Supplementary Table S1
Study characteristics and key eligibility decisions
	Study
	Country
	Design
	VM population
	N
	Auditory data used
	Role in synthesis
	Key note

	Kırkım et al., 2017
	Turkey
	Comparative audiological study
	Vestibular migraine
	44
	Tinnitus 16/44
	Quantitative: tinnitus
	No extractable aural-fullness prevalence.

	Teggi et al., 2018
	Multicentre Europe
	Multicentre cross-sectional study
	Definite VM
	252
	AF 22/252; T 27/252
	Quantitative: AF and tinnitus
	Auditory symptoms recorded as accompaniments of vestibular attacks.

	Zhang et al., 2016
	China
	Clinical field-testing cohort
	ICHD-3 beta VM
	67
	AF 3/67; T 7/67
	Quantitative: AF and tinnitus
	ICHD-3 beta-based diagnostic cohort.

	Martínez et al., 2017
	Spain
	Clinical series
	Vestibular migraine
	41
	AF 8/41; T 12/41
	Quantitative: AF and tinnitus
	Headache-unit cohort.

	Çelebisoy et al., 2022
	Turkey
	Multicentre clinical cohort
	379 pure VM; 36 additional VM/MD overlap
	379 used for primary pooling
	AF 104/379; T 134/379
	Quantitative: AF and tinnitus
	The VM/MD overlap subgroup (n = 36) was excluded from primary prevalence pooling.

	Li et al., 2022
	China
	Clinical cohort
	Definite VM
	62
	AF 10/62; T 16/62
	Quantitative: AF and tinnitus
	Bárány Society/IHS definite-VM subgroup.

	Morganti et al., 2016
	Brazil
	Retrospective descriptive study
	Vestibular migraine
	78 with compatible symptom data
	AF 23/78; T 41/78
	Quantitative: AF and tinnitus
	Audiometric analyses used a different denominator and were retained narratively.

	Shi et al., 2022
	China
	Retrospective clinical cohort
	Vestibular migraine
	166
	AF 68/166; T 86/166
	Quantitative: AF and tinnitus; hearing loss narrative
	Hearing-loss and audiometric findings were interpreted narratively.

	Liu et al., 2025
	Taiwan
	Retrospective tertiary cohort
	Definite/probable VM
	393
	AF 169/393; T 214/393
	Quantitative: AF and tinnitus
	Chronic and fluctuating otological symptoms were reported.

	Haritha et al., 2025
	India
	Retrospective observational study
	Vestibular migraine
	45
	AF 5/45; T 22/45
	Quantitative: AF and tinnitus; hearing loss narrative
	Pure-tone audiometry findings were retained narratively.

	Zhang et al., 2025
	China
	Retrospective diagnostic cohort
	Vestibular migraine
	141
	AF 115/141; T 108/141
	Quantitative: AF and tinnitus
	Diagnostic cohort comparing VM and non-VM groups.

	Haro-Hernandez et al., 2025
	Spain/Italy
	Multicentre cross-sectional study
	Definite/probable VM
	51 enrolled; tinnitus denominator 50
	T 38/50; hyperacusis 35 patients, reported as 60%
	Quantitative: tinnitus; narrative: hyperacusis
	The reported hyperacusis count and percentage did not correspond to a clearly identifiable cohort denominator; therefore, hyperacusis was not pooled.

	Kwak et al., 2026
	South Korea
	Retrospective cohort
	Vestibular migraine
	169
	AF 81/169; T 68/169
	Quantitative: AF and tinnitus; hearing loss narrative
	Hearing fluctuation was not pooled as a uniform hearing-loss outcome.

	Jiang et al., 2025
	China
	Retrospective comparative study
	Vestibular migraine
	174
	AF 75/174
	Quantitative: AF
	Compared VM subgroups with and without aural fullness.

	Turğut et al., 2026
	Turkey
	Comparative audiological study
	VM group within a three-group study
	Total study N = 69
	Hyperacusis, sound tolerance and auditory-processing measures; hyperacusis 47.73% in the VM group
	Exploratory narrative synthesis
	Outcome definitions and reporting were not compatible with patient-level prevalence pooling.


Near-eligible, narrative-only, or primary-pooling exclusions
	Study
	Decision
	Principal reason

	Teggi et al., 2024
	Narrative only
	Cochlear symptoms were reported in a cluster analysis, but compatible symptom-specific patient-level event counts and denominators were not available for primary pooling.

	Tang et al., 2026
	Narrative/differential only
	Vestibular-evoked myogenic potential and differential-diagnosis study without compatible symptom-prevalence data for the primary quantitative syntheses.

	Gürkov et al., 2014
	Excluded from primary prevalence pooling
	Outcome-selected auditory-symptom cohort, unsuitable for estimating prevalence in an unselected VM population.

	Teggi et al., 2021
	Excluded from primary prevalence pooling
	Selection based on cochlear symptoms made the cohort unsuitable for general prevalence estimation.

	Neff et al., 2012
	Narrative only
	Composite ear-complaint outcome could not be separated into compatible symptom-specific prevalence estimates.


Abbreviations: AF, aural fullness; T, tinnitus; HL, hearing loss; VM, vestibular migraine; MD, Ménière’s disease; PTA, pure-tone audiometry; IHS, International Headache Society.
Note: The PRISMA flow diagram reports 67 full-text exclusions in aggregate. This table identifies the final 15 included studies and the principal near-eligible reports relevant to the outcome-specific syntheses; routine clearly ineligible full-text reports are represented by the archived exclusion categories rather than listed individually.
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Supplementary Table S3 



JBI-based risk-of-bias assessment 
Assessments were performed independently by A.-M.P. and R.C., with disagreements resolved through discussion and consensus. Y = yes; N = no; U = unclear; NA = not applicable. The appropriate JBI 
design-specific appraisal tool was used for each study. For compact presentation, design-specific items were mapped to the harmonised domains shown below; no numerical quality score was calculated. 
Overall concern was classified as low when Q1 and Q3–Q8 were rated Y; an unclear rating for Q2 alone did not increase the overall concern. All other patterns were classified as some concerns. Applicability 
limitations were considered separately from methodological risk of bias. 



Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Overall concern 



Kırkım 2017 U U U Y Y Y Y Y NA Some concerns 



Teggi 2018 Y U Y Y Y Y Y Y NA Low concern 
Zhang 2016 U U U Y Y Y Y Y NA Some concerns 



Martínez 2017 U U U Y U Y U U NA Some concerns 



Çelebisoy 2022 Y U Y Y Y Y Y Y NA Low concern 



Li 2022 U U Y Y Y Y Y Y NA Some concerns 
Morganti 2016 U U Y Y U Y Y Y NA Some concerns 



Shi 2022 U U Y Y Y Y Y Y NA Some concerns 



Liu et al. 2025 Y U Y Y Y Y Y Y NA Low concern 
Haritha 2025 U U U Y Y Y Y Y NA Some concerns 



Zhang 2025 U U Y Y Y Y Y Y NA Some concerns 



Haro-Hernandez 2025 U U U Y Y Y Y Y NA Some concerns 
Kwak 2026 Y U Y Y Y Y Y Y NA Low concern 



Jiang 2025 U U Y Y Y Y Y Y NA Some concerns 



Turğut 2026 U U U Y Y Y Y Y NA Some concerns 



Harmonised domains: Q1 appropriate sample frame; Q2 appropriate sampling method; Q3 adequate sample size; Q4 adequate description of participants and setting; Q5 sufficient coverage of the identified sample; Q6 
valid methods for identification of the condition; Q7 standard and reliable outcome measurement; Q8 appropriate statistical analysis; Q9 adequate response rate or appropriate management of low response. 
Methodological note: Comparative, cross-sectional and prevalence-oriented studies were appraised using the corresponding JBI design-specific checklist and mapped to equivalent domains for presentation. Turğut 
2026 was appraised using the methodological information available in the published report; uncertainty was retained for sampling-related domains. The broader clinical applicability of individual populations was 
documented separately in Supplementary Table S1 and was not incorporated into the overall risk-of-bias judgement. 
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Overall concern was classified as low when Q1 and Q3–Q8 were rated Y; an unclear rating for Q2 alone did not increase the overall concern. All other patterns were classified as some concerns. Applicability 

limitations were considered separately from methodological risk of bias. 

Study  Q1  Q2  Q3  Q4  Q5  Q6  Q7  Q8  Q9  Overall concern 

Kırkım 2017  U  U  U  Y  Y  Y  Y  Y  NA  Some concerns 

Teggi 2018  Y  U  Y  Y  Y  Y  Y  Y  NA  Low concern 

Zhang 2016  U  U  U  Y  Y  Y  Y  Y  NA  Some concerns 

Martínez 2017  U  U  U  Y  U  Y  U  U  NA  Some concerns 

Çelebisoy 2022  Y  U  Y  Y  Y  Y  Y  Y  NA  Low concern 

Li 2022  U  U  Y  Y  Y  Y  Y  Y  NA  Some concerns 

Morganti 2016  U  U  Y  Y  U  Y  Y  Y  NA  Some concerns 

Shi 2022  U  U  Y  Y  Y  Y  Y  Y  NA  Some concerns 

Liu et al. 2025  Y  U  Y  Y  Y  Y  Y  Y  NA  Low concern 

Haritha 2025  U  U  U  Y  Y  Y  Y  Y  NA  Some concerns 

Zhang 2025  U  U  Y  Y  Y  Y  Y  Y  NA  Some concerns 

Haro-Hernandez 2025  U  U  U  Y  Y  Y  Y  Y  NA  Some concerns 

Kwak 2026  Y  U  Y  Y  Y  Y  Y  Y  NA  Low concern 

Jiang 2025  U  U  Y  Y  Y  Y  Y  Y  NA  Some concerns 

Turğut 2026  U  U  U  Y  Y  Y  Y  Y  NA  Some concerns 

Harmonised domains: Q1 appropriate sample frame; Q2 appropriate sampling method; Q3 adequate sample size; Q4 adequate description of participants and setting; Q5 sufficient coverage of the identified sample; Q6 

valid methods for identification of the condition; Q7 standard and reliable outcome measurement; Q8 appropriate statistical analysis; Q9 adequate response rate or appropriate management of low response.

 

Methodological note: Comparative, cross-sectional and prevalence-oriented studies were appraised using the corresponding JBI design-specific checklist and mapped to equivalent domains for presentation. Turğut 

2026 was appraised using the methodological information available in the published report; uncertainty was retained for sampling-related domains. The broader clinical applicability of individual populations was 

documented separately in Supplementary Table S1 and was not incorporated into the overall risk-of-bias judgement.
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Assessments were performed independently by A.-M.P. and R.C., with disagreements resolved through discussion and consensus. Y = yes; N = no; U = unclear; NA = not applicable. The appropriate JBI design-specific appraisal tool was used for each study. For compact presentation, design-specific items were mapped to the harmonised domains shown below; no numerical quality score was calculated. Overall concern was classified as low when Q1 and Q3–Q8 were rated Y; an unclear rating for Q2 alone did not increase the overall concern. All other patterns were classified as some concerns. Applicability limitations were considered separately from methodological risk of bias.
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Supplementary Appendix S1 



Database search strategies 



The initial primary PubMed and Scopus search/export was documented on 17 June 2026, and the final search update was completed on 10 July 2026. The PubMed and Scopus 
syntax shown below was reconstructed from contemporaneous search documentation and archived database exports. The targeted Cochrane Library query was preserved in 
contemporaneous search documentation. No language, publication-type, or date restrictions were documented for the primary searches. 



Database Fields / interface Search strategy Records documented Role 
PubMed Title/Abstract ("vestibular migraine"[Title/Abstract]) AND ("aural fullness"[Title/Abstract] OR tinnitus[Title/Abstract] 



OR "hearing loss"[Title/Abstract] OR "auditory symptoms"[Title/Abstract] OR "cochlear 
symptoms"[Title/Abstract]) 



176 Primary export 



Scopus Article title, Abstract, 
Keywords 



TITLE-ABS-KEY("vestibular migraine" AND ("aural fullness" OR tinnitus OR "hearing loss" OR 
"auditory symptoms" OR "cochlear symptoms")) 



348 Primary export 



Cochrane Library – 
targeted 



Title, Abstract, Keyword "vestibular migraine" AND ("aural fullness" OR tinnitus OR "hearing loss" OR "auditory symptoms" OR 
"cochlear symptoms") 



3 CENTRAL trial records Supplementary sensitivity search 



Cochrane Library – 
broad 



Interface search "vestibular migraine" 4 Cochrane Reviews; 80 
CENTRAL trial records; 2 
Clinical Answers 



Supplementary broad sensitivity 
search 



Notes. The 176 PubMed and 348 Scopus records yielded 524 records before deduplication. After removal of 166 duplicates, 358 unique PubMed/Scopus records entered title and 
abstract screening. The Cochrane Library searches were conducted as supplementary sensitivity checks and were not added to the primary 358-record screening denominator. 
All records retrieved through the supplementary Cochrane searches were reviewed for potentially relevant additional evidence. The review records, CENTRAL trial records, and 
Clinical Answers were documented separately to avoid double counting records already represented in the primary PubMed/Scopus export. Reference lists of relevant 
publications were also screened manually. 
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P u b M e d   Title/Abstract  ("vestibular migraine"[Title/Abstract]) AND ("aural fullness"[Title/Abstract] OR tinnitus[Title/Abstract] 

OR "hearing loss"[Title/Abstract] OR "auditory symptoms"[Title/Abstract] OR "cochlear 

symptoms"[Title/Abstract])

 

176  Primary export 

S c o p u s   Article title, Abstract, 

Keywords

 

TITLE-ABS-KEY("vestibular migraine" AND ("aural fullness" OR tinnitus OR "hearing loss" OR 

"auditory symptoms" OR "cochlear symptoms"))

 

348  Primary export 

C o c h r a n e   L i brary – 

t a r g e t e d

 

Title, Abstract, Keyword  "vestibular migraine" AND ("aural fullness" OR tinnitus OR "hearing loss" OR "auditory symptoms" OR 

"cochlear symptoms")

 

3 CENTRAL trial records  Supplementary sensitivity search 

C o c h r a n e   L i brary – 

b r o a d

 

Interface search  "vestibular migraine"  4 Cochrane Reviews; 80 

CENTRAL trial records; 2 

Clinical Answers
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search

 

Notes. The 176 PubMed and 348 Scopus records yielded 524 records before deduplication. After removal of 166 duplicates, 358 unique PubMed/Scopus records entered title and 

abstract screening. The Cochrane Library searches were conducted as supplementary sensitivity checks and were not added to the primary 358-record screening denominator. 

All records retrieved through the supplementary Cochrane searches were reviewed for potentially relevant additional evidence. The review records, CENTRAL trial records, and 

Clinical Answers were documented separately to avoid double counting records already represented in the primary PubMed/Scopus export. Reference lists of relevant 

publications were also screened manually. 
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Database search strategies

The initial primary PubMed and Scopus search/export was documented on 17 June 2026, and the final search update was completed on 10 July 2026. The PubMed and Scopus syntax shown below was reconstructed from contemporaneous search documentation and archived database exports. The targeted Cochrane Library query was preserved in contemporaneous search documentation. No language, publication-type, or date restrictions were documented for the primary searches.

		Database

		Fields / interface

		Search strategy

		Records documented

		Role



		PubMed

		Title/Abstract

		("vestibular migraine"[Title/Abstract]) AND ("aural fullness"[Title/Abstract] OR tinnitus[Title/Abstract] OR "hearing loss"[Title/Abstract] OR "auditory symptoms"[Title/Abstract] OR "cochlear symptoms"[Title/Abstract])

		176

		Primary export



		Scopus

		Article title, Abstract, Keywords

		TITLE-ABS-KEY("vestibular migraine" AND ("aural fullness" OR tinnitus OR "hearing loss" OR "auditory symptoms" OR "cochlear symptoms"))

		348

		Primary export



		Cochrane Library – targeted

		Title, Abstract, Keyword

		"vestibular migraine" AND ("aural fullness" OR tinnitus OR "hearing loss" OR "auditory symptoms" OR "cochlear symptoms")

		3 CENTRAL trial records

		Supplementary sensitivity search



		Cochrane Library – broad

		Interface search

		"vestibular migraine"

		4 Cochrane Reviews; 80 CENTRAL trial records; 2 Clinical Answers

		Supplementary broad sensitivity search





Notes. The 176 PubMed and 348 Scopus records yielded 524 records before deduplication. After removal of 166 duplicates, 358 unique PubMed/Scopus records entered title and abstract screening. The Cochrane Library searches were conducted as supplementary sensitivity checks and were not added to the primary 358-record screening denominator.

All records retrieved through the supplementary Cochrane searches were reviewed for potentially relevant additional evidence. The review records, CENTRAL trial records, and Clinical Answers were documented separately to avoid double counting records already represented in the primary PubMed/Scopus export. Reference lists of relevant publications were also screened manually.
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Supplementary Table S2 



Study-level quantitative data used in the prevalence meta-analyses 



Aural fullness 



Study Events N Prevalence (%) 95% CI (%) 
Random-



effects weight 
(%) 



Teggi et al., 2018 22 252 8.7 5.8–12.9 8.7 



Zhang et al., 2016 3 67 4.5 1.5–13.0 6.2 



Martínez et al., 2017 8 41 19.5 10.1–34.4 7.6 



Çelebisoy et al., 2022 104 379 27.4 23.2–32.2 9.1 



Li et al., 2022 10 62 16.1 8.9–27.5 7.9 



Morganti et al., 2016 23 78 29.5 20.4–40.5 8.5 



Shi et al., 2022 68 166 41.0 33.7–48.6 9.0 



Liu et al., 2025 169 393 43.0 38.2–47.9 9.2 



Haritha et al., 2025 5 45 11.1 4.7–24.1 7.0 



Zhang et al., 2025 115 141 81.6 74.3–87.1 8.7 



Kwak et al., 2026 81 169 47.9 40.5–55.5 9.0 



Jiang et al., 2025 75 174 43.1 35.9–50.6 9.0 



Descriptive total 683 1967 34.7 — 100.0 



Random-effects pooled estimate — — 28.8 19.8–40.0 — 
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Study  Events  N  Prevalence (%)  95% CI (%) 
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effects weight 

(%) 

Teggi et al., 2018  22  252  8.7  5.8–12.9  8.7 

Zhang et al., 2016  3  67  4.5  1.5–13.0  6.2 

Martínez et al., 2017  8  41  19.5  10.1–34.4  7.6 

Çelebisoy et al., 2022  104  379  27.4  23.2–32.2  9.1 

Li et al., 2022  10  62  16.1  8.9–27.5  7.9 

Morganti et al., 2016  23  78  29.5  20.4–40.5  8.5 

Shi et al., 2022  68  166  41.0  33.7–48.6  9.0 

Liu et al., 2025  169  393  43.0  38.2–47.9  9.2 

Haritha et al., 2025  5  45  11.1  4.7–24.1  7.0 

Zhang et al., 2025  115  141  81.6  74.3–87.1  8.7 

Kwak et al., 2026  81  169  47.9  40.5–55.5  9.0 

Jiang et al., 2025  75  174  43.1  35.9–50.6  9.0 

Descriptive total  683  1967  34.7  —  100.0 

Random-effects pooled estimate  —  —  28.8  19.8–40.0  — 
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Study-level quantitative data used in the prevalence meta-analyses

Aural fullness

		Study

		Events

		N

		Prevalence (%)

		95% CI (%)

		Random-effects weight (%)



		Teggi et al., 2018

		22

		252

		8.7

		5.8–12.9

		8.7



		Zhang et al., 2016

		3

		67

		4.5

		1.5–13.0

		6.2



		Martínez et al., 2017

		8

		41

		19.5

		10.1–34.4

		7.6



		Çelebisoy et al., 2022

		104

		379

		27.4

		23.2–32.2

		9.1



		Li et al., 2022

		10

		62

		16.1

		8.9–27.5

		7.9



		Morganti et al., 2016

		23

		78

		29.5

		20.4–40.5

		8.5



		Shi et al., 2022

		68

		166

		41.0

		33.7–48.6

		9.0



		Liu et al., 2025

		169

		393

		43.0

		38.2–47.9

		9.2



		Haritha et al., 2025

		5

		45

		11.1

		4.7–24.1

		7.0



		Zhang et al., 2025

		115

		141

		81.6

		74.3–87.1

		8.7



		Kwak et al., 2026

		81

		169

		47.9

		40.5–55.5

		9.0



		Jiang et al., 2025

		75

		174

		43.1

		35.9–50.6

		9.0



		Descriptive total

		683

		1967

		34.7

		—

		100.0



		Random-effects pooled estimate

		—

		—

		28.8

		19.8–40.0

		—







Tinnitus

		Study

		Events

		N

		Prevalence (%)

		95% CI (%)

		Random-effects weight (%)



		Kırkım et al., 2017

		16

		44

		36.4

		23.6–51.4

		7.3



		Teggi et al., 2018

		27

		252

		10.7

		7.5–15.2

		7.9



		Zhang et al., 2016

		7

		67

		10.4

		5.1–20.3

		6.8



		Martínez et al., 2017

		12

		41

		29.3

		17.4–44.8

		7.1



		Çelebisoy et al., 2022

		134

		379

		35.4

		30.7–40.3

		8.3



		Li et al., 2022

		16

		62

		25.8

		16.5–38.1

		7.5



		Morganti et al., 2016

		41

		78

		52.6

		41.5–63.3

		7.8



		Shi et al., 2022

		86

		166

		51.8

		44.2–59.3

		8.1



		Liu et al., 2025

		214

		393

		54.5

		49.5–59.3

		8.3



		Haritha et al., 2025

		22

		45

		48.9

		34.8–63.2

		7.4



		Zhang et al., 2025

		108

		141

		76.6

		68.9–82.9

		8.0



		Haro-Hernandez et al., 2025

		38

		50

		76.0

		62.3–85.8

		7.2



		Kwak et al., 2026

		68

		169

		40.2

		33.1–47.8

		8.1



		Descriptive total

		789

		1887

		41.8

		—

		100.0



		Random-effects pooled estimate

		—

		—

		40.7

		30.3–52.0

		—





Notes. Only patient-level numerator/denominator data included in the final aural-fullness and tinnitus meta-analyses are shown. Study-specific confidence intervals are exact binomial 95% confidence intervals. Random-effects weights correspond to the primary logit-transformed DerSimonian–Laird models. The descriptive totals and crude proportions are provided only as arithmetic summaries and are not the pooled prevalence estimates. Hyperacusis, sound-tolerance and hearing-loss findings were synthesised narratively.








