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1Toriyama Clinic, Komoro, Japan, 2Department of Neurosurgery, Shinshu University School of
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Background: Patients with vestibular migraine (VM) exhibit higher levels of
central sensitization and share similar disorder characteristics with migraine
with vestibular symptoms (MwVS), except in terms of disability. These patients
experience fluctuating mechanical pain thresholds and persistent vestibular
symptoms even without a migraine attack.

Objective: This study aimed to investigate whether interictal allodynia or
hyperalgesia can di�erentiate between VM, MwVS, and migraine only.

Methods: We conducted a cross-sectional study of patients with episodic
migraine aged between 18 and 65 years, categorized into three groups. A
questionnaire was used to collect and compare demographic and clinical
variables. Interictal widespread pressure hyperalgesia (IWPH)was evaluated using
the Manual Tender Point Survey. Patients with tender point counts ≥7 were
classified as having IWPH.

Results: The study included 163 patients: 31 with VM, 54 with MwVS, and 78
with migraine without vestibular symptoms (migraine only). We found that aura
(p = 0.042, odds ratio 3.50, 95% confidence interval 1.26–10.4), tender point
count (p < 0.001, d = 0.889, median di�erence = 2), and IWPH (p = 0.002, odds
ratio 5.3, 95% confidence interval 1.80–17.2) were significantly associated with
VM compared to MwVS. Aura and IWPH were significantly associated with VM.
However, there were no significant associations observed for interictal allodynia
or hyperalgesia between the other two groups.

Conclusion: IWPH and aura are associated with VM, indicating their potential
roles in its pathogenesis. These findings may contribute to the di�erential
diagnosis and management of migraine, potentially leading to targeted
treatment strategies.
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Introduction

Vestibular migraine (VM) is a leading cause of episodic vertigo and dizziness (1–4);

however, it was not well-known until its inclusion in the new classification by the ICHD-

beta version in 2013 (5). There was no consensus regarding the diagnostic criteria for

VM among the patients included in the studies, resulting in a limited understanding
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of its characteristics and pathophysiology (6, 7). VM is a subtype

of migraine marked by hypersensitivity to self-motion (8) and

heightened sensitivity in vestibular pathways (9). Cutaneous

allodynia (CA) and hyperalgesia are common in migraine and

are manifestations of central sensitization (10–16). Migraine with

vestibular symptoms not entirely fitting VM criteria (MwVS)

is associated with more CA than migraine without (17, 18).

Our previous study suggests that the pathogenesis of VM

might be linked to thalamic sensitization, as patients with VM

exhibit a stronger association with all CA subtypes compared to

those with non-vestibular episodic migraine (17, 19). Mechanical

pain thresholds in patients with migraine fluctuate during the

migraine cycle (20), and they may experience persistent central

sensitization leading to vestibular symptoms without headaches

(21, 22).

We hypothesized that interictal allodynia and hyperalgesia

may help distinguish VM, MwVS, and migraine only (MO)

(14, 15, 23, 24). This study aimed to compare the demographic

and clinical characteristics of VM, MwVS, and MO during the

interictal phase, explore associations between VM and MwVS, and

identify significant risk factors related to VM. To our knowledge,

this is the first study to examine the difference in interictal

allodynia and hyperalgesia prevalence between patients with and

without VM.

Methods

Design and setting

Patients with migraine were recruited for a cross-sectional

survey from January 2018 toMarch 2021 at Toriyama Clinic, a local

primary and secondary headache clinic in Komoro City, Nagano

Prefecture, Japan, serving a target population of approximately

100,000. Each participant underwent a structured interview and

comprehensive clinical assessment conducted by the first author,

an experienced neurologist, to determine their eligibility based on

predefined inclusion and exclusion criteria.

This is a secondary analysis of data following our original

research plan. From our prior study (17), 101 of the 245 cases

were interictal and are included here. The initial study did not

cover all findings due to word limits. Our aim now, with a

focus on interictal widespread pressure hyperalgesia (IWPH),

was to expand the interictal sample size, merging new and

prior cases.

Participants

Participants aged 18–65 years, with chief complaints of

headaches and part of a consecutive case series, were included in

this study. These individuals met the International Classification

of Headache Disorders (ICHD)-IIIβ criteria for migraine and

had a history of migraine for at least 6 months. In this

study, the aura was limited to typical auras such as visual,

sensory, and verbal types. Vertigo was not considered an aura.

Additionally, to minimize the impact of acute allodynia, we

required a 48-h migraine symptom-free period before the study.

Patients with vestibular symptoms independent from headaches

were not considered, as they were essentially referred to an

otolaryngologist for specialized management. Patients with other

primary or secondary headaches, specific disorders, incomplete

data, and those taking medications (beta blockers, antidepressants,

anticonvulsants, and calcium channel blockers)/antineuropathic

pain agents (pregabalin, gabapentin, and duloxetine) that could

potentially influence the results were excluded from the study

(Figure 1).

Clinical evaluation

Participants underwent evaluation based on the ICHD-IIIβ

criteria, including assessment of demographic characteristics

and associated symptoms, with particular focus on vestibular

symptoms identified using a questionnaire (Figure 2) compliant

with the International Classification of Vestibular Disorders (25).

Different types of migraines—both with and without aura—may be

experienced by patients over time. However, to ensure consistency

and accuracy in reporting clinical characteristics, each patient was

classified based on their most recent episode. Participants were then

categorized into the VM, MwVS, or MO groups. Migraine-specific

variables and associated symptoms were documented, along with a

record of medication history.

Measurement

Figure 3 provides details of the 19-item questionnaire and

evaluation criteria for cutaneous allodynia subtypes.

Headache intensity was assessed using a numerical rating scale

(26), headache disability was assessed using the Headache Impact

Test-6 (HIT-6) (27), depression was assessed using the Self-Rating

Depression Scale (SDS) (28), and tinnitus and sleep disturbances

were assessed using yes/no questions.

CA symptoms were assessed using a 19-item questionnaire

adapted from Ashkenazi et al. (14) and ASC-12 (23). Patients

who confirmed experiencing discomfort or pain during specific

activities related to migraine were classified as allodynic if they

reported two or more items (14). An additional three items by Guy

et al. (29) were included to identify extracephalic CA.

Interictal CA was identified in patients who reported

experiencing at least one allodynia symptom during headache-

free periods using a questionnaire (30). Cephalic and extracephalic

CA were determined based on items suggested by Guy et al.

(29), with affirmative responses indicating the presence of

these conditions.

Mechanical and thermal CA were assessed with specific

queries, and positive responses indicated the presence of these

conditions (17), following the conventions of previous surveys

(13, 23). Patients exhibiting thermal, mechanical, cephalic, and

extracephalic CA were identified as having widespread multimodal

CA (31).

IWPH was evaluated using the Manual Tender Point Survey

(MTPS) (32). Patients with a tender point count (TPC) of

≥7 were classified as having IWPH (33). In a pilot study,
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FIGURE 1

Eligibility and exclusion criteria.

test-retest reliability for all assessments ranged from moderate to

substantial (Table 1).

Statistical analysis

Continuous variables were presented as mean ± standard

deviation or percentages. The normality of the data was

assessed using the Kolmogorov–Smirnov test. One-way analysis

of variance (ANOVA) was used for normally distributed

data, while the Kruskal–Wallis test was employed for non-

parametric distributions. Chi-squared analysis was used for

categorical variables.

A multivariable logistic regression model was initially

constructed in an exploratory manner, incorporating variables

with p < 0.3 from the post-hoc comparison. We chose bivariate

screening to detect patterns without preset constraints. Backward

stepwise selection was then applied to refine the model, retaining

only variables with p < 0.05. Statistical significance was defined as

a two-tailed p < 0.05. Odds ratios (ORs), 95% confidence intervals

(CIs), and Cohen’s r for non-parametric effect size were calculated.

The sample size was determined based on available

data without prior statistical power calculations. All

statistical analyses were performed using EZR version

1.40 (34).

Results

A total of 205 patients with potential interictal migraine

were initially recruited for the study. However, 42 participants

were excluded due to comorbidities, missing data, or the use of

medications that could affect the results (Figure 1). Ultimately,

163 patients with episodic migraine (mean age: 40.9 ± 11.5 years;

128 females: 78.5%) were enrolled in the study. Among these,

31 (19%), 54 (33.1%), and 78 (47.9%) patients were assigned

to the VM, MwVS, and MO groups, respectively. Vestibular

symptoms were reported in 85 participants. Within the MwVS

group, 23 participants did not meet the duration criterion, and

31 did not meet the duration and disability criteria (Figure 4).

Demographic and clinical characteristics were compared between

the three groups (Table 2). The MTPS results for the three groups

are presented in Table 3. Significant differences were found in
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FIGURE 2

Questionnaire on vertigo for vestibular migraine.

the prevalence of aura, osmophobia, tinnitus, acute CA, TPC,

and IWPH. However, no significant differences were found in

sex, age, age at migraine onset, duration, attack frequency and

duration, headache intensity, family history, nausea/vomiting,

photophobia, phonophobia, depression, sleep disorders, interictal

CA, or medication use (p > 0.05) among the three groups.
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FIGURE 3

Nineteen-item allodynia questionnaire.

Post-hoc pairwise comparisons of the significant variables

between the three groups revealed that the VM group had a

significantly higher frequency of migraine with aura (p = 0.042,

OR 3.50, 95% CI 1.26–10.39), TPC (p < 0.001, r = 0.861, median

difference = 2), and IWPH prevalence (p = 0.002, OR 5.2, 95% CI

1.80–17.2) compared to the MwVS group. Similarly, the VM group

had significantly higher frequencies ofmigraine with aura (OR 3.78,

95% CI 1.19–12.9), osmophobia (p = 0.029, OR 5.2, 95% CI 1.59–

19.4), and tinnitus (p= 0.029, OR 5.4, 95% CI 1.39–26.4), as well as

a higher prevalence of acute CA (p = 0.038, OR 4.3, 95% CI 1.27–

16.7), TPC (p< 0.001, r= 0.868, median difference= 4) and IWPH

(p < 0.001, OR 6.9 95% CI 2.06–26.3) compared to the MO group.
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TABLE 1 Pilot study results: reliability for CA types and IWPH assessments.

Assessment n Age (years) Female (%) Test-retest
interval (days)

Cohen’s κ 95% CI Interpretation of κ

Acute CA 84 40.9± 10.5 89.2 87.1± 25.4 0.57 0.29–0.84 Moderate agreement

Interictal CA 51 42.2± 11.7 92.2 134.5± 58.7 0.71 0.52–0.91 Substantial agreement

Cephalic CA 84 40.9± 10.5 89.2 87.1± 25.4 0.73 0.52–0.93 Substantial agreement

Extracephalic CA 84 40.9± 10.5 89.2 87.1± 25.4 0.59 0.41–0.76 Moderate agreement

Thermal CA 84 40.9± 10.5 89.2 87.1± 25.4 0.60 0.43–0.79 Moderate agreement

Mechanical CA 84 40.9± 10.5 89.2 87.1± 25.4 0.62 0.41–0.83 Substantial agreement

Widespread multimodal CA 84 40.9± 10.5 89.2 87.1± 25.4 0.62 0.45–0.79 Substantial agreement

IWPH assessment 84 40.9± 10.5 89.2 87.1± 25.4 0.71 0.50–0.93 Substantial agreement

CA, cutaneous allodynia; IWPH, interictal widespread pressure hyperalgesia.

FIGURE 4

Flowchart depicting patient categorization into three groups.

No significant differences in clinical features were found between

the MwVS and MO groups (Tables 2, 3).

Significant differences were observed in specific CA subtypes

among the groups (Table 4). Extracephalic (p= 0.008), mechanical

(p = 0.006), and widespread multimodal CA (p = 0.006) showed

significant differences among the three groups. However, there

were no significant differences in allodynia subtypes between the

VM and MwVS groups or between the MwVS and MO groups.

In comparison to the MO group, the VM group had significantly

higher rates of extracephalic (p= 0.016, OR 8.7, 95% CI 2.03–25.1),
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TABLE 2 Comparison of variables between VM, MwVS, and MO groups.

Variables VM MwVS MO p-value Pairwise comparisons (p-value)

(n = 31) (n = 54) (n = 78) VM- MwVS VM-MO MwVS-MO

General variables

Female sex 27 (87.1%) 45 (83.3%) 56 (71.8%) 0.123a NA NA NA

Age, years 39.8± 12.8 41.5± 11.0 40.9± 11.5 0.817b NA NA NA

Migraine-specific variables

Migraine with aura 22 (71.0%) 22 (40.7%) 30 (38.5%) 0.006a 0.042 c 0.013 c p > 0.999 c

Age at migraine onset (years) 21.2± 9.3 22.4± 10.6 21.2± 9.3 0.805d NA NA NA

Migraine duration (years) 19.7± 12.1 19.1± 11.9 19.7± 11.2 0.866d NA NA NA

Duration of headache attack (h) 15.1± 15.3 20.4± 19.8 18.8± 21.3 0.616d NA NA NA

Headache frequency (attacks/month) 3.9± 4.3 2.7± 2.6 2.8± 2.9 0.607d NA NA NA

Headache intensity (NRS) 7.5± 1.6 7.0± 1.7 7.3± 1.4 0.605d NA NA NA

Headache disability (HIT-6) 62.5± 7.4 59.9± 7.5 60.1± 5.8 0.219d NA NA NA

First-degree relative FH 18 (58.1%) 37 (68.5%) 47 (60.3%) 0.532a NA NA NA

Migraine-associated symptoms

Nausea/vomiting 31 (100%) 51 (94.4%) 72 (92.3%) 0.284e NA NA NA

Photophobia 28 (90.3%) 41 (75.9%) 58 (74.4%) 0.178e NA NA NA

Phonophobia 27 (87.1%) 42 (77.8%) 56 (74.4%) 0.254e NA NA NA

Osmophobia 19 (61.3%) 27 (50.0%) 25 (32.1%) 0.011a p > 0.999 c 0.029c 0.175c

Depression (SDS ≥ 48) 8 (25.8%) 43 (20.4%) 12 (1.4%) 0.436a NA NA NA

Tinnitus 14 (45.2%) 12 (22.2%) 9 (11.5%) 0.001a 0.148 c
<0.001 c 0.477c

Sleep disorders 6 (19.4%) 11 (20.4%) 8 (10.3%) 0.224 a NA NA NA

Interictal cutaneous allodynia 7 (22.6%) 9 (16.7%) 7 (9.0%) 0.148 a NA NA NA

Acute cutaneous allodynia 25 (80.6%) 33 (61.1%) 41 (52.6%) 0.026a 0.361c 0.038 c p > 0.999c

Medication

Use of acute medication 14 (45.2%) 30 (55.6%) 43 (55.1%) 0.595 a NA NA NA

Use of triptans 19 (61.3%) 33 (61.1%) 46 (48.1%) 0.960 a NA NA NA

No medication 0 (0.0%) 2 (3.7%) 3 (3.8%) 0.545 e NA NA NA

Manual tender point survey

TPC 8.9± 3.8 5.4± 3.9 4.97± 4.2 <0.001b <0.001f <0.001 f p > 0.999f

IWPH (%) 24 (77.4%) 21 (38.9%) 24 (30.8%) <0.001a 0.002c <0.001c p > 0.999c

Allodynia subtypes

Cephalic CA 27 (87.1%) 43 (79.6%) 52 (66.7%) 0.052a NA NA NA

Extracephalic CA 23 (74.2%) 29 (53.7%) 33 (42.3%) 0.008a 0.306c 0.016c 0.798c

Mechanical CA 26 (83.9%) 33 (61.1%) 41 (52.6%) 0.006a 0.152 c 0.021c p > 0.999c

Thermal CA 17 (54.8%) 25 (46.3%) 36 (46.2%) 0.688a NA NA NA

Widespread multimodal CA 16 (51.6%) 17 (31.5%) 16 (20.5%) 0.00 6a 0.327c 0.014c 0.883c

Values represent absolute numbers with corresponding percentages or means± standard deviations. Bold and italicized text indicate significant p-values (p < 0.05). FH, family history; HIT-6,

Headache Impact Test; MO, migraine only; MwVS, migraine with vestibular symptoms not meeting vestibular migraine criteria; NA, not applicable; NRS, numeric rating scale; SDS, self-rating

depression scale; VM, vestibular migraine. aχ2-test; bOne-way analysis of variance; cBonferroni test; dKruskal–Wallis test; eFisher’s exact test; fSteel–Dwass test.

mechanical (p= 0.021, OR 8.1, 95% CI 1.71–25.9), and widespread

multimodal CA (p= 0.014, OR 14.7, 95% CI 2.89–149.13).

In the multivariable logistic regression analysis of variables

with p < 0.3, based on the post-hoc comparison of the

VM and MwVS groups, aura and IWPH were found to be

significantly associated with VM (p = 0.025, OR 3.15, 95%

CI 1.15–8.6 and p = 0.003, OR 4.9, 95% CI 1.75–13.8,

respectively) (Table 5).
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TABLE 3 Comparison of TPC and IWPH frequency using MTPS between the VM, MwVS, and MO groups.

Variables VM MwVS MO p-value Pairwise comparisons (p-value)

(n = 31) (n = 54) (n = 78) VM- MwVS VM-MO MwVS-MO

TPC 8.9± 3.8 5.4± 3.9 4.97± 4.2 <0.001b <0.001f <0.001f P > 0.999f

IWPH (%) 24 (77.4%) 21 (38.9%) 24 (30.8%) <0.001a 0.002c <0.001c P > 0.999c

Bold and italicized text indicates significant p-values (p < 0.05). IWPH, interictal widespread pressure hyperalgesia; MTPS, Manual Tender Point Survey; MO, migraine without vestibular

symptoms; MwVS, migraine with vestibular symptoms not meeting the vestibular migraine criteria; NA, not applicable; TPC, tender point count; VM, vestibular migraine. aχ2-test;
bKruskal–Wallis test; cBonferroni test; fSteel–Dwass test.

TABLE 4 Comparison of the frequency of CA subtypes between VM, MwVS, and MO groups.

Allodynia subtypes VM MwVS MO p-value Pairwise comparisons (p-value)

(n = 31) (n = 54) (n = 78) VM-MwVS VM-MO MwVS-MO

Cephalic CA 27 (87.1%) 43 (79.6%) 52 (66.7%) 0.052a NA NA NA

Extracephalic CA 23 (74.2%) 29 (53.7%) 33 (42.3%) 0.008a 0.306c 0.016c 0.798c

Mechanical CA 26 (83.9%) 33 (61.1%) 41 (52.6%) 0.006a 0.152c 0.021c p > 0.999c

Thermal CA 17 (54.8%) 25 (46.3%) 36 (46.2%) 0.688a NA NA NA

Widespread multimodal CA 16 (51.6%) 17 (31.5%) 16 (20.5%) 0.006a 0.327c 0.014c 0.883c

Values represent absolute numbers with corresponding percentages. Bold and italicized text indicate significant p-values (p < 0.05). CA, cutaneous allodynia; VM, vestibular migraine; MwVS,

migraine with vestibular symptoms not meeting the vestibular migraine criteria; MO, migraine only. aχ2-test, bcBonferroni test.

The data supporting the findings of this study are presented in

Supplementary File 1.

Discussion

Main findings

This study included 163 patients who were divided into

VM (19%), MwVS (33.1%), and MO (47.9%) groups. Significant

differences were found between groups in aura frequency,

osmophobia, tinnitus, prevalence of acute CA, allodynia subtypes,

TPC, and prevalence of IWPH. The prevalence of interictal CA

was low and did not differ between the groups. Patients in the VM

group exhibited significantly higher TPC and a higher prevalence of

interictal IWPH compared to those in the MwVS and MO groups.

Multivariable logistic regression analysis indicated that aura and

IWPH have a stronger association with VM than with MwVS.

VM prevalence

Over half (52.1%) of patients with migraine experienced

vestibular symptoms, which is consistent with the prevalence

reported in previous research studies (51.7–61%) (18, 35, 36). The

observed VM prevalence was 26.5%, surpassing the previous rates

of 9–12% and 10.3% before and after the implementation of the new

criteria (1, 36, 37). These findings support Calhoun et al.’s discovery

of a strong correlation between migraine pain and vertigo (38), as

nearly half of the participants in our study experienced vertigo or

dizziness with high headache intensity. Considering the research

conducted at a headache clinic that treats severe headaches, it is

reasonable to speculate that this high prevalence might not reflect

actual variations in the general population but could be due to

selection bias from referral patterns and patient preferences.

Di�erences between VM and MwVS

VM has a higher frequency of aura, TPC, and IWPH than

MwVS. Based on our results, these three parameters significantly

characterize VM compared to MwVS. Patients with VM exhibit

a higher frequency of migraine aura, higher TPC, and greater

prevalence of IWPH than those with MwVS. In multivariable

logistic regression analysis, migraine aura and IWPH were

independently associated with VM compared to MwVS.

In our previous study (20) of patients with both ictal and

interictal migraine, no clinical differences were found between VM

and MwVS except for the disability caused by possible selection

bias. Thus, we believe that VM and MwVS may be on the same

disease spectrum, which aligned with the findings of Abouzari

et al. (19). However, this hypothesis has been challenged in this

study, which suggested different pathophysiologies of aura and

interictal hyperalgesia as the reason for the differences between VM

and MwVS.

Distinct features of VM: aura, TPC, and
IWPH

The migraine-related factors associated with VM (aura, TPC,

and IWPH) are summarized here as distinct features. The

discussions of aura, TPC, and IWPH (previously in sections 4.5

Aura and VM, 4.13 TPC and VM, and 4.14 IWPH and VM)

have been revised and moved here for greater conciseness without

compromising key insights and findings from their previous

locations.

The prevalence of migraine with aura in this study was

45.4%, higher than previously reported (12–36%) (1, 36). The

higher VM prevalence may be influenced by factors like referral

patterns, population differences, or regional specialty choices.

Frontiers inNeurology 08 frontiersin.org

https://doi.org/10.3389/fneur.2024.1405590
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Toriyama et al. 10.3389/fneur.2024.1405590

TABLE 5 Multivariate logistic regression model VM-related factors in

patients with migraine with vestibular symptoms.

Variables Odds ratio 95% IC P

Aura 3.15 1.15–8.6 0.025

IWPH 4.9 1.75–13.8 0.003

Independent variables with a p < 0.3 in the post hoc univariate analysis were introduced in

themodel: aura, tinnitus, mechanical cutaneous allodynia, and IWPH. CI, confidence interval;

IWPH: interictal widespread pressure hyperalgesia; VM, vestibular migraine.

Visual aura symptoms, resembling transient ischemic attacks,

could direct patients to stroke clinics. Further research is

needed to determine the cause. The relationship between vertigo

and migraine, with or without aura, remains debated. Some

studies have found an association between migraine with aura

and vertigo (18), while others have reported more frequent

vertigo in patients with migraine without aura (3, 36, 39–

41). Recent findings challenge this and demonstrate a stronger

correlation between migraine with aura and VM compared

to MwVS or MO (38). Additionally, patients with migraine

who experience aura are more susceptible to postural control

impairments (42).

Our research, supported by logistic regression analysis,

confirms a significant association between vestibular symptoms

and migraine with aura, emphasizing the crucial role of aura

in the onset of VM. Cutrer and Baloh proposed that the

mechanism of cortical spreading depression (CSD) causes short-

duration vertigo accompanied by headaches lasting from minutes

to 2 h (43). Demarquay et al. (44) proposed that brainstem

aura (vertigo/dizziness) is a typical migraine aura resulting

from transient parieto-insular vestibular cortex dysfunction

caused by CSD. These symptoms may occur before or during

headache attacks, lasting between 5min and 1 h, meeting VM

duration criteria.

While we confirmed the link between aura and VM, it is crucial

to note that vestibular symptoms can arise at any migraine stage,

not just as an aura.

Post-hoc pairwise comparisons revealed that VM exhibited

significantly higher TPCs than MwVS or MO, indicating that

VM generally had a lower pressure pain threshold (PPT) during

the interictal phase (Figure 5). This finding suggests a widespread

decrease in PPT, as a higher TPC corresponds to a reduced PPT

measured by QST (33, 54). Therefore, TPC has the potential

to differentiate VM from MwVS in migraine patients with

vestibular symptoms.

Post-hoc analysis revealed that IWPH was significantly more

frequent in VM than in MwVS and MO (Figure 6). Logistic

regression analysis confirmed IWPH as a significant determinant

of VM. These findings support the notion that IWPH plays a

crucial role in developing vestibular symptoms required for VM

diagnosis. The pathophysiology of IWPH may involve impaired

descending pain modulation (14, 33), which can amplify headache

stimuli in the thalamus and induce thalamic sensitization. This

sensitized thalamus may give rise to a widespread multimodal CA,

possibly due to dysregulation of the descending pain modulation

(33). Similar to the results of our previous study (17), no significant

differences in CA subtypes were observed between VM andMwVS,

including interictal CA. However, IWPH was significantly different

between the two groups. This may be due to the suitability of

hyperalgesia surveys over recall-based allodynia questionnaires in

detecting interictal asymptomatic persistent central sensitization

or sub-allodynia (12, 14, 55). As IWPH and acute CA were

found to be correlated in our previous study (17), further

investigation using QST during the headache-free phase may

reveal differences in CA prevalence between VM and MwVS. The

periaqueductal gray descending control selectively modulates C

and Aδ nociceptive input (29). When compromised, amplified

pain signals from the head, neck, and shoulders are transmitted

to the thalamus via these fibers during headaches. Aβ fibers,

not regulated by the descending system, transmit appropriate

proprioceptive signals to the thalamus (56). This may disrupt

the spatial integration of pain and proprioceptive signals in the

thalamus and cortex, leading to dizziness. Our questionnaire survey

revealed no significant difference in the prevalence of interictal

CA, a symptom of persistent central sensitization, between VM

and MwVS. However, a significant difference in the prevalence

of IWPH between VM and MwVS was observed in the MTPS.

This difference suggests varying levels of unperceived, persistent

central sensitization between the two groups. Consequently, IWPH

could act as a valuable clinical marker for differentiating VM

fromMwVS.

Other features with no di�erence between
VM and MwVS

Female sex
Despite previous reports suggesting that VM primarily affects

females (7), our study found no significant sex-related difference

between the VM, MwVS, and MO groups. While there is a

potential female predominance in VM and MwVS compared to

MO, this difference was not statistically significant (p = 0.123).

Further studies with larger sample sizes are needed to confirm

these findings.

Headache intensity
The association between headache intensity and VM remains a

topic of debate. Kutay et al. (45) found no significant difference in

intensity between VM and migraines without vertigo, while others

(38) have reported a strong correlation. The lack of significant

differences in our study may be due to sampling bias favoring

individuals with headache intensity ≥7.

HIT-6
In our previous study involving 143 interictal and 102 ictal

migraine patients, we found that the HIT-6 score effectively

differentiates VM from MwVS and MO (17). Thus, we concluded

that the ICHD-IIIβ criteria for VM effectively identify severe

cases of MwVS. However, we observed that the HIT-6 score was

ineffective in identifying interictal migraine patients, possibly due

to the small sample size.
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FIGURE 5

Box plot comparison of tender point counts (TPC).

FIGURE 6

Comparison of interictal widespread pressure hyperalgesia frequency di�erences.

Osmophobia
The prevalence of osmophobia among 85 patients with MwVS

was 54.1% in the present study, similar to Akdal et al. (18, 36).

Osmophobia was significantly more prevalent in the VM group

than in the MO group, while photophobia and phonophobia did

not differ significantly between groups. In this study, VM had

a significantly higher prevalence of osmophobia than MO, in

contrast to previous studies (17). This may be due to differences

in interictally sustained central sensitization. Osmophobia is

associated with allodynia (46), and further studies are needed to
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explore the relationship between interictal allodynia or interictal

hyperalgesia and osmophobia.

Tinnitus
Tinnitus was observed in 45.2% of the VM group, consistent

with previous studies (47–51). While the prevalence of tinnitus

differed among the three groups, it was not significantly different

between the VM andMwVS (p= 0.148, OR 2.84, 95%CI 1.00–8.34)

based on post-hoc comparison. Consequently, tinnitus was included

in the logistic regression model for further analysis.

Depression
There is a close interconnection between migraine, vestibular

disorders, and psychological conditions such as anxiety and

depression (45). Furman et al. have referred to this overlap as

migraine–anxiety-related dizziness (39). In our previous studies,

we observed variations in the prevalence of depression among the

three groups (17), which were not evident in the current study.

Specifically, the present findings revealed a lower prevalence of

depression in the VM group (26%) compared to our previous

report (34%). This discrepancy could be attributed to interictal

anxiety being less severe than ictal anxiety, leading to lower SDS

scores and less differentiation among the groups.

Sleep disorders
We did not observe a significant difference in the prevalence

of sleep disorders among the three groups, which contradicts the

findings of previous research (17, 52, 53). However, the prevalence

of sleep disorders in the VM and MwVS groups (19% and 20%,

respectively) was twice that of the MO group (10%). These findings

suggest the possibility of potential differences that could be further

elucidated with larger sample sizes could elucidate.

Allodynia
Consistent with the findings of our previous study (17), we

observed significant differences in the prevalence of acute (p =

0.026), extracephalic (p = 0.008), mechanical (p = 0.01), and

widespread multimodal CA (p = 0.006) among the three groups.

However, cephalic (p= 0.052) and thermal (p= 0.688) CA did not

differ significantly between the groups. Although a trend suggested

a potential difference in the prevalence of cephalic CA among

the three groups, further investigation is needed to confirm this.

It is important to consider potential recall bias when evaluating

the discomfort associated with heat stimuli (thermal CA) during

headache attacks in the absence of headache. Further research

is needed to examine this aspect more comprehensively. The

prevalence of interictal CA was low with no significant differences

among the groups (14%). Quantitative sensory testing (QST)

may provide valuable insights into interictal CA. Additionally,

a questionnaire-based investigation of widespread multimodal

central sensitization, proposed as a clinical manifestation of thalami

sensitization, revealed that both VM and MwVS exhibited equal

levels of thalami sensitization, higher than MO. These findings

suggest the potential involvement of thalamic sensitization in the

pathophysiology of VM and MwVS. Moreover, our questionnaire

assessment of allodynia in the absence of headaches indicated

that VM and MwVS showed comparable levels of central

sensitization compared to MO. To further explore this aspect,

QST investigations in CA may provide insights into the potential

association between VM and MwVS, regardless of the phase (acute

or interictal), with unconscious CA (suballodynia).

Candidate origin of vertigo during migraine

In light of our analysis, we propose that dizziness associated

with VM can originate from four primary sources: (1) peripheral

vertigo, linked to Meniere’s disease-like disorders of the inner ear

(57); (2) subcortical vertigo, stemming from altered vestibular and

sub-allodynic input regulation by a sensitized thalamus (17); (3)

cortical vertigo, potentially a focal symptom induced by CSD (44);

or (4) vertigo caused by a compromised descending modulatory

system, resulting in disrupted integration of perception within the

thalamus and cortex.

Strengths and limitations

This study’s strengths include well-defined migraine

statuses, comprehensive assessment of associated symptoms,

and standardized semi-quantitative evaluation of IWPH. The

prevalence of IWPH, an objective finding associated with central

sensitization or dysfunction of the pain control system, was

examined practically and reproducibly using the MTPS, which

serves as a more accessible alternative to QST that requires

specialized equipment and time. This is the first study to

demonstrate that both aura and IWPH are significantly associated

with VM compared to MwVS, facilitating differentiation between

these conditions. By focusing on patients with migraine during

headache-free intervals, the study identified clinical features

that distinguish VM from MwVS. These findings contribute to

a better understanding of VM and its distinct characteristics.

However, our study has limitations that should be acknowledged.

First, the recruiting of participants from a specialized headache

clinic may have introduced sample bias, favoring those with

moderate-to-intense headaches and moderate-to-less intense

dizziness, potentially limiting the generalizability of our findings.

Second, the use of a retrospective headache questionnaire may

be susceptible to recall bias, especially when assessing symptoms

such as allodynia and vestibular manifestations. Third, the reliance

on a single rater for assessing IWPH may have influenced the

inter-rater reliability. Fourth, our data-driven approach might blur

confounder and risk distinctions. Future research should consider

theory-driven models. Fifth, our inability to exclude migraine

patients who may have coincidentally experienced five or more

vertigo/dizziness episodes from other vestibular disorders and

concurrent headaches. Finally, the cross-sectional design of our

study only allows for observing associations between variables, and

we cannot draw definitive conclusions about causal relationships

between aura and VM or between IWPH and VM. Further research

with longitudinal designs and larger, diverse samples is needed
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to address these limitations and provide more robust evidence in

this area.

Generalizability

The factors associated with VM in this study concern headache

clinic patients, influenced by population variances, hospital

referrals, and patients’ preference for specialists. These factors are

applicable specifically to patients seeking care at headache clinics

and may not be representative of the general population. However,

the demographic and clinical features of migraine, including the

prevalence of vestibular symptoms, were consistent with findings

from previous studies from various countries.

Directions for future research

Further research is required to replicate the findings of this

study in diverse populations and to investigate the relationship

between vestibular symptoms, allodynia, and hyperalgesia using

QST in conjunction with clinical examinations conducted by

otorhinolaryngologists. The results of these clinical examinations

may provide valuable insights into the pathophysiology of VM

through the lens of central sensitization.

Conclusions

In this cross-sectional study, we aimed to investigate the clinical

characteristics, including IWPH as a potential marker of persistent

central sensitization, among VM, MwVS, and MO in patients with

interictal migraine. Our analysis revealed that aura and IWPHwere

more associated with VM than with MwVS andMO. No significant

interictal differences were observed between MwVS and MO.

Further, VM displayed a unique pathophysiology characterized

by aura-related mechanisms and persistent central sensitization,

particularly in relation to IWPH. These findings enhance our

understanding of migraine variants, which may have implications

for management strategies and the development of more targeted

and effective treatments.
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