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Abstract 

The tolerance of exercise and its effects on quality of life in myasthenia gravis are not currently backed up by strong evidence. The 
aim of this study was to determine whether exercise as an adjunct therapy is well tolerated and can improve health-related quality of life 
(HRQoL) in stabilized, generalized autoimmune myasthenia gravis (gMG). We conducted a parallel-group, multi-center prospective RCT 

using computer-generated block randomization. Adults with stabilized, gMG, and no contra-indication to exercise, were eligible. Participants 
received usual care alone or usual care and exercise. The exercise intervention consisted of 3-weekly 40 min sessions of an unsupervised, 
moderate-intensity home rowing program over 3 months. The primary endpoint was the change in HRQoL from randomization to post- 
intervention. Assessor-blinded secondary endpoints were exercise tolerance and effects on clinical, psychological and immunological status. 
Of 138 patients screened between October 2014 and July 2017, 45 were randomly assigned to exercise ( n = 23) or usual care ( n = 20). 
Although exercise was well tolerated, the intention-to-treat analysis revealed no evidence of improved HRQoL compared to usual care 
(MGQOL-15-F; mean adjusted between-groups difference of -0.8 points, 95%CI -5.4 to 3.7). Two patients hospitalized for MG exacerbation 
were from the usual care group. 
© 2021 Elsevier B.V. All rights reserved. 
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. Introduction 

Myasthenia gravis (MG), a rare autoimmune disorder of 
he neuromuscular junction is characterized by fluctuating 

eakness involving variable combinations of ocular, 
ulbar, respiratory and limb muscles. Treatment of MG 

rimarily relies on immunosuppressive therapies, notably 

he association of corticosteroids with non-steroidal 
mmunosuppressive agents [1] . These therapeutic strategies 
im to reduce symptoms, improve functional status and 
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ealth-related quality of life (HRQoL); three dimensions 
hich can be assessed with specific scores [2] . Despite 

ppropriate therapeutic management, individuals with MG 

till have reduced HRQoL which is not improving despite 
herapeutic advances [3] . Therefore, adjuvant therapy for 
mproving HRQoL in MG is warranted. Whilst rest is 
ndicated during an exacerbation, exercise may be a relevant 
ption in stabilized MG as it targets muscle-related symptoms, 
.e. weakness and fatigability. 

Exercise therapy has been shown to improve strength 

nd functional capacity in various neuromuscular diseases 
uch as facioscapulohumeral disease [4] and other muscular 
ystrophies [5] . There are physiological and clinical 
rguments for its therapeutic use in MG. It induces 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.nmd.2021.05.002&domain=pdf
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emodeling of the neuromuscular junction in experimental 
odels [6] and interventional human studies have shown 

mproved lower limb strength [ 7 , 8 ], walking capacity and 

verall function [ 9–11 ] and, exercise self-efficacy [11] . 
owever, these studies were non-randomized [ 7 –9 , 11 ] and 

ncluded small numbers [ 7 –11 ]. 
In addition, exercise has positive psychological and 

mmunological effects, which are of potential benefit to 

ndividuals with MG. Symptoms of depression and anxiety 

ave been shown to decrease with exercise in chronic illness 
 12–14 ]. Favorable immunomodulatory effects have been 

nduced by the release of myokines during repetitive muscle 
ontractions [ 15 , 16 ]. Because of its pluripotent effects, it 
s conceivable that exercise could improve HRQoL in MG. 
he objective of this study was to evaluate whether an 

nsupervised home exercise program (ExP) could improve 
G-related HRQoL of individuals with stabilized and gMG, 
ith reduced HRQoL. Secondary objectives were to assess 

xercise tolerance and the impact of exercise on physical, 
sychological and immune status. 

. Methods 

.1. Study design 

We conducted a two-arm, parallel group, multi-center 
andomized controlled trial (RCT) comparing a home-exercise 
rogram to usual care (UC). Full details of the study rationale, 
esign, methods and statistical analysis have been previously 

ublished [17] . The overall study duration for an individual 
articipant was 36 weeks. Total intervention time was 12 

eeks beginning at randomization at month 3 (M3), ending 

t month 6 (M6). This was followed by a 3-month follow- 
p period (with no intervention), ending at month 9 (M9). 
riting of this manuscript follows the CONSORT guidelines 

18] . Ethics approval to carry out the study on human subjects 
as granted by the French regulatory board ( Comité de 
rotection des Personnes Ile de France XI under the CPP 

umber #13064 on 13/12/2013 and authorized by the Agence 
ational de Sécurité du Médicament et des produits de santé
n 11/10/ 2013). The trial was conducted in accordance with 

he Helsinki Declaration and was prospectively registered in 

linicalTrials.gov (NCT02066519). 

.2. Participants and setting 

Three specialized neuromuscular centers in France 
creened patients with autoimmune MG during regular 
utpatient consultations and study information was diffused 

o MG-patient groups. Patients aged 18–70 years with a 
onfirmed diagnosis of mild-moderately-severe, gMG (class 
I–III according to the Myasthenia Gravis Foundation of 
merica (MGFA) classification) were eligible. Six months of 
G disease stability, determined by the treating neurologist, 

nd reduced HRQoL (MGQOL-15-F score ≥ 15), was 
equired for inclusion. Exclusion criteria included any contra- 
ndication to exercise which precluded participation in the 
727 
xperimental arm, other neuromuscular pathology, disabling 

heumatological or orthopedic condition, chronic pain, recent 
ospitalization for a serious medical or surgical condition, 
nemia (hematocrit < 30%), pregnancy or severe cognitive 
mpairment necessitating specific protection (Table S1). 

ritten, informed consent was obtained from all participants 
rior to enrolment. 

.3. Randomization, allocation concealment, blinding 

Following the 3-month evaluation, if MG stability was 
onfirmed, consecutive participants were randomized to either 
he intervention (UC + exercise) or control (UC) group 

ith a 1:1 allocation ratio as per a computer-generated 

andomization schema stratified by center using permuted 

locks of randomly varying sizes. To ensure concealment, 
lock sizes were not disclosed. The randomization list was 
onstructed prior to the beginning of the study by a statistician 

ith no clinical involvement in the study. Group allocation 

as revealed exclusively to the non-blinded physiotherapist 
t the moment of randomization (M3), via a software 
CleanWeb), and was concealed until the moment of group 

llocation. Investigators, evaluators and study personnel were 
ll masked to group assignment for the duration of the 
tudy. Only the physiotherapist performing the neuromuscular 
valuations and managing the training program was aware of 
roup allocation. 

.4. Intervention 

All participants received UC and evaluations as per the 
tudy protocol. The control group were instructed to maintain 

heir regular physical activity without starting a new exercise 
rogram or increasing baseline activity. Baseline activity was 
easured over one week, prior to randomization, using a tri- 

xial accelerometer (Movemonitor, McRoberts, Netherlands). 
he intervention group was invited to participate in a 12- 
eek home-based aerobic exercise program (ExP) using a 

owing ergometer (Concept2 

TM ), Table S2. The ExP consisted 

f three 40 min sessions per week, i.e. a total of 36 sessions 
ver the intervention period. A chest heart rate (HR) monitor 
Garmin®) was worn by participants and training HR was 
isualized on a screen for direct feedback. Each 40 min 

oderate-intensity rowing session consisted of a 10 min 

arm-up to reach each participants’ individual target HR 

i.e. 70% of their maximal HR [HRmax], using the equation 

20-age as their HRmax), followed by a 20 min plateau 

hase of constant aerobic activity, rowing at their individual 
arget HR, followed by a 5 min power interval phase (5 

ets of ten consecutive pulls at maximum effort performed at 
he beginning of each minute, followed by regular intensity 

trokes for the remainder of each minute) and finally, a 
 min active cool-down period where rowing was continued 

t a slow pace. Data (rowing distance and session duration) 
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ere recorded on an individual logcard for each training 

ession. Participants were advised to organize their training 

essions on alternate days. The initial 1–3 sessions took 

lace at a different site (Rothschild Hospital, Paris) to study 

isits, to maintain investigator blinding. These individualized 

essions were carried out by a trained physiotherapist to 

nsure feasibility, to teach participants the ExP, how to use 
he HR monitor, the rowing machine (Concept2 

TM ) and how 

o perform the rowing movement. Once the physiotherapist 
nd participant were satisfied that the ExP could be performed 

nsupervised at home, the rowing machine was then delivered 

o the participant’s home for the duration of the intervention 

eriod (3 months). The Concept 2 

TM rowing machine was 
elected as it is a stationary ergometer where one is seated and 

imultaneously exercises upper and lower limbs and the trunk 

hus targeting the multiple muscles which can be affected in 

G. Adherence was defined as having completed at least 20 

frequency) 30 min (duration) sessions. 

.5. Outcomes 

The primary endpoint was the adjusted mean between- 
roup difference in MG-specific HRQoL, assessed with the 
rench version of the Myasthenia Gravis Quality of Life 
uestionnaire (total score) [19] (MGQOL-15-F; range 0–60; 
igher scores represent lower perceived HRQoL) between 

he ExP and UC group from M3 (baseline) to M6 (post- 
ntervention). 

To assess tolerability of the ExP compared to UC, adverse 
vents were recorded at each monthly visit except serious 
dverse events such as MG crisis or MG exacerbation 

ith hospitalization which were notified immediately. MG 

risis was defined as rapid clinical deterioration necessitating 

ither non-invasive or invasive mechanical ventilation. MG 

xacerbation was defined as clinical deterioration with 

eyond usual impact on daily life, with or without 
odification of medications. Tolerance was evaluated 

onthly by assessing cardiorespiratory status (cardiac 
nd thoracic auscultation, vital signs, electrocardiogram, 
ardiothoracic pain, dyspnea, laboratory tests (serum 

ematology, creatine kinase), muscular/articular pain (self- 
eport), and medication dosage (corticosteroids and/or AChEi) 
odification. 
Prespecified secondary efficacy endpoints included the 

djusted mean between-group difference between the ExP 

ompared to UC from M3 to M6 in: MG symptom severity 

valuated with the quantitative Myasthenia Muscle Score 
20] (MMS; range 0–100; lower scores represent greater 
ymptom severity), impact of MG on daily function, evaluated 

ith the Myasthenia Gravis Activities of Daily Living scale 
21] (MG-ADL; range 0–24, higher scores represent greater 
mpact of MG on function), physical capacity evaluated 

ith the 6 min walk test (6MWT) for walking endurance 
 22 , 23 ], maximal voluntary isometric strength of elbow 

exion and knee extension using a Biodex (Shirley, USA) and 

andgrip strength using a MyoGrip and respiratory function 

Forced Vital Capacity, maximal inspiratory and expiratory 
728 
ressures evaluated using a Vitalograph spirometer and a 
icroRPM). In addition, change in non-specific QoL (WHO- 
OL Bref) [ 24 , 25 ] and psychological status; depression (Beck 

epression Inventory) [26] , anxiety (State Trait Anxiety 

nventory) [27] and self-esteem (Self-Esteem Inventory scale) 
28] before and after the ExP were assessed. Exploratory 

ndpoints consisting of cytokine levels of immunological 
arkers, IL-6 and TNF- α were evaluated between M3 and 

6. 

.6. Statistical analysis 

Sample size calculations were described previously [17] . 
he primary analysis was conducted in the intention-to-treat 

ITT) population, where all randomized participants were 
nalyzed in the group they were allocated to irrespective of 
ny protocol deviation. The primary outcome was analyzed 

sing analysis of covariance (ANCOVA), with changes in 

GQOL-15-F as the dependent variable, and randomization 

roup, MGQOL-15-F score at baseline and center as 
ovariates. A similar model was used for secondary and 

xploratory outcomes defined as changes from M3. For binary 

econdary outcomes, absolute risk difference and relative risks 
ere estimated. For the monthly MMS and MG-ADL scores, 

tatistical tests were based on linear mixed models on the 
anked scores, with random subject intercept and slope, and 

 separate fixed-effect for each time as well as interactions 
ith the randomization arm from M4 onwards, to force arms 

o be similar at randomization and to attribute any observed 

ifference to random variation. Magnitude of treatment 
ffect was estimated by differences in least-squares group 

eans in mixed-effect models with bootstrap confidence 
nterval. Cytokines were analyzed after log-transformation 

nd adjusted ratios of geometric means are presented. For 
alues under the lower limit of detection, ANCOVA was 
eplaced by tobit models, with the same formulation. For 
afety analyses, the numbers of participants with at least 
ne AE or SAE were compared by Fisher’s exact tests, 
nd the number of AEs by Poisson regression. Missing data 
ere handled by multiple imputation by chained equations. 

n addition to baseline subject characteristics, the imputation 

odel considered height, weight, MGQOL-15-F, MMS, MG- 
DL, WHO-QOL, STAI, Beck, MINI, SEI, 6 min walking 

istance (6MWD), and adherence status in the intervention 

rm at M3, M6 and M9. Imputations were performed 

eparately in each randomization group as recommended 

29] . Imputation of continuous variables was performed 

sing predictive mean matching. Forty imputed datasets 
ere generated and analyzed. Results were then pooled. 
hysiological (e.g. strength), biological (cytokines) and safety 

utcomes were not imputed. No allowance was made for 
ultiplicity for secondary endpoints. All tests were two- 

ailed with p values less than 0.05 defined as significant. A 

ompliers average causal effect (CACE) analysis was carried 

ut using an instrumental variable approach. Notification of 
Es and visit tracking was done electronically. 
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Not meeting inclusion criteria (n=61)
- ocular MG, severe MG (MGFA IV or V), 
unstable disease or MGQOL-15-F > 15.

Declined to participate (n=10) 

Unable to comply with intervention (n=22) 
- difficulty attending study visits due to time 
or distance or lack of space for the rowing 
machine in their home. 

Analysed ITT (n= 23)
Excluded from ITT analysis (n= 0)

Lost to follow-up (n=0)
Discontinued intervention (n = 0)
Complied with intervention (n = 16)

Allocated to exercise group (n= 23)
Received allocated intervention (n =22)
Did not receive allocated intervention (n=1) 
- refused participation in intervention (n=1)

Lost to follow-up (n=1)  

Analysed ITT (n = 20)
Excluded from ITT analysis (n=0)

Analysis 

Follow-up (end of intervention M6)

Assessed at 3 months and 
randomised (n=43)

Recruitment

Enrolment

Lost to follow-up (n=0) Lost to follow-up (n=1)
Unable to locate participant (n = 1) 

Excluded (n= 2) as unable to comply with 
intervention

Follow-up (end of study M9)

Allocated to usual care (n= 20)
Received allocated intervention (n=19)
Did not receive allocated intervention (n = 1) 
- withdrew from the study (n = 1)

Assessed for eligibility 
(n=138)

Enrolled (n = 45)

Randomization and allocation M3

Fig. 1. Participant flow CONSORT diagram. ITT: intention-to-treat. 
729 
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Table 1 
Demographic, disease characteristics, medical history and activity of participants at baseline i.e. all untrained a . 

All ( n = 43) Exercise ( n = 23) Control ( n = 20) 

Mean age, years 45.5 (10.0) 29 to 70 47.1 (9.0) 34 to 64 43.7 (10.9) 29 to 70 
Female 40 (93%) 23 (100%) 17 (85%) 
Mean body mass index (kg/m 

2 ) 28.4 (5.5) 20.1 to 45.4 27.1 (4.7) 20.1 to 38.8 29.9 (6.0) 20.6 to 45.4 
BMI ≥ 30 
MG subtype (MGFA class) 

13 (32%) 5 (24%) 8 (40%) 

Class IIa/Class IIb 17 (40%) / 6 (14%) 9 (39%) / 4 (17%) 8 (40%) / 2 (10%) 
Class IIIa/Class IIIb 14 (33%) / 6 (14%) 5 (22%) / 5 (22%) 9 (45%) / 1 (5%) 
Autoantibody profile 
AChR 

MuSK 

Seronegative for AChR and MuSK 

History of the disease 
MG onset 
Juvenile, < 18 years 

35 (81%) 
3 (7%) 
5 (12%) 
7 (16%) 

20 (87%) 
1 (4%) 
2 (9%) 
6 (26%) 

15 (75%) 
2 (10%) 
3 (15%) 
1(5%) 

Early, 18-50 years 
Late, > 50 years 

30 (70%) 
6 (14%) 

13 (57%) 
4 (17%) 

17 (85%) 
2 (10%) 

Mean disease duration, years 14.3 (11.0) 1.3 to 44.5 17.6 (13.0) 1.3 to 44.5 10.4 (6.6) 2.1 to 25.9 
Thymectomy 28 (65%) 18 (78%) 10 (50%) 
Treatment at randomization 
AchE inhibitor 37 (86%) 19 (83%) 18 (90%) 
Glucocorticoid 18 (42%) 10 (43%) 8 (40%) 
Prednisone dose (mg) 3.2 (4.3) 3.2 (4.3) 3.1 (4.4) 
Immunosuppressor 28 (65%) 13 (57%) 15 (75%) 
Comorbidities 
Thyroid dysfunction 7 (16%) 4 (17%) 3 (15%) 
Osteoporosis 
Hypertension 
Type 2 diabetes mellitus 

10 (23%) 
8 (19%) 
4 (9%) 

6 (26%) 
5 (22%) 
2 (9%) 

4 (20%) 
3 (15%) 
2 (10%) 

Accelerometer data 37 22 15 
Days worn 6 [ 5 to 7 ] 7 [ 5 to 7 ] 
Average hours worn per day 14.2 (0.8) 14.5 (0.8) 
Minimum hours worn per day 13.1 (12 to 15) 13.2 (12 to 16) 
Maximum hours worn per day 15.3 (14 to 16) 15.5 (14 to 16) 
Average activity (count per minute 
per day) 

446 (355 to 553) 566 (354 to 696) 

a Data are mean (SD) and range or n (%) or median [IQR].SD, standard deviation; IQR, interquartile range; BMI, body mass index; MGFA, Myasthenia 
Gravis Foundation of America classification; AChR, muscle nicotinic acetylcholine receptor; MuSK, muscle-specific tyrosine kinase; AchE, acetylcholinesterase. 
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. Results 

.1. Participants 

Fig. 1 presents the study flow diagram. Between October 
rd, 2014 and July 7th, 2017, 138 patients were screened, 
f which 45 were enrolled in the study with 23 being 

andomly assigned to the exercise intervention and 20 to the 
C control group. Forty-one participants (91%) completed 

he study. Two participants withdrew before randomization. 
ne participant refused to undertake the ExP but remained 

n the study. Two participants (control group) were lost to 

ollow-up, one following randomization (M3) and the other in 

heir last month of the study (between M8 and M9). Baseline 
haracteristics are presented in Tables 1 , 2 . 

.2. Intervention adherence 

Of the 23 participants randomized to the ExP, a mean of 24 

range 0–38) forty-minute sessions were completed. Sixteen 

70%) participants adhered to the ExP (Table S3). Reasons 
730 
or non-adherence were mainly work commitments. Reasons 
or missing occasional sessions included: the flu, weekend 

way, menstrual pain/tiredness. Participant characteristics 
ere similar between adherers and non-adherers (Table S4). 

.3. Primary endpoint (Intention-to-treat) 

There was an adjusted between-groups mean difference of 
0.8 points (95%CI -5.4 to 3.7) on the MGQOL-15-F score 
t the end of the intervention period (M6) and an adjusted 

etween-groups mean difference of 3.9 points (95%CI -1.7 to 

.5) at follow-up (M9) ( Table 2 ), indicating that there was no 

ifference in MG-QOL-15-F score between the two groups at 
ither time point. 

.4. Exercise tolerance 

Two participants from the control group necessitated 

ospitalization for an acute MG exacerbation. No 

xacerbation was reported in the ExP group throughout 
he entire study ( Tables 3 , 4 ). There was no between-groups 
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Table 2 
Intention-to-treat analysis of the primary outcome. Analyses of secondary outcomes a . 

Exercise Control 
Outcome n Mean (SD) n Mean (SD) Adjusted MD (95% CI) p value 

MGQOL-15-F score 
M3 23 20.0 (8.8) 20 24.6 (8.7) … …
M6 23 18.8 (10.7) 20 23.4 (9.6) -0.8 (-5.4 to 3.7) 0.72 
M9 23 19.9 (12.4) 20 20.2 (9.3) 3.9 (-1.7 to 9.5) 0.17 
Myasthenia Muscle Score 
M3 
M6 
M9 

23 
23 
21 

85.3 (10.6) 
85.4 (13.7) 
85.7 (13.1) 

20 
18 
18 

88.0 (11.5) 
87.1 (13.3) 
88.5 (12.8) 

…
1.1 (-4.9 to 6.8) ∗
-1.1 (-6.3 to 4.3) ∗

…
0.58 ∗∗
0.80 ∗∗

MG-ADL 

M3 
M6 
M9 
Handgrip strength (kg) 
M3 
M6 
M9 

23 
23 
22 
23 
23 
23 

2.7 (2.6) 
1.6 (1.3) 
2.5 (2.8) 
23.8 (4.7) 
25.1 (5.8) 
24.8 (4.9) 

20 
19 
18 
20 
19 
17 

2.4 (2.2) 
3.4 (2.9) 
2.8 (2.8) 

26.4 (8.0) 
26.4 (8.2) 
26.0 (9.5) 

…
-1.9 (-3.0 to -0.9) ∗
-0.3 (-2.0 to 1.4) ∗
…
1.3 (-1.2 to 3.9) 
1.4 (-0.9 to 3.7) 

…
0.005 ∗∗
0.35 ∗∗
…
0.31 
0.25 

Elbow flexion (Nm) 
M3 23 36.8 (7.1) 20 39.2 (11.5) … …
M6 
M9 

23 
23 

37.6 (8.3) 
37.0 (8.2) 

19 
17 

40.8 (11.7) 
40.6 (14.9) 

-0.8 (-3.5 to 1.9) 
-1.3 (-4.8 to 2.1) 

0.57 
0.45 

Knee extension (Nm) 
M3 23 107.5 (27.9) 20 115.5 (43.8) … …
M6 23 114.0 (33.3) 19 115.7 (45.9) 8.8 (0.1 to 17.5) 0.06 
M9 23 109.3 (33.0) 17 118.1 (48.6) -4.0 (-18.6 to 10.6) 0.60 
6-min walking distance (m) 
M3 

22 502.1 (72.8) 20 493.8 (95.5) 
… …

M6 23 516.8 (77.8) 19 486.0 (88.2) 27.7 (7.2 to 48.1) 0.01 
M9 23 508.0 (80.1) 16 499.0 (92.5) -7.5 (-29.8 to 14.9) 0.52 
Forced Vital Capacity (%pred) 
M3 23 82.1 (10.8) 20 87.4 (15.2) … …
M6 23 80.7 (10.6) 19 84.9 (15.0) 0.1 (-2.6 to 2.9) 0.93 
M9 23 79.8 (13.7) 18 83.5 (15.3) 0.7 (-3.6 to 5.0) 0.75 
Maximal Inspiratory Pressure 
(%pred) 
M3 23 88.7 (33.1) 20 98.7 (28.9) … …
M6 22 90.7 (36.3) 19 98.5 (35.0) -0.7 (-11.2 to 9.8) 0.90 
M9 23 92.7 (35.9) 17 93.4 (34.5) 5.3 (-6.1 to 16.6) 0.37 
Maximal Expiratory Pressure 
(%pred) 
M3 23 89.2 (30.1) 20 104.2 (31.4) … …
M6 23 97.0 (31.3) 19 103.0 (31.5) 2.6 (-10.7 to 15.9) 0.71 
M9 23 96.6 (33.8) 17 101.5 (32.8) 4.4 (-7.6 to 16.5) 0.47 

a Analyses of imputed data of primary efficacy endpoint (MGQOL-15-F: French version of the 15-item MG-specific quality of life scale). Secondary efficacy 
endpoints; symptom severity (Myasthenia Muscle Score), limb strength, walking capacity (six-minute walking distance), pulmonary function (Forced Vital 
Capacity, Maximal inspiratory pressure, Maximal expiratory pressure). %pred, % predicted; SD, standard deviation; MD, mean difference; 95% CI: 95% 

Confidence Interval; M3, Randomization, at month 3; M6, end of intervention period, at month 6; M9, end of study at month 9. ∗Adjusted mean difference 
estimated by a latent class mixed-effect models, and 95% confidence interval by bootstrap 

∗∗ p-value obtained by rank ANCOVA. 
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ifference with regards to exercise tolerance including 

ardiorespiratory indicators, muscular or articular pain ( Table 
 ), nor concerning non serious adverse events such as 
nfection, allergic reaction, cephalalgia ( Table 4 ). There was 
o evidence of raised creatine phosphokinase levels with 

xercise (Table S5). 

.5. Secondary endpoints 

There was a significant adjusted between-groups mean 

ifference of -1.9 for the MG-ADL (95%CI -3.0 to -0.9) 
731 
nd 27.7 m for the 6 min walking distance (95%CI 7.2 to 

8.1) in favor of the ExP group at M6 but these differences 
ere not maintained at M9 ( Table 2 ). Knee extension strength 

ncreased in the ExP group without reaching statistical 
ignificance (8.8 Nm, %95 CI 0.1 to 17.5), Table 2 . No 

etween-groups difference was observed for the MMS, elbow 

r grip strength, pulmonary function, general QoL (WHO- 
OL BREF) or psychological status (STAI, BDI-13, SEI) 

 Table 2 , Table S6). Further, there was no between-groups 
ifference in prednisone dose -0.4 (95%CI -2.1 to 1.2) nor 
ChEi dose -0.1 (95%CI -0.6 to 0.4) at M6, nor at M9 for 
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Table 3 
Analysis of tolerance to exercise based on neurologist assessment at each monthly visit. 

Exercise Control 
n No. (%) n No. (%) RD (95% CI) RR (95% CI) p value 

MG Exacerbations 
No. (%) until M6 23 0 (0) 19 3 (16) -16% (-38 to 2) 0 (0 to 0.98) 0.084 
No. (%) until M9 23 0 (0) 18 5 (28) -28% (-51 to -7) 0 (0 to 0.55) 0.011 
Cardiac, respiratory, articular and 
muscular symptoms up to M6 
Cardio-thoracic pain — no. (%) 19 6 (32) 14 2 (14) 17% (-13 to 42) 2.21 (0.62 to 8.84) 0.42 
ECG abnormalities — no. (%) 21 3 (14) 17 0 (0) 14% (-6 to 35) ∞ (0.70 to ∞ ) 0.24 
Dyspnea exertional — no. (%) 23 5 (22) 19 7 (37) -15% (-40 to 12) 0.59 (0.23 to 1.51) 0.32 
Articular pain 20 9 (45) 17 11 (65) -20% (-46 to 12) 0.70 (0.37 to 1.27) 0.32 
Muscular pain 20 11 (55) 17 11 (65) -10% (-37 to 21) 0.85 (0.49 to 1.48) 0.74 

RD: absolute risk difference; RR: relative risk; 95% CI: 95% Confidence Interval; M6, month 6; M9, month 9. 

Table 4 
Patient-reported adverse events throughout the entire study as reported by the participant at each monthly visit. Serious adverse events reported at any time 
throughout the study and declared to the sponsor. 

Variable Exercise( n = 23) Control( n = 20) p value 

No. of adverse events ∗ 31 31 0.58 
Allergic reaction 1 1 
Cardiac disorder 1 0 
Cephalalgia 3 1 
Infection or infestation 5 6 
Musculoskeletal symptoms 6 13 
MG worsening 2 2 
Respiratory symptoms 3 0 
Other 10 8 
≥ 1 event - n (%) 16 (70) 14 (70) > 0.99 
Serious adverse events 
Death or life-threatening event - n (%) 0 (0) 0 (0) > 0.99 
Disability or incapacity - n (%) 0 (0) 0 (0) > 0.99 
Hospitalization - n (%) 0 (0) 2 (10) 0.21 
Hospitalization for exacerbation of myasthenia gravis 
- n (%) 

0 (0) 2 (10) 0.21 

Other significant event — n (%) 0 (0) 0 (0) > 0.99 

62 adverse events were declared for 30 patients, among which 2 were considered a serious adverse event. P values based on Fisher’s exact tests except 
∗ where P value is based on Poisson regression. n , number of participants. 
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rednisone -0.2 (95%CI -1.5 to 1.0) or, AChEi -0.0 (95%CI 
0.5 to 0.4). 

.6. Exploratory endpoints 

There was no between-groups difference in adjusted ratios 
f geometric means from baseline in cytokines IL-6; 1.09 

95%CI 0.97 to 1.23) nor TNF- α; 0.97 (95%CI 0.86 to 1.10), 
t M6, nor at M9, IL-6; 1.07 (95%CI 0.95 to 1.21), TNF- α; 
.02 (95%CI 0.91 to 1.13). 

. Discussion 

This randomized, clinical trial of individuals with 

ild-moderately severe, generalized and stabilized MG, 
emonstrated that a 3-month unsupervised home exercise 
rogram did not improve HRQoL (MGQOL-15-F) compared 

o UC. The exercise program was, however, well tolerated, 
ith improvement in the perceived impact of MG on daily life 
732 
MG-ADL score) and walking capacity (6MWD), without a 
etween-group difference in psychological or immunological 
arkers. 
We believed that HRQoL would be an appropriate primary 

ndpoint for measuring the pluripotent effects of exercise 
n both physical and psychological domains. Quality of life 
easures provide information with regards to how satisfied 

ne is with their current level of functioning compared to 

hat they perceive to be possible or ideal [30] . However, 
elf-perceived HRQoL is a complex construct integrating 

ultiple different dimensions and is subject to a response shift 
henomenon whereby one’s internal reference can change 
ver time or as a result of an intervention (herein exercise), 
r placebo [31] . We were not able to assess to what 
xtent this phenomenon occurred. It is possible that the 
bsence of a significant change in MGQOL-15-F was due 
o the intervention itself. The frequency, mode and duration 

f the exercise program may not have been sufficient to 

hift this complex construct nor, to improve psychological 
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tatus. As reported elsewhere [17] , we initially planned to 

nclude patients with an MGQOL-15-F score above 30 in 

rder to have a greater chance of detecting a benefit from 

xercise. It appeared that for the majority of patients with 

n MGQOL-15-F score > 30, MG was not stabilized, which 

e considered a contra-indication to the moderate-intensity 

xercise intervention. 
The improvement of walking endurance evaluated with 

he 6MWT and trend toward an increase in knee extension 

trength indicates that our exercise program had an impact on 

uscle performance, further confirmed by the CACE analyses 
Table S8). Importantly, this demonstrates a transfer from 

 rowing exercise to walking capacity, which we did not 
pecifically train. One may argue that an increase of 27.7m 

ver six minutes is small however, it is not only clinically 

elevant [32] but it should be noted that the distance walked in 

his cohort was high prior to randomization (498.1 ± 83.4m), 
aking it more difficult to have such a significant change 

33] . Given that our exercise intervention was aerobic, these 
ffects are likely due to improvements in muscle metabolism 

nd efficiency. Improvement in cardiorespiratory fitness may 

lso have occurred as we found significant cardiorespiratory 

ains demonstrated by an increase in rowing distance for the 
ame target heart rate. 

Lower limb strength and functional gains (30 s chair stand 

est) have been demonstrated in previous studies of exercise 
nterventions in MG [ 7 , 8 ]. We would like to emphasize that
ny gain in strength for MG patients is important as weakness 
ikely contributes to fatigue and reduced daily function [34] . 
onsistent with our results, although the training programs in 

hese studies included upper limb training, no improvements 
ere observed in the upper limb. These studies were within- 

ubject control (contralateral limb tested) [7] and repeated 

easures design [8] , each consisting of 11 participants. Thus 
t was important to confirm findings in a methodologically 

igorous randomized, controlled trial with a larger cohort. 
urther, our exercise intervention was unsupervised and there 
as no specific strength training as per the other two protocols 

 7 , 8 ]. 
Tolerance and safety were thoroughly assessed throughout 

his study via clinical examinations, vital parameters as well 
s biological indicators. One of the major findings in this 
linical trial is the tolerance of the exercise program. We 
id not observe any MG deterioration nor increased muscular 
r articular pain or, cardiorespiratory symptoms compared to 

C. This is likely to be related to our choice of a moderate- 
ntensity program with specific training in using the rowing 

achine and the individualized nature of the program. We are 
ot able to determine to what extent the high tolerance option 

ay have compromised efficiency. Only a trial comparing 

n exercise program with various intensities and durations 
ould address this issue. However, good tolerance is a major 
rgument for recommending this type of exercise program in 

 larger population. The rowing machine is a popular device 
or home exercise as it is simple to learn and perform. 

When choosing an unsupervised, home-based intervention 

here is greater risk of poor adherence than a supervised 
733 
rogramme. Adherence should be taken into account when 

eneralization is considered. Seven (30%) participants were 
onsidered as non-adherers. Their reported reasons were 
nrelated to the exercise program nor to their MG and 

aseline characteristics between the two groups were similar 
Table S4). The non-adherence in our study is considered 

cceptable considering the intervention was home-based 

nd unsupervised and prior studies have shown similar 
ompliance for exercise interventions [35] . Our definition 

f non-adherence was arbitrary and the small number of 
articipants limits comparison between adherers and non- 
dherers, in determining the minimal exercise dosage for 
fficacy. This RCT was designed with intention-to-treat (ITT) 
nalyses however, CACE analyses provides further insight 
nto the effects of the exercise according to compliance. 
he difference in the results of the CACE and ITT analysis 
uggests that it would be worth optimizing adherence of the 
xercise intervention in future studies. This could possibly be 
chieved with direct supervision or with remote monitoring 

sing wearables, keeping in mind that device adherence would 

lso need to be taken into consideration. 
This study presented some methodological limitations. 

hilst our sample size could be considered modest, there 
as an a priori calculated sample size, which is comparable 

o other studies of exercise in rare disease [ 36 , 37 ]. Despite the
act that MG is more prevalent in women before the age of 50 

juvenile and early MG represents 86% of this cohort) [38] , 
here still remains disproportionately more women (40) than 

en (3) in this study, and all men were randomly assigned 

o the control group. We note that this sex imbalance was 
lso present in a previous study suggesting possible selection 

ias which should be taken into account in future studies of 
xercise interventions in MG [7] . We acknowledge that our 
esults should be confirmed in a larger population, notably to 

nsure the applicability and tolerance of our exercise program 

articularly in men whom were largely lacking in this trial. 
hilst it would be of interest to assess whether the effects of 

xercise varies according to specific clinical or immunological 
henotypes of MG, our aim was to first evaluate the tolerance 
n all types of MG. Due to the type of intervention, blinding 

f participants was not possible and some improvement could 

e related to positive expectation bias particularly for those 
ho were motivated to perform exercise [39] . 
At this stage more research is required to answer questions 

oncerning the type of exercise, intensity, duration and 

requency and the impact of each aspect on individuals and 

ubgroups of MG. It may be important to consider current 
ifestyle and physical activity levels for better tailoring of 
n exercise intervention. In addition, we selected patients 
ith stabilized MG. Therefore, the feasibility, tolerance and 

ffectiveness of exercise in non-stabilized MG will need to 

e specifically assessed. Strengths of this study include the 
igorous study design and the comprehensive assessments 
f the functional, immunological and psychological impact 
f exercise using validated measures. Participant retention 

hroughout the study was good with only two participants 
control group) withdrawing. 
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. Conclusion 

This randomized clinical trial with intention-to-treat 
nalyses is the first to demonstrate that a 3-month, home- 
ased unsupervised exercise program is well tolerated and 

oes not contribute to exacerbations in adults with stabilized, 
MG. This is a major result as benefit and risk of exercise 
s a major concern for individuals with MG and for which 

o specific recommendations are currently available. Further 
esearch is necessary to evaluate different dosages of exercise 
nd their effects, in this population. 
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