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ABSTRACT 

 

Due to inconclusive findings of previous researches, we aimed to evaluate inflammatory 
state biomarkers in episodic and chronic migraineurs (EM and CM patients) compared to 
headache-free controls in the current study.  

Seventy-one migraine patients and 19 age-sex-matched controls were recruited. After 
obtaining demographic data and recording headache characteristics, blood samples were 
gathered and analyzed to evaluate the serum levels of C-reactive protein(CRP), tumor 
necrosis factor (TNF)-α and interleukin (IL)-6.  

Serum levels of IL-6, CRP and TNF-α were significantly higher among subjects with CM 
than the EM and controls. Further, positive correlations were noted for number of headache 
days/month and serum IL-6 (r=0.53, p<0.001), CRP (r=0.62, p<0.001), and TNF-α (r=0.58, 
p<0.001). 

In sum, according to current findings, a pro-inflammatory state was detected among 
chronic and episodic migraineurs compared to healthy control, as revealed by augmented 
concentrations of pro-inflammatory cytokines (e.g. IL6, CRP, and TNF-α). It was also 
underlined that with increasing levels of inflammatory factors, headaches tended to be more 
chronic. However, in order to confirm the hypothesis that neuroinflammation plays a role in 
migraine pain genesis, long-term cohort studies and well-designed experimental and 
randomized controlled trials are required. 
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INTRODUCTION 

 

Globally, migraine has been identified as the first 
disability cause in those aged less than 50 years old.1  
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It affects more women than men in a proportion of 2-
3:1.2 Episodic migraine (EM) that is diagnosed as 
having migraine headaches in <15 days in a month is 
one of the main categories of migraine. Chronic 
migraine (CM) that is diagnosed as having a headache 
in >15 days a month of which at least 8 days have 
migraine characteristics or response to Triptans, for at 
least 3 months) is another main category of migraine.3 

In spite of much new knowledge about the 
pathophysiology of migraine, the exact mechanisms 
involved in attack initiation are still to be fully 
elucidated. Vascular dysfunction, cortical spreading 
depression (CSD), activation of the trigeminovascular 
system, and neuro-inflammation are some of the most 
studied processes in migraine pathogenesis.4,5 

The trigeminovascular system is believed to be 
involved in the sensitization of peripheral nociceptive 
receptors and also conducting nociceptive information 
from the meninges to the cortex and brain's central 
region.4The onset of headache attacks occurs 
simultaneously with the stimulation of nociceptive 
neurons. Vasoactive neuropeptides including calcitonin 
gene-related peptide (CGRP) and pituitary adenylate 
cyclase-activating peptide (PACAP) are secreted during 
this process. These factors could affect trigeminovascular 
activation and lead to arteries vasodilatation, plasma 
leakage, and mast cell degranulation.4 Moreover, 
inflammatory cytokines are believed to be involved in 
migraine pathogenesis. CSD is suggested to activate 
trigeminal nociceptors and initiate throbbing head pain 
through releasing a number of substances including tumor 
necrosis factor-α (TNF-α), interleukin 1-β (IL-1β), nitric 
oxide (NO), prostaglandins, glutamate, potassium, and 
hydrogen ions.4,5 

Due to the fact that migraine has an augmented 
impact on public health and considering the relatively 
low treatment compliance in migraineurs (because of 
the reported adverse effects of current anti-migraine 
drugs); understanding the exact migraine pathological 
pathways may pave the way for advancing therapeutic 
approaches.6-8 Therefore, it is thought that identification 
of contributing factors to migraine pain genesis and 
applying the proper medications that are able to  
combat these factors could be most effective in 
migraine improvement and minimizing its 
complications.8,9 

In recent decades the impact of meningeal neuro-
inflammation on trigeminal nociceptor sensitization has 
been getting increasing interest, as one of the most 

important pathways related to migraine attack initiation 
or progression.9 Although much effort has been made 
in order to determine inflammatory status in migraine 
patients, there is still considerable uncertainty on this 
area.10-17 In this regard, we previously investigated the 
levels of C-reactive proteins (CRP) and TNF-α in the 
serum of migraineurs and healthy individuals through a 
case-control study.13 It was observed that despite the 
fact that migraineurs had higher TNF-α levels, there 
were not any significant differences in serum CRP 
levels between migraine suffers compared to controls. 
13 Thus, in an additional attempt to broaden current 
knowledge regarding inflammation status in 
migraineurs, we aimed at evaluating levels of 
inflammatory biomarkers (i.e. CRP, TNF-α, and IL-6 
(an indicator for the transition from an acute 
inflammatory state to chronic inflammation12) in 
chronic and episodic migraine patients compared to 
healthy individuals. Further, the correlation between 
the number of headache days were these factors are 
studied in current research. 

 
MATERIALS AND METHODS 

 

Study Population 

Seventy-one migraine patients (44 episodic and 27 
chronic migraineurs) and 19 headache-free controls 
were enrolled in this case-control study from April to 
June 2018. The cases were recruited from a tertiary 
headache clinic at Sina University Hospital and the 
controls were enrolled from healthy age-sex matched 
non-headache volunteers in the general population by 
means of an advertisement asking for voluntary 
participants. All patients were examined by an expert 
headache specialist-neurologist and diagnosis of 
episodic or chronic migraine during at least last six 
months before the research was confirmed according to 
the International Headache Society criteria version III 
(ICHD-III).3 All participants aged between 18 and 45 
years old, had a body mass index (BMI) between 18.5 
and 35 kg/m2, and did not have medication overuse 
headache (MOH). Also, the subjects who did not have 
a medical history of other neurological conditions such 
as epilepsy, Parkinson's disease, multiple sclerosis, 
Alzheimer's disease, inflammatory, infectious, allergic 
or immune diseases, cardiovascular or endocrinological 
diseases, and liver or kidney disorders were enrolled in 
the current study.  

Written informed consent was obtained from  
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all subjects at study entry. The study protocol  
complied with the guidelines of the 2013 version of  
the Helsinki Declaration. It was approved by the 
Iranian Center for Neurological Research institutional  
review board (research number=95-03-54-34008)  
and Ethics Committee of Tehran University of  
Medical Sciences (ethical code 
number=IR.TUMS.VCR.REC.1396.2270). This 
research was supported by a grant (research 
number=95-03-54-34008) from the Iranian Center of 
Neurological Research, Neuroscience Institute, Tehran 
University of Medical Sciences, Tehran, Iran. 
 

Headache Diaries &Visual Analog Scale  
At the first visit, after collecting the required 

information on demographic data, anthropometric 
characteristics, medications, and medical history of 
participants, blood samples were obtained from the 
subjects in the control group. The migraineurs were 
examined by headache specialist-neurologist and 
instructed to fill out a headache diary (designed by 
senior researcher Prof. M.T)18 that was given to all 
patients. In order to collect the information on 
characteristics of headache; including the number of 
headache days, the severity of their headaches and the 
number of analgesics and abortive medications taken 
during the month ahead. The mean severity of 
headaches was measured; using the visual analog scale 
(VAS) scoring system which rates the intensity of pain 
with a score ranging from 0 (almost having no pain) to 
10 (the worst possible pain experienced by the subject). 
During this month, all patients were followed through 
weekly telephone calls. The blood samples were then 
obtained simultaneously with these diaries after 30-day 
at the second visit in a pain-free day in order to collect 
the data on inter-ictal levels of inflammatory markers.   
 

Assessment of Serum Inflammatory Factors 

Blood samples were analyzed for evaluating serum 
levels of Human CRP (ab99995), (from Abcam), TNF-
α (88-7346-22) and Il-6 (88-7066-22) (both from 
eBioscience; Thermo Fisher Scientific, Inc.) applying 
commercial enzyme-linked immunosorbent assay 
(ELISA) kits based on the instruction of the 
manufacturer. All tests were conducted in triplicate. 
 

Sample Size and Statistical Analysis 

The present study sample size was of convenience 
as we did not apply a priori sample size calculation. 

The normality distribution of data was first tested using 
the Kolmogorov–Smirnov test. Due to normal 
distribution, the continuous data were analyzed using 
the independent-sample t-test. Also, the distribution of 
categorical variables between groups was compared; 
using the Chi-square test. Analysis of variance 
(ANOVA) and Bonferroni posthoc t-test was 
performed for comparing the mean values of 
inflammatory factors between two groups of migraine 
patients and the control group. In order to examine the 
correlations between the number of days with headache 
in a month and inflammatory factors, the Pearson 
correlation test was applied and the correlation 
coefficients were noted. Analyses were performed 
using SPSS 21 (IBM Armonk, NW, US) and GraphPad 
Prism version 6 (GraphPad Software, La Jolla 
California USA, www.graphpad.com). The statistical 
significance level was considered as p<0.05 in all 
conducted analyses. 

 

RESULTS 

 

Baseline Characteristics of the Studied Population 

From 19 subjects in the control group with 
mean±standard deviation (SD) age of 36±8 years, 79% 
were women. From 71 patients in the case group with a 
mean±SD age of 38±9 years, 86% were women. The 
mean BMI of the 2 studied groups was 25.31 (4.32) and 
26.16 (4.35) kg/m2, respectively. No significant 
difference were found between the two groups in age, 
sex, and BMI. Of 71 migraine patients, 44 subjects had 
EM and 27 had CM.  

 

Serum Levels of Inflammatory Factors in Studied 

Group 

As can be seen in table 1 and figure 1, the CM 
patients group had significantly raised serum 
concentrations of IL6 (mean=435.28 pg/mL), CRP 
(mean=718.11 pg/mL) and TNF-α (mean=651.04 
pg/mL) than the EM suffers (mean=340.93, 573.59 and 
513.14 pg/mL, respectively) and controls 
(mean=259.00, 514.21 and 448.95 pg/mL, respectively) 
(p≤0.001). In addition, it was noted that the EM 
patients had higher serum levels of the above-
mentioned inflammatory markers than controls 
(p≤0.001). 

 
Headache Characteristics  

Table 2 provides the summary statistics for 
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headache features of the EM and the CM suffers. 
Although the number of days with headache was 
notably higher in the CM patients (mean=23.3 
days/month) than the EM group (9.4 days/month), the 
severity of headaches did not differ between the two 
study arms. As it was expected, the patients with CM 
consumed a significantly higher number of analgesic 
medications per month (mean=10.36 per month) in 
comparison with those with EM (mean=4.15 per 

month; p=0.009). 

The results of the correlational analysis are set out 
in Figure 2 (a-c). Using Pearson correlation analysis, it 
was found that there was a significant strong positive 
correlation between the number of headache days per 
month and serum levels of inflammatory factors 
including IL-6 (r =0.53, p<0.001), CRP (r=0.62, 
p<0.001) and TNF-α (r=0.58, p<0.001). 

 

Table 1. Serum levels of inflammatory factors in episodic and chronic migraine patients compared to healthy controls 

Variable 

Controls 

(n=19) 

Episodic Migraineurs 

(n=44) 

Chronic Migraineurs 

(n=27) 
p value 

Mean 
Standard 

deviation  
Mean 

Standard 

deviation 
Mean 

Standard 

deviation 

Interleukin-6 (IL-6) 

(pg/mL) 
259.00 a 32.92 340.93 a 82.68 435.28 a 19.04 0.000 

C-reactive protein 

(CRP) (pg/mL) 
514.21 a 47.04 573.59 a 84.81 718.11 a 42.71 0.000 

Tumor necrosis 

factor-α (TNF-a) 

(pg/mL) 

448.95 a 43.89 513.14 a 73.34 651.04 a 26.99 0.000 

 
Table 2. A comparison of headache characteristics and analgesic consumption between chronic and episodic migraine patients 

Variable 

Episodic Migraineurs (n=44) Chronic Migraineurs (n=27) 

p value 
Mean 

Standard 

deviation Mean 
Standard 

deviation 

Number of headache days per month 9.4 6.0 23.3 6.0 0.000 

Headache severity (Visual Analog Scale) 7.35 1.52 7.70 2.03 0.410 

Number of analgesic medications per month 4.15 3.85 10.36 11.22 0.009 

 

 
Figure 1. The mean and standard deviation of serum levels of inflammatory factors in a group of chronic and episodic 

migraineurs compared to healthy controls.  

IL-6, interleukin-6.C-reactive protein, CRP. TNF-α, Tumor necrosis factor-α 
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Figure 2. a to c. The correlation between serum levels of inflammatory factors and headache days per month in a group of 

chronic and episodic migraineurs. 

IL-6, interleukin-6. CRP, C-reactive protein. TNF

 
DISCUSSION 

 

Current findings demonstrate that chronic and 
episodic migraine patients seem to have 
concentrations of pro-inflammatory cytokines
CRP and TNF-α) than healthy controls. 
underlined that with increasing levels of inflammatory 
factors, headaches tended to be more chronic

It seems that the presence of augmented
pro-inflammatory cytokines in migraine patients 
which are observed in the present study further 
the suggested role of neuroinflammationin migraine 
headache pathogenesis.9 Also, the higher concentration 
of inflammatory cytokines which is shown
patients compared to the EM subjects may highlight
effects of the proinflammatory factors on 
headache progression. It should, however,
mind that due to the cross-sectional nature of the present 
research, these findings in migraine patients could be a 
consequence of the disease rather than a cause. Overall, 
these results on the levels of pro-inflammatory 
biomarkers including CRP, TNF-α, and IL
migraineurs compared to controls seem to corroborate 
the previous evidence in this field.11-13,16,19-24

As an acute-phase agent, CRP plays a role in 
host immune system through activating 
system, increasing the endothelial release of matrix 
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episodic migraine patients seem to have higher 

cytokines (e.g. IL6, 
than healthy controls. It was also 

with increasing levels of inflammatory 
be more chronic. 

augmented levels of 
in migraine patients  

further confirms 
the suggested role of neuroinflammationin migraine 

Also, the higher concentration 
is shown in the CM 

EM subjects may highlight the 
s on migraine 

, however, be kept in 
sectional nature of the present 

these findings in migraine patients could be a 
consequence of the disease rather than a cause. Overall, 

inflammatory 
and IL-6 in 

seem to corroborate 
24 

plays a role in the 
 complement 

endothelial release of matrix 

metalloproteinase and production of pro
cytokines.However, prior studies aimed to assess
factor in relation to migraine showed conflicting 
results.12-17,20,25,26 A review paper noted that there might 
be epidemiological evidence on
between elevated levels of CRP and
contrast to 99.3% inter-study heterogeneity of the 
evaluated researches.27In the most 
50  migraine suffers and 40 healthy subjects, it was 
observed that the patients' group had higher levels of 
CRP.28However, our previous study f
differences in serum CRP levels of migraine cases and 
healthy controls.13 

The role of inflammatory cytokines 
and TNF-α in immune system regulation has been 
known.12In present research, it is demonstrated
during inter-ictal periods, serum concentrations of 
inflammatory cytokines including IL6, CRP
α were statistically higher among the 
the EM suffers and controls. The same results were 
noted when comparing the EM patients with healthy 
controls. It is noteworthy that previous reports 
suggested increased levels of CGRP, histamine, 
proteases, and pro-inflammatory factor
and IL-1β) in the cerebrospinal fluid (CSF) and plasma 
samples of migraineurs.9,29 Similarly, 
compared the serum levels of 
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cytokines in migraine patients with controls showed 
their augmented levels in migraine suffers especially 
during ictal phases.11,13,19,22-24 For example, in an 
investigation by Sarchielli et al.,19 elevated levels of 
TNF-α and IL-6 in internal jugular blood of 
migraineurs who did not have aura throughout ictal 
phases were detected. They concluded that these 
elevated levels might be caused subsequent to the 
production of neuropeptides in the trigeminal 
system.19In addition, in agreement with current 
observations, the results of the study conducted by 
Fidan and colleagues demonstrated that serum IL-6 
levels of migraine patients were significantly more than 
the control group.22 In research by Tietjen and 
colleagues, it was also observed that premenopausal 
women with mean headache days of 12 ± 9 days per 
month had raised IL-6 and TNF-α levels in comparison 
to healthy subjects.23 Similarly, in the study by Yücelet 
al, the levels of IL-6 and TNF-α were higher in 31 
migraineurs in their ictal phases than 24 controls.24 

Also, our previous findings showing that serum TNF-α 
levels of migraineurs were notably raised compared to 
control subjects,13 are somewhat consistent with present 
results. Moreover, Uzar et al,.11observed that compared 
to controls, the levels of IL-1β and IL-6 were 
significantly higher in migraine suffers whereas these 
patients had lower IL-10 concentration; however, in 
contrast to current findings, TNF-αlevels of 
migraineurs were similar to healthy controls.11Further, 
Oliveira etal30reported that the EM patients had 
significantly higher levels of pro-inflammatory markers 
including TNF-α and IL-12p70 while they had lower 
concentrations of IL-10, IL 8, and, in contrary to our 
findings, lower IL-6levels.30However, a recent 
comparison of inter-ictal serum concentrations of 
cytokines in migraine suffers and controls through a 
sham-controlled trial that performed to investigate non-
invasive vagus nerve stimulation effects, failed to show 
significant differences in serum TNF-α and IL-6 levels 
between the studied groups.31 

Interestingly, based on current findings Pearson 
correlation analysis demonstrated significant strong 
positive correlations between the number of headache 
days per month and of IL-6, CRP, and TNF-α serum 
concentrations. Although the studies wherein such 
correlations between headache characteristics and 
serum inflammatory markers were assessed are limited, 
present results are in accordance with those obtained by 
Tietjen et al.23 They found a significant correlation 

between the number of headache days per month and 
IL-6 and TNF-α.23 

IL-6 could be used as an indicator for a transition 
from an acute inflammatory state to chronic 
inflammation.12 TNF-α could regulate the immune 
system, proliferation, and apoptosis of immune cells, 
and modulate coagulation.12 In addition, it may mediate 
pain levels through inducing pain hypersensitivity and 
hyperalgesia.13,32 With respect to this, TNF-αhas been 
among the most investigated pro-inflammatory 
cytokines in migraine patients. This cytokine seems to 
be involved in trigeminal nociceptors’ activation and 
causing throbbing head pain via different mechanisms 
such as mitogen-activated protein (MAP) kinase p38 
pathway in addition to meningeal nitric oxide synthase, 
cyclooxygenase -1 and -2 activation and enhancing 
intercellular adhesion molecule-1 levels.13,29 Recent 
developments that helped to better appreciate migraine 
pathophysiology offer new hope in understanding the 
link between inflammation and migraine. The role of 
CSD in the pathophysiology of migraine is almost well-
known. Overall, there seems to be some evidence to 
indicate that CSD in the gray matter of the cortex may 
contribute to meningeal nociceptors stimulation 
through increasing the release of neuropeptides, and 
oxidative and inflammatory factors such as glutamate, 
CGRP, TNF-α, IL-1β, NO, prostaglandins and a 
number of ions which ultimately result in meningeal 
trigeminovascular afferents stimulation. This process 
may occur directly or through developing inflammation 
in meningeal vessels.4,5 The most involved 
neuropeptides in this process, substance P (SP), NO 
and CGRP, might cause mast cell degranulation and 
activation that eventually lead to trigeminal nociceptors 
sensitization and augmenting local inflammation via 
inducing the secretion of mast cells contents including 
pro-inflammatory cytokines (TNF-α, IL-1, and IL-6), 
histamine, serotonin, proteases, kinins, leukotrienes and 
prostanoids in the dural vasculature. In addition to the 
released neuropeptides, prostaglandins are also 
involved in peripheral nociceptors' sensitization and 
subsequent inflammation.9,33 In this regard and 
according to the accumulating evidence supporting the 
role of meningeal inflammation in migraine 
pathophysiology, this process can be considered a key 
target of migraine therapy.9 The pain relief effects of 
oral nonsteroidal anti-inflammatory drugs (NSAIDs) 
especially when used as abortive medications may also 
confirm this hypothesis.9 NSAIDs suppress the 
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synthesis of prostaglandins and thus have anti-
nociceptive effects, especially in inflammation-related 
pain.9,34 Thus, it seems that applying anti-inflammatory 
agents (i.e. medications or dietary supplements) might 
be promising in the prevention or treatment of migraine 
headaches.35 Our study strengths include the following 
points: Examination of all patients by an expert 
headache specialist-neurologist, confirmation of EM or 
CM diagnosis based on ICHD-III criteria, following-up 
the cases for 1 month in order to collect headache 
diaries, excluding migraine patients who suffer from 
MOH and including age-sex matched healthy subjects 
as the control group. However, the case-control nature 
of current research makes these findings less 
generalizable to all migraine patients; because this 
study design is not able to prove a causal relationship 
between inflammatory state and migraine attack 
initiation. An additional uncontrolled issue is the 
presence of various confounders which may affect the 
inflammatory state.In addition, CSF concentrations of 
inflammatory cytokines were not addressed in the 
current study. 

In sum, according to current findings, a pro-
inflammatory state as revealed by augmented 
concentrations of pro-inflammatory cytokines (e.g. IL6, 
CRP, and TNF-α) was detected among chronic and 
episodic migraineurs compared to controls. It was also 
underlined that with increasing levels of 
inflammatory factors, headaches tended to be more 
chronic. Thus, it seems that applying anti-
inflammatory agents (i.e. medications or dietary 
supplements) might be promising in the prevention or 
treatment of migraine headaches. However, in order to 
confirm the hypothesis that neuroinflammation plays a 
role in migraine pain genesis, long-term cohort studies 
and well-designed experimental and randomized 
controlled trials are required. 
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