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Analyzing the brain bioelectrical activity by EEG at rest is a simple and accessible method of research in children. Spectral EEG
analysis can identify areas where certain types of activity, that reflect the excitation and inhibition balance, are predominant. Research is
complicated by the lack of biological tests for the diagnosis of autism, the illness is diagnosed by clinical characteristics only. Thus, the gold
standard of diagnostics is ADOS-2, a technique that assesses the severity of social communication deficits and stereotypical behavior in a
child by observing his/her play and interaction.
The aim of the study was to assess the EEG spectral characteristics for their correlation with the ADOS-2 score that reflects the
severity of autistic manifestations.
Materials and Methods. Eighteen children with a confirmed diagnosis of “childhood autism” were examined using ADOS-2. To assess
the severity of autism manifestations, we used the comparative ADOS-2 score. Resting state EEG was collected for all subjects with
subsequent calculation of the relative spectral power.
Results. The examined children showed various degrees of autism, and their comparative ADOS-2 score ranged from 4 to 10.
A positive correlation of the comparative score with the EEG spectral power at several leads was revealed. The best correlation was found
in the beta range of EEG: the higher the beta activity level, the more pronounced the autistic manifestations. The result indicates that the
imbalance between excitation and inhibition is gradually involved in the pathogenesis of autism. Therefore, the spectral power value in the
beta range can be potentially used as a dynamic indicator of autism when behavioral changes are difficult to assess.
Conclusion. The relative EEG spectral power in the beta range positively correlates with the ADOS-2 comparative score and therefore
can serve as a dynamic biomarker of autism.
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Introduction
Autism spectrum disorders are among the most
common developmental disorders — up to 1 case per

59 people [1]. In the ICD-10 classification [2], this illness
incorporates several subtypes such as childhood autism
(F84.0), atypical autism (F84.1), and Asperger syndrome
(F84.5). In the ICD-11 [3] various subtypes of autism
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will be unified into one diagnostic category — autism
spectrum disorder (6A02), following recent diagnostic
trend.
Autism is heterogeneous in its manifestations, yet
all patients with autism have social interaction and
communication deficits as well as stereotypical and
repetitive behaviors beginning at an early age [4]. In 10–
30% of patients, autism is caused by the known genetic
defect [5], along with that, many pathogenetic aspects of
the genetic and the idiopathic forms require further study.
There is no biological test available to diagnose
autism; the diagnosis is based on behavioral
manifestations and information from parents. To
increase the objectivity of the diagnostic examination
and the interpretation of anamnestic data, standardized
methods for diagnosing autism have been developed.
They are available to psychiatrists and other medical,
psychological, and education professionals. The gold
standard for diagnosing autism is the “Autism Diagnostic
Interview-Revised” (ADI-R) [6] and the “Autism
Diagnostic Observation Schedule” (ADOS-2) [7]. Those
protocols represent guidelines for interviewing parents
and describing the behavior of the examined child. The
ADOS-2 includes 10–15 tasks, in which the subject may
or may not show social initiatives and reactions; those
are assessed by the interviewer according to certain
criteria. The resulting scores in the categories “Speech
and Communication”, “Mutual Social Interaction”,
“Play and Creativity”, “Stereotyped and Repeated
Behaviors”, and “Other Behaviors” are processed by an
algorithm and then compared to the threshold values
for diagnosing “autism” or “autism spectrum”. For
toddlers, instead of the diagnostic groups, the range
of concern is determined to report on the possibility
of autism spectrum disorder [8]. In addition to the
ADOS-2 diagnostic category, the severity of autistic
manifestations is determined using a 10-point scale. This
metric allows for assessing the degree of manifestations
in a particular subject compared to other children with
autism of the same age and level of expressive speech.
Unlike the “raw” ADOS-2 score, this comparative score
is calibrated and thus serves a more stable indicator
of the individual characteristics [9]. Depending on the
value of the comparative score, the severity of autistic
manifestations is defined as “high”, “moderate”, “low”,
and “minimal (no symptoms)”.
In parallel with improving the diagnostic tools based
on the behavioral manifestations, the search for autism
biomarkers continues. One of the most promising
approaches is the resting-state electroencephalogram
(EEG) [10, 11]. It allows the brain potentials integrating
the activity of neuron populations to be recorded with
a high temporal resolution. The subject is required to
cooperate by closing his/her eyes for a few minutes.
The recording is then visually analyzed to identify
pathological patterns, including epileptiform activity,
which is of particular diagnostic significance due to a
high comorbidity of autism and epilepsy [12].

EEG Spectral Characteristics Correlate with Autism Manifestations

With the spectral analysis of EEG one can identify
areas with a predominant activity, which allows
interpretation in terms of the excitation and inhibition
balance [13]. The spectral power is believed to be the
main spectral characteristic of the EEG; it is measured
either in the range of individual narrow (1 Hz) bands
or at the standard frequency bands: delta (up to 4 Hz);
theta (4–7 Hz); alpha (7–13 Hz); beta (13–30 Hz), often
divided into beta-1 (13–20 Hz) and beta-2 subranges
(20–30 Hz); gamma (above 30 Hz). These spectral
power values can be compared between groups of
patients, and also subjected to correlation analysis
versus other parameters, including the behavioral
characteristics.
There are few studies of the EEG spectra in patients
with autism, and their results sometimes contradict each
other [14]. For example, there are reports on both an
increase [15, 16] and a decrease [17] in the theta-activity
in autists as compared to their typically developing
peers. The most commonly documented change is an
increased level of the “fast” activities — beta and gamma
[15, 18, 19]. It might be caused by the GABA-dependent
shift in the balance between excitation and inhibition
towards excitation in the central nervous system [20].
The aim of the study was to identify correlations
between the comparative ADOS-2 score (reflecting the
severity of cognitive and affective manifestations of
autism), and EEG spectral characteristics.

Materials and Methods
The study included 18 children with confirmed
“childhood autism” (ICD-10 code F84.0), including 12
boys and 6 girls. The average age of participants was
5.3±1.5 years. The study was conducted in accordance
with the Helsinki Declaration (2013) and approved by the
Ethics Committee of the Privolzhsky Research Medical
University. Informed consent was obtained from parents
of the examined children.
Fifteen patients had speech problems: they could
produce isolated words only or lacked the ability of
verbal communication. These children were examined
using the ADOS-2 Module 1. Three children had phrased
speech and were therefore examined using Module 2.
The severity of autistic manifestations was assessed
using the comparative ADOS-2 score that was calculated
from the “raw” score corrected by age and expressive
speech skills.
EEG recording was performed using an EEG21/26 “Encephalan-131-03” EEG-analyzer (Medicom
MTD, Russia). The recording was conducted using 19
electrodes (Fp1, Fp2, F7, F3, Fz, F4, F8, T3, C3, Cz,
C4, T4, T5, P3, Pz, P4, T6, O1, O2), arranged according
to the standard 10–20 scheme. The sampling rate was
250 Hz. Filtration of the original signal was performed
with the high frequency cut-off value of 0.5 Hz, the
low-frequency filter — 70 Hz, the rejector frequency
filter — 50 Hz. The impedance values did not exceed
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10 kΩ. Artifact-free recording sections were subjected
to the fast Fourier transform, the results of which were
presented as the spectral power values. To minimize
individual variations within the group, the signal was
further processed to result in relative spectral power
values in the standard frequency bands — delta, theta,
alpha, and beta, as well as the narrow bands with a
step of 1 Hz. Correlation analysis between the spectral
power values and the comparative ADOS-2 scores was
performed using the Spearman criterion. The correlation
coefficient values above 0.413 (p<0.05) were considered
significant. The results are presented in correlation

coefficient values for various EEG leads in either narrow
or standard frequency ranges. Statistical processing and
mapping were performed using the Neuro-KM package.

Results and Discussion
Following the ADOS-2 testing, 16 children belonged
to the diagnostic category “autism”, and 2 — diagnostic
category “autism spectrum”. The comparative scores
ranged from 4 to 10 corresponding to moderate or high
level of autistic manifestations. They are presented in
Table 1.
Correlation analysis of the autistic manifestations and
the EEG spectral parameters produced the following
results. The ADOS-2 comparative score positively
correlates with the spectral power in the beta-1
frequency band, for the F3, Fz, F8, T4, and P3 leads
(R=0.425, 0.421, 0.442, 0.420, 0.445, respectively; all
p<0.05), in the beta-2 frequency band, for the Pz lead
(R=0.436; p<0.05), and also in the beta-1 frequency
band (with a borderline significance), for the Pz zone
(R=0.412; p=0.05). The results of the EEG mapping are
presented in Figures 1 and 2.
In the narrow 1 Hz frequency bands, significant
Spearman correlations were found in frequency bands of
2–3 Hz (F8), 5–6 Hz (F8, Fp2), 6–7 Hz (F8), 12–13 Hz
(F8, Pz, P4, T6), 14–15 Hz (F3, Fz, F8, T4), 15–16 Hz
(Fz, F8, T4), 17–18 Hz (F3, Fz, Fp1), 18–19 Hz (F7,
P3, P4, O2), 19–20 Hz (F7, Fz, F8, P3, Pz), 23–24 Hz
(P3, Pz), 27–28 Hz (Pz), 28–29 Hz (P3, Pz), and 29–
30 Hz (Fz, P3, Pz). All correlations were positive; the
correlation coefficient values are presented in Table 2.
In our study on both the standard width bands and the
1 Hz-bands, major correlations were found in the beta
EEG range. Interpretation of correlations in the delta
and theta ranges is complicated because they are rather
scarce and appear only in the outer frontal and temporal
zones that are most vulnerable to motor artifacts.
The correlations between the clinical manifestations of
autism and the most consistent changes in EEG spectral

Ta b l e 1
The ADOS-2 scores
of the examined children

No.

Diagnostic category
according to ADOS-2

Comparative
score

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Autism
Autism
Autism
Autism
Autism
Autism
Autism
Autism
Autism
Autism
Autism spectrum
Autism
Autism spectrum
Autism
Autism
Autism
Autism
Autism

7
8
8
9
10
6
7
6
5
8
4
7
6
7
7
6
10
6

Delta (0.5–4 Hz)

Theta (4–8 Hz)

Alpha (8–13 Hz)
Fp2

Fp1
F7
T3

C3
T5

Beta 1 (13–20 Hz)

Beta 2 (20–30 Hz)
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F8

F3 Fz F4
Cz

C4

P3 Pz P4
O1
O2

T6

T4

0.44
0.40
0.36
0.32
0.28
0.24
0.20
0.16
0.12
0.08
0.04
0.00
–0.04
–0.08
–0.12
–0.16
–0.20
–0.24
–0.28
–0.32
–0.36

Correlation
coefficient

Figure 1. Correlation between the
relative spectral power (% of the entire
range) and the ADOS-2 comparative
score for leads Fp1, Fp2, F7, F3, Fz, F4,
F8, T3, C3, Cz, C4, T4, T5, P3, Pz, P4,
T6, O1, O2
The
Spearman
coefficient
values
significantly differ from zero: R>0.413;
R <–0.413 (p<0.05)
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Figure 2. Correlation between the relative
spectral power (% of the entire range)
and the ADOS-2 comparative score
Spearman’s correlation: the positive p
values pertain to correlations when R>0;
and the negative p values — to correlations
when R<0 at leads Fp1, Fp2, F7, F3, Fz, F4,
F8, T3, C3, Cz, C4, T4, T5, P3, Pz, P4, T6,
O1, O2

R>0
p=+0.00

p=+0.01

p=+0.05

Delta (0.5–4 Hz)

Theta (4–8 Hz)

Alpha (8–13 Hz)

Fp1
F7
T3

Beta 1 (13–20 Hz)

Ta b l e 2
The Spearman coefficient of correlation between
the relative EEG spectral power and the comparative
ADOS-2 score at a significance level of p<0.05

Frequency band (Hz)
2–3
5–6
5–6
6–7
12–13
12–13
12–13
12–13
14–15
14–15
14–15
14–15
15–16
15–16
15–16
17–18
17–18
17–18
18–19
18–19
18–19
18–19
19–20
19–20
19–20
19–20
19–20
23–24
23–24
27–28
28–29
28–29
29–30
29–30
29–30

Lead
F8
F8
Fp2
F8
F8
Pz
P4
T6
F3
Fz
F8
T4
Fz
F8
T4
F3
Fz
Fp1
F7
P3
P4
O2
F7
Fz
F8
P3
Pz
P3
Pz
Pz
P3
Pz
Fz
P3
Pz

R

Beta 2 (20–30 Hz)

p=–0.05

Fp2

F3 Fz F4

F8

C4
T6
P3 Pz P4
T5 O1
O2
C3

p>0.05

T4

p=–0.01

Cz

p=–0.00
        R<0

The level
of significance

characteristics [19, 20], indirectly support the validity of
both diagnostic tools. These neurophysiological and
behavioral results suggest that the higher the EEG beta
activity, the more pronounced the autistic manifestations.
This indicates a gradual involvement of the imbalance
between excitation and inhibition in the pathogenesis
of autism and provides the rationale to using the EEG
spectral power in the beta range as an additional
diagnostic tool in situations where the behavioral
changes are difficult to assess.

0.46
0.44
0.46
0.43
0.45
0.43
0.5
0.42
0.44
0.43
0.42
0.42
0.45
0.47
0.49
0.44
0.46
0.42
0.43
0.42
0.51
0.42
0.44
0.42
0.46
0.55
0.46
0.45
0.43
0.45
0.42
0.44
0.48
0.43
0.57
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Conclusion
In this study, for the first time, a correlation between
the severity of autistic manifestations (the comparative
ADOS-2 score) and EEG spectral characteristics has
been demonstrated. The relative spectral power in
the beta range positively correlates with the ADOS-2
comparative score, which supports the concept of
increased excitation in the CNS in patients with autism.
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the “Identification of rehabilitation predictors in motor
and cognitive impairments in children with disabilities
(cerebral palsy, retarded static-motor and psychological
development, etc.)” program.
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