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A B S T R A C T

Background: Postural orthostatic tachycardia syndrome (POTS) and Ehlers-Danlos syndrome (EDS) are often
reported to occur concurrently with mast cell activation disorders (MCADs) and hereditary alpha tryptasemia
(HAT). However, it remains unclear whether evidence supporting this relationship exists.
Objective: To determine the prevalence of MCADs and HAT in patients diagnosed with having EDS and or POTS.
Methods: We conducted a systematic search of MEDLINE (OVID), EMBASE (OVID), Scopus, and Web of Science
with the assistance of an experienced medical librarian. We focused on patients with any MCAD or HAT in con-
junction with a diagnosis of POTS and/or EDS.
Results: A total of 200 records were screened, 107 were excluded based on the title or abstract, 92 full texts were
reviewed, and 1 record was not retrieved. No studies were identified that met our primary criterion of including
patients diagnosed with any MCAD or HAT alongside POTS and/or EDS based on our prespecified diagnostic
criteria.
Conclusion: Our review did not find evidence to confirm a relationship between MCADs, HAT, POTS, and EDS.
However, it must be mentioned that 1 study revealed an association between mast cell activation syndrome,
POTS, and EDS and came close to meeting the full diagnostic criteria for mast cell activation syndrome, unlike
other studies. This indicates that further research using strict and validated diagnostic criteria is needed to clarify
whether a true association between conditions exists.

© 2025 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights are reserved,
including those for text and data mining, AI training, and similar technologies.
trada, MD, Division of Allergy,
Medicine, Mayo Clinic, Scottsdale,

hma & Immunology. Published by Elsevier Inc. All rights are reserved, including those for text and data mining, AI training, and
Introduction

Postural orthostatic tachycardia syndrome (POTS) is an autonomic
nervous system disorder characterized by an excessive heart rate
increase of at least 30 beats per minute (or 40 beats per minute in ado-
lescents) within 10 minutes of standing, in the absence of orthostatic
hypotension, often accompanied by symptoms such as lightheaded-
ness, fatigue, and palpitations.1,2 Ehlers-Danlos syndrome (EDS) is a
group of connective tissue disorders that result in hypermobile joints,
skin hyperextensibility, and tissue fragility.3 Both conditions are
increasingly recognized to occur concurrently with mast cell activation
disorders (MCADs), which represent a spectrum of conditions involving
inappropriatemast cell activation andmediator release.MCADs include
mast cell activation syndrome (MCAS; most frequently associated
condition), idiopathic, monoclonal, and secondary types, including sys-
temic mastocytosis.4 Another condition, hereditary alpha tryptasemia
(HAT), has been associated with more severe symptoms in patients
with IgE and non−IgE-mediated mast cell activation, especially in
patientswith venomallergy, and possibly inmastocytosis.5

Although anecdotal and clinical observations suggest a potential
relationship among POTS, EDS, and MCADs/HAT, the evidence sup-
porting this association remains unclear. This study aimed to deter-
mine the prevalence of MCADs and HAT in patients diagnosed with
having EDS and/or POTS.
Methods

A systematic review was reported in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analysis
guidelines and was registered in PROSPERO (identifier
CRD42024550651) before study selection (June 4, 2024).
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Search Strategy

We conducted a systematic search of MEDLINE (OVID), EMBASE
(OVID), Scopus, andWeb of Science with the assistance of an experienced
medical librarian (L.A.M.). The search strategywas further refined through
group discussions with the librarian based on preliminary searches.
Selection Criteria

We focused on studies including patients with any MCAD or HAT in
conjunction with a diagnosis of POTS and/or EDS. The following diag-
nostic criteria were used for study selection: G€ulen et al6 2021 criteria
for MCAS,6-9 theWorld Health Organization criteria for systemic masto-
cytosis,10 genetic testing plus elevated total baseline tryptase for HAT
(Table 1),5 the American College of Cardiology diagnostic criteria for
POTS (Table 2),1 and the 2017 International Classification criteria for
EDS (Table 3).3 We considered observational studies, including case
reports and conference abstracts with no date restrictions.
Data Screening

The screening consisted of 2 rounds: the first was a title and abstract
screening and the second was a full-text review. This process was done
independently and in duplicate by 2 subinvestigators (M.F. and R.E.). Dis-
crepancies were resolved by group discussion.
Results

Our search identified a total of 198 records after duplicate
removal, and we added 2 external studies identified through citation
Table 1
Prespecified MC Activation Disorder Diagnostic Criteria

Diagnosis Diagnostic criteria

MC activation syndrome6−8 Must fulfill all 3 of the following criteria:
1. Episodic symptoms consistent with MC degranulation

or respiratory)
2. Event-related increase in serum tryptase above individua
3. Response of symptoms to therapy with MC-stabilizing

release or effects of MC-derived mediators
Systemic mastocytosis10 Requires 1 minor and 1 major or 3 minor criteria:

Major:
1. Multifocal dense infiltrates of MCs (>15 MCs in aggrega

organs, such as the gastrointestinal tract.
Minor:
1. >25% of MCs in the bone marrow or other extracutaneou

MCs) in multifocal lesions in histologic examination
2. KITmutation causing ligand-independent activation in ex
3. KIT+ MCs in bone marrow have aberrant expression of CD
4. Serum total tryptase > 20 ng/mL (except in patients with

Hereditary alpha tryptasemia5 1. Increased gene copy number of TPSAB1 encoding for alph
2. Elevated serum tryptase level

Abbreviations: AHN, associated hematologic neoplasm; CD, cluster of differentiation; MC, ma
NOTE. Data are from G€ulen et al,6 Akin et al,7 Valent et al,8 Khoury et al,10 and von Bubnoff et

Table 2
Prespecified Postural Orthostatic Tachycardia Syndrome Diagnostic Criteria From the Americ

Diagnosis Diagnostic criteria

Postural orthostatic
tachycardia syndrome

Must fulfill all the following criteria:
1. Chronic symptoms of orthostatic intolerance (≥6 mo)
2. Increase in heart rate ≥ 30 bpm within 10 min of assuming a

Hg)
3. Must occur in the absence of other overt causes of orthostatic

Abbreviation: BP, blood pressure.
NOTE. Data are from Bryarly et al1 and Mayuga et al.2
searching.11,12 We excluded 107 studies based on the title or abstract.
We were unable to retrieve 1 record and reviewed a total of 92 full
texts. Of the 92 full texts reviewed, we excluded 83 (89%) because
they failed to fulfill our prespecified diagnostic criteria,11−90 7 (8%)
because they were reviews,91−97 and 2 (2%) because their results
revealed that the prevalence of HAT in patients with POTS and EDS,
respectively, was similar to the reported prevalence in the general
population.98,99 We did not identify any studies that met our primary
criterion of including patients diagnosed with any MCAD or with
HAT alongside POTS and/or EDS, as defined by our prespecified diag-
nostic criteria (Fig 1).
Discussion

To our knowledge, this is the first systematic review evaluating
the potential association between POTS and EDS with MCADs. We
identified no adequate studies demonstrating an association
between these conditions that used our prespecified diagnostic cri-
teria.

In 2005, the first documented association was reported, highlight-
ing a correlation between POTS and mast cell activation. A total of
177 patients were referred to an autonomic dysfunction clinic for dis-
abling autonomic intolerance, and 8 patients (5%) were diagnosed
with having both POTS and mast cell activation, defined as a flushing
episode in combination with elevated urine N-methylhistamine level
more than 230 mg/g creatinine. This study used validated diagnostic
criteria for POTS; however, the definition of mast cell activation does
not fulfill the 3 diagnostic criteria for MCAS, lacking symptoms
involving 2 organ systems, episodic rise in mast cell mediators, and
response to treatment.34 Later on, Cheung et al87 reported that MCAS
, involving at least 2 organ systems (ie, cutaneous, gastrointestinal, cardiovascular,

l’s baseline tryptase to 20% + 2 ng/mL
agents, drugs directed against MC mediator production, or drugs blocking mediator

te) in tryptase-stained biopsy sections of the bone marrow or other extracutaneous

s organ(s) have abnormal morphology (ie, are atypical MC type 1 or are spindle−shaped

tracutaneous organ(s) (in most cases bone marrow) or peripheral blood
25 (and/or less specifically CD2 or CD30)
AHN-type disease)

a tryptase

st cell; TPSAB1, tryptase alpha/beta 1 gene; WHO, World Health Organization.
al.5

an College of Cardiology 2022

n upright posture and in the absence of orthostatic hypotension (BP fall of >20/10 mm

tachycardia



Table 3
Prespecified EDS Diagnostic Criteria

Diagnosis Diagnostic criteria

Hypermobile EDS2 Must fulfill all 3 of the following criteria:
1 Generalized joint hypermobility

a. Beighton score ≥ 6 in prepubertal children and adolescents
b. Beighton score ≥ 5 from puberty up to 50 y of age
c. Beighton score ≥ 4 in persons older than 50 y of age

2 ≥2 of the following features (A, B, or C)
a. Feature A (5 of the following must be present)

i. Unusually soft or velvety skin
ii. Mild skin hyperextensibility
iii. Unexplained striae distensae or rubrae at the back, groin, thighs, breasts, and/or abdomen in adolescents, men, or prepubertal girls without a his-

tory of significant gain or loss of body fat or weight
iv. Bilateral piezogenic papules of the heel
v. Recurrent or multiple abdominal hernias
vi. Atrophic scarring involving at least 2 sites and without the formation of truly papyraceous and/or hemosideric scars as found in classical EDS
vii. Pelvic floor, rectal, and/or uterine prolapse in children, men, or nulliparous women, without a history of morbid obesity or other known predispos-

ing medical condition
viii. Dental crowding and high or narrow palate
ix. Arachnodactyly, as defined in ≥1 of the following: (1) positive wrist sign (Walker’s sign) on both sides or (2) positive thumb sign (Steinberg’s sign)

on both sides
x. Ratio of arm span to height > 1.05
xi. Mitral valve prolapse mild or greater based on strict echocardiography criteria
xii. Aortic root dilation with Z-score > +2

b. Feature B
i. Positive family history: ≥1 first-degree relatives independently meeting the current criteria for EDS

c. Feature C (must have at least 1)
i. Musculoskeletal pain in ≥2 limbs, recurring daily for ≥3 mo
ii. Chronic, widespread pain for ≥3 mo
iii. Recurrent joint dislocations or frank joint instability in the absence of trauma

3 All the following prerequisites must be met:
a. Absence of unusual skin fragility, which should prompt consideration of other types of EDS
b. Exclusion of other heritable and acquired connective tissue disorders, including autoimmune rheumatologic conditions. In patients with an acquired

connective tissue disorder (eg, lupus or rheumatoid arthritis), additional diagnosis of hypermobile EDS requires meeting both features A and B of cri-
terion 2. Feature C of criterion 2 (chronic pain and/or instability) cannot be counted toward a diagnosis of hypermobile EDS in this situation

c. Exclusion of alternative diagnoses that may also include joint hypermobility by means of hypotonia and/or connective tissue laxity. Alternative diag-
noses and diagnostic categories include, but are not limited to, neuromuscular disorders (eg, Bethlem myopathy), other hereditary disorders of con-
nective tissue (eg, other types of EDS, Loeys-Dietz syndrome, or Marfan syndrome) and skeletal dysplasias (eg, osteogenesis imperfecta). Exclusion of
these considerations may be based on history, physical examination, and/or molecular genetic testing, as indicated.

Abbreviation: EDS, Ehlers-Danlos Syndrome.
NOTE. Data are fromMalfait et al3 International Classification Criteria for EDS.2
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may frequently co-segregate with POTS and EDS. Nine patients with a
diagnosis of POTS and EDS were sent questionnaires for MCAS based
on validated symptoms. Of the 9 patients with both POTS and EDS, 6
(66%) had validated symptoms of MCAS. There was no documenta-
tion of mast cell mediators at baseline or during episodic events, nor
was there any record of the response to treatment.

Nevertheless, Shaw et al12 conducted a cross-sectional online
community-based survey for patients with a formal diagnosis of
POTS, inquiring about other medical diagnoses. A diagnosis of MCAS
and EDS was reported in 9% and 25% of respondents, respectively. Of
the patients, 69% reported having episodic flushing. The data were
patient reported without any MCAS or EDS diagnostic criteria speci-
fied. Flushing could be secondary to autonomic dysfunction, mast cell
mediators, or other etiology. In 2020, Vadas et al89 evaluated 30
patients with established MCAS diagnosis for a concomitant diagno-
sis of POTS and/or EDS. Of 30 patients with MCAS, 7 also had POTS
and 13 had EDS or hypermobility spectrum disorder. In their cohort,
6 patients (20%) had the triad of MCAS, POTS, and EDS or hypermobil-
ity spectrum disorder. Although it was mentioned that a substantial
change from baseline was found in either tryptase levels, urinary
prostaglandin D2, or N-methylhistamine, no data revealing an event-
related increase in serum tryptase above the individual’s baseline to
20% + 2 ng/mL were documented.

Wang et al90 reviewed 195 charts of patients diagnosed with hav-
ing autonomic dysfunction and found that 18 (9%) had a diagnosis of
MCAS from a physician without the diagnostic criteria being met. Of
51 patients diagnosed with having both POTS and EDS, 16 (31%) had
MCAS on their problem list. Criteria pertaining to how the physicians
diagnosed these patients were unknown. In a separate study, 69
patients diagnosed with having POTS underwent testing for known
mast cell activation biochemical mediators. The mediators included
urinary prostaglandins, N-methylhistamine, plasma histamine, and
tryptase levels. Furthermore, 44 of the 69 patients (64%) reported
non-orthostatic symptoms, such as allergic complaints, rash, or gas-
trointestinal symptoms. Of the 44 patients, 29 (66%) exhibited at least
1 mast cell mediator abnormality at baseline, but there was no men-
tion of these mediators during an episode nor symptom improve-
ment with treatment.11

In 2021, Song et al41 conducted a chart review of 98 patients with a
diagnosis of EDS for concomitant MCAS diagnosis on their problem list.
A total of 24 patients (24%) had MCAS listed as a problem, but the diag-
nostic criteria used to diagnose MCAS were not reported. Conversely,
Vazquez et al98 investigated the prevalence of HAT in patients with
either hypermobility spectrum disorder or hypermobile EDS. Genetic
testing for HAT was conducted on 210 patients, yielding a positive rate
of 5%, similar to the reported prevalence in the general population.

Chollet et al100 compared patients with HAT with healthy controls
and found no statistically significant difference in the prevalence of
POTS and EDS. Finally, Huang et al99 investigated the relationship
between HAT and POTS. A total of 250 patients with a POTS diagnosis,
confirmed through tilt table, were screened with tryptase levels and
offered HAT genetic testing. Of 250 patients, 18 (7%) had a baseline
serum tryptase level more than or equal to 8 ng/mL, and genetic test-
ing was offered to all patients with a baseline tryptase more than or
equal to 6.5 ng/mL. Only a small number of patients with elevated
tryptase levels agreed to undergo genetic testing; therefore, calcula-
tions were done using Poisson distribution and theory to compare
the incidence of tryptase level elevation and HAT between their POTS



Figure 1. PRISMA flow diagram. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analysis.
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cohort and the general population. The maximum inferred preva-
lence in their cohort was 7%, similar to the reported prevalence of
HAT in the general population.

A limitation of many studies reviewed is referral bias. Patients
were recruited from allergy clinics and may have had independent
reasons for increased mast cell mediator release. Ideally, patients
should be recruited from POTS/EDS clinics. It is important to note
that a “consensus-2” criteria is also being used as a proposed clas-
sification for the diagnosis of MCAS. The criteria include a much
broader list of symptoms to define mast cell activation. It requires
only 2 criteria to be met instead of 3.101 The use of unvalidated
and more inclusive diagnostic criteria for MCAS may result in an
increased prevalence of reported cases, potentially creating mis-
leading associations with other conditions, such as POTS and EDS.
This can lead to other diagnoses being missed and patients not
receiving appropriate treatment. Recently, Solomon et al102 ana-
lyzed the California International Classification of Diseases code
data for inpatient admissions to track changes in MCAS diagnosis
rates over time. They observed a 12.6-fold increase in the rate of
idiopathic MCAS from 2016 to 2022, likely driven by the adoption
of the more inclusive criteria. In the same study, the authors used
large language models to estimate the probabilities of diagnoses
compatible with both consortium and alternative MCAS criteria.
The results revealed that, compared with the established
consortium criteria, alternative MCAS criteria yielded diagnoses
that were more variable and less precise.

Our review did not find evidence to confirm the presumed associa-
tion between POTS and EDS with MCADs. However, it must be men-
tioned that 1 study revealed an association between MCAS, POTS, and
EDS and came close to meeting the full diagnostic criteria for MCAS,89

unlike other studies. Furthermore, it is important to note that this
study does not deny an association but instead reveals that there are
inadequate studies on the topic. This indicates that further research
using strict and validated diagnostic criteria is needed to clarify
whether a true association betweenMCADs, POTS, and EDS exists.
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