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ENGLISH SUMMARY 

Myasthenia gravis (MG) is a chronic, autoimmune disease, where degeneration of the 

components of the postsynaptic membrane in the neuromuscular junction results in fluctuating 

strength and distinct fatigue in skeletal muscles.  

This thesis aimed to measure fatigue in patients with MG, based on the five fatigue domains from 

the Multidimensional Fatigue Inventory (MFI-20); physical-, general- and mental fatigue, reduced 

activity and reduced motivation, and to identify associations of severe fatigue. Moreover, to 

measure the level of habitual physical activity, either by self-report or by accelerometry, and to 

estimate the association of physical activity (PA) and fatigue, taking relevant disease- and patient 

factors into consideration. Finally, to measure gait parameters in a heterogeneous group of patients 

with neuromuscular diseases and explore if rhythmic auditory stimulation (RAS) could influence 

the 6-min walk test (6MWT) in patients with MG.  

Patients were either recruited from the Danish National Registry of Patients (DNRP) or the 

outpatient clinic at Copenhagen Neuromuscular Center from 2014 to 2020.  

We found that the level of patient-reported fatigue was high in patients with MG, with the highest 

scores in physical and general fatigue (MFI-20, median 13). Around half of the included patients 

had low levels of PA, measured by self-reports and accelerometry. Higher levels of fatigue were 

strongly associated with lower levels of PA. Factors associated with severe fatigue were severe MG, 

insomnia, comorbidity, overweight, job status, and living alone. Moreover, severe MG and high age 

were associated with more time spent on sedentary behavior and less time spent on PA. One-third 

of the included patients reported dissatisfaction with their current MG symptom state. Factors 

associated with dissatisfaction were severe MG and fatigue, depression, low MG-related quality of 

life, and short disease duration. The 6MWT measured walking-related fatiguability in a 

heterogeneous group of patients with neuromuscular diseases. RAS increased walking distance and 

gait speed in patients with MG without additional exertion compared to standard 6MWT.  
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DANSK RESUMÉ 

Myasthenia gravis (MG) er en kronisk autoimmun sygdom, hvor degeneration af komponenter i den 

postsynaptiske membran resulterer i varierende styrke og udtrætning i skeletal muskulatur. 

(Udtrætning anvendes i dette resumé som det danske ord for fatigue).   

Formålet med denne afhandling var at måle udtrætning hos patienter med MG med udgangspunkt i 

de fem dimensioner i Multidimensional Fatigue Inventory (MFI-20); fysisk-, generel- og mental 

udtrætning, reduceret aktivitet og reduceret motivation, og at identificere faktorer associeret med 

svær udtrætning. Derudover at måle niveauet af selv-rapporteret og målt habituel fysisk aktivitet, og 

vurdere sammenhængen mellem fysisk aktivitet og udtrætning med inddragelse af relevante 

sygdoms- og patientfaktorer. Endeligt at undersøge gangparametre i en heterogen gruppe af 

patienter med neuromuskulære sygdomme, og at undersøge om musik påvirker disse gangparametre 

i en 6-minuters gangtest hos patienter med MG.  

Patienterne blev rekrutteret enten fra Landspatientregisteret eller fra Klinik for Nerve- og 

Muskelsygdomme, hvor de gennemførte forskellige tests og spørgeskemaer. Patienterne blev 

rekrutteret i perioden 2014 til ultimo 2020.   

Vi fandt, at niveauet af patient-rapporteret udtrætning var højt hos patienter med MG med de 

højeste niveauer målt for fysisk- og generel udtrætning (MFI-20, median 13). Omkring halvdelen af 

patienterne havde et lavt fysisk aktivitetsniveau målt ved selv-rapportering og accelerometer. 

Højere niveauer af udtrætning var stærkt associeret med lavere niveauer af fysisk aktivitet, men 

også med svær MG, søvnproblemer, ko-morbiditet, overvægt, job-status og at bo alene. Desuden 

var svær MG og høj alder associeret med mere stillesiddende tid og mindre fysisk aktivitet. En 

tredjedel af de inkluderede patienter rapporterede utilfredshed med nuværende MG 

sygdomstilstand. Faktorer associeret med utilfredshed var svær MG, svær udtrætning, depression, 

lav MG-relateret livskvalitet og kort sygdomslængde. Seks-minutters gang test var brugbar til at 

måle gang-relateret udtrætning i en heterogen gruppe af patienter med neuromuskulære sygdomme, 

og musik øgede gangdistance og ganghastighed uden yderligere anstrengelse hos patienter med 

MG.  
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INTRODUCTION 

MYASTHENIA GRAVIS 

Myasthenia gravis (MG) is a rare, chronic, autoimmune disease caused by dysfunction of the 

neuromuscular junction. The patient’s immune system produces pathogenic antibodies directed 

against the postsynaptic muscle endplate, primarily against the acetylcholine receptors (AChR) or 

muscle-specific kinase (MuSK). Blocking signal transduction and destruction of the synaptic 

components result in fluctuating strength in ocular, bulbar, limb, and axial muscles, and distinct 

muscular fatigue occurs with repeated muscle contractions. The disease is restricted to ocular 

symptoms in around 10-15% of the patients, whereas approximately 90% experience a more 

generalized disease. Patients with MG are classified into different sub-groups depending on serum 

antibody status (such as AChR, MuSK, seronegative), phenotype (ocular, generalized), and disease 

debut (such as early-onset <50 years, late-onset ≥50 years)[1]. Also, patients are classified 

according to the Myasthenia Gravis Foundation of America (MGFA) clinical classification (I-V)[2]. 

The MG diagnosis is verified by a typical clinical history, symptom improvement with 

acetylcholinesterase inhibitor, a blood test confirming antibodies, or significant 

decrement/increased jitter on electromyography.  

The Danish prevalence of MG is estimated to be 180 per million people[3], with an annual 

incidence of 9.2 per million[4]. This prevalence corresponds to estimates of around 1000 patients 

registered with an MG diagnosis in Denmark who are followed at a neurological department[5]. 

The worldwide prevalence of MG is estimated to be 40-180 per million with an annual incidence of 

4-12 per million[1], indicating a considerable variation in regional occurrence, which is explained 

by genetic and environmental factors and differences in study designs[6]. Recent estimates tend to 

be higher than older ones due to more widespread autoantibody testing and improved registration of 

cases. MG has a bimodal age pattern of incidence, with a peak around 30 years (with a high 

frequency in women) and a steady increase in incidence above the age of 50 (with a slightly higher 

frequency in men)[1].  

Thymic hyperplasia is present in most patients with early-onset MG, and thymoma in 10-15% of 

patients, often in antibody positive, generalized MG[1]. The frequency of other autoimmune 
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diseases, e.g., thyroiditis, is increased, especially in ocular and early-onset subgroups[1,7]. Besides 

thymoma and non-melanoma skin cancer, MG patients do not have an increased risk of cancer 

compared to non-MG individuals[8]. A Danish population-based register study found an increased 

mortality rate ratio in AChR-positive patients compared to non-MG individuals[5], explained by 

severe, non-compensated myasthenic conditions with respiratory problems at the time for diagnosis. 

Also, treatment-induced conditions, such as sepsis, or other associated autoimmune disorders, have 

increased MG mortality[5].  

The first-line drug for MG is pyridostigmine, which is a symptomatic treatment. Patients not 

responding sufficiently to pyridostigmine will start supplemental immunosuppressive therapy. 

Corticosteroid treatment is given in shorter periods, but this treatment is typically replaced early on 

with steroid-sparing agents due to significant adverse effects. For refractory patients, several novel 

therapies are currently in clinical development[9]. MG is nearly always lifelong, but most patients 

with mild to moderate symptoms will obtain complete remission or substantial improvement with 

medical treatment.   

Recently, disease satisfaction has been explored in patients with MG. Two studies have used a 

simple yes/no question to determine the “Patient Acceptable Symptom State” (PASS) in a group of 

patients with MG. These studies found that around 30% of the included patients reported 

dissatisfaction with their current symptom state[10,11]. PASS is used in study III to identify factors 

associated with the dissatisfaction of the current symptom state in a group of patients from 

Copenhagen Neuromuscular Center.  

 

FATIGUE 

Muscular fatigue is a core symptom of MG and is evidenced by clinical muscle testing and 

neurophysiological examination. However, many patients with MG also report a different, more 

constant, and overwhelming fatigue that is perceived differently from the well-described muscular 

fatigue and is separate from sleepiness. This fatigue is common in many chronic diseases[12–14], 

but the underlying etiology remains unknown.  
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The prevalence of patient-reported fatigue in MG varies between 42 and 82%[15] and is associated 

with MG severity, depressive symptoms, and female sex[15]. Fatigue has been challenging to treat, 

but promising results are reported for novel drug therapy[16].  

To date, no standard definition of fatigue exists, even though many authors have made suggestions. 

In one attempt, Chaudhuri et al.[12] categorizes fatigue in neurological diseases into “peripheral” 

and “central” fatigue. “Peripheral fatigue” is a term for muscular fatiguability, as seen in MG. 

“Central fatigue” is a subjective sense of fatigue perceived at the central nerve system (CNS) level, 

including cognitive and mental fatigue. 

Kluger et al.[17] differentiates fatigue in neurological diseases into “performance fatiguability” and 

“perceived fatigue.” “Performance fatiguability” is defined as a decline in performance in either the 

motor domain (e.g., in muscular peak torque) or the cognitive domain (e.g., reaction time). 

“Perceived fatigue” is the subjective sensation of fatigue and is mainly measured by patient-

reported outcome scales[17].  

Research on patient-reported fatigue in MG has been published since 1998[18], and the 

multifactorial nature of fatigue in MG is evidenced[15]. Patient-reported fatigue is throughout the 

years measured by a variety of questionnaires, both generic questionnaires, questionnaires 

developed for neurological diseases, and MG-specific questionnaires[15]. This variation in 

instruments hamper a valid comparison of findings across studies[15], and the previously used 

questionnaires have several disadvantages. These questionnaires; 1) only measure few fatigue 

domains, e.g., cognitive and/or physical domains, 2) focus on mental/cognitive fatigue instead of 

the more overall general fatigue, 3) do not have separate scores for each fatigue domain, 4) include 

generic items not relevant for MG, or 5) are too lengthy[15]. 

It is not clear if disease-specific questionnaires offer advantages over generic scales[17] if the 

generic instrument includes relevant items for the specific disease and the purpose of the study. To 

overcome some of the disadvantages of previously used questionnaires, the chosen tool for 

measuring fatigue in studies I and III was the Multidimensional Fatigue Inventory (MFI-20)[19]. 

This instrument includes five fatigue domains: physical-, general-, and mental fatigue, reduced 

activity, and reduced motivation. As compared to the definitions of Chaudhuri[12] and Kluger[17], 

the MFI-20 term “physical fatigue” corresponds to the terms “peripheral fatigue” and “performance 

fatiguability.” The remaining MFI-20 domains correspond to different aspects of the terms “central 
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fatigue” and “perceived fatigue.” In this thesis, the definition of fatigue is multidimensional, 

including the five fatigue domains from the MFI-20.   

 

PHYSICAL ACTIVITY 

The health benefits of an active lifestyle have been extensively documented since the early nineties, 

including exercise as prevention and treatment for chronic diseases[20]. Following the international 

recommendations, physical activity (PA) reduces mortality and chronic conditions by at least 20-

30% compared to physical inactivity[21]. 

The World Health Organization (WHO) recommends adults ≥18 years to undertake regular PA at 

least 150 minutes per week at moderate intensity or at least 75 minutes per week at a vigorous 

intensity or an equivalent combination of the two[22]. Also, research-directed guidelines 

recommend a minimum of 10,000 steps per day[23,24].  

No official recommendations of PA for MG exist, and an early study indicates a previous caution 

and reluctance towards recommending PA[18]. To date, this reluctance, or lack of knowledge, still 

exists among patients (and clinicians). This might be based on fear of overuse muscle damage, even 

though this is not documented in these patients.  

The first articles of exercise and MG are from 2000, 2007, and 2012[25–28]. These articles are all 

case stories of patients performing demanding aerobic- or resistance exercise despite an MG 

diagnosis without any adverse effects. Apart from a study from 1993[29], which found 

improvements in muscle strength in 11 patients with MG during a supervised 10-week resistance 

training period, the first exercise intervention studies were published from 2017[30–33]. These 

studies of mostly supervised aerobic and/or resistance training for 8-12 weeks found that exercise is 

safe and well-tolerated and positively influences muscle strength and performance-based outcome 

measures. Also, interventional exercise studies have been published, focusing on, e.g., balance 

training[34], postoperative rehabilitation[35], and respiratory training[36,37]. 

Habitual physical activity means PA integrated throughout the patient’s everyday life, including 

supervised exercise sessions. Habitual physical activity is a relevant outcome measure, as lifelong 

daily activity is essential to obtain the health benefits of being active. However, only a few studies 

have examined habitual physical activity in patients with MG either by accelerometry[38,39] or 
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with a combination of accelerometry and questionnaires[31,32]. These studies included 33, 27, 10, 

and 11 patients with ocular or generalized MG with disease severity of class I-III on the MGFA 

classification scale. The studies included patients with juvenile (<18 years), early- and late-onset 

MG, and patients with the antibody-status, AChR, MuSK, or seronegative. These studies found that 

patients with MG were less active than controls. The control data was obtained from an 

accelerometer manufacturer database[39] or a WHO database[38]. The minor studies[31,32] 

examined baseline PA before a 12-week aerobic- and resistance training intervention without 

comparing it with any controls. The authors only briefly discussed the baseline PA in these studies, 

but a large proportion of the patients reported primarily sedentary activities.  

Research on the relationship between PA levels and fatigue is sparse. Ruiter et al. assessed fatigue 

in 420 Dutch patients and found significantly lower fatigue scores in physically active patients[40]. 

Farrugia et al. found minor but un-sustained improvements in fatigue after a 10-week program with 

physical activity, relaxation, patient education, and psychological interventions[41]. Rahbek et al. 

found no improvements in fatigue after eight weeks of aerobic and resistance training[30]. 

The definitions of physical activity, exercise, and inactivity differ. In this thesis, we used the 

following definitions:  

Physical activity: “Any bodily movement produced by skeletal muscles that require energy 

expenditure”[42]. 

Exercise: “A subcategory of physical activity that is planned, structured, repetitive, and purposeful 

in the sense that the improvement or maintenance of one or more components of physical fitness is 

an objective”[42].  

Physical inactivity: “An insufficient physical activity level to meet present physical activity 

recommendations”[43]. 

These definitions are consistent with the WHO guidelines on physical activity and sedentary 

behavior from 2020[22]. 
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WALKING-RELATED FATIGUABILITY  

Walk tests are widely used in the clinic to measure disease progression and treatment efficacy, e.g., 

the 6-min walk test (6MWT). However, the 6MWT is time-consuming and exhausting for patients 

with severe weakness in the lower limbs. A shorter and less demanding alternative might be the 2-

min walk test (2MWT). Previous studies have found that the 2MWT is a valid alternative to the 

6MWT in selected neurological diseases[42–44]. Still, to our knowledge, no previous studies have 

examined this in a heterogenous group of adult patients with neuromuscular diseases. In patients 

with MG, the 2MWT and the 6MWT are found reliable and valid[44].   

In MG, muscle strength and -fatiguability are measured by dynamometry[45–47]. However, it is 

preferable to assess fatiguability in functional tests reflecting the patient’s daily life for some 

purposes. A walk test is a method for measuring daily life mobility. Fatigue during walking is 

named walking-related fatiguability (WT). Timed walk tests have previously been used to measure 

WT in healthy and clinical populations[48]. In MG, WT has been measured by the 2MWT and the 

6MWT[44,49], finding higher levels of WT in patients compared to healthy controls[49].  

Rhythmic auditory stimulation (RAS) is the concept of synchronizing auditory stimuli and 

movement, e.g., music rhythm and steps. It relies on connections between the auditory and motor 

systems in the brain. It is based on entrainment, which means a locking process where signal 

frequency in one system affects the frequency of another system[50]. RAS has improved gait 

parameters (such as walking distance and gait speed) in patients with neurological diseases in 

repeated walking interventions[51–53] and one-time walking tests[54,55]. RAS has never been used 

in patients with MG, and the influence of RAS on gait parameters and WT is unknown.  
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STUDY OBJECTIVES 

Based on the existing knowledge described in the introduction section, we conducted five studies 

whose purposes I have stated below: 

 

STUDY 1    To describe the level of patient-reported fatigue and physical activity in a national 

cohort of patients with myasthenia gravis and examine the association between fatigue and physical 

activity, including relevant disease - and patient-related factors. 

 

STUDY II    To describe the habitual physical activity level in a sample of patients with myasthenia 

gravis, measured by accelerometry (ActiGraph) and questionnaire (the International Physical 

Activity Questionnaire), and identify factors associated with physical activity and inactivity.  

 

STUDY III   To determine MG-specific and generic factors related to PASS status, including 

fatigue, depression, and comorbidity.  

 

STUDY IV To examine if the 2- and 6-min walk test assesses walking capability equally well in 

different neuromuscular diseases with a wide range of disease severity. 

 

STUDY V   To compare gait speed and distance walked in patients with generalized myasthenia 

gravis when performing a 6-min walk test with rhythmic auditory stimulation versus a standard 6-

min walk test. 

 

 

 



 

18 

 

METHODS 

PATIENTS AND PROCEDURES 

We recruited patients through the Danish National Registry of Patients (DNRP) (studies I+II) and 

from the outpatient clinic at the Copenhagen Neuromuscular Center (studies II, III, IV, V). All 

patients were residents of Denmark and a minimum of 18 years old. For studies III, IV, and V, we 

did not invite patients >80 years.  

Patients from the DNPR are coded with an MG diagnosis according to the International 

Classification of Diseases eighth edition (ICD-8: 733.09, 1971- 1993) or tenth edition (ICD-10; 

G.70.0, from 1994) from 1977 to the end of 2018.  

For patients with MG, recruited from the outpatient clinic (studies II, III, V), the MG diagnosis was 

verified by at least 2 out of 3 criteria: symptom improvement with acetylcholinesterase inhibitors, 

positive acetylcholine receptor antibodies, or significant decrement/increased jitter on 

electromyography. Exclusion criteria were 1) comorbidity that would interfere with the completion 

of tests, 2) current participation in a clinical trial, 3) pregnancy, 4) communication issues. For 

patients on pyridostigmine treatment, the tests were, if possible scheduled 1½-2 hours after the drug 

intake.  

 

Study I 

In this cross-sectional study, we measured the levels of fatigue and PA in a national web-based 

survey. The patients were identified from the DNRP and received an invitation to the survey in their 

e-Boks (a personal, digital and secure mailbox). With a link for the survey, we send the invitation 

using the patient’s unique civil registration number, which all Danish citizens are assigned at birth 

or upon immigration. The software REDCap administered the survey and stored all responses in a 

secure database. We sent the invitation in June 2019 and to non-responders in July and November 

2019. Individuals not subscribing to e-Boks did not receive an invitation. Aside from demographics 

and disease-related background questions, the survey included six standardized and validated 

questionnaires of fatigue (Multidimensional Fatigue Inventory, MFI-20), PA (Saltin-Grimby 

Physical Activity Level Scale, SGPALS and the International Physical Activity Questionnaire,  

IPAQ short form), MG-severity (Myasthenia Gravis Activities of Daily Living profile, MG-ADL), 

MG-related quality of life (MG-specific quality-of-life instrument, MG-QoL15) and insomnia 
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(Insomnia Severity Index, ISI). We used the data from the SGPALS for study I and the data from 

the IPAQ for study II.   

 

 

Study II 

This cross-sectional study measured PA levels in patients with gMG in two ways; 1) by the IPAQ 

from the national web-based survey (described in study I) and 2) by accelerometry in patients 

recruited from the outpatient clinic. 

We consecutively recruited patients from the clinic from November 2018 - February 2020. The 

patients were informed about the study when they arrived for their regular follow-up in the 

outpatient clinic. We instructed patients who met the inclusion criteria and accepted participating to 

wear an accelerometer (ActiGraph) at home, 24 hours a day for seven days unless showering and 

swimming. The patients wore the accelerometer in an elastic belt on the right side of the waist, and 

the measuring started when the patient left the clinic. The patients completed the MG-ADL while 

still in the clinic, and background information (age, sex, height, weight, MG treatment, and 

duration) was registered.  

 

Study III 

In this cross-sectional study, patients with gMG followed at the outpatient clinic were recruited 

from October 2019-June 2020. Patients, meeting the inclusion criteria and accepting to participate, 

completed (semi) clinician-derived tests of MG-severity (Quantitative Myasthenia Gravis score, 

QMG, and the Myasthenia Gravis Composite Scale, MGC), and several patient-reported 

questionnaires regarding MG (MG-ADL, MG-QoL15), fatigue (MFI-20), depression (Major 

Depression Inventory, MDI), overall health state (EQ-5D-3L), comorbidity (Charlson Comorbidity 

Index, CCI) and Patient Acceptable Symptom State (PASS). The tests were completed during one 

test-meeting of 1½-2 hours by three experienced investigators, who had trained the tests together 

beforehand. As this study also worked as a quality assessment study of our outpatient clinic, we 

decided a priori to include 100 patients. This number corresponds to more than a fourth of the 

patients with gMG followed in our clinic. 
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Study IV 

This cross-sectional, randomized, and controlled study assessed walking capability by the 2- and 6-

min walk test in a heterogeneous group of patients with neuromuscular diseases (no patients with 

MG). The patients participated in two test days, each consisting of one 2MWT and one 6MWT. The 

patients were recruited from the outpatient clinic from March 2014 to January 2015. Inclusion 

criteria were a genetic- or biopsy-verified neuromuscular diagnosis and the ability to walk ≥60 

meters in 6 minutes. The exclusion criteria were any comorbidity that could interfere with walking 

capability. The order of the tests was randomly assigned via sealed envelopes and separated by a 

minimum of 30 minutes of rest. We measured muscle weakness by manual muscle testing (Medical 

Research Council scale, MRC). We recruited age- and sex-matched controls without conditions 

interfering with walking among colleagues. Controls only participated in one test day. Part of the 

data from this study has been published in two other studies[56,57].  

 

Study V 

In this cross-sectional, randomized study, we recruited patients with gMG from the outpatient clinic 

from May 2018 to December 2019. Patients that met the inclusion criteria and accepted to 

participate completed two 6MWTs in one test meeting. One standard 6MWT and one 6MWT added 

RAS with a frequency of 100% or 110% of the patient’s fastest gait speed. The fastest gait speed 

was determined (before any of the 6MWTs) by one short 60-meter walk test. In this test, we 

recorded average steps per minute by an app (BPM, version 3.04, developed by CHEEBOW, 

iPhone App Store). The average steps per minute corresponded to the beats per minute in RAS. We 

randomly assigned the 6MWTs via sealed envelopes and separated the tests by 30 minutes of rest. 

The auditory stimuli were vocal pop or rock with a distinct rhythm. We instructed the patients to 

follow the rhythm of the music. The rhythm was indicated to the patients before the test by clapping 

or stepping.   

A pulse watch (Suunto Quest, model SS018153000) measured the patient’s heart rate before, 

during, and after the 6MWT. We measured exertion right after each of the 6MWTs by the Borg 

Scale of Perceived Exertion, where the patients rated their exhaustion from 6-20 (20=very, very 

exhausting)[53]. MG-severity was measured before the 6MWTs by the MGC.   
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Table 1 provides an overview of the methods used in studies I-V.  

Table 1. Methods used in studies I-V 

 Studies 

 I II III IV V 

Questionnaires      

Multidimensional Fatigue Inventory X  X   

Saltin-Grimby Physical Activity Level Scale X     

International Physical Activity Questionnaire  X    

MG Activities of Daily Living profile X X X   

MG-specific QoL instrument X  X   

Insomnia Severity Index X     

Major Depression Inventory   X   

EQ-5D-3L   X   

Charlson Comorbidity Index   X   

Patient Acceptable Symptom State   X   

Functional test      

2-min walk test    X  

6-min walk test    X X 

MG Composite Scale   X  X 

Quantitative MG score   X   

Manual muscle testing    X  

Accelerometer  X    
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QUESTIONNAIRES 

We measured fatigue by the Multidimensional Fatigue Inventory (MFI-20)[19]. The MFI-20 is a 

generic, patient-reported questionnaire that measures fatigue severity. It was developed in 1995[58] 

with a Cronbach’s alpha of 0.84[19]. The MFI-20 consist of five fatigue domains: physical-, 

general-, mental fatigue, reduced activity, and reduced motivation. Each domain has a score of 4 to 

20, where 20 indicates severe fatigue. The MFI-20 has been validated and/or used in several 

patients- and healthy populations since 1995, e.g., multiple sclerosis, stroke, polio[59–64], and 

spinal muscular atrophy[65]. The MFI-20 was validated and translated into Danish in 2000[66,67]. 

We measured patient-reported PA levels by the Saltin-Grimby Physical Activity Level Scale 

(SGPALS)[68] and by the International Physical Activity Questionnaire (IPAQ) short form[69].  

The SGPALS was developed in 1968 and has been slightly modified over the years[70,71]. It is an 

overall score of PA and is used in several Nordic population studies[72–76]. SGPALS has 

previously been used in clinical populations, e.g., patients with stroke[77–80]. The original 

questionnaire is used in study I, but with a slightly modified wording: “During the last year, how 

physically active have you been, including leisure-time physical activities and transportation? 

Please categorize yourself into one of four levels of physical activity”:  

I. Mainly sedentary or engaged in light physical activity less than 2 hours per week (e.g., 

reading books, watching television, or going to the cinema). 

II. Light-to-moderate physical activity 2-4 hours per week (e.g., walking, cycling for 

pleasure, gardening, housework, light exercise). 

III. Moderate physical activity more than 4 hours per week, or more strenuous activities 2-4 

hours per week (e.g., brisk walking, fast bicycling, heavy gardening, or exercises that 

makes you short of breath). 

IV. More strenuous physical activities more than 4 hours per week, or regular vigorous 

exercise (e.g., competitive sport) several times a week. 

IPAQ short form measures patient-reported time spent on PA across a comprehensive set of 

domains; 1) activity in leisure time, 2) domestic and gardening activities, 3) activity related to work, 

and 4) transportation, in four specific types of activity; sitting, walking, moderate- and vigorous-

intensity activities. Patients report the number of days, hours, and minutes (of a minimum of 10 
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minutes) spent on these activities during the last seven days. The IPAQ short form is previously 

used in patients with disorders in the neuromuscular junction[81].  

MG severity and MG-related quality of life were measured by the Myasthenia Gravis Activities of 

Daily Living profile (MG-ADL)[82] and the MG-specific quality-of-life instrument (MG-

QoL15)[83]. The MG-ADL is a patient-reported questionnaire with scores from 0-24, where 24 

indicates severe MG. The scale consists of 8 items, including common MG symptoms. The MG-

QoL15 is a patient-reported questionnaire assessing MG-related quality of life. It consists of 15 

items with a total score of 0-60 points (60=low quality of life). A revised version of the MG-QoL15 

exists (MG-QoL15r)[84], but as the original version is still widely used, we used the original 

version in the thesis.   

The Insomnia Severity Index (ISI)[85] is a patient-reported questionnaire assessing insomnia, 

sleep quality, and sleep disturbances during the previous two weeks. ISI consists of seven items, 

each rated on a five-point scale with a total score of 0-28 (most severe insomnia=28). A total score 

of ≥8 indicates clinical insomnia. One previous MG study[86] has used the ISI. 

The EQ-5D-3L[87] provides a generic classification system for measuring overall health status. It 

compromises five dimensions; mobility, self-care, usual activities, pain/discomfort, and 

depression/anxiety. The index score is derived from three different questions in each dimension, 

giving an index ranging from 0 to 1; 0 meaning death, 1 meaning complete health[88]. We also 

included the EQ-VAS scale ranging from 0-100 (100= the best health you can imagine), indicating 

the patient's self-rated overall health status[87]. EQ-5D has previously been used in patients with 

MG[11]. 

The Major Depression Inventory (MDI)[89] is a patient-reported rating scale for depression 

(range 0-50, 50=severe clinical depression), used to either rate depression severity or to diagnose 

existing depression. It is compatible with both the ICD-10 and DSM-IV diagnostic criteria for 

clinical depression[90]. MDI has previously been used in patients with MG[30,91].  

The Charlson Comorbidity Index (CCI)[92] is a tool for measuring the long-term prognosis of 

lethality in comorbid patients. The point-score ranges from 0-37 and is accumulated according to 

associated diseases and age ranges: the higher score, the less predicted 10-year survival. One 

previous study of MG[93] has used the CCI. 
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The Patient Acceptable Symptom State (PASS)[94] measures patient satisfaction with the current 

symptom state. In one dichotomous question, patients report satisfaction (yes/no). In our thesis, we 

used a PASS question inspired by a previous study[11] “Consider all the ways you are affected by 

myasthenia gravis. If you had to stay in your current symptom state for the next months, would you 

say that your current disease state is satisfactory?” PASS has previously been used in clinical 

studies[95,96], also in MG[10,11].  

No easy-to-use instrument exists for measuring satisfaction with adverse effects of current MG 

medical treatment. Therefore, we asked the patients one question: “How satisfied are you with the 

adverse effects of current MG medical treatment?” with a score ranging from 1-10 (1=not at all 

satisfied to 10=very satisfied). 

 

FUNCTIONAL TESTS  

We measured MG severity by the clinician-derived Quantitative Myasthenia Gravis score 

(QMG)[97] and the clinician-derived/patient-reported Myasthenia Gravis Composite Scale 

(MGC)[98]. The QMG consists of 13 items and examines the patient’s muscle strength and 

endurance with a summary score from 0-39 (most severe MG=39). The MGC consists of 10 items 

with a summary score from 0-50 (most severe=50). Both instruments assess common MG 

symptoms. 

We used the 2-minute walk test (2MWT) and the 6-minute walk test (6MWT) to measure 

walking-related fatiguability in studies IV and V. The tests were administered according to the 

American Thoracic Society Guidelines[99].  

In Study IV, bilateral muscle strength was assessed in the lower limb by the manual muscle testing 

Medical Research Council scale (MRC)[100], ranging muscle strength from 0-5 (normal 

strength=5). 
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ACCELEROMETRY 

We used the ActiGraph wGT3X-BT accelerometer (ActiGraph, LLC, Pensacola, FL) to measure 

habitual physical activity levels. The dimensions of the accelerometer are 4.6 x 3.3 x 1.5 cm, weight 

19 g. Accelerometry is previously used in studies of MG patients [31,32,38,39]. The ActiGraph 

monitors were set to activity counts in triaxial mode, using a 10-second epoch. The Actigraph 

monitors acceleration intensity and duration of hip motion in three axes. The number of counts 

increased with the frequency and intensity of movement.  

 

 

ETHICS 

The studies were approved by the ethics committee of the Capital Region of Denmark (H-

18031231) (study IV: H-4-2014-FSP) and registered at the Danish Data Protection Agency (VD-

2018-440, I-Suite nr.6694). The Danish Health Data Authority approved the extract from the 

DNRP. Informed consent was obtained from all participants, even though this was not required for 

respondents to the survey.  
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ANALYSES 

We presented continuous variables by means and standard deviation (SD), non-parametric 

continuous variables by medians and inter-quartile ranges (IQR), and categoric variables by 

numbers and percentages. We assessed normality visually by histograms and boxplots. We 

examined differences between groups by unpaired t-test for continuous data, Mann-Whitney test for 

non-normal continuous data, and Fisher’s exact test for categorical data.  

We estimated associations by general linear regression analyses (studies I+II) or logistic regression 

analyses (study III). We performed the regression analyses as complete-case analyses and checked 

for the following model assumptions: independence of observations, linearity of covariates, 

homogeneous and normally distributed residuals. In case of violation, we conducted the analyses on 

log-10 transformed data. The convergence criterion was satisfied in all studies.  

A linear mixed model was used to estimate the effect of RAS (study V). We used an unstructured 

covariance pattern to account for the correlation in the repeated measurements and possible changes 

in variance.  

Covariates were selected a priori in all studies and determined from known evidence or experiences 

from the clinic. We included covariates in the statistical analyses as either continuous or categorical 

variables.  

For analyses, a p-value of ≤0.05 (2-tailed testing) was considered significant. We used SAS 

enterprise guide 7.1 in all statistical analyses.  

 

Study I 

We grouped the SGPALS classifications into low PA levels (SGPALS levels I and II) and regular 

PA levels (SGPALS levels III and IV). We fitted the regression models with each of the five MFI-

20 domains as continuous outcomes. As some respondents in the survey confirmed their MG status 

twice but were not on medical treatment for MG and/or regularly seen by a neurologist, all analyses 

were executed on a sup-sample of patients on MG medical treatment AND regularly followed by a 

neurologist.  
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Study II 

Wear time was defined as 24 hours subtracted non-wear time and sleeping time. We defined 

intervals of a minimum of 60 consecutive minutes of zero counts as non-wear time[101] and 

sleeping time between 12:00 a.m. and 6:00 a.m.[102,103]. We included patients with seven days of 

at least 10 hours of recording during the daytime in the analyses.   

We defined PA intensities as; light= 100–1951 counts per minute (CPM); moderate= 1952–5724 

CPM; vigorous≥ 5725 CPM in bouts of a minimum of 10 minutes[104]. CPM<100 was defined as 

sedentary time. We converted CPMs to minutes per week (m/w) for each PA intensity and 

sedentary time to minutes per day (m/d).  

We fitted linear regressions models to investigate associations of inactivity and PA intensities. 

Minutes spent on moderate and vigorous activities were merged into one variable; moderate-

vigorous physical activity (MVPA), as many patients reported zero minutes on vigorous activities.  

The outcomes of the regression analyses were time spent in sedentary- and light activities, MVPA, 

and steps per day measured by accelerometer. For the IPAQ, the outcomes were time spent on 

sitting, walking, and MVPA.  For analyses of raw accelerometer data, we used the commercial 

software ActiLife v6.11.6. 

 

Study III 

We used PASS-status as an anchor for the descriptive analyses. Factors associated with PASS-

negative status (patients not satisfied with current MG symptom state) were identified by logistic 

regression analysis, using the PASS answer as a dichotomous (yes/no) outcome. We included the 

following co-variates; MG-severity (MG-ADL, QMG), MG-related quality of life (MG-QoL15), 

depression (MDI), physical- and general fatigue (MFI-20), MG disease duration, BMI, Comorbidity 

(CCI), MG medical treatment, sex, and age.  

 

Studies IV+V 

Results were expressed as mean and ranges. We used the Pearson correlation coefficient to examine 

the relationship between the 2MWT and the 6MWT. In study IV, we used data from the first test 

day, but we used the data from the second test day to assess the influence of a learning effect with 

repeated tests. The continuous outcomes of study V were walking distance and gait speed. 
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Table 2 provides an overview of outcomes, covariates, and analyses in the studies I-V.   

Table 2. Outcomes, covariates, and analyses in studies I-V 

 

 

 

 

 

 

 

 

Studies      Outcomes  Covariates    Statistical analyses 

  Continuous Categorical  

I MFI 

Physical fatigue 

General fatigue 

Reduced activity 

Reduced motivation 

Mental fatigue 

SGPALS 

Age  

BMI   

MG-duration  

MG-ADL  

ISI 

Sex 

Job-status 

Cohabitation  

Comorbidity 

Depression 

Medication, other 

General linear regression 

II IPAQ 

Sitting 

Walking 

MVPA 

Accelerometer 

Sedentary 

Light 

MVPA 

Steps 

Age  

BMI 

MG-duration 

MG-ADL 

Sex General linear regression 

III PASS Age 

MG-duration 

QMG 

MDI 

Sex  

 

Logistic regression  

IV 2MWT  

6MWT 

  Descriptive  

V 6MWT  

6MWT + RAS 

Age  

BMI 

MGC 

 Sex  

 Order of tests 

 

Linear mixed model 
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RESULTS 

The total number of included participants was 1149. Of these, 996 had a diagnosis of MG, 115 had 

another neuromuscular diagnosis, and 38 were healthy controls. N=779 patients with MG 

responded to the survey (study 1), and we included a total of 217 patients with MG from the 

outpatient clinic. Some patients participated in more than one study. Table 3 shows age, sex, BMI, 

MG disease duration, MG severity, and MG-related quality of life for included patients with MG 

across studies.  

 

Table 3. Characteristics of included patients with MG across studies I, II, III, V 

 Study I (n=779) Study II (n=69) Study III (n=100) Study V (n=48) 

Age, years  60.8 (15.5) 58.9 (17.3) 60.2 (15.4) 55.0 (16.8) 

Sex, female  413 (53%) 44 (64%) 57 (57%) 34 (71%) 

BMI, kg/m2  27.2 (5.7) 27.5 (6.5) 28.1 (6.1) 27.0 (6.6) 

MG duration, years  13.6 (12.4) 8.0 (8.9) 6.0 (3-13) 9.4 (10.1) 

MG-ADL, total score 3.0 (1.0-5.0) 2.0 (0-6.0) 3.0 (0-5.0) N/A 

MG-QoL15, total score 9.0 (2.0-19.0) N/A 8.0 (3.0-21.0) N/A 

MGC, total score   N/A 6.0 (3.0-13.0) # 5.0 (3.0-10.0) 7.5 (3.5-13.5) 

QMG, total score  N/A 8.0 (5.0-11.0) # 9.0 (5.0-11.0) N/A 

Table 3. We present age, BMI, and MG disease duration as means and standard deviations (SD) and sex as 

numbers and percentages. We present MG-ADL, MG-QoL15, MGC, and QMG total scores as medians and 

inter-quartile ranges (IQR). Abbreviations: MG-ADL=MG Activities of Daily Living profile, MG-QoL15= 

MG-specific QoL instrument, MGC= MG Composite scale, QMG= Quantitative MG score. Missing data: 

study I (age, sex=1, BMI=6, disease duration=7, MG-ADL=72, MG-QoL15=73), study II (MG-ADL=5). 

N/A=is not available. # These measures are not included in the published paper of study II.   

 

Study I 

A total of 1745 persons were registered in the DNPR with an MG diagnosis. N= 282 persons (164 

women [58.2%]; mean [SD] age, 78.0 [12.6] years) did not subscribe to e-Boks and, therefore, did 

not receive an invitation for the survey. The remaining 1463 persons received an information 

letter in their e-Boks, including a link for the survey. We excluded 294 persons (173 women 

[58.8%]; mean [SD] age, 62.2 [15.1] years) as they were uncertain about the MG diagnosis, e.g., 

due to absence of symptoms for years despite no MG medical treatment. N=390 persons (226 

women [57.9%]; mean [SD] age, 55.0 [16.5] years) never responded to the survey. The remaining 
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779 patients completed the survey either completely (n=662) or partially (n=117). In- and 

exclusions of the survey (studies I and II) are illustrated in Figure 1 and by age in Figure 2.   

 

 

 

Figure 1. Flowchart of in- and exclusions of the survey 
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Figure 2. Age of responders, non-responders, and persons not subscribing e-Boks 

 

 

  

 

Figure 2. In- and exclusions of the survey illustrated by age. The box illustrates the interquartile range 

(between the 25- and 75 quartiles), and the line that divides the box illustrates the median. The cross inside 

the box illustrates the mean, and the whiskers illustrate ages outside the interquartile range. Dots illustrate 

outliers. No subscription to e-Boks (n=282), non-respondents (n=390), respondents (n=779).  

 

The sub-sample of patients on active MG treatment AND regularly followed by a neurologist 

included 486 patients. Table 4 shows the baseline characteristics of the overall- and the sub-sample.  

 

 



 

32 

 

 

Table 4. Characteristics of patients included in study I 

 Overall sample (n=779) Sub-sample (n=486) 

   

Age, years  60.8 (15.5) 62.5 (14.9) 

Sex, female 413 (53%) 245 (50%) 

BMI, kg/m2  27.2 (5.7) 27.6 (6.1) 

Disease duration, years  13.6 (12.4) 11.6 (11.0) 

Job-status    

Retired due to age 328 (42%) 229 (47%) 

Working full- or part-time 300 (39%) 173 (36%) 

Retired due to sickness 82 (11%) 46 (9%) 

Out of work # 50 (6%) 28 (6%) 

Student 17 (2%) 9 (2%) 

Regularly follow-up by neurologist  528 (68%) 486 (100%) 

Thymectomy, yes 235 (30%) 130 (27%) 

MG Treatment ¤   

Pyridostigmine  448 (56%) 359 (74%) 

Glucocorticoids  92 (12%) 87 (18%) 

Immunosuppressive drugs, other 290 (37%) 266 (55%) 

Immunoglobulin  19 (2%) 17 (4%) 

Plasmapheresis  8 (1%) 3 (1%) 

No treatment  187 (24%) 0 

Comorbidity ¶  494 (64%) 319 (66%) 

SGPALS    

I: Sedentary 81 (11%) 52 (11%) 

II: Light to moderate 305 (42%) 178 (39%) 

III: Regular moderate 290 (40%) 201 (44%) 

IV: Regular vigorous 55 (7%) 28 (6%) 

MFI-20, total    

General fatigue 13 (10-16) 13 (10-15) 

Physical fatigue 13 (9-15) 13 (10-15) 

Reduced activity 12 (9-15) 12 (9-15) 

Reduced motivation 9 (6-11) 9 (7-12) 

Mental fatigue 9 (6-12) 10 (6-12) 

MG-ADL, total  3 (1-5) 3 (1-5) 

MG-QoL15, total  9 (2-19) 11 (4-21) 

ISI, total  8 (4-13) 8 (4-13) 
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Table 4. We present variables as mean (standard deviation, SD), median (Inter-quartile ranges, IQR), or 

number (n) and percentages (%). Abbreviations: BMI (Body mass index), MFI-20 (Multidimensional Fatigue 

Inventory), MG-ADL (MG Activities of Daily Living profile), MG-QoL15 (MG-specific quality-of-life 

instrument), ISI (Insomnia Severity Index), SGPALS (Saltin-Grimby Physical Activity Level Scale). # Out of 

work= unemployed, sick-leave, non-classified. ¤ As some patients received more than one drug the 

percentages do not match 100 ¶ Comorbidity: hypertension/high cholesterol, chronic pain, autoimmune 

disease, diabetes type 2, depression/anxiety, chronic fatigue syndrome, chronic obstructive lung disease, 

severe cardiovascular disorder. There was missing data in the overall sample: age, sex, follow up at 

neurologist (n=1), job-status, thymectomy (n=2), BMI (n=6), MG-duration (n=7), SGPALS (n=48), MFI-20 

(n=65), MG-ADL (n=72), MG-QoL15 (n=73), ISI (n=68). Missing data in the sub-sample: Job-status (n=1), 

thymectomy (n=1), BMI (n=4), MG-duration (n=2), SGPALS (n=27), MFI-20 (n=36), MG-ADL (n=39), 

MG-QoL15 (n=40), ISI (n=37). 

 

The highest levels of fatigue were seen for the MFI-20 domains; general fatigue (median [IQR], 13 

[10-16]), physical fatigue (median [IQR], 13 [9-15]), and reduced activity (median [IQR], 12 [9-

15]). N=386 (53%) patients reported low levels of PA (SGPALS, levels I+II) and 345 (47%) 

patients reported regular levels of PA (SGPALS, levels III+IV). Almost similar distribution of 

fatigue and PA levels was seen for the sub-sample (Table 4). Patients in remission (MG-ADL=0, 

n=142) still reported fatigue, however, at lower levels: general fatigue (median [IQR], 9 [6-12]), 

physical fatigue (median [IQR], 8 [6-12]), reduced activity (median [IQR], 9 [6-12]), reduced 

motivation (median [IQR], 7 [5-9]), and mental fatigue (median [IQR], 7 [4-9]). 

For general fatigue, patients with a high level of fatigue (≥13, the sample median, MFI-20, n=358) 

were often women (55 vs. 45%, p<.01), retired due to sickness (70 vs. 30%, p<.01), comorbid (55 

vs. 45%, p<.01), and living alone (62 vs. 39%, p<.01). These patients reported a higher level of 

disease severity (MG-ADL, median 4 vs. 1, p<.01), lower quality of life (MG-QoL15, median 17 

vs. 3, p<.01), more sleeping problems (ISI, median 12 vs. 5, p<.01), and medical treatment for non-

MG diseases (54% vs. 46%, p=.01) compared to patients with low levels of general fatigue (MFI-20 

score <13). This distribution pattern was similar for the other MFI-20 domains, also for the sub-

sample. Patients with another autoimmune disease besides MG and patients treated with steroids 

had higher fatigues scores than the remaining MG patients (p<.01). 

Higher levels of fatigue were strongly associated (p<.0001) with lower levels of PA (unless for 

mental fatigue in the sub-sample, p>.05), severe MG symptoms (high score of the MG-ADL), 

sleeping problems (high score of the ISI), high BMI, and depression (yes/no). Job-status (e.g., 
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retired due to sickness) and comorbidity (yes/no) were associated with fatigue in the overall sample. 

Cohabitation was associated with fatigue in the sub-sample. Figure 3 shows the associations of 

fatigue in the overall sample. 

 

Figure 3. Factors associated with fatigue in the overall sample, study I 

 

 

Figure 3. Statistic significant (p≤.05) associations of fatigue illustrated for each of the MFI-20 domains in the 

overall sample. The x-axis: the regression coefficients. The y-axis: the MFI-20 fatigue domains. The colored 

bars illustrate the covariates. The regression coefficients must be interpreted in the following way (an 

example); when the SGPALS (physical activity) increases by one step (higher levels of physical activity), the 

MFI-20 score of general fatigue decreases by 0.67 steps.  
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Study II 

A total of 69 patients were included from the outpatient clinic to evaluate habitual physical activity 

by accelerometers. The average (mean± SD) wear time of the accelerometers was 16±1.4 hours/day. 

A total of 691 patients completed the IPAQ short form as part of the survey (described in study I). 

Table 5 shows the patient characteristics and PA measurements for study II. 

  

 

Table 5. Patient characteristics and measurements of PA, study II 

Characteristics Clinic sample (n=69) Survey sample (n=691) 

Age, years 58.9 (17.3) 60.5 (15.5) 

Body mass index, BMI 27.5 (6.5) 27.1 (5.9) 

Sex, female 44 (64%) 365 (53%) 

MG disease duration, years # 8.0 (8.9) 13.8 (12.6) 

MG-ADL, total score  2.0 (0-6) ¶ 3.0 (1-5) 

Pyridostigmine treatment ¤ 50 (73%) 399 (58%) 

Immunosuppressive treatment ¤ 53 (77%) 351 (51%) 

ActiGraph   

Sedentary, m/d 654 (596-694)  

Light, m/w 2037 (1643-2371)  

Moderate, m/w 157 (91-292)  

Vigorous, m/w 0 (0-3)  

Steps per day 9299 (5562-13,255)  

IPAQ   

Sitting, m/d  420 (300-600) 

Walking, m/w  225 (90-525) 

Moderate, m/w  150 (15-360) 

Vigorous, m/w  60 (0-210) 

Table 5. Age, BMI, and MG disease duration are presented as means and standard deviations (SD). Sex is 

presented as numbers and percentages. MG-ADL scores and PA levels are presented as medians and inter-

quartile ranges (IQR). Abbreviations: MG-ADL=MG Activities of Daily Living profile, m=minute, d=day, 

w=week, IPAQ= the International Physical Activity Questionnaires. # Significant (p<.001) difference 

between the two samples. ¶ Missing data on five patients. ¤ Some patients were in a combined treatment of 

pyridostigmine and immunosuppressive drugs. Immunosuppressive drugs: prednisolone, Azathioprine, 

Methotrexate, Mycophenolic acid, Tacrolimus, Rituximab.  
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Measured by the accelerometer, 46% of the included patients did not meet the international 

recommendations[105] of ≥150 min/week at moderate intensity in bouts of at least 10 minutes. 

Measured by IPAQ, 48% of the patients did not meet these recommendations. Also, 57% of the 

patients walked less than the recommended10,000 steps per day[23] measured by the accelerometer. 

Factors associated with PA intensities (p≤.05) were MG severity (measured by the MG-ADL) and 

age (Table 6). Sex, BMI, and MG disease duration were not significantly associated with PA 

(p>.05).  

 

Table 6. Factors associated with physical activity and inactivity, study II 

 MG-ADL Age 

ActiGraph (n=64¶) β 95%CIβ β 95%CIβ 

Sedentary, m/d 6.1  0.0; 12.1   

MVPA, m/w   -4.0 -6.3; -1.6 

Steps per day   -90.8 -168.0; -13.5 

IPAQ (n=691)     

Sitting time, m/d 2.5 0.9; 4.0 -0.5 -0.8; -0.2 

Walking, m/w -3.6 -6.5; -0.4   

MVPA, m/w   0.7 0.1; 1.3 

Table 6. Factors associated with (p<.05) PA intensities and inactivity measured by ActiGraph and IPAQ. β = 

regression coefficient, CI β = confidence intervals of the regression coefficient. Abbreviations: MVPA= 

moderate-vigorous physical activity, MG-ADL=MG Activities of Daily Living profile, m=minute, d=day, 

w=week. ¶ Analyses were performed on 64 patients, as five patients did not complete the MG-ADL. 

 

 

Study III 

To reach the desired number of 100 patients (see the methods section), we consecutively screened  

190 patients for eligibility (by checking their medical records) when they arrived in the outpatient 

clinic for their regular follow-up at the neurologist. N=156 patients met the inclusion criteria and 

were informed about the study, but 56 were not interested in participating, primarily due to practical 

issues. Figure 4 illustrates the inclusion of patients. Of the included patients, the mean± SD age was 

60.2± 15.4 years, 57 were women, 94 were AChR positive, and 41 were thymectomized.  
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Figure 4. Flowchart of inclusions in study III 

 

 

 

 

One-third of the patients (n=33) reported dissatisfaction (PASS-negative status) with their current 

symptom state. Compared to the satisfied patients (n=67), these patients had shorter MG disease 

duration (median 3 vs. 8 years, p=.001) and reported higher scores on almost all outcome measures 

(p<.05). We did not find any differences regarding age (p=.409), sex (p=.831), and comorbidity 

(p=.767) compared to the satisfied patients (Table 7). The MG medical treatment (including all 

drugs) was unequally distributed (p=.028); however, the distribution of patients on prednisolone 

treatment was just borderline significant (p=.050), and there were no dose differences of 

prednisolone between PASS-negative/positive patients (p=.120).   

The patients had a median score of 8 (IQR 5-9) regarding satisfaction with current adverse effects. 

Of the PASS-negative patients, 64% reported low satisfaction (score<8) with adverse effects, 

whereas this was 30% of the PASS-positive patients (p=.002).  
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Table 7. Distribution of variables according to PASS status, study III 

Characteristics   PASS negative (n=33) PASS positive (n=67) p-value 

Age, years 58.3 (14.0) 61.1 (16.1) .409 

Sex, women 18 (55%) 39 (58%) .831 

MG disease duration, years 3 (1-6) 8 (4-15) .001 

MG-ADL 5 (4-7) 1 (0-3) <.0001 

QMG 11 (9-13) 8 (5-10) .0001 

MGC 9 (4-13) 5 (2-8) .001 

MG-QoL15 25 (12-32) 6 (1-12) <.0001 

MFI-20 general fatigue 17 (12-18) 10 (7-14) <.0001 

MFI-20 physical fatigue 17 (14-18) 11 (9-14) <.0001 

MFI-20 reduced activity 13 (12-16) 9 (6-12) <.0001 

MFI-20 reduced motivation 9 (7-13) 7 (5-10) .001 

MFI-20 mental fatigue 11 (7-13) 8 (5-11)  .003 

MDI 17 (12-25) 8 (3-14) <.0001 

EQ-5D-3L 0.71 (0.66-0.78) 0.83 (0.78-1.00) <.0001 

EQ-VAS 60 (50-75) 80 (70-85) <.0001 

CCI  3 (1-5) 3 (2-5)  .767 

Table 7. Values are presented as mean and standard deviation (SD), median and interquartile ranges (IQR), 

or as numbers and percentages (%). Abbreviations; CCI= Charlson Comorbidity Index, MG-ADL= MG 

Activities of Daily Living profile, MG-QoL15= MG-specific QoL instrument, MDI= Major Depression 

Inventory, MGC= MG Composite scale, QMG= Quantitative MG score, MFI-20= Multidimensional Fatigue 

Inventory.  

 

Figure 5 illustrates the associations of PASS-negative status. Higher levels of MG severity (MG-

ADL, QMG) were associated with higher odds for reporting PASS-negative status (OR 1.65, 

p=.001 and OR 1.23, p=.007). Also, lower quality of life (MG-QoL15, OR 1.14, p=.0006), higher 

levels of fatigue (MFI-20; examined for general – and physical fatigue, OR 1.25, p=.007, and OR 

1.28, p=.003), depression symptoms (MDI, OR 1.10, p=.003), and shorter MG disease duration (OR 

0.92, p=.016) were associated with higher odds for reporting PASS-negative status. Age, sex, BMI, 

comorbidity, and MG medical treatment (also analyzed separately for prednisolone) were not 

associated with PASS-negative status in the adjusted analyses.  
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Figure 5. Factors associated with PASS-negative status, study III 

 

 

 

 

 

Figure 5. Factors significantly associated with PASS negative status (p≤.05). Logistic regression analyses 

adjusted for age and sex. Abbreviations; MG-ADL= MG Activities of Daily Living profile, MG-QoL15= 

MG-specific QoL instrument, MDI= Major Depression Inventory, QMG= Quantitative MG score, MFI-20= 

Multidimensional Fatigue Inventory. 
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Study IV 

We included 115 patients with the following diagnoses; myotonic dystrophy type 1 (n=20), limb-

girdle muscular dystrophy (types 1B, 2A, 2I, 2L) (n=18), facioscapulohumeral dystrophy (n=15), 

Kennedy disease (n=14), Charcot-Marie-Tooth neuropathy (CMT1A and CMTX) (n=14), 

mitochondrial myopathy (n=10), sporadic inclusion body myositis (n=10), Becker muscular 

dystrophy (n=8), and a mixed group of myopathies (n=6). The patients completed one 2MWT and 

one 6MWT in a randomized order, and 38 healthy controls completed one 6MWT. For patients, the 

mean walking distance in the 2MWT was 143 meters (range 30-258 meters) and 405 meters (range 

65-750 meters) in the 6MWT (Table 8). The distances walked in the tests correlated highly (r=0.99, 

p<.001) (Figure 6), and we found that the 2MWT was a valid alternative to the 6MWT to describe 

walking capability in these patients.  

 

Table 8: Demographics, walking distance and gait speed, study IV 

 Patients (n=115) Healthy controls (n=38) 

Age, years  52.6 (22-83) 47.6 (25-76) 

Sex, female  40 (35%) 19 (50%) 

BMI 25.2 (16.1-44.1) 25.1 (19.6-33.5) 

Height 173.9 (138-198) 175.6 (155-192) 

Walking distance   

2MWT 142.8 (30-258) - 

6MWT 405.3 (65-750) 685.1 (545-863) 

Gait speed, 2MWT   

First minute  1.21 m/s - 

Second minute 1.19 m/s - 

Gait speed, 6MWT   

First minute 1.18 m/s 1.93 m/s 

Sixth minute 1.13 m/s 1.90 m/s 

Table 8. Values are mean (range) or number (percentages). Abbreviations: 2MWT= 2-min walk test, 6MWT 

= 6-min walk test, BMI= body mass index, m=minute, s=second.  
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Figure 6. Correlation of the walked distances in the 2- and 6-min walk test, study IV 

 

Figure 6. Abbreviations: 2MWT= 2-min walk test, 6MWT = 6-min walk test, BMI= body mass index, 

r=correlation coefficient, p=p-value.  

 

When comparing the mean walked distance in the performed 6MWT with the predicted 6MWT (the 

distance walked in the 2MWT multiplied by 3), the walked distance in the performed 6MWT was 

shorter (p=.001), indicating walking-related fatiguability. Also, there was a decrease (4.6%) in gait 

speed in the sixth minute (1.18 m/s) compared to the first minute (1.13 m/s) (p =.001) in the 

performed 6MWT. This decrease was minimal (0.02 m/s, p=.001) in the 2MWT and was eliminated 

by the learning effect by repeated 2MWTs. We found a decline in gait speed of 1.4% (p=.01) in the 

healthy controls from the sixth minute (1.93 m/s) to the first minute (1.90m/s) of the 6MWT. The 

absolute fall in gait speed did not differ between patients and healthy controls (p=.10), but the 

percentage drop was higher in the patients (p=.002). 
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Study V 

To examine the effect of RAS on walking distance and gait speed, a total of 48 patients with gMG 

completed two 6MWTs. One standard 6MWT and one 6MWT added RAS with a frequency of 

100% (group ‘FAST’, n= 18) or 110% (group ‘FAST10’, n=30) of the patient’s fastest gait speed. 

The walked distance increased by 8.3 meters (CI: 1.82-14.78, p=.01) in the 6MWT with RAS 

compared to standard 6MWT when the frequency was 110%. The order of tests (p=.36), MG 

severity (MGC, p=.07) and sex (p=.56) did not influence on walked distance, whereas increasing 

age and BMI decreased the distance (age, estimate -2.10, CI: -3.29; -0.91, p<.01, BMI: estimate -

3.15, CI: -5.75; -0.55, p=.02). The increased walk distance did not result in additional exertion 

measured by heart rate or Borg scale. We did not find any statistically significant increase in walked 

distance (4.5 meters, CI: -7.91–16.91, p=.45) when the frequency of RAS was 100% of the patient’s 

fastest gait speed. We found a decrease in gait speed (p<.05) in all tests, indicating walking-related 

fatiguability when comparing the first and sixth minutes. Table 9 shows patient characteristics and 

gait parameters.  
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Table 9. Patient characteristics and gait parameters  
 

FAST (n=18) P-value FAST10 (n=30) P-value 

Sex 5 men (28%) 

13 women (72%) 

 9 men (30%) 

21 women (70%) 

1.00 

Age, years 57 (17.9)  54 (16.3) 0.59 

BMI, kg/m2 27 (5.6)  28 (7.2) 0.70 

MGC, total score 6 (3-15)  9 (4-13) 0.69 

Walking distance, meter 

Standard 6MWT 

RAS 6MWT 

 

544 (77.2) 

548 (85.3) 

 

0.45 

 

567 (61.2) 

575 (63.7) 

 

0.01 

Gait speed, standard 6MWT, m/s 

First minute 

Sixth minute 

 

1.54 (0.22) 

1.51 (0.21) 

 

0.02 

 

1.61 (0.16) 

1.57 (0.17) 

 

<.01 

Gait speed, RAS 6MWT, m/s 

First minute 

Sixth minute 

 

1.58 (0.25) 

1.52 (0.24) 

 

<.01 

 

1.62 (0.18) 

1.59 (0.18) 

 

<.01 

HR average, BPM 

Standard 6MWT 

RAS 6MWT 

 

118 (18.7) 

109 (18.5) 

 

0.06 

 

115 (16.9) 

113 (14.3) 

 

0.44 

Borg, score 

Standard 6MWT 

RAS 6MWT 

 

11.5 (10-13) 

11.0 (10-13) 

 

0.88 

 

13.0 (11-14) 

13.0 (11-15) 

 

0.90 

Table 9. Abbreviations: 6MWT = 6-min walk test, BMI= body mass index, m=meter, s=second. Values are 

mean and standard deviation (SD), number and percentage (%), or median and inter-quartile ranges (IQR).  
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SUMMARY OF MAIN FINDINGS 

STUDY I     Fatigue was increased in patients with MG compared to non-MG individuals. We 

found the highest fatigue scores in physical- and general fatigue and these domains' levels were 

similar. Around half of the patients reported low levels of PA, and higher levels of fatigue were 

associated with lower levels of PA. Other factors associated with severe fatigue were severe MG, 

insomnia, overweight, comorbidity, job status, and living alone.  

STUDY II Around half of the included patients reported low levels of PA, which the 

accelerometer measurements confirmed. Severe MG and increasing age were associated with 

increasing time spent on sedentary activities and decreasing time spent on PA.  

STUDY III   One-third of the included patients reported dissatisfaction with their current symptom 

state. Severe MG, severe fatigue, insomnia, symptoms of depression, low levels of MG-related 

quality of life, and short MG disease duration were associated with higher odds for reporting 

dissatisfaction (PASS-negative status).   

STUDY IV  The 2MWT was a valid alternative to the longer 6MWT to measure walking 

capability in a heterogeneous group of patients with neuromuscular diseases. The 6MWT was 

useful to measure walking-related fatiguability in these patients. 

STUDY V  RAS improved walked distance and gait speed without additional exertion in patients 

with gMG when the frequency was 110% of the patient’s fastest gait speed.  
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DISCUSSION 

This thesis is the first to unveil multiple fatigue domains in a substantial cohort of patients with MG 

and explicitly address the association between fatigue and PA levels. The combination of patient-

reported/clinician-derived and MG-specific/generic outcomes gave a multi-faceted insight into the 

lives and well-being of patients with MG. This insight was not exclusively targeting the disease but 

also to symptoms indirectly related to the MG, e.g., depression, sleep, comorbidity, and symptoms 

acceptance.  

 

FATIGUE  

Fatigue in MG is widespread, complex, and increased compared to non-MG individuals. The 

highest fatigue scores were observed for the MFI-20 domains general- and physical fatigue, 

followed by reduced activity, and lowest, reduced motivation and mental fatigue. The fact that the 

included patients reported the same elevated level of general- and physical fatigue, despite that only 

physical fatigue can be explained by the disease, emphasizes the varied and complex nature of 

fatigue in MG.  

In all of the MFI-20 domains, the median score was higher (2-4 “points”) than found in the Danish 

background population[106] (4964 Danish adults, aged 49-63 years). Previous studies comparing 

MG fatigue levels to healthy controls (measured by other tools than the MFI-20)[107,108] also 

found elevated fatigue levels in patients with MG. Compared to other diseases, measured by the 

MFI-20, the fatigue level in MG was either slightly higher (compared to spinal muscular 

atrophy)[109]), similar (compared to post-stroke and other autoimmune diseases[60,110]), or 

slightly lower (compared to Parkinson disease and multiple sclerosis[64,111]). 

Patients in complete remission still reported fatigue (study I), which was in line with a previous 

study of 200 patients with MG, where 32% of the patients in pharmacological remission still 

reported relevant fatigue (defined as a score of  ≥4 points at the Chalder Fatigue Scale)[86]. 

However, we found that the fatigue scores in patients in complete remission were at the same level 

as scores in the background population[106]. This is similar to findings in two previous MG 

studies[40,107] and suggests that high fatigue is associated with active, non-controlled MG disease. 
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Severe MG is associated with fatigue in multiple papers[15], and this association was also evident 

in our findings. 

Other factors associated with severe fatigue were comorbidity, low sleep quality, high BMI, living 

alone, and current job status, e.g., being retired due to sickness. In a Danish background 

population[67], lower social class, living alone, somatic diseases, and depression is associated with 

higher fatigue scores.   

For MG, the associations between severe fatigue and 1) depression and 2) overall comorbidity 

(including depression) were significant for the overall sample but only significant for depression 

and reduced motivation in the sub-sample. Even though previous studies have found that depression 

is a strong predictor for severe fatigue in MG[15], our findings were not clear. However, due to the 

survey's design, we could not verify the patient reports of comorbidity, and these reports might be 

biased (see study limitation).  

Insomnia was highly associated with severe fatigue in our findings, both in the overall- and the sub-

sample. Results from previous studies vary[15], which might be due to different outcomes of sleep; 

insomnia, sleep quality, daytime sleepiness, and thereby other questionnaires used. In one 

study[86], using the ISI to examine fatigue in patients with MG, insomnia was associated with 

fatigue in the univariate analyses but not in the adjusted analyses. This study used an ISI score of 

≥10 as the cut-off point for insomnia, even though the manual of the ISI recommends a score of ≥8. 

Also, this study adjusted for positive MuSK-ab status, which we didn’t. Further studies are needed 

to unravel the relation between sleep and fatigue in patients with MG.    

We found an association between BMI and severe fatigue, not previously examined. However, 

previous cohorts[112] report increased BMI in patients with MG, which corresponds to our 

findings. Being overweight might be due to inactivity and treatment with steroids, which again 

leads to fatigue. The female gender was previously associated with severe fatigue in MG [15,40], 

but we did not identify this association. No previous studies have found that cohabitation and job 

status are related to fatigue in patients with MG.   
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PHYSICAL ACTIVITY 

In study I, 53% (n=386) of the patients reported low levels of PA measured by the SGPALS. In 

study II, 46% (n=32) of the patients had lower levels than the recommended 150 min/week of 

MVPA measured by accelerometry, and 57% (n=38) did not meet 10,000 steps/day. In the survey 

sample, 48% (n=343) did not meet the recommendations of min 150 min/week measured by the 

IPAQ. Compared to other patient cohorts, the findings were in line with the patient with myotonic 

dystrophy[113] but higher than seen for patients with mitochondrial diseases[114]. 

Compared to previous studies in MG, our findings indicate more active patients. In previous 

studies, only 22% and 30% of the patients met the recommendations for MVPA in bouts of ≥10 

min, and only 22% met the 10,000 steps per day measured by accelerometer[38,39]. However, the 

study by O’Connor[38] also found that 78% achieved the minimum requirements of 64 MET 

min/day recommended by the American Heart Association. Time spent on sedentary behavior was 

almost similar across studies, but our study demonstrated more time spent on MVPA and more 

steps per day than previous findings[32,38,39]. This might be explained by different accelerometers 

and thereby different algorithms, manufacturer software, and cut-off points to determine time spent 

on PA intensities, as our study was the only one using the ActiGraph. However, further research is 

needed to clarify this.  

Comparisons with large-scale studies from the Danish background population were troublesome. 

Depending on which study we compared to, our patients went from being less active to more active 

than the general Danish population, even for studies using the same measurements[73,115,116]. 

The complexity of measuring self-reported PA in larger settings is well-known[117].  

In general, contrariety in findings stresses the complexity of measuring habitual physical activity. 

Study conclusions depend on the PA outcome measure of the studies (e.g., MET, time spent in 

different PA intensities, CPM measured by the accelerometer) and the comparable PA 

recommendations. This challenges the comparison of study findings across clinical or population-

based studies. Moreover, the wording of the recommendations is essential. Patients meeting the 

≥150 min per week might not meet the ≥30 min/day for at least five days (used in the study by 

O’Connor[38] and close to the Danish recommendations of 30 min per day[118,119]), as some 

patients accumulate their exercise in few days. Also, the WHO recommendations have changed 

from 2010[105] to 2020[22], where bouts of a minimum of 10 minutes are no longer required. Our 
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findings were almost similar across different measurements (SGPALS, IPAQ, and accelerometry), 

indicating high validity.  

Remarkably, around half of the included patients did not follow the international recommendations 

of PA, which suggests that PA counseling should be an integrated part of the rehabilitation of 

patients with MG.   

 

FATIGUE AND PHYSICAL ACTIVITY 

We found strong associations between low levels of all fatigue domains (except for mental fatigue 

in the sub-sample) and high levels of PA after adjusting for several patients- and disease-related 

variables. These findings are new, as previous results from cross-sectional studies did not measure 

PA in relation to separated fatigue domains[40,120]. 

Due to our studies' cross-sectional design, causal relationships are not evaluated, and future 

interventional studies are needed to assess the direction of this association. Previous interventional 

exercise studies found minimal and unsustainable[41] or no[30] improvement of fatigue after an 

intervention. However, in one of these studies[41] (combining exercise with psychological 

interventions), the sample size was small (n=10), and exercise was mainly stretching and light 

activities. A combination of exercise and cognitive-behavioral therapy has previously been 

beneficial to manage chronic fatigue in patients with facioscapulohumeral muscular 

dystrophy[120]. 

The study by Rahbek et al.[30], observed a decrease in MG-related quality of life after 8-weeks of 

supervised aerobic training. Also, the study of home-based rowing exercise in 43 patients with gMG 

found no improvements in MG-related quality of life after intervention[121]. These findings are 

discouraging, and further elaboration regarding type and mode of exercise, intensity, and duration 

are needed.    
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PATIENT ACCEPTABLE SYMPTOM STATE 

One-third (n=33) of the patients in study III reported dissatisfaction with their current symptom 

state. Dissatisfaction was associated with severe MG, severe fatigue, depression, short disease 

duration, and low MG-related QoL. Regarding MG severity, the odds for reporting dissatisfaction 

were higher when the MG symptoms were patient-reported (MG-ADL) than clinician-derived 

(QMG), emphasizing that the patient perspective is relevant in the rehabilitation. Despite different 

cultural settings and treatment regimens, previous studies have reported a proportion of PASS-

negative patients[10,11] similar to our findings, which indicates that dissatisfaction is complex and 

might involve non-identified factors.  

One study[11] estimated cut-off points for the MG-ADL, MGC, and MG-QoL15 in relation to 

PASS status. When applied to our cohort, these cut-off points overestimated the number of PASS-

negative answers. However, this might be explained by differences in study designs, as previous 

studies[10,11] were retrospective and did not compare PASS and MG outcomes in the same cohort. 

Our cohort resembled previous cohorts in terms of age, sex, and disease duration.  

Severe fatigue was associated with PASS-negative status. The odds for reporting dissatisfaction 

were similar for physical- and general fatigue, emphasizing what we also found in study I, that 

general fatigue negatively impacts the patient’s well-being at the same level as the disease-induced 

physical fatigue.   

One-fifth of the patients reported depression defined by the MDI. Even though this number seems 

high, previous studies have reported a similar number in patients with MG[15,86,107] and other 

diseases(rheumatoid arthritis, multiple sclerosis)[122,123]. It might therefore be related to the 

burden of living with a chronic disorder. For comparison, the prevalence of depression measured by 

the MDI in 14,787 Danes (≥20 years) was 2.3%[124].  We did not find any associations between 

comorbidity and PASS-status, which might relate to the findings in the sub-sample in study I where 

comorbidity and fatigue were not associated.  

Treatment with steroids and adverse effects are likely to be related, as prednisolone is known to 

cause undesirable adverse effects when used long-term and/or at high doses. However, treatment 

with steroids was not associated with PASS-negative status in our findings. In the Canadian 

study[11], the proportion of dissatisfied patients were similar to our results, despite higher ratios of 

steroid treatment (55-58%) compared to our study (24%), which might indicate that the influence of 
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steroids on PASS status is low. However, further research is needed to determine the impact of 

medical treatment on dissatisfaction across different cultures and treatment regimens.  

We found that MG duration was associated with PASS-negative status, and the PASS-negative 

patients had half the median disease duration than the PASS-positive patients (Table 7). An 

explanation might be that newly diagnosed patients are not yet in stable MG medical treatment and 

might be troubled by contracting a new, chronic disease.   

 

WALKING-RELATED FATIGUABILITY 

In study IV, we identified walking-related fatiguability in the 6MWT in patients with various 

neuromuscular diagnoses. Inspired by this study, we performed study V. We found that the 6MWT 

was useful to measure walking-related fatigability in patients with MG and that RAS improved gait 

speed and walked distances compared to standard 6MWT.  

In study IV, we found that the absolute decrease in gait speed was similar for the patients and the 

healthy controls; however, the percentage drop was larger in the patients. Also, in study V, we 

found that disease severity did not influence walking distance. This might indicate that walking-

related fatiguability is not only related to the ability to perform. It occurs in both patients and 

healthy controls and might also be related to motivation and strategic approaches to the walk test. 

Therefore, it could be relevant in future studies to include measurements of other fatigue domains 

(e.g., the MFI-20 domains general fatigue, reduced activity, and reduced motivation) to explore the 

influence of these domains on walking-related fatiguability.  

Gait speed and walking distance improved at a RAS frequency of 110% of the patient’s fastest gait 

speed. The 110% was a pragmatic balance between obtaining an effect of RAS and a realistic gait 

speed for the patients. We believe that this threshold was optimal, as a previous study[114] found 

reduced synchronization between steps and auditory stimuli when the frequency was further 

increased. Compared to standard 6MWT, RAS improved gait speed and walking distance without 

additional exertion. As we usually rely on, that increasing workload leads to an increase in HR and 

Borg score, these findings were surprising. Previous studies have given a possible explanation of 

this phenomenon: locomotor–respiratory coupling, where respiration synchronizes with locomotion, 
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e.g., during walking, resulting in decreased energy expenditure[125,126]. However, further studies 

are needed to unravel this.  

Bohannon et al. found that the minimal clinically important difference in repeated 6MWTs was 14-

30.5 meters in adults (multiple patient groups, no neuromuscular diseases)[127]. Compared, we can 

discuss the relevance of our findings (8.3 meters) in study V. However, in the review by Bohannon, 

the learning effect explained a substantial part of the improvements in the repeated tests. As patients 

performed the walk tests in study V in a randomized order, there was no learning effect. Also, 

compared to the findings in study IV, the walked distance in patients with MG was closer to the 

performance of healthy controls than in patients with a variety of neuromuscular diseases. 

Therefore, there might be upper limits for further improvements in the included MG patients. The 

patients in study V were slightly younger than those in our other studies (Table 3), and the findings 

might have differed if we had included older patients.  

Findings from study V indicate that walking-related fatiguability might be susceptible to influences 

from external stimuli, e.g., music. These findings add new strategies to existing MG rehabilitation.  
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STUDY LIMITATIONS  

One essential type of bias was selection bias. As the survey design did not allow us to verify the 

diagnoses of the included patients, we might have included non-MG individuals. However, all 

analyses were repeated in a sub-sample of patients on current MG medical treatment AND regularly 

followed by a neurologist. As the study findings of fatigue and PA were almost similar in the 

overall- and the sub-sample, the influence of selection bias and thereby disproportion of the results 

were likely low. Also, the findings of PA in study I were confirmed by accelerometer testing in 

patients with a verified MG diagnosis in study II, indicating a low influence of non-MG individuals.  

As seen in Figure 2, the youngest and oldest patients with MG are underrepresented in the survey. 

Most aging patients did not subscribe e-Boks, and the youngest patients did not respond to the 

survey. However, compared to the other studies, where we consecutively recruited patients from the 

clinic (studies II, III, V), the mean age of the included patients with MG was almost similar across 

study designs (Table 3).  

Information bias might be present in the survey, e.g., for medical treatment and comorbidity, as we 

could not verify this information by medical records due to the study design. In study III, where we 

obtained information about medical treatment from the medical records, 24% of the patients were 

treated with steroids, whereas this was 18% in the survey. Also, compared to study III, where the 

prevalence of depression measured by the MDI (which is a validated diagnostic tool for depression 

in the clinic) was 20%, it was 8% in the survey. Therefore, it might be likely that depression and 

steroid treatment were under-reported in the survey, leading to weakened associations of fatigue. 

Social desirability bias describes a tendency to distort self-reports in a favorable direction and is 

well-known in self-reports of PA[128,129]. However, social desirability bias seems limited in web-

based surveys[130]. Also, as our patient-reported findings of PA were similar to the objective 

measurements of accelerometry (study II), we expect minimal social-desirability bias.    

Covariates were chosen a priori based on evidence from literature and experiences from the clinic. 

However, to avoid multiple testing errors and very comprehensive analyses, the number of 

covariates was limited. Therefore, the amount of residual confounding is unknown and might be 

present.  

We excluded patients with severe medical conditions from study II-V. Therefore, these findings 

might not be representative of most disabled patients. In addition, strong and well-treated patients, 
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who already had positive experiences with PA, might be over-represented in the accelerometry 

measurements of PA. However, variables such as age, sex, BMI, MG severity, and MG-related 

quality of life were almost similar across studies, including the survey (Table 3). The 779 patients 

enrolled in the survey comprised a large proportion of the previously estimated Danish MG cohort 

of around 1000 patients [5]. As we expect a minimal influence of bias on our results, we assume 

that our findings are generalizable to the Danish cohort of patients with MG. Cultural differences in 

perception of fatigue and PA, and differences in treatment regimens of MG, may question the 

generalizability of the findings outside Denmark. However, none of our results conflicted with 

previous international findings, indicating comparable study samples. 

 

 

IMPLICATIONS  

In general, our findings indicate that the well-being and satisfaction of patients with MG depend on 

various factors and not MG symptoms and medical treatment exclusively. Therefore, a more 

patient-centered approach to MG treatment is relevant in the clinic.  

In this thesis, we have elucidated that fatigue in MG is widespread and complex, and we have 

identified factors associated with fatigue. However, future interventional studies are needed to 

unveil causality and dose-response between fatigue and relevant lifestyle factors, such as PA habits. 

As many patients reported low levels of PA, barriers for PA need to be identified, e.g., in qualitative 

study designs with the patient in focus.  

We hope that the findings of this thesis will inspire and motivate other researchers to explore these 

topics even further in a way that benefits patients with MG.  
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Abstract 

The objective of the study was to examine the association between fatigue (measured by the Multidimensional Fatigue Inventory; MFI-20) 
and physical activity (measured by the Saltin-Grimby Physical Activity Level Scale; SGPALS) in a large cohort of patients ( ≥18 years) with 
myasthenia gravis (MG) including relevant disease - and lifestyle-related factors. A total of 1463 persons, registered at the Danish National 
Registry of Patients with a MG diagnosis, according to the International Classification of Diseases, received a web-based survey. A total of 
779 patients (53% women, mean [SD] age 60.8 [15.5]) responded. The remaining persons were either non-responders ( n = 390) or could 
not confirm the MG diagnosis ( n = 294). The most prominent MFI-20 fatigue domains were general fatigue (median [inter-quartile ranges, 
IQR], 13 [10–16]) and physical fatigue (median [IQR], 13 [9–15]), and 386 (53%) patients reported low levels of physical activity. All 
fatigue domains were associated with physical activity ( p < .01). Higher level of physical activity was associated with lower levels of fatigue. 
Important factors for the association were myasthenia gravis disease severity (measured by the Myasthenia Gravis Activities of Daily Living 
profile), body mass index, insomnia (measured by the Insomnia Severity Index) job-status, comorbidity, and cohabitation. 
© 2021 The Author(s). Published by Elsevier B.V. 
This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 

Keywords: Myasthenia gravis; Fatigue; Physical activity level; MG disease severity; Sleep; Web-based survey. 

1. Introduction 

Myasthenia gravis (MG) is a chronic, autoimmune disease 
with fluctuating strength of voluntary muscles and distinct 
muscular fatigue. However, many patients with MG in our 
clinic also complain about another type of fatigue; a severe, 
overwhelming and constant fatigue that does not disappear 
at rest and is perceived different from the well-known and 

well-described muscular fatigue. 
No standard definition of fatigue exists, although many 

suggestions have been proposed. In one attempt of defining 
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fatigue in neurological diseases, fatigue was categorized into 

peripheral and central fatigue [1] . Peripheral fatigue was 
defined as muscle fatiguability as found in patients with MG. 
Central fatigue was defined as a subjective sense of fatigue 
including both cognitive and mental fatigue [1] . When using 

this definition of central fatigue, previous studies in MG 

have reported a prevalence of patient-reported central fatigue 
between 42 and 82% [2] . Central fatigue has been related 

to MG severity, autonomic disturbances, depressive state, 
female sex, and sleep disturbances [3–7] , and has a substantial 
impact on activities of daily living and quality of life [ 3 , 4 ]. 
Central fatigue seems to be improved by some novel therapies 
[8] . 

In MG research, a variety of patient-reported 

questionnaires, both generic and MG specific, are used to 

measure fatigue [2] . However, most of these questionnaires 

https://doi.org/10.1016/j.nmd.2021.05.007 
0960-8966/© 2021 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license 
( http://creativecommons.org/licenses/by/4.0/ ) 

Downloaded for Anonymous User (n/a) at Copenhagen University Library from ClinicalKey.com by Elsevier on September 
21, 2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.nmd.2021.05.007&domain=pdf
http://www.sciencedirect.com
https://doi.org/10.1016/j.nmd.2021.05.007
http://www.elsevier.com/locate/nmd
http://creativecommons.org/licenses/by/4.0/
mailto:linda.kahr.andersen@regionh.dk
https://doi.org/10.1016/j.nmd.2021.05.007
http://creativecommons.org/licenses/by/4.0/


L.K. Andersen, M. Aadahl and J. Vissing Neuromuscular Disorders 31 (2021) 716–725 

only cover one or two fatigue domains, e.g., cognitive, mental 
and/or physical fatigue, summarize one total score across 
fatigue domains, include items not relevant for MG patients, 
or are to comprehensive to include in a survey. Using a 
multidimensional assessment tool for future research on 

fatigue in MG has been recommended in a recent systematic 
review of fatigue in MG [2] . The Multidimensional Fatigue 
inventory (MFI-20) [9] is such an assessment tool, which 

is easy to use and includes five fatigue domains; physical 
fatigue, general fatigue, reduced activity, reduced motivation 

and mental fatigue. This tool and these fatigue terms are 
used in the present study, where the domain, physical fatigue, 
is considered to correspond to the definition of peripheral 
fatigue, whereas the remaining domains represent different 
aspects of the central fatigue. 

Recent trials [ 10 , 11 ], as well as older case-studies of 
patients with MG participating in endurance [12–14] or 
resistance training [ 15 , 16 ], suggest that exercise training is 
beneficial, especially by increasing muscle strength without 
apparent side effects. However, only one small study [17] has 
examined the level of habitual physical activity in patients 
with MG. Habitual physical activity refers to the physical 
activity (PA) that is integrated in peoples’ everyday life 
in their natural environment, and thus covers the activity 

level of a whole day instead of dedicated exercise sessions. 
Habitual physical activity is a relevant and important outcome 
measure in research, as lifelong habitual PA at recommended 

intensities is important to obtain the well-known health 

benefits of being physically active. No previous studies have 
examined the influence of fatigue on habitual physical activity 

levels in MG, and a better understanding of the potential 
association between different types of fatigue and PA in these 
patients is needed. 

The objective of the study was to describe fatigue and 

PA levels in a national cohort of patients with MG, and to 

examine the association between different fatigue domains 
and PA levels, including relevant disease - and lifestyle-related 

factors. 

2. Materials and methods 

All Danish citizens are assigned a unique 10-digit civil 
registration number at birth or upon immigration. This has 
been used since 1977 to store data on all hospital in- 
and outpatient discharges in the Danish National Registry 

of Patients (DNRP). Most Danes use e-Boks, a personal, 
digital mailbox, connected to the civil registration number, 
to communicate sensitive information e.g. with health 

authorities. 
In this study, we obtained permission to extract contact 

information from the Danish National Registry of Patients on 

persons registered with a diagnostic code of MG. The persons 
were ≥18 years, residents of Denmark, subscribed to e-Boks, 
and were coded according to International Classification of 
Diseases eight edition (ICD-8: 733.09, 1971- 1993) or tenth 

edition (ICD-10; G.70.0, from 1994) in the period from 1977 

to end of 2018. 
Persons, who met these criteria, were invited to participate 

in a web-based survey, using the software REDCap (© 2018 

Vanderbilt University). All responses to the survey were 
automatically stored in a secure database. The invitation was 
sent out three times; first, in June 2019 and to non-responders 
in July 2019 and November 2019. 

The study was approved by the ethics committee of 
the Capital Region of Denmark (approval H-18,031,231), 
registered at the Danish Data Protection Agency (VD-2018–
440, I-Suite nr.6694) and approved by the Danish Health Data 
Authority. Written informed consent was obtained from all 
participants. 

2.1. Questionnaires 

2.1.1. Fatigue 
The MFI-20 [9] is a generic, self-reported questionnaire 

that measures fatigue severity. The development of the 
questionnaire was based on comprehensive patient interviews, 
literature studies and theoretical considerations [18] . In the 
original validation study, Cronbach’s alpha was reported to 

be 0.84 [9] . The MFI-20 has been validated and/or used in 

several clinical and healthy populations since 1995, including 

patients with neurological diseases, e.g. multiple sclerosis, 
stroke, polio and spinal muscular atrophy [19–25] . The 
MFI-20 was in 2000, in a study of fatigue in the Danish 

background population, validated and translated into Danish 

[ 26 , 27 ]. MFI-20 contains 20 items and categorises fatigue into 

five domains: general fatigue (e.g., “I feel tired”), physical 
fatigue (e.g., “Physically, I feel I am in bad condition”), 
reduced activity (e.g., “I get little done”), reduced motivation 

(e.g., “I don’t feel like doing anything”) and mental fatigue 
(e.g., “It takes a lot effort to concentrate on things”). The 
response options consist of five check boxes ranging from 

“Yes, that is true” to “No, that is not true”. The total score 
in each domain ranges from 4 to 20, with higher scores 
indicating higher levels of fatigue. A total score across fatigue 
domains is not recommended. 

2.1.2. Physical activity level 
The Saltin–Grimby Physical Activity Level Scale 

(SGPALS), which was developed in 1968 [28] , has been 

modified in various ways [ 29 , 30 ]. As the SGPALS is an 

easy-to-use measurement tool for self-reported PA, it has 
been used in several large-scale population-based studies, 
also in Denmark [31–35] . SGPALS has been used in patients 
with stroke [36–39] , but never in patients with MG. High 

reliability and validity of SGPALS has been demonstrated 

[40] . In the present study, we measured PA levels based 

on the original questionnaire, but with a slightly modified 

wording both in the following question and in the four 
response categories: “During the last year, how physically 

active have you been, including leisure time activities and 
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transportation? Please categorize yourself into one of four 
levels of physical activity”: 

I (Sedentary). Mainly sedentary or engaged in light physical 
activity less than 2 h per week (e.g., reading books, 
watching television, or going to the cinema). 

II (Light to moderate). Light-to-moderate physical activity 

2–4 h per week (e.g., walking, cycling for pleasure, 
gardening, housework, light exercise). 

III (Regular moderate). Moderate physical activity more than 

4 h per week, or more strenuous activities 2–4 h per week 

(e.g. brisk walking, fast bicycling, heavy gardening, or 
exercises that makes you short of breath). 

IV (Regular vigorous). More strenuous physical activities 
more than 4 h per week, or regular vigorous exercise (e.g. 
competitive sport) several times a week. 

2.1.3. MG severity 
The Myasthenia Gravis Activities of Daily Living profile 

(MG-ADL) is an 8-item patient-reported questionnaire where 
a higher score indicates higher MG severity (total score 
range 0–24) [41] . The scale assesses common MG-symptoms 
and dysfunctions, including questions of ocular, bulbar, 
respiratory, and extremity functions. Patients were asked about 
symptoms endured in the past seven days. The MG-ADL is 
found valid as an outcome measure in research and clinical 
practice [42] . 

2.1.4. Quality of life 
The MG-specific quality-of-life instrument (MG-QoL15) 

is a 15-item questionnaire assessing quality of life in patients 
with MG. Rating consists of a 5-point scale ranging from 0 to 

4 indicating the patient’s agreement with a given statement; 
summing up to a total score of 0–60 points (60 = low quality 

of life). The MG-QoL15 was developed in 2008 [43] , and 

has been found valid and reliable [ 8 , 44 , 45 ] in patients with 

MG. The MG-QoL15 has been revised (MG-QoL15r) [46] in 

2016, but for comparison of results from older studies, the 
original MG-QoL15 is used in present study. 

2.1.5. Insomnia 

The Insomnia Severity Index (ISI) (Mapi Research Trust, 
Lyon, France) measures self-reported sleep quality and 

disturbances during the previous 2 weeks. The ISI comprises 
seven items assessing the perceived severity of insomnia, each 

item rated on a five-point scale (total score 0–28, most severe 
insomnia = 28). A total score ≥ 8 indicate clinical insomnia. 
ISI was developed in 1993 [47] , used in several clinical and 

healthy populations, including patients with MG [3] . The 
reliability and validity of ISI has been tested and found to 

be good [48] . 

2.1.6. Background information 

Patients reported age, sex, height + weight (used to 

calculate body mass index, BMI), MG duration, current job 

status, frequency of follow-up at neurologist, thymectomy 

and family status (cohabitant with person(s) ≥ 18 years). In 

addition, there were questions (with yes/no answers) about 
comorbidities relevant for fatigue and physical activity, and 

questions about the most common medical treatment for MG 

and comorbidity. 

2.2. Statistical analyses 

Continuous variables were presented by means and 

standard deviation (SD). Non-parametric continuous variables 
were presented by medians and inter-quartile ranges 
(IQR). Normality was assessed visually by histograms and 

boxplots. Categoric variables were presented by numbers and 

percentages. 
For a descriptive purpose, the SGPALS was categorized 

into two groups; low PA (levels I and II) and regular PA 

(levels III and IV). Differences in characteristics between low 

and regular levels of PA were investigated by unpaired t- test 
for continuous data, by Mann-Whitney test for non-normal 
continuous data, and by Fisher’s exact test for categoric 
data, and presented in Table 2 . We did not present such a 
descriptive table for fatigue, as no cut-off points for low/high 

fatigue exist for MFI-20. However, differences were reported 

in text, based on the sample median score in each fatigue 
domain. 

To examine the association between fatigue and PA, a 
general linear regression model was applied, using MFI- 
20 scores in each fatigue domain as continuous outcome 
variables. Covariates, included in the statistical models, were 
selected a priori, and determined from known evidence, or 
experiences from the clinic. Age, BMI, MG duration, MG- 
ADL, MFI-20 and ISI scores were included as continuous 
variables. Sex, job-status, cohabitation, medication other than 

MG treatment, and comorbidity were included as categoric 
variables. 

Collinearity among covariates were examined by 

correlation analyses included in the models. To prevent 
collinearity, MG-QoL15 was not included in the statistical 
models as collinearity was expected between MG-QoL15 

and MG-ADL because many of the items in these scales are 
alike. The regression models were executed as complete-case 
analysis and checked by 1) goodness of fit test, 2) test for 
linearity of covariates by adding log transformed covariates 
into the model, 3) test of accumulated residuals by plots and 

p-values. Convergence criterion was satisfied in all analyses. 
Some responders confirmed their MG diagnosis but 

were not regularly followed by a neurologist and/or 
pharmacologically treated for MG. Therefore, to avoid 

misleading conclusions due to including potential non-MG 

persons, all analyses were additionally executed on a sub- 
sample of patients ( n = 486). These patients were regularly 

followed by a neurologist and were on active MG treatment. 
For analyses, a p ≤0.05 (2-tailed testing) was considered 

significant. All statistical analyses were carried out using SAS 

enterprise guide 7.1. 
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Danish residents coded for MG according to the
ICD 8 or ICD 10 from 1977 to end 2018,

n=1745

Pa�ents excluded due to:

Not subscribing e-Boks, n=282

Not recognizing MG diagnosis, n=294

Not-responding, n=390

Responders
n=779

Fig. 1. Flowchart of included and excluded patients. 

3. Results 

3.1. Study population 

A total of 1745 persons were registered at the DNPR with 

a diagnostic code of MG. However, 282 persons (mean age 
[SD], 78 [12.6] years, women 164 [58%]), did not subscribe 
to e-Boks, and 390 persons (mean age [SD], 55 [16.5] 
years, women 226 [58%]) never responded to the survey and 

were excluded. Another 294 persons phoned or emailed the 
study coordinator (LKA) because; 1) they were mistakenly 

registered at the DNPR with a MG diagnosis, but suffered 

from another neuromuscular disease, or 2) they haven’t had 

any MG symptoms for years and were uncertain of the 
MG diagnosis. These 294 patients were excluded. This left 
779 participants who completed the survey either completely 

( n = 662) or partially ( n = 117). Of these 779 patients, 499 

(64%) responded the first time the invitation was sent out 
(June 2019), 193 (25%) the second time (July 2019) and 87 

(11%) the last time (November 2019). 
The response rate was calculated according to 

recommended standards from the American Association for 
Public Opinion Research [49] . Response rate = (662 + 117/ 
(662 + 117) + e (282 + 390)), where e is the estimated 

proportion of persons of unknown MG status that were 
expected to have a MG diagnosis. As the Danish MG 

population is estimated to be 1000 patients [50] , and 

as 779 patients already responded, we expected that 221 

(approximately one third) of the 672 with unknown eligibility 

( e = 0.33) likely could have a diagnosis of MG. Therefore, 
the response rate of the survey was set at 78%. Enrolment 
pathway is illustrated in Fig. 1 . 

The demographic characteristics of the patient samples are 
presented in Table 1 . The distribution of characteristics in the 
sub-sample ( n = 486) was very similar to the overall sample. 

3.2. Fatigue 

The MFI-20 domains general fatigue (median 13, IQR 10–
16), physical fatigue (median 13, IQR 9–15) and reduced 

activity (median 12, IQR 9–15) were the most pronounced 

fatigue domains in this cohort ( Table 1 ). Reduced motivation 

and mental fatigue were less pronounced with a sample 
median score of 9. This distribution was similar in the 
sub-sample ( n = 486), and in patients not regularly followed 

by a neurologist and not on MG treatment ( n = 144). 
The distribution pattern was similar in patients reporting 

comorbidity/no comorbidity, even though comorbid patients 
had higher scores in all fatigue domains vs. patients 
reporting no comorbidity ( p < .01). Also, patients with another 
autoimmune disease besides MG and patients treated with 

steroids had higher fatigues scores than the remaining MG 

patients ( p < .01). 
Regarding general fatigue, patients with a median score 

≥13 ( n = 358, 50%) compared to patients with a score < 13 

( n = 356, 50%), were more often women (55 vs 45%, p < .01), 
more often retired due to illness (70 vs 30%, p < .01), more 
often reporting comorbidities (55 vs 45%, p < .01), more often 

lived alone (62 vs 39%, p < .01), had lower MG-related QoL 

(MG-QoL15, median 17 vs. 3, p < .01), had more problems 
sleeping (ISI, median 12 vs. 5, p < .01), were more often on 

medical treatment for diseases other than MG (54% vs 46%, 
p = .01), and reported higher level of disease severity (MG- 
ADL, median 4 vs. 1, p < .01). These patterns were similar 
for the remaining MFI-20 fatigue domains, also in the sub- 
sample. 

3.3. Physical activity 

The distribution of SGPALS levels ( Table 1 ), resulted in 

386 (53%) patients categorized in the group with low PA 
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Table 1 
Characteristics of the study samples. 

Overall sample 
( n = 779) 

Sub-sample 
( n = 486) 

Age, years 60.8 (15.5) 62.5 (14.9) 
Sex 

Female 413 (53%) 245 (50%) 
Male 365 (47%) 241 (50%) 

BMI, kg/m 

2 27.2 (5.7) 27.6 (6.1) 
MG duration, years 13.6 (12.4) 11.6 (11.0) 
Job status 

Retired due to age 328 (42%) 229 (47%) 
Working full- or part-time 300 (39%) 173 (36%) 
Retired due to sickness 82 (11%) 46 (9%) 
Out of work a 50 (6%) 28 (6%) 
Student 17 (2%) 9 (2%) 

Regularly follow-up by neurologist 
Yes 528 (68%) 486 (100%) 
No 250 (32%) 0 

Thymectomy 
Yes 235 (30%) 130 (27%) 
No 542 (70%) 355 (73%) 

MG Treatment b 

Pyridostigmine 448 (56%) 359 (74%) 
Azathioprine 237 (30%) 224 (46%) 
Glucocorticoids 92 (12%) 87 (18%) 
Atropine 86 (11%) 74 (15%) 
Mycophenolic acid 44 (6%) 37 (8%) 
Methotrexate 34 (4%) 30 (6%) 
Immunosuppressive drugs, other 74 (9%) 62 (13%) 
Immunoglobulin 19 (2%) 17 (4%) 
Plasmapheresis 8 (1%) 3 (1%) 
No treatment 187 (24%) 0 

Comorbidity b 

No comorbidity 234 (30%) 129 (27%) 
Hypertension/high cholesterol 238 (31%) 162 (33%) 
Pain in bone/joint 186 (24%) 119 (25%) 
Conditions affecting PA level, other 123 (16%) 77 (16%) 
Autoimmune disease, other 75 (10%) 40 (8%) 
Diabetes, type 2 64 (8%) 48 (10%) 
Chronic pain, other 61 (8%) 38 (8%) 
Depression/anxiety 58 (8%) 38 (8%) 
Chronic fatigue syndrome 44 (6%) 27 (6%) 
Chronic obstructive lung disease 34 (4%) 22 (5%) 
Severe cardiovascular disorder 26 (3%) 18 (4%) 

SGPALS 
I: Sedentary 81 (11%) 52 (11%) 
II: Light to moderate 305 (42%) 178 (39%) 
III: Regular moderate 290 (40%) 201 (44%) 
IV: Regular vigorous 55 (7%) 28 (6%) 

MFI-20, total 
General fatigue 13 (10–16) 13 (10–15) 
Physical fatigue 13 (9–15) 13 (10–15) 
Reduced activity 12 (9–15) 12 (9–15) 
Reduced motivation 9 (6–11) 9 (7–12) 
Mental fatigue 9 (6–12) 10 (6–12) 

MG-ADL, total 3 (1–5) 3 (1–5) 
MG-QoL15, total 9 (2–19) 11 (4–21) 
ISI, total 8 (4–13) 8 (4–13) 

Legend Table 1: Age, BMI (Body mass index), MG duration: mean (standard deviation, SD). MFI-20 (Multidimensional Fatigue Inventory), MG-ADL 

(MG Activities of Daily Living profile), MG-QoL15 (MG-specific quality-of-life instrument), ISI (Insomnia Severity Index): median (Inter-quartile ranges, 
IQR). The SGPALS (Saltin-Grimby Physical Activity Level Scale) and the remaining variables are presented by numbers (n) and percentages (%). 

a Out of work = unemployed, sick-leave, non-classified. 
b Multiple answers so percentages do not add to 100%. As some responders completed the questionnaires partially there was missing data in the overall 

sample: age, sex, follow up at neurologist ( n = 1), Job-status, thymectomy ( n = 2), BMI ( n = 6), MG-duration ( n = 7), SGPALS ( n = 48), MFI-20 ( n = 65), 
MG-ADL ( n = 72), MG-QoL15 ( n = 73), ISI ( n = 68). Missing data in the sub-sample: Job-status ( n = 1), thymectomy ( n = 1), BMI ( n = 4), MG-duration 
( n = 2), SGPALS ( n = 27), MFI-20 ( n = 36), MG-ADL ( n = 39), MG-QoL15 ( n = 40), ISI ( n = 37). 
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Table 2 
Characteristics distributed between the physical activity levels; Low and 
Regular. 

Physical activity (PA) levels 

Low level 
( n = 386) 

Regular level 
( n = 345) P-value 

Age, years 62.3 (15.4) 58.5 (15.4) < 0.01 
Sex 0.77 

Female 201 (52%) 184 (53%) 
Male 185 (48%) 161 (47%) 

BMI, kg/m 

2 27.9 (6.4) 26.4 (4.9) < 0.01 
MG duration, years 14 (12.2) 14 (12.2) 0.97 
Job status < 0.01 

Retired due to age 182 (47%) 125 (36%) 
Working full- or part-time 129 (34%) 160 (46%) 
Retired due to sickness 44 (11%) 27 (8%) 
Out of work a 23 (6%) 24 (7%) 
Student 8 (2%) 9 (3%) 

Cohabitant b 0.86 
No 83 (22%) 72 (21%) 
Yes 303 (78%) 273 (79%) 

Comorbidity c < 0.01 
No comorbidity 121 (31%) 146 (42%) 
Comorbidity 265 (69%) 199 (58%) 

MFI-20, total < 0.01 
Physical fatigue 14 (11–17) 11 (7–14) 
General fatigue 13 (11–16) 12 (8–15) 
Reduced activity 13 (11–16) 10 (8–13) 
Reduced motivation 10 (8–12) 8 (6–11) 
Mental fatigue 10 (7–12) 8 (6–12) 

MG-ADL, total 3 (1–6) 2 (1–4) < 0.01 
MG-Qol15, total 12 (3–25) 7 (2–14) < 0.01 
ISI, total 9 (5–14) 7 (3–12) < 0.01 

Legend Table 2: Age, BMI (Body mass index), MG duration: mean (standard 
deviation, SD). MFI-20 (Multidimensional Fatigue Inventory), MG-ADL 

(MG Activities of Daily Living profile), MG-QoL15 (MG-specific quality-of- 
life instrument), ISI (Insomnia Severity Index): median (Inter-quartile ranges, 
IQR). The remaining variables are presented by numbers (n) and percentages 
(%). 

a Out of work = unemployed, sick-leave, non-classified. 
b with person(s) ≥18 years. 
c Comorbidity specified in Table 1 . N = 731 patients completed the 

SGPALS questionnaire. There was missing data on BMI ( n = 1), MG 

duration ( n = 2), MFI-20 ( n = 17), MG-ADL ( n = 24), MG-QoL15 ( n = 25), 
ISI ( n = 20). 

(levels I + II) and 345 (47%) categorized in the group with 

regular PA (levels III + IV). An almost similar distribution was 
seen for the sub-sample (low PA: 50%, regular PA: 50%). 
Compared to patients in the group with regular PA ( Table 2 ), 
patients in the group with low PA were slightly older (mean 

age 62 vs 59, p < .01), had a higher mean BMI (27.9 vs 26.4, 
p < .01), more often reported comorbidity (69 vs 58%, p < .01), 
more MG symptoms (MG-ADL, median 3 vs 2, p < .01), lower 
QoL (MG-QoL15, 12 vs 7, p < .01), more sleep problems (ISI, 
9 vs 7, p < .01), and reported higher levels of fatigue in all 
domains ( p < .01). These patterns were also present in the sub- 
sample. 

3.4. Fatigue and physical activity 

The association of fatigue and PA in the overall sample and 

the sub-sample are presented in Tables 3 and 4 , respectively. 

There was a strong significant association between the MFI- 
20 fatigue domains and SGPALS, indicating that higher level 
of PA was associated with lower levels of fatigue, in both 

the overall sample and in the sub-sample, except for mental 
fatigue in the sub-sample. Statistically significant covariates 
influencing on this association were primarily MG severity 

(MG-ADL) and insomnia (ISI). Also, BMI, comorbidity 

(e.g., depression/anxiety), and job-status influenced on the 
association in the overall sample, but not in the sub-sample, 
while cohabitation was a statistically significant covariate in 

the sub-sample. 

4. Discussion 

In this survey of 779 patients with MG, self-reported high 

levels of fatigue and low levels of PA were frequent, and 

strongly associated. Important covariates in this association 

were MG disease severity, sleep quality, BMI, comorbidity, 
job-status, and cohabitation. 

The level of general fatigue and physical fatigue were 
similar in this cohort, and these fatigue domains were the 
two most pronounced domains in the sample. This was also 

seen in the Danish background population [27] . Also, the 
MFI-20 domain for reduced activity was pronounced in this 
sample, whereas the median sample score of the domains 
reduced motivation and mental fatigue were lower. In one 
study of 4964 Danish adults in late mid-life (age 49–63) 
[51] , the median sample score was 9 for general fatigue and 

physical fatigue, and 7 for the remaining domains, indicating 

an increased level of fatigue in patients with MG compared 

to a healthy population. An increased level of fatigue in MG 

compared to healthy controls has previously been reported 

[ 4 , 5 ]. However, patients reporting full remission (MG-ADL 

score = 0) ( n = 142) had fatigue scores very similar to the 
non-MG background population [51] . The fatigue scores in 

the present cohort were slightly lower than found in patients 
with Parkinson disease [52] , chronic fatigue syndrome [53] , 
multiple sclerosis [24] and almost similar to fatigue scores in 

post-stroke patients [20] and patients with other autoimmune 
diseases [54] . One previous study has published results of 
MFI measurements in patients with neuromuscular diseases, 
finding a fatigue level in adult patients with spinal muscular 
atrophy lower (except for physical fatigue) than found 

in patients with MG [25] . Due to a large variation in 

measurement tools of fatigue across studies, comparison of 
results in previous MG studies are difficult. However, this 
study was the first to measure the level of fatigue in five 
different fatigue domains. 

The grouping of SGPALS scores into low- and regular 
PA, as performed in other patient studies [54] , gave us 
the opportunity to differentiate between patients meeting/not 
meeting the existing recommendations from WHO [55] . 
We assumed that patients who reported SGPALS scores 
III and IV met the WHO recommendations (minimum 

150 min per week of moderate intensity), corresponding to 

47% of the cohort. The 53% of the patients, not meeting 

the recommendations, corresponded to findings in patients 
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Table 3 
Association of fatigue and physical activity level in the overall sample. 

General fatigue β (CI) Physical fatigue β (CI) Reduced activity β (CI) Reduced motivation β (CI) Mental fatigue β (CI) 

Univariate 
SGPALS −1.29 ( −1.67–0.90) −2.36 ( −2.72–2.00) −2.27 ( −2.62–1.92) −1.19 ( −1.50—0.88) −0.90 ( −1.27—0.54) 
Age −0.01 ( −0.03–0.01) 0.01 (0.00–0.04) 0.02 (0.00–0.04) 0.02 (0.00–0.04) −0.01 ( −0.03–0.01) 
Sex a 0.96 (0.35–1.57) 0.63 (0.0–1.26) 0.21 ( −0.39–0.82) −0.06 ( −0.56–0.44) 0.70 (0.12–1.27) 
BMI, kg/m 

2 0.06 (0.00–0.11) 0.15 (0.10–0.20) 0.09 (0.04–0.14) 0.06 (0.02–0.11) 0.00 ( −0.05–0.05) 
Job-status b 0.96 (0.34–1.58) 1.45 (0.82–2.08) 1.75 (1.15–2.36) 1.24 (0.74–1.74) 1.20 (0.61–1.78) 
Cohabitant c 1.58 (0.83–2.33) 1.65 (0.89–2.41) 1.56 (0.82–2.30) 1.12 (0.52–1.73) 1.46 (0.75–2.16) 
MG duration −0.03 ( −0.06–0.01) −0.01 ( −0.04–0.01) −0.02 ( −0.04–0.01) −0.03 ( −0.05—0.01) −0.03 ( −0.05—0.01) 
MG-ADL 0.73 (0.63–0.83) 0.76 (0.66–0.86) 0.69 (0.60–0.79) 0.42 (0.33–0.50) 0.62 (0.53–0.72) 
Depression/anxiety d 2.66 (1.49–3.82) 3.33 (2.16–4.51) 3.13 (1.99–4.28) 2.39 (1.44–3.33) 2.74 (1.65–3.84) 
Comorbidity e 1.42 (0.80–2.04) 2.30 (1.68–2.92) 1.67 (1.06–2.28) 1.08 (0.57–1.59) 0.86 (0.26–1.45) 
Medication, others f 1.00 (0.38–1.63) 2.12 (1.49–2.74) 1.70 (1.09–2.31) 0.95 (0.45–1.46) 0.71 (0.12–1.30) 
ISI 0.38 (0.33–0.42) 0.31 (0.26–0.36) 0.27 (0.22–0.32) 0.18 (0.14–0.22) 0.33 (0.29–0.38) 

Multivariable 
SGPALS −0.67 ( −0.99–0.34) −1.63 ( −0.95–1.30) −1.63 ( −1.96–1.31) −0.74 ( −1.04—0.44) −0.33 ( −0.65—0.01) 
Age −0.01 ( −0.03–0.01) −0.00 ( −0.01–0.01) 0.01 ( −0.00–0.02) 0.01 ( −0.01–0.03) −0.01 ( −0.03–0.01) 
Sex a 0.20 ( −0.33–0.73) 0.30 ( −0.04–0.60) −0.28 ( −0.60–0.03) −0.20 ( −0.70–0.29) 0.08 ( −0.44–0.60) 
BMI, kg/m 

2 −0.01 ( −0.05–0.04) 0.06 (0.33–0.53) 0.01 ( −0.04–0.05) 0.02 ( −0.03–0.06) −0.05 ( −0.09—0.01) 
Job-status b 0.29 ( −0.30–0.87) −0.08 ( −0.41–0.25) 0.64 (0.06–1.22) 0.50 ( −0.05–1.04) 0.73 (0.16–1.31) 
Cohabitant c 0.35 ( −0.26–0.96) 0.14 ( −0.25–0.54) 0.01 ( −0.33–0.45) 0.50 ( −0.07–1.07) 0.40 ( −0.20–1.00) 
MG duration −0.02 ( −0.04–0.00) 0.01 ( −0.00–0.02) −0.00 ( −0.02–0.01) −0.02 ( −0–04–0.00) −0.02 ( −0.04–0.00) 
MG-ADL 0.43 (0.33–0.53) 0.43 (0.33–0.53) 0.43 (0.32–0.53) 0.22 (0.13–0.32) 0.37 (0.28–0.47) 
Depression/anxiety d 0.13 ( −0.86–1.13) 0.35 ( −0.29–0.98) −0.16 ( −0.78–0.47) 0.96 (0.03–1.89) 0.57 ( −0.41–1.55) 
Comorbidity e 0.48 ( −0.14–1.09) 0.81 (0.20–1.41) −0.39 ( −0.77–0.00) 0.24 ( −0.33–0.81) −0.12 ( −0.72–0.49) 
Medication, others f −0.13 ( −0.75–0.50) 0.39 ( −0.23–1.00) 0.37 ( −0.04–0.78) −0.13 ( −0.71–0.45) 0.01 ( −0.60–0.63) 
ISI 0.27 (0.23–0.32) 0.17 (0.13–0.22) 0.14 (0.10–0.19) 0.11 (0.06–0.15) 0.24 (0.20–0.29) 

Legend Table 3: Estimate ( β), CI (confidence intervals), in bold: p < .05. 
a female vs male. 
b no work vs work. 
c cohabitant (living alone vs living with person(s) ≥18 years). 
d yes vs no. 
e yes/no, diseases listed in Table 1 . 
f yes/no, medication other than MG medication e.g., benzodiazepines. Abbreviations: BMI (Body mass index), MG-ADL (MG Activities of Daily Living 

profile), ISI (Insomnia Severity Index), SGPALS (Saltin-Grimby Physical Activity Level Scale), MFI-20 (Multidimensional Fatigue Inventory). The analyses 
were made as complete-case analysis ( n = 690). 

Table 4 
Association of fatigue and physical activity level in the sub-sample. 

General fatigue β (CI) Physical fatigue β (CI) Reduced activity β (CI) Reduced motivation β (CI) Mental Fatigue β (CI) 

Multivariable 
SGPALS −0.65 ( −1.07–0.22) −1.68 ( −2.09–1.28) −1.58 ( −2.00–1.16) −0.92 ( −1.32—0.52) −0.29 ( −0.71–0.14) 
Age −0.01 ( −0.04–0.02) 0.00 ( −0.03–0.02) −0.00 ( −0.03–0.02) −0.00 ( −0.03–0.02) −0.02 ( −0.05–0.00) 
Sex a 0.47 ( −0.21–1.15) 0.18 ( −0.47–0.83) −0.41 ( −1.08–0.26) −0.28 ( −0.92–0.37) −0.20 ( −0.88–0.48) 
BMI, kg/m 

2 −0.01 ( −0.06–0.04) 0.07 (0.02–0.12) 0.00 ( −0.05–0.05) 0.02 ( −0.03–0.07) −0.04 ( −0.10–0.01) 
Job-status b 0.14 ( −0.63–0.91) −0.11 ( −0.85–0.62) 0.12 ( −0.63–0.87) 0.23 ( −0.49–0.96) 0.60 ( −0.17–1.37) 
Cohabitant c 0.49 ( −0.26–1.25) 0.85 (0.13–0.158) 0.78 (0.04–1.53) 0.82 (0.10–1.54) 0.59 ( −0.16–1.34) 
MG duration −0.02 ( −0.05–0.01) 0.02 ( −0.01–0.05) 0.00 ( −0.02–0.02) −0.02 ( −0.05–0.00) −0.02 ( −0.05–0.00) 
MG-ADL 0.44 (0.31–0.57) 0.45 (0.32–0.57) 0.46 (0.33–0.59) 0.19 (0.07–0.32) 0.39 (0.26–0.52) 
Depression/anxiety d 0.51 ( −0.73–1.75) 1.13 ( −0.06–2.31) 1.09 ( −0.13–2.30) 1.57 (0.40–2.74) 0.96 ( −0.27–2.20) 
Comorbidity e , −0.05 ( −0.82–0.72) 0.61 ( −0.12–1.35) −0.26 ( −1.01–0.50) 0.31 ( −0.42–1.03) −0.21 ( −0.98–0.55) 
Medication, others f 0.36 ( −0.43–1.15) 0.09 ( −0.67–0.84) 0.49 ( −0.29–1.27) −0.15 ( −0.90–0.60) 0.35 ( −0.44–1.14) 
ISI 0.24 (0.18–0.29) 0.17 (0.12–0.23) 0.16 (0.10–0.21) 0.12 (0.07–0.12) 0.25 (0.19–0.30) 

Legend Table 4: The sub-sample of patients were all on MG treatment and in regularly contact with a neurologist. Estimate ( β), CI (confidence intervals), in 
bold: p < .05. 

a female vs male. 
b no work vs work. 
c cohabitant (living alone vs living with person(s) ≥ 18 years). 
d yes vs no. 
e yes/no, diseases listed in Table 1 . 
f yes/no, medication other than MG medication e.g., benzodiazepines. Abbreviations: BMI (Body mass index), MG-ADL (MG Activities of Daily Living 

profile), ISI (Insomnia Severity Index), SGPALS (Saltin-Grimby Physical Activity Level Scale), MFI-20 (Multidimensional Fatigue Inventory). The analyses 
were made as complete-case analysis ( n = 437). 
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with myotonic dystrophy type 1 [56] , whereas patients 
with MG seemed more physically active than patients with 

mitochondrial disease [57] . Comparing our findings of PA 

levels with findings in the Danish general population did not 
lead to any firm conclusions. The results from the large- 
scale Danish population studies were heterogeneous, and 

depending on which study we compared to, patients with 

MG were either more active or less active than the general 
Danish population [58–60] . The question used in these large- 
scale Danish population studies are found to be strongly 

dependent on the context of the examination and the mode 
of the administration of the questionnaire [61] . However, this 
hampers the possibility to compare the PA levels in MG with 

healthy counterparts, which is a limitation. 
In general, it is noteworthy that assessment of PA level 

in both clinical and healthy cohorts depends on the chosen 

outcome measurement. This was the case in a study of 
PA patterns in 27 patients with MG [17] , where 78% of 
the patients achieved the recommended minimum average 
of 64 MET min/day. However, when the study examined 

other outcome measures, e.g. steps per day, the patients’ 
day was dominated by sedentary behaviour. Comparisons 
with other study results and recommendations are useful to 

obtain an overall interpretation of the activity level in the 
cohort, but larger studies including objective measurements is 
needed to fully examine the pattern of habitual PA in patients 
with MG. 

Engaging in more PA was associated with less fatigue 
in both the overall sample and in the sub-sample, 
especially in the fatigue domains; physical fatigue and 

reduced activity. This finding could indicate that active 
patients experienced lower physical fatigue, or less fatigued 

patients engaged in more PA. More research is needed 

to determine the direction of the association, which 

cannot be identified by a cross-sectional study like the 
present. 

Several covariates significantly influenced on the 
association between fatigue and PA. As reported previously 

[ 3–6 , 62 , 63 ], an increase in MG-severity was associated with 

an increased level of fatigue. This was seen in all fatigue 
domains, in both the overall and the sub-sample. Poor sleep 

quality (ISI score) strongly influenced on increasing fatigue, 
which have been reported previously [ 4 , 7 ]. In the present 
study, 55% of the patients reported insomnia (ISI score 
≥8), which agrees with the finding of 59% in another MG 

cohort [7] . As insomnia is also associated with MG-related 

quality of life [7] , the sleep problems in MG call for action, 
and must be taken into consideration when meeting these 
patients in the clinic. Also, higher BMI was associated with 

increased physical fatigue. This is interesting as a large 
proportion of patients (60%) of the cohort reported a BMI 
≥ 25 (classified as overweight), which was also found in a 
previous study [62] . Reasons for obesity can be e.g., inactivity 

(caused by fatigue) or steroid use. However, the direction 

of the association cannot be assessed in a cross-sectional 
study, and prospective studies are needed to unravel this 
association. 

Comorbidity was associated with increased physical 
fatigue in this cohort. These findings make sense as several 
diseases are known to induce fatigue in patients. Depression 

is previous found to be associated with fatigue perception 

in patients with MG [ 4 , 64 ]. However, in the present study, 
depression/anxiety only influenced on the fatigue domain 

reduced motivation, whereas depression was not associated 

with e.g., physical fatigue or mental fatigue. However, it is 
important to emphasize that the information on comorbidity 

(e.g. depression) might be prone to bias as no verification 

of comorbidity was possible in this study design. However, 
as the overall rate for depression among patients with MG 

has previously been found to be around 20%[3], the reported 

8% in our study might be an underestimation, as well as the 
association with fatigue. 

Female gender has previously been associated with fatigue 
in MG [ 4 , 6 , 65 ], which was not found in the present study. 
Living alone compared to living with another person ≥18 

years was associated with an increase in fatigue in the 
sup-sample. However, this was only seen for the activity- 
oriented fatigue domains; physical fatigue, reduced activity 

and reduced motivation. For these domains, the largest 
reduction in fatigue was seen, when patients engaged in PA. 
An explanation to these findings could be that a cohabitant 
might motivate the patient for PA, or even participate in 

MG together with the patient, which may be motivational. 
The fact, that people living alone reported higher levels of 
fatigue was also seen in the Danish background population 

[27] . 
Even though potential confounders, included in the 

analyses, were selected a priori from the literature or from 

experience in our clinic, the influence of potential residual 
confounding cannot be ruled out. Interpretation of results 
should be done with caution knowing that the results indicate 
associations rather than causality. Self-reported outcomes are 
prone to bias, e.g. social desirability bias, where responders 
distort self-reports in a favourable direction. However, this 
bias has been demonstrated to be less pronounced [66] , 
especially in an online setting where respondents’ perceived 

privacy is higher [67] . 
The MFI-20 is generic, and a new instrument in MG 

research, even though it has been used and validated 

in neurological research since 1995. MFI-20 was chosen 

for its multidimensional approach to fatigue, which suited 

the objective of this study. The study confirmed our 
experiences from the clinic that general fatigue had a similar 
impact on the patient’s everyday life as the MG-induced 

physical fatigue, which indicates that this instrument is 
useful to measure and separate these two different fatigue 
domains. 

Due to the large sample of MG patients included, our study 

results are likely to represent the MG population of 1000 

patients in Denmark [50] . The excluded persons ( n = 282) 
that did not subscribe to e-Boks had a higher mean age 
than the overall sample mean, indicating some selection bias 
towards the younger population, probably due to the web- 
based methods of this study. Opposite, the persons that did 

723 

Downloaded for Anonymous User (n/a) at Copenhagen University Library from ClinicalKey.com by Elsevier on September 
21, 2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.



L.K. Andersen, M. Aadahl and J. Vissing Neuromuscular Disorders 31 (2021) 716–725 

not respond ( n = 390) were younger compared to the overall 
sample. The total of excluded persons with unknown MG 

eligibility resembled the included patients regarding age and 

sex. However, we cannot rule out that these persons were 
markedly different from the included patients, regarding other 
characteristics. The results from the overall sample did not 
differ from the results in the sub-sample of patients in 

MG treatment, indicating no selection bias in the overall 
sample. 

5. Conclusion 

In this cross-sectional study, including 779 patients with 

MG, the levels of fatigue were increased compared to the 
general population. More than half of the cohort reported low 

levels of PA. Higher level of PA was associated with lower 
levels of fatigue, and important factors were MG severity, 
sleep quality, BMI, comorbidity, job-status and cohabitation. 
The findings suggest that PA may play an important role 
in managing fatigue in MG, however, the direction of the 
association needs further investigation. Also, important non- 
specific MG factors, e.g. weight and sleep quality, should be 
considered when planning rehabilitation programs for patients 
with MG. 
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Abstract.
Background: Physical activity (PA) in patients with myasthenia gravis (MG) is considered safe and beneficial, and an active
lifestyle is required to obtain the health benefits of exercise. However, as the disease leads to physical impairments an insight
into the overall PA habits in this patient population is relevant but lacking.
Objective: To measure habitual physical activity in a Danish cohort of patients with MG measured by accelerometer and
questionnaire, and to determine relevant predictors for PA intensities.
Methods: Habitual physical activity was assessed by; 1) the accelerometer ActiGraph in a cohort of patients recruited from
our neuromuscular clinic, 2) the International Physical Activity Questionnaire (IPAQ) in a web-based survey. PA levels were
compared to international recommendations. Predictors for PA (age, sex, body mass index, disease severity and duration)
were included in the regression analyses.
Results: Habitual physical activity was measured by accelerometer for 7 days in 69 patients and by questionnaire in 691
patients. Measured by the accelerometer, 46% of the patients did not meet the international recommendations for PA at
moderate/vigorous intensity and 57% were below the recommendations for steps per day. Measured by the IPAQ, 48% did
not meet the recommendations. Disease severity and age were predictors for PA intensities.
Conclusions: This study found that around half of the included patients did not meet the recommendations for PA. This is a
concern, as it increases the risk of life-style related diseases. Disease severity and age may be taking into consideration when
counseling the patients about PA.

Keywords: Myasthenia gravis, physical activity, exercise, cross-sectional survey, patient outcome assessment, body mass
index, epidemiological study, linear regression, population at risk, health promotion

INTRODUCTION

Habitual physical activity refers to the physical
activity (PA) that is integrated in peoples’ everyday

∗Correspondence to: Linda Kahr Andersen, Copenhagen Neu-
romuscular Center, section 8077, Copenhagen University Hospi-
tal – Rigshospitalet, Inge Lehmanns Vej 8, 2100 Copenhagen,
Denmark. Tel.: +45 35456217; E-mail: linda.kahr.andersen@
regionh.dk.

life in their natural environment, and thus covers the
activity level of a whole day instead of dedicated exer-
cise sessions. Habitual physical activity is a relevant
and important outcome measure in research, as life-
long PA at recommended intensities is important to
obtain the health benefits of being active.

Myasthenia gravis (MG) is a chronic, autoimmune
disease with a well-known pathogenesis. Blocking of
signal transduction and destruction of the synaptic

ISSN 2214-3599/$35.00 © 2021 – IOS Press. All rights reserved

CORRECTED P
ROOF

mailto:linda.kahr.andersen@{penalty -@M }regionh.dk


2 L.K. Andersen and J. Vissing / Habitual Physical Activity in Myasthenia Gravis

components, result in fluctuating strength of vol-
untary muscles, and distinct muscular fatigue with
repeated muscle contractions. The Danish prevalence
of MG is estimated to 180 per million people [1] with
an annual incidence of 9.2 per million [2]. Recent tri-
als [3, 4] as well as older case-studies of patients
with MG participating in endurance exercise [5–7],
or resistance training [8, 9], suggest that exercise
training is beneficial, especially by increasing muscle
strength without apparent side effects.

Over the last decades, new technology, such as
accelerometers, has been developed that facilitates
objective assessment of habitual physical activity.
Accelerometers are considered objective but with
some technical user problems or limitations. An alter-
native to accelerometry is self-reported outcomes
such as questionnaires, which are simple to use
and cost-efficient, but can be flawed by information
bias. Habitual physical activity has previously been
assessed in neuromuscular diseases by a wide range
of accelerometers and questionnaires [10].

In patients with MG, habitual physical activity has
been measured in three recent cross-sectional stud-
ies by either accelerometry [11, 12] or questionnaire
[13], finding that patients with MG were less active
than non-MG persons. Two interventional exercise
studies examined baseline PA patterns in 10 and 11
patients with both accelerometry and questionnaire,
even though this was a minor part of the studies’
analyses [4, 14].

The purpose of the present study was to measure
habitual physical activity in patients with MG by
both accelerometer (ActiGraph) and a standardized
questionnaire (the International Physical Activity
Questionnaires, IPAQ), and to identify important pre-
dictors for different PA intensities.

MATERIALS AND METHODS

Patients

Habitual physical activity was measured by ques-
tionnaire (IPAQ) in a web-based survey and by
accelerometer in patients (≥ 18 years) recruited from
the neuromuscular clinic at Copenhagen University
Hospital – Rigshospitalet.

The survey was conducted from June to November
2019 and has been described in a recent study [13].
Patients were recruited from the Danish National
Registry of Patients, which is a registry of all Dan-
ish hospital in- and outpatient discharges since 1977.
The inclusion criteria were; resident of Denmark

and a diagnosis code for MG according to Interna-
tional Classification of Diseases in either the eight
edition (ICD-8: 733.09, 1971–1993) or tenth edi-
tion (ICD-10; G.70.0, from 1994) in the period from
1977 to the end of 2018. Also, patients should sub-
scribe to e-Boks, which is a personal, digital mailbox,
connected to the patient’s 10-digit civil registration
number. Patients who met these criteria were invited
to participate in the web-based survey, using the soft-
ware REDCap (© 2018 Vanderbilt University). All
responses to the survey were automatically stored in a
secure database. As a part of the survey, patients com-
pleted the IPAQ, and the MG-ADL (MG Activities of
Daily Living profile) as a measure for disease severity.
Also, background information was registered; age,
sex, height and weight (to calculate the body mass
index, BMI), MG treatment and MG duration.

A group of patients were recruited from the neu-
romuscular clinic in the period November 2018
until February 2020. Patients arriving for their reg-
ular follow-up at the neurologist, were informed
about the project, and, if meeting the inclusion cri-
teria, invited to participate. The inclusion criteria
were a MG diagnosis verified by a typical clinical
history and symptom improvement with acetylch-
olinesterase inhibitors coupled with either positive
acetylcholine receptor antibodies and/or significant
decrement/increased jitter on electromyography. The
included patients had a history of symptoms cor-
responding to categories II-IV on the Myasthenia
Gravis Foundation of America clinical classifica-
tion [15]. If patients met the inclusion criteria and
agreed to participate, they were instructed to wear the
accelerometer at home, 24 hours a day (unless when
showering and swimming) for 7 full days. While in
the clinic, patient completed the MG-ADL and the
IPAQ, and background information was registered;
age, sex, height and weight (to calculate the body
mass index, BMI), MG treatment and duration.

Measurements

The ActiGraph wGT3X-BT accelerometer (Acti-
Graph, LLC, Pensacola, FL) was used to measure
the patients’ PA level. Acceleration intensity and
duration of hip motion (e.g., steps and other move-
ments such as rising from a chair) were monitored in
three axes (up–down, left–right, forward–backward).
The accelerometer (weight 19 g, dimension 4.6 cm
×3.3 cm ×1.5 cm) was worn in an elastic belt on
the right side of the patient’s waist. The ActiGraph
monitors were set to activity counts in triaxial mode,
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using a 10-second epoch. The number of counts in-
creased with the frequency and intensity of move-
ment. Patients with 7 days of at least 10 hours of
recording during daytime were included in the anal-
yses. Wear time was defined by subtracting non-wear
time from 18 h because all data between 12:00 a.m.
and 6:00 a.m. were registered and excluded as sleep-
ing time as done in other studies on habitual PA
using accelerometry [16, 17]. Non-wear time was
defined as intervals of at least 60 consecutive minutes
of zero counts [18]. Light, moderate, and vigor-
ous intensities were extracted, and were defined as:
light = 100–1951 counts per minute (CPM); mod-
erate = 1952–5724 CPM; vigorous ≥ 5725 CPM in
bouts of minimum 10 minutes [19]. CPM ≤ 99 were
defined as sedentary time. CPM were converted to
minutes per week (m/w) of light, moderate and vigor-
ous physical activities. Sedentary time was reported
in minutes per day (m/d). Steps per day were also
reported.

IPAQ short form [20] was used to measure self-
reported time spent on PA undertaken across a compr-
ehensive set of domains; leisure time PA, domestic
and gardening activities, work-related PA, and
transport-related PA. IPAQ assessed three specific
types of activity; walking, moderate-intensity activ-
ities and vigorous-intensity activities. Patients were
asked to report number of days, hours and minutes
spent on these activity intensities during the last 7
days. Also, the number of hours and minutes of sit-
ting on one of these days were reported. From these
data, the minutes per week (m/w) in each intensity
were calculated. For sitting time, minutes per day
(m/d) were calculated. The PA level of the patients
was determined according to the following interna-
tional recommendations: 1) ≥150 min at a moderate
intensity or ≥75 min at vigorous intensity per week
[21], 2) a minimum of 10,000 steps per day [22].

The MG-ADL is an 8-item patient-reported ques-
tionnaire where higher score indicates higher MG
severity (total score range 0–24) [23]. The scale
assesses common MG-symptoms and dysfunctions,
including questions of ocular, bulbar, respiratory, and
extremity functions. The MG-ADL is a validated out-
come measure in research and clinical practice [24].

The study was approved by the ethics committee
of the Capital Region of Denmark (approval H-
18031231). Written informed consent was obtained
from all patients, but according to the ethics com-
mittee of the Capital Region of Denmark, written
informed consent was not required for the survey. Per-
mission was obtained from the Danish Health Data

Authority to extract patient contact information from
the Danish National Registry of Patients.

Analyses

Age, BMI and disease duration were presented
by means and standard deviations (SD). MG-ADL,
IPAQ and ActiGraph results were presented by medi-
ans and inter-quartile ranges (IQR) due to non-normal
distributions. Normality was assessed visually by
histograms and boxplots. Sex and treatment were pre-
sented by numbers and percentages. Differences in
variables with continuous data where investigated by
either unpaired t test or Mann-Whitney test, depend-
ing on normality. Differences in categorical data were
investigated by Fisher’s exact test.

A commercially available software, ActiLife
v6.11.6, was used for the analyses of raw accelerom-
eter data. The 10-second epochs were for analyses
collapsed into 60-second epochs, which was required
by the ActiGraph software to set sleep time periods.

For analyses, minutes spent on moderate and vig-
orous activities were merged into one outcome;
MVPA (moderate-vigorous physical activity), as
many patients reported zero minutes spent on vigor-
ous activities. The outcomes of the analyses were the
activity levels measured by accelerometer (sedentary,
light, MVPA, steps) and by IPAQ (sitting, walk-
ing, MVPA). Covariates were selected a priori and
included in the general linear regression models as
continuous variables (age, BMI, MG-ADL score,
disease duration) or as categorical variable (sex).
The number of covariates was limited to sample
size divided by ten to avoid mass significance. For
the same reason MG treatment was not included in
the models. The following model assumptions were
checked; independence of observations, linearity of
covariates, homogeneous and normally distributed
residuals. In case of violation, the analyses were con-
ducted on log-10 transformed data.

For analyses, a p ≤ 0.05 (2-tailed testing) was
considered significant. All statistical analyses were
carried out using SAS enterprise guide 7.1.

RESULTS

A total of 1745 persons were registered at the
Danish National Registry of Patients with a diag-
nosis code of MG. N = 282 persons (164 women
[58.2%]; mean [SD] age, 78.0 [12.6] years) did not
subscribe to e-Boks and were excluded. N = 1463
persons received an information for the survey.
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Fig. 1. Flowchart of in- and exclusion of the survey.

N = 294 persons (173 women [58.8%]; mean [SD]
age, 62.2 [15.1] years) contacted the study coordina-
tor (LKA) due to uncertainty of the MG diagnosis
and were excluded, and 390 persons (226 women
[57.9%]; mean [SD] age, 55.0 [16.5] years) never
responded to the survey. Of the 779 responders (413
women [53.0%]; mean [SD] age, 60.8 [15.5] years),
there were missing data on IPAQ (n = 59), MG-ADL
(n = 24), BMI (n = 1) and MG duration (n = 4), leav-
ing 691 patients for analyses. Flowchart of in- and
exclusion can be seen in Fig. 1.

A total of 69 patients were included for accelerom-
eter measurements from the clinic. Wear time was on
average (mean ± SD) 16 ± 1.4 hours/day during the
7 days. There was missing data on MG-ADL (n = 5)
and IPAQ (n = 6) due to lack of time for completing
the questionnaires.

Table 1
Patient demographics

Variable Clinic sample Survey sample
(n = 69) (n = 691)

Age, years 58.9 (17.3) 60.5 (15.5)
Body mass index, BMI 27.5 (6.5) 27.1 (5.9)
Sex, female 44 (64%) 365 (53%)
MG duration, years∗ 8.0 (8.9) 13.8 (12.6)
MG-ADL, total score 2 (0–6) 3 (1–5)
Pyridostigmine 50 (73%) 399 (58%)

treatment#

Immunosuppressive 53 (77%) 351 (51%)
treatment#

Age, BMI and MG duration are presented as means and stan-
dard deviations (SD). Sex and treatment are presented as number
and percentages. MG-ADL scores are presented as medians and
inter-quartile ranges (IQR). Abbreviations: MG-ADL = MG Activ-
ities of Daily Living profile. ∗Significant (p < .001) difference
between the two samples. #Some patients were in a combina-
tion treatment with both pyridostigmine and immunosuppressive
drugs. Immunosuppressive drugs: prednisolone, Azathioprine,
Methotrexate, Mycophenolic acid, Tacrolimus, Rituximab.

Patient demographics are shown in Table 1. The
only difference between the two samples was MG
duration (p < 0.001). The mean BMI indicated over-
weight (BMI ≥ 25) in both samples.

Time spent in different activity intensities are
shown in Table 2. The time spent on activities of
moderate intensity was 157 minutes (m) per week
(w) measured by accelerometer and 150 m/w mea-
sured by IPAQ. Time spent on vigorous activities
was 0 m/w and 60 m/w measured by accelerometer
and IPAQ, respectively. The proportion of patients
not meeting the international recommendations of
PA was high. Measured by accelerometer, patients
that did not meet the recommendations of moderate
intensity (≥ 150 m/w) (n = 32, 46%) were older (67
vs 52 years, p < 0.01) compared to patients, that met
the recommendations. In the survey sample, patients
that did not meet the recommendations of moderate
intensity (n = 343, 48%) had a higher median score
on MG-ADL (3 vs 2, p < 0.01) and were more often
women (58 vs. 42%, p = 0.01) compared to patients,
who met the recommendations.

More than half of the patients assessed by acc-
elerometry (n = 38, 57%) walked less than the rec-
ommended 10,000 steps per day. There were no
significant differences between the patients that
walked more or less than 10,000 steps per day regard-
ing age, sex, BMI, disease severity and duration.

Significant predictors for PA were MG-ADL sc-
ore and age. High scores of MG disease severity inc-
reased time spent on sedentary activities (regression
coefficient (�): 6.1, confidence interval (CI): 0.0;
12.1) and sitting time (�: 2.5, CI: 0.9; 4.0). Severe
self-reported MG symptoms also decreased walking
time (�: –3.6, CI: –6.5; –0.4). Higher age decreased
time spent on MVPA (�: –4.0, CI: –6.3; –1.6) and
steps per day (�: –90.8, CI: –168.0; –13.5) measured
by accelerometer. Measured by IPAQ, increasing age
decreased time spent in sitting (�: –0.5, CI: –0.8; 0.2)
and increased time spent on MVPA (�: 0.7, CI: 0.1;
1.3) (Table 3).

DISCUSSION

This is the first study to assess habitual physical
activity measured by both accelerometer and ques-
tionnaire in a large cohort of patients with MG.

The study demonstrates that around half of
the included patients with MG met the interna-
tional recommendations for PA, which was found
for both accelerometry and questionnaire assess-
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Table 2
Physical activity levels measured by accelerometer and questionnaire

Accelerometer IPAQ

N = 69 N = 63∗ N = 691

Sedentary, m/d 654 (596–694) Sitting, m/d 420 (300–600) 420 (300–600)
Light, m/w 2037 (1643–2371) Walking, m/w 150 (80–420) 225 (90–525)
Moderate, m/w 157 (91–292) Moderate, m/w 120 (0–240) 150 (15–360)
Vigorous, m/w 0 (0–3) Vigorous, m/w 30 (0–180) 60 (0–210)
Steps per day 9299 (5562–13,255)

Data are presented as medians and inter-quartile ranges (IQR). Abbreviations: m = minute, d = day, w = week,
IPAQ = the International Physical Activity Questionnaires. ∗patients both wearing an accelerometer and completing
the IPAQ (missing data: n = 6).

ments. These findings are in line with previous
findings from our research group using another
questionnaire (Saltin-Grimby Physical Activity
Level Scale) in a large cohort of patients with
MG [13].

Our study findings indicate a more active patient
group, than previously reported [11, 12]. In those
previous studies, only 22% and 30% of the patients
met the recommendations for MVPA in bouts of
≥10 min, and only 22% met the 10,000 steps per
day measured by accelerometer [11]. Time spent on
sedentary behavior was almost similar across stud-
ies, but our study demonstrated more time spent on
MVPA and more steps per day than previous find-
ings [11, 12, 14]. The disparity might be explained
by the use of different accelerometers (O’Connor,
Birnbaum, Westerberg used DynaPort Movemoni-
tor) and thereby different algorithms, manufacturer
software and cut-off points to determine time spent
on PA intensities. Also, the wording of the rec-
ommendations is important. Patients meeting the
recommendations of ≥150 min per week, might not
meet the recommendations of ≥30 min/day for at
least 5 days, as some patients accumulate their
exercise in few days. However, our findings are
strengthened by the combination of accelerometry
and patient-reported outcomes, and by the large sam-
ple size. As we solely analyzed data (time spent on
PA intensities) that were comparable between the
IPAQ and accelerometry, we did not include other
PA metrics. However, it might be relevant for future
research to compare findings of other PA parameters,
e.g. energy expenditure.

In a study of patients with myotonic dystrophy
type 1 (n = 67) [25], around 50% of the patients
met the recommendations for moderate intensity
as measured by ActiGraph, which is in line with
our results. Compared to a study of patients with
mitochondrial diseases (n = 100) and healthy con-
trols (n = 100) [26], MG patients walked more steps

daily than the mitochondrial patients (mean ± SD,
9,602 ± 5,016 steps/day vs, 6,883 ± 3,944 steps/day)
and were closer to the results of healthy controls
(9,924 ± 3,944 steps/day). In the Copenhagen City
Heart Study [27], the PA levels of 1670 adults (≥ 18
years) living in Copenhagen were measured by Acti-
Graph accelerometers for 24 hours/day, 7 consecutive
days. This study found a median (IQR) of 579
(509–646) min/day spent on sedentary activities and
a median (IQR) of 9288 (6932 –12003) steps/day,
indicating only minor differences between patients
with MG and the background population. However,
in another Danish population study using IPAQ, only
29% didn’t meet the WHO recommendations [28],
indicating that patients in the present study were less
active. This emphasizes that comparisons with other
patient- or healthy cohorts must be performed cau-
tiously, due to differences in diseases, sampling (age,
sex) and methods used.

Even though it is positive that patients with MG
seem more active than reported earlier, it is still
concerning that around half of the patients did not
meet the recommendations of PA. Inactivity in MG
is both associated with physical – and general fatigue
[13], and as inactivity increases the risk of life-style
related diseases [21] and disuse atrophy in all indi-
viduals, it is a concern if disuse atrophy exacerbates
the disease-related fatigue/weakness in patients with
MG. However, further research is needed to deter-
mine this.

We found that severe MG (MG-ADL) was asso-
ciated with increasing time spent in sitting and
sedentary activities. This finding has not been det-
ected in the smaller, previous studies [11, 12], and
might be explained by the large number of patients
included in our study. However, no associations were
found between disease severity and time spent on
physical activities in any of the studies. This could
be explained by the cross-sectional design of these
studies, but also in the interventional exercise stud-
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Table 3
Associations of physical activity, disease severity and demographics

A: Accelerometer

Sedentary, m/d Light, m/w MVPA, m/w

R2 adjusted: 0.53 R2 adjusted: 0.81 R2 adjusted: 0.42

� 95%CI � SE � P value � 95%CI � SE � P value � 95%CI � SE � P value

Intercept 712.4 610.6; 814.3 50.9 < 0.01 1904.9 1052.8; 2757.0 425.5 < 0.01 506.4 276.6; 736.2 114.8 < 0.01
Age# –0.4 –1.5; 0.6 0.52 0.40 –6.9 –15.6; 1.9 4.4 0.12 –4.0 –6.3; –1.6 1.2 < 0.01
Sex, female 17.6 –20.2; 55.3 18.9 0.36 –109.2 –425.0; 206.6 157.7 0.49 –9.1 –94.3; 76.1 42.5 0.83
BMI –2.1 –4.8; 0.6 1.35 0.12 20.3 –2.4; 43.0 11.3 0.08 –1.7 –7.9; 4.4 3.1 0.57

MG-ADL¶ 6.1 0.0; 12.1 3.0 < 0.05 –9.2 –59.8; 41.3 25.2 0.72 –2.0 –15.6; 11.7 6.8 0.77
MG duration# –1.6 –3.6; 0.3 1.0 0.10 7.1 –9.3; 23.4 8.2 0.39 –0.8 –5.3; 3.6 2.2 0.70

B. Accelerometer, steps per day

Steps per day

R2 adjusted: 0.75

� 95%CI � SE � P value

Intercept 15,757.8 82499.2; 23264.5 3749.2 < 0.01
Age# –90.8 –168.0; –13.5 38.6 0.02
Sex, female –1133.3 –3915.8; –1649.3 1389.6 0.42
BMI 9.6 –190.2; 209.5 99.8 0.92
MG-ADL ¶ 2.3 –443.0; 447.6 222.4 0.99
MG duration# –46.2 –190. 2; 97.9 71.9 0.52

C: IPAQ

Sitting time, m/d Walking, m/w MVPA, m/w

R2 adjusted: 0.20 R2 adjusted: 0.91 R2 adjusted: 0.35

� 95%CI � SE � P value � 95%CI � SE � P value � 95%CI � SE � P value
Intercept 408.1 312.8; 532.5 14.5 < 0.01 265.1 152.6; 460.3 32.4 < 0.01 361.1 206.2; 632.4 33.0 < 0.01
Age# –0.5 –0.8; 0.2 0.1 < 0.01 0.1 –0.4; 0.7 0.3 0.62 0.7 0.1; 1.3 0.3 0.02
Sex, female –1.5 –9.9; –7.7 4.7 0.74 6.2 –11.3; 27.0 9.6 0.51 –11.2 –25.8; 6.2 9.6 0.19
BMI 0.3 –0.1; 1.4 0.4 0.06 0.2 –1.5; 1.8 0.8 0.85 –1.1 –2.6; 0.5 0.8 0.17
MG-ADL ¶ 2.5 0.9; 4.0 0.8 < 0.01 –3.6 –6.5; –0.4 1.6 0.03 –2.1 –5.2; 1.2 5.3 0.22
MG duration# 0.1 –0.2; 0.5 0.2 0.41 –0.3 –1.0; 0.4 0.4 0.46 –0.3 –1.0; 0.4 0.4 0.45

� = regression coefficient, SE � = standard error of the regression coefficient, CI � = confidence intervals of the regression coefficient. Significance in bold. Abbreviations: MVPA = moderate-
vigorous physical activity, MG-ADL = MG Activities of Daily Living profile, m = minute, d = day, w = week, BMI = Body mass index ¶ There was missing data on MG-ADL (n = 5) due to lack of
time for completing the questionnaire, #measured in yearsCORRECTED P
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ies, MG severity was constant [3, 4] or only slightly
decreased [14] after the intervention period. These
findings indicate, that even though exercise improves
muscle parameters and functional capacity in patients
with MG, the commonly used MG-measurements
might not be sensitive enough to detect these changes.
Whether isolated symptoms of MG, e.g. muscle
weakness in the leg, play a specific role on PA levels,
can’t be ruled out in our study, as we used the total
score of the MG-ADL. However, O’Connor[11] did
not find any correlation between specified leg fatigue
and PA levels.

Increasing age was associated with less time spent
on MVPA and less steps per day measured by
accelerometry. Contrary to these findings, increas-
ing age was associated with less sitting time and
increasing time on MVPA as measured by the IPAQ.
These conflicting results could be due to bias in self-
reported PA. The IPAQ has previously been found to
underestimate sitting time and overestimate time on
MVPA compared to accelerometry [29, 30], which
might also be the case in the study (Table 2). This
is also in line with the feedback from some patients,
telling us that it was difficult to self-estimate time
spent on sitting during a day. However, comparison
of IPAQ and accelerometry should be performed with
caution, as the cut-off points for intensity intervals
assessed by accelerometry did not exactly correspond
to the definitions of PA in the IPAQ. Also, as the IPAQ
measured PA in certain PA domains (e.g. leisure time
and transportation), accelerometry measured activ-
ities during the whole day. Social desirability bias
might also explain the overestimation of vigorous
activity measured by the IPAQ, compared to the
accelerometer, but social desirability bias is found
to be less pronounced in web-based surveys, where
the online setting increases respondents’ perceived
privacy [31, 32]. Also, it was not relevant to com-
pare walking time in IPAQ with light activity from
the ActiGraph, as walking was specified as one cer-
tain activity, whereas light activity was every activity
in-between sleep, sedentary, moderate and vigorous
activities throughout the 24 hours.

There are several study limitations. Based on the
available data from the survey, it was not possi-
ble to determine the proportion of patients with
ocular/generalized MG. This is a limitation of the
study, as it could be relevant to determine if patients
with a history of solely ocular impairments and no
experiences of MG-related muscular fatigue in the
extremities have a different pattern of habitual phys-
ical activity.

The accelerometer was worn at the waist, which
we thought was the most convenient for the patients.
However, as measurements in this position required
hip movements, some activities e.g. bicycling where
the hip was held still, may have been underestimated.
Furthermore, the accelerometer did not measure the
added strain of carrying a load, or walking uphill
or upstairs, and arm movements were not recorded.
A solution for a future study might be to add heart
rate measurements to the accelerometer measures to
register PA without or with minimal hip movements.

It might be that only the best functioning and
most active patients agreed to wear an accelerometer,
leading to selection bias. However, as baseline demo-
graphics such as age, BMI, and MG-ADL score did
not differ between the clinic and the survey sample,
selection bias was not likely.

The study was strengthened by the large number
of patients included and the combination of patient-
reported and objective data of PA.

The survey sample was considered representative
of the Danish MG cohort in terms of demographic
characteristics, except for the most disabled MG
patients [13, 33]. Persons not subscribing to e-Boks
(n = 282) were older than the survey sample, which
could have introduced some selection bias based on
age. However, as the non-responders (n = 390) were
younger, the age- and sex distribution were almost
similar between in- and excluded persons. As the 69
patients, who were assessed by accelerometry, resem-
bled the survey sample regarding demographics and
MG severity, and as the study findings were almost
similar between the smaller clinical and the larger
survey sample, we think these 69 patients are repre-
sentative of the larger survey cohort.

We found that accelerometry was useful to mea-
sure habitual physical activity in patients with MG.
Accelerometry could be relevant in future longitudi-
nal studies to identify associations between changes
in the patient’s disease and/or lifestyle and changes in
the quantity or intensity of PA. Also, further research
is needed to identify barriers to exercise for patients
with MG, as this is not explained by MG severity.
A previous, explorative study [34] identified, that
barriers to exercise for patients with neuromuscu-
lar diseases were e.g. “lack of energy”. As fatigue
is a core symptom of MG, and as fatigue and PA
are previously found to be strongly associated [13], it
is relevant to examine if changes in fatigue result in
changes in PA habits. Also, it is relevant to identify
motivational factors for PA. Music during exercise
might be motivational as music during walking is
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found to improve walking distance in the 6MWT in
patients with MG [35]. Further research is needed to
elaborate this.
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Abstract
Background Patient-centered assessments have attracted increasing attention in the last decade in clinics and research. The 
purpose of this study was to examine the association between patients’ satisfaction with symptoms and several disease-
specific and generic outcome measures in 100 patients with generalized myasthenia gravis (gMG).
Methods In this cross-sectional study, patients with gMG followed at the Copenhagen Neuromuscular Center from October 
2019 to June 2020 participated in one test. The patients completed commonly used MG-specific outcome measures and 
generic questionnaires for depression (Major Depression Inventory), comorbidities (Charlson Comorbidity Index), fatigue 
(Multidimensional Fatigue Inventory), overall health state (EQ-5D-3L), and satisfaction with MG treatment. The analyses 
were anchored in the Patient Acceptable Symptom State (PASS).
Results N = 190 patients were screened for the study, and 100 patients were included. One-third of the patients reported 
dissatisfaction (negative PASS status) with the current symptom state. Increasing MG symptoms, fatigue, depression, low 
MG-related quality of life, and shorter disease duration were associated with negative PASS status. Age, sex, BMI, MG 
treatment, and comorbidity did not influence PASS status.
Conclusions This study shows that dissatisfaction with the current symptom level is high in patients with gMG and that 
dissatisfaction is associated with disease severity, disease length, depression, fatigue, and lower MG-related quality of life. 
The results emphasize the importance of a patient-centered approach to MG treatment to optimize patient satisfaction. The 
PASS question was useful in this study to investigate the causes of symptom dissatisfaction in gMG.

Keywords Myasthenia gravis · Patient acceptance of health care · Fatigue · Patient outcome assessment · Depression

Introduction

Myasthenia gravis (MG) is a chronic disease causing fluc-
tuating weakness and fatigue in skeletal muscles, often due 
to antibodies against acetylcholine receptors in the neuro-
muscular junction [1]. The estimated number of patients in 
Denmark is around 1000 [2]. Approximately 380 patients 

with generalized myasthenia gravis (gMG) are followed at 
the Copenhagen Neuromuscular Center (CNMC), a special-
ized neuromuscular outpatient clinic at the Copenhagen Uni-
versity Hospital—Rigshospitalet.

Patient-centered assessments have attracted increasing 
attention in the last years in clinics and research. However, 
a challenge is to align patient satisfaction with various out-
come measures. The threshold for satisfaction varies among 
patients, and a new approach to exploring this is the “patient 
acceptable symptom state” (PASS). PASS can be measured 
by a simple (yes/no) question, in which the patient answers 
whether they are satisfied with their current symptom state 
[3]. PASS has been used in two MG studies [4, 5], demon-
strating that around 30% of the patients with MG were dis-
satisfied. However, previous studies were (1) retrospective, 
(2) did not compare PASS results with commonly used and 
clinician-reported MG measurements in the same group of 
patients, and (3) used limited generic outcome measures. 
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Therefore, the aim of this study was to determine factors 
related to PASS status, both MG-related factors, but also 
generic factors which might influence PASS status, such as 
fatigue, depression, and comorbidity.

Methods

Patients and procedures

In this cross-sectional study, patients were recruited from 
CNMC in the period October 2019–June 2020. Patients 
arriving consecutively for their regular follow-up were 
invited to participate. We decided a priori to include 100 
patients, corresponding to more than a fourth of the total 
patients with gMG followed in our clinic.

Inclusion criteria for the study were: age ≥ 18 years, a 
verified diagnosis of gMG, and active medical treatment for 
MG. Verification of the diagnosis was; a typical clinical his-
tory and symptom improvement with acetylcholinesterase 
inhibitors coupled with either positive acetylcholine recep-
tor, MUSK, or LR4P antibodies and/or significant decre-
ment/increased jitter on electromyography. Exclusion crite-
ria for the study were; competing, severe medical conditions 
that would interfere with the interpretation of the outcomes, 
current participation in clinical trials, pregnancy, ocular MG, 
and if patients were unable to understand Danish or English. 
For patients meeting the inclusion criteria and accepting to 
participate, a 1½-hour consultation was arranged. In this 
consultation, patients completed clinician-reported, MG-
specific tests and several MG-specific and generic question-
naires. For patients on pyridostigmine treatment, the test was 
arranged 1½–2 h after the intake of the drug.

The tests were completed by one of three investiga-
tors (LKA, ASJ, or KLR). The three investigators trained 
together beforehand to conduct the assessments consistently.

The study was approved by the ethics committee of the 
Capital Region of Denmark. Informed consent was obtained 
from all included patients.

Outcome measures

The outcomes were explorative, and the analysis and inter-
pretation of the outcomes were anchored in the patient 
acceptable symptom state (PASS) question.

The Patient Acceptable Symptom State (PASS) [3] was 
examined by one dichotomous yes/no question, which reads, 
“Considering all the ways you are affected by Myasthenia 
gravis, if you had to stay in your current state for the next 
months, would you say that you are satisfied with your cur-
rent disease state”? The questions have previously been used 
in patients with MG [4, 5].

The Quantitative MG score (QMG) [6] is a 13-item, 
clinician-derived scale that measures muscle strength and 
endurance (score range 0–39, higher score indicates more 
severe MG status).

The MG Composite scale (MGC) [7] is a patient-reported 
and clinician-derived scale that measures the clinical sta-
tus of the patients (range 0–56, higher score indicates more 
severe MG status).

The MG Activities of Daily Living profile (MG-ADL) [8] 
is an eight-question, clinician-directed but patient-reported 
questionnaire where higher scores indicate higher disease 
burden (total score range 0–24). The scale assesses common 
MG symptoms and dysfunctions. A total score below 3 is 
regarded as well-treated, and minimal symptom expression 
corresponds to a score of 0–1 [9].

The MG-specific quality of life (QoL) instrument (MG-
QoL15) [10] is a 15-item patient-reported disease-specific 
QoL questionnaire, consisting of a five-point scale indicating 
the patient’s agreement with a given statement about MG 
involvement. Total score ranges from 0 to 60, where higher 
scores indicate lower MG-related QoL.

The Multidimensional Fatigue Inventory (MFI-20) [11] is 
a patient-reported questionnaire that measures fatigue sever-
ity. MFI-20 categorizes fatigue into five domains: general 
fatigue, physical fatigue, reduced activity, reduced moti-
vation, and mental fatigue. The total score in each domain 
ranges from 4 to 20, with higher scores indicating higher 
fatigue levels. MFI-20 has been used in several neurological 
diseases [12–14] and healthy populations but has never been 
used in patients with MG.

The Major Depression Inventory (MDI) [15, 16] is a 
patient-reported rating scale, where higher scores indicate 
more severe depression (range 0–50). The scale is used as 
a diagnostic tool for depression (score ≥ 20 means clinical 
depression). MDI has previously been used in patients with 
MG [17, 18].

The Charlson Comorbidity Index (CCI) [19] is an instru-
ment for the long-term mortality prognosis in patients with 
comorbidities. The point-score ranges from 0 to 37 and 
is accumulated according to associated diseases and age 
ranges. A higher score predicts a shorter 10-year survival 
probability. CCI has previously been used in a study of MG 
[20].

The EQ-5D-3L [21] is a generic classification system 
for measuring health-related QoL, compromising the five 
dimensions; mobility, self-care, usual activities, pain/dis-
comfort, and depression/anxiety. The index score is derived 
from three different questions in each dimension, giving an 
index ranging from 0 to 1; 0 (death) to 1 (perfect health) 
[22]. An EQ-VAS scale ranging from 0 to 100 (100 = the 
best health you can imagine) was also included, indicating 
the patient’s self-rated overall health status. EQ-5D-3L has 
previously been used in patients with MG [4].
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As we expected that the satisfaction with adverse effects 
of the MG medical treatment would influence on PASS sta-
tus, and as no such easy-to-use instrument is developed for 
patients with MG, we simply asked the patient one question: 
“How satisfied are you with the current adverse effects of your 
medical treatment for MG? Satisfaction was scored on a VAS 
scale ranging from 1 to 10 (1 = not at all satisfied to 10 = very 
satisfied).

Patient- and disease-related background information was 
obtained: age, sex, weight, and height (used to calculate body 
mass index, BMI), occupational status, MG duration, MG 
treatment, and antibody- and thymectomy status.

Statistical analyses

Continuous variables were presented by means ± standard 
deviation (SD) when data were normally distributed and 
medians and interquartile ranges (IQR) when this was not the 
case. Normality was determined visually by histograms and 
boxplots. Categoric variables were presented by numbers (n) 
and percentages (%).

The difference in distribution was investigated by unpaired 
t test for continuous data, Mann–Whitney test for non-normal 
distributed continuous data, and Fisher’s exact test for cat-
egorical data. Correlation between tests was estimated by the 
non-parametric Spearman’s rank correlation coefficients.

To identify factors associated with PASS status, logistic 
regression models were applied, using PASS as a dichotomous 
outcome: positive (yes) /negative (no). In the adjusted analy-
ses, the covariates were age, sex, disease length, MG disease 
severity (QMG), and depression (MDI), which were selected 
a priori and determined from available evidence or experi-
ences from the clinic. The QMG was included as this was 
the only entirely objective measurement of disease symptoms, 
and depression score was included as depressive symptoms 
were expected to influence symptom satisfaction. More covari-
ates could be relevant, but the numbers were limited to avoid 
mass significance in the analyses. The regression models were 
executed as complete-case analysis and checked for (1) overall 
Goodness-of-fit, (2) linearity of covariates by adding log-trans-
formed covariates into the model, (3) interaction and (4) test of 
accumulated residuals by plots and p-values. The convergence 
criterion was satisfied in all analyses.

For analyses, a p ≤ 0.05 (two-tailed testing) was consid-
ered significant. All statistical analyses were carried out 
using SAS enterprise guide 7.1.

Data availability statement

The individual de-identified participant data, the study pro-
tocol, and statistical analyses plan will be shared by request 
from any qualified investigator.

Results

To reach the desired number of 100 patients, we consecu-
tively screened 190 patients for eligibility (by checking 
their medical records) when they arrived in the clinic for 
their regular follow-up with a neurologist. Of these, 34 did 
not meet the inclusion criteria (due to ocular MG (n = 8), 
currently not on medical treatment for MG (n = 11), or 
severe comorbidity that could influence the interpreta-
tion of test results, e.g., severe COPD or hemiparalysis 
(n = 15)). Of the remaining 156 invited to participate in the 
study, one patient was pregnant, one patient had language 
issues, and 54 patients refused for practical issues, such as 
lack of time or long transportation.

Of the included patients, 57 were women with a mean 
age at disease onset of 45.6 ± 19.8 years. Men were gener-
ally older at disease onset; 56.7 ± 15.3 years (p < 0.001). 
The median disease duration was 6 (IQR 3–13) years. 
In total, 66 patients were on pyridostigmine treatment, 
of whom 20 patients were treated solely with this drug. 
Twenty-four patients were in prednisolone treatment 
(mean dose 15.8  mg/daily) combined with other MG 
drugs. Table 1 shows some characteristics of the sample.

Thirty-three patients answered “no” to the PASS ques-
tion, while 67 patients were satisfied. Compared to PASS-
positive patients, the dissatisfied patients had shorter disease 
duration (median 3 vs. 8 years, p = 0.001) and were more 
often unemployed or on disability (p = 0.033). Also, the 
PASS-negative patients had higher scores on all outcome 
measures (p < 0.05), except for comorbidity (p = 0.767) 
compared to satisfied patients. The MG medical treatment 
differed between PASS groups (p = 0.028), whereas this was 
not the case for age, sex, BMI, and antibody- and thymec-
tomy status (Table 2). There were no differences in predni-
solone dose between the groups (p = 0.120).

PASS-negative status was associated (p < 0.05) with both 
clinician-measured outcome (QMG), patient-reported out-
comes (MG-ADL, MG-QoL15, MFI-20, MDI), and disease 
duration. Increasing MG severity, MG-related quality of life 
scores, fatigue, and depression, as well as short disease dura-
tion, increased the odds for negative PASS answers. Age, 
sex, BMI, MG medical treatment (both overall and predni-
solone), MGC scores, and comorbidity were not associated 
with PASS status in the adjusted analyses (Table 3).

The correlation between MG-ADL and QMG was low 
(r = 0.50, p < 0.0001) to modest (r = 0.79, p < 0.0001), 
depending on the inclusion/exclusion of outliers. The 
distribution of patients with the most prominent distinc-
tion between patient-reported and clinician-derived out-
comes was equally between PASS-negative and -positive 
respondents (p = 0.596). Also, a prominent distinction was 
not associated with a PASS-negative answer (p = 0.208).
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Twenty patients had an MDI score ≥ 20, indicating 
depression. The distribution of depressed patients differed 
between PASS groups (p = 0.007), with 38% (n = 12) of 
the PASS-negative patients having clinical depression, vs. 

12% (n = 8) in the PASS-positive group. A high MDI score 
increased the odds for PASS-negative status (odds ratio, OR: 
1.10, confidence interval, CI: 1.03–1.17, p = 0.003).

The median score of satisfaction with current adverse 
effects of MG medical treatment was 8 (IQR 5–9). N = 41 
patients reported a score below the sample median of 8. Of 
the PASS-negative patients, 64% (n = 21) had low satisfac-
tion (< 8) with adverse effects, whereas this was only 30% 
(n = 20) of the PASS-positive patients (p = 0.002).

Discussion

In this study, we used PASS to probe into the underlying 
cause of dissatisfaction by simultaneously assessing a wide 
range of MG-specific and -generic outcomes in a cohort of 
100 patients with gMG. The results demonstrate that one-
third of the included patients were dissatisfied with their cur-
rent symptom state. Our findings show that dissatisfaction 
is associated with disease severity, short disease duration, 
depression, fatigue, and low MG-related quality of life.

High MG-ADL scores were associated with higher odds 
for dissatisfaction than the clinician-derived QMG, which 
underscores the relevance of subjective, patient-reported 
scores in assessing MG symptoms. No previous studies have 
compared PASS status with these MG measurements in the 
same group of patients.

The PASS-negative patients had higher self-reported 
physical- and general fatigue scores than the PASS-positive 
patients, and fatigue was strongly associated with PASS-
negative status. Increasing general fatigue had almost similar 
odds for PASS-negative status as physical fatigue, emphasiz-
ing that in addition to physical fatigue as a core symptom in 
MG, general fatigue plays a vital role in the well-being and 
rehabilitation of patients with gMG.

One-fifth of the included patients had an MDI score indi-
cating clinical depression, aligning with previous studies on 
depression in MG [23–26]. In non-MG studies that included 
patients with rheumatoid arthritis and multiple sclerosis, 
the prevalence of depression was found to be even higher 
(≥ 30%) [27, 28]. High MDI scores were a significant factor 
for PASS-negative status.

Comorbidity was not associated with PASS-negative sta-
tus, which likely relates to the low occurrence of non-age-
related comorbidities in the cohort. In comorbid patients, the 
most frequent diseases were diabetes type 2 and hyperten-
sion, with a prevalence corresponding to the general Danish 
population [29, 30]. As in the background population, there 
was a higher incidence of comorbidities with increasing age.

More PASS-negative patients reported low satisfaction 
with adverse treatment effects than PASS-positive patients. 
Prednisolone is known to cause undesirable adverse effects 
when used long-term and/or at high doses, which could 

Table 1  Characteristics of the sample (N = 100)

Values are presented as mean ± standard deviation (SD), median and 
interquartile ranges (IQR) or numbers. As the sample size is 100, the 
percentages are obvious and not shown
BMI body mass index, CCI charlson comorbidity index, MG-ADL 
MG Activities of Daily Living Profile, MG-QoL15 MG-specific QoL 
instrument, MDI major depression inventory, MGC MG composite 
scale, QMG quantitative MG score, MFI-20 multidimensional fatigue 
inventory. ¶ Immunosuppressant including Azathioprine, Methotrex-
ate, Tacrolimus, Rituximab, and Mycophenolic acid

Characteristic Statistic

Age, years 60.2 ± 15.4
Sex, women 57
BMI, kg/m2 28.1 ± 6.1
MG duration, years 6 (3–13)
Job-status, n
 Working full- or part-time 39
 Unemployed/sick leave 10
 Retired due to MG 5
 Retired due to age 43
 Student 3

Antibody status, n
 AChR positive 94
 AChR negative 5
 MUSK positive 1

Thymectomy, n
 Yes 41

MG Treatment ¶

 Pyridostigmine only 20
 Pyridostigmine + Prednisolone 11
 Pyridostigmine + Immunosuppressant 26
 Immunosuppressant only 30
 Immunosuppressant + prednisolone 4
 Pyridostigmine + prednisolone + immunosuppressant 9
 MG-ADL 3 (0–5)
 QMG 9 (5–11)
 MGC 5 (3–10)
 MG-QoL15 8 (3–21)
 MFI-20 general fatigue 12 (9–16)
 MFI-20 physical fatigue 13 (10–16)
 MFI-20 reduced activity 11 (6–14)
 MFI-20 reduced motivation 8 (6–11)
 MFI-20 mental fatigue 8 (5–12)
 MDI 10 (5–18)
 EQ-5D-3L 0.8 ± 0.2
 EQ-5D-VAS 75 (65–80)
 CCI 3 (2–5)
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explain the dissatisfaction. An American register study [31] 
reported that 42% of patients received corticosteroids and 
55–58% in a Canadian study [4]. These ratios are signifi-
cantly higher than the 24% observed in our cohort, and we 
speculate if dissatisfaction with adverse effects is higher in 
other parts of the world. However, we found that MG treat-
ment was not associated with PASS-negative status. Also, 

despite the frequent use of corticosteroids in the Canadian 
cohort [4], the proportion of PASS-negative patients was 
similar to our findings. However, the results might be biased 
by differences in the cohorts, as we exclusively enrolled 
patients with gMG.

Disease duration in the PASS-negative patients was more 
than halved compared to PASS-positive patients. A possible 

Table 2  Demographics and 
disease characteristics according 
to pass status

Values are presented as mean ± standard deviation (SD), median and interquartile ranges (IQR), or as num-
bers and percentages (%)
BMI body mass index, CCI Charlson comorbidity index, MG-ADL MG Activities of Daily Living Profile, 
MG-QoL15 MG-specific QoL instrument, MDI major depression inventory, MGC MG composite scale, 
QMG Quantitative MG score, MFI-20 Multidimensional fatigue inventory. ¶ Immunosuppressant including 
azathioprine, methotrexate, tacrolimus, and mycophenolic acid

Characteristic PASS negative (n = 33) PASS positive (n = 67) p value

Age, years 58.3 ± 14.0 61.1 ± 16.1 .409
Sex, women 18 (55%) 39 (58%) .831
BMI, kg/m2 28.9 ± 6.8 27.7 ± 5.7 .372
MG length, years 3 (1–6) 8 (4–15) .001
Job-status, n
Working full- or part-time 12 (37%) 26 (39%) .033
Unemployed/sick leave 7 (21%) 3 (5%)
Retired due to sickness 3 (9%) 2 (3%)
Retired due to age 11 (33%) 32 (48%)
Student 0 3 (5%)
Antibody status, n
AChR positive 29 (88%) 64 (97%) .135
AChR negative 3 (9%) 2 (3%)
MUSK positive 1 (3%) 0
Thymectomy, n
Yes 14 27 1.00
MG treatment ¶

Pyridostigmine only 6 14 .028
Pyridostigmine + prednisolone 4 7
Pyridostigmine + immunosuppressant 11 15
Immunosuppressant only 3 1
Immunosuppressant + prednisolone 4 26
Pyridostigmine + prednisolone
 + immunosuppressant

4

MG-ADL 5 (4–7) 1 (0–3)  < .0001
QMG 11 (9–13) 8 (5–10) .0001
MGC 9 (4–13) 5 (2–8) .001
MG-QoL15 25 (12–32) 6 (1–12)  < .0001
MFI-20 general fatigue 17 (12–18) 10 (7–14)  < .0001
MFI-20 physical fatigue 17 (14–18) 11 (9–14)  < .0001
MFI-20 reduced activity 13 (12–16) 9 (6–12)  < .0001
MFI-20 reduced motivation 9 (7–13) 7 (5–10) .001
MFI-20 mental fatigue 11 (7–13) 8 (5–11) .003
MDI 17 (12–25) 8 (3–14)  < .0001
EQ-5D-3L 0.71 (0.66–0.78) 0.83 (0.78–1.00)  < .0001
EQ-5D-VAS 60 (50–75) 80 (70–85)  < .0001
CCI 3 (1–5) 3 (2–5) .767
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explanation might be that newly diagnosed patients still have 
not reached stabilization on optimal treatment (i.e., without 
unacceptable side effects) or are psychologically troubled 
by contracting a new, chronic disease that changes ADL and 
social functions.

In one retrospective validation cohort [4], PASS 
answers determined cut-off scores for MG-ADL, MGC, 
and MG-QoL15. Applying these cut-off scores to our 
population led to a proportion of 49–70% PASS-negative 
patients, which is different from the actual 33%. Although 

our cohort resembled previous cohorts [4] regarding age, 
sex, disease duration, and the number of PASS-negative 
patients, the cut-off points for MG measurements are not 
aligned. This might be explained by cultural differences 
or, more importantly, due to differences in study design, 
as our study is cross-sectional, while previous ones were 
retrospective studies.

We chose a wording of the PASS questions inspired by 
Mendoza et al. [4]. The Danish version of this PASS ques-
tion has never been validated in Danish MG patients. How-
ever, as PASS is an approach to evaluating patient satisfac-
tion individually, not a questionnaire, the wording differs 
between studies. Therefore, we believe that a validation of 
the Danish version is not needed.

The study design allowed us to combine PASS and MG 
measurements in one sample, which reduced the risk of 
selection bias. However, a total of 54 patients refused the 
study invitation for practical reasons. If lack of willingness 
relied on dissatisfaction with MG symptoms, this could lead 
to a selection of too many satisfied patients. However, none 
of the 54 patients expressed dissatisfaction as a reason for 
refusing, and we do not believe that these patients were more 
dissatisfied than the included patients. Still, it is not possible 
to estimate the impact of this potential selection bias.

We believe our findings represent the Danish MG popula-
tion, as Danish MG patients are treated according to national 
guidelines and allocated at hospitals based on residence and 
not by disease severity or socioeconomic status. We used a 
combination of patient-reported and clinician-derived meas-
urements, both MG-specific and generic, which allowed us 
to examine the PASS status from a broader perspective. The 
PASS question could be a valuable tool for assessing patient 
perspectives in follow-up and clinical trials based on this 
study. However, further evaluations of to what extent the 
PASS question applies to other MG populations are needed, 
primarily when treatment algorithms differ.

Conclusion

One-third of the included patients with gMG reported dis-
satisfaction with their current symptom state. These patients 
reported severe MG symptoms, low disease duration and 
MG-related quality of life, and high levels of fatigue and 
depression but resembled the remaining patients regarding 
demographics and disease status. The results suggest that a 
broader perspective on the disease, than strictly focusing on 
objective symptoms and treatment, is vital in the clinic to 
understand the underlying causes of dissatisfaction. For this, 
the PASS question could be a relevant and easy-to-use tool. 
A particular focus on newly diagnosed patients is crucial, as 
these patients seem more often dissatisfied.

Table 3  Associations of pass negative status

Analyses were adjusted for age, sex, MG duration (years), MG sever-
ity (total score of QMG), and depression (total score of MDI). ¶ 
Women vs. men
BMI body mass index, CCI Charlson comorbidity index, CI confi-
dence intervals, MG-ADL MG Activities of Daily Living profile, MG-
QoL15 MG- specific QoL instrument, MDI major depression inven-
tory, MGC MG composite scale, OR odds ratio, QMG quantitative 
MG score, MFI-20 multidimensional fatigue inventory

PASS negative (n = 33)

OR (CI) p value

Univariate analyses
MG-ADL 1.83 (1.42–2.36)  < .0001
QMG 1.24 (1.10–1.40) .0004
MG-QoL15 1.16 (1.10–1.23)  < .0001
MGC 1.16 (1.06–1.26) .002
MDI 1.11 (1.06–1.17)  < .0001
Physical fatigue (MFI-20) 1.39 (1.20–1.60)  < .0001
General fatigue (MFI-20) 1.31 (1.16–1.48)  < .0001
MG duration, years 0.93 (0.87–0.99) .020
Age, years 0.99 (0.96–1.02) .392
Sex ¶ 0.86 (0.37–2.00) .728
BMI 1.03 (0.97–1.12) .337
CCI 0.99 (0.81–1.19) .876
Medical treatment, overall 0.95 (0.74–1.22) .684
Medical treatment, prednisolone 2.62 (1.02–6.74) .050

Adjusted analyses
MG-ADL 1.65 (1.22–2.23) .001
Physical fatigue (MFI-20) 1.28 (1.09–1.51) .003
General fatigue (MFI-20) 1.25 (1.06–1.46) .007
QMG 1.23 (1.06–1.42) .007
MG-QoL15 1.14 (1.06–1.23) .0006
MDI 1.10 (1.03–1.17) .003
MG duration, years 0.92 (0.86–0.99) .016
MGC 1.01 (0.90–1.15) .807
Age, years 0.99 (0.96–1.03) .669
Sex ¶ 0.79 (0.26–2.39) .672
BMI 1.03 (0.95–1.13) .444
CCI 0.89 (0.63–1.25) .495
Medical treatment, overall 0.98 (0.72–1.34) .901
Medical treatment, prednisolone 1.90 (0.39–9.40) .430
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Two- and 6-minute walk tests assess
walking capability equally in
neuromuscular diseases

ABSTRACT

Objective: This methodologic study investigates if the 2-minute walk test (2MWT) can be a valid
alternative to the 6-minute walk test (6MWT) to describe walking capability in patients with
neuromuscular diseases.

Methods: Patients (n5 115) with different neuromuscular diseases were invited to participate on
2 test days, each consisting of 1 2MWT and 1 6MWT separated by a minimum 30-minute period
of rest. The order of the walk tests was randomly assigned via sealed envelopes. A group of 38
healthy controls completed 1 6MWT.

Results: The mean walking distance for the 2MWT was 142.8 meters and for the 6MWT 405.3
meters. The distance walked in the 2MWT was highly correlated to the distance walked in the
6MWT (r 5 0.99, p , 0.001). There was a significant decrease in walking speed from the first
to last minute in the 6MWT, both among patients and healthy controls, which was not evident in
the 2MWT. Results were consistent across diagnoses and levels of disease severity.

Conclusion: The 2MWT is a potential alternative to the 6MWT to describe walking capability
among patients with neuromuscular diseases during clinical trials. Neurology® 2016;86:442–445

GLOSSARY
2MWT 5 2-minute walk test; 6MWT 5 6-minute walk test; MRC 5 Medical Research Council.

The 6-minute walk test (6MWT) is widely used to measure treatment efficacy and disease pro-
gression in patients with neuromuscular diseases. However, the 6MWT is time-consuming and
often not tolerated by patients with severe lower limb muscle weakness. A considerable variation
is found in repeated 6MWTs due to a learning effect,1–3 and pretrial walk tests are recommended
to improve reliability.

Three previous studies have found that the 2-minute walk test (2MWT) is a valid alternative
to the 6MWT when assessing walking capability in patients with multiple sclerosis,4 sporadic
inclusion body myositis,5 and stroke,6 but it is unknown whether the 2MWT can be an alter-
native to the 6MWT in patients with a wide range of neuromuscular diagnoses.

The objective of the present study was to examine if the 2MWT and 6MWT assess walking
capability equally well in different neuromuscular diseases with a wide range of disease severities.

METHODS Patients were recruited from our Neuromuscular Center by consecutive sampling from March 2014 to January 2015.

Patients had variable weakness of proximal and distal muscles according to their primary disease of muscle, motor neurons, or peripheral

nerves. The inclusion criteria were age $18 years, ability to walk $60 meters in a 6MWT, and a genetic or biopsied proven

neuromuscular diagnosis. The exclusion criteria were any other medical condition that could interfere with the interpretation of

walking capability, e.g., heart failure. Patients who walked ,60 meters in 6 minutes were excluded due to a potential variability of

performance that may occur with a marginal ambulatory status.

Patients were invited to participate in 2 test days, separated by 1–2 weeks. The second day was used to test whether a learning effect

potentially would alter any relationship found between the 2MWT and 6MWT on the first test day. Each test day consisted of

1 2MWT and 1 6MWT, performed randomly via sealed envelopes, and separated by 30 minutes of rest.

The walk tests were administered according to the American Thoracic Society Guidelines.7 Habitual assistive devices were per-

mitted, and if needed, were used on both days.
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On the first test day, bilateral muscle strength was assessed in

the lower limb (flexion/extension in ankle, knee, and hip) by

manual muscle testing (Medical Research Council [MRC] scale).

A total of 115 patients with the following diagnoses were

included: myotonic dystrophy type 1, limb-girdle muscular dys-

trophy (types 1B, 2A, 2I, 2L), facioscapulohumeral dystrophy,

Kennedy disease, Charcot-Marie-Tooth neuropathy (CMT1A

and CMTX), mitochondrial myopathy, sporadic inclusion body

myositis, Becker muscular dystrophy, and a mixed group of myo-

pathies. Weak patients were a priori defined as patients with one

or more muscle groups in the lower limb with a MRC score #4,

and strong patients with universal strength above 4.

A total of 84 patients (73%) were classified as weak. Thirty-

three patients used assistive devices (cane or wheeled walker).

Ninety-three of the 115 patients participated in the second test

day. Thirty-eight healthy controls were included to examine

walking speed and fatigue during the 6MWTs. For characteristics

of the study population, see the table.

Standard protocol approvals, registrations, and patient
consents. The study was approved by the ethics committee of

the capital region (approval H-4-2014-FSP), and informed

consent was obtained from all involved participants.

Statistical analyses. Results are expressed as the mean 6 SEM

and range. Differences between the predicted and performed

6MWTs, and differences between the walking speed in the first

and last minute of the walking tests, were assessed by a paired

Student t test. A p # 0.05 (2-tailed testing) was considered

significant. Pearson correlation coefficient was used to examine

the relationship between the 2MWT and 6MWT. Subgroup

analyses were performed to identify potential deviations from

the main findings.

RESULTS Correlation between walking tests. The dis-
tance walked in the 2MWT was highly correlated to
that in the 6MWT (r 5 0.99, p , 0.001) for the
overall study population (figure 1) with similar re-
sults for the diagnosis subgroups (table). In the 93
patients who performed 2 test days, the correlation
was r 5 0.98, p , 0.001 on day 1, and r 5 0.99,
p, 0.001 on day 2. Thus, a learning effect does not
influence the high correlation between 2MWT and
6MWT.

Walked distance. The mean walking distance on the
first test day for the 2MWT was 142.8 meters (range
30–258 meters) and for the 6MWT 405.3 meters
(range 65–750 meters). When comparing the mean
walked distance in the performed 6MWT with the
predicted 6MWT (the distance walked in the 2MWT

Table Population characteristics, correlation between 2MWT and 6MWT, and walking speed for subgroups

Characteristics of the study population No. Male/female Age, y BMI Height, cm

Patients 115 75/40 52.6 (22–83) 25.2 (16.1–44.1) 173.9 (138–198)

Healthy 38 19/19 47.6 (25–76) 25.1 (19.6–33.5) 175.6 (155–192)

Weak patients 84 55/29 54.3 (22–83) 25.9 (16.1–44.1) 174.1 (138–196)

Strong patients 31 21/10 48.1 (24–79) 23.5 (16.8–38.3) 173.2 (154–198)

Correlation and walking speed for subgroups No.
Correlation,
r (p < 0.001)

Walking speed in 6MWT, m/s

p ValueFirst minute Last minute
Decrease in
speed, m/s

DM 20 0.99 1.39 1.34 0.05 0.01

LGMD 18 0.99 1.07 1.01 0.06 ,0.001

FSHD 15 0.99 1.31 1.26 0.05 0.02

Kennedy disease 14 0.95 1.02 0.92 0.10 ,0.001

CMT 14 0.96 1.2 1.18 0.04 0.17

Mitochondrial myopathy 10 0.99 1.18 1.11 0.07 0.03

IBM 10 0.98 0.73 0.73 0 0.53

BMD 8 0.99 1.43 1.36 0.07 0.04

Mixeda 6 0.99 1.18 1.13 0.05 0.12

Weak patients 84 0.98 1.06 1.01 0.05 ,0.001

Strong patients 31 0.99 1.51 1.45 0.06 ,0.001

Abbreviations: 2MWT 5 2-minute walk test; 6MWT 5 6-minute walk test; BMD 5 Becker muscular dystrophy; BMI 5 body mass index; CMT 5 Charcot-
Marie-Tooth neuropathy (CMT1A and CMTX); DM 5 myotonic dystrophy type 1; FSHD 5 facioscapulohumeral dystrophy; IBM 5 sporadic inclusion body
myositis; LGMD 5 limb-girdle muscular dystrophy (types 1B, 2A, 2I, 2L).
Data are from the first test day (n 5 115). The top of the table shows age, BMI, and height of the participants. Values are mean (range). The lower left part
of the table shows correlation between walking distance in the 2MWT and 6MWT for individual diagnostic subgroups. The lower right part of the table
shows walking speed in the first and last minute of the 6MWT. Weak patients were defined as those with one or more muscle groups in the lower limb with a
Medical Research Council score #4, and strong patients as those with universal strength above 4.
aMixed group of myopathies (spinal muscular atrophy [n 5 3], myotonia congenita [Thomsen disease] [n 5 1], congenital myopathy [n 5 1], polymyositis
[n 5 1]).
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multiplied by 35 427.9 meters), the walked distance
was shorter (p , 0.001) in the performed 6MWT.

The mean walked distance for patients classified as
weak was 128.0 meters (range 30–247 meters) for the
2MWT and 362.1 meters (range 65–692 meters) for
the 6MWT.

Walking speed. There was a small decrease in the walk-
ing speed (m/s) between the first and second minute
in the 2MWT (1.21 vs 1.19 m/s in the 2nd minute,
p , 0.001) on the first test day, which could not be
detected (p 5 0.76) on the second test day.

Walking speed in the 6MWT decreased by 4.6%
from the first (1.18 m/s) to the last minute (1.13 m/s)
(p , 0.001) on the first test day in patients with neu-
romuscular diseases (figure 2). Decrease in walking

speed was seen across disease severities and in most of
the disease subgroups (table).

A decrease of 1.4% in walking speed from the first
(1.93 m/s) to last minute (1.90 m/s) (p 5 0.01) was
found in the healthy controls. The absolute fall in
walking speed did not differ between patients and
healthy controls (p 5 0.10), but the percentage drop
was higher in the patients (p 5 0.002).

DISCUSSION The main finding of the present study
is that walking distance in 2MWT and 6MWT is
highly correlated across multiple neuromuscular dis-
eases of varying disease severities. This suggests that
the 2MWT is a valid alternative to the widely used
6MWT to assess walking capability in patients with
neuromuscular diseases who have a minimum walk-
ing distance of 60 meters in 6 minutes.

It has been shown that the 6MWT captures fatigue
in patients with spinal muscular atrophy8 and in pa-
tients with other diseases than neuromuscular dis-
eases.9 Fatigue among healthy adults in the 6MWT
has also been found in one study.2 We found a signif-
icant decrease in walking speed in the 6MWT in all
participants, showing that the 6MWT is suitable to
capture fatigue in patients with different neuromuscu-
lar diseases. We also found that the level of fatigue as
indicated by the absolute drop in walking speed was
similar among patients and healthy controls. In this
perspective, a decrease in walking speed can also be
interpreted as a matter of motivation, or strategic
approach to the walk test common for all participants,
indicating that the 6MWT does not necessarily pro-
vide additional clinically relevant information about
fatigue as a part of the patient’s neuromuscular disease.

Our results show that the 2MWT is too short to
capture fatigue. The variable response in walking speed
found between the first and second 2MWT empha-
sizes the importance of performing test trials to accus-
tom test participants to experimental conditions.

We excluded patients with a walking distance
,60 meters in 6 minutes. This can be a limitation
of the study since our results may not apply to pa-
tients with severely impaired gait function.

The results of the present study are in line with a
previous study showing that the 2MWT can be a valid
alternative to the 6MWT for patients with the specific
neuromuscular disease sporadic inclusion body myosi-
tis.5 Our study expands these findings to a heteroge-
neous group of neuromuscular diseases with highly
variable phenotypes.
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ORIGINAL ARTICLE

Effects of rhythmic auditory stimulation on walking during the 6-minute walk
test in patients with generalised Myasthenia Gravis

Linda Kahr Andersen , Nanna Witting and John Vissing

Department of Neurology, Rigshospitalet, University of Copenhagen, Copenhagen, Denmark

ABSTRACT
Introduction: Rhythmic auditory stimulation (RAS) has been shown to improve gait parameters in sev-
eral neurological diseases, both in walk-training interventions and in one-time walking tests, but the
effect in myasthenia gravis (MG) is unknown.
Objective: The aim of this study was to examine if RAS improves walking distance and gait speed in
patients with generalised myasthenia gravis (gMG) in the 6-minute walk test (6MWT).
Methods: Forty-eight patients with gMG walked two 6MWTs under different conditions: (1) walking
with RAS with a frequency of 100% of the patient’s fastest gait speed, (2) walking with RAS with a fre-
quency of 110% of the patient’s fastest gait speed, or (3) walking in silence.
Results: RAS with a frequency of 110% of the patient’s fastest gait speed increased the walking dis-
tance by 8.3 metres in the 6MWT vs standard 6MWT (p¼ 0.01), without increasing average walking
heart rate (HR) or Borg scores.
Conclusions: This study indicates that RAS may improve gait speed and walking distance in patients
with gMG without additional exertion as judged by HR and Borg scores. Based on these results, RAS
could be used as part of a physical rehabilitation program for patients with gMG.
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Introduction

Myasthenia gravis (MG) is a chronic, autoimmune disease
with a well-known pathogenesis. Blocking of signal transduc-
tion and destruction of the synaptic components results in
fluctuating strength of voluntary muscles, and distinct mus-
cular fatigue with repeated contractions of skeletal muscles.
MG affecting other muscles than ocular muscles is character-
ised as generalised myasthenia gravis (gMG).

As fatigue can be difficult to define, a proposal of a tax-
onomy of fatigue has been published I 2013 [1]. In this tax-
onomy, fatigue is divided into a performance-based
fatigability and a fatigue perception. As the performance-
based fatigability includes both cognitive and physical per-
formances, the term ‘muscle fatigability’ is used in this study.
This term defines the fatigability in skeletal muscles after
repeated muscle contractions.

Muscle fatigability is known to occur in patients with MG
after continued physical activity, e.g. when walking. Even for
short distances of 400 m, and in timed walk tests, such as
the 6-minute walk (6MWT), patients with MG have reduced
gait speed and walk distance compared to healthy persons
[2–4]. The 6MWT has been found useful and reliable to
measure walking-related fatigability in patients with neuro-
muscular diseases, including patients with MG [3–8].

Auditory cues, also referred to as rhythmic auditory stimu-
lation (RAS), is the concept of using e.g. music to synchronise
movement and auditory stimuli [9]. The effect of auditory
cueing relies on entrainment, which is defined by a temporal
locking process in which one system’s signal frequency
affects the frequency of another system, meaning that e.g.
external stimuli as rhythm from music is synchronised with
human movement [10,11]. The neural basis of entrainment
relies on the connections between the auditory and the
motor systems [12].

RAS has been shown to improve gait parameters in
repeated walk-training interventions in individuals affected
by stroke, traumatic brain injury, Parkinson’s disease, and
multiple sclerosis [13–17]. However, improvements in spatio-
temporal gait parameters, such as gait speed and stride
length, are also found in one-time walking tests for patients
with multiple sclerosis [18], Parkinson’s disease [19] and
chronic obstructive pulmonary diseases [20]. The effect of
RAS has never been examined in patients with MG, but we
hypothesise that RAS will influence on walk-related fatigabil-
ity measured by gait speed and distance walked in these
patients. If RAS is effective, this would add valuable know-
ledge to improve rehabilitation programs for patients
with MG.

The objective of this study was to compare gait speed
and distance walked in patients with gMG when performing
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a 6MWT with RAS (with a rhythm corresponding to either
100% or 110% of the patient’s fastest gait speed) vs. a
6MWT without auditory stimulus.

Materials and methods

Participants

Patients with gMG, 18-80 years of age, were invited to par-
ticipate in a 2-hour visit for testing. The patients were
recruited from our neuromuscular clinic during their routine
follow-up visit with their neurologist. The diagnosis of gMG
was based on a typical clinical history and symptom
improvement with acetylcholinesterase inhibitors coupled
with either positive acetylcholine receptor antibodies and/or
significant decrement/increased jitter on electromyography.
Patients with a medical condition that could interfere with
the interpretation of walking capability, e.g. heart failure or
rheumatoid arthritis, were excluded. The included patients
were treated by pyridostigmine, immunosuppressive drugs
or a combination of both. For patients taking pyridostigmine,
the tests were performed 1=2–2 h after intake of the drug.

Patients interested in participating were given verbal and
written information about the study and those who accepted
participation gave their written consent. This study was
approved by the ethics committee of the Capital Region of
Denmark (approval H-18031231).

Procedures

Patients completed a test battery conducted by one assessor.
Two 6MWTs were completed in a random order by block
randomisation, using sealed envelopes. RAS was applied dur-
ing one of the 6MWTs, the other 6MWT was standard.
Patients walked up and down a 30-metres walking course
turning around cones at each end. The 6MWTs were adminis-
tered according to the American Thoracic Society (ATS)
Guidelines [21]. A timer started at the beginning of the test,
keeping track of the 6min. For every 30 metres, when the
patient turned around a cone, the time was registered. As in
previous studies [5,7], walking-related fatigability was deter-
mined by subtracting the gait speed in the first minute from
the gait speed in the sixth minute.

MG severity was measured by the Myasthenia Gravis
Composite Scale (MGC) [22]. The MGC consists of 10 items of
objective and subjective character with a summary score
from 0-50 (most severe¼ 50). A psychometric, multicentre
study found that the MGC is a reliable and valid instrument
to measure clinical status of patients with MG [23,24].

The order of tests was:

� Short 60-metre walk test to determine fastest gait speed
� MGC
� First 6MWT (with/without RAS)
� 30min break
� Second 6MWT (with/without RAS)

In the initial 60-metre walk test, patients were asked to
walk 60 metres “as fast as possible, without running“, to deter-
mine the fastest gait speed. The distance of 60 metres was
chosen for practical reasons, as it corresponded to one lap on
the 30-m walk course. This length was expected not to
exhaust patients while being long enough for the patient to
gain confidence with the pace and rhythm in the walk test.

Average steps per minute were recorded, using an App,
named BPM (version 3.04, developed by CHEEBOW), down-
loaded on an iPhone 7. For every single step the patient
took in the 60-metre walk test, the tester tapped once on
the phone, indicating a step. The recording started at the
patient’s first step and ended when the patient had com-
pleted one lap. The app calculated the average steps per
minute during the 60m, which was noted for each patient.
The average steps per minute corresponded to the beat per
minute in the music used in the 6MWT with RAS (with a fre-
quency of 100%).

The auditory stimuli were vocal pop or rock music with a
distinct rhythm. Playlists of music with different BPMs were
made in advance. Prior to the 6MWTs with RAS, the rhythm
of the music was indicated to the patient by clapping and
stepping. The instruction, additional to the instructions of
the ATS guidelines was: ‘When you start to walk, I will play
some music for you. Try to match your steps to the rhythm
of the music. If you find it difficult to follow the rhythm,
then focus on trying to walk as far as you can in the 6min’.

The patient’s heart rate (HR) was measured by a pulse
watch (Suunto Quest, model SS018153000). The average HR
was calculated by the pulse watch, based on all the HR’s
measured over the entire 6min. Patients were asked before-
hand to refrain from caffeine-containing beverages and
smoking on the test day, to reduce the influence on HR.
After each of the walk tests, patients were asked to deter-
mine ‘how exhausting did you find the test?’ on the Borg
Scale of Perceived Exertion [25], where they could state their
subjective experience of exhaustion from 6 (‘very, very easy’)
to 20 (“very, very exhausting).

As no previous study has estimated the potential effect
size of RAS or has examined the relationship between effect
size and frequency of RAS in MG patients, we were unable
to make a reasonable power calculation before the study
start. Therefore, we started out with a RAS frequency of
100% of the patient’s fastest gait speed. After 18 patients
had completed the 6MWT, we did a post hoc sample size
calculation based on the obtained effect size of RAS at this
point (4.5 metres). These results suggested a sample size of
240 patients, which was not realistic to perform. To examine
if a faster frequency of RAS would result in a larger effect
size, the following 30 patients therefore walked to a fre-
quency of 110% of the patient’s fastest gait speed. A power
calculation was performed after the first 12 patients had
completed this protocol. The obtained effect size of RAS as
this point was 9.7m with a frequency of 110%, which would
require a sample size of 30 patients. These two groups of
patients were subsequently named FAST (n¼ 18) (100%) and
FAST10 (n¼ 30) (110%). As it is common practice to calculate
sample sizes before the study start, the choice of post hoc
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sample size calculation was discussed with statistical experts.
As no previous published effect sizes of RAS in patients with
MG exist, the post hoc sample size calculation was
recommended.

Statistical analyses

Age, BMI, walking distance, gait speed, and HR measure-
ments were presented by means and standard deviation
(SD). MGC and Borg scores were presented by medians and
inter-quartile ranges (IQR) due to non-normal distributions.
Normality was assessed visually by histograms and boxplots.
Distribution of characteristics within or between the groups
FAST and FAST10 was assessed by Fisher’s exact test for sex
differences, by Student’s t-test for age and BMI, by paired t-
test for walking distance, gait speed and HR average, and by
Wilcoxon rank-sum test for MGC and differences in
Borg scores.

To investigate the effect of RAS on walking distance and
gait speed, a linear mixed model was conducted with age,
sex, BMI, MGC and order of test as covariates. To account for
the correlation in the repeated measurements as well as pos-
sible changes in variance, an unstructured covariance pattern
was assumed. The following model assumptions were
checked and in case of violation, the analyses were con-
ducted on log10-transformed data: multivariate normal distri-
bution, homogeneity of residuals, and convergence criteria.

Sample size calculations were based on alpha level¼ 0.05,
power¼ 0.8, two-tailed test.

In general, a p� 0.05 (two-tailed testing) was considered
significant. All statistical analyses are carried out using SAS
enterprise guide 7.1.

Results

Demographics

A total of 48 patients (34 women) met the criteria for inclu-
sion. The overall mean age of the sample was 55 (16.8) years,

the BMI was 27 (6.6) and the median score (IQR) of MGC was
7.5 (3.5–13.5). Distribution of characteristics in the FAST and
FAST10 groups can be seen in Table 1.

Gait parameters

In the FAST10 group (110% of fastest gait speed), walking
distance in the RAS 6MWT was 8.3 (CI: 1.82–14.78, p¼ 0.01)
metres longer than in the standard 6MWT. The order of tests
(p¼ 0.36), the MG severity (MGC, p¼ 0.07) and sex (p¼ 0.56)
did not influence on walked distance. However, increasing
age and BMI decreased the walking distance (age; estimate:
�2.10, CI: �3.29; �0.91, p< 0.01, BMI; estimate: �3.15, CI:
�5.75; �0.55, p¼ 0.02).

In the FAST group (100% of fastest gait speed), walking
distance in the 6MWT with RAS was 4.5 (CI: �7.91–16.91,
p¼ 0.45) metres longer than in the standard 6MWT.
However, this result was statistically insignificant.

Within each group there was a significant decrease in gait
speed in both standard and RAS 6MWT, indicating walking-
related fatigability. Gait speed in both the first and sixth
minute of the RAS 6MWT was faster compared to standard
6MWT, indicating that RAS increased gait speed throughout
the 6MWT.

We would have expected a nominal increase in average
HR and Borg score due to a higher gait speed in the RAS
tests, but surprisingly no increase was seen.

For the overall sample (n¼ 48), the mean (SD) walking
distance in the standard 6MWT was 558 (67.8) metres, and
565 (72.9) metres in the RAS test. Gait parameters specified
in the groups FAST and FAST10 are presented in Table 1.

Discussion

In this study, we found that RAS improved walking distance
and gait speed in patients with gMG, when the RAS fre-
quency was set 10% higher than the patients’ fastest walking
speed. Surprisingly, this did not result in increased average

Table 1. Patients characteristics and gait parameters.

FAST (n¼ 18) p-value FAST10 (n¼ 30) p-value

Sex 5 men (28%) 9 men (30%) 1.00
13 women (72%) 21 women (70%)

Age, mean (SD), years 57 (17.9) 54 (16.3) 0.59
BMI, mean (SD), kg/m2 27 (5.6) 28 (7.2) 0.70
MGC, median (IQR), total score 6 (3-15) 9 (4-13) 0.69
Walking distance, mean (SD), metre
Standard 6MWT 544 (77.2) 0.45 567 (61.2) 0.01
RAS 6MWT 548 (85.3) 575 (63.7)

Gait speed standard 6MWT, mean (SD), m/s
First minute 1.54 (0.22) 0.02 1.61 (0.16) <0.01
Sixth minute 1.51 (0.21) 1.57 (0.17)

Gait speed RAS 6MWT, mean (SD), m/s
First minute 1.58 (0.25) <0.01 1.62 (0.18) <0.01
Sixth minute 1.52 (0.24) 1.59 (0.18)

HR average, mean (SD), BPM
Standard 6MWT 118 (18.7) 0.06 115 (16.9) 0.44
RAS 6MWT 109 (18.5) 113 (14.3)

Borg, median (IQR), score
Standard 6MWT 11.5 (10-13) 0.88 13.0 (11-14) 0.90
RAS 6MWT 11.0 (10-13) 13.0 (11-15)
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HR or Borg score. Increasing age and BMI, decreased walking
distance, whereas sex, MG severity and the order of tests did
not seem to have any influence on the results.

Our results are in line with previous studies finding that
increase of RAS frequency leads to an increase in gait speed
and walking distance in neurological conditions [20,21,27,28].
The mechanism behind RAS and the subsequent improve-
ment of gait parameters is explained in several studies [11].
The mechanism is based on entrainment, where the auditory
stimuli and the steps during walking align due to synchron-
isation. This synchronisation results in increasing gait speed
with increasing RAS frequency.

The increase of walking distance in the RAS 6MWTs did
not lead to increases in average HR or Borg score. This was
surprising, as it is basic knowledge that increasing workload
leads to an increase in HR, also in neuromuscular patients
[26]. However, these findings may be explained by the loco-
motor–respiratory coupling (LRC), where the rhythm of a
subject’s respiration, synchronises to the rhythm of locomo-
tion. LRC is seen in various species and in different kinds of
movement, including human walking, and is found to signifi-
cantly lower the energy expenditure. Also, RAS has been
found useful to synchronise the locomotor- and the respira-
tory systems [27,28]. If we assume that this happened in this
study, the stimuli of RAS may have facilitated the synchron-
isation of the patient’s respiration and walking steps in the
6MWT. This will, according to previous findings, lead to a
reduction in exergy expenditure, which can explain the low-
ering or stabilisation of HR and Borg in this study. Further
studies are needed to confirm this, but the approach could
be potentially useful and relevant in rehabilitation programs
for patients with MG and severe fatigue.

The choice of RAS frequencies (100% and 110%) was
mostly arbitrary due to lack of results from previous studies
in MG patients. The chosen frequencies in this study were
obtained in a pragmatic balance between obtaining an effect
of RAS, and a realistic gait speed for the patients. It could be
speculated, if a further increase of RAS frequency, e.g. 120%,
could lead to a further increase of gait speed. This was seen
in one study [29], where an increase of 20% of baseline walk-
ing speed resulted in the highest increase of gait velocity
(but also a decrease of gait quality). However, in contrast to
that study, the increase of 10% in this study, was based on a
walk velocity already corresponding to the patient’s fastest
gait speed. Another study [30], found that increases above
8% of the preferred walking cadence resulted in an decrease
in the ability to synchronise with the music. Based on these
results, we presume that an additional increase above the
10% in patients with MG, would result in a decrease in gait
quality and synchronisation to stimuli, but further studies are
needed to test this.

Inspired by findings from previous studies, where instruc-
tion enhanced synchronisation [31,32], we instructed the
patients to follow the rhythm in the music, when walking
the 6MWT with RAS. However, some patients were con-
cerned if they could succeed with it, often stating ‘I am not
very musical’. For these patients, the focus on following the
rhythm, seemed to slow down their walking pace, and

thereby lower the synchronisation between RAS and steps.
However, it might be, that the RAS frequency was too high
for these patients, and due to muscular fatigue, they had dif-
ficulties in following the rhythm. As discussed in another
paper [31], synchronisation of RAS and steps, occurs more
often when the RAS frequency matches to the walking
cadence. As we did not measure synchronisation in this
study, it is difficult to verify this, but this may have dimin-
ished the effect of RAS, and thereby weakened our results.

The only factors, despite RAS, that seemed to influence
on walking distance and gait speed was age and BMI. An
increase of age and BMI reduced the walking distance and
the pace. These findings were expected, as this is already
seen in the 6MWT for healthy adults [33]. It was more sur-
prising that MG severity did not influence on the walking
distance (p¼ 0.07). However, this result is in line with a previ-
ous study that found no correlation between MG severity
and physical fatigability [3].

In a previous study of a heterogeneous group of neuro-
muscular patients (n¼ 115) [5], we found a mean walking
distance of 405 metres and a mean gait speed in the first
and sixth minute of the 6MWT of 1.18 and 1.13m/s, respect-
ively. For healthy controls (n¼ 38) the mean walking distance
was 685 metres and the mean gait speed was 1.93 and
1.90m/s in the first and sixth minute. Compared to these
patients, the patients with gMG seemed mildly affected.
However, due to huge differences in walking ability and
underlying pathogenesis among different neuromuscular
diagnoses, it is not possible to directly transfer our results to
other neuromuscular patient’s groups or healthy controls.

A considerable variation is found in repeated 6MWTs due
to a learning effect [6,26,34,35] and pre-trial walk tests are
recommended to improve reliability in both neuromuscular
patients and healthy controls. However, to avoid exhausting
the patients unnecessary, we chose a shorter pre-trial (60m)
to familiarise the patients to the test, and at the same time
obtain step per minute in the patient’s fastest gait speed.
Also, as the 6MWT was performed in a randomised order, we
did not expect learning effect to influence on our results.
This was also confirmed in the analyses, where the order of
the tests did not influence on walking distance (p¼ 0.36).
This finding was in line with the results of another study of
RAS and walk tests [20].

As no effect size of RAS in MG patients has been pub-
lished, we did a post hoc sample size calculation, even
though this is not standard method. The value of post hoc
sample size calculations can be discussed, but after consulta-
tions with our statisticians, this was deemed the most correct
method to use in this study. Future studies can benefit from
our estimated effect size of RAS in MG patients.

A recent systematic review found a minimal clinically
important difference (MCID) of 14-30.5 metres in repeated
6MWTs in adults across multiple patients groups (no neuro-
muscular diseases) [36]. As the increase in walking distance
in our study was lower (8.3 metres), the relevance of our
results can be questioned. However, the studies included in
the systematic review, found a mean baseline walking dis-
tance (295-551m) which was lower than the one we found
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(�544m), indicating more severely affected patients. As the
walking distances in our study were closer to healthy con-
trols [5], we suggest that a ceiling effect limited the potential
to increase walking distance in repeated 6MWTs in our study.
Also, the increase of 8.3 metres in our study was present
despite randomisation, whereas the study results presented
in the systematic review, were influenced by the learning
effect of repeated 6MWTs [36]. Furthermore, in a study of
patients with COPD [20] patients walked 12 metres longer in
the 6MWT with RAS, compared to walking without music or
walking with music without rhythmic enhancement. This dis-
tance was closer to the results of this study, and also below
the MCID in the systematic review [36] for 6MWTs with-
out RAS.

This study is limited by missing measurements of syn-
chronisation between RAS and steps, and missing measure-
ments of LRC. Results of these measurements could have
strengthened the conclusions of this study. The study was
strengthened by the size of the cohort, which was large
compared to other studies of RAS [11]. Also, that only
patients with verified diagnosis of gMG were included, and
that randomisation diminished the effect of learning in the
6MWT results. As this is the first study to examine the influ-
ence of RAS during walking in patients with gMG, we hope
that the results and the estimated effect sizes of RAS can
help and encourage other researcher to elaborate this topic
into more details.

Conclusions

The results of this study indicate that gait speed and walking
distance in the 6MWT in patients with gMG, can be increased
by RAS without additional exertion as judged by HR and
Borg scores. These observations are important theoretically
and have potential implications for planning of physical
rehabilitation program for patients with gMG.
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