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ABSTRACT
Background: Tinnitus is a common idiopathic problem. Mast cell activation syndrome (MCAS) is a common multi-systemic disorder caused by
unregulated mast cell (MC) activation resulting in allergic and inflammatory symptoms including the ears.
Objective: Determine prevalence and risk factors for tinnitusin MCAS.
Methods: Prospective analysis of tinnitus in newly diagnosed MCAS patients by means of a survey questionnaire and clinical history. MCAS
diagnosis was based on MC symptoms in ≥2 organ systems plus ≥1: Elevated MC mediators, clinical improvement with MC-directed therapy,
and/or increased intestinal MC density. Subjects were diagnosed after presenting with refractory gastrointestinal symptoms. Tinnitus prevalence
was compared to a historical control group of the USA population with odds ratio (OR) calculation with 95% confidence interval (CI). Patient
subgroups were compared using OR and Student’s t-tests with Cohen’s d for effect size.
Results: 114 MCAS subjects included 96 women and 18 men (mean age 45.8 years). Abnormal MC mediators were found in 73.7%. Prevalence of
tinnitus was 61.4%, compared to 9.6% in the general United States population (OR 15.0; 95%CI 10.3 to 21.9; p<0.0001). Co-morbid conditions
included postural orthostatic tachycardia syndrome (POTS)(25.4%), previously diagnosed fibromyalgia (20.2%), chronic fatigue with muscle pain
(57.0%), migraines (33.3%) and headaches (67.3%).Increased risk of tinnitus was present in POTS (OR 3.1;95% CI 1.1 to 8.4; p=.027) and chronic
muscle pain with fatigue(65.7% vs 43.2%;OR 2.5;95% CI 1.2 to 5.5;p=.021).
Conclusion: Tinnitus appears to be prevalent in MCAS. Co-morbid POTS and chronic muscle pain with fatigue are additional risks for tinnitus.
Keywords: Tinnitus, Mast cells, Mast cell activation syndrome, Prevalence, Allergy, Inflammation, Postural orthostatic tachycardia syndrome,
Chronic fatigue, Muscle pain, Fibromyalgia
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INTRODUCTION
Tinnitus is a disruptive sound perception in the head without
an external source [1]. Non-pulsatile tinnitus is most often
idiopathic and results in poor quality of life [2]. In a review
of epidemiological studies of tinnitus published in the
decade 1993-2003, the author found fourteen studies of
prevalence data ranging from 3% to 30% [3]. In a more
recent study, the prevalence of this auditory disorder in the
United States was estimated to be 9.6% of the adult
population, with slightly higher rates among males (10.5%)
than females (8.8%) [4]. Risk factors for tinnitus include
middle ear disease, depression, and cardiovascular disease
[3].
Treatment options for tinnitus are limited and often do not
appear to have a clear pharmacological rationale [5].
Interestingly, three commonly used tinnitus treatments
(tricyclic antidepressants, benzodiazepines, and misoprostil)
are also known to treat mast cell (MC) diseases including
systemic mastocytosis and mast cell activation syndrome
(MCAS) [6-8]. Additional risk factors for tinnitus include
asthma and fibromyalgia which along with depression are
common disorders seen in MCAS [9-12]. MCAS is a
common yet often undiagnosed, unrecognized disorder with
allergic and inflammatory symptoms [13]. MCAS has an
estimated prevalence of 1% to 17%, yet is often not
considered in the differential diagnosis of a multi-systemic
disorder [14]. Autonomic dysfunction including postural
orthostatic tachycardia (POTS) is common in MCAS and
may be caused by autoimmune mechanisms or MC
activation [15,16]. Theories are emerging that immune and
autonomic dysfunction may also be present in patients with
tinnitus [17,18].
MCAS features unregulated, aberrant MC activation leading
to release of variable subsets of more than 1000 mediators
identified to date as being produced by mast cells (MCs)
[19]. Otolaryngologists often see undiagnosed MCAS
patients owing to allergic manifestations (rhinitis,
pharyngitis, and sinusitis) and inflammatory manifestations
(oral sores, burning mouth syndrome and lymphadenopathy)
[12,20,21]. In a retrospective study, 6.8% of 413 MCAS
patients were affected by tinnitus; however, the histories of
these patients were obtained in the course of routine clinical
practice and a specific query regarding tinnitus was not
performed in all of these patients (L.B. Afrin, personal
communication 2020) [12]. A German study of MC
activation disease patients demonstrated a higher rate of
tinnitus compared to controls: 41/84 (48.8%) vs. 25/221
(11.3%); OR 7.7, 95% CI 4.3 to 13.8; p<.0001 [22]. The
present study examined prevalence and risks for tinnitus in
United States MCAS patients in a prospective manner.
METHODS
From May 2017 through April 2019, all consecutive adult
patients presenting with refractory gastrointestinal (GI)
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symptoms to a gastroenterologist (LBW) who subspecializes
in MCAS were evaluated for the presence of MCAS. Those
who were subsequently diagnosed with MCAS were
evaluated for the presence of tinnitus. The presence of
tinnitus was based on a prospective questionnaire and
confirmation by a clinical interview. Questions were asked
to rule out specific tinnitus problems including prior damage
by loud noise, pulsatile nature to the sounds, and vertigorelated tinnitus. Informed consent to collect data from
subjects was obtained and the study was approved by the
Missouri Baptist Medical Center Investigational Review
Board in St. Louis, Missouri. The primary aim of the study
was to examine all conditions that would lead to fatigue
which is the most common symptom of MCAS. Sleep
disturbance owing to restless legs syndrome and tinnitus
were the main focuses of the research project. The data on
restless legs syndrome was published in April 2020.
MCAS diagnosis was based on typical symptoms of MC
activation in ≥2 organ systems plus ≥1 of: elevated MC
mediator(s), clinical improvement with MC-directed
therapy, and/or intestinal MC density ≥20 per high power
field (HPF). MC mediator measurements included: 1)
plasma prostaglandin D2and histamine, 2) serum tryptase
and chromogranin A, and 3) 24-hour urine
2,3dinorprostaglandin 11-β-PGF2α, N-methylhistamine, and
leukotriene E4 [23]. To confirm MC activation the MC
mediator release syndrome (MCMRS) score was employed
[22]. MCMRS is a questionnaire that assesses the number of
symptoms, laboratory, radiographic and biopsy findings. A
sum of 9 to 13 = a suspicion of a pathological activation of
MCs as cause of the complaints. A sum ≥14 = clinical
confirmation of a diagnosis of a MC mediator release
syndrome. Mast cell density (MCD) was assessed by a
standardized systematic approach where MCs were
counted in multiple high-power fields (HPF) using Nikon
BX41 Plan N 40x/0.65 objective magnification. MCD
was expressed as a range including <20, 20-30, 31-40, 4150, 51-60, 61-70, 71-80, 81-90, and 91-100 MC/HPF. The
MCD was categorized as follows: 1) diffuse - MCD reported
as least common denominator in any of several microscopic
fields, 2) focal - highest MCMD reported in <3 mutually
exclusive microscopic fields.
Clinical data included age, gender, body mass index (BMI),
medications, review of systems, past medical history, and
the presence of postural orthostatic tachycardia syndrome
(POTS) determined by past history and physical
examination. The diagnosis of fibromyalgia was determined
by review of records and prior history by a rheumatologist.
In contrast the diagnosis of chronic muscle pain with fatigue
was determined by the questionnaire and clinical history.
Chronic symptoms of hearing loss, nasal congestion, rhinitis,
sore throat, allergic/infectious sinusitis and oral
itching/irritation/burning/sores were queried. All patients
underwent a standard physical examination and orthostatic
pulse measurements.
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Exclusion criteria in subjects included age under 18 years of
age, pregnancy, history of loud noise exposure, pulsatile
tinnitus and vertigo-related tinnitus.
The primary aim was to determine if prevalence of tinnitus
was higher in MCAS subjects versus the general United
States adult population [4]. Secondary aims included
determination if there are MC mediators, MC density in
biopsies, or medical disorders that increase the risk of
tinnitus in MCAS patients. The prevalence of tinnitus in
MCAS patients was compared to the general population with
odds ratio (OR) calculation with 95% confidence interval

(CI). Patient subgroups were compared using OR calculation
and Student’s t-tests with Cohen’s d to describe effect size.
RESULTS
There were 114 MCAS subjects: 96F, 18 M, mean age 45.8
±17.1 years, mean BMI 25.4±6.3 kg/m3. The subjects had
co-morbid POTS in 25.4%. The clinical characteristics and
analysis of risk factors for tinnitus are shown in Table 1.
Chronic symptoms included: Nasal congestion (71.6%),
rhinitis (59.5%), sore throat (48.3%), allergic/infectious
sinusitis (47.4%), oral itching/irritation/burning/sores
(43.1%) and hearing loss (36.2%).

Table 1. Clinical characteristics of mast cell activation syndrome patients with (+) and without (-) tinnitus.
Tinnitus (+)

Tinnitus (-)

Effect Size and P value

Number of subjects

70 (61.4%)

44 (38.6%)

-

Females

57 (81.4%)

39 (88.6%)

NS

Males

13 (18.6%)

5 (11.4%)

NS

43.2 ±15.1

49.9 ±19.3

t(112)=-2.1; p=.042; d=.39

25.1 ±6.3

25.7 ±6.4

NS

Co-morbid POTS (%)

32.9%

13.6%

OR 3.1; CI 1.1 to 8.4; p=.027

Headaches (%)

70.0%

62.8%

NS

Fibromyalgia (%)

25.7%

11.4%

NS (p=.09)

Muscle pain with fatigue (%)

65.7%

43.2%

OR 2.5; CI 1.2 to 5.5; p=.021

Positive mediator(s) (%)

67.1%

81.8%

NS

22.4 ±6.0

19.6 ±5.2

t(76)=2.1; p=.040; d=.50

Diffuse Duodenal MC/hpf±SD

36.4 ±12.2

33.2 ±8.7

NS

Focal Duodenal MC/hpf±SD

59.1 ±13.3

64.7 ±19.2

NS

Diffuse Ileal MC/hpf±SD

42.5 ±10.4

45.0 ±12.7

NS

Focal Ileal MC/hpf±SD

77.5 ±20.5

80.8 ±20.1

NS

Age ±SD (mean, years)
3

BMI ±SD (kg/M )

MCMRS ±SD score
1

1

Duodenal biopsies were performed in 76.3% of the subjects. All biopsies showed ≥20 MC/hpf

Gender comparisons showed that female patients had
significantly higher rates of POTS (p=0.03), migraines
(p=0.0006), headaches (p=0.01), and chronic muscle pain
with fatigue (p=.04). No other significant gender differences
emerged.
Prevalence of tinnitus in 114 MCAS patients was 61.4%,
compared to 9.6% in the general population (OR 15.0;95%
CI 10.3 to 21.9; p<0.0001). Co-morbid POTS was associated
with higher risk of tinnitus. The rate of tinnitus in subjects
with POTS was79.3%versus 55.3% of those without POTS
(OR 3.1; 95% CI 1.1 to 8.4; p=.027). Patients with tinnitus
also had higher mean degree of systemic activity as
determined by their MCMRS scores (22.4±6.0) vs. patients
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without tinnitus [19.6±5.2, t(76)=2.1, p=0.04, d=0.50].
Tinnitus-positive patients also had higher rates of chronic
muscle pain with fatigue (65.7% vs. 43.2%; OR 2.5; 95% CI
1.2 to 5.5; p=0.021). Co-morbid migraines, headaches and
previously diagnosed fibromyalgia were not different
between groups.
Of the 114 subjects tested for MC mediators with urine and
blood tests, 84 (73.7%) had one or more positive laboratory
tests. The presence, number or type of MC mediators did not
increase the risk for tinnitus. In 87 subjects who had
intestinal biopsies, the median MC density was not
associated with the risk for tinnitus.
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DISCUSSION
The prevalence of tinnitus in MCAS in this study was 61.4%
which is increased compared to the 9.6% prevalence in the
general United States population [4]. Factors that increased
the risk for tinnitus in MCAS included co-morbid POTS and
chronic muscle pain with fatigue.
Theories to support the association of tinnitus and MCAS
include the effect of inflammation, hypoxia and co-morbid
autonomic dysfunction. Central neuroaudiological symptoms
are seen in both fibromyalgia and MCAS [9,11,24]. There is
evidence that demonstrates that fibromyalgia is associated
with inflammatory mediators including prostaglandins and
IL-6 which are also produced by MCs [25,26]. Chronic
muscle pain with fatigue with or without a formal diagnosis
of fibromyalgia are among the most common problems in
MCAS [12]. The impact of fibromyalgia and chronic muscle
pain with fatigue on tinnitus prevalence in the present study
was mixed, with fibromyalgia showing a trend toward
association (p=0.09) and chronic muscle pain with fatigue
being associated with greater risk of tinnitus (p=0.021).
Abnormal MC activity alters the blood brain barrier which is
important to exclude inflammatory cell entry into the brain
[26]. Theoretically, aberrant MC activity allows causes
inflammation in the brain and also allows for passage of
other inflammatory cells and cytokines into the brain leading
to neurologic disorders including tinnitus [24,25].
Hypoxia could play a role in both tinnitus and MCAS. Koca
et al. examined the clinical nature of tinnitus, hearing,
vertigo and balance complaints and levels of serum
glutathione peroxidase, nitric oxide, and malondialdehyde
concentrations in fibromyalgia patients Neuroaudiological
symptoms and oxidative stress markers were significantly
increased in fibromyalgia vs. controls [11]. Oxidative stress
and hypoxia is also seen with activated MCs [27].
Autonomic dysfunction especially POTS is a common comorbid condition of MCAS [16]. In the present study, POTS
was associated with higher risk of having tinnitus. Tinnitus
has been linked to autonomic dysfunction and preliminary
evidence suggests that treatment of autonomic dysfunction
can reduce the severity of tinnitus [17,18,28]. A recent case
report of a patient with severe, daily tinnitus for 15 years had
immediate and permanent relief of the tinnitus using
intravenous immune globulin to treat her dysautonomia and
MCAS [29].
Limitations of this study include lack of a local age, gender
matched control group, the Tinnitus Functional Index was
not employed,an audiogram was not performed, and the
physical exam did not include listening around the ear and
neck for sounds similar to the tinnitus and palpation of the
craniocervical musculature for trigger points. Another
criticism might include the fact that these patients were
diagnosed with MCAS by a gastroenterologist for refractory
GI symptoms, yet this scenario is extremely common for the
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undiagnosed MCAS patient who often presents to numerous
physicians addressing system-wide complaints [30]. Finally,
although specific MC mediators did not correlate with a risk
for tinnitus this is not unexpected. The MC is capable of
secreting over 1000 mediators. Commercial labs are able to
measures only a few which are relatively specific to MCs,
namely, histamine, prostaglandins, and leukotriene, heparin,
chromogranin, and tryptase. It is worth noting that tryptase is
elevated in only 15% of MCAS patients, with one round of
testing only 50-75% of patients will demonstrate increased
mediators, and the highest yield test (heparin) requires a
unique highly sensitive assay [12,23,30].
CONCLUSION
Tinnitus appears to be prevalent in MCAS which is a
common, often undiagnosed syndrome. Inflammation,
hypoxia and/or dysautonomia associated with MCAS may
play pathophysiologic roles. It is paramount to look for
underlying treatable causes for tinnitus. Symptomatic
response of tinnitus to inhibitors of MC activation or MC
mediator production could lead to new avenues in therapy of
apparent idiopathic tinnitus.
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