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Purpose: The relationship between food allergy caused by food specific IgG antibodies and
migraine has received increased attention in recent years. Here, we aimed to evaluate the
effects of food specific IgG antibodies on headache, gastrointestinal symptoms, anxiety,
depression, sleep disorders, dermatosis, and serum inflammatory cytokines in migraine
patients, and to quantitatively assess the effect of IgG levels on the severity of headache
and its comorbidities.

Methods: Of 89 migraine patients, those who had one or more food specific IgG antibodies
>50 U/mL were classified into the IgG positive group, which was then further divided into
subgroups based on differing numbers of food allergens. All other subjects were classified
into the IgG negative group. We compared the frequency and severity of migraine, anxiety,
depression, sleep disorders, dermatosis, and inflammatory cytokines between groups.
A regression model was performed to further assess the effect of overall positive IgG
concentration and the mediation effect of inflammatory cytokines.

Results: Participants in the positive IgG group (n = 67) were more likely to have longer time
elapsed since diagnosis, more frequent and severe migraine, a higher risk of developing
anxiety and gastrointestinal symptoms, along with higher IL-6 and TNF-a. Subgroups with
more food allergens generally had worse conditions as well. After adjusting for the inflam-
matory cytokines, the effect of IgG was reduced.

Conclusion: Migraine patients with positive food specific IgG antibodies had worse
migraine, anxiety, and gastrointestinal symptoms. Inflammatory cytokines partially mediate
the causal pathway between food specific IgG antibodies, migraine, and migraine
comorbidities.

Keywords: migraine, food, immunoglobulin G antibody, gastrointestinal symptoms, anxiety,
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Introduction

Migraine is a recurrent headache disease often characterized by a pulsing sensation,
and is associated with a variety of comorbidities including gastrointestinal disor-
ders, neuropsychiatric disorders (ie, anxiety, depression, suicide ideation) etc.’
These symptoms may have a dramatic negative impact on one’s quality of life
and thus might be classified as a type of disability, especially when symptoms
interfere with the person’s daily activities. Many epidemiological studies have
revealed a high prevalence of migraine and its accompanied disorders, as well as
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a burden on individuals and society.>* Based on
a systematic review involving 19 population-based studies
from 17 countries, the aggregate weighted estimates pre-
valence of definite and suspected migraines over a 12-
month period was 18.5%.° Migraine attacks can be asso-
ciated with a wvariety of factors, including dietary
consumption.®’ Allergies mediated by food specific IgG
antibodies can cause chronic aseptic inflammation in many
systems of the body.® High circulating serum concentra-
tions of some IgG antibodies have been measured in
certain atopic individuals.” The relationship between food
allergy caused by specific IgG positive food and migraine
has received increased attention.'” Some scholars have
proposed that IgG may be a biomarker used to identify
foods related to enhanced inflammatory response in vivo,
which has been suggested as a crucial role in migraine
mechanism and pathology.'''?

Proinflammatory cytokines, interleukin-6 (IL-6) and
tumor necrosis factor-a (TNF-a), are considered to be the

14,15

inducers of visceral pain; migraine patients have been

shown to have higher serum levels of IL-6 and TNF-q..'®!”
Interleukin-10 (IL-10) is a potent anti-inflammatory cyto-
kine which has been demonstrated to inhibit the produc-
tion of inflammatory cytokines and attenuate the
inflammatory signaling pathway.'® Though the connection
between migraine and inflammatory cytokines has been
reported,'® there are no published studies that quantita-
tively evaluate the correlation between inflammatory cyto-
kines and food specific IgG antibodies in migraine
patients.

The aim of this study was to evaluate the effects of food
specific IgG antibodies on headaches, gastrointestinal symp-
toms, anxiety, depression, sleep disorders, dermatosis, and
serum inflammatory cytokines (IL-6, IL-10 and TNF-a), and
to explore the quantitative correlation between the concen-
tration and types of serum positive food specific IgG anti-
bodies and symptom scores and the levels of inflammatory
cytokines in migraine patients. The findings from this study
may improve the integration of evidence regarding the
mechanisms of migraine and provide new insights for
migraine prevention strategies and treatment plans.

Methods

Participants
This cross-sectional study involved participants with
a neurologist-confirmed migraine diagnosis defined by The

International Classification of Headache Disorders, 3rd

edition (ICHD-3)." All participants were recruited during
their visit to the Health Center of Screening and Prevention
of Diseases of the First affiliated Hospital of Harbin Medical
University, between October 2020 and February 2021.
Participants were screened for study eligibility, inclusion
criteria were: 1) female or male ages 18 to 62; 2) minimum
six months’ time elapsed since migraine diagnosis; and 3)
two or more migraine attacks in the past 30 days. Participants
whose headaches were caused by another diagnosed disease
were excluded (ie, hypertension, stroke, infectious disease,
malignant/benign tumors, mental health disorders), partici-
pants were also excluded if they had a peptic ulcer, and
currently used immunosuppressive drugs.

The ethics and protocol of this research study were
assessed and approved by the Ethics committee of the
First Affiliated Hospital of Harbin Medical University
(N0.201829). This study was conducted in accordance
with the Declaration of Helsinki. We
research protocol and the potential risks with each partici-

discussed the

pant, all participants provided written informed consent.
This study has been registered in the Chinese Clinical Trial
Registry (Registration number: ChiCTR2000039278).

Data Collection
A general Health Questionnaire was completed by a trained
survey coordinator. Demographic information and past med-
ical history related to migraine were gathered. The major
information in this instrument included: 1) age; 2) gender; 3)
body height (cm), body weight (kg), and body mass index
(BMI), calculated as weight (in kg)/ height’ (in m?); 4)
migraine with or without aura; 5) episodic migraine or
chronic migraine; 6) time elapsed since initial migraine diag-
nosis. To collect the information regarding the headache
frequency and average pain intensity, participants were
asked to complete the Migraine Disability Assessment ques-
tionnaire (MIDAS), with two supplemental questions: “On
how many days in the last 3 months did you have a headache
(If a headache lasted more than 1 day, count each day)” and
“On a scale of 0-10, on average how painful were these
headaches? (Where 0 = no pain at all, and 10 = pain as bad
as it can be)” (Visual Analog Scale, VAS).>°

We also assessed the impact of migraine on partici-
pants’ daily activity, ability to work, quality of life, depres-
sion, anxiety, sleep quality, and gastrointestinal symptoms
through the following five questionnaires: 1) Headache
Impact Test-6 (HIT-6), scores range from 36 to 78, with
higher scores indicating greater adverse impact; 2)
Migraine-Specific Quality of Life Questionnaire version
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2.1 (MSQ v2.1), with raw dimension scores ranging from
14 to 84, higher scores indicating worse health status;?' 3)
Self-Rating Anxiety Scale (SAS), with an index score
ranging from 25 to 100, a score > 50 is defined as experi-
encing anxiety; 4) Self-Rating Depression Scale (SDS)
which has a similar scoring structure as SAS, and an
index score > 50 is defined as experiencing depression;*
5) Pittsburgh Sleep Quality Index (PSQI) with questions
related to bed partners removed, a PSQI > 8 is defined as
poor sleep quality;*® and 6) Gastrointestinal Symptom
Rating Scale (GSRS).?* Participants’ dermatosis was diag-
nosed by an experienced dermatologist.

Sample Collection and Measurements
Blood Sample

A fasting 5 mL venous blood sample was drawn from an
antecubital vein from each participant, using serum separator
tube. The whole undisturbed blood samples were allowed to
clot at room temperature for two hours, and were then cen-
trifuged for 20 min at 1000 xg. The supernatant of the serum
was stored at —80 degrees Celsius.

Food Specific IgG Antibodies

We used enzyme-linked immunosorbent assays (ELISA) to
measure the concentration of 14 food specific IgG antibodies
(Bioeurope GmbH, Germany). A standard curve was gener-
ated for each targeted IgG antibody by plotting the mean
absorbance as the Y axis against the IgG concentration as
X axis. The procedure was optimized by using negative con-
trol, the concentration of IgG was calculated based on the
standard curve. According to the manufacturer’s recommenda-
tions, all concentrations >50 u/mL were considered a positive
reaction to a certain food. Based on the results, participants
were assigned to the IgG positive group if at least one food
specific IgG antibody was positive, otherwise, they were
assigned to the IgG negative group. Each participant assigned
to the IgG positive group was categorized into subgroups, one
positive food allergen, two positive food allergens, and three or
more positive food allergens. IgG concentrations were
summed up as a total positive IgG, if any IgG concentration
> 50 u/mL.

IL-6, IL-10, and TNF-a

The concentrations of IL-6, IL-10, and TNF-a were mea-
sured using ELISA kits purchased from BIM (San
1.5 pg/mL-48 pg/mL),
Shanghai Hengyuan Biological Technology Co. Ltd
10 ng/L-400 ng/L), and BIM (San

Francisco, CA, Assay range:

(assay range:

Francisco, CA, assay range: 2.5 pg/mL-80 pg/mL),
respectively. The procedures were similar as described
before. All ELISA assays performed using
Biochrom Anthos 2010 Microplate Reader.

were

Statistical Analysis

We checked the distribution, outliers, and missingness for the
food specific IgG antibodies, three inflammatory cytokines,
and data collected from the questionnaires. Data with highly
skewed distributions would be log-transformed to be less
skewed data. Descriptive statistics were used to compare
between (1) the groups with different numbers of food aller-
gens; and (2) positive and negative IgG groups. The continuous
and frequency data were described using mean + SD and
proportion (95% CI), respectively. Chi-squared was used to
test the difference of the proportions between groups. For the
continuous data, the independent sample #-test was conducted
if the comparison involved two groups, while ANOVA was
used when more than two groups were involved (ie, groups
with different number of food allergens).

Consequently, we built a multivariate linear and logistic
regression model to further assess the association between each
outcome variable of migraine and the related comorbidities
with IgG concentration. We then included the three inflamma-
tory cytokines in the regression model to assess the potential
mediation effect of the inflammatory cytokines in the associa-
tion between /IgG levels and migraine/commodities. The odds
ratio (OR) and the 95% CI were reported. The regression
analysis was only performed within the group with positive
IgG. Data were analyzed using SAS 9.4.%°

Results

The sample comprised of 89 eligible participants, the
majority was female (60 vs 29) with a mean age of 40.3
years (SD = 9.2). Average BMI was 23.5 (SD = 3.7). The
time elapsed since initial diagnosis ranged from 12 to 540
months, the median time was 72 months, with 12.4% of
the patients reporting chronic headache.

Serum Food Specific IgG Antibodies

IgG antibodies, of varying concentrations, were detected in all
participants, 22 of whom were assigned to the IgG negative
group, with no food specific IgG concentrations > 50 u/mL
(24.7%) and 67 participants had at least one food specific [gG >
50 w/mL and were thus classified to the IgG positive group
(75.3%). Participants with one, two, and three or more positive
food specific IgG antibodies accounted for 36 (53.7%), 23
(34.3%), and 8 (11.9%) positive IgG participants, respectively.
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We found that the top two most prevalent food allergens were
eggs and cow’s milk. Among the 67 participants in the positive
group, 43.3% had positive egg specific IgG and 26.9% had
positive cow’s milk specific IgG. While rice was found to have
the lowest frequency of positive cases (Figure 1). For partici-
pants in the positive IgG group, total positive IgG concentra-
tions ranged from 54.3 to 577.4 U/mL, withamean of 212.4 U/
mL (STD = 153.9 U/mL), and a median of 178.5 U/mL.

Characteristics Between the IgG Positive
and Negative Groups, and Groups with

Different Numbers of Food Allergens

Demographic characteristics, migraine characteristics,

migraine-related comorbidities, and inflammatory cytokines

were compared between the different IgG groups, as seen in
Table 1. Demographic characteristics did not significantly
differ between the IgG positive and negative groups, nor
among the three IgG positive subgroups. Compared to the
negative group the time elapsed since diagnosis was signifi-
cantly longer, additionally, the scores of MIDAS, HIT-6,
MSQ, GSRS and SAS were higher for the participants in
the IgG positive group. This relationship was also seen with
the concentrations of IL-6 and TNF- o, with a higher con-
centration seen among the IgG positive group. This consis-
tent pattern was observed within the IgG positive group, that
is, subgroups with more food allergens generally had worse
conditions of migraine (including chronic migraine and the
frequency of the migraine attacks), GSRS scores and higher
levels of IL-6 and TNF-a.

Frequency of the Food Specific Positve IgG

Egg

Cow's milk
Shrimp
Codfish
Crab
Chicken
Beef

Corn

Food Allergens

Mushroom
Pork
Tomato
Soybean
Wheat

Rice

0 5 10

15 20 25 30
Frequency of the Food Allergens

Figure | The frequency of the allergenic foods among 67 participants with positive IgG.
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Table 1 Comparison of the Participants’ Characteristics Between Different Food Specific IgG Groups
Characteristics® IgG Negative IgG Positive p value®
(n =22) Overall With | With 2 With >3 p value®
(n =67) Allergen Allergens Allergens
(n=36) (n=23) (n=8)

Age 427 (10.4) 39.6 (8.8) 41.3 (9.6) 38.3 (7.6) 35.8 (6.8) 0.19 0.21
Gender (%Male) 45.5% 28.4% 30.6% 34.8% 0 0.18 0.19
BMI (kg/m?) 227 (2.8) 23.8 (3.9) 24.1 (3.7) 23.1 3.9) 24.6 (4.6) 0.53 0.17
With aura 4.6% 16.4% 8.3% 34.8% 0 0.017 0.28
Chronic migraine 4.6% 14.9% 8.3% 13.0% 50% 0.023 0.28
Time elapsed since diagnosis 61.0 (44.1) 107.8 (94.4) | 109.7 (113.5) 107.8 (70.3) 99.5 (63.6) 0.96 0.0024
(months)
MIDAS 333 (15.6) 505 (35.7) | 40.6 (23.1) 57.1 (37.2) 763 (59.9) 0.019 0.0023
Days with migraine in past 12 15.5 (17.2) 22.0 (19.4) 17.1 (13.2) 22.1 (16.7) 44.0 (33.5) 0.001 | 0.14
weeks
VAS 6.5 (1.5) 7.1 (1.3) 6.9 (1.5) 72(12) 75 (I.1) 0.37 0.13
HIT-6 57.9 (5.5) 61.7 (6.1) 59.9 (6.5) 63.1 (4.5) 65.8 (6.0) 0.019 0.0095
Days with migraine in past 4 49 (5.3) 7.5 (6.5) 6.3 (4.9) 6.9 (5.1) 14.6 (11.5) 0.0030 0.070
weeks
MSQ 252 (11.3) 325 (12.8) | 286 (11.6) 35.4 (12.8) 414 (12.5) 0.013 0015
GSRS 26.9 (6.4) 31.6 (11.0) 283 (8.1) 31.7 (8.9) 459 (16.7) <0.0001 | o0.0I8
SDS 40.1 (107) | 43.5(11.0) 426 (9.5) 43.1 (10.7) 4838 (17.2) 036 0.2l

Depression (%) 18.2% 28.4% 22.2% 30.4% 50% 0.25 0.41
SAS 388 (7.7) 432 (10.5) 42,0 8.1) 437 (9.3) 475 (20.2) 039 0.039

Anxiety (%) 13.6% 23.9% 16.7% 34.8% 25% 0.33 0.38
PSQI 7.4 (3.5) 8.0 (3.5) 8.1 (3.0) 7.7 (3.5) 85 (5.3) 0.84 0.50

Poor sleeping (%) 45.5% 46.3% 50% 43.5% 37.5% 0.83 1.0
Dermatosis (%) 22.7% 37.9% 27.8% 63.6% 12.5% 0.0081 0.30
IL-6 (pg/mL) 8.6 (3.9) 12,6 (7.1) 10.0 (5.1) 13.8 (5.2) 20.5 (11.9) 0.0002 | 0.0013
IL-10 (ng/L) 173.2 (78.3) | 136.4 (96.0) | 159.7 (95.2) 121.0 (99.8) 75.9 (51.0) 0.050 0.078
TNF-a (pg/mL) 12,0 (5.4) 203 (12.1) 15.3 (6.4) 235 (11.7) 33.5 (19.5) <0.0001 | <0.0001

Notes: *Numeric data were described using mean (STD) and categorical data were described by proportion. ®p values were obtained from ANOVA global test and Fisher’s
exact test for the numeric and categorical data, respectively, for comparing the difference among three subgroups with different numbers of food specific allergens. “p values
were from two independent t-tests and Fisher’s exact test for the continuous and categorical data, respectively, for comparing the difference between the IgG positive group

vs IgG negative group.

Abbreviations: BMI, body mass index; MIDAS, Migraine Disability Assessment questionnaire; VAS, Visual Analog Scale; HIT-6, Headache Impact Test-6; MSQ, Migraine-
Specific Quality of Life Questionnaire; GSRS, Gastrointestinal Symptom Rating Scale; SDS, Self-Rating Depression Scale; SAS, Self-Rating Anxiety Scale; PSQI, Pittsburgh
Sleep Quality Index; IL-6, interleukin-6; IL-10, interleukin-10; TNF-q, tumor necrosis factor-o.

Characteristics of the IgG Positive Group,

and the Association Between Migraine and
Comorbidities and the Overall Positive IgG
Concentration Before and After Adjusting

for the Inflammatory Cytokines
Significant positive associations were observed between the
IgG concentration and MIDAS score (p<0.0001), number of

days with a migraine in the previous 12 and 4 weeks

(p<0.0001 and p = 0.0001), and GSRS scores (p = 0.0002).
With the exception of the GSRS score, after adjusting for the
ratio of IL-6 to IL-10, and TNF-q, the strength of the associa-
tion between the IgG level and each of the outcomes pre-
viously mentioned tended to decrease. In other words, the
coefficients of the IgG concentration were reduced. Higher
IgG was also found to be related to slightly higher odds of
having chronic migraine instead of episodic migraine (OR =

1.08, p = 0.0015). This association became non-significant
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after including inflammatory factors in the model, though the
OR remained relatively unchanged (Table 2).

Discussion
This is the first clinical evidence about food allergy mediated
by food specific IgG antibodies of migraine patients in
northern China, all 89 participants in this study were from
Harbin, which is the capital city with the highest latitude in
China. Milk and eggs were found to have the highest IgG
antibodies positive rate in the study, these foods are included
in the daily diet of local residents. These animal products
have strong sensitization, along with being exposed in early
life and frequent consumption, leads to the ability to accu-
mulate high levels of serum IgG antibodies in the body and
produce chronic antigen antibody reactions.”®

This study was the first to evaluate the effect of food
allergy mediated by food specific IgG antibodies on migraine

and its comorbidities by analyzing the numbers of IgG posi-
tive foods and overall positive IgG levels. The consumption
of sensitized allergenic food triggers specific IgG antibodies
that are produced by the immune system; those combined
with the allergens form an immune complex, this process
could activate multisystem inflammatory reactions,?” includ-
ing migraine, depression, anxiety, sleep disorders, irritable
bowel syndrome, eosinophilic GI diseases (EGIDs), allergic
proctocolitis (AP), urticaria, and eczema.?*=°

Some scholars have proposed the potential use of IgG
as a biomarker to identify foods linked to an increased
inflammatory response, which in turn may be linked to
migraine headaches.'” The hyperinflammatory state is
enhanced, manifested by the increased concentration of
proinflammatory cytokines, which promotes the activation
of the trigeminal nerve. A growing body of evidence has

shown that intracranial meningeal neuroinflammation is

Table 2 The Association Between Migraine and Comorbidities and the Overall Positive IgG Concentration Before and After Adjusting

for the Inflammatory Cytokines

Migraine and Comorbidities Coefficient (95% CI)?

Not Adjusting for IL-6, IL-10, and p value Adjusting for IL-6, IL-10, and p value

TNF-a TNF-a
Time elapsed since diagnosis 0.58 (—0.94, 2.09) 0.45 0.36 (—2.26, 2.99) 0.78
(months)
MIDAS 1.31 (0.84, 1.78) <0.0001 0.63(—0.17, 1.42) 0.12
Days with migraine in past 12 0.70 (0.44, 0.96) <0.0001 0.53 (0.14, 0.91) 0.0083
weeks
VAS 0.002 (-0.019,0.023) 0.85 0.011 (-0.026, 0.048) 0.55
HIT-6 0.084 (-0.011, 0.18) 0.083 0.0049 (-0.16, 0.17) 0.95
Days with migraine in past 4 weeks 0.19 (0.099, 0.29) 0.0001 0.15 (0.0074, 0.29) 0.04
MSQ 0.18 (-0.020, 0.38) 0.077 —0.022 (-0.36, 0.31) 0.89
GSRS 0.31 (0.16, 0.47) 0.0002 0.36 (0.11, 0.62) 0.0053
SDS 0.17 (-0.00061, 0.34) 0.051 0.16 (-0.13, 0.44) 0.27
SAS 0.14 (-0.024, 0.31) 0.093 0.13 (-0.12, 0.38) 0.32
PSQI —0.0084 (—0.064, 0.047) 0.76 0.01 (-0.084, 0.10) 0.83
OR (95% CI)*
Not Adjusting for IL-6, IL-10, and p value Adjusting for IL-6, IL-10, and p value
TNF-a TNF-a

With aura 1.003 (0.96, 1.05) 091 1.00 (0.93, 1.07) 0.97
Chronic migraine 1.08 (1.03, 1.13) 0.0015 1.07 (0.99, 1.16) 0.099
Depression 1.03 (0.99, 1.06) 0.11 0.99 (0.93, 1.06) 0.75
Anxiety 1.01 (0.98, 1.05) 0.48 0.98 (0.91, 1.06) 0.59
Poor sleeping 0.98 (0.95, 1.01) 0.22 1.01 (0.95, 1.07) 0.84
Dermatosis 1.01 (0.98, 1.05) 0.42 0.99 (0.94, 1.05) 0.75

Note: *Associations were all reported as every 10 u/mL increase in the overall positive IgG level.
Abbreviations: MIDAS, Migraine Disability Assessment questionnaire; VAS, Visual Analog Scale; HIT-6, Headache Impact Test-6; MSQ, Migraine-Specific Quality of Life
Questionnaire; GSRS, Gastrointestinal Symptom Rating Scale; SDS, Self-Rating Depression Scale; SAS, Self-Rating Anxiety Scale; PSQI, Pittsburgh Sleep Quality Index; IL-6,

interleukin-6; IL-10, interleukin-10; TNF-a, tumor necrosis factor-o.
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a crucial factor leading to the increased sensitivity of
trigeminal nociceptors in migraine patients.’>*' In this
study, migraineurs with an increased number of positive
food allergens and/or higher overall positive IgG concen-
tration had poorer disability measurements and greater
related functional impairments, quality of life, disability
questionnaire results, and slightly greater odds of having
chronic migraine, likely related to inflammation triggered
by food specific IgG antibodies and a variety of inflam-
matory factors produced in this process.

We also found that the GSRS score of the IgG positive
group was higher than that for the IgG negative group.
Moreover, a significant positive association was observed
between not only MIDAS scores but also GSRS scores
and the positive IgG concentration. After adjusting for the
ratio of IL-6 to IL-10, and TNF-a, the coefficients of the
positive IgG concentration were reduced. Migraine can
often be accompanied by aura of the gastrointestinal (GI)
and autonomic nervous symptoms, such as nausea and
vomiting. Previous studies on the relationship between
migraine and GI disease found that GI disorders have
high comorbidity with migraine.>**> Mechanisms explain-
ing how the gut and the brain may interact in patients with
migraine may be explained by the gut-brain axis. The
interaction between the gut and the brain seems to be
influenced by multiple factors such as inflammatory med-
iators (IL-1B, IL-6, IL-8, and TNF-a), gut microbiota
profile, and nutritional substances.>® A clinical trial in
patients with migraine and irritable bowel syndrome also
confirms this view. Food specific allergens were identified
by measuring the serum IgG antibodies, then an elimina-
tion diet was implemented to avoid the identified aller-
genic foods, removal of these foods resulted in the
alleviation of migraine and IBS disease symptoms.'?

In addition to migraine conditions, anxiety index scores
(SAS) in the positive IgG group were significantly higher
than that in negative IgG group, along with a higher pre-
valence of anxiety disorders. Rammohan et al proposed
that the association between migraine, psychiatric comor-
bidities, and sleep disorders might be explained by the
migraine neuro-limbic theory, which suggests that the
central sensitization process might be responsible for the
threshold changes in pain sensibility. Long-term, repeated,
severe migraine attacks, anxiety, depression, sleep disor-
ders, and other mental and psychological symptoms are
mutually causal and reinforcing, promoting a vicious
cycle.? Nevertheless, our study found an unanticipated
nonsignificant difference in depression and sleep disorder

between the IgG positive and negative groups. Mercante
et al reported nearly half of their subjects presented with
a triple diagnosis of anxiety, primary headaches, and
depression. The results found supported the progressive
disorder model in which anxiety disorders, often at
a young age, proceeds to migraine and is followed by
depressive episodes in adulthood.>* Therefore, we specu-
late that more promising results may be obtained with
longer observation time and more migraine cases.

Additionally, we observed that participants in the IgG
positive group were more likely to experience dermatosis
than the IgG negative group, though these differences were
not statistically significant. The “aseptic inflammation” state
of food allergy mediated by IgG may lead to the release of
neuropeptides and inflammatory factors, leading to vasodila-
tion, plasma extravasation secondary to capillary leakage,
edema, and mast cell degranulation,®® resulting in allergy-
related skin diseases such as urticaria and eczema.

In this study, levels of IL-6 and TNF-a in the IgG positive
group were higher than those in the IgG negative group, the
association between IgG and MIDAS lost the significance
after including the ratio of IL-6 to IL-10 and TNF-a in the
model, which indicated that these three inflammatory cyto-
kines might partially mediate the causal pathway between
food
Cytokines play an important role in the inflammation process

specific IgG and migraine frequency/intensity.

and mediation of pain sensation of migraine patients. These
have been reported to be involved in the modulation of pain
threshold, by promoting or suppressing the sensitization of
trigeminal nerve fibers.'®*> A number of studies have found
a pro-inflammatory state in chronic migraine and episodic
migraine patients, compared with the healthy controls, which
has been demonstrated by an increased concentration of pro-
inflammatory cytokines including TNF-o. and IL-6.'®"
Togha et al also noted that headache is more likely to be
chronic with increased levels of inflammatory factors.!” We
hypothesized that increased levels of pro-inflammatory cyto-
kines such as TNF-a and IL-6 are probable indicators of
a low grade chronic inflammatory state caused by IgG
mediated food allergy.

However, there was no significant difference in the level
of IL-10 between the two groups, despite the IgG positive
group averaging a lower IL-10. In fact, the level of IL-10 in
migraine patients is inconsistent with previously published
studies. Perini et al found that the plasma concentration of IL-
10 in migraine patients was similar to that in healthy
participants,*® but other research reported lower IL-10, com-
pared to healthy participants.®”** Oliveira et al suggested that
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fluctuating IL-10 levels may be associated with head pain
and higher psychiatric comorbidities /symptoms. IL-10 is an
effective inhibitor of pro-inflammatory cytokines, which can
promote antinociception and prevent depressive-like/anxiety
behaviors. In addition, IL-10 is a cytokine produced by
helper T2 cells (Th2), and is negatively regulated by TNF-a
and IL-12.%

Our study had strengths but also limitations. First,
participants were enrolled during late fall and winter
time. Corresponding low temperatures during this time
of year result in differing fresh food sources, food proces-
sing, and cooking methods than during the spring and
summer months. Moreover, our study found a higher pre-
valence of depression among participants than other

24
studies,>*°

presumably resulting from the potential
adverse impact of the fall and winter seasons on depres-
sion severity.*! Second, the sample size for this explora-
tory study may not be sufficient, potentially compromising
the power to detect a statistically significant correlation.
The insufficient power was reflected by the lack of sig-
nificant difference in the prevalence of sleep disorders and
dermatosis between the IgG positive and negative groups,
while the effect sizes for these two measurements were
scientifically meaningful. Third, this study was a cross-
sectional study and thus could not establish the direct
casualty between diet and migraine. We expect to conduct
an interventional study in the future to explore the effect of
eliminating IgG positive foods on migraine and the related
comorbidities.

Conclusion

This study shows that positive food specific IgG antibodies
seem to be related to migraine and its comorbidities, and
inflammatory cytokines might partially impact this pro-
cess. Further studies are warranted to reveal the immuno-
logical pathogenesis of migraine and the effect of dietary
modification on migraine.
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