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Abstract

Background: Serum histamine, immunoglobulin E, and tryptase are markers of allergic diseases. Despite the reported
association between migraine and allergic diseases, differences in these marker levels between episodic and chronic
migraines remain unelucidated.

Methods: We investigated serum histamine, immunoglobulin E, and tryptase levels in 97 and 96 participants with
episodic migraine and chronic migraine, respectively, and 56 controls according to the presence of allergic diseases.
Results: Serum histamine levels in episodic migraine (median and interquartile ranges, 0.78 [0.65—1.25] ng/mL,
p < 0.001) and chronic migraine (0.89 [0.67—1.28] ng/mL, p <0.001) participants were significantly lower than those
in healthy controls (1.19 [0.81-2.08] ng/mL) among the 160 participants without allergic diseases. Serum immunoglobulin
E levels in episodic migraine and chronic migraine participants with allergic diseases negatively correlated with headache
frequency (correlation coefficient = —0.263, p =0.017). Serum histamine levels in participants with allergic diseases and
serum immunoglobulin E levels in participants without allergic diseases were not significantly different among episodic
migraine, chronic migraine, and control groups. Serum tryptase levels did not significantly differ among episodic migraine,
chronic migraine, and control participants with and without allergic diseases.

Conclusions: Altered serum histamine and immunoglobulin E levels in episodic migraine and chronic migraine and
different profiles concerning allergic diseases suggest the involvement of allergic mechanisms in migraine pathogenesis.
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Introduction
'Laboratory of Immunology, Severance Biomedical Science Institute,

A close association between migraine and allergic dis-
eases has been reported. Individuals with allergic dis-
eases have a higher prevalence of migraine than those
without allergic diseases and vice versa (1,2). Calcitonin
gene-related peptide (CGRP) is a crucial mediator
of migraine. Furthermore, elevated plasma CGRP
levels have been observed in patients with allergic rhi-
nitis (3). Moreover, many individuals with migraine
experience attacks through exposure to allergens (4).
Immunotherapy for allergic diseases may improve
migraine frequency and disability in patients with aller-
gies and migraines (5).
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Histamine and immunoglobulin E (IgE) are pivotal in
allergic and anaphylactic responses. Immunoglobulin E
binds to mast cells, among the main inflammatory cells
involved in allergic reactions, and sensitizes them to
release inflammatory mediators, including histamine (6).
Histamine is crucial in migraine pathophysiology, includ-
ing mediating the interaction between mast cells and
CGRP, maintaining neurogenic inflammation, and sensi-
tizing the trigeminal ganglia (7-9). Histamine infusion
can induce migraine-like headache attacks (10). In addi-
tion to being the major effectors in allergic reactions,
mast cells are critical contributors to the pathogenesis
of migraine. Activation of meningeal mast cells located
around the perivascular space near neurons has been
observed during migraine attacks (11).

Histamine and IgE levels are reportedly altered in
the body fluids of individuals with migraine (12—14).
Migraine is categorized into episodic migraine (EM)
or chronic migraine (CM). EM and CM differ in
prevalence, comorbidities, treatment responses, and
biomarkers (15,16). Nevertheless, we lack reports on
possible differences in the levels of histamine and IgE
between EM and CM. To date, only one study has
reported migraine-type-specific differences in histamine
and IgE levels (12). Furthermore, serum tryptase levels,
a marker of mast cell activation, in individuals with
migraine remain unreported. We hypothesized that
serum histamine, IgE, and tryptase levels were altered
in individuals with EM and CM compared with control
participants. These differences might vary according to
the presence of allergic diseases.

Therefore, according to allergic diseases, we aimed
to evaluate the serum histamine, IgE, and tryptase
levels in participants with EM and CM.

Methods

Participants

The inclusion criteria were as follows: a) adults aged
19-65 years; b) fulfilling the criteria of migraine (code
1.1 or 1.2) or CM (code 1.3) in the third edition of the
International Classification of Headache Disorders
(ICHD-3) (17); c) at least 72h after the cessation of
an episode of headache attack for EM, and having
less than mild headache intensity for CM; and d) a
complete understanding of the study protocol. The
exclusion criteria were as follows: a) secondary head-
ache(s) other than medication-overuse headache
(MOH) (17), b) chronic pain conditions other than
fibromyalgia (FM), and ¢) current treatment for med-
ical or psychiatric disorders. We enrolled participants
who were taking antidepressants for migraine preven-
tion but excluded those who were taking antidepres-
sants for the treatment of depression. CM was

diagnosed according to CM criteria in ICHD-3. EM
was diagnosed if a participant fulfilled the criteria of
migraine but did not fulfill the criteria of CM with <15
headache days per month during the previous three
months. The healthy controls, recruited through adver-
tisements, were considered eligible if they had no head-
ache attacks in the last year and no migraine attacks
during their lifetime. We did not enroll individuals
under medications for allergic diseases.

Sample size

The sample size was computed based on previous stud-
ies on serum histamine and IgE levels in individuals
with migraine (12,14). The ratio of participants with
the disease to healthy controls was 1:2. Assuming a
5% significance level and 80% power, theminimal
sample sizes of the disease and control groups were
computed as 10 and 20, respectively. We aimed to
admit 45, 90, and 90 participants as control, EM, and
CM, respectively, to investigate the association of
serum histamine, IgE, and tryptase levels with clinical
characteristics.

Serum preparation

A 5 mL blood sample was obtained from the right
antecubital vein between 9:00 and 12:00 a.m. using a
Vacutainer® SST™ tube (Becton Dickinson, NJ,
USA). The collected whole blood was left undisturbed
at room temperature for 15min to facilitate coagula-
tion. The clot was removed by centrifugation at
1,500 x g for 15min at 4°C. Following centrifugation,
the resulting supernatant was collected and stored at
—70°C until further use.

Measurement of histamine, IgE, and tryptase

Serum histamine levels were quantified using an
enzyme-linked immunosorbent assay (ELISA) kit
(ab213975) (Abcam, Cambridge, UK) following the
manufacturer’s instructions. The linear range of the
histamine ELISA kit was 0.098-25ng/ml. The estimat-
ed inter- and intra-assay accuracies were 5.2% and
4.6% coefficient of variation, respectively. Histamine
ELISA was carried out in duplicate.

Total IgE and tryptase levels were quantified
based on a fluorescence enzyme immunoassay using
ImmunoCAP® total IgE and tryptase systems, respec-
tively, of Phadia™ 250 Immunoassay Analyzer (Phadia
AB, Uppsala, Sweden). Unless otherwise described, IgE
and tryptase levels refer to total IgE and tryptase levels,
respectively. The measuring range for IgE and tryptase
were 2-5000kU/L and 1-200ng/mL, respectively. The
estimated inter- and intra-assay accuracies for IgE were
3.6% and 3.9% coefficient of variation, respectively.
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Those for tryptase were 2.7% and 3.2% coefficient of
variation, respectively.

Assessment of allergic diseases

Allergic diseases were identified based on the partici-
pants’ self-report. Participants with allergic eczema,
conjunctivitis, rhinitis, atopic dermatitis, food allergy,
or anaphylaxis were considered allergic diseases.

Assessment of anxiety, depression, MOH, and FM

Anxiety and depression were evaluated using the
Generalized Anxiety Disorder-7 (GAD-7) and Patient
Health Questionnaire-9 (PHQ-9), respectively. A
GAD-7 score >8 and a PHQ-9 score >10 were classi-
fied as having anxiety and depression, respectively
(18,19). MOH (code 8.2) was diagnosed based on the
ICHD-3 guidelines. Fibromyalgia was diagnosed based
on the 2016 American College of Rheumatology crite-
ria (20).

Statistical analyses

Binary and ordinal scales are presented as numbers and
percentages. The Kolmogorov—Smirnov test assessed
the normality of continuous variables. Variables with
normal distribution were analyzed using an indepen-
dent t-test or analysis of variance. The results of the
tests are expressed as mean 4 standard deviation.
Conversely, those with non-normal distribution were
assessed using the Mann—Whitney U or Kruskal-
Wallis test. The test results are presented as medians
(interquartile ranges). Categorical variables were com-
pared when appropriate using the chi-square or
Fisher’s exact test.

We used correlation analyses to evaluate the rela-
tionship between IgE, histamine levels, and monthly
headache frequency. If variables were normally distrib-
uted, we used Pearson’s correlation analyses. If varia-
bles were not normally distributed, we used Spearman’s
rank correlation analyses (21).

Statistical significance was set at a two-tailed p < 0.05.
Post hoc analyses were performed using Bonferroni’s
method. Consequently, we applied p < 0.017 when post
hoc analyses were performed among the three groups.
IBM Statistical Package for Social Sciences software
(IBM SPSS version 25.0; IBM Corp., Armonk, NY,
USA) was used for statistical analyses.

Ethical approval

This study was reviewed and approved by the
Institutional Review Board of Severance Hospital,
Yonsei University (approval no. 2019-1403-005). This
study’s design and all processes were conducted

following the Declaration of Helsinki and its subse-
quent amendments. All participants provided written
informed consent before enrollment.

Results

Participants and distribution of anxiety, depression,
FM, and allergic diseases

We enrolled 249 participants (EM [n=97], CM
[n=96], and healthy controls [n=56]) in the
Department of Neurology outpatient clinic at a tertiary
university hospital between October 2019 and October
2020. The age, sex, and body mass index distribution of
the participants with EM and CM, and healthy con-
trols were not significantly different (Table 1).
Phonophobia, anxiety, depression, FM, and MOH
were more prevalent in participants with CM than in
those with EM. In contrast, unilateral pain and
migraine with aura were more prevalent in the partic-
ipants with EM than in those with CM. All participants
with EM and CM underwent acute treatment. 16
(16.5%) and 35 (36.5%) participants with EM and
CM took preventive medications, respectively. No par-
ticipant with EM and CM used onabotulinumtoxinA
or anti-CGRP monoclonal antibody for migraine
treatment.

Among the 249 participants, 89 (EM [n=43], CM
[n =40], and healthy controls [n=6]) had allergic dis-
eases, and the remaining 160 participants (EM [n = 54],
CM [n=56], and healthy controls [n=50]) did not
have allergic diseases. The distribution of allergic dis-
eases is summarized in Online Supplementary Table 1.
The frequency of allergic diseases was significantly dif-
ferent among the EM, CM, and healthy control groups
(44.3% [43/97] vs. 41.7% [40/96] vs. 10.7% [6/56],
»<0.001). Post hoc analysis revealed that allergic dis-
eases were more prevalent in the EM (p <0.001) and
CM (p<0.001) groups than in the healthy control
group. Nevertheless, the frequencies of allergic diseases
between the EM and CM groups did not differ signif-
icantly (p =0.820).

Serum histamine, IgE, and tryptase levels

Serum histamine (p=0.094), IgE (p=0.183), and tryp-
tase (p=0.356) levels did not differ significantly among
the 249 participants (Figure 1 and Online Supplementary
Table 2). However, serum histamine (1.17 [0.83-2.17]
ng/mL vs. 0.96 [0.70-1.35]ng/mL, p=0.005) and IgE
(72.90 [29.00-202.50] kU/L vs. 44.30 [23.60-109.75]
kU/L, p=0.049) levels were significantly higher in
the 89 participants with allergic diseases than those in
the 160 participants without allergic discases. However,
tryptase levels (3.15 [2.38-3.91]ng/mL vs. 3.29
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Table 1. Demographic and clinical characteristics of the participants with episodic migraine, chronic migraine, and controls.

EM, N=97 CM, N=96 Controls, N =56 p-values Post hoc p-value

Age, median, and IQR 41.00 (30.00-49.00)  40.00 (28.00-51.00)  40.00 (31.25-51.75) 0.948*
Women, N (%) 49 (87.5) 76 (78.4) 84 (86.6) 0.201*
Body mass index, 22.03 (22.03-24.35)  22.15 (19.94-24.59)  22.06 (20.06-24.52) 0.942*

median, and IQR
Allergic diseases, N (%) 43 (44.3) 41 (42.3) 6 (10.7) <0.001*  EM vs. controls, p <0.001

CM vs. controls, p <0.001
EM vs. CM, p =0.820

Headache frequency per month, 3.00 (3.00-8.00) 20.00 (20.00-3.00) <0.001%

median, and IQR
Severe headache intensity, N (%) 83 (85.6) 85 (87.6) 0.673"
Unilateral pain, N (%) 56 (57.7) 33 (34.0) 0.001%
Pulsating quality, N (%) 95 (97.9) 95 (97.6) >0.999%
Aggravation by routine 75 (77.3) 82 (84.5) 0.201F

physical activity, N (%)
Nausea, N (%) 91 (93.8) 90 (92.8) 0.774*
Vomiting, N (%) 39 (40.2) 41 (42.3) 0.771%
Photophobia, N (%) 45 (46.4) 53 (54.6) 0.251%
Phonophobia, N (%) 42 (43.3) 63 (64.9) 0.002°
Migraine with aura, N (%) 12 (12.4) 0 (0.0) <0.001%
Anxiety, N (%) 18 (18.6) 31 (32.0) 0 (0.0 <0.001*  EM vs. controls, p <0.001

CM vs. controls, p <0.001
EM vs. CM, p =0.041

Depression, N (%) 14 (14.4) 48 (49.7) 0 (0.0 <0.001"  EM vs. controls, p =0.003
CM vs. controls, p <0.001
EM vs. CM, p <0.001

Fibromyalgia, N (%) I (11.3) 50 (51.5) 0 (0.0) <0.001T  EM vs. controls, p =0.009
CM vs. controls, p <0.001
EM vs. CM, p < 0.001

Medication-overuse 2(2.1) 21 (21.6) <0.001%
headache, N (%)
Preventive medications, N (%) 16 (16.5) 35 (36.1) 0.002F

CM, chronic migraine; EM, episodic migraine; IQR, interquartile rage.
*Comparison among participants with episodic migraine, chronic migraine, and controls.
fComparison between participants with episodic migraine and chronic migraine.
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Figure I. Serum histamine (a), immunoglobulin E (b), and tryptase (c) levels in participants with episodic migraine, chronic migraine,
and controls.
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[2.50-4.05]ng/mL, p=0.556) did not significantly
differ between participants with and without allergic
diseases.

Serum histamine, IgE, and tryptase levels in
participants with allergic diseases

Of the 89 participants with allergic diseases, IgE levels sig-
nificantly differed among the EM, CM, and control groups
(p =0.024). Post hoc analyses revealed no significant differ-
ences between the CM and control groups (p=0.039),
between the EM and control groups (p=0.315), and
between the EM and CM groups (p=0.025).
Conversely, histamine (p =0.907) and tryptase (p=0.611)
levels were not significantly different among the three
groups with allergic diseases (Figure 2 and Online
Supplementary Table 2).

Serum histamine, IgE, and tryptase levels in
participants without allergic diseases

Of the 160 participants without allergic diseases, hista-
mine levels significantly differed among the EM, CM,
and control groups (p=0.002). Post hoc analyses
revealed that histamine levels were significantly
higher in the control group than those in the EM
(»=0.001) and CM (p=0.011) groups. Nevertheless,
histamine levels did not significantly differ between
the EM and CM groups (p =0.389). IgE and tryptase
levels did not differ significantly among the three
groups without allergic diseases (Figure 3 and Online
Supplementary Table 2).

Association of IgE levels with clinical characteristics of
EM and CM with allergic diseases

The combined results from 43 EM and 40 CM partic-
ipants with allergic diseases indicated that IgE levels,
except for FM and MOH, were comparable according
to clinical characteristics and comorbidities. Serum IgE
levels in participants with FM and MOH were lower
than those without FM and MOH
(Online Supplementary Table 3). IgE levels and head-
ache frequency per month were not normally distribut-
ed; therefore, we conducted a Spearman’s rank
correlation analysis. The analysis revealed that IgE
levels were negatively associated with monthly
headache frequency (correlation coefficient =—0.263,
p=0.017) (Figure 4).

Association of histamine levels and clinical
characteristics of EM and CM without allergic
diseases

The results of the 54 EM and 56 CM participants with-
out allergic diseases revealed that serum histamine
levels did not differ significantly according to clinical
characteristics, comorbidities, or preventive treatment
(Online Supplementary Table 4). As histamine levels
and monthly headache frequency were not normally
distributed, we conducted a Spearman’s rank correla-
tion analysis. The analysis revealed no significant asso-
ciation between histamine levels and headache
frequency (correlation coefficient=0.112, p=0.245)
(Figure 5).
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*Spearman’s rank correlation analysis, Spearman’s correlation coefficient=—0.263, p =0.017.

Discussion

The present study’s main findings are as follows: 1)
serum histamine, IgE, and tryptase levels were not sig-
nificantly different among participants with EM and
CM, and controls; 2) among participants without aller-
gic diseases, serum histamine levels significantly
decreased in those with EM and CM compared with
healthy controls; 3) among participants with allergic

diseases, serum IgE levels had a significant negative
association with monthly headache frequency in partic-
ipants with EM and CM; and 4) serum tryptase levels
did not significantly differ among the EM, CM, and
controls for participants with and without allergic
diseases.

Degranulation of mediators from mast cells is essen-
tial in developing neurogenic inflammation in migraine



Park et al.

8_
)
£
(o))
£
7]
2 5
o
o) (+]
£
IS
©
@
=
g 4 -] 8
(O]
(%}
o ] o
o
]
o
2 — P o 3
o 8 o o o =] 8 Y
P | o 1 v hi 5
© o
-] o
80087 60 o oo 8
I I I T I T I
0 5 10 15 20 25 30
Headache frequency per month
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migraines without allergic diseases, respectively.

*Spearman’s rank correlation analysis, Spearman’s correlation coefficient=0.112, p =0.245.

pathogenesis (22). Histamine and serotonin are key
mediators of mast cells (23). Histamine levels are
reportedly altered in the body fluids of individuals
with migraine. Heatley et al. (13) reported elevated
plasma histamine levels in 18 individuals with migraine
compared with that in 19 controls during the pain-free
period. Furthermore, the study revealed elevated hista-
mine levels in 12 individuals with migraine during
attacks. Haimart et al. (14) demonstrated elevated
plasma histamine levels in 18 individuals with migraine
during remission and attack periods compared with 28
controls. Gazerani et al. (12) observed elevated hista-
mine levels in 70 individuals with migraine during pain-
free and pain periods compared with 45 controls.
Heatley et al. and Haimart et al. also examined the
whole blood but observed no significant differences in
histamine levels between individuals with migraine and
controls (13,14). These findings suggest that the change
in plasma histamine levels could be attributed to the
altered distribution of histamine among blood compo-
nents rather than an increase in histamine in specific
blood components. Haimart et al. observed an
increased proportion of plasma histamine levels in the
whole blood of individuals with migraine, supporting
this hypothesis (14).

Our study presented results contradictory to previ-
ous studies in that serum histamine levels were signifi-
cantly decreased in participants with EM and CM
compared with controls among participants without
allergic diseases. One explanation for this discrepancy
might be the difference in the body fluids used for the
evaluation. Heatley et al. and Haimart et al. did not use
serum but plasma, which is likely devoid of histamine
released during platelet aggregation (13,14). Gazerani
et al. used serum; however, they used acid-washed glass
tubes, which might have influenced platelet aggregation
(12). The increase in plasma histamine levels in previ-
ous studies can be explained by the activation of mast
cells during a migraine attack, which results in the
release of histamine from mast cells and an increase
in the aqueous portion of the blood (22). An increase
in histamine in the aqueous portion of the blood might
occur in migraine; however, the contribution of
decreased histamine release from platelet aggregation
is plausibly more pronounced, resulting in decreased
serum histamine levels. The plasma fraction was
<3% of total blood histamine during the ictal period
and <2% during the interictal period (14).

Histamine is a biogenic amine similar to serotonin.
Furthermore, human platelets can take up preformed
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biogenic amines by a calcium-and-energy-dependent
process (24). Therefore, to clarify the cause of the
decreased serum histamine levels in the EM and CM
groups without allergic diseases, it is necessary to con-
firm whether histamine storage in platelets decreases in
individuals with EM and CM compared with healthy
controls. Changes in platelets and their metabolism in
migraine reportedly alter the number and volume of
platelets, reduce platelet monoamine oxidase activity,
increase the expression of fibrinogen and glycoprotein
IIb receptors, and increase the interaction between pla-
telets and leukocytes (25-29). A 30-45% reduction in
platelet serotonin, another common monoamine in pla-
telets, was observed during migraine attacks (30,31).
Among participants with allergic diseases, serum hista-
mine increased by allergic diseases, offsetting the
decrease in EM and CM so that no significant differ-
ence was observed. The findings of our present study
and previous studies collectively suggest the altered his-
tamine metabolism in individuals with migraine and
the potential involvement of histamine in the patho-
physiology of migraine (32).

Another possible reason for the discrepancy between
the present study and previous studies is a difference in
ethnicity. The previous studies were conducted in
France, Canada, and Iran, where many participants
are likely Caucasians, with fewer Asians (12-14). In
contrast, all of our participants were Korean, an
Asian ethnicity.

Several studies have evaluated IgE levels in individ-
uals with migraine (33,34). Nevertheless, only Gazerani
et al. evaluated IgE levels in individuals with migraine
compared with controls in the presence of allergic dis-
eases (12). They observed elevated levels of IgE in indi-
viduals with migraine compared with controls.
Furthermore, the elevation of IgE levels was more
prominent in individuals with migraine and allergic dis-
eases than in those without allergic diseases. However,
we observed conflicting results; serum IgE levels
were lower in individuals with EM and CM than in
controls among participants with allergic diseases.
This discrepancy between our findings and that of
Gazerani et al. may be attributed to the use of different
body fluids, measurement methods, distribution of
the respective allergic diseases, and ethnicity of the par-
ticipants. Decreased IgE levels in participants with
EM and CM also suggest the possibility of a non-
IgE-dependent allergic disease process in these popula-
tions. Nevertheless, further investigations according to
migraine subtypes, clinical characteristics, and
migraine occurrence will provide novel insights into
the association between IgE, migraine, and allergic
diseases.

In this study, we observed that the serum histamine
levels of individuals with EM and CM significantly

differed from those of controls among participants
without allergic diseases but not those with allergic
diseases. In contrast, serum IgE levels were highest in
controls, followed by the EM group, and lowest in the
CM group among participants with allergic disease.
However, IgE levels in the EM, CM, and control
groups were similar in participants without allergic dis-
eases. These findings suggest that histamine and IgE
are implicated in the pathogenesis of migraine.
However, they play different roles depending on the
presence or absence of allergic diseases.

Mast cells are the primary inflammatory cells
involved in allergic diseases. Furthermore, tryptase is
the most abundant mediator stored in mast cell gran-
ules. Total tryptase serves as a marker for mast cell
activation (35). Elevated levels of serum total tryptase
occur during anaphylactic reactions, the active phase of
allergic diseases, and hematologic disorders (36). The
total serum tryptase concentration sharply rises during
the first 90 min from the onset of reactions, followed by
a steady decline, and takes at least 24 h to return to
baseline levels (37). In this study, we demonstrated that
the serum tryptase levels in the EM and CM groups
were not significantly different from those in the con-
trol group, suggesting that mast cell activity did not
differ between the EM, CM, and control groups
during the interictal period. As serum tryptase levels
and mast cell activities were not evaluated during the
ictal period in the present study, we could not exclude
the involvement of mast cells in migraine pathogenesis.

The present study has several limitations. First, we
did not evaluate the platelet count of participants in the
present study. We attributed the decreased serum his-
tamine levels in participants with EM and CM to pos-
sible platelet number and metabolic alterations in these
populations. Studies on platelet number in migraine
have reported conflicting results; however, platelet
number may affect serum histamine levels based on
previous studies (24,38). Nevertheless, we did not
examine the platelet counts of the participants in the
present study. Second, participants with EM and CM
were recruited from a tertiary university hospital.
Therefore, the present study’s findings may not accu-
rately and equitably reflect all EM and CM popula-
tions and may lack generalizability. Further studies
on various subpopulations are required to provide
more generalizable results. Third, the present study
used data with a sufficient sample size based on the
findings of previous studies; however, some subgroup
analyses may not have had an adequate sample size.
Specifically, our analysis revealed that the serum IgE
levels among participants with EM and CM, and con-
trols with allergic diseases were significantly different;
however, the sample size of controls (n=06) was too
small. Therefore, the results should be interpreted
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cautiously, and our findings should be confirmed in a
larger study. In addition, histamine and IgE levels
according to clinical characteristics, comorbidities,
and preventive treatment did not have sufficient
sample power, suggesting an insufficient sample size.
Nevertheless, we believe the results provide original
information on histamine and IgE levels according to
various conditions in the migraine population. Fourth,
we assessed allergic diseases based on reports from par-
ticipants rather than those from doctors using diagnos-
tic criteria and objective methods, which could be a
limitation of this study. Fifth, we assessed participants’
acute and preventive treatment; however, detailed
names and dosages of medications were not evaluated.
Acute treatment medications such as ibuprofen,

naproxen, and aspirin can affect platelet aggregation
(39). Given that our findings suggest that platelet
aggregation influences histamine levels, not evaluating
the detailed names and doses of acute treatment med-
ications is a limitation of the present study.

In conclusion, serum histamine levels in individuals
with EM and CM were significantly lower than those in
controls among participants without allergic diseases.
Among the participants with allergic diseases, serum
IgE levels were not significantly different among the
EM, CM, and control groups. However, they negative-
ly correlated with monthly headache frequency. Serum
tryptase levels did not significantly differ among the
EM, CM, and control groups, regardless of allergic
diseases.

Article highlights

significantly lower than those in controls.
participants with allergic diseases.

to the presence of allergic diseases.

e Among participants without allergic diseases, serum histamine levels in participants with EM and CM were
e Serum IgE levels in participants with EM and CM negatively correlated with headache frequency in

e Our findings suggest the involvement of different allergic mechanisms in migraine pathogenesis, according
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