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Abstract 

Background:  Patients with generalized myasthenia gravis (MG) often experience debilitating exacerbations, with the 
possibility of life-threatening respiratory crises requiring hospitalization. Long-term longitudinal studies are needed to 
understand the burden of MG, including in patients whose disease is refractory to conventional treatment.

Methods:  A retrospective, longitudinal, cohort study was conducted of patients in England aged ≥ 18 years with 
treatment-refractory or non-refractory MG, using data recorded during 1997–2016 in the Clinical Practice Research 
Datalink and the Hospital Episode Statistics databases. A control cohort of patients without MG, matched to the 
patients in the treatment-refractory MG cohort, was also identified. Outcome measures included myasthenic crises, 
MG exacerbations, MG-related hospitalizations, comorbidities, and all-cause mortality. Descriptive statistics were 
calculated for the overall MG population. For continuous variables, between-cohort comparisons were made using 
t tests for normally distributed data and Mann–Whitney U tests for non-normally distributed data. For categorical data, 
the comparisons were made by chi-squared tests. Differences in clinical outcomes between cohorts were modeled 
using negative binomial regression.

Results:  A total of 1149 patients with MG were included. Overall, 18.4% of patients experienced myasthenic crises, 
24.6% experienced exacerbations, and 38.6% underwent MG-related hospitalizations. Most of these events occurred 
within 2–3 years of diagnosis. Patients with MG refractory to conventional treatment (n = 66) experienced more exac-
erbations and MG-related hospitalizations than patients with non-refractory disease (n = 1083). Patients with refrac-
tory MG experienced a higher frequency of renal disease and hypertension compared with patients with non-refrac-
tory MG, and with matched patients without MG. They were also more likely to have diabetes and congestive heart 
failure than the matched controls. Rates of all-cause mortality during the follow-up period did not differ between 
patients with refractory MG and non-refractory MG.

Conclusions:  These results show that conventional treatments for MG are not adequately managing patients’ 
symptoms and that patients with refractory MG are more likely to experience certain comorbidities than those with 
non-refractory MG or matched controls without MG. Future research should focus on the impact of newer targeted 
therapies on long-term clinical outcomes and comorbid conditions.

Keywords:  Myasthenia gravis, Refractory, Burden of illness, England, Myasthenic crisis, GPRD

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction
Myasthenia gravis (MG) is an autoimmune neuromuscu-
lar disease that causes weakness of skeletal muscles, usu-
ally first manifesting as droopy eyelids and double vision 
[1, 2]. In most cases, it progresses to bulbar and limb 
weakness [3, 4], which can cause difficulties performing 
daily tasks [2]. Patients with generalized MG [gMG] often 
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experience debilitating exacerbations, with the possibility 
of life-threatening respiratory crises requiring intubation 
and mechanical ventilation [5]. Complications of MG 
crisis include fever, respiratory infections, atelectasis, 
arrhythmias, heart failure, and hypotension [6]. Adding 
to this burden, patients with gMG often develop comor-
bidities, such as cardiovascular disease, hyperlipidemia, 
hypertension, diabetes mellitus, respiratory disorders, 
and concomitant autoimmune diseases [7, 8], all of which 
can lengthen hospital stays and increase the risk of death 
[9]. The burden of MG can be further worsened by the 
adverse effects of medications; for example, prolonged 
corticosteroid use can cause osteoporosis, weight gain, 
cardiac conditions, gastrointestinal conditions, hyperten-
sion, glucose intolerance, and diabetes [8, 10, 11].

Long-term studies on MG are critical to understand-
ing the burden of disease and the effects of treatments. 
Studies published to date provide important data on 
MG but were carried out at least two decades ago and 
may not fully represent the current burden of disease in 
patients with MG. Two studies at a US hospital during 
the 1950s [12] and 1960–1980 [13] found that within the 
first 2 years of diagnosis, 13.7–17.3% of patients with MG 
experienced a myasthenic crisis. The largest longitudinal 
study on MG, conducted in the US during 1940–2000, 
found that after MG manifested, it rapidly progressed to 
generalized weakness in 80% of patients [3]. The study 
also found that although most patients improved after 
the first 2 years, patients who worsened were less likely 
to survive.

An estimated 5–15% of patients have MG considered to 
be refractory to conventional treatment and experience a 
greater clinical and treatment burden than patients with 
non-refractory disease [14–18]. Studies of insurance 
claims data in the US and Japan indicated that, during the 
first year after a diagnosis of MG was recorded, patients 
with refractory MG had a greater burden of MG and 
associated healthcare resource utilization, including the 
need for hospitalization and emergency room visits, than 
patients with non-refractory MG [14–16]; however, lim-
ited data are available on the long-term burden of refrac-
tory MG.

We recently described healthcare resource utilization 
by patients with refractory and non-refractory MG in 
England using data from the Clinical Practice Research 
Datalink (CPRD) and Hospital Episode Statistics (HES) 
databases collected from 1997 to 2016 [19]. As reported 
in the US and Japan using claims data [14, 16], the rates 
of general practitioner visits, visits to other healthcare 
professionals, outpatient visits, and inpatient hospitali-
zation were significantly higher for patients with refrac-
tory MG than for patients with non-refractory MG. Here, 
using the same dataset, we assessed the characteristics, 

comorbidities, and clinical burden in the overall MG 
population in England and examined how these differ 
between patients with refractory and non-refractory MG. 
Such data will provide valuable insight into the course, 
management, and impact of this rare disease.

Methods
Study design and conduct
This was a retrospective, longitudinal, observational 
cohort study using linked data from CPRD and HES 
between April 1, 1997, and December 31, 2016. Details of 
the study design were described previously [19]. Briefly, 
the study included patients in England with a diagno-
sis of MG who were ≥ 18 years of age at the date of first 
MG diagnosis (index date) and who had linked data in 
CPRD and HES. No exclusion criteria were applied. 
Data extracted included diagnoses and associated dates, 
demographics at the index date (age, sex, and ethnicity), 
types and dates of treatments and procedures, dates of 
inpatient hospitalizations, comorbidities included in the 
Charlson Comorbidity Index [20], autoimmune comor-
bidities, and hypertension [15]. The Charlson Comorbid-
ity Index score was calculated using the validated weights 
described by Quan et al. [21]. Deaths were identified from 
CPRD or Office for National Statistics records, with the 
date taken as the earlier reported in the two databases.

Outcome measures included myasthenic crises, MG 
exacerbations, MG-related hospitalizations, and all-
cause mortality. Myasthenic crisis was defined as res-
piratory distress, respiratory failure, respiratory support, 
intubation, or mechanical ventilation (see Supplemen-
tary Table 1, Additional File 1 for diagnosis codes). MG 
exacerbations included events specifically coded as MG 
exacerbations, myasthenic crises, intravenous immuno-
globulin administration, and plasmapheresis (see Supple-
mentary Table  2, Additional File 1 for diagnosis codes). 
MG-related hospitalizations were defined as any hospi-
talization with MG as the primary admission diagnosis 
(see Supplementary Table 3, Additional File 1 for diagno-
sis codes).

The baseline period spanned the up-to-standard date 
(date at which the general practice had continuous and 
complete recording of data), current registration date, 
or start of the study period, whichever occurred last, up 
to the index date. The follow-up period included the day 
after the index date up until the patient transferred out of 
the practice, the last date of data collection, or the study 
end, whichever occurred first.

As described in our previous analysis of healthcare 
utilization in patients with MG [19], patients were 
classified as having refractory or non-refractory dis-
ease using the 2016 Consensus guidelines definition 
of refractory (“post-Intervention Status is unchanged 
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or worse after corticosteroids and at least 2 other IS 
agents, used in adequate doses for an adequate dura-
tion, with persistent symptoms or side effects that 
limit functioning, as defined by patient and physi-
cian” [22]), the Mantegazza et  al. [23] definition of 
refractory (“inability to reduce immunosuppressive 
therapy without clinical relapse or a need for ongoing 
rescue therapy such as intravenous immunoglobulin 
G (IVIg) or plasma exchange”) and an algorithm that 
was adapted from a study of US claims data [15], which 
was altered to reflect UK clinical treatment guidelines 
for gMG [24] and to fit the data available in the CPRD 
and HES. Briefly, to be classified as refractory, patients 
with MG had to: (1) have been referred to a neurolo-
gist and (2) meet one of the following criteria: (a)(i) ≥ 2 
different immunosuppressive therapies prescribed 
(azathioprine, mycophenolate mofetil, methotrexate, 
ciclosporin, tacrolimus, or cyclophosphamide) after 
the index date or (ii) > 3 treatment episodes of the same 
immunosuppressive therapies within 24 months of the 
index date; or (b) ≥ 1 immunosuppressive therapy pre-
scribed any time after the index date and ≥ 4 hospital 
treatments (plasmapheresis or intravenous immuno-
globulins) ≥ 2  months apart within a year of the index 
date. Criterion 2ai aims to identify patients that do not 
respond to, or experience an adverse event when on a 
specific immunosuppressive therapy (i.e., 2016 Con-
sensus guidelines: “side effects that limit functioning”). 
Criterion 2aii aims to identify patients that cannot 
reduce their immunosuppressive therapy without clini-
cal relapse (i.e., Mantegazza et  al. definition of refrac-
tory). For criterion 2aii, a treatment episode was when 
a patient had consecutive prescriptions of the same 
immunosuppressive therapy within 90 days of the pre-
vious. If there was then no prescription within a 90-day 
period of the last prescription within this continuous 
treatment episode, then the patient was considered to 
have discontinued treatment. Patients that then sub-
sequently restarted the same treatment were consid-
ered to have another treatment episode. This needed to 
be discontinued again and then restarted in order for 
patients to meet the criteria for this part of the algo-
rithm (i.e., 3 treatment episodes). All patients with 
MG not identified as having refractory disease using 
this algorithm were considered to have non-refractory 
disease.

A non-MG control cohort of patients with linked 
CPRD-HES data was randomly matched (4:1) to patients 
in the refractory cohort by age, sex, and general practice. 
To ensure that the control patients did not have a diagno-
sis of MG, they had to have ≥ 12 months of observation 
between the up-to-standard date and the matched refer-
ence date.

Data sources
The CPRD is one of the largest sets of routinely col-
lected longitudinal electronic medical records. It is 
considered generally representative of the UK popula-
tion and contains high-quality longitudinal data from 
general practices across the UK [25]. At the time this 
study was conducted, the CPRD included 717 practices, 
representing approximately 8% of the UK population. 
The HES database includes all inpatient admissions 
in England as well as outpatient specialist and emer-
gency room visits [26]. The CPRD is linked to HES for 
approximately 75% of general practices contributing 
to the CPRD in England, and it is this subset that is 
included in our study.

Statistical analyses
For the overall MG population, only descriptive statistics 
were calculated. For continuous variables, comparisons 
between refractory and non-refractory MG cohorts and 
between refractory MG and non-MG control cohorts 
were made by t tests for normally distributed data and 
Mann–Whitney U tests for non-normally distributed 
data. For categorical data, comparisons between cohorts 
were made by chi-squared tests. Differences in clinical 
outcomes between cohorts were modeled using negative 
binomial regression. Separate models were run to assess 
the impact of refractory MG vs non-refractory MG on 
the number of MG crises, exacerbations, and MG-related 
inpatient hospitalizations during the follow-up period. 
Baseline covariates included age, sex, Charlson Comor-
bidity Index score, and pre-specified comorbidities. Fol-
low-up time was included as an offset variable to control 
for varying follow-up time for each patient. Statistical 
significance  was  assumed  for p-values < 0.05. Statistical 
analyses were performed using SAS (version 9.4; SAS 
Institute Inc., Cary, NC, USA).

Results
This study included 1149 patients with MG, of whom 
66 (5.7%) were classified as having refractory disease, as 
described previously [19]. The median baseline period for 
the full population was 88.2 (interquartile range, 36.5–
152.5) months, and the median follow-up period was 
47.2 (interquartile range, 19.7–90.3) months.

Overall population of patients with MG
Demographics
On the index date, the mean age (standard deviation 
[SD]) in the full MG population was 63.6 (16.7) years, and 
approximately two-thirds (67.2%) were ≥ 60 years of age 
(Table 1). Just over half (53.0%) of the patients were male, 
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and most (86.2%) were White. All geographic regions of 
England were well represented.

Comorbidities
At the index date, most patients (87.2%) had a Charlson 
Comorbidity Index score < 1.0 (Table 1). The most com-
mon comorbidities (≥ 10%) during the baseline period 
were hypertension (38.0%), diabetes without chronic 
complications (13.4%), ankylosing spondylitis (12.6%), 
chronic pulmonary disease (11.2%), and renal disease 
(11.1%) (Table 2). During the follow-up period, the most 
common were renal disease (23.1%), chronic pulmonary 
disease (20.5%), diabetes without complications (20.1%), 

malignancies (16.8%), hypertension (15.0%), myocardial 
infarction (14.7%), and congestive heart failure (13.2%).

Treatments
During the full follow-up period, patients received a 
median of two different treatments for MG. The most 
frequently prescribed were pyridostigmine (70.3% of 
patients), prednisolone (61.6%), and azathioprine (24.9%) 
(Table 3). Intravenous immunoglobulin was administered 
to 9.6% of patients, with a median number of one treat-
ment per treated patient. Plasmapheresis was adminis-
tered to 2.1% of patients, with a median number of one 
treatment per treated patient.

MG events during the follow‑up period
Myasthenic crises were experienced by 18.4% 
(211/1149) of patients, MG exacerbations (which 

Table 1  Demographics of the study population with 
myasthenia gravis (N = 1149)

Characteristic Value

Age (y), mean ± standard deviation 63.6 ± 16.7

Age category (y), n (%)

 18–39 136 (11.8)

 40–59 241 (21.0)

 60–79 609 (53.0)

  ≥ 80 163 (14.2)

Sex, n (%)

 Male 609 (53.0)

 Female 540 (47.0)

Geographic region, n (%)

 North East 21 (1.8)

 South East 149 (13.0)

 North West 165 (14.4)

 Yorkshire & The Humber 47 (4.1)

 East Midlands 26 (2.3)

 West Midlands 123 (10.7)

 East of England 144 (12.5)

 South West 162 (14.1)

 South Central 129 (11.2)

 London 183 (15.9)

Ethnicity, n (%)

 Asian 32 (2.8)

 Black 17 (1.5)

 Other 105 (9.1)

 Mixed 5 (0.4)

 White 990 (86.2)

Charlson Comorbidity Index score, mean ± standard devia-
tion

0.7 ± 1.5

Charlson Comorbidity Index category, n (%)

 0 to < 1 950 (82.7)

 1 to < 2 112 (9.7)

 2 to < 3 40 (3.5)

 3 to < 4 16 (1.4)

 ≥ 4 31 (2.7)

Table 2  Comorbidities in the study population with myasthenia 
gravis (N = 1149)

AIDS acquired immune deficiency syndrome; HIV human immunodeficiency 
virus

Comorbidity No. of patients (%)

Baseline (pre-
index to index) 
period

Follow-up 
(post-index) 
period

Myocardial infarction 83 (7.2) 169 (14.7)

Congestive heart failure 44 (3.8) 152 (13.2)

Peripheral vascular disease 61 (5.3) 79 (6.9)

Cerebrovascular disease 106 (9.2) 92 (8.0)

Dementia 13 (1.1) 70 (6.1)

Chronic pulmonary disease 129 (11.2) 236 (20.5)

Rheumatologic disease 37 (3.2) 58 (5.0)

Peptic ulcer disease 50 (4.4) 9 (0.8)

Mild liver disease 16 (1.4) 37 (3.2)

Moderate or severe liver disease 3 (0.3) 13 (1.1)

Diabetes without chronic compli-
cations

154 (13.4) 231 (20.1)

Diabetes with chronic complica-
tions

43 (3.7) 56 (4.9)

Hemiplegia or paraplegia 14 (1.2) 22 (1.9)

Renal disease 128 (11.1) 265 (23.1)

Malignancy 99 (8.6) 193 (16.8)

Metastatic solid tumor 14 (1.2) 62 (5.4)

HIV/AIDS 0 (0.0) 1 (0.1)

Hypertension 437 (38.0) 172 (15.0)

Ankylosing spondylitis 145 (12.6) 88 (7.7)

Psoriasis 50 (4.4) 25 (2.2)

Psoriatic arthritis 3 (0.3) 6 (0.5)

Crohn’s disease 7 (0.6) 4 (0.3)

Ulcerative colitis 10 (0.9) 12 (1.0)

Systemic lupus erythematosus 7 (0.6) 5 (0.4)
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included crises and other exacerbations) by 24.6% 
(283/1149), and MG-related inpatient hospitalizations 
by 38.6% (444/1149) (Table 4). The patients experienc-
ing these events had a mean of 1.4 myasthenic crises 
(median, 0.37), 2.8 exacerbations (median, 0.44), and 
2.2 MG-related hospitalizations (median, 0.45) per 
year.

Comparison of refractory and non‑refractory MG
Baseline characteristics according to refractory status 
have been described previously and were similar in the 
refractory and non-refractory MG cohorts [19].

Clinical burden
Of patients who experienced exacerbations, those with 
refractory MG experienced statistically significantly 
more exacerbations during the 10  years after the index 
date than patients with non-refractory MG [mean (SD) 
8.71 (15.21) vs 3.09 (9.04), respectively; p = 0.0009]. This 
was also the case for the number of MG-related hospi-
talizations [5.00 (11.08) vs 1.79 (1.42); p = 0.0011] but 
not for the number of myasthenic crises [2.00 (2.27) vs 
1.71 (1.77); p = 0.97]. Results were similar when account-
ing for the full follow-up period and adjusted for baseline 
characteristics: patients with refractory MG experienced 
statistically significantly more exacerbations (p = 0.0022) 
and MG-related hospitalizations (p = 0.0013) but not 
myasthenic crises (p = 0.48) than patients with non-
refractory MG (Table 5).

Proportions of patients with myasthenia crises, exac-
erbations, and MG-related hospitalizations were high-
est the first year after the index date and decreased 

Table 3  Prescriptions during the follow-up period in the overall myasthenia gravis population (N = 1149)

a Categories are not exclusive

Treatmenta No. of patients (%) Median No. of prescriptions 
per patient (interquartile 
range)

Pyridostigmine 808 (70.3) 13 (5–34.5)

Prednisolone 708 (61.6) 15.5 (5–37.5)

Azathioprine 286 (24.9) 29 (7–66)

Mycophenolate mofetil 40 (3.5) 20.5 (11–52)

Methotrexate 47 (4.1) 16 (6–52)

Ciclosporin 2 (0.2) 26 (12–40)

Tacrolimus 3 (0.3) 2 (1–814)

Cyclophosphamide 1 (0.1) 3 (3–3)

Plasmapheresis 24 (2.1) 1 (1–1)

Intravenous immunoglobulin 110 (9.6) 1 (1–2)

Table 4  MG crises, exacerbations, and hospitalizations during 
the follow-up period (N = 1149)

MG myasthenia gravis

Event No. of patients 
(%)

Events per year in affected 
patients

Mean ± standard 
deviation

Median 
(interquartile 
range)

Myasthenic 
crisis

211 (18.4) 1.4 ± 4.3 0.37 (0.18–0.84)

MG exacerba-
tion

283 (24.6) 2.8 ± 10.3 0.44 (0.20–1.27)

MG-related 
inpatient hospi-
talization

444 (38.6) 2.2 ± 9.1 0.45 (0.21–1.18)

Table 5  Differences in MG crises, exacerbations, and hospitalizations between patients with refractory and non-refractory disease

MG myasthenia gravis
a Calculated as events in patients with refractory disease minus events in those with non-refractory disease. bNumbers of events during the follow-up period were 
compared by negative binomial regression with age, sex, Charlson Comorbidity Index, and pre-specified comorbidities as baseline covariates

Event Percent difference in number of events between refractory and non-refractory MG 
(95% confidence interval)a

P-valueb

Myasthenic crisis  − 27.9 (− 71.1, 79.1) 0.4816

MG exacerbation 309.3 (66.1, 908.8) 0.0022

MG-related inpatient hospitalization 73.0 (23.8, 141.8) 0.0013
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progressively in both the refractory and non-refractory 
MG cohorts (Fig. 1). During the first 6 years after the first 
diagnosis of MG, the proportion of patients experiencing 
MG-related hospitalizations each year was higher in the 
refractory cohort than in the non-refractory cohort. The 
proportion of patients experiencing exacerbations was 

higher in the refractory cohort than in the non-refrac-
tory cohort, although differences were largest during the 
first few years after diagnosis. The proportion of patients 
experiencing myasthenia crises each year appeared to be 
slightly higher in the refractory than in the non-refrac-
tory cohort.

Fig. 1  Proportions of patients with refractory and non-refractory MG who experienced MG-related events. Annual incidence of MG crises 
a, exacerbations b, and inpatient hospitalizations c following the index date. MG myasthenia gravis. Statistical difference for refractory vs 
non-refractory MG: *p < 0.05; **p < 0.01; ***p < 0.001
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Comorbidities
During the baseline period, comorbidities were simi-
lar in patients with refractory and non-refractory MG, 
except for psoriatic arthritis, which was more common 
in patients with refractory than non-refractory MG 
(Table  6). During the follow-up period, comorbidities 
more frequently reported in patients with refractory than 
non-refractory MG included renal disease (33.3% [22/66] 
vs 22.4% [243/1083], respectively), and hypertension 
(24.2% [16/66] vs 14.4% 156/1083]). These same comor-
bidities, along with diabetes with or without complica-
tions, and congestive heart failure were also significantly 
more common in the refractory cohort than the age- and 
sex-matched controls during follow up (Table 6).

Mortality
Rates of all-cause mortality during the follow-up 
period did not differ between patients with refractory 
MG (15.2% [10/66]) and non-refractory MG (23.3% 
[252/1083]; p = 0.13) or between patients with refractory 
MG and non-MG controls (11.5% [29/252]; p = 0.42). 
Age at death did not differ between patients with refrac-
tory MG and non-refractory MG [mean SD) 74.4 (9.7) vs 
78.6 (10.2) years, respectively; p = 0.15].

Discussion
The current study assessed the clinical burden of MG in 
a representative population of over 1000 patients in Eng-
land over two decades using linked data from the CPRD 
and HES. The study showed that patients diagnosed with 
MG often experience severe MG-related events, with 
39% being hospitalized at least once for MG, 25% expe-
riencing at least one exacerbation, and 18% experienc-
ing at least one myasthenic crisis. Many of these events 
occurred within the first 2–3  years after MG was diag-
nosed, indicating that in most cases, the disease is ulti-
mately controlled by treatment, spontaneously subsides, 
or both. We also found that for several years after diag-
nosis—even beyond the first 2–3  years—patients who 
were refractory to conventional treatment continued to 
experience more exacerbations and MG-related hospital-
izations than patients with non-refractory disease. More 
frequent comorbidities, some of which may have been 
due to treatments, especially long-term corticosteroid 
use, further added to the burden of refractory MG.

Few other longitudinal studies have examined how the 
burden of MG changes over time, and all were completed 
several decades ago [3, 12, 13]. In addition, sample sizes 
were modest in most of these studies, except for a study 
by Grob et al., which included 1976 patients with MG in 
the US over the six decades from 1940 to 2000 [3]. Two 
recent longitudinal studies of claims data, one in the US 
[15] and the other in Japan [16], focused on the burden 

of illness in patients with refractory and non-refractory 
MG, although analyses were limited to the first year after 
diagnosis. In line with the current study and our previ-
ous analysis of healthcare resource utilization in this 
same population [19], the US and Japanese claims studies 
showed more frequent exacerbations, hospitalizations, 
and other healthcare resource utilization in patients with 
refractory vs non-refractory MG. Unlike the US and Jap-
anese claims studies, however, the current study did not 
find a difference in the proportion of patients experienc-
ing myasthenic crises. This might be related to differences 
in definitions of myasthenic crisis or refractory status, 
although insufficient numbers of patients with refractory 
disease may have precluded making inferences. Also, in 
the current study, patients did not meet the definition of 
refractory MG if they died within the first 2  years after 
diagnosis, which is when most myasthenic crises occur.

Comorbidities contribute to the burden of MG, 
lengthen hospital stays, and increase the risk of death. In 
patients with MG, reported comorbidities include cardi-
ovascular disease, hyperlipidemia, hypertension, diabetes 
mellitus, respiratory disorders, and concomitant autoim-
mune diseases [7, 8]. The current study provides data on 
comorbidities before and after MG was diagnosed. The 
most common comorbidities seen during the baseline 
and follow-up periods were renal disease, chronic pulmo-
nary disease, diabetes, malignancies, hypertension, myo-
cardial infarction, and congestive heart failure. These are 
all common in older age, and as expected in this popula-
tion, which was mostly > 60 years of age. However, renal 
disease, hypertension, psoriasis, and psoriatic arthritis 
were more common in patients with refractory than non-
refractory MG. Diabetes, renal disease, hypertension, 
congestive heart failure, psoriasis, and psoriatic arthritis 
were more frequent in patients with refractory MG than 
in age- and sex-matched non-MG controls. The study of 
US claims data also reported more frequent diabetes, car-
diac arrhythmias, and severe infections in patients with 
refractory than non-refractory MG [15]. Some of the 
comorbidities associated with refractory MG are likely 
adverse effects of long-term treatment with systemic 
corticosteroids and other immunosuppressive therapies 
[10, 27]. Also, increased rates of psoriasis and psoriatic 
arthritis in patients with refractory MG are consistent 
with more frequent concomitant autoimmune conditions 
in these patients [7].

The current study assessed the burden of MG in 
patients receiving conventional therapies (e.g. corti-
costeroids, immunosuppressive therapies, intravenous 
immunoglobulins, plasmapheresis) in 1997–2016. Since 
then, a humanized monoclonal antibody (eculizumab) 
that inhibits terminal complement activation has been 
approved for treatment of refractory gMG, and other 



Page 8 of 10Harris et al. BMC Neurology          (2022) 22:172 

Ta
bl

e 
6 

Co
m

or
bi

di
tie

s 
in

 p
at

ie
nt

s 
w

ith
 re

fra
ct

or
y 

an
d 

no
n-

re
fra

ct
or

y 
M

G
 a

nd
 a

ge
- a

nd
 s

ex
-m

at
ch

ed
 c

on
tr

ol
s

AI
D

S 
ac

qu
ire

d 
im

m
un

e 
de

fic
ie

nc
y 

sy
nd

ro
m

e,
 C

O
PD

 c
hr

on
ic

 o
bs

tr
uc

tiv
e 

pu
lm

on
ar

y 
di

se
as

e,
 H

IV
 h

um
an

 im
m

un
od

efi
ci

en
cy

 v
iru

s, 
M

G
 m

ya
st

he
ni

a 
gr

av
is

, N
C 

no
t c

al
cu

la
te

d
a   T

he
 n

on
-M

G
 c

on
tr

ol
 c

oh
or

t w
as

 ra
nd

om
ly

 m
at

ch
ed

 4
:1

 to
 p

at
ie

nt
s 

in
 th

e 
re

fr
ac

to
ry

 c
oh

or
t b

y 
ag

e,
 s

ex
, a

nd
 g

en
er

al
 p

ra
ct

ic
e.

 To
 e

ns
ur

e 
th

at
 th

e 
co

nt
ro

l p
at

ie
nt

s 
di

d 
no

t h
av

e 
a 

di
ag

no
si

s 
of

 M
G

, t
he

y 
ha

d 
to

 h
av

e 
at

 le
as

t 
12

 m
on

th
s 

of
 o

bs
er

va
tio

n 
be

tw
ee

n 
th

e 
up

-t
o-

st
an

da
rd

 d
at

e 
an

d 
th

e 
m

at
ch

ed
 re

fe
re

nc
e 

da
te

Ba
se

lin
e 

(p
re

-in
de

x 
to

 in
de

x)
 p

er
io

d
Fo

llo
w

-u
p 

(p
os

t-
in

de
x)

 p
er

io
d

Re
fr

ac
to

ry
 M

G
N

on
-r

ef
ra

ct
or

y 
M

G
Re

fr
ac

to
ry

 v
s 

no
n-

re
fr

ac
to

ry
Co

nt
ro

ls
a

Re
fr

ac
to

ry
 

M
G

 v
s 

co
nt

ro
ls

Re
fr

ac
to

ry
 M

G
N

on
-r

ef
ra

ct
or

y 
M

G
Re

fr
ac

to
ry

 v
s 

no
n-

re
fr

ac
to

ry
Co

nt
ro

ls
a

Re
fr

ac
to

ry
 

M
G

 v
s 

co
nt

ro
ls

(N
 =

 6
6)

(N
 =

 1
08

3)
P-

va
lu

e
(N

 =
 2

52
)

P-
va

lu
e

(N
 =

 6
6)

(N
 =

 1
08

3)
P-

va
lu

e
(N

 =
 2

52
)

P-
va

lu
e

Co
m

or
bi

di
ty

n 
(%

)
n 

(%
)

n 
(%

)
n 

(%
)

n 
(%

)
n 

(%
)

M
yo

ca
rd

ia
l i

nf
ar

ct
io

n
3 

(4
.6

)
80

 (7
.4

)
0.

39
10

 (4
.0

)
0.

83
9 

(1
3.

6)
16

0 
(1

4.
8)

0.
80

21
 (8

.3
)

0.
19

Co
ng

es
tiv

e 
he

ar
t f

ai
lu

re
1 

(1
.5

)
43

 (4
.0

)
0.

31
8 

(3
.2

)
0.

47
13

 (1
9.

7)
13

9 
(1

2.
8)

0.
11

25
 (9

.9
)

0.
03

Pe
rip

he
ra

l v
as

cu
la

r d
is

ea
se

3 
(4

.6
)

58
 (5

.4
)

0.
78

6 
(2

.4
)

0.
35

5 
(7

.6
)

74
 (6

.8
)

0.
82

14
 (5

.6
)

0.
54

Ce
re

br
ov

as
cu

la
r d

is
ea

se
2 

(3
.0

)
10

4 
(9

.6
)

0.
07

12
 (4

.8
)

0.
54

5 
(7

.6
)

87
 (8

.0
)

0.
89

20
 (7

.9
)

0.
92

D
em

en
tia

0 
(0

.0
)

13
 (1

.2
)

0.
37

2 
(0

.8
)

0.
47

5 
(7

.6
)

65
 (6

.0
)

0.
60

15
 (6

.0
)

0.
63

CO
PD

6 
(9

.1
)

12
3 

(1
1.

4)
0.

57
16

 (6
.4

)
0.

43
13

 (1
9.

7)
22

3 
(2

0.
6)

0.
86

35
 (1

3.
9)

0.
24

Rh
eu

m
at

ol
og

ic
 d

is
ea

se
3 

(4
.6

)
34

 (3
.1

)
0.

53
3 

(1
.2

)
0.

07
5 

(7
.6

)
53

 (4
.9

)
0.

33
9 

(3
.6

)
0.

16

Pe
pt

ic
 u

lc
er

 d
is

ea
se

2 
(3

.0
)

48
 (4

.4
)

0.
59

5 
(2

.0
)

0.
61

0 
(0

.0
)

9 
(0

.8
)

0.
46

4 
(1

.6
)

0.
30

Li
ve

r d
is

ea
se

, m
ild

2 
(3

.0
)

14
 (1

.3
)

0.
24

0 
(0

.0
)

 <
 0

.0
1

4 
(6

.1
)

33
 (3

.1
)

0.
18

7 
(2

.8
)

0.
19

Li
ve

r d
is

ea
se

, m
od

er
at

e–
se

ve
re

0 
(0

.0
)

3 
(0

.3
)

0.
67

0 
(0

.0
)

N
C

1 
(1

.5
)

12
 (1

.1
)

0.
76

3 
(1

.2
)

0.
83

H
em

ip
le

gi
a 

or
 p

ar
ap

le
gi

a
1 

(1
.5

)
13

 (1
.2

)
0.

82
1 

(0
.4

)
0.

31
1 

(1
.5

)
21

 (1
.9

)
0.

81
3 

(1
.2

)
0.

83

Re
na

l d
is

ea
se

8 
(1

2.
1)

12
0 

(1
1.

1)
0.

79
20

 (7
.9

)
0.

29
22

 (3
3.

3)
24

3 
(2

2.
4)

0.
04

51
 (2

0.
2)

0.
02

M
al

ig
na

nc
y

6 
(9

.1
)

93
 (8

.6
)

0.
89

22
 (8

.7
)

0.
93

14
 (2

1.
2)

17
9 

(1
6.

5)
0.

32
41

 (1
6.

3)
0.

34

M
et

as
ta

tic
 s

ol
id

 tu
m

or
1 

(1
.5

)
13

 (1
.2

)
0.

82
4 

(1
.6

)
0.

97
3 

(4
.6

)
59

 (5
.5

)
0.

75
14

 (5
.6

)
0.

75

H
IV

/A
ID

S
0 

(0
.0

)
0 

(0
.0

)
N

C
0 

(0
.0

)
N

C
0 

(0
.0

)
1 

(0
.1

)
0.

80
0 

(0
.0

)
N

C

H
yp

er
te

ns
io

n
22

 (3
3.

3)
41

5 
(3

8.
3)

0.
42

71
 (2

8.
2)

0.
41

16
 (2

4.
2)

15
6 

(1
4.

4)
0.

03
32

 (1
2.

7)
0.

02

A
nk

yl
os

in
g 

sp
on

dy
lit

is
9 

(1
3.

6)
13

6 
(1

2.
6)

0.
80

27
 (1

0.
7)

0.
50

5 
(7

.6
)

83
 (7

.7
)

0.
98

12
 (4

.8
)

0.
37

Ps
or

ia
si

s
4 

(6
.1

)
46

 (4
.3

)
0.

48
4 

(1
.6

)
0.

04
4 

(6
.1

)
21

 (1
.9

)
0.

03
3 

(1
.2

)
0.

02

Ps
or

ia
tic

 a
rt

hr
iti

s
2 

(3
.0

)
1 

(0
.1

)
 <

 0
.0

00
1

0 
(0

.0
)

 <
 0

.0
1

2 
(3

.0
)

4 
(0

.4
)

 <
 0

.0
1

0 
(0

.0
)

 <
 0

.0
1

C
ro

hn
’s 

di
se

as
e

0 
(0

.0
)

7 
(0

.7
)

0.
51

1 
(0

.4
)

0.
61

0 
(0

.0
)

4 
(0

.4
)

0.
62

1 
(0

.4
)

0.
61

U
lc

er
at

iv
e 

co
lit

is
0 

(0
.0

)
10

 (0
.9

)
0.

43
0 

(0
.0

)
N

C
0 

(0
.0

)
12

 (1
.1

)
0.

39
0 

(0
.0

)
N

C

Sy
st

em
ic

 lu
pu

s 
er

yt
he

m
at

os
us

1 
(1

.5
)

6 
(0

.6
)

0.
33

1 
(0

.4
)

0.
31

1 
(1

.5
)

4 
(0

.4
)

0.
17

0 
(0

.0
)

0.
05

Lu
pu

s 
ne

ph
rit

is
0 

(0
.0

)
0 

(0
.0

)
N

C
0 

(0
.0

)
N

C
0 

(0
.0

)
0 

(0
.0

)
N

C
0 

(0
.0

)
N

C

D
ia

be
te

s 
w

ith
ou

t c
hr

on
ic

 
co

m
pl

ic
at

io
ns

8 
(1

2.
1)

14
6 

(1
3.

5)
0.

75
23

 (9
.1

)
0.

47
18

 (2
7.

3)
21

3 
(1

9.
7)

0.
13

35
 (1

3.
9)

0.
01

D
ia

be
te

s 
w

ith
 c

hr
on

ic
 c

om
pl

i-
ca

tio
ns

3 
(4

.6
)

40
 (3

.7
)

0.
72

6 
(2

.4
)

0.
35

6 
(9

.1
)

50
 (4

.6
)

0.
10

5 
(2

.0
)

 <
 0

.0
1



Page 9 of 10Harris et al. BMC Neurology          (2022) 22:172 	

targeted therapies are being developed. This study was 
conducted before the introduction of these newer thera-
pies and is expected to provide a reference point for other 
studies that will be conducted after the introduction of 
these therapies.

One limitation of this study is that it was performed 
using healthcare data from the English primary care set-
ting and therefore might not be generalizable to other 
countries. Nonetheless, this study provides extensive and 
long-term longitudinal data about periods before and 
after a diagnosis of MG was recorded. The more than 
1000 patients with MG identified in this study represent 
one of the larger sets described to date, although low 
numbers of patients with refractory MG made it difficult 
to make inferences in some cases, such as for myasthenic 
crises and certain comorbidities.

Another potential limitation of this study is that the 
accuracy of the results depended on the completeness 
and precision of encoding by general practices for the 
CPRD and by hospitals for the HES. Further, the defini-
tion of refractory MG was adapted from existing guide-
lines [1, 22, 28, 29] for the databases used and, as such, 
depended mostly on records of treatments prescribed 
by general practitioners. Treatments administered in 
hospitals or by specialists are not recorded in CPRD or 
HES, which may have reduced the number of patients 
who should have been considered refractory. Addition-
ally, because the reasons for procedures (e.g. intravenous 
immunoglobulin administration) cannot be determined 
from the HES, the definitions of exacerbations and cri-
ses may have resulted in a slight overestimation of their 
occurrence. Including clinical criteria may have improved 
the accuracy of detecting refractory cases, but such infor-
mation was not available in the databases used for this 
study.

Conclusions
The results of this study extend previous findings by pro-
viding recent data on the burden of MG over a long-term 
follow-up period and emphasize that patients with MG, 
especially those who are treatment refractory, have a 
heavy burden of illness, including frequent severe events 
and comorbidities. The higher prevalence of comor-
bidities in patients with refractory MG than in those 
with non-refractory MG may be related to treatments 
received, especially prolonged corticosteroid use. There-
fore, there is a need for therapies targeting the underlying 
mechanism of disease. Future research should focus on 
describing the use of newer targeted therapies and their 
short- and long-term impact on clinical outcomes and 
comorbidities.
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