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A B S T R A C T

This paper proposes an overarching definition for sound hypersensitivity, a common symptom frequently observed 
in patients with hearing loss, tinnitus and other neurological and psychiatric disorders. This multifaceted con
dition includes several phenotypes, which may exist in isolation or combination in the same individual: loudness 
hypersensitivity (hyperacusis), noxacusis, misophonia, phonophobia and noise-induced cognitive symptoms. 
Some individuals with sound hypersensitivity may develop a resultant sound hypersensitivity disorder, a clinically 
heterogeneous syndrome defined by recurrent episodes of sound-induced symptoms that are associated with a 
negative emotional response and/or avoidance behavior leading to suffering and/or limitation of social, leisure 
or occupational activities. We have assembled an international, multidisciplinary working group to develop this 
theoretical foundation and propose objective operational diagnostic criteria for sound hypersensitivity and sound 
hypersensitivity disorder. Given the large co-occurrence between tinnitus and sound hypersensitivity pheno
types, it is essential to establish a common ground to differentiate sound hypersensitivity as a symptom from 
sound hypersensitivity disorder and distinguish between phenotypes. The distinction will facilitate pathophys
iological, translational and clinical research differentiating various forms of sound hypersensitivity and sepa
rating them from tinnitus, and represent a paradigm shift in auditory and behavioral sciences. Adopting a global 
and multidisciplinary lens, we aim to spark a debate fostering collaboration and innovation in addressing this 
pervasive yet underappreciated condition involving auditory, behavioral and cognitive neurosciences.

1. Introduction

Sound amplitude modulation is a critical feature for hearing. Audi
tory perception relies not only on frequency discrimination, but also on 
loudness fluctuation, and it is essential for recognizing natural sounds 
and speech (Joris et al., 2004;Koumura et al., 2023).

Hyperacusis or decrease sound tolerance is an auditory sensory 

symptom characterized by an increased sensitivity to everyday sounds 
that are typically well tolerated by others (Baguley, 2003). It is reported 
to impact between 0.2% and 17% of the general population (Ren et al., 
2021). The large variation in the reported prevalence of hyperacusis is 
due to the different ways in which the condition is defined, the methods 
used to assess it, and the populations studied (Adams et al., 2021). 
People with hyperacusis may find typical environmental sounds—like 
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running water, clinking dishes, or even conversations—uncomfortable, 
painful, or distressing. There are distinct types of reactions to bother
some sounds such as loudness discomfort, pain, annoyance, and fear 
(Tyler et al., 2014).

Even referring specifically to symptoms of loudness intolerance, 
there is limited correlation between symptoms reported by individuals, 
e.g. scores on commonly-used symptom scales, and tolerance of sound 
intensity on formal psychoacoustic tests, for example, with loudness 
discomfort levels (LDLs;Sheldrake et al., 2015; Zaugg et al., 2016; Vidal 
et al., 2022).

A decrease of central loudness sound compression may lead to a 
reduced dynamic range between minimum audible and maximum 
tolerable sound intensity. Such cases of hyperacusis are therefore best 
understood as a pathological loss of logarithmic loudness compression 
associated with excessive central gain (Auerbach et al., 2014), increased 
loudness growth steepness, and/or lowered pain thresholds including 
pain responses to ordinary sounds. Moreover, peripheral mechanisms 
such as the cochlear efferent system might be involved (Liang et al., 
2025). In fact, sound hypersensitivity can also occur with normal 
audiometric thresholds, suggesting that peripheral factors such as 
cochlear synaptopathy (Jahn et al., 2022) or subclinical outer hair cell 
dysfunction may contribute independently of central gain changes, or 
that they may facilitate elevated central gain.

Hyperacusis is often associated with tinnitus (Cederroth et al., 2020), 
which is defined as the conscious awareness of a sound in the absence of 
external sound (De Ridder et al., 2021;Vanneste et al., 2026). Other 
frequent hyperacusis co-morbidities include autism spectrum disorder 
(ASD;Williams et al., 2021) and migraine (Qi et al., 2024). The frequent 
co-occurrence of hyperacusis and tinnitus makes it difficult to investi
gate the differential cellular and molecular bases of sound hypersensi
tivity and tinnitus, respectively. This is further complicated by the lack 
of sensitive biomarkers for either tinnitus or hyperacusis.

Different sound hypersensitivity phenotypes have been proposed, for 
example: 

a. Loudness hyperacusis, pain hyperacusis, annoyance hyperacusis, 
fear hyperacusis (Tyler et al., 2014).

b. Loudness hyperacusis, pain hyperacusis, misophonia, noise sensi
tivity, phonophobia (Henry et al., 2022).

Loudness hyperacusis accompanies pain hyperacusis in up to 90% of 
cases, whereas pain hyperacusis is present in more than half of people 
with loudness hyperacusis (Williams et al., 2021;Jahn et al., 2025).

Phonophobia refers to a fear of sounds, specifically requiring nega
tive emotional or autonomic symptoms to occur in the absence of the 
sounds themselves, but prompted by anticipation or association (Henry 
et al., 2022). It is unlikely to occur in isolation but can occur as an 

additional symptom dimension to another form of sound hypersensi
tivity. In neurological practice, the term ‘phonophobia’ is used more 
broadly to refer to negative experiences of, and/or aversion to sounds, 
and is used to describe a symptom of certain neurological conditions 
such as migraine; we avoid this usage and consider that phonophobia is 
a specific endophenotype under the umbrella term ‘sound 
hypersensitivity’.

Misophonia refers to the experience of anger, anxiety and/or sym
pathetic arousal provoked by certain sounds, independent of their 
loudness. Such sounds are often human-generated and typically relate to 
eating, drinking, speaking or breathing, but can include other sounds 
such as repetitive tapping or rustling packets. Misophonia is not 
currently recognized as a disorder in major medical or psychiatric 
classification systems (Edelstein et al., 2013;Rosenthal et al., 2026).

Noise sensitivity refers to a more general reactivity to, or poor 
tolerance of, sound, particularly being in environments with ongoing 
background noise, but lacks a precise definition. Symptoms of being in 
noisy environments can include negative emotional or autonomic con
sequences, as well as cognitive difficulty and fatigue. (Shepherd et al., 
2019;Henry et al., 2022). Symptoms do not require the causative 
noise to be loud, but they could be worse with louder sounds. Noise 
sensitivity is common in the context of traumatic brain injury or anxiety 
(Shepherd et al., 2019), but can occur as an isolated state or trait, 
overlapping in some cases with personality type and neurodiversity 
conditions. However, these definitions are not consistently applied 
across clinical practice or research studies, nor do they offer specific 
diagnostic criteria that would enable accurate diagnosis and symptom 
surveillance (Jahn and Koach, 2023).

In the International Classification of Diseases (ICD− 10), hyperacusis 
is defined as “an abnormally disproportionate increase in the sensation 
of loudness in response to auditory stimuli of normal volume.” and 
classified in the chapter “other abnormal auditory perceptions (H93.2)” 
with the code H93.23. In ICD− 11, hyperacusis is defined as “experi
encing sounds as excessively loud, often with discomfort, despite most 
people tolerating them” and classified within the ear diseases chapter 
(Chapter 10) in the subchapter “Other specified disorders of ear, not 
elsewhere classified”.

The extent of functional impairment caused by hyperacusis is not 
considered in any of these diagnostic classifications, although it varies 
greatly among those affected and is clinically highly relevant.

The goal of this perspective is to precisely define sound hypersensi
tivity phenotypes and propose diagnostic criteria for sound hypersen
sitivity disorder (SHD). Through this, we expect to establish a 
conceptual framework for clinical research to generate robust epide
miological and clinical data given the large co-occurrence between 
tinnitus and sound hypersensitivity phenotypes. It is essential to estab
lish a common ground to differentiate sound hypersensitivity as a 

Box 1
Sound, sound intensity and sound loudness.

Sound in air is a pressure wave. The ear directly senses sound pressure, which is the power carried by sound waves per unit area (W/m2).

Sound intensity is the amount of sound energy flowing per unit time through a unit area perpendicular to the direction of wave propagation. It 
is proportional to pressure squared, in other words × 2 pressure = ×4 intensity, or × 10 pressure = ×100 intensity.

Sound loudness is the psychoacoustic correlate of intensity and is related to the sound pressure level (SPL). Whereas sound pressure is the raw 
physical pressure fluctuation below and above atmospheric pressure measured in pascals, SPL is its logarithmic expression in decibels (dB) 
relative to the hearing threshold (20 μPa).

Humans can encode loudness over an enormous intensity range from roughly 1 × 10− 12 W/m2 = 0 dB SPL at the threshold of hearing to 
approximately 1 W/m2 = 120 dB SPL near the auditory threshold of pain (Ades et al., 1959;Salvi et al., 2022a). This logarithmic compression 
allows the auditory system to optimize information efficiency and permits preservation of sensitivity at low levels while preventing saturation at 
high levels, thereby preventing sensory overload and pain (Salvi et al., 2022a). “Dynamic range” is a term used to refer to the difference, in dB 
SPL, between the threshold of hearing and the loudest tolerable sound.

J.A. Lopez-Escamez et al.                                                                                                                                                                                                                     Neuroscience and Biobehavioral Reviews 188 (2026) 106796 

2 



symptom from SHD. Clear and widely accepted definitions are essential 
for improving study design in basic and translational research, facili
tating clinical diagnosis, reducing selection bias in clinical studies and 
producing reliable results in epidemiological, socio-economic and 
burden-of-disease studies. In addition to their importance for thera
peutic progress, these definitions are also relevant for insurance, social 
and legal evaluations, since diagnostic labeling influences coverage, 
disability assessment and liability considerations.

1.1. Approach

Members of the Tinnitus Research Initiative (TRI) met in Seoul, 
South Korea in May 2025 and discussed the challenges in distinguishing 
tinnitus and hyperacusis research outcomes, given the clinical and 
experimental overlap between the conditions. J.A.L.E. proposed the 
creation of a Sound Hypersensitivity/Hyperacusis Working Group to 
choose TRI members who represented a broad range of subspeciality 
expertise and who came from four different continents. A formal Delphi 
process was felt by the committee to not be optimal for the condition 
under study, and a nominal expert group was preferred; consensus was 
reached through iterative rounds of videoconferencing meetings, email 
exchanges and revisions of the manuscript text. This process continued 
until all authors confirmed they agreed with all statements.

1.2. Sound hypersensitivity and sound hypersensitivity disorder

Some individuals report discomfort to moderate intensity sounds or 
to certain types of sounds without this phenomenon significantly 
affecting their lifestyle and without any relevant impairment of their 
quality of life. Others are severely impaired by their sound hypersensi
tivity complaining about anticipatory avoidance, social withdrawal, 
phobic episodes or panic attacks. The transition from Sound Hypersen
sitivity as a symptom to SHD can be gradual and may be caused or 
associated with the emotional and behavioral response to isolated 

episodes of discomfort leading to a recurrent or persistent syndromic 
disorder.

1.3. Sound hypersensitivity

Based on the available literature and on clinical experience, the 
workgroup proposes the following criteria to define the symptom of 
sound hypersensitivity. Table 1

2. Comments

2.1. Prevalence of sound hypersensitivity

A scoping review of 42 studies reported hyperacusis prevalence in 
the general population ranging from 0.2% to 17.2%, reflecting hetero
geneity in its definition (Ren et al., 2021). Systematic reviews in pedi
atric populations reveal between 3.2% and 17.1% in children and 
adolescents aged 5–19 years (Rosing et al., 2016).

2.2. High-risk groups

In people with auditory disorders (i.e., chronic tinnitus or hearing 
loss), or neuropsychiatric disorders such as autism spectrum disorders 
(Williams et al., 2021), Williams syndrome (Van Borsel et al., 1997), or 
schizophrenia, sound hypersensitivity is much more common. In
dividuals with occupational sound exposure or listening demands (e.g., 
musicians, music students, teacher) also show elevated prevalence with 
studies reporting ranges roughly 3.8–67% for self-reported sound 
intolerance (Ren et al., 2021).

2.3. Overlap with tinnitus

Sound hypersensitivity is frequently associated with tinnitus 
(Cederroth et al., 2020), the subjective perception of sound in the 

Table 1 
Sound hypersensitivity symptom definition.

Criteria A-D must be met  

A. External sound elicits signs and/or symptoms in at least one of the following categories, experienced at greater-than-minimal severity1: 
1. Increase in sound loudness perception2

2. Alterations in sympathetic arousal3

3. Difficulty performing cognitive tasks4

4. Ear pain, headache and/or facial muscle tension5.
B. Signs and/or symptoms appear during sound exposure and build or persist as exposure is prolonged6.
C. Signs and/or symptoms decrease significantly and eventually stop after cessation of sound exposure7

D. Sign(s) and/or symptom(s) are not better accounted for by another disease or disorder8.

Notes
1. Signs and/or symptom severity should be quantified by a visual analog scale (0− 10). A score ≥ 4 should be considered as greater-than-minimal sensitivity 
(Raj-Koziak et al., 2018). Each episode is temporally bounded by the onset and cessation of the triggering sound exposure, as defined by Criteria B and C in Table 1.
2. Loudness hypersensitivity is the subjective sensation of increased loudness when an external sound is occurring. Normal conversation loudness typically measures 
~60 dB SPL at 1 m distance in quiet environment; tolerable loudness is 65–75 dB in environments with moderate background noise (cocktail party;Pearsons, 1977). In 
the absence of an external sound, loudness hypersensitivity cannot be defined.
3. Autonomic arousal refers to the activation of the autonomic nervous system which occurs in response to emotional or stressful stimuli and is not under conscious 
control (increased heart rate and blood pressure, rapid or shallow breathing, sweating, dilated pupils).
4. May include transient working memory impairment (holding information temporarily, performing simple calculations), reduced attention or concentration, reduced 
flexibility (difficulty switching between tasks), slower thinking or decision-making and task completion.
5. Sound hypersensitivity can trigger ear or facial pain, tension-type headache or migraine headache; conversely, if the headache develops in the absence of external 
sound, and sound hypersensitivity occurs later, the diagnosis of migraine or tension-type headache should be preferred. Headache or facial pain that continues to build 
and peaks after sound exposure has ended is likely to be a primary headache disorder (such as migraine or tension headache) triggered by sound, rather than being 
considered a primary sound hypersensitivity condition.
6. The exception is the ‘phonophobia’ phenotype, which often features anticipatory symptoms and thus does not have to exclusively occur during sound exposure. 
Otherwise, signs and/or symptoms occurring before sound exposure should be considered anticipatory and may be better explained by anxiety.
7. Signs and/or symptoms persisting with similar intensity after cessation of sound exposure are not considered and may be better explained by another behavioral 
disorder. Some individuals with pain hyperacusis may experience persistent pain after cessation of sound exposure.
8. The differential diagnosis should include migraine, tension-type headache, trigeminal neuralgia, generalized anxiety disorder, depression or any other neuropsy
chiatric condition that can better explain the symptoms. Symptoms of sound hypersensitivity occurring in the presence of one or more of these conditions should be 
classified as ‘secondary’ sound hypersensitivity, but not a primary sound hypersensitivity condition.
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absence of an external stimulus that is estimated to affect 10–15% of the 
population (Jarach et al., 2022). While tinnitus is often considered as a 
symptom rather than a disease, chronic tinnitus can evolve into a 
debilitating disorder, significantly impacting an individual's quality of 
life. Tinnitus is considered as a disorder when it is associated with 
suffering, related to negative behavioral, cognitive, or emotional 
symptoms (De Ridder et al., 2021). The prevalence of hyperacusis in 
individuals with any tinnitus is 3.51 times higher than in individuals 
without tinnitus. Moreover, the association of severe tinnitus, defined as 
THI score ≥ 58, was greater with increasing severity of hyperacusis, with 
the odd ratio (ORs) ranging from 8.15 to 77.4 for moderate and severe 
hyperacusis, respectively (Cederroth et al., 2020). Tinnitus patients with 
co-morbid hyperacusis typically experience higher tinnitus severity 
compared to those without comorbid hyperacusis (Schecklmann et al., 
2014;Cederroth et al., 2020).

2.4. Sound hypersensitivity phenotypes

There are several sound hypersensitivity phenotypes, depending on 
the sound loudness, the nature of the sound intolerance, and the type of 
emotional response. These phenotypes may also overlap (Andermane 
et al., 2023). These phenotypes include (a) Loudness hypersensitivity 
(hyperacusis): Sounds of moderate intensity are perceived as uncom
fortably loud; (b) Noxacusis: Sounds of moderate intensity cause phys
ical pain in the ears (e.g., burning, stabbing, or pinching sensations); (c) 
Misophonia: Specific sounds not usually associated with threat provoke 
negative emotional and/or autonomic responses (where anxiety or fear 
are not the main focus); (d) Phonophobia: Sounds, and/or the antici
pation of sounds, trigger anxiety or fear, sometimes leading to avoidance 
behaviors, and (e) Noise-induced cognitive symptoms: Environmental 
noise such as background chatter or traffic sounds interfere with 
cognitive tasks (difficulty to concentrate to perform simple calculations 
or hold temporary information), affective symptoms or fatigue 
(Table 2).

Loudness hypersensitivity is a common sensory phenotype in audi
tory (SNHL, tinnitus and presbycusis) and non-auditory disorders, such 
as autism spectrum disorder, schizophrenia, migraine and fibromyalgia 
(Salvi et al., 2022).

2.5. Loudness hypersensitivity (hyperacusis)

Perception of moderate intensity sounds as excessively loud, leading 
to discomfort on account of the loudness of the sounds.1

2.6. Noxacusis

Sound-evoked pain in or near the ears.2

2.7. Misophonia

A feeling of anger or irritation due to sound that is independent of its 
intensity. These sounds are often repetitive and human-generated.3,4

2.8. Phonophobia

A learned aversion or avoidance behavior towards sounds or envi
ronments likely to contain those sounds.5, 6

2.9. Noise-induced cognitive symptoms

Transient or recurrent experience of fatigue or cognitive difficulty in 
environments featuring a significant level of background sound (i.e., 
background chatter, traffic noise).7

2.10. Notes

1. Hyperacusis is a sensorial hypersensitivity to sound that leads to 
suffering and/or disability.

2. Noxacusis is a painful sound hypersensitivity with suffering 
and + /- disability often associated with loudness hyperacusis and may 
be considered an extreme hypersensitivity phenotype.

3. Certain types of sound can be perceived as painful independent of 
the intensity.

4. Sound annoyance or misophonia is defined as an emotional and 
behavioral response to specific sounds, regardless of their intensity. It is 
often triggered by oral/buccal movements or related to breathing, but it 
can include other repetitive sounds such as tapping or pen clicking. 
Symptoms typically include autonomic arousal. Symptoms can be spe
cific to certain sounds and/or to certain individuals who are generating 
the sounds.

5. Misophonia and phonophobia both include an emotional compo
nent, that may lead to behavioral changes.

6. Phonophobia should be considered as a fear or avoidance behavior 
to any kind of sound and usually occurs secondary to another sound 
hypersensitivity phenotype, which can be of any type. Note that the term 
‘phonophobia’ is often used in migraine to mean sound hypersensitivity 
(typically hyperacusis, or noxacusis), which is distinct from our pro
posed usage. Since phonophobia can be an anticipatory symptom, based 
on previous experiences, it can occur in the absence of sound exposure. 
We propose a biobehavioural definition that integrates both the 
neurological and psychiatric perspectives: phonophobia is a patholog
ical lowering of the threshold at which sound becomes aversive, 
generating responses disproportionate to the objective acoustic stim
ulus. In other words, there is a mismatch between the auditory stimulus 
and the response. In the psychiatric sense, the mismatch is affective/ 
cognitive, in the neurological sense it is sensory.

7. Noise-induced cognitive symptoms are distinct from discomfort 
caused by any individual sound, and also from cognitive difficulties 
arising from struggling to hear on account of background noise (which is 
the speech-in-noise or ‘background chatter associated with cocktail 
party’ problem). It is characterized by abnormally high negative impact 
of background sounds on cognition and/or emotional state.

2.11. Diagnostic criteria for sound hypersensitivity disorder (SHD)

Some individuals who experience sound hypersensitivity develop 
recurrent signs and/or symptoms that may persist beyond sound expo
sure and lead to an ongoing functional impairment and suffering. The 

Table 2 
Sound hypersensitivity phenotypes.

Phenotype Loudness-dependent Pattern-dependent Pain Fear Dominant proposed system

Loudness hypersensitivity 
(hyperacusis)

✓✓✓ ⨯ ​ ✓ Auditory gain

Noxacusis ✓✓ ⨯ ✓✓✓ ✓ Pain coupling
Misophonia ⨯ ✓✓✓ ⨯ ✓ Salience/autonomic 

/motor network
Phonophobia ✓ ✓ ⨯ ✓✓✓ Fear/autonomic
Noise-induced cognitive symptoms ✓✓ ✓ ⨯ ⨯ Frontoparietal/anterior cingulate network
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behavioral change may range from anticipatory avoidance of sounds 
over phobic episodes or panic attacks to social withdrawal, inability to 
work and even to suicidal ideation.

Sound hypersensitivity disorder can be defined as a pathological 
reduction in the sound tolerance threshold at which sound becomes 
aversive, manifesting as hyperacusis, noxacusis, phonophobia, miso
phonia and/or cognitive symptoms, associated with suffering, defined as 
an unpleasant experience with negative cognitive, emotional, and 
autonomic impact leading to changes in behavior and functional 
disability (Table 3).

2.12. Comments

Epidemiological studies do not distinguish sound hypersensitivity as 
a symptom from SHD, and population-based studies are needed to 
determine SHD prevalence and its relationship with tinnitus disorder 
(De Ridder et al., 2021). Moreover, the prevalence of the SHD pheno
types and their associated co-morbidities deserves further research, 
since we can expect one or several phenotypes in the same individual.

Scientific evidence confirms that loudness hypersensitivity is 
strongly associated with other sensorial hypersensitivities such as 
photophobia through a mechanism known as central sensitization 
(Yunus, 2007). Individuals with hyperacusis may have significantly 
lower thresholds for visual (light) and tactile (pressure) stimuli 
(Landgrebe et al., 2009).

Furthermore, noxacusis may be associated with a generalized low
ered pain threshold throughout the body and experimental data support 
that noise-induced hearing loss increases pain sensitivity (Manohar 
et al., 2020). The underlying biological explanation is central sensiti
zation (or nociplastic pain), a mechanism where the central nervous 
system becomes hyper-responsive and amplifies neural signals, leading 
to pain hypersensitivity from both auditory and non-auditory sources 
(Latremoliere and Woolf, 2009). This makes the individual more sensi
tive to any incoming sensorial stimulus, whether it's loud sound, bright 
light, or physical pressure.

Concomitant sound-induced phenotypes are common in SHD (De 
Ridder et al., 2021; Jastreboff and Jastreboff, 2015; Salvi et al., 2022), 
suggesting a low threshold for sound-evoked emotional responses.

2.13. Neurophysiology of sound sensitivity

Both peripheral and central mechanisms contribute to sound 

hypersensitivity. Loudness perception is proportional to the overall level 
of sound-evoked activity in the auditory cortex (AC;Clayton et al., 
2025). Accordingly, in cases of loudness hypersensitivity, increased 
activity in central auditory pathways is expected. Clinical and experi
mental evidence support that SNHL reduces cochlear neural activity and 
paradoxically enhances central auditory activity, indicating an increase 
in central gain (Auerbach et al., 2014). Determining the origin of central 
gain enhancement is challenging due to the complex interconnected 
nature of the auditory system, but animal models indicate that central 
gain enhancement is generally largest at the inferior colliculus (IC) and 
at the AC at suprathreshold intensities (Popelár̆ et al., 1987). These 
changes in central gain levels are dynamic, and the magnitude and the 
cell types displaying central gain enhancement vary over time. The AC 
generally displays a fast gain increase after noise-exposure whereas the 
increase manifests later in the IC (Sun et al., 2008). These temporal 
changes in sound sensitivity are also observed in individuals with acute 
and chronic tinnitus (Umashankar et al., 2025).

Peripheral and central neural mechanisms contribute to loudness 
sensitivity and noise protection. Type II auditory nerves that innervate 
outer hair cells in the organ of Corti provide an input to the cochlear 
efferent system (Zhao et al., 2022). Mouse models lacking ATP-gated 
P2x7 receptors can impair type II spiral ganglion neuron efferent sup
pression leading to increase of active cochlear amplification and hearing 
hypersensitivity (Liang et al., 2025). Moreover, parvalbumin-expressing 
inhibitory neurons (PVNs) in the mouse AC regulate sound level and 
loudness perception. A mouse model of high-frequency noise exposure 
used to induce hyperacusis showed AC hyperactivity, PVN hypofunction 
and loudness hypersensitivity. Interestingly, a 40-Hz optogenetic PVN 
stimulation was able to enhance inhibition and desensitize loudness 
perception in the rodents (Clayton et al., 2025).

Noxacusis may be mediated by type II afferent fibers that are acti
vated by tissue-damaging noise and does not require glutamate release 
from inner hair cells. The detection of noise-induced tissue damage is 
termed auditory nociception (Flores et al., 2015; Liu et al., 2015). Other 
theories suggest that noxacusis may be related to dysfunction of the 
tensor tympani muscle and/or irritation of the trigeminal nerve (Noreña 
et al., 2018). To date, no human functional imaging studies have been 
performed to test these hypotheses, and these mechanisms have not 
been linked to the perception of sound-evoked pain in animals or 
humans. Similarly, no human functional imaging data are available for 
phonophobia.

In humans, functional MRI studies (Gao et al., 2015) and 

Table 3 
Diagnostic criteria for sound hypersensitivity disorder (SHD).

Criteria A through E are met:  

A. At least 5 episodes of sound hypersensitivity triggered by the same or similar sound stimuli1,2,3.
B. Signs and/or symptoms are reliably triggered by the same or similar sound stimuli4.
C. Signs and/or symptom severity do not significantly decrease after repeated exposure to the same or similar sound stimuli5.
D. Signs and/or symptoms lead to one or more of the following behavioral or emotional responses6. 

1. Modification of social activities to reduce sound hypersensitivity signs/symptoms7.
2. Avoidance of the sound stimulus that triggers symptoms8.
3. Aversive anticipatory emotions prior to exposure to the sound stimulus9

E. Signs and/or symptoms are not better accounted for by another disease or disorder.

Notes
1. Probable SHD can be diagnosed if two to four episodes have occurred. The temporal boundary of each episode is inherently defined by the duration of sound 
exposure rather than a fixed time window.
2. Sound hypersensitivity can be experienced with the following phenotypes: a) Loudness hypersensitivity (hyperacusis), b) Noxacusis (sound-induced ear pain), c) 
Misophonia, d) Phonophobia, e) Noise-induced cognitive symptoms to perform simple tasks. One or more sound-induced phenotypes can co-occur in the same patient.
3. Susceptibility to SHD from one type of stimulus may not predict reactions to other disparate types of stimuli.
4. Signs and/or symptoms triggered may include a) autonomic arousal, b) difficulties to performing cognitive tasks, c) headache and/or muscle tension.
5. An individual may be diagnosed with one or more sound hypersensitivity phenotypes.
6. Behavioral or emotional response usually occurs during sound exposure, but it may be observed before sound exposure as an anticipatory behavior. This anticipatory 
behavior is commonly observed in phonophobia associated with migraine.
7. Can be observed with any SH phenotype.
8. Usually observed in misophonia.
9. Can be observed in any phenotype.
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electrophysiologic studies (Smith et al., 2025) demonstrate increased 
sound-evoked activity in the central auditory system of individuals with 
sound hypersensitivity. However, most available studies are confounded 
by co-morbid tinnitus (Sedley, 2019). Conceptually, one would expect 
that tinnitus results from the addition of central noise in the auditory 
system, whereas loudness hypersensitivity results from multiplicative 
central gain (Zeng, 2020). However, experimental evidence for this 
model is still lacking. Instead, available human studies suggest that 
non-auditory areas such as the dorsal anterior cingulate cortex, amyg
dala and orbitofrontal cortex are involved in loudness hypersensitivity 
(Song et al., 2014;Gao et al., 2015;Fig. 1).

For misophonia, the neural signature overlaps with hyperacusis, but 
it adds the insula (Hansen et al., 2026; Kumar et al., 2017) and motor 
components (Kumar et al., 2021) to the picture. The amygdala and 
insula in combination with nucleus accumbens reflect the unpleasant
ness of a sound (Aldhafeeri, 2025).

In certain tinnitus patients, frequent or constant pain, often triggered 
or aggravated by everyday sound has been linked to tonic tensor 
tympani syndrome (Westcott, 2016), associated with hyper-reactive 
tensor tympani muscle with reduced contraction threshold (Fournier 
et al., 2022).

2.14. Genetic contribution to sound sensitivity

Tinnitus has a significant heritability, according to twin, adoptee, 
and familial aggregation studies, particularly in individuals with Euro
pean ancestry (Maas et al., 2017;Cederroth et al., 2019;Perez-Carpena 
et al., 2024). Genome-wide association studies have found several 
common variants with pleiotropic effects on tinnitus and hearing loss, 
but also distinct genetic variants not shared with hearing loss (Clifford 
et al., 2024). Conversely, severe tinnitus is associated with rare vari
ants in coding regions with a large effect size that support a different 
genetic structure (Amanat et al., 2021;Escalera-Balsera et al., 2023).

Although evidence to support sound hypersensitivity heritability in 
humans is limited, evidence from genetically modified animal models 
indicate that allelic variations in several hearing loss genes, leading to a 
partial loss of gene function, could be involved in hyperacusis suscep
tibility (L.-M. Liu et al., 2023;Gagliardini et al., 2025). Several mono
genic syndromes are commonly present with sound hypersensitivity, 
although the peripheral or central mechanisms have not been clearly 
defined. Sound hypersensitivity is a prominent symptom in Fragile X 

syndrome (FXS), the most prevalent monogenic cause of autism and 
intellectual disability. FXS arises through the loss of the protein encoded 
by the FMR1 (Fragile X Messenger Ribonucleoprotein 1) gene, FMRP, 
required for normal neural circuit excitability, and its loss is associated 
with audiogenic seizures (Möhrle et al., 2026). Williams-Beuren syn
drome is a severe multisystemic disorder caused by a large deletion on 
chromosome 7q11.23, which contains ~28 genes (ref). The condition 
shows a moderate to severe loudness hypersensitivity beninning in in
fancy in 35–84% of cases, and it is associated with the absence of 
contralateral acoustic reflexes (Silva et al., 2021).

On the other hand, common and rare variations have been associated 
with noise-induced hearing loss and tinnitus (Perez-Carpena et al., 
2024), and these genetic factors could also contribute to reduced LDLs 
and sound hypersensitivity.

2.15. Psychometric assessment

Several assessment tools have been used for sound hypersensitivity 
and misophonia (Scheerer et al., 2026), but none of them have been 
psychometrically validated and none are widely accepted. Both tinnitus 
and sound hypersensitivity phenotypes are continuous traits, and re
searchers have designed psychometric tools to quantify the 
health-related quality of life associated with tinnitus (Jin and Tyler, 
2022) or hyperacusis (Jahn, 2022a), such as the Tinnitus Handicap In
ventory (Newman et al., 1996), the Hyperacusis Questionnaire (Khalfa 
et al., 2002) or the GUF Noise Hypersensitivity Questionnaire (Nelting 
et al., 2002). With these tools, individuals located at both extremes of 
the phenotype distribution can be identified, including patients with 
severe tinnitus, a proxy of tinnitus disorder. Of note, tinnitus and 
hyperacusis are co-morbid in many cases, and further research will need 
to address shared and distinct features between severe tinnitus/tinnitus 
disorder and SHD.

2.16. Physiological assessment

Several objective methods have been proposed to assess loudness 
sensitivity such as auditory brainstem response (ABR), otoacoustic 
emissions (OAE) suppression, middle ear muscle reflex (MEMR), func
tional magnetic resonance imaging (fMRI) or functional near-infrared 
spectroscopy (fNIRS). Individuals with sound hypersensitivity often 
display a reduced wave I amplitude in the ABR (indicating cochlear 

Fig. 1. Proposed brain networks associated with the central auditory pathways linked to sound hypersensitivity phenotypes, with color-coded boxes for hyperacusis 
(loudness hypersensitivity, purple), misophonia (red), phonophobia (blue dotted) and noxacusis (green dotted). Abbreviations: A1, A2: auditory cortex areas; CNIC: 
central nucleus inferior colliculus; Shell IC: shell inferior colliculus; DCN: dorsal cochlear nucleus; MGBd, dorsal division medial geniculate body; MGBm, medial 
division medial genicular body; dACC: dorsal anterior cingulate cortex; MGBv, ventral division medial genicular body; OFC: orbitofrontal cortex; S1, S2: somato
sensory cortex; SC, superior colliculus; TCC: trigeminocervical complex; VCN, ventral cochlear nucleus. Dotted lines represent hypothesized networks, full lines 
represent literature-based networks. The color-filled boxes represent sound unpleasantness (Aldhafeeri, 2025).
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synaptopathy) associated with an enhanced wave V amplitude, illus
trating the increase in the central gain (Jahn, 2022b). The OAE sup
pression measure outer hair cell function while a noise is presented to 
the contralateral ear and assess the medial olivocochlear efferent 
response (Jahn, 2022b). These tests cannot be considered biomarkers 
since SNHL itself can produce similar findings and the concurrent of 
hearing loss and hyperacusis in most individuals make difficult its 
interpretation.

The strength of MEMR has been proposed as a subrogate of cochlear 
synaptopathy in individuals with noise-induced tinnitus and normal 
hearing (Wojtczak et al., 2017). The stapes reflex is triggered by loud 
sound increasing the stiffness of the ossicular chain and damping the 
transmission of low-frequency sound to the inner ear; however, MEMR 
testing in individuals with loudness or pain hypersensitivity should be 
used with caution since it may exacerbate symptoms, particularly in 
autistic spectrum disorders (Jahn, 2022b).

Among neuroimaging techniques, fMRI has a promising but still 
limited role in hyperacusis assessment; it can detect abnormal sound- 
evoked activity and connectivity in auditory and related brain net
works, but it is expensive, time-consuming and studies are still few in 
number (Wong et al., 2020)

The fNIRS is an emerging neuroimaging technique that uses infrared 
light to map metabolic and blood-flow changes within the auditory 
cortex in real time, capturing central hyperactivity. The test has been 
performed using auditory stimulation in individuals with tinnitus 
(Shoushtarian et al., 2020), (Shoushtarian et al., 2025), but its appli
cability in individuals with sound hypersensitivity has not been 
established.

2.17. Implications for diagnostic management and treatment

Despite research efforts, objective assessments of central auditory 
activity fail to distinguish between tinnitus and sound hypersensitivity 
phenotypes in humans (Smith et al., 2025), and diagnosis currently re
lies on reported symptoms alone. “Objective” measures of sound hy
persensitivity also fail to distinguish between SHD phenotypes. Even 
within a single phenotype, psychoacoustic methods of hyperacusis 
assessment (e.g., LDLs) are neither reliable, nor sensitive or specific 
enough for diagnosis since they only show limited correlation between 
symptoms of hyperacusis, or scores on severity questionnaires (Meeus 
et al., 2010;Sheldrake et al., 2015). Moreover, available experimental 

paradigms in animal models cannot effectively separate tinnitus and 
sound hypersensitivity, making it challenging to identify associations 
between these subjective symptoms and underlying pathophysiology.

We argue that sound hypersensitivity and SHD should be recognized 
as distinct neurobehavioral conditions, not merely symptoms of tinnitus 
or auditory dysfunction, requiring their own diagnostic criteria, mech
anistic models, and treatment strategies. Given the large co-occurrence 
between tinnitus and sound hypersensitivity phenotypes, it is essential 
to develop precise criteria for sound hypersensitivity and SHD. Fig. 2
present a clinical workflow to identify sound hypersentivity symptoms, 
define the phenotypes and eventually SHD. This distinction will facili
tate clinical and translational research in auditory and brain sciences. 
Adopting a global and multidisciplinary lens, we aim to spark a debate 
fostering collaboration and innovation in addressing this pervasive yet 
underappreciated condition.

With rising awareness of noise sensitivity and sensory processing 
disorders in both neurotypical and neurodivergent populations, clearer 
diagnostic boundaries could influence public health strategies, work
place accommodations, and access to treatment.

2.18. Future directions

We hope that by adopting and validating these proposed definitions 
of sound hypersensitivity and SHD in clinical and research practices in 
epidemiologic, neuroimaging, genetic and clinical research, we can 
facilitate progress in the following ways: 

− Establishing objective measures of sound hypersensitivity and 
tinnitus that can differentiate between both conditions and that can 
be used for sensitive diagnosis and monitoring.

− Determining the prevalence and the global burden of specific sound 
hypersensitivity phenotypes (i.e., loudness, pain, misophonia, pho
nophobia, noise-induced cognitive symptoms).

− Identifying widely effective, evidence-based treatments for each 
phenotype.

− Developing clinical protocols and guidelines for diagnosis and 
management of SHD.
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Möhrle, D., Ma, D., Xue, W., Yan, J., Cheng, N., 2026. Altered auditory maturation in 
fragile X syndrome and its involvement in audiogenic seizure susceptibility. Autism 
Res. Off. J. Int. Soc. Autism Res. 19 (1), e70152. https://doi.org/10.1002/ 
aur.70152.

Nelting, M., Rienhoff, N.K., Hesse, G., Lamparter, U., 2002. The assessment of subjective 
distress related to hyperacusis with a self-rating questionnaire on hypersensitivity to 
sound]. Laryngo- Rhino- Otologie, 81 (5), 327–334. https://doi.org/10.1055/s-2002- 
28342.

Newman, C.W., Jacobson, G.P., Spitzer, J.B., 1996. Development of the tinnitus handicap 
inventory. Arch. Otolaryngol. Head. & Neck Surg. 122 (2), 143–148. https://doi. 
org/10.1001/archotol.1996.01890140029007.

Noreña, A.J., Fournier, P., Londero, A., Ponsot, D., Charpentier, N., 2018. An integrative 
model accounting for the symptom cluster triggered after an acoustic shock. Trends 
Hear. 22, 2331216518801725. https://doi.org/10.1177/2331216518801725.

J.A. Lopez-Escamez et al.                                                                                                                                                                                                                     Neuroscience and Biobehavioral Reviews 188 (2026) 106796 

8 

https://doi.org/10.1080/14992027.2020.1855370
https://doi.org/10.1080/14992027.2020.1855370
http://refhub.elsevier.com/S0149-7634(26)00253-8/sbref2
http://refhub.elsevier.com/S0149-7634(26)00253-8/sbref2
https://doi.org/10.1186/s12868-025-00975-3
https://doi.org/10.1186/s12868-025-00975-3
https://doi.org/10.1016/j.ebiom.2021.103309
https://doi.org/10.1016/j.isci.2023.106299
https://doi.org/10.3389/fneur.2014.00206
https://doi.org/10.1177/014107680309601203
https://doi.org/10.1177/014107680309601203
https://doi.org/10.3390/jcm9082412
https://doi.org/10.3390/jcm9082412
https://doi.org/10.1001/jamaoto.2018.3852
https://doi.org/10.1016/j.neuron.2025.10.017
https://doi.org/10.1016/j.neuron.2025.10.017
https://doi.org/10.1038/s41467-024-44842-x
https://doi.org/10.1038/s41467-024-44842-x
https://doi.org/10.1016/bs.pbr.2020.12.002
https://doi.org/10.3389/fnhum.2013.00296
https://doi.org/10.3389/fnhum.2013.00296
https://doi.org/10.3390/genes15010022
https://doi.org/10.3390/genes15010022
https://doi.org/10.1016/j.cub.2015.01.009
https://doi.org/10.1016/j.heares.2022.108519
https://doi.org/10.1002/advs.202410776
https://doi.org/10.1016/j.neuroimage.2015.08.040
https://doi.org/10.1016/j.neuroimage.2015.08.040
https://doi.org/10.1002/hbm.70468
https://doi.org/10.1002/hbm.70468
https://doi.org/10.1044/2022_AJA-22-00035
https://doi.org/10.1121/10.0012684
https://doi.org/10.1121/10.0012684
https://doi.org/10.1121/10.0012684
https://doi.org/10.1121/10.0012684
https://doi.org/10.1121/10.0011694
https://doi.org/10.1121/10.0011694
https://doi.org/10.1016/j.jpain.2024.104741
https://doi.org/10.1044/2023_AJA-23-00118
https://doi.org/10.1044/2023_AJA-23-00118
https://doi.org/10.1001/jamaneurol.2022.2189
https://doi.org/10.1016/B978-0-444-62630-1.00021-4
https://doi.org/10.1121/10.0014699
https://doi.org/10.1152/physrev.00029.2003
https://doi.org/10.1152/physrev.00029.2003
https://doi.org/10.1159/000067570
https://doi.org/10.1523/JNEUROSCI.2002-22.2023
https://doi.org/10.1523/JNEUROSCI.0261-21.2021
https://doi.org/10.1523/JNEUROSCI.0261-21.2021
https://doi.org/10.1016/j.cub.2016.12.048
https://doi.org/10.1016/j.cub.2016.12.048
https://doi.org/10.1371/journal.pone.0005026
https://doi.org/10.1016/j.jpain.2009.06.012
https://doi.org/10.1016/j.jpain.2009.06.012
https://doi.org/10.1073/pnas.2421995122
http://refhub.elsevier.com/S0149-7634(26)00253-8/sbref37
http://refhub.elsevier.com/S0149-7634(26)00253-8/sbref37
https://doi.org/10.1126/sciadv.adf4144
https://doi.org/10.1038/gim.2017.4
https://doi.org/10.1016/j.heares.2020.108012
https://doi.org/10.3109/14992020903160868
https://doi.org/10.1002/aur.70152
https://doi.org/10.1002/aur.70152
https://doi.org/10.1055/s-2002-28342
https://doi.org/10.1055/s-2002-28342
https://doi.org/10.1001/archotol.1996.01890140029007
https://doi.org/10.1001/archotol.1996.01890140029007
https://doi.org/10.1177/2331216518801725


Pearsons, K.S., 1977. Effect of tone/noise combination on speech intelligibility. 
J. Acoust. Soc. Am. 61 (3), 884–886. https://doi.org/10.1121/1.381343.

Perez-Carpena, P., Lopez-Escamez, J.A., Gallego-Martinez, Á., 2024. A systematic review 
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