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ABSTRACT

Importance: There is a lack of reliable early diagnostic criteria for
autism spectrum disorder (ASD), despite earlier diagnosis leading to better
outcomes.

Objective: To evaluate the association of aberrant auditory processing
(AAP) as a potential early marker of ASD risk in children under 2 years
old.

Methods: A systematic review of studies published between 1985 and
September 2024 was conducted by searching PubMed and Web of Science.
Results: The review encompassed 18 studies with 140 231 participants, and
a majority (76%) of these studies found evidence that early neurophysio-
logical changes in auditory processing are associated with later ASD risk.
Specifically, prolonged auditory brainstem response (ABR) latency, reduced
social stimuli selectivity, and poorer auditory brain connectivity were corre-
lated with ASD status in later childhood. Notably, auditory habituation did
not differ significantly with ASD risk. It’s important to recognize that the
evidence was somewhat limited by heterogeneity, small sample sizes, and
inadequate reporting.

Interpretation: This review identified three early neurophysiological AAP
markers associated with ASD risk: ABR latency, social stimuli selectiv-
ity, and auditory brain coherence. These markers show potential for aiding
in earlier ASD risk assessment in young children, potentially leading to
earlier interventions. However, to fully establish the association of these
AAP markers with ASD as a reliable screening tool during early child-
hood, future research should focus on standardized experimental protocols
and adequately powered prospective cohort studies.
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INTRODUCTION

Autism spectrum disorder (ASD) is a developmental dis-
order characterized by difficulty with communication and
social interactions, language, and repetitive and restrictive
behaviors.! Its prevalence in the UK is 1%—2%, with higher
rates reported in males.>> There is a lack of reliable diag-
nostic criteria for ASD in children younger than 18 months.
Yet, early developmental signs consistent with ASD emerge
in many children before the age of 18 months.*> Early ASD
identification is important as interventions commenced dur-
ing early childhood are associated with better long-term
behavioral and cognitive outcomes.*%-%

The high heterogeneity in clinical ASD phenotypes poses
a challenge to ASD diagnosis and treatment, especially
in young children.~!! Pre-schoolers with ASD often dis-
play a range of different developmental trajectories, with
only approximately 50% showing stable ASD symptoms
and 17% showing progressing pathology over time.'?
Indeed, a recent review found that whole-brain electroen-
cephalography (EEG) signals may delineate developmental
ASD subtypes, but the high variation in EEG markers
used prevented the generalization of the results across
individual markers.'®> Reliable, early clinical markers of
ASD are needed to better characterize different devel-
opmental pathways and to enable earlier diagnosis and
intervention.

Delayed speech and language development are among the
earliest and most frequent behavioral signs of childhood
ASD, despite significant heterogeneity in severity.!#1¢
Indeed, parents often misidentify children with ASD as
hearing impaired due to shared developmental features,
such as delayed speech and reduced responsiveness to
social cues.'®!7 Altered auditory processing (AAP) has
been reported in older children and adults with ASD,!>-1¢
including auditory brainstem dysfunction,'®!° impaired
voice-selectivity,’®?! and deficits in neuron-level discrim-
ination of auditory temporal characteristics.?>>3

A small number of studies have assessed AAP as a neuro-
physiological marker of ASD in children below 2 years of
age. As ASD is not reliably diagnosed at young ages using
current clinical assessment tools,” infants in these studies
are either grouped by ASD risk or retrospectively, by ASD
diagnosis in childhood.

Despite the potential for AAP to be an early marker for
ASD in childhood ASD, there are, to our knowledge, no
systematic reviews evaluating AAP as a marker of ASD
in children under 2 years old. In this review, we examine
the evidence linking AAP, in children below 2 years, with
childhood risk of ASD to identify early neurophysiological
markers of childhood ASD.

METHODS
Search strategy and eligibility criteria

The review was conducted under the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.?* and registered with PROSPERO
(Registration Number: CRD42022323486). Two authors
(Fee Benz and Sean Hana) screened studies for inclu-
sion. Discrepancies between authors were resolved by
discussion and reference to a third author (Michelle
Fernandes). PubMed and Web of Science were system-
atically searched for relevant studies published between
1985 and 2024. Only studies with human subjects were
included. Search terminologies were compiled using the
US National Library of Medicine MeSH terms and com-
bined using Boolean operators as follows: autis*[Title]
AND (infan*[Title/Abstract] OR toddler[Title/Abstract]
OR child[Title/Abstract]) AND (audi*[Title/Abstract] OR
sound[Title/Abstract] OR speech[Title/Abstract] OR hear-
ing[Title/Abstract] OR tone[Title/Abstract]).

Inclusion criteria

1. Population: Infants (age < 2 years) who have an older
biological sibling diagnosed with autism or who were
diagnosed with autism during follow-up.

2. Comparator: Age-matched typically developing infants
without a familial diagnosis of autism and without a
diagnosis of autism during follow-up.

3. Predictor/exposure: A neurophysiological measure of
auditory processing recorded prior to ASD diagnosis.

4. Primary outcome: ASD status.

Exclusion criteria

1. Studies without a comparator group.

2. Commentaries, policies, reviews, and case reports.

3. Studies not published in English for which English
translations were not available.

Case definitions

Infants are considered high risk (HR) for ASD if they
have at least one biological sibling diagnosed with ASD;
in these infants, the risk of developing ASD by 36 months
is around 20%, compared with a general population risk of
1%-2%.%>-* Infants without a family history of ASD are
considered low risk (LR).

Data extraction

Data were extracted into a customized database developed
for this review. Extracted items were sample size, country,
sample characteristics (including age at assessment, sex,
and definition of HR), type of recruitment, auditory pro-
cessing measures, primary and secondary outcomes, and
reported associations.
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Quality assessment

Two authors (Fee Benz and Sean Hana) independently
assessed the risk of bias for each included study using
the “Risk of Bias In Non-randomised Studies — of Expo-
sures” preliminary tool (ROBINS-E).?”-?8 ROBINS-E is a
modification of the Cochrane risk of bias tool ROBINS-I
(Risk of Bias in Non-randomised Studies — of Inter-
ventions) developed for human observational studies.?*-3°
Using ROBINS-E, five domains were assessed: selection of
participants and classification, confounders, missing data,
and reporting bias.

RESULTS

The initial search retrieved 647 unique entries (Figure S1).
Of these, 264 were retained following title screening and
assessed for eligibility. Eighty-one studies met eligibil-
ity criteria and underwent a full-text review and citation
analysis to identify additional sources. Of these, 39 were
excluded due to population characteristics and 28 for lack-
ing a relevant auditory outcome. Four additional eligible
studies were identified from reference lists. A total of 18
studies were included in this review.

Study characteristics

Overall, 140 231 (839 HR/ASD) infants were included
(Table S1). Most studies were North American (10; 56%),
followed by European (6; 33%), Middle Eastern (1; 6%)
and Chinese (1; 6%). Age at first auditory assessment
ranged from 2 to 822 days. Age at follow-up ranged
from 12 to 36 months. Twelve studies (67%) com-
pared outcomes in HR versus LR infants, of which four
recorded ASD status during follow-up. The remaining
six studies (33%) retrospectively compared infants later
diagnosed with ASD (hereafter ‘ASD infants’) versus con-
trols (CTs). Of the ten studies that assessed ASD status,
eight used the Autism Diagnostic Observation Schedule
(ADOS; 80%), one the Pervasive Developmental Disorder
Behaviour Inventory (PDDBI; 10%), and one study used
the DSM-5 criteria published by the American Psychiatric
Association (10%). Among neurophysiological measure-
ment techniques, EEG (8; 44%) was most frequently used
to measure AAP, followed by functional near-infrared spec-
troscopy (4; 22%), auditory brainstem response (ABR)
(4; 22%), and functional magnetic resonance imaging
(fMRD) (2; 11%). Auditory stimuli included speech (4;
22%), syllables (5; 28%), vocalizations (4; 22%), clicking
(3; 17%) and pure tones (3; 17%). Seven studies (39%)
reported secondary outcomes at follow-up: five reported
scores on the Mullen Scales of Early Learning (MSEL),?!
one reported scores on the Social Responsiveness Scale
(SRS-2).3? and one on the Language Development Survey
(LDS).?3

Risk of bias

Two studies had a medium risk of selection bias: one
recruited middle- to high-income families only,>* and the
other recruited CTs through hospital advertisements.>> Six
studies had an HR of selection bias; one recruited only
Neonatal Intensive Care Unit (NICU) graduates,>® one
recruited pre-term born NICU graduates and infants with
a family history of hearing disorders,’” and four did not
provide sufficient information.3®3¥4! Five studies had a
medium risk of classification bias and did not measure ASD
status during follow-up but analyzed groups by risk status
only.38’4245 One study was at HR of classification bias,
as they excluded any HR infants who received an ASD
diagnosis during follow-up.*® Six studies had a medium
risk of confounding bias, where four were not matched for
gender across groups,’*3434347 and one was unmatched
in maternal education status.*® One study was at HR of
confounding bias for not reporting sufficient demographic
data.*® Two studies had a medium risk of missing data bias:
more HR/ASD infants than CTs were excluded for fussi-
ness and unusable data.’**! Two additional studies had an
HR of missing data bias as they failed to report attrition
rates.>>*0 Most studies (90%) were judged to be at LR of
reporting bias, but two studies.>®** were judged to be at
HR of reporting bias, as they failed to correct for multiple
comparisons (Figure S2). Inter-rater reliability on the risk
of bias reporting was 77%.

Auditory processing and ASD risk

Tables 1-4 summarize the reported associations between
AAP measures and ASD risk. Four studies’6-3747:49
assessed changes in ABR, all of which reported
slowed transmission in ASD infants (Table 1). Seven
studieg341:42.4546:48.50 aqqeq5ed auditory habituation, of
which two*** reported significant group differences
(Table 2). Six studies38—40:434451 agsessed responses to
social stimuli, all of which reported decreased responses
in HR/ASD groups (Table 3). Two studies’**® assessed
auditory brain coherence (ABC); both reported decreased
coherence in ASD/HR infants (Table 4).

ABR latency

ABR measures the integrity and functional status of
the auditory pathway from the auditory nerve to the
mesencephalon.>? Specifically, an auditory evoked poten-
tial consisting of 6-7 vertex-positive peaks is recorded via
scalp electrodes, and peaks I-V are assessed for amplitude
and latency.”> ABR latency measures auditory transmis-
sion speed and indicates auditory sensitivity. Four studies
assessed ABR latency (Table 1), and all reported prolonged
wave V latency (Ly) in the ASD group relative to CT. Three
studies recorded wave interval latencies, and all found
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TABLE 1 Auditory brainstem response

Number of Wave I Wave III
Study participants latency latency Wave V latency
Cohenetal.,, 74 (14 ASD) ns ASD >TD ASD >TD
20133
Miron et al.,, 60 (30 ASD) ns ns ASD > TD
2016 Cohen’s d =
0.93, 95% CI
[0.39-1.46] (R);
Cohen’sd =
0.64, 95% C1
[0.12-1.16] (L)
Miron et al., 139 165 (321 n/a n/a ASD > TD (R
202147 ASD) only)
Cohen’sd =
0.17,95% CI1
[0.06-0.29]
Wang etal, 136 (34 ASD) ASD> ASD>TD ASD > TD
20224 TD (at 1 month
only)

I-111 Behavioral
latency III-V latency I-V latency ABR phase outcomes
ns ASD > TD ns n/a n/a
ns ASD>TD (R ASD>TD n/a Wave V
only) Cohen’s  Cohen’s latency
d=0.60,95% d=0.73,95% predicts ASD
CI[0.08-1.11] CI[0.20-1.25] status PPV =
(R); Cohen’s 78%, NPV =
d =0.64, 95% 73%
CI[0.12-1.16]
@)
n/a n/a n/a ASD >TD n/a
Cohen’sd =
0.26, 95%
CI
[0.16-0.37]
ASD> ASD>TD (at n/a n/a n/a
TD 1 month only)

Abbreviations: ABR, auditory brainstem response; ASD, autism spectrum disorder; L, left ear; n/a, not recorded; NPV, negative predictive value; ns,
non-significant group differences; PPV, positive predictive value; R, right ear; TD, typically developing.

TABLE 2 Auditory habituation

Number of Attenuation to
Study participants Deviant peak standard Measure Stimulus Behavioral outcome
Guiraud et al., 56 (35 HR) LR > HR LR > HR (absent in P150 amplitude Pure tones n/a
2011% (absent in HR HR infants)
infants)
Rivaet al., 42 (20 HR) ns (present in n/a P3 amplitude Pure tones Deviant response predicts
2018% both) ASD status
Mann-Whitney U = 99
Seery et al., 108 (62 HR) ns (present in n/a P150 amplitude Consonant n/a
20134 both) vowels
Seery et al., 95 (40 HR) ns (present in ns (present in neither) ~ P150 amplitude Consonant n/a
20144 both) vowels
Righi et al., 38 (22 HR) ns (present in n/a Gamma coherence ~ Consonant n/a
201448 both) vowels
Finch et al., 187 (114 HR) ns (present in n/a LSW amplitude Consonant n/a
2017%0 neither) vowels
Edwards et al., 38 (21 HR) n/a LR > HR HbO, Vocalisations  n/a
201742 versus non-
vocalisations

Abbreviations: ASD, autism spectrum disorder; HbO,, oxyhemoglobin; HR, high risk; LR, low risk; LSW, later negative-going slow wave; n/a, not

recorded; ns, non-significant group differences.

prolonged wave III-V latency (Lyj.y) in ASD infants, how-
ever, only two studies reported effect sizes (Cohen’s d
= 0.60, 95% confidence interval [CI]: 0.08-1.11%7; OR:
4.31,95% CI: 1.57-11.78*°). One study reported prolonged
wave [-V latency (Cohen’s d = 0.73, 95% CI: 0.20-1.25
(right ear); Cohen’s d = 0.64, 95% CI: 0.12-1.16 [left
ear].)’” Two studies reported prolonged wave III latency

(Lyyp) in ASD infants relative to CT at 1 month only, but
neither reported effect sizes. Due to insufficient descrip-
tive reporting, effect sizes could be compared across studies
for the Ly contrast only; these varied from small to large
(Cohen’s d = 0.17, 95% CI: 0.06 to 0.29*7; Cohen’s d =
0.93, 95% CI: 0.39 to 1.46%7; Chi-squared w = 0.85 [at
1 month], w = 0.62 [at 3 months], and w = 0.87 [at 6
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TABLE 3 Social stimulus selectivity
Number of  Social stimulus Non-voice-
Study participants selectivity Social selective region Stimulus selectivity Behavioral outcomes
Blasi et al., 32 (15HR) LR > HR (HR only Left superior temporal gyrus; left Voice versus ns n/a
2015% showed voice-selectivity middle temporal gyrus; left thalamus non-voice
in the left thalamus) and caudate; right cerebellum;
bilateral frontal gyri
LR > HR Right fusiform gyrus; left Emotional n/a n/a
hippocampus versus
unemotive
voice
Lombardo 84 (60 ASD) TD > ASDgyoq > Left temporal lobe Voice versus  ns Voice selectivity in
etal., 2015% ASDPOMT Cohen’s d = non-voice the left temporal lobe
0.85 (TD vs. ASDpgor); predicts language
Cohen’s d = 0.94 ability in ASD
(ASDgood V8- ASDpoor)s children AUC = 81
Cohen’s d = 1.04
(ASDggoq vs. TD)
Lloyd-Fox 36 (20 HR) LR > ASD (Cohen’s d = Left superior temporal gyrus; left Voice versus  ns Voice selectivity in
etal., 2018% 4.60, 95% CI middle temporal gyrus non-voice the left temporal lobe
[3.46-7.45]) HR > ASD negatively predicts
(Cohen’s d = 3.87, 95% ASD status r = 0.349
CI [2.74-6.32])
Pecukonis 32 (14HR) LR > ASD (but not HR) Bilateral anterior regions (spanning Voice versus n/a Non-significant
etal., 2021°! frontal and temporal lobes) non-voice correlation between
voice selectivity and
language ability
Lloyd-Fox 34 (18 HR) LR >HR Right posterior temporal sulcus Voice versus  ns n/a
etal., 2013% non-voice
Arslanetal.,, 51 (25HR) LR > HR (Hedge’sg=  Frontal hemispheres Own name n/a n/a
202038 0.80, 95% CI versus other
[0.22-1.38]) names

Finfants with ASD diagnosis were further classified according to language ability.
Abbreviations: ASD, autism spectrum disorder; AUC, area under the curve; HR, high risk; LR, low risk; n/a, not recorded; ns, non-significant group

differences; TD, typically developing.

TABLE 4 Auditory brain coherence

Number of
Study participants Coherence
Tran et al., 63 (14 ASD) TD > ASD Hedge’s g =
20213 0.65, 95% CI[0.03-0.11]
63 (14 ASD) TD > ASD Hedge’s g =
0.70, 95% CI [0.04-0.12]
Righi et al., 38 (22 HR) ns (at 6 months)
201448
38 (22 HR) LR > HR (at 12 months)
Cohen’s f = 1.8

Oscillation
Region band Behavioral outcomes
Left Theta Non-significant correlation between
frontal-central coherence and ASD status.
Left Alpha Non-significant correlation between
frontal-central coherence and ASD status.
n/a Gamma n/a
Bilateral Gamma n/a

frontal-central

Abbreviations: ASD, autism spectrum disorder; n/a, not recorded; ns, non-significant group differences; TD, typically developing.

months]).*> Only one study assessed the predictive power
of ABR for later ASD status. Using leave-one-out analy-
sis, the study concluded that Ly could significantly predict
subsequent ASD status with a positive predictive value of
78% and a negative predictive value of 73%.3 Importantly,

two of four ABR studies were at HR of selection bias for
recruiting only NICU graduates and infants with family his-
tories of hearing disorders.>®3” The findings described here
may, therefore, not be generalizable to term-born infants
with ASD.
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Auditory habituation

Auditory habituation is the decline in the neurophysiologi-
cal response to a repeated auditory stimulus and represents
attention modulation.”* Experimentally, it is assessed using
the odd-ball paradigm, where a standard stimulus is pre-
sented repeatedly and randomly interrupted by a deviant
stimulus.*® Event-related potentials (ERPs) are recorded
using EEG, generating two measures of auditory habitu-
ation: a deviant > standard ERP over frontal and central
electrodes (D-peak) and a decrement in ERP amplitude
following repetition (neural attenuation).*> Seven studies
assessed auditory habituation using an odd-ball paradigm
(Table 2).

D-Peak: Six studies assessed D-peaks in HR versus LR
infants. 334143464850 Only one study reported significant
group differences, with a greater D-peak in LR than
in HR infants.*> A second study reported no significant
group differences but found that D-peak amplitude at 12
months negatively predicted ASD status at 20 months.>> No
study reported sufficient descriptive statistics for effect size
estimation. No other significant findings were reported.
Attenuation: Three studies.*>*4¢ measured neural attenu-
ation, of which two observed a significant group difference.
In both, HR infants had decreased neural attenuation com-
pared to LR infants.*>* Neither study reported sufficient
descriptive statistics for effect size calculation. Moreover,
both had a medium risk of classification bias, as they did not
record ASD status during follow-up. Aberrant attenuation
may, therefore, selectively map onto the HR endophenotype
rather than ASD.

Social stimuli selectivity

Six studies (41%) assessed selectivity for social stimuli
(Table 3).

Voice-selectivity: Voice-selectivity is the preferential acti-
vation of brain regions following voice, but not non-voice,
stimuli. Specifically, whole brain fMRI responses to
voice versus non-voice stimuli are contrasted, allowing
the isolation of brain regions preferentially engaged in
voice processing.’>** Voice-selectivity emerges in early
infancy and is key for pro-social attention modulation.>
Five studies assessed voice-selectivity, and all reported
decreased voice-selectivity in HR/ASD infants compared to
CTs. 3940434451 gpecifically, CTs showed stronger voice-
selectivity in the left temporal lobe (LTL; superior and
medial gyri), bilateral frontal lobes, left thalamus, left cau-
date, and right cerebellum compared to HR/ASD infants.
Effects sizes were only available for two studies and
the LTL contrast. Both studies reported large effect sizes
(Cohen’s d = 0.85 to 4.60).%** Importantly, no study found

significant group differences for non-voice > voice activ-
ity, suggesting a voice-specific defect. Interestingly, one
study also compared emotional > non-emotional voices and
found decreased emotion-selectivity in the right fusiform
gyrus and left hippocampus in HR infants relative to CTs.*?
No effect size was available for this contrast. Only one
study assessed the predictive power of voice-selectivity for
later ASD status: voice-selectivity in the LTL at 5 months
correlated negatively with ASD status at 3 years.>* Over-
all, three voice-selectivity studies had a medium risk of
classification bias and did not assess ASD status during
follow-up.38434* Impaired voice selectivity may, therefore,
be associated with the HR endophenotype rather than an
ASD diagnosis.

Own name selectivity: One study assessed own name >
unfamiliar name selectivity and found reduced own-name
selectivity in HR infants specifically in bilateral frontal
regions.?® No effect size was available for this contrast.
Moreover, the study had a medium as it did not record ASD
status during follow-up.

Auditory brain coherence

ABC measures the degree of synchronous neuronal activ-
ity and indicates functional neural network connectivity.>
It is associated with top-down attentional modulation and
processing of complex sensory stimuli.’*°! Two stud-
ies assessed neural synchrony: one recorded gamma-band
ABC (y-coherence), the other alpha- and theta-band ABC
(a-coherence and 6-coherence) (Table 4).34’48 ASD infants
showed significantly less a-coherence and 6-coherence
than CTs in the left hemisphere. Moreover, HR infants
showed reduced bilateral y-coherence relative to CTs at 12
months old but not 6 months old. For both studies, effect
sizes were large (Hedge’s g = 0.65 [0.03-0.11] for 6, 0.7
[0.04-0.12] for car; Cohen’s f = 1.8). Neither a-coherence
nor 6-coherence significantly predicted ASD status at 18
months old, and y-coherence did not significantly distin-
guish HR infants who developed ASD from those who did
not.

DISCUSSION

Fourteen of 18 studies included in this review provided
evidence that early neurophysiological changes in audi-
tory processing are associated with ASD risk during
toddlerhood. Specifically, (i) ABR latency, social stim-
uli selectivity, and ABC, but not auditory habituation,
differed reliably with HR/ASD status, (ii) Ly and Ly
had robust potential as ASD markers, not confounded by
co-existing hearing impairments, and (iii) HR/ASD infants
showed impaired voice-selectivity in the left temporal
gyrus. Despite significant methodological heterogeneity,
these findings were replicated across studies and are
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consistent with evidence from older children and adults
with ASD.21-62

ASD infants showed prolonged Ly, which predicted ASD
status during childhood. Prolonged Ly has previously
been observed in childhood ASD, although Ly trends
appear reversed in autistic adults. A recent meta-analysis
found that ASD children under 18 years old show signifi-
cantly prolonged Ly relative to CTs.5% This meta-analysis
included three studies on autistic adults who had shortened
Ly relative to CTs. In normal development, Ly shortens
rapidly by age 3 years old and reaches maturity at 12 years
0ld.%® These findings suggest that ASD infants may show
delayed maturation of Ly that continues into adulthood.
ASD infants in this review also had prolonged Lyj.y rel-
ative to CTs. Similarly, Tas et al.% reported significantly
prolonged Ly in autistic preschool children compared to
CTs. Interestingly, in this group, neither Ly nor Ly, cor-
related with hearing impairment, suggesting that these ABR
markers may be ASD-specific. Overall, while the reported
findings are in line with previous studies and remain stable
across childhood, further work is needed to fully determine
the clinical utility of ABRs as a clinical marker of ASD in
infancy.

HR/ASD infants included here also had impaired voice-
selectivity in the LTL, bilateral frontal lobes, left thalamus,
left caudate, and right cerebellum. The most robust finding
was reduced voice-selectivity in the LTL, specifically the
superior and medial temporal gyri. Importantly, no study
reported significant group differences for non-voice stimuli,
suggesting a voice-specific deficit. Indeed, the superior and
medial temporal gyrus are thought to be involved in voice
processing and emotion recognition.®> Impairments in
behavioral and neural pro-social attention and voice selec-
tivity are robust clinical findings in childhood and adult
ASD.21:66-68 Interestingly, Abrams and colleagues reported
reduced connectivity between the left superior temporal
gyrus and the dopaminergic reward pathway in children
with ASD, which predicted social behavioral deficits.?!
Overall, the evidence suggests that ASD is associated with
stable deficits in social stimuli processing and that aberrant
voice selectivity may be an early ASD marker. However,
few of the included studies reported effect sizes, and only
one assessed the predictive power of aberrant voice selec-
tivity for later ASD status. Hence, further work is needed to
determine the clinical utility of voice selectivity as a clinical
marker of ASD in infancy.

Lastly, HR/ASD infants had significantly reduced ABC
in y-, a-, and 6-bands, although ABC was not associ-
ated with ASD status. ABC is associated with top-down
attentional modulation and processing of complex sensory
stimuli.’®®! Changes in ABC have been observed in chil-
dren and adults, although a recent meta-analysis showed

that the direction of effects is variable.%” Specifically, in
both children and adults, ASD was robustly associated with
reduced a-band coherence, while findings for y- and 6-band
coherence were mixed. Hence there is evidence that ASD
is associated with altered ABC, although changes may vary
across individuals and with time. Critically, it needs to be
clarified in which frequency bands ABC may function as
an early marker of ASD, allowing mapping of brain oscil-
lations in infants onto specific difficulties.”® It is, therefore,
unclear whether ABC can function as a reliable marker
of ASD risk, and further research is needed to understand
these discrepancies.

There are several limitations to consider. First, due to
the young age of participants, the studies included in
this review focus on ASD risk rather than a formal ASD
diagnosis, as only around 20% of HR infants eventually
develop ASD. This introduces the potential for misclassi-
fication bias, especially since nine studies did not follow
up to confirm an ASD diagnosis, instead relying solely on
sibling-conferred risk status. This limits the ability to dis-
tinguish sensitive and specific ASD markers from those
indicating the HR endophenotype. Additionally, most stud-
ies (82%) recruited small samples, leading to few ASD
cases and reduced statistical power. Unequal group sizes
further inflated type I error rates, increasing the risk of
false positives.”! Inadequate reporting also affected the
studies; only seven provided sufficient descriptive data for
calculating effect sizes, and a formal heterogeneity anal-
ysis was not feasible due to underreporting. Furthermore,
it remains unclear how the identified neurophysiologi-
cal markers, such as ABR latency, voice-selectivity, and
ABC, vary with ASD severity. ASD is a spectrum disorder
with considerable variability in severity, which is not ade-
quately captured by the binary classification of HR/ASD
versus LR/no-ASD groups.! External factors, developmen-
tal changes in infancy, and the lack of standardization
across studies further complicate the interpretation of these
neurophysiological measures. A qualitative assessment of
heterogeneity suggested little consistency across studies.

Clinical implications

The three potential auditory processing markers associated
with later ASD risk—ABR latency, social stimuli selectiv-
ity, and ABC—identified in this review, have been observed
across multiple studies and are consistent with research
involving autistic children and adults. While these mark-
ers show potential for early identification of ASD risk,
they are not specific to ASD and may also be indicative
of other developmental disorders. Moreover, the absence of
standardized normative data for these neurophysiological
measures limits the reliability of using them as diagnostic
tools. Group-level differences observed in research may not
directly translate into individual-level clinical application,
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which emphasizes the need for caution when interpreting
these correlations. Further research is required, particu-
larly in larger samples and with a combination of markers,
to assess their clinical utility as early neurophysiological
tools for ASD screening. Additionally, auditory process-
ing measures may serve as useful indicators for tracking
developmental outcomes, but their role in clinical practice
remains to be validated. Indeed, early interventions for chil-
dren under 3 years with ASD have demonstrated broad
EEG changes that coincide with clinical improvements.”?
Further research is needed to establish the relationship
between AAP and intervention effects in children with
ASD.

Conclusions

This review identified three potential early neurophysiolog-
ical changes in auditory processing associated with later
ASD risk; ABR latency, social stimuli selectivity, and ABC.
The quality of evidence was limited by small samples, inad-
equate reporting, and high heterogeneity between studies.
While the identified changes in auditory processing may
be clinically relevant for ASD screening and diagnosis in
early childhood, further research using standardized experi-
mental protocols and adequately powered prospective study
designs is needed to ascertain fully the diagnostic utility of
ABR latency, social stimuli selectivity, and ABC in ASD.
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