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Among individuals with generalized myasthenia gravis (gMG), risk factors for increased severity over 
time are unknown. This study examined the association between demographic and clinical variables 
and patient progression to a more severe MG Foundation of America (MGFA) classification. Data were 
drawn from the Adelphi Real World myasthenia gravis Disease Specific Programme™, a cross-sectional 
survey capturing retrospective data from patients’ medical histories. Among 421 individuals, 16% 
experienced increased gMG severity (progression to higher MGFA class between diagnosis and the time 
of the survey, 1–7 years later) and for 84%, gMG was stable/improved (MGFA class the same/lower). 
Logistic elastic net regression determined that increased severity was associated with the occurrence 
of prior misdiagnosis. Bivariate analyses indicated significant associations between increased severity 
and longer time between symptom onset and (a) the first consultation with a healthcare practitioner 
and (b) MG diagnosis. Increased severity was also associated with older age and presence of specific 
symptoms at diagnosis. gMG stability/improvement was associated with employment status and 
general fatigue at diagnosis. There is a need for prompt and accurate diagnosis and improved 
treatment options with the potential to increase the likelihood of stability/improvement for gMG 
patients.
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Myasthenia gravis (MG) is a rare, chronic, autoantibody-driven disorder of the post-synaptic membrane at the 
neuromuscular junction, resulting in muscle weakness and fatigability. The majority of patients initially present 
with ocular MG, with conversion to generalized MG (gMG) in 50–80% of patients, usually within two years1–3. 
Risk factors associated with generalization include older age at MG onset, female sex, acetylcholine receptor 
antibody titer, thymoma or thymic hyperplasia, presence of other autoimmune diseases, and others4–6, and early 
immunosuppressive treatment may reduce this risk7.

Few studies, however, have considered risk factors for an increased severity among patients who already 
present with generalized symptoms at diagnosis. Severity can be measured using the Myasthenia Gravis 
Foundation of America (MGFA) classification, which allocates patients to one of five classes based on clinical 
features and severity of muscle weakness8. As MGFA class correlates with patient functional status, the occurrence 
of exacerbations and myasthenic crises, and all aspects of health-related quality of life (both generic and disease-
specific)9,10, it is imperative that individuals at greater risk of progression to a higher, more severe MGFA class 
are identified, and that effective management and treatment strategies are implemented to minimize the risk of 
deterioration. Furthermore, it is important to recognize any modifiable risk factors, as this may inform clinical 
practice and health policy.

The objective of this study was to examine the association between a broad range of demographic and clinical 
variables and patient progression to a more severe MGFA class, using real-world data from a large, multinational 
population of individuals with gMG. The MG disease course is highly variable, with studies describing an initial 
period of 1–2 years during which the disease reaches maximum severity11 and others referring to an initial ‘active 
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stage’ characterized by relapses and remissions lasting approximately 7 years12. Therefore, our study focused on 
the time period between 1 and 7 years after diagnosis.

Methods
Study design and data source
The patient population included in this study are part of the Adelphi Real World (ARW) MG Disease Specific 
Programme (DSP)™. ARW DSPs are cross-sectional surveys that also capture retrospective data from patients’ 
medical histories. A complete description of the DSP methodology has been previously published and 
validated13–16. Patient inclusion is not based on detailed eligibility criteria; any individual with the condition of 
interest who visits the physician for a consultation may be included. Physician- and patient-reported information 
is then collected with a consistent approach across all countries, generating objective and impartial data.

The MG DSP recorded information about patients with MG in the United States (US) and five European 
countries (France, Germany, Italy, Spain and the United Kingdom [UK]) in June–September 2020. Physicians 
were hospital- or office-based with a primary specialty of neurology, primary care or geriatrics, who had 
personally treated ≥ 1 patient with a confirmed MG diagnosis in the prior 12 months. They were recruited by 
local fieldwork agents, with appropriate remuneration for their involvement.

Following informed consent, data were collected in three stages: (1) an online physician-completed survey 
about disease management; (2) an online physician-completed patient record form chart review about the next 
1–10 consecutive consulting patients with MG seen in clinical practice; and (3) a pen-and-paper patient self-
completion form.

Survey questions
This analysis included examination of physician-reported data only, as provided in the patient record form. 
These included the following patient sociodemographic characteristic: age, sex, body mass index, and 
employment status. They also included the following clinical characteristics: MGFA class (class II [mild weakness 
affecting muscles other than ocular muscles], class III [moderate weakness affecting muscles other than ocular 
muscles], class IV [severe weakness affecting muscles other than ocular muscles], class V [intubation with or 
without mechanical ventilation, except when employed during routine postoperative management), Charlson 
Comorbidity Index, presence of concomitant conditions, MG remission status (defined as ‘not in remission 
[no substantial decrease in clinical manifestations], minimal manifestations [some weakness detectable on 
examination], in pharmacological remission [has been symptom-free but continues to take treatment for MG] 
or in complete stable remission [has been symptom-free and has not received any treatment for MG during 
this period]), MG symptoms at diagnosis, medical history (hospitalizations, myasthenic crises, thymectomy, 
maintenance/chronic treatment history), and features of the diagnostic journey (time from symptom onset to 
first consultation and to diagnosis, and occurrence of misdiagnosis).

To determine concomitant conditions, physicians were asked to ‘indicate any diagnosed concomitant 
conditions for this patient’. To determine misdiagnoses, in a separate section of the survey, physicians were asked 
the following: ‘Prior to the diagnosis of myasthenia gravis, had the patient ever received any misdiagnoses that 
were later attributed to the patient’s myasthenia gravis? Note: we are asking about misdiagnoses only and you 
should not include concomitant conditions in your answers’.

Treatment history was qualified using the following wording: ‘For the purpose of the following questions we 
are only interested in the patient’s maintenance/chronic therapy. Please do not include any acute treatments or 
rescue therapies in your answers’. Physicians also provided the number of lines of therapy; a line was defined as 
the addition, removal or switch of any individual pharmacological therapy. Pausing treatment or dose changes 
were not considered line changes.

Inclusion/exclusion criteria
This analysis was performed using survey results for a subset of the entire MG DSP population. Eligible patients 
had received a diagnosis of MG between 1 and 7 years prior to the survey date and had MGFA classification 
recorded both at diagnosis and at the time of survey. Patients had gMG, as indicated by being MGFA class II, III, 
IV or V at both time points.

Ethical approval
The MG DSP survey obtained ethics approval from the Western Institutional Review Board (WIRB; study 
protocol number: 1276240. Data were collected in such a way that patients and physicians could not be identified 
directly; all data were aggregated and de-identified before receipt. All methods relating to this research, including 
the DSP data collection, were undertaken in line with relevant legislation and guidelines including European 
Pharmaceutical Marketing Research Association (EPHMRA) guidelines17, the US Health Insurance Portability 
and Accountability Act (HIPAA) 199618, and Health Information Technology for Economic and Clinical Health 
(HITECH) Act legislation19.

Data analysis
Patients were allocated to one of two groups: (i) increased gMG severity: progression to a higher MGFA class 
between diagnosis and the time of the survey, or (ii) gMG stable or improved: MGFA class either the same at 
diagnosis and the time of the survey or lower between diagnosis and the time of the survey. Sociodemographic 
characteristics, clinical characteristics, medical history related to the diagnostic journey, and treatment history 
were then compared for patients in each group.

For numeric variables, sample size, mean, standard deviation, were calculated and compared using Student’s 
t-test. For categorical variables, sample size and number/percent in each category were calculated and compared 
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using a Fisher’s exact test (nominal categorical variables) or Mann–Whitney test (ordered categorical variables). 
Missing data were not imputed; therefore, the base of patients for analysis could vary from variable to variable.

To identify factors associated with increased gMG severity in this population, regression was performed 
using a logistic elastic net model. In this method, multiple potential factors or covariates are considered, and 
those that are deemed as having an impact on the outcome are selected. These selected important covariates 
then work simultaneously within the model to estimate the outcome, while all other covariates have a coefficient 
of 0. The assumption was made that the effects of the covariates were independent of each other, therefore no 
interaction terms were hypothesized. Covariates included in our model are listed in Supplementary Appendix 
1. The model output included only the important predictors; i.e. the potential covariates that were found to have 
an association with gMG being stable/improved (versus worse) between diagnosis and the time of the survey, as 
measured by MGFA class.

Coefficients were exponentiated to produce odds ratios. An odds ratio of 1.0 indicated no difference in odds, a 
ratio > 1.0 indicated increased odds of an association between the covariate and gMG stability/improvement, and 
a ratio < 1.0 indicated decreased odds of an association between the covariate and gMG stability/improvement 
(i.e. interpreted as an association with increased gMG severity).

Analyses were performed using STATA v18 (StataCorp. 2023. Stata Statistical Software: Release 18. College 
Station, TX: StataCorp LLC).

Results
Patients
The overall MG DSP was completed by 222 physicians with respect to 1234 patients. Of these, a total of 421 
patients had received a diagnosis of gMG 1–7 years prior to the survey date and had MGFA classification data 
available both at diagnosis and at the time of survey, making them eligible for inclusion in this analysis.

Mean age was 54.4 years, half of the patients were female (Table 1), mean Charlson Comorbidity Index was 
0.5, and the most common concomitant conditions were hypertension, dyslipidemia, depression, anxiety and 
obesity (Table 2). Regarding the clinical burden related to the presence of gMG, patients had been hospitalized 
due to MG one time on average, 30.8% had experienced at least one myasthenic crisis, and one fifth of patients 
were not in remission (as opposed to having minimal manifestations or being in pharmacological or complete 
stable remission) (Table 2).

Change in gMG severity over time
At diagnosis, over half of patients (57.3%) were MGFA class II, 33.0% were class III, 8.1% were class IV and 
1.7% were class V (Supplementary Table S1). At the time of the survey (which was conducted a mean [standard 
deviation, SD] of 35.3 [18.3] and a median [min, max] of 30.3 [12.1, 83.9] months after diagnosis), many 
individuals had moved between groups: for 69 patients (16.4%) gMG severity had increased and for 352 patients 
(83.6%) it was stable or had improved (though remaining generalized).

Variables associated with increased gMG severity: bivariate comparisons
The mean age of patients in the ‘gMG severity increased’ cohort was significantly higher compared with the 
‘gMG stable/improved’ cohort (Table 1). Employment status also differed significantly; for example, 10.1% in the 
‘gMG severity increased’ cohort and 27.8% in the ‘gMG stable/improved’ cohort were in full time employment 
whereas 46.4% and 28.4% were retired, respectively (Table 1).

Overall (N = 421)

gMG severity 
increaseda 
(N = 69)

gMG stable 
or improvedb 
(N = 352)

p-valuen Parameter n Parameter n Parameter

Age, years, mean (SD) 421 54.4 (15.0) 69 59.2 (13.1) 352 53.4 (15.2) p = 0.003

Female, n (%) 421 210.0 (49.9) 69 31.0 (44.9) 352 179.0 (50.9) p = 0.430

BMI, kg/m2, mean (SD) 421 25.9 (4.2) 69 26.3 (3.7) 352 25.9 (4.3) p = 0.437

Employment status, n (%) 418 69 349

 Retired 131.0 (31.3) 32.0 (46.4) 99.0 (28.4) p = 0.008

 Working full time 104.0 (24.9) 7.0 (10.1) 97.0 (27.8)

 Working part time 77.0 (18.4) 10.0 (14.5) 67.0 (19.2)

 On long term sick leave 39.0 (9.3) 8.0 (11.6) 31.0 (8.9)

 Homemaker 35.0 (8.4) 8.0 (11.6) 27.0 (7.7)

 Unemployed 26.0 (6.2) 4.0 (5.8) 22.0 (6.3)

 Student 6.0 (1.4) 0.0 (0) 6.0 (1.7)

Table 1.  Sociodemographic characteristics at the time of the survey for patients with gMG who were 
diagnosed 1–7 years prior to the survey, overall and stratified according to whether gMG severity has increased 
or remained the same/improved since gMG diagnosis. BMI body mass index, gMG generalized myasthenia 
gravis, MGFA Myasthenia Gravis Foundation of America, SD standard deviation. aProgression to a higher 
MGFA class between diagnosis and the time of the survey. bMGFA class either the same at diagnosis and the 
time of the survey or lower between diagnosis and the time of the survey.
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Approximately half of patients in the ‘gMG severity increased’ cohort had minimal manifestations and 
none were in remission, in contrast with the ‘gMG stable/improved’ cohort where values were 79.5% and 6.5%, 
respectively (p < 0.001; Table 2). There were also some differences in the specific symptoms recorded at diagnosis; 
weakness of the eye muscles and muscle ache following physical activity were significantly more common in 
the ‘gMG severity increased’ cohort, whereas impaired speech, slurred speech, shortness of breath, and arm 
weakness were less common in the ‘gMG severity increased’ cohort, relative to the ‘gMG stable/improved’ cohort 
(Supplementary Fig. S1). For all other indicators of clinical burden, values were comparable between cohorts 
(Table 2).

The typical patient journey from symptom onset to diagnosis differed between cohorts in numerous respects. 
Patients in the ‘gMG severity increased’ cohort experienced a significantly longer time between symptom 
onset and their first healthcare practitioner (HCP) consultation, a significantly longer time to diagnosis, and 
a significantly higher occurrence of misdiagnosis prior to their gMG diagnosis, relative to the ‘gMG stable/
improved’ cohort (Fig. 1). The five most common misdiagnoses in the ‘gMG severity increased’ cohort were 
chronic fatigue syndrome, multiple sclerosis, connective tissue disease, amyotrophic lateral sclerosis, and chronic 
inflammatory demyelinating polyradiculoneuropathy (Fig.  1). Although there was no significant difference 
between cohorts in the HCP type at initial consultation or at diagnosis, a lower proportion of patients in the 
‘gMG severity increased’ cohort were currently managed by a neurologist (versus all other HCP types combined), 
compared with the ‘gMG stable/improved’ cohort (Supplementary Table S2).

Across all patients in the analysis, the mean (SD) time between the date of the first consultation and gMG 
diagnosis was 2.76 (3.97) months for patients with no misdiagnoses, versus 13.40 (14.42) months for those with 
≥ 1 misdiagnosis (p < 0.001) (N = 205 and N = 80, respectively).

Treatment history—including duration, number of consecutive maintenance/chronic treatment regimens 
received, and the type of treatment received—is shown in Table 3; there were no observable differences between 
patients in the ‘gMG stable/improved’ and ‘gMG severity increased’ cohorts.

Variables associated with increased gMG severity: elastic net regression
The elastic net regression model indicated that being in the ‘increased severity’ cohort was associated with the 
occurrence of prior misdiagnosis, as indicated by an odds ratio of 0.57 (Fig. 2). A ratio < 1.0 indicated decreased 
odds of an association between the covariate and gMG stability/improvement, i.e. an association instead with 
increased gMG severity. Increased severity was also associated with older age (odds ratio 0.99) and the presence 
of specific symptoms at diagnosis (odds ratios: muscle ache after physical activity 0.42, ptosis 0.68, weakness of 

Overall (N = 421)

gMG severity 
increaseda 
(N = 69)

gMG stable 
or improvedb 
(N = 352)

p-valuen Parameter n Parameter n Parameter

Time of diagnosis, months prior to survey, mean (SD) 421 35.3 (18.3) 69 37.6 (20.2) 352 34.8 (17.8) p = 0.257

Charlson Comorbidity Index 421 0.5 (1.2) 69 0.6 (1.2) 352 0.5 (1.2) p = 0.528

Concomitant conditionsc, n (%) 421 69 352

 Hypertension 129.0 (30.6) 19.0 (27.5) 110.0 (31.3) p = 0.572

 Dyslipidemia 78.0 (18.5) 13.0 (18.8) 65.0 (18.5) p = 1.000

 Depression 77.0 (18.3) 18.0 (26.1) 59.0 (16.8) p = 0.087

 Anxiety 71.0 (16.9) 14.0 (20.3) 57.0 (16.2) p = 0.385

 Obesity 40.0 (9.5) 3.0 (4.3) 37.0 (10.5) p = 0.122

Remission status 421 69 352

 Not in remissiond 84.0 (20.0) 35.0 (50.7) 49.0 (13.9)

p < 0.001
 Minimal manifestationse 314.0 (74.6) 34.0 (49.3) 280.0 (79.6)

 Pharmacological remissionf 20.0 (4.8) 0.0 (0.0) 20.0 (5.7)

 Complete stable remissiong 3.0 (0.7) 0.0 (0.0) 3.0 (0.9)

Number of times ever hospitalized due to MG, mean (SD) 391 0.9 (1.2) 62 1.0 (1.2) 329 0.9 (1.2) p = 0.490

Ever experienced myasthenic crisis, n (%) 409 126.0 (30.8) 67 25.0 (37.3) 342 101.0 (29.5) p = 0.247

Number of myasthenic crises in prior 12 months, mean (SD) 390 0.3 (0.6) 64 0.3 (0.6) 326 0.3 (0.6) p = 0.382

Has undergone thymectomy, n (%) 417 101.0 (24.2) 69 19.0 (27.5) 348 82.0 (23.6) p = 0.538

Table 2.  Clinical characteristics at the time of the survey for patients with gMG who were diagnosed 1–7 years 
prior to the survey, overall and stratified according to whether gMG severity has increased or remained 
the same/improved since gMG diagnosis. gMG generalized myasthenia gravis, MGFA Myasthenia Gravis 
Foundation of America, SD standard deviation. aProgression to a higher MGFA class between diagnosis and 
the time of the survey. bMGFA class either the same at diagnosis and the time of the survey or lower between 
diagnosis and the time of the survey. CFive most common. dNo substantial decrease in clinical manifestations. 
eSome weakness detectable on examination. fIn pharmacological remission (has been symptom-free but 
continues to take treatment for MG). gIn complete stable remission (has been symptom-free and has not 
received any treatment for MG).
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Fig. 1.  Features of the diagnostic journey for patients with gMG who were diagnosed 1–7 years prior to 
the survey, stratified according to whether gMG severity had increased or remained stable/improved since 
gMG diagnosis: (a) time to first consultation, (b) time to diagnosis, (c) proportion of patients who received a 
misdiagnosis, and (d) condition incorrectly diagnosed prior to gMG diagnosis. gMG, generalized myasthenia 
gravis; HCP, healthcare practitioner. aProgression to a higher MGFA class between diagnosis and the time of 
the survey; bMGFA class either the same at diagnosis and the time of the survey or lower between diagnosis 
and the time of the survey; cThis included transient ischemic attacks and posterior circulation stroke. *p < 0.05; 
**p < 0.001. Panels a and b show mean and standard deviation. Panel c shows percentage. Panel d shows 
conditions diagnosed in ≥ 5% of either cohort.
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eye muscles 0.69). In contrast, gMG stability/improvement was associated with employment status (odds ratio 
2.22) and general fatigue at diagnosis (odds ratio 1.05).

Discussion
In this multinational, real-world study, 16% of individuals with gMG experienced an increase in gMG severity 
between diagnosis and a survey conducted 1–7 years later, as indicated by an increase in MGFA class. These 
patients were substantially more likely to be considered ‘not in remission’ by their physician. In an elastic 
net regression model, increased gMG severity was associated with the occurrence of prior misdiagnosis, and 
in bivariate analyses it was also associated with a longer time between symptom onset and both first HCP 
consultation and gMG diagnosis. This highlights an unmet need for prompt and accurate diagnosis of gMG 
in order to avoid ‘lost time’ when patients could be receiving MG-specific treatment and avoiding unnecessary 
and potentially harmful interventions. In addition, older age and the presence of specific symptoms at diagnosis 
(muscle ache after physical activity, ptosis, and weakness of the eye muscles) were associated with increased 
gMG severity, and employment status and fatigue at diagnosis were associated with gMG stability/improvement.

Our finding that accurate and timely diagnosis of gMG may be important for optimum disease control 
is consistent with a previous study where a diagnostic delay of ≥ 2  years was associated with higher disease 
activity20. However, change in disease activity over time was not measured, and the study was performed in a 
single country only. Other research suggests that long delays to diagnosis may be widespread; findings include 
diagnosis taking > 1 year for 56% of patients, with > 60% reporting that the process was long and complicated21, 
average diagnostic delays of ~ 2 years22,23, and a substantial proportion of patients receiving an MG diagnosis 
after 2–5 years20.

Accurate diagnosis of MG can be challenging due to similarities with numerous other disorders, as well as 
symptom fluctuation and the frequent presence of comorbidities12,24–26. Our results point to a need for increased 
education around MG signs and symptoms, particularly among HCPs who come into contact with MG patients 
outside of a neurology setting. For example, primary care practitioners may see patients who have concerns about 
their muscular symptoms at a relatively early stage of the disease, and emergency physicians may encounter 
patients who are experiencing myasthenic crisis or severe exacerbations. In particular, the occurrence of chronic 
fatigue syndrome as a misdiagnosis may reflect a lack of awareness of fatigue as a prominent symptom of gMG27.

There is, however, a need for improvement as prompt diagnosis and treatment may ultimately lead to 
better outcomes for patients with MG. The initial years following MG onset are generally the most ‘active’, with 
symptoms reaching maximum severity11,12, and a plateau occurs after this point. Therefore, it is important to 
gain symptom control and thus improve quality of life during this period. Guidelines recommend thymectomy 
early in the disease course to improve clinical outcomes and minimize immunotherapy requirements and the 
need for hospitalizations for disease exacerbations28.

Half of the patients included in this study had received corticosteroids, one sixth had received intravenous/
subcutaneous immunoglobulins or plasmapheresis, and one sixth had received biologics. The data collected in 
this study do not allow us to determine an association between any particular aspect of treatment history and 

Overall (N = 421)

gMG severity 
increaseda 
(N = 69)

gMG stable 
or improvedb 
(N = 352)

p-valuen Parameter n Parameter n Parameter

Total treatment duration, days, mean (SD) 162 688.0 (509.4) 26 617.9 (503.1) 136 701.4 (511.3) p = 0.445

Number of consecutive maintenance/chronic treatment regimens receivedc

 Mean (SD) 421 1.6 (0.8) 69 1.6 (0.9) 352 1.6 (0.8) p = 0.855

 Number of regimens, n (%) 421 69 352

  0 14.0 (3.3) 3.0 (4.3) 11.0 (3.1)

  1 227.0 (53.9) 38.0 (55.1) 189.0 (53.7)

  2 124.0 (29.5) 17.0 (24.6) 107.0 (30.4)

  3 48.0 (11.4) 8.0 (11.6) 40.0 (11.4)

  ≥ 4 8.0 (1.9) 3.0 (4.3) 5.0 (1.4)

Type of treatment, n (%) 407 66 341

 Acetylcholinesterase inhibitors 331.0 (81.3) 51.0 (77.3) 280.0 (82.1) p = 0.388

 Nonsteroidal immunosuppressants 238.0 (58.5) 41.0 (62.1) 197.0 (57.8) p = 0.586

 Corticosteroids 206.0 (50.6) 32.0 (48.5) 174.0 (51.0) p = 0.788

 Biologics 65.0 (16.0) 15.0 (22.7) 50.0 (14.7) p = 0.140

 Intravenous/subcutaneous immunoglobulins or plasmapheresis 66.0 (16.2) 11.0 (16.7) 55.0 (16.1) p = 0.857

Table 3.  Treatments received (at any point) by patients with gMG who were diagnosed 1–7 years prior to the 
survey, overall and stratified according to whether gMG severity has increased or remained the same/improved 
since gMG diagnosis. gMG generalized myasthenia gravis, MGFA Myasthenia Gravis Foundation of America, 
SD standard deviation. aProgression to a higher MGFA class between diagnosis and the time of the survey; 
bMGFA class either the same at diagnosis and the time of the survey or lower between diagnosis and the time 
of the survey; cIncluding patients who had never received maintenance treatment.
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increased gMG severity. Of note, however, bivariate analysis indicated that patients with increased gMG severity 
were less likely to have a neurologist involved in their disease management. Additional research is required to 
further investigate gMG treatment and management approaches and the impact they have on disease course 
over time.

In addition to our findings related to the diagnostic process, a strong association was observed between 
increased gMG severity and employment status. Substantial work impairment is experienced by individuals 
with MG, particularly if they are at a higher MGFA class29, and this finding reflects an important aspect of the 
lived experience and wider disease burden for individuals with gMG. Similarly, an association has been shown 
between increased impairment over a period of 10 years and the likelihood that a person with MG has retired 
from employment30.

Older age was also associated with increased gMG severity, albeit to a minor extent. Older age has previously 
been associated with poorer outcomes of myasthenic crisis9 and increased likelihood of exacerbations31. Thus, the 
treating physician may consider closer monitoring of older patients. Decisions around appropriate treatment will 
be particularly nuanced, potentially taking into account multiple comorbidities, impaired functional capacity/
frailty, cognitive impairment, and complex care needs32. The systemic side effects of long-term corticosteroid 
therapy may be markedly undesirable in the older patient.

The presence of particular symptoms at diagnosis was associated with the likelihood of increased gMG 
severity over time. Increased severity was associated with muscle ache and ocular symptoms (ptosis, weakness 
of eye muscles); this is perhaps unexpected as one may expect such typical MG symptoms to elicit prompt 
diagnosis and treatment initiation. A possible explanation is that patients presenting with these symptoms are 
not treated as aggressively as those with generalized symptoms (such as speech impairment, arm weakness, or 
respiratory symptoms), increasing the likelihood of subsequent increased disease severity. In contrast, gMG 
stability/improvement was associated with general fatigue (though it should be noted that the odds ratio was 
close to 1); this is also perhaps unexpected as one may anticipate a higher likelihood of misdiagnosis among 
these patients. However, patients commonly report fatigue to be among the most bothersome of symptoms33,34, 
which may elicit a physician response and treatment change, including more aggressive treatment. The fact 
that all of the above symptoms were among the most frequently observed may also affect results. It is clear that 
additional analysis is required to further elucidate these findings and their clinical significance. This may include 

Fig. 2.  Positive associations between patient sociodemographic/clinical variables and the likelihood of 
increased gMG severity (versus remaining the same/improving) since diagnosis, among patients with gMG 
who were diagnosed 1–7 years prior to the survey. gMG, generalized myasthenia gravis. aProgression to a 
higher MGFA class between diagnosis and the time of the survey; bMGFA class either the same at diagnosis 
and the time of the survey or lower between diagnosis and the time of the survey.
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multivariate analysis of differences in the diagnostic pathway (including but not limited to the likelihood of 
prior misdiagnosis) and/or treatment strategy according to presenting symptoms. In our study, no relationship 
was observed between the presence of comorbid hypertension or depression/anxiety, or patient prognosis due 
to the presence of comorbidities (i.e. CCI), and increased gMG severity. Similarly, a previous study found no 
relationship between the presence of comorbidities and conversion from ocular to gMG35. In a study focussing on 
individuals with MG onset > 65 years of age, no association was identified between the presence of comorbidities 
and symptom severity or outcome36. However, for some specific comorbid conditions, associations have been 
observed with patient response to treatment37,38.

The study has some limitations. Though there were no formal patient selection verification procedures, the 
DSP is not a true random sample of physicians/patients; participation is influenced by willingness and frequency 
of physician consultations (though the instruction to complete surveys for the next 1–10 patients with MG is 
representative of a physician’s classification of their patients in usual clinical practice). It is possible that patients 
with the least impairment are the most likely to participate. As with all surveys, recall bias may influence 
physician responses (though data were collected during appointments, when physicians would be expected to 
have access to medical records, reducing the likelihood of bias). As missing data were not imputed, the base of 
patients for analysis could vary between variables. Although included as a survey question, antibody status was 
not provided by the responding physician for a large majority of patients (presumably reflecting the real world 
scenario) and was therefore not reported here; this information would be valuable to aid interpretation of results.

The stratification of patients into severity change categories is also subject to a limitation: to be classed as 
‘increased severity’, patients were required to have increased MGFA class from diagnosis to time of survey, 
making it impossible for class II patients at diagnosis to have improved. In contrast, patient who were class III-IV 
at diagnosis could improve. Similarly, a patient who was class V at diagnosis could not to experience increased 
severity as this is the most severe grouping.

For the analysis of misdiagnoses in particular, there are limitations related to recall (as many misdiagnoses 
occurred a number of years prior to the survey) and availability of chart data (as misdiagnoses or suspected 
conditions may not all have been recorded). Future studies may collect additional data regarding the complete 
diagnosis journey, and analyse the HCP type responsible for misdiagnosis to enable targeted education.

In conclusion, this analysis of a large, multinational population of individuals with gMG suggests that 
progression to a more severe disease state over time may be associated with particular variables. These include 
the occurrence of prior misdiagnosis and long delays between symptom onset and both HCP consultation and 
MG diagnosis, highlighting an unmet need for prompt and accurate diagnosis of gMG in order to avoid ‘lost 
time’ when patients could be receiving MG-specific treatment and avoiding unnecessary and potentially harmful 
interventions. They also include older age–aligning with the findings of previous studies–which may indicate a 
need for closer monitoring of older patients. Finally, increased gMG severity was associated with employment 
status, highlighting an important aspect of the lived experience and burden of gMG. Taken together, these 
findings reflect an unmet need for prompt and accurate diagnosis of gMG to reduce the risk of increased severity, 
and also more broadly highlight a need for improved gMG management options that help patients achieve 
disease stability or improvement.

Data availability
All data, i.e. methodology, materials, data and data analysis, that support the findings of this survey are the intel-
lectual property of Adelphi Real World. All requests for access should be addressed directly to Gregor Gibson at 
gregor.gibson@adelphigroup.com. Gregor Gibson is an employee of Adelphi Real World.
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