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A B S T R A C T

Quantitative EEG (qEEG) has emerged as a potential intermediate biomarker for diagnostic clarification in
mental illness. This systematic review examines published studies that used qEEG in youth with psychiatric
illness between 1996 and 2017. We conducted a comprehensive database search of CINAHL, PubMed, and
Cochrane using the following keywords: “quantitative EEG” and depression (MDD), anxiety, attention-deficit
hyperactivity disorder (ADHD), autism spectrum disorder (ASD), eating disorder, conduct, substance use,
schizophrenia, post-traumatic stress disorder, and panic disorder. Our search yielded 516 titles; 33 met final
inclusion criteria, producing a total of 2268 youth aged 4–18. qEEG was most frequently studied as a potential
diagnostic tool in pediatric mental illness; few studies assessed treatment response. Studies show higher theta/
beta ratio in ADHD vs healthy controls (HC). The most consistent finding in ASD was decreased coherence in
ASD vs HC. Studies show MDD has lower temporal coherence and interhemispheric coherence in sleep EEGs than
HC. Further research is needed in the areas of mood, anxiety, ASD, and relationship to treatment. It remains
unknown if abnormalities in qEEG are nonspecific markers of pediatric psychiatric illness or if they have the
potential to differentiate types of psychopathology.

1. Introduction

Mental illness often first presents in childhood and adolescence,
with up to 1 in 5 adolescents having a psychiatric illness that will
persist into adulthood (Lee et al., 2014). Accurate diagnosis and early
intervention in these early stages of psychiatric illness can mitigate
sequelae into adulthood (Belcher, 2014; Yap, 2010). Although sig-
nificant advances have been made in the last several decades in the
treatment of childhood psychiatric disorders, diagnostic certainty re-
mains challenging, and imprecise nosology and overlapping presenta-
tions are particularly difficult in childhood (Mendelson and
Tandon, 2016). Biomarkers have the potential to clarify and aid in di-
agnosis. Many biomarkers are being investigated, ranging from genetic
markers to active markers of disease (Kim et al., 2014).

Electroencephalography (EEG) has emerged as a promising bio-
marker for a wide range of psychiatric illnesses (Dharmadhikari et al.,
2018; Verrusio et al., 2015). When studying EEG as a biomarker for
psychiatric illness, the bulk of the research has been on quantitative
EEG (qEEG)- the mathematical analysis of EEG through standardized

algorithms (Jackson and Bolger, 2014). qEEG is appealing as a potential
biomarker because of its ease of use, relatively low cost and wide
availability (David Soltysik, 2018). Research is expanding regarding the
use of qEEG as both a possible biomarker aiding in diagnosis and a
possible predictor of response to treatment for individuals with psy-
chiatric disorders (Olbrich et al., 2015; Widge et al., 2018).

In contrast to the adult psychiatric literature, qEEG research is only
recently expanding in pediatrics (Simkin et al., 2014; Swatzyna et al.,
2015). To date, O'Reilly and colleagues have systematically reviewed
the literature regarding autism spectrum disorder (ASD) and the use of
qEEG, but no systematic review of the full body of research in qEEG
regarding childhood mental illness exists (O'Reilly et al., 2017). qEEG is
a quick and relatively inexpensive process that uses existing and widely
available technology. Given the need for biomarkers in pediatric psy-
chiatric disorders and some evidence of promising utility in adults with
psychiatric disorders, this systematic review examined the existing data
on use of qEEG in psychiatrically impaired, with the goal of de-
termining whether qEEG is useful in identifying and characterizing
children with psychiatric disorders.
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2. Methods

We performed a systematic review to examine existing data on
qEEG in children and adolescents with psychiatric disorders. Because of
the limited research available, we cast a broad net, searching published
reports up to 2017 and included the top ten most frequently diagnosed
disorders in children and adolescents, listed in search terms below
(Merikangas et al., 2010; Michaud and Fombonne, 2005). As the review
strategy was to include studies published up until 2017, any studies
after 2017 are not included in the formal results, though they are briefly
discussed.

The following search strategy was used in PubMed, CINAHL and
Cochrane databases: “quantitative EEG” and (depression or anxiety or
attention-deficit/hyperactivity disorder (ADHD) or ASD or eating dis-
order or conduct disorder or substance use disorder or schizophrenia or
post-traumatic stress disorder or panic disorder). Our initial search
yielded 516 titles, of which 33 articles met final inclusion criteria; see
Fig. 1.

One author identified duplicates and titles to be excluded, with
feedback from the review team (SL, MS). Two authors reviewed ab-
stracts and full text for inclusion in final review. The review was an
iterative process (Fig. 1), with the core review team giving input

weekly. Inclusion criteria were: new research studying qEEG in children
and adolescents (including data ages 1–18 (inclusive of 18)) with psy-
chiatric illness (DSM-IV or -5) commonly seen in children (as defined by
the 10 most common psychiatric illness in youth (Merikangas et al.,
2010; Michaud and Fombonne, 2005)).

Exclusion criteria were: 1) data on age 19 and older only; 2) neo-
natal or infant data; 3) non-psychiatric diagnoses; 4) diagnosis not
within previously defined top 10 illnesses; 5) healthy controls only; 6)
case reports, review articles or meeting presentations; 7) not written in
English; 8) studying non-humans; 9) full text not available; and 9)
studying EEG, but not qEEG. If the article stated "children" but did not
define an age range, the article was included. If article made no men-
tion of age range of participants, it was excluded.

3. Results

3.1. Studies and sample

Thirty-three studies of qEEG met inclusion criteria, with a total
sample of 2268 children and adolescents, ages 4–18. Males out-
numbered females in the sample (M:1295 (66%), F:649 (34%)); two
studies (N=324) did not report gender; see Table 1 for details of the

Fig. 1. Systematic review search diagram.
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type of data collected in the included studies. Geographically, there was
a wide distribution of studies; see Fig. 2. As noted in Fig. 3, diagnostic
categories targeted by studies in decreasing frequency were ADHD
(N=16, 46%), ASD (N=9, 27%), Mood Disorders (N=4, 14%),
Disruptive and Impulse Control Disorders (N=2, 5%) and one studied
multiple diagnoses. Twenty-one studied qEEG as a tool to aid in diag-
nosis, and the remaining 12 studies investigated qEEG's use as a marker
of medication or biofeedback treatment effect.

3.2. Summary of findings by diagnostic category

See Figs. 4 and 5 for common terms and definitions used in re-
viewed studies.

3.2.1. ADHD
In ADHD, qEEG was reported as a diagnostic aid in 10/16 (62.5%)

of the studies, as a part of biofeedback in 3/16 (18.8%) of the studies,
and as a measure of stimulant response in 3/16 (18.8%) of the studies.

When used as a diagnostic aid in ADHD, three studies collected
qEEG readings with the subjects’ eyes open (EO) (Bresnahan et al.,
1999; Kuperman et al., 1996; Markovska-Simoska and Pop-Jordanova,
2017), three studies collected qEEG with eyes closed (EC) (Clarke et al.,
2006; Fonseca et al., 2008; Hermens et al., 2005), three studies had
both EO and EC conditions (Coolidge et al., 2007; Fonseca et al., 2013;
Ogrim et al., 2012) and one study provided no information (Kim et al.,
2015). While the majority of diagnostic studies compared qEEG vari-
ables in children with ADHD to healthy controls (HC) (Bresnahan et al.,
1999; Clarke et al., 2006; Fonseca et al., 2013, 2008; Hermens et al.,
2005; Kim et al., 2015; Kuperman et al., 1996; Markovska-Simoska and
Pop-Jordanova, 2017; Ogrim et al., 2012), one studied qEEG variables
as a tool to differentiate ADHD from other psychiatric disorders
(Coolidge et al., 2007). Half of the diagnostic studies reported the
participants were medication free (Clarke et al., 2006; Fonseca et al.,
2013, 2008; Hermens et al., 2005; Markovska-Simoska and Pop-
Jordanova, 2017); the other half did not specify if participants were

Table 1
Summary of data collected in included studies.

Variable Number (%) of studies

Sample size 33 (100)
Demographic
Age 33 (100)
Sex 31 (93.9)
Race or ethnicity 1 (3.0)
Education 6 (13.1)
Handedness 7 (21.2)
Medical/Neurologic Comorbidity Excluded 21 (63.6)

EEG measures
Power 29 (87.9)
Power Ratio 14 (42.4)
Coherence 4 (12.1)

EEG methodology
Eye position 29 (87.9)
Task 33 (100)
Awake 31 (93.9)
Asleep 3 (9.0)
Length of EEG 26 (78.8)
System 33 (100)
Standard 32 (97.0)
LORETA 1 (3.0)

Number of electrodes 33 (100)
Symptom or illness severity/diagnostic measures
ADHD
DSM-V criteria 1 (3.0)
DSM-IV criteria 4 (12.1)
DSM-IV-TR criteria 2 (9.7)
DSM-III-R criteria 1 (3.0)
Achenbach scales 1 (3.0)
BRIEF 1 (3.0)
Conners’ Rating Scales 7 (21.2)
Child Behavioral Checklist 1 (3.0)
CPNI 1 (3.0)
DISC-IV 1 (3.0)
Disruptive Disorder Behavior Checklist 1 (3.0)
Wender Utah Rating Scale 1 (3.0)
Other clinical interview/questionnaire 3 (9.0)

ASD
DSM-V criteria 4 (12.1)
DSM-IV criteria 4 (12.1)
DSM-IV-TR criteria 1 (3.0)
ADI-R 1 (3.0)
ADOS-2 1 (3.0)
ASDS 1 (3.0)
CARS 3 (9.0)
VAB-S 1 (3.0)
Other clinical interview/questionnaire 3 (9.0)

Bipolar Disorder II
DSM-IV 1 (3.0)
BDI-II 1 (3.0)
Edinburgh 1 (3.0)
K-SADS-PL 1 (3.0)
YMRS 1 (3.0)

Conduct Disorder
DSM-IV-TR 1 (3.0)
APSD 1 (3.0)

Generalized Anxiety Disorder
ICD-10 1 (3.0)
Other clinical interview/questionnaire 1 (3.0)

Intermittent Explosive Disorder
Other clinical interview/questionnaire 1 (3.0)

Major Depressive Disorder/Depression
DSM-III-R criteria 3 (9.0)
Brief Psychiatric Rating Scale-Children's 1 (3.0)
Beck Depression Inventory 3 (9.0)
Bellevue Index of Depression 1 (3.0)
Children's Depression Rating Scale-Revised 2 (9.7)
CGAS 2 (9.7)
K-SADS 2 (9.7)
Weinberg Screening Affective Scale 3 (9.0)

Medication use reported
Unreported 13 (39.4)
No use during testing 12 (36.4)
Use reported

Table 1 (continued)

Variable Number (%) of studies

Antipsychotics 3 (9.0)
Antidepressants 3 (9.0)
Stimulants 4 (12.1)

Type of study
Interventional 11 (33.3)
Diagnostic 22

Fig. 2. Study distribution.
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taking any psychoactive medications (Bresnahan et al., 1999; Coolidge
et al., 2007; Kim et al., 2015; Kuperman et al., 1996; Ogrim et al.,
2012).

When studying qEEG as a diagnostic aid for ADHD, the most
common qEEG variables collected in studies were absolute and relative
theta power, beta power, delta power and the ratio of theta power/beta
power. Findings were mixed regarding differences between ADHD
participants and healthy controls; see Table 2 for details.

Several studies reported on the ability of qEEG measures to differ-
entiate between a participant with ADHD and HC (Fonseca et al., 2008;
Kim et al., 2015; Markovska-Simoska and Pop-Jordanova, 2017).
Markovska-Simoska and colleagues reported that when using the ratio
of theta power/beta power (theta/beta ratio) qEEG was 81% accurate

Fig. 3. Diagnoses studied with qEEG .

Fig. 4. Common frequencies in qEEG studies.

Fig. 5. Common terms in qEEG.
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in differentiating un-medicated ADHD subjects from HC, using a diag-
nostic assessment from a clinician as the gold-standard comparator
(Markovska-Simoska and Pop-Jordanova, 2017). Kim and colleagues
investigated how in sync or “lock step” the gamma amplitude is relative
to the theta phase as a possible marker of ADHD. Using theta-gamma
coupling as the marker, Kim et al. reported qEEG was 71.7% accurate in
differentiating ADHD from HC, again using a clinical evaluation as a
reference (Kim et al., 2015). Kim et al. did not report if participants
were taking any psychoactive medications at the time of qEEG reading
(Kim et al., 2015). Fonseca et al. reported on a qEEG model using ab-
solute delta power and absolute theta power that was 83.3% sensitive
and 83.3% specific in differentiating un-medicated ADHD youth from
HC, with a clinical evaluation as a reference (Fonseca et al., 2008).

Coolidge et al. analyzed qEEG as an ADHD diagnostic tool in a
mixed clinical sample of a group of clinically-referred children with a
wide range of behavioral and mood issues (Coolidge et al., 2007). Using
the theta/beta ratio as the qEEG parameter, Coolidge et al. reported
qEEG had a sensitivity of 50% and a specificity of 36% differentiating
ADHD (as measured by parent report) from other non-ADHD psychia-
tric disorders (Coolidge et al., 2007).

Two open-label studies and one active treatment comparison study
reported on the use of qEEG as a part of neurofeedback, a type of
biofeedback, for the treatment of ADHD (Breteler et al., 2012; Doehnert
et al., 2008; Hillard et al., 2013). Hillard et al. reported on a study of 18
children and adolescents age 10–17 (male:12, female:6) with ADHD
that completed 12 sessions of neurofeedback. The authors reported a
decrease in the theta/beta ratio and theta/alpha ratio, as well as a
decrease in measures of irritability, lethargy, stereotypy, hyperactivity,
and inappropriate speech as measured by the Aberrant Behavior
Checklist (ABC) from session one to 12 (Hillard et al., 2013). Breteler
and colleagues studied neurofeedback in youth with intellectual dis-
ability and ADHD living in a residential facility. Ten youth, age 10–16
(M:5, F:5), with ADHD and IQs ranging from 50 to 70 completed 30
sessions of neurofeedback. The authors reported improvement in
measures of attention and concentration, but no change in impulsivity.
They also reported a decrease in absolute delta and beta power after the
completion of neurofeedback (Breteler et al., 2012). Doehnert et al.
completed an active treatment trial comparing neurofeedback with
group therapy in youth, age 9–12 (n=26) with ADHD. Youth were
assigned to treatment group based on parental preference, and both
groups reported improvement in measures of ADHD by the end of
treatment (Doehnert et al., 2008). No difference between treatment
groups was noted in qEEG changes over time, specifically theta/beta
ratio and amplitude of several event-related potentials (ERP)
(Doehnert et al., 2008).

Three studies investigated medication effects with qEEG (Chabot
et al., 1999; Isiten et al., 2017; Song et al., 2005). Two of these studies
examined the effects of methylphenidate (MPH) on qEEG markers in
ADHD (Isiten et al., 2017; Song et al., 2005). One study used qEEG
measures as possible markers for response to stimulant medication
(Chabot et al., 1999). Both Isiten et al. and Song et al. studied how
qEEG changed from pre-MPH treatment to post-treatment. Isiten
(N=43 youth with ADHD) reported lower theta/beta ratio, increased
relative beta power on a resting qEEG after MPH treatment (Isiten et al.,
2017). Song (N=20) reported no difference between the theta/beta
ratio with a resting qEEG and after MPH treatment (Song et al., 2005).
However, they reported increased theta/beta ratios on qEEG after MPH
treatment during continuous performance tests in multiple brain re-
gions. They also reported increased frontal alpha and beta power, and a
decrease in theta and delta power in occipital regions with MPH
treatment during continuous performance testing qEEG (Song et al.,
2005). Neither study reported a control group (Isiten et al., 2017; Song
et al., 2005).

Chabot et al. reported on youth with ADHD treated with MPH,
dexamphetamine, or thioridazine (N=130) and associated qEEG
findings (Chabot et al., 1999). The participants’ initial medicationTa
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treatment was non-randomized, based on the child's clinical presenta-
tion. If participants experienced negative effects or did not respond to
the initial treatment, they were switched to another treatment. Resting
EC qEEGs were obtained prior to treatment initiation and ten months
after initiation of treatment. These were compared to a database of 31
HC youth. The authors reported that predominately inattentive symp-
toms and elevated theta power were associated with lower response to
both stimulant medications and more negative effects. Youth with
elevated alpha and beta power were more likely to respond to either
stimulant medication (Chabot et al., 1999).

Ultimately, in ADHD, the most common finding in the reviewed
studies was a higher theta/beta ratio in youth with ADHD vs. HC.
Treatment with either medication or biofeedback showed a wide range
of changes in qEEG over time.

3.2.2. Anxiety
One study investigated the use of qEEG in adolescent anxiety dis-

orders specifically (Demerdzieva and Pop-Jordanova, 2011), while one
additional study looked at a wide variety of diagnoses, including an-
xiety disorders (Swatzyna et al., 2015). Demerdzieva and colleagues
studied 26 youth (M:17, F:9), ages 7–18 with GAD, per ICD-10 criteria;
no diagnostic procedure was described. The participants were not on
medication, and the EEG was recorded for five minutes with EO and
five minutes with EC. The authors reported asymmetry in the absolute
power in the alpha wave length. The authors reported only finding
statistically significant asymmetry in the EC condition. There was no
HC group in this study.

Swatznya and colleagues analyzed a clinical database containing
diagnostic, demographic, and qEEG records of 224 youth, aged 5–17,
with a wide variety of psychiatric disorders who were reported to have
failed two trials of medications and were defined as “refractory” by the
authors. No diagnoses were specifically targeted and no gender in-
formation was available. Four non-specific abnormalities (encephalo-
pathy (EN), focal slowing (FS), beta spindles (BS), and transient dis-
charges (TD)) were identified in the participants’ EEGs and several
statistical models were developed to explore the relationship between
diagnosis, medication trials, and qEEG abnormality. The authors re-
ported that there was a statistically significant association between the
presence of BS and the diagnosis of MDD, although only 35% of subjects
with BS on the qEEG carried a diagnosis of MDD. In addition, the au-
thors reported that the presence of EN was negatively associated with
the diagnosis of an anxiety disorder. Participants were on a wide variety
of medication; the specific medications and durations were not docu-
mented or reported in the manuscript.

3.2.3. ASD
Nine studies reported the use of qEEG in children with ASD; five

used qEEG as a diagnostic biomarker and four used qEEG in the course
of ASD treatment. (Billeci et al., 2016; Chan et al., 2009; Chan and
Leung, 2006; Coben et al., 2008; Khadem et al., 2016; Machado et al.,
2015; Paula et al., 2017; Scolnick, 2005; Wang et al., 2015). When used
as a diagnostic aid in children with ASD, qEEG was collected during the
task of visualizing human faces in two studies, at rest in two studies and
with video input in one study (Chan and Leung, 2006; Coben et al.,
2008; Khadem et al., 2016; Machado et al., 2015; Paula et al., 2017).

Khadem et al. reported on a measure of effective connectivity,
predictive information transfers (PITs) in youth with ASD during a task
of visualizing human faces (Khadem et al., 2016). The authors found
reduction of long range PITs in children with ASD (N=12), particu-
larly from frontal to right temporal channels in comparison to HC
(N=19) (Khadem et al., 2016). Paula and colleagues studied the
power spectrum during facial processing in children with ASD (N=8)
compared to HC during the same task (N=8) (Paula et al., 2017).
During the visualization of human faces, youth in the ASD group de-
monstrated higher absolute power in beta and gamma frequencies
compared to HC, particularly in the frontal, occipital, and center-

parietal areas (Paula et al., 2017).
Coben et al. and Chan et al. compared qEEG measures of youth with

ASD to HC while at rest (Chan and Leung, 2006; Coben et al., 2008).
Coben et al. reported on power and coherence in 20 ASD youth and 20
HC while at rest with EC (Coben et al., 2008). The authors reported that
relative delta was reduced globally in children with ASD compared with
controls, seen most predominantly in the left frontal and vertex regions.
They also reported higher relative theta in ASD youth vs. HC at frontal
and posterior regions, and lower absolute beta in the posterior region.
Regarding coherence, Coben et al. reported reduced coherence across
multiple electrodes and across hemispheres when compared to HC.
They reported lower delta and theta coherence with short-medium
inter-electrode distances and lower delta coherence with the long inter-
electrode distances. Interhemispheric coherence was also lower in
delta, theta and beta bands in youth with ASD vs. HC (Coben et al.,
2008).

Chan et al. compared 17 ASD youth to a database of 105 HC. Two
qEEGs were taken three months apart with EO at rest (Chan and
Leung, 2006). The authors report higher absolute amplitude in all fre-
quency bands in youth with ASD vs. HC, and a higher theta/beta ratio
in youth with ASD. The authors reported higher variability within
session in amplitudes of all frequency in youth with ASD vs. HC but
reported that differences between youth with ASD and HC remained
stable over three months (Chan and Leung, 2006). The authors reported
a sensitivity of 87.5% and a specificity of 96.2% when using a combi-
nation of amplitude of the sensorimotor frequency and the beta fre-
quency to differentiate youth with ASD from HC. Using variability
within the alpha frequency alone to differentiate the two groups, they
report a sensitivity of 62.5% and specificity of 94.2% (Chan and
Leung, 2006).

Machado et al. studied youth with ASD with qEEG while they
watched a cartoon. In this experimental condition, the authors reported
lower absolute delta and theta power in central brain regions, and
lower absolute beta power in posterior brain regions in ASD youth
(N=11) when compared to HC (N=14). Machado et al. also reported
higher intra-hemispheric coherence in youth with ASD compared to HC
(Machado et al., 2015).

Three studies described small, pilot studies which investigated the
use of qEEG as part of biofeedback or behavioral interventions with
ASD youth (N=28) without a comparator group (Billeci et al., 2016;
Scolnick, 2005; Wang et al., 2015). Billeci et al. described a feasibility
study where five children with ASD used a wearable qEEG device
during a therapeutic interaction with a behavioral therapist
(Billeci et al., 2016). Authors reported that when the children were
engaged with the therapist, there was an overall increase in power in
the occipital areas in the theta, alpha, beta, and gamma bands com-
pared to when they were not engaged. They also found increased in-
terhemispheric coherence at the central and posterior beta frequency
bands (Billeci et al., 2016). Wang et al. reported on 18 ASD youth that
participated in 18 sessions of neurofeedback. There was an overall in-
crease in the relative power of the gamma frequency and a decrease in
the theta/beta ratio at the end of the 18 neurofeedback sessions
(Wang et al., 2015). Scolnick et al. described a pilot study of five par-
ticipants with Asperger's disorder who completed 24 sessions of neu-
rofeedback in which participants were rewarded for increased qEEG
activity in the 12–15 Hz, or “sensorimotor frequency”. The authors re-
ported that 2 of the 5 participants’ qEEG showed an increase in power
in the 12–15Hz range, but 3 of the 5 did not (Scolnick, 2005).

Chan et al. used qEEG as an outcome measure in a randomized,
controlled trial of a seven-start needle stimulation (a form of acu-
pressure) compared to treatment as usual (control group) (N=32)
(Chan et al., 2009). Sixteen of the participants completed qEEG pre- and
post-treatment. The authors reported a decrease in amplitude of whole
brain delta, theta, and beta frequencies in the treatment group when
compared to the control group (Chan et al., 2009).

In summary in ASD, studies reported a wide range of findings
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comparing ASD youth to HC; the most consistent finding was decreased
coherence in ASD youth vs. HC. Treatment studies showed that qEEG
technology was tolerated by youth with ASD but did not report con-
sistent changes in qEEG after intervention.

3.2.4. Mood disorders
Swatzyna et al.’s study included a wide range of clinical diagnoses,

including MDD (see above) (Swatzyna et al., 2015). In addition, Moeini
et al. described the only investigation found on qEEG in youth with
bipolar (BP) spectrum illness (Moeini et al., 2015).

Armitage and colleagues published three studies reporting that
qEEG recorded during sleep is related to depressive disorders in youth
(Armitage et al., 2001; Armitage et al., 2000, 2002). In their 2000
study, they compared 25 children (age 8–12) with MDD to five HC
children, and compared 25 adolescents (age 13–17) with MDD to ten
HC adolescents. The MDD diagnosis was obtained by clinical interview,
structured diagnostic interview, and children's depression rating scale
(CDRS). Youth with MDD showed lower coherence between beta/delta
waves between right and left hemisphere vs. HC in both adolescents
and female children with MDD. In addition, lower interhemispheric
coherence in the beta and theta frequencies were measured in adoles-
cents with MDD vs. HC while asleep, most notably in adolescent fe-
males. These results were not found in children with MDD, only ado-
lescents (Armitage et al., 2000).

Armitage et al. (2001) studied delta power during NREM sleep in
adolescent females (ages 13–16) with MDD (n=8) vs. HC (n=8). As
above, MDD was diagnosed with a clinical interview, a structured DSM
interview, and the CDRS. The authors reported MDD adolescents have
lower delta power than HC during sleep (Armitage et al., 2001).
Armitage et al. (2002) investigated if qEEG variables during sleep could
predict treatment response in MDD youth, age 8–18 (n=47). A sleep
qEEG was recorded at baseline and measured temporal (over time)
coherence of beta, theta, and delta frequencies. Youth were part of a
larger treatment study, and were assessed for treatment response at six
months one year. Authors reported that lower temporal coherence was
associated with a longer time to recovery from MDD. For males with
MDD, low temporal coherence was associated with shorter time to re-
currence; in females, lower coherence was associated with a longer time
to recovery (Armitage et al., 2002).

Moeini et al. reported on the only included study of youth with
bipolar disorder (Moeini et al., 2015). The authors studied 21 youth,
ages 12–18, with BP type II compared with 18 HC using qEEG with EO
at rest as a possible diagnostic marker. Eleven of the participants were
reportedly hypomanic and ten were actively depressed during the study
(Moeini et al., 2015). Moeini et al. reported increased alpha power in
the front-central, temporal, and right parietal regions in BP youth when
compared to HC.

Overall in mood disorders, studies of youth with MDD were re-
ported to have lower temporal coherence and interhemispheric co-
herence in sleep EEG when compared to HC.

3.2.5. Disruptive behavior disorders
Two studies reported on the use of qEEG in aggressive and dis-

ruptive behavior in youth (Bars et al., 2001; Calzada-Reyes et al.,
2017). Calzada-Reyes et al. reported on the use of qEEG in youth with
conduct disorder (CD) (n=42) (Calzada-Reyes et al., 2017). They di-
chotomized the youth with CD into those with and without callous and
unemotional traits. Their qEEGs were recorded while subjects were
awake with EC. Results showed increases in both non-specific parox-
ysmal activity and beta activity in the frontal lobe when compared to
those without callous and unemotional traits (Calzada-Reyes et al.,
2017). Bars et al. reported on the evaluation of a clinical database of
267 youth with qEEG data and explosive aggression compared with a
clinically referred group of 59 youth without explosive aggression.
Explosive aggression was defined as “any mention of rage, out-of con-
trol anger, out-of-control aggression, verbal or physical attacks,

intermittent explosive disorder, or episodic dyscontrol
syndrome”(Bars et al., 2001). qEEG was obtained with EO. Resting and
visual EP were measured after the youth were shown a series of patterns
and flashing lights. The authors reported higher amplitude of the P100
evoked potential and higher absolute delta power in youth with ex-
plosive aggression compared to youth without explosive aggression. No
diagnostic or medication information was reported (Bars et al., 2001).

Ultimately, youth with aggression and disruptive behavior disorders
were studied with a wide range of tools and a non-specific definition of
diagnoses. No control groups were included to make comparisons to.

4. Discussion

This systematic literature review of the qEEG literature in pediatric
psychiatric disorders identified 33 studies with a combined sample of
2268 children and adolescents. qEEG was most frequently studied as a
potential diagnostic tool, with only a handful assessing the use of qEEG
related to treatment response. The majority studies focused on ADHD
(N=16, 46%), on ASD (N=9, 27%) and MDD (N=3, 11%).

In youth with ADHD, the most common qEEG finding was a higher
theta/beta ratio vs. HC. However, several studies found no qEEG dif-
ferences between ADHD and HC. As an ADHD diagnostic aid vs. HC,
studies reported sensitivity of qEEG ranging from 83 to 93% and spe-
cificity from 83 to 88%. However, none of these studies corrected for
multiple statistical analyses and may have overestimated sensitivity and
specificity. As a specific biomarker differentiating ADHD from other
psychiatric disorders, qEEG appears more limited with a sensitivity of
50% and specificity of 36%. Behavior rating scales, as a diagnostic aid
for comparison show sensitivity ranging from 75 to 98% and specificity
ranging from 33 to 83% differentiating ADHD from other psychiatric
disorders in youth (Tripp et al., 2006). ADHD treatment, both with
medication and with neurofeedback, demonstrated changes on qEEG,
with wide variation in what qEEG variables were measured across
studies. Ogrim et al. published a 2019 study showing possible differ-
ences between stimulant responders and non-responders regarding
posterior theta/alpha ratio, where excess theta in ADHD is related to a
positive medication response (Ogrim and Kropotov, 2019). Overall,
qEEG findings in ADHD indicate an increase in slow-wave cortical ac-
tivity, possibly related to frontal hypo-activity (Fernandez et al., 2009).
qEEG markers were non-specific in ASD vs. HC. The most consistent
finding was decreased inter- and intra-hemispheric coherence; re-
searchers have hypothesized that decreased connectivity, particularly
in response to social stimuli, is a neurobiological feature of autism.
Consistent with this hypothesis, the included studies show decreased
coherence, one measure of connectivity, in ASD subjects compared to
HC. Measures of power spectra were less consistent; several studies
showed increased fast-wave activity and decreased slow-wave activity,
yet several other showed increased amplitude across all frequencies in
youth with ASD. All of the included studies regarding qEEG and
treatment modalities were pilot studies testing feasibility of using qEEG
as a marker of treatment response. In 2018, Sysoeva et al. published a
well-designed study that compared youth with ASD, relatives of ASD
youth and HC and assessed previously reported changes in amplitude of
ERPs in these populations. This study showed modest evidence for
difference in ERP amplitude in ASD and highlighted the importance of
the way the EEG data is collected and analyzed and the variability in
how this is reported across studies (Sysoeva et al., 2018). Overall,
however, no consistent conclusions regarding treatment response can
be drawn from these preliminary studies in ASD.

In youth with MDD, lower coherence was found in three studies in
sleep EEGs when compared to HC. Preliminary data suggested that
lower coherence may be associated with a longer time to recovery and
shorter time before relapse. This decreased coherence was only found in
adolescents, not younger children, and was particularly pronounced in
adolescent females with MDD. This may indicate that MDD disrupts a
sensitive developmental period in adolescence when normal
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connectivity and cortical coordination develops.
The studies that reported on aggression in youth did not have

control groups to compare to and attempted to characterize types of
aggression within a larger group of disruptive and aggressive youth.
The authors reported higher levels of non-specific, atypical qEEG pat-
terns in youth with callous and unemotional traits and in youth with
explosive aggression compared to those without.

5. Conclusions

This systematic literature review suggests that qEEG may separate
psychiatrically ill children from HC, however, further studies with
larger sample sizes are needed to reach a solid conclusion regarding
ability to differentiate psychiatrically ill youth from healthy controls.
Beyond this, it remains a bigger question if abnormalities in qEEG are
nonspecific markers of pediatric psychiatric illness or if qEEG has the
potential to differentiate one type of psychopathology from another.

Significant limitations remain in the current literature regarding
youth with psychiatric illness and qEEG as a biomarker. Most studies
lacked a control group, sample sizes were small and a wide range of age
groups were often compared. Many of the studies failed to control for
multiple comparisons in the statistical analysis, increasing likelihood of
false positive conclusions and potentially inflating effect size.

In addition, there is significant inconsistency in the process of qEEG
acquisition, even within diagnostic categories. Consistency of acquisi-
tion with EC, when possible, may mitigate some of the confounding
variables of qEEG measures “at rest,” and standardized visual stimuli
for qEEGs obtained with EO may make comparison across studies more
feasible. In addition, there was wide variety in number of EEG channels
and how the EEG data was processed.

Finally, it appears that psychotropic medication has an impact on
qEEG outcomes, although non-specific at this point. However, studies
were inconsistent in the reporting of medication use and types of
medication given during qEEG administration. Consistent reporting of
medication use and monitoring of medication effects will also improve
the ability to distinguish effects of underlying psychopathology, treat-
ment, and medication.

Although promising, there is a clear need for further research on
qEEG in youth with psychiatric illness, especially in the areas of mood,
anxiety and in relationship to treatment. Overall, the literature would
benefit from researchers adopting a more consistent methodology when
it comes to using qEEG. Ideally, future research will analyze previous
qEEG methodology and determine if it is methodologically appropriate.
If it is, it is recommended that the researchers replicate the study using
as many similar criteria as possible, such as: type of machine, number of
channels used, having patients open or close their eyes during the
qEEG, and analyzing the data similarly. If the researchers do not choose
not replicate a past study, it would be helpful if it was clearly articu-
lated why they decided the study wasn't methodologically sound for
replication. By doing this, qEEG collection will become more uniform
and will allow for better comparison and conclusions to be drawn from
a larger pool of data.

6. Limitations

This systematic review has limitations that need to be considered.
Because of the broad net cast to review all of the most common disorders
of childhood, it is possible that, within a specific diagnosis, qEEG lit-
erature were missed. In particular, studies of ASD often included both
youth and adults but did not report youth data separately. Consequently,
this review does not address the full breadth of qEEG literature in autism.

In addition, neurofeedback studies may not have specifically men-
tioned qEEG in the abstract and consequently may have been missed in
this broad review of the literature. Future reviews, as the research ex-
pands, may want to focus on qEEG as a diagnostic marker alone or as
aid to treatment alone.

Funding

No funding was provided for this systematic review.

Conflicts of interest

Dr. McVoy has received research grants from UH CRC and royalties
from the APA. Dr. Sajatovic has received grants from: Otsuka,
Alkermes, Janssen, Reuter Foundation, Woodruff Foundation,
Reinberger Foundation, National Institutes of Health (NIH), Centers for
Disease Control and Prevention (CDC), International Society of Bipolar
Disorders. She is also a consultant for Bracket, Otsuka, Sunovion,
Neurocrine, Supernus, Health Analytics, has royalties from Springer
Press, Johns Hopkins University Press, Oxford Press, UpToDate, and is
involved with the following CME activities: American Physician's
Institute, MCM Education, CMEology, Potomac Center for Medical
Education, Global Medical Education, Creative Educational Concepts.
Dr. Lytle has received grants from NINDS and UCB Pharma, and re-
ceives royalties from Oxford Press. Dr. Lytle has received research
funding from Janssen, Shire, Roche, Forest, Otsuka, University of
Cincinnati Patient-Centered Outcomes Research Institute (PCORI)
Award, Great Lakes Regional Prevention Council, and the University
Hospitals Leadership Council. All authors have no conflicts of interest to
disclose.

References

Armitage, R., Emslie, G.J., Hoffmann, R.F., Rintelmann, J., Rush, A.J., 2001. Delta sleep
EEG in depressed adolescent females and healthy controls. J. Affect. Disord. 63 (1–3),
139–148.

Armitage, R., Emslie, G.J., Hoffmann, R.F., Weinberg, W.A., Kowatch, R.A., Rintelmann,
J., Rush, A.J., 2000. Ultradian rhythms and temporal coherence in sleep EEG in
depressed children and adolescents. Biol. Psychiatry 47 (4), 338–350.

Armitage, R., Hoffmann, R.F., Emslie, G.J., Weinberg, W.A., Mayes, T.L., Rush, A.J., 2002.
Sleep microarchitecture as a predictor of recurrence in children and adolescents with
depression. Int. J. Neuropsychopharmacol. 5 (3), 217–228. https://doi.org/10.1017/
S1461145702002948.

Bars, D.R., Heyrend, F.L., Simpson, C.D., Munger, J.C., 2001. Use of visual evoked-po-
tential studies and EEG data to classify aggressive, explosive behavior of youths.
Psychiatr. Serv. 52 (1), 81–86. https://doi.org/10.1176/appi.ps.52.1.81.

Belcher, J.R., 2014. Attention deficit hyperactivity disorder in offenders and the need for
early intervention. Int. J. Offender Ther. Comp. Criminol. 58 (1), 27–40. https://doi.
org/10.1177/0306624X12465583.

Billeci, L., Tonacci, A., Tartarisco, G., Narzisi, A., Di Palma,, S., Corda, D., ... Michelangelo
Study, G., 2016. An integrated approach for the monitoring of brain and autonomic
response of children with autism spectrum disorders during treatment by wearable
technologies. Front. Neurosci. 10, 276. https://doi.org/10.3389/fnins.2016.00276.

Bresnahan, S.M., Anderson, J.W., Barry, R.J., 1999. Age-related changes in quantitative
EEG in attention-deficit/hyperactivity disorder. Biol. Psychiatry 46 (12), 1690–1697.

Breteler, R., Pesch, W., Nadorp, M., Best, N., Tomasoa, X., 2012. Neurofeedback in re-
sidential children and adolescents with mild mental retardation and ADHD behavior.
J. Neurother. 16 (3), 172–182. https://doi.org/10.1080/10874208.2012.705742.

Calzada-Reyes, A., Alvarez-Amador, A., Galan-Garcia, L., Valdes-Sosa, M., 2017. QEEG
and LORETA in teenagers with conduct disorder and psychopathic traits. Clin. EEG
Neurosci. 48 (3), 189–199. https://doi.org/10.1177/1550059416645712.

Chabot, R.J., Orgill, A.A., Crawford, G., Harris, M.J., Serfontein, G., 1999. Behavioral and
electrophysiologic predictors of treatment response to stimulants in children with
attention disorders. J. Child Neurol. 14 (6), 343–351. https://doi.org/10.1177/
088307389901400601.

Chan, A.S., Cheung, M.C., Sze, S.L., Leung, W.W., 2009. Seven-star needle stimulation
improves language and social interaction of children with autistic spectrum disorders.
Am. J. Chin. Med. 37 (3), 495–504. https://doi.org/10.1142/s0192415X09007004.

Chan, A.S., Leung, W.W., 2006. Differentiating autistic children with quantitative en-
cephalography: a 3-month longitudinal study. J. Child. Neurol. 21 (5), 392–399.

Clarke, A.R., Barry, R.J., McCarthy, R., Selikowitz, M., Magee, C.A., Johnstone, S.J., Croft,
R.J., 2006. Quantitative EEG in low-IQ children with attention-deficit/hyperactivity
disorder. Clin. Neurophysiol. 117 (8), 1708–1714. https://doi.org/10.1016/j.clinph.
2006.04.015.

Coben, R., Clarke, A.R., Hudspeth, W., Barry, R.J., 2008. EEG power and coherence in
autistic spectrum disorder. Clin. Neurophysiol. 119 (5), 1002–1009. https://doi.org/
10.1016/j.clinph.2008.01.013.

Coolidge, F.L., Starkey, M.T., Cahill, B.S., 2007. Comparison of a parent-rated DSM-IV
measure of attention-deficit/hyperactivity disorder and quantitative EEG parameters
in an outpatient sample of children. J. Clin. Neurophysiol. 24 (4), 348–351. https://
doi.org/10.1097/WNP.0b013e318067bcfc.

David Soltysik, P.D. (3 January 2018). Retrieved fromhttps://www.fda.gov/medical-
devices/cdrh-research-programs/functional-magnetic-resonance-imaging-and-

M. McVoy, et al. Psychiatry Research 279 (2019) 331–344

343

http://refhub.elsevier.com/S0165-1781(19)30839-X/sbref0001
http://refhub.elsevier.com/S0165-1781(19)30839-X/sbref0001
http://refhub.elsevier.com/S0165-1781(19)30839-X/sbref0001
http://refhub.elsevier.com/S0165-1781(19)30839-X/sbref0002
http://refhub.elsevier.com/S0165-1781(19)30839-X/sbref0002
http://refhub.elsevier.com/S0165-1781(19)30839-X/sbref0002
https://doi.org/10.1017/S1461145702002948
https://doi.org/10.1017/S1461145702002948
https://doi.org/10.1176/appi.ps.52.1.81
https://doi.org/10.1177/0306624X12465583
https://doi.org/10.1177/0306624X12465583
https://doi.org/10.3389/fnins.2016.00276
http://refhub.elsevier.com/S0165-1781(19)30839-X/sbref0007
http://refhub.elsevier.com/S0165-1781(19)30839-X/sbref0007
https://doi.org/10.1080/10874208.2012.705742
https://doi.org/10.1177/1550059416645712
https://doi.org/10.1177/088307389901400601
https://doi.org/10.1177/088307389901400601
https://doi.org/10.1142/s0192415X09007004
http://refhub.elsevier.com/S0165-1781(19)30839-X/sbref0012
http://refhub.elsevier.com/S0165-1781(19)30839-X/sbref0012
https://doi.org/10.1016/j.clinph.2006.04.015
https://doi.org/10.1016/j.clinph.2006.04.015
https://doi.org/10.1016/j.clinph.2008.01.013
https://doi.org/10.1016/j.clinph.2008.01.013
https://doi.org/10.1097/WNP.0b013e318067bcfc
https://doi.org/10.1097/WNP.0b013e318067bcfc
https://www.fda.gov/medical-devices/cdrh-research-programs/functional-magnetic-resonance-imaging-and-quantitative-electroencephalography-fmriqeeg
https://www.fda.gov/medical-devices/cdrh-research-programs/functional-magnetic-resonance-imaging-and-quantitative-electroencephalography-fmriqeeg


quantitative-electroencephalography-fmriqeeg.
Demerdzieva, A., Pop-Jordanova, N., 2011. Alpha asymmetry in QEEG recordings in

young patients with anxiety. Prilozi 32 (1), 229–244.
Dharmadhikari, A.S., Tandle, A.L., Jaiswal, S.V., Sawant, V.A., Vahia, V.N., Jog, N., 2018.

Frontal theta asymmetry as a biomarker of depression. East Asian Arch. Psychiatry 28
(1), 17–22.

Doehnert, M., Brandeis, D., Straub, M., Steinhausen, H.C., Drechsler, R., 2008. Slow
cortical potential neurofeedback in attention deficit hyperactivity disorder: is there
neurophysiological evidence for specific effects. J. Neural Transm. 115 (10),
1445–1456. https://doi.org/10.1007/s00702-008-0104-x.

Fernandez, A., Quintero, J., Hornero, R., Zuluaga, P., Navas, M., Gomez, C., ... Ortiz, T.,
2009. Complexity analysis of spontaneous brain activity in attention-deficit/hyper-
activity disorder: diagnostic implications. Biol. Psychiatry 65 (7), 571–577. https://
doi.org/10.1016/j.biopsych.2008.10.046.

Fonseca, L.C., Tedrus, G.M., Bianchini, M.C., Silva, T.F., 2013. Electroencephalographic
alpha reactivity on opening the eyes in children with attention-deficit hyperactivity
disorder. Clin. EEG Neurosci. 44 (1), 53–57. https://doi.org/10.1177/
1550059412445659.

Fonseca, L.C., Tedrus, G.M., Moraes, C., Vicente Machado, A., Almeida, M.P., Oliveira,
D.O., 2008. Epileptiform abnormalities and quantitative EEG in children with at-
tention-deficit/hyperactivity disorder. Arq. Neuropsiquiatr. 66 (3a), 462–467.

Hermens, D.F., Kohn, M.R., Clarke, S.D., Gordon, E., Williams, L.M., 2005. Sex differences
in adolescent ADHD: findings from concurrent EEG and EDA. Clin. Neurophysiol. 116
(6), 1455–1463. https://doi.org/10.1016/j.clinph.2005.02.012.

Hillard, B., El-Baz, A.S., Sears, L., Tasman, A., Sokhadze, E.M., 2013. Neurofeedback
training aimed to improve focused attention and alertness in children with ADHD: a
study of relative power of EEG rhythms using custom-made software application.
Clin. EEG Neurosci. 44 (3), 193–202. https://doi.org/10.1177/1550059412458262.

Isiten, H.N., Cebi, M., Sutcubasi Kaya, B., Metin, B., Tarhan, N., 2017. Medication effects
on EEG biomarkers in attention-deficit/hyperactivity disorder. Clin. EEG Neurosci.
48 (4), 246–250. https://doi.org/10.1177/1550059416675232.

Jackson, A.F., Bolger, D.J., 2014. The neurophysiological bases of EEG and EEG mea-
surement: a review for the rest of us. Psychophysiology 51 (11), 1061–1071. https://
doi.org/10.1111/psyp.12283.

Khadem, A., Hossein-Zadeh, G.A., Khorrami, A., 2016. Long-range reduced predictive
information transfers of autistic youths in EEG sensor-space during face processing.
Brain Topogr. 29 (2), 283–295. https://doi.org/10.1007/s10548-015-0452-4.

Kim, J.W., Lee, J., Kim, B.N., Kang, T., Min, K.J., Han, D.H., Lee, Y.S., 2015. Theta-phase
gamma-amplitude coupling as a neurophysiological marker of attention deficit/hy-
peractivity disorder in children. Neurosci. Lett. 603, 25–30. https://doi.org/10.1016/
j.neulet.2015.07.006.

Kim, J.W., Szigethy, E.M., Melhem, N.M., Saghafi, E.M., Brent, D.A., 2014. Inflammatory
markers and the pathogenesis of pediatric depression and suicide: a systematic re-
view of the literature. J. Clin. Psychiatry 75 (11), 1242–1253. https://doi.org/10.
4088/JCP.13r08898.

Kuperman, S., Johnson, B., Arndt, S., Lindgren, S., Wolraich, M., 1996. Quantitative EEG
differences in a nonclinical sample of children with ADHD and undifferentiated ADD.
J. Am. Acad. Child Adolesc. Psychiatry 35 (8), 1009–1017. https://doi.org/10.1097/
00004583-199608000-00011.

Lee, F.S., Heimer, H., Giedd, J.N., Lein, E.S., Sestan, N., Weinberger, D.R., Casey, B.J.,
2014. Mental health. Adolescent mental health–opportunity and obligation. Science
346 (6209), 547–549. https://doi.org/10.1126/science.1260497.

Machado, C., Estevez, M., Leisman, G., Melillo, R., Rodriguez, R., DeFina, P., ... Beltran,
C., 2015. QEEG spectral and coherence assessment of autistic children in three dif-
ferent experimental conditions. J. Autism Dev. Disord. 45 (2), 406–424. https://doi.
org/10.1007/s10803-013-1909-5.

Markovska-Simoska, S., Pop-Jordanova, N., 2017. Quantitative EEG in children and
adults with attention deficit hyperactivity Disorder: comparison of absolute and re-
lative power spectra and theta/beta ratio. Clin. EEG Neurosci. 48 (1), 20–32. https://
doi.org/10.1177/1550059416643824.

Mendelson, T., Tandon, S.D., 2016. Prevention of depression in childhood and adoles-
cence. Child Adolesc. Psychiatr. Clin. N Am. 25 (2), 201–218. https://doi.org/10.

1016/j.chc.2015.11.005.
Merikangas, K., He, J.-p., Burstein, M., Swanson, S., Avenevoli, S., Cui, L., ... Swendsen,

J., 2010. Lifetime prevalence of mental disorders in U.S. adolescents: results from the
National Comorbidity Survey Replication - adolescent supplement. J. Am. Acad.
Child Adolesc. Psychiatry 49 (10), 980–989.

Michaud, P.-A., Fombonne, E., 2005. ABC of adolescence. BMJ 330, 835–838.
Moeini, M., Khaleghi, A., Mohammadi, M.R., 2015. Characteristics of alpha band fre-

quency in adolescents with bipolar II disorder: a resting-state QEEG study. Iran J.
Psychiatry 10 (1), 8–12.

O'Reilly, C., Lewis, J.D., Elsabbagh, M., 2017. Is functional brain connectivity atypical in
autism? A systematic review of EEG and MEG studies. PLoS One 12 (5), e0175870.
https://doi.org/10.1371/journal.pone.0175870.

Ogrim, G., Kropotov, J., Hestad, K., 2012. The quantitative EEG theta/beta ratio in at-
tention deficit/hyperactivity disorder and normal controls: sensitivity, specificity,
and behavioral correlates. Psychiatry Res. 198 (3), 482–488. https://doi.org/10.
1016/j.psychres.2011.12.041.

Ogrim, G., Kropotov, J.D., 2019. Predicting clinical gains and side effects of stimulant
medication in pediatric attention-deficit/hyperactivity disorder by combining mea-
sures from qEEG and ERPs in a cued GO/NOGO task. Clin. EEG Neurosci. 50 (1),
34–43. https://doi.org/10.1177/1550059418782328.

Olbrich, S., van Dinteren, R., Arns, M., 2015. Personalized medicine: review and per-
spectives of promising baseline EEG biomarkers in major depressive disorder and
attention deficit hyperactivity disorder. Neuropsychobiology 72 (3–4), 229–240.
https://doi.org/10.1159/000437435.

Paula, C.A.R., Reategui, C., Costa, B.K.S., da Fonseca, C.Q., da Silva, L., Morya, E., Brasil,
F.L., 2017. High-frequency EEG variations in children with autism spectrum disorder
during human faces visualization. Biomed. Res. Int. 2017, 3591914. https://doi.org/
10.1155/2017/3591914.

Scolnick, B., 2005. Effects of electroencephalogram biofeedback with Asperger's syn-
drome. Int. J. Rehabil. Res. 28 (2), 159–163.

Simkin, D.R., Thatcher, R.W., Lubar, J., 2014. Quantitative EEG and neurofeedback in
children and adolescents: anxiety disorders, depressive disorders, comorbid addiction
and attention-deficit/hyperactivity disorder, and brain injury. Child Adolesc.
Psychiatr. Clin. N. Am. 23 (3), 427–464. https://doi.org/10.1016/j.chc.2014.03.001.

Song, D.H., Shin, D.W., Jon, D.I., Ha, E.H., 2005. Effects of methylphenidate on quanti-
tative EEG of boys with attention-deficit hyperactivity disorder in continuous per-
formance test. Yonsei Med. J. 46 (1), 34–41. https://doi.org/10.3349/ymj.2005.46.
1.34.

Swatzyna, R.J., Kozlowski, G.P., Tarnow, J.D., 2015. Pharmaco-EEG: a study of in-
dividualized medicine in clinical practice. Clin. EEG Neurosci. 46 (3), 192–196.
https://doi.org/10.1177/1550059414556120.

Sysoeva, O.V., Constantino, J.N., Anokhin, A.P., 2018. Event-related potential (ERP)
correlates of face processing in verbal children with autism spectrum disorders (ASD)
and their first-degree relatives: a family study. Mol. Autism 9, 41. https://doi.org/10.
1186/s13229-018-0220-x.

Tripp, G., Schaughency, E.A., Clarke, B., 2006. Parent and teacher rating scales in the
evaluation of attention-deficit hyperactivity disorder: contribution to diagnosis and
differential diagnosis in clinically referred children. J. Dev. Behav. Pediatr. 27 (3),
209–218.

Verrusio, W., Ettorre, E., Vicenzini, E., Vanacore, N., Cacciafesta, M., Mecarelli, O., 2015.
The Mozart effect: a quantitative EEG study. Conscious Cogn. 35, 150–155. https://
doi.org/10.1016/j.concog.2015.05.005.

Wang, Y., Sokhadze, E.M., El-Baz, A.S., Li, X., Sears, L., Casanova, M.F., Tasman, A., 2015.
Relative power of specific EEG bands and their ratios during neurofeedback training
in children with autism spectrum disorder. Front Hum Neurosci 9, 723. https://doi.
org/10.3389/fnhum.2015.00723.

Widge, A.S., Bilge, M.T., Montana, R., Chang, W., Rodriguez, C.I., Deckersbach, T., ...
Nemeroff, C.B., 2018. Electroencephalographic biomarkers for treatment response
prediction in major depressive Illness: a meta-analysis. Am J Psychiatry. https://doi.
org/10.1176/appi.ajp.2018.17121358. appiajp201817121358.

Yap, H.L., 2010. Early psychosis intervention. Singapore Med. J. 51 (9), 689–693.

M. McVoy, et al. Psychiatry Research 279 (2019) 331–344

344

https://www.fda.gov/medical-devices/cdrh-research-programs/functional-magnetic-resonance-imaging-and-quantitative-electroencephalography-fmriqeeg
http://refhub.elsevier.com/S0165-1781(19)30839-X/sbref0016
http://refhub.elsevier.com/S0165-1781(19)30839-X/sbref0016
http://refhub.elsevier.com/S0165-1781(19)30839-X/sbref0017
http://refhub.elsevier.com/S0165-1781(19)30839-X/sbref0017
http://refhub.elsevier.com/S0165-1781(19)30839-X/sbref0017
https://doi.org/10.1007/s00702-008-0104-x
https://doi.org/10.1016/j.biopsych.2008.10.046
https://doi.org/10.1016/j.biopsych.2008.10.046
https://doi.org/10.1177/1550059412445659
https://doi.org/10.1177/1550059412445659
http://refhub.elsevier.com/S0165-1781(19)30839-X/sbref0021
http://refhub.elsevier.com/S0165-1781(19)30839-X/sbref0021
http://refhub.elsevier.com/S0165-1781(19)30839-X/sbref0021
https://doi.org/10.1016/j.clinph.2005.02.012
https://doi.org/10.1177/1550059412458262
https://doi.org/10.1177/1550059416675232
https://doi.org/10.1111/psyp.12283
https://doi.org/10.1111/psyp.12283
https://doi.org/10.1007/s10548-015-0452-4
https://doi.org/10.1016/j.neulet.2015.07.006
https://doi.org/10.1016/j.neulet.2015.07.006
https://doi.org/10.4088/JCP.13r08898
https://doi.org/10.4088/JCP.13r08898
https://doi.org/10.1097/00004583-199608000-00011
https://doi.org/10.1097/00004583-199608000-00011
https://doi.org/10.1126/science.1260497
https://doi.org/10.1007/s10803-013-1909-5
https://doi.org/10.1007/s10803-013-1909-5
https://doi.org/10.1177/1550059416643824
https://doi.org/10.1177/1550059416643824
https://doi.org/10.1016/j.chc.2015.11.005
https://doi.org/10.1016/j.chc.2015.11.005
http://refhub.elsevier.com/S0165-1781(19)30839-X/sbref0034
http://refhub.elsevier.com/S0165-1781(19)30839-X/sbref0034
http://refhub.elsevier.com/S0165-1781(19)30839-X/sbref0034
http://refhub.elsevier.com/S0165-1781(19)30839-X/sbref0034
http://refhub.elsevier.com/S0165-1781(19)30839-X/sbref0035
http://refhub.elsevier.com/S0165-1781(19)30839-X/sbref0036
http://refhub.elsevier.com/S0165-1781(19)30839-X/sbref0036
http://refhub.elsevier.com/S0165-1781(19)30839-X/sbref0036
https://doi.org/10.1371/journal.pone.0175870
https://doi.org/10.1016/j.psychres.2011.12.041
https://doi.org/10.1016/j.psychres.2011.12.041
https://doi.org/10.1177/1550059418782328
https://doi.org/10.1159/000437435
https://doi.org/10.1155/2017/3591914
https://doi.org/10.1155/2017/3591914
http://refhub.elsevier.com/S0165-1781(19)30839-X/sbref0042
http://refhub.elsevier.com/S0165-1781(19)30839-X/sbref0042
https://doi.org/10.1016/j.chc.2014.03.001
https://doi.org/10.3349/ymj.2005.46.1.34
https://doi.org/10.3349/ymj.2005.46.1.34
https://doi.org/10.1177/1550059414556120
https://doi.org/10.1186/s13229-018-0220-x
https://doi.org/10.1186/s13229-018-0220-x
http://refhub.elsevier.com/S0165-1781(19)30839-X/sbref0047
http://refhub.elsevier.com/S0165-1781(19)30839-X/sbref0047
http://refhub.elsevier.com/S0165-1781(19)30839-X/sbref0047
http://refhub.elsevier.com/S0165-1781(19)30839-X/sbref0047
https://doi.org/10.1016/j.concog.2015.05.005
https://doi.org/10.1016/j.concog.2015.05.005
https://doi.org/10.3389/fnhum.2015.00723
https://doi.org/10.3389/fnhum.2015.00723
https://doi.org/10.1176/appi.ajp.2018.17121358
https://doi.org/10.1176/appi.ajp.2018.17121358
http://refhub.elsevier.com/S0165-1781(19)30839-X/sbref0051

	A systematic review of quantitative EEG as a possible biomarker in child psychiatric disorders
	Introduction
	Methods
	Results
	Studies and sample
	Summary of findings by diagnostic category
	ADHD
	Anxiety
	ASD
	Mood disorders
	Disruptive behavior disorders


	Discussion
	Conclusions
	Limitations
	Funding
	Conflicts of interest
	References




