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Abstract

Aim: Chronification of migraine is a serious health problem with difficulties in manage-
ment and is related to increased disability. Inflammation is suggested to have a role in
migraine and its chronification. We aimed to determine whether systemic inflammatory
response tested by serum interleukin-6 (IL-6) levels and obesity were related to migraine
attack frequency.
Materials and Methods: A total of 40 female participants (20 chronic migraine pa-
tients, 10 episodic migraine patients, 10 healthy controls without headache) were included
in the study. None of the migraine patients were on migraine prophylaxis. Episodic mi-
graine patients were evaluated interictally with a 72 hour headache free period before and
after blood collection. Migraine headache frequency, body mass index (BMI) and age of
the patients were recorded. Serum IL-6 levels were measured by ELISA method.
Results: Serum IL-6 levels were significantly elevated in chronic migraine patients com-
pared to episodic migraine patients and healthy controls. Chronic migraine patients were
overweight with a BMI greater than 25 kg/m2. BMI was higher in chronic migraine pa-
tients compared to episodic migraine patients and healthy subjects even though it did not
reach statistical significance. Serum IL-6 levels and BMI were positively correlated with
migraine headache frequency.
Conclusion: Elevated systemic circulating IL-6 levels and BMI were related to an in-
crease in migraine headache frequency. BMI and serum IL-6 levels seem to be risk factors
for chronic migraine in women. Strategies to reduce inflammation and obesity must be
integrated to the treatment of chronic migraine. Identification of modifiable risk factors
for chronification of migraine is crucial for sustainable treatment of migraine.

Copyright © 2023 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction

Migraine chronification is an important problem in current
neurology practice. It is harder to treat chronic migraine
patients and new options for the management and modi-
fication of the course of the disease are required. Neuro-
genic inflammation is suggested to have a pivotal role in
migraine pathophysiology and migraine chronification. In
various neurological diseases, systemic inflammation has
been shown to effect neurogenic inflammation. However,
studies on the role of systemic inflammation in migraine
pathophysiology and migraine chronification are still in-
adequate. Interleukin-6 (IL-6) is a pro-inflammatory cy-
tokine that has an essential role in immune response and
is targeted in various inflammatory disorders [1]. IL-6 has
been also implicated to have a role in migraine, especially
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in migraine animal models. IL-6 has been shown to stim-
ulate and sensitize meningeal nociceptors. Dural applica-
tion of IL-6 has been shown to lead to facial and hindpaw
allodynia in rodents [2-5]. Moreover, following the appli-
cation of IL-6 to the dura mater, the rats even responded
to subthreshold triggers including CGRP and decreased
pH suggesting a heightened susceptibility to triggers [4,
5]. Decreased nociceptive responses such as decreased me-
chanical allodynia have been shown in IL-6 knock-out mice
[6, 7]. IL-6 was also demonstrated to be elevated in the
internal jugular blood of migraine without aura patients
during a migraine attack [8].

Obesity is suggested to be a risk factor for chronic mi-
graine. Even overweighted patients (body mass index
greater than 25 kg/m2) were reported to have increased
risk of chronic headaches compared to normal weighted
subjects [9].

In this preliminary study, we aimed to test the hypothesis
1149

https://annalsmedres.org/index.php/aomr/article/view/4534
https://annalsmedres.org/index.php/aomr/issue/view/181
https://www.annalsmedres.org
https://orcid.org/0000-0002-7964-2676
https://orcid.org/0000-0002-3357-7733
https://doi.org/10.5455/annalsmedres.2023.08.226
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://orcid.org/0000-0002-3357-7733


Vuralli D. et al. Original Article 2023;30(9):1149–1152

that higher body mass index (BMI) and elevated IL-6 lev-
els have a role in increased migraine attack frequency. We
evaluated serum IL-6 levels and BMI in woman migraneurs
(both episodic and chronic migraine patients) and healthy
controls without headache. Also, we assessed possible cor-
relations between IL-6 levels, BMI, migraine headache fre-
quency (migraine days/month) and age of the patients.

Materials and Methods
Episodic and chronic migraine patients were recruited from
Gazi University Faculty of Medicine, Department of Neu-
rology and Algology, Headache Unit. The episodic and
chronic migraine patients were included if 1) they were
aged between 18-65 years and 2) they were diagnosed with
episodic or chronic migraine according to International
Classification of Headache Disorders 3rd Edition and 3)
they were not using any prophylactic migraine treatment.
The healthy subjects were included if 1) they were aged be-
tween 18-65 years and 2) they had no history of headache.
Exclusion criteria for were all subjects were 1) having any
other neurological disease or chronic disease 2) regular use
of any medications, 3) use of alcohol or any other drugs
and 4) presence of any major psychiatric disorder.
Serum IL-6 was assessed using enzyme-linked immunosor-
bent assay (ELISA) following blood sample collection from
both the patients and healthy controls and after centrifu-
gation of the blood samples. The blood samples were col-
lected in the interictal period (headache free 72 hours be-
fore and after the blood collection) in episodic migraine
patients. Serum samples were kept at -80°C until test-
ing. The study was performed according to the standards
set by Declaration of Helsinki and it was approved by the
local ethics committee (Gazi University Clinical Research
Ethical Committee, E-22-143).

Enzyme-Linked Immuno Sorbent Assay (ELISA)
Serum IL-6 levels were measured using high-sensitivity
ELISA kit from Elabscience Biotechnology Inc., Houston,
TX, USA. On the of day of testing, all of the reagents
were brought to room temperature. Reference standards
were diluted according to the instructions of the manu-
facturer. Wash buffers were prepared by adding distilled
water to the concentrated wash buffers. Serum IL-6 was
measured according to the kit procedure. Combiwash Hu-
man ELISA plate washer was used for washing operations.
Enzyme substrate reaction was terminated by adding stop
solution and the color turned yellow. Optical densities of
the wells were measured with Chromate reader at 450 nm.

Statistical analysis
The data were analysed using SPSS 22.0 for Windows soft-
ware. Descriptive statistics were reported as mean ± stan-
dard deviation and the categorical variables were shown as
frequencies and percentages (%). Normalisation of data
was assessed by Kolmogrov-Smirnov test. Analysis of con-
tinuous variables was performed with one-way ANOVA
when there were three independent groups and with inde-
pendent samples T test when there were two independent
groups. Post-hoc multiple comparisons were carried out
with Šidák’s multiple comparisons test. Possible correla-
tions between serum IL-6 levels, migraine frequency, age

and BMI were evaluated with Pearson’s correlation analy-
sis. A p value of less than 0.05 was considered statistically
significant.

Results
Forty female subjects (20 chronic migraine patients, 10
episodic migraine patients and 10 healthy volunteers) who
met the inclusion critera and agreed to participate were
included in the study. Mean age was 39.4 ± 7.5 in chronic
migraine patients, 37.8 ± 8.2 in episodic migraine patients
and 37.6 ± 10.0 in healthy controls (p = 0.83). Migraine
frequency was 21.5 ± 6.1 days/month in chronic migraine
patients and 3.4 ± 2.5 days/month in episodic migraine
patients (p < 0.001). Mean BMI values were 26.5 ± 3.0
kg/m2 in chronic migraine patients, 24.8 ± 2.8 kg/m2 in
episodic migraine patients and 24.8 ± 2.7 kg/m2 in healthy
subjects (p = 0.2) (Figure 1). Mean serum IL-6 levels were
6.3 ± 3.0 pg/ml in chronic migraine patients, 2.6 ± 1.3
pg/ml in episodic migraine patients and 3.2 ± 1.8 pg/ml in
healthy controls (Figure 2). Serum IL-6 levels were signif-
icantly higher in the chronic migraine patients compared

Figure 1. Mean BMI values were 24.8 ± 2.7 kg/m2 in
healthy controls, 24.8 ± 2.8 kg/m2 in episodic migraine
patients and 26.5 ± 3.0 kg/m2 in chronic migraine patients
(p = 0.2).

Figure 2. Serum IL-6 levels were significantly higher in
chronic migraine patients compared to episodic migraine
patients (p = 0.001) and healthy controls (p = 0.006) and
similar between episodic migraine patients and healthy
controls (p = 0.095). * p<0.05.
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to episodic migraine patients and healthy controls (p =
0.001 and p = 0.006, respectively) (Figure 2). Serum IL-6
levels were comparable between episodic migraine patients
and healthy controls (p = 0.95). There was a positive cor-
relation between IL-6 levels and migraine frequency (r =
0.65). BMI was also positively correlated with migraine
frequency (r = 0.42). There were no correlations between
IL-6 levels, BMI and age of the patients.

Discussion
Elevated serum IL-6 levels were shown in chronic mi-
graine patients compared to episodic migraine patients and
healthy subjects. BMI was higher in chronic migraine pa-
tients even though it did not reach statistical significance.
Notably, chronic migraine patients had a mean BMI of >25
kg/m2 compatible with overweight definition. Serum IL-6
levels were positively correlated with migraine frequency,
as migraine headache days/month increased, serum IL-6
levels increased. We also showed that there was a moder-
ately positive correlation between BMI and migraine fre-
quency.
There are conflicting results in the literature regarding
serum IL-6 levels in episodic migraine patients during the
attacks and interictally. In one study, serum IL-6 lev-
els were similar between episodic migraine patients and
healthy controls and there was no difference between ictal
and interictal serum IL-6 levels in episodic migraine pa-
tients [10]. In a study where blood samples were taken
from internal jugular vein via a catheter, augmented IL-6
levels were shown during a migraine attack compared to
interictal period however, there were no healthy controls in
this study due to ethical reasons [8]. In another previous
study, serum IL-6 levels were reported to be significantly
higher in chronic migraine patients compared to episodic
migraine patients and healthy subjects. In the same study,
higher serum IL-6 levels were shown in episodic migraine
patients compared to healthy controls [11], however, in
that study, presence of a headache-free period 72 hours
before and after the blood sample collection in episodic
migraine patients was not provided. We detected compa-
rable serum IL-6 levels in episodic migraine patients and
healthy subjects. This could be due to the fact that we
defined interictal period by questioning the presence of a
72 hour headache free period, since serum IL-6 levels could
be also affected during pre-ictal and post-ictal phases.
Similar to our study, a preceding study showed that to-
tal body obesity and abdominal obesity were associated
with higher prevalence of migraine and increased migraine
frequency [12]. Total body obesity was associated with
migraine independent of abdominal obesity however not
vice-versa [12]. In another study, patients with BMI >
25 kg/m2 had an enhanced relative risk of having chronic
headache compared to subjects with normal weight [9].
Suggested mechanisms that underly obesity and migraine
chronification are metabolic and hormonal activity of adi-
pose tissue, augmented release of pro-inflammatory cy-
tokines, inflammation and dysregulation of hypothalamic
function [13-16]. Increased BMI is usually associated with
metabolic syndrome and elevated insulin resistance that
may also contribute to systemic inflmmation and increased
IL-6 levels. Future studies performed in larger populations

are needed to investigate this relationship.
Strengths of our study are that we only included chronic
migraine patients who did not use any prophylactic med-
ications during the study period and we assured that the
episodic migraine patients were evaluated interictally by
defining the 72 hour headache-free duration before and af-
ter the blood sample collection. Migraine is commonly
seen in women and by including only female patients we
excluded factors related to sexual dimorphism. Limita-
tion of our study is that since this is a preliminary study,
we conducted the study in a limited number of patients.
Also, we focused on the role of circulating IL-6 levels and
BMI in migraine chronification, therefore, other parame-
ters associated with BMI and inflammation were not eval-
uated. Further investigations extensively including all of
these parameters will enlighten their role in pathophysiol-
ogy of migraine chronification.

Conclusion
Chronic migraine management is challenging and modifi-
able risk factors must be defined in order to increase the
success of the treatment. We demonstrated that increased
migraine attack frequency is associated with elevated sys-
temic IL-6 levels and higher BMI in female migraneurs.
New strategies to reduce systemic inflammation and im-
prove metabolic health must be integrated to chronic mi-
graine treatment to reach sustainability in management.
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