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Abstract Introduction Individuals with autism spectrum disorder (ASD) have abnormalities in
auditory perception and sensitivity. The mismatch negativity (MMN) component
of the evoked potential demonstrates a brain detection response to an auditory
change due to memory, and enables the identification of changes in the auditory
system.
Objective To analyze MMN responses in children and adolescents with ASD and
compare them with those of a control group.
Methods Cross-sectional and comparative study. The sample was composed of 68
children and adolescents, divided into study group (SG), which contained those
diagnosed with ASD, and the control group (CG), which contained those with typical
development, normal hearing thresholds, and without hearing complaints. All
participants were submitted to peripheral and central electrophysiological auditory
evaluations. For the electrophysiological auditory evaluation and MMN recording,
the electrodes were fixed in the following positions: Fz (active electrode), M1 and
M2 (reference electrodes), and on the forehead (ground electrode). Auditory
stimuli were presented in both ears simultaneously, with a frequency of 1,000 Hz
for the frequent stimulus, and of 2,000 Hz for the rare stimulus, in an intensity of
80 dBNA.
Results Latency and amplitude values were increased in the SG, with a statistically
significant difference in comparison with the CG. In the MMN analysis, there was no
statistically significant difference in the comparison between right and left ears and
between genders.
Conclusion Children and adolescents with ASD had higher latency and amplitude
values in the MMN component than the individuals in the CG.
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Introduction

Autism spectrum disorder (ASD) is characterized by deficits
in communication and social interaction in several contexts,
especially in social reciprocity, in non-verbal communication
behaviors used for social interaction, and in the ability to
develop, maintain and understand relationships. Individuals
with this diagnosis also have restricted and repetitive pat-
terns of behavior, interests or activities.1–3 The current
prevalence of this disorder in the United States is of 1:59
cases, while in the world it is estimated to be 1:100.2,4 In
Brazil, epidemiological studies have been conducted, which
have detected prevalences of 0.3%5 and 1%.6

Since the communication and language impairments are
important clinical manifestations in ASD, central disorders
that may interfere in such skills must be investigated.
Therefore, it is valid to study the central auditory system,
as disturbances related to the processing of auditory infor-
mation have been understood of the causes of language
development disorders. Some studies,7–9 for instance, sug-
gest that alterations in auditory processing skills can con-
tribute to clinicalmanifestations of inattention and difficulty
in developing and understanding language. Hence, it is
recommended that objective and non-invasive assessments
of the central auditory system be performed to identify
potential abnormalities earlier.10 These tests can provide
an accurate diagnosis and result in an effective intervention,
which will contribute to improve the quality of life of these
individuals, especially as regards to the level of function-
ing.10–13 From this vantage point, the electrophysiological
assessment of hearing, which provides objective measure-
ments of neuroelectric activity from the auditory pathway in
response to an acoustic stimulus, is a viable resource.

Long-latency auditory evoked potentials (LLAEPs) are
electrophysiological tests that provide measures from the
cerebral cortex and have the advantage of enabling the
assessment of patients in whom the performance of behav-
ioral evaluations is difficult.14–16 Among the LLAEPs, mis-
match negativity (MMN) is also highlighted, once it
demonstrates a brain detection response to an auditory
change due to memory. This detection is independent of
the attention of the subject to the sounds heard in the
examination: the answer is passive, and not dependent on
behavioral reaction.17,18 The test shows a correlation be-
tween automated processes and higher-level cognitive func-
tions in the auditory cortex, and it has paradigms that are
used to identify many issues. Therefore, it enhances the
understanding of the main neuropsychiatric and neurologi-
cal diseases, such as the mechanism behind neurodevelop-
ment disorders.19

Studies9,20–24 testingMMN in children and/or adolescents
with ASD using different paradigms, methodologies, and
conclusions have been conducted. However, according to
the surveyed literature, there is a lack in studies in Brazil
specifically on the MMN results in ASD; there are only
studies with other LLAEP tests in these children.25–27 Thus,
the present study is justified, as it is intended to be a
complementary source to the knowledge on the central

auditory system and its abilities in individuals with ASD,
and due to the importance in terms of epidemiological data
of studies with local samples.

The objective of the present study was to describe MMN
responses in children and adolescents diagnosed with ASD,
and to analyze the values of MMN latencies and amplitudes
in this population and compare these results with a control
group of typically developing children without any hearing
complaints.

Methods

The present is an experimental, cross-sectional, observation-
al, and comparative study. It was approved by the institu-
tional Ethics in Research Committee under process number
77900517.2.0000.5334. The procedures of the present study
were performed at Núcleo de Estudos em Eletrofisiologia da
Audição at Universidade Federal do Rio Grande do Sul
(UFRGS), after the parents or legal guardians of the patients
signed an informed consent form.

Population
The sample was composed of 68 individuals divided initially
into 2 groups: the study group (SG) and the control group
(CG). The CG was composed of 51 individuals. The SG was
composed of 17 children and adolescents aged between 7
and 17 years, previously diagnosed with ASD by pediatric
neurologists, who attended the Neuropediatrics and Autism
Unit of a reference hospital in the city of Porto Alegre, Brazil.
The diagnosis was established by applying the Autism
Screening Questionnaire (ASQ),28 which consists of ques-
tions directed to parents, who answer them based on their
observations of their children’s behavior. This questionnaire
is typically used to track invasive developmental disorders,
and it provides an operational diagnosis that is based on
scores on the following observed behaviors items by: recip-
rocal social interaction; language and communication; and
repetitive and stereotyped patterns of behavior.28

The CG was composed of children and teenagers aged
between 7 and 17 years, with normal development, normal
school performance, normal hearing thresholds, MMN data
considered normal according to reference values, without
any hearing complaints or language disorders, matched by
gender and age with the SG. The data on the CG came from
the database records of Núcleo de Estudos em Eletrofisiolo-
gia da Audição, and these individuals were triply pairedwith
the SG in relation to age and gender.

Subsequently, both groups were subdivided into children
(aged between 7 and 11 years) and adolescents (aged be-
tween 12 and 17 years). Thus, there were four groups.

The inclusion criteria were:

• Hearing thresholds lower than 15 dBNA29 for all frequen-
cies evaluated;

• Tympanogram tracing type A and presence of acoustic
reflexes in both ears;30,31 and

• Absence of history of genetic syndromes and associated
neurological diseases.
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Instruments
The following procedures were performed:

a) Anamnesis: it was performed to collect general data, as
well as the medical, otorhinolaryngologic and hearing
history. At this moment, we asked if the child exhibited
symptoms of auditory hypersensitivity. We also
explained the informed consent form, and it was
signed.

b) Meatoscopy: a first inspection of the external acoustic
meatuswasperformedwith aWelch Allyn (Skaneateles
Falls, NY, US) otoscope, to rule out interference factors
(presence of cerumen and/or of strange bodies) for the
following evaluations.

c) Acoustic immittance measures: they were researched
to verify the functioning of the middle ears using an
AT235h impedance audiometer (Interacoustics, Mid-
delfart, Denmark). The static and dynamic compliances
were identified, and the tympanogram was drawn
and classified according to the classification proposed
by Jerger.30,31 Ipsilateral and contralateral acoustic
reflexes were investigated in the frequencies of
500Hz, 1,000Hz, 2,000Hz and 4,000Hz in both ears.

d) Pure-tone audiometry: it was performed to check the
peripheral hearing in an acoustically-treated booth,
using headphones and a Harp model audiometer
(Inventis, Padiva, Italy). The hearing thresholds of the
frequencies of 250Hz, 500Hz, 1,000Hz, 2,000Hz,
3,000Hz, 4,000Hz, 6,000Hz, and 8,000Hz were inves-
tigated by air-conduction, while those of the frequen-
cies of 500Hz, 1,000Hz, 2,000Hz, 3,000Hz, and
4,000Hz, by bone-conduction.

e) Transient evoked otoacoustic emissions: the response
of this test was automatic, to assess the estimated
hearing threshold of both ears in the frequencies of
1,000Hz, 2,000Hz, 3,000Hz, and 4,000Hz. To perform
this examination, click stimulus was used with the
Titan equipment (Interacoustics). And as the analysis
criterion, we considered the presence of response
when the signal-to-noise ratio was � 6dB in at least
3 consecutive frequency bands, with mandatory pres-
ence at 4,000Hz, and reproducibility � 75%.

f) Vocal audiometry: performed with the Speech Recog-
nition Percentage Index (SRPI) and the Speech Recog-
nition Threshold (SRT). The patient should repeat the
words presented and/or point to the requested figures.
To perform the SRPI, 25 monosyllabic words were
presented, at an intensity of 40 dBNA above the pure-
tone average value of the airway thresholds, in each ear.
To perform the SRT, the initial intensity used was the
same as that of the SRPI, but it was gradually reduced
until reaching a level of intensity in which the patient
could understand and be able to correctly repeat 50% of
the trisyllabic words presented.

g) Auditory evoked potential MMN: recording was per-
formed in an acoustically- and electrically-treated
room, with the individual awake and sitting on a
comfortable chair. Children and adolescents were

told andmotivated towatch a videowithout any sound
on a tablet during the procedure. The equipment used
to carry out the exam was the ATC Plus Masbe (Con-
tronic, Pelotas, RS, Brazil). The examiner cleaned the
patients’ skinwith a skin prep gel (Nuprep, Weaver and
Company, Aurora, CO, US) and common gauze. Subse-
quently, silver electrodes were placed with an electro-
encephalogram (EEG) conductive paste (Ten20,
Weaver and Company) andmicropore tape. The ground
electrode was placed on the forehead; the active elec-
trode (Fz), near the scalp; electrode M1was positioned
on the right mastoid, and M2, on the left mastoid.
Finally, earphones were placed in both ears. The elec-
trical impedance was lower than 5 Ω on each ear, and
the difference among the three electrodes did not
exceed 2 Ω. After the impedance measurement, EEG
scanning was performed to capture spontaneous brain
electrical activity to identify artifacts that could inter-
fere in MMN results. The survey respondents were told
not to tighten the limbs or cross their legs and arms
throughout the procedure.

For the MMN recording, several equal auditory stimuli
(frequent stimulus) were presented in short time intervals,
alternated by stimuli that differed in frequency (rare stim-
ulus). The parameters used for the MMN recording were the
binaural and simultaneous presentations of tone burst
auditory stimuli, with a frequency of 1,000Hz (for 50 cycles)
for the frequent stimulus, and of 2000Hz (for 50 cycles) for
the rare stimulus, in an intensity of 80 dBNA for both. On
average, 300 stimuli were presented, and the oddball para-
digm in use was 90/10, with alternating polarity. During
acquisition, the full scale was of 200 µV; the high-pass filter,
of 1Hz; the low-pass filter, of 20Hz; Notch - YES; 90% noise
limit; the time window, of 500ms; and the tracing ampli-
tude, of 7.5 µV;

The registration protocol used for the MMNwas based on
that of another study32 that used the same equipment and
tested individuals with the same age as those in the SG of the
present study. It should be noted that, to provide greater
reliability to the analysis, the test was performed at least
twice in each ear to register the results and ensure the
reproducibility of the waves. After that, we analyzed the
latency values, classifying them as delayed or not; the
amplitude values, which were classified as reduced or in-
creased; and themorphologyof theMMNwaves, whichwere
classified as appropriate, abnormal, or very abnormal, based
on the difficulty to identifying their peaks.33 For wave
marking, the subtraction of the tracing corresponding to
frequent stimuli from the tracing corresponding to rare
stimuli was considered. The latency marking was made in
the highest negative peak observed between 100ms and
250ms, after the N1 component. To identify the amplitude,
the baseline (point zero) was considered as the starting point
until the greatest deflection, recognized as the MMN. To
ensure greater reliability of the analyses, the electrophysio-
logical records were performed at different moments by two
evaluators with experience in electrophysiology, and the
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results were considered valid only when there was agree-
ment between the evaluators.

In the present study, the numerical variables were
expressed as means and standard deviations, while the
categorical variables, as absolute and relative frequencies.
The Shapiro-Wilk test was used to evaluate normality, and
the Levene test, to the assess variances, with both assump-
tions done. To evaluate gender and other variables, due to
lack of normalcy, the nonparametricWilcoxon rank-sum test
was used. The samples were considered, similar to a normal
distribution. Thus, to calculate the difference in the averages
of the studied variables using the t-test for two independent
samples averageswith the assumption of equal variances and
the paired t-test. The significance level adopted was of 5%,
with 95% confidence intervals (95%CIs). The software
used was the Statistical Package for the Social Sciences
(IBM SPSS Statistics for Windows, IBM Corp., Armonk, NY,
US), version 20.0.

Results

To form the SG, we invited 53 children and teenagers; 31 of
them accepted the invitation, and attended the evaluation
session during the period of data collection. A total of 14
were excluded for failing to properly complete all procedures
proposed. Thus, the results refer to a sample of 17 individuals
in the SG (10 children and 7 teenagers) and 51 in the CG (30
children and 21 adolescents, who were tripled and marched
by age and gender with the SG). ►Table 1 shows the
characteristics of the sample.

There was a marked presence of auditory hypersensitivi-
ty, as well as alteredmorphology, in thewaves of theMMN in
the SG. The description of each of these variables can be
found in ►Table 1. There was no statistically significant
correlation regarding morphology and wave latencies in

the right ear (RE; p¼0.38) and left ear (LE; p¼0.35), or
between morphology and wave amplitude in the RE
(p¼0.14) and LE (p¼0.054). In the comparative analysis
between the RE and LE in the SG, no statistically significant
difference in terms of wave latency (p¼0.399) and ampli-
tude values (p¼0.283) was found, which indicates that the
RE and LE had equivalent latency and amplitude values.
Moreover, regarding gender, no statistically significant dif-
ferences were found in the latency values of the for RE
(p¼0.74) and LE (p¼0.95), neither in the amplitude values
(RE: p¼0.24; LE: p¼0.94).

►Table 2 shows the results of the comparison of the
latency and amplitude values of the MMN between the SG
and CG, and statistically significant differences were ob-
served for every analyzed variable.

►Table 3 and ►Table 4 show the same comparison made
in Table 2, but considering only the children (►Table 3) and
only the adolescents (►Table 4) in both groups, and statisti-
cally significant differenceswere observed. The latencies and
amplitudes were increased compared with the results
obtained from the comparoson of the SG and CG. Thus,
through the MMM test, we detected atypical auditory proc-
essing in sound discrimination in the SG.

Discussion

In the present study, the SGwas composed of 17 children and
adolescents of both genders diagnosed with ASD, and the CG
was composed of 51 individuals triple-matched for gender
and age with the SG. A systematic review of the literature
containing reports on the pediagtric population that most
studies using MMN, which investigated auditory processing
abnormalities in peoplewho had specific disorders, have few
individuals in the study sample. In addition, the authors
found that most studies in the literature present the

Table 1 Characteristics of the study sample

Groups

Study group Control group

Variable n % Mean� standard
deviation

n % Mean� standard
deviation

Gender Male 15 88.2 45 88.2

Female 2 11.8 6 11.8

Age (years) Total – range: 7–17 17 100 11.06� 2.65 51 100 11.06� 2.65

Children– range: 7–11 7 41.18 9.3� 1.16 21 41.18 9.3� 1.16

Teenagers – range: 12–17 10 58.82 13.57� 2.07 30 58.82 13.57� 2.07

Hypersensitivity Yes 15 88.24

No 2 11.76

Morphology of the
mismatch negativity
wave

Appropriate 9 52.94

Abnormal 6 35.3

Very abnormal 2 11.76
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comparison of results between the study group and control
group.34

In the present study, there was a predominance of male
subjects, which shows weak gender parity. It is known that
there is a higher prevalence of ASD inmales worldwide, with
4 to 5 times more cases than females.3,5,35–37

Furthermore, in the present study, we found no statisti-
cally significant difference between the ears in terms of the
latency and amplitude values of the MMN wave in the SG,
which is in line with the findings of other studies20,35,38–40

with children and adolescents that used the same procedure
as the one employed in the present research.

We did not find Brazilian studies using the MMN
procedure in children and/or adolescents with ASD. How-
ever, we found international studies with different para-

digms and methodologies, such as a systematic review and
meta-analysis by Schwartz et al.9 which assessed 38
publications on the MMN response in individuals with
ASD. Of these, 15 studies were performed with children
and adolescents, 11 studies only with children, 1 only with
teenagers, and 4 with children, adolescents, and adults. A
total of 15 of these studies were been published less than
10 years ago.

There was a wide variety of aims and conclusions in the
studies included in themeta-analysis by Schwartz et al.9 and
the samples of most of them contained less than 20 partic-
ipants in both the study group and control group, which is
also the case of the present study. It is believed that the small
samples of the studies on the ASD population is justified by
the difficulty in assessing behavioral and social issues in

Table 2 Results of the comparison between latency and amplitude of the mismatch negativity (MMN) wave

Groups

Ear Variables Study group Ccontrol group p-valuea

n Mean� standard
deviation

n Mean� standard
deviation

Difference between
the mean values

Right MMN latency 17 246.65� 71.90ms 51 173.57� 29.67ms 73.08 < 0.001�

MMN amplitude 17 6.41� 2.85µV 51 4.76� 1.04µV 1.65 < 0.001�

Left MMN latency 17 242.06� 68.96ms 51 173.59� 29.79ms 68.47 < 0.001�

MMN amplitude 17 5.76� 2.33µV 51 4.86� 1.13µV 0.9 < 0.001�

Notes: aStudent t-test; �satistically significant.

Table 3 Results of the comparison between latency and amplitude of the mismatch negativity (MMN) wave among children

Groups

Ear Variables Study group Control group p-valuea

n mean� standard
deviation

n mean� standard
deviation

Difference between
the mean values

Right MMN latency 10 259.76� 69.9ms 30 187.41� 27.89ms 72.35 < 0.001�

MMN amplitude 10 6.6� 2.77µV 30 5.13� 1.03µV 1.47 0.02�

Left MMN latency 10 252.2� 64.76ms 30 186.25� 30.13ms 65.95 < 0.001�

MMN amplitude 10 5.27� 2.06µV 30 5.17� 1.26µV 0.1 0.92

Notes: aStudent t-test; �satistically significant.

Table 4 Results of the comparison between latency and amplitude of the mismatch negativity (MMN) wave among teenagers

Groups

Ear Variables Study group Control group p-valuea

n Mean� standard
deviation

n Mean� standard
deviation

Difference between
the mean values

Right MMN latency 7 227.84� 75.97ms 21 153.85� 19.43ms 73.99 < 0.001�

MMN amplitude 7 6.18� 3.13µV 21 4.22� 0.81µV 1.96 0.015�

Left MMN latency 7 227.48� 77.08ms 21 155.52� 17.88ms 71.96 < 0.001�

MMN amplitude 7 6.54� 2.89µV 21 4.49� 0.76µV 2.05 0.002�

Notes: aStudent t-test; �satistically significant.
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individuals with this disorder, in addition to their inconsis-
tent responses.9,41

Moreover, analyzing the literature, we found that studies9

on auditory evoked potentials report no consistent abnor-
malities in autistic patients with mental retardation, show-
ing contradictory results. Neurophysiological studies9,42

in which abnormalities have been reported suggest changes
in cortical processing.

In the field of auditory electrophysiology, the study of the
amplitude and latency of waves enables the measurement of
neural activity in each place of the central auditory pathway
and the observation the processing time of auditory infor-
mation.42 In the present research, the MMN procedure was
performed with tone burst stimulus and electrodes in the Fz
position, and late latencies and increased amplitude among
the SG were evident when compared with the CG. This
demonstrates that the SG needed more time to understand
the differencebetween frequent and rare stimuli. The latency
delay to recognize the presented auditory situation and the
increase in amplitude may indicate a greater number of
neurons recruited for the task, which can suggest a distur-
bance in the auditory ability of temporal resolution, consid-
ering that it is defined as the minimum time required to
segregate or solve acoustic events.43

The findings about increased MMN latency in children
and adolescents with ASD in the present study are described
in ►Tables 3 and 4, and they corroborate those of previous
studies.9,24,44–47However, there are studies inwhich latency
results do not show significant differences inMMNwith pure
tone stimulus in individuals with ASD compared with a
control group. The results of a Finnish study did not show
differences in MMN latency among high-functioning autistic
children when they were tested with pure tone stimulus
(presented in distinct levels of complexity) or vocal stimu-
lus.21 Another study47 also reported the absence of abnor-
malities in the MMN response in individuals with ASD when
compared with a control group.

We believe that the delayed latency values found in the
present study are a consequence of the heterogeneous
sample, composed of individuals with different symptoms,
deficits and ASD demonstrations. In studies on a specific
group of individuals with ASD, such as high-functioning ASD
patients, the case group can present findings similar to those
of the control group.

Regarding amplitude, in the present study, the SG showed
increased MMN values (►Tables 3 and 4). However, this
finding goes against those of electrophysiology stud-
ies22–24,45,47 in children and adolescents with ASD with
measurements of frequency-specificity. There are also stud-
ies that reported decreased amplitude, and others whose
results were significantly different between the study and
control groups.43,48

The amplitude of theMMNwave demonstrates the extent
of the neural allocation involved in cognitive processes.49,50

Some studies12,50,51 show MMN amplitude values usually
lower than 5μV. However, it has been reported39,52 that, as
well as the degree of discrepancy between the frequent
stimulation and the increase of rare stimulus, MMN ampli-

tude can also be increased. Therefore, it is believed that this
may be the reason why the amplitude values in the present
study, as well those of other studies in the literature, were
close to the maximum amplitude described.

Schwartz et al.9 reported that there are studies demon-
strating that individuals with ASD had significantly de-
creased amplitude with the measurement of frequency-
specificity. However, this variable did not show significant
differences in the groupwith ASDwhen theMMNwas tested
with speech stimuli, which demonstrates that verbal stimuli
with consonants and/or vowels can be processed differently
than non-verbal stimuli, such as the tone burst stimulus,
which was used in the present study. Schwartz et al.9 also
reported substantial abnormalities in MMN responses in a
group of ASD children, while, in an adult population with
ASD, the responses were similar or with increased amplitude
compared with control group.

Individuals with ASD can also present abnormal reaction
or response to sensations, which is described as a defense,
which revelas a neurological inability to properly process
sensory stimuli, such as auditory stimuli.53–55 Auditory
hypersensitivity, which consists of a psychoacoustic discom-
fort, is a quite common sensorial complaint in autistic
individuals.32,56

In the present study, 88.2% of the individuals with ASD
had hypersensitivity according to tself-reports and/or
reports by the interviewed parent/guardian. Researchers56

claim that these auditory sensory changes in this population
can contribute to changes in the processing of the hearing in
auditory discrimination, a skill tested in theMMNprocedure.

The visual pattern of electrophysiological waves is called
morphology. It indicates the involvement of neurons that
reacted to auditory stimuli, the number of recruited neurons,
and the extent of neural activation, and synaptic synchrony
may interfere in this parameter.48,57 Thus, the maturation of
the central auditory system is an essential factor for its
analysis; however, it is important to mention that there
are no standard classifications reported in the literature for
the analysis of this parameter. No studies were found de-
scribing the morphology of MMN waves in patients with
ASD, although there is a consensus in the literature that
abnormalities in this parameter indicate atypical neural
synchrony, which enables us to infer that individuals with
ASD may present it, and, in the sample of the present study,
there were abnormalities in 47,06% of the patients.48,58,59

Even though the analysis of wave morphology has shown
abnormalities in some patients in the SG, there was no
statistically significant correlation with the results of wave
latency and amplitude, which also demonstrates a heteroge-
neity and variability in ASD characteristics, with individual
differences in MMN response in this population.

Therefore, these limitations expose gaps in the current
literature regarding abnormalities in sound detection in ASD
individuals. Thus,we suggest the performance of newstudies
in this population, with larger samples, to enable a reinforce-
ment about auditory processing responses of these individ-
uals to then provide subsidies for their assessment and
contribute to the therapeutical follow-up.
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Conclusion

The present study showed increased MMN latencies and
amplitudes in the SG compared with the CG. In addition,
abnormalities in the morphology of MMN waves were also
found in ASD individuals. Therefore, we believe that the
auditory processing skills of discrimination, involuntary
attention, and sensory memory were impaired in the sub-
jects with ASD who participated in the present study.

Conflict of Interests
The authors have no conflict of interests to declare.

References
1 Association. American Psychiatric. Manual diagnóstico e esta-

tístico de Transtornos Mentais. 5. ed. Porto Alegre: Artmed;
2014

2 Baio J, Wiggins L, Christensen DL, et al. Prevalence of Autism
Spectrum Disorder Among Children Aged 8 Years - Autism and
Developmental Disabilities Monitoring Network, 11 Sites, United
States, 2014. MMWR Surveill Summ 2018;67(06):1–23

3 Lord C, Elsabbagh M, Baird G, Veenstra-Vanderweele J. Autism
spectrum disorder. Lancet 2018;392(10146):508–520

4 Lai M-C, Lombardo MV, Baron-Cohen S. Autism. Lancet 2014;383
(9920):896–910

5 Paula CS, Teixeira MCTV, Ribeiro SBH. Epidemiologia e trans-
tornos globais do desenvolvimento. In: Schwartzman JS, Araújo
CA. Transtorno do Espectro do Autismo - TEA. São Paulo:
Memnon; 2011:151–8

6 Portolese J, Bordini D, Lowenthal R, Zachi EC, Paula CSD. Mapea-
mento dos Serviços que Prestam Atendimento a Pessoas com
Transtorno do Espectro Autista no Brasil. Cad Pós-Grad emDist do
Desenvolv. 2017;17(02):79–91

7 Chen TC, Hsieh MH, Lin YT, Chan PS, Cheng CH. Mismatch
negativity to different deviant changes in autism spectrum dis-
orders: A meta-analysis. Clin Neurophysiol 2020;131(03):
766–777

8 American Speech-Language-Hearing Association. (Central) Audi-
tory Processing Disorders [Technical Report]. 2005. Available
from www.asha.org/policy /TR2005–00043/

9 Schwartz S, Shinn-Cunningham B, Tager-Flusberg H. Meta-analy-
sis and systematic reviewof the literature characterizing auditory
mismatch negativity in individuals with autism. Neurosci Bio-
behav Rev 2018;87:106–117

10 Green HL, Shuffrey LC, Levinson L, et al. Evaluation of mismatch
negativity as a marker for language impairment in autism spec-
trum disorder. J Commun Disord 2020;87:105997

11 Magliaro FCL, Scheuer CI, Júnior FBA, Matas CG. Estudo dos
potenciais evocados auditivos em autismo. Pro Fono. 2010;
22:31–36

12 Gomot M, Blanc R, Clery H, Roux S, Barthelemy C, Bruneau N.
Candidate electrophysiological endophenotypes of hyper-reac-
tivity to change in autism. J Autism Dev Disord 2011;41(06):
705–714

13 Cui T, Wang PP, Liu S, Zhang X. P300 amplitude and latency in
autism spectrum disorder: a meta-analysis. Eur Child Adolesc
Psychiatry 2017;26(02):177–190

14 Magliaro FCL. Avaliação comportamental, eletroacústica e eletro-
fisiológica da audição em autismo [dissertação]. São Paulo: Uni-
versidade de São Paulo, Faculdade de Medicina; 2006:160

15 Buranelli G, Barbosa MB, Garcia CFD, et al. Verificação das
respostas do Mismatch Negativity (MMN) em sujeitos idosos.
Rev Bras Otorrinolaringol (Engl Ed) 2009;75:831–838

16 Bucuvic EC, Iorio MCM. Resposta Auditiva de Estado Estável. In:
Boéchat EM, Menezes PL, Couto CM, Frizzo ACF, Scharlach RC,

Anastásio ART, ed. Tratado deAudiologia. 2ª ed. São Paulo: Santos;
2015:126–134

17 Sussman ES, Chen S, Sussman-Fort J, Dinces E. The five myths of
MMN: redefining how to use MMN in basic and clinical research.
Brain Topogr 2014;27(04):553–564

18 Roggia SM. Mismatch Negativity (MMN). In: Boéchat EM,
Menezes PL, Couto CM, Frizzo ACF, Scharlach RC, Anastásio ART,
ed. Tratado de Audiologia. 2ª ed. São Paulo: Santos; 2015:151–9

19 Näätänen R, Sussman ES, Salisbury D, Shafer VL. Mismatch
Negativity (MMN) as an Index of Cognitive Dysfunction. Brain
Topogr . 2014; 27(4):451–466.

20 Abdeltawwab MM, Baz H. Automatic Pre-Attentive Auditory
Responses: MMN to Tone Burst Frequency Changes in Autistic
School-Age Children. J Int Adv Otol 2015;11(01):36–41

21 Ceponiene R, Lepistö T, Shestakova A, et al. Speech-sound-selec-
tive auditory impairment in children with autism: they can
perceive but do not attend. Proc Natl Acad Sci U S A 2003;100
(09):5567–5572

22 Andersson S, PosserudM-B, Lundervold AJ. Earlyand late auditory
eventrelated potentials in cognitively high functioning male
adolescents with autism spectrum disorder. Res in Aut Spect
Dis. 2013;7:815–823

23 Ludlow A, Mohr B, Whitmore A, Garagnani M, Pulvermüller F,
Gutierrez R. Auditory processing and sensory behaviours in
children with autism spectrum disorders as revealed by mis-
match negativity. Brain Cogn 2014;86:55–63

24 Roberts TP, Cannon KM, Tavabi K, et al. Auditory magnetic
mismatch field latency: a biomarker for language impairment
in autism. Biol Psychiatry 2011;70(03):263–269

25 Matas CG, Gonçalves IC, Magliaro FCL. Avaliação audiológica e
eletrofisiológica em crianças com transtornos psiquiátricos. Rev
Bras Otorrinolaringol 2009;75(01):130–138

26 Magliaro FCL, Scheuer CI, Júnior FBA, Matas CG. Estudo dos
potenciais evocados auditivos em autismo. Pró-Fono. 2010;22
(01):31–36

27 Romero ACL, Gução ACB, Delecrode CR, et al. Avaliação audio-
lógica comportamental e eletrofisiológica no transtorno do espec-
tro do autismo. Rev CEFAC 2014;16(03):707–714

28 Berument SK, Rutter M, Lord C, Pickles A, Bailey A. Autism
screening questionnaire: diagnostic validity. Br J Psychiatry
1999;175:444–451

29 Northern JL, Downs MP. Hearing in children. 5. ed. Baltimore:
Lippincott Williams and Wilkins; 2002

30 Jerger J. Clinical experience with impedance audiometry. Arch
Otolaryngol 1970;92(04):311–324

31 Jerger J, Jerger S, Mauldin L. Studies in impedance audiometry. I.
Normal and sensorineural ears. Arch Otolaryngol 1972;96(06):
513–523

32 Ferreira D, Bueno C, Costa SD, Sleifer P. Mismatch Negativity in
Children: Reference Values. Int Arch Otorhinolaryngol 2019;23
(02):142–146

33 Jerger JF, Oliver TA, Chmiel RA, Rivera VM. Patterns of auditory
abnormality in multiple sclerosis. Audiology 1986;25(4-
5):193–209

34 Ferreira DA, Bueno CD, Costa SS, Sleifer P. Aplicabilidade do
Mismatch Negativity na população infantil: revisão sistemática
de literatura. Audiology - Communication Research [online]
2017;22:e1831

35 Christensen DL, Bilder DA, Zahorodny W, et al. Prevalence and
Characteristics of Autism Spectrum Disorder Among 4-Year-Old
Children in the Autism and Developmental Disabilities Monitor-
ing Network. J Dev Behav Pediatr 2016;37(01):1–8

36 Paula CS, Cunha GR, Silva LC, Teixeira MCTV. Conceituação do
Transtorno do Espectro Autista: definição e epidemiologia. In:
Bosa CA, Teixeira MCTV. Autismo: avaliação psicológica e neuro-
psicológica. São Paulo: Hogrefe; 2017:7–28

37 Soares AJC, Sanches SGG, Neves-Lobo IF, Carvallo RMM,Matas CG,
Cárnio MS. Potenciais evocados auditivos de longa latência e

International Archives of Otorhinolaryngology Vol. 27 No. 2/2023 © 2023. Fundação Otorrinolaringologia. All rights reserved.

Mismatch Negativity in Children and Adolescents with Autism Spectrum Disorder Mayerle et al.224

http://www.asha.org/policy /TR2005&x2013;00043/


processamento auditivo central em crianças com alterações de
leitura e escrita: Dados preliminares. Int Arch Otorhinolaryngol
2011;15(04):486–491

38 Romero ACL, Capellini SA, Frizzo AC. Cognitive potential of
children with attention deficit and hyperactivity disorder. Rev
Bras Otorrinolaringol (Engl Ed) 2013;79(05):609–615

39 Schwade LF, Didoné DD, Sleifer P. Auditory Evoked Potential
Mismatch Negativity in Normal-Hearing Adults. Int Arch Otorhi-
nolaryngol 2017;21(03):232–238

40 Gomes E, Pedroso FS, Wagner MB. Hipersensibilidade auditiva no
transtorno do espectro autístico. Pro Fono. 2008;20:279–284

41 Rotta NT, Riesgo RS. Autismo infantil. In: Rotta NT, Ohlweiler L,
Riesgo RS. Rotinas em Neuropediatria. Porto Alegre: Artmed;
2005:161–72

42 Regaçone SF, Gução ACB, Frizzo ACF. Eletrofisiologia: perspectivas
atuais de sua aplicação clínica em fonoaudiologia. Verba Volant.
2013;4(01):1–20

43 Samelli AG, Schochat E. Processamento auditivo, resolução tem-
poral e teste de detecção de gap: revisão da literatura. Rev CEFAC
2008;10(03):369–377[online]

44 Jansson-Verkasalo E, Ceponiene R, Kielinen M, et al. Deficient
auditory processing in children with Asperger Syndrome, as
indexed by event-related potentials. Neurosci Lett 2003;338
(03):197–200

45 Jansson-Verkasalo E, Kujala T, Jussila K, et al. Similarities in the
phenotype of the auditory neural substrate in children with
Asperger syndrome and their parents. Eur J Neurosci 2005;22
(04):986–990

46 Huang D, Yu L, Wang X, Fan Y, Wang S, Zhang Y. Distinct patterns
of discrimination and orienting for temporal processing of speech
and nonspeech in Chinese childrenwith autism: an event-related
potential study. Eur J Neurosci 2018;47(06):662–668

47 Kemner C, Verbaten MN, Cuperus JM, Camfferman G, van Enge-
land H. Auditory event-related brain potentials in autistic chil-
dren and three different control groups. Biol Psychiatry 1995;38
(03):150–165

48 Dunn LM, Dunn DM. Peabody Picture Vocabulary Test - Fourth
Edition. PsycTESTS Dataset 2007

49 Ruiz-Martínez FJ, Rodríguez-Martínez EI, Wilson CE, Yau S, Sal-
daña D, Gómez CM. Impaired P1 Habituation and Mismatch
Negativity in Children with Autism Spectrum Disorder. J Autism
Dev Disord 2020;50(02):603–616

50 Romero ACL, Regacone SF, Lima DDB, Menezes PL, Frizzo ACF.
Potenciais relacionados a eventos em pesquisa clínica: diretrizes
para eliciar, gravar, e quantificar o MMN, P300 e N400. Audiology
- Communication Research [online] 2015;20(02):VII–VIII

51 Chobert J, François C, Habib M, Besson M. Deficit in the preatten-
tive processing of syllabic duration and VOT in children with
dyslexia. Neuropsychologia 2012;50(08):2044–2055

52 Haapala S, Niemitalo-Haapola E, Raappana A, et al. Effects of
recurrent acute otitis media on cortical speech-sound processing
in 2-year old children. Ear Hear 2014;35(03):e75–e83

53 Jaramillo M, Paavilainen P, Näätänen R. Mismatch negativity and
behavioural discrimination in humans as a function of the
magnitude of change in sound duration. Neurosci Lett 2000;
290(02):101–104

54 Gomes E. Hipersensibilidade auditiva e o perfil pragmático da
linguagemde crianças e adolescentes comTranstorno do Espectro
Autista. [tese de doutorado]. Porto Alegre: Universidade Federal
do Rio Grande do Sul, Faculdade de Medicina; 2008:194

55 Kern JK, Trivedi MH, Grannemann BD, et al. Sensory correlations
in autism. Autism 2007;11(02):123–134

56 Bruneau N, Cléry H, Malvy J, Barthélémy C, Bonnet-Brilhault F,
Gomot M. Hypersensitivity to change in children with autism
spectrumdisorder: Convergent evidence fromvisual and auditory
MMN studies. Int J Psychophysiol 2014;94:156

57 Silva LAF, Magliaro FCL, Carvalho ACM, Matas CG. Maturação dos
potenciais evocadosauditivosde longa latênciaemcriançasouvintes:
análise do complexo P1–N1-P2–N2. CoDAS 2017;29(04):1–7

58 Didoné DD, Oliveira LS, Durante AS, et al. Potencial evocado
auditivo cortical na avaliação de neonatos: um estudo sobre o
nível mínimo de respostas em nascidos a termo e pré-termos. Rev
Bras Otorrinolaringol (Engl Ed) 2020;86(06):687–695

59 Jerônimo GM, Scherer APR, Sleifer P. Long-latency auditory
evoked potential in children with stuttering. Einstein (Sao Paulo)
2020;18:eAO5225

International Archives of Otorhinolaryngology Vol. 27 No. 2/2023 © 2023. Fundação Otorrinolaringologia. All rights reserved.

Mismatch Negativity in Children and Adolescents with Autism Spectrum Disorder Mayerle et al. 225


