Zhang et al. Italian Journal of Pediatrics (2024) 50:26 ltalian Journal of Pediatrics
https://doi.org/10.1186/513052-023-01567-9

Early brain cognitive development in late @
preterm infants: an event-related potential
and resting EEG study
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Abstract

Background Late preterm infants (LPIs) are at risk of neurodevelopmental delay. Research on their cognitive
development is helpful for early intervention and follow-up.

Methods Event-related potential (ERP) and resting electroencephalography (RS-EEG) were used to study the brain
cognitive function of LPIs in the early stage of life. The Gesell Developmental Scale (GDS) was used to track the
neurodevelopmental status at the age of 1 year after correction, and to explore the neurophysiological indicators that
could predict the outcome of cognitive development in the early stage.

Results The results showed that mismatch response (MMR) amplitude, RS-EEG power spectrum and functional
connectivity all suggested that LPIs were lagging behind. At the age of 1 year after correction, high-risk LPIs showed
no significant delay in gross motor function, but lagged behind in fine motor function, language, personal social
interaction and adaptability. The ROC curve was used to evaluate the predictive role of MMR amplitude in the brain
cognitive development prognosis at 1 year, showing a sensitivity of 80.00% and a specificity of 90.57%. The area under
the curve (AUC) was 0.788, with a P-value of 0.007.

Conclusions Based on our findings we supposed that the cognitive function of LPI lags behind that of full-term
infants in early life. Preterm birth and perinatal diseases or high risk factors affected brain cognitive function in LPIs.
MMR amplitude can be used as an early predictor of brain cognitive development in LPIs.

Trial registration This clinical trial is registered with the Chinese Clinical Trial Registry (ChiCTR). Trial registration
number: ChiCTR2100041929. Date of registration: 2021-01-10. URL of the trial registry record: https://www.chictr.org.
cn/.
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Background

Late preterm infants (LPIs) refer to preterm infants born
between 34 and 37 weeks of gestational age, accounting
for approximately 70% of preterm infants. The incidence
of neurodevelopmental delay or defects in LPIs is 36%
higher than that in full-term infants [1], and LPIs have a
high risk of disability, academic failure, behavioral prob-
lems, language delay, social communication and cogni-
tive deficits, and even death [2]. Cheong used Bayley
Scales of Infant Development (BSID) to conduct develop-
mental follow-up experiments in 198 LPIs and 183 full-
term infants (followed up to the corrected age of 2 years),
and found that compared with full-term infants, LPIs
showed poor performance in cognitive, language, motor
and social-emotional abilities [3]. Woythaler found that
LPIs were significantly behind full-term infants in terms
of expression, reading and calculation [4]. Therefore, LPIs
have various neurodevelopmental risks, especially devel-
opmental delay in various high-level cognitive abilities.
Cognitive abilities develop rapidly in the first years of life,
with cognitive flexibility, language and behavioral con-
trol, as well as social adaptation and emotional adjust-
ment being particularly important in learning social
survival [5]. Therefore, active attention should be paid to
this group, and early assessment and intervention should
be carried out for serial follow-up.

Sutton proposed the concept of event-related potential
(ERP) through the classic Oddball experimental para-
digm in the 1960s. ERP is considered a “window” of men-
tal activity, also known as cognitive potential, as it can
quantitatively analyze the neuropsychological response
of cognitive tasks. Potentials evoked by auditory stimuli
are called auditory event-related potentials (aERP), which
can provide insights into specific aspects of cognition,
memory, and decision-making. Existing studies have
pointed out that auditory cognitive memory is a brain
function that appears early in human development [6].
Fetal hearing develops in the third trimester of gestation,
and human auditory nerve conduction begins to develop
in the fetal period and becomes mature after birth [7].
Therefore, an aERP study was conducted on preterm
infants with auditory stimulation to determine the atten-
tion processing and discrimination ability of the brain to
sound stimulation, in order to evaluate the development
of brain cognition.

Mismatch negativity (MMN) is a special endogenous
component of aERP discovered by Naatanen [8]. MMN
is the negative wave distributed in the forehead and cen-
ter of the brain. It is generally produced 100 to 250 ms
after differential stimulation. The MMN of infants is
very different. In addition to generating the same nega-
tive wave as that of adults, it can also generate positive
waves. Therefore, some studies suggest that the MMN
of infants should be called mismatch response (MMR)
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[9, 10]. MMR studies in infants have shown that posi-
tive waves are an immature feature, and associations
have been found between a variety of lesions and patho-
logical MMR (MMN). Lovio [11] and Huttunen-Scot [12]
recorded MMR abnormalities in children at risk of dys-
lexia and attention deficit disorder, respectively. Tanaka
reported that neonates with a gestational age of 35-48
weeks could induce MMN similar to that of adults, while
preterm infants with a gestational age of 36-37 weeks
and neonates with a greater gestational age had signifi-
cantly prolonged latency and were not sensitive to bias
stimuli, which also suggested that the brain cognitive
function of LPIs was in an immature stage [13]. Bisiachi
conducted a MMR study on preterm infants aged 23-29
weeks and 30-34 weeks at 35 weeks of corrected gesta-
tional age. Both groups of preterm infants produced sig-
nificant negative waves, but the amplitude of MMR in
the younger gestational age group was significantly lower
than that in the older gestational age group, suggesting
that the amplitude of MMR was positively correlated
with gestational age, that is, the greater the gestational
age, the more mature the amplitude, reflecting the more
mature cerebral cortex [14].

Studies have also assessed brain cognitive function in
preterm infants through verbal stimulation tasks. Rago
used the Oddball paradigm to analyze the speech change
discrimination and stress change processing ability of
preterm infants and normal full-term infants at almost
36 weeks. The results showed that although preterm
infants possess the capability for speech discrimination
[15], they exhibit a developmental delay in processing
the intricacies of speech compared to their term coun-
terparts. These studies indicate that MMR serves as an
efficacious instrument for evaluating early-life cognitive
functions specifically in LPIs [16, 17], and may act as a
viable biomarker for assessing cognitive developmental
trajectories in this population.

Electroencephalography (EEG) is a continuous mea-
surement of cortical rhythm, which can be used as an
important data source for quantitative measurement of
cortical dynamics [18]. Due to the advantages of high
time resolution, non-invasiveness, low cost and low
requirements of the acquisition environment, it has
become an important indicator of brain cognitive devel-
opment [19], which can monitor and predict the early
injury factors of brain function and the long-term prog-
nosis of the nervous system [20]. Resting state EEG (RS-
EEG) records ongoing EEG signals without performing
specified cognitive tasks. It is the most basic and essen-
tial state among various complex brain states, which can
reflect the inherent activity pattern of the brain and is
the core of various cognitive activities [21]. RS-EEG is
very suitable for the study of cognition throughout the
life cycle and individual studies of people with atypical
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development [22]. Brito found that there was a significant
correlation between resting EEG power and 15-month
cognitive ability, especially declarative memory and audi-
tory comprehension [23]. Williams reported a significant
correlation between RS-EEG and BSDI-III at 18 months
in 13 full-term neonates with congenital heart disease
[24]. Benasich studied the RS-EEG of children aged 16,
24 and 36 months and showed that preschool gamma
power was significantly correlated with language and
cognition [25]. These studies prospectively examined the
association between RS-EEG and cognitive development.
In this study, we combined these two neuroelectrophysi-
ological tools to explore the cognitive function of LPI
brain.

In pediatric neurodevelopmental research, the quest for
early biomarkers indicative of atypical cognitive develop-
ment in high-risk infants, particularly those born pre-
term, remains a key focus. While traditional approaches
have leaned heavily on clinical and behavioral indicators
[26], the innovative potential of tools like Event-related
Potentials (ERP) and resting-state EEG is only starting to
be explored [27]. Although comprehensive studies lever-
aging these neurophysiological measures remain rela-
tively scant, pioneering works have begun to underline
their potential role in the early identification of atypical
cognitive developmental trajectories in vulnerable infant
populations [28].

Methods
Participants
LPIs hospitalized in the Department of Neonatology,
Changzhou Children’s Hospital of Nantong University
from September 2019 to December 2021 were randomly
selected as the research subjects, and full-term infants
without brain injury were included as the control group.
All subjects passed hearing screening of both ears. The
LPIs included in the study were gestational age infants
born between 34 and 36*° weeks. According to the pres-
ence or absence of perinatal diseases or high-risk factors,
LPIs were divided into high-risk and low-risk LPIs. High-
risk LPIs were associated with perinatal diseases (such
as hypoglycemia, severe metabolic acidosis, frequent
apnea, sepsis, intracranial infection, severe hyperbiliru-
binemia, etc.) that may lead to brain damage. Low-risk
LPIs were defined as those without perinatal disease. The
control group consisted of infants with mild respiratory
or gastrointestinal infections at the same time, without
brain injury. In the control group, the gestational age
was 39-41"° weeks, birth weight was between 2500 and
4000 g, and the Apgar score was more than 7 points at 1
and 5 min.

The exclusion criteria included craniofacial mal-
formations, congenital brain dysplasia, moderate to
severe hypoxic ischemic encephalopathy (HIE), genetic
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metabolic diseases, etc. Excessive amplitude of head
movement, environmental factors and other causes of
excessive EEQG artifacts were excluded.

Study design
This study was registered at the Chinese Clinical Trial
Center (ChiCTR2100041929).

RS-EEG and ERP were recorded when the LPIs were
stable. After feeding, the newborn was placed in a com-
fortable position on a cot or held, in order that he/she
was in a quiet and awake state. No sedatives were admin-
istered to ensure the weak light and sound insulation of
the experimental environment, and the room tempera-
ture was controlled at 24-26C.

A Neuracle portable wireless digital EEG system
(NSW332) was used, and recording electrodes were
placed according to the international 10-20 system, and
EEG signals were recorded with a 19 electrode cap.

The Oddball paradigm was selected for the experi-
ment, with stimulus pairs of 2000 Hz short pure tone and
1000 Hz short pure tone. The experiment was divided
into two blocks, each with 500 trials, in which the pro-
portion of deviant stimulation was 20% and the standard
stimulation was 80%, both lasted for 100 ms, and the two
blocks were balanced. The interval between stimuli was
randomly 600-800 ms. Sound was below 60 dB Sound
Pressure Level (SPL), and stimulation was controlled
using E-Prime software. A sound box was placed 20 cm
away from both ears of the subjects to play the sound.

Evaluation of cognitive function inLPIsat 1 yearwas
performed using the Gesell Developmental Scale (GDS).
The GDS is utilized as part of a broader arsenal of neu-
rodevelopmental assessment tools, each contributing
unique insights into the multifaceted landscape of early
brain function development. The GDS includes five
subscales: gross motor function, fine motor function,
adaptability, language, and social skill evaluation. The
developmental quotient (DQ) was calculated as follows:
(development age/actual age)x100. DQ>130 is excellent,
115<DQ<129 is smart, 85<DQ<114 indicates a normal
level, 76 <DQ<85 indicates edge state, 55<DQ<75 indi-
cates mild developmental delay, 40<DQ<54 indicates
moderate delay, 25<DQ<39 indicates severe delay, and
DQ<25 indicates profound neurological delay.

Data processing

CPz is an online reference electrode with a sampling rate
of 1000 Hz. The impedance between the electrode and
the scalp was less than 5 kQ, and the filtering bandpass
for online recording was 0.01 to 70 Hz. MATLAB R2019b
software was used for off-line analysis. The bandpass
(0.01-45 Hz) was filtered, and the EEG artifacts were
removed, and the whole brain average was selected as the
re-reference, and 200 ms before stimulation was used as
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Table 1 Baseline characteristics of included subjects

Characteristics high-risk LPIs(n=19) low-risk LPIs(n=20) Full-term infants(n=26) XZ/F P
Sex-Male n(%) 13(68.42) 14(70.00) 13(50.00) 1.333 0.275
Gestational age(w) 35.10£0.90 3580+1.10 39.80+0.70 181.640 0.001
Birth weight(g) 223851+£472.20 2529.51+358.81 3364.21+379.10 49011 0.001
head circumference(cm) 3220+3.02 3262+1.41 3435+091 8919 0.001
Apgar(5 min) 881+0.51 894+0.32 9.32+0.18 2.045 0.138
Test age(d) 18.82+8.21 10.92+9.93 12.24+8.15 4.787 0.012
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Fig. 1 ERP wave of the three groups of subjects in Cz lead. A is the low-risk LPIs group, B is the high-risk LPIs group, and C is the full-term infant group.
The blue dashed line is standard stimulus wave, the red dashed line is deviant stimulus wave, and the black solid line is MMR wave

the baseline correction. The ERPLAB toolbox was used
to extract the ERP components by the average superpo-
sition technique, and MMR was obtained by subtracting
deviation stimulus and standard stimulus ERP waves.
After pretreatment, the average effective trials ratio for
each task was 83%. Based on the observation of the cur-
rent evoked brainwave shape and previous related stud-
ies, Cz channel analysis was selected to compare the
average amplitude of MMN components, and the analy-
sis time window selected was 200-300 ms.

The spectrum of the preprocessed EEG data was cal-
culated using the Pwelch function of MATLAB R2019b.
120 segments were selected, the window function was set
as 4 S, no overlap, NFFT=2000, and the power spectrum
of each channel was extracted. The results were then
converted by 10*log20. The frequency range of analy-
sis was 0.01-8 Hz: §(0.01-4 Hz),0(4-8 Hz). The spectral
coherence (COH) of RS-EEG was calculated, and the
coherence matrix of 1-8 Hz was calculated using tool-
kit HERMES and GRETNA. False Discovery rate (FDR)
correction and network-based statistic (NBS) correction
were performed.

Statistical analysis

SPSS 23.0 was used for statistical analysis of the experi-
mental data. MMR amplitude and RS-EEG power spec-
trum among the three groups were statistically analyzed
by one-way analysis of variance (ANOVA), and the
Bonferroni method was used for multiple comparisons.

MATLAB 2019b was used for the FDR calibration test
and NBS calibration test. A receiver operating character-
istic (ROC) curve was drawn, and the sensitivity, speci-
ficity and area under the ROC curve were calculated.
P<0.05 was considered statistically significant.

Results

Baseline characteristics of the study participants

A total of 75 neonates were included in this experiment,
of which 6 were terminated due to crying and agitation
and the data were incomplete, and 4 were excluded due
to large artifacts. The general information of each group
is shown in Table 1. There were no significant differences
in gender and Apgar score at 5 min among the three
groups (P>0.05). There were significant differences in
gestational age, birth weight and head circumference. In
order to ensure safety, data were collected when the con-
dition of the subjects was stable. Therefore, there were
differences in the age at which the test was carried out
among the three groups (P<0.05), but the test was com-
pleted within 4 weeks of birth.

MMR results

The neural origin of MMR induced by the auditory Odd-
ball paradigm is mostly in the central frontal region, and
the Fz lead was selected for this investigation. Figure 1
shows the standard stimulus wave, deviation stimu-
lus wave and their difference waves in the three groups.
From the ERP waveform results of the three groups, it
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can be seen that the full-term infant group had a larger
response to deviation stimulus and the amplitude was
largest. In addition, the amplitude of deviant stimulation
in high-risk LPIs was smallest, and the response was sim-
ilar to that of standard stimulation, suggesting that the
LPI group was less sensitive to deviant stimulation than
full-term infants. Figure 1 also shows that both LPIs and
full-term infants generate MMR waves under the audi-
tory Oddball paradigm.

According to the results of previous studies on MMR
components and ERP waves, 200-300 ms was selected as
the time window to analyze the average amplitude within
this time window. The amplitudes of low-risk LPIs,
high-risk LPIs and full-term infants were 0.09+1.15 puV,
0.13+1.31 uV and 0.98+0.82 pV, respectively. ANOVA
showed that the average amplitude of MMR was sig-
nificantly different among the three groups (F=5.077,
P=0.009). Multiple comparisons using the Bonferroni
method showed that the average amplitude of MMR in
the high-risk LPIs group was significantly smaller than
that in the full-term group (P<0.05), and was signifi-
cantly smaller in the low-risk LPIs group than in the full-
term group (P<0.05). However, there was no significant
difference in LPIs between the two groups (P>0.05), indi-
cating that the average amplitude of MMR was signifi-
cantly reduced in both high-risk LPIs and low-risk LPIs.

RS-EEG results

Power spectrum analysis

Table 2 shows that there were statistical differences in
the power spectra of § (0.01-4 Hz) and 8 (4—8 Hz) bands
among the three groups (F=6.661, P=0.002; F=5.875,
P=0.005). Bonferroni multiple comparisons showed that
both the 6 band and 6 band suggested that the power
spectrum in the low-risk LPIs group was significantly
larger than that in the full-term group and high-risk LPIs
group (P<0.05), while the high-risk LPIs group and full-
term group showed no statistical differences (P>0.05).

Table 2 Comparison of power spectra(20*log10, 7 +s)
F

High-risk LPls low-risk LPIs  Full-term P
(n=19) (n=20) infants

(n=26)
14.27 £2.56 17.90+£43.21 13.46+£5.67 6.661 0.002°
-769+2.73 -387+537 6554221 5875  0.005°

There were significant differences in the power spectra of § and 6 bands among
the three groups (P<0.05). a: Multiple comparisons showed that there was a
statistical difference between low-risk LPIs group and full-term group (P=0.002),
a statistical difference between high-risk LPIs and low-risk LPIs (P=0.029), and
no statistical difference between high-risk LPIs and full-term group (P>0.05). b:
Multiple comparisons showed that there was a statistical difference between
low-risk LPIs group and full-term group (P=0.044), a statistical difference
between high-risk LPIs and low-risk LPIs (P=0.005), and no statistical difference
between high-risk LPIs group and full-term group (P>0.05)
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Functional connection analysis

In this study, functional connections between brain
regions in the range of 1-8 Hz were constructed. The
COH algorithm was selected to obtain the coherence
matrix representing the connection coefficient between
19%19 leads, and each element in the matrix represented
the connectivity size between two leads.

The NBS test was performed on the COH results by
the NBS toolbox. The results showed that the connec-
tivity of the low-risk LPIs and high-risk LPIs groups was
lower than that of full term infants, and functional con-
nectivity of the low-risk LPIs group in the prefrontal
parietal region, temporal-central region, left fronto-cen-
tral region, and parieto-occipital region was significantly
decreased (P<0.05). In the high-risk LPIs group, there
was a significant decrease in fronto-central and parieto-
occipital connectivity (P<0.05) (Fig. 2).

GDS results

A total of 53 infants in the three groups were evalu-
ated by the GDS up to 1 year after correction, includ-
ing 17 infants in the high-risk LPIs group, 16 infants in
the low-risk LPIs group and 20 in the full-term infant
group. There were statistically significant differences
between the three groups in fine motor function, lan-
guage, social skill and adaptability (P<0.05). However,
no significant difference in gross motor function was
observed (P>0.05). DQ was calculated, and the differ-
ences between the three groups were statistically sig-
nificant (P<0.05), and Bonferroni multiple comparisons
showed that DQ was significantly smaller in the high-
risk LPIs group than in the low-risk LPIs and full-term
groups (P<0.001), but there was no significant difference
between the low-risk LPIs group and the full-term group
(P>0.05). These results are shown in Table 3.

Predictive effect of MMR amplitude on cognitive
development of LPIs brain

Drawing from the results of the GDS at 1 year, this study
standardizes the prognosis of cognitive development in
LPIs. DQ<75 was established as the threshold for atypi-
cal cognitive development, with 5 infants (4 high-risk
LPIs and 1 low-risk LPI) falling below this criterion. Fur-
thermore, from 53 participants, abnormal MMR ampli-
tude (-0.59%1.13 uV) was observed in 9 infants, inclusive
of 4 from the high-risk LPIs, 4 from the low-risk LPIs,
and 1 full-term infant. The remaining cohort exhibited a
normal MMR amplitude, averaging 0.67 £1.05 uV.

The ROC curve was used to evaluate the MMR ampli-
tude in predicting prognosis, with a sensitivity of 80.00%,
a specificity of 90.57%, and area under curve (AUC) of
0.788, P=0.007 (Fig. 3), suggesting that MMR amplitude
could be used as an effective indicator to predict the
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Low-risk LPIs

Full-term infants
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Fig. 2 COH and NBS test results. There was no significant difference in connectivity between the low-risk LPIs group and the high-risk LPIs group, which
is not shown in the figure above. Sig Pairs indicates connections with significant differences (P < 0.05)

Table 3 Comparison of GDS(z +s)

group High-risk  low-risk Full-term F P
LPIs(n=17) LPIs infants
(n=16) (n=20)
gross motor  87.16+£7.03 8880+6.64 9146455 2945 0.060
fine motor 8526+523 90.25+644 9450+4.06 17.192 <0.001
language 86.74+7.71 89.60+£824 9296+4.04 4845 0.011
social skill 80.11+£7.86 9140+6.24 9469+443 32451 <0.001
adaptability ~ 82.79+£559 8895+6.92 89.12+561 7222 0.002
DQ 8441+538 89.80+5.77 9255+1.88 18299 <0.001

ROCHE £
AUC:0.788

Sensitivity%

0 T T T T 1
0 20 40 60 80 100

100% - Specificity%

Fig. 3 ROC Curve for Predicting Brain Cognitive Development in LPls
Using MMR Amplitude

prognosis of brain cognitive development at the age of 1
year.

Discussion

The findings of this study demonstrate that LPIs exhibit
disparities in various neurodevelopmental indices, as evi-
denced by diminished MMR amplitude, altered RS-EEG
power spectra, and compromised functional connectiv-
ity. At one year of corrected age, high-risk LPIs displayed
no considerable delays in gross motor abilities; however,
they exhibited significant deficits in fine motor skills, lin-
guistic development, interpersonal social interactions,
and adaptive capacities.

Cognitive processing ability of auditory tasks was found
in both LPIs and term infants, and MMR waves were
generated in both LPI groups, which were significantly
lower than those in term infants. These results are consis-
tent with those from studies on cognitive brain function
in preterm and term infants. Bisiacchi found that cog-
nitive processes were related to gestational age through
ERP of very low gestational age (23-29 weeks, n=20)
and low gestational age (30-34 weeks, n=19) preterm
infants, that is, the MMR amplitude of preterm infants
with gestational age less than 30 weeks was smaller than
that of those with gestational age more than 30 weeks
[29]. They proposed the importance of in utero develop-
ment for the development of cerebral cortical pathways
and, as a result, sufficient influence on cognitive function.
Diseases in the neonatal period also cause delayed matu-
ration of brain development, thus affecting brain cogni-
tive function. Leipala found that the amplitude of MMR
in healthy term infants was significantly higher than that
in term infants with brain injury, and the early brain
function of term infants with perinatal brain injury was
lower than that of healthy term infants [30]. Some studies
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have suggested that the forward wave is an expression
of immaturity [31]. Our study found that the MMR pro-
duced by the three groups of infants showed positive
waves, so mismatched response ability at the early stage
of birth was not mature in term or preterm infants.

Anderson [32] and Noreika [33] proposed that EEG
power can be used to measure the cortical rhythm of
rapid development and change in brain activity in early
life. In our study, RS-EEG power spectrum showed that
the power of low-risk LPIs in the 6 and 8 bands was sig-
nificantly higher than that of full-term infants, which is
consistent with many studies suggesting that the abso-
lute power of the 6 wave was significantly negatively cor-
related with gestational age. Okumura believed that the
0 wave spectrum decreased with increased gestational
age [34]. Bellanalyzed the power spectrum of 20 healthy
preterm infants from 26 to 32 weeks, and found that the
spectral power of 61 (0.5-1 Hz) and 62 (1-4 Hz) in the
frontal lobe (F3-C3 and F4-C4) and parietal lobe (C3-
P3 and C4-P4) decreased with increased gestational age,
and the absolute power of the & wave was significantly
negatively correlated with gestational age [35]. Tsuhida
considered that & energy plays a dominant role in neo-
natal cerebral cortex activity, and objective assessment of
0 activity will help predict neural outcomes in preterm
infants [36]. In addition, the study of 8 power is neces-
sary for the cognitive activity of infants. Begus suggested
that the 0 rhythm in infancy is an indicator of active
learning and memory [37]. The power of high-risk LPIs
in our study was significantly lower than that in full-term
infants in the 6 and 0 bands. The spectrum characteris-
tics of low-risk LPIs were consistent with gestational age,
that is, the power in the & and 0 bands was negatively
correlated with gestational age [38], and the spectrum
of low-risk LPIs was significantly higher than that of the
full-term control group, indicating that the resting EEG
power spectrum of low-risk LPIs did not indicate abnor-
mal manifestations.

Various brain cognitive abilities must be achieved
through the combined effect of multiple brain regions.
The connectivity study in the two LPI groups suggests
that the functional connectivity between related brain
regions was lower than that of full-term infants, which
is also one of the reasons for the lack of brain cognitive
function in the early stage after LPIs birth. Meijer pro-
posed that changes in coherence values could reflect the
functional status of specific neuronal connections (such
as corpus callosum connections, thalamocortical con-
nections, and other interneuronal networks) [39]. Duffy
found that healthy infants born near term had greater
connectivity between frontal and occipital regions and
left central and temporal regions compared with preterm
infants [40]. Grieve analyzed the coherence of functional
connectivity and found that, compared with full-term
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infants, the interhemispheric coherence of the frontal
polar region and parietal occipital region in the 1-12 Hz
frequency band was significantly reduced in very low
birth weight infants [41]. Our study on LPIs found a simi-
lar performance in the 1-8 Hz frequency band.

GSD showed that there was no significant difference
in gross motor development in high-risk LPIs at the age
of 1 year after correction, but fine motor function, lan-
guage, personal social interaction and adaptability were
all delayed. There was abnormal brain cognitive develop-
ment in high-risk LPIs at the age of 1 year, which should
receive close attention. The earlier the intervention time,
the better the effect may be. There is a need to capture
abnormal signals in early birth; thus, we explored the
early predictors of brain cognitive function development
in LPIs. As mentioned above, ERP can better reflect the
lag of brain cognitive function in LPIs in the early stage;
therefore, we examined the correlation between MMR
and the Gesell test. According to the sensitivity and spec-
ificity of MMR amplitude in predicting prognosis and
AUC results, MMR amplitude can be used as an effective
indicator for early prediction of brain cognitive develop-
ment prognosis at the age of 1 year.

This study has shortcomings in assessing brain cogni-
tive function in the early stage of LPIs. Firstly, the coher-
ence of the functional connectivity of resting EEG is
sensitive to the volume conduction effect, and the closer
the distance between the two electrodes, the greater the
effect, which makes the connectivity of the cortical net-
work at the level of the scalp and source space blurred.
In addition, neonates, especially premature infants, have
a smaller head circumference and the distance between
the 19 channels may be smaller. Therefore, we cannot
completely exclude the influence of the volume conduc-
tion effect in this study. Secondly, the quiet and awake
state of newborns is relatively short, and recording a
little EEG during sleep is inevitable. However, studies
have demonstrated that both active sleep and quiet sleep
have an impact on resting EEG and connectivity [42],
this study did not assess the influence of this factor in
depth. Thirdly, perinatal diseases and high-risk factors
such as asphyxia, infection and hypoglycemia have dif-
ferent mechanisms in brain cognitive impairment, which
will be explored one by one in the next phase of this
study. Fourthly, functional magnetic resonance imaging
(fMRI) technology is gradually maturing, and numerous
research results have been achieved in the field of cog-
nitive function. The combination of neuroelectrophysi-
ological technology and fMRI in the exploration of brain
function is sure to produce more important findings.
Subsequent investigations ought to concentrate on for-
mulating tailored intervention approaches, implement-
ing long-term developmental monitoring, incorporating
sophisticated neuroimaging methodologies, examining
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risk and protective elements, and accentuating prompt
detection and intervention in order to enhance cognitive
performance and social adaptability in LPIs.

Conclusion

Our findings revealed that the cognitive function of LPI
lags behind that of full-term infants in early life. Preterm
birth and perinatal diseases or high risk factors affected
brain cognitive function in LPIs. MMR amplitude can be
used as an early predictor of brain cognitive development
in LPIs.

Abbreviations

LPIs Late preterm infants

ERP Event-related potential

EEG Electroencephalography

RS-EEG  Resting electroencephalography

GDS Gesell Developmental Scale

MMR Mismatch response
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SPL Sound Pressure Level

fMRI Functional magnetic resonance imaging
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