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Abstract
Introduction: The comorbidity of migraine and benign paroxysmal positional vertigo (BPPV) is well-
established, yet the impact of migraine on the BPPV phenotype remains understudied.

Methods: A retrospective analysis of patients at a tertiary dizziness/vertigo clinic diagnosed with BPPV from
2015 and 2020 was conducted. The study's primary outcomes were the age of BPPV onset, Dizziness
Handicap Index (DHI), BPPV recurrence, and dizziness-related falls.

Results: In our cohort of 255 BPPV patients, 44.7% had a history of migraine. Those with migraine had an
earlier age of BPPV onset than individuals without migraine (60.2 vs. 65.4, p = 0.0018). Migraineurs and non-
migraineurs did not differ in their DHI (44.7 vs. 41.6, p = 0.44), recurrence rates (48.3% vs. 40.4%, p = 0.21),
and falls (32.5% vs. 37.6%, p = 0.39). Among individuals with horizontal canal BPPV, a higher proportion of
migraineurs experienced falls than non-migraineurs (50.0% vs. 6.3%, p = 0.02).

Conclusions: Migraineurs experience BPPV at a younger age than those without migraine. This finding
suggests that migraine, which has been shown to cause inner ear damage, predisposes individuals to
developing BPPV earlier. Migraine was also associated with a higher rate of falls among patients with
horizontal canal BPPV, indicating that a migraine history may impact the phenotype of BPPV.
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Introduction
Benign paroxysmal positional vertigo (BPPV) is one of the most common causes of dizziness and vertigo,
with an estimated lifetime prevalence of 2.4% [1]. While BPPV is, as its name suggests, benign in nature, it
nevertheless causes debilitating episodes that interfere with daily living and is associated with decreased
quality of life [2]. Individuals suffering from BPPV experience higher levels of anxiety and depression and
report negative life events more frequently than healthy controls [3].

BPPV most commonly affects individuals in the fifth or sixth decade of their lives with a female
preponderance [1]. It presents as brief episodes of vertigo lasting seconds and is triggered by changes in head
movement [4], although the duration of vertiginous symptoms can widely vary. This presentation can be
explained by the pathophysiology of BPPV, which involves the displacement of otoconia from the utricle.
Posterior canal BPPV (PC-BPPV) is caused by floating otoconia causing endolymphatic currents in the
posterior semicircular canal. Horizontal canal BPPV (HC-BPPV) with geotropic nystagmus is similarly caused
by canalolithiasis in the horizontal canal [5]. HC-BPPV with ageotropic nystagmus is thought to be due to the
adherence of otoconia to the cupula [6], although our previous study suggested that utricular dysfunction
may also be involved [7].

The comorbidity of BPPV with other health conditions is well-documented. It is associated with a higher risk
for ischemic strokes [8], diabetes [9], osteoporosis [10], and migraine [11-13]. Notably, migraine was three
times more prevalent among individuals with BPPV in a retrospective study [13]. Large epidemiological
studies further corroborated this relationship, as individuals with migraine had an increased risk of BPPV
[11,12]. The association between BPPV and migraine has led some to postulate that migraine and vestibular
dysfunction may share an underlying pathomechanism [13].

Migraine may impact the phenotype of BPPV. In an analysis of 186 patients, Faralli et al. demonstrated that
migraineurs have a higher prevalence and earlier onset of BPPV and experience greater post-BPPV residual
dizziness compared to those without migraine [14]. Despite the well-established link between these two
conditions, there is limited literature exploring how migraine influences the clinical presentation of BPPV
that either supports or disproves the article by Faralli et al. [14]. Our objective was to address this gap and
analyze how migraine may predict BPPV’s onset, severity, recurrence, and dizziness-associated falls. This
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study was previously presented as a poster at the 2021 Vestibular-Oriented Research (VOR) Meeting on
February 16, 2021.

Materials And Methods
We retrospectively reviewed consecutive adult patients diagnosed with BPPV from January 2015 to June 2020
at a tertiary referral center. Migraine history was indicated by the patient on a questionnaire. The diagnosis
of BPPV was made in accordance with Barany Society guidelines by our otolaryngology practice [15].
Posterior canal BPPV (PC-BPPV) was diagnosed when a geotropic, torsional upbeat nystagmus was elicited
with the Dix-Hallpike maneuver. Horizontal canal BPPV (HC-BPPV) was diagnosed when horizontal
nystagmus (both geotropic and ageotropic) was observed during the supine roll. Our primary outcomes were
the age at initial BPPV presentation, Dizziness Handicap Index (DHI), recurrence of BPPV after treatment,
and dizziness-related falls. This study was approved by the University of California San Francisco
Institutional Review Board (IRB 18-25360).

Descriptive statistics (mean, standard deviation (SD), and percentages) were used. We utilized the two-
sample t-test to compare the mean ages at diagnosis and DHI scores between migraine and non-migraine
groups. The Chi-square test or Fisher’s exact test was utilized to compare the rates of history of falls and
recurrence. Stata (Version 16.1) (StataCorp LLC, College Station, Texas, USA) was used for statistical
analysis. p-value < 0.05 was considered statistically significant.

Results
Our cohort included 255 patients; 227 (89.0%) and 28 (11.0%) had PC-BPPV and HC-BPPV, respectively. The
mean age of the cohort was 63.0 (SD: 13.4). Of all individuals, 114 (44.7%) had a history of migraine. The
rates of migraine did not differ between the PC-BPPV and HC-BPPV groups (44.9% vs. 42.9%, p = 0.50). The
data of the whole cohort are shown in Table 1, and subgroup analysis by BPPV type is shown in Tables 2, 3.

 Total (N = 255) Migraine (N = 114) No migraine (N = 141) p-value

Age (SD) 63.0 (13.4) 60.2 (13.0) 65.4 (13.2) 0.0018*

Dizziness Handicap Index (SD) 42.8 (25.0) 44.7 (25.0) 41.6 (25.1) 0.44

Recurrence (%) 43.9 48.3 40.4 0.21

Dizziness-related falls (%) 35.2 32.5 37.6 0.39

TABLE 1: Analysis of all patients with BPPV.
*Statistically significant, p < 0.05. BPPV: benign paroxysmal positional vertigo.

 Migraine (N = 102) No migraine (N = 125) p-value

Age (SD) 60.3 (13.1) 65.5 (13.7) 0.0038*

Dizziness Handicap Index (SD) 46.5 (26.0) 43.3 (25.8) 0.47

Recurrence (%) 48.0 38.4 0.14

Dizziness-related falls (%) 30.4 41.6 0.08

TABLE 2: Subgroup analysis of patients with posterior canal BPPV.
*Statistically significant, p < 0.05. BPPV: benign paroxysmal positional vertigo.
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 Migraine (N = 12) No migraine (N = 16) p-value

Age (SD) 59.2 (12.8) 64.5 (9.6) 0.22

Dizziness Handicap Index (SD) 35.4 (16.8) 27.8 (11.6) 0.24

Recurrence (%) 50.0 56.3 0.74

Dizziness-related falls (%) 50.0 6.3 0.02*

TABLE 3: Subgroup analysis of patients with horizontal canal BPPV.
*Statistically significant, p < 0.05. BPPV: benign paroxysmal positional vertigo.

Individuals with a migraine history had an earlier onset of BPPV than those without (p = 0.0018). The mean
age of BPPV diagnosis was 60.2 (SD: 13.0) and 65.4 (SD: 13.2) for those with and without migraine,
respectively. In the PC-BPPV group, migraineurs experienced BPPV at an earlier age than non-migraineurs
(60.3 vs. 65.5, p = 0.0038). In the HC-BPPV group, migraineurs also had an earlier age of diagnosis than non-
migraineurs (59.2 vs. 64.5, p = 0.22), although the difference did not reach statistical significance.

Among 163 BPPV patients with documented DHI scores, DHI did not differ between those with and without
migraine (p = 0.44). The mean DHI scores were 44.7 (SD: 25.0) and 41.6 (SD: 25.1) for 62 individuals with
migraine and 101 without migraine, respectively. In the PC-BPPV group, DHIs were statistically similar
between patients with and without migraine (46.5 vs. 43.3, p = 0.47). In the HC-BPPV group, the DHI was
higher among migraineurs than those without migraine (35.4 vs. 27.8, p = 0.24), although the difference was
statistically non-significant.

BPPV recurred in 43.9% of all patients, although there was no difference between the recurrence rate of
BPPV symptoms between migraineurs and non-migraineurs (48.3% vs. 40.4%, p = 0.21). In our subgroup
analysis, recurrence rates were statistically similar between those with and without a migraine history in
both PC-BPPV (48.0% vs. 38.4%, p = 0.14) and HC-BPPV (50.0% vs. 56.3%, p = 0.74) groups.

Over a third of BPPV patients (35.2%) experienced a fall due to dizziness. The rates of falls did not differ
between patients with and without migraine (32.5% vs. 37.6%, p = 0.39). In the PC-BPPV group, the rates of
falls were statistically similar between the migraineurs and non-migraineurs (30.4% vs. 41.6%, p = 0.08). In
the HC-BPPV group, a higher proportion of migraineurs experienced falls than non-migraineurs (50.0% vs.
6.3%, p = 0.02).

Discussion
Migraine was present in almost half of all BPPV patients. Among those with PC-BPPV, migraineurs on
average were younger by five years than individuals without migraine when they first experienced BPPV. A
history of migraine was not associated with greater severity of functional impairment, an increased risk for
dizziness-related falls, or recurrence of symptoms. However, among HC-BPPV patients, migraineurs had a
higher rate of falls.

While its exact mechanism remains unclear, the association of migraine with an earlier onset of BPPV
suggests that the pathophysiology of migraine predisposes one to BPPV. Ishiyama et al. proposed that
migraine causes recurrent vasospasms that damage the vasculature of the inner ear, which may in turn
displace the otoconia from the otolith organs [13]. This connection is further supported by the fact that
repeated vasospasms cause oxidative stress, and decreased levels of superoxide dismutase (SOD), an
antioxidant protein, have been observed in both migraine and BPPV [16-18]. Additionally, calcitonin gene-
related peptide (CGRP), a neuroactive peptide that is released by trigeminal nerves during migraine attacks
[19], may represent another pathophysiological link. As CGRP is expressed in the efferent neurons of otolith
organs and semicircular canals [20], the dysregulation of CGRP in migraineurs may increase the risk of BPPV.
Another consideration is that trigeminal nerve activation in migraine results in plasma extravasation in the
inner ear [21], which perhaps causes hydrops that shear otoconia from otolith organs. These potentially
explain the high prevalence of migraine among our BPPV patients, which is greater than what has been
previously reported [22].

Our finding that individuals with migraine experience BPPV at a younger age than those without migraine
further establishes a link between the two disease entities. Our subgroup analysis revealed that migraineurs
were on average younger by five years at the onset of BPPV than those without a migraine history in both
PC-BPPV and HC-BPPV groups, although the age difference did not reach statistical significance among HC-
BPPV patients, most likely due to the small sample size of this population. Although von Brevern et al. did
not observe the impact of migraine on the age of onset [1,15], Faralli et al. found a 14-year difference in the
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age of BPPV onset between migraineurs and non-migraineurs [14]. Notably, the mean age of onset for those
with migraine in their study was 39, which is significantly younger than the known peak age of BPPV
incidence [1,14]. Our results suggest that the age difference may be smaller, as the mean age of onset for
both migraineurs and non-migraineurs was in the sixth decade of life.

Despite an earlier age of onset for migraineurs, a migraine history did not predict worse functional
impairment. Whitney et al. reported that the mean DHI for BPPV patients was 41.6, which corresponds to a
moderate level of handicap [23]. In our cohort, the DHIs of BPPV patients with and without migraine were
consistent with this result. Unlike Faralli et al., who demonstrated that migraineurs with BPPV perceived a
greater handicap than BPPV patients without migraine [14], our data suggest that migraine does not impact
a BPPV patient’s self-perceived impairment.

Migraine was not associated with the recurrence of BPPV. In the literature, reported recurrent rates of BPPV
after canalith repositioning maneuvers widely vary between 13.3% and 65% [24-28]. Faralli et al. showed
that a higher proportion of migraineurs with BPPV had highly recurrent BPPV, defined as having at least
four documented episodes [14]. Extending the idea that pathophysiological processes in migraine increase
the risk of otoconia dislodgment, one can see how migraine can also lead to the recurrence of BPPV.
However, in a study spanning over a thousand patients, Hilton et al. concluded that recurrent rates of BPPV
did not differ between those with and without migraine [22]. In our study, BPPV patients with migraines had
a higher recurrence rate, although the difference was not statistically significant. More studies are required
to further investigate the relationship between migraine and recurrence of BPPV.

Over a third of BPPV patients experienced falls, with migraineurs with HC-BPPV experiencing a significantly
higher rate of falls than HC-BPPV patients without migraine. Lawson et al. reported that 14.5% of 850
patients admitted to the falls service had a positive Dix-Hallpike test [29], signifying that BPPV accounts for
a substantial burden of falls. In our cohort, migraineurs and non-migraineurs experienced similar rates of
falls. When examining those with HC-BPPV specifically, however, we observed that half of the migraineurs
had had falls, compared to less than 10% of non-migraineurs. While the reason for this phenomenon is
unclear, this finding suggests that migraine does play a role in the manifestation and sequelae of one’s
BPPV.

This study has three notable limitations. First, our analysis did not account for other risk factors of incidence
and recurrence of BPPV, such as female sex, osteoporosis, diabetes mellitus, and hyperlipidemia [24]. Future
works should focus on analyzing these variables to better understand how a migraine history may impact
one’s age of BPPV onset. Second, we used the patients' self-report to ascertain their migraine diagnosis,
which could have been a self-diagnosis or a diagnosis made by another provider. Regardless, studies have
shown good agreement between self-report and the International Classification of Headache Disorders
(ICHD) diagnosis of migraine [30,31], giving legitimacy to patients’ self-report of a migraine history. Third,
our study was retrospective, limited to a single tertiary institution, and may not be generalizable to other
settings.

Conclusions
The relationship between migraine and BPPV has long been studied. We demonstrate that migraineurs with
BPPV have an earlier age of onset than BPPV patients without migraine. There were no overall differences in
the functional handicap, recurrence, or rates of falls between migraineurs and non-migraineurs. However, in
our subgroup analysis of HC-BPPV patients, migraineurs had a statistically significantly higher rate of falls
than individuals without migraine. These connections are likely due to a shared element in their
pathophysiology and warrant further investigation in basic and clinical studies.
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