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Association between autism spectrum disorder an

changes in the central auditory processing in children
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SUMMARY

OBJECTIVE: To verify the scientific evidence on the association between Autistic Spectrum Disorder and Central Auditory Processing
Disorder in children, aiming to answer the following research question: What is the association between Autistic Spectrum and Alteration
of Auditory Processing in Children?

METHODS: Studies were chosen through the combination based on the Medical Subject Heading Terms (MeSH): [(auditory processing)
and (children) and (autism) and (neurological disorders)]. The MEDLINE (PubMed), LILACS, and SciELO databases were used. The analyzed
papers covered a ten-year period, from 2010 to 2020. We selected descriptive, cross-sectional, cohort, and case studies. We evaluated
the quality of the papers, which had a minimum score of six in the modified scale of the literature.

RESULTS: 126 papers were retrieved after the exclusion phase, and 17 of them followed the inclusion criteria. Only two papers answered
the guiding question with audiological results.

CONCLUSIONS: Patients diagnosed with autistic spectrum disorder may have disturbance central auditory processing, considering that
changes were found both in absolute and interpeak latencies in the brainstem evoked response audiometry, as well as in latency and
laterality of the N1c wave amplitude. In addition, there were changes in the assessment behavioral auditory processing. Thus, disturbance

d

I

central auditory processing is common in children with autistic spectrum disorder.
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INTRODUCTION

Autistic spectrum disorder (ASD) is defined as a neurodevel-
opmental disorder, characterized by communication and social
interaction difficulties and repetitive or restricted behaviors
and/or interests’. The prevalence of ASD has increased sig-
nificantly over the past 20 years. New statistical figures pub-
lished by the United States Centers for Disease Control and
Prevention (CDC) show a prevalence of one autistic person
for every 54 children aged eight years®.

Among the alterations observed in children with ASD, lan-
guage is a very important field of interest. In view of the need for

the integrity of the auditory pathway from its peripheral to central

portion for proper linguistic development, changes in this pathway
result in damage to both language acquisition and its functional use’.

The set of skills and tasks necessary for individuals to under-
stand what they heard is called central auditory processing (CAP).
It encompasses operations performed by the part of the central
nervous system (CNS) responsible for analyzing, discriminating,
and decoding the sound captured by the ears, thus transform-
ing acoustic energy into an entity with meaning. Individuals
with ASD can present alterations in their auditory abilities from
perceptual disturbances and difficulties in the communicative
abilities associated with such condition. These can culminate

in low performance of acoustic information processing in the
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central auditory nervous system (CANS), that is, resulting in
a disturbance central auditory processing (DCAP).

Structural and functional abnormalities that contribute to
impaired auditory processing are described in individuals with
ASD*. In addition, hearing complaints in children with ASD
may be considered part of a higher-order cognitive disorder’.
Based on the description of auditory problems associated with
ASD, the present research has the main and guiding objective
of verifying the scientific evidence on the association between
ASD and DCAP in children. This paper aims to answer the
following research question: “What is the association between
ASD and auditory processing alterations in children?”.

METHODS

Search strategy

We conducted a systematic review according to the recommen-
dations of the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA)® guidelines. Two independent
researchers searched for scientific papers in the electronic databases
MEDLINE (PubMed), LILACS, SciELO, and BIREME from
January 2010 to March 2020. The research was structured and
organized in the Target population, Intervention, Comparison,
Outcomes and Study (PICOS) format (Table 1). Considering the
objective of this research, the acronym CONTROL was not
used, as it is not applicable.

The keywords were selected from the Health Sciences
Descriptors (DeCS) and Medical Subject Heading Terms (MeSH),
given their extensive use by the scientific community for indexing
articles in the PubMed database. Several keywords and Boolean
operators were used for the searches, including (auditory pro-
cessing and children and autism and neurological disorders),
(auditory processing and children and autism and neurological
disorders) and randomized controlled trial [pt] OR controlled
clinical trial [pt] OR randomized controlled trials [mh] OR

Table 1. Description of the components of PICOS.

P Child diagnosed with autism

| Speech-language-hearing therapy

C Autism Spectrum Disorder

Disturbance central auditory processing

Descriptive study
S Cross-sectional study
Observational study

Source: developed by the authors. P: population/patients; I: intervention;
C: comparison/control; O: outcome; S: study.

random allocation [mh] OR double-blind method [mh] OR
singleblind method [mh] OR clinical trial [pt] OR clinical trials
[mh] OR (“clinical trial”[tw]) OR ((singl*[tw] OR doubl*[tw]
OR trebl*[tw] OR tripl*[tw]) AND (mask*[tw] OR blind*[ew]))
OR (“latin square”[tw]) OR placebos [mh] OR placebo* [tw]
OR random* [tw] OR research design [mh:noexp] OR follow-up
studies [mh] OR prospective studies [mh] OR cross-sectional
studies [mh] OR control* [ew] OR prospective* [tw] OR vol-
unteer* [tw]) NOT (animal[mh] NOT human[mbh]).

The two independent authors identified papers through
an electronic search and then organized and reviewed them
for duplication. Subsequently, their titles were independently
analyzed. Papers that did not meet any inclusion criteria were
excluded. In sequence, the abstracts of the papers selected in
the second step were examined. Papers that did not contain
characteristics of the question to be answered were excluded.

Selection criteria
We selected descriptive, cross-sectional, cohort, and case stud-
ies. Publications were included without any restrictions on
language or location. The search comprised the period from
January 2010 to March 2020. Studies published in the format
of letters to the editor, guidelines, literature reviews, systematic
reviews, meta-analyses and abstracts, in addition to publica-
tions prior to the year 2010 were excluded. Table 2 represents
the inclusion and exclusion criteria for this paper. The studies
included patients aged up to 12 years old.

Table 2. Summary of the inclusion and exclusion criteria.

Inclusion criteria

Case reports
Case-control studies
Controlled clinical trials
Cohort studies
Screening studies
Observational studies

Design

Place No restriction

Language No restriction

Exclusion criteria

Letter to the editor
Guidelines

Design Literature reviews
Systematic reviews
Meta-analyses
Studies Unclear, poorly described,

or inadequate

Abstract alone

Form of publication

Source: developed by the authors.
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Data analysis

Data extraction for the eligibility process was performed using
a form prepared by the researchers in the Excel program, in
which the extracted data were initially added by one of the
researchers and then checked by the other. For data obtained
from the eligible studies, these data were also transferred to a
spreadsheet in the same program in order to organize the results
as described in Figure 1.

Subsequently, we verified the methodological quality of
the included papers. The resulting score was marked using a
protocol for qualitative scoring of the selected studies that was
modified based on the literature with scores categorized as of
high (between 13 and 11 points), moderate (between 10 and

six points), and low (below six points) quality. The included
studies were classified as high quality since they scored 26.
The protocol for qualitative scoring was proposed by Pithon
et al.” and modified by the authors.

RESULTS

One-hundred twenty-six publications were obtained from the
keywords. After the exclusion because of duplication, 125 papers
remained, of which 108 were excluded after the titles were read.
After the initial evaluations, 17 abstracts were reviewed and three
complete papers were analyzed from them, of which two were

included for answering the guiding reserach question. These two
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Figure 1. Flowchart of the search, selection, and distribution of the papers.

158

Rev Assoc Med Bras 2021;67(1):156-162



Goncalves, L. F. et al.

papers are descriptive and were developed by researchers from
the University of Alexandria, Egypt, which will be referenced
according to the chronological order of publication.

The study carried out by Azouz et al.%, in which 30 chil-
dren were diagnosed with ASD, aged between 3 and 7 (76.7%
males and 23.3% females), was included. It aimed to analyze the
auditory profiles at different levels of the auditory system and
to verify the role of auditory processing disorder as an essen-
tial pathology or an associated comorbidity of autistic disor-
der. Such study also aimed to establish the correlation between
the results of the CAP and the language delay in these cases.

Researchers considered the CAP disorder as consisting of
two main components: subcortical and cortical. The subcortical
component was studied using the brainstem auditory evoked
potential (BAEP), while the cortical one was assessed by the N1
wave response. Although the N1 response is one of the manda-
tory components of cortical auditory responses, the study of the
N1 wave response parameters, especially their latency, provided
the authors with a marker for CAP. The researchers found that
40% of the participants with ASD were hyper-responsive to
auditory stimuli according to the sensory checklist for auditory
skills. Furthermore, they verified the absolute latency of the
V wave of the right ear and I wave of the left one. Interpeak
latencies I-V and III-V of both ears significantly increased in
children with ASD. When comparing the latency of the Nlc
wave of children with ASD with normative data obtained in
15 children aged 2 to 7, the researchers investigated the abso-
lute latency of the N1c wave that was significantly prolonged
in the autistic group in both ears, in addition to the amplitude
of this larger wave on the right side. Based on these findings,
the authors concluded that DCAP is an essential pathology of
autistic disorder; therefore, these children have an immature
SNAC or dysfunction at the brain and cortical trunk levels®.

A study developed by Kozou et al.” was carried out with 30
children diagnosed with ASD, aged between 7 and 12 (16.6%
females and 83.3% males). It aimed to evaluate various CAP
skills in addition to verifying the auditory training effectiveness
in these children. In that study, all participants demonstrated
normal peripheral hearing levels with medium pure tone thresh-
olds and word recognition thresholds of 25 dB or less in addition
to normal middle ear function. The authors used the dichotic
digit test (DDT) to assess the auditory skills that correspond to
the test and showed that 14 children with ASD (46.7%) obtained
normal scores in comparison with the normal data of children
with typical development, two (6.7%) had poor performance
in both ears, eight (26.7%) had a greater advantage in the right
ear together with deficits in the left ear, and six (20%) showed
deficits in the right ear together with a reversal of the advantage
in the ear; these six children were left-handed’.

159

The CAP-related skills in children with ASD ranged from
completely normal to substantially defective and generally lower
than those of children with typical development. Auditory train-
ing has been shown to be effective in improving dichotic deficits
and other untrained areas of auditory and language processing
skills, in children with ASD?. Table 3 summarizes information
regarding each study, author(s), year of publication, location,
objective, type of study, sample number, age group, tests used
to assess the CAD, results, and conclusion. The total sample,
based on the sum of the number of individuals from the two
selected studies, was 60 participants. Their ages ranged from
3 to 12 years old, and the majority were male.

DISCUSSION

The present research aimed to verify the possible relationship
between ASD and DCAP in children. In studies that analyzed
the portion of the children diagnosed with ASD, we found
that these children presented some alterations in the CAD.
These findings were validated by the increase in the absolute
latencies of waves I and V in at least one of the ears, in addi-
tion to an increase in interpeak latencies IV and III-V and
prolongation of the absolute latency of the N1c wave in both
ears®. In addition, the scores for CAP-related skills as assessed
by DDT ranged from normal to substantially defective and
were generally lower than those obtained in individuals with
typical development’.

Based on these findings, it is noteworthy the importance
of developing papers that seek to verify scientific evidence and
elucidate the association between ASD and DCAP, especially in
children who need anatomical and functional integrity of the
auditory pathway for satisfactory linguistic development. It is
believed that DCAP may be related to neuropsychiatric dis-
orders, such as ASD, as the auditory function has clinical and
neurophysiological similarities with this disorder'’. Thus, we
investigated the hearing ability and conditions of children diag-
nosed with ASD, in which the BAEP was one of the procedures

10-12

used by some researchers'®'?, and it was also demonstrated in

one of the selected studies®.

Azouz et al.? found BAEP results from children with ASD
that presented considered compatibility with the immaturity of
the SNAC or with dysfunction in the brain and cortical trunk
levels, corroborating with the results found by Kwon et al.'’.
These authors suggested that all children with interpeak pro-
longed latencies I1I-V, especially those with high functioning
ASD, should be further evaluated for CAP in order to estab-
lish a more appropriate treatment plan. Literature reports on
the use of BAEP to estimate the risk of ASD have described

that this test is routinely performed on newborns who show
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significantly prolonged latencies and that are later diagnosed
with ASD, regardless of their hearing thresholds. This find-

ing suggests that abnormal responses can be detected soon

results concerning children that underwent BAEP and were

diagnosed with ASD describe prolongation, shortening, and

absence of abnormalities in the neurotransmission of audi-

after birth®. In contrast, literature reports with contradictory tory information'*".
Table 3. Summary of the included papers.
Sample
AL Objective size/Age Exams Results Conclusion
Year/ Place
group
To study the - 40% of the
auditory profile participants with ASD
at different were hyperresponsive
levels of the to the auditory stimuli,
audltqry systgm ac.cotdmg to the {agdltpry The CAP disorder
in patients with skills” sensory verification . .
. : i is an essential
ASD; to verify list. atholoav in
the role of the — Absolute latencies and pe 9y
; . autism disorder.
CAP disorder prolonged interpeak X .
; . ) ) ) Patients with
¢ | asan essential intervals: VV (RE); | (LE); I-V . .
Azouz et al &, holoav i . n=30/7 to d both autism either have
2014, Egypt pqt ology in Descriptive 12 years ol BAEP and llI-V (both ears). s et
! autism disorder — Absolute latency of the )
g L or immature
or an associated N1c wave significantly
- ; CANS or present
comorbidity, prolonged in the group .
: : S a dysfunction at
and to establish with autism, in both ears. .
) the cortical and
a correlation — Greater N1c wave brainstem levels
between the amplitude on the right |
findings in the side in individuals with
CAP and the autism and on the left
language delays side in children with
in these cases. typical development.
The scores
achieved by those
with ASD in the
CAP skills ranged
from normal
o to changed
_ (o)
This study was 46.'7 7 of |nd|_V|duaIs (different degrees
with ASD achieved 7.
conducted to of abnormalities)
) normal scores. :
assess various and were, in
A —6.7% had a poor
CAP skills in . general, lower
individuals oS i bedh s, than in individuals
Kozou et al.?, . _r n=30/3to 7 —26.7% had a greater . X
with ASD and | Descriptive DDT . . with typical
2018, Egypt years old advantage in the right
to assess the . o development.
) ear, along with deficits in ) )
effectiveness With the auditory
of auditory s i ear. . training, the
T — 20% had deficits in the e
training in right ear, along with a participants
them. 9 ! diagnosed with

reverted ear advantage.

ASD improved their

dichotic deficits,

as well as other
untrained auditory
skill and language
processing areas.

ASD: autism spectrum disorder; CAP: central auditory processing; n: number in the sample; BAEP: brainstem auditory evoked potentials; RE: right ear;
LE: left ear; V: BAEP V wave; |: BAEP | wave; I-V: BAEP |-V waves interpeak interval; IlI-V: BAEP Ill-V waves interpeak interval; DDT: dichotic digits test.
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Sixteen individuals with ASD (research group) and 25 with typ-
ical development (Control Group), aged between 8 and 20 years,
underwent a basic audiological evaluation in addition to BAED
which found middle latency evoked potential (PEAML), and cog-
nitive auditory evoked potential (P300). All participants had nor-
mal hearing thresholds, and ASD individuals showed changes in
BAEP and P300, suggesting impairment of the auditory pathway
in the brainstem and subcortical and cortical areas'”. Several other
studies that investigated CAP in individuals with ASD also used
concurrent electrophysiological measures, consisting mostly of mis-
match negativity (MMN) and P300 changes in wave morphol-
ogy'®®. Furthermore, a recent literature review found deteriora-
tion in speech perception and expression in patients with ASD,
which may also be related to CAP disorders®.

For individuals with ASD, the ability to accurately process and
interpret auditory information is often difficult. Abnormalities
are diverse, ranging from the atypical perception of various low-
level perceptual characteristics (tone and volume) to the pro-
cessing of more complex auditory information, such as prosody.
These individuals are more likely to present auditory processing
deficiencies during complex auditory information processing,
which are more serious for speech stimuli than for non-speech
stimuli®. Another result refers to the N1 amplitude that indi-
cates secondary auditory cortex activation, which was shown
to be greater on the right side in children with ASD, while in
typical ones, it is usually greater on the left side®. In children
with ASD, the greater the amplitude of the N1c wave on the
right side, the higher the language score, demonstrating that
the right hemisphere was the dominant one in the auditory
stimuli processing by autistic children.

Kozou et al.’ found that the CAP-related skills in children with
ASD ranged from normal (46.7%) to substantially altered and were
generally lower than those of children with typical development.
Results compatible with normality, both in behavioral assessment
and in electrophysiological hearing assessment using BAED, were
also found in a national study conducted with nine individuals
with ASD¥. Normal findings based on BAEP had already been
reported in the literature in individuals with ASD'*%.

In their research, Kozou et al.? evaluated CAP using TDD,
which is a behavioral exam. They verified results from a previ-
ous literature paper, in which the same test was used to evaluate
three children with ASD and found that one participant (left-
handed) presented a deficit in the right ear in relation to the
left ear, and the two right-handed participants demonstrated
bilateral deficits in TDD?. In a recent study carried out with a
14-year-old teenager who had been diagnosed with ASD, the
researchers evaluated CAP by means of behavioral and elec-
trophysiological exams. In it, the behavioral assessment con-
sisted of the compressed speech (CS), random gap detection

test (RGDT), staggered spondaic word test (SSW), frequency
and duration pattern tests (TPF and TPD, respectively), and
the electrophysiological evaluation performed with the P300.
The individuals in this study presented alterations in the audi-
tory abilities of closing, figure-ground, and temporal ordering, in
addition to an increase in the latency of the P300 component®.

A lack of studies investigating CAP via behavioral examina-
tions was proposed and performed in one of the texts selected
for the development of the present paper’. It is believed that
the complexity and subjectivity of the CAP behavioral tests
justify the lack of studies using these procedures in children
diagnosed with ASD.

However, these tests may be performed at least in children
with high functioning or mild degrees of ASD. Studies suggest
that these methods may provide valuable information regarding
the nature and extent of this disorder and altered auditory skills,
in order to establish an intervention program and optimize the
linguistic development of the affected children. Studies have
shown an improvement in hearing skills in children and ado-

lescents with ASD after auditory training>”?.

CONCLUSIONS

Based on the evidence found in the literature, an association
between ASD and DCAP is believed to exist since changes were
found both in absolute and interpeak latencies, according to
the BAEP in addition to the latency and laterality of N1c wave
amplitude and changes in the PAC behavioral assessment as
found through TDD. Thus, DCAP proves to be an essential
finding in children with ASD, whether due to the immaturity
of the SNAC or a dysfunction at the brain and cortical trunk
levels, thus affecting the processing and interpretation of audi-
tory information and, consequently, linguistic development.

There is still a shortage of studies that investigate CAP through
behavioral examinations. Such studies would provide valuable
information regarding the nature and extent of the disorder
and the altered hearing skills, in order to guide an intervention
program and optimize development of the affected children.
Therefore, further studies concerning the proposed theme are
necessary in order to elucidate the relationship between ASD
and DCAD, especially in children, which depend on the ana-
tomical and functional integrity of the auditory pathway for a
satisfactory linguistic development.
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