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Abstract
Background Migraine is a common neurovascular disease associated with vascular risks, especially in young adult
females, but the mechanism underlying these associations remains unknown. This study evaluated the relationships
between plasma endothelial dysfunction biomarkers and carotid intima–media thickness (IMT) in young adult fe-
males with migraine.
Methods This case–control study included 148 female patients (age range: 18–50 years). Migraine was diagnosed according to
the International Headache Society-IIIb criteria. Endothelial dysfunction biomarkers, such as von Willebrand factor (vWF), C-
reactive protein (CRP), homocysteine, total nitrate/nitrite concentration, and thiobarbituric acid-reactive substances (TBARS),
were evaluated in plasma. Carotid IMTwas measured by a radiologist with sonography.
Results The CRP, TBARS, vWF, and IMT levels were increased in the migraine compared with the control group (p < 0.001, p =
0.02, p < 0.001, and p < 0.001, respectively). After adjusting for confounders, multiple linear regression analysis revealed that
systolic arterial blood pressure, CRP, vWF, TBARS, and right and left internal carotid artery (ICA) IMT were independently
positively correlated with migraine (p < 0.01, p = 0.004, p = 0.023, p = 0.024, p = 0.032, and p = 0.048, respectively). Multiple
logistic regression analysis revealed that right ICA IMTwas independently associated with ergotamine and triptan and left ICA
IMT was independently associated with ergotamine (p = 0.013, p = 0.026, and p = 0.017, respectively). In addition, significant
correlations were found between LDL lipoprotein and carotid IMT in the migraine group (p < 0.05).
Conclusions Carotid IMT enhancement and elevated TBARS, vWF, and CRP levels in migraine subjects during a migraine
attack could be regarded as consequences of migraine attack pathophysiology. The independent associations between triptan and
ergotamine consumption and enhanced carotid IMT suggest that repeated use of these vasoconstrictive antimigraine agents may
have additional effects on carotid IMT.
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Abbreviations
BMI body mass index
CCA common carotid artery
CRP C-reactive protein
ICA internal carotid artery
ICHD International Headache Society
IMT intima–media thickness
LDL low-density lipoprotein
NSAID nonsteroidal anti-inflammatory drug
TBARS thiobarbituric acid-reactive substances
VAS visual analog score
vWF von Willebrand factor

Introduction

Migraine (M) is a common primary headache disorder charac-
terized by recurrent attacks of headache and various combina-
tions of symptoms related to the gastrointestinal and autonomic
nervous systems. Approximately one third of patients experi-
ence an aura involving neurological symptoms, mostly visual
[1]. The prevalence of M in the general population ranges from
6 to 13%, and females are affected at higher rates because of the
influence of hormones [2]. M is a neurovascular disorder in-
volving cortical spreading depression and neurogenic inflam-
mation, but the pathophysiology of this condition is not
completely understood. Repeated M attacks cause inflamma-
tion of the cranial blood vessels, and various neuropeptides are
implicated in the neuroinflammatory process [3, 4].

M, particularly M with aura, is associated with vascular
diseases, and a two-fold increased risk of ischemic stroke in
M has been reported; however, the mechanism underlying
these associations is unknown [5]. It has been reported that
certain features of the systemic and cranial vascular structures
change during an M attack and between attacks [6, 7].
Inflammatory markers, oxidative stress, and thrombosis in
the systemic circulation have been reported in M [8–10].

The inflammatory process inM and the associated vascular
risk may disrupt the vascular endothelial function and struc-
ture of the vascular wall and may lead to atherosclerosis and
vascular disease. Repeated sterile vascular inflammation re-
sults in endothelial injury of the cranial vessels [6, 7].

Recent reports have identified carotid intima–media thick-
ness (IMT) as a valuable predictor of vascular risk that operates
independently of traditional risk factors. Carotid IMTmeasure-
ment is a noninvasive method that can be used as a structural
marker of subclinical atherosclerosis and is correlated with
concomitant endothelial dysfunction [9, 11, 12].

Endothelial dysfunction has been reported in M, and carot-
id IMTwas recently reported to be increased in M [9, 10, 13,
14]. Only a few studies have investigated the relationships
between various endothelial function biomarkers and carotid
IMT in M, and these have obtained conflicting results [9, 15].

Therefore, this study evaluated the plasma biomarkers related
to endothelial function and the carotid IMT, as a marker of
structural vascular impairment, in young adult females withM
and assessed the correlations of endothelial plasma bio-
markers with carotid IMT.

Methods

Subjects

This prospective, cross-sectional case–control clinical study
recruited subjects from the neurology and emergency outpa-
tient clinics of Baskent Medical Faculty who had migraine
between July 2015 andMarch 2017. Participants were recruit-
ed after the study was approved by the Institutional Review
Board. The patients were diagnosed with M using the
International Headache Society-IIIb (ICHD-IIIb) criteria [1].
Study eligibility criteria included (1) females who had M with
and without aura, (2) aged between 18 and 50 years, (3) head-
ache at the time of enrollment, (4) visual analog scale (VAS)
score ≥ 7/10 during the headache, (5) M symptoms ≥ 1 year,
(6) headache frequency ≥ 2 attacks/month, and (7) no known
vascular risk factors, inflammatory disease, chronic illness,
metabolic disease, or infections. Exclusion criteria included
(1) history of M < 1 year; (2) > 15 days of headache per
month; (3) use of antimigraine drugs > 10 days/month; (4)
history of cerebrovascular or cardiovascular disease, arterial
hypertension (blood pressure > 140/90 mmHg), diabetes
mellitus, or hyperlipidemia (low-density lipoprotein cholester-
ol ≥ 160mg/dL); (5) body mass index (BMI) < 18 kg/m2 or >
35 kg/m2; (6) smoke > 1 pack/day cigarettes; (7) current preg-
nancy, lactation, or hormonal contraceptive use; (8) alcohol or
substance abuse; (9) drug use (e.g., antiplatelet agents, antico-
agulants, statins, or hormonal drugs); and (10) possible
Bsymptomatic migraine^ in which magnetic resonance imag-
ing showed arteriovenous malformations, ischemic infarcts,
brain tumors, or other conditions that may be associated with
M. Patients with high CRP (≥ 10mg/L) levels were excluded
from the study because such levels may represent nonspecific
inflammation and lack positive predictive value [16]. The
study included 74 patients aged between 18 and 50 years
(mean age 35.1 ± 3.4) who were diagnosed with M.

Healthy control subjects aged between 18 and 50 years
(mean age 31.9 ± 4.1) were recruited from the hospital and
laboratory staff, patients’ relatives, and the general population.
All control subjects met the following inclusion criteria: (1)
female gender, (2) no headaches (e.g., M, tension-type head-
ache, or cluster headache), (3) aged 18 to 50 years, and (4)
absence of other neurological or systemic diseases. Exclusion
criteria for the control subjects were as follows: (1) history of
cerebrovascular or cardiovascular disease, arterial hyperten-
sion (blood pressure > 140/90 mmHg), diabetes mellitus, or
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hyperlipidemia (low-density lipoprotein cholesterol ≥ 160
mg/dL); (2) BMI < 18 kg/m2 or > 35 kg/m2; (3) smoke > 1
pack/day cigarettes; (4) current pregnancy, lactation, or hor-
monal contraceptive use; (5) alcohol or substance abuse; and
(6) drug use (e.g., antiplatelet agents, anticoagulants, statins,
or hormonal drugs).

Evaluation

The study included participants who were diagnosed with M
according to the ICHD-IIIb criteria and healthy controls with-
out headache. A detailed history of Mwas obtained, including
disease duration (years), age at onset, average duration of
current headache (hours), presence of aura, trigger factors,
accompanying symptoms, frequency per month, and location
and severity of pain. Severity of headache was evaluated with
a VAS (range, 1 [minimum pain] to 10 [maximum pain]). M
headache attack frequency was defined as the number of at-
tacks per month. All patients and controls underwent complete
physical and neurological examinations. Comorbidities (cor-
onary artery disease, stroke, diabetes mellitus, or thyroid dis-
ease) and intercurrent illnesses, such as respiratory or urinary
infections, were determined from the patient history, physical
examination, and laboratory tests. Blood pressure, body
weight, height, smoking habits, and educational level were
recorded for all M subjects and controls. The patients may
have previously used medications, such as acetaminophen,
nonsteroidal anti-inflammatory drugs, triptans, or caffeine,
for acute headache pain; however, patients who used analge-
sics on a daily basis were excluded from the study. Patients
who were treated for M prophylaxis with drugs such as pro-
pranolol, topiramate, or valproic acid were also excluded.

Laboratory evaluation

Blood for TBARS, nitrate, total nitrite and nitrate, and bio-
chemistry First, 10 mL of venous blood was collected from
an antecubital vein in each subject, centrifuged at 3000 rpm
for 20 min to separate the serum, and stored at − 70 °C. The
blood was drawn into collection tubes with sodium citrate for
vWF activity, coagulation factor II, and homocysteine assays.
The analysis was performed by personnel who were blind to
the participants’ health and laboratory information.

Thiobarbituric acid-reactive substances We used the reaction
with thiobarbituric acid (TBA) at 90–100 °C to determine the
malondialdehyde (MDA) level under the assumption that MDA
and similar substances react with TBA and produce a pink pig-
ment that has an absorption maximum at 532 nm (Rayto RT-
6000 ElisaMicro Plate Reader, China). To ensure protein precip-
itation, the samplewasmixedwith cold 42mMsulfuric acid, and
the precipitate was then centrifuged to form a pellet. An aliquot
of the supernatant was placed in an equal volume of 0.6% (w/v)

TBA in a boilingwater bath for 60min.After cooling, the sample
and blank absorbance are read at 532 nm and the results
expressed as nmole per milliliter (Lipid peroxidationMDA assay
Kit, Sigma AK085, St. Louis, USA).

Nitrite/nitrate The sum of nitrites and nitrates, which are the
final products of nitric oxide metabolism in vivo, was deter-
mined in plasma using the Griess method. Briefly, 100-μL
aliquots of serum samples were mixed with an equal volume
of Griess reagent. The absorbance at 540 nm was determined
in an automated plate reader (Rayto RT-6000 Elisa Micro
Plate Reader, China). Nitrite concentrations were calculated
from a sodium nitrite standard curve and expressed in nmoles/
L. Nitrate concentrations were determined with a spectropho-
tometric assay using oxidation by nitrate reductase (Nitrite/
Nitrate assay Kit, colorimetric, Sigma 23479-1KT-F. St.
Louis, USA).

Von Willebrand factor and coagulation factor II (Erlangen,
Germany) were run on a Sysmex Cs2100 fully automatic
coagulometer (Chuo-ku Kobe, Japan) (reference range for
vWF 50–160% and for coagulation factor II 60–140%).

Homocysteine was determined on an I1000 Architect
Abbott (Abbott Park, IL, USA) (reference range for homocys-
teine 4.44–13.56 μmol/L).

Low-density lipoprotein (LDL) was determined on a
C8000 Architect Abbott (IL 60064, USA) biochemical
autoanalyzer (reference range for LDL 60–130 mg/dL).
LDL analyses were performed for only 27 participants.

C-reactive protein was determined on a C8000
Architect Abbott biochemical autoanalyzer (reference
range for CRP 0–5 mg/L).

Measurement of carotid intima–media thickness

The carotid IMT was measured with a Siemens Acuson S
2000 sonography device (Siemens, Munich, Germany) using
a 7.5–12 MHz transducer on B mode by a single, experienced
radiologist who was blind to the patients’ clinical histories.
Carotid imaging was performed while the patients were in a
supine position with cervical angulation of 30 °C toward the
contralateral side. Measurements were made at three levels:
1 cm from the most distal part of the right and left main
common carotid arteries (CCA), at the carotid bifurcation,
and 2 cm from the most proximal part of the internal carotid
arteries (ICA). Carotid IMT was measured only at the poste-
rior wall, longitudinally as the distance between the areas of
vessel lumen and media/adventitia echogenicity using B
mode. The carotid IMT that was used for the analysis was
obtained by averaging three measurements performed in both
carotid arteries. The Mannheim carotid IMT and Plaque
Consensus describe the use of carotid IMT measurements
[17]; our measurements are compatible with these methods,
but we did not use automatic software for the measurements.
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Statistical analysis

For discrete and continuous variables, descriptive statistics
(mean, standard deviation, n, and percentile) are given. The
homogeneity of the variances, which is a prerequisite for para-
metric tests, was checked using Levene’s test. The assumption
of normality was tested with the Shapiro–Wilks test. To com-
pare the differences between the two groups, the Student’s t
test was used when the parametric test prerequisites were met,
and the Mann–Whitney U test was used when such prerequi-
sites were not met. To compare the differences between three
or more groups, one-way analysis of variance was used when
the parametric test prerequisites were met, and the Kruskal–
Wallis test was used otherwise. The Bonferroni correction,
which is a multiple comparison test, was used to evaluate
the significance of results involving three or more groups.
The Chi-square test was used to assess the relationships be-
tween two discrete variables.When the expected sources were
less than 20%, values were determined using a Monte Carlo
simulation method to include such sources in the analysis.
Additionally, the variables age and BMI were determined as
the covariance (to exclude the effect), and the groups were
compared. The relationship between two continuous variables
was assessed using the Pearson correlation coefficient or the
Spearman correlation coefficient when the parametric test pre-
requisites were not met. In this study, binary logistic regres-
sion analysis was used to determine the model of the relation-
ship between independent and dependent variables.
Regression analysis was performed for the right and left
ICA-dependent variables in the study. Relationships between
the sets were examined by canonical correlation analysis.

The data were evaluated using SPSS 20 for Windows, ver.
20.0 (IBM Corp., Armonk, NY, USA). Values of p < 0.05 and
< 0.01 were set as levels of significance. The power analysis
of this study was 80.81%.

Results

Table 1 compares the characteristics of the M and control
groups. After adjusting for age, differences between the M
and control groups persisted for vWF, TBARS, and carotid
IMT. After adjusting for age, differences between the M and
control groups persisted for TBARS, vWF, and carotid IMT
(Table 2). However, differences between the M and control
groups persisted for carotid IMT after adjusting for age and
BMI (Table 2).

The characteristics of the subjects with M with and without
aura revealed significant differences in nitrate (1.5 ± 1.2, 1.02
± 0.4, p = 0.30) and total nitrite/nitrate (2.3 ± 1.6, 1.6 ± 0.5,
p = 0.20). After adjusting for confounders, multiple linear re-
gression analysis revealed no significant differences between
M with and without aura.

Univariate analysis revealed significant correlations be-
tween LDL lipoprotein and right common carotid artery
(CCA; r = 0.451, p = 0.018) and right bulbus (r = 0.376, p =
0.028) IMT in the M group. There were significant correla-
tions between VAS and vWF (r = 0.230, p = 0.049) and be-
tween M duration and right CCA (r = 0.281, p = 0.015), left
CCA (r = 0.261, p = 0.025), right bulbus (r = 0.344, p =
0.003), and left bulbus (r = 0.282, p = 0.015) IMT.
Additionally, VAS correlated with right ICA (r = 0.249, p =
0.032) and right bulbus (r = 0.232, p = 0.047) IMT.

After adjusting for confounders, multiple linear regression
analysis revealed that systolic arterial blood pressure, CRP,
vWF, TBARS, and right and left ICA IMTwere independent-
ly positively correlated with membership in the M compared
with the control group (Table 3). In addition, after adjusting
for confounders, a multiple linear regression analysis revealed
that M duration was independently positively correlated with
right ICA IMT. After adjusting for confounders, a multiple
linear regression analysis revealed that headache frequency
was independently negatively correlated with age and posi-
tively correlated with systolic blood pressure, CRP, and right
CCA IMT (Table 3).

In the multiple logistic regression analysis, right ICA IMT
was independently associated with ergotamine and triptan,
whereas left ICA IMT was independently associated with er-
gotamine (Table 3).

Discussion

Themain goal of this study was to evaluate associations between
endothelial dysfunction biomarkers and carotid IMT in M suf-
ferers. We found that CRP, vWF, TBARS, and carotid IMTwere
significantly elevated in M during attacks (Tables 1 and 2), but
we found no differences between those withMwith and without
aura. Systolic arterial blood pressure, CRP, vWF, TBARS, and
right and left ICA IMTwere independent factors associated with
M (Table 3). M duration was independently and positively cor-
related with right ICA IMT, and headache frequency was inde-
pendently and negatively correlated with age and positively cor-
related with systolic blood pressure, CRP, and right CCA IMT
(Table 3).We found no association between endothelial dysfunc-
tion biomarkers and carotid IMT, whereas triptan and ergotamine
consumption were independently associated with right and left
ICA IMT (Table 3). It is through thismechanism of action thatM
attacks directly activate the endothelium, and the resultant in-
flammation, oxidative stress, and coagulation may lead to endo-
thelial dysfunction and pathological vascular changes. These
findings suggest that endothelial dysfunction and carotid IMT,
which lead to subclinical atherosclerosis in M, are multifactorial
and that vasoconstrictor drugs also contribute to this process.

Ergots and triptans have been consistently linked to in-
creased risks of stroke and other ischemic events, at least when
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taken at recommended doses [18, 19]. Repeated exposure to
vasoconstrictor drugs may cause vascular injury, and differ-
ences in medication could influence the observed vascular
changes in patients with longstanding M. Experimental stud-
ies have demonstrated that triptan and ergotamine affect the
vascular wall via an endothelial mechanism associated with
vascular endothelial cell dysfunction [19, 20]. In this study,
triptan and ergotamine use were independently associated
with right and left ICA IMT (Table 3). To our knowledge,
these findings have not been reported previously. Further stud-
ies need to confirm these results.

In this study, the levels of endothelial dysfunction bio-
markers were high in M patients, which is consistent with
previous studies [9, 10, 13]. However, previous studies

reported no differences in the endothelial dysfunction bio-
markers of the M and control groups [21, 22]. These study
samples were small, included both sexes, and the endothelial
biomarkers used differed from those in the present study [21,
22]. Consistent with our study, some previous studies reported
that carotid IMTwas high in M subjects [9, 14]. M headache
frequency and M duration were independently correlated with
carotid IMT (Table 3). Other studies found no differences in
carotid IMT between M and control groups [15, 23]. The
mean ages of the participants in the latter studies were older
than that in our study, the participants had traditional cardio-
vascular risk factors, and the studies included both sexes [15,
23]. In our study, although the endothelial dysfunction bio-
markers were high during an attack and the carotid IMT

Table 1 Comparison of the
characteristics of the migraine and
control groups

Control Migraine P
n = 74 n = 74

Age (year) 31.9 ± 7.4 35.1 ± 7.9 0.001

Body mass index (kg/m2) 24.1 ± 3.8 25.2 ± 4.1 NS

Systolic blood pressure (mmHg) 106.3 ± 11.4 114.2 ± 10.5 0.001

Diastolic blood pressure (mmHg) 68.9 ± 7.4 72.1 ± 6.9 0.01

C-reactive protein (mg/L) 0.3 [0–8.4] 1.5 [0.01–9.8] 0.001

Low-density lipoprotein (mg/L) 100.5 ± 28.7 110.7 ± 42.7 NS

Homocysteine (μmol/L) 7.96 ± 1.9 8.12 ± 2.5 NS

TBARS (nmol/mL) 0.025 [0.002–0.161] 0.037 [0.002–0.153] 0.02

Nitrate (nmole/L) 1.34 ± 0.6 1.27 ± 0.97 NS

Total nitrite/nitrate (nmole/L) 1.9 ± 0.8 2.0 ± 1.3 NS

Coagulation factor II (%) 109.9 ± 19.6 108.5 ± 18.5 NS

Von Willebrand factor (%) 61.5 ± 33 85.5 ± 42.7 0.001

Right ICA IMT (mm) 0.34 ± 0.1 0.47 ± 0.2 0.001

Left ICA IMT (mm) 0.34 ± 0.1 0.46 ± 0.2 0.001

Right CCA IMT (mm) 0.43 ± 0.1 0.51 ± 0.2 0.001

Left CCA IMT (mm) 0.43 ± 0.1 0.53 ± 0.2 0.001

Right bulbus IMT (mm) 0.49 ± 0.2 0.58 ± 0.2 0.01

Left bulbus IMT (mm) 0.48 ± 0.2 0.59 ± 0.3 0.01

Smoking (≤ 1 pack/day) 22 (57.9%) 16 (42.1%) NS

Family history of headache 35 (45.5%) 42 (54.5%) NS

Aura – 35 (47.3%)

Migraine disease duration (year) – 9.68 ± 8.5

Headache localization Half of head – 32 (43.2%)

Entire head – 42 (56.8%)

Headache duration (hours) – 32.6 ± 24.7

Headache frequency (no./m) – 4.23 ± 2.9

Visual analog score – 8.54 ± 1.04

Medication Acetaminophen – 24 (32.4%)

NSAID – 37 (50%)

Ergotamine – 9 (12.2%)

Triptan – 4 (5.4%)

Data are reported as number (%), mean ± SD, or median (range)

ICA internal carotid artery, ICC common carotid artery, IMT intima–media thickness, NSAID nonsteroidal anti-
inflammatory drug, TBARS thiobarbituric acid-reactive substances, NS not significant (p > 0.05)
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thickness was increased in the M group, we did not find any
correlations between carotid IMT and endothelial dysfunction
biomarkers. In contrast to our study, other studies reported
correlations between carotid IMT and CRP, fibrinogen, and
endothelin-1 [9, 14]. However, these studies had smaller sam-
ples, different study parameters (except CRP), and both sexes
were included [9, 14].

Nitric oxide is an important vasodilator, but its synthesis is
impaired during oxidative stress. A defect in the production or
activity of nitric oxide leads to endothelial dysfunction. Nitric
oxide is an unstable molecule that is rapidly degraded into

nitrates and nitrites. Its half-life is a few seconds [24]. The
nitrate and total nitrite/nitrate levels were significantly higher
in those with M with aura compared with those with M with-
out aura (1.5 ± 1.2, 1.02 ± 0.4, p = 0.30 and 2.3 ± 1.6, 1.6 ±
0.5, p = 0.20, respectively). However, after adjusting for con-
founders, multiple linear regression analysis revealed no sig-
nificant differences between M with and without aura. As in
our study, other studies found no differences in blood nitrate/
nitrite concentrations between M and controls [24, 25].
However, the results were conflicting: one study found lower
nitrate and nitrite in M [10, 26], whereas another study found

Table 2 Age- and body mass index-adjusted analysis for biomarkers and carotid intima–media thickness in migraine

Control n = 74 Migraine n = 74 P Adjusted
for age

Adjusted for
age and BMI

Age (year) 31.9 ± 7.4 35.1 ± 7.9 0.001 – NS

CRP (mg/L) 0.3 [0–8.4] 1.5 [0.01–9.8] 0.001 NS NS

TBARS (nmol/mL) 0.025 [0.002–0.161] 0.037 [0.002–0.153] 0.02 0.015 NS

vWF (%) 61.5 ± 33 85.5 ± 42.7 0.001 0.008 NS

Right ICA IMT (mm) 0.34 ± 0.1 0.47 ± 0.2 0.001 0.001 0.046

Left ICA IMT (mm) 0.34 ± 0.1 0.46 ± 0.2 0.001 0.001 0.049

Right CCA IMT (mm) 0.43 ± 0.1 0.51 ± 0.2 0.001 0.001 0.001

Left CCA IMT (mm) 0.43 ± 0.1 0.53 ± 0.2 0.001 0.001 0.001

Right Bulbus IMT (mm) 0.49 ± 0.2 0.58 ± 0.2 0.01 0.001 NS

Left Bulbus IMT (mm) 0.48 ± 0.2 0.59 ± 0.3 0.01 0.001 NS

Data are the means ± standard deviations, numbers of subjects (%), or medians (range)

CCA common carotid artery, CRP C-reactive protein, ICA internal carotid artery, IMT intima–media thickness, TBARS thiobarbituric acid-reactive
substances, vWF von Willebrand factor, NS not significant (p > 0.05)

Table 3 Multiple logistic regression analysis of the factors affecting migraine and internal carotid artery intima–media thickness

Odd’s ratio 95% confidence interval p

Migraine disease Systolic blood pressure (mmHg) 1.088 0.618–1.558 0.01

C-reactive protein (mg/L) 1.350 0.880–1.820 0.004

TBARS (nmol/mL) 2.889 2.419–3.359 0.024

Von Willebrand factor (%) 1.015 0.545–1.485 0.023

Right ICA IMT (mm) 1.274 0.354–2.194 0.032

Left ICA IMT (mm) 1.911 0.991–2.831 0.048

Migraine duration Right ICA IMT (mm) 3.272 11.645–286.669 0.039

Headache frequency Age (year) − 1.167 − 0.684 to − 0.201 0.005

Systolic blood pressure (mmHg) 1.336 0.051–0.655 0.030

C-reactive protein (mg/L) 1.031 0.269–1.781 0.018

Right CCA IMT (mm) 3.836 7.468–97.584 0.030

Right ICA IMT (mm) Ergotamine 2.561 1.103–4.019 0.013

Triptan 2.272 0.398–4.146 0.026

Left ICA IMT (mm) Ergotamine 2.439 1.203–3.675 0.017

Data are correlation coefficients and 95% confidence intervals (CIs)

CCA common carotid artery, ICA internal carotid artery, IMT intima–media thickness, TBARS thiobarbituric acid-reactive substances, NS not significant
(p > 0.05)
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that nitrate and nitrite were higher in M [27]. These studies
had smaller sample sizes and included male and female par-
ticipants [26, 27].

TBARS is a nonspecific biomarker of oxidative stress and
oxidative damage. In our study, TBARS levels were indepen-
dently significantly higher in M during the attack. Consistent
with our study, previous studies reported that TBARS was
elevated during and between M attacks [10, 24, 27].

Homocysteine is an active antioxidant form of glutathione,
which has a major role in antioxidant defense, and is associ-
ated with an increased risk of premature vascular disease and
thrombosis [28]. Conflicting results regarding the homocyste-
ine level in M have been reported. Some studies reported no
differences in plasma homocysteine levels inM [6, 10], which
is consistent with our findings, whereas others reported high
plasma homocysteine levels in the M group [29, 30]. In one of
the latter studies, the mean patient age was higher than that in
our study, and it included both sexes [29], whereas the mean
patient age was older in the other study than in ours [30].

Von Willebrand factor plays a crucial role in maintaining
normal hemostasis and contributes to thrombotic disorders
following endothelial and platelet dysfunction. vWF, which
is a large, pro-coagulopathy, multimeric glycoprotein that is
produced and stored in and released from the vascular endo-
thelium, is associated with vascular risk factors. vWF is an
important plasma biomarker of endothelial dysfunction in vas-
cular diseases and activates platelet glycoprotein receptors,
causing platelet adhesion and aggregation [31]. vWF is in-
creased during M headache attacks and between attacks [10,
32]. In this study, vWF was high during the period of head-
ache pain, which revealed that the endothelium became acti-
vated in M and released vWF. These findings did not differ
between those with M with and without aura. Contrasting our
results, another study reported no differences in plasma vWF
antigen in M compared with controls [13]. However, partici-
pants in that study had an older mean age and included both
sexes and those with vascular risk factors [13].

Coagulation factor II, also known as plasma prothrom-
bin, is a vitamin K-dependent pro-enzyme that functions
in the blood coagulation cascade and is required in the
formation of fibrin [33]. Consistent with a previous
study, our results showed no differences in coagulation
factor II between M and control groups [10]. Contrasting
our study, coagulation factor II was associated with mi-
graine, especially M with aura, in the previous study,
which included older participants, both sexes, and those
with vascular risk factors [10].

C-reactive protein, a marker of inflammation and vascular
disease, was elevated during the M attack. Consistent with our
study, other research has reported the association of CRP with
migraine [8, 10, 13]. Contrasting our results, a previous study
reported that the CRP levels of M patients and controls were
similar; however, the previous study included those with

vascular risk factors and concomitant diseases, and the mean
age of participants in that research was 55 years [34].

M attacks can cause repeated endothelial damage.
Endothelial dysfunction, which is more prevalent in M, may
be the pathophysiological process underlying this widespread
vasculopathy. Evidence suggests that the M attack is directly
linked to endothelial dysfunction [19, 32]. Two mechanisms
for endothelial pathology in M have been proposed. First,
neurotransmitters, such as calcitonin gene-related peptide
(CGRP) and neuropeptide Y, are released locally during acti-
vation of the trigeminovascular system. These molecules have
multiple downstream effects via their receptors, including ef-
fects on vascular smooth muscle and angiogenesis [35].
Second, sterile neurogenic inflammation and the protein ex-
travasation that occurs with trigeminovascular system activa-
tion may also contribute to endothelial dysfunction [4, 7].
Exposure to vascular risk factors initially leads to transient
endothelial dysfunction and, with recurrent exposure, a state
of persistent endothelial dysfunction and altered vascular wall
milieu occurs, which promotes the structural changes of ath-
erosclerosis [6].

Despite being within normal limits, the mean systolic blood
pressure in this study was higher in the M group than in the
control group, and systolic blood pressure was independently
associated with M (Table 3). The relationship between blood
pressure and headaches has always been controversial. In a
population-based study, female M participants had higher di-
astolic blood pressures than control subjects [9, 36]. However,
some studies found no differences in the systolic and diastolic
blood pressure of M and control subjects [23]. The mean ages
of participants in the other studies were older than that in our
study, and participants with traditional cardiovascular risk fac-
tors and both sexes were included [23]. Dysregulation of the
renin angiotensin pathway and endothelial dysfunction may
be the biological basis of the association between M and high
blood pressure [37, 38]. Furthermore, although LDL was
within normal limits, we found a positive correlation between
LDL-cholesterol and carotid IMT inM participants (p = 0.018
and p = 0.028). These results are consistent with previous
studies [9, 12].

Additionally, the mean age of the M group was older than
that of the controls, which may have affected the carotid IMT
thickness and vascular biomarkers (Table 1). Carotid IMTalso
increased linearly with age. BMI was also significantly asso-
ciated with carotid IMT [39]. In our study, age and BMI, M-
associated cofactors related to atherosclerosis, may have af-
fected the carotid IMT and vascular biomarkers.

The strength of our study is that it is the first to assess the
relationship between endothelial dysfunction markers and ca-
rotid IMT in young adult femaleM participants with restricted
vascular risk factors. Males are reported to have a greater
carotid IMT than females across all age groups [40]. The
limitations of this study are that it was restricted to female

Neurol Sci (2019) 40:703–711 709



subjects, although prospective data suggest that the risk of
stroke with M is also increased in male patients [10]. The M
participants included in this study may not be entirely repre-
sentative of the general population of people with M because
subjects with comorbid vascular risk factors were excluded
(except smoking). Furthermore, some risk factors, such as
smoking, were not strictly excluded. Although we excluded
heavy smokers (> 1 pack/day), we did not exclude all cigarette
smokers, even though smoking may increase carotid IMT
[12]. Nevertheless, we observed no significant differences be-
tween the M and control groups in smoking habit (Table 1).
By excluding individuals with diabetes and cardiovascular
conditions (angina, myocardial infarction, transient ischemic
attack, and stroke), we may have missed important associa-
tions between M and endothelial dysfunction [6, 13]. M asso-
ciated co-factors, such as a higher BMI and older mean age,
were higher in the M group, which may have affected the
results. Blood was collected from the subjects close to the
headache attack, as this may have affected the values of some
of the markers investigated in this study. Furthermore, a nitrite
dietary restriction was not implemented. Additionally, the
scarcity of data on LDL may have led us to miss some asso-
ciations between biomarkers and carotid IMT. The values of
the markers investigated in this study may vary over time and
be affected by several confounders. A single measurement
may not reflect the usual status of the variable.

Conclusions

Carotid IMT enhancement and elevated TBARS, vWF, and
CRP levels in M subjects during M attack, which are signs of
subclinical atherosclerosis and endothelial dysfunction, could
be regarded as the consequences ofM attack pathophysiology.
The independent associations of triptan and ergotamine use
with carotid IMT enhancement suggest that repeated use of
these vasoconstrictive antimigraine agents may have an addi-
tional influence on the carotid IMT. Early diagnosis and ade-
quate M prophylaxis to reduce M attack frequently could pre-
vent the progression of atherosclerosis in young adult M
females.
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