Taylor & Francis
Taylor & Francis Group

International

A oy International Journal of Audiology

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/iija20

Hearing loss rather than vesStibular loss identifies patient
subgroups with different outcomes in Meniere’s disease

Yuzhong Zhang, Qiong Wu, Libo Liu, Yu Zhao, Qingging Dai, Jose A. Lopez-
Escamez & Qing Zhang

To cite this article: Yuzhong Zhang, Qiong Wu, Libo Liu, Yu Zhao, Qingqing Dai, Jose A. Lopez-
Escamez & Qing Zhang (13 Jan 2025): Hearing loss rather than vestibular loss identifies patient
subgroups with different outcomes in Meniere's disease, International Journal of Audiology,
DOI: 10.1080/14992027.2025.2450657

To link to this article: https://doi.org/10.1080/14992027.2025.2450657

a © 2025 The Author(s). Published by
Informa UK Limited, trading as Taylor &
Francis Group on behalf of British Society
of Audiology, International Society of
Audiology, and Nordic Audiological Society.

ﬁ Published online: 13 Jan 2025.

N
CJ/ Submit your article to this journal &

||I| Article views: 476

A
& View related articles &'

(!) View Crossmark data ('

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=iija20


https://www.tandfonline.com/journals/iija20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/14992027.2025.2450657
https://doi.org/10.1080/14992027.2025.2450657
https://www.tandfonline.com/action/authorSubmission?journalCode=iija20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=iija20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/14992027.2025.2450657?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/14992027.2025.2450657?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/14992027.2025.2450657&domain=pdf&date_stamp=13%20Jan%202025
http://crossmark.crossref.org/dialog/?doi=10.1080/14992027.2025.2450657&domain=pdf&date_stamp=13%20Jan%202025
https://www.tandfonline.com/action/journalInformation?journalCode=iija20

INTERNATIONAL JOURNAL OF AUDIOLOGY
https://doi.org/10.1080/14992027.2025.2450657

Taylor & Francis
Taylor & Francis Group

a OPEN ACCESS ‘ N Checkforupdates‘

4 NORDIC
Q AUDIOLOGICAL
SOCIETY

The British Society of Audiology The International Society of Audiology

ORIGINAL ARTICLE

Hearing loss rather than vestibular loss identifies patient subgroups with different
outcomes in Meniere’s disease

Yuzhong Zhang®”<, Qiong Wu?, Libo Liu®, Yu Zhao?, Qingqing Dai?, Jose A. Lopez-Escamez®’ (® and

Qing Zhang“®

Department of Otorhinolaryngology-Head and Neck Surgery, West China Hospital of Sichuan University, Chengdu, China; PInstitute of Rare
Diseases, West China Hospital of Sichuan University, Chengdu, China; “Department of Otorhinolaryngology-Head and Neck Surgery, Second
Affiliated Hospital of Xi'an Jiaotong University, Xi'an, China; “Department of Otorhinolaryngology-Head and Neck Surgery, Xinhua Hospital,
Shanghai Jiaotong University School of Medicine, Ear Institute, Shanghai Jiaotong University School of Medicine, Shanghai Key Laboratory of
Translational Medicine on Ear and Nose Diseases, Shanghai, China; *Meniere’s Disease Neuroscience Research Program, Faculty of Medicine
and Health, School of Medical Sciences, The Kolling Institute, University of Sydney, Sydney, New South Wales, Australia; Division of
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ABSTRACT

Objective: This study investigates the relationship between Meniere’s disease (MD) duration and both
hearing thresholds and vestibular dysfunction.

Design: Retrospective cohort study. First, the relationships between MD duration and pure-tone audiom-
etry thresholds for each frequency, the canal paresis (CP) ratio, and the vestibulo-ocular reflex (VOR) gain
were analysed. Second, clinical characteristics, CP values, and VOR gains were compared between patient
groups with low and high hearing thresholds to determine whether they exhibited different clinical
presentations.

Study sample: The study included 69 patients diagnosed with unilateral MD within a duration of
10years. A hearing dataset from 306 MD Spanish patients was used to cluster patients according to the
hearing profile overtime.

Results: The thresholds at 250-2000Hz frequencies increased with the duration of the disease.
Conversely, vestibular function tests were not related to the duration of MD. Additionally, no statistically
significant differences were observed in clinical characteristics, CP values, or VOR gain between patient
groups with low and high hearing thresholds.

Conclusions: Hearing loss involves all frequencies in most patients and hearing outcome, rather than ves-
tibular loss, may define patient subgroups in MD. Moreover, not all patients with MD experience hearing
loss progression as the duration of the disease increases.
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Introduction MD with autoimmune features. As a result, the MD phenotype
exhibits a large heterogeneity, with partial syndromes such as
cochlear-type MD with only cochlear symptoms, or vestibular-
type MD with only vestibular symptoms (Iwasaki et al. 2021).
Regarding hearing phenotypes, distinct patterns have been
observed, including (1) “peaked” curves, (2) downward-sloping
curves, (3) upward-sloping curves, (4) bell curves, and (5) flat
configurations (Mancini et al. 2002). However, limited research
exists on the changes in hearing across all frequencies over time
and on the differences in clinical characteristics among patients
with MD and different hearing phenotypes.

Meniere’s disease (MD) is characterised by recurrent episodes of
spontaneous vertigo typically accompanied by fluctuating sen-
sorineural hearing loss (SNHL), tinnitus, and/or aural fullness
(Lopez-Escamez et al. 2015). The histopathological finding asso-
ciated with MD, endolymphatic hydrops, results from different
mechanisms including genetic and immunological factors that
damage the inner ear (Frejo and Lopez-Escamez 2023; Gallego-
Martinez and Lopez-Escamez 2020; Sajjadi and Paparella 2008).
The diagnosis primarily depends on the clinical symptoms

reported by the patient, including confirmed SNHL during the
vertigo attack (Lopez-Escamez et al. 2015). Frejo et al. (2017)
categorised unilateral MD into five clinical types, according to
the presence of familial history and other co-morbidities: (1)
classic MD without migraine and autoimmune disorder, (2)
delayed MD, (3) familial MD, (4) MD with migraine, and (5)

Currently, there are no specific vestibular tests for MD diag-
nosis. The two predominant techniques employed to assess the
vestibulo-ocular reflex (VOR) are the caloric test and video head
impulse test (vHIT). The caloric test is a classic method used to
evaluate the low-frequency function of the lateral semicircular
canal (LSC) on each side, whereas VHIT can detect the high-
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frequency function of all six semicircular canals (SCs) (Halmagyi
et al. 2017; Shepard and Jacobson 2016; Starkov et al. 2021).
Numerous studies have revealed a dissociation between the cal-
oric test and VHIT results in patients with MD, wherein most
patients exhibiting abnormal caloric responses display normal
VHIT gains (Fukushima et al. 2019; McCaslin et al. 2015; Yilmaz
et al. 2021). However, few researchers have focused on the rela-
tionship between vestibular function and disease duration in
patients with MD.

The goal of this study is to determine if hearing or vestibular
loss progression can identify MD subgroups. For this, we first
analysed the changes in hearing thresholds in MD patients
throughout their disease. Subsequently, we performed clustering
based on hearing thresholds to identify groups with the best and
worst hearing, then compared their clinical characteristics.
Finally, we validated our findings using data from a larger
Spanish MD cohort.

Materials and methods
Participants

Patients meeting the diagnostic criteria for unilateral definite
MD with a duration less than 10 years with audiological, imaging
and vestibular tests, and normal A-type tympanogram curves
were considered eligible for inclusion. All assessments were con-
ducted during the interictal period following an episode. Of the
282 patients diagnosed with MD, 69 with unilateral MD met the
inclusion criteria and were enrolled between August 2019 and
December 2022. Patients were administered betahistine mesylate
and sodium aescinate to control and reduce the frequency of ver-
tigo episodes. The Institutional Review Board approved this
retrospective study (Approval No.: XHEC-SHDC-2021-003), and
each study participant provided informed consent at the institu-
tional department. Hearing data were also retrieved from a series
of 306 patients with MD previously published (Moleon et al.
2022).

Audiometry

A calibrated two-channel diagnostic audiometer (Otometrics
Conera Audiometer, Otometrics, Denmark) was used to assess
pure-tone audiometry (PTA) thresholds. Hearing levels were
evaluated using the modified Hughson and Westlake procedures.
When the PTA threshold at a specific frequency exceeded the
upper-scale limit of the audiometer, the estimated threshold for
each frequency was calculated by adding 10dB to the maximum
sound level set by the audiometer. Hearing analysis was per-
formed according to MD clinical staging criteria, based on the
worst hearing level recorded during the interval period following
the most recent six-month.

Caloric test

The caloric test was recorded via video nystagmography using a
Chart 200 VEG/ENG system (Otometrics, Denmark). The caloric
test procedure has been described in detail previously (Hu et al.
2020). In summary, the participants assumed a supine position
with their heads elevated at a 30° angle to the horizon.
Bithermal air at temperatures of 24°C and 50°C was irrigated
for 60s in each ear, with a 5-min stimulus interval between irri-
gations. The absolute value of the maximum slow-phase velocity
at the culmination phase (°/s) was measured to calculate canal

paresis (CP= [(RW +RC) - (LW +LC)]/(RW + RC+ LW + LC);
CP, canal paresis; RW, right warm; RC, right cold; LW, left
warm; LC, left cold), which was defined as abnormal for values
>25 (Molina et al. 2006). The calculation of the CP value was
unnecessary when the total reaction of the right and left ears to
cold and warm air was <12°/s (Shepard and Jacobson 2016).

Video head impulse test (vHIT)

VHIT assessments were conducted using video goggles (ICS
Impulse; Otometrics, Denmark) as described previously (Chen
et al. 2021). Briefly, the participants were seated and wearing
goggles equipped with a speed sensor and a laser. The examiner,
seated behind the patients, secured their heads and initiated the
test. Following the calibration, the participants were directed to
fixate on a target positioned 1 m in front of them. The examiner
administered passive, unpredictable, high-velocity, and low-amp-
litude (10-20°) head impulses in each canal plane. For the LSC,
the peak velocity of the head impulses was >150°/s, whereas for
the anterior SCs (ASC) and posterior SCs (PSC), it was >100°/s.
A minimum of 20 appropriate head impulses were employed to
calculate the VOR gain on each side, which was defined as the
ratio of eye velocity to head velocity. The reference lower limits
for VOR gain were 0.7 for LSCs and 0.6 for ASCs and PSCs,
respectively (Halmagyi and Curthoys 2021; McGarvie et al.
2015). The results were considered abnormal if the VOR gain
dropped below the specified lower limit or if catch-up saccades
were recorded. Abnormal responses were quantified based on the
number of individuals exhibiting abnormalities in any SC and
the distribution of abnormalities in each SC, considering the MD
stage and duration.

Statistical analysis

All statistical analyses were performed using IBM SPSS Statistics
for Windows, version 22.0 (IBM Corp., Armonk, NY, USA).
Descriptive statistics were obtained for all variables. Chi-squared
or Fisher’s exact tests were used to compare the rates of sex and
side distribution (categorical variables). The correlations between
each frequency PTA threshold and duration, CP value and dur-
ation, and each canal vHIT gain and duration of patients with
MD were tested using Spearman’s rho or Pearson correlation
analysis. Linear regression curves were constructed using Prism
8.0 (GraphPad Software, La Jolla, CA, USA). Cluster analysis and
heatmap generation were performed using R (R-4.3.1) and
RStudio. The clustering method used the pheatmap function to
first standardise the rows (for each hearing frequency), then per-
form hierarchical clustering on each patient (column) and differ-
ent frequencies (rows) before generating the heatmap. For all
comparisons, p < 0.05 was considered statistically significant.

Results
Participants

Overall, 69 unilateral patients with MD (33 males, 36 females)
ranging in age from 20 to 78years old (mean age:
52.86 £ 12.78 years) underwent investigation. Among them, 26
and 43 cases involved the right and left ears, respectively. For
the Spanish cohort, 306 patients with unilateral MD were
included in this study, comprising 183 males (59.80%) and 123
females (40.20%). The age range of the patients was 21 to
86 years, with a mean age of 56.09 years and a standard deviation



of 14.60. Among these patients, 144 (47.06%) and 162 (52.94%)
cases involved the right and left ears, respectively.

Relationship between hearing threshold and duration of MD

To investigate the relationship between hearing thresholds at
each frequency and the duration of MD, we conducted linear
regression analyses for six frequencies: 250, 500, 1000, 2000,
4000, and 8000 Hz. The results showed that, except for 4000 and
8000 Hz (4000Hz: p=0.086; 8000Hz: p=0.662, p>0.05), the
thresholds at the other four frequencies increased with the dur-
ation of the disease (250Hz: p=0.008, 500Hz: p=0.002,
1000 Hz: p =0.003, 2000 Hz: p =0.005; p < 0.05) (Figure 1(A-F)).
Furthermore, an analysis of the audiometric thresholds and dis-
ease duration in 306 Spanish patients with unilateral MD
revealed a progressive increase in thresholds across all frequen-
cies from 250 to 8000Hz with the duration of the disease
(p <0.05) (Figure 2(A-F)). These results indicate that hearing at
all frequencies worsens with the duration of MD disease.
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Relationship between CP ratio/VOR gain and duration
of MD

To explore whether vestibular function deteriorates with disease
duration in patients with MD, we conducted regression analyses
on the CP values from the caloric test and the VOR gain values
of the three SCs from VHIT against the duration of the disease.
The results showed no significant correlation between either the
CP values or the VOR gain values and disease duration (CP:
p=0.487, LSC: p=0.799, ASC: p=0.886, PSC: p=0.806;
p>0.05) (Figure 1(G,H)). Our findings indicate that vestibular
function in patients with MD does not progressively worsen with
disease duration.

Hearing features of patients with MD

To further investigate the hearing characteristics of patients with
MD, we initially categorised all patients into three groups based
on the disease duration: Group 1 included 29 patients (P1-P29,
age from 31 to 78, mean age: 52.83) with a duration of
<12 months; Group 2 included 28 patients (P30-P57, age from
20 to 78, mean age: 50.11) with a duration of >12months and
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duration, except at 4000 and 8000 Hz. G. No significant correlation was found between the CP value from the caloric test and the duration of MD. H. No significant
correlation was observed between the VOR gain values of the three semicircular canals and the duration of MD. ASC: anterior semicircular canal; CP: canal paresis;

LSC: lateral semicircular canal; PSC: posterior semicircular canal.



4 Y. ZHANG ET AL.

>

250Hz

500Hz 1000Hz
. Y =0.8191"X + 46.78 . Y =0.8570*X + 45.78 - Y =0.8846*X + 42.55
- 120+ p<0.0001 2 120 p<0.0001 2 120+ p<0.0001
2 100- Q100 = = = 3 1007 i
A AA AL A
% 80 % % B0qatiudat Yt £
£ le= £ AAA A AAAA A A A A
o ) o R v vty o
I-E I-E D-E 40 “‘f}?u“ AA L “AA AA :
o o o) 2l AAA, AA A A
AAAA A A A A A
£ £ £ AL 4
g & t 20 A" a0 4 e s
O O Q A A A A
AA A
T 1 T T o0 T T T 1
40 0 10 20 30 40
Duration (years) Duration (years) Duration (years)
D 2000Hz E 4000Hz F 8000Hz
- Y =1.021*X + 39.79 - Y =0.9260*X + 47.70 - Y =1.015*X + 58.98
J 1207 p<0.0001 J 1207 p<0.0001 J1209 ¢ . p<0.0001
% 1004 v v v v % 100, S ol " % 100 :o:'oo..scooo.o.o o
; v Y' v v vy ; 000‘ * e :‘ * é ;’ e o0 o Y ° L]
S 80~ v I 804 R RO * =2 80-e
_8 b 4 ';V vvvv;vv' VVVV v _8  ood .: : _8
@ g0 _vvvyvy vvvvy vyl v a 60—’ : o e : . a
9 :V v v V" v v 2 X 5500 ¢ % * * o S
|-Em 40+ v vv 3,:; VY. ' l-E 40_0: ’0 0. Z”: R E)
= '; v v ? bR PG .o =
= 20-qYYVYVY VY VYV Vy = 20— ¢ * o0 . =
8 3:' ;'V V; g * :: * L * g
r o T T T 1 r o T T T 1 T T 1
0 10 20 30 40 0 10 20 30 40 30 40

Duration (years)

Duration (years)

Duration (years)

Figure 2. Relationship between hearing and disease duration in the Spanish cohort. A-F. Hearing thresholds at all frequencies (250-8000 Hz) increased with the dis-

ease duration.
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PSC: posterior semicircular canal.

<48 months; and Group 3 included 12 patients (P58-P69, age
from 41 to 71, mean age: 59.33) with a duration of >48 months.
Subsequently, we performed cluster analysis based on the hearing
thresholds at six frequencies. The results showed that most
patients with MD exhibited strong consistency in hearing thresh-
olds across frequencies, with the best hearing patients showing

low thresholds at all frequencies (patients P7, P12, P23, P24,
P33, P43, and P54). Conversely, the poorest-hearing patients dis-
played high thresholds across all frequencies, such as patients
P18, P29, P30, P40, P41, P49, P52, P57, P64, P67, P68, and P69
(Figure 3(A)). Only a few patients showed a separation between
low and high frequencies, such as P6, P11, P16, P44, P51, and



P65, who were identified as having significant low-frequency
hearing loss (Figure 3(A)). Therefore, based on cluster analysis,
the results of this study indicate that most patients with MD
exhibit consistent hearing loss across all frequencies, with rela-
tively few patients experiencing predominantly low-frequency
SNHL. Additionally, not all patients experience worsening hear-
ing with the duration of the disease.

Clinical features of low and high hearing thresholds in
patients with MD

Finally, we analysed the clinical characteristics of patients at the
extremes of hearing ability, i.e., the groups with the best and
worst hearing. The results showed no significant statistical differ-
ences between the two groups in terms of age, sex, affected side,
and disease duration (age: p=0.413, sex: p=0.821, sides:
p=0.361, duration: p=0.602; p>0.05) (Figure 3(B, C)).
Additionally, no significant differences were observed in CP val-
ues from the caloric test and gain values from vHIT across the
three SCs between the two groups (CP: p=0.172, LSC:
p=0.850, ASC: p=0.632, PSC: p=0.770, p > 0.05) (Figure 3(D,
E)). Our findings suggest that no significant differences were
observed in the clinical characteristics between the groups with
good and poor hearing. Furthermore, vestibular function in
patients with MD is not significantly correlated with the degree
of hearing loss.

To ensure the robustness of our findings, we performed clus-
ter analysis by using the hearing data from 306 Spanish patients
diagnosed with unilateral MD. In patients with a disease history

A

INTERNATIONAL JOURNAL OF AUDIOLOGY 5

of less than 10years, 31 cases were clustered into a group with
low-threshold hearing (males: 19 cases; females: 12 cases, mean
age+standard  deviation: 48.58+14.41; disease  duration:
3.84+2.66), while 20 patients were clustered into a group with
high-threshold hearing (males: 12 cases; females: 8 cases, age:
69.00+13.17, disease duration: 6.25+2.67). Subsequently, we
contrasted the clinical characteristics of individuals with low and
high hearing thresholds. Our analysis revealed that most patients
showed consistent alterations in hearing thresholds across all
frequencies, with a minority experiencing either low or
high-frequency hearing loss (Figure 4(A)). Furthermore, no stat-
istically significant differences were observed in age, sex, affected
side, or disease duration between patients with differing hearing
capabilities (age: p=10.058, sex: p=0.397, sides: p=0.779, dur-
ation: p=0.674; p>0.05) (Figure 4(B,C)). These findings align
with those observed in the cohort of Chinese patients, further
validating our results.

Discussion

It is currently accepted that genetic and environmental factors
contribute to MD (Flook et al. 2024; Lopez-Escamez and Liu
2024; Paparella 1985; Song et al. 2024). The clinical heterogeneity
of MD presents challenges for diagnosis. Patients with MD
exhibit diverse hearing patterns, including low-frequency hearing
loss, mid-to-high-frequency hearing loss, and loss across all fre-
quencies (Frejo et al. 2017; Moleon et al. 2022). Additionally, the
severity and type of vertigo experienced by patients with MD
vary widely, with episodes lasting from minutes to days and
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Figure 4. Distribution of patients with MD according to hearing threshold and disease duration in Spanish cohort. A. The heatmap illustrates clustered outcomes from
hearing tests. B, C. No significant statistical differences were found between patients with MD having the best and worst hearing regarding age and disease duration.
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considerable variability in vestibular function test results
(Bhandari 2024; Limviriyakul et al. 2020; Phillips et al. 2018).
MD staging primarily relies on audiometric tests, while vestibular
assessments serve only to evaluate vestibular function status.

Our study not only explored the relationship between hearing
thresholds across various frequencies and MD duration, but also
examined the correlation between vestibular function tests and
disease duration. Our findings indicate that, except for 4000 and
8000 Hz, hearing thresholds at other frequencies increase with
longer disease duration. The lack of significant correlation at
8000 Hz might be attributed to the mean age of our participants
being 53 years, which suggests age-related high-frequency hearing
loss. The lack of association at 8000 Hz may be due to the sus-
ceptibility of this frequency to noise exposure or age-related
hearing loss, resulting in higher thresholds (supported by the
high intercept of 61.48 on the Y-axis in the regression equation,
Figure 1(F)). Additionally, neither the caloric test CP ratios nor
the VOR gain values showed significant correlation with disease
duration, suggesting that while hearing thresholds worsen over
time, vestibular function does not exhibit a progressive decline.

Furthermore, we observed that most patients with MD dem-
onstrate consistent hearing thresholds across all frequencies,
either consistently good or consistently poor, supporting the
hypothesis that the damage involves the entire cochlear duct
from the base to the apex. Cluster analysis also revealed that
some patients experience rapid hearing deterioration over a short
period, while others maintain stable hearing thresholds over a
prolonged disease course, highlighting the heterogeneity of audi-
tory phenotypes in MD, possibly linked to different aetiologies
(Frejo et al. 2017; Frejo and Lopez-Escamez 2023; Mancini et al.
2002).

We then compared the clinical characteristics of patients with
the worst and best hearing. The results showed no significant
differences in age, sex, affected side, disease duration, or vestibu-
lar function test results between these groups. Similar findings
were observed in the Spanish MD cohort, where no significant
differences in age, sex, or disease duration were found between
patients with the worst and best hearing thresholds. These results
suggest that clinical features and vestibular test results may not
reliably predict hearing loss progression in patients with MD.
However, other studies have supported that elevated CP values
may be associated with poorer hearing outcomes in early-stage
MD, but not in later stages (Sun et al. 2024). To address these
discrepancies, further large-scale prospective cohort studies are
needed to investigate the factors influencing long-term hearing
changes in patients with MD.

A limitation of this study is the lack of an age-matched con-
trol group to estimate the contribution of age-related hearing
loss to hearing loss progression in MD; however, the replication
cohort showed consistent findings in hearing loss clustering
between Spanish and Chinese patients with MD. Additionally,
co-morbidities such as migraine or autoimmune diseases could
influence hearing outcomes in MD. Finally, this study under-
scores the need for larger, more comprehensive collaborative
studies (e.g.: detailed aetiological classification of the patients)
that investigate both the natural history and aetiology of MD
across different populations with divergent genetic and environ-
mental factors.

Conclusions

Hearing loss involves all frequencies in most patients with MD
and the hearing outcome rather than the vestibular loss may

define patient subgroups in MD. Moreover, not all patients with
MD experience hearing loss progression as the duration of the
disease increases.
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