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Abstract

Background: The rate of diagnosis of mast cell activation syndrome (MCAS) has increased 

since the disorder’s original description as a mastocytosis-like phenotype. While a set of 

consortium MCAS criteria is well described and widely accepted, this increase occurs in the 

setting of a broader set of proposed alternative MCAS criteria.

Objective: Effective diagnostic criteria must minimize the range of unrelated diagnoses that 

can be erroneously classified as the condition of interest. We sought to determine if the 

symptoms associated with alternative MCAS criteria result in less concise or consistent diagnostic 

alternatives, reducing diagnostic specificity.

Methods: We used multiple large language models, including ChatGPT, Claude, and Gemini, to 

bootstrap the probabilities of diagnoses that are compatible with consortium or alternative MCAS 

criteria. We utilized diversity and network analysis to quantify diagnostic precision and specificity 

compared to control diagnostic criteria including systemic lupus erythematosus (SLE), Kawasaki 

disease, and migraines.

Results: Compared to consortium MCAS criteria, alternative MCAS criteria are associated 

with more variable (Shannon diversity 5.8 vs. 4.6, respectively; p-value=0.004) and less precise 

(mean Bray-Curtis similarity 0.07 vs 0.19, respectively; p-value=0.004) diagnoses. The diagnosis 
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networks derived from consortium and alternative MCAS criteria had lower between-network 

similarity compared to the similarity between diagnosis networks derived from two distinct SLE 

criteria (cosine similarity 0.55 vs. 0.86, respectively; p-value=0.0022).

Conclusion: Alternative MCAS criteria are associated with a distinct set of diagnoses compared 

to consortium MCAS criteria and have lower diagnostic consistency. This lack of specificity is 

pronounced in relation to multiple control criteria, raising the concern that alternative criteria 

could disproportionately contribute to MCAS overdiagnosis, to the exclusion of more appropriate 

diagnoses.

CAPSULE SUMMARY

Using a novel application of large language models, the authors demonstrate that proposed 

alternative definitions of MCAS are significantly less specific to mast cell activation than 

consortium MCAS criteria, potentially contributing to MCAS overdiagnosis.
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INTRODUCTION

Mast cell activation syndrome (MCAS) originated as a term to describe the phenotype of 

mast cell activation (MCA) in patients with features of systemic mastocytosis. Sonneck et 
al. used the term to unify patients with profound hypotension in response to hymenoptera 

envenomation who either fully or partially met systemic mastocytosis criteria1. Akin et 
al. used mast cell activation to describe patients with recurrent idiopathic anaphylaxis 

with or without features of monoclonal mast cell disease2. Throughout multiple iterations, 

MCAS consensus criteria have consistently required (i) the presence of severe, systemic, and 

recurrent symptoms associated with mast cell degranulation (e.g. anaphylaxis), in addition 

to (ii) evidence of acute mast cell mediator elevation above a patient-specific baseline and 

(iii) therapeutic response to mast cell-directed therapies3–6. The European Competence 

Network on Mastocytosis and the American Initiative in Mast Cell Diseases (ECNM-

AIM) consortium criteria (hereafter designated “consortium MCAS criteria”) reaffirm this 

definition and further expand on the relation of MCAS to the broader MCA disorders 

(MCADs), including monoclonal (e.g. clonal mast cell disease with activating mutations in 

c-KIT), secondary (e.g. severe IgE-mediated hypersensitivities), and idiopathic MCAS 7.

However, alternatives definitions for MCAS have been proposed outside of expert 

organizations like ECNM and AIM and utilized as unvalidated clinical criteria (hereafter 

designated “alternative MCAS criteria”) 8. The symptoms accepted by these proposed 

alternative criteria are more numerous than those of the consortium MCAS criteria (153 

vs. 18, respectively), invoke a broader range of clinical systems, appear less specific 

to the physiologic effects of mast cell mediators, and do not require the severity of 

consortium MCAS criteria. Laboratory criteria can be satisfied by isolated mast cell 

mediator elevation above a reference range, rather than acute elevation above a patient-

Solomon and Khatri Page 2

J Allergy Clin Immunol. Author manuscript; available in PMC 2025 January 06.

B
ill &

 M
elinda G

ates F
oundation M

anuscript
B

ill &
 M

elinda G
ates F

oundation M
anuscript



specific baseline. However, baseline mast cell mediator levels exhibit significant inter- 

and intra-personal variation9–11, limiting laboratory specificity and increasing the relative 

influence of symptoms alone in satisfying alternative criteria compared to consortium 

criteria.

Patients referred to allergists for idiopathic MCAS often do not demonstrate abnormal mast 

cell activation. In a study of MCAS referrals, only 3% of patients demonstrated elevated 

tryptase levels during acute episodes and only 21% achieved symptom control with mast 

cell-directed therapies12, suggesting an alternative pathophysiology. Importantly, 56% of 

referrals were based on patient self-evaluation and internet research, which are unlikely to 

be accompanied by supportive laboratory data due to the specialized nature of mast cell 

mediator testing and interpretation.

Due to the disproportionate weight of symptomatology in alternative MCAS criteria 

and the factors that motivate referrals for evaluation of MCAS, we sought to address 

whether differences in symptom-based criteria between consortium and alternative MCAS 

criteria could contribute to overdiagnosis. We utilized multiple transformer-based large 

language models (LLMs), including ChatGPT, Claude, and Gemini, to evaluate criteria 

specificity based on symptom-diagnosis associations. These LLMs model complex semantic 

relationships to derive computational understanding of natural language, are capable of 

numerous natural language tasks within medicine13, and have been shown to encode clinical 

knowledge within their internalized embeddings14. Here, we utilized these LLMs to generate 

diagnosis probability distributions to evaluate MCAS criteria specificity.

RESULTS AND DISCUSSION

Increasing referrals for idiopathic MCAS have been anecdotally reported. Using California 

ICD code data for inpatient admissions, we quantified the change in MCAS diagnosis rates 

over time. Since the creation of its ICD code in 2016, the rate of idiopathic MCAS increased 

12.6-fold, while the rate of mastocytosis remained constant (Figure 1). While patients 

with systemic mastocytosis outnumbered those with idiopathic MCAS in the original case 

series, the annual number of admissions involving systemic mastocytosis was surpassed by 

idiopathic MCAS within 1 year of the latter’s inclusion in the ICD-10.

For subsequent comparisons of consortium- and alternative-MCAS criteria, we identified 

several sets of control criteria that also emphasize patient symptoms, including AHA 

Kawasaki disease criteria15, EULAR-ACR16 and SLICC17 systemic lupus erythematosus 

(SLE) criteria, and ICHD-3 criteria for migraine with aura18. The latter was included to 

ensure that any differences observed in our results were not simply due to differences 

between inflammatory conditions. Across multiple word embedding models, which quantify 

semantic similarity of simple words or phrases, we observed that the semantic similarity 

between the two MCAS criteria was significantly lower than that between the two SLE 

criteria (mean cosine similarity 0.2 vs. 0.79, respectively; p-value=0.024; Figure 2A-B).

To maximize specificity and avoid false positives, the range of conditions that can satisfy 

a set of diagnostic criteria must be limited. We quantified the extent to which symptoms 
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in consortium- and alternative-MCAS criteria converge on a set of possible diagnoses by 

simulating differential diagnoses using several LLMs, including ChatGPT-3.5, ChatGPT-4.0, 

Claude3-Haiku, Claude3-Opus, Gemini-1.0-Pro, and Gemini-1.5-Pro. Using a random 

subsample of symptoms from each set of criteria, we queried each LLM to build a ten-

item differential diagnosis. We repeated this process 10,000 times to bootstrap a diagnosis 

probability distribution for each set of criteria. Compared to word embedding models, 

LLMs capture semantic meaning over a larger context, allowing the notion of a differential 

diagnosis and multiple component symptoms to synergistically, rather than independently, 

influence the output of the model.

Validating this approach, for each set of control criteria, the expected diagnosis was found 

within the top 10 observed diagnoses and most of the top 10 conditions represented the 

same class of disorder as the expected diagnosis (e.g., rheumatologic for SLE criteria) 

(Figure 3A-D). The top diagnosis associated with consortium MCAS criteria represents 

the most severe acute manifestation of mast cell activation, anaphylaxis (Figure 3E). The 

top 10 diagnoses also included systemic mastocytosis and IgE mediated food allergy. In 

contrast, the top 10 diagnoses associated with alternative MCAS criteria did not include any 

allergic or primarily histamine-mediated conditions, instead spanning several distinct disease 

categories including rheumatologic, endocrine, hematologic, and infectious (Figure 3F). 

The similarity of all diagnoses generated by the two MCAS criteria was low, particularly 

compared to the similarity between SLE criteria (Figure 3G). Mast cell related conditions 

were ranked notably lower in the alternative MCAS criteria compared to the consortium 

MCAS criteria (Table 1). Together, this indicates significant dissimilarity in the types of 

conditions recognized by the two MCAS criteria, with alternative MCAS criteria more likely 

to overlap with conditions that are not primarily mast-cell mediated.

The top 50 diagnoses of the control conditions and consortium MCAS criteria accounted 

for the majority of each criteria’s total diagnoses (range 75.6 – 89.4%; Figure 3H). By 

comparison, only 48.4% of all alternative MCAS-associated diagnoses were found in the 

top 50. Correspondingly, the Shannon diversity of alternative MCAS criteria diagnoses was 

significantly higher than consortium MCAS criteria diagnoses (5.8 vs. 4.6, respectively; 

p-value=0.004), as well as all control criteria (p-value < 0.05 for all; Figure 3I). The 

consistency of each of the 10,000 differential diagnosis iterations within each set of criteria 

was significantly lower for alternative MCAS criteria compared to consortium MCAS 

criteria (Bray-Curtis similarity 0.07 vs 0.19, respectively; p-value=0.004) and control criteria 

for other diseases (all p-values < 0.01; Figure 3J). Collectively, these results show that 

alternative MCAS criteria overlap with a highly variable range of possible diagnoses and, 

compared to control and consortium MCAS criteria, are less able to reduce the range of 

diagnostic possibilities down to a narrow and consistent set of likely conditions.

Next, we hypothesized that, when modeled as a network, diagnostic criteria with a concise 

and reproducible differential diagnosis would generate a dense graph of co-occurring 

diagnoses. Indeed, the two sets of SLE criteria resulted in co-occurrence networks that 

shared a similar, dense structure (Figure 4A-B). By comparison, while the consortium 

MCAS criteria resulted in a similarly dense network, the topology of the alternative MCAS 

diagnosis network was more diffuse (edge density 0.06 vs 0.03, respectively; p-value=0.04). 
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Based on the centrality of each diagnosis in the associated networks, the cosine similarity of 

the two MCAS criteria networks was significantly lower than the similarity between the two 

SLE criteria networks (0.55 vs. 0.86, respectively; p-value=0.0022) (Figure 4C-D). These 

results demonstrate that, compared to the observed similarity between two distinct sets of 

SLE criteria, consortium and alternative MCAS criteria diverge substantially in the range 

and types of conditions they can be associated with.

It is important to consider that a focus on pathophysiology-centered disease classification 

can contribute to stigmatization of patients presenting with non-specific symptoms lacking 

mechanistic explanation19. Patients with MCAS already report high rates of perceived 

stigmatization20 and the mechanism implied by the disease name likely provides validation 

to those affected by the chronic, non-specific symptoms included in the alternative MCAS 

criteria. As such, delabeling individuals overdiagnosed by alternative MCAS criteria risks 

worsening this sense of stigmatization.

However, inaccurate application of diagnostic labels that directly imply a specific 

pathophysiology can obscure appropriate management. For instance, the proposed 

mechanism for systemic sclerosis initially focused on skin exposure due to its original name, 

scleroderma21. Despite reports connecting scleroderma to silica as early as 1914, it wasn’t 

until the description of Erasmus syndrome in 1957, linking scleroderma and pulmonary 

disease in miners, that the condition was reframed as a systemic disease. Thus, bias imparted 

by the name scleroderma may have delayed identification of the causative link between 

inhaled silica and systemic sclerosis by 40 years. Similarly, overdiagnosis of MCAS by 

alternative criteria may delay identification of an appropriate mechanism and therapy for 

patients that do not meet consortium criteria. The likelihood that the alternative MCAS 

criteria unifies conditions with unrelated pathophysiologies may also explain the use of 

non-mast cell-directed therapies by its authors for patients that do not respond to typical 

therapy.

An additional ECNM-AIM designation, “MCAD unspecified,” represents a distinct clinical 

entity, marked by less severe presentations and less certainty about the relationship between 

symptoms and MCA7. Importantly, the ECNM-AIM recommendations emphasize that 

“unspecified MCAD” should not be considered a final diagnosis and should motivate further 

investigation for an underlying etiology. The alternative MCAS definition resembles the 

ECNM-AIM designation of “MCAD unspecified,” but utilizes the label of “MCAS” as a 

definitive diagnosis. Our analysis supports the ECNM-AIM recommendations that patients 

whose presentation matches “MCAD unspecified” or the alternative MCAS definition 

should be evaluated further to determine a more appropriate definitive diagnosis.

Arguably, a limitation of LLMs is that their training data represents a wide range of public 

text sources and is not restricted to medical literature. However, studies have confirmed that 

LLMs are capable of approximating high-level, open-ended, clinical reasoning22. Moreover, 

as most MCAS referrals are based on patient self-evaluation and internet research12, the 

broad training data underlying LLMs likely captures the symptom-diagnosis associations 

that lead patients to suspect MCAS. Additionally, the identification of expected diagnoses 
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from the control criteria in our study supports the validity of using LLMs to simulate 

symptom-diagnosis associations.

In summary, we utilized multiple LLMs to bootstrap probability distributions for possible 

diagnoses resulting from different sets of MCAS criteria. We demonstrated that the broad 

range of symptoms included in the alternative MCAS criteria overlap with significantly 

more variable and less consistent diagnoses compared to consortium MCAS and control 

criteria. These results suggest that the proposed alternative MCAS criteria are an outlier in 

their relative lack of diagnostic specificity and their increased use risks overdiagnosis of 

MCAS to the exclusion of more appropriate diagnoses.
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Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGMENTS

We thank Anne Liu, MD and Carlie Pietsch, PhD for helpful comments on the manuscript.

DISCLOSURE STATEMENT

P.K. is funded in part by the Bill and Melinda Gates Foundation (OPP1113682); the National Institute of Allergy 
and Infectious Diseases (NIAID) grants U19AI057229 and U19AI67903, NIAID contract 75N93022C00052, and 
Department of Defense contracts W81XWH1910235 and W911NF2320019. B.D.S. is additionally funded by the 
National Institute of Child Health and Human Development grant K12HD000850.

ABBREVIATIONS

LLM Large language model

MCA Mast cell activation

MCAD Mast cell activation disorders

MCAS Mast cell activation syndrome

SLE Systemic lupus erythematosus

REFERENCES

1. Sonneck K, Florian S, Müllauer L, Wimazal F, Födinger M, Sperr WR, et al. Diagnostic and 
Subdiagnostic Accumulation of Mast Cells in the Bone Marrow of Patients with Anaphylaxis: 
Monoclonal Mast Cell Activation Syndrome. Int Arch Allergy Immunol 2007;142:158–64. 
[PubMed: 17057414] 

2. Akin C, Scott LM, Kocabas CN, Kushnir-Sukhov N, Brittain E, Noel P, et al. Demonstration 
of an aberrant mast-cell population with clonal markers in a subset of patients with “idiopathic” 
anaphylaxis. Blood. 2007;110:2331–3. [PubMed: 17638853] 

3. Akin C, Valent P, Metcalfe DD. Mast cell activation syndrome: Proposed diagnostic criteria. J 
Allergy Clin Immunol 2010;126:1099–1104.e4. [PubMed: 21035176] 

4. Valent P, Akin C, Arock M, Brockow K, Butterfield JH, Carter MC, et al. Definitions, criteria and 
global classification of mast cell disorders with special reference to mast cell activation syndromes: 
a consensus proposal. Int Arch Allergy Immunol 2012;157:215–25. [PubMed: 22041891] 

Solomon and Khatri Page 6

J Allergy Clin Immunol. Author manuscript; available in PMC 2025 January 06.

B
ill &

 M
elinda G

ates F
oundation M

anuscript
B

ill &
 M

elinda G
ates F

oundation M
anuscript



5. Valent P, Bonadonna P, Hartmann K, Broesby-Olsen S, Brockow K, Butterfield JH, et al. Why 
the 20% + 2 Tryptase Formula Is a Diagnostic Gold Standard for Severe Systemic Mast Cell 
Activation and Mast Cell Activation Syndrome. Int Arch Allergy Immunol 2019;180:44–51. 
[PubMed: 31256161] 

6. Weiler CR, Austen KF, Akin C, Barkoff MS, Bernstein JA, Bonadonna P, et al. AAAAI Mast Cell 
Disorders Committee Work Group Report: Mast cell activation syndrome (MCAS) diagnosis and 
management. J Allergy Clin Immunol 2019;144:883–96. [PubMed: 31476322] 

7. Valent P, Hartmann K, Bonadonna P, Gülen T, Brockow K, Alvarez-Twose I, et al. Global 
Classification of Mast Cell Activation Disorders: An ICD-10-CM–Adjusted Proposal of the ECNM-
AIM Consortium. The Journal of Allergy and Clinical Immunology: In Practice. 2022;10:1941–50. 
[PubMed: 35623575] 

8. Afrin LB, Ackerley MB, Bluestein LS, Brewer JH, Brook JB, Buchanan AD, et al. Diagnosis of 
mast cell activation syndrome: a global “consensus-2.” Diagnosis (Berl). 2021;8:137–52. [PubMed: 
32324159] 

9. Gülen T, Akin C, Bonadonna P, Siebenhaar F, Broesby-Olsen S, Brockow K, et al. Selecting the 
Right Criteria and Proper Classification to Diagnose Mast Cell Activation Syndromes: A Critical 
Review. The Journal of Allergy and Clinical Immunology: In Practice. 2021;9:3918–28. [PubMed: 
34166845] 

10. Glover SC, Carter MC, Korošec P, Bonadonna P, Schwartz LB, Milner JD, et al. Clinical relevance 
of inherited genetic differences in human tryptases. Annals of Allergy, Asthma & Immunology. 
2021;127:638–47.

11. Valent P, Akin C, Arock M. Reversible Elevation of Tryptase Over the Individual’s Baseline: 
Why is It the Best Biomarker for Severe Systemic Mast Cell Activation and MCAS? Curr 
Allergy Asthma Rep [Internet]. 2024 [cited 2024 Feb 9]; Available from: https://link.springer.com/
10.1007/s11882-024-01124-2

12. Buttgereit T, Gu S, Carneiro-Leão L, Gutsche A, Maurer M, Siebenhaar F. Idiopathic mast cell 
activation syndrome is more often suspected than diagnosed-A prospective real-life study. Allergy. 
2022;77:2794–802. [PubMed: 35364617] 

13. Li J, Dada A, Puladi B, Kleesiek J, Egger J. ChatGPT in healthcare: A taxonomy and systematic 
review. Computer Methods and Programs in Biomedicine. 2024;245:108013. [PubMed: 38262126] 

14. Singhal K, Azizi S, Tu T, Mahdavi SS, Wei J, Chung HW, et al. Large language models encode 
clinical knowledge. Nature. 2023;620:172–80. [PubMed: 37438534] 

15. McCrindle BW, Rowley AH, Newburger JW, Burns JC, Bolger AF, Gewitz M, et al. Diagnosis, 
Treatment, and Long-Term Management of Kawasaki Disease: A Scientific Statement for Health 
Professionals From the American Heart Association. Circulation. 2017;135:e927–99. [PubMed: 
28356445] 

16. Aringer M, Costenbader K, Daikh D, Brinks R, Mosca M, Ramsey-Goldman R, et al. 2019 
European League Against Rheumatism/American College of Rheumatology Classification Criteria 
for Systemic Lupus Erythematosus. Arthritis Rheumatol 2019;71:1400–12. [PubMed: 31385462] 

17. Petri M, Orbai AM, Alarcón GS, Gordon C, Merrill JT, Fortin PR, et al. Derivation and validation 
of the Systemic Lupus International Collaborating Clinics classification criteria for systemic lupus 
erythematosus. Arthritis Rheum 2012;64:2677–86. [PubMed: 22553077] 

18. Headache Classification Committee of the International Headache Society (IHS) The International 
Classification of Headache Disorders, 3rd edition. Cephalalgia. 2018;38:1–211.

19. Aronowitz RA. When Do Symptoms Become a Disease? Ann Intern Med 2001;134:803. [PubMed: 
11346314] 

20. Nicoloro SantaBarbara J, Lobel M. Depression, psychosocial correlates, and psychosocial 
resources in individuals with mast cell activation syndrome. J Health Psychol 2022;27:2013–26. 
[PubMed: 34000855] 

21. Lescoat A, Cavalin C, Ehrlich R, Cazalets C, Ballerie A, Belhomme N, et al. The nosology of 
systemic sclerosis: how lessons from the past offer new challenges in reframing an idiopathic 
rheumatological disorder. The Lancet Rheumatology. 2019;1:e257–64. [PubMed: 38229382] 

Solomon and Khatri Page 7

J Allergy Clin Immunol. Author manuscript; available in PMC 2025 January 06.

B
ill &

 M
elinda G

ates F
oundation M

anuscript
B

ill &
 M

elinda G
ates F

oundation M
anuscript

https://link.springer.com/10.1007/s11882-024-01124-2
https://link.springer.com/10.1007/s11882-024-01124-2


22. Strong E, DiGiammarino A, Weng Y, Kumar A, Hosamani P, Hom J, et al. Chatbot vs Medical 
Student Performance on Free-Response Clinical Reasoning Examinations. JAMA Intern Med 
2023;183:1028. [PubMed: 37459090] 

Solomon and Khatri Page 8

J Allergy Clin Immunol. Author manuscript; available in PMC 2025 January 06.

B
ill &

 M
elinda G

ates F
oundation M

anuscript
B

ill &
 M

elinda G
ates F

oundation M
anuscript



KEY MESSAGES

• Compared to consensus criteria, proposed alternative definitions of mast cell 

activation syndrome (MCAS) incorporate a significantly wider range of signs 

of symptoms, creating the potential for overdiagnosis.

• We utilize the intrinsic representations of clinical language within large 

language models (LLMs) in a novel approach to model the specificity of 

signs and symptoms included in diagnostic criteria.

• Probability distributions derived from LLMs demonstrate that diagnoses 

associated with alternative MCAS criteria are less specific to mast cell 

activation and less internally consistent compared to diagnoses associated 

with consortium MCAS criteria.
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Figure 1: California ICD code use for inpatient encounters.
Total count of indicated diagnosis codes per year.
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Figure 2: Similarity of diagnostic criteria based on symptom word embeddings.
Multiple word embedding models were used to obtain embeddings for all symptoms within 

each set of criteria. Embeddings were then reduced by PCA. A) Cosine similarity between 

the PCA-embedding centroids of the indicated pairs of criteria. Colors represent individual 

embedding models, p-value by Wilcox rank sum test. B) As in A but averaged across all 

models to show similarity between all pairs of criteria.
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Figure 3: Diversity and precision of diagnoses associated with diagnostic criteria.
Diagnosis distributions generated by repeated iterations of LLM queries using symptoms 

from each set of criteria. A-F) Frequencies of the top 10 diagnoses associated with each 

indicated diagnostic criteria. G) Bray-Curtis similarity between all diagnosis frequencies 

from each criteria, averaged across all models. H) Average diagnosis frequency in order 

of rank for the top 50 diagnoses from each set of criteria. I) Shannon diversity for 

the distribution of all diagnoses from each criteria. J) Precision as represented by the 

mean Bray-Curtis similarity between all 10,000 differential diagnosis iterations from each 

criteria and model. For A-F, I-J, colors represent indicated LLM, black bars represent the 

mean value across all models. For H, grey ribbons represent ± 1 standard error. For I-J, 

Wilcox rank sum p-values (*) < 0.05, (**) < 0.01, adjusted for multiple comparisons. Only 

comparisons involving MCAS criteria are annotated.
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Figure 4: Network of co-occuring diagnoses associated with diagnostic criteria.
A) Partial co-diagnosis graph. Nodes represent diagnoses. Edges are drawn between nodes if 

a pair is within the top 100 co-occuring diagnoses for the indicated criteria. Only diagnoses 

found within the top 100 co-occuring diagnoses of at least one set of criteria are drawn 

as nodes. Nodes colored by standardized eigenvalue centrality among all diagnoses for a 

given criteria. Red node represents mastocytosis, orange node represents mast cell activation 

syndrome. B) Mean edge density of complete co-diagnosis graph for each criteria. C) 
Cosine similarity for the centrality values of all nodes between the complete graphs of 

the indicated criteria. P-value by Wilcox rank sum test. D) As in C but averaged across 

all models to show similarity between all criteria networks. For B-C, colors represent 

indicated LLM, p-values by Wilcox rank sum test, (**) p-value < 0.01, adjusted for multiple 

comparisons.
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Table 1:
Select diagnosis ranks.

Rank of indicated diagnoses based on mean frequency within the consortium MCAS and alternative MCAS 

criteria-associated diagnoses distributions. Values in brackets represent individual ranks from the diagnosis 

distributions of ChatGPT 3.5, ChatGPT 4.0, Claude 3 Haiku, Claude 3 Opus, Gemini 1.0 Pro, and Gemini 1.5 

Pro, respectively. NA reflects diagnoses not generated by the indicated model.

Diagnosis MCAS - Consortium MCAS - Alternative

T78.2 Anaphylactic shock, unspecified 1 [1, 1, 1, 1, 1, 1] 115 [215, 87, 99, 173, 139, 77]

D47.02 Systemic mastocytosis 5 [22, 8, 7, 2, 14, 2] 41 [92, 78, 25, 41, 46, 19]

D89.41 Monoclonal mast cell activation syndrome 29 [128, 22, 28, 11, 179, 51] 42 [141, 64, 22, 37, 168, 12]

D89.49 Other mast cell activation disorder 142 [307, 62, 101, 139, 475, 315] 383 [1139, 563, 178, 465, 1092, 275]

D89.4 Mast cell activation syndrome and related disorders 443 [690, 174, NA, NA, 588, 469] 1572 [NA, 812, 1720, 1458, 1726, 914]
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