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Serologic antibody testing supports myasthenia gravis (MG) diagnosis and informs appropriate treatment. The
research objective was to evaluate real-world MG serostatus testing patterns in the United States. Using insurance
claims linked to serological test results, a retrospective, observational cohort study was conducted among adults
with newly diagnosed MG between 01-January-2018 and 30-June-2022. Serostatus tests included acetylcholine
receptor (anti-AChR), muscle-specific kinase (anti-MuSK), and low-density lipoprotein receptor-related protein 4
(anti-LRP4) antibodies. Of 5788 cases, 2590 (44.7 %) had at least one valid serology test result: 1453 (56.3 %)
seronegative, 1094 (42.4 %) anti-AChR+, 28 (1.1 %) anti-MuSK+, and 5 (0.2 %) anti-LRP4+. Among the
seronegative, 56.6 % were only tested for anti-AChR antibodies, 33.7 % tested both anti-AChR and anti-MuSK
antibodies, and 5.0 % tested all three antibodies. Of the seronegative and untested populations, 40.9 % and
37.4 % initiated >2 unique MG treatments, with 699 (69.4 %) and 1267 (64.7 %) initiating acetylcholinesterase
inhibitor. Factors associated with a higher likelihood of obtaining serologic testing included diagnosis by
neurology, presence of MG-associated symptoms, residence in large metropolitan areas, fewer comorbidities, and
Medicare insurance (vs. commercial or Medicaid). Variation in MG serologic testing, including infrequent MuSK
and LRP4 autoantibody testing among seronegative patients, highlights a potential need to promote best prac-
tices in patient care.

from the first symptom to receiving a correct diagnosis [2].
While the diagnosis of MG can be made clinically, serologic testing

1. Introduction

Myasthenia gravis (MG) is a rare autoimmune neuromuscular dis-
order associated with fluctuating weakness and unpredictable exacer-
bations. The prevalence of MG in the United States is 320.2 per million
adults, affecting an estimated 82,715 individuals [1]. MG is caused by
antibodies to receptors in the neuromuscular junction impeding signal
conduction resulting in muscle weakness. Clinically, individuals with
MG present heterogeneously, varying from mild to severe disease and
characterized by muscle weakness ranging from ocular, limb, bulbar and
respiratory domains. Symptoms may include diplopia, ptosis, dysphagia,
dysarthria, arm/leg weakness, and dyspnea (due to respiratory muscles
weakness). The fluctuating nature of MG can present a confusing clinical
picture to clinicians, especially to primary care providers not experi-
enced in the diagnosis and treatment of rare neuromuscular disorders.
Over a quarter of the MG population reports delays of greater than a year
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for MG-specific antibodies can confirm the diagnosis and is recom-
mended to help guide therapy [3]. There are four MG serological sub-
types including anti-acetylcholine receptor (anti-AChR) antibodies
found in 70-85 % of individuals with MG; anti-muscle-specific kinase
(anti-MuSK) antibodies in 1-10 %; and low-density lipoprotein receptor-
related protein 4 (anti-LRP4) antibodies in 1-5 % [4,5]. An estimated 15
% of individuals with MG are seronegative with no serologic evidence of
autoantibodies on commercial testing and represents the fourth subtype
based on antibody criteria [6]. Electrophysiologic diagnostic tests
including repetitive nerve stimulation and single fiber electromyog-
raphy are also useful for diagnosing individuals, especially with sero-
negative MG.

Despite challenges associated with delays in diagnosing MG and the
clinical recommendations regarding serologic testing, there is limited
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Table 1
Distribution of select demographic, social determinants, comorbidity, and
diagnostic characteristics among the 5788 eligible study participants.

Incident
5788
n %
Demographics
Sex Female 3348 57.8
%
Age Mean (SD) 57.8 17.5
<50 1579 273
%
>50 4209 727
%
Insurance Commercial 2721 47.0
%
Medicaid 1499  25.9
%
Medicare 1528  26.4
%
Other/unknown 40 0.7 %
Region, U.S. Census Northeast 1092 18.9
%
Midwest 1292 223
%
South 1759  30.4
%
West 1518  26.2
%
Other 127 2.2%
Race White 1931 334
%
Black/African American 442 7.6 %
Asian 182 31%
Hispanic 400 6.9 %
Other 2833 48.9
%
Community-level SDoH
NCHS Urban-Rural Large metro 3536 61.1
Classification %
Metro, micro, and other 2187 37.8
%
Unassigned 65 1.1 %
Race/ethnicity 1583  27.3
%
Education 1515  26.2
%
Poverty 1145 19.8
%
Median HH income 1117 19.3
%
Charlson Comorbidity Index 2.18 2.75
(Mean (SD))
Autoimmune Comorbidities Rheumatoid arthritis 274 4.7 %
(Baseline) Multiple sclerosis 189 3.3%
Type I diabetes 131 2.3%
Hashimoto thyroiditis 123 2.1%
Systemic lupus erythematosus 110 1.9%
Graves disease 115 2.0 %
Inflammatory bowel disease 82 1.4 %
Psoriasis 98 1.7 %
Thymic carcinoma 44 0.8 %
Psychiatric and Mental Health Sleep-wake disorders 1461  25.2
Disorders %
Anxiety disorders 1326 229
%
Major depressive disorder 1192  20.6
%
Trauma- and stressor-related 401 6.9 %
disorders
Bipolar and related disorders 210 3.6 %
MG-associated conditions or General and other muscle 1613 279
symptoms (Baseline) specific weaknesses %
Ptosis 1289 22.3

%
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Table 1 (continued)

Incident
5788
n %
Diplopia 1261 21.8
%
Dysphagia 893 15.4
%
Dysarthria 520 9.0 %
Index Diagnosis Facility Outpatient visit 3986 68.9
%
Inpatient facility 1260 21.8
%
Other medical 349 6.0 %
ED 193 3.3%
Index Diagnosis Specialty Other specialty 3171 548
%
Neurologist 1308 226
%
Primary care provider 952 16.4
%
Ophthalmologist 357 6.2 %
EMG testing (Baseline) Yes 708 12.2
%
No 5080 87.8

%

Abbreviations: ED: Emergency Department; EMG: Electromyography; MG:
Myasthenia Gravis; SD: Standard Deviation, SDoH: Social Determinants of
Health.

Table 2
Distribution of serological testing among 5788 newly diagnosed individuals with
MG.

Total Diagnosed by Never
Neurologist Diagnosed by
Neurologist
5788 3122 2666
n % n % n %
Serostatus Laboratory Test,
Ever
Yes 2590  44.7 1710  54.8 880 33.0
% % %
No 3198 55.3 1412 45.2 1786  67.0
% % %
Serostatus laboratory test,
On or 1 year Before Index
Diagnosis
Yes 1488 25.7 1005 32.2 483 18.1
% % %
No 4300 74.3 2117  67.8 2183  81.9
% % %
Serostatus laboratory test, 1
year After Index Diagnosis
Yes 1211 20.9 785 25.1 426 16.0
% % %
No 4577  79.1 2337 749 2240  84.0
% % %

real-world evidence regarding the patterns of MG-related serologic di-
agnostics. The current study aimed to describe such patterns and iden-
tify predictors of serologic testing from a payer perspective using real-
world US data. These findings will provide insights and a baseline un-
derstanding of serologic testing practices while highlighting areas of
improvement which may ultimately reduce delays in diagnosis and
assessment of MG.
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Table 3
Distribution of select characteristics among individuals with and without evidence of an outpatient MG serological laboratory result, incident population.
Individuals with No Laboratory Test Results  Individuals with >1 Laboratory Test Result  p-value
3198 2590
n % n %
Sex Female 1848 57.8% 1500 57.9%
Male 1350 42.2% 1090 421 %
Age Mean (SD) 59.6 17.7 58.0 17.4 <0.05
Insurance Commercial 1464 458 % 1257 485% <0.05
Medicaid 901 28.2 % 598 23.1 %
Medicare 809 25.3 % 719 27.8%
Other/unknown 24 0.8 % 16 0.6 %
Region, U.S. Census Northeast 536 16.8 % 556 21.5% <0.05
Midwest 914 28.6 % 378 14.6 %
South 921 28.8 % 838 32.4 %
West 761 23.8 % 757 29.2 %
More than 1 region 35 1.1% 23 0.9 %
Unknown 31 1.0 % 38 1.5%
Race White 1072 33.5% 859 33.2% <0.05
Black/African American 261 8.2% 181 7.0 %
Asian 90 2.8% 92 3.6 %
Hispanic 199 6.2 % 201 7.8 %
Other/Not Documented 1576  49.3 % 1257 485%
NCHS Urban Classification Large metro 1815 56.8% 1721  66.4 % <0.05
Metro, micro, and other 1356 42.4 % 831 32.1%
Poverty (Population below federal poverty) 689 21.5% 456 17.6 % <0.05
Education (Population in lowest quintile of high school grad rate) 702 22.0 % 813 31.4 % <0.05
Lowest quintile of median HH income 692 21.6 % 425 16.4 % <0.05
Racial distribution (Lowest quintile non-Hispanic white community) 741 23.2 % 842 32.5 % <0.05
Charlson Comorbidity Index (Mean (SD)) 2.3 2.9 2.1 2.5 <0.05
Autoimmune comorbidities =~ None 2585  80.8% 2071  80.0% n.s.
One or more 613 19.2% 519 20.0 %
MG-associated symptoms Muscle weakness 844 26.4 % 769 29.7 % <0.05
Shortness of Breath 641 20.0 % 548 21.2% n.s.
Ptosis 537 16.8 % 752 29.0 % <0.05
Diplopia 525 16.4 % 736 28.4 % <0.05
Dysphagia 448 14.0 % 445 17.2 % <0.05
Dysarthria 245 7.7 % 275 10.6 % <0.05
Psychiatric Comorbidities Anxiety disorders 711 22.2% 615 23.7 % n.s.
Major depressive disorder 666 20.8 % 526 20.3 % n.s.
Trauma- and stressor-related disorders 219 6.8 % 182 7.0 % n.s.
Bipolar and related disorders 115 3.6 % 95 3.7 % n.s.
Schizophrenia and schizoaffective disorder 55 1.7 % 29 1.1% n.s.
Index Diagnosis Facility Outpatient visit 2042 63.9% 1944 751 % <0.05
Inpatient facility 855 26.7 % 405 15.6 %
Other medical 176 5.5 % 173 6.7 %
ED 125 3.9% 68 2.6 %
Index Diagnosis Specialty Other specialty 1874 58.6% 1297 50.1 % <0.05
Primary care provider 587 18.4 % 365 141 %
Neurologist 570 17.8 % 738 28.5 %
Ophthalmologist 167 5.2% 190 7.3 %
Diagnosed by neurologist, ever 1412 442 % 1710  66.0 % <0.05
EMG testing (Baseline, including Index date) 313 9.8 % 395 12.4 % <0.05

Abbreviations: ED: Emergency Department, EMG: Electromyography; HH: MG: Myasthenia Gravis; NCHS: National Center for Health Statistics; n.s: Not Signifcant; SD:

Standard Deviation.

2. Material and methods
2.1. Data sources

This study used data sourced from HealthVerity, a large, de-
identified US closed medical and pharmacy insurance claims database
along with data collected directly from large, nationally representative
diagnostic laboratories. HealthVerity closed claims data included
enrollment history and healthcare claims for both pharmacy and med-
ical benefits from all settings of care for patients with the diagnosis of
interest during the data period. The medical and pharmacy claims data
supplied information on inpatient and outpatient diagnoses, procedures,
and pharmacy prescription claims across commercial, Medicaid
Managed Care, and Medicare Advantage beneficiaries with MG in the
US. In addition to closed claims data, available lab tests and results for
anti-AChR, anti-MuSK, and anti-LRP4 antibody serological tests for pa-
tients in our cohort of interest in the closed medical claims data were

included. Information regarding social determinants of health were
linked using the Area Health Resources Files (AHRF) and the National
Center for Health Statistics (NCHS) Urban-Rural Classification Scheme
for Counties. The AHRF, a public domain dataset that includes U.S.
county-level measures from numerous federal sources (e.g., U.S. Census,
American Community Survey), is available from the Department of
Health and Human Services (www.data.hrsa.gov/topics/health-workf
orce/ahrf).

2.2. Study design

A retrospective, observational cohort design was used to select pa-
tients with newly diagnosed MG (incident) during the study period that
spanned from January 1, 2017, through June 30, 2023. The case iden-
tification period was January 1, 2018, to June 30, 2022, and the index
date was defined as the date of initial medical claim associated with MG.
The baseline period included the 12-month period prior to the index
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Table 4
Adjusted odds ratios and 95 % confidence intervals for logistic regression results associated with having at least one serological status test (Yes = 1) with model
selection.
Estimate Std. Error ~ Wald Chi- p-value Odds 95 % Wald
Square Ratio Confidence
Limits
Lower  Upper
Insurance Commercial —0.2035 0.0753 7.3102 0.0069 0.816 0.704 0.946
Medicaid —0.4334 0.0859 25.4394 <0.0001 0.648 0.548 0.767
Other/unknown —0.2908 0.3411 0.7267 0.394 0.748 0.383 1.459
Medicare 0 . . .
Race Asian 0.1046 0.1637 0.4082 0.5229 1.11 0.806 1.53
Black —0.1305 0.1168 1.247 0.2641 0.878 0.698 1.104
Hispanic 0.2598 0.1217 4.5615 0.0327 1.297 1.022 1.646
White —0.00092 0.0658 0.0002 0.9889 0.999 0.878 1.137
Other 0 . . .
Charlson Comorbidity Index —0.0315 0.0127 6.1801 0.0129 0.969 0.945 0.993
MG-associated conditions or Diplopia 0.5255 0.0701 56.1425 <0.0001 1.691 1.474 1.941
symptoms Dysarthria 0.2764 0.1063 6.7577 0.0093 1.318 1.07 1.624
Dysphagia 0.1359 0.0871 2.431 0.119 1.146 0.966 1.359
General and other muscle specific 0.1131 0.0698 2.6283 0.105 1.12 0.977 1.284
weaknesses
Ptosis 0.4518 0.0694 42.3681 <0.0001 1.571 1.371 1.8
Sleep apnea unspecified —0.0674 0.1385 0.2365 0.6267 0.935 0.713 1.227
Shortness of breath 0.1298 0.0768 2.8605 0.0908 1.139 0.98 1.324
Index Diagnosis Facility Other medical 0.3292 0.1201 7.5091 0.0061 1.39 1.098 1.759
ED —0.3457 0.1614 4.5847 0.0323 0.708 0.516 0.971
Inpatient facility —0.5256 0.0766 47.1232 <0.0001 0.591 0.509 0.687
Outpatient visit 0 . . .
Diagnosed by neurologist, ever Yes vs. No 0.7299 0.0591 152.5452 <0.0001  2.075 1.848 2.33
EMG testing, Baseline Yes vs. No 0.2516 0.0887 8.0533 0.0045 1.286 1.081 1.53
NCHS Urban-Rural Classification Metro, micro, and other —0.4849 0.059 67.4363 <0.0001 0.616 0.548 0.691

Large metro

Abbreviations: ED: Emergency Department.

date and follow-up period included the 12-month period following the
index date.

2.2.1. Identification and selection of study participants

To be eligible for inclusion in the incident MG cohort, an individual
was required to meet each of the following criteria: a) diagnosed with
MG during the case identification period defined by either two outpa-
tient claims at least 30 days apart associated with an ICD-10-CM G70.0x
in any claim billing position, or one inpatient claim associated with ICD-
10-CM G70.0x in the primary claim billing position, b) 18 years of age
or older as of the first claim associated with an MG diagnosis during the
case identification period, ¢) a minimum of 12 months of continuous
eligibility for both medical and pharmacy insurance benefits during the
baseline period, d) a minimum of 12 months of continuous eligibility for
both medical and pharmacy insurance benefits during the follow up
period, and e) no medical claim associated with MG from database
inception to the index date.

2.2.2. Study measures

The primary outcome measures were the receipt of a serological
laboratory test (yes/no) and the serostatus assignment: anti-AChR+,
anti-MuSK+, anti-LRP4+, seronegative (received one or more serolog-
ical laboratory tests with only negative results), and no serostatus
assigned (untested). Secondary outcomes included treatments received
in the year following the initial MG diagnosis overall and by serostatus
subtype. Descriptive statistics of the MG population were calculated
overall and by diagnosing provider specialty (neurologist diagnosis vs.
no neurologist diagnosis). Covariates included demographics (age, sex,
race/ethnicity, and U.S. Census region) with the race/ethnicity variable
provided as a variable in the laboratory results file, comorbidities
calculated in the baseline period (Charlson Comorbidity Index and select
autoimmune and psychiatric conditions), MG-related symptoms (muscle
weakness, ptosis, diplopia, dysphagia, dysarthria), community-level
SDoH measures categorized as high risk (highest quintile U.S.

counties) for poverty (% below federal poverty), education (% without a
high school diploma), median household income, and racial distribution
(% lowest non-Hispanic white population), diagnosing specialty
(neurology, ophthalmology, PCP, other), index diagnosis facility
(outpatient, inpatient, ED), baseline EMG testing (present vs. absent),
baseline and following serological test result (present vs. absent).
Finally, MG-appropriate therapies initiated in the year following index
were assessed and included corticosteroids, acetylcholinesterase in-
hibitors (AChEIs), non-steroidal immunosuppressants, immunoglobulin,
biologics (complement inhibitors, Rituxan, FcRN antagonists), plasma-
pheresis as well as thymectomy. Sankey diagrams (Figs. S1-S5) were
developed to display the first three treatments received in the year
following diagnosis among the study population, with separate dia-
grams developed for the anti-AChR+, anti-MuSK+, anti-LRP4+, sero-
negative, and no serostatus assigned population subgroups.

2.2.3. Statistical analysis

Means, standard deviations, medians, and interquartile ranges (IQR)
were calculated for continuous variables, while frequencies and per-
centages were reported for categorical variables. Descriptive statistics
were also performed on the receipt of MG-specific treatments, changes
in treatment, and counts of different treatments attempted. For the lo-
gistic regression model of factors and characteristics associated with
receipt of a serological laboratory test (yes vs. no), fit statistics including
R2, and Area-Under-the-Curve (AUC) were reported for continuous
dependent variables and Nagelkerke pseudo R2 values were reported for
discrete dependent variables. Beta weights, standard errors, and odds
ratios were derived for all predictors. SAS v12 (Cary, NC) was used for
all statistical analyses.

3. Results

The eligible study population of 5788 individuals with incident MG
were predominantly female (57.8 %) with mean age of 57.8 years (S.D.
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Table 5
Serostatus assignment for the 5788 individuals newly diagnosed with MG,
overall and by neurologist diagnosis.

Total Incident Neurologist Neurologist p-
Population Diagnosed, Diagnosed, value
Ever Never
Incident Incident
5788 3122 2666
n % n % n %

No serological test 3208  55.4 1418 454 1790 67.1

resulted % % %

Serological test 2580 44.6 1704  54.6 876 32.9
result % % %

Anti-AChR 1094 424 839 49.2 255 29.1 <0.05
positive % % %

Anti-MuSK 28 1.1 20 1.2 8 0.9 <0.05
positive % % %

Anti-LRP4 5 0.2 3 0.2 2 0.2 n.s.
positive % % %

Seronegative 1453  56.3 842 49.4 611 69.7 <0.05

% % %
Of the

seronegative
individuals

Anti-AChR 822 56.6 440 52.3 382 62.5
negative only % % %
Anti-AChR and 490 33.7 297 35.3 193 31.6
MuSK negative % % %
Anti-AChR, 73 5.0 59 7.0 14 2.3
MuSK, and % % %
LRP4 negative
Anti-MuSK 34 2.3 22 2.6 12 2.0
negative only % % %
LRP4 only 22 1.5 15 1.8 7 1.1
% % %
Other 12 0.8 9 1.1 3 0.5
% % %

Abbreviations: AChR: acetylcholine receptor; LRP4: lipoprotein receptor-related
protein 4; MuSK: muscle-specific kinase; n.s.: not significant.

17.5). The most common identified race/ethnicity was white (33.4 %)
followed by black/African American (7.6 %), Hispanic (6.9 %), Asian
(3.1 %), and unknown/unavailable data (48.9 %). The study population
was predominantly commercially insured (47.0 %), followed by Medi-
care (26.4 %) and Medicaid (25.9 %). The most common U.S. census
region was the South (30.4 %) followed by the West (26.2 %), Midwest
(22.3 %), Northeast (18.9 %), and other (2.2 %). Individuals predomi-
nantly resided in large metro areas (61.1 %) followed by medium-small-
micro metro areas (37.8 %) with 1.1 % unassigned. Of the community-
level SDoH measures, the percentage of individuals in highest risk
communities was highest for the racial distribution (27.3 %), followed
by education (26.2 %), poverty (19.8 %), and household income (19.3
%) (Table 1).

Individuals most frequently received an initial MG diagnosis at an
outpatient visit (68.9 %) followed by inpatient admission (21.8 %), ED
visit (3.3 %), and other (6.0 %). Neurologists, primary care providers,
and ophthalmologists were the most common diagnosing providers at
22.6 %, 16.4 %, and 6.2 %, respectively. The most common symptoms
documented prior to or at the time of initial MG diagnosis included limb
weakness (27.9 %), ptosis (22.3 %), diplopia (21.8 %), dysphagia (15.4
%), and dysarthria (9.0 %). The most common comorbid autoimmune
disorders were rheumatoid arthritis (4.7 %), multiple sclerosis (3.3 %),
and type 1 diabetes (2.3 %). The most common comorbid psychiatric
and mental health conditions were sleep-wake disorders (25.2 %),
anxiety disorders (22.9 %), and major depressive disorder (20.6 %).
EMG testing was not frequently conducted in this population (87.8 % no
recorded test) (Table 1).

Serologic testing was received by 44.7 % of the population (Table 2),
with 25.7 % receiving the first serologic test prior to the index date and
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20.9 % receiving their first recorded serologic test in the 12 months
following the index date. Compared to individuals without a diagnosis
by a neurologist, individuals with a neurologist diagnosis were sub-
stantially more likely to have a serological test (54.8 % vs. 33.0 %)
(Table 2).

3.1. Factors associated with serological testing

Bivariate analysis revealed that, compared to individuals with no
evidence of serological testing, individuals with at least one serological
test record were younger (mean age 58.0 vs. 59.6 years), more likely to
have commercial or Medicare insurance (vs Medicaid), to reside in a
large metropolitan area (66.4 % vs. 56.8 %), to have lower Charlson
Comorbidity Index scores (2.1 vs. 2.3), but to have higher rates of MG-
associated symptoms including muscle weakness, ptosis, diplopia,
dysphagia, and dysarthria (Table 3). There were no differences in pa-
tient sex or prevalence of psychiatric comorbidities. Individuals who
were tested were also more likely to have been diagnosed by a neurol-
ogist (28.5 % vs. 17.8 %), to receive their initial MG diagnosis in an
outpatient setting (75.1 % vs. 63.9 %), and to have had EMG testing
(12.4 % vs. 9.8 %). The logistic regression model assessed factors
associated with having at least one serologic status test. After adjust-
ment, the following characteristics were associated with a lower likeli-
hood of receiving serological testing: individuals with commercial
insurance (OR: 0.82; 95 %CI: 0.70-0.95) or Medicaid insurance (vs
Medicare) (OR: 0.68; 95 %CIL: 0.55-0.77), higher Charlson Comorbidity
Index scores (OR:0.97; 95 %CI: 0.95-0.99), rural residence (compared to
large metropolitan) (OR: 0.62; 95 %CIL: 0.55-0.69), and receiving the
initial MG diagnosis in an ED (OR: 0.71, 95 %CI: 0.52-0.97) or inpatient
facility (compared to an outpatient facility) (OR: 0.59; 95 %CI:
0.51-069). The following factors were associated with higher likelihood
of receiving serological testing: being diagnosed by a neurologist (OR:
2.08; 95 %CI: 1.85-2.33), receiving a baseline EMG test (OR: 1.29; 95 %
CI: 1.08-1.53), Hispanic ethnicity (compared to White) (OR: 1.30; 95 %
CL: 1.02-1.65), and having a baseline diagnosis of diplopia (OR: 1.69;
95 %CI: 1.47-194), ptosis (OR: 1.57; 95 %CI: 1.37-1.80), or dysarthria
(OR: 1.32; 95 %CI: 1.07-1.62) (Table 4).

3.2. Serostatus assignment and patterns of initial treatment

Overall, 2580 (44.6 %) individuals completed a serological test. Of
these tests, most (56.3 %) were seronegative, followed by anti-AChR
positive (42.4 %), anti-MuSK positive (1.1 %), and anti-LRP4 positive
(0.2 %). Individuals diagnosed by a neurologist were substantially more
likely to have a serological test result (54.6 % vs. 32.9 %, p < 0.05) and
were substantially more likely to have a seropositive test result (50.6 %
vs. 30.3 %, p < 0.05). Among the seronegative total population, most
(56.6 %) were only tested for anti-AChR antibodies with an additional
33.7 % tested for both anti-AChR and anti-MuSK antibodies (Table 5).

Overall, 69.5 % of cases received MG-specific treatment in the first
year following diagnosis, with 26.5 % receiving 1 unique agent, 31.7 %
receiving 2 or 3 agents, and 11.4 % receiving 4 or more agents (Table 6).
Among individuals receiving treatment, corticosteroid use (71.7 %) was
the most common treatment, followed by acetylcholinesterase inhibitors
(69.4 %), intravenous immunoglobulin (14.5 %), mycophenolate
mofetil (10.9 %), and azathioprine (9.4 %). Individuals with positive
anti-AChR were more likely to receive MG-specific treatment compared
to individuals who tested seronegative (83.1 % vs. 72.5 %). Of the 3208
individuals without a serological test result, 63.4 % received MG-
specific treatment, and of these, 73.8 % received corticosteroids, 62.3
% received acetylcholinesterase inhibitors, 12.1 % received IVIg, 5.7 %
plasmapheresis, and 5.0 % received thymectomy. Supplemental
Figures document the first three MG-related treatments received in the
year following diagnosis, in sequence for the anti-AChR-+ (Fig. S1), anti-
MuSK+ (Fig. S2), anti-LRP4+ (Fig. S3), and seronegative (Fig. S4)
subgroups.
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Table 6
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Distribution of therapeutic interventions in the 12-month follow up period (including index date) among the 5788 individuals newly diagnosed (incident) with MG,

overall and by serologic status.*

Total Anti-AChR+ Anti-MuSK+ Seronegative No Serostatus
Assigned
5788 1094 28 1453 3208
Class Agent n % n % n % n % n %
Therapy in the First Year Following Diagnosis ~ Yes 4024 695% 909 831% 21 75.0% 1054 725% 2035 63.4%
No 1764 30.5 % 185 16.9 % 7 25.0 % 399 27.5% 1173 36.6 %
Number of unique MG-related agents 1 unique agent 1531 265% 230 21.0% 3 10.7 % 460 31.7% 835 26.0 %
2-3 unique agents 1834 31.7% 453 41.4% 12 429% 459 31.6% 909 28.3 %
>4 unique agents 659 11.4 % 226 20.7 % 6 21.4 % 135 9.3% 291 9.1 %
Among those with at least one agent...
Corticosteroid Prednisone 2011 50.0 % 526 57.9 % 15 71.4% 467 44.3 % 1001 49.2 %
Methylprednisolone 488 121% 74 8.1 % 1 4.8 % 169 16.0% 243 11.9%
Dexamethasone 151 3.8% 21 23 % 0 0.0 % 50 4.7 % 80 3.9%
Fluorometholone 0 0.0 % 0 0.0 % 0 0.0 % 0 0.0 % 0 0.0 %
Prednisolone 143 3.6 % 38 4.2 % 0 0.0 % 36 3.4% 69 3.4%
Other corticosteroids 1118 278% 182 200% 8 381% 313 29.7% 613 30.1 %
Hydrocortisone 41 1.0 % 1 0.1 % 0 0.0 % 19 1.8 % 21 1.0 %
Any corticosteroid use 2887 71.7% 639 703% 17 81.0% 727 69.0% 1501 73.8 %
Routes of administration (Corticosteroid) Oral medication 2536 63.0% 608 669% 16 762% 627 59.5% 1283  63.0%
Injection 192 4.8 % 60 6.6 % 0 0.0 % 46 4.4 % 86 4.2 %
Ophthalmologic application 143 3.6 % 38 4.2 % 0 0.0 % 36 3.4% 69 3.4%
Acetylcholinesterase inhibitor 2793 694% 805 886% 19 905% 699 66.3% 1267 623 %
Non-steroidal immunosuppressant Mycophenolate Mofetil 439 109% 159 175% 3 143% 77 7.3% 199 9.8 %
Azathioprine 380 9.4 % 145 16.0 % 3 14.3 % 52 4.9 % 180 8.8 %
Methotrexate 102 2.5% 11 1.2% 0 0.0 % 35 3.3% 56 2.8 %
Other 33 0.8 % 8 0.9 % 0 0.0 % 4 0.4 % 21 1.0 %
Immunoglobulin Intravenous immunoglobulin 582 145% 200 220% 4 19.0% 132 125% 246 12.1 %
Monoclonal antibody Rituximab 59 1.5% 8 0.9 % 6 286% 12 1.1% 33 1.6 %
Eculizumab 48 1.2% 22 2.4 % 0 0.0 % 3 0.3 % 23 1.1%
Neonatal Fc receptor antagonist Efgartigimod 27 0.7 % 20 22% 0 0.0 % 3 0.3% 4 0.2 %
Other MG-related therapy Thymectomy 221 5.5 % 92 101% O 0.0 % 28 2.7 % 101 5.0 %
Plasmapheresis 201 5.0 % 48 5.3 % 4 19.0% 32 3.0% 117 5.7 %
Biologics Ravulizumab 2 0.0 % 1 0.1 % 0 0.0 % 1 0.1 % 0 0.0 %
Immunosuppressant Leflunomide 20 0.5 % 2 0.2% 0 0.0 % 7 0.7 % 11 0.5 %

Abbreviations: AChR: acetylcholine receptor; LRP4: lipoprotein receptor-related protein 4; MG: Myasthenia Gravis; MuSK: muscle-specific kinase;
" Table excludes the 5 individuals who were anti-LRP4+. All five initiated treatment in the year following diagnosis: 3 initiated AChEI, 3 initiated a corticosteroid; 1

initiated mycophenolate mofetil.

4. Discussion

As is common in many rare conditions, establishing a diagnosis of
MG can be a challenging journey, characterized by lack of standard
practices and trial-and-error medicine. Current MG guidelines regarding
the timing and frequency of testing are limited. This study is the first
documentation of laboratory-based serological testing patterns in the
care of individuals with MG using a U.S. national insurance claims
dataset linked to laboratory results. This study demonstrates that the
process of making a diagnosis of MG is characterized by substantial
variation in the use of serological and electrophysiological testing.

These results found that the diagnosis of MG is frequently made
without the benefit of confirmatory serological or neurophysiological
testing. Over two-thirds of individuals who received their initial MG
diagnosis from a non-neurologist did not receive serologic testing and
over 60 % of individuals diagnosed with MG in the absence of serologic
testing received treatment without serologic data to guide treatment
choice. This insight is particularly relevant given that MG-specific
treatments can be associated with adverse effects [7] and that in-
dividuals with anti-MuSK antibody MG would not respond to C5 com-
plement inhibitors for instance as it is IgG4-mediated [8].

There is substantial evidence that individuals often experience sub-
stantial delays in receiving a diagnosis of MG, and that individuals cared
for by primary care providers and other non-neurologists are perhaps at
greatest risk [9]. In our study, individuals receiving their initial MG
diagnosis by a non-neurologist were 40 % less likely to receive serologic
testing. Expanding testing has the potential to reduce diagnostic errors
and delays in treatment [3]. While the underlying causes of these

practice pattern differences cannot be ascertained from this study, it is
concerning that individuals who are not managed by neurologists may
not be receiving evidence-based care leading to optimal management of
MG. Moreover, given the importance of social determinants upon access
to specialty care, the importance of these practice pattern differences are
potentially magnified in vulnerable, disadvantaged, or rural
populations.

The integration of proxy measures of SDoH included community-
level proxy measures assigned based on patient geographic residence
and a combined race/ethnicity variable assigned at the individual level.
Assessing the impact of SDoH on the likelihood of testing can be vital in
guiding efforts to improve equity. This study found a lower likelihood of
serologic testing for MG patients residing in rural areas, which high-
lights potential access issues for MG patients who do not reside in large
urban areas. Efforts should be made to support patients in obtaining
necessary diagnostics that can lead to appropriate treatments and
improved outcomes for MG.

Individuals with anti-MuSK+ serologies tend to have reduced
response to conventional MG treatments, specifically acetylcholines-
terase inhibitors [8] yet our results indicate that most individuals with
anti-MuSK+ serologic status received an acetylcholinesterase inhibitor
prescription (Fig. S2). Considering its high effectiveness and low inci-
dence of serious adverse events, rituximab is considered a valuable
treatment option for anti-MuSK+ MG [10]. The results of the current
study highlight the importance of serologic testing upon initial diagnosis
to ensure patients are treated with the most appropriate medication.

The presence of antibodies can be definitive for a diagnosis of MG,
but the absence of antibodies does not rule out MG. Levels of antibodies
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can fluctuate due to stressors (e.g., infections, surgery) or treatment and
generally correlate with the level of symptoms [11]. The diagnosis of
MG in the absence of antibodies, i.e., seronegative MG, may be due to
limitations of existing laboratory tests, decreased antibody production,
the use of immunosuppressive therapy, or comorbid immunodeficiency
[12]. Emerging diagnostics such as the use of clustered AChR cell-based
assays and residual fibrinogen may enhance the ability of clinicians to
detect antibodies or provide laboratory confirmation of clinically based
MG diagnoses [13]. Additionally, electrodiagnostic testing may also be
used to confirm the diagnosis of MG, especially in individuals with
seronegative MG.

The study has several limitations to be considered. First, the diag-
nosis of MG and the associated care patterns are measured by paid in-
surance claims. Though the outpatient lab data used in this study
represent two of the largest outpatient laboratory testing companies in
the United States, tests conducted at other labs are not included in this
study and so serologic testing rates may be under-represented. Most
importantly, 21.8 % of the individuals in this study received their initial
diagnosis during an inpatient admission where laboratory tests per-
formed are less likely to be represented in insurance claims. Among
individuals with test results, the rate of Anti-AChR positivity (42.4 %)
reported here is lower and rate of seronegative status higher (56.3 %)
than other published reports, raising a question that some individuals
included in this study may not actually have MG. Finally, the SDoH
measures are primarily community-based, rather than measured at the
individual level, and the person-level measure of race combined race
and ethnicity into a single variable, which is not a typical method for
characterizing race and ethnicity which are separate constructs. More-
over, the measure included a substantial number of missing or unknown
values, thus outcomes associated with this variable should be inter-
preted with caution.

5. Conclusions

Our results establish a baseline understanding of variation in diag-
nostic and testing patterns and associated treatment in MG from which
to launch improvement initiatives. Many individuals with MG receive a
diagnosis without the benefit confirmatory diagnostic serologic or
electrophysiology examinations. The documented variation in practice
suggests an opportunity to further develop and evaluate guidelines for
the use of serological testing, neurophysiology examinations, the role of
the neurologist in diagnosis and management of MG, the implications of
social determinants on care, and the utility of repeat diagnostic testing in
the management of MG. Of these, optimizing the use of serological
testing may be an essential step to support early diagnosis and appro-
priate treatment selection which will lead to improved patient
outcomes.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jns.2025.125700.
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