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Auditory maturation and psychological risk
in the first year of life

Maturagao auditiva e risco psiquico no
primeiro ano de vida

ABSTRACT

Purpose: To assess the potential association between psychological risk and limited auditory pathway maturation.
Methods: In this longitudinal cohort study, 54 infants (31 non-risk and 23 at-risk) were assessed from age 1 to
12 months. All had normal hearing and underwent assessment of auditory maturation through cortical auditory
evoked potentials testing. Psychological risk was assessed with the Child Development Risk Indicators (CDRIs)
and PREAUT signs. A variety of statistical methods were used for analysis of results. Results: Analysis of
P1 and N1 latencies showed that responses were similar in the both groups. Statistically significant differences
between-groups were observed only for the variables N1 latency and amplitude at 1 month. Significant
maturation occurred in both groups (p<0.05). There was moderate correlation between P1 latency and Phase
II CDRIs, which demonstrates that children with longer latencies at age 12 months were more likely to exhibit
absence of these indicators in Phase II and, therefore, were at greater psychological risk. The Phase II CDRIs
also correlated moderately with P1 and N1 latencies at 6 months and N1 latencies at 1 month; again, children
with longer latency were at increased risk. Conclusion: Less auditory pathway maturation correlated with
presence of psychological risk. Problems in the mother-infant relationship during the first 6 months of life are
detrimental not only to cognitive development, but also to hearing. A fragile relationship may reflect decreased
auditory and linguistic stimulation.

RESUMO

Objetivo: Avaliar a associagdo entre risco psiquico e matura¢do da via auditiva. Método: Neste estudo de
coorte longitudinal, 54 criangas ouvintes (31 sem risco e 23 em risco psiquico) de 1 a 12 meses foram avaliadas.
Todas foram submetidas a avaliagdo da maturagdo auditiva através dos Potenciais Evocados Auditivos Corticais.
O risco psiquico foi avaliado com os Indicadores de Risco de Desenvolvimento Infantil (IRDI) e Sinais PREAUT.
Uma variedade de métodos estatisticos foi utilizada para analise de resultados. Resultados: A analise das laténcias
de P1 e N1 mostraram respostas similares entre os grupos. Diferencas estatisticamente significantes entre os
grupos foram observadas somente para as variaveis laténcia e amplitude de N1 no primeiro més. A maturagdo
auditiva foi significante nos dois grupos (p<0,05). Houve correlagdo moderada entre laténcia de P1 e a fase 11
dos IRDI, demonstrando que criangas com maior laténcia aos 12 meses apresentaram maior probabilidade de
exibir a auséncia desses indicadores na Fase 11, estando em maior risco psiquico. A fase II dos IRDI também teve
correlagdo moderada com as laténcias de P1 ¢ N1 aos 6 meses e laténcias de N1 ao 1 més; novamente, criangas
com laténcia mais longa estavam em maior risco. Conclusio: A menor maturag@o auditiva correlacionou-se
com a presenca de risco psiquico. Problemas na relagdo mae-filho durante os primeiros 6 meses de vida sdo
prejudiciais ndo apenas ao desenvolvimento cognitivo, mas também a audi¢ao. Um relacionamento fragil pode
refletir diminui¢ao da estimulagdo auditiva e linguistica.
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INTRODUCTION

The auditory system is composed of sensory structures and
central connections, which enable peripheral processing and
interpretation of auditory (particularly verbal) information; this,
in turn, provides access to meaning via language™®.

Thus, an important aspect of any investigation into the
language acquisition process is assessment of auditory system
maturation. This system, which begins to develop around the
20th gestational week, continues to specialize during extrauterine
life, until 2 years of age, with the acquisition of skills such as
sound detection, discrimination, and localization”. Hence, it is
pertinent that both processes—language acquisition and auditory
maturation—be monitored in infants, particularly during the
first 2 years of life, a period during which the neuroplasticity
of the auditory system allows structural and functional changes
to take place depending on the type of auditory stimulation
provided to the child®.

Auditory pathway maturation can be assessed by cortical
evoked potentials testing, a procedure that can be performed
at various stages of child development, both in normal-hearing
infants and in cochlear implant recipients or hearing aid users®.
While still in the mother’s womb, an infant is able to hear her
voice and discriminate sounds. Studies have shown that both
the mother’s voice and the voices of others are heard in utero,
and that even prosodic features of speech are perceived®.
Other research showed that newborns preferred to hear a story
their mother had read aloud six weeks prior to birth, than one
they had never heard. Prenatal learning of some acoustic features
of the story, probably prosodic, may explain this preference®.

Therefore, both hearing and language acquisition depend
on the availability of opportunities for the infant to experience
communication through verbal and nonverbal interactions with
the mother, interactions that begin even before birth. Access to
meaning in language, however, will depend on processes such
as homology and interpretance, whereby the mother attributes
meaning to the infant’s (initially nonverbal) manifestations®.
The work of these authors demonstrates that, the more a mother
speaks in tune with her child’s manifestations, the more the
child will function in language, thereby accessing the linguistic
interpretation he is given, which is reflected by increased babbling.
Babbling is an important milestone toward speech production”.

In this initial “proto-conversation”, the mother not only
conveys linguistic messages, providing access to the semiotic
level of language®, but also shows her desire for the child
through a very particular form of expression: motherese®.
Motherese emerges when the adult-infant relationship is “good
enough”® to allow establishment of alienation/separation
processes as expected, through exercise of the maternal and
paternal functions and operationalization of key axes: demand
establishment, individual assumption (the anticipation of the
presence of a individual in the child), alternating presence and
absence (of the mother or important other), and the possibility
of otherness (which entails the infant’s knowing that he is a
separate entity from his mother or important other).

Ifthese subjective processes do not occur in a “good enough”
manner, the infant’s psychological development may be at risk,

which may be reflected by an absence of motherese, by an absence
of speech patterns attuned to the infant’s demands by the mother
or important other, or even by silence, when the parent or adult
is unable to interpret the infant’s demands®. This would hinder
sustained enunciation by the infant and lead to reduced auditory
stimulation. In addition to the problems that arise due to parental
difficulties, there is another type of psychological risk whose
origin lies in difficulties with the baby such as autism. In the
specific case of autism, the dialogue between mother and at-risk
infant takes the shape of an unanswered, un-echoed utterance due
to congenital difficulties with the baby, an utterance that never
becomes a message to be decoded!”?. This reduces maternal
investment and hinders emergence of inter-subjective behavior
in the second semester of life'V.

Considering the afore mentioned theoretical axes relevant
to linguistic development, two protocols for assessment of
psychological risk have been created (one in Brazil, one
in France) and validated for use in our reality: the Child
Development Risk Indicators (CDRIs)!? and the PREAUT
signs"». The CDRIs comprise 18 indicators designed to detect
risk of distinct psychopathological conditions in four age ranges.
The PREAUT signs are a smaller set of indicators, administered
at ages 4 and 9 months, designed with the specific objective of
detecting a risk of autism ¥,

Several studies have demonstrated that these protocols are
capable of detecting whether the relationship between mother
(or important other) and infant is progressing well and whether
the paternal function is operating. CDRI-based studies have
reported associations of developmental risk with maternal
emotional states, difficulty exercising the maternal function,
feeding difficulties in the infant!9, language acquisition'®,
and several sociodemographic and psychosocial variables!”.

Many individuals diagnosed with autism experience auditory
hypersensitivity. This condition hinders meaningful processing
of language"® and can cause irritability, pain, and, in some
cases, extreme fear!”. Although ongoing research is seeking
to develop tests to measure hearing sensitivity in people with
autism, there is ample room for further investigation. Sensory
processing deficits are common in autism spectrum disorders, but
the underlying mechanisms are unclear. One study demonstrated
increased cortical neuron excitability in response to sound
stimuli, which suggests that cortical responses to repeated
sounds may feature abnormal habituation. These authors used
cortical evoked potentials testing to assess which changes occur
at the N1 amplitude with auditory habituation in children on
the autism spectrum®@”. Such abnormalities were also observed
in this population on brainstem auditory evoked potentials
(BAEP), middle-latency auditory evoked potentials, and the
P300 response®b.

The neuronal connectivity abnormalities of autism are
characterized by excess local connections and breakdown
of long-distance connections between different regions of
the brain. The connectivity disorder hypothesis for autism is
consistent with the fact that, although the sensory organs and
senses themselves (e.g., seeing and hearing) are not defective in
autism, these children do not place any particular emphasis on
the human voice or face, considering the complexity of meanings
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which they convey. Despite normal audiometry findings, autistic
children appear deaf to their parents, given that they do not
react to the human voice as typically developing infants do®?.

Taking this theoretical framework into consideration, we
hypothesized that children at psychological risk, be it autistic or
not, in the first year of life might exhibit less auditory maturation
when compared with not at risk children. Thus, the objective
of the present study was to analyze the potential association
between presence of psychological risk and lessened auditory
pathway maturation.

METHODS

This study was part of a larger project, “Andalise Comparativa
do Desenvolvimento de Bebés Prematuros e a Termo e sua Relagdo
com Risco Psiquico: da detec¢do a intervengdo”, which was
authorized in May 2014 by the relevant institutional Research
Ethics Committee with judgment number 28586914.0.0000.5346.
All those responsible for the individuals involved signed the
Informed Consent Term. All standards and guidelines for human
individuals research established in the Brazilian National Health
Council Resolution No. 466/12 were followed, including
provisions for data confidentiality and individual privacy.

The sample comprised normal-hearing neonates seen at the
Newborn Hearing Screening program at a university hospital.
Originally, 305 neonates were invited to participate, but 180 were
not brought for baseline assessment.

The inclusion criteria were: having passed both bilateral
transient evoked otoacoustic emissions (TEOAEs) and automated
auditory brainstem response (ABR) testing on newborn
hearing screening; and having a type A tympanogram at the
time of assessment. The choice of the procedure to be used
(TEOAE or ABR) was based on the analysis of risk indicators
for hearing impairment®?.

Infants who failed to attend any of the assessment visits were
excluded from analysis, as were those with organic syndromes,
those whose mothers had severe mental disorders, and those who
failed hearing screening. These criteria were assessed by the
multidisciplinary research team, which included Psychologists,
Speech-language pathologists, Physical therapists, and Occupational
therapists. All infants also underwent medical assessment by a
pediatrician, as well as neurological examination and genetic
evaluation as needed.

Considering the aforementioned eligibility criteria, the
initial sample comprised 125 neonates who underwent cortical
auditory evoked potentials (CAEPs) testing during the first
month of life. However, 30 newborns were excluded due to
excess artifacts (>10%) on CAEP recordings. Furthermore,
a significant portion of the sample was lost during follow-up
due to changes of address/phone number or parental dropout.
The final sample comprised 54 infants: 31 in the no-risk control
group and 23 in the at-risk study group. The psychological risk
was defined by CDRIs!"? and the PREAUT signs®?.

The CDRIs are 18 indicators which can be visualized
during mother-child interactions over four age ranges
(0-4, 4-8, 8-12, and 12-18 months), and are designed to assess
whether the infant is at risk of severe psychopathology or

whether any problems in the mother-child relationship may
have constituted a hindrance to infant development, i.e., aspects
related to psychic constitution. These indicators were scored
during the interview with parents and observed on 15-minute
videos obtained at 3, 6, 9, and 12 months. During the 3- and
6-month assessments, the infant was placed in a car seat for
face-to-face interaction with the mother, who was asked to sing,
talk, and play with a rubber toy with her child. At the 9- and
12-month assessments, depending on the infant’s psychomotor
development, the infant was sat on a foam mat with its mother
and allowed to move around with access to a box of rubber toys,
including animals, foods, household utensils, dolls, vehicles,
and a bottle. At these ages, interactions were not entirely free.
Footage was obtained with two cameras: one placed at a distance
of 1 m to provide a lateral view of the infant’s face-to-face
interaction with his mother and one placed at a distance of 2 m
to provide a frontal view of the infant’s face during interactions.
The mother’s face was visible on a mirror placed behind the
car seat. At the 9- and 12-month assessments, infants were also
visible on the mirror while moving around on the mat.

Infants in whom at least two indicators were absent at any
phase were considered to be at risk. Analysis of correlation
between the CDRIs and auditory pathway maturation took
into account the phase I, I, and IV indicators and the auditory
assessments performed on the same day (1-month, 6-month,
and 12-month visits).

The PREAUT signs, that seek to detect autism risk, were
administered in two phases, at 4 and 9 months, and consisted
of observing the infant’s reactions to motherese (spoken by the
mother and by the investigator) and the infant’s attempts to seek
the adult’s attention after cessation of motherese. One point was
scored for each item present. If the score was <5 points, the second
part of the questionnaire was administered. Scores below 5 points
are indicative of risk of progression to full-blown autism.
Preliminary validation studies of the PREAUT signs suggest
that, although reasonably sensitive and specific for detection of
risk of autism¥, the signs can also detect other developmental
disorders, including language disorders and risk of psychosis!'?.
We also checked for the PREAUT signs during the interview and
on the interaction footage. Signs were considered in relation to
the auditory maturation process, as audiological examinations
were not performed on the same day.

CAEPs were performed to assess auditory maturation at
1, 6, and 12 months. Audiological assessment was performed
before age 1 month to ensure that all infants in the sample
exhibited the components of interest (PIN1).

Auditory pathway maturation was assessed by CAEP testing.
This was performed with a two-channel SmartEP system (Intelligent
Hearing Systems/Interacoustics). The skin was prepared with
NuPrep abrasive gel and the CAEP electrodes placed at positions
Fz (positive), Fpz (ground), M1 (left mastoid), and M2 (right
mastoid). The stimulus parameters used for CAEP acquisition
were based on a previous study performed at the same facility,
using the same system® oddball paradigm, CV syllable pairs
(standard \ba\ and deviant \ga\), binaural presentation, at a fixed
intensity of 70 dB nHL rarefaction polarity, with a 1-30Hz filter,
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using insert earphones. The maximum acceptable artifact rate was
10%. Approximately 150 stimuli (30 deviants) were presented.

The term P1 was used for the highest positive peak and N1
the highest deflection after P1. For the labeling of the P1-N1
complex, the tracing of the frequent stimulus was used®®.
The absolute latency of the P1, N1 components in milliseconds
(ms) and a P1-N1 amplitude in microvolt (uV) was determined
considering a peak amplitude over time. The exams were analyzed
by two trained judges with theoretical/practical knowledge in
electrophysiology of hearing, especially PEALL. The judges
performed the marks of the components of this potential in
a blind way, that is, they performed as independent marks,
without printed records of the exams. Subsequently, given
that the researchers reproduced these marks in the respective
examinations, there is no software for the equipment in question
to precisely obtain latency and amplitude values.

To analyze auditory maturation, we calculated the difference
between PINI1 latencies during the first, second, and third time
points of assessment, as reported by other authors®”,

At the 6- and 12-month assessments, infants were offered a
tablet computer on which they could watch videos to help them
remain calm during the tests.

To rule out middle ear disorders, tympanometry was performed
(OTOflex 100 handheld immitance test device, GN Otometrics)

Table 1. Analysis of P1 and N1 latencies between groups

before all CAEP tests. Infants who exhibited tympanometric
abnormalities were immediately referred for ENT evaluation
and later returned for a new round of audiological assessment.

The sample was assessed from age 0 to 12 months. Protocols
for assessment of developmental risk were administered at least
once every 3 months, while CAEP testing for auditory pathway
maturation was performed every 6 months.

For statistical analysis, results were entered into a Microsoft
Excel spreadsheet and nonparametric tests were performed in
STATA 9.0 to compare the variables of interest between the
study (at-risk) and control (no-risk) groups.

Nominal and ordinal analyses were performed where
appropriate to allow calculation of the Mann-Whitney U test,
Spearman correlation coefficients, and the Wilcoxon test.
The significance level for all tests was set at 5% (0.05), and all
confidence intervals were created at the 95% level.

RESULTS

Analysis of P1 and N1 latencies showed that responses
were similar in the control and study groups. Statistically
significant between-group differences were observed only for
the variables N1 latency (left ear) and amplitude (right ear) at
1 month (Table 1).

Study group (n=23)

Control group (n=31)

Variable Mean + SD Mean + SD p-value
P1 latency (ms), month 1
RE 228.4 + 33.0 213.1 +53.2 0.404
LE 229.8 +37.4 207.4 +53.2 0.165
N1 latency (ms), month 1
RE 394.4 + 73.6 357.7 +70.5 0.100
LE 407.2 +74.0 358.6 + 75.0 0.044*
P1-N1 amplitude (mV), month 1
RE 8.7+6.0 6.0+£3.5 0.022*
LE 8.2+4.0 6.5+4.6 0.057
P1 latency (ms), month 6
RE 147.2 £+ 51.0 137.7 £ 34.6 0.384
LE 146.8 + 51.1 142.0 + 33.7 0.801
N1 latency (ms), month 6
RE 247.8 +67.4 235.5+449 0.660
LE 253.1 +69.9 232.1+41.8 0.209
P1-N1 amplitude (mV), month 6
RE 11.8 +10.2 9.8+85 0.840
LE 141 +13.7 12.8 +10.7 0.618
P1 latency (ms), month 12
RE 110.8 + 25.1 106.1 £ 22.2 0.706
LE 108.2 £ 25.3 108.1 £ 19.1 0.914
N1 latency (ms), month 12
RE 184.5 £ 39.8 180.2 + 39.0 0.753
LE 181.3 £ 37.8 179.7 £ 38.3 0.900
P1-N1 amplitude (mV), month 12
RE 8.1+6.8 79+71 0.706
LE 95+7.2 75+55 0.177

Mann-Whitney U test; *p<0.050

Caption: RE - right ear; LE - left ear; ms — milliseconds; mV — microvolts; SD - standard deviation
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In this study, analysis of the waveforms of interest (P1N1)
was performed in double-blind fashion to ensure the reliability
of results. Nevertheless, there was wide variability in response
across the infants in the sample, as demonstrated by the standard
deviation values.

“Auditory maturation” was defined as the difference between
the latencies of P1 from the first to the sixth month, from the
sixth to the twelfth month, and from the first to the twelfth month.
Table 2 lists the mean latencies measured at each time point
in the study and control groups, which show that statistically
significant maturation occurred in both groups (p<0.05). Separate
values for the right and left ears are not provided, as there was
no significant difference (Table 2).

Table 3 lists those variables for which correlations were
found. There was moderate correlation between P1 latency
and Phase II CDRIs, which demonstrates that children with
longer latencies at age 12 months were more likely to exhibit

absence of these indicators in Phase II and, therefore, were at
greater psychological risk. The Phase IT CDRIs also correlated
moderately with P1 and N1 latencies at 6 months and N1
latencies at 1 month; again, children with longer latency were
at increased risk.

The Phase IV CDRIs exhibited a similar but inverse correlation
with N1 latencies, i.e., children at greater developmental risk
had lower latencies. It is worth noting that two parallel processes
were observed in this sample: a reduction in the number of
at-risk infants at 12 months and an absence of between-group
difference in latencies at this age.

Table 4 shows the frequency of psychological risk at each
time point of assessment, as evaluated by the CDRIs and
PREAUT signs. A substantial reduction in the total number of
at-risk infants was observed with both protocols at the last time
point. This progression is depicted in Figure 1.

Table 2. Analysis of auditory maturation between time points of CAEP testing in the study and control groups

Study group (n=23)

Control group (n=31)

Mean + SD p-value Mean + SD p-value
1 to 6 months
P1 latency (ms) 86.0 + 73.1 <0.001* 99.9 +44.2 <0.001*
N1 latency (ms) 1563.7 £ 95.7 <0.001* 163.0 + 91.1 <0.001*
6 to 12 months
P1 latency (ms) 41.9+49.4 <0.001* 30.2 +23.8 <0.001*
N1 latency (ms) 61.6 + 66.5 0.004* 66.6 + 50.1 <0.001*
1to 12 months
P1 latency (ms) 107.9 + 56.1 <0.001* 112.6 + 37.7 <0.001*
N1 latency (ms) 186.3 + 68.5 <0.001* 177.5 +82.2 <0.001*
Wilcoxon test; *p<0.050
Caption: ms- miliseconds; SD- standard deviation
Table 3. Correlation between variables of interest in the study and control groups
Study group (n=23) Control group (n=31)
R p-value R p-value
1 month
P1 x CDRIs, Phase | -0.009326 0.973684 0.149646 0.429950
P1 x CDRIs, Phase Il 0.084221 0.765385 - -
P1 x CDRIs, Phase lll 0.174611 0.533673 0.079339 0.676862
P1 x CDRIs, Phase IV 0.071340 0.800538 -0.225369 0.231141
P1 x PREAUT, 4 months 0.240186 0.388544 -0.192998 0.306864
P1 x PREAUT, 9 months 0.159397 0.570420 -0.010732 0.955115
N1 x CDRls, Phase | 0.002793 0.992118 -0.037688 0.843261
N1 x CDRls, Phase Il -0.466294 0.049770 - -
N1 x CDRIs, Phase llI -0.298091 0.280536 0.067982 0.721134
N1 x CDRIs, Phase IV 0.101076 0.720027 -0.053641 0.778308
N1 x PREAUT, 4 months 0.078655 0.780526 -0.107229 0.572758
N1 x PREAUT, 9 months 0.098689 0.726399 -0.311120 0.094231
6 months
P1 x CDRIs, Phase | 0.183385 0.402269 0.186909 0.314027
P1 x CDRIs, Phase Il -0.467000 0.024664* - -
P1 x CDRlIs, Phase llI 0.006837 0.975300 0.093212 0.617962
P1 x CDRIs, Phase IV -0.062294 0.777665 0.132761 0.476485

Spearman correlation coefficient; *p<0.050

Caption: CDRI - Child Development Risk Indicators; R — correlation coefficient
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Table 3. Continued...

Study group (n=23) Control group (n=31)
R p-value R p-value

P1 x PREAUT, 4 months 0.305451 0.156385 -0.027274 0.884204
P1 x PREAUT, 9 months 0.030587 0.889811 0.040850 0.827285

N1 x CDRls, Phase | 0.290896 0.178101 0.251532 0.172258

N1 x CDRls, Phase Il -0.490541 0.017477* - -

N1 x CDRls, Phase lll -0.045400 0.837032 0.073596 0.693981

N1 x CDRls, Phase IV -0.268014 0.216293 0.122561 0.511289
N1 x PREAUT, 4 months 0.290255 0.179102 0.055519 0.766739
N1 x PREAUT, 9 months 0.106056 0.630074 0.204268 0.270351

12 months

P1 x CDRls, Phase | 0.189956 0.385318 0.352093 0.052073

P1 x CDRlIs, Phase Il -0.475565 0.021817* - -

P1 x CDRIs, Phase llI 0.170785 0.435903 -0.068731 0.713331

P1 x CDRlIs, Phase IV 0.173943 0.427335 -0.183953 0.321879
P1 x PREAUT, 4 months 0.222170 0.308260 -0.075358 0.687015
P1 x PREAUT, 9 months 0.103560 0.638193 0.061318 0.743153

N1 x CDRls, Phase | -0.344995 0.106915 0.189764 0.306558

N1 x CDRIls, Phase Il -0.215600 0.323151 - -

N1 x CDRls, Phase llI 0.177681 0.417312 -0.171654 0.355835

N1 x CDRIs, Phase IV 0.608049 0.002084* -0.285860 0.119013
N1 x PREAUT, 4 months -0.167838 0.443981 -0.155270 0.404249
N1 x PREAUT, 9 months 0.060573 0.783661 0.030628 0.870078

Spearman correlation coefficient; *p<0.050
Caption: CDRI - Child Development Risk Indicators; R — correlation coefficient

Table 4. Frequency of risk stratified by indicator

c Not at risk At risk

DRI n % n %
Phase | 31 57.41 23 42.59
Phase Il 43 79.63 11 20.37
Phase IlI 38 70.38 16 29.62
Phase IV 46 85.18 8 14.81

PREAUT, 4 months 31 57.41 23 42.59

PREAUT, 9 months 43 79.63 11 20.37

Descriptive analysis of data
Caption: CDRI - Child Development Risk Indicators

LELEL

CDRIs | CDRIs 11 CDRIs Il CDRIs IV PREAUT, 4 PREAUT, 9

H No Risk mAt Risk

Figure 1. Progression of developmental risk in the sample
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DISCUSSION

The results of this study demonstrate the relevance of
cortical auditory evoked potentials as a biomarker of auditory
maturation. In our sample, maturation was observed at all three
assessment time points (1, 6, and 12 months), i.e., 12-month-old
infants had lower latencies than at 1 and 6 months of age, and
the progression from one time point to the next was statistically
significant. These findings corroborate the results of other
studies in which CAEPs were used to evaluate children with
auditory neuropathy® and sensorineural hearing loss®. CAEP
testing has shown that P1 latency decreases substantially after
cochlear implant activation. These authors also report that
earlier timing of activation (before age 2 years) is associated
with greater likelihood of normal cortical responses, improved
speech perception, and greater development of hearing skills
and oral language®®®.

This study focused on analysis of the PIN1 components; the
P2N2 components were not assessed because, prior to 24 months,
there is no neural substrate for their development. Authors who
use the term “P2N2” are employing a nomenclature based on
the latency of CAEP components. Several factors can influence
detection of specific CAEP components, including age, which
reflects the maturation of the neural processes that generate the
evoked potential response. Peak amplitude, for instance, is greatly
dependent on synaptic density in the primary auditory cortex.
This amplitude doubles over the course of the first 3 months of
life. With advancing age, neural synchrony also increases, which
may result in greater response. The magnitude of potentials
recorded over time may also be influenced by neural substrates®.

Comparison between the control (no risk) and study (at-risk)
groups did not reveal significantly different responses, because
both groups exhibited similar latencies at each phase of the
study. However, when testing for correlation between auditory
maturation and psychological risk, we found that at-risk infants
exhibited less maturation than control infants, both from month
1 to month 6 and from month 6 to month 12. This suggests
that infants at psychological risk may have slowed auditory
maturation compared with controls not at risk.

Analysis of correlation between CDRI phases I and IT and
CAEP findings at month 1 vs. month 6 also confirmed this,
showing that, in the first semester of life, infants at psychological
risk may have experienced less maturation due to disordered
relationships with their primary caregivers, i.e., their mothers.
This confirms our initial research hypothesis that children at
psychological risk may be receiving or processing less auditory
and linguistic stimulation, as demonstrated in previous studies
using the CDRIs®9). It is worth noting that the number of at-risk
infants was 23 in phase [ and 11 in phase II. What appears to be
at stake is the possibility of at-risk infants progressing or not
from a condition of hearing to one of listening.

On the other hand, studies have hypothesized that infants
at risk of autism may have abnormal auditory processing®*2).
Atage 4 months, 23 infants exhibited abnormalities in the PREAUT
protocol, while at 9 months, 11 infants were considered at-risk
due to absence of PREAUT signs. These numbers coincide with
the number of infants at risk by the CDRI protocol, which was

expected due to the strong agreement between the two protocols
(CDRI and PREAUT), as demonstrated by another study®?.

As no outcomes were assessed in the infants, we cannot
affirm that a diagnosis for autism or another psychopathology
would explain a lower degree of maturation. However, we
can state that the negative effects on auditory maturation of
insufficient or inadequate stimuli (when the problem is related
to an inability of the mother to play her role!?) or of the infant’s
inability to connect to his mother’s voice (when the problem is
risk of autism®?) can be assessed by CAEP testing. Outcome
assessment (i.e., testing for psychopathological diagnoses) at
24 and 36 months and follow-up audiological assessments at
these ages, as we plan to do within the context of this project,
may contribute to detection of between-group differences.

Finally, it is interesting to note that, at age 12 months, we
observed an inverse phenomenon: infants with lower latency were
at greater risk. There are two processes at play in this finding.
First, despite the absence of a statistical difference between the
study and control groups, latencies were lower in 8 infants with
abnormal CDRIs and 11 infants with abnormal PREAUT signs.
Our data suggests that a greater number of altered PREAUT signs
will contribute to increased sensitivity to sound, particularly in
the left ear, in which processing involves the right hemisphere
of the brain. One may hypothesize that precarious reactions
to another human being, and particularly to the human voice,
may limit hemispheric specialization for language and lead to
heightened auditory reactions in the left ear (right hemisphere).
Therefore, lower auditory latency cannot be deemed to equate
with better language performance. It may however, be related
to increased hearing sensitivity. Although this may appear to
represent an auditory advantage and could even explain the
facility of autistic children for rhythm and music!'®!?, at least
in the 11 cases in our sample, it may not correspond to good
language processing, as the perception of auditory stimuli was
not followed by the formation of the symbolism necessary for
linguistic interpretation. This is consistent with the literature on
autism®”. We may infer that at-risk infants at age 12 months,
although not at a disadvantage when hearing, are experiencing
difficulty listening, as their linguistic functioning in dialogue
scenarios is precarious.

Thus, in infants not at risk, slightly longer latencies may
be indicative of additional linguistic effort for processing of
auditory information. This hypothesis should be confirmed by
continued follow-up of language acquisition in these infants
and further research in larger samples.

CONCLUSION

The objective of the present study was to test for association
between psychological risk and auditory pathway maturation.
‘We were able to establish a correlation between these variables,
even if it was not substantial. Our findings demonstrated that
a troubled mother-infant relationship during the first semester
of life is not only harmful to psychic development, but can also
be reflected in auditory development (since the study group
had higher latencies than the control group) and less symbolic
use of information at age 12 months, at which point auditory
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processing gains speed but language interpretation may be
poorer in the at-risk group.

Our results highlight the importance of assessing auditory

maturation in infants at psychological risk, because normal
hearing does not ensure quality of language acquisition.
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