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Abstract: Background: While gender differences of several diseases have been already described in
the literature, studies in the area of hyperacusis are still scant. Despite the fact that hyperacusis is a
condition that severely affects the patient’s quality of life, it is not well investigated; a comprehensive
understanding of its features, eventually including gender differences, could be a valuable asset
in developing clinical intervention strategies. Aim: To evaluate gender differences among subjects
affected by hyperacusis. Methods: A literature search was conducted focused on adult patients
presenting hyperacusis, using the MedLine bibliographic database. Relevant peer-reviewed studies,
published in the last 20 years, were sought. A total of 259 papers have been identified, but only
4 met the inclusion criteria. The review was performed according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis (PRISMA) guidelines. Results: The four selected papers
included data from 604 patients; of these, 282 subjects resulted as affected by hyperacusis (125 females
and 157 males). Questionnaires for analyzing factors affecting the attentional, social and emotional
variance of hyperacusis (such as VAS, THI, TSCH, MASH) were administered to all included subjects.
The data suggest that there are no hyperacusis gender-specific differences in the assessed population
samples. Conclusions: The literature data suggest that males and females exhibit a similar level of
hyperacusis. However, in light of the subjective nature of this condition, the eventual set up of further
tests to assess hyperacusis features could be very helpful in the near future.

Keywords: hyperacusis; tinnitus; gender

1. Introduction

Hyperacusis, also referred as noise sensitivity or sound sensitivity, is an abnormally
disproportionate increase in loudness perception in response to auditory stimuli of
normal volume.

Hyperacusis has several potential features, which are not mutually exclusive, and
patients are likely to be heterogeneous. The hyperacusis prevalence is reported to range
between 9-15% [1-3]. So far, the lack of robust epidemiological data has generated a major
information gap among the published literature on this topic.
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To focus on this issue, it is necessary to differentiate hyperacusis from another percep-
tional manifestation, namely recruitment, characterized by the development of abnormal
response with the sound level, which becomes progressively louder with rising of intensity,
and expression of cochlear disfunction [4]. On the other end, the mechanism underlying
hyperacusis is mainly unknown and represents the expression of maladaptation of the
central auditory pathway to sounds, in which the limbic system may play a critical role [4].

In addition, hyperacusis needs to be distinguished from phonophobia and misopho-
nia, which express the intolerance to different specific ranges of sounds with emotional
associations.

Moreover, hyperacusis is a condition that can be associated with tinnitus, acoustic
trauma, migraine, facial paralysis, drug-interaction (especially benzodiazepines), and
many more.

Moreover, quantifying the specific discomfort associated with hyperacusis can be
challenging, especially when it manifests within a more complex clinical context, such as
tinnitus. Several instruments, such as specific self-assessment questionnaires, have been
developed to provide a subjective evaluation.

The Tinnitus Handicap Inventory Test (THI) is performed used to analyze the factors
affecting the attentional, social, and emotional aspect of life in patients complaining of
tinnitus, and it is often administrated in patients affected by hyperacusis as well [5]. Other
tools are the Multiple-Activity Scale for Hyperacusis (MASH) [6] and the Visual Analogue
Scale (VAS) [7], Hyperacusis Questionnaire [8], Inventory of Hyperacusis Symptoms [9],
Hyperacusis Handicap Questionnaire [10], Short Hyperacusis Questionnaire [11], and
Hyperacusis Impact Questionnaire [12].

In addition, uncomfortable loudness levels (ULLs) or loudness discomfort levels, are
valuable to assess this condition and its severity by evaluating which sounds are perceived
to be “bothersome” [13]. The ULLs appear to be correlated with the abnormal sound
perception: the average ULL value across the audiometric frequencies is about 100 dB
HL in people with normal hearing [14], while lower ULL values in one or both ears are
common findings in patients with hyperacusis [15].

At present, the role of gender in hearing hypersensitivity has not been investigated;
a comprehensive understanding of all hyperacusis features eventually including gender
differences could be important in clinical practice as a valuable asset in developing clinical
intervention strategies.

The aim of this study was to evaluate the presence of gender differences among adult
subjects affected by hyperacusis.

2. Materials and Methods

A literature search was conducted, focused on adult patients with hyperacusis, using
the MedLine bibliographic database, to find relevant peer-reviewed studies published
in the last 20 years. The keyword “Hyperacusis” [Mesh] was used to select the studies
of interest. Additional filters were the publication year (2002 to 2022) and the age of the
subject (>18 years).

Inclusion criteria were:

Studies on the adult population.
Studies that provide gender information of the participants.
Studies including a pure tone audiometry assessment.

Exclusion criteria were:

Studies published in languages other than English.
Studies on pediatric populations.

Studies not including pure tone audiometry.
Studies published before 2002.

The review was performed according to the PRISMA guidelines (Figure 1).
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Figure 1. Flow diagram of the literature search, according to the PRISMA criteria (http://www.
prisma-statement.org/, accessed on 1 April 2023), with the various steps in the manuscript selection
process. The initially identified 259 manuscripts were reduced to 4 after the application of the

selection criteria.

3. Results

The four candidate papers for this review, included data from 604 patients of which
282 resulted as affected by hyperacusis. All the selected studies were prospective, except
one. The year of publication ranged from 2003 to late 2013. The mean age ranged from 52 to
57 years old. Three studies did not include any standard deviation of the assessed sample.
The reported male to female patient ratio was 1.2:1 (see the data summary in Table 1).

Table 1. Epidemiological features of hyperacusis within the selected studies. Under the Study column,
the symbol “R” corresponds to Retrospective study, while the symbol “P” to Prospective study. In
the last column, the symbols F and M next to the patient numbers correspond to “Female” and
“Male”. %Q= percentage of females affected by hyperacusis, %d = percentage of females affected

by hyperacusis.
Mean Total Pure Tone
n  Author Year Country  Study A Gender Affected %Q % Audiometry
ge Cohort
(Outcomes)
. < X 57 o Performed but
1  Guimaraes AC et al. [16] 2013 BRAZIL R 53 309 169 F; 140 M (26 F: 31 M) 153% 224 not described
. . . 20 o 2 normal HL9
2 Fioretti AB etal. [17] 2013 ITALY P 57.2+/—-14.1 37 19F 18M (10 F; 10 M) 52.6% 555 SNHL
The hearing loss
197 did not correlate
3 Dauman R et al. [6] 2005 FRANCE P 52/54 249 105F; 144 M . 77.1%  80.5 directly with the
(81 F; 116 M)
level of
hyperacusis
4  deMagalhaes SLetal. [18] 2003 BRAZIL P 55,32 9 8F, 1M ?8 F;0M) 100% 0 Normal HL
282 .
2003-2013 604 301 F; 303 M 41.5% 518

(125 9; 157 9)

Guimaraes et al. [10] selected 309 people with tinnitus (169 females and 140 males)
and in this sample, 57 subjects were affected by hyperacusis. From those, 26 were females
and 31 were males. They all underwent VAS for tinnitus: in this scale, 0 corresponds to no
perceived tinnitus and 10 is the loudest sound someone can imagine. The median degree of
tinnitus was 7 (see the analytic data in Table 2). Hyperacusis was reported more frequently
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by male subjects (22.4%) than by female (15.3%), but the authors reported that there was no
statistically significant difference between genders (p = 0.12).

Table 2. Hyperacusis assessment within the selected studies. VAS = Visual Analogue Scale;
MASH = Multiple-Activity Scale for Hyperacusis; THI = Tinnitus Handicap Inventory Test;
TSCH = Tinnitus sample case history; PTA = Pure tone audiometry; OAE = Otoacoustic emission;

SAT = Speech audiometry test; IT = Immittance test.

TEST | Guimaraes et al. [16] Fioretti et al. [17] Dauman et al. [6] Magalhaes et al. [18]
(a) MASH;
(b) Structured interview
(overall annoyance of
(a) TSCH hyperacusis and
Questionnaire | VAS (b) THI hearing deficiency, -
scale from 0 to 10);
(o) Iowa Tinnitus
Handicap
Questionnaire
PTA PTA PTA PTA
Audiological evaluation | SAT T SAT SAT
1T OAE. OAE
Clinical assessment ; ENT
Ni logic; ENT- ENT- -
Other CUrologic Laboratory tests
5 groups based on annoyance
score
VAS from 1to10: TSCH (a)  no hyperacusis; (@) 4 moderate;
Hyperacusis Grading Hyperacus1s p_resent_ in 57 (18.4 %) 20 pat1ents_ (54%) Feported (b) mild; (b) 1 severe;
patients at an intensity ranging hyperacusis (grading () moderate; (©) 1 mild
from 1 to 10 and a median of 5. not provided). (d)  substantial
hyperacusis;
(e)  severe hyperacusis.
No statistically significant
differences between genders
according to THI scores
TSCH
(a) 20 patients reported Comparable prevalence in Women are affected more
The presence of hyperacusis more sleep disorders (54%); both genders: males often than men.
frequent in the male gender; (b) 20 patients reported (80.5%; 116/144); females Tinnitus preceded
Results 31 (22.4%) men and 26 (15.3%) hyperacusis (54%); (77.1%; 81/105). hyperacusis as a complaint

women.There was no statistically
significant difference between
genders (p = 0.12).

(c) 11 patients (30%) sleep

disorders + hyperacusis.

THI

Improvement over time is
better for Hyperacusis
(19/30; 63.3%), than for
tinnitus (15/32); 46.8%).

in 78% of the subjects.

No direct correlation
between the severity of
tinnitus and of hyperacusis

(d)  slight (1 pt,16%),

(e)  mild (6 pt, 32%),

) moderate (7 pt, 30%),
(g) severe (5 pt, 19%),

(h)  catastrophic (1 pt, 3%).

In the study by Fioretti et al. [11], 37 subjects (19 females and 18 males) were evaluated
by the Tinnitus Handicap Inventory test. The THI is composed of 25 items, each one with
three possible answers: no (0 point), sometimes (2 points) and yes (4 points). The total score
ranges from 0 to 100. Scores from 0 to 16 suggest no handicap; scores from 18 to 36 indicate
a mild handicap; scores from 38 to 56 indicate a moderate handicap; and scores from 58 to
100 indicate a severe handicap. The information obtained by THI was implemented by the
authors using a standardized questionnaire named Tinnitus sample case history (TSCH),
based on the patient’s age, gender, family history of tinnitus, and tinnitus history. A total of
20 subjects were reported as affected by hyperacusis (10 females and 10 males). No gender
differences in the outcomes were identified. Authors reported no statistically significant
differences between genders according to THI scores.

Dauman R. et al. [6] described a total of 249 subjects (105 females and 144 males)
assessed by the MASH test, an interview-based questionnaire that considers the level of
annoyance in relation to the hypersensitivity to sound, based on a scale from 0 to 10. The
results suggested that 197 subjects were affected by hyperacusis (81 females and 116 males),
and that the prevalence of hyperacusis was similar in both genders. Interestingly they also
reported that the perception of hyperacusis improves over time more than that of tinnitus.
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Magalhaes et al. [12], assessed nine subjects (eight females and one male) and by
administering a questionnaire on hyperacusis found that all eight female patients were
affected. The small number of subjects in the study does not allow consideration of gender
differences in the reported hyperacusis symptoms. They observed that female subjects
are affected by hyperacusis more often than men, without a statistical difference and that
tinnitus usually had preceded hyperacusis as a complaint in 78% of the subjects.

All patients included in this review, presented hyperacusis alongside tinnitus without
a clear significance regarding the causative correlation and timing of occurrence, even if
complaints about the tinnitus annoyance usually preceded those of hyperacusis.

Furthermore, a significant correlation between the level of annoyance due to tinnitus
and hyperacusis cannot be established, nor between tinnitus and patients” age and gender,
although the discomfort of tinnitus was generally perceived as equal to or worse than that
of hyperacusis.

The MASH score and the overall annoyance showed a good correlation. Tinnitus
annoyance was assessed as higher in females and severe in younger patients. Over time,
the perception of hyperacusis, rather than that of tinnitus, has been reported to improve [4].

A significant correlation between sleep disorders and hyperacusis/tinnitus annoyance
was also reported [9]. In this context, both the TSCH and THI are worthwhile screening
tools to highlight sleep disorders and hyperacusis in patients presenting tinnitus as their
main annoyance feature.

4. Discussion

Hyperacusis is a condition or symptom that can negatively affect the patient’s quality
of life, being perceived as overwhelmingly loud or painful. Patients affected by hyperacusis
often complain about specific situations or about sounds that they experience, that can
increase their discomfort. In the audiological practice, tools specifically designed for
assessing the hyperacusis etiology and annoyance are still missing, thus there is a limited
comprehension of this symptom [19].

According to the literature, hyperacusis usually presents numerous other clinical man-
ifestations, of which the main and most life-disabling is tinnitus [20]. Those complaining of
these symptoms have reported a history of noise exposure, ototoxic drugs, or ear surgery
as well. In fact, it has been already reported that noise and/or ototoxic drugs exposure can
induce damages directly to the cochlea and the vestibule, but also to the central auditory
system because of a reduced neural activity transmitted from the inner ear. According to
data in the literature, tinnitus and hyperacusis could be the consequence of a tonotopic
reorganization of the auditory pathway due to peripheral damage. An association between
severe tinnitus and hyperacusis has been demonstrated in cross-sectional studies [21,22].
Several neurophysiological models of tinnitus and hyperacusis have been proposed, as
this manifestation is possibly related to an increased state of cortical response (enhanced
central gain) to sound and may be the explanation of the increase in the perception of
loudness and thus the occurrence in those affected by hyperacusis [23-25]. Even if the
description of this phenomenon in the literature is not very recent, it is still difficult to
assess specific ear mechanisms by conventional electrophysiological testing, as there are no
effective hyperacusis animal models [17,26].

Both, hyperacusis and tinnitus, could lead patients to seek the attention of a general
practitioner or of a specialist, who should assess, investigate, and provide appropriate
counselling.

A comprehensive audiological examination should be always performed and should
include pure tone audiometry (0.125 to 16 kHz), the evaluation of uncomfortable loudness
levels and tinnitus masking frequency [27]. When presenting with hearing loss, hyperacusis
is often associated with tinnitus [8]. Specific self-assessment questionnaires have been
developed for the evaluation of hyperacusis (and tinnitus), such as the MASH, THI, TSCH,
t VAS, and should be always administered and evaluated.
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Gender medicine, which is often underestimated, focuses on the differences in pre-
vention, clinical symptoms, treatments, results, and social repercussions of the diseases
among genders. Looking into the recent literature, gender and hyperacusis have been rarely
addressed in the last twenty years [2,28]. Differences among genders in the auditory system
have already been reported. Female subjects appear to have better hearing sensitivity,
although male subjects have better skills at sound localization [29,30]. Furthermore, in
addition to functional variations, objective auditory measures have been demonstrated to
depend on gender, with females having larger amplitudes and shorter latencies of ABR
waves I and V, compared to males.

Few studies reported how hearing features may differ among genders due to sub-
cortical synaptic and axonal variations [31]; according to this hypothesis, hormones
(i.e., estrogens) could influence the synaptic function of the auditory pathway [32,33].

Changes among genders may be related to cochlear and subcortical synaptic and
axonal variations [31]. The menstrual cycle, but also the use of oral contraceptives have
been reported to influence the function of the whole auditory system [18]. Since the
cochlea contains estrogen and progesterone receptors, these hormones may impact their
homeostasis over the menstrual cycle and hence modulate hearing functions indirectly. In
support of this hypothesis, variations in electrode impedance have been recorded in women
with cochlear implants during the luteal phase of the menstrual cycle [34]. Furthermore,
other conditions related to gender, such as osteoporosis and osteopenia menopause, have
been reported as possible risk factors for hearing loss and for alteration of vestibular
function [35].

Despite not being widely investigated, the gender-related variances and subsequent
biological differences might influence the development of hyperacusis as well as the
symptoms correlated, such as tinnitus, hearing loss, anxiety and depression. None of the
self-assessment questionnaires available address the gender issue, especially no specific
information on sex differences and influences such as period, gestation or hormonal therapy
are included in these tools up to date [4-7].

Gender differences have been described in audio-vestibular disorders in current years.
It has been reported that the prevalence of presbycusis and of sudden hearing loss is
higher among male than female subjects, while the prevalence of autoimmune inner ear
disease and tinnitus, a symptom sometimes associated with hyperacusis, seem to be more
prevalent in females [36]. To date, according to the data of this review, it is still not possible
to identify any gender differences in hyperacusis patients. However, evaluating the data of
the selected studies, it seems that hyperacusis can improve over time, more than tinnitus,
and male subjects could show a higher annoyance towards hyperacusis. In addition, while
tinnitus annoyance has been described as higher in females and more severe in younger
patients, the perception of hyperacusis over time have been reported to improve, especially
in women [4].

In the literature, several risk factors have been linked to tinnitus, such as depression,
anxiety, exposure to recreational noise, smoking; none of these factors seems to be related
to hyperacusis, so far [20-22].

Currently, a definitive treatment for hyperacusis, medical or surgical is still not avail-
able; its management options can consist in different strategies that can help reduce the
discomfort of sensitivity to sounds. These include drugs, but also the prescription of
hearing aids (when hearing loss is also present), noise generators and cognitive behavioral
therapy (CBT). In patients fitted with hearing aids, the persistence of hyperacusis over
time has been observed, even if with a reduced discomfort. Regarding noise generators,
considering different fitting times, the MASH score of those using noise generators was
comparable to that of the whole population. In particular, it has been reported that when
hyperacusis is associated with hearing loss, it has been reported that a transient noise
reduction feature, allowing the attenuation of loud and impulsive sounds, can represent a
benefit in the fitting of hearing aids. In other cases, the use of continuous low-level white
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or pink noise has also been reported to offer a benefit to hyperacusis patients, therefore
using hearing aids also as a sound generator [37].

However, an improvement of the distress related to the hyperacusis perception was
observed more frequently than tinnitus and can eventually occur spontaneously over
time [37-40].

Because tinnitus and hyperacusis share various features, tinnitus retraining therapy
and cognitive behavioral therapy have been used to treat both with comparable out-
comes [41]. Especially CBT has been reported to have positive effects regarding tinnitus
severity (TQ), hyperacusis and psychological strain (BSI and BDI-II) [23,42].

Further research is required and may be key in establishing tailored treatments, re-
ducing the perception of discomfort, the general distress or somatic and psychosomatic
symptoms [13]. In fact, according to the most recent findings on gender medicine, the
anatomo-physiologic differences between sexes may contribute to the different manifesta-
tions of the diseases, including inner ear disorders, therefore also representing a possible
key source for future tailored therapeutic approaches.

Limitations of the study: A first limitation is the lack of information about the causes or
comorbidities in patients with hyperacusis. This information can serve to better define the
etiology and therefore to solidify the eventual presence of gender differences. Furthermore,
a specific assessment of the relationship between hyperacusis and tinnitus, which often
co-exist, is desirable. A secondary limitation is the fact that in the hyperacusis data factors
influencing the gender and its severity are missing. Hyperacusis severity seems to be
related more to the age factor (i.e., more severe in the youngest patients) than to gender.
In addition, information about familial history of hearing loss, tinnitus and hyperacusis is
lacking in the current literature; if available, this could have added some clues about the
eventual heritability of this disorder. Therefore, in order to bridge this information gap,
specific questionnaires should be set up to assess the hyperacusis discomfort [43,44].

5. Conclusions

Hyperacusis is a symptom that can severely affect patients’ quality of life, and a
comprehensive understanding of its features is necessary. Furthermore, the comprehen-
sion of the role that tinnitus could play as a predisposing factor for hyperacusis onset is
also significant.

According to the results of this review, males and females exhibit a similar level of
hyperacusis. However, in light of the subjective nature this symptom, the eventual set
up of further tests for the evaluation of hyperacusis features and significance could be
very helpful. Furthermore, additional studies are also necessary in order to evaluate the
long-term effects and consequences of hyperacusis on gender.

Author Contributions: Conceptualization, L.B.M. and V.F; methodology, S.H.; software, L.B.M.; val-
idation, V.E, A.C.,, T.B. and C.B.; formal analysis, V.F. and S.H.; investigation, PH.S. and M.B.S.;
resources, C.B. and S.P; data curation, PH.S. and M.B.S.; writing—original draft preparation,
L.B.M.; writing—review and editing, V.F., S.H.,T.B. and A.C.; visualization, C.B.; supervision, S.P.;
project administration, P.H.S., M.B.S. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.



Life 2023, 13, 2092 80of9

References

1.  Herraiz, C.; Plaza, G.; Aparicio, J. Fisiopatologia y tratamiento de la hiperacusia (hipersensibilidad al sonido). Acta Otorrinolaringol.
Esp. 2006, 57, 373-377. [CrossRef] [PubMed]

2. Andersson, G.; Lindvall, N.; Hursti, T.; Carlbring, P. Hypersensitivity to sound (hyperacusis): A prevalence study conducted via
the internet and post: Hipersensibilidad al sonido (hiperacusia): Un estudio de prevalencia realizado por internet y por correo.
Int. ]. Audiol. 2002, 41, 545-554. [CrossRef] [PubMed]

3.  Fabijanska, A.; Rogowski, M.; Bartnik, G.; Skarzynski, H. Epidemiology of tinnitus and hyperacusis in Poland. In Proceedings of
the 6th International Tinnitus Seminar, Cambridge, UK, 5-9 September 1999; The Tinnitus and Hyperacusis Centre: Cambridge,
UK, 1999; pp. 569-572.

4. Shi, L.; Zhao, R; Li, X.; Sun, W,; Liu, X. A Review of the Neurobiological Mechanisms that Distinguish Between Loudness
Recruitment and Hyperacusis. Experiment 2022, 28, €936373. [CrossRef] [PubMed]

5. Newman, C.W,; Sandridge, S.A.; Jacobson, G.P. Psychometric adequacy of the Tinnitus Handicap Inventory (THI) for evaluating
treatment outcome. J. Am. Acad. Audiol. 1998, 9, 153-160.

6. Dauman, R.; Bouscau-Faure, F. Assessment and amelioration of hyperacusis in tinnitus patients. Acta Oto-Laryngol. 2005, 125,
503-509. [CrossRef] [PubMed]

7. Maxwell, C. Sensitivity and accuracy of the visual analogue scale: A psycho- physical classroom experiment. Br. . Clin. Pharmacol.
1978, 6, 15-24. [CrossRef]

8.  Khalfa, S.; Dubal, S.; Veuillet, E.; Perez-Diaz, F,; Jouvent, R.; Collet, L. Psychometric Normalization of a Hyperacusis Questionnaire.
ORL 2002, 64, 436—442. [CrossRef]

9.  Greenberg, B.; Carlos, M. Psychometric Properties and Factor Structure of a New Scale to Measure Hyperacusis: Introducing the
Inventory of Hyperacusis Symptoms. Ear Hear. 2018, 39, 1025-1034. [CrossRef]

10. Prabhu, P; Nagaraj, M.K. Development and validation of Hyperacusis Handicap Questionnaire in individuals with tinnitus
associated with hyperacusis. J. Otol. 2020, 15, 124-128. [CrossRef]

11. Tortorella, F,; Pavaci, S.; Fioretti, A.B.; Masedu, F.; Lauriello, M.; Eibenstein, A. The Short Hyperacusis Questionnaire: A Tool for
the Identification and Measurement of Hyperacusis in the Italian Tinnitus Population. Audiol. Res. 2017, 7, 182. [CrossRef]

12.  Fackrell, K,; Fearnley, C.; Hoare, D.].; Sereda, M. Hyperacusis Questionnaire as a Tool for Measuring Hypersensitivity to Sound in
a Tinnitus Research Population. BioMed Res. Int. 2015, 2015, 290425. [CrossRef] [PubMed]

13.  Aazh, H.; Moore, B.C ]. Incidence of Discomfort During Pure-Tone Audiometry and Measurement of Uncomfortable Loudness
Levels Among People Seeking Help for Tinnitus and/or Hyperacusis. Am. J. Audiol. 2017, 26, 226-232. [CrossRef] [PubMed]

14. Sherlock, L.P; Formby, C. Estimates of Loudness, Loudness Discomfort, and the Auditory Dynamic Range: Normative Estimates,
Comparison of Procedures, and Test-Retest Reliability. J. Am. Acad. Audiol. 2005, 16, 085-100. [CrossRef]

15. Tyler, R.S.; Pienkowski, M.; Roncancio, E.R.; Jun, H.].; Brozoski, T.; Dauman, N.; Coelho, C.B.; Andersson, G.; Keiner, AJ;
Cacace, A.T,; et al. A Review of Hyperacusis and Future Directions: Part I. Definitions and Manifestations. Am. J. Audiol. 2014,
23,402-419. [CrossRef]

16. Guimaraes, A.C.; Carvalho, G.M.D.; Voltolini, M.M.D.ED.; Zappelini, C.E.M.; Mezzalira, R.; Stoler, G.; Paschoal, ].R. Study of the
relationship between the degree of tinnitus annoyance and the presence of hyperacusis. Braz. J. Otorhinolaryngol. 2014, 80, 24-28.
[CrossRef] [PubMed]

17.  Fioretti, A.; Fusetti, M.; Eibenstein, A. Association between sleep disorders, hyperacusis and tinnitus: Evaluation with tinnitus
questionnaires. Noise Health 2013, 15, 91-95. [CrossRef] [PubMed]

18. De Magalhaes, S.L.B.; Fukuda, Y.; Liriano, R1.G.; Chami, FEA.L; Barros, F; Diniz, F.L. Relation of hyperacusis in sensorineural
tinnitus patients with normal audiological assessment. Int. Tinnitus J. 2003, 9, 79-83.

19. Baguley, D.M.; Hoare, D.]. Hyperacusis: Major research questions. HNO 2018, 66, 358-363. [CrossRef]

20. Biswas, R.; Genitsaridi, E.; Trpchevska, N.; Lugo, A.; Schlee, W.; Cederroth, C.R.; Gallus, S.; Hall, D.A. Low Evidence for Tinnitus
Risk Factors: A Systematic Review and Meta-analysis. |. Assoc. Res. Otolaryngol. 2022, 24, 81-94. [CrossRef]

21. Cederroth, C.R,; Lugo, A.; Edvall, N.K,; Lazar, A.; Lopez-Escamez, J.-A.; Bulla, J.; Uhlen, I; Hoare, D.J.; Baguley, D.M,;
Canlon, B.; et al. Association between Hyperacusis and Tinnitus. J. Clin. Med. 2020, 9, 2412. [CrossRef]

22. De Ridder, D.; Schlee, W.; Vanneste, S.; Londero, A.; Weisz, N.; Kleinjung, T.; Shekhawat, G.S.; Elgoyhen, A.B.; Song, J.-J.;
Andersson, G.; et al. Tinnitus and tinnitus disorder: Theoretical and operational definitions (an international multidisciplinary
proposal). In Progress in Brain Research; Elsevier: Amsterdam, The Netherlands, 2021; pp. 1-25.

23. Chen, Y.-C,; Li, X;; Liu, L.; Wang, J.; Lu, C.-Q.; Yang, M.; Jiao, Y.; Zang, E.-C.; Radziwon, K.; Chen, G.-D.; et al. Tinnitus and
hyperacusis involve hyperactivity and enhanced connectivity in auditory-limbic-arousal-cerebellar network. eLife 2015, 4, e06576.
[CrossRef]

24. Salvi, R.; Auerbach, B.D.; Lau, C.; Chen, Y.C.; Manohar, S.; Liu, X.; Ding, D.; Chen, G.D. Functional Neuroanatomy of Salicylate-
and Noise-Induced Tinnitus and Hyperacusis. Curr. Top Behav. Neurosci. 2021, 51, 133-160. [CrossRef] [PubMed]

25.  Auerbach, B.D.; Rodrigues, P.V.; Salvi, R.J. Central Gain Control in Tinnitus and Hyperacusis. Front. Neurol. 2014, 5, 206.
[CrossRef]

26. Nolan, D.R.; Gupta, R.; Huber, C.G.; Schneeberger, A.R. An Effective Treatment for Tinnitus and Hyperacusis Based on Cognitive

Behavioral Therapy in an Inpatient Setting: A 10-Year Retrospective Outcome Analysis. Front. Psychiatry 2020, 11, 25. [CrossRef]


https://doi.org/10.1016/S0001-6519(06)78731-3
https://www.ncbi.nlm.nih.gov/pubmed/17117696
https://doi.org/10.3109/14992020209056075
https://www.ncbi.nlm.nih.gov/pubmed/12477175
https://doi.org/10.12659/MSM.936373
https://www.ncbi.nlm.nih.gov/pubmed/35396343
https://doi.org/10.1080/00016480510027565
https://www.ncbi.nlm.nih.gov/pubmed/16092541
https://doi.org/10.1111/j.1365-2125.1978.tb01676.x
https://doi.org/10.1159/000067570
https://doi.org/10.1097/AUD.0000000000000583
https://doi.org/10.1016/j.joto.2019.12.004
https://doi.org/10.4081/audiores.2017.182
https://doi.org/10.1155/2015/290425
https://www.ncbi.nlm.nih.gov/pubmed/26557658
https://doi.org/10.1044/2017_AJA-17-0011
https://www.ncbi.nlm.nih.gov/pubmed/28810267
https://doi.org/10.3766/jaaa.16.2.4
https://doi.org/10.1044/2014_AJA-14-0010
https://doi.org/10.5935/1808-8694.20140007
https://www.ncbi.nlm.nih.gov/pubmed/24626888
https://doi.org/10.4103/1463-1741.110287
https://www.ncbi.nlm.nih.gov/pubmed/23571298
https://doi.org/10.1007/s00106-017-0464-3
https://doi.org/10.1007/s10162-022-00874-y
https://doi.org/10.3390/jcm9082412
https://doi.org/10.7554/eLife.06576
https://doi.org/10.1007/7854_2020_156
https://www.ncbi.nlm.nih.gov/pubmed/32653998
https://doi.org/10.3389/fneur.2014.00206
https://doi.org/10.3389/fpsyt.2020.00025

Life 2023, 13, 2092 90f9

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Gu, J.W.; Halpin, C.F; Nam, E.-C.; Levine, R.A.; Melcher, J.R.; Vianney-Rodrigues, P.; Auerbach, B.D.; Salvi, R.; Wilson, U.S,;
Sadler, K.M,; et al. Tinnitus, Diminished Sound-Level Tolerance, and Elevated Auditory Activity in Humans with Clinically
Normal Hearing Sensitivity. J. Neurophysiol. 2010, 104, 3361-3370. [CrossRef]

Niemann, U.; Boecking, B.; Brueggemann, P.; Mazurek, B.; Spiliopoulou, M. Gender-Specific Differences in Patients with Chronic
Tinnitus—Baseline Characteristics and Treatment Effects. Front. Neurosci. 2020, 14, 487. [CrossRef]

Morse, K.; Werff, K.R.V. Onset-offset cortical auditory evoked potential amplitude differences indicate auditory cortical hyperac-
tivity and reduced inhibition in people with tinnitus. Clin. Neurophysiol. 2023, 149, 223-233. [CrossRef] [PubMed]

McFadden, D.; Champlin, C.A.; Pho, M.H.; Pasanen, E.G.; Maloney, M.M.; Leshikar, E.M. Auditory evoked potentials: Differences
by sex, race, and menstrual cycle and correlations with common psychoacoustical tasks. PLoS ONE 2021, 16, e0251363. [CrossRef]
[PubMed]

Krizman, J.; Bonacina, S.; Kraus, N. Sex differences in subcortical auditory processing emerge across development. Hear. Res.
2019, 380, 166-174. [CrossRef]

McFadden, D. Sex differences in the auditory system. Dev. Neuropsychol. 1998, 14, 261-298. [CrossRef]

McFadden, D. Masculinizing effects on otoacoustic emissions and auditory evoked potentials in women using oral contraceptives.
Hear. Res. 2000, 142, 23-33. [CrossRef]

Apisa, P; Auletta, G.; Furia, T,; Riccardi, P; Laria, C.; Malesci, R.; Papa, C.; Sarnelli, A.; Marciano, E.; Franzé, A. Audio-Vestibular
Alterations During the Phases of the Menstrual Cycle in Patients with Cochlear Implant. Arch. Clin. Biomed. Res. 2019, 3, 386-396.
[CrossRef]

Juneja, M.K.; Munjal, S.; Sharma, A.; Gupta, A.K,; Bhadada, S. Audiovestibular functioning of post-menopausal females with
osteoporosis and osteopenia. J. Otol. 2020, 16, 27-33. [CrossRef] [PubMed]

Corazzi, V.; Ciorba, A.; Skarzynski, P.H.; Skarzyniska, M.B.; Bianchini, C.; Stomeo, F.; Bellini, T.; Pelucchi, S.; Hatzopoulos,
S. Gender differences in audio-vestibular disorders. Int. J. Immunopathol. Pharmacol. 2020, 34, 2058738420929174. [CrossRef]
[PubMed]

Fournier, P; Bigras, C.; Lehmann, A.; Norefa, A.].; Hébert, S. Modulation of hyperacusis and tinnitus loudness in tinnitus patients
with and without hearing loss following 3 weeks of acoustic stimulation: A proof-of-concept study. Prog. Brain Res. 2021, 262,
57-91.

Hebert, S.; Fournier, P.; Norena, A. The auditory sensitivity is increased in tinnitus ears. J. Neurosci. 2013, 33, 2356-2364. [CrossRef]
[PubMed]

Hwang, J.H.; Chou, PH.; Wu, C.W.,; Chen, J.H.; Liu, T.C. Brain activation in patients with idiopathic hyperacusis. Am. ].
Otolaryngol. 2009, 30, 432—434. [CrossRef]

Song, ].].; De Ridder, D.; Weisz, N.; Schlee, W.; Van de Heyning, P.; Vanneste, S. Hyperacusis-associated pathological resting-state
brain oscillations in the tinnitus brain: A hyperresponsiveness network with paradoxically inactive auditory cortex. Brain Struct.
Funct. 2014, 219, 1113-1128. [CrossRef]

Nelson, ]J.J.; Chen, K. The relationship of tinnitus, hyperacusis, and hearing loss. Ear Nose Throat |. 2004, 83, 472-476. [CrossRef]
Jastreboff, PJ.; Jastreboff, M.M. Tinnitus Retraining Therapy (TRT) as a Method for Treatment of Tinnitus and Hyperacusis
Patients. |. Am. Acad. Audiol. 2000, 11, 162-177. [CrossRef]

Schecklmann, M.; Landgrebe, M.; Langguth, B.; TRI Database Study Group. Phenotypic Characteristics of Hyperacusis in
Tinnitus. PLoS ONE 2014, 9, e86944. [CrossRef] [PubMed]

Margol-Gromada, M.; Sereda, M.; Baguley, D.M. Readability assessment of self-report hyperacusis questionnaires. Int. J. Audiol.
2020, 59, 506-512. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1152/jn.00226.2010
https://doi.org/10.3389/fnins.2020.00487
https://doi.org/10.1016/j.clinph.2023.02.164
https://www.ncbi.nlm.nih.gov/pubmed/36963993
https://doi.org/10.1371/journal.pone.0251363
https://www.ncbi.nlm.nih.gov/pubmed/33979393
https://doi.org/10.1016/j.heares.2019.07.002
https://doi.org/10.1080/87565649809540712
https://doi.org/10.1016/S0378-5955(00)00002-2
https://doi.org/10.26502/acbr.50170082
https://doi.org/10.1016/j.joto.2020.07.007
https://www.ncbi.nlm.nih.gov/pubmed/33505447
https://doi.org/10.1177/2058738420929174
https://www.ncbi.nlm.nih.gov/pubmed/32525749
https://doi.org/10.1523/JNEUROSCI.3461-12.2013
https://www.ncbi.nlm.nih.gov/pubmed/23392665
https://doi.org/10.1016/j.amjoto.2008.08.005
https://doi.org/10.1007/s00429-013-0555-1
https://doi.org/10.1177/014556130408300713
https://doi.org/10.1055/s-0042-1748042
https://doi.org/10.1371/journal.pone.0086944
https://www.ncbi.nlm.nih.gov/pubmed/24498000
https://doi.org/10.1080/14992027.2020.1723033
https://www.ncbi.nlm.nih.gov/pubmed/32134337

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

