jansen 2013;
Andersen 2015; Andersen 2017). In two studies, the investigators
who enrolled and assigned participants were not blinded to the
allocation and these were at high risk of bias for allocation
concealment (Andersen 2015; Andersen 2017). The authors of the
Lindeman 1995 myotonic dystrophy study considered the baseline
comparability of the groups as suboptimal because the training
group had longer time scores for stair climbing (a measure of
functional ability) and had higher knee torques (a measure of
muscle strength). However, we considered the way the authors
presented and discussed the baseline differences as adequate.

Blinding
Performance bias

None of the studies was obviously blinded for group assignment, as
it is impossible to blind exercise training compared to no exercise
training, so we judged all studies at high risk of bias. In Jansen 2013,
two boys were originally allocated to the intervention group, but
moved to the control group after trying the intervention.

Detection bias

Five studies were at high risk of detection bias as neither
participants nor outcome assessors were blinded to the exercise
intervention (Cejudo 2005; Jansen 2013; Andersen 2015; Bankolé
2016; Andersen 2017). In one study, there was only published

information about blinding of the assessor of one measurement
and we judged it at unclear risk of detection bias (Wiesinger 1998a).
Eight studies were at low risk of detection bias (Lindeman 1995;
Van der Kooi 2004; Kierkegaard 2011; Aldehag 2013; Munters 2013;
Alexanderson 2014; Voet 2014; Habers 2016).

Incomplete outcome data

We considered six studies to be at low risk of attrition bias, as
they had no missing data, low rates of missing data (10% or less)
that were evenly distributed across groups, or the study authors
performed an ITT analysis (Van der Kooi 2004; Kierkegaard 2011,
Aldehag 2013; Voet 2014; Habers 2016; Wiesinger 1998a).

Poor adherence, compliance, or both, is another potential source
of bias in exercise studies. In six studies, the dropout rate was
high: up to 39% (Lindeman 1995; Cejudo 2005; Aldehag 2013;
Voet 2014; Andersen 2015; Bankolé 2016). In the Alexanderson
2014 dermatomyositis and polymyositis study, there was no
objective assessment of physical activity or exercise level to
ensure compliance. In seven studies, analysis was not done by
ITT (Lindeman 1995; Cejudo 2005; Jansen 2013; Munters 2013;
Andersen 2015; Bankolé 2016; Andersen 2017). We judged the risk
of bias as unclear in Cejudo 2005 and Alexanderson 2014, and as
high in the other six studies (Lindeman 1995; Jansen 2013; Munters
2013; Andersen 2015; Bankolé 2016; Andersen 2017).

Selective reporting

Five studies referenced published protocols, and when we checked
these against the published results, we found that reporting was
adequate, and so our judgement was low risk of bias (Jansen 2013;
Voet 2014; Andersen 2015; Habers 2016; Andersen 2017). In five
studies, although RCT protocols were not available, it was clear
that published reports included all expected outcomes and these
studies were also at low risk of bias (Van der Kooi 2004; Kierkegaard
2011; Aldehag 2013; Alexanderson 2014; Bankolé 2016).

Munters 2013 changed the primary outcome on the basis of a
prespecified interim analysis, and we considered the risk of bias
unclear. Three studies were at high risk of bias. In two of them,
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the study authors defined no primary or secondary outcomes
(Wiesinger 1998a; Cejudo 2005), and in the third, the authors stated
that they selected a time point for reporting on the basis of "the
most relevant differences between groups" (Lindeman 1995). .

Other potential sources of bias

All but one study was at low risk from other potential sources of
bias. Aldehag 2013 was a study of strength training in myotonic
dystrophy study, which had a cross-over design. A cross-over trial
has various weaknesses: participants dropping out after the first
period complicating the ITT analysis, and carry-over effects of
treatment across study periods. Therefore, we only included data
from the first period in this review and considered the study at high
risk of other bias.

Effects of interventions

See: Summary of findings for the main comparison Strength
training compared to no training for myotonic dystrophy;
Summary of findings 2 Strength training compared to no
training for facioscapulohumeral muscular dystrophy; Summary
of findings 3 Aerobic exercise compared to no training for
dermatomyositis and polymyositis; Summary of findings 4
Aerobic exercise compared to no training for Duchenne muscular
dystrophy (DMD); Summary of findings 5 Aerobic exercise
compared to no training for facioscapulohumeral muscular
dystrophy; Summary of findings 6 Aerobic exercise and strength
training compared to no training for mitochondrial myopathy;
Summary of findings 7 Aerobic exercise and strength training
compared to no training for myotonic dystrophy type 1; Summary
of findings 8 Aerobic exercise and strength training compared to
no training for dermatomyositis and polymyositis; Summary of
findings 9 Aerobic exercise and strength training compared to no
training for facioscapulohumeral muscular dystrophy; Summary of
findings 10 Aerobic exercise and strength training compared to no
training for juvenile dermatomyositis

Judging the clinical meaningfulness and effect size of the mean
differences (MDs) was not straightforward, as there are no
internationally agreed standards on which level of change is
clinically meaningful or even which can be considered ’small’ or
'large’ in size.

Strength training versus no training in myotonic dystrophy

This comparison includes two studies with 36 and 35 participants,
respectively (Lindeman 1995; Aldehag 2013). See Summary of
findings for the main comparison. We intended to combine study
results for appropriate pairings of treatments by calculating a
mean of the difference between their effects using the Cochrane
statistical package RevMan 5 (Review Manager 2014). We were
unable to produce MDs and 95% Cls for Lindeman 1995, the
myotonic dystrophy study, because of the matched-pair design. We
therefore reported the findings of the study as given in the paper.

Primary outcome: muscle strength, expressed in measures of
static (i.e. isometric) or dynamic strength

Two studies reported this outcome (Lindeman 1995; Aldehag 2013).

Lindeman and colleagues measured differences in muscle strength
isokinetically, on a dynamometer as maximum concentric knee
torques at three velocities, and isometrically, as maximum
voluntary contraction (MVIC; Lindeman 1995). There were no

statistically significant differences in knee torques between the
training and control groups, as found with a paired t-test. After 24
weeks, the mean change in isokinetic knee torque extension was
5.3 (SD 12.9) Newton meters (Nm) in the training group and 1.4 Nm
(SD 8.2) in the control group, P = 0.34, 28 participants; low-certainty
evidence. One Newton is defined as the force that will accelerate a
mass of 1 kg at the rate of one meter per second per second. Mean
(SD) change in isokinetic knee torque flexion was 7.4 Nm (11.4)
in the training group and 3.7 Nm (8.6) in the control group, P =
0.34, 28 participants. Mean change in MVIC was 8.7 Nm (14.7) in the
training group and 6.6 Nm (11.0) in the control group (P = 0.67; 28
participants; low-certainty evidence, downgraded for imprecision
and study limitations (not shown in Summary of findings for the
main comparison)).

In Aldehag 2013, the primary outcome measures were hand-grip
and pinch-grip force measured with an electronic dynamometer,
which gave the average force in N over a period of 10 seconds.
Analysis showed no clear effect of strength training on hand
grip force after 12 weeks (MD 6.0 N, 95% Cl -6.7 to 18.7; 35
participants, very low-certainty evidence; Analysis 1.1) or on
pinch grip force (MD 1.0 N, 95% Cl -3.3 to 5.3; 35 participants,
very low-certainty evidence; Analysis 1.2). Secondary outcome
measures were isometric force in wrist flexors and wrist extensors
as measured with a hand-held myometer. Twelve weeks of strength
training had no clear effect on isometric wrist flexor force compared
to no training (MD 7.0 N, 95% CI -3.4 to 17.4; 35 participants,
very low-certainty evidence; Analysis 1.3). Twelve weeks of strength
trainingimproved isometric wrist extension force slightly compared
to no training (MD 8.0 N. 95% CI 0.7 to 15.3; 35 participants,
very low-certainty evidence; Analysis 1.4). The overall certainty
of evidence from Aldehag 2013 was very low, downgraded two
levels for imprecision and once for study limitations: the study was
underpowered (sample size 35) and blinding was not possible.

Secondary outcome measures

Muscle strength, expressed in measures of endurance or muscle
fatigue

Lindeman 1995 measured endurance as maximum duration of knee
flexion and extension contraction at 80% of MVIC on an isokinetic
dynamometer. After 24 weeks, the change in MVIC for the control
group was —7.4 s (SD 12.0) and for the training group 5.7 s (SD 17.0;
P =0.09, 36 participants; very low-certainty evidence, downgraded
for imprecision and very serious study limitations). This difference
between groups was mainly due to a decrease in endurance in the
non-training group.

Aldehag 2013 did not provide data for this outcome.

Time-scored functional assessments of muscle performance

Functional assessments in Lindeman 1995 comprised the following
time-scored activities: ascending and descending stairs, rising from
a chair, rising from supine, walking 50 m as fast as possible, and
walking 6 m at natural speed. They reported no clear differences
in change in the functional outcome measures after 24 weeks
(very low-certainty evidence; downgraded for imprecision and very
serious study limitations; Table 1).

Aldehag 2013 did not provide data for this outcome.
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Quality-of-life measures

No data were provided for this outcome (Lindeman 1995; Aldehag
2013).

Pain assessed by an analogue pain scale

Lindeman 1995 and Aldehag 2013 did not provide data for this
outcome.

Experienced fatigue

Lindeman 1995 and Aldehag 2013 did not provide data for this
outcome.

Parameters of muscle membrane permeability

Lindeman 1995 assessed serum myoglobin levels just before and
one hour after the measurement session at the baseline visit and
at the final visit in 36 participants. Changes in serum myoglobin
activity one hour after a standardised test should reflect changes in
muscle fibre permeability due to muscle damage. The meanrise in
serum myoglobin levels did not differ between the training and the
non-training group (31 participants; Table 2).

Aldehag 2013 did not provide data for this outcome.

Adverse effects requiring withdrawal of the participant from the study

In Lindeman 1995 (36 participants), study authors report "No
serious side effects of the training occurred." “One MyD [myotonic
dystrophy] patient stopped training during the second training
period on the advice of his general practitioner because of back
complaints. This patient also failed to attend the last test session
because of knee problems." These appear not to have been
considered adverse events leading to withdrawal.

A few participants in Lindeman 1995 complained of muscle
soreness and transient strength reduction after eight weeks.
However, no signs of muscle damage were found at the final visit
after 24 weeks.

Aldehag 2013 (35 participants) did not find other signs of overuse,
such as a decline in strength measures.

Strength training versus no training in facioscapulohumeral
muscular dystrophy (FSHD)

This comparison includes one study with 35 participants (Van der
Kooi 2004). See: Summary of findings 2.

The certainty of evidence for all outcomes from the Van der Kooi
2004 study was low; we downgraded one level for imprecision and
one level for study limitations, as blinding was not possible.

Primary outcome: muscle strength, expressed in measures of
static (i.e. isometric) or dynamic strength

The primary outcome measure in the Van der Kooi 2004 FSHD
strength training study was the change in maximum voluntary
isometric strength of the elbow flexors and ankle dorsiflexors,
measured on a Quantitative Muscle Assessment fixed myometry
testing system.

After 52 weeks, strength training had no clear effect on isometric
strength of the elbow flexors (MVIC) compared to no training (MD
for the right side 0.5 kgF, 95% CI 0.8 to 1.8; 35 participants, low-
certainty evidence; Analysis 2.1). One kgF is 9.8 N.

Van der Kooi 2004 evaluated dynamic strength using the one-
repetition maximum (1RM), which is the weight a person can lift
once, but not twice, at a steady controlled pace through the full
range of joint motion. After 52 weeks, there was no clear difference
in dynamic strength of the elbow flexors in the training group
compared to the non-training group (right side MD 1.2 kgF (95% ClI
-0.2 to 2.6; 35 participants, low-certainty evidence; Analysis 2.2).

Both strength measures of the ankle dorsiflexors decreased
significantly and markedly in all treatment groups after 52 weeks.
Training had no clear effect on isometric strength (MVIC) of the
ankle dorsiflexors (right side MD 0.4 kgF, 95% Cl -2.4 to 3.2; 35
participants, low-certainty evidence; Analysis 2.3) or on dynamic
strength of the ankle dorsiflexorsin 1RM (right side MD -0.4 kg, 95%
Cl -2.3 to 1.4;35 participants, low-certainty evidence; Analysis 2.4).

Differences between groups for the trained muscles on the left side
did not significantly differ from those on the right side after 52
weeks.

Secondary outcomes

Muscle strength, expressed in measures of endurance or muscle
fatigue

Muscle endurance was expressed as a Force-Time Integral (FTI30) of
a sustained 30 second maximal isometric contraction measured on
a Quantitative Muscle Assessment fixed myometry testing system
(Van der Kooi 2004). After 52 weeks of strength training, there was
no clear difference between the training group and the non-training
group in FTI30 of the elbow flexors and ankle dorsiflexors (low-
certainty evidence; Analysis 2.5; Analysis 2.6).

Time-scored functional assessments of muscle performance

The functional tests consisted of the assessment of a functional
upper extremity grade and functional lower extremity grade
(Personius 1994), and the following time-scored tasks: standing
from lying supine, standing from sitting, walking 30 feet (9.14 m),
and climbing three standard stairs (Personius 1994; Van der Kooi
2004). After 52 weeks, Van der Kooi 2004 reported no differences
between groups in functional assessments; 35 participants, low-
certainty evidence.

Quality-of-life measures

Van der Kooi 2004 assessed quality of life using the Sickness Impact
Profile (SIP). The mean total of the SIP and its subscales did not
demonstrate relevant or significant changes for either the training
or non-training groups. In addition, for both groups the mean SIP
total did not change between the baseline and final visit after 52
weeks (35 participants, low-certainty evidence).

Pain assessed by an analogue pain scale

Eleven out of 34 participants in the training group reported pain
in the neck and shoulder region to the physical therapist during
home visits (Van der Kooi 2004). Five people mentioned a period
with elbow complaints. However, the number of people with neck-
shoulder and elbow complaints did not differ between treatment
groups at baseline nor at the final visit. Moreover, the number
of participants with neck-shoulder and elbow complaints slightly
decreased in both groups. There was no clear difference between
the exercise and no-training group in the number of participants
with neck-shoulder complaints at the final visit (RR 1.0, 95%
Cl 0.7 to 1.6; 35 participants, low-certainty evidence) but more
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people had elbow complaints in the exercise group than in the
no-training group (RR 1.8, 95% Cl 0.2 to 19.1; 35 participants,
low-certainty evidence). Although not formally quantified, the
study authors mentioned that participants experienced no notable
muscle soreness after training. At the final visit, scores on the visual
analogue scale (VAS) for pain and the mean daily rated pain scores
did not demonstrate significant changes in either group.

Experienced fatigue

Van der Kooi 2004 measured experienced fatigue by the subscale
'fatigue severity' of the Checklist Individual Strength (CIS-fatigue).
Scores range from 7 (no fatigue) to 56 (worst fatigue). The mean
score on the CIS-fatigue did not change between the baseline and
final visit (52 weeks) for either group (35 participants, low-certainty
evidence).

Parameters of muscle membrane permeability

One participant stopped training because of recurring, training-
related muscle soreness and fatigue (Van der Kooi 2004). A
diagnostic work-up revealed a mitochondrial myopathy in addition
to FSHD.

Adverse effects requiring withdrawal of the participant from the study

There were no adverse events leading to withdrawal. Van der Kooi
2004 found neither signs of overuse, such as a decline in strength
measures, nor training-related increases in pain or fatigue (Van der
Kooi 2004; Voet 2014).

Aerobic exercise training versus no training in dermatomyositis
and polymyositis

We included one study with 14 participants in total in this
comparison (Wiesinger 1998a). See: Summary of findings 3.

The overall certainty of evidence from the Wiesinger 1998a study
was very low, downgraded by two levels for study limitations (see
Characteristics of included studies), one level for indirectness, as
there was no objective assessment of physical activity or exercise
level to ensure compliance, and one level for imprecision, as the
study had 14 participants. Therefore, the effect of aerobic training
in dermatomyositis and polymyositis for all the outcomes below,
based on this study, is uncertain.

Primary outcome measure: aerobic capacity, expressed in
measures of (physical) work capacity

Wiesinger 1998a did not provide data for this outcome.

Secondary outcome measures

Aerobic capacity, expressed in measures of oxygen uptake (i.e. VO,
max)

Wiesinger 1998a measured aerobic capacity during an incremental
cycle test on a cycle ergometer, defining maximal oxygen uptake
(VO, max) as the highest oxygen consumption obtained during
the symptom-limited exercise test. After six weeks, the effect of
aerobic exercise on the change in mean VO, max (mL/min/kg) was
uncertain (MD 14.6, 95% Cl -1.0 to 30.2; 14 participants, very low-
certainty evidence; Analysis 3.1).

Time-scored functional assessments of muscle performance

Wiesinger 1998a used the modified Functional Assessment
Screening Questionnaire (Millard 1989), for evaluating disability.
After six weeks, the effect of aerobic exercise training on disability
was uncertain (MD 17.6, 95% Cl -5.6 to 40.8; 14 participants, very
low-certainty evidence; Analysis 3.2).

Quality-of-life measures

Wiesinger 1998a did not provide data for this outcome.

Pain assessed by an analogue pain scale

Wiesinger 1998a did not provide data for this outcome.

Experienced fatigue

Wiesinger 1998a did not provide data for this outcome.

Parameters of muscle membrane permeability

Wiesinger 1998a took weekly measurements of serum levels of
creatine kinase (CK) and aldolase on Mondays after a weekend
recovery phase without exercise. After six weeks, the effect of
aerobic exercise training on change in serum CK level and serum
aldolase level (%) during the observation period was uncertain
(MD 7.9, 95% Cl -24.2 to 40.0;14 participants, very low-certainty
evidence; Analysis 3.3).

Adverse effects requiring withdrawal of the participant from the study

Wiesinger 1998a did not describe adverse effects.

Aerobic exercise training versus no training in Duchenne
muscular dystrophy

We included one study with 30 participants in this comparison
(Jansen 2013). See Summary of findings 4 and Table 3.

The overall certainty of evidence of the Jansen 2013 study was
very low, downgraded by two levels for serious study limitations
(see Characteristics of included studies) and by two levels for
imprecision, as we do not know if the sample size was sufficient.
Participants and outcome assessor had no information about
previous test results at each assessment, but were not blinded to
treatment allocation. Moreover, boys were originally allocated to
the intervention group, but replaced to the control group within
two weeks after trying the intervention. One boy discontinued the
training and assessment after 12 weeks and was excluded from
the analysis, so the analysis was not ITT. Therefore, the effect of
aerobic exercise training in Duchenne muscular dystrophy for all
the outcomes below, based on this study, is uncertain.

Primary outcome measure: aerobic capacity, expressed in
measures of (physical) work capacity

One of the primary outcomes was the assisted six-minute cycling
test (A6MCT). Jansen 2013 used the A6MCT to assess endurance
using both legs and arms. Participants were instructed to perform
as many revolutions as possible in six minutes. After a baseline
period of eight weeks, and 14 weeks of training, the effect of
aerobic exercise on the change in number of leg revolutions (MD
14.0, 95% Cl -89.0 to 117.0; 23 participants, very low-certainty
evidence; Analysis 4.4) and arm revolutions (MD 34.8,95% Cl -68.12
to 137.8; 23 participants, very low-certainty evidence; Analysis 4.5)
was uncertain. There is very serious imprecision.
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Secondary outcome measures

Muscle strength, expressed in measures of static (i.e. isometric) or
dynamic strength

Jansen 2013 scored muscle strength of the hip extensors, knee
extensors, ankle dorsiflexors, shoulder abductors and elbow
extensors bilaterally on the Medical Research Council (MRC) scale.
The baseline period was eight weeks, followed by 14 weeks of
training. There were small changes in muscle strength scores in
favour of the training group, but the evidence was uncertain: the
MRC sum score (MD 1.7, 95% ClI -1.9 to 5.3; 15 participants, very
low-certainty evidence; Analysis 4.1); lower limb score (MD 1.3,
95% Cl -1.5 to 4.1; 26 participants, very low-certainty evidence;
Analysis 4.2); and upper limb score (MD 0.40, 95% CI -1.42 to 2.22;
27 participants, very low-certainty evidence; Analysis 4.3).

Time-scored functional assessments of muscle performance

One of the primary outcome measures in Jansen 2013 was the
Motor Function Measure (MFM). The MFM assesses functional
abilities (range 0% to 100%) in three different dimensions; the
effect of aerobic exercise on all dimensions was uncertain. D1,
standing positions and transfers (MD 9.90, 95% Cl -8.78 to 28.58;
29 participants, very low-certainty evidence; Analysis 4.7); D2,
axial and proximal motor functions (MD 4.40, 95% Cl -6.21 to
15.01; 29 participants, very low-certainty evidence; Analysis 4.8);
and D3, distal motor function (MD 6.7%, 95% Cl 1.0 to 12.4;
29 participants, very low-certainty evidence; Analysis 4.9). The
statistically significant difference in D3 was partly due to a decrease
in distal motor function in the control group.

Secondary outcome measures for this study were timed tests: rise
from floor, 10-m run and 9-hole peg test. The effect of aerobic
exercise training for these secondary outcome measures was
uncertain (Analysis 4.10; Analysis 4.11; Analysis 4.12; respectively
12, 14 and 29 participants; very low-certainty evidence).

Quality-of-life measures

Jansen 2013 did not provide data for this outcome.

Pain assessed by an analogue pain scale

Jansen 2013 did not provide data for this outcome.

Experienced fatigue

Jansen 2013 did not provide data for this outcome.

Parameters of muscle membrane permeability

Jansen 2013 did not provide data for this outcome.

Adverse effects requiring withdrawal of the participant from the study

Jansen 2013 did not observe or report any serious adverse events.

During the training phase, postural adjustments were made in
three out of 24 participants who reported pain at the lateral side
of the knee or foot due to an external rotation of the hip during
training. In addition, one ambulant boy in the intervention group
had an inversion trauma of his ankle after 12 weeks of training and
subsequently stopped walking, but he continued cycling. Another
boy, who was wheelchair-dependent, fractured his femur after 12
weeks of training. This boy continued cycling with his arms and he
resumed cycling with his legs after three weeks of immobilisation.
Injuries were unrelated to the training activities (Jansen 2013).

Aerobic exercise training versus no training in
facioscapulohumeral muscular dystrophy (FSHD)

We included three studies with 57, 23 and 13 participants,
respectively, in this comparison (Voet 2014; Andersen 2015;
Andersen 2017). See: Summary of findings 5.

Primary outcome measure: aerobic capacity, expressed in
measures of (physical) work capacity

The Andersen 2015 and Andersen 2017 aerobic exercise studies
in FSHD defined the maximal workload as the highest workload
completed for at least 30 seconds in an incremental cycling test.
After 12 weeks of aerobic exercise training, the change in maximal
workload was greater in the training than the no-training group
(MD 21.5 W, 95% ClI 2.2 to 40.8; 19 participants, very low-certainty
evidence; Analysis 5.8; Andersen 2015). After eight weeks of high-
intensity-training, the change in mean maximal workload was also
greater in the training group (MD 18.8 W, 95% Cl 13.7 to 23.9; 12
participants, very low-certainty evidence; Analysis 5.9; Andersen
2017).

The Voet 2014 aerobic exercise in FSHD study did not provide data
for this outcome.

Secondary outcome measures

Aerobic capacity, expressed in measures of oxygen uptake (i.e. VO,
max)

Voet 2014 estimated VO, peak noninvasively with the Astrand test, a
submaximal cycling test. After 16 weeks, there was a slight increase
in aerobic capacity (change in VO, max) with training compared to
no training (MD 1.1 L/min, 95% CI 0.5 to 1.7; 38 participants, low-
certainty evidence; Analysis 5.12). Andersen 2015 and Andersen
2017 measured VO, max during an exhaustion incremental test
on a cycle ergometer, measuring gas exchanges and ventilation
continuously and presenting VO, max as 30-second average at peak
exercise. After 12 weeks of aerobic exercise training and eight weeks
of high-intensity training, respectively, the change in VO, peak was
greater with training in both studies (MD 3.6 mL/min/kg, 95% Cl 0.6
to 6.6; 19 participants, very low-certainty evidence; Analysis 5.10;
and MD 3.3 mL/min/kg, 95% Cl 2.5 to 4.1; 12 participants, very low-
certainty evidence; Analysis 5.11). Because of the overall high risk of
bias of both Andersen 2015 and Andersen 2017, we did not perform
a meta-analysis.

Muscle strength, expressed in measures of endurance or fatigue

Voet 2014 measured MVIC for the quadriceps using Quantitative
Muscle Assessment, calculating the average value of the left and
right quadriceps strength. After 16 weeks of training, there was no
clear difference in mean changes in quadriceps strength between
the training and no-training groups (MD 0.10, 95% CI -0.66 to 0.86;
52 participants; low-certainty evidence; Analysis 5.2).

Andersen 2015 measured static muscle strength of knee and elbow
flexion and extension with a custom-made dynamometer testing
box. After 12 weeks of aerobic exercise training, the effect on muscle
strength was uncertain and there was very serious imprecision
(Analysis 5.1; Analysis 5.3; Analysis 5.4; Analysis 5.5; 19 participants,
very low-certainty evidence).

Andersen 2017 assessed static muscle strength of hip flexion,
knee extension and knee flexion and elbow flexion by hand-held
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dynamometer. After eight weeks of high-intensity-training, changes
in muscle strength did not differ between groups (Analysis 5.6;
Analysis 5.7; 12 participants, very low-certainty evidence).

Because of the overall high risk of bias of Andersen 2015 and
Andersen 2017, we did not perform meta-analysis.

Time-scored functional assessments of muscle performance

All three aerobic exercise in FSHD studies measured the distance
walked in a six-minute walk test (Voet 2014; Andersen 2015;
Andersen 2017).

In Voet 2014 and Andersen 2015, the distance walked in metres
in six minutes was greater in the training groups than the control
groups: MD 28.9 m (95% Cl 4.2 to 53.6; 19 participants, very low-
certainty evidence; Analysis 5.13) after 12 weeks of aerobic exercise
in Andersen 2015; and MD 31.0 (95% Cl 19.3 to 42.7; 52 participants,
low-certainty evidence; Analysis 5.14) after 16 weeks of aerobic
exercise in Voet 2014. In Andersen 2017, after eight weeks of
high-intensity-training, there was no clear difference in distance
walked between groups (MD 7.90, 95% Cl -18.37 to 34.17; 12
participants, very low-certainty evidence; Analysis 5.15). Because of
the overall high risk of bias of Andersen 2015 and Andersen 2017, we
performed no meta-analysis. Andersen 2017 performed the 5-time
sit-to-stand-test after eight weeks of high-intensity-training, but the
time taken for this test did not differ between groups (MD -0.03,
95% CI -7.61 to 7.55; 12 participants, very low-certainty evidence;
Analysis 5.16).

Quality-of-life measures

Andersen 2015 measured quality of life by the SF-36 Health Survey,
in which scales range from 0 to 100 (optimal health). The scores on
all subscales of the SF-36 did not demonstrate relevant changes in
either the training or non-training group after 12 weeks.

Voet 2014 assessed this outcome using the Sickness Impact Profile
(SIP), which is a weighted score ranging from 0 to 572; a higher
score indicates a poorer outcome. The MD in the score on subscale
social behaviour of the SIP after 16 weeks was slightly better in the
training group than the no-training group (MD -10.0, 95% Cl -19.6
to -0.4; 52 participants, low-certainty evidence; Analysis 5.17).

Andersen 2017 did not provide data for this outcome.

Pain assessed by an analogue pain scale

In Voet 2014, scores on the VAS pain did not demonstrate relevant
changes for either the training or non-training group after 16 weeks
and data comparing the training and no-training groups were very
imprecise (MD -1.00, 95% CI -3.00 to 1.00; 52 participants, low-
certainty evidence; Analysis 5.18).

Andersen 2015 and Andersen 2017 did not provide data for this
outcome.

Experienced fatigue

The primary outcome in Voet 2014 was experienced fatigue, which
they measured by the "fatigue severity" subscale of the Checklist
Individual Strength (CIS-fatigue). Scores ranged from 7 (no fatigue)
to 56 (worst fatigue). After 16 weeks, aerobic exercise slightly
decreased the level of fatigue: (MD -7.3, 95% Cl -8.1 to —6.5; 52
participants, low-certainty evidence; Analysis 5.20) in favour of the
training group. Andersen 2015 measured fatigue by grading fatigue

three days before and after the intervention on a scale from 0 (none)
to 10 (worst). After 12 weeks, MD for fatigue was slightly lower in the
training group (MD -1.2, 95% ClI -3.0 to -0.6 ; 19 participants, very
low-certainty evidence; Analysis 5.19). Because of the overall high
risk of bias of Andersen 2015, we did not perform a meta-analysis.

Andersen 2017 did not provide data for this outcome.

Parameters of muscle membrane permeability

None of the included studies provided data for this outcome (Voet
2014; Andersen 2015; Andersen 2017).

Adverse effects requiring withdrawal of the participant from the study

There were no other signs of overuse, such as a decline in strength
measures (Andersen 2015; Andersen 2017), or training-related
increases in pain or fatigue (Voet 2014). There were no adverse
events leading to withdrawal.

No episodes of muscle damage occurred according to participant
reports and plasma CK levels. Self-rated levels of muscle pain
before training did not change during high-intensity training.
Maximum scores of activity and fatigue increased, but the mean
scores were unchanged (Andersen 2017).

Combined aerobic exercise and strength training versus no
training in mitochondrial myopathy

We included one study with 20 participants in this comparison
(Cejudo 2005). See: Summary of findings 6.

The certainty of evidence from Cejudo 2005 was very low for
all outcomes: we downgraded by two levels for very serious
study limitations (see Characteristics of included studies) and
by two levels for very serious imprecision. The study authors
did not perform a power analysis before the start of the study,
therefore, the effects of aerobic exercise and strength training in
mitochondrial myopathy for all the outcomes below, based on this
study, are uncertain.

Primary outcome measure: muscle strength, expressed in
measures of static (i.e. isometric) or dynamic strength

Cejudo 2005 measured weight-lifting capacity as the heaviest
weight that could be lifted throughout the complete range of
movement (1RM test). After the study period, participants in both
groups showed increases in all 1RM tests. After 12 weeks, the MD for
weight-lifting capacity between the training and non-training group
were too imprecise for conclusions to be drawn: for the shoulder
press exercise (MD -5.0 kg, 95% Cl -14.7 to 4.7; 18 participants;
very low-certainty evidence; Analysis 6.1); for the butterfly exercise
(MD 6.4 kg, 95% Cl 2.9 to 15.7; 18 participants; very low-certainty
evidence; Analysis 6.2) and for the biceps curls exercise (MD 7.3 kg,
95% Cl -2.9 to 17.5; 18 participants; very low-certainty evidence;
Analysis 6.3).

Primary outcome measure: aerobic capacity, expressed in
measures of (physical) work capacity

Cejudo 2005 measured work capacity in a cycle test and in
the shuttle walking test. They measured endurance time in a
submaximal cycling test at a constant workload of 70% of the
maximum power output achieved during the baseline incremental
cycle test. After 12 weeks, the differences in mean time and distance
cycled till exhaustion and leg fatigue or breathlessness exhaustion
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differed between groups, but effects were uncertain. Mean time and
distance cycled till exhaustion were slightly better in the training
group than the no-training group (time: MD 23.7 min, 95% CI 2.6
to 44.8; 18 participants; very low-certainty evidence; Analysis 6.4;
distance: MD 9.7 km, 95% CI 1.5 to 17.9; 18 participants; very low-
certainty evidence; Analysis 6.5). The mean distance walked until
exhaustion measured in the shuttle walking test was 78.0 m further
in the training group than the no-training group (95% Cl -144.9 to
301.0; 18 participants; very low-certainty evidence; Analysis 6.6).

Secondary outcome measures
Muscle strength, expressed in measures of endurance or fatigue

Cejudo 2005 did not provide data for this outcome.

Aerobic capacity, expressed in measures of oxygen uptake (i.e. VO,
max)

Cejudo 2005 noninvasively determined VO, max in a maximal
incremental cycle exercise test. After 12 weeks, the difference
between the training and the no-training group in mean VO, max
was very uncertain (MD 400 mL/min, 95% Cl 62.0 to 862.0; 18
participants; very low-certainty evidence; Analysis 6.7).

Time-scored functional assessments of muscle performance

Cejudo 2005 did not provide data for this outcome.

Quality-of-life measures

Cejudo 2005 used the Nottingham Health Profile (NHP)
questionnaire to measure quality of life. Scores range from 0
(no problem) to 100 (maximum problem). The evidence was very
uncertain (MD -9.8 points, 95% CI -25.7 to 6.1; 18 participants; very
low-certainty evidence; Analysis 6.8).

Pain assessed by an analogue pain scale

Cejudo 2005 recorded participants' arm and leg myalgia by a simple
questionnaire and scored it as mild, moderate or severe. Two of
nine people in the exercise group and three of nine people in the
control group reported severe myalgia in arms and legs. Seven of
nine people in the exercise group and five of nine people in the
control group reported moderate myalgia in arms and legs. After
the 12-week training programme, no participants of nine in the
exercise group and five of nine participants in the control group still
reported symptoms of myalgia (very low-certainty evidence).

Experienced fatigue

Cejudo 2005 recorded participants' usual fatigability in a simple
questionnaire and scored as mild, moderate or severe. Three of
nine participants in the exercise group and five of nine participants
in the control group reported severe fatigue in arms and legs. At
the end of the study period, none of the nine participants in the
exercise group and five of the nine participants in the control group
reported severe fatigue in arms or legs. Six of nine participants
in the exercise group and two of nine participants in the control
group reported moderate fatigue. After the intervention period, five
of the nine participants in the exercise group and two of the nine
participants in the control group still reported moderate fatigue
(very low-certainty evidence).

Parameters of muscle membrane permeability

The study authors stated that the participants' serum creatine
kinase (CK) levels remained unaltered after the intervention period
(Cejudo 2005). However, they did not publish data for the serum CK
level. Participants cancelled exercise sessions because of muscle
soreness associated with the exercise activity. However, every
participant was able to tolerate the exercise training regimen
without complications.

Adverse effects requiring withdrawal of the participant from the study

In Cejudo 2005, participants related cramps to exercise,
accompanying the feeling of fatigue. After the 12-week training
programme, symptoms were generally less severe or had
disappeared.

There were no adverse events leading to withdrawal.

Combined aerobic exercise and strength training versus no
training in myotonic dystrophy type 1

We included one study with 35 participants in this comparison
(Kierkegaard 2011). See: Summary of findings 7.

The certainty of evidence for outcomes from Kierkegaard 2011 was
very low, downgraded by two levels for imprecision: no power
analysis was performed before the start of the study, and one level
for study limitations, as blinding was not possible.

Primary outcome measure: muscle strength, expressed in
measures of static (i.e. isometric) or dynamic strength

Kierkegaard 2011 did not provide data for this outcome.

Primary outcome measure: aerobic capacity, expressed in
measures of (physical) work capacity

Kierkegaard 2011 did not provide data for this outcome.

Secondary outcome measures
Muscle strength, expressed in measures of endurance or fatigue

Kierkegaard 2011 did not provide data for this outcome.

Aerobic capacity, expressed in measures of oxygen uptake (i.e. VO,
max)

Kierkegaard 2011 did not provide data for this outcome.

Time-scored functional assessments of muscle performance

The primary outcome in Kierkegaard 2011 was the distance walked
in the six-minute walk test. A difference above or equal to 6%
in distance walked between the baseline measurement and the
measurement after the intervention period of 14 weeks was
considered as a minimally clinically important change. After 14
weeks, the distance walked on the six-minute walk test after aerobic
exercise and strength training was slightly longer than in the no-
training group (MD 11.0 m, 95% CI -66.9 to 88.9; 35 participants;
very low-certainty evidence for study limitations and very serious
imprecision; Analysis 7.1).

Aerobic exercise and strength training had no clear effect on the
timed-stands test (MD —1.00, 95% Cl —6.76 to 4.76; 35 participants;
very low-certainty evidence; Analysis 7.2), and the timed-up-and-
go test (MD -0.50, 95% Cl -1.86 to 0.86; 35 participants; very low-
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certainty evidence; Analysis 7.3) reported after 14 weeks, compared
to no training (Kierkegaard 2011).

Quality-of-life measures

Kierkegaard 2011 measured quality of life by the SF-36 Health
Survey. All SF-36 scales range from 0 to 100 (optimal health).
After 14 weeks, the scores on all subscales of the SF-36 did
not demonstrate relevant changes from baseline in either the
training or non-training group (35 participants; very low-certainty
evidence).

Pain assessed by an analogue pain scale

Kierkegaard 2011 did not provide data for this outcome.

Experienced fatigue

Kierkegaard 2011 did not provide data for this outcome.

Parameters of muscle membrane permeability

Kierkegaard 2011 did not provide data for this outcome.

Adverse effects requiring withdrawal of the participant from the study

In Kierkegaard 2011, one person had periods of atrial arrhythmia;
however, this was not in connection with the training and the
participant was allowed by a cardiologist to complete the study.
No other adverse effects were reported and none leading to
withdrawal.

Combined aerobic exercise and strength training versus no
training in dermatomyositis and polymyositis

We included two studies with 23 and 19 participants respectively in
this comparison (Munters 2013; Alexanderson 2014). See: Summary
of findings 8 and Table 4.

The overall certainty of evidence for all outcomes in Munters
2013 is low: we downgraded the certainty by two levels for study
limitations (see Characteristics of included studies) and by one level
for imprecision.

The overall certainty of evidence for outcomes reported from
Alexanderson 2014 is very low for serious imprecision: there was no
power analysis, with a sample size of 19.

Primary outcome measure: muscle strength, expressed in
measures of static (i.e. isometric) or dynamic strength

Munters 2013 performed manual muscle testing of eight muscle
groups: the MMT-8 (maximal isometric strength of neck flexors,
middle deltoid, gluteus maximus, gluteus medius, biceps brachii,
wrist extensors, wrist flexors, ankle dorsiflexors, on a scale from
0 (no movement) to 80 (normal)). After 12 weeks, the aerobic
exercise and strength training had no clear effect on the MMT-8
score (MD 1.0, 95% CI -1.1to 3.0; 21 participants; very low-certainty
evidence for very serious imprecision; Analysis 8.1). In addition,
they assessed the maximum load a participant can lift in a full
range of motion in five repetitions (5RM) for the left and right knee
extensor. After 12 weeks, aerobic exercise and strength training
slightly increased muscle strength (kg) of the right knee extensors
(MD 2.5, 95% Cl 1.8 to 3.3; 21 participants; very low-certainty
evidence; Analysis 8.2) and left knee extensors (MD 2.7, 95% Cl 2.0
to 3.4; 21 participants; very low-certainty evidence; Analysis 8.3).

Alexanderson 2014 did not provide data for this outcome.

Primary outcome measure: aerobic capacity, expressed in
measures of (physical) work capacity

Munters 2013 defined aerobic capacity as the power performed in
Watts (W) at the time VO, max was recorded in an ergometer cycle
incremental maximal exercise test. In addition, during a cycling
endurance test, performed at a power requiring 65% of the VO,
max obtained in the maximal exercise test, the time from the
start to exhaustion was determined. After 12 weeks of training,
aerobic exercise and strength training may slightly increase aerobic
capacity (MD 18.0 W, 95% CI 15.0 to 21.0; 21 participants; very
low-certainty evidence; Analysis 8.4) and time to exhaustion in
the endurance cycling test (MD 17.5 min, 95% Cl 8.0 to 27.0; 15
participants; very low-certainty evidence; Analysis 8.5).

Alexanderson 2014 did not provide data for this outcome.

Secondary outcome measures
Muscle strength, expressed in measures of endurance or fatigue

Munters 2013 and Alexanderson 2014 did not provide data for this
outcome.

Aerobic capacity, expressed in measures of oxygen uptake (i.e. VO,
max)

Munters 2013 measured VO, max during an exhaustion incremental
test on a cycle ergometer, defined as the highest O, uptake rate
measured during the test. After 12 weeks, aerobic exercise and
strength training had no clear effect on VO, max compared to
no training (21 participants; low-certainty evidence; Analysis 8.6).
Alexanderson 2014 noninvasively estimated aerobic capacity using
an eight-minute submaximal treadmill test. After 24 weeks, there
was no clear difference in change in VO, max between the training
and no-training groups (19 participants; low-certainty evidence;
Analysis 8.6). The pooled data indicated that training slightly
improved aerobic capacity, but the result was very imprecise (SMD
0.27,95% Cl -0.35 to 0.90; 12 = 0%, P = 0.50; 2 RCTs; 40 participants;
very low-certainty evidence; Analysis 8.6). Based on rule-of-thumb
interpretation, an SMD of 0.2 represents a small effect.

Time-scored functional assessments of muscle performance

Alexanderson 2014 used the disease-specific Functional Index
(FI) as a primary outcome to assess muscle performance. The
FI includes testing of repetitions in 11 muscle groups: elbow
flexion, shoulder flexion and abduction, hip flexion and abduction,
step test, heel and toe lifts, neck flexion and trunk flexion, with
additional tests of ability to transfer from side to side lying down,
transfer up to sitting, and peak expiratory flow. After 24 weeks,
the effect of aerobic exercise and strength training on muscle
performance was uncertain (MD 5.5, 95% Cl -2.91 to 13.91; 19
participants; very low-certainty evidence; Analysis 8.7).

Munters 2013 did not provide data for this outcome.

Quality-of-life measures

Alexanderson 2014 measured quality of life with the NHP
questionnaire (range of possible scores from 0 (no perceived
problems) to 100 (maximum problems)). After 24 weeks, the
NHP Emotional domain score favoured training over no training
(MD -22.3, 95% CI -41.4 to -3.2; 21 participants; low-certainty
evidence; Analysis 8.16). The NHP Physical domain score slightly
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favoured training over no training (MD -1.8, 95% CI -3.0 to -0.6;
19 participants; very low-certainty evidence; Analysis 8.17). Results
for other subdomains of the NHP were very imprecise: Energy (MD
-18.0, 95% CI -45.9 to 9.9; Analysis 8.12); Pain (MD -3.10, 95% ClI
-12.2 to 6.0; Analysis 8.13); Sleep (MD 7.3, 95% CI -10.0 to 24.6;
Analysis 8.14); and Social (MD 1.1, 95% Cl -14.4 to 16.6; Analysis
8.15). All data were from 19 participants and the evidence was very
low certainty.

Munters 2013 measured quality of life by the SF-36 Health Survey.
All SF-36 scales range from 0 to 100 (optimal health). Twelve weeks
of combined strength and aerobic exercise training improved
quality of life, assessed by the SF-36 General Health scale (MD 9.5
points, 95% CI 5.5 to 13.5; 19 participants; low-certainty evidence;
Analysis 8.9) and the subscales Mental Health (MD 5.0 points, 95%
Cl 1.7 to 8.4; 21 participants; low-certainty evidence; Analysis 8.11)
and Vitality (MD 12.3 points, 95% Cl 8.2 to 16.5; 21 participants;
low-certainty evidence; Analysis 8.10) compared to the no-training

group.

When data from Alexanderson 2014 and Munters 2013 were pooled,
they indicated that the effect of combined aerobic and strength
training on the physical domain of quality-of-life measures in
dermatomyositis and polymyositis was uncertain (SMD 1.50 95% CI
0.78 to 2.22; 12 = 0%, P = 0.55; 2 studies, 40 participants, very low-
certainty evidence; Analysis 8.8). We downgraded the certainty of
evidence three times: once for study limitations (see Characteristics
of included studies) and twice for imprecision.

Pain assessed by an analogue pain scale

Munters 2013 and Alexanderson 2014 did not provide data for this
outcome.

Experienced fatigue

Munters 2013 and Alexanderson 2014 did not provide data for this
outcome.

Parameters of muscle membrane permeability

Alexanderson 2014 measured disease by analysis of CK levels. After
24 weeks, both groups had similar CK levels.

Munters 2013 did not provide data for this outcome.

Adverse effects requiring withdrawal of the participant from the study

Munters 2013 found no decline in strength measures. There were
no adverse events leading to withdrawal.

In Alexanderson 2014, participants did not report side effects of
exercise, other than short-term muscle soreness, especially in the
beginning, and shortly after increasing the exercise loads. After 24
weeks of aerobic exercise and strength training, no participants had
inflammatory infiltrates.

We considered the adverse effects evidence to be low certainty.
We downgraded the evidence twice, for serious imprecision, as the
combined data were from 40 participants, and for study limitations,
because the studies were at high risk of bias.

Combined aerobic exercise and strength training versus no
training in facioscapulohumeral muscular dystrophy (FSHD)

We included one study with 16 participants in this comparison
(Bankolé 2016). See: Summary of findings 9.

The overall certainty of evidence for outcomes reported in Bankolé
2016 is very low; we downgraded the evidence twice for study
limitations (see Characteristics of included studies), and twice for
imprecision as the number of participants in the study was smaller
than the calculated sample size. Therefore, the effects of aerobic
exercise and strength training in FSHD for all the outcomes below,
based on this study, are uncertain.

Primary outcome measure: muscle strength, expressed in
measures of static (i.e. isometric) or dynamic strength

Bankolé 2016 measured isometric maximal quadriceps strength
with femoral nerve magnetic stimuli delivered during isometric
maximum voluntary contractions (MVCs) and at rest. After 24
weeks, the effect of aerobic exercise and strength training on
change in strength was uncertain (MD 15.0 N, 95% CI -27.8 to 57.8;
16 participants; very low-certainty evidence; Analysis 9.1).

Primary outcome measure: aerobic capacity, expressed in
measures of (physical) work capacity

Bankolé 2016 measured maximal aerobic power (MAP) in an
incremental cycling test. After 24 weeks, effect of aerobic exercise
and strength training on change in MAP between groups was
uncertain (MD 45.0 W, 95% CI -20.5 to 110.5; 16 participants; very
low-certainty evidence; Analysis 9.3).

Secondary outcome measures
Muscle strength, expressed in measures of endurance or fatigue

Bankolé 2016 assessed quadriceps neuromuscular function
(strength, fatigability, endurance) by the quadriceps intermittent
fatigue test, which was composed of isometric MVCs with femoral
nerve magnetic stimuli delivered during MVCs and at rest. After
six months of training, voluntary activation at rest did not clearly
differ between the training and non-training group (MD -0.5, 95% ClI
-2.62 to 1.62; 16 participants; very low-certainty evidence; Analysis
9.2). The number of repetitions (muscle endurance) during the test
increased statistically significantly in the training group, compared
to the control group (MD 12.0, 95% Cl 0.8 to 23.2; 16 participants;
very low-certainty evidence; Analysis 9.4).

Aerobic capacity, expressed in measures of oxygen uptake (i.e. VO,
max)

Bankolé 2016 assessed VO, peak using an incremental cycling test.
After the training period of 24 weeks, the change in VO, peak was
higher in the exercise than the no-training group, but this effect was
uncertain (MD 12.4 mL/min/kg, 95% Cl 2.2 to 22.6; 16 participants;
very low-certainty evidence; Analysis 9.5).

Time-scored functional assessments of muscle performance

Bankolé 2016 determined the distance walked in a six-minute walk
test. The distance walked (m) was greater in the training than
the no-training group but the data were highly imprecise and the
evidence therefore uncertain (MD 64.0, 95% Cl -50.9 to 178.9; 16
participants; very low-certainty evidence; Analysis 9.6).

Quality-of-life measures

Bankolé 2016 measured quality of life by the SF-36 General Health
Survey, in which scales range from 0 to 100 (optimal health).
The scores on all subscales of the SF-36 did not demonstrate
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any changes for either the training or non-training group (16
participants; very low-certainty evidence; Analysis 9.7).

Pain assessed by an analogue pain scale

Bankolé 2016 did not provide data for this outcome.

Experienced fatigue

Bankolé 2016 measured fatigue by the Fatigue Severity Scale (FSS).
Scores ranged from 9 (no fatigue) to 63 (worst fatigue). After 24
weeks, there was a decrease in fatigue score, in favour of the
training group (MD -15.0 (95% CI -27.9 to -2.1; 16 participants; very
low-certainty evidence; Analysis 9.8).

Parameters of muscle membrane permeability

Serum CK concentrations 24 hours after maximal cycling and
quadriceps intermittent fatigue tests were less than 1000 1U-L-1 for
all groups (Bankolé 2016).

Adverse effects requiring withdrawal of the participant from the study

There were no adverse events leading to withdrawal in Bankolé
2016.

Combined aerobic exercise and strength training versus no
training in juvenile dermatomyositis

We included one study with 26 participants in this comparison
(Habers 2016). See: Summary of findings 10.

The overall certainty of evidence for outcomes from Habers 2016
is low, downgraded once for imprecision and once for study
limitations (as blinding was not possible).

Primary outcome measure: muscle strength, expressed in
measures of static (i.e. isometric) or dynamic strength

Habers 2016 measured maximal isometric muscle strength (MVIC)
of the proximal muscle groups in the lower extremities on both the
right and the left sides with a hand-held dynamometer. After 12
weeks, the change in strength of the right and left knee extensors
was better in the training group than the no-training group: right
knee extensors MD 36.0 N (95% Cl 24.95 to 47.05; Analysis 10.1); left
knee extensors MD 17.0 N (95% Cl 0.5 to 33.5; Analysis 10.2). Both
analyses had 26 participants and the evidence was low certainty.
The mean changes from baseline in maximal force of right and left
hip flexors showed no clinically important differences between the
training group and the no-training group: right hip flexors MD-9.0 N
(95% C1-22.4t0 4.4; Analysis 10.3); and left hip flexors MD 6.0 N (95%
Cl-6.6t0 18.6; Analysis 10.4). Both analyses had 26 participants and
the evidence was low certainty.

Primary outcome measure: aerobic capacity, expressed in
measures of (physical) work capacity

Habers 2016 defined aerobic capacity as endurance time: the
time from the start to the end of a treadmill-based incremental
maximal exercise test. After 12 weeks of training, the change in
mean endurance time between groups slightly favoured the control
group (MD -1.2 min, 95% ClI - 1.6 to -0.9; 26 participants, low-
certainty evidence; Analysis 10.5). According to the study authors,
they found higher average baseline values in the training group
than the control group for several outcome measures (e.g. aerobic
fitness, perception of fatigue, quality of life, and functional ability).
This reduced the possibility for improvement in the training group

compared with the control group, thus decreasing the opportunity
to measure significant benefits from training.

Secondary outcome measures
Muscle strength, expressed in measures of endurance or fatigue

Habers 2016 did not provide data for this outcome.

Aerobic capacity, expressed in measures of oxygen uptake (i.e. VO,
max)

Habers 2016 measured VO, peak with a treadmill-based
incremental maximal exercise test. After 12 weeks of training, the
change in mean VO, peak was slightly lower in the exercise group
(MD -2.1 mL/kg/min, 95% Cl -3.3 to -0.9; 26 participants, low-
certainty evidence; Analysis 10.6).

Time-scored functional assessments of muscle performance

Habers 2016 assessed muscle function via Subscale 8 (Strength) of
the Bruininks-Osteretsky Test of Motor Proficiency, Second Edition,
which includes five items that are related to the strength training
programme of the participant. After 12 weeks of training, the MD
in time wall sit in the training group was slightly lower (worse)
than in the no-training group (MD -3.00 s. 95% Cl -5.5 to 0.5; 26
participants, low-certainty evidence; (Analysis 10.10) and time V-up
was also lower (worse) in the training group than in the no-training
group (MD -10.0 s, 95% ClI -12.7 to -7.3; 26 participants, low-
certainty evidence; Analysis 10.11). However, the results of other
functional assessments favoured the training group over the no-
training group: distance of standing long jump (MD 18.0 cm, 95% ClI
15.3 t0 20.7; 26 participants, low-certainty evidence; Analysis 10.7),
number of push-ups in 30 seconds (MD 5.0, 95% CI 3.6 to 6.4; 26
participants, low-certainty evidence; Analysis 10.8) and number of
sit-ups in 30 seconds (MD 3.0, 95% CI 2.0 to 4.0; 26 participants,
low-certainty evidence; Analysis 10.9). The distance walked in a six-
minute walk test showed no clear difference between groups after
12 weeks (MD -7.0 m, 95% Cl -21.6 to 7.6; 26 participants, low-
certainty evidence; Analysis 10.12).

Quality-of-life measures

Habers 2016 measured quality of life with the patient form of the
PedsQL Generic Core Scale. Scores ranged from 0 (no problem) to
100 (maximum problem). After 12 weeks, mean difference in total
score was higher (better) in the training group than the no-training
group (MD 8.00, 95% Cl 6.24 to 9.76; 26 participants, low-certainty
evidence; Analysis 10.13).

Pain assessed by an analogue pain scale

Habers 2016 measured muscle pain on a 10-cm VAS. After 12
weeks of training, the VAS score increased (mean 4.0 (SD 3.5) in
the no-training group and decreased (mean -3 (SD 3.5)) in the
training group (MD -7.0 cm, 95% CI-9.7 to —4.3; 26 participants, low-
certainty evidence; Analysis 10.14).

Experienced fatigue

Habers 2016 measured perception of fatigue using the PedsQL
Multidimensional Fatigue Scale (a scale from 0 to 100 on which
higher scores indicate less fatigue). After 12 weeks of training, MD in
PedsQL score were slightly lower (worse) in the training group (MD
-5.0, 95% Cl -6.5 to —3.5; 26 participants, low-certainty evidence;
Analysis 10.15).
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Parameters of muscle membrane permeability

Habers 2016 did not provide data for this outcome.

Adverse effects requiring withdrawal of the participant from the study

Two participants experienced increasing complaints at their heel or
knee, both after 16 training sessions (Habers 2016).

There were no adverse events leading to withdrawal.

DISCUSSION

Summary of main results

In total, this review includes 14 studies regarding strength training
aerobic exercise training, or both, in 428 people with muscle
disease (Lindeman 1995; Wiesinger 1998a; Van der Kooi 2004;
Cejudo 2005; Kierkegaard 2011; Aldehag 2013; Jansen 2013;
Munters 2013; Alexanderson 2014; Voet 2014; Andersen 2015;
Bankolé 2016; Habers 2016; Andersen 2017). Exercise duration
ranged from eight to 52 weeks. One study reported heel and knee
complaints in two participants with juvenile dermatomyositis but
no other study found signs of overuse. In general, the studies found
little or no evidence of efficacy for strength training but some
studies reported benefit from strength training in combination
with aerobic exercise training or aerobic exercise training alone.
Although the number of exercise studies in muscle disease is
slightly increasing, still, many studies are uncontrolled, of relatively
short duration or with a low number of participants. Studies remain
insufficient for subgroup analyses or evaluation of dose-response
relationships. Judging the clinical meaningfulness and effect size
of the mean differences (MDs) was not straightforward, as there
are no internationally agreed standards on which level of change
is clinically meaningful or even which can be considered ’small’ or
'large" in size.

Strength training versus no training

In the last decade, only one RCT on strength training has been
carried out (Aldehag 2013). There is very low-certainty evidence of
little or no effect on hand grip force, pinch grip force, isometric
wrist flexor force and of a positive effect on isometric wrist extensor
force in people with myotonic dystrophy type 1, compared with no
training (Aldehag 2013). Compared with no training, there is low-
certainty evidence for little or no effect on dynamic and isometric
strength of the elbow flexors and ankle dorsiflexors in people with
FSHD (Van der Kooi 2004).

An absence of, or limited positive effects of strength training
on muscle strength could reflect the inability of the diseased
muscular system to respond with normal neural and trophic
adaptations to the applied training stimuli. However, part of this
lack of response could be due to the specificity or the intensity
of the training (Lindeman 1995; Cup 2007). All adaptations to
training are specific to the stimuli applied. Specific strength training
essentially involves exercising the muscles in the same manner
as the expected use (Kraemer 2002). This means that a training
programme with dynamic exercises increases dynamic strength
more than isometric strength, and vice versa. This phenomenon
of specificity of training has implications for the sensitivity of
the outcome measures; for example, the positive effect of a
dynamic strength training programme may be captured by using
a dynamic evaluation technique, but might be missed using an
isometric strength measure. The size of the carry-over effect from,

for example, dynamic strength to isometric strength cannot be
predicted and it may be that there is a diminished ability of the
diseased muscular system to transfer effects of a specific training
programme from one strength modality to another (Van der Kooi
2004).

In people with a muscle disease, it is assumed that absolute gain in
muscle strength resulting from strength training is probably related
to pre-exercise muscle strength, and that severely weakened
muscles (< 10% of normal strength) may not be able to improve.
However, this widely reported assumption is based on one
published observation only (Milner-Brown 1988a). In the FSHD
strength training study (Van der Kooi 2004), training did not
influence strength of the ankle dorsiflexors, in contrast to the elbow
flexors. The study authors thought that a difference in grade of
muscle weakness at baseline between elbow and ankle dorsiflexors
might provide the explanation for the difference in their response
to training. In this study, elbow flexors were eligible for testing and
training when strength according to the MRC scale grade was 3 or
more, whereas ankle dorsiflexors were eligible when the muscles
moved the ankle joint in a position between dorsiflexion and
plantarflexion, which potentially includes MRC grades less than 3
(Medical Research Council 1981). Therefore, pre-exercise weakness
might have been more severe in ankle dorsiflexors compared with
elbow flexors.

An exercise intervention should be of sufficient intensity and
duration to provide a training stimulus. The strength training
studies had an exercise duration of, in general, 30 minutes. Overall,
in the aerobic exercise or the combined aerobic exercise and
strength training studies, the exercise duration was longer (60
minutes). This could explain why some studies of strength training
combined with aerobic exercise training measured an increase in
muscle strength (Munters 2013; Habers 2016).

Aerobic exercise versus no training

Compared with no training, there is low-certainty evidence that
there may be a positive effect of aerobic exercise on aerobic
capacity in FSHD (Voet 2014), little or no effect on quadriceps
muscle strength (Voet 2014), a positive effect on distance walked
in a six-minute walk test (Voet 2014), a slightly positive effect on
quality of life (Voet 2014), little or no effect on pain (Voet 2014), and
a positive effect on fatigue (Voet 2014). The certainty of evidence
for outcomes in all the other aerobic exercise studies is too low for
results to be meaningful (Wiesinger 1998a; Jansen 2013; Andersen
2015; Andersen 2017).

Combined aerobic exercise and strength training versus no
training

Compared with no training, there is very low-certainty evidence
that combined aerobic and strength training has little or no effect
on maximal isometric strength of neck flexors, middle deltoid,
gluteus maximus, gluteus medius, biceps brachii, wrist extensors,
wrist flexors and ankle dorsiflexors, aerobic capacity, time to
exhaustion and quality of life in people with dermatomyositis and
polymyositis. It may increase muscle strength of right knee and left
extensorsslightly in people with dermatomyositis and polymyositis
(Munters 2013). In juvenile dermatomyositis, combined aerobic
exercise and strength training may increase dynamic muscle
strength of right knee extensors and left knee extensors slightly,
have little or no effect on change in dynamic muscle strength of
the left hip flexors, decrease endurance time and aerobic capacity
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slightly, increase muscle performance, have little or no effect on
distance walked in a six-minute walk test, increase quality of life
slightly, decrease pain level slightly, and may decrease experienced
fatigue slightly (Habers 2016). The certainty of evidence for all the
other aerobic exercise and strength training studies is too low for
results to be meaningful (Cejudo 2005; Bankolé 2016; Kierkegaard
2011; Alexanderson 2014).

Adverse effects

In some studies, a few participants complained of muscle soreness
and transient strength reduction (Lindeman 1995; Cejudo 2005;
Habers 2016). All complaints resolved spontaneously. In Habers
2016, aerobic capacity, endurance time on the maximal exercise
test, time wall-sit and time V-up were higher in the control group
thaninthetraining group. However, according to the study authors,
higher average baseline values were found in the training group
compared with the control group for several outcome measures
(e.g. aerobic fitness, perception of fatigue, quality of life, and
functional ability). This reduced the possibility for improvement
in the training group as compared with the control group, thus
decreasing the opportunity to detect significant benefits from
training. In all other studies, scores in the control group were
no better than in the training group, and we found no evidence
for any decline in primary or secondary outcome measures. Most
studies did not report adverse events leading to withdrawal. The
included studies were small and the evidence was largely low or
low certainty; therefore, we can make no definitive statements
regarding safety.

Overall completeness and applicability of evidence

The number of recent studies lacking a randomised controlled
design is striking. At least for the relatively common muscle
diseases, one should aim for randomised controlled training
studies. Preferably, homogeneous groups of people with the
same muscle disease should be included. To facilitate meaningful
comparisons among studies and statistical power by effective
pooling of study results, more uniformity is needed in type of
interventions, intensity of exercise therapy, and type of outcome
measures. Because we cannot perform sensitivity analyses in this
review, it is not possible to define the optimal exercise duration for
people with a specific muscle disease.

We found no RCTs regarding strength training or aerobic exercise
training in Becker muscular dystrophy or inclusion body myositis.
Included studies were performed in Austria, Denmark, France, the
Netherlands, Spain, and Sweden, which represent only Western
European countries. In five studies, participants exercised at home,
in five studies in a hospital or rehabilitation centre, and in four
studies with an alternating frequency at home or in a rehabilitation
centre or hospital, which suggests easy generalisability. In all
studies, exercise was supervised. Clinical experience shows that
a high compliance with exercise training is usually achieved
as long as the participant’s exercise is supervised, but when
the individual is to continue to exercise on his or her own,
compliance decreases. Only two studies had a long-term follow-
up without supervised exercise (Alexanderson 2014; Voet 2014). In
the aerobic exercise in FSHD study (Voet 2014), more than 70% of
participants continued exercising. In the combined aerobic exercise
and strength training study in dermatomyositis and polymyositis
(Alexanderson 2014), five of eight participants in the exercise
group kept exercising one to three times per week throughout

the rest of the study. All participants kept their frequent walking
habits. Future studies should focus on the long-term benefits of
regular exercise training, on developing beneficial exercise and
behavioural modification interventions with high compliance (also
following the intervention), and include a long-term follow-up after
theintervention. Strength training and aerobic exercise training are
already available worldwide for people with a muscle disease, and
many existing treatment programmes and guidelines for people
with a muscle disease already include exercise training. However,
evidence regarding the optimal exercise programme is still lacking.
The most effective dose of exercise for people with muscle diseases
is currently unknown, making it difficult to prescribe exercise in this
population. This is reflected in the large variation in the frequency,
duration and intensity of exercise prescribed.

As most aerobic exercise studies define aerobic capacity instead
of work capacity as the primary outcome measure, we intend to
change the primary outcome measure for aerobic exercise training
and the combination of aerobic exercise and strength training from
work capacity into aerobic capacity in the next update.

Certainty of the evidence

The risk of bias differed widely between the included studies.
Blinding of participants and personnel was not possible in any
study, because of the nature of the intervention, which placed all
studies at high risk of performance bias. The risk of bias for the
Andersen 2015 and Andersen 2017 aerobic exercise training studies
in FSHD was high for most items. Seven other studies were at high
risk of bias in at least one additional domain, and the risk of bias in
the other included training studies was unclear or low.

The most prominent issue with regards to validity of evidence
from these exercise and physical activity intervention studies is
the sample sizes used. Three studies were underpowered (Aldehag
2013; Bankolé 2016; Andersen 2017), and three studies did not
use a power analysis (Cejudo 2005; Kierkegaard 2011; Jansen
2013). Overall, the number of participants in the studies was low:
between nine and 65 participants. Recruiting large samples in rarer
diseases, such as muscle diseases, is challenging. Small studies
are known to overestimate the treatment effect by up to 32% in
comparison with larger studies (Deschartes 2013). We note the
occurrence of a large number of results that lack precision and
demonstrate neither an effect or lack of effect with any certainty.
The most reasonable explanation for this finding is the low number
of included participants. However, because of the low prevalence
of all muscle diseases, studies with a sample size of at least 100
participants are not expected, unless multinational studies are
undertaken.

Exercise adherence is an important contributor to the efficacy
of exercise. Non-adherence to an exercise plan is an ever-
present threat to the validity and outcome of any intervention
study. Exercise adherence and compliance should be documented
to further understand the dose-response relationship between
exercise and outcome measures. Some studies reported a high
dropout rate (Aldehag 2013; Alexanderson 2014; Andersen 2015;
Habers 2016), and a low adherence (Aldehag 2013; Voet 2014;
Andersen 2015).

Lack of blinding of participants and outcome assessors was
a prevalent risk of bias. Blinding of participants in exercise
studies is not possible, however blinding of outcome assessors is
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strongly recommended. Moreover, participants in an active training
group may experience additional non-specific benefits (that is,
Hawthorne effects), for instance from regular interaction with a
skilled therapist, in contrast to those in a non-treatment or usual
care group. As it is well known that such Hawthorne effects may
affect outcome (Parsons 1974), future studies should preferably
have an appropriate controlintervention rather than 'no training'in
order to assess the specific benefits of aerobic exercise and strength
training. For example, the control group might receive weekly
counselling sessions with general information about exercise.

Minimum clinically important differences (MCIDs) for outcomes
have only been reported in the literature for people with DMD,
not for any other muscle disease (Henricson 2013). However,
as all muscle diseases are slowly progressive, any decrease in
progression can potentially be beneficial.

We used the GRADE methodology to assess the certainty of
evidence for key outcomes for all comparisons. By grading the
evidence according to the GRADE criteria (Guyatt 2008), the overall
certainty of findings for individual outcomes varied between low
and very low. We downgraded the evidence for study limitations
(risk of bias), indirectness, imprecision, or a combination of
these. The impossibility of participant blinding meant that studies
could at best provide moderate-certainty evidence. Other study
limitations and the lack of a power analysis or an underpowered
study were the main reasons for further downgrading.

The recommendations from the ACSM Position Stand on 'The
recommended quantity and quality of exercise for developing
and maintaining cardiorespiratory and muscular fitness, and
flexibility in healthy adults' can be used as requirements for an
effective, safe and individualised exercise prescription, taking into
account the pre-training level of fitness (Garber 2011). The ACSM
recommendations were almost all adhered to by most of the
included and excluded studies in this review. The only criterion that
was rarely met was that eight to 10 major muscle groups should be
exercised in strength training programmes. This is probably partly
dueto limitationsin time available to evaluate the effects of training
by multiple assessments covering the different outcome measures.
In addition, expenses for (adjusted) training equipment can be high.
Thirdly, investigators were perhaps too cautious in order not to
strain participants too much. Moreover, strength training for fewer
than eight muscle groups could be adequate in people with a
muscle disease, who are generally untrained.

Potential biases in the review process

As there are few experts in this field and as we supplemented
our search strategy with checking references, searching study
registers and contacting experts, we are likely to have identified
all relevant studies in this review. Given that there was nearly
complete consensus between the two review authors responsible
for study selection, therisk of selection bias in this part of the review
process is probably low. All but one study author responded to our
requests for data and further information, and the study authors
who responded provided most of the requested information. Two
out of four authors of this Cochrane Review conducted two of the 14
included studies. To minimise this conflict of interest, other review
authors examined these studies to determine the suitability for
inclusion in this review and analysed the data.

Agreements and disagreements with other studies or
reviews

No previous reviews have examined the effect of strength training
and aerobic exercise training in people with a muscle disease.

AUTHORS' CONCLUSIONS

Implications for practice

The evidence regarding strength training and aerobic exercise
interventions remains uncertain. Low-certainty evidence suggests
that strength training alone may have little or no effect, and
that aerobic exercise training alone may lead to a possible
improvement in aerobic capacity, but only for participants with
FSHD. For combined aerobic exercise and strength training,
very-low certainty evidence shows that there may be slight
increases in muscle strength and aerobic capacity for people
with dermatomyositis and polymyositis, and there is low-certainty
evidence for a slight decrease in aerobic capacity and increase
in muscle strength for people with juvenile dermatomyositis. The
included studies in this review reported no negative side effects of
either strength or exercise training in people with a muscle disease.
The optimal exercise modality and intensity of exercise for people
with a muscle disease is still unclear.

Implications for research

There is a need for more research to establish whether strength
training is beneficial in all forms of muscle disease, and whether
exercise training is beneficial in Becker muscular dystrophy and
inclusion body myositis, and to define the optimal aerobic exercise
programmes for people with a muscle disease.

Specific diagnostic criteria should be used and reported for all
muscle diseases included. Information on the severity of the
muscle disease in participants should also be presented so as to
allow readers to assess the generalisability of the results to other
people with a similar type and severity of muscle disease. In studies
with a small sample size, participants should be stratified for
disease severity. Another related characteristic that may influence
outcomeisthe level of activity (sedentary versus active) at baseline,
because in the healthy population untrained persons respond with
higher percentages and rates of gain in strength, compared with
trained individuals (Garber 2011). Activity level and change in
activity level for each participant should be monitored objectively
during the study period, for example with an accelerometer.

When people with different neuromuscular disorders but with
similar distribution and severity of muscle weakness participate
in the same study, the data should also be presented for each
major type of muscle disease separately, to detect possible disease-
specific trends.

In strength training and aerobic exercise intervention studies,
the training programme should be described in detail, just as
with the prescription of drugs. Study authors should provide
information about the type(s) of exercise, the intensity (including
progression rate), frequency, duration per exercise session, the
duration of the entire programme, as well as the trained muscle
groups, and the supervision of training. Studies including well-
described interventions, and more specifically harmonisation of
outcome measures across studies, may improve the quality and
comparability of the evidence. These studies would ultimately
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facilitate the development of uniform exercise guidelines for people
with muscle diseases. Although some studies measured the same
domains, they used different test protocols for strength, aerobic
capacity, muscle endurance, fatigue, quality of life and pain,
which impeded pooling of data. The large variety in outcome
measures that the studies used underscores the need for a general
agreement about most important measures to assess effects of
exercise intervention. A core set of outcome measures to determine
the effect of exercise therapy would enable comparison of the
magnitude of effect of different exercise regimens.

In summary, the review authors' recommendations for future
studies are as follows.

« Participants with different muscle disorders can participate in
one study, but data should be presented for each major type of
muscle disease separately if possible.

« Randomised controlled comparisons should be made with
participants having the same types of muscle disease. The effect
of training in people with a muscle disease should be compared
to a non-exercising control group of people with the same
muscle disease and not to healthy individuals or to contralateral
non-exercised limbs.

« An appropriate placebo intervention is recommended in order
to measure exercise-specific benefits.

« Stratified randomisation is strongly advised with regard to
disease severity, particularly in studies with a small sample size.
It should also be considered for pre-training level of activity
(sedentary versus active), particularly in aerobic intervention
studies.

« The following aspects of the training intervention should be
specified: type(s) of exercise training, intensity and progression
rate, frequency, duration per exercise session and of the entire
programme, trained muscle groups, supervision of training, and
adherence. Duration of the training intervention should be at
least six weeks.

« Outcomes should at least include measures of muscle function
(for example, strength, endurance measured by the maximum
duration of contraction) and aerobic capacity (for example, work

capacity measured by an incremental cycle test), and functional
assessments such as a six-minute walk test. Researchers should
be aware of the specificity of training effects in their choice
of outcome measures. The following evaluations are strongly
advised: measures of quality of life, pain and experienced
fatigue.

« Outcome measures should be standardised in order to compare
study results.

« Outcomesassessors should be blinded to interventions, to avoid
measurement bias.

« Activity levels of participants in the control group should be
monitored objectively in order to assess the specific benefits of
aerobic exercise and strength training exercise.

« A long-term follow-up without supervised exercise is
recommended in order to measure the proportion of the
population that maintains the programme of exercise employed
in the intervention, or some other form of exercise.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by year of study]

Lindeman 1995

Methods Evaluator-blind, matched-control RCT

Participants Sample size

Intervention group (number randomised): 21 adults with myotonic dystrophy type 1, control group 15
adults with myotonic dystrophy type 1

Inclusion criteria

Participants diagnosed with myotonic dystrophy on the basis of their clinical picture, electromyogra-
phy and nerve conduction studies

Exclusion criteria

Participants were excluded if there were contraindications for muscle strengthening exercises or if they
had other disabling disorders that might influence the scoring in the functional tests.

Baseline demographics

Of the 33 myotonic dystrophy participants who ultimately started the trial, 2 had the congenital form;
the others had the classical, adult type. All participants were ambulatory.

Interventions Strength training vs no training
Type of training and exercise
Dynamic strength training with weights
Intensity

Individualised progressive overload, 3 sets from 25 repetitions at 60% of 1RM, via 15 repetitions at 70%,
to 10 repetitions at 80%

Frequency
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Lindeman 1995 (continued)

3 times/week

Setting

At home (the Netherlands)

Duration

Session: within 30 min. Programme: 24 weeks

Muscle groups

Knee extensors and flexors, hip extensors and abductors
Supervision

Supervised home training programme

Outcomes

Primary
Muscle strength by isokinetically measured knee torques and isometrically as MVIC.
Secondary

Endurance by maximum duration of contraction at 80% of MVIC, functional performance by timed mo-
tor performance tests and by questionnaires. Serum myoglobin levels to detect changes in muscle fibre
membrane permeability

Time-points measured

Outcome measurements were performed at the start of the study period (t0) and after 8 (t8), 16 (t16),
and 24 (t24) weeks of follow-up.

Dates

Study dates not reported

Funding/ declarations of
interest

Study authors have chosen not to select a disclosure statement

Notes Participants were matched based on muscle strength (knee extension torque/body weight) and on per-
formance in a stair-climbing test. Only complete pairs were analysed

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Comment: there was no published information on the sequence generation

tion (selection bias) but the study author (Lindeman) informed us that 2 independent persons
drew a sealed lot per matched pair and allocated each pair to the training or
non-training group by tossing a coin. There was some baseline imbalance but
we considered it consistent with chance.

Allocation concealment Low risk Comment: there was no published information on the method of allocation

(selection bias) concealment but the study author (Lindeman) informed us that 2 independent
persons allocated the training, after tossing the coin, to the training or non-
training group

Blinding of participants High risk Comment: not blinded as it is impossible to blind exercise training compared

and personnel (perfor- to no exercise training

mance bias)

All outcomes
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Lindeman 1995 (continued)

Blinding of outcome as- Low risk Quote: "observers of the outcome measurements were blinded for treatment

sessment (detection bias) allocation"

All outcomes
Comment: approximately 20% of the myotonic dystrophy participants re-
vealed information to the clinical evaluators that resulted in unblinding during
the course of the trial

Incomplete outcome data  High risk Comment: 3 of the initially 36 randomised participants withdrew before dis-

(attrition bias) closure of treatment allocation. The 33 participants starting the trial made 15

All outcomes matched pairs. During the trial 1 person dropped out. Because of the matched
pair design only complete pairs were analysed, therefore eventually 28 of the
initial 36 randomised participants were analysed. Follow-up was therefore in-
complete and analysis was not by ITT. However, the flow path of participants
was well documented

Selective reporting (re- High risk Quote: "Differences were compared using paired T tests and two sample T

porting bias) tests (to look for differences because of the small number of complete pairs).
Only results of the paired T tests at t0 and t24 will be presented because they
showed the most relevant differences between the groups.”
Comment: appears to be a high risk of selective reporting

Other bias Low risk Comment: no risk of bias from other sources detected

Wiesinger 1998a

Methods

Parallel-group RCT

Participants

Sample size

Intervention group: 2 adults with PM, 5 adults with DM, control group: 2 adults with PM, 5 adults with
DM

Inclusion criteria

Established DM or PM with a disease duration of > 6 months, clinical activity defined as the presence
of proximal muscle weakness, and/or the elevation of CK levels above the upper limit of normal on =3
consecutive observations during the preceding 3-month period, the drug therapy had to be stable for
at least 3 months before the start of the training programme

Exclusion criteria

Clinically manifest pulmonary or cardiac disorders, inclusion body myositis, fever, neoplasms, physical
inability to exercise, or increase in muscle destruction during the past 3 months before the start of the
training programme, as indicated by at least a 50% increase in CK levels over the baseline value

Baseline demographics

Mean age participants control group: 40 years, mean age participants training group: 56 years. Fe-
male/male ratio control group: 5/2, female/male ratio training group: 4/3.

Interventions

Aerobic exercise training vs no training
Type of training and exercise
Endurance bicycle training, endurance step aerobics

Intensity

Strength training and aerobic exercise training for muscle disease (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

55



Cpchrane
Library

O

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

Wiesinger 1998a (Continued)

Bicycle training: 30 min, slowly increased on an individual basis. Resistance was increased until a heart
rate of 60% of maximum. Step aerobics: 30 min

Frequency

During the first 2 weeks, twice weekly, during the remaining 4 weeks, 3 times weekly

Setting

University Hospital of Vienna, Austria

Duration

Session: 60 min. Programme: 6 weeks

Muscle groups
Not applicable

Supervision

Supervised by a physiotherapist

Outcomes No primary outcome or secondary outcomes defined. Study outcomes: ADL score, peak isometric
torque of knee extensors and hip flexors, peak oxygen consumption and CK and aldolase levels
Time-points measured
Before and after 6 weeks of control or training period

Dates Study dates not reported

Funding/ declarations of
interest

None reported

Notes Outcomes were not presented separately for DM and PM
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Quote: "Distinct randomisation lists were used".
tion (selection bias)
Comment: there was no information about the generation of the list. It is not
clear what is meant by "distinct randomisation lists"
Allocation concealment Unclear risk Comment: there was no published information on the method of allocation
(selection bias) concealment
Blinding of participants High risk Not blinded for group assignment, as it is impossible to blind exercise training
and personnel (perfor- compared to no exercise training.
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Quote: "Muscle strength assessments were carried out by the same person
sessment (detection bias) who was unaware of the group to which the individual patients belonged".
All outcomes
Comment: there was no published information about blinding of the assessor
of the other measurements
Incomplete outcome data  Low risk Comment: complete follow-up of all participants

(attrition bias)
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Wiesinger 1998a (Continued)
All outcomes

Selective reporting (re- High risk Comment: no primary or secondary outcomes were defined. Outcomes were
porting bias) also not clearly specified and reported
Other bias Low risk Comment: no risk of bias from other sources detected

Van der Kooi 2004

Methods Evaluator-blind, parallel-group RCT

Participants Sample size
Intervention group: 19 adults with FSHD type 1, control group 16 adults with FSHD type 1
Inclusion criteria

Eligible participants were aged 18-65 years, were willing to train if allocated to the training group,
agreed to refrain from training if allocated to the non-training group, and agreed to use the study med-
ication as prescribed. Participants had to have at least 2 trainable muscle groups (fully supinated elbow
flexion Medical Research Council (MRC) 3, ankle dorsiflexor 0° dorsiflexion from neutral ankle position).

Exclusion criteria

Inability to walk independently (ankle-foot orthoses and canes were accepted); history of (treated) hy-
pertension, heart failure, or ischaemic heart disease, arrhythmias, diabetes mellitus, or thyrotoxico-
sis; use of sympathicomimetics, beta-blockers, or systemic corticosteroids during the last 3 months;
(planned) pregnancy or breastfeeding; and articular diseases of the elbow or ankle joints. Participants
with abnormalities on their electrocardiogram, but without a cardiovascular history or hypertension,
were seen by the cardiologist to decide on their inclusion.

Baseline demographics

The training group comprised 8 women and 11 men, mean age 36 years (SD 9). The control group com-
prised 7 women and 9 men, mean age 39 years (SD 9).

Interventions Strength training vs no training (and as add-on in a double-blind, randomised controlled design al-
buterol or placebo)

Type of training and exercise
Dynamic and isometric strength training with weights
Intensity

Individualised progressive overload, 2 sets dynamic from 10 repetitions at 10RM, via 8 repetitions at
8RM, to 5 repetitions at 5RM, and 30 s isometric with same weight

Frequency

3 times/week

Setting

At home (the Netherlands)

Duration

Session: within 30 min. Programme: 52 weeks

Muscle groups
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Elbow flexors, ankle dorsiflexors
Supervision

Supervised at home by a physical therapist

Outcomes

Primary
Difference in muscle strength of elbow flexors and ankle dorsiflexors after 52 weeks using the MVIC
Secondary

Muscle endurance (MVIC Force-Time Integral) and dynamic muscle strength (1RM). Other measures in-
cluded functional tests and timed motor performance tasks

Time-points measured

Before and after 52 weeks of control or training period

Dates

Study dates not reported

Funding/ declarations of
interest

"Supported by a government grant of the Health Research and Development Council of the Nether-
lands (ZON-MW), the Prinses Beatrix Fonds, the Dutch Public Fund for Neuromuscular Disorders (VSN),
and the Dutch FSHD Foundation"

Notes Outcomes are presented for the 4 treatment groups (i.e. the 4 combinations of training vs non-training,
and albuterol vs placebo). Effect sizes are presented by intervention as well

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: " (...) participants were randomly assigned to one of the four treatment

tion (selection bias) groups according to a computer generated randomisation list"

Allocation concealment Unclear risk Quote: "information on the assignment to training or non-training was dis-

(selection bias) closed to the participants by the physical therapist"

Blinding of participants High risk Not blinded as it is impossible to blind exercise training compared to no exer-

and personnel (perfor- cise training.

mance bias)

All outcomes

Blinding of outcome as- Low risk Quote: "The RM measurements were performed by the physical therapist, who

sessment (detection bias) was not blinded for the allocation to training or non-training, as this specific

All outcomes measurement carried too great a risk of unblinding the clinical evaluator"
Comment: adequate, although one of the main secondary outcome measures,
the 1RM measurement for assessing dynamic strength, was performed by the
physical therapist, who supervised the training, and was therefore not blind-
ed to the allocation to training or non-training. Unblinding during the trial was
adequately registered. Allocation to training or non-training was unmasked in
3 cases, due to unintentional remarks

Incomplete outcome data  Low risk Quote: "One patient stopped training because of recurring, training-related

(attrition bias) muscle soreness and fatigue. Four participants stopped using their study med-

All outcomes ication because of side effects. Data for the participants who discontinued an
intervention were analysed in the assigned treatment group"
Although there was not total adherence, analysis was by ITT.
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Selective reporting (re- Low risk Comment: no evidence found for selective reporting

porting bias)

Other bias Low risk Comment: no risk of bias from other sources detected
Cejudo 2005

Methods Parallel-group RCT

Participants

Inclusion criteria

« MM with exercise intolerance or active muscle pain
« limited exercise performance, with a degree of impaired VO, max in the maximal exercise testing

established as 83% of predicted values, according to equations proposed for normal individuals by
Wasserman et al.38

« absence of joint or bone deformities

« absence of cardiac and respiratory disease assessed by electrocardiogram, cardiac ultrasound scan,
chest X-ray, and spirometry tests (FEV1/FVC was required to be 70%)

« absence of uncontrolled epilepsy
Baseline demographics

Mean age participants control group: 55 years, mean age participants training group: 45 years. Fe-
male/male ratio control group: 4/5, female/male ratio training group: 4/5

Sample size

Intervention group: 9 adults with MM, control group 9 adults with MM

Interventions

Strength training and aerobic exercise training vs no training
Type of training and exercise

Endurance bicycle training, dynamic isotonic with weights
Intensity

Aerobic training: individualised work rate, 30-min leg exercise on an ergo cycle, 70% of the peak work
rate; strength training: 1 set dynamic and isotonic of 10-15 repetitions at 50% 1RM load, to 2 or 3 sets.
Adjustments on workload changed every 2 weeks

Frequency

3 times/week

Setting

In a rehabilitation unit in Spain

Duration

Session: approximately 60 min. Programme: 12 weeks

Muscle groups

Shoulder, upper back, arm, pectoralis major, biceps brachii and brachialis muscles
Supervision

Supervised training programme by specialised nurses and a physiatrist specialist
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Cejudo 2005 (Continued)

Outcomes

Primary

Exercise capacity - expressed in measures of oxygen uptake (i.e. VO, max), endurance time and dis-
tance walked in the shuttle walking test

Secondary

Peripheral muscle strength (1RM test), quality of life, symptoms of myalgia, cramps and fatigability and
functional exercise capacity

Time-points measured

Before and after 12 weeks of control or training period

Dates

Study dates not reported

Funding/ declarations of
interest

"This work was supported by grants from the Ministerio de Sanidad (FIS 97/0371), Consejeria de Salud,
Junta de Andalucia (96/28), Mitochondrial Disorders Network G 03/011, and Red Respira RTIC 03/011,
Spain"

Notes —

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "Patients were randomly assigned to a training group or control group".

tion (selection bias)
Comment: no published information on the sequence generation. Study au-
thor (Cejudo) informed us that participants were randomly assigned according
to a computer-generated randomisation list

Allocation concealment Unclear risk Quote: "Patients were randomly assigned to a training group or control group".

(selection bias)
Comment: no published information on the allocation concealment. Study au-
thor (Cejudo) informed us that participants were randomly assigned according
to a computer-generated randomisation list

Blinding of participants High risk Comment: participant blinding not possible and no published information on

and personnel (perfor- the blinding of personnel

mance bias)

All outcomes

Blinding of outcome as- High risk Comment: no published information on the blinding of the outcome assessors.

sessment (detection bias) Study author (Cejudo) told us that the evaluators knew to which group each

All outcomes participant was assigned

Incomplete outcome data  Unclear risk Quote: "one patient in each group failed to finish the study for personal rea-

(attrition bias) sons".

All outcomes
Comment: baseline outcome data assessed, but not available for these partici-
pants. So 1/10 missing from intervention group and 1/10 missing from control
group and analysis was not ITT

Selective reporting (re- High risk Comment: no primary and secondary outcome(s) defined in the article and

porting bias) outcomes not clearly specified and reported

Other bias Low risk Comment: no risk of bias from other sources detected
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Kierkegaard 2011

Methods

Evaluator-blind, parallel-group RCT

Participants

Sample size

Intervention group: 18 adults with myotonic dystrophy type 1, control group: 17 adults with myotonic
dystrophy type 1

Inclusion criteria

Diagnosed DM1; living in the Stockholm County Council area; aged = 18 years; ability to walk 50 m with-
out assistance; permission from a cardiologist to take part in an exercise programme; and classified as
grade 2-5 on the MIRS

Exclusion criteria

Inability to communicate in Swedish; clinically obvious severe cognitive impairment; and other diag-
noses that could interfere with participation. Of 114 eligible persons, 35 did not fulfil the inclusion cri-
teria (24 were unable to walk 50 m, 4 were classified as MIRS 1, 4 had severe cardiac arrhythmia, 2 had
other concurrent diagnoses and 1 did not speak Swedish).

Baseline demographics

The training group comprised 10 women and 8 men, mean age 44 years, standard deviation (SD) 11,
range 20-60 years. The control group comprised 10 women and 7 men, mean age 41 years, SD 15, rang-
ing from 20-65

Interventions

Strength training and aerobic exercise training vs no training

Type of training and exercise

Strength training, aerobic exercise, balance exercises, supported by music
Intensity

Strength exercises for arm, leg, back and abdominal muscles 16-20 repetitions, for 6-7 min, balance ex-
ercises for 3-4 min, aerobic activities for 11-12 min at 60%-80% of maximum heart rate. Once a week a
30-min brisk walk

Frequency

2 times/week and once a week a brisk walk

Setting

The department of physical therapy, Karolinska University Hospital (Sweden)
Duration

Session: 60 min and a 30-min walk. Programme: 14 weeks

Muscle groups

Arm, leg, back and abdominal muscles

Supervision

All sessions were supervised by a specialised physiotherapist

Outcomes Primary
Distance walked in the 6-min walk test
Secondary
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Kierkegaard 2011 (continued)

Timed-stands test, timed up-and-go test
Time-points measured

Before and after a control or training period of 14 weeks

Dates Study dates not reported
Funding/ declarations of "This research was supported by grants from the Einar Belvén Foundation, the Norrbacka-Eugenia
interest Foundation, Stockholm, the Swedish Association of Registered Physiotherapists and the Swedish Asso-

ciation for Persons with Neurological Disabilities (NHR). Financial support was also provided through
the strategic research programme in Care Sciences (SFP-V), Karolinska Institutet, and the regional
agreement on medical training and clinical research (ALF) between Stockholm County Council and
Karolinska Institutet."

Notes Participants were stratified before randomisation by their results in the 6-min walk test

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "The lots were drawn by a person who was not involved in any other
tion (selection bias) part of the study"

Allocation concealment Low risk Quote: "Participants were recruited before randomisation"

(selection bias)

Blinding of participants High risk Not possible: intervention was training vs no training
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Quote: "Data was collected before and after the intervention by two indepen-
sessment (detection bias) dent experienced physiotherapists, blinded to group allocation and each as-
All outcomes sessing the same participants on both occasions"

Incomplete outcome data  Low risk Quote: "one person in the control group did not attend the data collection af-
(attrition bias) ter the intervention"

All outcomes

Selective reporting (re- Low risk Comment: no evidence found for selective reporting
porting bias)

Other bias Low risk Comment: no risk of bias from other sources detected
Jansen 2013

Methods Parallel-group RCT

Participants Sample size

Intervention group: 17 boys with DMD, control group: 13 boys with DMD
Inclusion criteria

Boys were included if they needed more than 5 s to rise from the floor, were not able to rise from the
floor, were not able to cycle without electric assistance, or needed a wheelchair to move over a long (>

Strength training and aerobic exercise training for muscle disease (Review) 62
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health. Cochrane Database of Systematic Reviews

Jansen 2013 (Continued)

500 m) distance. Wheelchair-dependent boys were eligible if they were able to touch the top of their
head with both hands or were able to use a hand-operated wheelchair.

Exclusion criteria

Exclusion criteria were as follows: age <6 years, a clinical cardiomyopathy, and other disabling dis-
eases influencing mobility

Baseline demographics

At baseline, 8 boys were ambulant and 9 were wheelchair-dependent in the intervention group, com-
pared with 10 and 3 in the control group, respectively (P =.098). In the intervention group, 14 boys used
corticosteroids compared with 9 in the control group.

Interventions

Aerobic exercise vs no training

Type of training and exercise

Assisted bicycle home training programme

Intensity

15 min cycling with arms and legs using a mobility trainer with electrical motor support
Frequency

5 days/week

Setting

At home or at school, depending on the preferences of the participants (the Netherlands)
Duration

Session: 15 min. Programme: 24 weeks

Supervision

Parents and/or teachers were instructed to assist the boys. Training intensity and posture were moni-
tored and if necessary adjusted by the primary investigator

Outcomes Primary
MFM and the 6-min Cycling Test
Secondary
PEDI, timed tests (rise from floor, 10-m run, 9-hole peg test), muscle strength, passive joint ROM, and
quantitative muscle ultrasound. Bilaterally muscle strength of the hip extensors, knee extensors, ankle
dorsiflexors, shoulder abductors, and elbow extensors (MRC score), signs of overexertion by means of a
questionnaire
Time-points measured
Outcomes were assessed at baseline, after 4 weeks, 8 weeks, 32 weeks and 56 weeks.

Dates Boys were recruited January 2009-January 2010

Funding/ declarations of
interest

Funding

Study author(s) "disclosed receipt of the following financial support for the research, authorship, and/
or publication of this article. This study was financially supported by a grant from the patient organisa-
tion Duchenne Parent Project."

Declarations of interest
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Jansen 2013 (Continued)

Study author(s) "declared no potential conflicts of interest with respect to the research, authorship,
and/or publication of this article."

Notes

Risk of bias

Bias

Authors' judgement

Support for judgement

Random sequence genera-  High risk Quote: "Stratified randomisation (ambulant vs wheelchair-dependent) was

tion (selection bias) used to allocate participants to either the intervention or the control group in
a 2:1 ratio. Two boys were not randomised, but directly allocated to the inter-
vention group, because the study duration was ending.
Comment: no published information on the sequence generation. Study au-
thor (Jansen) informed us that the randomisation list was provided by the sta-
tistician.

Allocation concealment Low risk Comment: no published information on the allocation concealment. Study au-

(selection bias) thor (Jansen) informed us that an independent secretary allocated the boys to
one of both groups.

Blinding of participants High risk Comment: participants and outcome assessor were not blinded to treatment

and personnel (perfor- allocation but had no information about previous test results at each assess-

mance bias) ment. 2 boys were originally allocated to the intervention group, but replaced

All outcomes to the control group within 2 weeks after trying the intervention".

Blinding of outcome as- High risk Comment: participants and outcome assessor were not blinded to treatment

sessment (detection bias) allocation but had no information about previous test results at each assess-

All outcomes ment.

Incomplete outcome data  High risk Comment: one boy discontinued the training and assessment after 12 weeks

(attrition bias) and was excluded from the analysis, so the analysis was not ITT.

All outcomes

Selective reporting (re- Low risk Comment: no evidence found for selective reporting

porting bias)

Other bias Low risk Comment: no risk of bias from other sources detected

Aldehag 2013
Methods Randomised controlled cross-over pilot study

Participants

Sample size: 35

Inclusion criteria

Adults with genetically verified diagnosed DM1, with strength in wrist and hand muscles graded at least
3 on the 0-5-scale of manual muscle testing

Exclusion criteria

Clinically obvious severe cognitive impairment, other diagnoses that could interfere with participation,
or inability to communicate in Swedish

Baseline demographics

Strength training and aerobic exercise training for muscle disease (Review)
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Aldehag 2013 (continued)

Group A (to start with a training period): n = 18, mean age 44 years (SD = 11)
Group B (to start with a period of no training): n = 17, mean age 47 years (SD = 12)

Participants’ hand function ranged from mildly to severely impaired. All but 2 participants were right-
handed and all but one were ambulatory.

Interventions Type of training and exercise

Hand training programme: dynamic strength-endurance exercises, i.e. mass wrist- and finger move-
ments, and isolated finger movements, and stretching exercises for wrist and finger muscles vs no
training

Intensity

The resistance of the putty was dependent on the baseline hand-grip force of the participant and dif-
fered from supersoft to medium.

Frequency

Three times/week. The number of sets for each movement was progressively increased during the 12-
week training period, one set every 4th week. Thus, each mass movement consisted of 1 set of 10 rep-
etitions during weeks 1-4, 2 sets of repetitions during weeks 5-8, and 3 sets of 10 repetitions during
weeks 9-12.

Setting

Every week, 1 session was performed at the Department of Occupational Therapy, Karolinska Universi-
ty Hospital, (Sweden). 2 sessions were performed at home.

Duration
Session: approximately 1 h. Programme: 12 weeks
Supervision

1 session/week was a group-training session, supervised by an occupational therapist.

Outcomes Primary

Hand-grip and pinch-grip force measured with the Grippit instrument, an electronic dynamometer giv-
ing the average force in Newton (N) over a period of 10 seconds(s).

Secondary

Isometric force in wrist flexors and wrist extensors, manual dexterity was measured by counting the
number of pegs placed on the Purdue Pegboard during 30 s. Change in self-perception of occupational
performance and satisfaction with performance (COPM); evaluation of instrumental ADL (AMPS)

Time-points measured

Before and after the intervention or control period (12 weeks)

Dates Study dates not reported
Funding/ declarations of "Financial support was provided through the regional agreement on medical training and clinical re-
interest search (ALF) between Stockholm County Council and Karolinska Institutet, the Centre for Health Care

Science, Department of Clinical Neuroscience and the strategic research program in Care Sciences
(SFP-V), Karolinska Institutet, the Swedish Association for Persons with Neurological Disabilities (NHR),
Roda Korshemmets (Red Cross Home’s) Lori Lindahl Stipendium, Idrottens Forskningsrad (Swedish
Sports Research Council) and the Department of Occupational Therapy, Karolinska University Hospi-
tal."
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Aldehag 2013 (continued)

Notes Participants were stratified into 2 strata for level of functioning, based on hand-grip force.
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "Participants were divided into two strata from which they were as-

tion (selection bias) signed by lot to either intervention A or B. The group to start with a training pe-
riod was then decided by lot."

Allocation concealment Low risk Quote: "The lots were drawn by the person who was also responsible for the

(selection bias) training. Since participants were recruited before randomisation, concealed
allocation procedures were applied".

Blinding of participants High risk Not blinded for group assignment, as it is impossible to blind exercise training

and personnel (perfor- compared to no exercise training

mance bias)

All outcomes

Blinding of outcome as- Low risk Quote: "Data collections were performed before and after training and control

sessment (detection bias) periods (...) by an experienced occupational therapist blinded to group alloca-

All outcomes tion".

Incomplete outcome data  Low risk The dropout rate was high: 29%, however, an ITT analysis was applied. Quote:

(attrition bias) "Spontaneous given reasons for withdrawal were family and/or work matters,

All outcomes fatigue, lack of motivation and concerns about having to travel back-and-forth
to the hospital for the group-training sessions. A few also reported emotion-
al difficulties with meeting people at the group training with worse symptoms
than they had themselves. (...) An intention-to-treat approach was applied and
missing data was replaced using the last-observation-carried-forward (LOCF)
method. (...) Altogether, 10 persons dropped out of the study. (...) Nine persons
in group A and four persons in group B had acceptable adherence".

Selective reporting (re- Low risk Comment: no evidence found for selective reporting

porting bias)

Other bias High risk Quote: "A wash-out period was incorporated between the periods of interven-
tion in order to control for a possible carry-over effect from the training period
into the control period".

Comment: a cross-over trial has various weaknesses: participants dropping
out after the first period complicating the ITT analysis, and carry-over effects
of treatment across study periods.
Munters 2013
Methods Evaluator-blind, parallel-group RCT

Participants

Sample size

Intervention group: 5 adults with PM, 6 adults with DM, control group: 4 adults with PM, 6 adults with

DM

Inclusion criteria

« Diagnosis of definite or probable DM and PM

» Age18years
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Munters 2013 (Continued)

 Duration since diagnosis 6 months
+ Exercising < once a week
+ Receiving stable medication for at least 1 month

Exclusion criteria

+ Severe heart or lung conditions
+ Severe osteoporosis
» Not being able to exercise

Baseline demographics

23 people with PM or DM (12 in the exercise group and 11 in the control group) were included in the 12-
week endurance exercise programme. All participants were in a stable disease phase with no to high
damage and with unchanged medication for at least 1 month before inclusion in the study, as well as
during the 12-week intervention.

Interventions

Aerobic exercise and strength training vs no training
Type of training and exercise

Cycling exercises and muscular endurance exercises
Intensity

Aerobic exercise: during the first weeks, the exercise intensity was gradually increased from 50% up to
70% of the participants’ individual VO, max. Strength training: 30%-40% of 1RM

Frequency
3 times/week, twice a week at a physical therapy department, once a week at home
Setting

Twice a week at the department of physical therapy at each of the 3 participating centres (Karolinska
University Hospital, Sahlgrenska University Hospital, Uppsala University Hospital, Sweden)

Duration

Session: 1 h. Programme: 12 weeks
Muscle groups

Knee extensors

Supervision

Physical therapist at each participating centre

Outcomes Primary: primary outcome changed during the study from the FI2 to VO, max

Secondary
FI2, SF-36,The Myositis Activities Profile for limitations in ADL, 1RM measurements, disease activity was
performed using the core set measures developed by the International Myositis Assessment and Clini-
cal Studies, the maximum load a patient can lift in a full ROM in 5 repetitions (5 VRM) of knee extensors
left and right.
Secondary
Power performed (in W) at the time of VO, max was recorded, time cycling to exhaustion performed
with a constant power at 65% of baseline VO, max, manual muscle testing of 8 muscle groups was per-
formed (maximal isometric strength of neck flexors, middle deltoid, gluteus maximus, gluteus medius,
biceps brachii, wrist extensors, wrist flexors, ankle dorsiflexors)
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Munters 2013 (Continued)

Time-points measured

Before and after 12 weeks of control or training period

Dates

Participants were recruited from 2007-2011

Funding/ declarations of
interest

Supported by grants from the Myositis Association, the Swedish Research Council, the Swedish
Rheumatism Association, funds at the Karolinska Institutet, Promobilia, and through “The regional
agreement on medical training and clinical research (ALF) between Stockholm County Council and
Karolinska Institutet.”

Notes Outcomes were not presented for DM and PM separately.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Quote: "Using a randomisation list, patients were randomised by an indepen-
tion (selection bias) dent nurse".

Allocation concealment Low risk Quote: "Using a randomisation list, patients were randomised by an indepen-
(selection bias) dent nurse".

Blinding of participants High risk Not blinded as it is impossible to blind exercise training compared to no exer-
and personnel (perfor- cise training.

mance bias)

All outcomes

Blinding of outcome as- Low risk Quote: "assessments (...) were performed by a physical therapist at each re-

sessment (detection bias)
All outcomes

spective centre, blinded to the type of intervention"

Incomplete outcome data
(attrition bias)
All outcomes

High risk Quote: "One patient in the exercise group was not able to perform the exercise
programme and was excluded from the analysis".

Follow-up was therefore incomplete and analysis was not by ITT.

Quote: "We aimed for nine patients in the exercise group, but some analyses
were performed with N =7 (VO max measurements) or N = 3 (mitochondri-
al enzyme activities). (...) All measurements were not successfully performed
both before and after training in each subject".

Selective reporting (re-
porting bias)

Unclear risk Quote: "Because PM [polymyositis] and DM [dermatomyositis] are rare con-
ditions, the research group decided at the study onset to perform an interim
analysis in case patient recruitment did not proceed as quickly as projected.
VO, max was determined to be more sensitive to change than the FI-2 accord-
ing to the type of exercise performed, and thereby was selected instead as the
primary outcome and used for the interim analysis".

Comment: primary outcome changed at the study onset from the FI2 to VO,
max

Other bias

Low risk Comment:no risk of bias from other sources detected
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Alexanderson 2014

Methods

RCT

Participants

Sample size: 19 participants

Intervention group: 5 adults with PM, 5 adults with DM
Control group: 5 adults with PM, 4 adults with DM
Inclusion criteria

« Diagnosis of definite or probable PM or DM according to Bohan and Peter criteria
» Diagnosis duration <3 months

« Age 18-70years

« Clinical signs of improvement with conventional immunosuppressive treatment
« Ability to perform the exercise programme

Exclusion criteria
Severe osteoporosis, concomitant malignancy, or cardiovascular disease contraindicating exercise
Baseline demographics

Median age 60.0 years, median diagnosis duration 3.0 months

Interventions

Type of training and exercise
Resistive home exercise programme
Intensity

Strength training: step up exercise for warm-up, shoulder flexion and knee extension in a sitting posi-
tion, hip flexion and abduction, pelvic lifts and sit-ups lying down. Each exercise in 10 repetitions bilat-
erally, the programme ended with stretching. Exercise intensity was prescribed individually.

Aerobic exercise: a 15-min walk at an intensity level of 50%-70% of participants' estimated maximal
heart rate

Frequency

5 times/week

Setting

The 1st 12 weeks at home, the second 12 weeks at home and/or at the gym, (Sweden)
Duration

Not described, but varied individually

Supervision

Weekly telephone support from the physical therapist

Outcomes

Primary

Muscle performance (the disease-specific Fl). The Fl includes testing of correctly performed repetitions
in 11 muscle groups: elbow flexion, shoulder flexion and abduction, hip flexion and abduction, step
test, heel and toe lifts, neck flexion and trunk flexion, with additional tests of ability to transfer from
side to side lying down, transfer up to sitting, and peak expiratory flow.

Secondary

Aerobic capacity using 8-min submaximal treadmill test; quality of life (NHP); disease activity (CK and
muscle biopsy)
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Alexanderson 2014 (Continued)

Time-points measured

At baseline, and after 24 weeks of training or control period

Dates

All patients with recent-onset PM or DM from 1998-2002 were consecutively invited to participate.

Funding/ declarations of
interest

"Supported by grants from the Swedish Research Council, the Swedish Rheumatism Association, King
Gustaf V 80 Year Foundation, Funds at the Karolinska Institutet and through the regional agreement on
medical training and clinical research (ALF) between Stockholm County Council and Karolinska Insti-
tutet."

Notes -

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Quote: "Patients were enrolled by any of two rheumatologists and randomised

tion (selection bias) into an exercise group or a control group using a randomisation table".

Allocation concealment Low risk Quote: "An independent nurse was responsible for the randomisation, which

(selection bias) was concealed to the blinded assessors and the two rheumatologists respon-
sible for patient enrolment throughout data collection. She informed the exer-
cise supervisors about group allocation".

Blinding of participants High risk Not blinded for group assignment, as it is impossible to blind exercise training

and personnel (perfor- compared to no exercise training.

mance bias)

All outcomes

Blinding of outcome as- Low risk Quote: "Three well-trained physical therapists blinded to group allocation, one

sessment (detection bias) at each participating centre, assessed patients recruited from their own cen-

All outcomes tre and supervised the exercise for patients from any of the other centres (...)
Study participants were not blinded to group allocation".

Incomplete outcome data  Unclear risk Comment: 2 participants were lost to follow-up in the exercise group. Howev-

(attrition bias) er, analysis was by ITT.

All outcomes

Selective reporting (re- Low risk No evidence found for selective reporting

porting bias)

Other bias Low risk Comment: no risk of bias from other sources detected

Voet 2014
Methods Evaluator-blind, parallel-group RCT

Participants

Sample size
Intervention group: 20 adults with FSHD type 1, control group: 24 adults with FSHD type 1
Inclusion criteria

Age = 18 years, severe fatigue (CIS-fatigue > 35), able to walk independently (ankle-foot orthoses and
canes are accepted), able to exercise on a bicycle ergometer, able to complete either type of interven-
tion

Strength training and aerobic exercise training for muscle disease (Review) 70
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health. Cochrane Database of Systematic Reviews

Voet 2014 (Continued)

Exclusion criteria

Cognitive impairment, insufficient mastery of the Dutch language, neurologic or orthopedic comorbid-
ity interfering with the interventions or possibly influencing outcomes, pregnancy, use of psychotrop-
ic drugs (except simple sleeping medication), severe cardiopulmonary disease (chest pain, arrhythmia,
pacemaker, cardiac surgery, severe exertional dyspnea, emphysema), epileptic seizures, poorly regu-
lated diabetes mellitus or hypertension, clinical depression, as diagnosed with the Beck Depression In-
ventory for Primary Care.

Baseline demographics

Mean age participants control group: 52 years, mean age participants training group: 59 years. FSHD
clinical score participants control group: 3.0, Ricci score training group: 3.0. Female/male ratio control
group: 17/17, female/male ratio training group: 12/18. Duration of illness participants control group:
16.7 years, duration of illness participants training group: 13.0 years

Interventions

Aerobic exercise vs usual care (and a 3rd group with cognitive behaviour therapy)

Type of training and exercise.

Cycling exercises on an ergometer

Intensity

Resistance was increased until an increase of 50%-65% in heart rate reserve was achieved.
Frequency

3 times/week, twice a week at home, once a week at a rehabilitation centre

Setting

Once a week at the department of rehabilitation at one of 6 the participating centres (St Maartensklin-
iek Nijmegen, de Hoogstraat Utrecht, de Vogellanden Zwolle, het Roessingh Enschede, St Franciscus
ziekenhuis Roosendaal, Reade Amsterdam, the Netherlands)

Duration

Session: 30 min, with additional warming-up and cooling-down periods of 5 and 3 min, respectively.
Programme: 16 weeks

Supervision

Supervised by a physiotherapist

Outcomes

Primary
The subscale fatigue of the checklist individual strength
Secondary

Isometric strength for the quadriceps as MVIC, aerobic exercise tolerance (VO, peak and distance

walked in a 6-min walk test), physical activity using actometers and a questionnaire, sleep quality, pain
intensity, social participation restrictions

Time-points measured

Before and after the intervention period of 16 weeks and after 12 weeks of follow-up

Dates

Participants were enrolled from January 2009 through February 2012

Funding/ declarations of
interest

N Voet received grants from Prinses Beatrix SpierFonds (PBF) (The Dutch Public Fund for Neuromus-
cular Disorders), the Netherlands Organisation for Health Research and Development (ID: ZonMW
89000003), and global FSH. G Bleijenberg, J Hendriks, | de Groot, and G Padberg report no disclosures
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Voet 2014 (Continued)

relevant to the manuscript. B van Engelen was research director of the European Neuromuscular Cen-
tre (ENMC), received grants from global FSH, the Netherlands Organisation for Health Research and De-
velopment, Prinses Beatrix SpierFonds (PBF) (The Dutch Public Fund for Neuromuscular Disorders),
and the Dutch FSHD Foundation. S. Geurts received grants from Prinses Beatrix SpierFonds (PBF) (The
Dutch Public Fund for Neuromuscular Disorders), the Netherlands Organisation for Health Research
and Development (ID: ZonMW 89000003), and global FSH. Go to Neurology.org for full disclosures.

Notes Outcomes were presented for the 3 treatment groups (i.e. aerobic exercise, cognitive behaviour thera-
py and usual care). Effect sizes were presented by group as well

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "An independent research assistant allocated each participant to 16

tion (selection bias) weeks of AET [aerobic exercise training], CBT [cognitive behavioural therapy],
or UC [usual care] using a computer-generated randomisation block list". The
block sizes varied randomly in order to prevent predictability of the allocation
process.

Allocation concealment Low risk Quote: "An independent research assistant allocated each participant to 16

(selection bias) weeks of AET [aerobic exercise training], CBT [cognitive behavioural therapy],
or UC [usual care], using a computer-generated randomisation block list".

Blinding of participants High risk Not blinded for group assignment, as it is impossible to blind exercise training

and personnel (perfor- compared to no exercise training.

mance bias)

All outcomes

Blinding of outcome as- Low risk Quote: "All measurements were performed (...) by 2 blinded physical thera-

sessment (detection bias) pists"

All outcomes

Incomplete outcome data  Low risk Comment: 11 participants in the aerobic exercise group (39%) did not achieve

(attrition bias) the level of acceptable adherence. One participant in the aerobic exercise

All outcomes group withdrew due to time constraints. However, analysis was by ITT.
Comment: in the usual care group, 4 participants withdrew just before the 2nd
randomisation because they thought that the intervention would be too time-
consuming.

Selective reporting (re- Low risk Comment: no evidence found for selective reporting

porting bias)

Other bias Low risk Comment: no risk of bias from other sources detected

Andersen 2015
Methods Evaluator blinded, parallel-group RCT

Participants

Sample size: intervention group: 13 adults with FSHD type 1, control group n =10 adults with FSHD

typel

Inclusion criteria

Adults (18-65 years of age) with genetically verified FSHD type 1 (10 D4Z4 repeats in leukocytes DNA)

Exclusion criteria
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Andersen 2015 (Continued)

Regular cardio exercise (> 2 h/week), pregnancy or breastfeeding, inability to cycle, or other disabilities
than FSHD, which could confound the interpretation of the results

Baseline demographics

Mean age participants control group: 51.3 years, mean age participants training group: 45.7 years. FSHD
clinical score participants control group: 5.9, FSHD clinical score participants training group: 6.2. Fe-
male/male ratio control group: 4/5, female/male ratio training group: 6/7

Interventions

Aerobic exercise training vs no training (and as add-on in a double blind randomised controlled design
a protein supplement or placebo)

Type of training and exercise

Cycling exercises on an ergometer

Intensity

70% of VO, max

Frequency

3 times/week

Setting

At the Copenhagen Neuromuscular Center (Denmark)
Duration

Session: 15 min in the first week, 20 min in the second week, 30 min thereafter. Programme: 12 weeks
Supervision

Participants reported in a diary and were supervised by phone. The number of phone contacts varied,
depending on the individual need for supervision.

Outcomes Primary
Fitness as VO, max and maximal workload (Wy,x) during an exhaustion test on a cycle ergometer,
walking speed in a 6-min walk test
Secondary
Mobility (5-times sit-to-stand-test, 14-step-stair-test, standing balance test self-assessed physical ques-
tionnaire, testing of knee and elbow flexion and extension strength; quality of life (SF-36), fatigue and
pain (VAS)
Time-points measured
Before and after 12 weeks of control or training period

Dates The study was performed from 21 March 2012, to 28 October 2013

Funding/ declarations of
interest

Funding

The Aase and Einar Danielsens Foundation, Augustinus Foundation, AP Moeller Foundation, and The
Danish Rheumatism Association Foundation.

Declarations of interest

"G Andersen, K Prahm, J Dahlqvist, and G Citirak report no disclosures relevant to the manuscript. J
Vissing reports having received research support and honoraria from the Genzyme Corporation. Heis a
member of the Genzyme Pompe Disease Advisory Board. Go to Neurology.org for full disclosures."
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Andersen 2015 (Continued)

Notes -

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  High risk Quote: "We randomised patients to three groups. (..) The first participants

tion (selection bias)

were randomised with a dice to one of the three groups. To balance disease
severity in groups, a stratification method for randomisation was then used
called minimisation. Participants were randomised with discretion to essen-
tial factors that can influence outcomes: age (18-40 to 41-65 years), sex, and
disease severity (FSHD clinical score; 0-3 versus 4-15). If an equal pointin each
group and number of participants was reached, participants were randomised
with a dice to one of the three groups."

Comment: taking into account the low number of participants in each group,
we considered this method as inadequate.

Allocation concealment
(selection bias)

High risk Comment: study author (Andersen) informed us that 2 investigators enrolled
and assigned participants. They were not blinded for the allocation.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Comment: neither participants nor investigators were blinded to the exercise
intervention.

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Comment: neither participants nor investigators were blinded to the exercise
intervention.

Incomplete outcome data
(attrition bias)
All outcomes

High risk Quote: " In the analysis, we included data from seven patients who withdrew
from the study at the 7-week evaluation, but data from the six patients who
were lost to follow-up are only included in the intention-to-treat- analysis".

Comment: in the control group, 1 participant was lost to follow-up by an acci-
dental fall. In the minimisation process, data from participants who were lost
to follow-up were excluded so analysis was not done by ITT.

The total dropout rate is high: 39%

Selective reporting (re- Low risk Comment: no evidence found for selective reporting

porting bias)

Other bias Low risk Comment: no risk of bias from other sources detected
Habers 2016

Methods Parallel-group RCT

Participants

Inclusion criteria

People were eligible if they were diagnosed with juvenile DM by a paediatric rheumatologist/immunol-
ogist according to the Bohan and Peter criteria, and were aged 8-18 years at time of enrolment in this
study.

Exclusion criteria
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Habers 2016 (Continued)

People were excluded if: medical status contraindicated exercise testing; the patient (or the parents or
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 re-
lapse or the concurrent existence of other disease; and/or the person was already very active in sports
without any restrictions and without a subjectively diminished exercise capacity.

Baseline demographics

The median (range) age at inclusion was 12.3 years and 62% were girls. The median (range) age at diag-
nosis was 7.1 years. The median (range) disease duration at inclusion was 4.4 years.

Sample size

Intervention group: 14 children and adolescents with juvenile DM, control group: 12 children and ado-
lescents with juvenile DM

Interventions Strength training and aerobic exercise training vs no training
Type of training and exercise
Interval treadmill training, strength training, at home
Intensity

Aerobic training: individualised work rate, 30 min leg exercise on an ergo cycle, 65%-90% of the peak
heart rate alternated with short periods of low-intensity exercise (50%-60% of peak heart rate)

Strength training: the intensity of the strength training was set by time (20-30 s for every single exer-
cise), performing as many repetitions in 20-30 s.

Frequency

2-3 times/week, total of 32 training sessions
Setting

At home (the Netherlands)

Duration

Session: 40 min-60 min. Programme: 12 weeks
Muscle groups

Proximal muscle groups

Supervision

Parents were present for support and motivation. Every 2 weeks, a researcher or physiotherapist con-
ducted a home visit for supervision, adjustments and motivation.

Outcomes Primary
Aerobic exercise capacity
Secondary

Isometric muscle strength of knee and hip flexors and extensors, perception of fatigue, distance walked
in a 6-min walk test, quality of life, muscle function (distance standing long jump, amount of sit-ups
and push-ups, time wall sit, time V-up, muscle soreness, perception of fatigue (PedsQOL multidimen-
sional fatigue scale), pain (VAS)

Time-points measured
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Habers 2016 (Continued)

Before and after 12 weeks of control or training period and after 12 weeks of follow-up

Dates

Participants were included from 2012-2014

Funding/ declarations of
interest

Funding: "This work was supported by the Dutch Arthritis Foundation [11-1-202]."

Disclosure statement: study authors have declared no conflicts of interest

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "This was a multicenter (four academic hospitals), stratified (age and

tion (selection bias) gender), parallel-group study (...) with a balanced randomisation performed
by an independent and blinded person using computer generated lists of ran-
dom numbers with randomly varying block sizes (2 or 4)".

Allocation concealment Low risk Quote: "This was a multicenter (four academic hospitals), stratified (age and

(selection bias) gender), parallel-group study (...) with a balanced randomisation performed
by an independent and blinded person using computer generated lists of ran-
dom numbers with randomly varying block sizes (2 or 4)".
Comment: probably done

Blinding of participants High risk Not possible: intervention was training vs no training

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Quote: "The researchers performing the assessments, as well as those charged

sessment (detection bias) with data analyses were blinded to treatment allocation".

All outcomes

Incomplete outcome data  Low risk Quote: "all participants were included in the groups to which they were ran-

(attrition bias) domly assigned and the researchers made efforts too obtain outcome data for

All outcomes all participants, even if the intervention was not completed".
Comment: 3 participants stopped the intervention prematurely.

Selective reporting (re- Low risk Comment: no evidence found for selective reporting

porting bias)

Other bias Low risk Comment: no risk of bias from other sources detected

Bankolé 2016
Methods Parallel-group RCT

Participants

Inclusion criteria

Molecular FSHD Type 1 diagnosis, age = 18 years, and the ability to perform the cycling programme in

this study.

Exclusion criteria
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Bankolé 2016 (Continued)

A history of cardiovascular disease including cardiac arrhythmias and clinical cardiovascular anomaly,
evidence of inflammatory syndrome or diabetes, abnormal coagulation, or BMI = 35 kg m2

Baseline demographics

Mean age participants control group: 41 years, mean age participants training group: 40 years. Fe-
male/male ratio control group: 1/7, female/male ratio training group: 3/5

Sample size

Intervention group: 8 adults with FSHD type 1, control group: 8 adults with FSHD type 1

Interventions

Strength training and aerobic exercise training vs no training
Type of training and exercise

Assisted bicycle home training programme

Intensity

2 combined sessions consisted of aerobic exercise at a constant moderate intensity (60% of MAP) fol-
lowed by steps of near-maximal revolutions. Session 3 consisted of interval training with an intensi-
ty between 40% and 80% of MAP. The exercise intensity was individualised based on either observed
heart rate reduction with training or the new MAP from incremental cycling sessions

Frequency

3 times/week

Session: 35 min. Programme: 24 weeks
Setting

At home (France)

Muscle groups

Muscles of the upper and lower leg
Supervision

The first 5-10 training sessions were supervised by an experienced exercise physiologist. Every week,
the exercise physiologist provided telephone support for 2 sessions and attended the 3rd session to su-
pervise it and adjust the individualised exercise intensity

Outcomes Primary
Peak oxygen uptake (the oxygen consumption during the last 30 s before task failure in an incremental
cycling test)
Secondary
Maximal aerobic power in the last stage of an incremental cycling test; quadriceps neuromuscular func-
tion (isometric maximal voluntary contractions with femoral nerve magnetic stimuli delivered during
MVCs and at rest); distance walked in a 6-min walk test, quality of life (SF-36); perceived fatigue (FSS)
Time-points measured
Before and after 24 weeks of training or control period

Dates Participants were enrolled October 2010-August 2012

Funding/ declarations of Funding

interest
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Bankolé 2016 (Continued)

"This study was supported by the Association Francaise contre la Myopathie (AFM). The funding source
had no role in study design, data collection, data analysis, data interpretation, or writing of the report.
Landry-Cyrille Bankolé was supported by a doctoral research grant from Orebro University and by the
Association Francaise contre la Myopathie (AFM). John Temesi was supported by a doctoral research
grant from the Rhone-Alpes Region."

The study authors have no conflicts of interest to disclose.

Notes -
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote: "The study administrative coordinator performed a computer-generat-
tion (selection bias) ed pairwise randomisation by enrolment order, ensuring similar numbers of
patients allocated to each group".
Allocation concealment Low risk Quote: "Patients were informed of group allocation when a sealed envelope
(selection bias) was opened in their presence".
Blinding of participants High risk Quote:"due to the nature of the training study, investigators involved in train-
and personnel (perfor- ing and testing patients were unable to be blinded. All histological analyses
mance bias) were conducted by individuals blinded to training status".
All outcomes
Comment: training interventions precluded participant blinding
Blinding of outcome as- High risk Quote: "due to the nature of the training study, investigators involved in train-
sessment (detection bias) ing and testing patients were unable to be blinded. All histological analyses
All outcomes were conducted by individuals blinded to training status".
Incomplete outcome data  High risk Quote: "Two patients dropped out in the training group before starting the
(attrition bias) programme, (...). Another patient, included in the control group, withdrew for
All outcomes unknown reasons (...). In total, 16 patients completed the study".
Comment: analysis was not according ITT.
Selective reporting (re- Low risk Comment: no evidence found for selective reporting
porting bias)
Other bias Low risk Comment: no risk of bias from other sources detected
Andersen 2017
Methods Parallel-group RCT

Participants

Sample size: 6 adults with FSHD1 randomised to intervention group, 7 adults with FSHD1 randomised
to control group

Inclusion criteria
Age 18-70 years and genetically verified FSHD1
Exclusion criteria

Inability to cycle, regular cardio-exercise (1 h/week), or factors that potentially could confound the re-
sults (pregnancy, breastfeeding, disabilities other than FSHD1, participation in other studies)
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Andersen 2017 (Continued)

Baseline demographics

Mean age participants control group: 46 years, mean age participants training group: 53 years. FSHD
clinical score participants control group: 7.5, FSHD clinical score participants control group: 6.3. Fe-
male/male ratio control group: 1/5, female/male ratio training group: 2/4

Interventions

High-intensity aerobic exercise training vs no training
Type of training and exercise

Cycling exercises on an ergometer

Intensity

Each min of HIT was performed at 3 different work intensities: 30 s of easy pedaling, 20 s of hard work
and 10 s of all-out, maximal intensity.

Frequency

3 times/week

Setting

At the Copenhagen Neuromuscular Center (Denmark) and at home
Duration

Session: 21 min including an 8-min standardised warm-up and two sets of 5-min HIT separated by a 3-
min break at very low intensity. Programme: 8 weeks

Supervision

1 weekly session was performed in the clinic. All participants received live training instructions and a
recorded training guide for home use.

Outcomes Primary
Fitness as VO, max and during an exhaustion test on a cycle ergometer
Secondary
Maximal workload (Wax), meters walked in a 6-min walk test, 5-times sit-to-stand-test, static muscle
strength of hip and knee flexion and extension
Time-points measured
Before and after 8 weeks of control or training period
Dates Study dates not reported

Funding/ declarations of
interest

Study authors declare that they have no competing interests

"We thank Aase and Einar Danielsens Foundation, Augustinus Foundation, and AP Moeller Foundation
for financial support."

Notes

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

High risk Quote: "According to the zip-code, patients living close to our clinic were ran-
domised to supervised HIT."
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Andersen 2017 (Continued)

Allocation concealment High risk Quote: "According to the zip-code, patients living close to our clinic were ran-
(selection bias) domised to supervised HIT."

Blinding of participants High risk Comment: neither participants nor investigators were blinded to the exercise
and personnel (perfor- intervention.

mance bias)

All outcomes

Blinding of outcome as- High risk Comment: neither participants nor investigators were blinded to the exercise
sessment (detection bias) intervention.
All outcomes

Incomplete outcome data  High risk Quote: "12 of the 13 patients completed the controlled part of the study."
(attrition bias)

All outcomes Comment: analysis was not done by ITT

Selective reporting (re- Low risk Comment: no evidence found for selective reporting

porting bias)

Other bias Low risk Comment: no risk of bias from other sources detected

1RM: one repetition maximum; ADL: activities of daily living; AMPS: Assessment of Motor and Process Skills; BMI: body-mass index;
CIS: Checklist Individual Strength; CK: creatine kinase; COPM: Canadian Occupational Performance Measure; DM: dermatomyositis;
DM1: myotonic dystrophy type 1; DMD: Duchenne muscular dystrophy; FEV: forced expiratory volume; Fl: functional index; FSHD:
facioscapulohumeral muscular dystrophy; FSS: fatigue severity scale; FVC: forced vital capacity; HIT: high-intensity training; ITT: intention-
to-treat; MAP: maximal aerobic power; MFM: motor function measure; MIRS: muscular impairment rating scale; MM: mitochondrial
myopathy; MRC: Medical Research Council; MVC: maximum voluntary contractions; MVIC: maximum voluntary isometric strength; N:
Newton; NHP: Nottingham Health Profile; PM: polymyositis; PEDI: Pediatric Evaluation of Disability Inventory; RCT: randomised controlled
trial; RM: repetition maximum; ROM: range of motion; SD: standard deviation; SF-36: short form health survey; VAS: visual analogue scale;
VO, max: maximal oxygen uptake

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion
Abramson 1952 Not a RCT
Aitkens 1993 Not a RCT. Exercised versus non-exercised control limb (randomly assigned) and patients versus

healthy volunteers

Aldehag 2005 Not a RCT

Alemdaroglu 2015 ARCT that makes a comparison between 2 different training regimes. No comparison of training
versus non-training participants

Alexanderson 1999 Pilot study. Not a RCT
Alexanderson 2000 Extension of a pilot study Alexanderson 1999. Not a RCT
Alexanderson 2007 Not a RCT
Arnardottir 2003 Not a RCT
Berthelsen 2014 Not a RCT
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Study Reason for exclusion
Chung 2007 No non-exercising control group
Cudia 2016 RCT that makes a comparison between 2 different training regimes. No comparison of training ver-

sus non-training participants

Dastmalchi 2007

Not a RCT

Dawes 2006

Both study groups consisted of participants with various muscle diseases and the study authors did

not present outcome measures for each muscle disease separately.

De Lateur 1979

Not a RCT. Exercised versus non-exercised control limb (randomly assigned)

Escalante 1993 Not a RCT
Florence 1984a Not a RCT
Florence 1984b Not a RCT

Fowler 1965

Not a RCT. Exercise combined with medication

Hedermann 2016

Not a RCT

Heikkila 2001

Not a RCT. Training programme duration of 3 weeks

Hicks 1989

Not a RCT. Training programme duration of 1 month

Hoberman 1955

Not a RCT. 3 drugs added to a comprehensive regimen of therapies, including breathing and resis-
tive exercises

Jeppesen 2006 Not a RCT

Jeppesen 2009 Not a RCT

Johnson 2007 Nota RCT

Johnson 2009 Not a RCT

Kelm 2001 Not a RCT

Kilinc 2015 A RCT that makes a comparison between 2 different training regimes. No comparison of training
versus non-training participants

Kilmer 1994 Not a RCT. Exercised versus non-exercised control limb (randomly assigned) and patients versus
healthy volunteers

Kilmer 2005 Not a RCT

Lenman 1959

Not a RCT. Training programme duration for participants with muscle disorders ranged from ap-
proximately 1 to 21 months

Mattar 2014 Not a RCT
McCartney 1988 Not a RCT. Exercised versus non-exercised control limb (randomly assigned)
Mielke 1990 Not a RCT
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Study

Reason for exclusion

Milner-Brown 1988a

Not a RCT. Training programme duration for participants with muscle disorders ranged from ap-
proximately 2-48 months

Milner-Brown 1988b

Not a RCT. Intervention is not training versus non-training, but training added to electric stimula-
tion or electric stimulation only in 1 limb versus a non-stimulated, non-exercised control limb

Milner-Brown 1990

Not a RCT. Intervention is not training versus no training, but amitriptyline added to strength train-
ing

Murphy 2008 Not a RCT
Na 1996 Not a RCT. Intervention is not training versus non-training, but training and daily quinine sulfate
Nader 2010 Not a RCT
Olsen 2005 Not a RCT
Omori 2010 Not a RCT
Omori 2012 Not a RCT
Orngreen 2005 Not a RCT
Regardt 2014 Not a RCT
Riisager 2013 Not a RCT

Scott 1981 RCT that makes a comparison between 2 different training regimes. No comparison of training ver-
sus non-training participants

Siciliano 2000 Not a RCT

Siciliano 2012 Not a RCT

Spector 1997 Not a RCT

Sriram 2015 A RCT that makes a comparison between 2 different training regimes. No comparison of training

versus non-training participants

Sunnerhagen 2004 Not a RCT
Sveen 2007 Not a RCT
Sveen 2008 Not a RCT
Sveen 2013 Not a RCT
Taivassalo 1998 Not a RCT
Taivassalo 1999 Not a RCT
Taivassalo 2001 Not a RCT
Taivassalo 2006 Not a RCT
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Study

Reason for exclusion

Tiffreau 2017

A RCT that makes a comparison between 2 different training regimes. No comparison of training
versus non-training participants

Tollback 1999

Not a RCT. Exercised versus non-exercised control limb (randomly assigned)

Trenell 2006

Not a RCT

Van den Berg 2015

Not a RCT

Varju 2003

Not a RCT. Training programme duration of 3 weeks

Vignos 1966

Not a RCT

Wiesinger 1998b

A non-randomised extension of a RCT (Wiesinger 1998a)

Wright 1996

Not a RCT

Yildirim 2007

Not a RCT

RCT: randomised controlled trial

Characteristics of ongoing studies [ordered by study ID]

Jorgensen 2016

Trial name or title

Blood-flow restricted exercise in inclusion body myositis

Methods

22 participants diagnosed with sporadic IBM were tested for maximal unilateral isometric knee ex-
tensor muscle strength in both legs (mean of right and left leg is presented), using an isokinetic dy-
namometer (KinCom; Chattecx Corp., Chattanooga, TN, USA). Following baseline testing partici-
pants were randomised to a blood-flow restricted (BFR)-training group (BFR, n =11) or to a non-ex-
ercising control group (CON, n=11).

Participants

22 participants diagnosed with sporadic IBM (4 female, 18 male, 69.0+/-5.6 years)

Interventions

The BFR group performed unilateral BFR training for both legs (leg press, knee extension, knee
flexion, dorsal flexion and plantar flexion, 3-4 sets per exercise) 2 times/week for 12 weeks. Exer-
cise intensity (training loads) was 25 RM and blood-flow restriction was achieved using an inflat-
able pneumatic cuff applied at the proximal part of the shank/thigh. Cuff pressure (110 mmHg) was
maintained throughout all sets and pauses while released by the cessation of the final set of each
exercise, before continuing with the next exercise.

Outcomes Participant-reported physical function on the (SF-36) Health Survey subscale: Physical Function

Myositis Disease Activity Assessment Tool
Myositis Damage Index
Physician/Patient Global activity (VAS)
Physician/Patient Global Damage (VAS)
2-min walk test
Manual Muscle Testing
Chair rise
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Timed up & go
Health assessment questionnaire

Inclusion Body Myositis Functional Rating Scale

Starting date

January 2015

Contact information

Louise Pyndt Diederichsen, MD, PhD Louise.Diederichsen@syd.dk

Per Aagaard, Prof, PhD, paagaard@health.sdu.dk

Notes

The results will be published soon

NCT02158156

Trial name or title

Effect of aerobic training in patients with oculopharyngeal muscular dystrophy (OPMD)

Methods

No information available

Participants

Danish people with OPMD

Interventions

Aerobic exercise for 10 weeks

Outcomes

Primary
VO, max
Secondary

6-min walk test, 14-step stair test, 5-time-repetition-sit-to-stand-test, dynamometry, intensity in
maximal load (Watt), level of plasma CK, level of plasma myoglobin, SF-36 questionnaire

Starting date

February 2014

Contact information

Not available

Notes

NCT02421523

Trial name or title

Strength training in Duchenne muscular dystrophy (DMD)

Methods

Development of a strength training protocol in DMD

Participants

Children with DMD, aged 7-10.5 years

Interventions

Procedure: Aim 1 exercise dosing
Procedure: Aim 2 control group

Procedure: Aim 2 exercise group

Outcomes Primary outcome
Change from baseline in T2-weighted MRI of skeletal muscle in leg for Aim 2
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Change in baseline in T2 weighted MRI of skeletal muscle in leg for Aim 1

Starting date May 2015
Contact information djlottpt@phhp.ufl.edu
Notes

Van Engelen 2015

Trial name or title OPTIMISTIC

Methods 2-arm multi-centre, randomised trial

Participants 296 (male and female) people with myotonic dystrophy type 1 to be recruited

Interventions At baseline participants will choose an activity programme with the counsellor, either a low-inten-
sity, graded physical activity programme and an exercise programme aimed at an increased physi-
cal fitness:

« aprogramme aimed at gradually increasing the time that they walk, OR

« anexercise programme aimed atincreasing their physical fitness. The exercise programme will be
defined through the counselling but will target incorporating moderate-intensity exercises such
as walking, cycling, jogging or dancing for at least half an h, 3 times/week. After participants have
increased their physical activity level or fitness they start to increase other activities in order to
reach their goals.

The intervention runs for 10 months but is front-loaded, meaning the first 4 months can be con-
sidered the ‘active’ phase with the remaining 6 months in the ‘booster’ phase. In this period of 10
months a participant will receive 10-14 sessions; at least 5 of them are face-to-face sessions. For the
other sessions the therapist can decide, dependent on the travelling distance and the mobility of
the participant, to use telephone contact or video conferencing as an alternative. In addition, all
therapists will receive 1 support call every 2 weeks by telephone from an experienced cognitive be-
havioural therapist in the OPTIMISTIC team, with extra support available by email.

Outcomes Primary outcome
The DM1-Activ measured at the end of the 10-month intervention period
Secondary outcomes:
6-min walk test with BORG Scale assessment
Fatigue and Daytime Sleepiness Scale
CIS subscale fatigue severity

Individualised Neuromuscular Quality of Life Questionnaire

Starting date Study start date: April 2014. Completion date: October 2016. Results expected to be published:
from the end of 2017

Contact information CP Okkersen, MD. Kees.Okkersen@radboudumec.nl
Notes
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Trial name or title

ENERGETIC

Methods

Multicentered, assessor-blinded, 2-armed RCT

Participants

A total of 50 adult participants with an established neuromuscular disease, preferably FSHD, IBM,
or MM

Interventions

During 4 months (16 weeks) participants receive individually tailored aerobic exercise training from
the physical therapist, amounting to sessions of 90 min with regular breaks as needed; during the
first 9 weeks twice a week and during the last 7 weeks once weekly. Training intensity is aimed at
50%-70% of the maximum heart rate, guided by a cardiac rhythm monitor mounted on the chest
that is read out by a wrist watch. The training includes different exercises, such as walking on a
treadmill, cycling on a home trainer, rowing, and using a cross-trainer, depending on the prefer-
ence and motor abilities of the individual.

Outcomes

Primary

The participant’s self-rated performance in 3-5 self-identified problematic daily occupations as-
sessed with the Canadian Occupational Performance Measure

Secondary
CIS - subscale Fatigue
6-min walk test

Health-related quality of life: SF-36

Starting date

Study start date: July 2014. Completion date: November 2016. Results expected to be published:
from the end of 2017

Contact information

Yvonne Veenhuizen MSc, yvonne.veenhuizen@radboudumc.nl

Notes

Wallace 2016

Trial name or title

Evaluating the benefits of community based aerobic training on the physical health and well-being
of people with neuromuscular disease

Methods

A cross-over RCT of aerobic exercise to ascertain the effect of training on fitness levels, muscle
strength, walking abilities and general well-being

Participants

28 people with Charcot Marie Tooth 1A and 17 people with IBM

Interventions

Aerobic exercise

Outcomes

The primary outcome measure is oxygen uptake during a maximal exercise test and will be
analysed using hierarchical ("random effect") models

Starting date

Contact information

Gita Ramdharry, PhD g.ramdharry@ucl.ac.uk

Notes

Article with results submitted
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AET: aerobic exercise therapy; BFR: blood flow restricted; CBT: cognitive behavioural therapy; CIS: Checklist Individual Strength; CK:
creatine kinase; DM1: myotonic dystrophy type 1; DMD: Duchenne muscular dystrophy; FSHD: facioscapulohumeral dystrophy; IBM:
inclusion body myositis; MM: mitochondrial myopathy; MRI: magnetic resonance imaging; OPMD: oculopharyngeal muscular dystrophy;
RCT: randomised controlled trial; RM: repetition maximum; SF-36: Short-Form 36; VAS: visual analogue scale

DATA AND ANALYSES

Comparison 1. Strength training versus no training in myotonic dystrophy

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Muscle strength: hand grip force (N) 1 35 Mean Difference (1V, Fixed, 6.0 [-6.70, 18.70]
95% Cl)
2 Muscle strength: pinch grip force (N) 1 35 Mean Difference (1V, Fixed, 1.0[-3.33,5.33]
95% Cl)
3 Muscle strength: isometric wrist 1 35 Mean Difference (1V, Fixed, 7.00[-3.35,17.35]
flexor force (N) 95% Cl)
4 Muscle strength: isometric wristex- 1 35 Mean Difference (1V, Fixed, 8.0[0.70, 15.30]
tensor force (N) 95% Cl)

Analysis 1.1. Comparison 1 Strength training versus no training in
myotonic dystrophy, Outcome 1 Muscle strength: hand grip force (N).

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Aldehag 2013 18 9(17) 17 3(21) = 100% 6[-6.7,18.7]
Total *** 18 17 —e 100% 6[-6.7,18.7]

Heterogeneity: Not applicable
Test for overall effect: Z=0.93(P=0.35)

Favours no training -20 -10 0 10 20 Favours training

Analysis 1.2. Comparison 1 Strength training versus no training in
myotonic dystrophy, Outcome 2 Muscle strength: pinch grip force (N).

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Aldehag 2013 18 4(6) 17 3(7) e 100% 1[-3.33,5.33]
Total *** 18 17 e — 100% 1[-3.33,5.33]

Heterogeneity: Not applicable
Test for overall effect: Z=0.45(P=0.65)

Favours no training 5 2.5 0 25 s Favours training
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Analysis 1.3. Comparison 1 Strength training versus no training in myotonic
dystrophy, Outcome 3 Muscle strength: isometric wrist flexor force (N).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Aldehag 2013 18 7(14) 17 0(17) = 100% 7[-3.35,17.35]
Total *** 18 17 —~— 100% 7[-3.35,17.35]
Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=1.33(P=0.19)
Favours no training -20 -10 0 10 20 Favours training

Analysis 1.4. Comparison 1 Strength training versus no training in myotonic
dystrophy, Outcome 4 Muscle strength: isometric wrist extensor force (N).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Aldehag 2013 18 8(12) 17 0(10) — 100% 8[0.7,15.3]
Total *** 18 17 —~l 100% 8[0.7,15.3]
Heterogeneity: Not applicable
Test for overall effect: Z=2.15(P=0.03)
Favours no training ‘05 0 5 10 Favours training
Comparison 2. Strength training versus no training in facioscapulohumeral muscular dystrophy
Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Muscle strength elbow flexors - maximum 1 35 Mean Difference (IV, 0.5[-0.76, 1.76]
voluntary isometric contraction (kgF) Fixed, 95% Cl)
2 Muscle strength elbow flexors - dynamic 1 35 Mean Difference (IV, 1.20[-0.16, 2.56]
strength (kgF) Fixed, 95% Cl)
3 Muscle strength ankle dorsiflexors - maxi- 1 35 Mean Difference (IV, 0.43[-2.37,3.23]
mum isometric voluntary contraction (kgF) Fixed, 95% CI)
4 Muscle strength ankle dorsiflexors - dy- 1 35 Mean Difference (IV, -0.44 [-2.26,1.38]
namic strength (kgF) Fixed, 95% Cl)
5 Muscle endurance elbow flexors - 30 s 1 35 Mean Difference (IV, -8.0[-42.01,
maximal isometric contraction (kgF-s) Fixed, 95% Cl) 26.01]
6 Muscle endurance ankle dorsiflexors-30s 1 35 Mean Difference (IV, -17.0[-34.82,
maximal isometric contraction (kgF-s) Fixed, 95% Cl) 0.82]
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Analysis 2.1. Comparison 2 Strength training versus no training in facioscapulohumeral muscular
dystrophy, Outcome 1 Muscle strength elbow flexors - maximum voluntary isometric contraction (kgF).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl

Van der Kooi 2004 19 -0.1(1.9) 16 -0.6 (1.9) —.— 100% 0.5[-0.76,1.76]
|

Total *** 19 16 ’ 100% 0.5[-0.76,1.76]

Heterogeneity: Not applicable ‘

Test for overall effect: Z=0.78(P=0.44) ‘ ‘ ‘ ‘ ‘
0

Favours no training 525 25 5 Favours training

Analysis 2.2. Comparison 2 Strength training versus no training in facioscapulohumeral
muscular dystrophy, Outcome 2 Muscle strength elbow flexors - dynamic strength (kgF).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Van der Kooi 2004 19 2.6(2.1) 16 14(2) —— 100% 1.2[-0.16,2.56]
Total *** 19 16 ‘ 100% 1.2[-0.16,2.56]
Heterogeneity: Not applicable
Test for overall effect: Z=1.73(P=0.08)
Favours no training 10 5 0 5 10 Favours training

Analysis 2.3. Comparison 2 Strength training versus no training in facioscapulohumeral muscular
dystrophy, Outcome 3 Muscle strength ankle dorsiflexors - maximum isometric voluntary contraction (kgF).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI
Van der Kooi 2004 19 -1.1(4.3) 16 -1.6 (4.2) 100% 0.43[-2.37,3.23]

Heterogeneity: Not applicable
Test for overall effect: Z=0.3(P=0.76)

_._
|
Total *** 19 16 ’ 100% 0.43[-2.37,3.23]
0

Favours no training  -10 -5 5 10 Favours training

Analysis 2.4. Comparison 2 Strength training versus no training in facioscapulohumeral
muscular dystrophy, Outcome 4 Muscle strength ankle dorsiflexors - dynamic strength (kgF).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% ClI

Van der Kooi 2004 19 -1.5(2.7) 16 -1.1(2.8) —.— 100% -0.44[-2.26,1.38]
Total *** 19 16 ¢ 100% -0.44[-2.26,1.38]
Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100% ‘

Test for overall effect: Z=0.47(P=0.64) ‘

Favours no training 10 5 0 5 10 Favours training
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Analysis 2.5. Comparison 2 Strength training versus no training in facioscapulohumeral muscular
dystrophy, Outcome 5 Muscle endurance elbow flexors - 30 s maximal isometric contraction (kgF-s).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Van der Kooi 2004 19 -11 (65) 16 -3(35.5) 100% -8[-42.01,26.01]

Heterogeneity: Not applicable
Test for overall effect: Z=0.46(P=0.64)

Total *** 19 16 ——— 100% -8[-42.01,26.01]
0

Favours no training  -100 -50 50 100 Favours training

Analysis 2.6. Comparison 2 Strength training versus no training in facioscapulohumeral muscular
dystrophy, Outcome 6 Muscle endurance ankle dorsiflexors - 30 s maximal isometric contraction (kgF-s).

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Van der Kooi 2004 19 46(253) 16 29 (28) o 100% -17[-34.82,0.82]
Total *** 19 16 e 100% -17[-34.82,0.82]

Heterogeneity: Not applicable
Test for overall effect: Z=1.87(P=0.06)

Favours no training ~ -100 -50 0 50 100 Favours training

Comparison 3. Aerobic exercise training versus no training in polymyositis and dermatomyositis

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 Aerobic capacity (mL/min/kg) 1 14 Mean Difference (IV, Fixed, 14.6 [-0.96, 30.16]

95% Cl)
2 Functional assessment - Functional 1 14 Mean Difference (IV, Fixed, 17.6 [-5.58, 40.78]
Assessment Screening Questionnaire 95% Cl)
3 Creatine kinase and aldolase serum 1 14 Mean Difference (IV, Fixed, 7.9 [-24.20,40.00]
level 95% Cl)

Analysis 3.1. Comparison 3 Aerobic exercise training versus no training in
polymyositis and dermatomyositis, Outcome 1 Aerobic capacity (mL/min/kg).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% ClI
Wiesinger 1998a 7 12 (12.4) 7 26(16.9) i 100% 14.6[-0.96,30.16]
. . . .
Favours no training  -100 -50 0 50 100 Favours training
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Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Total *** 7 7 o 100% 14.6[-0.96,30.16]

Heterogeneity: Not applicable
Test for overall effect: Z=1.84(P=0.07)

Favours no training  -100 -50 0 50 100 Favours training

Analysis 3.2. Comparison 3 Aerobic exercise training versus no training in polymyositis and
dermatomyositis, Outcome 2 Functional assessment - Functional Assessment Screening Questionnaire.

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Wiesinger 19982 7 20.5(10.9) 7 2.9(29.3) o 100% 17.6[-5.58,40.78]
Total *** 7 7 A 100% 17.6[-5.58,40.78]
Heterogeneity: Not applicable
Test for overall effect: Z=1.49(P=0.14)
Favours no training ~ -100 -50 0 50 100 Favours training

Analysis 3.3. Comparison 3 Aerobic exercise training versus no training in polymyositis
and dermatomyositis, Outcome 3 Creatine kinase and aldolase serum level.

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl

Wiesinger 1998a 7 -6 (22.5) 7 13.9(37) —.— 100% 7.9[-24.2,40]
Total *** 7 7 ——— 100% 7.9[-24.2,40]
0

Heterogeneity: Not applicable
Test for overall effect: Z=0.48(P=0.63)

Favours training ~ -100 -50 50 100 Favours no training

Comparison 4. Aerobic exercise versus no training in Duchenne muscular dystrophy

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 MRC (sum scores) 1 15 Mean Difference (IV, Fixed, 95% 1.7[-1.89,5.29]

Cl)
2 MRC score lower limb (0-5) 1 26 Mean Difference (IV, Fixed, 95% 1.3[-1.48,4.08]

Cl)
3 MRC score upper limb (0-5) 1 27 Mean Difference (IV, Fixed, 95% 0.4[-1.42,2.22]

cl
4 Assisted 6-min cycle test 1 23 Mean Difference (IV, Fixed, 95% 14.00 [-88.97, 116.97]
(revolutions legs) Cl)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
5 Assisted 6-min cycle test 1 23 Mean Difference (IV, Fixed, 95% 34.80[-68.17, 137.77]
(revolutions arms) Cl)
6 Motor Function Measure to- 1 29 Mean Difference (IV, Fixed, 95% 7.2 [-3.69, 18.09]
tal (0-100%) cl)
7 Motor Function Measure D1 1 29 Mean Difference (IV, Fixed, 95% 9.9 [-8.78, 28.58]
(0-100%) cl)
8 Motor Function Measure D2 1 29 Mean Difference (IV, Fixed, 95% 4.40 [-6.21, 15.01]
(0-100%) cl
9 Motor Function Measure D3 1 29 Mean Difference (IV, Fixed, 95% 6.70[0.97, 12.43]
(0-100%) cl)
10 Rise from floor (s) 1 12 Mean Difference (IV, Fixed, 95% -14.0 [-28.46, 0.46]
Cl)
11 10-mrun (s) 1 14 Mean Difference (IV, Fixed, 95% 2.5[-0.56, 5.56]
Cl)
12 9-hole peg test (s) 1 29 Mean Difference (IV, Fixed, 95% -0.4 [-4.06, 3.26]

cl)

Analysis 4.1. Comparison 4 Aerobic exercise versus no training
in Duchenne muscular dystrophy, Outcome 1 MRC (sum scores).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Jansen 2013 3 1(1.4) 12 0.7 (5.7) o 100% 1.7[-1.89,5.29]
Total *** 3 12 i 100% 1.7[-1.89,5.29]
Heterogeneity: Not applicable
Test for overall effect: Z=0.93(P=0.35)
‘-10 ;5 0 ;; 10‘

Favours no training

Analysis 4.2. Comparison 4 Aerobic exercise versus no training in
Duchenne muscular dystrophy, Outcome 2 MRC score lower limb (0-5).

Favours training

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI| Fixed, 95% Cl
Jansen 2013 14 0.8 (3.6) i) -0.5(3.6) —_— 100% 1.3[-1.48,4.08]
Total *** 14 12 100% 1.3[-1.48,4.08]

Heterogeneity: Not applicable
Test for overall effect: Z=0.92(P=0.36)

Favours no training

-10

-
|

5 10

Favours training
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Analysis 4.3. Comparison 4 Aerobic exercise versus no training in
Duchenne muscular dystrophy, Outcome 3 MRC score upper limb (0-5).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Jansen 2013 15 -0.1(2.4) 12 -0.5(2.4) -.— 100% 0.4[-1.42,2.22]
Total *** 15 12 § 100% 0.4[-1.42,2.22]
Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.43(P=0.67) ‘
Favours no training ] 0 5 10 Favours training

Analysis 4.4. Comparison 4 Aerobic exercise versus no training in Duchenne
muscular dystrophy, Outcome 4 Assisted 6-min cycle test (revolutions legs).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl

Jansen 2013 14 449(107.6) 9 309(13L.9) = 100% 14(-88.97,116.97]

Total *** 14 9 * 100% 14[-88.97,116.97]

Heterogeneity: Tau?=0; Chi?=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=0.27(P=0.79)

Favours no training 200 -100 0 100 200 Favours training

Analysis 4.5. Comparison 4 Aerobic exercise versus no training in Duchenne
muscular dystrophy, Outcome 5 Assisted 6-min cycle test (revolutions arms).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI| Fixed, 95% Cl
Jansen 2013 14 65.7(107.6) 9 309(131.9) o 100% 34.8[-68.17,137.77]
Total *** 14 9 ———— 100% 34.8[-68.17,137.77]
Heterogeneity: Not applicable
Test for overall effect: Z=0.66(P=0.51)
Favours no training 200 -100 0 100 200 Favours training

Analysis 4.6. Comparison 4 Aerobic exercise versus no training in Duchenne
muscular dystrophy, Outcome 6 Motor Function Measure total (0-100%).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% ClI
Jansen 2013 16 0.8 (16.9) 13 6.4 (13) = 100% 7.2[-3.69,18.09]
Total *** 16 13 —~—e 100% 7.2[-3.69,18.09]
Heterogeneity: Not applicable
Favours no training 20 10 0 10 20 Favours training
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Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl

Test for overall effect: Z=1.3(P=0.19)

Favours no training 20 10 0 10 20 Favours training

Analysis 4.7. Comparison 4 Aerobic exercise versus no training in Duchenne
muscular dystrophy, Outcome 7 Motor Function Measure D1 (0-100%).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Jansen 2013 16 08(29.2) 13 9121 = 100% 9.9[-8.78,28.58]

Total *** 16 13 el 100% 9.9[-8.78,28.58]
Heterogeneity: Not applicable

Test for overall effect: Z=1.04(P=0.3)

Favours no training -50 25 0 25 50 Favours training

Analysis 4.8. Comparison 4 Aerobic exercise versus no training in Duchenne
muscular dystrophy, Outcome 8 Motor Function Measure D2 (0-100%).

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Jansen 2013 16 0.3(15.3) 13 -41(13.8) e 100% 4.4[-6.21,15.01]
Total *** 16 13 —~— 100% 4.4[-6.21,15.01]

Heterogeneity: Not applicable
Test for overall effect: Z=0.81(P=0.42)

Favours no training 20 -10 0 10 20 Favours training

Analysis 4.9. Comparison 4 Aerobic exercise versus no training in Duchenne
muscular dystrophy, Outcome 9 Motor Function Measure D3 (0-100%).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI
Jansen 2013 16 1.5(7.6) 13 5.2(8) i 100% 6.7[0.97,12.43]
Total *** 16 13 - 100% 6.7[0.97,12.43]
Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=2.29(P=0.02)
-20 -10 0 10 20 Favours training

Favours no training
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Analysis 4.10. Comparison 4 Aerobic exercise versus no training

in Duchenne muscular dystrophy, Outcome 10 Rise from floor (s).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Jansen 2013 6 -4.4(1.6) 6 9.6 (18) o 100% -14[-28.46,0.46]
Total *** 6 6 e 100% -14[-28.46,0.46]
Heterogeneity: Not applicable
Test for overall effect: Z=1.9(P=0.06)
Favours training -50 25 0 25 50 Favours no training

Analysis 4.11. Comparison 4 Aerobic exercise versus no training
in Duchenne muscular dystrophy, Outcome 11 10-m run (s).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Jansen 2013 8 1(3.9) 6 -1.5(1.8) e 100% 2.5[-0.56,5.56]
Total *** 8 6 —~l 100% 2.5[-0.56,5.56]
Heterogeneity: Not applicable
Test for overall effect: Z=1.6(P=0.11)
Favours training -10 5 0 s 10 Favours no training

Analysis 4.12. Comparison 4 Aerobic exercise versus no training
in Duchenne muscular dystrophy, Outcome 12 9-hole peg test (s).

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI
Jansen 2013 16 0.9(5) 13 -0.5(5) —.— 100% -0.4[-4.06,3.26]
Total *** -0.4[-4.06,3.26]

Heterogeneity: Not applicable

Test for overall effect: Z=0.21(P=0.83)

16 13 ¢ 100%
0

Favours training -10 5

Comparison 5. Aerobic exercise versus no training in facioscapulohumeral muscular dystrophy

5 10 Favours no training

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 Maximum voluntary isometric 1 19 Mean Difference (1V, Fixed, 95% -47.30 [-108.02,

knee extension strength Cl) 13.42]

2 Maximum voluntary isometric 1 52 Mean Difference (IV, Fixed, 95% 0.10 [-0.66, 0.86]

knee extension strength Cl)
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Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical method

Effect size

3 Maximum voluntary isometric 1 19 Mean Difference (IV, Fixed, 95% -7.5[-55.63, 40.63]

knee flexion strength (N) Cl)

4 Maximum voluntary isometric 1 19 Mean Difference (IV, Fixed, 95% 5.8 [-15.27,26.87]

elbow flexion strength (N) Cl)

5 Maximum voluntary isometric 1 19 Mean Difference (IV, Fixed, 95% 0.5[-19.25, 20.25]

elbow extension strength (N) Cl)

6 Muscle strength leg (N) 1 12 Mean Difference (IV, Fixed, 95% 8.0[-16.19, 32.19]
cl)

7 Muscle strength arm (N) 1 12 Mean Difference (IV, Fixed, 95% 16.0 [-3.29, 35.29]
ol)

8 Maximal workload (W) 1 19 Mean Difference (IV, Fixed, 95% 21.5[2.19,40.81]
Cl)

9 Maximal workload (W) 1 12 Mean Difference (1V, Fixed, 95% 18.8[13.67,23.93]
Cl)

10 VO, peak (mL/min/kg) 1 19 Mean Difference (IV, Fixed, 95% 3.60[0.63, 6.57]
cl)

11VO, peak (mL/min/kg) 1 12 Mean Difference (IV, Fixed, 95% 3.30[2.51, 4.09]
)

12 VO, peak (L/min) 1 38 Mean Difference (IV, Fixed, 95% 1.1[0.43,1.77]
Cl)

13 Distance walked in 6-minwalk 1 19 Mean Difference (IV, Fixed, 95% 28.9[4.21,53.59]

test (m) Cl)

14 Distance walked in 6-minwalk 1 52 Mean Difference (IV, Fixed, 95% 31.00[19.34, 42.66]

test (m) Cl)

15 Distance walked in 6-minwalk 1 12 Mean Difference (IV, Fixed, 95% 7.90[-18.37,34.17]

test (m) Cl)

16 5-times sit to stand (s) 1 12 Mean Difference (IV, Fixed, 95% -0.03 [-7.61, 7.55]
cl

17 Quality of life - Sickness Im- 1 52 Mean Difference (IV, Fixed, 95% -10.0 [-19.64, -0.36]

pact Profile (0-572) Cl)

18 Pain - visual analogue scale 1 52 Mean Difference (IV, Fixed, 95% -1.0[-1.00, 1.00]

(0-10) cl)

19 Fatigue 1 19 Mean Difference (IV, Fixed, 95% -1.2[-2.96, 0.56]
Cl)

20 Fatigue 1 52 Mean Difference (IV, Fixed, 95% -7.3[-8.14,-6.46)

cl)
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Analysis 5.1. Comparison 5 Aerobic exercise versus no training in facioscapulohumeral
muscular dystrophy, Outcome 1 Maximum voluntary isometric knee extension strength.

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Andersen 2015 10 -12.1(59) o 32142 —— 100% -47.3[-108.02,13.42]
Total *** 10 9 e 100% -47.3[-108.02,13.42]

Heterogeneity: Not applicable
Test for overall effect: Z=1.53(P=0.13)

Favours no training  -100 -50 0 50 100 Favours training

Analysis 5.2. Comparison 5 Aerobic exercise versus no training in facioscapulohumeral
muscular dystrophy, Outcome 2 Maximum voluntary isometric knee extension strength.

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Voet 2014 28 1.7(14) 2 -1.8(1.4) [ 100% 0.1[-0.66,0.86]
Total *** 28 24 } 100% 0.1[-0.66,0.86]
Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.26(P=0.8) ‘
0

Favours no training ~ -100 -50 50 100 Favours training

Analysis 5.3. Comparison 5 Aerobic exercise versus no training in facioscapulohumeral
muscular dystrophy, Outcome 3 Maximum voluntary isometric knee flexion strength (N).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI| Fixed, 95% CI

Andersen 2015 10 02(28.3) 9 7.7 (68.6) —.— 100% -7.5[-55.63,40.63]
Total *** 10 9 ¢ 100% -7.5[-55.63,40.63]

Heterogeneity: Not applicable
Test for overall effect: Z=0.31(P=0.76)

Favours no training -100  -50 0 50 100 Favours training

Analysis 5.4. Comparison 5 Aerobic exercise versus no training in facioscapulohumeral
muscular dystrophy, Outcome 4 Maximum voluntary isometric elbow flexion strength (N).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% ClI

Andersen 2015 10 4(20.8) 9 -18(255) —_— 100% 5.8[-15.27,26.87]

|
Total *** 10 9 ——— 100% 5.8[-15.27,26.87]

Heterogeneity: Not applicable
Test for overall effect: Z=0.54(P=0.59)

|
Favours no training -50 -25 0 25 50 Favours training
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Analysis 5.5. Comparison 5 Aerobic exercise versus no training in facioscapulohumeral
muscular dystrophy, Outcome 5 Maximum voluntary isometric elbow extension strength (N).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Andersen 2015 10 7.5(20.3) 9 7(23.3) —.— 100% 0.5[-19.25,20.25]
Total *** 10 9 ‘ 100% 0.5[-19.25,20.25]
Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.05(P=0.96) ‘
Favours no training -50 -25 0 25 50 Favours training

Analysis 5.6. Comparison 5 Aerobic exercise versus no training in
facioscapulohumeral muscular dystrophy, Outcome 6 Muscle strength leg (N).

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Andersen 2017 6 13(26.3) 6 5(14.9) e 100% 8[-16.19,32.19]
Total *** 6 6 ——— 100% 8[-16.19,32.19]

Heterogeneity: Not applicable
Test for overall effect: Z=0.65(P=0.52)

Favours no training -50 25 0 25 50 Favours training

Analysis 5.7. Comparison 5 Aerobic exercise versus no training in
facioscapulohumeral muscular dystrophy, Outcome 7 Muscle strength arm (N).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI| Fixed, 95% Cl
Total *** 6 6 1 100% 16[-3.29,35.29]

Heterogeneity: Not applicable

Andersen 2017 6 21(18.3) 6 5(15.7) e 100% 16[-3.29,35.29]
el

Test for overall effect: Z=1.63(P=0.1)

Favours no training -50 25 0 25 50 Favours training

Analysis 5.8. Comparison 5 Aerobic exercise versus no training in
facioscapulohumeral muscular dystrophy, Outcome 8 Maximal workload (W).

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% ClI
Andersen 2015 10 27.1(25.7) 9 5.6(16.7) - 100% 21.5[2.19,40.81]
Total *** 10 9 P 100% 21.5[2.19,40.81]
Heterogeneity: Not applicable

Favours no training  -100 -50 0 50 100 Favours training
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Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl

Test for overall effect: Z=2.18(P=0.03)

Favours no training  -100 -50 0 50 100 Favours training

Analysis 5.9. Comparison 5 Aerobic exercise versus no training in
facioscapulohumeral muscular dystrophy, Outcome 9 Maximal workload (W).

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Andersen 2017 6 15.8(53) 6 3(3.6) + 100% 18.8[13.67,23.93]
Total *** 6 6 * 100% 18.8[13.67,23.93]

Heterogeneity: Not applicable
Test for overall effect: Z=7.19(P<0.0001)

Favours no training  -100 -50 0 50 100 Favours training

Analysis 5.10. Comparison 5 Aerobic exercise versus no training in
facioscapulohumeral muscular dystrophy, Outcome 10 VO, peak (mL/min/kg).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI| Fixed, 95% Cl
Andersen 2015 10 1.9 (3.7) 9 -1.7(2.9) + 100% 3.6[0.63,6.57]
‘ 100% 3.6[0.63,6.57]

Heterogeneity: Not applicable
Test for overall effect: Z=2.37(P=0.02)

Total *** 10 9 *
0

-100 -50 50 100

Favours no training Favours training

Analysis 5.11. Comparison 5 Aerobic exercise versus no training in
facioscapulohumeral muscular dystrophy, Outcome 11 VO, peak (mL/min/kg).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Andersen 2017 6 3.5(0.9) 6 0.2 (0.4) || 100% 3.3[2.51,4.09]
Total *** 6 6 “ 100% 3.3[2.51,4.09]
Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100% ‘
Test for overall effect: Z=8.21(P<0.0001) ‘
-100 -50 0 50 100 Favours training

Favours no training
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Analysis 5.12. Comparison 5 Aerobic exercise versus no training in

facioscapulohumeral muscular dystrophy, Outcome 12 VO, peak (L/min).

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI| Fixed, 95% Cl
Voet 2014 21 0.7 (1.3) 17 -0.4(0.8) . 100% 1.1[0.43,1.77]
Total *** 21 17 ‘t 100% 1.1[0.43,1.77]

Heterogeneity: Not applicable

Test for overall effect: Z=3.2(P=0)

Favours no training

-100

-50

ol

50 100 Favours training

Analysis 5.13. Comparison 5 Aerobic exercise versus no training in facioscapulohumeral

muscular dystrophy, Outcome 13 Distance walked in 6-min walk test (m).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI
Andersen 2015 10 43(29.1) 9 141(25.8) = 100% 28.9[4.21,53.59]
Total *** 10 9 - 100% 28.9[4.21,53.59]
Heterogeneity: Not applicable
Test for overall effect: Z=2.29(P=0.02)
Favours no training  -100 -50 0 50 100 Favours training

Analysis 5.14. Comparison 5 Aerobic exercise versus no training in facioscapulohumeral

muscular dystrophy, Outcome 14 Distance walked in 6-min walk test (m).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI| Fixed, 95% Cl
Voet 2014 28 31(27) 2 0(15) —— 100% 31[19.34,42.66]
Total *** 28 24 <o 100% 31[19.34,42.66]
Heterogeneity: Tau?=0; Chi?=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=5.21(P<0.0001)
Favours no training ~ -100 -50 0 50 100 Favours training

Analysis 5.15. Comparison 5 Aerobic exercise versus no training in facioscapulohumeral

muscular dystrophy, Outcome 15 Distance walked in 6-min walk test (m).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Andersen 2017 6 29 (28.5) 6 21.1(16.3) —.— 100% 7.9[-18.37,34.17]
Total **+ 6 6 —~ 100% 7.9[-18.37,34.17]
Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.59(P=0.56) ‘
Favours no training  -100 -50 0 50 100 Favours training
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Analysis 5.16. Comparison 5 Aerobic exercise versus no training in
facioscapulohumeral muscular dystrophy, Outcome 16 5-times sit to stand (s).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl

Andersen 2017 6 -5 (4.9) 6 5(8.1) —.— 100% -0.03[-7.61,7.55]
Total *** 6 6 ——— 100% -0.03[-7.61,7.55]
0

Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=0.01(P=0.99)

Favours training -20 -10 10 20 Favours no training

Analysis 5.17. Comparison 5 Aerobic exercise versus no training in facioscapulohumeral
muscular dystrophy, Outcome 17 Quality of life - Sickness Impact Profile (0-572).

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Voet 2014 28 -2(16) 24 8(19) e 100% -10[-19.64,-0.36]
Total *** 28 24 - 100% -10[-19.64,-0.36]

Heterogeneity: Not applicable
Test for overall effect: Z=2.03(P=0.04)

Favours training -50 25 0 25 50 Favours no training

Analysis 5.18. Comparison 5 Aerobic exercise versus no training in facioscapulohumeral
muscular dystrophy, Outcome 18 Pain - visual analogue scale (0-10).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI| Fixed, 95% Cl
Voet 2014 28 0(4.5) 24 102.8) = 100% 1[-3,1]

Heterogeneity: Not applicable

Total *** 28 24 ——— 100% -1[-3,1]

Test for overall effect: Z=0.98(P=0.33)

Favours training -4 2 0 2 4 Favours no training

Analysis 5.19. Comparison 5 Aerobic exercise versus no training
in facioscapulohumeral muscular dystrophy, Outcome 19 Fatigue.

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% ClI
Andersen 2015 10 -1.2(2.6) 9 0(1.1) . 100% -1.2[-2.96,0.56]
Total *** 10 9 * 100% -1.2[-2.96,0.56]
Heterogeneity: Not applicable ‘
Favours no training  -100 -50 0 50 100 Favours training
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Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl

Test for overall effect: Z=1.34(P=0.18)

Favours no training  -100 -50 0 50 100 Favours training

Analysis 5.20. Comparison 5 Aerobic exercise versus no training
in facioscapulohumeral muscular dystrophy, Outcome 20 Fatigue.

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Voet 2014 28 -8.5(2) 2 1.2(1) [ | 100% -7.3[-8.14,-6.46]
Total *** 28 24 { ‘ 100% -7.3[-8.14,-6.46]
Heterogeneity: Not applicable ‘
Test for overall effect: Z=16.99(P<0.0001) ‘
Favours no training ~ -100 -50 0 50 100 Favours training

Comparison 6. Aerobic exercise and strength training versus no training in mitochondrial myopathy

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 Muscle strength shoulder press - max- 1 18 Mean Difference (IV, Fixed,  -3.00[-14.71,

imum dynamic isotonic voluntary con- 95% Cl) 4.71]

traction (kg)

2 Muscle strength butterfly - maximum 1 18 Mean Difference (IV, Fixed, 6.4 [-2.89, 15.69]

dynamic isotonic voluntary contraction 95% Cl)

(kg)

3 Muscle strength biceps curls - maximum 1 18 Mean Difference (IV, Fixed,  7.3[-2.91, 17.51]

isotonic dynamic voluntary contraction 95% Cl)

(kg)

4 Work capacity - mean time until exhaus- 1 18 Mean Difference (IV, Fixed,  23.7[2.63,44.77]

tion in cycle test (min) 95% Cl)

5 Work capacity - mean distance until ex- 1 18 Mean Difference (IV, Fixed,  9.70[1.51,17.89]

haustion in cycle test (km) 95% Cl)

6 Work capacity - mean distance walked 1 18 Mean Difference (IV, Fixed,  78.0[-144.86,

until exhaustion in shuttle walking test 95% Cl) 300.86]

(m)

7V0, max in maximal incremental cycle 1 18 Mean Difference (IV, Fixed,  400.0 [-61.97,

exercise test (L/min) 95% Cl) 861.97]

8 Quality of life - NHP 0-100 1 18 Mean Difference (IV, Fixed, = -9.8 [-25.74, 6.14]
95% Cl)

9 Myoglobin 1 30 Mean Difference (IV, Fixed,  -21.0[-48.35,
95% Cl) 6.35]
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Analysis 6.1. Comparison 6 Aerobic exercise and strength training versus no training in mitochondrial
myopathy, Outcome 1 Muscle strength shoulder press - maximum dynamic isotonic voluntary contraction (kg).

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Cejudo 2005 9 5.7 (11) 9 10.7 (10) * 100% -5[-14.71,4.71]
Total *** 9 9 100% -5[-14.71,4.71]

Heterogeneity: Not applicable
Test for overall effect: Z=1.01(P=0.31)

Favours no training 50

-25

i
\

25

50 Favours training

Analysis 6.2. Comparison 6 Aerobic exercise and strength training versus no training in mitochondrial
myopathy, Outcome 2 Muscle strength butterfly - maximum dynamic isotonic voluntary contraction (kg).

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Cejudo 2005 9 7(9) 9 0.6 (11) 100% 6.4[-2.89,15.69]
Total *** 9 9 — 100% 6.4[-2.89,15.69]

Heterogeneity: Not applicable
Test for overall effect: Z=1.35(P=0.18)

__._
—

Favours no training

0 10

20 Favours training

Analysis 6.3. Comparison 6 Aerobic exercise and strength training versus no training in mitochondrial
myopathy, Outcome 3 Muscle strength biceps curls - maximum isotonic dynamic voluntary contraction (kg).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI| Fixed, 95% Cl
Cejudo 2005 9 8(10) 9 0.7(12) e 100% 7.3[-2.91,17.51]
Total *** 9 9 e 100% 7.3[-2.91,17.51]
Heterogeneity: Not applicable
Test for overall effect: Z=1.4(P=0.16)
‘-20 io 0 1‘0 26

Favours no training

Favours training

Analysis 6.4. Comparison 6 Aerobic exercise and strength training versus no training in
mitochondrial myopathy, Outcome 4 Work capacity - mean time until exhaustion in cycle test (min).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% ClI
Cejudo 2005 9 21(28) 9 2.7 (16) o+ 100% 23.7[2.63,44.77)
Total *** 9 9 —~l 100% 23.7[2.63,44.77]
Heterogeneity: Not applicable
‘—50 —2‘5 0 2‘5 50‘

Favours no training

Favours training

Strength training and aerobic exercise training for muscle disease (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

103



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% ClI Fixed, 95% Cl

Test for overall effect: Z=2.2(P=0.03)

Favours no training -50 -25 0 25 50 Favours training

Analysis 6.5. Comparison 6 Aerobic exercise and strength training versus no training in mitochondrial
myopathy, Outcome 5 Work capacity - mean distance until exhaustion in cycle test (km).

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Cejudo 2005 9 8.8(11) 9 0.9 (6) — 100% 9.7[1.51,17.89]
Total *** 9 9 <@ 100% 9.7[1.51,17.89]

Heterogeneity: Not applicable

Test for overall effect: Z=2.32(P=0.02)

Favours no training -50 25 0 25 50 Favours training

Analysis 6.6. Comparison 6 Aerobic exercise and strength training versus no training in mitochondrial
myopathy, Outcome 6 Work capacity - mean distance walked until exhaustion in shuttle walking test (m).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Cejudo 2005 9 95 (222) 9 17 (259) = 100% 78[-144.86,300.86]

Heterogeneity: Not applicable

Total *** 9 9 —~l— 100% 78[-144.86,300.86]
Test for overall effect: Z=0.69(P=0.49)

Favours no training 500 -250 0 250 500 Favours training

Analysis 6.7. Comparison 6 Aerobic exercise and strength training versus no training in
mitochondrial myopathy, Outcome 7 VO, max in maximal incremental cycle exercise test (L/min).

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Cejudo 2005 9 400 (500) 9 0(500) = 100% 400[-61.97,861.97]
Total *** 9 9 e 100% 400[-61.97,861.97]

Heterogeneity: Not applicable
Test for overall effect: Z=1.7(P=0.09)

Favours no training  -1000  -500 0 500 1000 Favours training
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Analysis 6.8. Comparison 6 Aerobic exercise and strength training versus no
training in mitochondrial myopathy, Outcome 8 Quality of life - NHP 0-100.

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Cejudo 2005 9 -8.3(16.8) 9 1.5(17.7) 100% -9.8[-25.74,6.14]
Total *** 9 9 — 100% -9.8[-25.74,6.14]

Heterogeneity: Not applicable
Test for overall effect: Z=1.2(P=0.23)

—-
-

Favours training

25 0 25 50 Favours no training

Analysis 6.9. Comparison 6 Aerobic exercise and strength training
versus no training in mitochondrial myopathy, Outcome 9 Myoglobin.

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Cejudo 2005 15 20 (34) 15 41(42) 100% -21[-48.35,6.35]
Total *** 15 15 — 100% -21[-48.35,6.35]

Heterogeneity: Not applicable
Test for overall effect: Z=1.51(P=0.13)

_.__
el

Favours training

Favours no training

Comparison 7. Aerobic exercise and strength training versus control in myotonic dystrophy type 1

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Distance walked in 6-minute 1 35 Mean Difference (IV, Fixed, 95% 11.0[-66.92, 88.92]
walk test (m) Cl)
2 Timed-stands test (s) 1 35 Mean Difference (IV, Fixed, 95% -1.0[-6.76, 4.76]
cn
3 Timed-up-and-go tests (s) 1 35 Mean Difference (IV, Fixed, 95% -0.5[-1.86, 0.86]

Cl)

Analysis 7.1. Comparison 7 Aerobic exercise and strength training versus controlin
myotonic dystrophy type 1, Outcome 1 Distance walked in 6-minute walk test (m).

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% ClI
Kierkegaard 2011 18 9(116) 17 -2 (119) . 100% 11[-66.92,88.92]
Total *** 18 17 * 100% 11[-66.92,88.92]

Heterogeneity: Not applicable

Favours no training

Favours training
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Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl

Test for overall effect: Z=0.28(P=0.78)

Favours no training

-50 0 50 100

Favours training

Analysis 7.2. Comparison 7 Aerobic exercise and strength training versus
control in myotonic dystrophy type 1, Outcome 2 Timed-stands test (s).

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Kierkegaard 2011 18 06(7.2) 17 0.4(9.9) = 100% -1[-6.76,4.76]
Total *** 18 17 ¢ 100% -1[-6.76,4.76]

Heterogeneity: Not applicable
Test for overall effect: Z=0.34(P=0.73)

Favours training 10

0 5 10 Favours no training

Analysis 7.3. Comparison 7 Aerobic exercise and strength training versus
control in myotonic dystrophy type 1, Outcome 3 Timed-up-and-go tests (s).

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Kierkegaard 2011 18 0.5(2.2) 17 0(1.9) + 100% -0.5[-1.86,0.86]
Total *** 18 17 100% -0.5[-1.86,0.86]

Heterogeneity: Not applicable
Test for overall effect: Z=0.72(P=0.47)

Favours training -5

|
|

25 5 Favours no training

Comparison 8. Aerobic exercise and strength training versus no training in dermatomyositis and polymyositis

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 Manual muscle strength testing in 1 21 Mean Difference (IV, Fixed, 95% 1.0 [-1.06, 3.06]

8 muscle groups (MMT-8) Cl)

2 5 voluntary repetition maximumin 1 21 Mean Difference (IV, Fixed, 95%  2.5[1.75, 3.25]

knee extensors, right (kg) Cl)

3 5voluntary repetition maximumin 1 21 Mean Difference (IV, Fixed, 95%  2.70 [1.96, 3.44]

knee extensors, left (kg) Cl)

4 Power performed at VO, max (W) 1 21 Mean Difference (IV, Fixed, 95% 18.0[15.00, 21.00]
cl

5 Time to exhaustion in endurance 1 15 Mean Difference (IV, Fixed, 95%  17.5[8.00, 27.00]

cycling test (min)

Cl)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

6 VO, max 2 40 Std. Mean Difference (IV, Ran- 0.27 [-0.35, 0.90]
dom, 95% Cl)

7 Disease-specific functional index 1 19 Mean Difference (IV, Fixed, 95%  5.50 [-2.91, 13.91]

0-64 cl)

8 Quality of life - Physical function 2 40 Std. Mean Difference (IV, Ran- 1.50[0.78, 2.22]
dom, 95% Cl)

9 Quality of life - SF-36 General 1 21 Mean Difference (IV, Fixed, 95% 9.5 [5.53, 13.47]

health 0-100 cl)

10 Quality of life - SF-36 Vitality 1 21 Mean Difference (IV, Fixed, 95%  12.30 [8.15, 16.45]

0-100 cl)

11 Quality of life - SF-36 Mental 1 21 Mean Difference (IV, Fixed, 95% 5.0 [1.65, 8.35]

Health 0-100 Cl)

12 Quality of life - NHP Energy 0-100 1 19 Mean Difference (IV, Fixed, 95%  -18.0 [-45.90, 9.90]
Cl)

13 Quality of life - NHP Pain 0-100 1 19 Mean Difference (IV, Fixed, 95%  -3.10[-12.21, 6.01]
cl

14 Quiality of life - NHP Sleep 0-100 1 19 Mean Difference (IV, Fixed, 95%  7.30 [-9.96, 24.56]
cl

15 Quality of life - NHP Social 0-100 1 19 Mean Difference (IV, Fixed, 95%  1.10 [-14.40, 16.60]
cl

16 Quality of life - NHP Emotional 1 19 Mean Difference (IV, Fixed, 95%  -22.30[-41.42,

0-100 Cl) -3.18]

17 Quality of life - NHP Physical 1 19 Mean Difference (IV, Fixed, 95% -1.80 [-3.04, -0.56]

0-100

Cl)

Analysis 8.1. Comparison 8 Aerobic exercise and strength training versus no training in dermatomyositis
and polymyositis, Outcome 1 Manual muscle strength testing in 8 muscle groups (MMT-8).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI| Fixed, 95% Cl
Munters 2013 1 4(L5) 10 33) e 100% 1[-1.06,3.06]
Total *** 11 10 —al— 100% 1[-1.06,3.06]
Heterogeneity: Not applicable
Test for overall effect: Z=0.95(P=0.34)
Favours no training 5 25 0 2.5 5 Favours training
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Analysis 8.2. Comparison 8 Aerobic exercise and strength training versus no training in dermatomyeositis
and polymyositis, Outcome 2 5 voluntary repetition maximum in knee extensors, right (kg).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Munters 2013 11 3.8(0.9) 10 1.3(0.9) - 100% 2.5[1.75,3.25]
Total *** 11 10 - 100% 2.5[1.75,3.25]
Heterogeneity: Not applicable
Test for overall effect: Z=6.53(P<0.0001)
Favours no training -4 2 0 2 4 Favours training

Analysis 8.3. Comparison 8 Aerobic exercise and strength training versus no training in dermatomyositis
and polymyositis, Outcome 3 5 voluntary repetition maximum in knee extensors, left (kg).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Munters 2013 1 3.8(L1) 10 1.1(0.7) e 100% 2.7[1.96,3.44]
Total *** 11 10 - 100% 2.7[1.96,3.44]
Heterogeneity: Not applicable
Test for overall effect: Z=7.15(P<0.0001)
Favours no training 4 2 0 2 4 Favours training

Analysis 8.4. Comparison 8 Aerobic exercise and strength training versus no training
in dermatomyositis and polymyositis, Outcome 4 Power performed at VO, max (W).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI| Fixed, 95% Cl
Munters 2013 11 14(3.5) 10 -4(3.5) + 100% 18[15,21]
Total *** 11 10 ¢ 100% 18[15,21]
Heterogeneity: Not applicable
Test for overall effect: Z=11.77(P<0.0001)
Favours no training -50 -25 0 25 50 Favours training

Analysis 8.5. Comparison 8 Aerobic exercise and strength training versus no training in
dermatomyositis and polymyositis, Outcome 5 Time to exhaustion in endurance cycling test (min).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Munters 2013 9 183(13.3) 6 0.8 (4.8) = 100% 17.5(8,27]
Total *** 9 6 - 100% 17.5[8,27]
Heterogeneity: Not applicable
Test for overall effect: Z=3.61(P=0)
Favours no training -50 -25 0 25 50 Favours training
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Analysis 8.6. Comparison 8 Aerobic exercise and strength training versus
no training in dermatomyositis and polymyositis, Outcome 6 VO, max.

Study or subgroup Training No training Std. Mean Difference Weight Std. Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Alexanderson 2014 10 8.3(5.2) 9 5.2(6.5) —’—.— 46.52% 0.51[-0.41,1.42]
Munters 2013 11 0.2(0.1) 10 -0.1(5) —_— 53.48% 0.07[-0.78,0.93]
Total *** 21 19 100% 0.27[-0.35,0.9]

Heterogeneity: Tau?=0; Chi*=0.46, df=1(P=0.5); I>=0%
Test for overall effect: Z=0.86(P=0.39)

|
|

Favours no training

1 2 Favours training

Analysis 8.7. Comparison 8 Aerobic exercise and strength training versus no training in
dermatomyositis and polymyositis, Outcome 7 Disease-specific functional index 0-64.

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% ClI
Alexanderson 2014 10 17.1(10.2) 9 11.6(8.5) = 100% 55[-2.91,13.91]
Total *** 10 9 —~— 100% 5.5[-2.91,13.91]
Heterogeneity: Not applicable
Test for overall effect: Z=1.28(P=0.2)
Favours no training -20 -10 0 10 20 Favours training

Analysis 8.8. Comparison 8 Aerobic exercise and strength training versus no training
in dermatomyositis and polymyositis, Outcome 8 Quality of life - Physical function.

Study or subgroup Training No training Std. Mean Difference Weight Std. Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Alexanderson 2014 10 10.3 (0.9) 9 8.5(1.7) —i— 51.15% 1.29[0.27,2.3]
Munters 2013 11 8.9(3.2) 10 -0.2 (6.6) —E— 48.85% 1.73[0.69,2.76]
Total *** 21 19 . 100% 1.5[0.78,2.22]
Heterogeneity: Tau?=0; Chi*=0.36, df=1(P=0.55); 1>=0%
Test for overall effect: Z=4.07(P<0.0001)

Favours no training -4 2 0 2 4 Favours training

Analysis 8.9. Comparison 8 Aerobic exercise and strength training versus no training in
dermatomyositis and polymyositis, Outcome 9 Quality of life - SF-36 General health 0-100.

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Munters 2013 11 15.5 (4.4) 10 6(4.9) - 100% 9.5[5.53,13.47]
Favours no training -20 10 0 10 20 Favours training
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Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Total *** 11 10 . 100% 9.5[5.53,13.47]

Heterogeneity: Not applicable
Test for overall effect: Z=4.68(P<0.0001)

Favours no training

-20

10

20 Favours training

Analysis 8.10. Comparison 8 Aerobic exercise and strength training versus no training
in dermatomyositis and polymyositis, Outcome 10 Quality of life - SF-36 Vitality 0-100.

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Munters 2013 1 11.8 (4.6) 10 0.5(5.1) e 100% 12.3[8.15,16.45]
Total *** 11 10 P 100% 12.3[8.15,16.45]

Heterogeneity: Tau?=0; Chi?=0, df=0(P<0.0001); 1>=100%

Test for overall effect: Z=5.82(P<0.0001)

Favours no training

-20

20 Favours training

Analysis 8.11. Comparison 8 Aerobic exercise and strength training versus no training in
dermatomyositis and polymyositis, Outcome 11 Quality of life - SF-36 Mental Health 0-100.

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Munters 2013 1 8.1(3.7) 10 3.1(4.1) —— 100% 5[1.65,8.35]
Total *** 11 10 - 100% 5[1.65,8.35]

Heterogeneity: Not applicable
Test for overall effect: Z=2.92(P=0)

Favours no training

-20

10

20 Favours training

Analysis 8.12. Comparison 8 Aerobic exercise and strength training versus no training
in dermatomyositis and polymyositis, Outcome 12 Quality of life - NHP Energy 0-100.

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI
Alexanderson 2014 10 -21.1(37.3) 9 -31(239) o 100% -18[-45.9,9.9]
Total *** 10 9 —a— 100% -18[-45.9,9.9]

Heterogeneity: Not applicable
Test for overall effect: Z=1.26(P=0.21)

Favours training

-100

-50

50

100 Favours no training
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Analysis 8.13. Comparison 8 Aerobic exercise and strength training versus no training
in dermatomyositis and polymyositis, Outcome 13 Quality of life - NHP Pain 0-100.

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Alexanderson 2014 10 -7.4(14.7) 9 -43(0.1) = 100% -3.1[-12.21,6.01]

Heterogeneity: Not applicable
Test for overall effect: Z=0.67(P=0.5)

Total *** 10 9 —~ 100% -3.1[-12.21,6.01]

Favours training -20 -10 0 10 20 Favours no training

Analysis 8.14. Comparison 8 Aerobic exercise and strength training versus no training
in dermatomyositis and polymyositis, Outcome 14 Quality of life - NHP Sleep 0-100.

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Alexanderson 2014 10 -64(27.1) 9 -137(6.1) e 100% 7.3[-9.96,24.56]
Total *** 10 9 i 100% 7.3[-9.96,24.56]

Heterogeneity: Not applicable
Test for overall effect: Z=0.83(P=0.41)

Favours training -50 25 0 25 50 Favours no training

Analysis 8.15. Comparison 8 Aerobic exercise and strength training versus no training
in dermatomyositis and polymyositis, Outcome 15 Quality of life - NHP Social 0-100.

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

Alexanderson 2014 10 -43(25) 9 -5.4(0.1) —.— 100% 1.1[-14.4,16.6]
Total *** 10 9 * 100% 1.1[-14.4,16.6]

Heterogeneity: Not applicable
Test for overall effect: Z=0.14(P=0.89)

| |
Favours training 20 -10 0 10 20 Favours no training

Analysis 8.16. Comparison 8 Aerobic exercise and strength training versus no training
in dermatomyositis and polymyositis, Outcome 16 Quality of life - NHP Emotional 0-100.

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% ClI
Alexanderson 2014 10 -29.4(29.1) 9 7.1(9.7) e 100% -22.3[-41.42,-3.18]
Total *** 10 9 P 100% -22.3[-41.42,-3.18]

Heterogeneity: Not applicable
Test for overall effect: Z=2.29(P=0.02)

Favours training 100 -50 0 50 100 Favours no training
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Analysis 8.17. Comparison 8 Aerobic exercise and strength training versus no training
in dermatomyositis and polymyositis, Outcome 17 Quality of life - NHP Physical 0-100.

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Alexanderson 2014 10 -10.3(0.9) 9 -8.5(1.7) —.— 100% -1.8[-3.04,-0.56)
Total *** 10 9 ~a 100% -1.8[-3.04,-0.56]
Heterogeneity: Not applicable
Test for overall effect: Z=2.84(P=0) ‘ ‘ ‘ ‘
2

Favours training -4 0 2 4 Favours no training

Comparison 9. Aerobic exercise and strength training versus no training in facioscapulohumeral muscular
dystrophy

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 MVC quadriceps at rest (Nm) 1 16 Mean Difference (IV, Fixed, 95%  15.00 [-27.77,57.77]
Cl)
2 Voluntary activation at rest (%) 1 16 Mean Difference (IV, Fixed, 95% -0.5[-2.62, 1.62]
Cl)
3 Maximal aerobic power (W) 1 16 Mean Difference (IV, Fixed, 95%  45.0 [-20.51, 110.51]
Cl)
4 Muscle endurance (number of 1 16 Mean Difference (IV, Fixed, 95% 12.0[0.83, 23.17]
repetitions) Cl)
5V0, peak (mL/min/kg) 1 16 Mean Difference (IV, Fixed, 95%  12.4 [2.21, 22.59]
cl)
6 Distance walked in 6-min walk 1 16 Mean Difference (IV, Fixed, 95%  64.0 [-50.93, 178.93]
test (m) Cl)
7 Quality of life - General Health - 1 16 Mean Difference (IV, Fixed, 95%  14.0 [-4.19, 32.19]
SF-36 0-100 Cl)
8 Fatigue (Fatigue Severity Scale) 1 16 Mean Difference (IV, Fixed, 95%  -15.0 [-27.89, -2.11]
9-63 d)!

Analysis 9.1. Comparison 9 Aerobic exercise and strength training versus no training
in facioscapulohumeral muscular dystrophy, Outcome 1 MVC quadriceps at rest (Nm).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI| Fixed, 95% Cl
Bankolé 2016 8 14 (47) 8 -1(40) e 100% 15[-27.77,57.77]
Favours no training  -100 -50 0 50 100 Favours training
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Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Total *** 8 8 ’ 100% 15[-27.77,57.77]

Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=0.69(P=0.49)

Favours no training  -100

-50

0 50

100 Favours training

Analysis 9.2. Comparison 9 Aerobic exercise and strength training versus no training in
facioscapulohumeral muscular dystrophy, Outcome 2 Voluntary activation at rest (%).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Bankolé 2016 8 -03(19) 8 0.2(2.4) S 100% -0.5[-2.62,1.62]
Total *** 8 8 —— 100% -0.5[-2.62,1.62]
Heterogeneity: Not applicable
Test for overall effect: Z=0.46(P=0.64)
Favours no training -4 2 0 2 4 Favours training

Analysis 9.3. Comparison 9 Aerobic exercise and strength training versus no training
in facioscapulohumeral muscular dystrophy, Outcome 3 Maximal aerobic power (W).

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Bankolé 2016 8 45 (87) 8 0(37) 100% 45[-20.51,110.51]
Total *** 8 8 - 100% 45[-20.51,110.51]

Heterogeneity: Not applicable
Test for overall effect: Z=1.35(P=0.18)

——
-

Favours no training

-200

-100 0

100

200 Favours training

Analysis 9.4. Comparison 9 Aerobic exercise and strength training versus no training in
facioscapulohumeral muscular dystrophy, Outcome 4 Muscle endurance (number of repetitions).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI
Bankolé 2016 8 10 (14) 8 2(8) = 100% 12[0.83,23.17]
Total *** 8 8 P 100% 12[0.83,23.17]
Heterogeneity: Not applicable
Test for overall effect: Z=2.1(P=0.04)
Favours no training 50 25 0 25 50 Favours training
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Analysis 9.5. Comparison 9 Aerobic exercise and strength training versus no training
in facioscapulohumeral muscular dystrophy, Outcome 5 VO, peak (mL/min/kg).

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI| Fixed, 95% Cl
Bankolé 2016 8 123(12.4) 8 -0.1(7.9) S 100% 12.42.21,22.59]
Total *** 8 8 e 100% 12.4[2.21,22.59]

Heterogeneity: Not applicable
Test for overall effect: Z=2.39(P=0.02)

Favours no training -50

-25 0

25

50 Favours training

Analysis 9.6. Comparison 9 Aerobic exercise and strength training versus no training in
facioscapulohumeral muscular dystrophy, Outcome 6 Distance walked in 6-min walk test (m).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI
Bankolé 2016 8 62 (130) 8 -2(103) ——.— 100% 64[-50.93,178.93]
Total *** 8 8 —~ 100% 64[-50.93,178.93]
Heterogeneity: Not applicable
Test for overall effect: Z=1.09(P=0.28)
‘—200 —foo 0 160 20(;

Favours no training

Favours training

Analysis 9.7. Comparison 9 Aerobic exercise and strength training versus no training in
facioscapulohumeral muscular dystrophy, Outcome 7 Quality of life - General Health - SF-36 0-100.

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI| Fixed, 95% Cl
Bankolé 2016 8 9 (20) 8 -5(17) 100% 14[-4.19,32.19]
Total *** 8 8 1 100% 14[-4.19,32.19]

Heterogeneity: Not applicable
Test for overall effect: Z=1.51(P=0.13)

__._
i

Favours no training

N
&
o

Favours training

Analysis 9.8. Comparison 9 Aerobic exercise and strength training versus no training in
facioscapulohumeral muscular dystrophy, Outcome 8 Fatigue (Fatigue Severity Scale) 9-63.

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Bankolé 2016 8 -10 (15) 8 5(11) -.- 100% -15[-27.89,-2.11]
Total *** 8 8 S 2 100% -15[-27.89,-2.11]
Heterogeneity: Not applicable
Test for overall effect: Z=2.28(P=0.02)
l100 éo 0 50 10(;

Favours training

Favours no training
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Comparison 10. Aerobic exercise and strength training versus no training in juvenile dermatomyositis

Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical method

Effect size

1 Max force right knee extensors (N) 1 26 Mean Difference (IV, Fixed, 95%  36.0 [24.95, 47.05]
Cl)

2 Max force left knee extensors (N) 1 26 Mean Difference (IV, Fixed, 95%  17.0[0.48, 33.52]
cl

3 Max force right hip flexors (N) 1 26 Mean Difference (IV, Fixed, 95%  -9.0 [-22.36, 4.36]
cl

4 Max force left hip flexors (N) 1 26 Mean Difference (IV, Fixed, 95% 6.0 [-6.59, 18.59]
Cl)

5 Endurance time during maximal 1 26 Mean Difference (IV, Fixed, 95%  -1.20 [-1.55, -0.85]

exercise test (min) Cl)

6 VO, peak (mL/kg/min) 1 26 Mean Difference (IV, Fixed, 95% -2.1[-3.27,-0.93]
Cl)

7 Distance of standing long jump 1 26 Mean Difference (IV, Fixed, 95%  18.0 [15.30, 20.70]

(cm) Cl)

8 Number of push-upsin30s 1 26 Mean Difference (IV, Fixed, 95% 5.0 [3.62, 6.38]
o)}

9 Number of sit-upsin30s 1 26 Mean Difference (IV, Fixed, 95%  3.0[2.00, 4.00]
Cl)

10 Time wall sit (max: 60 s) 1 26 Mean Difference (IV, Fixed, 95% -3.0 [-5.53,-0.47]
Cl)

11 Time V-up (max: 60 s) 1 26 Mean Difference (IV, Fixed, 95% -10.0[-12.70,
cl) -7.30]

12 Distance walked in 6-min walk 1 26 Mean Difference (IV, Fixed, 95% -7.00[-21.56, 7.56]

test (m) Cl)

13 Quality of life - PedsQL Generic 1 26 Mean Difference (IV, Fixed, 95% -8.0 [-9.76, -6.24]

Core Scale patient form, total score Cl)

0-100

14 Muscle pain (10-cm VAS) 1 26 Mean Difference (IV, Fixed, 95% -7.0 [-9.70, -4.30]
Cl)

15 Perception of fatigue - PedsQL 1 26 Mean Difference (IV, Fixed, 95%  -5.0 [-6.54, -3.46]

Multidimensional fatigue scale Cl)

0-100
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Analysis 10.1. Comparison 10 Aerobic exercise and strength training versus no
training in juvenile dermatomyositis, Outcome 1 Max force right knee extensors (N).

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Habers 2016 14 31(13.5) i) -5 (15) - 100% 36[24.95,47.05]
Total *** 14 12 L 2 100% 36[24.95,47.05]

Heterogeneity: Not applicable
Test for overall effect: Z=6.39(P<0.0001)

Favours no training  -100 -50 0 50 100 Favours training

Analysis 10.2. Comparison 10 Aerobic exercise and strength training versus no
training in juvenile dermatomyositis, Outcome 2 Max force left knee extensors (N).

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Habers 2016 14 13(12) 12 -4(27) — 100% 17[0.48,33.52]
Total *** 14 12 S 100% 17[0.48,33.52]

Heterogeneity: Not applicable
Test for overall effect: Z=2.02(P=0.04)

Favours no training ~ -100 -50 0 50 100 Favours training

Analysis 10.3. Comparison 10 Aerobic exercise and strength training versus no
training in juvenile dermatomyositis, Outcome 3 Max force right hip flexors (N).

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI
Habers 2016 14 -4(16.5) P 5(18) -.- 100% -9[-22.36,4.36]
Total *** 14 12 q 100% -9[-22.36,4.36]

Heterogeneity: Not applicable ‘
Test for overall effect: Z=1.32(P=0.19) ‘

Favours no training  -100 -50 0 50 100 Favours training

Analysis 10.4. Comparison 10 Aerobic exercise and strength training versus no
training in juvenile dermatomyositis, Outcome 4 Max force left hip flexors (N).

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI
Habers 2016 14 9(15.5) 12 3(17) -.- 100% 6[-6.59,18.59]
Total *** 14 12 <> 100% 6[-6.59,18.59]

Heterogeneity: Not applicable
Test for overall effect: Z=0.93(P=0.35)

|
Favours no training  -100 -50 0 50 100 Favours training
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Analysis 10.5. Comparison 10 Aerobic exercise and strength training versus no training in
juvenile dermatomyositis, Outcome 5 Endurance time during maximal exercise test (min).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Habers 2016 14 -0.1(0.4) i) 1.1(0.5) - 100% -1.2[-1.55,-0.85]
Total *** 14 12 - 100% -1.2[-1.55,-0.85]
Heterogeneity: Not applicable
Test for overall effect: Z=6.68(P<0.0001)
Favours no training -2 1 0 1 2 Favours training

Analysis 10.6. Comparison 10 Aerobic exercise and strength training versus
no training in juvenile dermatomyositis, Outcome 6 VO, peak (mL/kg/min).

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% ClI
Habers 2016 14 0(1.4) 12 2.1(1.6) 100% -2.1[-3.27,-0.93]
Total *** 14 12 100% -2.1[-3.27,-0.93]

Heterogeneity: Not applicable
Test for overall effect: Z=3.53(P=0)

Favours no training 4

_._
i

2 4

Favours training

Analysis 10.7. Comparison 10 Aerobic exercise and strength training versus no
training in juvenile dermatomyositis, Outcome 7 Distance of standing long jump (cm).

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Habers 2016 14 13(3.5) 12 -5(3.5) + 100% 18[15.3,20.7]
Total *** 14 12 ¢ 100% 18[15.3,20.7]

Heterogeneity: Not applicable
Test for overall effect: Z=13.07(P<0.0001)

Favours no training -50

25

50 Favours training

Analysis 10.8. Comparison 10 Aerobic exercise and strength training versus no
training in juvenile dermatomyositis, Outcome 8 Number of push-upsin 30 s.

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Habers 2016 14 6 (1.5) 12 1(2) l 100% 5[3.62,6.38]
Total *** 14 12 L 2 100% 5[3.62,6.38]
Heterogeneity: Not applicable
‘-10 ‘5 0 é 10‘

Favours training

Favours no training
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Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Test for overall effect: Z=7.11(P<0.0001)

Favours training -10 5 0 5 10 Favours no training

Analysis 10.9. Comparison 10 Aerobic exercise and strength training versus
no training in juvenile dermatomyositis, Outcome 9 Number of sit-upsin 30 s.

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Habers 2016 14 5(1) 12 2(L.5) l 100% 312,41
Total *** 14 12 <o 100% 3[2,4]

Heterogeneity: Not applicable
Test for overall effect: Z=5.9(P<0.0001)

Favours training S5 25 025 5 Favours no training

Analysis 10.10. Comparison 10 Aerobic exercise and strength training versus
no training in juvenile dermatomyositis, Outcome 10 Time wall sit (max: 60 s).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Habers 2016 14 13) 2 4(3.5) o 100% -3[-5.53,-0.47]
Total *** 14 12 e 100% -3[-5.53,-0.47]
Heterogeneity: Not applicable
Test for overall effect: Z=2.33(P=0.02)
5

Favours no training -10 0 5 10 Favours training

Analysis 10.11. Comparison 10 Aerobic exercise and strength training versus
no training in juvenile dermatomyositis, Outcome 11 Time V-up (max: 60 s).

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI
Habers 2016 14 2(3.5) i) 8(3.5) B 100% -10[-12.7,-7.3]
Total *** 14 12 <> 100% -10[-12.7,-7.3]

Heterogeneity: Not applicable
Test for overall effect: Z=7.26(P<0.0001)

Favours no training 20 -10 0 10 20 Favours training
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Analysis 10.12. Comparison 10 Aerobic exercise and strength training versus no training
in juvenile dermatomyositis, Outcome 12 Distance walked in 6-min walk test (m).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Habers 2016 14 2(17.5) i) 9(20) -.— 100% -7[-21.56,7.56]
Total *** 14 12 d» 100% -7[-21.56,7.56]
Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100% ‘
Test for overall effect: Z=0.94(P=0.35) ‘
Favours no training  -100 -50 0 50 100 Favours training

Analysis 10.13. Comparison 10 Aerobic exercise and strength training versus no training in juvenile
dermatomyositis, Outcome 13 Quality of life - PedsQL Generic Core Scale patient form, total score 0-100.

Study or subgroup Training No training Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Habers 2016 14 3(2) 12 5(2.5) B 100% -8[-9.76,-6.24]
Total *** 14 12 ‘ 100% -8[-9.76,-6.24]

Heterogeneity: Not applicable
Test for overall effect: Z=8.91(P<0.0001)

Favours no training 20 -10 0 10 20 Favours training

Analysis 10.14. Comparison 10 Aerobic exercise and strength training versus
no training in juvenile dermatomyositis, Outcome 14 Muscle pain (10-cm VAS).

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI
Habers 2016 14 3(3.5) P 4(3.5) —— 100% 7[9.7,-4.3]
Total *** 14 12 <@ 100% -7[-9.7,-4.3]
Heterogeneity: Not applicable
Test for overall effect: Z=5.08(P<0.0001)
Favours training -20 -10 0 10 20 Favours no training

Analysis 10.15. Comparison 10 Aerobic exercise and strength training versus no training in juvenile
dermatomyositis, Outcome 15 Perception of fatigue - PedsQL Multidimensional fatigue scale 0-100.

Study or subgroup Training No training Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% ClI
Habers 2016 14 102) i) 4(2) = 100% -5[-6.54,-3.46]
Total *** 14 12 L 2 100% -5[-6.54,-3.46]
Heterogeneity: Not applicable
Test for overall effect: Z=6.35(P<0.0001)
Favours no training -10 5 0 5 10 Favours training
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ADDITIONAL TABLES

Table 1. Lindeman 1995: functional tests

Functional test No trainingn=14 Trainingn =14
Mean change SD Mean change SD P valueb
(0 to week 24)a (0 to week 24)a
Descending stairs (s) 0.5 3.6 2.5 7.2 0.43
Climbing stairs (s) 0.3 1.8 1.1 5.8 0.66
Standing up from a chair (s) 0.2 0.8 1.2 4.0 0.4
Standing up from lying supine (s) 0.5 2.2 -0.4 1.4 0.11
Walking 6 m (comfortably) (s) 0.5 0.8 0.3 0.8 0.52
Walking 50 m (fast) (s) 3.5 5.8 2.7 6.3 0.75

SD: standard deviation

dPositive values indicate improvement.
bp values from paired t-tests (matched pair design).

Table 2. Lindeman 1995: muscle permeability (change in serum myoglobin ng/L)

Initial value at base- Increase due to test session  Initial value at week Increase due to test session
line at baseline 24 at week 24

Control 263 (149) 41(42) 248 (120) 28 (28)

Training 203 (84) 20 (34) 175 (74) 26 (35)

Data show the increase in serum myoglobin levels one hour after test sessions at baseline and week 24 in the training and control
groups. Changes between baseline and 24 weeks were not significant. Myoglobin levels were determined with a radioimmunoassay. 31
participants, numbers in each group not given.

Table 3. Aerobic exercise compared to control for Duchenne muscular dystrophy (DMD): GRADE assessments for
other functional outcome measures (supplementary to 'Summary of findings' table 4)

Aerobic exercise compared to control for Duchenne muscular dystrophy (DMD)

Patient or population: boys with DMD

Setting: at home or at school, depending on the preferences of the participants
Intervention: aerobic exercise

Comparison: control without aerobic exercise training

Time-scored functional as- Mean (SD) without  Mean (SD) with Difference Certainty of What happens
sessments of muscle perfor- aerobic exercise aerobic exercise (95% ClI) the evidence
mance (GRADE)
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Table 3. Aerobic exercise compared to control for Duchenne muscular dystrophy (DMD): GRADE assessments for
other functional outcome measures (supplementary to 'Summary of findings' table 4) (continved)

Functional ability in standing The mean differ- The mean differ- MD 9.9% high-  @ocee The effect on
positions and transfers ence in motor Func-  ence in motor Func-  er Very lowa,b functional abil-
tion Measure D1 tion Measure D1 (8.8 lower to ity in standing
Assessed with Motor Function without aerobic with aerobic ex- 28.6 higher) positions and
Measure D1 exercise was a de- ercise was an in- transfers is un-
Scale from 0% to 100% crease of 9.1% crease of 0.8% certain
Follow-up: mean 14 weeks (22.1) (292)
29 participants (1 RCT)
Functional ability in axialand  The mean differ- The mean differ- MD 4.4% high- @ooo The effect on
proximal motor functions encein Motor Func-  encein Motor Func-  er Very lowa.b functional abil-
tion Measure D2 tion Measure D2 (6.2 lower to ity in axial and
Assessed with Motor Function without aerobic with aerobic ex- 15.0 higher) proximal motor
Measure D2 exercisewasade-  ercise was an in- functions is un-
Scale from: 0% to 100% crease of 4.1% crease of 0.3% certain
Follow-up: mean 14 weeks (13.8) (153)
29 participants (1 RCT)
Functional ability in distal mo-  The mean differ- The mean differ- MD 6.7% high- @coe The effect on
tor function ence in Motor Func-  ence in Motor Func-  er Very lowa,b functional abil-
tion Measure D3 tion Measure D3 (1.0 higher to ity in distal mo-
Assessed with Motor Function without aerobic with aerobic ex- 12.4 higher) tor function is

Measure D3
Scale from: 0% to 100%

Follow-up: mean 14 weeks
29 participants (1 RCT)

exercise was a de-
crease of 5.2% (8.0)

ercise was an in-
crease of 1.5% (7.6)

uncertain

Cl: confidence interval; MD: mean difference; RCT: randomised controlled trial; SD: standard deviation

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the ef-
fect, but there is a possibility that it is substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the

effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the

estimate of effect.

aDowngraded two levels for imprecision as it is not known if the sample size is sufficient. Quote: "No historical data were available at
the start of this study in 2008. The sample size was therefore not based on statistical analysis. We arbitrarily chose to include 20 to 30
participants". Cl consistent with both effects in favour of training and little or no effect.

bDowngraded one level for study limitations: participants and outcome assessor had no information about previous test results at each
assessment but were not blinded to treatment allocation. Moreover, boys were originally allocated to the intervention group, but replaced
to the control group within two weeks after trying the intervention. One boy discontinued the training and assessment after 12 weeks and
was excluded from the analysis, so the analysis was not intention-to-treat. Blinding of participants and personnel was not possible.

Table 4. Aerobic exercise and strength training compared to control for dermatomyositis and polymyositis: GRADE
assessments for other quality of life measures (supplementary to 'Summary of findings' table 8)

Aerobic exercise and strength training compared to control for dermatomyositis and polymyositis

Patient or population: people with dermatomyositis and polymyositis
Setting: at home and at the department of physical therapy of 3 participating hospitals
Intervention: aerobic exercise and strength training
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Table 4. Aerobic exercise and strength training compared to control for dermatomyositis and polymyositis: GRADE
assessments for other quality of life measures (supplementary to 'Summary of findings' table 8) (continued)
Comparison: control without aerobic exercise and strength training

Outcomes Mean (SD) without Mean (SD) with aer-  Difference Certainty of What hap-
aerobic exercise obic exercise and (95% ClI) the evidence pens
and strength train- strength training (GRADE)
ing
Quality of life Quality of life (SF-36 Physical Function) im- SMD 1.5 high-  @ceo The effect on
) ) proved on average 1.5 SDs (0.8 higher to 2.2 er (0.8 higher  Very lowa,b quality of life-
Assessed with: SF-36 Physical  higher) in the aerobic exercise and strength to 2.2 higher) physical func-
Function training group than in the group without tion is uncer-
trainin tain
Scale from 0 to 100 (where 100 &
is optimal) and NHP - Physical
Scale from 0 to 100 (where 0
is no perceived problems and
100 is maximum problems)
Follow-up (mean): 18 weeks
40 participants (2 RCTs)
Quality of life The mean change in The mean change in MD 12.3 high-  @ece May improve
) o SF-36 Vitality score SF-36 vitality score er (8.2 higher Very lowa,c quality of life-
Assessed with SF-36 Vitality without aerobicex-  with aerobic exercise  to 16.5 higher) vitality
scale f 010 100 (where 100 ercise and strength and strength train-
>ca i, rOT 0 (where training was a de- ing was an increase
is optimal) crease of 0.5 (5.1) of 11.8 (4.6)
Follow-up: mean 24 weeks
21 participants (1 RCT)
Quality of life The mean change in The mean changein MD 1.5 higher  @oee May have little
) ) SF-36 Physical Func-  SF-36 Physical Func- (0.8 higher to Very lowa.c or no effect on
Assessed with SF-36 Physical tion score without tion score with aer- 2.2 higher) quality of life-
Function aerobic exerciseand  obic exercise and physical func-
strength trainingwas  strength training was tion
Scale from 0 to 100 (where 100 02 (g6 6) & 8.9 (3g2) &
is optimal) o o
Follow-up: mean 12 weeks
21 participants (1 RCT)
Quality of life The mean change in The mean change in MD 5.0 higher  @oce May improve
) SF-36 Mental Health SF-36 Mental Health (1.7 higher to Very lowasc quality of life-
Assessed with SF-36 Mental score without aer- score with aerobic 8.4 higher) mental health
Health obic exercise and exercise and strength slightly
Scale f 0to 100 (where 100 strength training was  training was an in-
; ca e. romoto (where anincrease of 3.1 crease of 8.1 (3.7)
is optimal) (4.1)
Follow-up: mean 24 weeks
21 participants (1 RCT)
Quality of life The mean change in The mean change in MD 18.0 lower  @oee The effect on
) NHP-Energy score NHP-Energy score (45.9 lowerto  Very lowac quality of life-
Assessed with NHP-Energy without aerobic ex- with aerobic exercise 9.9 higher) energy is un-
ercise and strength and strength training certain
was 21.1 (37.3)
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Table 4. Aerobic exercise and strength training compared to control for dermatomyositis and polymyositis: GRADE
assessments for other quality of life measures (supplementary to 'Summary of findings' table 8) (continued)
Scale from 0 to 100 (where 0 training was -3.1

is no perceived problems and (23.9)
100 is maximum problems)

Cochrane Database of Systematic Reviews

Follow-up: mean 24 weeks

19 participants (1 RCT)

Quality of life The mean change in The mean change MD 3.1 lower lelelo) The effect on
) ) NHP-Pain score with-  in NHP-Pain score (12.22 lower Very lowasc quality of life-

Assessed with NHP-Pain out aerobic exercise  with aerobic exercise  to 6.0 higher) pain is uncer-

Scale f 010 100 (where 0 and strength training  and strength training tain

; cale rom. 0 (where was -4.3 (0.1) was a decrease of 7.4

is no perceived problems and (14.7)

100 is maximum problems) '

Follow-up: mean 24 weeks

19 participants (1 RCT)

Quality of life The mean change The mean change MD 7.3 higher  @oee The effect on
) in NHP-Sleep score in NHP-Sleep score (10.0lowerto  Very lowb.c quality of life-

Assessed with NHP-Sleep without aerobic ex- with aerobic exercise  24.6 higher) sleep is uncer-

ercise and strength and strength training tain
training was -13.7 was a decrease of 6.4
(6.1) (27.1)

Scale from 0 to 100 (where 0
is no perceived problems and
100 is maximum problems)

Follow-up: mean 24 weeks

19 participants (1 RCT)

uality of life The mean change The mean change MD 1.1 higher  @oco The effect on
g g g
) ) in NHP-Social score in NHP-Social score (14.4 lower to Very lowasc quality of life-
Assessed with NHP-Social without aerobicex-  with aerobic exercise  16.6 higher) social is un-
Scale f 010 100 (where 0 ercise and strength and strength training certain
>cateirom Do (where training was -5.4 was a decrease of 4.3
is no perceived problems and (0.1) (25.0)
100 is maximum problems) ' '
Follow-up: mean 24 weeks
19 participants (1 RCT)
Quality of life The mean changein The mean changein MD 22.3 lower  @oee The effect on
) ] NHP-Emotionalscore  NHP-Emotionalscore  (41.4lowerto  Very lowa,c quality of life-
Assessed with NHP-Emotional  \ithout aerobic ex- with aerobic exercise 3.2 lower) emotional is
Scalef 010 100 (where 0 ercise and strength and strength train- uncertain
>catetrom Dto (where training was -7.1 ing was an increase
is no perceived problems and (9.7) 0f29.1 (29.4)
100 is maximum problems) ' ' '
Follow-up: mean 24 weeks
19 participants (1 RCT)
Quality of life The mean change in The mean change in MD 1.8 lower lelelo) The effect on
) ) NHP-Physical score NHP- Physical score (3.0 lower to Very lowa,c quality of life-
Assessed with NHP-Physical without aerobicex-  with aerobic exercise 0.6 lower) physical is un-
ercise and strength and strength train- certain

Scale from 0 to 100 (where 0

is no perceived problems and

100 is maximum problems)
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Table 4. Aerobic exercise and strength training compared to control for dermatomyositis and polymyositis: GRADE
assessments for other quality of life measures (supplementary to 'Summary of findings' table 8) (continued)
Follow-up: mean 24 weeks

19 participants (1 RCT)

5RM: 5 voluntary repetitions; Cl: confidence interval; MD: mean difference; MMT-8: manual muscle testing of eight muscle groups;
NHP: Nottingham Health Profile; RCT: randomised controlled trial SD: standard deviation; SMD: standardised mean difference;
SF-36: Short Form 36 Health Survey

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the ef-
fect, but there is a possibility that it is substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the
effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the
estimate of effect.

aDowngraded two levels for study limitations. In one trial, quote: "One patient in the exercise group was not able to perform the exercise
programme and was excluded from the analysis". Follow-up was therefore incomplete and analysis was not by intention-to-treat. Quote:
"We aimed for nine patients in the exercise group, but some analyses were performed with N = 7 (VO, max measurements) or N = 3
(mitochondrial enzyme activities). (...). "All measurements were not successfully performed both before and after training in each subject".
Blinding of participants and personnel was not possible in either trial.

bDowngraded one level for imprecision: small samples.

cDowngraded two levels for serious imprecision: Quote: "An important limitation is the lack of power analysis and the low number of
patients, conditions that may explain lack of significant between-group differences, with frequent dropouts furtherhampering the analyses
and conclusion.(...). Possible indirectness: the exercise intensity level was defined only for the aerobic walks, not for the resistive home
exercise programme".

APPENDICES

Appendix 1. Cochrane Neuromuscular Specialised Register via the Cochrane Register of Studies (CRS-Web) search
strategy

Search date = 16 November 2018

#1 (muscular or myotonic) NEAR4 dystroph* AND INREGISTER

#2 myositis or dermatomyositis or polymyositis AND INREGISTER

#3 (muscular or myotonic) NEAR4 dystroph* AND INREGISTER

#4 myopathy or myopathies AND INREGISTER

#5 MESH DESCRIPTOR neuromuscular diseases WITH QUALIFIER RH TH AND INREGISTER

#6 #1 OR #2 OR #3 OR #4 OR #5 AND INREGISTER

#7 "exercise therap*" or "exercise program™" or "exercise training" or "strength training" or "aerobic training" or "aerobic exercis*" or
"training program™" or "resistive exercis*" or "resistive training" or "endurance exercis*" or "endurance training" or "muscle exercis*" AND
INREGISTER

#8 MESH DESCRIPTOR exercise therapy EXPLODE ALL AND INREGISTER

#9 MESH DESCRIPTOR Physical Education and Training EXPLODE ALL AND INREGISTER

#10 #7 OR #8 OR #9 AND INREGISTER

#11 #6 AND #10 AND INREGISTER

*1

Appendix 2. Cochrane Central Register of Controlled Trials (CENTRAL) via the Cochrane Register of Studies (CRS-
Web) search strategy

Search date = 16 November 2018

#1 (muscular or myotonic) NEAR4 dystroph* AND CENTRAL:TARGET

#2 myositis or dermatomyositis or polymyositis AND CENTRAL:TARGET
#3 (muscular or myotonic) NEAR4 dystroph* AND CENTRAL:TARGET

#4 myopathy or myopathies AND CENTRAL:TARGET

Strength training and aerobic exercise training for muscle disease (Review) 124
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

#5 MESH DESCRIPTOR neuromuscular diseases WITH QUALIFIER RH TH AND CENTRAL:TARGET

#6 #1 OR #2 OR #3 OR #4 OR #5 AND CENTRAL:TARGET

#7 "exercise therap*" or "exercise program™" or "exercise training" or "strength training" or "aerobic training" or "aerobic exercis*" or
"training program™" *" or "resistive training" or "endurance exercis*" or "endurance training" or "muscle exercis*" AND
CENTRAL:TARGET

#8 MESH DESCRIPTOR exercise therapy EXPLODE ALL AND CENTRAL:TARGET

#9 MESH DESCRIPTOR Physical Education and Training EXPLODE AND CENTRAL:TARGET

#10 #7 OR #8 OR #9 AND CENTRAL:TARGET

#11 #6 AND #10 AND CENTRAL:TARGET

*1 * 11

or "resistive exercis

Appendix 3. MEDLINE (OvidSP) search strategy

Database: Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other Non-Indexed Citations and Daily <1946 to November 15,2018>
Search Strategy:

1 ((muscular or myotonic) adj4 dystroph*).mp. (33875)

2 (myositis or dermatomyositis or polymyositis).mp. (23499)

3 ((muscular or myotonic) adj4 dystroph*).mp. (33875)

4 (myopathy or myopathies).mp. (24002)

5 neuromuscular diseases/rh, th (1446)

6 0or/1-5 (74821)

7 (exercise therap* or exercise program* or exercise training or strength training or aerobic training or aerobic exercis* or training program*
or resistive exercis* or resistive training or endurance exercis* or endurance training or muscle exercis*).mp. or exp Exercise therapy/ or exp
"Physical education and training"/ (117908)

8 (Trial* or random*).mp. or Clinical trial.pt. or Controlled clinical trial.pt. or Randomised controlled trial.pt. or Meta-analysis.pt. or
Multicenter study.pt. or exp Clinical trials as topic/ (2186732)

96and7and8(175)

10 exp animals/ not humans.sh. (4515620)

119 not 10 (163)

12 remove duplicates from 11 (161)

Appendix 4. Embase (OvidSP) search strategy

Database: Embase <1974 to 2018 November 15>
Search Strategy:

1 ((muscular or myotonic) adj4 dystroph*).mp. (44207)

2 (myositis or dermatomyositis or polymyositis).mp. (34980)

3 ((muscular or myotonic) adj4 dystroph*).mp. (44207)

4 (myopathy or myopathies).mp. (41908)

5 neuromuscular disease/rh, th (385)

6 0r/1-5(107828)

7 (exercise therap™ or exercise program* or exercise training or strength training or aerobic training or aerobic exercis* or training program*
or resistive exercis® or resistive training or endurance exercis* or endurance training or muscle exercis*).mp. or exp exercise/ or exp muscle
exercise/ or exp excessive training/ or exp kinesiotherapy/ (386382)

8 trial*.ti. or random*.mp. or exp clinical trial/ or controlled study/ (7670206)

96and7and 8(1272)

10 remove duplicates from 9 (1257)

11 exp animal/ not human/ (4478813)

1210 not 11 (995)

13 limit 12 to (conference abstracts or embase) (961)

Appendix 5. Cumulative Index to Nursing and Allied Health Literature (CINAHL) (EBSCOhost) search strategy
Friday, November 16,2018 5:08:40 PM

$10S918

S9 S6 AND S7TAND S8 72

S8 TX Trial* OR TX random™* OR PT "Systematic review" OR PT "Clinical trial" OR MH "Clinical trials+" 589,189

S7 TX "exercise therapy" OR TX "exercise program" OR TX "exercise training" OR TX "strength training" OR TX "aerobic training" OR
TX "aerobic exercise" OR TX "training program" OR TX "resistive exercise" OR TX "resistive training" OR TX "endurance exercise" OR TX
"endurance training" OR TX "muscle exercise" OR TX "exercise therapies" OR TX "exercise programs" OR TX "aerobic exercises" OR TX
"training programs" OR TX "resistive exercises" OR TX "endurance exercises" OR TX "muscle exercises" OR MH "Therapeutic exercise+"TX
"exercise therapy" OR TX "exercise program" OR TX "exercise training" OR TX "strength training" OR TX "aerobic training" OR TX "aerobic
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exercise" OR TX "training program" OR TX "resistive exercise" OR TX "resistive training" OR TX "endurance exercise" OR TX "endurance
training" OR TX "muscle exercise" OR TX "exercise therapies" OR TX "exercise programs" OR TX "aerobic exercises" OR TX "training
programs" OR TX "resistive exercises" OR TX "endurance exercises" OR TX "muscle exercises" OR MH "Therapeutic exerciset+" 70,261

S6 S1 ORS2 ORS3 0OR S40R S59,631

S5 (MH "Neuromuscular Diseases/RH/TH") 463

S4 myopathy or myopathies 2,994

S3 (muscular or myotonic) N4 dystroph* 3,873

S2 myositis or dermatomyositis or polymyositis 3,365
S1 (muscular or myotonic) N4 dystroph* 3,873

Appendix 6. International Clinical Trials Registry Platform

Saturday, December 22,2018 12:44:20 AM

Database: International Clinical Trials Registry Platform
Search Strategy:

1 muscular dystrophy AND exercise
2 muscular dystrophy AND training
3 myositis AND exercise

4 myositis AND training

5 myopathy AND exercise

6 myopathy AND training

7 neuromuscular disease AND exercise
8 neuromuscular disease AND training

Appendix 7. ClinicalTrials.gov
Saturday, December 22,2018 13:53:30 AM

Database: ClinicalTrials.gov
Search Strategy:

1 muscular dystrophy AND exercise
2 muscular dystrophy AND training
3 myositis AND exercise

4 myositis AND training

5 myopathy AND exercise

6 myopathy AND training

7 neuromuscular disease AND exercise
8 neuromuscular disease AND training

WHAT'S NEW

Date Event

Description

16 November 2018 New search has been performed

The searches were updated to 16 November 2018. The search
strategies were revised to increase specificity.

16 November 2018 New citation required and conclusions

have changed

This update includes nine new trials.

The previous version of the review concluded that "moderate-in-
tensity strength training in myotonic dystrophy and facioscapu-
lohumeral dystrophy, aerobic exercise training in dermatomyosi-
tis and polymyositis, and myotonic dystrophy type | appear to do
no harm, but there is insufficient evidence to conclude that they
offer benefit. In mitochondrial myopathy, aerobic exercise com-
bined with strength training appears to be safe and may be effec-
tive in increasing submaximal endurance capacity."
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Date Event Description

In this update we concluded that although more trials have been
published, the evidence for these interventions is still limited, in-
sufficient, or both.

HISTORY

Protocol first published: Issue 4, 2002
Review first published: Issue 1, 2005

Date Event Description
26 August 2012 New citation required and conclusions Review updated to include a study of people with dermato-
have changed myositis and polymyositis and a study with people with myoton-

ic dystrophy type I. The results and conclusions of the review
amended accordingly.

2 July 2012 New search has been performed Searches updated to July 2012. One new trial identified from
searches. In this update we have included studies with a exercise
programme duration of at least six, instead of 10, weeks. There-
fore, one trial which was previously excluded in the former up-
date is now also included.

15 June 2011 Amended Additional acknowledgement added.
20 July 2009 New citation required and conclusions Search updated to July 2009. Review updated to include a new
have changed study of people with mitochondrial myopathy (Cejudo 2005). The
results and conclusions of the review have been amended ac-
cordingly.
2 July 2008 Amended Converted to new review format.
23 September 2004 New citation required and conclusions Substantive amendment.

have changed

CONTRIBUTIONS OF AUTHORS

NBM Voet and EL van der Kooi identified and assessed potentially relevant studies, and extracted the data from included studies. NBM Voet
prepared the final draft. ACH Geurts, BGM van Engelen and EL van der Kooi edited each drafted and approved the final text of the review.

E Lindeman (deceased) and | Riphagen contributed to the original review and former updates.
DECLARATIONS OF INTEREST

E van der Kooi carried out a randomised controlled trial (RCT) on the effect of strength training and albuterol in facioscapulohumeral
muscular dystrophy (FSHD; Van der Kooi 2004).

NBM Voet received grant support from the Netherlands Organisation for Health Research and Development (ZonMw), Princess Beatrix
Muscle Fund (PBS), and the Dutch FSHD Foundation.

NBM Voet, BGM van Engelen and ACH Geurts carried out a RCT on the effect of aerobic exercise in FSHD (Voet 2014).

BGM van Engelen was research director of the European Neuromuscular Centre and receives institutional support from the Radboud
University Medical Centre and the ENMC, grant support from European Union’s Horizon 2020 research and innovation programme (Murab),
European Union 7th Framework Programme (OPTIMISTIC), the Netherlands Organisation for Scientific Research (NWO), The Netherlands
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Organisation for Health Research and Development (ZonMw), Global FSH, Prinses Beatrix Fonds, Spieren voor Spieren, Association
Francaise contre les Myopathies, and the Dutch FSHD Foundation. He is consultant and clinical advisor of Fulcrum.

ACH Geurts receives institutional support from the Radboud University Medical Centre, and grant support from the Netherlands
Organisation for Scientific Research (NWO), The Netherlands Organisation for Health Research and Development (ZonMw), Princess Beatrix
Muscle Fund (PBS), and the Dutch FSHD Foundation.
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« Department of Rehabilitation, Radboud University Medical Centre, Nijmegen, Netherlands.
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« Department of Neurology, Radboud University Medical Centre, Nijmegen, Netherlands.
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« Rehabilitation Centre Klimmendaal, Arnhem, Netherlands.
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« Department of Neurology, Medical Centre Leeuwarden, Leeuwarden, Netherlands.
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External sources

« No sources of support supplied
DIFFERENCES BETWEEN PROTOCOL AND REVIEW
This review has a published protocol (Van der Kooi 2002). As stated in a previous update, we:

« excluded all studies using a within-subjects design with the non-exercised limb as a control (De Lateur 1979; McCartney 1988; Aitkens
1993; Kilmer 1994; Tollb&ack 1999);

« included exercise programmes with a minimum duration of six, rather than 10 weeks as previously specified. Because of this change of
protocol, we included one study which was excluded in the previous update (Wiesinger 1998a) and one new study (Kierkegaard 2011);

« added a statement that we would exclude studies in which outcomes were not presented separately for each muscle disease. We
excluded one randomised controlled strength training combined with aerobic exercise study for this reason. No specific details about
the exercise programme were provided and we considered the risk of bias in the study high(Dawes 2006);

« added a statement that we did not consider data from the subsequent (second) period of the cross-over trial for analysis;
« added a statement that we excluded studies with a high risk of bias from the meta-analysis;

« updated the definitions in Types of interventions;

« updated and changed the diagnostic criteria to 'confirmed by muscle biopsy or genetic testing';

« updated the exercise guidelines (Garber 2011);

« searched the Cochrane Rehabilitation and Related Therapies Field Register in October 2002, August 2008, and July 2009. As, in the past,
it yielded no results and is no longer available, it has been removed from the Methods section;

« reported all forms of outcome measurement for a domain, when there were several forms of outcome measurement in one study.

For this update, for compliance with Cochrane Methodological Expectations for Cochrane Intervention Reviews standards (MECIR 2018),
we:

« separated performance and detection bias, as now recommended;
« searched clinical trials registries;

« included 'Summmary of findings' tables;

« added a PRISMA flow chart.

INDEX TERMS

Medical Subject Headings (MeSH)

*Exercise [physiology]; *Resistance Training [methods]; Dermatomyositis [rehabilitation]; Exercise Tolerance; Muscle Strength;
Muscular Diseases [*rehabilitation]; Muscular Dystrophies [rehabilitation]; Muscular Dystrophy, Facioscapulohumeral [rehabilitation];
Myotonic Dystrophy [rehabilitation]; Physical Fitness; Polymyositis [rehabilitation]; Randomized Controlled Trials as Topic
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