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RESEARCH ARTICLE

The relationship between levels of plasma-soluble urokinase plasminogen
activator receptor (suPAR) and presence of migraine attack and aura

Nigar Yılmaza, Mustafa Yılmazb�, Burcu Sirinc, Sureyya Yılmaztekinb and G€ulnihal Kutlub

aFaculty of Medicine, Department of Biochemistry, Mugla Sıtkı Kocman University, Mugla, Turkey; bFaculty of Medicine, Department of
Neurology, Mugla Sıtkı Kocman University, Mugla, Turkey; cDepartment of Biochemistry, Izmir Katip Celebi University Ataturk Training and
Research Hospital, Izmir, Turkey

ABSTRACT
Migraine is one of the most common types of pain associated with sterile inflammatory conditions.
Soluble urokinase plasminogen activator receptor (suPAR) is a potential novel inflammatory marker. We
aim to determine the association between serum values of suPAR, procalcitonin, fibrinogen, and high-
sensitivity C-reactive protein (hs-CRP) and migraine disease characteristics. The study involved a total
of 60 migraine patients (33 patients in the interictal period, 27 patients in the attack period) and 30
healthy individuals. The serum values of suPAR were found to be significantly higher in migraine
patients in the attack period than in migraine patients in the interictal period, and in healthy individu-
als (p< .01 for both). In addition, levels of suPAR were determined to be higher in migraine with aura
patients than in migraine without aura patients. When we subdivided migraine patients according to
frequency of attack (attacks/month), significant differences were found between the suPAR and procal-
citonin levels (measured during the attack period) of those in the frequent-attack group (4–5 or more)
versus those in the less frequent attack group (less than 4). Serum levels of procalcitonin were shown
to be significantly higher in migraine patients during the attack period compared with migraine
patients in the interictal period and in control subjects (p¼ .001 for both). Significant differences were
found between plasma levels of fibrinogen in migraine patients versus control subjects (p< .01). No
statistically significant difference was found between levels of hs-CRP in migraine patients versus the
control group. These findings may show that presenting a high level of suPAR in migraine patients
with attack and aura results to predisposition to occurring on the symptoms and that high levels of
suPAR, procalcitonin and fibrinogen in patients with migraine result in neurogenic inflammation during
migraine headaches.
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Introduction

Migraine headache is a serious and also common health
problem, affecting between 11.7% and 16.6% of the global
population (1). Migraine contributes to decreased quality of
life. It is a neurovascular disease characterized by sterile vas-
cular inflammation leading to attacks and remittent periods
of headache that may be accompanied by numerous other
symptoms (2,3). The etiopathology of migraine is only partly
known but is admitted to be occurred through activation of
the trigeminovascular system which leads in vasodilation of
presenting inflammation by pain-producing intracranial vas-
cular endothelial cells (4). Inflammation may correlate clinic-
ally, proving valuable in improved treatment strategy. The
International Headache Society (IHS) classifies migraines into
two types: migraine with aura and without aura. Several
studies have been done that emphasize the factors that
cause attacks and the clinical symptoms of migraine (5,6).
However, the attack-triggering mechanism has not been pre-
cisely identified. There are still no properly recognized

laboratory parameters for determining the clinical course of
the disease, despite the fact that migraine may result in
increased risk of stroke and other thromboembolic events.
Further study of the role of thrombosis in a proportion of
patients with migraine is warranted.

Urokinase-type plasminogen activator receptor (uPAR) is
a glycosyl-phosphatidylinositol-anchored membrane glyco-
protein commonly expressed by endothelial cells and in the
formation of extracellular tissue (7). uPAR is a valuable com-
ponent of the fibrinolytic system as a known membrane-
linked protein in endothelial cells, which has a role in cell
migration, angiogenesis, fibrinolysis and cell proliferation.
uPAR is involved in signal transduction and inducing chemo-
taxis in many molecules in various types of cell including
endothelial cells, macrophages, lymphocytes and neutrophils
(8). After cleavage from the cell surface, soluble uPAR
(suPAR) levels can be determined in the blood and correlated
with inflammatory markers, various cytokines and also with
endothelial dysfunction, thereby showing promise as a
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biomarker for chronic inflammatory conditions. suPAR has
been mentioned as a new biomarker that has outperformed
CRP in determining prognosis in cardiovascular disease (9).
suPAR is especially strongly expressed in endothelial cells
and the formation of extracellular tissue. It has a role in
extracellular matrix remodeling and angiogenesis. It has been
reported that levels of suPAR are very low in healthy individ-
uals (10). suPAR levels are elevated as a response to inflam-
matory conditions (11). It has also been suggested that
increased suPAR levels are associated with inflammation,
infection, and certain diseases including renal diseases, car-
diovascular disease and cancer (12,13).

Procalcitonin is a peptide precursor of calcitonin and syn-
thesized in the thyroid tissue and cells of the monocyte-
macrophage system. High levels of procalcitonin are associ-
ated with bacterial infection. Release of procalcitonin into the
bloodstream is induced by lipopolysaccharide in bacteria,
detectable after 4 h. In contrast, the level of C-reactive pro-
tein (CRP) increases after 12 or 18 h in the event of bacterial
inflammation. One study showed that large amounts of pro-
calcitonin were produced after stimulation of TNF-a, interleu-
kin-2 and interleukin-6 (14,15). The evidence indicates that
serum procalcitonin level is a sensitive biomarker of bacterial
infection. Serum levels of procalcitonin may be useful in
diagnosing migraine diseases.

In this study, we aim to compare plasma suPAR levels in
patients with migraine with/without attack to those in
healthy individuals. In addition, we evaluate the usefulness of
suPAR as an activity biomarker for migraine and establish a
relationship between disease characteristics and levels of pro-
calcitonin, fibrinogen and hs-CRP.

Materials and methods

Our prospective study included 60 migraine patients (45
females and 15 males; mean age 34.8 ± 9.6 years) and 30
healthy age- and gender-matched individuals (20 females and
10 males; mean age 38.2 ± 13.8 years). It was conducted in the
outpatient clinic at Mugla Sıtkı Kocman University, Faculty of
Medicine, Department of Neurology, according to exclusion
and inclusion criteria. Migraine diagnosis criteria were
recorded, based on the International Classification of
Headache Disorders 2nd Edition (ICHD-II) (6). Brain MRIs were
performed on all migraine patients. Exclusion criteria for
migraine patients and healthy individuals were as follows:
under 18 years old and over 65 years old; body mass index
(BMI)> 30 kg/m2 and <18 kg/m2; pregnancy; intake of sys-
temic drugs such as anti-inflammatories, anticoagulants and
antiaggregants; presenting of chronic disorders such as renal
disease, hepatic disease and malignancy. Detailed anamneses
were taken from the migraine patients, and neurological and
radiological examinations were performed by the same neur-
ologist. Eight patients whose brain MRIs revealed lacunar
infarcts and 20 patients who had taken drugs were excluded
from the study. This study was approved by the ethics com-
mittee of Mugla Sıtkı Kocman University’s Faculty of Medicine
and conducted in accordance with Declaration of Helsinki
principles. Migraine attack duration, monthly frequency, aura

presentation and duration of disease were recorded. The
study included migraine patients in the attack period (n¼ 27);
migraine patients in the interictal period (n¼ 33); migraine
with aura patients (n¼ 30) and migraine without aura patients
(n¼ 30). Participants’ height and weight were recorded and
their BMIs calculated according to World Health Organization
recommendations, and expressed in kg/m2.

Venous blood samples were taken from admitted migraine
patients during the interictal and attack periods and centri-
fuged at 4000� g for 5min. Serum and plasma were sepa-
rated into Eppendorf tubes for analysis. Specimens were kept
at �80 �C in a deep freezer until suPAR (BioVendor
Laboratory Medicine Inc., Brno, Czech Republic), procalcitonin
(EIA-5291, DRG International Inc., USA) and hs-CRP
(BioVendor Laboratory Medicine Inc., Brno, Czech Republic)
levels could be assessed using enzyme-linked immunosorb-
ent assay (ELISA). Venous blood samples were centrifuged for
15min at 1000� g at 4 �C within 30min of the samples
being taken. Plasma was removed and stored at �80 �C in a
deep freezer until fibrinogen levels could be assayed using
ELISA (Elabscience, catalog no: E-EL-H2193).

Statistical analysis

Statistical analyses were performed using SPSS 20.00
software (Chicago, IL) for Windows. All data were expressed
as mean± standard deviation. The variables were assessed
using the Kolmogorov–Smirnov test for the normality of
distribution. The normally distributed variables were deter-
mined using the Student’s t-test and Pearson correlation.
The other variables were calculated statistically using the
Mann–Whitney U-test. Values of p< .05 were considered stat-
istically significant.

Results

The demographic characteristics of the migraine patients and
healthy individuals (control group) are shown in Table 1. No
statistically significant differences in age, gender, BMI or
blood pressure were found between the migraine patients
and healthy individuals. Levels of suPAR and procalcitonin
were found to be significantly higher in migraine patients in
the attack period than in migraine patients in the interictal
period and in healthy individuals (p< .01 for both) (Table 2,
Figure 1). In the attack period, suPAR levels were higher in
migraine with aura patients than in migraine without
aura patients (Table 3, Figure 2). Plasma fibrinogen levels
were significantly higher in migraine patients than in healthy
individuals (p< .01). No significant differences in levels of

Table 1. Participant characteristics.

Variables Migraine patients (n¼ 60) Control (n¼ 30) p Value

Age (years) 34.84 ± 9.68 38.2 ± 13.8 N.S
Gender (female/male) 45/15 20/10 N.S
BMI (kg/m2) 25.37 ± 4.77 23.78 ± 5.63 N.S
Systolic BP (mmHg) 122.8 ± 14.02 120.2 ± 8.45 N.S
Diastolic BP (mmHg) 77.3 ± 8.2 79.14 ± 9.41 N.S
Hypertension (%) 12 10 N.S
Diabetes mellitus (%) 8 5 N.S

BMI: body mass index; BP: blood pressure.N.S: nonsignificant.
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hs-CRP were seen between patients with migraine and the
control group (p< .05). No significant differences in procalci-
tonin, hs-CRP, or fibrinogen levels were seen between the
migraine with/without aura groups. When we subdivided
migraine patients according to frequency of attack (attacks/
month), suPAR levels in the attack period were significantly
higher in the group reporting frequent attacks (4–5 or more)
than in the group reporting less frequent attacks (less than
4) (Figure 3). Pearson correlation analysis of the groups
revealed that variables including fibrinogen and procalcitonin
were correlated with suPAR (p¼ .014, r¼�.262; p¼ .016,
r¼ .225, respectively). In addition, systolic blood pressure was
found to be correlated with gender, smoking and the level of
fibrinogen (p¼ .01, r¼ .352; p¼ .009, r¼�.360; p¼ .036,
r¼�.262, respectively).

Discussion

To the best our knowledge, our study is the first to deter-
mine levels of suPAR in migraine patients. We found that the
level of suPAR was elevated in migraine patients in the attack
period compared to patients with migraine in the interictal
period and healthy individuals. In addition, levels of suPAR
were higher in migraine with aura patients than in migraine
without aura patients. We suggest that suPAR might be a
strong prognostic marker for migraine patients, particularly
during attack periods. It may suggested that there will be
possible treatments or ways in which suPAR levels could be
altered pharmacologically to see whether migraine prognosis
or severity of attack is affected. In previous studies, suPAR
has been demonstrated to be an important and valuable

Table 2. suPAR, fibrinogen, procalcitonin, hsCRP levels in migraine in attack and interictal period and control group.

Parameters Patients in attack (n¼ 33) Patients in interictal period (n¼ 27) Control p

suPAR (pg/mL) 2361.18 ± 398.62a 1918.44 ± 672.87 1727.43 ± 411.4 .004
Procalcitonin (pg/mL) 320.68 ± 183.94a 173.21 ± 152.8 121.27 ± 57.25 .001
Fibrinogen (ng/mL) 553.61 ± 245.61 497.01 ± 235.11b 241.6 ± 117.9 .001
hsCRP (mg/L) 2.32 ± 2.45 2.68 ± 1.95 2.45 ± 1.98 N.S
aattack group versus interictal and control group.
binterictal group versus control group.

Figure 1. Serum suPAR, procalcitonin, hs-CRP and plasma fibrinogen levels in patients with migraine and control group.
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biomarker in the identification of inflammatory response. The
presenting of inflammation is associated to higher plasma
suPAR levels. Elevated suPAR has been identified as a pre-
dictor of immune system activation and ongoing inflamma-
tory conditions such as malignancy, ankylosing spondylitis,
systemic lupus erythematosus, Behcet’s disease, glomerulo-
nephritis and cardiovascular disease (16–19). Interestingly,
this contrasts with a study in which no statistically significant
differences were found between the level of suPAR in
patients with psoriasis who have systemic inflammation, and
the level in healthy individuals. The high stability of suPAR in

blood makes it a potential marker. In previous studies, higher
levels of suPAR have been mentioned as predictive of sever-
ity and mortality for certain diseases including bacterial men-
ingitis, active tuberculosis and sepsis. More importantly,
suPAR levels were determined to be strong predictors of
case fatality rate and allowed more accurate risk stratification
than other known inflammatory markers such as CRP, procal-
citonin and interleukin-6 (IL-6) (20,21). We suggest that
enhanced circulating suPAR allows activative inflammation
and initiates migraine attack periods. Other studies have
shown that proinflammatory cytokines and chemokines are
secreted during migraine attacks (22). suPAR is an acknowl-
edged biomarker of acute and systemic inflammatory condi-
tions. suPAR levels have been correlated with those of some
proinflammatory cytokines expressed by activated mono-
cytes, lymphocytes and neutrophils (23). suPAR is also
thought to be a novel marker for activation of the inflamma-
tory and immune systems. It is a circulating protein
expressed from the cell surface of neutrophils, T cells and
macrophages (24). Elevated suPAR levels may be the result of
oxidative stress, endothelial cell activation and inflammation
of the blood vessels from the perivascular trigeminal regions
during acute attacks, as well as involved in the development
of migraine attacks. On the other hand, we found high levels
of suPAR in migraine with aura patients. The complex eti-
ology of migraine with aura is still not well understood.
Several studies show that migraine with aura may have an
association with coagulation diseases, endothelial dysfunction
and inflammation (25,26). We suggest that a complex rela-
tionship between migrainous aura and suPAR may play a
role in pathophysiology, but certainly there are several other
factors that may contribute to its development. Meta-analy-
ses have demonstrated a relationship between migraine and
the development of strokes. In particular, there were a rodu-
lent association between stroke and migraine with aura in
women under 45 years of age. Migraine with aura patients
are more prone to thrombosis events. Our study supports
these findings, showing high suPAR levels in migraine with
aura patients.

Table 3. suPAR, fibrinogen, procalcitonin, hsCRP levels in migraine patients
with aura and without aura subgroups.

Migraine patients
with aura (n¼ 30)

Migraine patients
withou aura (n¼ 30) p

suPAR (pg/mL) 2424.03 ± 602.59 1793.15 ± 421.92 .001
Procalcitonin (pg/mL 259.5 ± 181.6 219.59 ± 182.86 N.S
Fibrinogen (ng/mL) 492.55 ± 242.13 552.41 ± 237.15 N.S
hsCRP (mg/L) 2.51 ± 2.46 2,52 ± 1.90 N.S

N.S: nonsignificant.

Figure 2. Serum suPAR level in migraine patients with aura and without aura.

Figure 3. Serum suPAR and procalcitonin levels in frequency of attack (attacks/month) in patients with migraine.
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Regarding the above-mentioned reports of an association
between increased procalcitonin levels and several inflam-
matory disorders, our study found statistically significant dif-
ferences between the serum procalcitonin levels of migraine
patients and those of healthy individuals. Similarly, Turan
et al. found increased levels of procalcitonin in migraine
patients during the attack period compared to migraine
patients during the periods between attacks (27). In add-
ition, they suggested that serum procalcitonin levels in
migraine without aura patients during the attack period
were higher than in patients during the periods in between
attacks. On the contrary, our findings showed strong evi-
dence of a relationship between procalcitonin levels and
migraine attack.

Fibrinogen is well known as a major coagulation protein
and also as an inflammatory marker. It is clear that fibrinogen
is a crucial protein for determining risk of vascular events, as
it has a role in blood viscosity and platelet aggregation. It
has been documented that migraine is related to endothelial
dysfunction and that dysfunction correlates with the severity
of the disease (28). Endothelial injury results in elevation of
fibrinogen levels; elevated plasma fibrinogen contributes to
the endothelial dysfunction and eventually leads to migraine.
The vascular inflammation may reflect the endothelial dys-
function and activation of the coagulation factors. Chronic
migraine is known to be associated with thrombotic events
(29). Two prospective studies found an association between
high plasma fibrinogen and increased risk of migraine,
although there were some differences in the two studies’
results. In the first of these, Yucel et al. determined that
migraine patients have increased plasma fibrinogen com-
pared to healthy individuals. They found no differences in
the fibrinogen levels in migraine patients in the attack and
interictal periods (30). This is similar to our study, which
found no statistically significant differences between plasma
fibrinogen levels in patients with migraine during attack and
those in the interictal period. The second of these prospect-
ive studies found no differences in the levels of fibrinogen
and CRP in patients with migraine compared to healthy indi-
viduals (31). However, no previous study examines the rela-
tionship between levels of plasma fibrinogen along with
those of suPAR, hs-CRP, and procalcitonin. We found a posi-
tive correlation between levels of fibrinogen, suPAR and
procalcitonin.

Previous studies have reported an association between
cardiovascular diseases, atherosclerosis and migraine (32,33).
Today, it is known that hs-CRP and IL-6 levels are related to
higher risk of cardiovascular disorders. We found no differ-
ence in levels of hs-CRP in migraine patients compared to
healthy individuals. Interestingly, our data points to super-
iority of suPAR compared to hs-CRP. Consistent with the
present findings, Reichsoellner et al. reported suPAR’s super-
iority for prognosis over various inflammatory markers such
as CRP, IL-8, IL-10 and neutrophil gelatinase-associated lipo-
calin (NGAL) (34). Various studies mention high levels of hs-
CRP in migraine without aura patients (22,35–37). In one
previous study, the presence of aura was associated with
ischemic stroke (38). So that, this reports is not correlated
to previous studies. Nermin et al. report elevated hs-CRP

levels in migraine patients (32). In contrast, other reports
have found that hs-CRP levels were not elevated in
migraine patients compared to healthy individuals (39–41).
These differences may be related to differences in the mean
age of participiants. In the current study, we included
younger participants compared to previous studies. hs-CRP
is known to be associated with vascular risk factors. We
also included more female migraine patients in our study
because the frequency of migraine headaches is nearly
three times greater in women than in the male population
(42). The heavier proportions of younger and female partici-
pants in our study may be the reason for our finding no
significant difference in the levels of hs-CRP in migraine
patients versus healthy individuals. In another study, it was
reported that levels of fibrinogen and CRP were higher in
migraine patients than in healthy individuals. The same
study found no significant difference in levels of fibrinogen
and CRP in patients with episodic migraine compared to
those with chronic migraine (43). Clinical studies have
shown that drug therapies, especially those using anti-
inflammatory agents, are effective for migraine patients (44).
The inflammatory hypothesis was validated in several stud-
ies, which found a relationship between two inflammatory
markers, CRP and pentraxine 3 and migraine disease (6).
However, the current findings point to a stronger suPAR-
migraine association than exists between hs-CRP and
migraine. We did not observe anything that differs signifi-
cantly from previous studies in terms of the relationship
between hs-CRP and migraine. It may support inflammatory
processes, and other pathways may play a role in the pre-
senting of migraine attacks and aura.

The number of studies investigating the level of suPAR on
various infectious and inflammatory diseases. It would be
interesting to evaluate the usefulness of systemic levels of
suPAR in serum for determining on treatment. suPAR seems
a promising prognostic marker in migraine patients. There
are confusing that which treatment effective on the migraine
disease characterize. Future studies should show whether
prognostic assessment translates into better clinical
outcomes.

Conclusions

To the best of our knowledge, this study is the first to con-
clude that suPAR level may be considered a new risk factor
for migraine attack and aura presentation. The finding is
based on the reported elevated levels of suPAR, procalcitonin
and fibrinogen in patients with migraine, which support the
hypothesis that occurring sterile inflammation may play a
role in migraine pathogenesis.
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