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Abstract
Background  Mast cell activation syndrome (MCAS) is a clinically heterogeneous disease with allergy-like symptoms and 
abdominal complaints. Its etiology is only partially understood and it is often overlooked.
Aims  The aim of this study was to identify subgroups of MCAS patients to facilitate diagnosis and allow a personalized 
therapy.
Methods  Based on data from 250 MCAS patients, hierarchical and two-step cluster analyses as well as association analy-
ses were performed. The data used included data from a MCAS checklist asking about symptoms and triggers and a set of 
diagnostically relevant laboratory parameters.
Results  Using a two-step cluster analysis, MCAS patients could be divided into three clusters. Physical trigger factors were 
particularly decisive for the classification as they showed remarkable differences between the three clusters. Cluster 1, labeled 
high responders, showed high values for the triggers heat and cold, whereas cluster 2, labeled intermediate responders, pre-
sented with high values for the trigger heat and low values for cold. The third cluster, labeled low responders, did not react to 
thermal triggers. The first two clusters showed more divers clinical symptoms especially with regard to dermatological and 
cardiological complaints. Subsequent association analyses revealed relationships between triggers and clinical complaints: 
Abdominal discomfort is mainly triggered by histamine consumption, dermatological discomfort by exercise, and neuro-
logical symptoms are related to physical exertion and periods of starvation. The reasons for the occurrence of cardiological 
complaints are manifold and triggers for respiratory complaints still need better identification.
Conclusion  Our study identified three distinct clusters on the basis of physical triggers, which also differ significantly in their 
clinical symptoms. A trigger-related classification can be helpful in clinical practice for diagnosis and therapy. Longitudinal 
studies should be conducted to further understand the relationship between triggers and symptoms.

Keywords  Mast cell activation syndrome · MCAS · Cluster analysis · Systemic mastocytosis · SM · Food intolerance · 
Histamine · Multisystemic complaints · IBS

Introduction

Mast cell activation syndrome (MCAS) is characterized by 
allergy-like symptoms as a result of pathologically increased 
activation of mast cells and is sometimes associated with 
accumulation of mast cells of abnormal morphology [1]. 

MCAS-associated symptoms are caused by downstream 
effects of mast cell mediators, which mast cells release upon 
activation and which normally play a role in the defense 
against harmful substances or microorganisms, such as bac-
teria, parasites, and animal toxins [2, 3]. One important mast 
cell mediator is histamine, which increases permeability and 
dilatation of vessels, resulting in swelling and redness [4]. 
Mast cells are most known for their involvement in type I 
allergy, in which IgE binds tightly to the mast cell receptor 
FcεRI and, therefore, induces mast cell activation upon anti-
gen contact [5]. MCAS is clinically indistinguishable from 
systemic mastocytosis (SM), a rare genetic disease typically 
caused by mutations in the KIT gene coding for the KIT 
tyrosine-protein kinase. Both diseases are characterized by 
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increased mast cell activation and accumulation of mast cells 
in a variety of tissues [6]. The symptoms of MCAS and 
SM patients are very diverse and include abdominal, neuro-
logical, cardiological, respiratory, and dermatological com-
plaints [7–11]. The severity of symptoms ranges from mild 
over severe to life-threatening [12, 13]. Characteristically, 
at the beginning of the manifestation of the disease, symp-
toms occur episodically, and a progression of symptoms is 
observed during the course of the disease [14].

For a lot of patients, abdominal complaints are the major 
problem in their disease. These complaints have many simi-
larities with those in irritable bowel syndrome (IBS). IBS is 
classically characterized by chronic diffuse abdominal pain, 
constipation, and diarrhea. Studies have shown that refrac-
tory IBS patients present with symptoms typical of MCAS 
and have elevated mast cell-specific laboratory parameters 

indicative of mast cell activation [15]. It was also found that 
IBS patients on ketotifen therapy, an anti-histamine, had a 
significant reduction in symptoms [16]. Based on these simi-
larities, it appears likely that there is an overlap of the two 
disorders, highlighting the importance of clear diagnostic 
criteria and more research about etiology and pathology of 
both disorders.

MCAS is in real life severely underdiagnosed despite an 
estimated prevalence of up to 17% [17], with negative con-
sequences for affected patients and the healthcare system. 
In an effort toward the definition of clear diagnostic criteria 
for MCAS, two main approaches (termed Consensus 1 and 
Consensus 2) have emerged [6, 12, 18–24]. The most recent 
versions of Consensus 1 [20] and 2 [24] assign different 
criteria as a basis for the diagnosis of MCAS (Table 1). As 
has been discussed recently [6], the criteria for diagnosis of 

Table 1   Overview of the MCAS 
diagnostic criteria according to 
Consensus 1 and Consensus 2 
as discussed in [6]

Consensus 1 [20] Consensus 2 [24]

1. Typical clinical symptoms of severe systemic (i.e., 
involving at least 2 organ systems) mast cell activation 
include urticaria, flushing, pruritus, angioedema, nasal 
congestion, nasal pruritus, wheezing, throat swelling, 
hoarseness, headache, hypotensive syncope, tachycar-
dia, abdominal cramping diarrhea, and anaphylaxis

2. Involvement of mast cells is documented by bio-
chemical changes; preferred marker: increase in serum 
tryptase level from the individual’s baseline to plus 
20% + 2 ng/mL; other mast cell-derived markers of 
mast cell activation (histamine and histamine metabo-
lites, PGD2 metabolites, and heparin) have also been 
proposed, but are less specific than tryptase

3. Response of symptoms to therapy with mast cell-stabi-
lizing agents, drugs directed against mast cell mediator 
production, or drugs blocking mediator release or 
effects of mast cell-derived mediators

Major Criterion
Constellation of clinical complaints attributable 

to pathologically increased mast cell activity 
(mast cell mediator release syndrome)

Minor Criteria
1. Genetic alterations of different MC genes 

shown to increase mast cell activity
2. Evidence (typically from body fluids such 

as whole blood, serum, plasma, or urine) of 
above-normal levels of mast cell mediators 
including

• tryptase
• histamine or its metabolites (e.g., N-methyl-

histamine)
• heparin
• chromogranin A (note potential confounders 

of cardiac or renal failure, neuroendocrine 
tumors, recent proton pump inhibitor use, or 
chronic atrophic gastritis)

• other relatively mast cell-specific mediators 
(e.g., eicosanoids including prostaglandin 
(PG) D2, its metabolite 11-β-PGF2α, or leukot-
riene E4)

3. Symptomatic response to inhibitors of mast 
cell activation or mast cell mediator produc-
tion or action

4. Multifocal order-disseminated infiltrates of 
mast cells in marrow and/or extracutaneous 
organ(s) (e.g., gastrointestinal or genitouri-
nary tract; > 19 mast cells/high power field)

5. Abnormal spindle-shaped morphology 
in > 25% of mast cells in marrow other extra-
cutaneous organs

6. Abnormal mast cell expression of CD2 and/
or CD25 (i.e., co-expression of CD117/CD25 
or CD117/CD2)

Diagnosis made by demonstrating all three of the above-
noted criteria; the diagnosed individual should then be 
assessed for primary, secondary, or idiopathic MCAS 
as outlined previously

Diagnosis established upon demonstration of 
the major criterion combined with at least 
one minor criterion (and in the unstated but 
inferred absence of any other disease better 
accounting for the patient’s problems)
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Consensus 1 are slightly stricter than those of Consensus 2, 
whereas, at this point in time, it is debatable which approach 
is more accurate.

Regardless of stricter or more lenient criteria, both 
approaches have the goal to improve MCAS diagnosis. 
Many MCAS patients have not yet been identified as such, 
are unaware of their disease, and therefore do not benefit 
from mast cell-specific therapy or even receive inappropri-
ate therapies.

Various medications are used to treat MCAS. These 
include anti-histamines [25], the mast cell stabilizer cromo-
glycic acid [26], and slow-release vitamin C [27], which all 
reduce mast cell activity and can reduce symptoms. In cases 
of treatment failure, immunosuppressants or omalizumab 
[28] can be tried [1]. A facultative symptomatic treatment is 
necessary to break the vicious cycle of continuously mutu-
ally activating mast cells. Prerequisite for a response to every 
drug therapy is the avoidance of mast cell trigger factors 
[10, 12].

As mentioned above, MCAS is a disorder with variable 
clinical presentation [6]. Accordingly, symptoms, triggers, 
and laboratory values vary widely among patients. Against 
this background and the estimated high prevalence [14], it 
is evident that a more precise characterization of specific 
subgroups could facilitate diagnosis and therapy. Cluster 
analysis is an explorative statistical procedure in which 
subgroups, i.e., clusters, are formed on the basis of various 
characteristics. Cluster analyses have already proven to be 
beneficial in the characterization of other clinical diseases, 
such as fibromyalgia [29] and irritable bowel syndrome [30]. 
We therefore conducted a cluster analysis of MCAS patients 
based on symptoms and triggers, with the aim of simplifying 
the classification of patients on the basis of their medical his-
tory and open the road toward a more personalized therapy.

Methods

Participants

Data of 250 MCAS patients were included in the study 
either from the specialized private practice of one of the 
authors (MM) or from the Center for Rare Diseases at Bonn 
University Hospital, between January 2019 and June 2020. 
Requirements for inclusion in the study were an age of at 
least 18 years and a proven mast cell activation syndrome 
according to consensus 2 criteria [6]. Patients completed the 
checklist as part of the diagnostic procedure. In this process, 
a conspicuous score in the checklist represented one crite-
rion for the diagnosis of MCAS. Only patients in whom the 
diagnosis was subsequently confirmed by the minor criteria 
abnormal biopsy result and/or abnormalities in mast cell-
specific laboratory parameters were included in this study.

Instruments and Collected Data

The previously published checklist [14, 21] for the detection 
of mast cell mediator release syndrome [14] served as the 
data basis. In this checklist, patients were asked in a binary 
fashion for various abdominal, neurological, cardiological, 
dermatological, and respiratory symptoms as well as certain 
factors leading to elicitation or exacerbation of symptoms 
[14]. The initial trigger of the complaints could be named in 
a free text column. In addition, data on age, sex, weight, and 
height were collected. Mast cell-specific laboratory param-
eters such as tryptase in blood and N-methylhistamine in 
urine had been assessed for more than 180 patients by MVZ 
Labor Quade, Cologne, Germany. Chromogranin A, neuron-
specific enolase, and immunoglobulin E levels had also been 
determined for the vast majority of MCAS patients [31–34].

Statistical Analysis

Cluster Analysis

Two-step [35] and hierarchical [36] cluster analyses were 
performed using SPSS version 27.0 for macOS from IBM 
SPSS, Chicago IL, USA. Factors that trigger discomfort 
or lead to worsening of discomfort turned out to lead to 
separable clusters and were therefore considered for cluster 
analysis. These included physical exertion, heat, cold, stress, 
alcohol consumption, sleep deprivation, periods of starva-
tion, and consumption of histamine-containing foods. Bayes-
ian information criterion (BIC) was used to determine the 
optimal number of clusters. Cluster solutions were compared 
with the silhouette measure for cohesion and separation. In 
the second step, the three identified clusters were compared 
in terms of baseline data collected, symptoms, and labora-
tory values using cross-tabulations. Significant differences 
in the subgroups were detected using the Chi-square test for 
categorical and the Kruskal–Wallis test for continuous vari-
ables. p-values of ≤ 0.01 were considered significant.

Clinical Associations

Possible associations between sex, triggers, symptoms, and 
laboratory values were calculated. For two binary variables, 
the p-value was calculated by Fisher’s exact test. When com-
paring a binary variable with a numerical one, the p-value 
for the Wilcoxon–Mann–Whitney test was calculated. In this 
study, due to a wide variety of questions and the exploratory 
nature of the study, many tests for significance were per-
formed. It should therefore be noted that with a significance 
level of p ≤ 0.01, there is an average of 1 × erroneous rejec-
tion of the null hypothesis in 100 tests performed.
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Results

Description of the Collective

In the MCAS patient cohort, about 86% were female. The 
average patient age was 45 years (range 18–84 years). The 
mean weight of the patients was within the normal range 
with a BMI of 23.2 kg/m2 (range 12.4–46.2 kg/m2).

Triggers of symptoms varied widely, with stress and con-
sumption of histamine-containing foods reported most fre-
quently (Fig. 1A). Heat was named as a trigger factor more 
often than cold. The initial trigger could be identified by 
almost half of the patients and was mainly related to stress, 
surgery or hospitalization, and infections (Fig. 1B).

The symptoms reported by the MCAS patients were very 
variable and affected different organ systems, including 
various abdominal, neurological, respiratory, cardiological, 
and dermatological symptoms. Neurological complaints, in 
particular word-finding disorder and weakness/exhaustion, 
affected almost every patient in the collective (Fig. 2A). On 
the other hand, other symptoms, in particular dermatological 
complaints, affected smaller subgroups (Fig. 2B–E). In the 
majority of the collective, symptoms occurred episodically 
and many observed a shortening of symptom-free intervals 
(Fig. 2F).

Laboratory chemistry showed an increase of the mean and 
median value only for N-methylhistamine. Tryptase, immu-
noglobulin E, chromogranin A, and neuron-specific enolase 
showed abnormal values only in a few patients (Fig. 4A–E).

Two‑Step Cluster Analysis Worked Better 
than Hierarchical Cluster Analysis

To identify clusters, hierarchical cluster analyses were 
performed first. Although the resulting clusters showed 
already great similarity with the final results, they were not 
completely stable with regard to cluster size and values for 
the respective triggers in response to altered data sorting. 
Therefore, a two-step cluster analysis for binary data was 
conducted, since it is typically more robust with regard to 
sorting dependency [37]. However, using the two-step clus-
ter analysis and taking all factors into account also shows a 
slightly varying result with different sorting of the data. For 
this reason, a predictor importance table supplied with the 
two-step cluster analysis was generated. This showed with 
descending influence physical exertion, heat, and cold as 

the three most important provoking factors (Fig. 3A). The 
other triggers showed a significant decrease in importance 
and therefore were not chosen as cluster variables, but were 
presented via cross-tabulations. Setting physical exertion, 
heat, and cold as variables and log-likelihood as a meas-
ure of quality, a robust clustering result was shown, which 
remained unchanged with different sorting of the data.

Bayesian information criterion (BIC) was used to deter-
mine the optimal number of clusters. The largest changes in 
the values were seen when jumping from a 1- to a 2-cluster 
solution and from a 2- to a 3-cluster solution. At 4 clus-
ters and beyond, the curve flattened and the BIC values 
changed only slightly (Fig. 3B). The decision for a 3-cluster 
solution was made due to the better silhouette measure for 
cohesion and separation compared to the 2-cluster solution 
(Fig. 3C–D). In addition, the 3-cluster solution provided the 
best content interpretability (not shown).

The results showed that MCAS patients could be clas-
sified into three groups based on the factors that provoke 
symptoms or cause an exacerbation of existing symptoms 
(Fig. 1C). These factors include physical exertion, heat, cold, 
stress, alcohol consumption, insomnia, periods of starvation, 
and histamine consumption.

Cluster 1 Responded to All Triggers

The largest cluster with a total of 105 patients showed high 
scores on all triggers (Fig. 1C). Discomfort was particu-
larly triggered by physical exertion, heat, and cold; the 
three triggers were reported by all patients of cluster 1. Less 
important was sleep deprivation and alcohol consumption, 
although these triggers were still mentioned by at least 70 
percent of the patients of cluster 1 (Fig. 1C).

Cluster 2 Did Not React to Cold

In the smallest cluster (54 patients), cold was not a trigger 
of discomfort (Fig. 1C). Main triggers were instead physical 
exertion and heat which were reported by all patients of the 
cluster (Fig. 1C). The response to the other provoking fac-
tors was similar to that of the third cluster, but slightly more 
pronounced. Alcohol consumption and starvation periods 
were the least mentioned provoking factors (Fig. 1C).

Cluster 3 Showed Little Response to Physical Factors

The third cluster, consisting of 91 patients, showed the least 
response to the mentioned triggers (Fig. 1C). In contrast 
to the first two clusters, physical exertion and temperature 
extremes were not significant factors (Fig. 1C). Except for 
stress, the other triggers mentioned above were reported less 
by this group of patients than by those in clusters 2 and 
especially 1 (Fig. 1C).

Fig. 1   A The prevalence of the triggers in the study cohort is given 
as a percentage. B The prevalence of initial triggers is given as a per-
centage. C Result of two-step cluster analysis. A value of 1 means 
that 100 percent of the patients in the cluster reported this trigger, 
whereas a value of 0 indicates that none of the patients reported it. D 
Prevalence of the symptoms in the three clusters given as a percent-
age. p-values were calculated with chi-square test

◂
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Clinically, Clusters 1 and 2 Were More Severely 
Affected than Cluster 3

In the second step, the prevalence of the symptoms in the 
three clusters was compared (Fig. 1D). Patients from clus-
ters 1 and 2 reported abdominal, cardiac, dermatologic, 

respiratory, and neurologic symptoms significantly more 
frequently than those of the third cluster (Fig. 1D). This 
was most pronounced for cardiological and dermatologi-
cal symptoms. Increases in blood pressure, for example, 
were reported approximately twice as often by the first two 
clusters than by the third, and acne-like skin changes also 

Fig. 2   The respective prevalence of Abdominal (A), Respiratory (B), Neurological (C), Cardiological (D), and Dermatological (E) are given as 
percentage. In F, the prevalence are given for progressive course of the complaints
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Fig. 3   A Predictor importance table created with SPSS two-step clus-
ter analysis. The formation of the clusters should be limited to the 
most important factors [47]. In this example, these could be clearly 
identified as physical exertion, heat, and cold. B Chart created with 
SPSS two-step cluster analysis, BIC values against number of clus-
ters. The largest change in BIC values marks the optimal number of 

clusters. The largest change in BIC values was seen in the step from a 
1 cluster to a 2 cluster and in the change from a 2-cluster to a 3-clus-
ter solution. C Silhouette measure of cohesion and separation for a 
2-cluster solution, the larger the silhouette measure for cohesion and 
separation becomes, the better the cluster result. D Silhouette meas-
ure of cohesion and separation for a 3-cluster solution
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occurred more than twice as frequently in the first two clus-
ters. The first and the second cluster, on the other hand, did 
not differ significantly with regard to reported symptoms 
(Fig. 1D). Differences between these two patient groups 
(however, not reaching the level of significance) may exist 
with regard to neurological complaints and may reach sta-
tistical significance in future studies with larger patient 
numbers.

Laboratory Chemistry Results Between the Clusters

Laboratory chemistry revealed no evidence for significant 
differences between the three clusters with respect to the 
laboratory parameters immunoglobulin E, N-methylhista-
mine, tryptase, neuron-specific enolase, and chromogranin 
A (results not shown).

Association Analysis of Symptoms and Triggers

As our analysis revealed clusters that differed with respect 
to symptom triggers, we next asked if different triggers are 
typically associated with specific symptoms or if certain 
symptoms typically occur together. Indeed, closer inspection 
showed that abdominal symptoms were primarily triggered 
by histamine consumption. In addition, they were associated 
with episodic symptom onset and symptom progression dur-
ing the course of the disease (Table 2).

For respiratory symptoms, no trigger showed a clear 
significant association with multiple respiratory symp-
toms. However, respiratory complaints co-occurred with 
symptoms in several other systems of the body, particularly 
neurological symptoms, like fatigue attacks, headache, and 
word-finding disorders (Table 2).

Dermatological complaints were most often associated 
with the trigger physical exertion. In particular, the occur-
rence of flushing, itching, and acne-like skin lesions showed 
a significant relationship to physical activity. Skin and 
mucous membrane complaints occurred together with res-
piratory complaints, such as runny nose and irritable cough 
(Table 2).

The triggers of the cardiological complaints were diverse. 
These symptoms were associated with the occurrence of 

physical weakness and exhaustibility as well as fatigue 
attacks (Table 2).

Neurological complaints were mainly triggered by physi-
cal exertion and periods of hunger. Cold led to symptoms of 
weakness and fatigue as well as headaches. Heat played only 
a minor role with regard to this symptom group. Neurologi-
cal complaints showed many associations with other symp-
toms, especially cardiac and respiratory symptoms (Table 2).

There was a significant association between gender and 
renal N-methylhistamine excretion. Women had significantly 
higher mean and median values than men. In both sexes, 
median and mean values were above the reference value of 
6.5 μg/mmol/Cr/m2 Body Surface Area (Fig. 4F).

All calculated p-values of associations between symp-
toms and triggers can be found in Supplemental Table 1.

Discussion

Cluster Analysis

The central result of the present study is the possibility 
to divide MCAS patients into clinical subgroups. Taken 
together, the MCAS patient collective presents with a uni-
form reaction to stress, consumption of histamine, alcohol 
consumption, insomnia, and periods of hunger. The cru-
cial difference appears in the evaluation of heat and cold 
as trigger factors, which resulted in the emergence of three 
clusters:

•	 Cluster 1 can be considered as the group of high respond-
ers; complaints were caused by many triggers, including 
temperature changes in either direction. The latter were 
reported by all patients of the cluster.

•	 Cluster 2 comprises the intermediate responders, who 
stated heat as a trigger but not cold, in contrast to the first 
cluster.

•	 Cluster 3 covers the low responders, who were particu-
larly notable for their low response to the main triggers 
of the first two clusters.

Classification of patients into three clusters allows the 
division of MCAS patients on the basis of their medical 

Table 2   Associations between symptoms and triggers

Symptom section Most commonly associated triggers Associations

Abdominal complaints Histamine consumption Episodic course of symptoms; symptom progression
Dermatological complaints Physical exertion Respiratory symptoms (especially runny nose and irritable cough)
Cardiological complaints Manifold Hot flushes; weakness and fatigue
Respiratory complaints No clear association Mostly neurological symptoms
Neurological complaints Physical exertion; starvation periods Many associations (especially cardiological and respiratory symptoms)
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Fig. 4   A to E Boxplots for the respective laboratory parameters 
were in the reference range. F Boxplots of NMH created separately 
for men and women. The difference in urine NMH concentration 
between men and women was statistically significant as indicated 
by the p-value calculated with Wilcoxon–Mann–Whitney Test. 
Laboratory chemistry revealed normal mean values and medians for 

tryptase, chromogranin A, neuron-specific enolase, and immuno-
globulin E (A–E). N-methylhistamine (NMH) in urine was elevated 
(average of 9.7 μg/mmol/Cr/m2 Body Surface Area versus the refer-
ence value of < 6.5). 75% of MCAS patients had median NMH levels 
above the reference value (F). The median NMH excretion was sig-
nificantly higher in women than in men (F)
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history. Physical triggers such as heat and cold are well 
known from previous studies [38, 39]. Similar findings can 
be observed in SM patients [40]. From a methodological 
perspective, a cluster analysis on the basis of trigger factors 
has not yet been applied to MCAS patients. Our study con-
firms the usefulness of this approach in MCAS patients as it 
allows for the subtyping of patients based on the anamnesis 
regarding the two physical triggers heat and cold, which is 
not only clinically meaningful but also can serve as an easily 
accessible and therefore an economic way to gain an esti-
mate of the patient’s needs. Patients who report heat and/
or cold will usually have more clinical symptoms (Fig. 1D) 
and require closer medical care than patients who do not 
report either trigger. Clusters 1 and 2 typically show more 
symptoms overall, but especially many dermatological and 
cardiological symptoms, to which special attention should 
therefore be paid.

The commonly used laboratory parameters immuno-
globulin E, N-methylhistamine, tryptase, neuron-specific 
enolase, and chromogranin A did not show any significant 
differences in the three clusters and therefore cannot serve as 
indicators for one of the clusters. This is in accordance with 
previous reports showing that laboratory values are highly 
diverse among patients and do not correlate with diseases 
severity or symptoms ([6] and references therein).

Our results highlight the relevance of trigger factors 
and underline once more that patients should be advised to 
observe and subsequently avoid their specific triggers, in 
addition to drug therapy [1]. While three distinct clusters 
of patients emerged from our analysis, it should however be 
noted that individual complaints vary greatly among patients 
overall.

This type of heterogeneity among patients poses par-
ticular challenges not only to diagnosis, but also therapy. 
The relatively new field of precision medicine attempts to 
extract information, often from large amounts of data, aim-
ing at providing personalized therapies based on the precise 
understanding of individual or stratified differences among 
patients, in order to be able to deliver to each patient the 
best type of therapy at the optimal time point and dosage to 
maximize efficiency [41]. At the same time, it enables the 
identification of specific biomarkers for identification of the 
optimal therapy for an individual patient. Our study could 
be seen as a first step toward tackling this heterogeneity in 
MCAS, although much more data combined with machine or 
deep learning strategies would be needed to identify precise 
differences between patients. For such an approach, several 
omics data would ideally be needed, e.g., patient genomes, 
single-cell omics of mast cells, (gut) microbiomics, as 
well as longitudinal, high-resolution data on diet, labora-
tory parameters and symptoms, and potentially even health 
monitoring data from wearable or mobile sensors. Knowl-
edge about, e.g., the exact changes in mast cell genetics or 

signaling could have direct implications on the best symp-
tomatic therapy, like, for example, the choice between mast 
cell stabilizers, anti-histamines, anti-IgE antibodies, or 
suppression of mast cell development [42] or even suggest 
new types of interventions, including diets to optimize gut 
microbiota for MCAS patients. Indeed, a specialized sub-
area of precision medicine is precision nutrition, which 
tries to optimize individualized nutritional advice based on 
large amounts of data and machine learning or deep learning 
approaches [43], which could prove particularly beneficial 
for MCAS patients in the future, as many suffer from food 
intolerances and are often looking for the right diet to man-
age their symptoms.

Association Analysis

With the help of association analyses, previously unknown 
relationships between triggers and symptoms could be 
established. To be more specific, this means for clinical 
practice that patients with certain complaints can be given 
recommendations for action to improve their quality of life. 
This can be illustrated by specific examples: A patient with 
neurological complaints could be informed about his symp-
toms being most likely associated with starvation periods 
and physical exertion. If abdominal complaints occur, a pro-
gression of complaints and an episodic course of symptoms 
can be expected.

It should be noted that this method is rarely used, but 
offers great potential. In psychiatric research, association 
analyses and networks are already used to work out which 
symptoms are central to a disorder and how strongly they are 
related [44, 45]. With this in mind, it also seems possible 
that inferences can be made on a mechanistic basis. Thus, 
certain symptoms could occur together because of the same 
activation pathway or mediator being responsible. This also 
requires a better link between clinical and basic research to 
connect clinical findings with research results at the cellular 
level [46].

Limitations

The applied symptom checklist currently has a binary scale 
level. A more differentiated assessment that gives estimates 
of symptom severity may facilitate the understanding of dif-
ferences in clinical symptomatology.

Furthermore, patients’ symptoms and triggers may 
change over time, which cannot be assessed by our study 
design. Therefore, it might be more appropriate to see 
clusters as disease stages, which evolve over time. Lon-
gitudinal, circadian, and environmental changes are also 
potential confounders for the interpretation of laboratory 
parameters, which were determined at only one time point 
as part of the diagnostic process. In follow-up studies, 
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longitudinal data, including the laboratory parameters, 
should therefore be collected under controlled conditions 
(e.g., all patients on a specific diet) and at specific time 
points during the study, which would furthermore allow 
the inclusion of more objective data to complement sub-
jective patient-reported experience measures, like the 
symptom checklist.

Conclusion

This is the first cluster analysis performed in MCAS 
patients and thus the first approach to dissect the geneti-
cally highly heterogeneous disease into less clinically het-
erogeneous subgroups. Clustering can have an immediate 
impact on daily clinical practice, as different clusters of a 
disease could have different needs with regard to therapy 
and supportive care. In this case, our results show that cli-
nicians should especially take note of the triggers reported 
by patients, as they point toward different symptom loads 
that should be expected, which could prompt them to 
adjust symptomatic therapy accordingly. This is important 
in order to avoid exacerbation of symptoms by a vicious 
cycle of constantly mutually activating hyperactive mast 
cells. The information could be helpful to identify at-risk 
patients more easily.

The association analyses are new in the sense that they 
establish connections between triggers and symptoms that 
have not been described before. This allows an even more 
differentiated approach to the patient. Depending on which 
complaints the patient describes, the trigger can be named, 
a statement can be made about accompanying complaints, 
and recommendations about measures to reduce complaints 
can be given.

In summary, our study confirms the utility of a cluster 
analytic approach and the potential of association analysis 
to improve the understanding of MCAS and to personalize 
the therapy. To validate the results of our study, prospective 
longitudinal studies should be performed in future.
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