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Abstract
Migraine still causes a high rate of disability and is reported to increase the risk of cardiovascular and cerebrovascular diseases. Endothelial dysfunction is considered to be one of the underlying mechanisms linking migraine and
vascular disorders. Investigation of endothelial function in migraine includes a variety of examinations including
biomarkers and ultrasonography-based studies. Several proposed biomarkers for endothelial dysfunction are endothelial progenitor cells (EPCs), von Willebrand factor (vWF), nitric oxide (NO), tissue-type plasminogen activator
antigen (tPA antigen), C-reactive protein (CRP), endothelin-1 (ET-1), and vascular endothelial growth factor (VEGF).
Brachial flow-mediated dilatation (FMD) is quite commonly used to reflect systemic endothelial dysfunction, while
cerebral endothelial function can be assessed using breath holding index (BHI) on transcranial Doppler (TCD). The
results of most studies in migraine sufferers indicate that endothelial dysfunction is found locally in the cerebral
circulation, especially at the posterior circulation, while evidence for endothelial dysfunction in the systemic circulation remains controversial.
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INTRODUCTION
Migraine is one of the primary headache conditions that cause a high burden for patients, families, and society [1]. Migraine is ranked as the 19th
highest cause of disability and is the 12th leading
cause of women living with a disability [2]. Various studies revealed there are many comorbidities
of migraine comprising myocardial infarction,
asthma, systemic lupus erythematosus, epilepsy,
stroke, and several psychiatric conditions [1,3,4].
Migraine has been established as one of the risk
factors for cardiovascular disease (CV). Meta-analysis studies showed that migraine with aura
(MA) and migraine without aura (MO) was associated with ischemic stroke with greater risk in the <
45-year-old age group, women, and oral contraceptive users [5]. The risk of ischemic stroke is
also known to be higher in MA than in MO. MA is
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also identified as a risk factor for deep white matter
lesions in the brain, sub-tentorial white matter lesions, and stroke-like posterior circulation areas [6].
Endothelial dysfunction or activation are presumed to have important roles in migraine pathophysiology and its relationship with vascular disorders [4,7]. However, several studies concerning
systemic or local endothelial dysfunction in migraineurs showed conflicting results. Endothelial
dysfunction is characterized by reduction of vasodilators bioavailability and disturbance of vascular
reactivity. Endothelial dysfunction will have various effects including vascular inflammatory processes and increased blood coagulability [8]. Biological markers examination, as well as
ultrasound-based studies as evidence of endothelial dysfunction and activation in migraineurs, will
be discussed in this literature review.
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BIOMARKERS OF SYSTEMIC CIRCULATION
ENDOTHELIAL FUNCTION IN MIGRAINEURS
Endothelial progenitor cells (EPCs)
It is well-known that migraine increases the risk
of cardiovascular and cerebrovascular diseases not
thoroughly explained by traditional risk factors.
Biological connections between migraine and the
increased risk of cardiovascular abnormalities are
still under investigation. The amount of circulating
EPCs is a biomarker representing vascular function where decreasing number of EPCs is associated with higher risk of cardiovascular diseases. The
EPCs contribute in maintaining endothelial integrity by replacing non-viable mature endothelial
cells, thus act as cellular resources [7,9,10]. In patients with cardiovascular disease or stroke presumed harboring atherosclerosis due to the loss of
endothelial repair ability, the number of EPCs is
lower and may predict the disease severity and
mortality [7,11].
Lee et al. in 2008 conducted a study to determine EPCs abnormality and its role in migraine
patients [7]. The study result was the number and
function of EPCs are decreased in patients with
migraine, indicating EPCs might be the connecting
basis between migraine and cardiovascular disease
risk. Multiple linear regression model identified
decreased migratory capacity and increased cellular senescence of EPCs only in MO and MA groups
compared to EPCs in tension-type headache (TTH)
group or normal subject. Chronic inflammatory
conditions resulting from neurogenic inflammation considered to have a potential role in reducing
the number and function of EPCs in migraineurs.
This may explain the more pronounced decrease of
EPCs in MA because the cortical spreading depression (CSD) process during MA upregulates
various species coding for inflammatory genes, including cyclooxygenase-2, TNF-ß, IL-1 ß, galanin, and metalloproteinase-9 [7].
Rodriguez et al. in 2012 also published their
study on EPCs. Samples for EPCs examination
were taken from the peripheral blood during the
interictal and migraine attack period [12]. The
study showed that patients with migraine had a
lower number of EPCs than controls (p < 0.0001).
EPCs also decreased further during migraine attacks (p <0.05) and with migraine evolution. Their
study included healthy subjects as controls, where-
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as Lee et al. [7] compared EPCs count between
migraine and TTH group. Rodriguez et al. also excluded patients with traditional vascular risk factors and other variables that may affect vascular
integrity, so it is expected that low EPCs count in
the study are indeed the result of migraine-related
pathophysiological mechanisms compared to the
consequences of other conditions related to endothelial dysfunction [12].
Oterino et al. in 2012 conducted a case-control
study regarding EPCs subtypes to examine endothelial activation and endothelial dysfunction in
migraine based on its expression to E-selectin. Total EPCs were examined, defined as CD34 + /
KDR + cells and EPC colony-forming units
(CFUs). The study identified “early” EPCs as
CD62E - EPCs and “late” EPCs as CD62E +, as
markers of endothelial damage. The study results
indicated that there was no difference in the total
number of CFUs between the study groups. The
mean total number of CD34 + / KDR + and “early”
EPCs did not differ significantly between study
groups. However, the mean “late” EPCs were lower in the control group than in migraine patients,
even after adjusting for plasma VEGF levels and
other confounding factors. Linear regression
showed “late” EPCs as a significant predictor of
controls compared to migraine. No differences in
results were observed between MA and MO in the
study. Oterino et al. concluded that based on this
study CD62E + EPCs could be a potential marker
to indicate vascular damage in migraineurs [13].
EPCs gradually lose their progenitor properties
and begin to express endothelial markers such as
VE-cadherin, E-selectin, endothelial nitric oxide
synthase, and von Willebrand factor in the systemic circulation [13,14]. After the occurrence of vascular injury, there is evidence that EPCs temporarily mobilize and increase its accumulation from
bone marrow to form CFUs (CD133 +) whose
ability is dependent on chronic vascular pathology
[15]. The interpretation of EPC levels should be
carried out with caution in the context of a combined process of acute vascular ischemia and
chronic vascular injury.
Oterino et al. in their study defined phenotype
CD34 + (hematopoietic stem) / KDR + (endothelial stem) EPCs as subtypes of EPCs that were not
mobilized from bone marrow, most of which were
derived from multipotent CD34 + stem cells circu-
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lating at the site of vascular injury. A circulating
CD34 + / KDR + cell count can serve as a marker
of vascular injury [13]. On the other hand, the
CD62E marker is present on endothelial microparticles after endothelial activation. The CD62E
identifies more mature EPCs that can be associated
with potential endothelial damage. After adjusting
for vascular risk factors, only CD62E + EPCs
counts remained significantly lower in the control
group, suggesting that migraine (independent of
their subtype) itself is a vascular risk factor. These
findings indicate that chronic migraine patients
have higher endothelial turnover rates than controls and persistent endothelial activation [13,16].
Von Willebrand factor (vWF) activity
One of the impacts of endothelial dysfunction is
hypercoagulability. vWF has been widely accepted
as a marker of endothelial dysfunction in plasma,
which activates the platelet glycoprotein IIb/ IIIa
receptor thereby causing platelet adhesion and aggregation [17]. These procoagulant proteins are
known to be associated with major cardiovascular
risk factors [18]. In one of the previous studies, it
was found that migraine patients with stroke history had higher vWF antigen levels than migraine
patients without previous stroke history [19].
Tietjen et al. published a study in 2009 regarding biological markers of endothelial activation in
young women with migraine, one of which was a
coagulation test examining vWF activity [8]. Study
subjects included women aged 18-50 years with
and without migraines without any previous cardiovascular disease. Compared with controls, women with migraines had adjusted odds ratios (ORs)
for increased vWF activity of 6.51 for MA and
4.59 for MO. Within the migraine group, vWF activity correlated significantly with the tissue-type
plasminogen activator antigen and nitrate/nitrite.
These results support the findings of mean vWF
activity values in migraine patients from 2 previous studies [19,20]. Tietjen et al. also found increased vWF activity was associated with ACE
deletion genotype (DD), especially when combined with the methylenetetrahydrofolate reductase thiamine genotype (TT) [21]. Those genotypes
are associated with endothelial dysfunction and
MA [22,23].
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C-reactive protein (CRP)
Endothelial dysfunction also results in the occurrence of vascular inflammation. This inflammatory condition has been hypothesized to be an important part of acute migraine pathogenesis [24]. A
study conducted by Tietjen et al., comparing migraine patients and controls, found an increase in
ORs to high-sensitivity CRP (hs-CRP) by 7.99 for
MA and 2.63 for MO [8]. Their study concluded
that there was an increase in hs-CRP in migraine
patients, with a stronger association with MA than
MO. Hs-CRP is a nonspecific marker of inflammation that increases endothelial expression of matrix
metalloproteinase (MMP) [25]. There is a minimal
correlation between hs-CRP and headache frequency, although a causal relationship has not been
elucidated. The association of CRP with migraine
has only been demonstrated in 2 small case-control
studies and a large prospective cohort of women
> 45 years [8].
Tissue-type plasminogen activator antigen
(tPA antigen)
Tietjen et al. also evaluated the fibrinolysis profile by measuring levels of tissue-type plasminogen activator antigen (t-PA antigen) in young adult
female subjects with and without migraine, who
had no history of cardiovascular disease. Within
the migraine group, vWF activity correlated with
tissue-type plasminogen activator antigen (p =
0.035) [8]. Tietjen et al. found increased plasma
t-PA antigen levels in migraine sufferers compared
to controls, reflecting decreased fibrinolysis levels.
A case-control study in 17 people with MO showed
decreased t-PA levels [26]. A population-based
case-control study in women 15-44 years, showed
increased plasma t-PA antigen as an independent
marker of increased stroke risk [27].
In a cross-sectional study by Vanmolkot et al.
which compared subjects with migraine and without migraine history, it was found that substance P
infusion into the brachial artery caused an increased t-PA release, but t-PA release in the two
groups did not differ significantly. This raises
doubts regarding the existence of endothelial dysfunction in the forearm resistance vessels of migraine patients. The study had several limitations
including the small sample size that can be due to
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procedure invasiveness and even though studies
using forearm already an adequate model to assess
endothelial function, their clinical relevance appears to be greatest when performed on coronary
and cerebrovascular vessels. This is because the
vascular tissue of the forearm is less susceptible to
atherosclerosis and thrombosis [28].
Nitric oxide (NO)
Vascular resistance and blood flow are regulated by a dynamic balance of vasodilator and vasoconstrictor factors. The most important vasodilator
is NO but its synthesis can be impaired in the presence of oxidative stress [29,30]. Oxidative stress is
a common cause of endothelial dysfunction, it is
associated with vasoconstriction, increased inflammation, activation of the coagulation system,
and indicates interaction between endothelial dysfunction and vascular smooth muscle [3]. Vascular
reactivity to NO was significantly lower in migraineurs [29].
Endothelial dysfunction decreases vasodilator
bioavailability and impairs vascular reactivity with
one of the biomarkers is decrease synthesis of
bradykinin-mediated endothelial nitric oxide. A
study conducted by Tietjen et al. showed decrease
concentration of NO stable metabolites in urine
during the interictal period in patients with migraine compared to controls [8]. vWF activity also
correlated with nitrates/nitrites in the migraine
group. There have only been a few studies in the
literature on nitrite/nitrate concentrations in migraine. In one recent study on migraineurs during
the interictal period, there was no difference between blood nitrates/nitrites compared with controls [31]. There was also another study that
showed higher interictal nitrate/nitrite concentration than control [32]. However, Bianchi et al.
found that the concentration of NO metabolites
was lower in migraineurs [26]. When compared
with the study by Tietjen et al. [8], these other
studies had smaller sample sizes, used different
study methods, included males on their subjects,
and few multivariate analyses [26,31,32].
Endothelin-1 (ET-1)
Migraine is thought to be an “endotheliopathy”
in which the vascular endothelium regulates vari-
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ous vascular functions [28]. In response to a specific stimulus, endothelial cells secrete locally active vasodilators, including the vasodilator nitric
oxide (NO) and the vasoconstrictor endothelin-1
(ET-1). Several observational studies have demonstrated abnormal endothelial function in migraine
patients, including an increase in the number of
anti-endothelial cell antibodies that can induce endothelial damage [10] and an increase in plasma
ET-1 levels [33,34]. Hamed et al. in their study
also detected an increase in ET-1 levels in migraine
sufferers [35]. ET-1 is associated with vasoconstriction where its increase can be a marker of endothelial injury associated with the production of
superoxide in the vasculature. In animal studies
with mice, ET-1 induced cortical spreading depression (CSD) [4,36].
Vascular endothelial growth factor (VEGF)
Rodriguez et al. studied endothelial function
with biochemical and ultrasonographic markers
and their association with EPCs in migraine patients [12]. One of the analyses carried out is the
VEGF level. The results showed that VEGF levels
in migraineurs were higher than controls (p <0.05).
The potential role of VEGF in migraine is not well
understood. VEGF constitutes proangiogenic factors and mediates vasodilation, this leads to extravasation of plasma proteins and increases the
risk of migraine. VEGF can also promote EPC release [37]. Rodriguez et al. found a decrease in
EPC and an increase in VEGF in migraine sufferers as a compensatory response. The correlation
mechanism between VEGF and migraine is not yet
known and requires further investigation [12].
VEGF examination in migraine patients was
also performed by Oterino et al, where the researchers studied the EPCs subtypes and also analyzed the plasma CGRP and VEGF levels. EPCs as
angiogenic cells express 3 surface markers
(CD133, CD34, and VEGF receptor-2) which are
early functional angioblasts. Oterino et al. showed
that plasma VEGF levels were inversely correlated
with EPCs (p = 0.022) especially with “early”
EPCs. There was no difference between VEGF
and CGRP levels in plasma between the migraine
and control groups in their study [13].
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ULTRASONOGRAPHY-BASED STUDY ON
SYSTEMIC AND CEREBRAL ENDOTHELIAL
FUNCTION IN MIGRAINEURS
Flow mediated dilation (FMD)
FMD analysis of the dominant brachial artery is
widely conducted to reflect systemic endothelial
function in migraineurs. A study published by
Rodriguez et al. showed that there was no change
in FMD during the interictal or ictal period in migraineurs compared to controls [12]. The FMD test
uses a high-resolution B-mode ultrasound device
with a 7.5 MHz linear transducer which is carried
out according to the International Brachial Artery
Reactivity Task Force and the guidelines of the
Working Group of the European Society of Hypertension. The test was performed on the dominant
brachial artery with FMD expressed as a percentage increase of arterial diameter from baseline
[12,38]. Similar results were also obtained from a
study conducted by Perko et al., where FMD investigations were carried out to reflect systemic
endothelial function in migraine patients without
comorbidities. This study concludes that systemic
endothelial function is not disturbed in migraine
patients without comorbidities, both MA and MO
[39].
Several previous FMD studies on migraine during the interictal period have shown contradictory
results. In contrast to the two studies presented
above, de Hoon and Vanmolkot et al. found disruption of systemic vascular reactivity [40,41]. Yetkin
et al. also suggested that migraine may be a local
manifestation of systemic vascular abnormalities
[42]. Further studies with larger sample sizes, the
use of vasoactive substances, and simultaneous
studies of the intracranial circulation are needed to
confirm the research results.
Breath holding index on transcranial Doppler
study
Recent studies of biological markers and
non-invasive examinations of systemic endothelial
function in migraineurs still suggest controversial
results [39,43]. The resume of these studies concludes that migraine is unlikely a systemic vasculopathy with suspicion only cerebral endothelial
dysfunction contributes to vascular morbidity.
Brachial artery FMD is already used extensively as
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non-invasive studies to assess systemic endothelial
function, while validated markers of cerebral endothelial function are not yet available. Carbon dioxide-mediated vasomotor reactivity (VMR) is
considered to represent the cerebral endothelial
function. The vasodilation response to CO2 is nitric oxide-mediated through the endothelial Nitric
Oxide Synthase pathway so that cerebral VMR examination towards CO2 is expected to evaluate
endothelial function [44]. Breath-holding (BH) as
a vasodilatory stimulus has been validated as comparable to 95% CO2 inhalation in clinical practice
[44,45].
A study by Rajan et al. showed that the mean
BHI of migraineurs was significantly lower in the
posterior cerebral arteries and basilar arteries, but
there were no different results for the middle cerebral arteries when compared to controls. The FMD
examination in their study showed no significant
difference between the mean brachial FMD of
controls compared to migraine sufferers. The study
concluded migraineurs had only endothelial dysfunction isolated in the posterior cerebral circulation but not in the systemic circulation. The reasons for the disruption of endothelial function
limited to the posterior arterial circulation are not
well understood. Based on the findings of Rajan et
al, infarction in the posterior circulation in migraine patients is thought to be the result of a direct
disturbance of endothelial function than due to atherosclerosis-related embolism. Longitudinal and
clinical studies correlated with MRI results are
needed to support this evidence clinically [44].

CONCLUSIONS
Endothelial dysfunction is thought to be causally related to the pathophysiology of migraine and
its association with vascular events. The results of
various studies in migraine sufferers show that endothelial dysfunction is found in the cerebral circulation, especially the posterior circulation, with
controversial study results against endothelial dysfunction in the systemic circulation. Evidence of
isolated endothelial dysfunction in the posterior
cerebral circulation is supported by the findings of
BHI examination on posterior circulation TCD,
while FMD results that reflect systemic endothelial function are still largely conflicting. Most of the
biological markers of endothelial function in mi-
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graine sufferers showed a decrease in the number
of EPCs in the circulation. The results and interpretation of other biological markers such as NO,
vWF activity, CRP levels, tPA antigen, ET-1, and
VEGF in migraineurs require further investigation. Appropriate comprehension and ongoing
study towards cerebral and systemic endothelium
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function in migraineurs are needed to further predict migraine clinically and provide a rationale for
preventive action and management of migraine
with vascular comorbidities.
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