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Abstract

Introduction: The role of inflammation in the pathophysiology of migraine is controversial. We aimed to investigate new
inflammatory markers such as red blood cell distribution width (RDW) and plateletcrit in patients with migraine.

Methods: In this study, 100 patients suffering from migraine and 67 healthy controls with similar demographic characteris-
tics were included in the study. Complete blood count (CBC) including number of neutrophils, lymphocytes and platelets,
RDW, plateletcrit, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), fasting blood glucose, serum creatinine,
and neutrophil-to-lymphocyte ratio (NLR) was compared between these two groups. SPSS was used for statistical analysis.
Results: There was positive correlation between RDW and migraine group, CRP, plateletcrit, platelet, and neutrophil counts.
The results of ESR, platelet count and RDW in migraine group were higher than control group significantly (p=0.044, p=0.024,
and p=0.002, respectively). CRP, NLR, and plateletcrit were higher in migraine group without significance. In multivariate
analysis, RDW was found as a significant independent predictor of migraine after adjusting for other risk factors (p=0.048). In
a receiver operating characteristic curve analysis, an RDW value of 13.25% was identified as an effective cutoff point for mi-
graine (area under curve = 0.620, 95% confidence interval: 0.53-0.71, p=0.009). An RDW value of more than 13.25% yielded
a sensitivity of 58% and a specificity of 54%.

Discussion and Conclusion: In our study, we found that RDW was higher in patients with migraine than control group,
independent of other variables. RDW can be used as an inflammatory marker for migraine with a simple and inexpensive
CB examination.
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he most common cause of primary headaches is mi-
graine. Migraine is a type of chronic headache, pre-
senting with attacks that last for hours to days and causes
severe pain which is throbbing, usually unilateral and in-
creases with head movements, interfering with everyday
activities of patients. Migraine is about 3 times higher in
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women than in men (15-20% in women and 6-10% in
men). It mostly affects middle-aged people, less often
teenagers and people over 60 years. While numerous fac-
tors have been investigated in the etiology of migraine,
systemic inflammation is thought to have a big role in its
pathophysiology!'-31.
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Erythrocyte sedimentation rate (ESR) and C-reactive pro-
tein (CRP) are the most commonly used inflammatory
markers in clinical practice. Neurogenic inflammation trig-
gers neuronal activation during migraine attacks, allowing
the release of pro-inflammatory neuropeptides at perivas-
cular neural endings. Inflammatory processes in vascular
structure cause ischemic strokel*°l. There are studies in
literature showing that, CRP levels were considerably high-
er in patients with migraine, compared to control groups,
supporting the role of neurogenic inflammation in mi-
grainel®7], Systemic inflammation and migraine were eval-
uated together and migraine was found to be associated
with immunological and inflammatory pathways!'2,

The red blood cell distribution width (RDW) is a measure
of size variability in red blood cells, while plateletcrit rep-
resents total platelet mass. RDW and platelecrit are inflam-
mation-related parameters of complete blood count (CBC)
examination. High RDW is recognized in the literature as
associated with atherosclerosis, vascular occlusive diseas-
es, inflammatory bowel disease, acute and chronic heart
failure, atrial fibrillation, ischemic stroke, and many other
inflammatory diseases816), The increase in RDW reflects
the increase in other inflammation parameters in blood
such as tumor necrosis factor alpha (TNF-a), hepcidin, and
interleukin-6 (IL-6).

The parameters of CBC, RDW in particular, have been inves-
tigated in many diseases; however, there are not enough
studies on migraine. In this study, we evaluated inflamma-
tory markers such as plateletcrit, RDW, ESR, and CRP to un-
derstand the role of inflammation in the pathophysiology
of migraine.

Materials and Methods

In this study, 100 patients who were diagnosed with mi-
graine according to the International Classification of
Headache Disorders-3 criteria and 67 healthy controls with
similar demographic characteristics who applied to our
hospital between June 2019 and March 2020 were includ-
ed in the study['7]. There were 74 patients without aura
and 26 patients with aura. Patients were examined during
interictal periods. After 12 h of fasting, venous blood sam-
ples were taken from patients for biochemical and CBC ex-
aminations. CBC (RDW, plateletcrit, WBC, neutrophils, lym-
phocytes, and platelets), ESR, CRP, fasting blood glucose,
and serum creatinine were compared between these two
groups. The neutrophil-lymphocyte ratio was calculated by
dividing the absolute neutrophil count by the number of
lymphocytes.

Patients having other types of headaches, other neurolog-
ical diseases, those with infectious diseases or hematolog-
ical diseases, in pregnancy or postpartum periods and un-
der steroid treatment were not included in this study. The
protocol of the study was approved by the institutional eth-
ical committee (03.03.2020-421). The study was conducted
in accordance with the Helsinki Declaration Principles.

Statistical Analysis

Demographic characteristics and laboratories were record-
ed in SPSS. Statistical analyses were performed in SPSS sta-
tistical software, version 17.0 (SPSS Inc., Chicago, IL, USA).
Mean values (standard deviation) and % (n) were reported
for continuous and categorical variables, respectively. The
comparison of parametric values between the two groups
was made by the two-tailed Student’s t test. Categorical was
also compared to odds ratio with chi-sqaure or Fisher’s exact
tests. The Spearman correlation coefficient was calculated to
compare the two data sets. For multivariate analysis, possi-
ble factors were identified by univariate analysis; further lo-
gistic over-regression analysis was performed to determine
independent predictors of migraine. In the statistical evalua-
tion, a value of p<0.05 was considered significant.

Results

In this study, 100 patients were included in the migraine
group and 67 patients in the control group. The mean
age was 40.97+12.00 (18-68) in the migraine group and
41.19+12.2 (18-64) in the control group. The groups were
similar in terms of age and gender (Table 1).

In migraine group, the mean levels of ESR, platelet count,
and RDW were significantly higher than control group
(p=0.044, p=0.024, and p=0.002, respectively). The param-
eters such as ferritin, liver enzymes, hemoglobin, hemato-
crit, and serum creatinine were similar (p>0.05). Although
CRP, neutrophil-to-lymphocyte ratio (NLR) and plateletcrit
were found to be higher in migraine group, it was not sta-
tistically significant (Table 1).

The univariate and multivariate analysis were performed to
determine the factors associated with migraine. In univari-
ant analysis, ESR, platelet count, and RDW in migraine group
were found to be significantly higher than control group
(p=0.047, p=0.027, and p=0.003, respectively). Among these
values, RDW level was higher in migraine group than control
group, independently (p=0.048) (Table 2).

Correlation analysis between RDW and other parameters
is shown in Table 3. A positive correlation was observed
between migraine group and RDW (p=0.002, r=0.237).
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Table 2. Univariate and multivariate analysis for independent predictors of migraine

Univariate Multivariate
OR Cl P OR Cl P
RDW 1.593 1.167-2.173 0.003 1.437 1.003-2.059 0.048
Platelet count 1.006 1.001-1.012 0.027 1.004 0.997-1.010 0.291
ESR 1.034 1.001-1.068 0.047 1.028 0.994-10.62 0.117

RDW: Red cell distribution width; ESR: Erythrocyte sedimentation rate; OR: Odds ratio; Cl: Confidence interval.

Table 1. Baseline characteristics of patients

Table 3. Correlations analysis of red blood cell distribution width
and other parameters

Migraine group Controlgroup p
(n=100) (n=67)

Age, years 40.97+12.00 41.19+£12.20 091
Male (n) (%) 20 (20) 16(24) 0.55
Female (n) (%) 80 (80) 51(76)
White blood cell (103/mm3)  7.29+1.90 7.00+1.60 030
Neutrophil (103/mm3) 4.31%£1.55 3.88+1.12  0.056
Lymphocyte (103/mm3) 2.33+0.67 2374072  0.68
Neurophil-to-lymphocyte  2.01+1.07 1.79x£0.78 0.14
ratio (NLR)
Platelet (103/mm3) 281.12+66.90  259.57+48.11 0.024
Plateletcrit (%) 0.28+0.06 0.27+0.59 0.10
RDW (%) 13.84+1.32 13.24+0.98 0.002
Glucose (mg/dL) 98.36+17.83 100.42+£18.04 0.47
Creatinine (mg/dL) 0.68+0.12 0.71+0.13 0.1
ESR (mm/h) 16.91£11.65 12.87£10.52 0.044
CRP (mg/dL) 3.73+3.88 2.96+3.22 0.21
Ferritin (ng/mL) 34.55+38.28 38.00+46.31 0.62
Hemoglobin (g/dL) 13.28+1.47 13.56%1.51 0.23
Hematocrit (%) 40.40+3.78 41.16x4.11 0.22
AST (U/L) 19.55+6.95 21.15+6.38 0.14
ALT (U/L) 18.77£11.75 21.98+11.86 0.09
LDH (U/L) 183.49+£29.15  193.33+33.78 0.12
GGT (U/L) 20.72+17.16 22.89+18.05 047

Mean values (standart deviation) and % (n) were reported for continuous

and categorical variables, respectively. RDW: Red cell distributation
width, ESR: Erythrocyte sedimentation rate, CRP: C-reactive protein, ALT:
Alanine transaminase, AST: Aspartate transaminase, LDH: Lactic acid
dehydrogenase, GGT: Gamma-glutamyl transpeptidase. NLR: Neutrophil-
to-lymphocyte ratio.

Besides, positive correlation was defined between RDW
and parameters such as neutrophil and platelet counts,
plateletcrit, and CRP.

In a receiver operating characteristic curve analysis, an RDW
value of 13.25% was identified as an effective cutoff point for
migraine (area under curve=0.620, 95% confidence interval:
0.53-0.71, p=0.009). An RDW value above 13.25% provided a
specificity of 54% and a sensitivity of 58% (Fig. 1).

RDW
r P
Migraine group 0.237 0.002
Neutrophil count 0.171 0.027
Platelet count 0.288 0.001<
Plateletcrit 0.349 0.001<
CRP 0.186 0.025
CRP: C-reactive protein.
ROC Curve

0.8

0.6 -

Sensitivity

AUC=0.62

0.4
Cl=0.53-0.71
p=0.009
0.2 1
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

Diagonal segments are produced by ties.

Figure 1. In a receiver operating characteristic curve analysis, an
RDW value of 13.25% was identified as an effective cutoff point for
migraine (area under curve=0.620, 95% Confidence interval: 0.53—
0.71, p=0.009). An red blood cell distribution width value of more
than 13.25% yielded a sensitivity of 58% and a specificity of 54%.
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Discussion

Our study revealed that inflammation is involved in the
pathophysiology of migraine. In our analysis, we found that
RDW was higher in migraine patients than control group,
independent of other variables. RDW values were also cor-
related with other inflammatory markers such as neutro-
phils, platelets, plateletcrit, and CRP.

In the literature, there are few studies on migraine with
conflicting results, investigating similar pathophysiological
mechanisms. In the study on 50 migraine and 40 control pa-
tients, RDW was found higher in migraine group, but other
inflammatory markers were not studied, and multivariate
analysis was not evaluated('8]. There are two other studies
examining the relationship between RDW and migraine.
Acar et al. compared patients with migraine and patients
having non-specific headaches and revealed that migraine
and NLR were correlated, whereas no relationship between
migraine and RDW'9L. Celikbilek et al.l20 compared mi-
graine and control groups in their study and found that he-
moglobin and hematocrit values were significantly lower in
migraine group, and RDW was higher in migraine group. In
our study, hemoglobin and hematocrit values were similar
in both groups, regardless of these values, RDW was high-
er in migraine group. Moreover, the inflammatory markers
such as CRP and ESR were also evaluated in our study; as a
result, RDW was found higher in migraine group indepen-
dent of other parameters. Our research supports that RDW
is an independent predictor for migraineurs.

It has been clearly shown that the pathophysiology of mi-
graine is strongly related to neurogenic inflammation(2',
In patients with migraine, inflammatory cytokines such
as IL-6, TNF-qa, and IL-10 are predicted to induce recurrent
attacks by sensitizing nerve endings[?2l, Several studies
have identified the risks associated with the common
pathophysiology of inflammatory arteriopathy in brain
and cardiac vessels for migraine, ischemic cerebrovascu-
lar, and cardiogenic diseases[23:24], CRP, one of the inflam-
matory markers, has also been reported to be a marker in
migraine sufferers. In Tekesin et al's/?! study, CRP and ESR
values have been found to be high in migraine patients, as
in our results.

RDW is a numerical value that indicates the diversity of
the erythrocyte circulating cell type. RDW can be mea-
sured routinely as a part of automated CBC. Inflammato-
ry cytokines and oxidative stress suppress bone marrow
functions, causing the release of immature erythrocytes
into circulation that affects RDW value. Consequently,
these mechanisms including neurohormonal activation,

chronic inflammatory state, and accelerated atherosclerot-
ic process may contribute poor clinical outcomes(2>261, A
correlation has been established between increased RDW
and inflammatory markers such as white blood cell count
B-type natriuretic peptide and sedimentation ratel27], High
RDW has been associated with atherosclerosis, vascular
occlusive diseases, inflammatory bowel disease, acute and
chronic heart failure, atrial fibrillation, stroke, and other in-
flammatory diseases!®16], This is explained by the fact that
RDW reflects the increase in inflammatory markers such as
TNF-a, hepcidin, and IL-6 in the blood. In our study, RDW
values were significantly higher in migraine group than in
control group, and it was observed that there was a correla-
tion with inflammatory parameters such as neutrophil and
platelet counts, plateletcrit, and CRP.

The plateletcrit is a part of the routine CBC examination
and an indicator of total platelet mass. Platelets release
many mediators such as thromboxanes that may lead to
increase in inflammation. In patients with myocardial in-
farction, increased plateletcrit values at the admission
have been reported to be independently associated with
long-term poor outcomes!28], The plateletcrit value in our
study was higher compared to control group for migraine
patients but it was not statistically significant.

NLR is a neutrophil/lymphocyte derivative of CBC examina-
tion, indicating inflammation(29]. In a study conducted in
our country with 136 patients with migraine, NLR value was
found higher in migraine patients than controls. In addi-
tion, NLR was reported to be associated with inflammatory
processes in this study[?. NLR was found high in migraine
group in our study in accordance with the literature, but it
was not found statistically significant.

The immune system and inflammation can play a role in
migraine disease. In a study conducted in our country, CRP
and the number of immune cells in the peripheral blood
were evaluated in patients with migraine compared to
controlsB9. As a result, increased peripheral inflammation
levels were found in migraine disease, which may be asso-
ciated with migraine neuroinflammation.

Study Limitations

First, our study was a single-center study and the number
of patients was limited. The second limitation is IL-6, TNF-q,
and other markers of oxidative stress are not assessed, be-
cause such inflammatory biomarkers are expensive and
cannot be routinely used in daily practice. Third, it is known
that higher RDW values are more common in anemic pa-
tients. In this study, although ferritin and hemoglobin lev-
els were evaluated and were not associated with the high
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values of RDW in migraine group, iron levels or iron binding
capacity were not investigated.

Conclusion

Inflammation plays an important role in the pathophysi-
ology of migraine. RDW and other parameters of CBC are
commonly and widely used tests in clinical practice. RDW
may be an important independent predictor of migraine as
an inflammatory marker.
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