
RESEARCH ARTICLE

Demographic and Geographic Trends in Myasthenia
Gravis–Related Mortality in the United States,
1999–2022
Ali Al-Salahat,1 Ali Bin Abdul Jabbar,2 Rohan Sharma,1 Yu-Ting Chen,1 and Evanthia Bernitsas1

Neurology® 2025;104:e213505. doi:10.1212/WNL.0000000000213505

Correspondence

Dr. Al-Salahat

alsalahatmd@gmail.com

Abstract
Background and Objectives
The prevalence and incidence of myasthenia gravis (MG) have been increasing, globally and in
the United States. The literature lacks data onMG-related mortality (MGRM) and its trends in
the United States. We aimed to examine nationwide demographic and geographic trends of
MGRM from 1999 to 2022.

Methods
This retrospective population-based study used data regarding MG-related deaths (MGRD)
fromCenters for Disease Control and PreventionWide-rangingOnline Data for Epidemiologic
Research mortality records. The International Classification of Diseases (ICD) code, G70.0,
was used to identify MG. We stratified deaths by sex, age groups (25–64 years and older than
64 years), race and ethnicity, and geographical location. Joinpoint regression was performed to
examine trends in age-adjusted mortality rates (AAMRs). Sensitivity analysis was performed
using MG as an underlying cause of death (UCD).

Results
During the study period, there were 37,075MGRD (89.6% were older than 64 years, and 44.7%
were female individuals). From 1999 to 2022, the MG-related AAMR increased significantly
from 6.21 (95% CI 5.58–6.58) per 1 million population to 9.51 (95% CI 9.14–9.88) per 1
million population, with an average annual percent change of +2.42 (95% CI 1.98–2.87). The
increase in MGRMwas observed regardless of age group, sex, region, or race and ethnicity. The
MG-related AAMR increased by 66.3% inmale individuals and 29.6% in female individuals over
the study period. For individuals aged 65 years or older, there was a concerning increase inMG-
related AAMR by 82.35% from 28.23 to 47.36. There was a peak in MGRM during the
coronavirus disease 2019 pandemic (2020–2022), and sensitivity analysis revealed that the
trend in MGRM remained consistent as both UCD and contributing cause of death.

Discussion
The rising MGRM over the 23-year period is concerning and warrants investigation into the
underlying causes for this trend. This increase was most prominent in older and male indi-
viduals. The growing burden of MG in the United States and globally might pose a serious
challenge to health care in the future. Limitations of this study include reliance on ICD codes.
Future work needs to take these trends and disparities into consideration and focus on
improving MGRM.

Introduction
Myasthenia gravis (MG), an autoimmune neurologic condition, has been steadily increasing in
prevalence and burden.1 A systematic review estimated the global prevalence of MG at around
12.4 per 100,000 people.2 Another recent large population data study in the United States
estimated that the prevalence of MG is around 32.02 per 100,000 people and its incidence
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around 54 per million person-years.3 Globally, epidemiologic
studies from different regions show that the incidence and
prevalence of MG have been steadily increasing over the past
several years.4-6

Remarkable advances in understanding the pathophysiology
of MG and its treatment have occurred over the past 2
decades.7-9 However, MG-related mortality (MGRM) rates
remain high compared with the general population, with 1
study in Denmark showing a mortality rate ratio of 1.41.10

Another large study from the Nordic countries showed that
the standardized mortality ratios for MG ranged between 1.20
and 1.32 and were stable from 2000 to 2020.11 Data from the
United States focused on in-hospital mortality rates fromMG,
which were reported around 1.8%–2.2%.11,12 These studies
and others have reported older age, specifically 65 years or
older, as a strong predictor of mortality in MG.11-13

The current literature on MGRM primarily focuses on mor-
tality rates in hospitals, excluding deaths that occur outside of
the inpatient setting. In addition, there is a lack of national-
level data on MGRM trends and disparities in the
United States. This study aims to analyzeMGRM trends from
1999 to 2022 in the United States and explore demographic
and geographical disparities using data from the Centers for
Disease Control and Prevention Wide-ranging Online Data
for Epidemiologic Research (CDC WONDER) mortality
records. The findings from this study can play a crucial role in
guiding future research in MG and can be valuable for neu-
rologists, neuromuscular specialists, policymakers, and health
care administrators.

Methods
Study Design and Database
This study followed the RECORD reporting guidelines. CDC
WONDER, a comprehensive online database with a wide
variety of public health data, was used to identify MG-related
deaths (MGRDs) in the United States. Mortality data from
the CDC WONDER database are derived from death certif-
icates filed in state vital statistics offices and collected from all
states and the District of Columbia into a national database by
the National Center for Health Statistics.14 The denominator
for the mortality data is the entire US population based on US
Census Bureau estimates.14,15 The Multiple Cause of Death
Files for 1999–2020 and 2018–2022 were queried separately

to extract data from 1999 to 2020 and 2021 to 2022, re-
spectively, and merged for analysis.16,17 The Multiple Cause
of Death Files Use death certificate records to find MG listed
as an underlying or contributing cause on nationwide death
certificate records.

We extracted data regarding MGRD and population sizes
from 1999 to 2022. The International Classification of Dis-
eases (ICD), 10th Revision, Clinical Modification codes
G70.0 was used to analyze data regarding MGRM18; this code
showed high positive predictive value (>98%) in a validity
study.19

Demographic and Geographical
Stratification Groups
Specifically, data extracted for analysis included biological sex,
race and ethnicity, age groups, region, state, and urban-rural
classification. Biological sex includedmale or female. Race and
ethnicity groups were divided into non-Hispanic (NH)
White, NH Black, and Hispanic individuals based on what was
listed on the patient’s death certificate. Other racial and ethnic
groups (NHAsian or Pacific Islander, NHAmerican Indian or
Alaska Native individuals, etc.) could not be analyzed because
of suppressed data for many years in each subgroup. CDC
suppresses the counts of fewer than 10 in CDC WONDER
data to protect confidentiality, and death rates are marked
unreliable for a count less than 20. Age groups were segre-
gated into young adults (aged 25–64 years) and older adults
(65 years or older) to compare trends between the younger
and older populations. For urban-rural classifications, the
National Center for Health Statistics Urban-Rural Classifi-
cation Scheme was used to divide the population into urban
(population >50,000) and rural (population <50,000) coun-
ties per the 2013 US census classification.20 Rural-urban
stratified analysis was only conducted from 1999 to 2020
because the database does not report the population in rural
and urban areas and mortality rates from 2021 onward.
Regions were classified into Northeast, Midwest, South, and
West according to the Census Bureau definitions.

Statistical Analysis
MG-related crude number of deaths and age-adjusted mor-
tality rates (AAMRs) per 1,000,000 were calculated. AAMR
controls for the population’s variation in age distribution,
allowing data comparison, and was standardized using the
2,000 US standard population.21 The Joinpoint Regression
Program (Joinpoint version 4.9.0.0 available from National

Glossary
AAMR = age-adjusted mortality rate; AAPC = average annual percent change; APC = annual percent change; CDC
WONDER = Centers for Disease Control and Prevention Wide-ranging Online Data for Epidemiologic Research; COVID-
19 = coronavirus disease 2019; EOMG = early-onset MG; ICD = International Classification of Diseases; ICI = immune-
checkpoint inhibitor; LOMG = late-onset MG; LRP4 = low-density lipoprotein receptor-related protein 4;MG = myasthenia
gravis; MG-AAMR = MG-related AAMR; MGRD = MG-related death; MGRM = MG-related mortality; MuSK = muscle-
specific kinase; NH = non-Hispanic; UCD = underlying cause of death.
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Cancer Institute, Bethesda, MD) was used to determine
trends in mortality within the study period.22 This program
identifies significant changes in annual mortality trends over
time through Joinpoint regression, which fits models of linear
segments where significant temporal variation occurred. An-
nual percentage change (APC) with 95% CIs for the AAMRs
were calculated for the line segments linking a Joinpoint using
the Monte Carlo permutation test. The weighted average of
the APCs was calculated and reported as AAPCs and corre-
sponding 95% CIs to summarize the reported mortality trend
for the entire study period. APC and AAPCs were considered
to increase or decrease if the slope describing the change in
mortality over the time interval significantly differed from
zero using a 2-tailed t test. Statistical significance was set at p ≤
0.05.23 Sensitivity analyses were performed using MG only as
an underlying cause of death, which refers to the disease or
injury that initiated the sequence of events leading directly to
death. The analysis took place in October 2024.

Standard Protocol Approvals, Registrations,
and Patient Consents
The study was exempt from institutional review board ap-
proval because the CDC WONDER database contains ano-
nymized, publicly available data, and participants cannot be
identified.

Data Availability
The data analyzed in this study are publicly available from the
CDC WONDER on request.

Results
Overall Mortality
During the study period, there were 37,075 MGRD (eTa-
ble 1). Between 1999 and 2022, the MGRD increased by
around 135% (Table 1). The MG-related AAMR (MG-
AAMR) increased significantly from 6.21 per 1 million people
in 1999 to 9.51 per 1 million in 2022 (Figure 1). From 1999 to
2016, the APC for MG-AAMRwas +0.96, further accelerating
to +6.69 between 2016 and 2022.

Age-Related Disparities
Although most MGRD involved people 65 years or older
(33,208, 89.6%), only 3,867 (10.43%) involved people be-
tween 25 and 64 years. Over the study period, the MGRD
increased by 143% for people 65 years or older and by 70% for
people aged 25–64 years (Table 1). Similarly, the MG-AAMR
increased from 28.23 to 47.36 for those 65 years or older
(Figure 2A) and from 0.87 to 1.06 for those 25–64 years, with
an AAPC of +2.49 for the former group and +1.64 for the
latter group (eTable 2). For the younger group, the MG-
AAMR was stable from 0.87 in 1999 to 0.78 in 2015. How-
ever, the MG-AAMR for the younger group increased from
0.78 in 2015 to 1.06 in 2022 (Table 1). For the older group,
the MG-AAMR increased from 28.3 in 1999 to 33.42 in 2016
and accelerated from 33.42 in 2016 to 44.3 in 2022.

Sex-Related Disparities
Of the total MGRD from 1999 to 2022, 20,507 (55.3%) were
male individuals and 16,568 (44.7%) were female individuals.
MGRD increased by 87.5% for female individuals and by
183% for male individuals (Table 1). In female individuals,
MG-AAMR increased from 5.13 in 1999 to 6.65 in 2022
(eTable 3). The MG-AAMR was stable for female individuals
from5.13 in 1999 to 4.86 in 2014 but increased from4.86 in 2014
to 6.65 in 2022. In male individuals, MG-AAMR increased from
8.21 in 1999 to 13.65 in 2022 (Figure 2B). The MG-AAMR for
male individuals increased from 8.21 in 1999 to 10.16 in 2017,
and it continued increasing from 10.16 in 2017 to 13.65 in 2022.

Race and Ethnicity-Related Disparities
Regarding race and ethnicity, of all MGRD over the study
period, 32,671 (88.12%) were NH White individuals, 1,918
(5.17%) were NH Black individuals, and 1,727 (4.66%) were
Hispanic individuals. In NH White individuals, MGRD in-
creased by 124% from 1999 to 2022 (Table 1). The MG-
AAMR for NHWhite individuals increased from 6.64 in 1999
to 7.88 in 2016, and it continued increasing from 7.88 in 2016
to 10.88 in 2022 (Figure 2, eTable 4). In NH Black individ-
uals, MGRD increased from by 160% with the MG-AAMR
increasing from 3.18 to 5.09 over the study period. However,
the MG-AAMR for NH Black individuals remained stable from
3.18 in 1999 to 2.52 in 2013, and it accelerated significantly from
2.52 in 2013 to 5.09 in 2022. In Hispanic individuals, MGRD
increased by 281% with the MG-AAMR increasing from 4.2 to
5.38 from 1999 to 2022.The MG-AAMR for Hispanic individ-
uals remained stable from 4.2 in 1999 to 3.86 in 2018 but ac-
celerated from 3.86 in 2018 to 5.38 in 2022.

Region-Based Disparities
In terms of region, MGRD occurred over the study period in
the following order: (1) South (14,068, 37.9%), (2) Midwest
(8,960, 24.17%), (3) West (7,241, 19.53%), and (4) North-
east (6,806, 18.36%). The number of MGRD increased over
the study period by 167% in the South, 93% in the Midwest,
190% in theWest, and 85% in the Northeast. In the South, the
MG-AAMR (Figure 2D, eTable 5) increased from 6.52 from
1999 to 10.53 in 2022; it remained stable from 1999 to 2015 but
increased from 7.01 in 2015 to 10.53 in 2022. In the Midwest,
the MG-AAMR increased from 6.64 in 1999 to 9.38 in 2022; it
remained stable from 1999 to 2016 and increased from 7.35 in
2016 to 9.38 in 2022. In the West, the MG-AAMR increased
from 5.34 in 1999 to 8.85 in 2022; it remained stable between
1999 and 2012 but accelerated from5.29 in 2012 to 8.85 in 2022.
In theNortheast, theMG-AAMR increased from 6.06 in 1999 to
8.32 in 2022; it remained stable between 1999 and 2015 but
increased from 6.48 in 2015 to 8.32 in 2022.

Rural-Urban Disparities
The MG-AAMR in urban areas remained stable from 6.16 in
1999 to 6.89 in 2015 (APC +0.69, 95% CI −0.12 to 1.22) and
increased from 6.89 in 2015 to 9.24 in 2020 (APC +5.35, 95%
CI 3.10–11.60) (eTable 6). Similarly, the MG-AAMR in rural
areas remained stable from 6.16 in 1999 to 5.58 in 2006
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(APC −1.25, 95% CI −11.01 to 1.92) and increased from 5.58
in 2006 to 10.17 in 2020 (APC +3.49, 95% CI 2.54–8.39).

Place of Death Differences
Overall, over the study period, most MGRD occurred at
medical facilities (18,226, 49.16%), followed by home or
hospice facilities (10,241, 27.62%), nursing/long-term care
facilities (7,343, 19.81%), and other/unknown places (1,271,
3.43%). The crude number of MGRD at medical facilities
increased from 691 in 1999 to 1214 in 2022 (176%), but the
percentage of deaths at medical facilities out of all MGRD
decreased from 62.88% in 1999 to 46.98% in 2022 (eTables 7
and 8). For deaths at home or hospice facilities, the number
increased from 169 in 1999 to 855 in 2022 (506%), and the
percentage of MGRD at home or hospice facilities increased
from 15.38% in 1999 to 33.09% in 2022. The number of
MGRD at nursing/long-term facilities increased from 220 in
1999 to 411 in 2022, with the percentage decreasing from
20.02% in 1999 to 15.91 in 2022. Finally, the place of death was
unknown for 19 deaths in 1999 and 106 deaths in 2022, with the
percentage increasing from 1.73% in 1999 to 4.10% in 2022.

State-Level Differences
There were differences in MG-AAMR at the state level across
the United States (Figure 3). For the period between 1999
and 2019, the lowest MG-AAMR was found in the District of

Columbia at 3.99 and the highest was in Vermont at 8.66.
However, between 2020 and 2022, the highest AAMR was in
West Virginia at 9.09 and the lowest was in Hawaii at 3.16
(eTables 9 and 10).

Sensitivity Analysis: MG as an Underlying
Cause of Death
Of the 37,075 MGRD, 16,963 (45.75%) had MG listed as the
underlying (primary) cause of death (UCD). In 1999, 488
(44.40%) of all MGRD had MG also listed as UCD, which
increased to 986 (38.16%) by 2022 (AAPC 1.74, 95% CI
1.46–2.05). An interesting finding to note is that the
proportion of death with MG listed as the primary cause of
death was markedly high before the pandemic years
(2020–2022), with nearly half of the MGRD having MG as
UCD but decreased to 38%–39% during the pandemic
years (2020–2022). eTable 11 presents a sensitivity anal-
ysis comparing MG listed as a contributing cause of death
to that of the underlying cause.

Discussion
This 23-year nationwide analysis of MGRM data from the
CDC showed several important findings. First, there was
a significant and steady increase inMGRM from 1999 to 2022

Table 1 Temporal Trends inMGMortality Rates, Stratified by Age Group, Biological Sex, Race and Ethnicity, and Region in
the United States, 1999 to 2022

Characteristic

1999 2022

AAPC (95% CI) APC segment 1 (95% CI, years) APC segment 2 (95% CI, years)n AAMR n AAMR

Total 1,099 6.21 2,584 9.51 2.42 (1.98–2.87) 0.96 (0.04 to 1.60, 1999–2016) 6.69 (4.45–12.28, 2016–2022)

Age group

25–64 126 0.87 218 1.06 1.64 (0.78–2.51) −0.085 (−2.83 to 0.39, 1999–2015) 7.59 (4.16–15.88, 2015–2022)

>64 973 28.23 2,366 47.36 2.49 (2.09–2.91) 1.12 (0.30 to 1.72, 1999–2016) 6.46 (4.43–11.43, 2016–2022)

Sex

Female 552 5.13 1,035 6.65 1.59 (1.19–2.01) −0.13 (−1.13 to 0.57, 1999–2014) 4.90 (3.42–7.82, 2014–2022)

Male 547 8.21 1,549 13.65 2.76 (2.23–3.30) 1.36 (0.38 to 2.06, 1999–2017) 7.96 (4.79–15.86, 2017–2022)

Race and ethnicity

NH Black individuals 51 3.18 133 5.09 1.51 (0.12–2.97) −1.28 (−11.78 to 1.16, 1999–2013) 6.02 (2.41–21.24, 2013–2022)

Hispanic individuals 37 4.2 141 5.38 2.75 (0.79–4.70) 0.75 (−10.33 to 5.87, 1999–2018) 12.80 (2.48–34.42, 2018–2022)

NH White individuals 994 6.64 2231 10.88 2.74 (2.24–3.23) 1.32 (0.23 to 2.00, 1999–2016) 6.88 (4.40–13.81, 2016–2022)

Region

Northeast 228 6.06 421 8.32 1.94 (1.22–2.61) 0.85 (−3.47 to 1.77, 1999–2015) 4.47 (2.10–12.46, 2015–2022)

Midwest 282 6.64 545 9.38 2.06 (1.39–2.66) 0.95 (−1.38 to 1.71, 1999–2016) 5.27 (2.54–13.04, 2016–2022)

South 403 6.52 1078 10.53 2.55 (2.09–3.05) 0.63 (−0.46 to 1.42, 1999–2015) 7.08 (5.15–11.13, 2015–2022)

West 186 5.34 540 8.85 2.42 (1.64–3.28) 0.41 (−5.58 to 1.99, 1999–2012) 5.10 (3.38–12.14, 2012–2022)

Abbreviations: AAMR = age-adjusted mortality rate; AAPC = average annual percent change; APC = annual percent change; MG = myasthenia gravis.
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across all age groups, racial and ethnic groups, and regions,
with a sharp increase around 2020. The annual number of
MGRD more than doubled across the study period, and the
AAMR increased from 6.21 to 9.51 per million people. The
MGRM trend showed the most marked increase among those
aged 65 years or older, with almost 90% of deaths occurring in
this age group over the study period. The number of MGRD
nearly tripled in male individuals and doubled in female
individuals. This study also found significant racial and ethnic
and geographical disparities in MGRM and its trend. In ad-
dition, we found significant changes in the place of MGRD,
with home or hospice facilities doubling and medical facilities
decreasing proportionately over the study period. Finally, our
findings revealed a sharp increase of MGRM around the
coronavirus disease 2019 (COVID-19) pandemic
(2020–2022) across all groups and regions.

The up-trend in MGRM over the 23-year period of this study
is concerning and warrants investigation. There are multiple
possible interpretations for these findings. A growing body of
evidence suggests that the prevalence and incidence of MG
have been increasing over the past 2 decades.4,6 This increase
in prevalence and incidence of MG could partially account for
the increasing mortality. Although MG is known to have
a bimodal age distribution, the incidence has been increasing
in older people, especially with the aging population.4,6,24 This
leads to more MG occurring in older patients and, hence,
increased mortality. However, these factors alone do not ex-
plain the increasing mortality, given that our results were

adjusted for age. Other factors that might explain the growing
incidence of MG are increased access to and better diagnostic
tests for MG, including the discovery of anti–muscle-specific
kinase (MuSK) and anti–low-density lipoprotein receptor-
related protein 4 (LRP4) antibodies.25 These factors also lead
to improvement in awareness of MG among clinicians and the
public and, accordingly, as a contributing cause of death.25,26

Over the past 2 decades, there have been remarkable advances
in the treatment and management of MG.9 However, clinical
trials in MG mostly focused on functional and quality-of-life
outcomes, not long-term mortality.27 Therefore, our findings
indicate the need to target long-term mortality in MG re-
search. Nevertheless, long-term mortality benefit from the
newly approved medications for MG, such as efgartigimod
(2021), is yet to be evaluated.28 Moreover, recent evidence
shows that older patients with MG have an increased risk of
fatal adverse effects from immunosuppressants, which can
lead to higher mortality as the MG population grows older.29

The pathophysiology and prognosis of early-onset MG
(EOMG) and late-onset MG (LOMG) differ remarkably.30

Multiple studies have shown that LOMG is characterized by
severe presentations with frequent emergency visits and
crises.30-32 These aforementioned factors combined might
also explain the higher mortality in male individuals compared
with female individuals, as the former group is more affected
by LOMG than the latter. In addition, cases of immune-
checkpoint inhibitor (ICI)–related MG were first reported

Figure 1Overall Trend ofMyasthenia Gravis–Related Age-Adjusted Death Rate and CrudeNumber of Deaths from 1999 to
2022
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starting from 2017.33 ICI-related MG has a more rapid and
severe presentation and is usually accompanied by ICI-related
myocarditis and myositis, contributing to an increase in
MGRM.34 Finally, anti-MuSK and anti-LRP3 have only been
recently discovered, and these antibodies entail a higher de-
gree of severity and risk of mortality from MG, given the
severity of presentation and the frequency of crises associated
with these forms of MG.35,36

Our findings differ drastically from previous studies examining
MGRM. A recent large European study showed relatively
stable MGRM from 2000 to 2020 despite increasing in-
cidence and prevalence.14 This is a clearly contrasting finding
from our study in the United States. The study included na-
tionwide data from 3 Nordic countries that have universal,
publicly funded, and high-quality health care available to all
citizens. This might have been a factor in stabilizing MGRM,
although the incidence of MG increased. Studies in the
United States that showed stable MGRM primarily focused
on in-hospital mortality and were limited to short periods.
Our study involved extensive nationwide mortality data and
examined MGRM over 23 years. Another factor that may
account for the difference in MGRM between the
United States and Europe is the presence of other

comorbidities including obesity, cardiac, and pulmonary
diseases.37,38 Studies comparing trends of overweight preva-
lence in the United States showed a rapid and more pro-
nounced increase than European countries.37 Obesity has
been shown to carry a higher risk for complications from
MG.39,40

The increasing MGRM evidenced from this study and the
growing burden of MG globally might pose a serious chal-
lenge to health care in the future. It also indicates an in-
creasing need for more research and neurologists specialized
in managing MG. Given that our findings indicated the in-
creasing MGRM was most significant in older people, future
research can be directed toward improving mortality in this
group of people suffering from MG.

Our study showed significant racial and ethnic disparities in
MGRM trends. Although all racial and ethnic groups in the
study showed a significant increase in MGRM over the study
period, deaths in NH White individuals accounted for the
majority (88.12%) of the total MGRD. The MG-AAMR was
highest in NH White individuals, followed by Hispanic and
then NH Black individuals. Multiple reasons may account for
these disparities. First, studies showed racial and ethnic

Figure 2 Myasthenia Gravis–Related AAMR, Stratified by (A) Age Group, (B) Sex, (C) Race and Ethnicity, and (D) Region

AAMR = age-adjusted mortality rate.
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disparities in the access to neurologic care and specialized
neurologic testing.41,42 This can lead to underdiagnosis ofMG
in Black or Hispanic individuals. In addition, a recent study
found disparities in the access to MG-specific testing and
treatment.43 Eventually, these factors can lead to un-
derestimation and under-documentation of MG and its
mortality in racial and ethnic minority groups. These differ-
ences can help guide policymakers and health care admin-
istrators in addressing these issues related to access to
neurologic testing and care. Second, genetic studies found
that White individuals, carrying certain HLA-DRB1 alleles,
have higher risk for LOMG, while African Americans are more
likely to develop EOMG.44,45 In addition, a study on a Spanish
population cohort found that certain HLA alleles (DQB105:
02, DQB105:03, and DQB1*03:01) were associated with

EOMG in female individuals.46 These studies suggest that
NH White individuals are more likely to develop LOMG
leading to higher mortality risk from MG compared with
other racial and ethnic groups.30-32,44-46

All regions in the United States experienced a similar up-trend
in MGRM. The South had the largest proportion of MGRD,
followed by the Midwest, West, and Northeast. This distri-
bution mirrors findings of studies on the incidence and
prevalence of MG being the highest in the South and then the
Midwest as second, followed by the West and Northeast.4,6

The high AAMR in West Virginia also mirrors the high
prevalence of the disease in this state.47 These data can be
valuable in resource allocation aimed at the diagnosis and
management of MG.

Figure 3 Myasthenia Gravis–Related AAMRs Stratified by State, (A) 1999–2019 and (B) 2020–2022

AAMR = age-adjusted mortality rate.
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We also saw significant changes over the study period re-
garding the place of MGRD. The findings suggest that more
MGRDs are occurring at home or hospice facilities rather than
medical facilities, pointing again to the aging MG population.
Deaths at home or hospice facilities reached a peak just before
the COVID-19 pandemic.

Our study shows that MGRM saw a sharp increase during the
COVID-19 pandemic across all groups and regions. This is
consistent with several studies that showed patients with MG
suffered from more crises and exacerbations during the pan-
demic.48 These studies also showed that severe MG-related
symptoms at baseline correlated with worse infections with
COVID-19.49 In addition, our sensitivity analysis examined
MG as UCD, showing that the pandemic spike inMGRMwas
largely due to MG as a contributing cause of death. Never-
theless, the analysis showed that the steady up-trend in
MGRM remained for MG as primary cause of death (UCD)
and as contributing cause of death.

Owing to CDCWONDER data being collected from a public
health database, this study may have some limitations. Vari-
ables such as social determinants of health could contribute to
the patient’s death and were not reported on the website or
death certificate. We were only able to analyze racial and
ethnic disparities for NH White, NH Black or Hispanic
individuals, and other racial and ethnic groups (NH Asian or
Pacific Islander, NH American Indian or Alaska Native indi-
viduals, etc.) could not be analyzed because of suppressed
data for many years in each subgroup. CDC suppresses the
counts of fewer than 10 in CDC WONDER data to protect
confidentiality, and death rates are marked unreliable for
a count less than 20 per the CDC WONDER data use
agreement. Rural-urban stratified analysis could only be
conducted from 1999 to 2020 because the database does not
report the age group-specific populations in rural and urban
areas andmortality rates from 2021 onward. In addition, given
that the CDC WONDER data is reliant on ICD codes, it can
be subject to misclassification, and it also lacks information on
potential confounders.

Our study revealed concerning findings regarding MGRM
trends in the United States from nationwide data across the
period 1999–2022. There was a steady and consistent up-
trend in MGRM in all groups and regions, with an obvious
spike during the pandemic years (2020–2022). The increase
in MGRM is most marked in the older age group (64 years
and older). These data warrant further investigation and
monitoring to understand the underlying causes of these
trends. Future research may focus on reducing MGRM, es-
pecially in the older MG population.
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