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Can vestibular migraine development be predicted in
patients with new onset migraine headaches?
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Abstract

Objective: This study aims to determine the clinical features associated with the development of vestibular
migraine (VM) in patients with migraine headaches. Methods: A cross-sectional, multicenter study was
performed in nine tertiary neurology clinics. Patients with migraine without vestibular symptoms were
classified as having migraine only (MO) and compared with patients with VM to determine any differences
in clinical features, associated disorders, past medical history, and family history of migraine headaches.
Moreover, we investigated the features that might predict the development of VM. Results: Two hundred
forty-four patients with MO and 461 patients with VM were included. The age of onset of headache attacks
was later in life for patients with VM (p<0.001). Migraine without aura (MwoA) was significantly more
common than migraine with aura (MwA) in patients with VM (p=0.016). All associated features of migraine
headaches were significantly more frequent in patients with MO than patients with VM (p<0.005). The
same was true for all triggers, including fasting, sleep disturbances, menstruation, stress, flickering lights,
and smartphones/computer games (p<0.005). A family history of migraine headaches was more common
in MO patients (p=0.002). However, a previous history of motion sickness was significantly more common
in patients with VM (p<0.001), as was aural fullness/tinnitus accompanying attacks (p<0.001). Logistic
regression analysis indicated that aural fullness/tinnitus accompanying attacks and a previous history of
motion sickness were risk factors for the development of VM.

Conclusion: Patients with migraine reporting aural symptoms accompanying attacks and motion sickness in
their past medical history are at increased risk of vestibular attacks fulfilling the diagnosis of VM later in life.
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INTRODUCTION headaches with reversible neurological and
systemic symptoms. Headache is often unilateral,
pulsating and aggravated by physical activity.
The most common associated symptoms are
photophobia, phonophobia, nausea, vomiting, and
cutaneous allodynia. Additional symptoms like
vertigo, dizziness, and tinnitus can be present.’

Vestibular migraine (VM) is characterized

Migraine is a chronic neurological disorder
with a 1-year prevalence of 12% in the general
population', wherein women are more commonly
affected than men. The annual and lifetime
prevalence is 18% and 33% in women and 6%
and 13% in men respectively.? It is characterized
by recurrent episodes of moderate to severe
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by migraine-related vestibular symptoms, and
it is accepted as the most common cause of
spontaneous episodic vertigo.* Diagnostic criteria
have been jointly developed by the International
Headache Society and the International Barany
Society for Neuro-otology.”® A 1-year prevalence
of 2.7% has been reported in a population-based
study.” In patients with recurrent vertigo, a
significantly high prevalence of migraine ranging
from 60% to 80% has been reported.®® Conversely,
VM has been diagnosed in 10%—20% of patients
in headache clinics.!®!" An overlap between
vestibular and migraine pathways is the proposed
pathophysiological mechanism.'?

Patients with VM report different types of
vertigo, including spontaneous vertigo, positional
vertigo, and unsteadiness. In a study from a
headache clinic, unsteadiness was present in
91% of the patients, and 82% had balance
problems.!* Nausea is a very common symptom
that accompanies these attacks. Photophobia,
phonophobia, osmophobia, and visual or other
auras have also been documented.'* Moreover,
auditory symptoms including hearing loss,
tinnitus, and aural pressure related to acute
attacks, have been reported in 20%-40% of
VM patients.'*!> Hearing loss is usually mild
and transient.'® Attacks can be provoked by
menstruation, sleep disorders, stress, specific
foods, and sensory stimuli, such as scintillating
lights, intense smells, or noise.!”

The duration of episodes can range from
minutes to days. Vertigo can precede, occur during,
or follow headache. In some patients, vertigo
and headache can occur as unrelated attacks.'® A
susceptibility to motion sickness is commonly
reported in patients with VM. Vertigo induced
by visual scenes and moving objects (visually
induced vertigo) persisting in between attacks
has also been reported.”

In this multicenter study comprising patients
from different parts of Turkey, the clinical features
of patients with migraine without vestibular
symptoms [migraine only (MO)] and patients with
VM were compared to determine any significant
differences in terms of demographic features,
associated disorders, past medical history, and
family history of migraine headaches. Moreover,
features that might predict the development of
VM were investigated.

METHODS

This cross-sectional multicenter study included
patients diagnosed as having MO and VM
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according to the ICHD-3 criteria® who had a
follow-up period of at least one year. This study
was performed in eight tertiary neurology clinics
between 2015 and 2020. The study protocol was
approved by the Ege University Medical School
Ethics Committee (reference number: 99166796-
050.06.04) and approval from the local ethics
committees of all the participating centers was
granted. Written informed consent was obtained
from all participants.

A structured questionnaire was used for data
collection. All patients were interviewed by
a senior neurologist. Migraine was classified
as migraine with or without aura (MwA or
MwoA, respectively) depending on the presence
or absence of visual, sensory, speech and/
or language, motor, and brainstem or retinal
symptoms accompanying or followed by
headache. The age of onset of migraine headaches
and vertigo attacks; headache and vertigo
attack frequency; pain intensity determined
using a visual analog scale (VAS) measured in
centimeters from O to 10; and associated symptoms
(nausea, vomiting, photophobia, phonophobia,
osmophobia, allodynia, ear fullness/tinnitus,
hearing loss) were recorded.

Data on trigger factors, such as fasting, sleep
disturbances, menstruation, stress, flickering
lights, and smartphones/computer games, were
obtained. A history of motion sickness and any
family history of migraine were also recorded. A
psychiatry consultation was made when necessary
for comorbid anxiety and depression.

Cranial magnetic resonance imaging and pure
tone audiometry were performed in all patients.

Statistical analysis

The SPSS 21 for Windows software package (SPSS
Inc., Chicago, IL, USA) was used for statistical
analysis. Continuous variables were analyzed as
mean and standard deviation or the median and
interquartile range, and categorical variables
were analyzed as frequency and percentage. The
distribution of the independent variables was
compared using the chi-square test and Fisher’s
exact test. Receiver operating characteristic (ROC)
curve analysis was performed to identify potential
cutoff quantitative values associated with the
development of VM.

Potential risk factors associated with the
development of VM were analyzed via univariate
and multivariate logistic regression analyses.
Univariate odds ratio and 95% confidence limits
were first calculated, and variables with p<0.20



were included in the logistic regression analysis
as independent variables. Backward stepwise
selection (Wald) was used to calculate multivariate
odds ratios. In all statistical tests, p-values below
0.05 were considered statistically significant.

RESULTS

This study involved 244 patients with MO (30
men (12.3%) and 214 women (87.7%)) and 461
patients with VM (69 men (15%) and 392 women
(85%)). The mean ages of the MO and VM groups
were 36.5 (range, 13-52) years and 42+1 (range,
17-74) years, respectively.

In the MO group, 48 patients (19.6%) had
MwA and 196 patients (80.4%) had MwoA. Of
the 48 patients, 34 presented with visual aura
symptoms and 14 patients presented with sensory
aura symptoms. In the VM group, 51 patients
(11.1%) had MwA and 410 patients (88.9%) had
MwoA. Forty-two patients presented with visual
aura symptoms and nine patients presented with
sensory aura symptoms. Overall, MwoA was
significantly more common than MwA in patients
with VM (p=0.016). Table 1 shows the clinical
features of the two groups.

The age of onset of migraine headaches was
25.5+8.4 years in the MO group and 28.4+9.4
years in the VM group, showing a statistically
significant difference (p<0.001). The mean age
at onset of vertigo attacks was 38.9+10.4 (range,
22-66) years, and the interval between the onset
of migraine headaches and subsequent vertigo
attacks was 12560 (range, 6-360) months in
patients with VM.

All associated features of migraine headaches,
including nausea, vomiting, photophobia,
phonophobia, osmophobia, and allodynia, were
significantly more common in patients with MO
(p<0.005). Similarly, all trigger factors, including
fasting, sleep disturbances, menstruation, stress,
flickering lights, and smartphones/computer
games, were significantly more common in the
MO group (p<0.005). A family history of migraine
headaches was also more common in MO patients
(p=0.002). A previous history of motion sickness
was significantly more common in patients with
VM (p<0.001). Similarly, aural fullness/tinnitus
was significantly more common in patients with
VM (p<0.001) (Table 1).

Based on the ROC analysis, age of onset of
headache >26 years (specificity: 60.25%, 95% CI:
[53.8-66.4] sensitivity: 55.1,95% CI: [50.4-59.7],
AUC: 0.586; p<0.0001) and history of migraine
headaches >48 months (specificity: 36.07%,

95% CI: [30.8-42 4], sensitivity: 76.36,95% CI:
[72.2-80.2], AUC: 0.581; p<0.0001) were risk
factors for the development of VM.

On univariate analysis, age of onset of headache
>26 years (OR: 1.860, 95% CI: [1.357-2.549];
p<0.001), migraine history >48 months (OR:
1.822, 95% CI: [1.299-2.555]; p<0.001), aural
fullness/tinnitus during headache attacks (OR:
1.370, 95% CI: [1.010-1.935]; p=0.064), and
previous history of motion sickness (OR: 6.262,
95% CI: [4.194-9.174]; p<0.001) were risk factors
for the development of VM.

On multivariate analysis, aural fullness/tinnitus
accompanying attacks (OR:2.29,95% CI: [1.29—
4.06], p=0.005) and previous history of motion
sickness (OR: 17.25, 95% CI. [8.77-33.93];
p<0.001) were risk factors for the development
of VM. (Table 2).

Comorbid anxiety/depression was present in
40.2% of patients with MO and 38.8% of patients
with VM. The difference between the groups was
not statistically significant (p>0.05).

DISCUSSION

Migraine onset most commonly occurs during
late adolescence or early adulthood, with 75% of
migraineurs experiencing the onset of migraine
before the age of 35.2' VM can develop at any
age.”?? In most patients, migraine begins earlier
in life than vestibular symptoms.'®* Similarly,
the interval between migraine headaches and
vertigo attacks was around 10 years in our patients
with VM.

A few studies have specifically found MwA
prevalence as 5% for MwA and 8% for MwoA .
In a study of over 700 patients with migraine,
56% had MwoA,23.3% had MwA and both types
were noted in 20.6%.** VM has been reported
to occur more often in patients with MwoA .»
Similar results were obtained in our study. MwA
was significantly more common in patients with
MO (19.6%) than in patients with VM (11.1%)
(p=0.016).

In patients with MO, photophobia (94%),
phonophobia (91%), and dizziness (72%) are
frequently associated with attacks. Nausea occurs
in over half of all patients.”® Approximately
one-third of patients present with symptoms of
vomiting and 16% of patients have diarrhea during
attacks.” Approximately 70% of patients have
visual non-aura symptoms and about one-third
have osmophobia or hyperosmia.?’?*

Over 70% of patients have cutaneous allodynia,
which is the perception of pain when non-painful
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Table 1: Demographic and clinical features of patients with migraine only (MO) and vestibular

migraine (VM)

Variables MO VM p value
(n: 244 ) (n: 461)

Sex (number) (%)

Female 214 (87.7) 392 (85.0) 0.331

Male 30 (12.3) 69 (15.0)

Migraine type (number) (%)

MwA 48 (19.6) 51 (11.1) 0.016

MwoA 196 (80.4) 410 (88.9)

Age of onset (years)

Headache 25.5+8.4 28.449 4 <0.001

Vertigo 389+104

Attack frequency

(attack number/month)

Headache 3.5+0.5 4.03+£0.6 0.037

Vertigo 4.17+1.45

Intensity (VAS) (cm)

Headache 7.3x1.2 74x14 0.208

Vertigo 6.7x1.7

Associated symptoms (number) (%)

Nausea 156 (64.0) 240 (52.0) <0.001

Vomiting 115 (47.0) 161 (35.0) <0.001

Photophobia 214 (87.7) 270 (58.7) <0.001

Phonophobia 222 (91.0) 219 (47.6) <0.001

Osmophobia 92 (37.7) 87 (18.9) <0.001

Allodynia 100 (41.0) 94 (20.4) <0.001

Aural fullness/tinnitus 22 (9.0) 161(35.0) <0.001

Triggers (number) (%)

Fasting 115 (47.1) 141 (30.6) <0.001

Sleep disturbances 93 (38.1) 139 (30.2) <0.032

Menstruation 125 (58.4) 143 (35.8) <0.001

Stress 197 (80.7) 231 (50.1) <0.001

Flickering lights 104 (42.6) 113 (24.5) <0.001

Smart phones/computer games 67 (27.5) 71 (15.4) <0.001

History of motion sickness (number) (%) 38 (15.6) 246 (53.4) <0.001

Family history of migraine (number) (%) 106 (43.4) 147 (31.9) 0.002

Comorbid anxiety/depression (number) (%) 98 (40.2) 179 (38.8) 0.730

MwA: migraine with aura; MwoA: migraine without aura; VAS: visual analog scale

stimuli are applied to the skin.?** In our patients
with MO, phonophobia was commonly reported
in 91%, followed by phonophobia in 87.7%.
Nausea was present in 64% of the patients,
whereas 47% reported vomiting during the
attacks. Allodynia was reported in 41% of the
patients and osmophobia in 37.7%. Moreover,
aural fullness/tinnitus was present in 9% of the
patients.

Aside from vertigo, patients with VM
also report photophobia, phonophobia, and
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osmophobia. In a previous study, photophobia
was reported in 44% of patients and phonophobia
was reported in 39%. The prevalence of
associated nausea and vomiting was 60% and
18% respectively. Tinnitus was reported in 11%
of the patients and aural fullness in 9%.'* In our
patients with VM, photophobia was present in
58.7% and phonophobia in 47.6%. Moreover,
nausea was present in 52% of the patients and
vomiting in 35% during the attacks. Allodynia
was also reported in 20.4% of the patients and



Table 2: Results of the logistic regression analysis performed to identify potential risk factors for the

development of vestibular migraine (VM)

Variables

Univariate odds ratio (95% CI) p value Multivariate oddsratio (95% CI) p value

Age of onset
of headache
(>26 years)

OR: 1.860 (1.357-2.549) p<0.001

OR:1.01 (0.55-1.85) p=0.969

Migraine
history
(>48 months)

OR: 1.822(1.299-2.555) p<0.001

OR:1.18 (0.60-2.32) p=0.635

Aural fullness/
tinnitus during
headache
attacks

OR: 1.370 (1.010-1.935) p=0.064

OR: 2.29 (1.29-4.06) p=0.005

Previous
history of
motion sickness

OR: 6.203 (4.194-9.174) p<0.001

OR: 17.25 (8.77-33.93) p<0.001

osmophobia in 18.9%. Aural fullness/tinnitus
accompanying attacks was present in 35% of the
patients.

The comparison of accompanying symptoms
revealed that, except for aural fullness/tinnitus,
all accompanying symptoms were significantly
more frequent in patients with MO (p<0.005),
but hearing-related symptoms were significantly
more common in patients with VM (p<0.001).

With regard to the trigger factors, over 75%
of migraineurs reported experiencing specific
migraine triggers, the most common being
stress, missed meals, sleep disturbances, and
menstruation.?! Odors, neck pain, light, and
alcohol use were also reported, though less
frequently. Our patients with MO reported all
triggers, including fasting, sleep disturbances,
menstruation, stress, flickering lights, and
smartphones/computer games, more frequently
than patients with VM did (p<0.005).

The majority of migraineurs have a family
history of migraine, suggesting that genetic
predisposition plays a major role.*? Similarly, a
positive family history of migraine has been found
in 70% of patients with VM." In our group, a
family history of migraine was significantly more
frequent in patients with MO (43.4%) than in
patients with VM (31.9%) (p=0.002). However,
both figures were lower than those in previous
reports.

A previous history of motion sickness is well
known in patients with migraine®; this has been
reported in 43% of patients with VM. In our
patients, the rate was 15.6% in those with MO
and 53.4% in patients with VM, significantly
higher in the VM group (p<0.001).

A few studies have compared patients with MO
and VM, and they deal with different aspects of the
disorders. In addition to three studies investigating
vestibular and audiologic findings*°, three
studies focused on clinical features®”*°, like ours.
Similar to our results, in the study investigating
the lifetime prevalence of car sickness, patients
with VM were more susceptible to car sickness
than those with migraine or Meniere’s disease.*’

In the second study, it was found that both
patients with migraine and VM were more anxious
and apprehensive and had more panic symptoms
and illness phobias than healthy controls, and that
patients with VM were even more anxious and
more agoraphobic than patients with migraine.* In
our group, anxiety and depression were common
comorbid psychiatric disorders in both MO and
VM patients, but a significant difference between
groups was not present (p>0.05).

In the third study that compared symptom
characteristics, it was reported that the
symptomatology of patients with migraine and
those with VM was remarkably similar, indicating
a significant overlap in clinical presentation
between the two groups.*

However, in the previous studies, the risk
factors for the development of VM were not
analyzed. In our subjects, aural fullness/tinnitus
accompanying attacks and a previous history of
motion sickness were found to be risk factors on
multivariate logistic regression analysis.

The main limitation of this study is the low
number of patients with MO in comparison with
VM despite its higher prevalence. Further studies
including vestibular tests such as video head
impulse test and vestibular evoked myogenic
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potentials can possibly contribute to prediction
of development of vestibular features in patients
with MO.

In conclusion, patients with migraine who
presented with auditory symptoms accompanying
attacks as well as who have symptoms of motion
sickness in their past medical history appear to be
atrisk for developing vestibular attacks later in life
that fulfill the diagnosis of VM. The age of onset
of headache attacks is later in life in patients with
VM compared with those with MO. Patients with
VM mainly present on a background of migraine
headache without aura. Attack triggers and attack
accompaniments, such as nausea, vomiting,
photophobia, phonophobia, osmophobia, and
allodynia, are more common in patients with MO
than in those with VM. Furthermore, comorbid
anxiety/depression is common in both groups.
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