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                        ORIGINAL ARTICLE    

 The effect of prophylactic migraine treatment on arterial stiffness      

    ALI     DOGAN  1  ,       OZCAN     ORSCELIK  1  ,       MERVA     KOCYIGIT  2  ,       DENIZ     ELCIK  1  , 
      OGUZHAN     BARAN  1  ,       NEBI     CERIT  1  ,       MEHMET TUGRUL     INANC  1  ,       NIHAT     KALAY  1  , 
      SEVDA     ISMAILOGULLARI  2  ,       TOLGA     SAKA  3  ,       IBRAHIM     OZDOGRU  1  , 
      ABDURRAHMAN     OGUZHAN  1     &         NAMIK KEMAL     ERYOL  1    

  Departments of   1 Cardiology,  2 Neurology and  3 Sports Medicine, Erciyes University Medical Faculty,    Kayseri, Turkey                             

  Abstract 
  Background . Migraine is a common type of primary headache predominantly seen in women. This study aimed to evaluate 
endothelial function in patients with migraine using pulse wave velocity (PWV).  Methods.  The study included 73 patients 
with newly diagnosed migraine and 80 healthy subjects. All patients and controls underwent baseline transthoracic echocar-
diography and PWV measurements. Patients were randomized to three groups to receive propranolol, fl unarizine or topira-
mate, and the measurements were repeated at the end of 1 month.  Results.  The newly diagnosed migraine patients and the 
control group exhibited no differences in baseline clinical characteristics, and the measurements showed that PWV was 
7.4    �    1.0 m/s in the patient group and 6.0    �    1.0 m/s in the control group ( p     �    0.001). The same measurements were repeated 
during a control visit at the end of 1 month. Following treatment, a signifi cant decrease was observed in PWV in all patient 
groups compared to baseline ( p     �    0.001). Subgroup analysis showed signifi cantly decreased PWV in all drug groups, with 
the most prominent decrease in the topiramate group.  Conclusions.  The increased PWV demonstrated in migraine patients 
in this study stands out as an additional parameter elucidating endothelial dysfunction in these patients. Decreasing the 
number of migraine attacks with prophylactic treatment may reduce PWV and decrease cardiovascular risk in long-term 
follow-up.  

   Key Words:   arterial stiffness ,  endothelial dysfunction ,  migraine ,  prophylaxis    

  Introduction 

 Migraine is a risk factor for ischemic stroke, angina 
pectoris and myocardial infarction, and affects more 
than 14% of the general population, occurring 
predominantly among women (1,2). Migraine is 
characterized by recurrent episodes of one-sided, 
pulsatile, moderate to severe headache and it is usu-
ally accompanied by symptoms such as photophobia/
phonophobia and nausea/vomiting with a duration of 
4 – 72 h. According to the International Headache 
Society (IHS) classifi cation, migraine is one of the 
primary headaches, and is generally defi ned as a 
neurovascular disorder associated with contractile 
dysfunction of cranial blood vessels, neurogenic 
infl ammation and depression mechanisms spreading 
from the cerebral cortex. Various studies have shown 
that migraine is associated with neuroinfl ammatory 

conditions, cytokines, some neuropeptides and vaso-
motor changes; however, the pathogenesis of migraine 
has not been fully clarifi ed (3,4). 

 Historically, the vascular changes in migraine 
have been considered to be limited to cranial vessels 
(5). However, generalized peripheral vasoconstric-
tion has been observed during migraine attacks (6). 
Several studies have demonstrated coronary vasos-
pasm, reduced endothelial function, decreased 
brachial artery compliance and increased peripheral 
arterial stiffness during the attacks in patients with 
migraine (7 – 11). 

 Although the underlying mechanism of the rela-
tionship between migraine and cardiovascular dis-
eases (CVDs) remains uncertain, studies have shown 
that the impaired functional properties of large 
arteries may be responsible for this relationship. 
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Decreased arterial elasticity, i.e. increased arterial 
stiffness, has been shown to be a direct risk factor for 
CVDs (12 – 15). Functional/structural stiffening of 
the arteries occurs via several mechanisms (16,17). 
Increased arterial wall tension causes functional 
arterial stiffening. In addition to endothelial dysfunc-
tion, elevated blood pressure, increased heart rate 
and/or sympathetic activation may increase func-
tional arterial stiffness (16,18). Endothelial dysfunc-
tion occurs in the early stage of atherosclerotic 
vascular damage, and nitric oxide bioavailability in 
the endothelium is impaired (19). Carotid-femoral 
pulse wave velocity (PWV) is the gold standard 
for assessing central arterial stiffness (20). For this 
reason, PWV is also used as a marker of endothelial 
dysfunction (19,21). Endothelial dysfunction repre-
sents the highest risk among all risk factors for 
CVDs (22). 

 Several methods are used to assess endothelial 
dysfunction, of which PWV is the most inexpensive, 
simple and reproducible method, and studies have 
found increased PWV in patients with migraine 
(23,24). However, no study has investigated the 
change in PWV following prophylactic treatment. 

 In this prospective study, we aimed to determine 
the difference in arterial stiffness values in prophylaxis-
naive patients with migraine compared to the control 
group using carotid-femoral PWV. We investigated 
whether there was any change in arterial stiffness 
values in these patients with migraine following pro-
phylaxis with propranolol, fl unarizine or topiramate. 
Additionally, we determined which group had the 
most prominent change and whether this change was 
associated with the migraine attacks during prophy-
laxis, and we also investigated which drug group was 
most effective in preventing the attacks.   

 Subjects and methods  

 Study design and population 

 The study was conducted in the Department of Car-
diology, Erciyes University, from November 2010 to 
September 2011. The study protocol was assessed 
and approved by the ethics committee of Erciyes 
University School of Medicine. Ninety patients in 
the age group 18 – 45 years, newly diagnosed with 
migraine according to IHS diagnostic criteria (25) at 
the Neurology and Headache polyclinic between the 
aforementioned dates, who were eligible as per the 
inclusion and exclusion criteria mentioned below 
were included in this study. Five patients refused to 
participate in the study when the study protocol 
was explained. Six patients preferred to be excluded 
from the study, reasoning that they would be unable 
to participate owing to transportation and referral 
problems. Two patients were excluded from the 
study due to detection of serious valvular pathology 
during the cardiological tests performed as part of 

the study protocol. Four patients were excluded 
as they missed the control visits without giving a 
reason and could not be reached via the telephone 
numbers they provided. Finally, 73 patients who 
were diagnosed with migraine and met the eligibility 
criteria specifi ed below were included in the study 
(Figure 1). All of the patients were informed about 
the aim of the study and written informed consent 
was obtained from each patient. 

 Twenty-three of the study participants were male 
(31.5%) and 50 were female (68.5%). Inclusion cri-
teria were as follows: patients who did not receive 
any drugs used jointly in migraine prophylaxis and 
for other conditions due to any other disease history 
within the past 3 months; patients with a history of 
at least two attacks per month who were indicated 
for prophylaxis at the discretion of a neurology 
specialist; for female patients, those between days 5 
and 15 of the menstrual cycle; and patients who had 
no contraindications for the prophylaxis drugs. 

 Exclusion criteria were as follows: a history of 
CVD including hypertension, atrial fi brillation and 
valvular heart disease; patients with a high risk of 
coronary artery disease; patients with diabetes, 
impaired glucose tolerance, dyslipidemia, metabolic 
syndrome or thyroid disease; obese patients (body 
mass index    �    30 kg/m 2 ); alcohol or heavy caffeine 
consumption; pregnancy or oral contraceptive use; 
and smoking. 

 Patients who were diagnosed with migraine at the 
Neurology and Headache polyclinic and included in 
the study completed the Henry Ford Hospital Head-
ache Disability Inventory (HDI) and pre-treatment 
migraine-type headache survey, and detailed medical 
history was obtained from each patient. Neurological 
and systemic examinations were performed. Blood 
pressure and pulse rate were measured. Blood count, 
serum electrolyte levels, thyroid, liver and kidney 
function tests were performed. Cardiovascular exam-
ination and electrocardiography (ECG) were per-
formed for each patient. The necessary evaluations 
were carried out to exclude the presence of any 

  

  Figure 1.     Trial fl owchart.  
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condition contraindicating the use of propranolol (a 
 β -blocker), fl unarizine (a calcium channel blocker) 
or topiramate (an antiepileptic drug) regarding car-
diological, neurological or other aspects. As a result 
of these evaluations, patients with any inconvenient 
medical condition in terms of drug use were excluded 
from the study. Baseline transthoracic echocardiog-
raphy (TTE) and PWV recordings were obtained for 
each patient. 

 A control group of 80 patients (25 males, 55 
females), matched with the patient group in terms of 
gender, age, TTE parameters, blood pressure, heart 
rate and other baseline clinical characteristics, was 
included in the study. Accordingly, TTE and PWV 
were measured in this group as well. 

 The 73 patients who were indicated for migraine 
prophylaxis and included in the study were random-
ized to three groups. For this purpose, the fi rst group 
received propranolol 40 mg 2    �    1, the second group 
received fl unarizine 5 mg 2    �    1 and the third group 
received topiramate 50 mg 1    �    1 (Figure 1). 

 Daily headache follow-up forms were given to the 
patients in each group. Following 1 month of medi-
cal treatment, all patients receiving prophylaxis were 
invited to a control visit, and the frequency, duration 
and severity of headaches were recorded, as well as 
drug use, side-effects of the drug and use of analge-
sics. Neurological and systemic examinations were 
performed. Blood pressure, heart rate, liver and 
kidney function tests were evaluated. TTE and PWV 
values were also measured and recorded during the 
same visit for the patients who received no treatment 
for acute attacks within the previous week. For the 
patients who had received analgesics during the past 
week, a control visit was recommended 1 week later. 
Similarly, for female patients who were not between 
days 5 and 15 of their menstrual cycle, control PWV 
and TTE values were measured and recorded on 
days corresponding to this specifi c period. The 
patients were interrogated about whether they had 
taken their medications regularly during the 1 month 
period, whether they had experienced any side-effects, 
the effi cacy of the drugs and the number of migraine 
attacks.   

 Pulse wave velocity 

 Vascular studies were performed in the supine posi-
tion at rest in a silent room with stable temperature 
(27 ° C). PWV was measured in all participants. 
Before carotid-femoral PWV measurement, the ECG 
leads of the device were connected to the patients. 
For device measurement calibration, the distance 
between the carotid and femoral arteries was mea-
sured with an elastic measure in addition to the 
patient chart information. The value was recorded on 
the device in millimeters. 

 For carotid-femoral PWV measurement, subse-
quent pulse wave recordings accompanied by ECG 

were obtained from the carotid artery, immediately 
followed by femoral regions. Measurements were 
performed with a PWV assessment device (Micro 
medical Pulse Trace, Rochester, UK) using carotid 
and femoral arteries. Transit time was calculated by 
measuring the duration between the R-wave in ECG 
and the pulse base in both regions, and the PWV 
value was obtained by dividing it by the total distance 
(m/s). Right femoral and right carotid arteries were 
used for all measurements. Signal uptake was 
recorded by a single blinded experienced operator, 
preferably after establishing 15 pulse wave throbs. 
The standard deviation value recommended by the 
manufacturer was used (SD  �  5.1). PWV can be 
measured non-invasively and the technique has been 
found to be extremely reproducible, with replicate 
testing yielding a correlation  �  0.80 (26).   

 Echocardiography 

 All participants were evaluated with a GE-Vingmed 
Vivid 7 system echocardiography device using a 
2.5 MHz transducer. According to the American 
Society of Echocardiography guidelines (27), patients 
were assessed in the left lateral decubitus position and 
measurements were performed using two-dimensional, 
M-mode color Doppler accompanied by parasternal 
long axis view, short axis view, apical four chamber 
and fi ve chamber views. At least three subsequent 
pulses in sinus rhythm were recorded and averaged by 
a single blinded experienced operator. 

 Positioning the M-mode cursor right below the 
mitral leafl ets in the parasternal long axis view, left 
ventricular diameters [left ventricular systolic and 
diastolic diameters (LVSD and LVDD)], interven-
tricular septum (IVS) and posterior wall (PW) 
thickness, and left ventricular ejection fraction (EF) 
were measured according to the American Society of 
Echocardiography guidelines (27).   

 Measurement of carotid intima-media thickness 

 The method was based on the technique developed 
by Pignoli et   al. (28), using a linear B-mode 7.5 MHz 
ultrasound transducer. The carotid intima-media 
thickness (CIMT) was measured by two different 
radiologists together, who were unaware of the clin-
ical data of the patient, and a consensus was achieved 
for the measurements. On a longitudinal, two-
dimensional ultrasound image of the carotid artery, 
the posterior wall of the carotid artery was displayed 
as two bright white lines separated by a hypoecho-
genic space. The distance between the leading 
edge of the fi rst bright line of the far wall (lumen 
interface) and the leading edge of the second bright 
line (media adventitia interface) indicated the 
CIMT. The CIMT was measured in the far (deeper) 
wall of left distal common carotid artery. The carotid 
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artery segment 1 cm proximal to the bifurcation was 
regarded as the reference for measurements. When 
an optimal image was obtained, it was frozen on the 
R-wave of the ECG and at least fi ve measurements 
were taken. After excluding the maximum and 
minimum values, the arithmetical average of the 
remaining three measurements was calculated auto-
matically and used for statistical analysis.   

 Blood pressure measurement 

 Blood pressure was measured in the sitting position 
after resting for at least 10 min, twice from the right 
arm with 2 min intervals using the MEC 1000 patient 
monitoring device and the oscillometric method. 
The average value of the two measurements was 
calculated and recorded. According to the 7th Report 
of the Joint National Committee, hypertension was 
defi ned as systolic blood pressure (SBP)  �    140 
mmHg and diastolic blood pressure (DBP)  �    90 
mmHg (29).   

 Statistical analysis 

 Parametric variables were expressed as mean  �  SD, 
and non-parametric variables as median, minimum 
and maximum values. For the continuous variables 
in intergroup comparisons, parametric tests includ-
ing independent-samples  t  test, paired-samples  t  test, 
one-way analysis of variance and Tukey ’ s HSD 
method, and non-parametric tests including the 
Mann-Whitney  U  test and Wilcoxon test were used. 
The chi-squared test was used for the comparison of 
categorical variables. Correlation analysis was per-
formed using Spearman ’ s correlation method. The 
results of the analyses were assessed within the 95% 
confi dence interval, and  p     �    0.05 was considered a 
statistically signifi cant difference. SPSS 15.0 soft-
ware (Version 15; SPSS, Chicago, IL, USA) was used 
for the main statistical analysis.    

 Results 

 The present study included 73 patients (50 females, 
23 males; mean age 32.8 years) newly diagnosed with 
migraine. In addition, 80 healthy participants (55 
females, 25 males; mean age 33.8 years) were 
included as the control group. The two groups were 
similar in terms of clinical and demographic charac-
teristics (age, gender, LVSD, LVDD, IVS, PW, EF, 
SBP, DBP and heart rate) ( p     �    0.05) (Table I). As 
hypertension, diabetes, impaired glucose tolerance, 
dyslipidemia, metabolic syndrome, obesity, oral con-
traceptive use and smoking were exclusion criteria, 
there were no signifi cant differences in cardiovascu-
lar risk factors between the patient and control 
groups ( p     �    0.05). 

 PWV was 7.4    �    1.0 m/s in the group of patients 
with migraine, while it was 6.0    �    1.0 m/s in the con-
trol group. There was a signifi cant difference between 
the two groups in terms of PWV ( p     �    0.001) (Table I). 
Comparison of the CIMT of the two groups revealed 
greater CIMT in patients with migraine; however, 
this difference was not statistically signifi cant 
( p     �    0.073) (Table I). 

 The patients who were indicated for migraine 
prophylaxis and included in the study were random-
ized to three groups. The fi rst of these groups received 
propranolol 40 mg 2    �    1, the second group received 
fl unarizine 5 mg 2    �    1 and the third group received 
topiramate 50 mg 1    �    1. There was no signifi cant 
difference among the three groups in terms of age, 
gender, LVSD, LVDD, IVS, PW, EF, SBP, DBP, 
heart rate and CIMT (0.6, 0.9, 0.1, 0.4, 0.3, 0.5, 0.1, 
0.1, 0.7, 0.09 and 0.8, respectively) (Table II). TTE, 
CIMT, PWV and SBP/DBP measurements were 
repeated during the control visit at the end of 
1 month. 

 Compared to baseline values, no signifi cant 
change was observed in the LVSD, LVDD, IVS, PW, 
EF, DBP and CIMT of patients during the control 
measurements ( p     �    0.05). 

  Table I. Demographic, echocardiographic and clinical features of migraine patients and healthy 
subjects.  

Parameter
Migraine patients

( n     �    73)
Healthy subjects

( n     �    80)  p 

Age (years) 32.8    �    9.9 33.8    �    9.4 0.12
Gender (female/male) 50/23 55/25 0.97 a 
Left ventricular end-systolic diameter (mm) 29.5    �    2.6 30.0    �    3.9 0.42
Left ventricular end-diastolic diameter (mm) 44.7    �    3.5 45.4    �    3.9 0.23
Interventricular septum diameter (mm) 9.3    �    1.2 9.6    �    1.0 0.11
Left ventricular posterior wall diameter (mm) 8.9    �    1.2 9.2    �    1.3 0.22
Left ventricular ejection fraction (%) 66.4    �    4.3 65.5    �    4.3 0.31
Carotid intima-media thickness (mm) 0.53 (0.4 – 0.85) 0.53 (0.35 – 0.86) 0.073
Systolic blood pressure (mmHg) 118.6    �    10.5 115.9    �    8.0 0.07
Diastolic blood pressure (mmHg) 72.8    �    9.3 73.9    �    6.3 0.39
Hearth rate (beats/min) 72.8    �    9.2 71.5    �    9.3 0.38
Pulse wave velocity (m/s) 7.4    �    1.0 6.0    �    1.0  �    0.001

    Normally distributed values are presented as mean  �  SD, non-normally distributed values as median 
(range) and categorical values as number of patients.   
  a  p     �    Chi-squared value.   
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 When pre-prophylaxis and post-prophylaxis val-
ues of PWV were compared, a signifi cant decrease 
was found in post-treatment PWV values (7.4    �    1.0 
vs 6.7    �    1.0 m/s,  p     �    0.001) (Table III, Figure 2A). 
Comparison of pre- and post-prophylaxis SBP values 
showed a similar decrease after treatment (118.6    �    10.5 
vs 115.3    �    10.8 m/s,  p     �    0.005) (Table III). When 
male and female patients were compared in terms of 
PWV improvement, no signifi cant difference was 
found between the two groups ( p     �    0.32). 

 When the differences in PWV measurements 
were evaluated by drug group, all three drugs were 
found to provide signifi cant improvement in PWV 
values (Table III). Comparison of the PWV-lowering 
effects of these drugs revealed a signifi cant difference 
between the three groups ( p     �    0.034) (Figure 2B). 
When the drugs were compared against one another, 
a signifi cant difference was found between the 
PWV-lowering effects of fl unarizine and topiramate 
( p     �    0.041) (Figure 2B). The  β -blocker used in this 
study, propranolol, signifi cantly decreased SBP 
values (Table III). Flunarizine and topiramate had 
no signifi cant effects on SBP (Table III). 

 Analyses showed that the prophylaxis adminis-
tered to patients with migraine did not reduce the 
PWV values to the levels seen in normal healthy 

subjects. When drug subgroups were evaluated, levels 
in those receiving topiramate prophylaxis were found 
to be decreased to the levels seen in normal healthy 
subjects. 

 In patients with migraine, the number of migraine 
attacks that developed during the 1 month prophy-
laxis was recorded at the control visit. Following the 
interrogation about migraine attacks, the success of 
prophylaxis was assessed based on the threshold of 
one or no attack by dividing the patients into  “ one 
or no attack ”  and  “ more than one attack ”  groups. 
During the 1 month period, 75% of patients receiving 
propranolol (18/24 patients), 71% of patients receiv-
ing fl unarizine (17/24) and 96% of patients receiving 
topiramate (24/25) reported one or no attack 
(Table IV). Comparison of the three drug groups in 
terms of prophylaxis effi cacy revealed no signifi cant 
difference ( p     �    0.052), and paired comparisons dem-
onstrated no signifi cant difference between propra-
nolol and fl unarizine ( p     �    0.74). However, topiramate 
was seen to be signifi cantly superior compared to 
fl unarizine and propranolol in terms of prophylaxis 
effi cacy, although the difference was borderline for 
the latter ( p     �    0.023 and 0.049, respectively). 

 A negative and signifi cant correlation was found 
between the change in PWV and the number of 

  Table II. Comparison of baseline characteristics in the three prophylactic drug groups.  

Parameter
Propranolol

( n     �    24)
Flunarizine

( n     �    24)
Topiramate

( n     �    25)  p 

Age (years) 32.0    �    11.8 32.2    �    9.2 34.2    �    8.7 0.6
Gender (female/male) 17/7 16/8 17/8 0.9 a 
Left ventricular end-systolic diameter (mm) 29.9    �    2.3 28.6    �    2.7 30.0    �    2.5 0.1
Left ventricular end-diastolic diameter (mm) 45.0    �    3.5 44.0    �    3.7 45.1    �    3.4 0.4
Interventricular septum diameter (mm) 9.3    �    1.0 9.0    �    1.2 9.5    �    1.3 0.3
Left ventricular posterior wall diameter (mm) 9.0    �    1.2 8.7    �    1.5 9.1    �    1.0 0.5
Left ventricular ejection fraction (%) 65.3    �    4.3 67.9    �    4.3 66.1    �    4.0 0.1
Systolic blood pressure (mmHg) 121.3    �    9.1 115.8    �    11.4 118.6    �    10.5 0.1
Diastolic blood pressure (mmHg) 72.2    �    7.3 72.2    �    9.5 74.0    �    11.0 0.7
Hearth rate (beats/min) 74.6    �    8.7 74.4    �    9.4 69.5    �    9.0 0.09
Carotid intima-media thickness (mm) 0.54 (0.43 – 0.83) 0.53 (0.46 – 0.85) 0.53 (0.4 – 0.75) 0.8

    Normally distributed values are presented as mean  �  SD, non-normally distributed values median (range) 
and categorical values as number of patients.   
  a  p     �    Chi-squared value.   

  Table III. Comparison of pre- and post-prophylaxis in terms of systolic blood pressure (SBP) and pulse 
wave velocity (PWV) values in patients with migraine.  

Pre-prophylaxis SBP Post-prophylaxis SBP Rate of change (%)  p 

All patients 118.6    �    10.5 115.3    �    10.8 2.5 0.005
Propranolol 121.3    �    9.1 116.2    �    7.9 4.0  �    0.001
Flunarizine 115.8    �    11.4 113.3    �    9.6 1.8 0.12
Topiramate 118.6    �    10.5 116.4    �    14.0 1.5 0.42

Pre-prophylaxis PWV Post-prophylaxis PWV Rate of change (%)  p 

All patients 7.4    �    1.0 6.7    �    1.0 8.2  �    0.001
Propranolol 7.4    �    1.0 6.9    �    0.9 6.0 0.002
Flunarizine 7.3    �    1.1 6.9    �    0.9 4.5 0.043
Topiramate 7.5    �    1.0 6.4    �    1.1 %.9  �    0.001

    Data are shown as mean  �  SD.   
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migraine attacks during 1 month ( r     �     	 0.42, 
 p     �    0.001).   

 Discussion 

 In the present study we have measured PWV, which 
is used to assess arterial stiffness, and demonstrated 
signifi cantly increased arterial stiffness in patients 
with migraine compared to the control group. The 
increased PWV values in patients with migraine indi-
cated endothelial dysfunction, and may explain the 
increased risk of CV events, which has not been 
clarifi ed in previous studies (30 – 33). 

 Arterial stiffness is a valuable aspect in predicting 
CVD and mortality (15,34). The gold standard in 
determining arterial stiffness is measuring carotid-
femoral PWV (35). Advantages of this method 
include the non-invasive nature, widespread use, 
highly accurate results and reproducibility of the test. 

 In the fi rst study using PWV measurement in 
young patients with migraine, Schillaci et   al. showed 
signifi cantly increased augmentation index and PWV 
parameters compared to matched controls (23). 
Some studies have suggested that patients with 
migraine have increased CVD risk factors compared 
to normal healthy subjects, and these increased CVD 
risk factors have been considered responsible for the 
increased arterial stiffness and ischemic vascular 
events (31,33). Conversely, Schillaci et   al. showed 
that increased PWV could not be the only reason 
underlying the CVD risk factors in patients with 
migraine (23). 

 Ikeda et   al. also designed a study in migraine 
patients without risk factors for CVD compared 
to healthy subjects, and found signifi cantly higher 
PWV levels in patients with migraine (24). 

 Yetkin et   al. demonstrated endothelial and vascu-
lar dysfunction in patients with migraine in two 
different studies (8,9). In addition to its association 
with migraine, endothelial dysfunction has been 
associated with obesity, increased insulin resistance, 
hypertension, dyslipidemia, ischemic stroke in young 
adults and coronary artery disease (36 – 41). The 
presence of signifi cant associations between these 
disorders and their relationship with migraine 
support the hypothesis that endothelial and vascular 
dysfunction may underlie the pathophysiology of all 
of these disorders (30 – 33,36,42). The increased rate 
of ischemic stroke and acute coronary syndromes 
among patients with migraine, and the fact that PWV 
is increased in both the aforementioned disorders 
and metabolic conditions as well as migraine, also 
support this possibility. 

 Substances synthesized by the endothelium are 
involved in essential activities determining vascular 
tonus and permeability such as hemostasis, infl am-
matory response and angiogenesis. Disruption of 
this balance results in endothelial dysfunction (43). 
The thrombogenic and infl ammatory environment 
resulting from endothelial dysfunction plays an 
important role in the pathophysiology of atheroscle-
rosis and hypertension, and this has been demon-
strated in previous studies (43,44). Similarly, 
infl ammation, oxidative stress, disrupted aggregation 
and thrombosis tendency have also been demon-
strated in patients with migraine (45 – 47). 

 Tietjen et   al. conducted a study in young female 
patients with migraine and obtained results consis-
tent with endothelial activation, which is part of the 
endothelial dysfunction seen in patients with migraine 
compared to the control group. They suggested that 
endothelial dysfunction may be  “ the highest risk 
among cardiovascular risk factors ”  and that the 
statins, angiotensin-converting enzyme inhibitors, 
calcium channel blockers and  β -blockers used in the 

  

  Figure 2.     (A) Change in pulse wave velocity (PWV) values during prophylaxis. (B) Effects of the prophylactic drugs on PWV.  

  Table IV. Development of migraine attacks during the prophylaxis 
treatment.  

Number of migraine attacks

 
    1  �    1 Total

Propranolol 18 (75) 6 (25) 24 (100)
Flunarizine 17 (71) 7 (29) 24 (100)
Topiramate 24 (96) 1 (4) 25 (100)
Total 59 (81) 14 (19) 73 (100)

    Data are shown as  n  (%).   
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treatment of migraine may improve infl ammation, 
thrombocyte function, vascular endothelium and 
cardiovascular risk through their endothelial function 
correcting effects (48). However, there are no com-
prehensive studies demonstrating this hypothesis. 
Because prophylactic migraine treatment aims to 
reduce migraine attacks rather than to improve 
endothelial function, and because the treatment is 
frequently interrupted by the physician or the patient, 
the favorable effects of these drugs on endothelial 
function have been overlooked and not clearly 
evaluated in patients with migraine. 

 In the present study, we found reduced headache 
and a more profound improvement in PWV with 
topiramate compared to the other drugs, and we also 
observed that the decreased number of migraine 
attacks provided more improvement in PWV in all 
migraine patients. There was a profound increase in 
arterial stiffness values among the patients in the 
topiramate group who experienced less headache as 
well as those with reduced attack recurrence across 
the entire patient group during the prophylaxis. This 
study also shows that endothelial function is unfavor-
ably affected by each attack, and inhibition of the 
attacks improves vascular function. These results 
support the hypothesis that migraine is an infl amma-
tory disorder, with each migraine attack triggering 
systemic infl ammation as well as subsequent endothe-
lial dysfunction, and the systemic infl ammation and 
endothelial dysfunction may be causing the increased 
coronary artery disease and stroke rates among 
patients with migraine. 

 The most important limitation of the present 
study is that no distinction was made between 
migraine patients with and without aura. Some stud-
ies have shown a signifi cant difference between 
migraine patients with and without aura regarding 
ischemic stroke and ischemic vascular events (23,49). 
However, the study that Kurth et   al. conducted in 
female patients with migraine did not demonstrate an 
increased risk of ischemic vascular events in migraine 
patients without aura (2). The second limitation is that 
the duration of migraine was not recorded in the pres-
ent study. Recurrent migraine attacks lead to further 
infl ammation and endothelial dysfunction, and the 
degree of dysfunction cannot be determined without 
knowing the duration of the disease. The fact that there 
was no improvement in PWV values in some patients 
despite prophylaxis in the present study may be associ-
ated with the duration of migraine and the number of 
migraine attacks. The control measurements obtained 
after 1 month of prophylaxis given to the patients 
appear to be another limitation. The fi nal limitation in 
our study is that we did not use other markers indicat-
ing arterial stiffness, such as fl ow-mediated dilatation 
(FMD), salbutamol plus central pressure or biochem-
ical markers, because of economic problems. 

 In conclusion, the degree of arterial stiffness in 
patients with migraine may be used as an effective 

parameter providing information about the severity 
of the disease and guidance for treatment. Effective 
prophylaxis of migraine may improve arterial stiff-
ness and the related endothelial functions, and pro-
vide favorable contributions regarding improved 
morbidity and mortality among these patients in the 
long term. Comprehensive studies with long-term 
follow-up are required on this subject.                

  Declaration of interest:   The authors have no con-
fl icts of interest.   
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