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ABSTRACT

Aim: Migraine is a common headache disorder that may be associated with inflam-
mation and vascular diseases. We evaluated C-reactive protein and the number of
immune cells in the peripheral blood of young adult patients with migraine.

Patients and Methods: This case—control study included 520 subjects: 260 patients
with migraine (without aura, 169 patients; with aura, 91 patients) and 260 healthy
control subjects (age range, 18-50 years). Participants had no known anemia, vas-
cular risk factors, or inflammatory diseases. We evaluated serum C-reactive protein
and complete blood count parameters in patients with migraine and control subjects.

Results: C-reactive protein level, leukocyte, neutrophil, lymphocyte, platelet counts
and mean platelet volume significantly differed in patients with migraine compared
to controls (P<0.001). However, with the exception of C-reactive protein, these pa-
rameters were similar in migraine with and without aura. Logistic regression analysis
showed that migraine was significantly associated with C-reactive protein level (odds
ratio [OR], 2.36; 95% confidence interval [Cl], 1.73-3.23; P<0.001), MPV (OR, 2.32;
95% Cl, 1.78-3.0; P<0.001), and leukocyte count (OR, 1.61; 95% ClI, 1.32-1.94;).

Conclusion: Increased levels of peripheral inflammation may occur in patients with
migraine and may be involved in the pathogenesis of migraine.

Keywords: Complete blood count, C-reactive protein, headache, leukocyte, lympho-
cyte, platelet

OzZET

Amag: Migren inflamasyon ve vaskiler hastaliklar ile iligkili olabilen yaygin bir bag
agris! turtidir. Biz geng erigkin migren hastalarinda C-reakif protein ve periferik kan-
daki bagisiklik hiicre sayisini degerlendirdik.

Hastalar ve Yontem: Bu olgu-kontrol ¢alismasi, 260 migren hastasi (aurasiz, 169
olgu, aurali, 91 olgu) ve 260 saglikli kontrol katilimei (yas araligi, 18-50 yil) olmak
lizere 520 kisiyi icermektedir. Katilimcilarin higbirinde bilinen bir anemi, vaskiiler risk
faktori veya inflamatuar hastalik yoktu. Migren ve kontrol olgularinda serum C-reaktif
protein ve tam kan sayimi parametrelerini degerlendirdik.

Bulgular: C-reaktif protein, 16kosit, nétrofil, lenfosit, trombosit sayilari ve ortalama
trombosit hacmi migren hastalarinda kontrol grubuna (P <0.001) oranla anlamli
olarak farkliydi. Ancak bu parametreler, C-reaktif protein haric, aurali ve aurasiz mi-
grenlerde benzerdi. Lojistik regresyon analizinde migren hastaligi C-reaktif protein
seviyesi (OR, 2.36; 95% Cl, 1.73 ile 3.23; P< 0.001), ortalama trombosit hacmi (odds
ratio [ORY], 2.32; 95% confidence interval [Cl], 1.78 - 3.0; P<0.001), ve lokosit sayisi
(OR, 1.61; 95% ClI, 1.32 - 1.94; P< 0.001) ile anlamli olarak iligkiliydi.

Sonug: Periferik inflamasyonun artmis seviyeleri migren hastalarinda ortaya ¢ikabilir

ve migren patogenezinde rol oynayabilir.

Anahtar Kelimeler: Tam kan sayimi, C-reaktif protein, bas adrisi, [6kosit, lenfosit,
trombosit,
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Migraine is a common complaint encountered in

neurology and internal medicine clinics. Seve-
ral large epidemiological studies showed that the pre-
valence of migraine in the general population ranges
from 6-13% [1]. Migraine is considered to be a neuro-
vascular disorder. Repeated migraine attacks are asso-
ciated with inflammatory arteriopathy of the cranial
vessels [2,3]. In genetically predisposed individuals,
activation of brainstem structures or a cortical spre-
ading depression phenomenon are thought to activate
the trigeminovascular system. This trigeminal activa-
tion results in the release of vasoactive peptides from
presynaptic nerve terminals, which induces vasodilata-
tion and neurogenic inflammation in leptomeningeal
and extracranial vessels [4-6]. The sterile neurogenic
inflammatory model suggests the involvement of the
immune system in migraine. Activated immune cells
produce large amounts of cytokines that could stimu-
late the activation of trigeminal nerves, the release of
vasoactive peptides or other biochemical mediators,
and then aggravate neurogenic inflammation [2,3,6].
Both humoral and cellular components of the immune
system have been studied in migraine; however, there

have been many conflicting reports regarding this issue

[7].

Specific abnormalities of inflammatory marker levels
in the systemic circulation have been observed in mig-
raine, including increased levels of C-reactive prote-
in (CRP), interleukins, and adhesion molecules [2,8].
CRP is a marker of inflammation that may predict
subclinical atherosclerosis, and its levels are increased
in vascular diseases and in healthy individuals without
cardiovascular disease [9,10]. Previous studies reported
associations between CRP levels and migraine [11,12].
The immune cells in peripheral blood (i.e., leukocytes,
neutrophils, and lymphocytes) play roles in peripheral
inflammatory responses and atherosclerotic proces-
ses [13,14]. The circulating leukocyte count provides
a measure of inflammatory status and has been pro-
posed to be a potential biomarker for cardiovascular
risk prediction [14,15]. Neutrophils are proinflam-
matory cells, detected within atherosclerotic plaque,
which release and synthesize chemokines, cytokines,
and growth factors [14]. Lymphocytes are involved in
regulation of immune responses. Lymphocytes secrete
proinflammatory cytokines that promote atherosclero-
sis and activate inflammation, and may also modulate

atherogenesis [16].

Platelets are an important link between inflammation,

thrombosis, and atherogenesis. Platelets interact with
the endothelium and leukocytes, and release mediators
that stimulate inflammation [17,18]. Increased plate-
let activation has been described in migraine patients
during and between headache episodes [19,20]. In
migraine, proinflammatory platelet adhesion to leuko-
cytes occurs during the headache-free interval, similar
to observations in acute coronary and cerebrovascular
syndromes [20]. Platelet activation and aggregation
were shown to be increased in migraineurs [19]. The
relationship between migraine and vascular disease is
poorly understood. We hypothesized that the immune
system and inflammation may play roles in migraine
disease. Therefore, the present study was performed
to evaluate CRP and the number of immune cells in
the peripheral blood of in patients with migraine in

comparison to controls.
PATIENTS AND METHODS
1. Study population

This case—control clinical study was performed in pa-
tients with newly diagnosed migraine at the Baskent
Medical Faculty Neurology Outpatient Clinic. Inclu-
sion criteria were: duration of migraine symptoms > 1
year; headache frequency > 2 attacks/month; and ab-
sence of any known vascular risk factors, inflammatory
disease, chronic illness, metabolic disease, or infecti-
ons. Exclusion criteria were: (1) migraine duration <
1 year; (2) history of cerebrovascular or cardiovascu-
lar disease; (3) arterial hypertension (blood pressure >
130/80 mm Hg); (4) diabetes mellitus; (5) hyperlipide-
mia (low-density lipoprotein (LDL) cholesterol = 160
mg/dL); (6) body mass index < 18 kg/m2 or > 30 kg/
m2; (7) abnormal plasma CRP level (> 10 mg/L); (8)
cigarette smoking > 1 pack/day; (9) current pregnancy
or lactation; (10) substance abuse; (11) use of drugs,
such as antiplatelet agents, anticoagulants, statins, or
hormonal drugs; (12) renal, metabolic, inflammatory,
infectious, or immune disease; (13) malignancy with or
without chemotherapy or radiation treatment; or (14)
history of anemia, recent anemia treatment, throm-
bocytosis, or thrombocytopenia. In addition, patients
with high CRP levels (210 mg/L) were excluded from
the study because high levels of CRP may represent
nonspecific inflammation and lack positive predictive
value [9]. Patients were included if they had previously
used <3 tablets per week of medications for acute pain,
such as acetaminophen, nonsteroidal anti-inflamma-

tory drugs, triptans, or caffeine; patients with daily use
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of analgesics were excluded. Patients using migraine
prophylaxis with drugs such as propranolol, topirama-
te, or valproic acid were also excluded. A total of 350
consecutive migraine patients were initially considered
for the study, and 90 patients were excluded (anemia,
n = 35; infection, n = 18; thyroid disease, n = 15; CRP
> 10 mg/L, n = 10; lack of laboratory tests, n = 7; and
LDL cholesterol > 160 mg/L, n = 5). The other 260
consecutive, newly diagnosed migraine patients, con-
sisting of 200 women (77%) and 60 men (23%) (age
range, 18-50 years; mean, 32 + 7 years), were included
in the study.

Healthy control subjects (260 subjects), including 192
women (79%) and 68 men (26%) (age range, 18-50
years; mean, 32 + 7 years), were recruited consecutively
from among hospital staff, laboratory staff, relatives of
patients, and the general population. Inclusion crite-
ria for control subjects were: (1) absence of headaches,
such as migraine, tension-type headache, or cluster
headache; and (2) no other neurological or systemic
disease. Exclusion criteria for control subjects were the

same as for the migraine group.

This study was evaluated and determined to be exempt
from the requirement for informed consent by the Bas-
kent University Institutional Review Board due to its

retrospective study design
2. Evaluation

Patients were diagnosed as having migraine accor-
ding to the criteria of the International Classificati-
on of Headache Disorders III [22]. A detailed history
of migraine was obtained, including disease duration
(years), age at onset, average duration of current he-
adache (h), presence of aura, trigger factors, accom-
panying symptoms, frequency per month, and location
and severity of pain. Headache severity was evaluated
on a visual analog scale (VAS; range of pain severity:
1 [minimum] to 10 [maximum]). Migraine headache
attack frequency was defined as the number of attacks
per month. All patients and control subjects received
complete physical and neurological examinations. Co-
morbidities (coronary artery disease, stroke, diabetes
mellitus, or thyroid disease) and intercurrent illnesses,
such as respiratory or urinary infections, were deter-
mined from the patient history, physical examination,
and laboratory tests (biochemical and hematological
tests). Blood pressure, body weight, height, smoking
habit, and education level were recorded for all migra-

ine patients and control subjects.

3. Complete blood count

Routine hematological analysis was performed in our
laboratory on the samples from the migraine and cont-
rol groups. Blood samples were obtained from the an-
tecubital vein during a headache-free period. To exc-
lude the potential effects of a previous attack, migraine
patients had been free of migraine attacks for 23 d and
had not taken any medication within 3 d before blood
sampling. The samples for complete blood count were
collected into tubes containing ethylenediaminetet-
raacetic acid (EDTA) and processed within 1 h after
venipuncture. The samples were stored at room tem-
perature during the period between venipuncture and
processing. The blood samples in EDTA tubes were
analyzed using electrical impedance and optical fluo-
rescence methods in an automated hematology analy-
sis device (CELL-DYN Ruby™; Diagnostic Systems,
Abbott Park, IL). Hematological parameters included
leukocyte count (reference range, 4.5-11 x bin/pL),
neutrophil count (2— 6.9 x bin/pL), lymphocyte count
(0.6-3.4 x 109/L), hemoglobin level (female, 12-16.5
g/dL; male, 13.5-17.50 g/dL), platelet count (140-440
x bin/pL), MPV (0-99.9 fL), and red cell distribution
width (RDW) (11.6-17%).

4. CRP

Blood samples were obtained from the antecubital vein
from control subjects and during a headache-free pe-
riod from migraine patients. Phlebotomy tubes conta-
ined no anticoagulant. Blood was centrifuged at 3,000
x g for 10 minutes and stored at —20°C until analysis.
Serum CRP was measured by latex-enhanced immune
turbidimetry using a monoclonal anti-CRP antibody
(Architect ¢800; Abbott) (CRP reference level, <5
mg/L).

5. Statistical analysis

Data analysis was performed with statistical software
(IBM SPSS for Windows, version 21.0; IBM Corp.,
Armonk, NY,USA). Continuous variables are reported
as means * standard deviation (SD) or median (range,
minimum to maximum). Categorical variables are re-
ported as number (%). Normality of the continuous va-
riables was evaluated by the Shapiro—Wilk test. Diffe-
rences in continuous variables between the two groups
were determined by independent samples t-test or
Mann-Whitney test. Comparisons for >2 groups were
performed with a one-way analysis of variance (ANO-
VA) or Kruskal-Wallis test. Categorical variables were
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compared with Pearson’s chi-square or Fisher’s exact
test. Relationships between continuous variables were
determined with Spearman’s rank correlation and Pear-
son’s product moment correlation. Multiple regression
analysis was used to investigate factors affecting MPV
and CRP, with logarithmic transformation of skewed
variables. Factors affecting migraine disease were in-
vestigated with logistic regression. In all analyses, P <

0.05 was taken to indicate statistical significance.
RESULTS

Among the 260 consecutive, newly diagnosed migraine
patients included in the study, 169 (65%) had mig-
raine without aura and 91 (35%) had migraine with
aura. Migraine headache characteristics and compa-
risons of CBC and CRP parameters in the migraine
and control groups are shown in Table 1. The CRP le-
vels, mean platelet counts, leukocyte counts, neutrop-
hil counts, lymphocyte counts, MPV, and RDW were
similar between migraine patients with and without
aura (P>0.05). There were no significant differences in
VAS score, headache localization, attack duration, he-
adache frequency, medication, education, or smoking
habit between migraine patients with and without aura
(P>0.05).The sex-related differences in migraine and

control groups are shown in Table 2.

The leukocyte count was significantly correlated with
neutrophil count, but CRP was correlated with neut-
rophil count and body mass index in the migraine
group (Table 3). In subgroup analysis of migraine dise-
ase, leukocyte counts were correlated with neutrophils
and lymphocytes in migraine with and without aura
(Table 4). However, CRP was correlated with neut-
rophil count in migraine with aura, but correlated with

body mass index in migraine with and without aura

(Table 4).

The logistic regression analysis showed signifi-
cant associations of migraine with CRP (odds ra-
tio [OR], 2.36; 95% confidence interval [CI], 1.73—
3.23; P<0.001), MPV (OR, 2.32; 95% CI, 1.78-3.0;
P<0.0001), and leukocyte count (OR, 1.61; 95% CI,
1.32-1.94; P<0.001) compared with control subjects.
However, in the multiple linear regression analysis,
CRP (P<0.001), MPV (P<0.001), leukocyte count
(P<0.001), and platelet count (P<0.001) remained in-

dependent parameters affecting migraine.

DISCUSSION

The present study was performed to evaluate CRP
and complete blood count parameters in migraine.
Complete blood count parameter data fell within the
normal ranges in migraine and control groups. CRP
level, lymphocyte, neutrophil, leukocyte, and platelet
counts were significantly higher in migraine patients
than in the control group (Table 1). CRP was increa-
sed by 2.36-fold and leukocyte count by 1.61-fold in
migraine patients compared with controls. The high
CRP level, relative leukocytosis, lymphocytosis, and
thrombocytosis may represent a chronic inflammatory
state during the pain-free period, emphasizing the role
of chronic inflammation in the pathophysiology of
migraine. In this setting, the neurogenic inflammation
proposed for migraine could be exacerbated in mig-
raine headache with systemic alterations detectable in

peripheral blood.

In this study, despite being within the respective nor-
mal reference ranges, leukocyte, neutrophil, and lym-
phocyte counts were significantly higher in patients
with migraine than in control subjects (Table 1). The-
se findings are consistent with the results of previous
studies [21,23]. In contrast to the present study, earlier
studies indicated that the peripheral lymphocyte count
did not change significantly after a spontaneous mig-
raine attack. The sample sizes of these studies were
smaller than that of our study [24,25]. Increases in ly-
mphocyte count represent a longer standing process of
inflammation indicative of immunological activation
in migraine patients. The acute-phase leukocyte subset
(as indicated by the increased neutrophil fraction atta-
ched to platelets) in migraine suggests that increased
inflammatory signaling occurs even during the quies-
cent phase [20].

In this study, NLR was higher in female patients with
migraine compared with males with migraine (Table
2). In a previous study, NLR was shown to increase
during migraine attacks [26]. We measured NLR in
the headache-free period and our study population was
larger than that in the previous study. These findings
suggest hormone-dependent male/female differences

in inflammatory cells in migraine [27,28].

In addition, platelet counts were higher in female sub-
jects and in migraine patients, consistent with previ-
ous studies [26,29]. In other studies, platelet volume
and size were similar in patients with migraine and
controls [30,31]. However, these studies had smaller

sample sizes than our study. Female sex hormones have
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Table 1. Characteristics of participants in the migraine and control groups*

Characteristic Control (n=260) Migraine (n=169) P
Age (years) 31.5+6.7 31.7+6.7 NS
31(18-48) 32(18-49)
Sex Female 192 (73.8%) 200 (76.9%) NS
Male 68 (26.2%) 60 (23.1%)
Elementary 82 (31.5%) 80 (30%)
Education level (scholl) Secondary 25 (8.8%) 25 (5.6%) NS
High 72 (27.7%) 77 (29.6%)
University 83 (31.9%) 76 (29.2%)
Body mass index (kg/m2) 24.4£2.9 24.5+3.4 NS
24.4(18.2-29.8) 24.7 (18.3-29.8)
Family history of headache 62 (23.8%) 203 (78.1%) 0.0001
Smoking (<1 pack/d) 69 (26.6%) 75 (28.8%) NS
C-reactive protein (mg/L) 0.8+0.5 1.9+1.8 0.0001
0.7 (0.02-3.6) 1.2(0.09-9.7)
Mean platelet volume (fL) 7.5+1.02 8.4x1.2 0.0001
7.5 (4.91-12.00) 8.2(6.31-12.6)
Mean platelet volume > 8 fL. 75 (28.8%) 100 (59.2%) 0.0001
Hemoglobin (g/dL) 13.5+1.1 13.6x1.1 NS
13.4(12.0-17.5) 13.4(12.0-17.0)
Platelet count (K/pL) 255.7+51.8 268.01+53.1 0.007
257 (150-369) 262 (150-400)
Leukocyte count (bin/pL) 6.5x1.2 7.5+1.4 0.0001
6.2 (4.50-10.30) 7.4 (4.5-10.30)
Neutrophil count (bin/pL) 3.6+0.9 4.3+1.03 0.0001
3.5 (1.81-6.79) 4.2 (2.11-6.78)
Lymphocyte count (bin/pL) 2.1+0.4 2.4x0.5 0.0001
2.1(1.08-3.58) 2.4(1.27-4.21)
Neutrophil/lymphocyte ratio 1.7+0.5 1.8+0.5 NS
1.6 (0.85-4.72) 1.7 (0.9-3.7)
Red cell distribution width (%) 14.2+1.5 15.3+9.2 NS
14.5 (7.30-20) 15.(10.9-17.0)
Migraine disease duration(years) 7.82+6.2 5 (1-0)
Headache localization Halfhead 83 (31.9%)
Entire head 177 (68.1%)
VAS score 7.7+1.7 (3-10)
Headache frequency (num- 7.11:5.6
ber/month) 6 (2-20)
Acetaminophen 75 (28%)
NSAID 148 (56.9%)
Medication
Ergotamine 21(8.1%)
Triptan 16 (6.2%)

*Data are reported as the number (%), mean * standard deviation (SD), or median (range, minimum to maximum). Abbreviations: NS, not signifi-
cant; NSAID, nonsteroidal antiinflammatory drug; VAS, visual analog scale.
been shown to be positively associated with platelet Consistent with our study, a previous report indicated

count in migraine [28]. Hormonal differences between

a higher platelet count and slightly lower MPV in fe-
females and males may affect platelets and thrombocy- males than in males, and the increase in MPV in males
topoiesis [32]. In this study, we observed a weak inver- was not sufficient to compensate for the lower platelet
se correlation between platelet count and MPV in mig- count [33]. Enhanced platelet activation in migraine

raine patients without aura (r = —0.269; P = 0.0001). patients is a marker of the inflammatory process in the
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Table 2. Sex-related differences in the migraine and control groups®

Parameter Control (n=260) Migraine (n=260)
Female (n=192) Male (n=68) P Female (n=200) Male (n=60) P

Mean platelet vol- | 7.47+1.03  (4.91- | 7.68+1.01 (6-11.9) | NS 8.43:1.20  (6.31- | 8+1(6.35-11.60) NS
ume (fL)) 12.0) 12.60)
Platelet count (K/ | 264.71251.5 (150- | 230.04+43.7 (150~ | 0.001 273.92x53.06 (150 | 249+49 (163-400) 0.001
pL) 394) 319) 400)
Leukocyte  count | 6.43:1.18 (4.5-9.8) | 6.67¢1.35  (4.5- | NS 7.41:1.41 (4.5-0.9) | 71 (4.5-10.3) NS
(bin/pL) 10.3)
Neutrophil  count | 3.61+0.88 (1.86— | 3.75+1.09 (1.81- | NS 4.32+1.04 (2.11- | 4£1(2.31-6.05) NS
(bin/puL) 6.72) 6.79) 6.78)
Lymphocyte count | 2.14+0.44 (1.14- | 2.13+0.54 (1.08- | NS 2.39+0.56 (1.27- | 2.5+0.6 (1.45-3.69) | NS
(bin/pL) 3.27) 3.58) 4.21)
C-reactive  protein | 0.75+0.49 (0.02- | 0.970.69 (0.1- | 0.025§ 1.93+1.97 (0.15- | 1.75£1.55 (0.09- | NS
(mg/L) 2.78) 2.60) 9.73) 7.30)
Hemoglobin (g/dL) | 13.05+0.69 (12.0- | 15.06+0.96 (12.4— | 0.0001 13.2+0.8 (12-15.7) | 151 (12.2-17) 0.0001

15.0) 17.5)

Red cell distribution | 14.12+1.60 (7.3- | 14.5£1.27 (11.5- | NS 15.48+10.43 (10.9- | 14.88+1.14 (11.1- | NS
width (%) 20.0) 17.0) 17.0] 16.7)
Neutrophil/lym- | 1.73+0.47 (0.85- | 1.87+0.78 (0.88- | NS 1.87+0.52 (1.02— | 1.65+0.45 (0.94- | 0.007
phocyte ratio 3.37) 4.72) 3.7) 2.66)

*Data are reported as the number (%), mean * SD, or median (range, minimum to maximum).

Table 3. Relationship of leukocytes and C-reactive protein (CRP) with measured parameters in patients with migraine *

Parameter Leukocyte (n = 260) CRP (n =260)

r P r P
CRP 0.209 0.001F = =
Mean platelet volume -0.030 NS -0.026 NS
Leukocyte count - - 0.209 0.001+
Neutrophil count 0.889 0.000 0.257 0.0001*
Lymphocyte count 0.698 0.000 0.069 NS
Neutrophil/lymphocyte ratio | 0.186 0.003F 0.172 0.006+
Hemoglobin 0.021 NS -0.019 NS
Platelet count 0.197 0.001+ 0.162 0.009+
Red cell distribution width —-0.091 NS 0.069 NS
Migraine disease duration -0.020 NS 0.102 NS
Headache frequency 0.032 NS -0.041 NS
VAS score 0.015 NS 0.007 NS
Headache duration -0.093 NS -0.045 NS
Body mass index 0.085 NS 0.275 0.0001*

*Data are reported as the correlation coefficient, r, between leukocyte count and parameter, and between CRP and parameter. Abbreviations: NS,

not significant; VAS, visual analog scale.tNegligible values.

trigeminovascular system and cellular interaction rat- to the present study, previous studies indicated no cor-
her than a precipitating factor in migraine pathogene- relation between MPV and migraine, but the sample
sis [20]. sizes were smaller than that in our study [30,31]. In

T _ another study, the mean age of participants was higher
he high MPV levels in migraine patients observed in than that in the present study, and no information was
the present study were consistent with the results of

a previous report [34]. MPV was 2.32-fold higher in
migraine patients than in control subjects. In contrast

provided about the headache characteristics or vascular
disease risk factors in patients with migraine [31]. In

the present study, inclusion criteria ensured that hea-
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Table 4. Relationship of leukocytes and CRP with measured parameters in patients with migraine with and without aura*

Parameter Migraine without aura (n = 169) | Migraine with aura (n = 91) Migraine without aura (n = 169) | Migraine with aura (n = 91)
Leukocyte CRP
r P r P r P R P
CRP 0.204 0.008+ 0.226 0.031F - - - -
Mean platelet | —0.046 NS -0.027 NS -0.077 NS 0.064 NS
volume
Leukocyte| - - - - 0.204 0.008+F 0.226 0.031F
count
Neutrophil | 0.876 0.000 0.916 0.000 0.231 0.003+ 0.302 0.004*
count
Lymphocyte | 0.722 0.000 0.656 0.000 0.055 NS 0.105 NS
count
Neutrophil/ | 0.105 NS 0.345 0.001 0.164 0.0331 0.174 NS
lymphocyte
ratio
Hemoglobin | 0.145 NS 0.197 NS 0.041 NS -0.101 NS
Platelet count | 0.266 0.000 0.070 NS 0.193 0.012+ 0.115 0.009+
Red cell distri- | —0.052 NS —0.186 NS 0.070 NS 0.094 NS
bution width
Migraine dis- | 0.037 NS —0.004 NS 0.119 NS 0.037 NS
ease duration
Headache fre- | 0.034 NS 0.051 NS 0.064 NS —0.092 NS
quency
VAS score 0.079 NS —-0.084 NS 0.032 NS —0.082 NS
Headache du- | -0.122 NS —-0.029 NS -0.097 NS 0.043 NS
ration
Body mass in- | 0.148 NS —0.031 NS 0.268 0.0001* 0.283 0.007*
dex

*Data reported as correlation coefficient, r, between leukocyte and parameter, and between CRP and parameter in patients with migraine with

and without aura. Abbreviations: NS, not significant; VAS, visual analog scale. tNegligible values.

dache frequency was 22 attacks/month and migraine
disease duration was >1 year. Elevated MPV is asso-
ciated with increased platelet production and platelet
turnover. These findings could reflect higher rates of
platelet turnover in migraine and may be related to
increased production of bone marrow-derived, larger

circulating reticulated platelets within the peripheral

blood [35].

Consistent with previous reports, CRP levels were ele-
vated in migraine patients in the present study [11,12].
In contrast to the present study, a previous report in-
dicated that CRP levels were similar between migraine
patients and control subjects. However, this previous
report did not eliminate vascular risk factors or conco-
mitant disease, and the mean age of participants was
higher than that in our study [36]. Elevated CRP level
is a marker of inflammation and subclinical atherosc-
lerosis [9,10]. High CRP levels may reflect the inflam-

matory status in migraine.

The pathophysiological process that underlies tri-
geminal activation in migraine is a matter of debate.
Cortical spreading depression in the occipital cortex
stimulates the nerve endings of the trigeminal system
surrounding the pial vessels. Sarchielli et al. described
downregulation of leukocyte function antigen expres-
sion by CD4+ and CD8+ lymphocytes evaluated from
the internal jugular blood of migraine patients without
aura during attacks parallel to transient increases in
tumor necrosis factor alfa, interleukin-6, and soluble
intercellular adhesion molecule. This structural altera-
tion would be an attempt to antagonize the transvas-
cular migration of lymphocytes in a reaction to sterile
inflammation in the dura mater [8]. Increased platelet
activation results in upregulation of specific binding to
leukocytes, which promotes proinflammatory leukocy-
te secretion and their tethering to the endothelium, a
mechanism that has been demonstrated in stroke and
which could provide a link to migraine. Enhanced pla-

telet activation in migraine patients is a marker of the
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inflammatory process in the trigeminovascular system
and cellular interactions rather than a precipitating fa-

ctor in migraine pathogenesis [20].

A unique feature of the present study design was the
assessment of the associations of CRP and complete
blood count parameters in nonobese young adult mig-
raine patients. The participants had no known anemia,
vascular risk factors, or inflammatory disease. Limi-
tations of the present study included the absence of
measurements of other platelet-activating factors, such
as thromboxane A2 and beta-thromboglobulin, or leu-
kocyte and lymphocyte subtypes. Comparison of the
results with levels of other thrombotic and inflamma-
tion markers may provide an improved understanding

of migraine pathophysiology.

In conclusion, increased levels of peripheral inflamma-
tion may occur in migraine disease and may be invol-

ved in its pathogenesis.
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