Physical training and exercise in myasthenia gravis
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Abstract
Myasthenia gravis is characterized by muscle weakness and fatigue. As sustained muscle use
increases the weakness, the value of physical training programs has previously been
questioned. This is a review to clarify the safety and usefulness of systematic training in
myasthenia gravis, based on a systematic search in available databases using the relevant key
words. Ten intervention studies including 159 patients with generalized disease have been
published regarding the effect of systematic physical training, three of them on respiratory
muscles. Muscle strength improved, and in the majority of the studies also daily function and
quality of life. The feeling of fatigue not directly related to actual muscle weakness was less
influenced by physical training. Continuous training was necessary to maintain the improved
function. Physical training and exercise are safe in myasthenia gravis. This can improve both
muscle strength and daily function. Type and intensity of systematic training should be
adapted in the individual patient. A minimum of 150 minutes of exercise per week is
recommended for myasthenia gravis patients with mild and moderate disease.
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Introduction
Myasthenia gravis (MG) is an autoimmune disease with antibodies that bind to the
postsynaptic membrane on skeletal muscle cells. These antibodies impair the function of
acetylcholine receptors (AChR), increase their degradation and induce morphological changes
in the membrane [1]. The antibodies are directed against the extracellular part of the AChR
itself, or against membrane proteins that functionally interact with AChR; muscle-specific
tyrosine kinase (MuSK) or lipoprotein-related peptide 4 (LRP4).
Muscle weakness represents the key symptom in MG [2]. The weakness is induced by the
disease-specific autoantibodies [3]. Typically, the weakness worsens with repetitive and
prolonged use of the muscles. Rest improves the muscle strength. MG patients typically feel
strong in the morning, weak at the end of the day. This variation with activity-induced muscle
weakness should be considered when testing MG patients formally and is especially important
when evaluating therapeutic interventions [4]. Isometric muscle strength is stable both during
the day and from day to day in most MG patients and can therefore be tested with high
reproducibility [5].
Although the pathogenic IgG antibodies appear in all muscles, the degree of weakness varies
considerably between individual muscles. Eye muscle weakness with diplopia and ptosis
appears in nearly all patients. Weakness in facial muscles with chewing, swallowing and
speech difficulties is also common. Muscles in neck and shoulders are often weak, whereas
leg muscles tend to retain their strength. Respiratory muscles are crucial for survival, general
function and well-being. Their strength can be reduced in MG, and 10-20 % of MG patients
experience a crisis with need of respiratory support during their life-time [6]. MG muscle
weakness is symmetrical, the one important exception being the eye muscles.
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MG patients are subgrouped according to muscle autoantibody pattern, localization of muscle
weakness, thymus pathology and age at debut [7]. This subgrouping reflects differences in
pathogenesis and therapeutic response. Thymectomy, symptomatic drug therapy and
immunosuppressive drug therapy should all be individualized and determined after
consideration of MG subgroup. It would be expected that also response to physical training
and exercise differs according to MG pathogenesis and subgroup.
MG treatment tends to focus on optimal immunosuppressive treatment, mostly
pharmacological treatment. New and expensive drugs are expected to change the present
treatment recommendations and perhaps lead to more individualized treatment regimens [1].
Drugs specifically targeting the AChR, MuSK or LRP4 immune reaction represent a future
aim. However, in daily practice supportive measures may be equally important. Prisms and
glasses for diplopia [8], surgery for permanent ptosis [9], weight reduction if overweight [2],
optimal treatment of comorbidities [10] and adaption of working and daily life facilities [11]
are examples of such supportive therapy. Health-related quality of life is surprisingly low in
many MG patients, also in those with only mild and moderate symptoms, impaired mobility
and depression being core determinants [12].
Patients with MG often describe a feeling of fatigue [13]. This fatigue is generalized and not
localized to individual muscles or movements, and it is not related to degree of muscle
weakness as tested in formal strength tests. Such an experienced lack of energy and feeling of
tiredness is sometimes called central fatigue, indicating that there might be etiological factors
in addition to the antibodies binding to the neuromuscular junction. This fatigue does not
usually respond to immunosuppressive treatment. It tends to discourage patients from
exercising.
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Physical training programs are increasingly recommended for patients with all types of both
physical and psychiatric disease [14]. Numerous studies have shown an increased function
and well-being, and some also a better prognosis regarding disease severity and survival. In
neuromuscular disease with muscle weakness as the core symptom, regular training and
exercise seem to have a positive effect on symptoms and total outcome [15, 16]. Exercise and
strength training with aerobic exercises is recommended for both muscular dystrophies and
congenital myopathies, although better studies with more robust methodology are needed [17,
18]. In MG, the value of training programs has been questioned, mostly from theoretical
considerations [16]. The muscles become weaker after repeated use, this also proven as a
neurophysiological decrement after repetitive nerve stimulation. Rest improves muscle
strength in MG. Furthermore, MG is an inflammatory disease. Physical exercise was
previously believed to be potentially harmful during active inflammation.
In this study, we have examined the evidence for positive and negative effects of physical
training and exercise in MG. The prospective and controlled studies are especially important.
Few studies, selection bias, unblinded outcomes, low numbers of included patients and shortterm follow-up represent limitations of these studies. The evidence is, however,
overwhelmingly in favour of individually adapted physical training as an important treatment
element in patients with mild and moderate MG.

Results
We searched the databases Web of Science and Cochrane up till October 8th 2020 with the
key words myasthenia gravis and physical training, which gave 14 hits. Myasthenia gravis
and exercise gave 139 hits. Relevant guidelines, consensus papers and reviews have been
scrutinized. We identified 10 prospective intervention studies where physical training and
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exercise were tested in patients with generalized MG, both for tolerance and safety and for
improvement of muscle strength, daily function and overall quality of life.
Lohi et al examined 11 MG patients with mild to moderate disease before and after an
intensive muscle strength training program for 10 weeks [19]. They trained one arm and one
leg, the other side serving as a control. The training program was well tolerated in all patients
and there were no dropouts. A 23% increase of maximal muscle force for knee extension was
found, compared to 4% in the untrained side. All patients reported better strength and
resistance to fatigue.
Rahbek et al included 15 patients with mild to moderate MG for a 8 week training program
[20]. There were three dropouts, two unrelated to the training interventions, one because of a
worsening of bulbar symptoms. Eight patients had progressive resistance training, and 7 had
aerobic training. The former group improved in muscle strength (10%) and functional
capacity, whereas the latter group did not improve in aerobic power. In both groups, some
patients reported temporary worsening of fatigue. Functional measures improved in both
groups, and more in the group with muscle strength training.
Westerberg et al examined two MG populations, both with mild to moderate disease [21, 22].
Thirteen and 15 patients, respectively, were included for a 12-week intensive exercise
program combining strength resistance and aerobic training. Six patients dropped out, two
because of lack of time, three because of unrelated health problems, and one because of a
spontaneous vertebral compression fracture. Muscle strength improved in some but not in all
tested muscles, and ultrasound muscle thickness increased. Physical performance-based
measures also improved. The patients obtained increased aerobic capacity, and also improved
confidence regarding their ability to perform physical activity. None of the patients had any
signs of MG activation.
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Wong et al included 7 patients with mild to moderate MG in a 12-week program with balance
training and muscle endurance exercises [23]. They completed 1-2 sessions per week, and the
intensity was individually tailored. No adverse effects were reported. The median change in a
scale of muscle strength and fatigability (QMG) was 29%. Several functional tests improved
by more than 15%, and this improvement was maintained at the same level one and four
weeks post intervention.
Ambrogi and Mineo examined the effect of a comprehensive rehabilitation program given to
MG patients during the 3 months before and 4 months after thymectomy [24]. The
intervention group was compared to a propensity-matched MG group who had undergone
thymectomy previously without any training or rehabilitation program. The two groups
consisted of 46 and 34 patients, respectively. The program included muscle resistance
training, moderate aerobic exercises, and pulmonary rehabilitation. There were two dropouts
in the intervention group. The group with active rehabilitation showed significant
improvement; a reduced operative risk, a decreased early postoperative morbidity, a reduction
in the need of intensive care admission from 35% to 12%, and a median hospital stay
reduction from 5 to 3 days. The patients had a faster recovery at 3 months, both for muscle
strength, functional measurements, fatigue score and quality of life.
Farrugia et al recruited 10 MG patients with stable disease and fatigue to a combination of
physical and psychological therapy [25]. During a 10-week program there was a small
improvement in fatigue, both on physical and psychosocial subscales. Three months after the
end of the study, all fatigue scores declined to baseline. However, 5 of the 10 patients had
made some lifestyle changes.
There are three studies that have examined the effect of respiratory muscle training in MG
[26-28]. They included 14, 10 and 18 MG patients with moderate or mild disease,
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respectively. Two of these studies included MG controls with no training [26, 28]. The
training lasted for 4-8 weeks. One of the studies included a maintenance phase with continued
training for 12 months [28]. The programs consisted of interval-based muscle endurance
training combined with breathing retraining. There were some dropouts due to not coping
with the training intensity and comorbidity. All three studies reported that the training was
feasible and beneficial. Breathing pattern and neuromuscular coordination improved. MG
score improved in one [28], but not in another study [27]. Two of the studies reported
improved respiratory muscle strength and respiratory endurance [26, 27]. Patients generally
felt better after the training program regarding both physical fitness and their respiration.

Discussion
Seven relatively small studies have included a total of 117 patients with generalized MG into
formal general muscle training programs lasting for 8-12 weeks. The aims were to improve
muscle strength, fatigue and quality of life. Muscle strength did improve, and muscle volume
seemed to increase. Systematic training before thymectomy with thoracotomy lead to
impressive results regarding postoperative recovery both immediately and after 3 months
[24]. However, the fatigue did not seem to improve in the same way as muscle strength in
these studies. This was disappointing, and may support that fatigue and muscle weakness
represent unrelated or only partly related manifestations of MG. Ruiter et al found that fatigue
was common also in MG patients with purely ocular symptoms [13]. The fatigue in that study
was more severe in depressed MG patients, and also in females, both pointing to non-muscle
pathogenic factors. Physical exercise programs alone should therefore perhaps not be
expected to improve MG fatigue.
The patients with training before thymectomy seemed to have the best results [24]. They had
short MG symptom duration, most of them were younger than 40 years, and all had AChR
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antibodies. This may be markers for benefit of training. Furthermore, the patients in that study
may have had the highest motivation for daily training as they were to undergo surgery in the
near future.
Three studies including a total of 42 MG patients found that the breathing pattern improved
with formal training, and also that respiratory muscle strength tended to increase. Respiratory
muscles are crucial in MG, and also for health-related quality of life [29]. In addition, they
can be seen as a model for other muscles in MG, illustrating how skeletal muscles in MG can
improve in strength and pattern of use with systematic and adapted training. Respiratory
physiotherapy should be available as a part of the total management for selected patients as
dysfunctional breathing patterns may develop in MG [30]. A focus on exercise reconditioning
can improve respiratory function.
All studies reported drop-outs. This occurred even if the MG patients included were selected
based on motivation and feasibility. This illustrates that training programs are demanding for
the patients. They had to meet regularly at the training facilities, and they were tired after each
session. Several of the achieved positive effects were temporary, indicating that continuous
training is necessary. The study period was relatively short in all studies. Prolonged training
might have improved the results. A multicenter study with training over 3 months and a total
of 6 months follow-up has been planned [31], and with the recruitment completed, but the
results have yet to be published.
The listed intervention studies applied various training protocols. Training intensity varied
from moderate to high. The training was performed regularly through the week, but with
variation in frequency. The evaluations of resistance training, aerobic exercise and broader
rehabilitation programs were all based on small numbers of patients, and this impairs
comparison of the studies. A recent, detailed evaluation concluded that it is not known if any
9

specific training protocols are of particular benefit in MG [32]. The authors recommended
that clinically stable MG patients should exercise with moderate intensity for at least 150
minutes per week. This is in line with the minimum recommended for elderly healthy adults
[33]. Single patients with generalized MG and AChR antibodies that have successfully
completed both several marathons and ultramarathons have been reported [34, 35], further
supporting the safety of exercise in MG.
Comorbidity is frequent in MG, both as autoimmune overlap, osteoporosis due to
corticosteroid treatment, and unrelated disorders [10, 36]. The majority of MG patients are
elderly [2, 37]. Nearly all chronic diseases benefit of training, and also in high age [14].
Comorbidities and steroid use should strengthen rather than reduce the recommendation of at
least 150 minutes of exercise per week.
Better studies regarding MG and exercise programs are needed. Studies should be
prospective, randomized and with proper controls (ordinary physical activity and follow-up).
Challenges for such studies include documentation that the participants have exercised strictly
according to the program, heterogeneity among included patients, and also optimal selection
of outcome measures. Patient-reported measures are important to include, and telemedicine
may be helpful in the follow-up both of the actual exercise program and for the patient
assessment. Funding of exercise studies may be more demanding than for pharmaceutical
interventions. Long-term exercise is necessary to obtain an effect, but long-term usually
means high drop-out rates as some patients lose their motivation or ability for daily training.
Patients with severe, generalized MG or with a pending MG crisis should not be included in
ordinary exercise studies.

Conclusions
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Physical training and exercise are safe in patients with mild and moderate MG. Such
programs are well tolerated in the majority of these patients, but they need to be motivated to
continue long-term training. Patients are sometimes concerned that exercise will exacerbate
their MG, and physiotherapists may be nervous to treat patients with MG. The neurologist
therefore needs to explain, convince and follow-up such treatment.
Physical training programs increase muscle strength and daily functioning in MG. They can
improve strength both in affected and clinically unaffected muscles. Physical training
programs have a special value in the weeks before and after thymectomy. They should be
dynamic and with a substantial load. Both muscle strength training and aerobic training are
usually well tolerated. However, in very old patients, patients with relevant comorbidities, and
patients with severe, generalized MG, such exercise programs are not always feasible.
Alternative and less demanding physical activities and exercise regimes should be optimal for
this group.
Specific recommendations for type and intensity of training cannot be given, and should be
adapted in the individual patient. Respiratory muscle function improves with endurance
training. Fatigue in MG does not necessarily improve with physical training and exercise, and
it can be a limitation for training load. Studies of physical training and exercise have not been
reported for MuSK-MG and LRP4-MG. We may extrapolate that data from AChR-MG have
relevance also for these subgroups.

References
[1]
[2]
[3]

Gilhus NE, Tzartos S, Evoli A, Palaces J, Burns TM, Verschuuren J. Myasthenia gravis. Nature
Reviews Disease Primers 2019;5.
Gilhus NE, Verschuuren JJ. Myasthenia gravis: subgroup classification and therapeutic
strategies. Lancet Neurology 2015;14:1023-1036.
Gilhus NE. Myasthenia and the neuromuscular junction. Current Opinion in Neurology
2012;25:523-529.

11

[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]

Barnett C, Bril V, Kapral M, Kulkarni A, Davis AM. Development and validation of the
Myasthenia Gravis Impairment Index. Neurology 2016;87:879-886.
Vinge L, Jakobsen J, Pedersen AR, Andersen H. Diurnal and day-to-day variation of isometric
muscle strength in myasthenia gravis. Muscle & Nerve 2016;53:67-72.
Geng YC, Zhang HL, Wang Y. Risk factors of myasthenia crisis after thymectomy among
myasthenia gravis patients A meta-analysis. Medicine 2020;99.
Gilhus NE. Myasthenia Gravis. New England Journal of Medicine 2016;375:2570-2581.
Kerty E, Elsais A, Argov Z, Evoli A, Gilhus NE. EFNS/ENS Guidelines for the treatment of ocular
myasthenia. European Journal of Neurology 2014;21:687-693.
Brogan K, Farrugia ME, Crofts K. Ptosis surgery in patients with myasthenia gravis: a useful
adjunct to medical therapy. Seminars in Ophthalmology 2018;33:429-434.
Gilhus NE, Nacu A, Andersen JB, Owe JF. Myasthenia gravis and risks for comorbidity.
European Journal of Neurology 2015;22:17-23.
Frost A, Svendsen ML, Rahbek J, Stapelfeldt CM, Nielsen CV, Lund T. Labour market
participation and sick leave among patients diagnosed with myasthenia gravis in Denmark
1997-2011: a Danish nationwide cohort study. Bmc Neurology 2016;16.
Twork S, Wiesmeth S, Klewer J, Pohlau D, Kugler J. Quality of life and life circumstances in
German myasthenia gravis patients. Health and Quality of Life Outcomes 2010;8.
Ruiter AM, Verschuuren J, Tannemaat MR. Fatigue in patients with myasthenia gravis. A
systematic review of the literature. Neuromuscular Disorders 2020;30:631-639.
Pedersen BK, Saltin B. Exercise as medicine - evidence for prescribing exercise as therapy in
26 different chronic diseases. Scandinavian Journal of Medicine & Science in Sports
2015;25:1-72.
Silva IS, Pedrosa R, Azevedo IG, Forbes AM, Fregonezi GA, Dourado Junior ME et al.
Respiratory muscle training in children and adults with neuromuscular disease. Cochrane
Database of Systematic Reviews 2019.
Anziska Y, Sternberg A. Exercise in neuromuscular disease. Muscle & Nerve 2013;48:3-20.
Voet NBM, van der Kooi EL, van Engelen BGM, Geurts ACH. Strength training and aerobic
exercise training for muscle disease. Cochrane Database of Systematic Reviews 2019.
Adaikina A, Hofman PL, O'Grady GL, Gusso S. Exercise training as part of musculoskeletal
management for congenital myopathy: where are we now? Pediatric Neurology
2020;104:13-18.
Lohi EL, Lindberg C, Andersen O. Physical training effects in myasthenia gravis. Archives of
Physical Medicine and Rehabilitation 1993;74:1178-1180.
Rahbek MA, Mikkelsen EE, Overgaard K, Vinge L, Andersen H, Dalgas U. Exercise in
myasthenia gravis: a feasibility study of aerobic and resistance training. Muscle & Nerve
2017;56:700-709.
Westerberg E, Molin CJ, Lindblad I, Emtner M, Punga AR. Physical exercise in myasthenia
gravis is safe and improves neuromuscular parameters and physical performance-based
measures: a pilot study. Muscle & Nerve 2017;56:207-214.
Westerberg E, Molin CJ, Nees S, Widenfalk J, Punga AR. The impact of physical exercise on
neuromuscular function in Myasthenia gravis patients A single-subject design study.
Medicine 2018;97.
Wong SH, Nitz JC, Williams K, Brauer SG. Effects of balance strategy training in myasthenia
gravis: a case study series. Muscle & Nerve 2014;49:654-660.
Ambrogi V, Mineo TC. Benefits of comprehensive rehabilitation therapy in thymectomy for
myasthenia gravis: a propensity score matching analysis. American Journal of Physical
Medicine & Rehabilitation 2017;96:77-83.
Farrugia ME, Di Marco M, Kersel D, Carmichael C. A physical and psychological approach to
managing fatigue in myasthenia gravis: a pilot study. Journal of Neuromuscular Diseases
2018;5:373-385.
12

[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]

Fregonezi GAD, Resqueti VR, Guell R, Pradas J, Casan P. Effects of 8-week, interval-based
inspiratory muscle training and breathing retraining in patients with generalized myasthenia
gravis. Chest 2005;128:1524-1530.
Rassler B, Hallebach G, Kalischewski P, Baumann I, Schauer J, Spengler CM. The effect of
respiratory muscle endurance training in patients with myasthenia gravis. Neuromuscular
Disorders 2007;17:385-391.
Freitag S, Hallebach S, Baumann I, Kalischewski P, Rassler B. Effects of long-term respiratory
muscle endurance training on respiratory and functional outcomes in patients with
Myasthenia gravis. Respiratory Medicine 2018;144:7-15.
Fregonezi GAD, Regiane-Resqueti V, Pradas J, Vigil L, Casan P. The relationship between lung
function and health-related quality of life in patients with generalized myasthenia gravis.
Archivos De Bronconeumologia 2006;42:218-224.
Farrugia ME, Goodfellow JA. A practical approach to managing patients with myasthenia
gravis-opinions and a review of the literature. Frontiers in Neurology 2020;11.
Birnbaum S, Hogrel JY, Porcher R, Portero P, Clair B, Eymard B, et al. The benefits and
tolerance of exercise in myasthenia gravis (MGEX): study protocol for a randomised
controlled trial. Trials 2018;19.
O'Connor L, Westerberg E, Punga AR. Myasthenia gravis and physical exercise: a novel
paradigm. Frontiers in Neurology 2020;11.
Nelson ME, Rejeski WJ, Blair SN, Duncan PW, Judge JO, King AC, et al. Physical activity and
public health in older adults - Recommendation from the American college of sports
medicine and the American heart association. Circulation 2007;116:1094-1105.
Birnbaum S, Sharshar T, Eymard B, Theaudin M, Portero P, Hogrel JY. Marathons and
myasthenia gravis: a case report. Bmc Neurology 2018;18.
Scheer BV, Valero-Burgos E, Costa R. Myasthenia gravis and endurance exercise. American
Journal of Physical Medicine & Rehabilitation 2012;91:725-727.
Nacu A, Andersen JB, Lisnic V, Owe JF, Gilhus NE. Complicating autoimmune diseases in
myasthenia gravis: a review. Autoimmunity 2015;48:362-368.
Andersen JB, Engeland A, Owe JF, Gilhus NE. Myasthenia gravis requiring pyridostigmine
treatment in a national population cohort. European Journal of Neurology 2010;17:14451450.

13

