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Highlights

* In auditory event-related potentials of preschool children, we found a faster decrease
in latencies of P1 and N2 around the age of 5 years than previously described.

* At preschool age, children born very preterm had obligatory responses that differed
from term-born and late preterm-born children.

* The decrease of N1 amplitude in the very preterm born children might reflect
cognition, since similar amplitude findings have been described in term-born children

with cognitive deficits.



Abstract

Objective: To assess auditory event-related potentials at preschool age in children born very

preterm (VP, 27.4+1.9 gestational weeks, n=70) with a high risk of cognitive dysfunction.

Methods: We used an oddball paradigm consisting of a standard tone randomly replaced by

one of three infrequent deviants (differing in frequency, sound direction or duration).

Results: The P1 and N2 latencies were inversely correlated to age (50-63 months) both in VP
(r=-0.451, p <0.001, and r=-0.305, p =0.01, respectively) and term born controls (TC; n=15).
VP children had smaller P1 than near-term (n=12) or TC (1.70+0.17 pV vs 2.68+0.41 and
2.92+0.43, respectively; p<0.05). Mismatch negativity response did not differ between

groups.

Conclusions: Our data suggest a fast maturation of P1 and N2 responses with fast decrease in
P1 and N2 latencies around the age of 5 years. Mismatch negativity response does not seem

to be a robust measure for defining abnormalities in VP children.

Significance: In ERP studies in preschool children, even small, non-significant group
differences in age at recording should be corrected for. Very preterm born children at
preschool age have aERP patterns as earlier described in full-term born children with

cognitive deficits.



1. Introduction

Children born very preterm, that is before 32 postmenstrual weeks, have a high prevalence of
disabilities (Wilson-Costello et al., 2005; Platt et al., 2007). Even preterm children without
neuromotor abnormalities have a lower mean 1Q, an increased risk of neuropsychological
deficits (such as attention, reading, learning, language, and memory disorders), neurosensory
and visuospatial deficits, poor executive functions, behavioral problems, and low academic
achievement (Mikkola et al., 2005; Aarnoudse-Moens et al., 2009). The anatomical and
functional correlates of such impairments in preterm children are incompletely understood,

and early diagnostic tools for cognitive dysfunction are still lacking.

Auditory event-related potentials (aERP) are measures of electrical brain activity related to
auditory stimuli. They are neurophysiological correlates of cortical sound discrimination and
sound processing and may be used to document auditory system developmental plasticity
(Kral et al, 2007). At preschool age, at inter-stimulus intervals below 1 second, aERP consists
of a P1 peak around 100 ms and a N2 peak around 250 ms (Ceponiene et al., 2002; Mikkola
et al., 2007). The fronto-centrally predominant P1 is generated in the secondary auditory
cortex (Liegeois-Chauvel et al., 1994). Lower P1 amplitudes have been described in children
with cognitive and/or behavioral problems (Kemner et al., 1996, Lovio et al, 2010). N2 at
preschool age is assumed to originate bilaterally in the auditory cortex of the superior
temporal lobes with frontal predominance in scalp topography (Ceponiene et al., 2002). It has
been linked to higher level, discriminative processes and attention orienting (Satterfield et al.,
1994; Cunningham et al., 2000). In adults, it is described to be sensitive to task demands and
attention (Nééténen and Picton, 1986). However, whether P1 and N2 in children represent

similar neurophysiological processes as in adults has not yet been established.



Mismatch Negativity (MMN), a component of the event-related potentials has been used to
investigate cortical sound discrimination capabilities across the lifespan (Kujala and
Naitanen, 2010). In a stream of similar sounds, a deviating sound will elicit a negative
deflection, the MMN response. It is based on the formation of neural memory traces for
familiar auditory events and has been associated with pre-attentive cognitive processes in
audition. Thus, MMN has been suggested to reflect ‘primitive intelligence’ in the auditory
cortex (Nadtanen et al., 2001). The MMN appears in difference curves obtained by
subtracting responses to standard from deviant stimuli. In adults, it is typically negative, but
may have a positive polarity in infants and children (Morr et al., 2002). Studies in infants
suggest that the positive polarity is an immature feature. The neurophysiological correlates of

this inverted polarity, however, are unknown (Carral et al., 2005; He et al., 2009).

Normal language development is largely dependent on normal sound and phoneme
perception. Thus, studies have used MMN to assess speech sound perception (Lovio et al.,
2009; Shafer et al., 2010; Partanen et al., 2011). Deficits in speech sound processing, such as
impairment in discrimination of vowels or syllables, and in differentiation of sound frequency
or duration, are hallmarks of language impairment, dyslexia, and reading problems (Bishop,
2007; Sharma et al., 2007). Moreover, in infants and children, association has been found
between a variety of impairments and pathological aERPs. Abnormal MMN has been
recorded in children with risk for dyslexia (Lovio et al., 2010) as well as in reading

difficulties and attention deficit disorders (Huttunen-Scott et al., 2008).

The survival of very immature infants is continuously increasing, which might lead to a
higher prevalence of neurocognitive abnormalities (Fellman et al., 2009). In these vulnerable
infants, aERPs have not been studied. However, in more mature preterm infants, the

development of aERPs during the first year differed from healthy term infants (Fellman et al.,



2004). At 5 years of age they had smaller P1 and larger N2 amplitudes (Mikkola et al., 2007).
Further, in an MMN study at 2 years of age in preterm born children, phoneme discrimination
was not dominated by the native language sounds. This was related to a slower native
language acquisition and might be associated with later language development (Jansson-

Verkasalo et al., 2010).

The rationale for this study was to investigate the possibility to use aERPs as a tool to define a
risk group for neurocognitive abnormalities in children born very preterm. We hypothesized
that very preterm infants with a high risk of cognitive dysfunction have changes in aERPs.
Therefore, our aim was to investigate the aERPs at pre-school age in children born very

preterm and compare these to those of term and late-preterm born children.

2. Methods

2.1. Study Population

Very preterm (VP) born infants in Lund University Hospital were recruited between
September 2000 and February 2003 at the Neonatal Intensive Care Unit (NICU) into a
prospective cohort study. Inclusion criteria were a gestational age below 32 weeks, dated with
prenatal ultrasound at 17-18 gestational weeks (GW), and absence of major congenital
malformations. As this NICU is a tertiary referral center providing regionalized care for
extremely preterm infants, the major part of infants was born before 28 GW (N=55). A total

of 87 infants were enrolled in the VP group.



Two control groups were included. A preterm control (PC) group (N=24) born at 32 to 35
GW with no major morbidity was recruited in the NICU and a healthy full-term control group

(TC; N=24) born =37 GW at the maternity ward of the hospital.

All children underwent the national hearing screening at 4 years of age. The age at aERP

examination was calculated from the time point corresponding to term age (40 GW). Parental
informed written consent was obtained both at recruitment and before the aERP recording at
4-5.5 years of age. The Regional Ethics Review Board, Lund, Sweden approved the study

protocol prior to the start of the study.

2.2. EEG recording and stimuli

Auditory stimuli were delivered binaurally through headsets at 60 dB Sound Pressure Level to
the children while they watched a silenced movie in a sound-attenuated room. Ag/Ag—Cl
electrodes were attached at electrode sites F3, Fz, F4, C3, Cz, C4, P3, Pz, P4, T3, and T4
according to the International 10-20 System. In addition, four electro-oculogram electrodes
were used. EEG was referenced to the average of mastoid electrodes. An EEG (bandpass 0.1—
70 Hz, sampling rate 500 Hz) was recorded using the NeuroScan 4.3 system (Compumedics;

WWWw.neuroscan.com).

The sound stimuli were presented as an oddball paradigm consisting of a standard tone
(probability of 0.70), randomly replaced by one of three infrequent deviant tones (probability
of 0.10 for each). Stimulus onset asynchrony was 533 ms. The standard tone was a sinusoidal

1000 Hz tone with a duration of 100 ms, including 10 ms onset and offset time. The



frequency deviant differed from the standard by a 10% higher pitch (1100 Hz; probability
0.10). An apparent direction deviant differed in perceived sound source location, achieved by
a sound onset difference between the left and the right side of 750 s, starting on the left or
the right side (probability 0.05 each). The third deviant differed concerning the duration
lasting only 50 ms and an onset and offset time of 5 ms. Otherwise, all deviants were identical

to the standard tone.

Stimuli were presented in three blocks of 610 sounds, each block containing all deviant types.
All blocks were introduced by a series of at least 10 standard tones. Each deviant was
followed by at least one standard tone. Thus, during the whole recording, the standard tone
was presented 1290 times, while each deviant type was presented 180 times. The duration of

the experiment was about 15 min.

2.3. ERP averaging and analysis

Offline data analysis was performed using a NeuroScan 4.5 system (Compumedics;

www.neuroscan.com). The continuous EEG was filtered offline (bandpass 0.5-30 Hz, 24 dB

attenuation). After visual rejection of major artefacts, the data were divided into epochs from
100 ms pre-stimulus onset to 550 ms post-stimulus onset. The EEG was baseline corrected to
the prestimulus interval. All epochs with amplitudes exceeding +£100 uV were rejected, as
well as the first 3 epochs of every block and all epochs following a deviant stimulus epoch.
The epochs for the standard stimulus and those for the three deviant stimuli were averaged
separately. A minimum of 50 epochs for a given stimulus type was required in each subject to

be included in further data analysis of this stimulus. The time from stimulus onset to 550 ms



post-stimulus onset was divided into 50 ms-periods, and the mean amplitude for each period

was calculated.

The aERP curves for standard and deviant stimuli in all subjects within each of the three study
groups were averaged into grand average mean aERP curves. An averaged curve from 6
electrodes (F3, Fz, F4, C3, Cz, C4) was used to define the individual latencies of the main
positive (P1) and negative (N2) peaks for each participant. The P1 peak latency was defined
as the time point for the maximum of the most positive peak in the interval 130 ms+50 ms,
and the N2 peak as the time point for the most negative peak in the interval 250 ms+80 ms on
this averaged curve. Mean amplitudes for the P1 and N2 peaks were calculated in the time

window latency+30 ms using the F3, Fz, F4, C3, Cz, C4, P3, Pz and P4 electrodes.

Difference waveforms were obtained by subtracting the standard response from response to
the deviant stimulus, individually for each participant, using the averaged curves from the 6
frontal and central electrodes as described above. From these difference waveforms, mean
amplitudes were calculated for each 50 ms time window after stimulus onset for each

participant.

The mismatch response (MMR) was measured in the difference curves for each child in the
time window 150-350 ms after change onset (150-350 ms after stimulus onset for changes in
perceived sound source location and frequency, 200-400 ms after stimulus onset for changes
in duration). As MMR we defined the peak, positive or negative, with the largest mean
amplitude for the interval of maximum peak +30 ms, using the averaged curves from the 6

frontal and central electrodes. However, in order to exclude possible P3a-like responses from
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being identified as MMR in the analysis (a late positive peak after MMR related to attentive
functions), when a negative response preceded a positive in this time window, the negative
response (MMN) was considered as MMR, and the following positive response was
considered to be “Later positivity”. From several positive peaks in this time window, we

always defined the first positive peak as the MMR.

All latencies were defined as the time point for the maximum amplitude, and amplitudes as

the mean amplitude for the time window defined by peak latency £30 ms.

2.4. Statistics

Statistical analyses were performed with PASW Statistics 18 for Windows software. We used
t-test for group comparison of clinical data. The effect of age at examination on amplitudes
and latencies was assessed using the non-parametric Spearman correlation. Group differences
in electrode effects and differences in scalp topography between MMN and positive MMR
were analyzed with ANOVA for multiple measurements (group and electrode x group for
group differences, MMN/positive MMR and electrode x MMN/positive MMR for differences
in scalp topography between responses; Greenhouse-Geisser correction where the assumption
of sphericity was violated). Univariate ANCOVA with correction for age at examination was
used for group comparisons of time windows, peak latencies and amplitudes, using mean
amplitudes for the in total 9 frontal, central and parietal electrodes. A p-value of < 0.05 was

considered significant.
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3. Results

3.1. Subjects

Of the 87 VP newborn infants recruited, three died during the neonatal period, one could not
be contacted, and one had moved abroad. For ten children, the parents declined to participate
in this study at pre-school age. Two children did not cooperate sufficiently for accurate
recordings. Thus, 70 VP children born at 23.9 to 31.7 GW had a complete aERP recording
(Table 1). Neonatal characteristics of them are shown in Supplementary Table S1. None of

the children had pathological hearing test in child health center or used a hearing aid.

The parents of twelve PC children and nine TC children declined to participate in the study.
Thus, complete aERP recordings were achieved in 12 PC children and in 15 TC children. At
the time of the recording, the VP children were older than the control groups (p<0.01 for both
groups), and the PC children were older than TC (Table 1). However, after correction for
gestational age, the VP and PC groups were examined at similar ages, but their mean ages
remained higher than that of TC (p<0.05). Therefore, all results have been corrected for age at

examination.

3.2. Obligatory aERP responses

Mean amplitudes: The VP group had lower mean amplitudes to standard stimuli than both
control groups in each 50 ms interval at 100-200 ms, and lower mean amplitude than the TC

group at 200-250 ms (Table 2). No significant differences between the control groups were



12

observed. The time intervals for each electrode with different amplitudes in VP compared to

control groups are shown in Supplementary Fig. S1.

P1 and N2: The main obligatory responses for the standards were the P1 and N2 responses
(Fig. 1). The P1 amplitude was significantly lower in the VP group than in both control
groups (Table 3). The P1 latency in the PC group was significantly longer than in both the VP

and the TC groups.

Age effects on obligatory responses: Age at examination was negatively correlated to P1 and
N2 latencies (r=-0.490; p <0.001 and r=-0.426; p <0.001, respectively; Fig.2), but not to the

amplitudes of P1 (r=0.019; p =0.854) or N2 (r=0.141; p=0.167).

Significant correlations between age and P1 latency were present both in the VP (r=-0.451, p
<0.001) and TC groups (r=-0.566, p =0.028), as also for N2 latency (r=-0.305, p =0.01 and

r=-0.674, p =0.006, respectively) but not in the PC group.

Scalp distribution: We found a highly significant electrode effect, the frontal and central
electrodes having higher amplitudes for P1 and N2 than the parietal electrodes in all groups
(»<0.001 for all comparisons). For N2, the responses were highest centrally in all groups, as

compared to left or right (p<0.001 for all comparisons).
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3.3. Mismatch responses

The difference curves obtained by subtracting standard responses from each deviant response
are presented by group in Fig. 3. For the duration deviant, in the typical MMN time window
of 250-300 ms, the PC group response was more positive than in the VP (p=0.041) and TC

(»=0.002) groups (Fig. 3).

The proportions of children presenting a MMR for all three deviants did not differ between
the groups. Also, equal proportions of children showed an additional positive response after
the MMR in the time window 200-350 ms after stimulus difference onset for all deviants

(Table 4). No statistically significant differences in latency or amplitude of the MMR or of

the following positive response between the study groups were found.

Both MMN and positive MMR were most prominent in the midline. For the frequency and
duration deviants, there was no difference in anterio-posterior scalp topography, both
responses being biggest fronto-centrally. For the direction deviant, the MMN amplitude was
highest fronto-centrally while the positive MMR amplitude was highest centrally, but this
topographical difference was not significant. No group differences were found in scalp
distributions, neither for the MMN nor the positive MMR. Even combining positive and
negative MMR, no different response patterns in scalp topography were found between the

groups.

4. Discussion

Our main finding was that children born very preterm had at 4-5 years of age smaller P1

responses than children at the same age, born at term or late-preterm. This result is also



14

reflected in lower aERP amplitudes in the 100-200 ms time window.

A low peak amplitude may be caused by overlapping of successive peaks. An earlier start of
the N2 component, overlapping P1, would cause a smaller P1 peak. On the other hand, an
earlier start of the P1 peak would decrease a possible overlap with a starting N2 peak. On the
grand average ERP curves, the N2 component in the VP group was not broader than in the
two other groups. We did not find any significant group differences between very preterm and
term children in P1 and N2 latency, and no significant correlations between the P1 amplitude
and P1 and N2 latencies, respectively. Although we cannot rule out a latency effect of N2 on
the P1 amplitude, we consider that the group differences in the P1 amplitude in our study are
not explained by such a latency effect alone. Further, we have no reason to believe that our
very preterm infants had a higher hearing threshold than control children explaining the lower
P1 amplitude. Thus, we interpret the finding as an effect of decreased electrical generator
activity. Some possible explanations are impairment in basic auditory encoding and local or
general brain atrophy. Intracranial recordings suggest that the neural generators of the P1
originate from the secondary auditory cortex (Liegeois-Chauvel et al., 1994). Several
magnetic resonance imaging studies on preterm born infants have shown decreased total brain
volumes and decreased grey matter volumes, both at term and during childhood (Inder et al.,
2005; Thompson et al., 2007). Regional vulnerabilities in temporal cortical areas in infants
born prematurely leading to lower local cortical volumes, and correlation of these brain
volumes with neurodevelopmental and cognitive outcome have been demonstrated both near
term and at 8 years of age (Peterson et al., 2000; Peterson et al., 2003). No studies have
shown a relation between aERPs and tissue abnormalities in preterm born, but several studies

have shown an association between low P1 amplitudes and cognitive dysfunction.
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Decreased P1 amplitudes have been shown in term-born children with ADHD (Kemner et al.,
1996), autism spectrum disorders (Jansson-Verkasalo et al., 2003), and risk for dyslexia
(Lovio et al., 2010). All of these disorders have an increased incidence in very preterm born
children (Aarnoudse-Moens et al., 2009; Delobel-Ayoub et al., 2009; Guinchat et al., 2012).
In an earlier, smaller follow-up study of low birth weight infants, we found a significant
correlation between low P1 peak amplitudes and low performance in mainly verbal subtests
of neurocognitive tests (Mikkola et al., 2007). Likewise, preterm children with ADHD had
smaller visual P1 amplitudes than those without ADHD (Potgieter et al., 2003). The decreased
P1 in our study may represent a general impairment in auditory encoding associated with an

increased risk of cognitive dysfunction.

The degree of immaturity, that is gestational age, was not associated with amplitude or
latency of P1 and N2. The longer P1 latencies in late-preterm children compared to the

other groups may be related to a beta-error in the small sample size. However, as P1 latencies
decreased fast with age in the preschool range, longer P1 latencies in the late preterm group
may be a sign of delayed maturation of precortical or cortical sound transmission or

cortical sound processing (Ceponiene et al., 2002; Eggermont and Ponton, 2003).

A second important finding was a significant correlation between age at examination and
latencies of the obligatory P1 and N2 responses in very preterm and term-born children. This
correlation was highly significant in the VP group and reached significance even in the
relatively small TC group. However, there were only twelve PC children and they were of

similar examination ages, which might explain why such an association was not found in this

group.
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Our results suggest that maturation of some middle-latency ERP components such as P1 and
N2 at preschool age may not be as gradual as described earlier (Ponton et al., 2000;
Wunderlich and Cone-Wesson, 2006). The present study points towards a phase of faster
latency decrease in P1 and N2 around the age of 5 years. Such a fast maturation phase may
have remained undetected as previous studies on P1 and N2 maturation in childhood have
included only a few children of each age, and many studies had a larger age variation than
ours (Wunderlich and Cone-Wesson, 2006). We studied the so far largest cohort of preschool
children, which made it possible to assess the age effect in much greater detail than in
previous studies. The latency decrease in pre-school children seems to be faster, 3 ms per
month (P1 2.6x1.1 ms; N2 3.4£1.6 ms), than the 4-5 ms per year previously described
(Wunderlich and Cone-Wesson, 2006). Although latency decrease seems to slow down with
increasing age, we found even a faster decrease around 5 years of age than the latency
decrease of P1 (2 ms per month) between 3 and 36 months of age in a recently published

paper (Shafer et al., 2011).

However, because of limitations due to the cross-sectional design of this study, our results
have to be confirmed in a longitudinal study with short inter-recording intervals on a
sufficient number of preschool children. If our results prove to be true, the age effect needs to
be considered when performing aERP studies at preschool age, implying that even small age

differences at examination should be corrected for.

We did not find any significant differences in MMR between the study groups. Several
previous studies have shown differences in MMR in preterm children as compared to term-
born children (Fellman et al., 2004; Jansson-Verkasalo et al., 2004; Mikkola et al., 2007),
whereas such were not noted in others (Lindgren et al., 2000; Gomot et al., 2007). Stimulus

paradigms in these studies varied greatly, which may explain the differences. Definition of
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MMN on difference waves in the individual child may be difficult, especially as younger
children may have a positive MMR. Thus, a positive MMR seems to be a more immature
response to a deviant than MMN and i1s more likely to be elicited with smaller deviants (Lee
et al., 2012; Shafer et al., 2011). An equal distribution of children with positive and negative
MMR in the study groups suggests that maturation of sound change detection for the deviants
used in the current study was similar in the very preterm and control groups. A greater
distractibility of preterm-born children, directing attention from a silent movie to the stimuli,
might enhance MMN and thus mask a maturational deficit (Ahmmed et al., 2008; Shafer et
al., 2011). However, it is not probable that such redirection of attention would have been
sufficiently extensive and prolonged in our study to correct for maturational group
differences. There are also differences in the ways of determining the presence of an MMN
response in the different studies. Also, the effects may be varying due to the types of
cognitive or behavioral difficulties that the child is encountering. For example, enhanced
MMN to certain types of sound have been reported in children with autism and adults with
Asperger’s syndrome (Lepisto et al., 2005; Lepisto et al., 2007), whereas other studies show
smaller MMN responses in, for example, children with dyslexia or risk of dyslexia (Lovio et

al., 2010; Schulte-Ko6rne and Bruder, 2010).

The strength of this study is a large, well-defined cohort of very immature newborn infants
(half of them born before 28 GW) prospectively followed until preschool age. Only 12
percent of the families did not consent to the study. The experimental procedure is demanding
for children at this age and thus completed assessments are usually not achieved in all

subjects. We succeeded to obtain sufficient recordings in almost all (97%) children.

A weakness was the drop-off rate from recruitment at term to the aERP assessment years later

in late-term and term-born children. As prenatal and perinatal complications as well as
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sensory and neurological problems were exclusion criteria, we consider that the control
children are representative of healthy late-preterm and term-born children. Anyhow, the size
of the control groups corresponded to the number of subjects in most ERP studies - about 10-
20 individuals (Wunderlich and Cone-Wesson, 2006; Bishop, 2007). As our focus was on the
children born very preterm, and to assure a high reliability of our results, we prioritized a very
high number of children in this group (70 children). For practical reasons, identical ages at
examination (corrected for prematurity) could not be accomplished. The age difference
between the groups, 4 months, should according to previous studies not influence the results
(Wunderlich and Cone-Wesson, 2006). However, this small age difference turned out to have

an important impact on group differences in latencies.

In conclusion, children born very preterm studied at pre-school age show changes in
obligatory aERP responses that are comparable to changes reported in other studies in term-
born children with cognitive deficits (Kemner et al., 1996; Jansson-Verkasalo et al., 2003;
Lovio et al., 2010). The correlation between these aERP changes and neurodevelopmental
outcome or specific deficits should be further investigated. As the MMR in preschool children
can be either negative or positive or in some cases even both, this response does not seem to
be a robust measure for defining a risk group for neurocognitive aberrations in very preterm

born children of this age.

Latency decrease of P1 and N2 around the age of 5 years may be faster than earlier described.
If our results are confirmed in future longitudinal investigations with sufficient recording
frequency and sample size, the age effect of even a few months difference on obligatory

responses must be taken into account when performing aERP studies on preschool children.
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Legends

Fig. 1. The grand average aERP response curve to standard stimulus in the very preterm
(VP), preterm control (PC), and term control (TC) groups in the epoch from 100 ms pre-
stimulus onset (-100) to 550 ms post-stimulus onset. On these aERP curves, two prominent
peaks were identified: the first positive peak (P1) at 130 ms and the following negative peak
(N2) at 250 ms from stimulus onset. P1 has a lower amplitude in the VP group than in the

control groups (p<0.05). The waveforms are derived from the Fz electrode.

Fig. 2. Correlations between age at examination (corrected for gestational age) and P1 (r= -
0.490; p <0.001) and N2 latencies (r=-0.426; p <0.001) in all groups combined. The
individual values are marked as black dots (very preterm, VP), black circles (preterm control,
PC), and grey dots (term control, TC). The correlation lines with 95% confidence interval are
calculated for the whole study population of 97 children and show a latency decrease by

2.6£1.1 ms per month for P1 and 3.4+1.6 ms per month for N2.

Fig. 3. Difference curves obtained with the three deviants in the very preterm (VP), preterm
control (PC), and term control (TC) groups in the time epoch from 100 ms before to 550 ms
after stimulus onset. Waveforms are derived from the Fz electrode. The time window for the
mismatch response (150-300 ms after change onset) is marked in grey for each deviant. PSSL
= Perceived sound source location (direction deviant). No significant group differences were

found.

The positivity dominating in the marked time window on the duration deviant difference
wave 1s formed by a big and consistent positivity following the mismatch response in this

time window in the vast majority of children (listed as “Later positivity” in Table 4).
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Table 1. Characteristics of the study groups. Values expressed as mean+SD or as numbers

(%), *p <0.01 **p <0.001 (vs. the very preterm group)

Very preterm

Preterm controls

Term controls

(VP, N=70) (PC, N=12) (TC, N=15)
Gestational age (weeks) 27.4£1.9 33.8+1.0 40.0£1.3
Birth weight (g) 9964288 2217500 37254393
Weight at term (g) 29954518 31494343 37254393
At examination
weight (kg) 18.543.1 18.8+2.8 19.343.3
head circumference (cm) 50.6x1.9 51.4%1.6 51.6x1.6
age (mths) 61.4£2.4 59.3+£2.2% 55.1£3.2%*
age corrected for prematurity (mths) 58.6+2.5 57.7£2.3 (NS) 55.1£3.2%*
Included into | Standard 70 12 15
analysis of Frequency deviant 67 12 15
Direction deviant 68 12 15
Duration deviant 69 12 15




Table 2. Mean amplitudes (uV) of 9 electrodes (F3, Fz, F4, C3, Cz, C4, P3, Pz, P4) to
standard stimuli in successive 50 ms-intervals, after correction for age at examination. Values
are mean+SEM. Significances: 'VP vs PC p=0.033 and vs TC p=0.013, >*VP vs PC p=0.003

and vs TC p=0.009, *VP vs TC p=0.019

Time window Very Preterm Preterm control Term control
(ms) (VP,N=70) (PC, N=12) (TC, N=15)
0-50 -0.08+0.09 -0.09£0.20 0.31£0.20
50-100 0.212£0.12 0.11£0.27 0.71£0.27
100-150 1.51+0.20 ' 2.57+0.47 2.85%0.46
150-200 -1.570.26 0.53£0.62 0.3210.61
200-250 -4.89+0.25° -4.00£0.59 -3.22+0.58
250-300 -5.03+0.25 -5.33+0.60 -3.98+0.58
300-350 -2.60£0.21 -3.21£0.50 -2.30£0.49
350-400 -0.49£0.15 -1.15£0.35 -0.58+0.34
400-450 0.14£0.10 0.08+£0.24 -0.04+0.24
450-500 0.11£0.08 0.20£0.19 -0.08+0.19
500-550 0.08+£0.10 -0.07£0.25 0.15+£0.24




Table 3. The P1 and N2 responses for the standard stimulus, after correction for age at
examination. Values in mean+SEM, significances: 'VP vs PC p=0.001, *VP vs PC p=0.031

and VP vs TC p=0.012

Very Preterm Preterm Control Term controls
(VP, N=70) (PC, N=12) (TC, N=15)
P1 latency, ms 119.121.7 " 135.244.2 124.8+4.1
P1 amplitude, uV 1.7020.17 * 2.680.41 2.92+0.43
N2 latency, ms 245.0£3.2 256.317.7 257.4£7.5
N2 amplitude, pV -5.60+0.26 -5.58£0.63 4.5320.61




Table 4. Number (%) of children showing a mismatch response (MMR), either with main

deflection peak negative (MMN) or positive (P-MMN) in the time window 150-350 ms after

stimulus difference onset, and an additional positive response following the MMN response in

this time window (here called Later positivity). There were no significant differences in the

proportion of children showing MMN, positive MMR, or the later positivity between the

groups for any of the deviants.

Very Preterm Preterm control Term controls
(VP, N=70) (PC, N=12) (TC, N=15)
Frequency deviant | MMR 69 (99) 12 (100) 15 (100)
MMN 45 (65) 9 (75) 11 (73)
Positive MMR 24 (34) 3(25) 4 (27)
Later positivity 32 (46) 6 (50) 8 (53)
Direction deviant MMR 70 (100) 11(92) 15 (100)
MMN 48 (69) 5(42) 9 (60)
Positive MMR 22 (31) 6 (50) 6 (40)
Later positivity 45 (64) 9(75) 10 (67)
Duration deviant MMR 57 (81) 10 (83) 12 (80)
MMN 49 (70) 9 (75) 11 (73)
Positive MMR 8 (11) 1(8) 1(7)
Later positivity 68 (97) 12 (100) 14 (93)
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Fig. S1 a-b Significance plots showing the intervals for each electrode where the very preterm
group had significantly lower (orange) or higher (green) amplitude in response to the standard
stimulus than the preterm or term control group, respectively. At all frontal, central and
parietal electrodes, at 150-200 ms after stimulus onset, the very preterm group showed

significantly lower amplitudes than the two control groups.
a. Very preterm group versus preterm control group

b. Very preterm group versus term control group
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Table S1. Perinatal morbidity of the very preterm born children with aERP data analysis
(N=70). Values expressed as mean+SD or as numbers (%). As severe intracranial
hemorrhage, we defined intraventricular hemorrhage with ventricular dilation and/or

parenchymal hemorrhage.

Days at hospital 86124
Days on respirator 6.7£8.9
Days on nasal CPAP 19.4+17.3
Twin / triplet 29(41)/5(7)
Chorioamnionitis 2(3)
Maternal preeclampsia 17 (24)
Small for gestational age (birth weight <-2 SD) 21 (30)
Antenatal steroids 69 (98)
Birth through cesarean section 49 (70)
Need for inotropics 30 (42)
Sepsis 19 (27)
Necrotizing enterocolitis 2(3)
Intracerebral hemorrhage 1521
Severe intracerebral hemorrhage 4 (6)
Shunt for posthemorrhagic hydrocephalus 2(3)
Periventricular leukomalacia 8 (11)
Severe retinopathy of prematurity 7 (10)
Bronchopulmonary dysplasia (oxygen at 36 GW) 35 (50)




