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The diverse nature of the autistic spectrum disorders group (ASD) may be associated with EEG patterns, which
may be specific for different profiles of ASD. Approximately 15% of children with Down syndrome (DS) exhibit
autistic features, and the cognitive impairment associated with this syndrome remains unclear. We aimed to explore
the potential similarities in behavioral disorders and their EEG correlates between non-syndromic ASD and DS
children with comorbid autistic features. Three groups of right-handed boys participated in the experiments: typi-
cally developed boys (“control”) — N = 36; mean age = 7.11, SD = 0.86; DS group age N = 15, mean age 7.2
(SD =0.94), and ASD group; N — 36; mean age — 7.11, SD — 0.86; DS group age N — 15, mean age 7.2 (SD —
0.94), and ASD group; N — 39; mean age — 6.24 (SD — 0.91). Increased theta rhythm spectral power in EEG was
found in the frontal and temporal areas, while the alpha rhythm in the occipital area exhibited a reduction in children
with DS and ASD as compared with control. The alterations in bioelectric activity, such as increased spectral power
f theta in the frontal area and a reduction of EEG spectral power in the occipital alpha band, were partially similar
in children with DS and with ASD, albeit less pronounced in DS. A distinctive EEG characteristic of DS was the
heightened spectral power of beta rhythm compared to the control group. The Psychoeducational Profile testing in
DS revealed inferior results in verbal development (p < 0.05) and cognitive representations (p < 0.05) compared to
both the control and ASD groups. However, no differences were found in the total cognitive development scale
between DS and ASD. At the behavioral level, impaired verbal and non-verbal intelligence was more prominent in
DS than in ASD.
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PazHooOpa3ue mpuuyuH U MPOSIBICHUN paccTpoiicTB aytucTuyeckoro criektpa (PAC) MoxeT oTpaxatbcs B
narrepHax DOTI. [TpumepHo y 15% nereit ¢ cunapomom JdayHa (CJI) nMposiBASIOTCS ayTUCTUYECKUE YEPThI ¥ KOT-
HUTHUBHBIC HAPYIIEHUS, IPUPOJA KOTOPBIX OCTaeTCsI HESICHOI. MBI MCCeToBalu BO3MOXHOE CXOJCTBO MOBEICH-
YecKMX HapyleHuil u ux D9I'-koppensaTos B rpyrmne ¢ CII 1 B rpyIine ¢ pacCTpoiCTBaMU ayTUCTUYECKOTO CIIEKTpa
WHOTO MPOUCXOXIEHMSI. B aKcriepuMeHTax y4acTBOBaIU TPY IPYMITbl MaJbYMKOB-TIPABILE: TUTTMYHO pa3BUBal0-
muxcs («xKoHTposib») — N = 36, cpeanuii Bospact = 7,11, SD = 0,86; rpyrma CI, — N = 15, cpeanuii Bozpact =7,2
(SD = 0,94); rpymniita PAC — N = 39, cpennmii Bo3pacT = 6,24 (SD = 0,91). Y neteit ¢ C[I u PAC no cpaBHeHUIO
C TUMMMYHO Pa3BUBAIOLIUMUCS N€TbMU HAOII0JAI0Ch YBEIMYEHNE CITIEKTPAIbHOIH MOIIIHOCTH TeTa-BOJH B JIOOHOM
Y BUCOYHOI 00JIaCTsIX, B TO BpeMsI KaK B 3aThIJIOYHON 00J1aCTH OTMEYAIOCh CHUXKEHUE aKTUBHOCTH B ajibda-nua-
na3zoHe. M3MeHeHUsT OMO2EKTPUUYECKON aKTUBHOCTU, TaKWMe KaK YBEJIWYEHME CIEKTPaTbHOU MOIIHOCTHU TeTa-
pUTMa BO (PPOHTAIBLHOI 00J1aCTU U CHUXKEHME CIEKTPabHOM MoltHocTH DT ajbdha-puT™Ma B 3aTbUIOYHOM 001a-
cTH, 66K YacTuuHO cxoaHbl y aeTeli ¢ CII u ¢ PAC. B rpynmne CII oHU ObUIM MeHee BbIpaKeHbl. OTIMYUTETbHOM
DBI-xapakrepucTtukoil B rpynme CJI ObU1a MoBbIlIEHHAs CIEKTpalbHAs MOIIHOCTh OeTa-pUTMa MO CPABHEHUIO C
KOHTPOJIbHOW TpyImmoil. TecTupoBaHUe MCUXOJ0ro-nenarorudyeckoro npoduis B rpynmne CJI BbISIBUAIO XyAIlIWE
pe3yJabTaThl MO Moka3zaTeasiM BepOaibHoro pa3Butus (p < 0,05) U KorHUTUBHBIX TpeactaBiaeHuit (p < 0,05) mo
CPaBHEHMIO KaK C KOHTPOJIbHOI rpymmoi, Tak u ¢ rpymnmoil PAC. B To ke Bpems, 1o 1iKaje obiiero mpodus
pasButus, pazanunit Mmexay CJI u PAC obHapyxeHo He Obu10. TakuM 00pa3oM, Ha MOBEIEHYECKOM YPOBHE Hapy-

LIeHUST BepOaIbHOTO U HEBepOAIbHOrO MHTEIeKTa ObLIM 0oJiee BeipaxkeHbl ipu CI0, uem nipu PAC.

Karouesnte caosa: cunnpom JlayHa, paccTpoiicTBa ayTUCTUUYECKOTO crieKTpa, DDI', KOTHUTUBHOE pa3BUTHE.
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Introduction

ASD is a neurodevelopmental disorder characterized
by impaired social int;eraction and the presence of repeti-
tive behaviors and/or restricted interests. The heterogene-
ity of autism spectrum disorders (ASD) [28] stimulates
neurodevelopmental research to explore the nature and
mechanisms of different variants of the diagnoses, each of
which requires to create its own variant for behavioral
modification strategy in children. Statistical classification
methods confirm the hypothesis regarding the heterogene-
ity of ASD groups and allow to divide them according to
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EEG features [11; 16; 17]. This leads us to the assumption
about different neurophysiological pathways manifesting
in autism features in children [11; 16; 17]. Many distinct
pathways can be proposed for autistic features in different
groups when comparing behavioral disabilities with EEG
alterations in children [2; 7; 25; 26; 94].

Building on the premise that both EEG activity and
behavioral tests accurately reflect key aspects of cognitive
and social functions, we were able to identify children tran-
sitioning from classic symptoms of autism to a schizoid-type
progression, distinguishing them from individuals with clas-
sic autism in the previous studies [16; 17]. Particularly, we
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have demonstrated that children in these two groups exhibit
distinct neurophysiological mechanisms manifesting in
autism features, necessitating a different approach to behav-
ioral modification [16; 17].

A substantial cohort of children with genetically induced
autistic disorderis those with Down syndrome (DS) [4]. DS
is the leading genetic cause of intellectual disability, with an
estimated prevalence of 8.27 per 1000 [8]. Up to 37% of
children with DS exhibit autistic features and may have
comorbid ASD diagnoses [11]. DS represents the most
prevalent genetic basis for intellectual disability, yet the
pathophysiology of cognitive impairment in this syndrome
remains unclear [10]. Notably, a shared characteristic
between DS and ASD is a disturbance of communication
[6]. One of the proposed mechanisms contributing to neu-
ropsychological disorders in DS involves dysfunction of the
hippocampus, coupled with changes in the volume of the
amygdala and hippocampus. Additionally, it is recognized
that hippocampus-dependent spatial learning is impaired in
DS [19]. A specific volume reduction in subregions of the
frontal lobe, temporal lobe, cerebellum, and hippocampus
was described in children with DS [22]. The role of the
medial temporal memory system in Down syndrome was
demonstrated using animal models [35]. Underconnectivity
of short-range connections in DS, just like in ASD, was
observed between all the distributed brain networks studied,
with the strongest inter-network correlation found in sub-
jects with the lowest performance 1Q [3].

In our work, we considered the question of the possible
similarity of behavioral patterns and their psychophysiolog-
ical correlates in DS and non-syndromic ASD. Previous
research has demonstrated that the degree of impairment in
social and cognitive processes in ASD is associated with the
neuroanatomy and functional features of the brain [24; 25].
The basis of this disruption is the altered redistribution of
connections [13], which has a genetic nature, as indicated
by previous studies [2]. Previous studies also support find-
ings of altered functional connectivity between large-scale
brain networks in autism, distinguishing specific functional
connectivity features between autism and attention deficit
hyperactivity disorder [14].

We assume that similar patterns can be identified in DS.
Based on these assumptions, the study aimed to compare
data from EEG analysis and psychodiagnostic to implement
a comprehensive approach to identifying similarities and
differences in the mechanisms of autistic features in ASD
and DS. Despite the fact that numerous studies have been
designated to show specific EEG alternation in DS and
ASD, there is a lack of evidence comparing the EEG fea-
tures of these two clinical groups. To our knowledge, only
two articles have been reported regarding the EEG abnor-
malities of ASD, including DS participants [18; 33]. The
longitudinal study [18] compared the manifestations of
psychosis in atypical autism, including Down syndrome,
and showed that the psychopathological similarity of psy-
chosis in various disorders correlates with the same type of
changes in the EEG. Another study [30] focused on the
occurrence of epileptiform EEG abnormalities common to
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different ASD subgroups, including DS. By choosing the
model of autistic characteristics of different developmental
disorders, including idiopathic ASD and syndromic autism
in DS, as the subject of the study, we aimed to elucidate a
common symptom inherent in various syndromes at both
the behavioral and electrophysiological levels, with the goal
of establishing the neurophysiologic correlates of autistic
features.

The objective of this study is to conduct a comparative
analysis of behavioral and EEG patterns in children with
non-syndromic ASD and children with DS accompanied by
autistic features. Specifically, our research aims to investi-
gate the extent to which the cognitive and social functioning
of children with autism of different etiologies can be altered,
and to identify the neurophysiologic correlates of these
alterations through EEG measurements. Such findings may
have essential implications for these children’s behavioral
modification strategies.

Methods

Participants

The study included right-handed boys aged from 4 years 5
months to 9 years. The control group comprised 36 neurotypi-
cal boys, with a mean age of 7.11 years and a standard deviation
(SD) of 0.86 years. The ASD group consisted of children with
non-syndromic (idiopathic) ASD, diagnosed as F84.0 accord-
ing to the ICD-10. This group consisted of 39 boys, with a mean
age of 6.24 years and a SD of 0.91 years. The third group con-
sisted of 15 boys with DS, diagnosed as Q90 according to the
ICD-10, with comorbid ASD symptoms. The mean age of this
group was 7.2 years, with a SD of 0.94.

The children were recruited and preliminarily tested at
the Federal Center for Support to Children with Autism
Spectrum Disorders in Moscow. Inclusion criteria were the
following: a diagnosis confirmed by a psychiatric examina-
tion in the Federal Center for Support to Children with
Autism Spectrum Disorders in Moscow, depending on the
study group; ASD symptoms in children with DS, no his-
tory of brain traumatic injury. For the control group, the
inclusion criteria were the absence of any established devel-
opmental pathology, including developmental delay of
unknown etiology, and no history of brain traumatic injury.
Since only boys were recruited into the smaller group of
children with DS during the timeline of the study, the
remaining groups were also formed only from male chil-
dren. Only those children who were able to understand and
follow verbal instructions were included in the study,
although this was only partially applicable to the clinical
groups. The EEG recording procedure was conducted at the
Pediatric Rehabilitation Center in Moscow.

G*Power software was used to calculate the required
sample size (https://www.psychologie.hhu.de/arbeitsgrup-
pen/allgemeine-psychologie-und-arbeitspsychologie/
gpower). According to the analysis, a sample of 61 partici-
pants is required to detect a large effect of a between-factor
(with the 95% power, 0.05 error probability, 3 groups) using
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one-way ANOVA. However, since the DS group was less
than half the size of the other two groups, in this study we
report findings with the power effect size > 0.7.

Ethical Statement

All procedures performed in studies involving human
participants were in accordance with the ethical standards of
the Russian Federation and the 1964 Helsinki Declaration
and its later amendments or comparable ethical standards. All
the preparation and equipment used are officially certified for
clinical use. The parents or guardians of all children were
given the Agreement for Participation in the Study and signed
an informed consent. The study protocol was approved by the
local ethics committee of the Institute of Higher Nervous
Activity and Neurophysiology, Russian Academy of Sciences
(Ethics protocol Ne2 on April 30th, 2020).

Behavioral Assessment

The DS and ASD children were further tested with the
Psychoeducational Profile (PEP-2, PEP-3) [32, 23].
Method PEP includes the following parameters of the
ability for learning: simple movement imitation, auditory
and visual perception, fine motor skills, total motor abili-
ties, eye—hand coordination, nonverbal and verbal intel-
ligence, and overall development (the total scale of psychic
development). The scores obtained in relation to age
equivalents provided valuable insights into their cognitive
development, and learning potential. These assessment
tools played a vital role in identifying specific areas of
strength and weakness, thus aiding in the development of
individualized intervention strategies for these children. A
psychodiagnostic study was conducted using a three-point
system (1 point — inability to perform the task, 2 points
— the task performed with the help, 3 points — indepen-
dent performance of the task). Points for each of the
parameters for each experimental group were summarized,
and their ratio to age equivalent was calculated. Scores of
children from the control group for each parameter were
taken as 100% (number 1 in the schedule). By utilizing the
PEP scales and the three-point system, researchers were
able to objectively assess the various learning abilities of
children with DS and ASD.

EFEG recording and analysis

All recordings were obtained in the late morning before
1 p.m. During the experiments, children sat comfortably
in an armchair, either unaccompanied or with the help of
parents. They were asked to sit with their eyes open during
the recording. EEGs were recorded during a 5-minute
resting state using a 16-channel amplifier (“BrainsysNeiro-
KM?” “Statokin”, Moscow, Russia) with a band-pass filter
of 0.3—75 Hz and a sampling rate of 256 Hz. A 50 Hz
rejecting filter was additionally used. The 16 Ag/AgCl
electrodes were placed according to the international
10—20 system at O2, Ol, P4, P3, C4, C3, F3, F4, Fp2,
Fpl, T5, T6, T3, T4, F7, and F8 positions. Linked elec-
trodes at the ears served as the reference. Electrode imped-
ances were kept below 5 kQ.

74

Prior to spectral power (SP) analysis of each recording
was digitally filtered at range 2—75 Hz. Continuous EEG
recordings were segmented into epochs of 4 seconds for
further analysis. Epochs containing muscle and/or eye
movement artifacts were discarded manually. After artifact
rejection, 120-second periods of EEG data, equivalent to 30
4-second epochs, were used for spectral power analysis for
each participant. Logarithm Power Spectra (LnSP) was
computed by applying the fast Fourier transform (FFT).
The spectral power (SP) was calculated for the following
bands: theta: 3,5—7,5 Hz, alpha: 7,5—13 Hz, beta 1:
14—20 Hz, beta 2: 20—30 Hz, total beta: 14—30 Hz and
gamma-1: 30—45 Hz.

Statistical Analysis

Between-group age and PEP differences were compared
by the Mann-Whitney test. The significance of the differ-
ences between the EEG parameters was detected with a
One-way ANOVA, with the group factor, in the general
linear model for each electrode and for each EEG frequen-
cy band. These frequency bands included theta, alpha, beta-
1, beta-2, total beta, and gamma-1, and the three groups of
children analyzed were the control group (typically devel-
oping children), children with Down syndrome (referred to
as the ”DS“ group), and boys with autism spectrum disor-
ders (referred to as the “ASD” group). Post-hoc analysis
using the Scheffe-test was conducted within the three
groups to account for multiple comparisons in the ANOVA.

For the parametric statistical measurement of natural
logarithm spectral power (LnSP) with an examination of
equality of variances, the Benjamini-Yecutieli procedure
was employed for multiple comparisons or multiple testing
(MT) correction. However, due to some of the LnSP EEG
band data not following a normal distribution, as deter-
mined by the Shapiro-Wilk test, a non-parametric Mann-
Whitney test with Bonferroni correction for multiple com-
parisons was additionally conducted to reevaluate the
obtained statistical results. All statistical analyses were per-
formed in Statistica 13.0 software (Statsoft.com)

Results

Behavioral assessment results

The groups did not significantly differ in age (p> 0.05).
Various parameters of behavior, including imitation, per-
ception, fine motor skills, and visual-motor coordination,
were examined within the DS and ASD groups. The DS
group exhibited higher scores in these parameters compared
to the ASD group, or in some cases, demonstrated similar
results. No significant differences were observed between
the DS and ASD groups when assessing the total scale of
behavior development according to PEP (Figure 1).

EEG results

Comparison of three groups

One-way ANOVA for 3 groups when using the
hypothesis of about three groups mean equality (H:
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Fig. 1. PEP scales values as compared with controls in two groups of children: ASD (blue color) and DS (light blue). (*) marked
significant differences for 7-test atp<0.05. Ordinate total scores. The control age indicators are taken as a unit, and the indicators of the
experimental groups are compared with the norm taken as a unit

m =m,=m,) revealed significant differences in 3 bands:
theta, alpha, beta, and gamma-1 band (Tab. 1.).
Significant for three groups within 4 bands were observed
but not in all electrodes (Fig. 2). So, we apply paired
tests for differences to compare our groups with controls
and with each other.

Comparison of DS group with the control group

SP of theta rhythm shows significant between-group dif-
ferences mainly at the anterior part of the cortex (except
Fp2). LnSPof the theta waves has higher values in the DS
group than in typically developed boys. Maps for t-test and
Mann-Whitney test merely coincide. Scheffe test gives full
coincidence except O1-O2.SP of the occipital alpha rhythm
in the DS group has lower values as compared to the group
of typically developing children (Figure 3).

In addition, #-test shows the following significant differ-
ence with the following p-values: for P3 p = 0.004; P4
p=0.006; O1 p<0,001; O2p < 0,001 and Scheffe test gives
for TS p=10.042; P3 p <0,001; P4 p <0,001; Ol p <0,00;
02 p < 0,001. Mann-Whitney test: for P3 p = 0.036; P4

p=0.014; O1 p <0,001; O2 p <0,001. In all tests p-values
at O1 and O2 passed the MT threshold < 7e-4.

When comparing the DS group with the controls an
increase in SP beta rhythms was observed (except for
01-02; P3-P4; Fp2, F8) (Figure 3). Differences of SP in
gamma-1: ~test and Mann-Whitney test with MT correc-
tion were not revealed (Figure 3); Scheffe test: differences in
F7, F4, C4, O2, where DSSP values were higher than in the
control group.

DS and ASD groups comparison

When comparing the DS group with ASD group, differ-
ences in SP theta and alpha activity in the any electrodes
were not observed (Figure 4). As compared to ASD group,
DS group revealed lower levels of high-frequency oscilla-
tions (beta-2 and gamma-1) in mostly anterior part of regis-
tered zones with reliable p- values (Figure 4).

Fig.4. Comparison of 2 samples of EEG for significant
levels in ASD and DS groups with Fisher checking for
equality of variances. Significance level p with sign (NI1-
N2). The MT correction gives p-value< 0.001.

Table 1
Fisher’s F for ANOVA Logarithm Power Spectra Ln(SP)

Bands\Electrodes FFp1l FFp2 FF7 FF8 FF3 FF4 TC3 CC4
3.5-7.5Hz 90.58 50.47 17.19 15.49 10.30 22.26 13.06 12.73
8-13Hz 00.00 00.00 50.60 00.00 00.00 30.60 00.00 00.00
14-30Hz 30.98 00.00 15.24 60.83 10.03 16.77 10.34 60.58
30-45Hz 60.33 30.26 50.59 80.08 50.44 60.12 70.53 50.81
Bands\ Electrodes CT3 CT4 TT5 TT6 PP3 PP4 001 002
3.5-7.5Hz 90.34 11.13 90.33 10.40 00.00 50.20 00.00 00.00
8-13Hz 00.00 00.00 00.00 00.00 50.59 60.38 11.99 16.42
14-30Hz 60.43 60.84 12.41 10.01 00.00 30.55 40.67 60.69
30-45Hz 60.54 40.02 30.26 30.82 00.00 00.00 00.00 50.16

Notes: Insignificant values (p>0.05) are equated to zero. Degrees of freedom (2, 48); p<0.05, F>3.2
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Fig. 2. Distribution maps of uncorrected significance levels “p 7 (H;: m,=m,=m,) of Logarithm Power Spectra LnSP for 3 groups
of children. One-way ANOVA. Red colors — higher reliability (0.001 < p < 0.05); yellow — nonreliable values
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Fig. 3. Topographic distributions of significance levels according to the scheme of 16 electrodes topography of two averaged samples
N1 — “control” and N2 — DS-group in Student’s #-test. The MT correction gives p-value < 7E-4. P-values differences (N1-N2) are
displayed at each point of the map. Blue color, LnSP in the test group was higher than in controls; red color, LnSP in the test group
was lower than in controls
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Discussion

The aim of this study was to compare groups with DS
and non-syndromic ASD in terms of psychoeducational
profile and its EEG correlates. The study results support the
previous finding implying that phenomenological manifes-
tations at the level of behavior should be associated with
specific functional brain features in these developmental
disorders [22; 18; 2]. Both DS and ASD groups showed dif-
ferences in SP of EEG bands as compared with neurotypical
children. This partially reproduces previous data on an
alteration of EEG patterns in ASD [5; 15].

The present analysis of the alpha rhythm in different sub-
groups of DS and autistic children shows a reduction in alpha
power in the posterior regions compared to typically developed
children. Most studies consistently reported suppressed alpha
oscillations in various brain states in DS [for review see: 30] and
ASD [for meta-analysis see: 24] children compared to typi-
cally developing (TD) peers. In our study, this characteristic
was also common to both groups, reflecting an increased base-
line cortical activation in children with DS as well as ASD. This
decrease in activation may be the reason for the decline in total
development, planning, and control functions in both groups
compared to typically developed children.

We have also observed an increase in theta-activity in
anterior areas in the DS group of children compared to the
controls. This data may be regarded as “hypofrontality”
typical for the schizoid type in adults [12]. Hypofrontality
has also been described in children with schizotypal disor-
ders just like in ASD children with a schizotypal picture for
early development, but not for autistic ones [17]. The fea-
tures of the theta rhythm in healthy individuals reflect the
level of cortical activation: the higher the theta activity in
the frontal regions, the greater the activation of neural net-
works associated with memory encoding and emotional
arousal [24]. Possibly, the increase in theta rhythm in DS is
the source of a decline in control functions.

The study underscores the pivotal role of changes in
high-frequency rhythms, relative to the controls, in both
ASD and DS. However, the impairments identified in each
of these conditions exhibit distinct characteristics. The
background EEG in the SD group is marked by a significant
increase in beta activity, suggesting a deficit in inhibition
processes [1].

By comparing the functional peculiarities in ASD and
DS with their potential neurophysiologic basis, one might
infer that the reduction in spectral power of the alpha-
rhythm and hypofrontality could be considered a shared
mechanism of disorders, leading to a decline in control
functions in both phenomena. An increase in spectral power
in the gamma band, hindering the performance of cognitive
tasks, is a distinctive feature of patients with ASD but not
DS. Additionally, beta rhythm exhibits more pronounced
changes in In SP in ASD compared to the pair DS — ASD.
In DS, it appears that the mechanisms underlying the devel-
opment of cognitive function are associated more with
changes in beta activity than in gamma activity. Thus, the
changes in bioelectric activity in children with Down syn-
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drome only partially overlap with the alterations found in
patients with ASD.

Cognitive representation and verbal development yielded
the poorest results in our study, aligning with the findings of
Bostelmann et al. [19]. A similar specific pattern for individuals
with DS, including impairments in receptive language, was
described using the Social Responsiveness Scale [20]. Nonverbal
cognition in the DS group seems to be less impaired than verbal
cognition. Comparable data on the relative typical development
of non-verbal intelligence compared to verbal intelligence were
observed in situations of home orientation in DS children when
verbal instructions were given [19].

In our research, various parameters, including imitation,
perception, fine motor skills, and visual-motor coordina-
tion, were examined within the DS and ASD groups. The
DS group exhibited higher scores in these parameters com-
pared to the ASD group, or in some cases, demonstrated
similar results. This observation aligns with existing data
indicating more pronounced impairments in ASD as
opposed to DS [21]. When assessing the overall PEP scale
scores, no significant differences were observed between the
Down syndrome and ASD groups. However, the between-
group distinctions emerge when analyzing subscales such as
perception, total motor abilities, and verbal and non-verbal
intellect. Nevertheless, overall differences compared to the
controls for both DS and ASD groups were not immedi-
ately apparent. The identification of nuanced differences
between the two groups became possible only by employing
additional subscales, which is crucial for the development of
correction procedures.

The critical question requiring further investigation per-
tains to the correlations between neurophysiological and
behavioral factors in DS and ASD groups, an issue yet to be
conclusively addressed. Nevertheless, the present study
indicates spectral power changes for different frequency
bands, with beta alterations noted in the DS group and
gamma alterations in the ASD group [17]. Previous data [3]
establishing the relationships between altered brain activity
patterns (i.e., Spectral Power) in DS syndrome and IQ
scores serve as inspiration for ongoing investigations.

Limitations

The study is constrained by a relatively small sample size
and a notable disparity in participant numbers among the
three studied groups, which may limit the broader implica-
tions of the findings.Another limitation of the study con-
cerns the lack of normal distribution of children of different
genders in the groups since only boys participated in the
study.Nevertheless, we regard the obtained results as pre-
liminary, with the intention of drawing attention to the
realm of neurodevelopmental disorders and identifying
specific EEG markers of DSnon-syndromic ASD.

Conclusion

The changes in bioelectric activity, specifically the
increased spectral power of theta predominantly in the
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frontal area and the spectral power reduction in the occip-
ital alpha band, observed in children with Down syn-
drome, are partially similar to changes found in children
with ASD and appear more pronounced in the DS group.
One of the most distinctive EEG characteristics of DS is

KpaTKOC U3JI02KCHHE COAECPKAHUA CTATbU
Ha PYCCKOM A3bIKE

Beenenue

I'eTeporeHHOCTh PacCTPOICTB ayTUCTUYECKOTO CIIEKTpa
(PAC) [28] moOyxmaeT K M3y4yeHUI0O MEXaHW3MOB pa3any-
HBIX BapuaHTOB 3abojeBaHus. [IpuMeHeHMe MeToma AUC-
KPUMUHAHTHOTO aHajinu3a ITONTBEPKIACT TMIIOTE3y O IeTe-
poreHHocTH rpyrnbl PAC 1 no3BoJisieT pa3faeuThb UCTIBITY-
eMbIX TTo nipu3Hakam D3OI [11; 16; 17]. D1oT hakT nenaet
MEePCIEKTUBHBIMU MCCIIEAOBaHMS Pa3IMIHON Helpohu3u-
OJIOTMYECKOI Tpupoabl ayTuaMma. [Ipu cpaBHEHMM ITOBE-
JEeHYECKUX HapylleHUi ¢ usMeHeHusMu ODI y neteit
MOXHO BBISIBUTH pa3JIMuYHbIe NMPU3HAKUA U TYTU Pa3BUTHS
PAC [7; 9; 25; 26; 27]. Ncxons u3 ocobeHHocTeir DDI n
rokKasaTeJsieil OBeIeHIECKIX TECTOB, OTPAKAIOIIUX KITI0UYe-
BbI€ aCIIeKThl KOTHUTUBHBIX M COLMATbHBIX (DYHKIIMIA, MbI
MoOXeM BblIeaUTb U3 yuciaa aeteii ¢ PAC Tex OOJIbHBIX,
KOTOPBIE OT KJIACCUYECKUX CUMIITOMOB ayTU3Ma IePEeXO/IsIT
K IIM30TUITMYECKOM akiieHTyauu [16; 17]. 3HaYuTeIbHYIO
YacTh IETe} ¢ FTeHETUYECKU 00YCIOBICHHON ayTUCTUYECKOMN
naToJIOTMel COCTaBsAIOT AeTu ¢ cuHapomoM JlayHa (CJI)
[4]. ITpumepHO y 37% neteit ¢ C1 mpOosIBISIOTCS ayTUCTUYE-
ckue uepthl [34]. CJI npeacTasasieT coboit HauboJee pac-
MPOCTPAHEHHYIO TEHETUYECKYI0 IPUYMHY YMCTBEHHOM
OTCTaJIOCTH, OJTHAKO MAaTOMU3NOIOTYsI KOTHUTUBHBIX HAapy-
LLIEHUI1 TIpU 9TOM CUHApOMe ocTaeTcs HesicHoi [10]. OO1ueit
xapakTteprctukoi CII 1 ayTUCTUIECKUX PACCTPOMCTB SIBJISI-
eTCsT HapylIeHre KOMMYHUKaun [6]. OmHUM 13 BO3MOX-
HBIX MEXaHU3MOB, BBI3bIBAIOIIMX HEHPOIICUXOJIOIMIECKIE
pacctpoiictBa npu CJI, sBasieTcs1 IMCOYHKIMS TUTTITOKAM-
Mma, a Takxke M3MeHeHHe 00beMa MUHAAJICBUIHOIO Teja 1
runnokammna. Kpome Toro, ussectHo, uto npu CJI Hapyiia-
€TCsl TIPOCTPAHCTBEHHOE OOYydeHUe, 3aBUCSIIEe OT TUIIIO-
kamma [19]. ¥V nereii ¢ CJI onucaHa cienuguyeckasi peayk-
Mst 00J1acTel JIOOHOM 01, BUCOYHOM TOJIM, MO3XKeUKa 1
runnokammna [22]. B uccaenoBaHusix Ha XXMBOTHBIX MPOJe-
MOHCTPUPOBAaHA POJb MEIMAIBbHONW BUCOYHOW CUCTEMbI
namsaTtu nipu CJI [35]. Hetsam ¢ CJI cBoiicTBeHHa HelocTa-
TOYHAasi CKOOPAMHUPOBAHHOCTh B pPaboTe ceTeil Mo3ra, Ipu
3TOM HamboJjiee BhIpaKeHHbBIC HApYIIEHUsI B paboTe HEpPB-
HBIX CeTell OOHAPYKEHBI Y UCIIBITYEMbIX C CAMBIM HU3KUM
1Q [3]. MBI paccMOTpenu BOMPOC O BO3MOXKHOM CXOJCTBE
MOBEIEHYECKUX PACCTPOMCTB M UX IMICUXODHU3NOIOTUIECKIX
koppensitoB npu  CIH wu HecuHapomaibHbix PAC.
[penpinyime uccaeqoBaHMS TTOKA3aId, YTO CTEIIEHb Hapy-
LIEHUS] COLIMATbHBIX M KOTHUTUBHBIX TTporieccoB mpu PAC
[29] xoppenupyeT ¢ HelipoaHATOMUUYECKUMU U (PYHKIIMO-
HaJbHBIMU OCOOEHHOCTSIMU TOJIOBHOTO Mo3sra [24; 25]. B
OCHOBE 3TOI'0 HapyILIEHMsI JIEXHT ITaTOJJOTMYECKOe repepac-
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the increase in beta rhythm spectral power compared to
the typically developing children. At the behavioral level,
both verbal and non-verbal intelligence are impaired, with
more pronounced effects observed in the DS group com-
pared to the ASD group.

npeneneHue cBaseit [13], umerolee reHeTUYECKYI0 MPUPO-
Iy, Ha 4TO YyKa3blBaJu CIeLMaJbHbIe UccienoBaHus [2].
YcTaHOBNIEHHBII (DaKT KOppEeTsIuUuU MEXIy OcjadJieHueM
(YHKIIMOHAIBHBIX CBsI3el, HEOOXOAUMBIX UISI TOJTHOLEH-
HOro (hyHKIIMOHUPOBAHUSI MO3Ta, U BIPAXKEHHOCTHIO IMOBe-
JIEHYECKUX PACCTPOMCTB HE OrPaHUYMBACTCST OMHUM ayTH3-
MOM, a PacIpoCTpaHsETCd U Ha IPYrUe COCTOSAHUS, B TOM
Yycie Ha CUHAPOM Ae(UIIMTa BHUMAaHMS Y TUTIEPAKTUBHO-
ctu [14]. MBI nojaraem, 4to MoaoOHbIe 3aKOHOMEPHOCTU
MOTYT OBITh BbIsIBJICHBI 1 TIpu CJI, TOCKOJIBKY B JINTEpAType
HMMEIOTCS CBEJICHNSI O B3aMMOCBSI3M MEXKIY OCOOEHHOCTSIMU
BDA Mo3sra u nokazatensmu noseaeHust ipu CJI [3]. Hare
HCcIenoBaHMe ObLIO HAMpaBJIeHO Ha COMOCTaBJIEHUE JaH-
HbIX aHau3a DB U MCUXOAUATHOCTUKU ISl peai3aluu
KOMILIEKCHOTO MOIXO0/1a K BBISIBIEHUIO CXOICTB M PA3INIUi
B MeXaHMU3Max ayTUCTUYecKux ocobeHHoctei npu PAC u
CI. HecmoTpss Ha MHOTOYMCIEHHBIE WCCIEI0BaHUS,
HarpaBJIeHHbIE Ha BbISIBICHUE CITELIMMDUIESCKUX U3MEHEHUI
B3I npu CJI u PAC, conocraBieHusi ocooeHHOCTU DA
STUX JBYX KJIMHUYECKUX TPYIIT HETOCTaTOYHO. TOJBKO B
JIBYX CTaThsiX cooO1Ianoch 06 aHoManusx D91 npu PAC ¢
yuactueM mnauuveHToB ¢ CJI [18; 33]. BoiOupasi B KauecTse
MpeaMeTa UCCieIOBaHMsI MOJIENIb Pa3IMYHbIX 3a00JIEBaHMIA,
XapakKTepU3YIONIMXCS ayTUCTUIECKOM CUMITTOMATUKOM, MbI
CTPEMUJIUCh BBISIBUTH OOIIMI CHUMIITOM, TPUCYIIUMA pa3-
JIMYHBIM CUHIPOMaM, KaK Ha ITOBeIEHYECKOM, TaK U Ha
3JIEKTPODU3NOIIOTUIECKOM YPOBHSIX, C II€JIbI0 YCTAHOBJIE-
HMSI HEMpO(hU3NOJIOTUIECKUX KOPPEJISITOB OCOOCHHOCTEM
npu pasnuuHbiX BapuaHtax PAC. Llenbio jaHHOrO uccaeno-
BaHMS SIBJISICSI CPaBHUTEJbHBIA aHAJIM3 ITOBEIEHYECKUX
ocobeHHocTei 1 xapakTtepuctuk D3Iy neteii ¢ CI u PAC
HECHHIPOMAJIbHOIO TTPOMCXOXAeHUs. B yacTHOCTH, Halle
HCClIeI0BaHe HAIpaB/IeHO Ha M3yYeHKEe CTeTIeHU Hapylle-
HUST KOTHUTMBHOTO M COLIMAIBHOTO (DYHKIIMOHUPOBAHUS
JIeTeld ¢ ayTM3MOM pasiMYHOl 3THOJIOTMM, a TakXKe Ha
BBISIBJICHUE HEUPO(MU3NOIOIrMUECKUX KOPPEIITOB 3TUX
HapylLIeHUIi ¢ TIoOMOILIbIo aHamu3a DI

MeTtoapl

A. O0BeKT uccaenoBanuii. B skcrieprMeHTax yJacTBo-
BaJIi TPU TPYIIIBI MaJIbYMKOB-TIPABIICi: TUITMYHO Pa3BU-
Batoluecs: («KOHTpodab») — N 36, cpemHUIl BO3-
pact = 7,11, SD = 0,86; rpyrmna CI, — N = 15, cpenuuit
Bo3pacT = 7,2 (SD = 0,94); rpynna PAC — N = 39; cpen-
HUit Bo3pacT = 6,24 (SD = 0,91).

b. Mertoapl uccaenopanuii. D9 peructpupoBaiu B
COCTOSIHMM IIOKOSI C OTKPBITBIMM IJIa3aMU C ITOMOIIbIO
16-kaHanpHOrOo  ycuautedas  («BrainsysNeiro-KM»,
«Statokin», MockBa, Poccus) ¢ mojaocoBbiM (UIBTPOM
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0,3—75 Tu w wyactoTod muckperusaruu 256 T
JIOMOJHUTENBHO UCTIOIb30BaNCs PUabTp ¢ yactoroit 50 I'i.
16 snexrponoB Ag/AgCl pasmelnany 1Mo MeXIyHapOIHOI
cucteme 10—20 B nonoxeHusix 02, O1, P4, P3, C4, C3, F3,
F4, Fp2, Fpl, TS, T6, T3, T4, F7 u F8. Yuyactku D3OI aHa-
JIM3UPOBAINCH BU3YAJTbHO M C ITOMOIIBIO TIPOrPaAaMMHOTO
KOMIUIEKCA PETUCTPALIMY U aHATN3a DJIEKTPUIECKON aKTUB-
HOCTM MO3Ta C HEWpOMETPUYECKUM OaHKOM JTaHHBIX
«BrainSys». CriektpanbHas MoiHocth (CM) paccuuThiBa-
Jlach ISl cieaylolux auanazoHoB: tera (3,5—7,5 T'm),
anb(a (7,5—13 I'u), 6eta 1 (14—20 I'), 6eta 2 (20—30 '),
cymmapHas 6eta (14—30 I'u) u ramma-1 (30—45 TI'm).

st koppekTHOCTU cpaBHeHuit DDI" nmokazateau CM
OBLTM TIPUBEICHBI K TTapaMeTpaM, OJIM3KUM K HOPMaJIbHO-
My pacIipe/ieJIeHU0, C UCIOJb30BaHUEM 3HAUYeHUsT HaTy-
pajyibHOTO JloraprdMa MPOILEHTHOW MOITHOCTH. [IJIst cpaB-
HeHust CM B3I AByX Ipynm UCMOIb30BAIU t-CTATUCTUKY
CThIO/IEHTa; TIPY CPABHEHUU TpeX U 00Jiee IPYII UCTIBITY-
€MBIX HCITOJIb30BAIM OJHOMAKTOPHBIN NTHUCTIEPCUOHHBII
aHan3 ANOVA (MeTol MOBTOPHBIX U3MEPEHU «post hoc
test Fisher LSD»). BeruucneHnust 6osiee yeM IBYX TPYII
TPOBOJIMJIMCH C TIOTIpaBKaMU Ha MHOXECTBEHHOCTh CpaB-
HeHuil («Benjamini-Yekutieli procedure»). B ¢Bs3u ¢ TeM,
YTO HEKOTOpbIe JaHHbIe nuanazoHa DI LnSP He cooT-
BETCTBYIOT HOPMAJILHOMY pacipeeIeHUIO, OTIpeaeIeHHO-
My 1o kputeputo lanupo-Yunka, s nepeoueHKH moy-
YEHHBIX CTATUCTUYECKUX PE3YIbTATOB ObLT JOTIOJIHUTEIb-
HO TIPOBENIEH HellapaMeTpruieckuii Tect MaHHa— YUTHU ¢
MOTPaBKO Ha MHOXXECTBeHHBbIE cpaBHeHUsT boHdeppoHu.

INcuxomuarHocTYeCKOE UCCIIeNOBaHUE TIPOBOAIIN 10
metonuke PEP (Psychoeducational Profile) rio Tpex0asib-
Hoit cucteme (1 Gamn — HEBO3MOXHOCTb BBITTOJHEHUS
3alaHus, 2 0ajyla — BBIMOJHEHUE 3aJaHUSI C TTOMOIIBIO
9KCIIepUMEHTaTopa, 3 6ayjla — caMOCTOSITEIbHOE BBITION-
HeHue 3afaHus). bauibl Mo KaxmoMy U3 o0ceJOBaHHBIX
MapaMeTpoB JJIsT KaXIOW SKCTEPUMEHTAIBHOMN TPYIIITbI
CYMMMPOBAJIUCH, U BEICUMTHIBATIOCH UX OTHOIIIEHUE K BO3-
pacTHOMY SKBUBAJIEHTY (T. €. K 0ajjiaM, MoJy4YeHHbIM TTpU
BBITIOJTHEHUM 33JJaHUI 3MOPOBBIMU JIETHbMU TOTO K€ BO3-
pacTta, KOTOpble B JAaHHOW METOIMKE TMPUHUMAIKUCH 32
eaununy). MccnegoBanu cieayroniyve QyHKUUU: UMUTA-
LIWIO TIPOCTHIX JICMCTBUM, 3pUTEIHHOE U 3BYKOBOE BOCTIPH-
SITUE, MEJIKYIO M OOIILYI0 MOTOPUKY, 3pUTEIbHO-MOTOPHYIO
KOOPAWHAIINIO, BepOaTbHBIN 1 HEBEpOATbHBIN MHTEIIICKT.
JIOCTOBEPHOCTD PA3IMUUIl OMPEACIISUIA O t- KPUTEPUIO
CrtplofeHTa ¢ nonpaBskamu MT.

PesyabTaThl

IMpoBeneHHbIN aHAMU3 TTOKA3bIBAET CHUKEHUE CIIeK-
TPaJIbHOM MOIITHOCTHU ajibha-pUTMa B 3aTHUIOYHBIX OTAETaX
mo3ra y 6osbHbIX ¢ PAC 1 ¢ CJI 1o cpaBHEHUIO CO 300POBbI-
mu ucnbityeMbiMu (0,001 < p < 0,05). BTy 0COOEHHOCTS,
OTpaXXaloIIylo TOBBIIIIEHNE (DOHOBOW aKTMBHOCTU, MOXHO
cyuTaTh OOIIei JIsi o0enx TpyNmn U paccMaTpuBaTh Kak
YCTOMUYMBBIN TTPU3HAK TTATOJIOTMU He Tosibko Tipu PAC, HO
npu CJI. [TonoGHOE CHIXXEHME aKTUBHOCTUA MOXET JieXKaTh B
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OCHOBE HapyllleHUs MoKa3aTeJieli 0011ero pa3BUTHUS, a TAKXKe
(GyHKUMI MTAaHUPOBAHUS U KOHTPOJIS B 00EUX TPyIax Mo
CPaBHEHMIO C TUIIMYHO pa3BUBAIOIIUMUCS AeTbMU. Kpome
TOrO, Mbl OOHAPYXXWJIM YBEJIMYEHUE TeTa-aKTUBHOCTU B
nepenHux otaeiax B rpymrme aeteil ¢ CI mo cpaBHEHUIO C
KoHTpoJibHO# rpynmoit (0,001 < p < 0,05), 4To MOXHO pac-
LIEHUBAThb KaK <«TUMOMPOHTAIBHOCTb», XapaKTEepHYIO IS
nereit [17] u B3pocabix [12] ¢ M30TUMMYECKON CUMITOMA-
TUKON. OOHapy>X€HHOE HAMM YBEJIMYEHME TeTa-puTMa B
JI0OHBIX oTaenax mpu C MOXeT SIBSATHCS elle OAHON pu-
YUHOW CHIWKeHUS (DYHKUMIA KOHTPOJSL Yy NeTedl JaHHOM
TPYIIbI, MMOCKOJABKY OCOOEHHOCTH TeTa-pUTMa OTPAXKAIOT
YPOBEHb KOPKOBOI aKTUBALIMU, MaMSITU U 9MOLIMOHAJIBHOTO
Bo30yKaeHMs [24]. Kak mokasbiBaeT Halle HcClieoBaHUeE,
OCHOBHBIM oT/M4YueM uctbityembix ¢ PAC u CJI oT TMummyHo
Pa3BUBAIOLIMXCS IE€TEH SIBISIOTCS UBMEHEHUSI B AKTUBHOCTHU
BBICOKOYACTOTHBIX pUTMOB. HapyIiieHus1, BbISIBJIEHHbIE TTPU
KaXJIOM W3 3TUX COCTOSIHUM, UMEIOT CBOM OCOOEHHOCTH.
Ecmu pig ucneityeMbix ¢ PAC xapakTepHO MOBBILLIEHUE
ramMma-akTuBHOCTH (0,001 <p <0,05), To npu C/I Habmona-
ercs aktuBauus 6era-purma (0,001 < p < 0,05). B oboux
CJIydasix MOXKHO TMPEIOJIOXUTh, YTO B OCHOBAHUU OMUCAH-
HbIX U3MEHEHUI JIEXKUT AeHULIUT MPOLECCOB TOPMOKEHUS
[1]. Takum 0Opa3zoM, MOXHO YTBEPXKIaTh, YTO M3MEHEHUS
OroBJIeKTpUUECKOit akTuBHOCTU Yy aeteit ¢ CJI yacTMUHO
COBITAIAIOT C UBMEHEHUSIMU, OOHAPYXKEHHBIMU Y MAIIUEHTOB
¢ PAC. To xe camoe MOXHO cKa3aTb W MPO MPOSIBJICHUS
STHUX JIBYX BUJIOB NTATOJIOTMU Ha yPOBHE MoBeAeHUs. B obenx
IpyInax 3aTpyAHeHbl GYyHKIIUU IJIaHUPOBAHUS IEHCTBUI 1
KOHTPOJIS 3a UX BbIMoiaHeHueM. [1o mccaenoBaHHBIM IKA-
JgaM B rpynne CJI Hauxymiive pe3yabTaThl, HE TOJBKO IO
CpPaBHEHMIO C HOPMOIA, HO 1 MO cpaBHEHMUIO ¢ rpymnmoii AT,
MOJIyYEHBI MO TIOKAa3aTesIsIM BepOAIbHOTO Pa3BUTHUSI U KOT-
HUTUBHBIX MpeAcTaBieHuit (t-test atp < 0,05), uro cornacy-
€TCs C JTAaHHBIMU, MOJYYEHHBIMU IPYTUMU KUCCAENIOBATENsI-
mu [19; 21; 20]. ITo BceM ocTajibHbIM TMapaMeTpaM (MMUTa-
LIMS1, BOCTIPUSITUE, MEJIKAsi MOTOPUKA 3pUTEIbHO-MOTOPHAS
KoopnuHauus) ucnbityemble U3 rpynmnbsl CJI mpeBocxoasT
npencraButesieid rpynnsl PAC win 1mokasbIBaloT OAMHAKO-
BblE C HUMU DPe3y/bTaThl. JlOCTOBEpHbIE OTIMYUS TPYIIIbI
C[ ot rpynmnsl PAC, npubmxatoinue rpyminy CJI Kk HopMme,
MOJIy4eHbI 1o 1Kajie oouieit Motopuku (t-test atp < 0,05).
MHTepecHo, UTO cyMMapHbIii MoKa3aTesib 00IIEro pa3BUTHS
B 00eux Tpynmnax OJWHAKOBO OTJIMYAETCS OT HOPMBI.
B pesynbrate comoctaBieHust (PYHKIMOHAIBHBIX Hapylle-
nuit npu PAC u CJI ¢ ux BO3MOXHBIMU HEHPOGhU3UOIOTU-
YECKUMU OCHOBAMU MbI MTPUIIUIU K 3aKJIIOUEHUIO, YTO Tajie-
Hue CM anbba-purMa U TUIIO(MPOHTATBHOCTD MOXHO CUU-
TaThb OOIIMM MEXaHU3MOM HapylIeHWH, TPUBOIAIIMM K
ocnabaeHuo (YHKUMIA KOHTPOJISI, CBOMCTBEHHBIM O00UM
3a0osneBaHusiM. [loBbiienHass CM ramMmma-put™a B (oHe,
3aTPYIHSIONIAS BHITOJHEHUE KOTHUTUBHBIX 3alaHU, SBJISI-
ercs ocobeHHOocTho O0osibHBIX PAC, Ho He CJI. B To ke
BpeMms npu CJI (poHOBBIE XapaKTEPUCTUKU OeTa-puTMa
U3MEHSIOTCS (YBEJTMUMBAIOTCS) MO CPaBHEHUIO C HOPMOK B
Oonbiieit crenenu, yeM npu PAC. IMo-sBunumomy, ripu CJL
MEXaHW3MBbI, JieXKalllieé B OCHOBE HEeIOPa3BUTUSI KOTHUTUB-
HbIX (PYHKIIMH, CBSI3aHbI C UBMEHEHUSIMU HE TaMMa-, a OeTa-
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AKTUBHOCTU. TakuM 00Opa3oM, MpU OJUMHAKOBOM CymMMmap-
HoM noka3zatesie ooero pa3sutus rpynn PAC u CJI BbIsB-
JIEHUE pa3TAYnii MEXJIy NByMs FPYITIIaMU BO3MOXKHO TOJbKO

MPY UCTIOIB30BAaHUM CYOILIKAJT, MTO3BOJISIONIEM OOHAPYKUTh
crienMUKy Kaxaoro U3 HapyIleH!i, 4TO MMEET pelaloriee
3HaUEHUE TSI pPa3pabOTKN KOPPEKIIMOHHBIX ITPOLIEIYP.
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