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 Autism spectrum disorder is a neurodevelopmental disorder with increasing 

prevalence over the past years. Its diagnosis and grading depend on Scales 

like CARS, ADOS and GARS scales. Our aim is to test if EEG 

abnormalities found in ASD patients are related to the presence and severity 

of behavior dysfunction. This is a cross sectional study conducted in the 

period from September 2021 till March 2022. It included 53 patients (41 

males and12 females, with age ranging between 3 and 12 years) diagnosed 

by an experienced psychiatrist according to DSM5 criteria. Patients were 

recruited from 4 autism centers in Al-Hillah city. All patients were assessed 

by history, physical examination and Gilliam autism rating scale (GARS 

3). Then they undergo quantitative electroencephalographic recording in 

awake state. The study results showed that Increased spectra power of alpha 

frequency qEEG pattern was significantly related to the severity level of 

behavioral abnormality. We conclude that QEEG can be used as a marker 

for further assessment of ASD symptoms and behavioral abnormalities. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Autism spectrum disorders (ASD) are a diverse group of conditions characterized by some degree of difficulty 

with socialization and communication [1], It is a neurological condition that manifests itself in three ways: 

poor social interaction, issues with verbal and nonverbal communication, and a limited set of hobbies and 

activities. ASD is typically evident during the 2nd year of life, and in severe cases, a lack of developmentally 

appropriate interest in social interactions may be noted even in the 1st year. However, in milder cases, core 

impairments in ASD may not be identified for several more year [2]. Recent autism research has resulted in 

the introduction of the concept of ASD, which permits diagnoses to include individuals with varied degrees 

of disability and functional levels [3]. The Center for Disease Control and Prevention (CDC) estimates about 

1.68% of United state children aged 8 years (or 1 in 59 children) are diagnosed with ASD and the World 

Health Organization (WHO) estimates the international prevalence of ASD at 0.76%; however, this only 

accounts for approximately 16% of the global child population [4]. Obsessive-compulsive disorder, sleep 

abnormalities, hyperactivity, attentional issues, mood disturbances, gastrointestinal symptoms, self-injurious 
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behavior, ritualistic behavior, and sensory integration disorders are examples of ancillary symptoms [5]. ASD 

is widely regarded as a permanent impairment with an unknown origin in the absence of a validated 

confirmatory laboratory test and, to yet, no universally accepted curative pharmaceutical or behavioral 

therapy [6]. Although EEG abnormalities and clinical seizures may play a role in ASD, the exact frequency 

of EEG abnormalities in ASD population is unknown [7]. To understand the etiology of ASD, understanding 

and correlating the neuroanatomical findings and behavioral symptoms is important [11], [12]. The 

neurophysiological processes behind neurodevelopmental disorders can be measured using quantitative 

electroencephalography (QEEG). QEEG is defined by the American Academy of Neurology as the 

mathematical processing of a digital electroencephalogram (EEG) that provides absolute power, relative 

power, amplitude asymmetry, coherence, and phase lag over various frequency bands, as well as all critical 

patterns involved in optimal mental functioning [10]. When compared to other neuroimaging procedures, 

QEEG has the advantages of being less costly, easier to execute, and noninvasive (e.g. PET) [11]. It's been 

suggested that it be used as a possible clinical assessment tool for neurological and mental diseases. 

Furthermore, it has been suggested that QEEG might be used to track and review therapy results in children 

with ASD [12]. 

 

2. Aim 

This study aims to test for the presence of EEG abnormalities and their type, and test if these abnormalities 

correlate with the severities of behavioral dysfunctions in patients with ASD. 

 

3. Patients and methods 

This cross-sectional study was carried out on 53 children diagnosed with ASD (41 males and12 females), 

with age ranging between 3 and 12 years. All of them fulfilled the criteria of Diagnostic and Statistical Manual 

of Mental Disorders, 5th ed.(DSM-5) [13]. All cases with any association with another neurological or chronic 

medical conditions (e.g. epilepsy), any association with a known genetic condition (e.g. Down syndrome and 

tuberous sclerosis), or those taking medications affecting the neurological condition during the study period 

were excluded. 

 

All the children included in this study were identified and recruited from the autism centers in AL-HILLA 

city in Iraq, including AL-IMAM HUSSAIN center for autism, BABYLON center for autism and speech 

rehabilitation, MALAK AL-RAHMA center for autism, and AUTISM rehabilitation center. 

 

All children were subjected to thorough history taking and full clinical examination with specific emphasis 

on neurological examination. Diagnosis of ASD was based on the criteria listed in the DSM-5 [13] and have 

already been done by a specialized psychiatrist. The severity was assessed via the Gilliam Autism Rating 

Scale-third edition(GARS-3) [14], EEG recording and QEEG analysis were done for all studied children. 

 

3.1 Electroencephalogram recording 

The EEG recording was obtained under an eyes-closed condition for up to 30 min. the EEG was recorded 

using 18-electrode EEG machine CONTEC/China, with a sampling rate of 500 Hz. The settings were set on 

low-pass filters of 35.0 Hz, high pass filter of 0.5 Hz, and a 50-Hz notch filter. The children were fitted with 

a 18-electrodes cap according to the standard 10–20 international EEG configuration. 

 

3.2 Quantitative Electroencephalographic Analysis 

For QEEG analysis, the collected data were transformed into frequency domain using computerized 

algorithms (i.e. Fourier Transform and Welch Method), and a scalp map of different frequency bands is 

obtained. After elimination and removal of artifacts, the record was divided into 8-10 sec. epochs, which were 
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subjected to Fourier power spectral analysis and application of the Hanning window band pass, to determine 

the magnitude of each frequency band in microvolt. The frequency bands were classified into delta (0.5–4 

Hz), theta (>4–8 Hz), alpha (>8–12 Hz), and beta (13–35 Hz). Data from 16 electrode sites, including FP1, 

FP2, F3, F4, F7, F8, T3, T4, T5, T6, C3, C4, P3, P4, O1, and O2, were analyzed. The results were used to 

calculate the following QEEG measures: (i) the absolute power: the amount of energy in Uv2, (ii) the relative 

power: the percentage of total power within each frequency band. (iii) the coherence. 

 

3.3 Statistical analysis 

Data were fed to the computer and analyzed using IBM SPSS software package, version 23.0. (IBM Corp., 

Armonk, New York, USA). Qualitative data were described using number and percent. Quantitative data 

were described using mean and SD. Significance of the obtained results was judged at the 5% level. Statistical 

tests used included: Student’s t-test and correlation test. 

 

3.4 Ethical approval 

This study was approved by the committee of publication ethics at Babylon university/college of medicine, 

and verbal consent of participation was obtained from the children`s parents or their care-giver. 

 

4. Results 

Gilliam autism rating scale-3rd edition GARS-3 was done for all the children with ASD. Cases with mild 

severity represented 15.09% (8/53), moderate severity 54.71%(29/53), whereas 30.18% (16/53) had severe 

form. 

 

4.1 QEEG Parameters and Severity of Behavioral Abnormality 

Severity of behavioral abnormality was assed via Gilliam autism rating scale- third edition, which allows for 

the assessment of each domain separately. The following table show the qEEG parameters measured in µV 

of the delta and alpha waves frequency in both hemispheres and in different brain regions (frontal, central, 

temporal, and Prieto-occipital) for children with ASD. The statistical analysis showed significant increase of 

delta wave power in all brain regions as the severity of behavioral abnormality increases, with P value 

<0.001and <0.005 as shown in table (1). Alpha wave showed significant increase of its power in the right 

hemispheres, while power analysis in all other regions were insignificant as shown in table (2). Analysis of 

both theta and beta was statistically in significant. 

 

Table (1) distribution of Delta wave power according to the severity in behavioral abnormality. 

delta wave 

power at 

different head 

regions 

Severity of behavioral abnormality in ASD patients 

Mild Low moderate Moderate High 

moderate 

Severe 

frontal 17.6 ± 

3.6 

20.1±2.9 23.8 ±5.7 b 29.4 ± 2.4 dd 29.8± 0.5 ee 

temporal 15.3 ±4.3 20.1±2.9 21.8 ±5.9 b 29.0± 4.6 dd 27.3 ±1.6 e 

central 19.1± 4.1 22.3±2.7 24.0± 6.0 26.3±2.7 dd 32.5 ±0.14 

ee 

Prieto-occipital 19.3± 2.9 21.2±4.0 24.5 ±7.6 26.0± 3.4 dd 35.1±2.1 ee 

left hemisphere 18.6 ± 

4.1 

22.6 ± 1.8 a 24.4±5.2 b 26.4±0 .9 dd 33.2±1.8 ee 
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right hemisphere 19.4± 4.4 25.6 ±1.6 aa 27.3± 4.6 

bb 

28.1± 1.8 dd 32.9 ±5.7 e 

total 17.8±3.3 20.6±2.0 23.5 ± 5.4 27.7± 0.9 dd 31.2 ± 0.04 

ee 
a, aa significant difference between mild and low moderate at p<0.05 and p<0.01 respectively 

b, bb significant difference between mild and moderate at p<0.05 and p<0.01 respectively 

d, dd significant difference between mild and high moderate p<0.05 and p<0.01 respectively 

e, ee significant difference between mild and severe p<0.05 and p<0.01 respectively 

 

Table (2) distribution of alpha wave power according to the severity in behavioral abnormality 

Alpha wave 

power at different 

head regions 

Severity of behavioral abnormality in ASD patients 

Mild Low moderate Moderate High 

moderate 

Severe 

 

Frontal 4.6±1.9 3.5± 1.8 4.1±1.7 3.0±1 6.6±4.1 

Temporal 4.6±2.1 3.6±1.7 4.3±3.7 2.7±0.6 10.7±3.1 

Central 6.0±1.6 6.0±2.3 5.7±2.9 3.8±2.6 10.6±1.6 

Prieto-Occipital 5.9±1.8 6.2±3 7.4±5.5 4.8±2.6 12.6±3.6 

Left Hemisphere 5.8±1.1 4.3±1.8 5.4±2.9 3.1±1.5 10.4±2.5 

Right 

Hemisphere 

5.8±2.7 4.5±2.4 5.1±3.2 3.2±1.3 d 10.7±2.5 

Total 5.8±1.7 4.4±2 5.3±3 3.3±1.4 10.5±3 
d, significant difference between mild and high moderate p<0.05 

 

In the following tables we examined the relation between qEEG parameters measured in µV of in alpha and 

delta frequencies, in left and right anterior head region (mid-frontal, lateral frontal, central, parietal) and the 

severity of behavioral abnormality, via independent sample T-test and found significant asymmetry between 

alpha power between right and left (higher in right) frontal head region in all severity levels of behavioral 

abnormalities with p value <0.005 as shown in table (3). On the other hand, analysis of delta power found 

rather insignificant asymmetry with p value > 0.005, table (4) 

 

Table (3): relationship between severity of behavioral abnormality in ASD patients and alpha wave power 

spectral left VS right frontal asymmetry. 

Behavioral 

abnormality severity 

 

p value 

95% Confidence Interval of the 

differences 

Lower bound Upper bound 

Mild 0.005 0.59 0.95 

Low moderate 0.005 0.6 1.40 

Moderate 0.003 0.91 1.14 

High moderate 0.001 0.10 1.51 

Severe 0.000 0.89 1.50 
 

Table (4) relationship between severity of behavioral abnormality in ASD patients and delta wave power 

spectral left VS right frontal asymmetry. 

https://www.teikyomedicaljournal.com/
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Behavioral 

abnormality severity 

 

p value 

95% Confidence Interval of the 

differences 

Lower bound Upper bound 

Mild 0.059 1.37 1.98 

Low moderate 0.015 0.87 1.54 

Moderate 0.067 -0.045 1.277 

High moderate 0.009 -4.86 -0.42 

severe 0.008 -4.97 6.57 
 

5. Discussion 

The statistical analysis showed significant increase of delta wave power in all brain regions as the severity of 

behavioral abnormality (measured via GARS-3 as a separate domain) increases, table (1). Alpha wave showed 

significant increase of its power in the right hemispheres, while power analysis in all other regions were 

insignificant as shown in table (2). We also found statistically significant asymmetry between alpha power in 

right and left (higher in right) frontal head region at all severity levels of behavioral abnormalities, table (3). 

Agreeing with our finding is a study done by Sutton and his colleagues tested if domains of behavior other 

than social symptoms were related to anterior EEG asymmetry in autism, this resulted in the conflicting 

hypothesis that left frontal asymmetry in children with autism would not only attenuate social impairments 

but also upsurge comorbid emotional complications including OCD symptoms and expressed anger [15], they 

directly tested the hypothesis that variation in frontal EEG asymmetry possibly may alter the expression of 

autism by examining the relationship between frontal head region EEG asymmetry at rest and severity of the 

symptoms and social/emotional behavior in children and adolescents with less severe ASD symptoms. 

Agreeing with this theory, parents report on a symptom checklist found that 8- to17-year-old higher 

functioning subjects with autism who showed left frontal EEG asymmetry also showed fewer or less severe 

symptoms of social disabilities or limitations than children with right frontal EEG asymmetry [16]. 

Furthermore, opposing to anticipations based on previous work by Volkmar and his fellow researchers, 1989, 

the left and right frontal EEG groups did show difference on IQ proposing that cortical processes associated 

with approach behavior or avoidance behavior may differentiate subgroups of children with autism based 

exclusively on phenotypic expression with disregard to the differences in IQ [17], Accordingly, subjects with 

relatively higher right anterior  versus  left  anterior brain activity are more likely to exhibit limited movement 

towards goals and withdrawal from new  situations and social communications  [18- 20]. 

 

These findings show that anterior EEG asymmetry might be a measure of motivation, emotion, and behavior 

control that refracts autistic symptoms into significant individual variations in social presentation among 

better functioning children. Of course, more focused study is required before the therapeutic value of EEG 

asymmetry assessment can be fully appreciated. We need to determine the best procedures for collecting and 

calculating EEG asymmetry, as well as psychometrics and the validity of equivalency measurement among 

children. 

 

6. Conclusion 

Quantitative EEG abnormalities especially delta and alpha power spectrum was seen in patients with ASD 

and correlated with behavioral abnormalities and thus, QEEG can be used as a marker for further assessment 

of ASD symptoms and behavioral abnormalities. 
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