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ABSTRACT

Decreased sound tolerance (DST), including hyperacusis and misophonia, is one
of the most prominent and disabling sensory features in autism spectrum disorder (ASD) and has
significant consequences on the social, emotional, and cognitive functioning of these individuals. This
phenomenon occurs due to the overlap of multilayered mechanisms in neural pathways and has been
reported with high prevalence in individuals with ASD. This study aimed to review the literature on the
prevalence, neural mechanisms, assessments, and interventions related to DST in individuals with ASD.
[VETTELE This narrative review was conducted by searching for articles between 2000 and 2025 in
PubMed, Scopus, Web of Science, and Google Scholar. The search was performed by combining keywords
related to autism, sound sensitivity, DST, hyperacusis, misophonia, prevalence, neural mechanisms,
assessment, and interventions. After the initial screening, 91 studies were included.

[T DST is significantly more prevalent in the autism population than in the general population,
with hyperacusis (affecting approximately 27%-40%) and misophonia (affecting 12%—35% of individuals
on the spectrum). Investigation of mechanisms suggests increased central gain, an imbalance in
excitation/inhibition ratio, increased auditory cortex sensitivity, pattern changes in subcortical areas,
and involvement of the anterior insula and amygdala. Assessments also included questionnaires,
measurements of loudness discomfort levels, otoacoustic emissions, electrophysiological indices, and
imaging. Interventions included modified cognitive-behavioral therapy, sound therapy, environmental
modifications, and virtual/augmented reality technologies.

[@TEIERY DST in ASD is a multifactorial phenomenon that requires multidimensional assessment and
integrated interventions. Given its high prevalence and significant impact on functioning, future research
should focus on standardizing assessment tools, developing autism-specific treatment protocols, and
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Introduction

utism spectrum disorder (ASD) is a neu-

rodevelopmental disorder characterized

by abnormal sensory processing, includ-

ing decreased sound tolerance (DST), en-

compassing hyperacusis and misophonia.

These auditory sensitivities are among the
most disabling features in ASD, significantly affecting
emotional regulation, social participation, and daily func-
tioning. Hyperacusis involves exaggerated responses to
ordinary sounds perceived as excessively loud or painful,
whereas misophonia triggers intense emotional reactions
to specific sounds, such as chewing or breathing. Despite
their clinical importance, terminology and classifica-
tion remain controversial, and mechanisms underlying
DST are multifactorial. Thus, this study aimed to review
available evidence on the prevalence, neurophysiological
mechanisms, assessment tools, and treatment interven-
tions for DST in individuals with ASD.

Methods

A narrative review was conducted by searching PubMed,
Scopus, Web of Science, and Google Scholar for articles
published between 2000 and 2025. The keywords used
were autism, hyperacusis, misophonia, sound sensitiv-
ity, intolerance, prevalence, mechanisms, subjective and
objective assessment, loudness discomfort levels (LDL),
interventions, sound therapy, cognitive-behavioral therapy
(CBT), auditory integration, augmented reality/virtual re-
ality (VR/AR), central gain, mirror neurons, excitatory/in-
hibitory imbalance, and sensory filtering. After screening,
91 studies addressing prevalence, mechanisms, assessment,
or interventions related to DST in ASD were included.

Results

A meta-analysis showed that the prevalence of DST in
ASD ranges from 38% to 45%, significantly higher than
in the general population. Hyperacusis affects approxi-
mately 27%—-40% of individuals with ASD, and misopho-
nia affects 12%—-35% of individuals with ASD. Common
comorbidities include anxiety, obsessive-compulsive
disorder (OCD), attention deficit hyperactivity disorder
(ADHD), and sleep disorders.

DST typically manifests as hyperacusis or misophonia,
both of which are highly prevalent in ASD and linked to
shared neural mechanisms. Central gain theory suggests
that reduced inhibitory input to brainstem structures, such
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as the superior olivary complex, leads to compensatory
amplification of auditory signals in the inferior colliculus
and auditory cortex. Excitatory/inhibitory imbalance—
reduced GABAergic inhibition and increased glutama-
tergic excitation—further contributes to exaggerated
cortical responsiveness, consistent with neuroimaging
evidence of reduced gamma aminobutyric acid (GABA)
activity in the autistic auditory cortex. Increased cortical
sensitivity and altered subcortical activity have also been
documented; autistic individuals exhibit higher baseline
neural activity when perceiving stimuli, indicating height-
ened early sensory processing. Changes in auditory neu-
ral synchrony occur across subcortical and cortical levels.
Although most findings concern the auditory afferent
pathway, modulation by the efferent system, particularly
the medial olivary bundle, is also proposed.

Additional mechanisms include poor habituation, re-
flected in impaired sensory adaptation and persistently
heightened responses to repetitive stimuli. Limbic in-
volvement in misophonia links specific sounds to anger,
disgust, and autonomic arousal through circuits involving
the insula and amygdala. Developmental factors, such as
abnormal serotonergic signaling, reduce inhibitory af-
ferents, lowering auditory thresholds and amplifying dis-
comfort. The mirror neuron communication theory offers
another explanatory perspective.

Assessment of DST requires a multifaceted approach.
Subjective measures include specialized questionnaires
and caregiver or parent interviews documenting emo-
tional reactions, avoidance behaviors, and functional
impairments. Most studies rely on questionnaire instru-
ments, while the loudness discomfort level/ uncom-
fortable loudness level (LDL/UCL) test quantifies the
threshold at which sound becomes unpleasant. Objective
measures include otoacoustic emissions and acoustic re-
flex thresholds for evaluating acoustic sensitivity. Elec-
trophysiological tools, such as electroencephalography
(EEG) and event-related potential (ERP), provide insight
into cortical responsiveness, whereas neuroimaging high-
lights structural and functional abnormalities in auditory
and limbic regions. Despite these tools, the lack of stan-
dardized protocols, the absence of ASD-specific norms,
and the limited integration of emotional and sensory di-
mensions hinder diagnostic precision and longitudinal
monitoring.

Management of DST in ASD includes behavioral, audi-
tory, environmental, and technology-based interventions.
Modified cognitive-behavioral therapy (CBT), adapted
for sensory sensitivities, aims to retrain emotional ap-
praisals. Sound therapy and auditory desensitization use
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gradual exposure to controlled auditory stimuli to recali- Contflict of interest
brate central gain and improve tolerance. Environmental
strategies—noise-canceling headphones, soundproof- The authors declared no conflicts of interest.

ing, and predictable listening conditions—help reduce
overload. Auditory integration therapy has been applied,
though results remain inconsistent and controversial.
Technological advances, particularly virtual reality/aug-
mented reality (VR/AR) platforms, provide immersive,
customizable contexts for exposure therapy and sensory
training, enabling precise control over auditory and con-
textual variables.

Although short-term benefits are reported, long-term
efficacy and generalizability remain unclear. Many
interventions appear mainly in case reports, and few
large-scale studies have directly evaluated DST-specific
treatments. Future research should examine sustained
outcomes, tailor protocols for different ages and cognitive
levels, and integrate interventions into educational and
clinical settings.

Conclusion

Sound intolerance in ASD is a multifactorial condition
with high prevalence and substantial functional impact.
Hyperacusis and misophonia involve distinct but over-
lapping mechanisms associated with central auditory
gain, excitatory/inhibitory imbalance, cortical hyperre-
sponsiveness, and limbic activation. Assessment requires
combining subjective and objective measures, while
treatment should employ integrated behavioral, auditory,
environmental, and technological approaches such as vir-
tual reality. Future work should prioritize standardizing
diagnostic tools, developing ASD-specific intervention
protocols, and assessing long-term outcomes through
multidisciplinary collaboration among psychologists,
psychiatrists, speech therapists, occupational therapists,
and audiologists.
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19. Inferior Colliculus (IC)

20. Primary auditory cortex

21. The Superior Olivary Complex (SOC)
22. Poor habituation

23. GABAergic

24. Glutamatergic
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15. Limbic system

16. Auditory cortex

17. Central gain

18. Excitatory / Inhibitory; E / I Imbalance
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28. Medial Olivocochlear bundle .

29. Otoacoustic Emissions (OAEs)

30. Sensory Gating Dysfunction

31. Insular Cortex

32. Limbic system

33. Amygdala

34. Hippocampus
35. Salience to specific sounds
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25, Hyper serotonin
26. Electroencephalography (EEG)
27. Meganoencephalography(MEG)
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38. Hyperacusis Questionnaire (HQ)

39. Parent-report Hyperacusis Questitionnaire (P-HQ)
40. Hyperacusis Impact Questionnaire (HIQ)

41. Misophonia Questionnaire (MQ)
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36. Mirror Neuron System
37. Case history questionnaire and interview
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46. Contralateral suppression of OAEs
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42, Sound Sensitivity Symptoms Questionnaire (SSSQ)
43, Sensory Profile

44, Uncomfortable Loudness Levels (ULL)

45, Loudness Discomfort Levels (LDL)

o] i V31 3 1400 Jood 405 o o> a9


http://medrehab.sbmu.ac.ir/

o599 ¢ 2¥ly anmme anld 3 Ll (glao 4 ol Censl>
sl o a5 c;;ls‘)?s S ‘c,-'l-‘?g-‘? 6“’)-.’.“50'3'; P CE 4
Sylae 1 oyl (S oo o2l 3 W5ls 1) S 1 SG5elg00l
Wlgs oo 55 b das po slog38l55Ls 5l il oo 4 sl

Ive] ssl goie I3

(S olsSlsS aiile (ol LSl s 10 gl el 5

lappls Glyear gl addl plpnd 235 A2 o9l e
oty Ll ey 3s8Tmle s Jlail i3 by codled iyl
5 JOSal Vgl (25 0 Calad i ol pcsgdl VY]
b sl el o0l 155 55 S (gl sty il
Sorol e )3 gl (il 5 Sl 589,98 (Sl (o 2

5 ol
oy cHilia
sl g liboleys

Gl 5 b lee «plod i sl 6 SUS ey
55,5z o At e 531l sl 53
pleys cnloms oo (590l o alao 4y o a2 o
azg slag e dho e o)l el 9,
I i bt 5 (KKl pals 5 anedan
Jlo j0 ey ol o Sadl dalllas iz diils 3929 b5 jlo
VY 59y, Sy alzlow dadllas gl o ) Se g 1> Y-V
ey Eadils 5 SoeolisS dnie 3l Lighgpae (glyls o
3oalazul asals las 1y alslase olo ¥ 5l s (5,8, 5Ll
)30 e 395 e (layd 50 (6,18, 2Lt ey b,
ey oas il 5,80 g, e o 5T IVE] ol aid 3 | Sasos
o388 e leys sl 1) S Selgal lawgs (6518, S5l
S5y 32 LIS D jg.00 45 (Gan SRo% )3 9 NS (Byee
Dl 3 609 b1y (s, (nl (o253l ploxdl lac PA
5 e Db msSTmle Geje Sl slaasl te
Ivol wols (les g par SUT ol

u*”)?s Ll 0loyo 3o g (ool u"?*"-’ P

s L ol cyfie pobods a5 slaalllae sl b 355 0
Sl dalllas o5y 45 o Sed 5 5ol Lol 3 S92y S
8 il b Plor oy o 8,508 oy S
VP 3l am oS ws)S pw)p 1) iy 5o Shkdl lejen
sl el o o Baile O3l iy ol b oleys axan
IVAL wis samlie s 55 3o ol 40 cots 932 &5
G 6990 axdllan S5 53 ) SCen 5 g IS VA TY L o
eliie a5 g 8, 3 (Lo oo Ly (sladns dis,S
il wilgs oo g o b a6l S, lasls b

51. Cognitive Behavioral Therapy (CBT)
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47. Stapedial or Acoustical Reflex Threshold (SR or AR)

48. Auditory Evoked Potential (AEP)

49. Auditory Brainstem Response (ABR)

50. Ocular Vestibular Evoked Myogenic Potential (OVEMP)
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56. Virtual Reality (VR)
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52, Habituation Training
53. Tinnitus Retraining Therapy (TRT)
54, Counseling
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