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Migraine is a well-established risk factor for ischemic stroke, but migraine is also related to 
other vascular diseases. This study aims to invesƟ gate the associaƟ on between migraine and 
cerebrovascular atherosclerosis in paƟ ents with acute ischemic stroke.
We retrieved data on paƟ ents with ischemic stroke from the DUST (Dutch Acute Stroke 
Study). Migraine history was assessed with a migraine screener and confi rmed by telephone 
interview based on the ICHD criteria (InternaƟ onal Classifi caƟ on of Headache Disorders). 
We assessed intra- and extracranial atheroscleroƟ c changes and quanƟ fi ed intracranial 
internal caroƟ d artery calcifi caƟ ons as measure of atheroscleroƟ c burden on noncontrast 
computed tomography and computed tomographic angiography. We calculated risk raƟ os 
with adjustments for possible confounders with mulƟ variable Poisson regression analyses.
We included 656 paƟ ents, aged 18 to 99 years, of whom 53 had a history of migraine (29 
with aura). PaƟ ents with migraine did not have more frequent atheroscleroƟ c changes in 
intracranial (51% vs 74%; adjusted risk raƟ o, 0.82; 95% confi dence interval, 0.64–1.05) or 
extracranial vessels (62% vs 79%; adjusted risk raƟ o, 0.93; 95% confi dence interval, 0.77–
1.12) than paƟ ents without migraine and had comparable internal caroƟ d artery calcifi caƟ on 
volumes (largest vs medium and smallest volume terƟ le, 23% versus 35%; adjusted risk raƟ o, 
0.93; 95% confi dence interval, 0.57–1.52).
Migraine is not associated with excess atherosclerosis in large vessels in paƟ ents with acute 
ischemic stroke. Our fi ndings suggest that the biological mechanisms by which migraine 
results in ischemic stroke are not related to macrovascular cerebral atherosclerosis.
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Migraine, especially with aura, is a risk factor for ischemic stroke.1 Migraine paƟ ents also have 
an increased risk for cardiovascular disease in the systemic circulaƟ on, such as myocardial 
infarcƟ on and peripheral artery disease.2 The connecƟ on between migraine and cardiovascular 
disease is complex and probably mulƟ factorial. One of the possible mediaƟ ng mechanisms is 
enhanced atherosclerosis. 
The aim of our study was to invesƟ gate the associaƟ on between migraine and cerebrovascular 
atherosclerosis in a large cohort of paƟ ents with acute ischemic stroke.

M�ã«Ê�Ý

We included paƟ ents from the DUST (Dutch Acute Stroke Study), a large prospecƟ ve 
mulƟ center cohort study performed between May 2009 and August 2013.3 Inclusion criteria 
for DUST were age ≥18 years, onset of stroke symptoms <9 hours, and NaƟ onal InsƟ tutes 
of Health Stroke Scale score of ≥2 or ≥1 if intravenous thrombolysis with rtPA (recombinant 
Ɵ ssue plasminogen acƟ vator) was indicated 
Exclusion criteria were known renal failure and contrast agent allergy.3 DUST was approved by 
the Medical Ethical CommiƩ ee of the parƟ cipaƟ ng hospitals. Informed consent was obtained 
from all paƟ ents for use of the data.
All paƟ ents underwent noncontrast computed tomography, computed tomographic 
angiography, and computed tomography perfusion on admission with standardized scan 
protocols (Methods in the Supplemental Material). Radiological parameters were assessed by 
trained neuroradiologists with good interobserver variability.3 

At baseline, we collected data on cardiovascular risk factors and medical history. Stroke 
subtype was classifi ed according to the TOAST criteria (Trial of ORG 10172 in Acute Stroke 
Treatment). The DUST research nurses recorded the Migraine in Stroke Screener, a 5-item 

Table 1. Clinical CharacterisƟ cs of the ParƟ cipants. NIHSS indicates NaƟ onal InsƟ tutes of Health Stroke Scale; and TIA, 
transient ischemic aƩ ack. *Current smokers and smokers who stopped smoking >6 months ago. 
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migraine screener that retrospecƟ vely assesses migraine history and was validated previously 
in a stroke cohort. Migraine in Stroke Screener data were obtained when the paƟ ent entered 
the DUST study. 

The Migraine in Stroke Screener has a very high negaƟ ve predicƟ ve value (0.99), but a moderate 
posiƟ ve predicƟ ve value especially for aura symptoms.4 In case of ≥1 posiƟ ve answers to the 
screener, the parƟ cipants were contacted by telephone by a migraine research nurse. This 
semi-structured telephone interview consisted of detailed quesƟ ons on headache and aura 
characterisƟ cs, including ICHD-II (InternaƟ onal Classifi caƟ on of Headache Disorders) migraine 
and aura criteria. PaƟ ents were excluded when there was suspicion of migraine based on the 
screener, but the migraine diagnosis could not be confi rmed by telephone because paƟ ents 
were lost to follow-up or refused parƟ cipaƟ on.
We assessed paƟ ents with any sign of atherosclerosis in intra- and extracranial vessels of 
the anterior and posterior circulaƟ on on computed tomographic angiography. We measured 
intracranial internal caroƟ d artery calcifi caƟ on volume, using calcium as a measure for 
atherosclerosis. Calcium volumes were measured from the petrous part to the top of the 
intracranial caroƟ d arteries on noncontrast computed tomography using dedicated soŌ ware 
(Methods in the Supplemental Material).
We performed mulƟ variable Poisson regression analyses (Methods in the Supplemental 
Material). Risk raƟ os and adjusted risk raƟ o with 95% confi dence intervals were calculated.

R�Ýç½ãÝ 

In total, 707 DUST parƟ cipants (82%) fi lled in the screener. FiŌ y-one paƟ ents were lost to 
follow-up or refused to parƟ cipate in the telephone interview and were excluded. Therefore, 

Table 2. Prevalence of atheroscleroƟ c changes according to presence or absence of migraine. aRR indicates adjusted 
risk raƟ o; CI, confi dence interval; ICA, internal caroƟ d artery; and RR, risk raƟ o. * Age and sex adjusted. †Anterior 
and posterior circulaƟ on combined. ‡ TerƟ le largest vs terƟ les medium and smallest volume of internal caroƟ d artery 
calcifi caƟ ons.
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656 paƟ ents were included in this study of whom 53 had a confi rmed migraine diagnosis (29 
with aura) by telephone interview, and 603 had no history of migraine. The median of Ɵ me 
since the last aƩ ack was 1 year (n=47), and 38% of paƟ ents reported to have acƟ ve migraine. 
Median aƩ ack frequency was 2x per month (n=22). The baseline characterisƟ cs are shown in 
Table 1.
Atherosclerosis in intracranial vessel segments was as frequent in migraine paƟ ents as in 
paƟ ents without migraine (Table 2). This was the same for extracranial vessels and was also 
true for both the anterior and posterior circulaƟ on. High intracranial internal caroƟ d artery 
calcifi caƟ on volumes were as frequent in migraine paƟ ents as in paƟ ents without migraine. 
We found no diff erences in atheroscleroƟ c changes in migraine paƟ ents with and without 
aura, although group sizes were small. Our results remained consistent aŌ er straƟ fi caƟ on for 
age and stroke cause (Tables 1 and 2 in the Supplemental Material).

D®Ý�çÝÝ®ÊÄ

Our fi ndings argue against the hypothesis that migraine paƟ ents are at higher risk for ischemic 
stroke because of higher atheroscleroƟ c load in the cerebral vasculature. If anything, our 
data suggest that the prevalence of atheroscleroƟ c changes was lower in stroke paƟ ents 
with migraine. This confi rms previous fi ndings in the literature where the risk for ischemic 
stroke was apparent for migraine paƟ ents without vascular risk factors (except for use of oral 
contracepƟ ves and smoking) and low Framingham risk scores.5

Strong points of our study include the large number of parƟ cipants and the state-of-the-
art imaging methods enabling detailed assessment of the radiological characterisƟ cs of 
atherosclerosis. All migraine diagnoses were confi rmed by an extensive telephone interview 
according to the ICHD-II criteria which are comparable with the recent updated ICHD-III 
criteria.
Our study also has limitaƟ ons. First, the study is performed in a stroke populaƟ on with 
highly prevalent tradiƟ onal risk factors, such as older age, history of hypertension, diabetes 
mellitus, and hyperlipidemia. Compared with these tradiƟ onal risk factors, the contribuƟ on 
of the possible migrainerelated atherosclerosis may be too small to be detected. Second, our 
study did not include a control group without stroke. One could hypothesize that migraine 
paƟ ents might show enhanced atherosclerosis at younger ages resulƟ ng in earlier strokes 
but with comparable atheroscleroƟ c changes than paƟ ents without migraine at the Ɵ me of 
the stroke. However, although migraine paƟ ents were indeed younger at Ɵ me of their stroke, 
our results were consistent in diff erent age categories. Third, not all paƟ ents fi lled in the 
Migraine in Stroke Screener and not all screen posiƟ ves could be confi rmed by telephone 
interview. PaƟ ents with possible migraine but without confi rmaƟ on were excluded from the 
study to avoid misclassifi caƟ on bias. Therefore, the exact prevalence of migraine in our stroke 
populaƟ on cannot be derived from our study. Also, paƟ ents who were moribund or severely 
aphasic were less likely to have fi lled in the screener. We cannot rule out that this aff ected the 
generalizability or the internal validity of the results.
Our study does not provide informaƟ on on other possible mechanisms underlying the 
increased ischemic stroke risk in migraine paƟ ents. Endothelial dysfuncƟ on has been related 
to early development of atherosclerosis but also to acƟ vaƟ on of the coagulaƟ on pathway, 
enhanced infl ammatory responses, and impaired vascular reacƟ vity.6 Although we found no 
excess atherosclerosis in migraine paƟ ents, future studies should invesƟ gate the possible 
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impact of endothelial dysfuncƟ on on stroke risk via other mechanisms.
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Methods

Standardized scan protocol
All paƟ ents underwent non-contrast CT (NCCT), CTA and CTP on admission with 
standardized scan protocols. Scan parameters of the NCCT were: 120 kV, 300-375 mAs and 
1 mm reconstructed slice thickness. For CTA 50–70 mL of contrast agent (300 mg I/mL) was 
injected into the antecubital vein (18-gauge needle) at a rate of 6 mL/s followed by a 40-
mL saline fl ush at a rate of 6 mL/s. The scan parameters for the CTA were: 120 kV, 150 mAs 
and 5 mm reconstructed slice thickness. Radiologic parameters were assessed by trained 
neuroradiologists with good inter observer variability.1

MISS screener
The MISS consisted of fi ve items: 1. Did you ever or do you sƟ ll have migraine aƩ acks? 2. 
Were you ever diagnosed with migraine by a physician? 3. Did you ever suff er from aƩ acks of 
severe headache that lasted for several hours to days, with concomitant nausea and possible 
vomiƟ ng? 4. Did you ever suff er from aƩ acks of severe headache that lasted several hours to 
days during which you had very low tolerance of light and noise? 5. Did you ever experience 
aƩ acks that lasted between 5 to 60 minutes during which your sight was diminished or blurry 
at one side with possible fl ashes or gliƩ ers in the visual fi eld, followed by headache?2

Radiological assessment of atherosclerosis
We assessed paƟ ents with any sign of atherosclerosis in intra- and extracranial vessels of 
the anterior and posterior circulaƟ on on CTA. Signs of atherosclerosis in extracranial vessels 
were defi ned as presence of soŌ  plaque, calcifi ed changes or mixed plaque. Intracranial 
vessels were divided into segments: the anterior cerebral (A1, A2), middle cerebral (M1, M2), 
posterior cerebral (P1, P2), vertebral (V1, V2), the internal caroƟ d arteries up to and past 
the clinoid process and the basilar artery. Extracranial vessels were divided into the posterior 
(vertebral arteries) and anterior circulaƟ on (internal caroƟ d arteries). Stenosis was classifi ed 
in intracranial vessel segments as any sign of stenosis and addiƟ onally in extracranial vessels 
as stenosis ≥70%.3

We also assessed atheroscleroƟ c changes by measuring intracranial internal caroƟ d artery 
(ICA) calcifi caƟ on volume, using calcium as a measure for atherosclerosis since these two 
parameters are highly correlated.4 Calcium volumes were measured from the petrous part 
to the top of the intracranial caroƟ d arteries on NCCT using dedicated soŌ ware (customized 
research version of CalcScore V11.1 by Medis Specials bv, The Netherlands). Regions of interest 
were drawn to discern intracranial ICA calcifi caƟ ons from the skull base using a threshold. 
A small pilot study was performed to fi nd the opƟ mal threshold for visually discerning ICA 
calcifi caƟ ons from the skull base. Since DUST was a mulƟ center study with CT data from 
diff erent vendors, we tested several thresholds on 10 randomly selected data sets per center. 
We found the opƟ mal threshold to be 160 Hounsfi eld units, which resulted in a spread of ICA 
calcifi caƟ on volume data that did not notably vary between centers. ConƟ nuous intracranial 
ICA calcifi caƟ on volume data were subsequently divided into terƟ les (small, medium and large 
ICA calcifi caƟ on volumes).
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StaƟ sƟ cal analysis
We performed mulƟ variable Poisson regression analyses to idenƟ fy possible relaƟ onships 
between history of migraine and radiological characterisƟ cs of atherosclerosis. Adjustments 
were made for age and sex. Adjustments for hypertension and smoking had only a minimal 
eff ect on the results and were therefore not performed in the fi nal analyses. AddiƟ onally, 
we straƟ fi ed for age and stroke eƟ ology according to the TOAST criteria. Risk raƟ os (RR) and 
adjusted RR (aRR) with 95% confi dence intervals (CI) were calculated.
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Supplemental Table 1. Prevalence of atheroscleroƟ c changes in the 53 migraine paƟ ents according to presence or 
absence of aura. *Anterior and posterior circulaƟ on combined. **TerƟ le largest volume versus terƟ les medium and 
smallest volume of internal caroƟ d artery (ICA) calcifi caƟ ons. † Adjusted for age and sex
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Supplemental Table 2. Any sign of atheroscleroƟ c changes according to presence or absence of migraine, straƟ fi ed 
for age or stroke eƟ ology. † Adjusted for age and sex. * Stroke eƟ ology according to the TOAST criteria.




