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with suicidality in depressed patients:
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Abstract

Objective The incidence of suicide is high among adolescents and young adults, especially those suffering from psy-
chiatric diseases. Because of the reported association between depression and suicidality, exploring suicide risk
factors in depressed patients is crucial for the identification of those at high risk and preventing suicide. In recent
decades, electroencephalography parameters have been considered for identifying biomarkers of suicide ideation
and attempts in depressed patients. This study aimed to review the available literature on resting-state EEG for suici-
dality in depressed patients.

Method A systematic search was performed in five electronic databases, including APA PsycINFO, Embase, Med-

line (via PubMed), Scopus, and Web of Science. Papers with full text available in English in which resting-state EEG
was evaluated in depressed patients with suicide ideation or suicide attempts compared to a control group of healthy
subjects or non-suicidal depressed patients were included. The risk of bias was assessed by using the Newcastle-
Ottawa scale.

Results A total of 4665 references were retrieved from five electronic databases from which eleven studies were
included in this systematic review. A meta-analysis was not performed due to the substantial heterogeneity

of the studies. Five of the eleven reviewed papers were classified as high-quality, and six had moderate quality.
Conclusions According to the included studies in this review, the EEG signals of depressed patients with suicide
ideation or suicide attempts may be different from patients with low risk of suicidality or healthy subjects. Connectiv-
ity measures sound more promising parameters than the power spectral analysis and EEG asymmetry.

Protocol registration The protocol of this review was registered in PROSPERO (No. CRD42024502056).
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Introduction

Suicide is defined as an intentional, lethal self-harm that
may or may not be associated with a conscious attempt
to die. It is considered a global challenge for public health
[1, 2]. Suicide is one of the leading causes of death all
over the world, especially among adolescents and young
adults [3]. Suicidality is often viewed as a spectrum that
can range from feelings of wanting to die and being tired
of life to having thoughts of suicide, planning and actual
attempts [4]. To differentiate behaviors encompassed in
suicidality, explanations provided by the US Centers for
Disease Control and Prevention (CDC) are useful. Based
on the definitions provided by the US CDC, the suicidal
ideation (SI) term refers to thinking about, considering,
or planning suicide, and suicide attempt (SA) is a term
that describes a non-fatal, potentially damaging, self-
directed behavior with an intention to die even if it does
not result in death [5].

According to the literature, the incidence of suicides
and suicide attempts is remarkably higher in patients
with psychiatric diseases than in the general popula-
tion [6]. Longitudinal studies recruiting people suffering
from mood disorders indicate that suicidal acts are usu-
ally occurred during major depressive episodes [7]. The
overall lifetime prevalence of suicide attempts and sui-
cidal ideation among patients with MDD is estimated to
be approximately 31% and 38%, respectively. Further, sui-
cide attempts are observed to occur five times more fre-
quently in individuals with depression compared to the
general population [8].

On the other hand, there is an increasing trend in the
prevalence of depression among the general population
[9] especially adolescents [10]. Based on a recent system-
atic review, about 34% of adolescents globally are at risk
of experiencing clinical depression [10].

Because of the reported association between depres-
sion and suicidal ideation and suicide attempts [11-13],
exploration of suicide risk factors in depressed patients
sounds crucial for the identification of those at high risk
and preventing suicide [14].

Psychological evaluation is often based on question-
naires, and the subjectivity of the patient’s answers to
questionnaires makes it hard to diagnose psychopatholo-
gies precisely [15]. Insufficient sensitivity and specificity
of self-reported scales may result in underrating or over-
rating suicidal ideation that may become problematic by
inadequate follow-up of those at high risk or unneces-
sary hospitalization and consequently increased cost of
healthcare, respectively [16].

As an association has been observed between biologi-
cal phenomena and psychiatric illness, intensive efforts
have been made to identify specific and sensitive bio-
markers for psychopathology as add-ons or alternatives
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to the current subjective clinical parameters [17]. In this
line, many studies have adopted a neurophysiological
approach for identifying brain-based markers of suicidal
ideation and suicide attempts in healthy subjects and
psychiatric patients using electroencephalography (EEG)
[18-21].

EEG is a non-invasive method of recording the ongoing
electrical activity of the brain through scalp electrodes
[22]. As a brain imaging method with excellent tempo-
ral resolution and improved spatial resolution acquired
through advances in signal processing and visualization,
EEG is becoming a valuable tool for developing biomark-
ers in psychiatry. Further, EEG is less expensive and more
widely available than other brain imaging methods such
as functional magnetic resonance imaging (fMRI), which
makes it beneficial for collecting data in large samples
required for analyzing possible contributing factors to
the development of psychopathology [17].

Resting-state activity in major depressive disorder
shows topographical and spatiotemporal alterations,
including changes in functional connectivity (FC) [23]
as well as changes in spectral power of different fre-
quency bands [24]. These changes have been associated
with depressive symptoms [25] and suicidal ideation
in patients with depression [20]. Further, studies have
shown that the resting-state band powers have the poten-
tial to predict response to antidepressants in patients
with depression [26-28]. These findings suggest that dif-
ferent resting-state EEG parameters may be informative
about the underlying neurobiological mechanisms of var-
ious symptoms, including suicide in depressed patients
[24].

Accordingly, this systematic review aimed to synthesize
the relevant literature on the relationship between suici-
dality and resting-state EEG parameters in depression.

Methods

Materials and methods

This review adheres to the guidelines set forth by the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) (S1 Table) [29]. Additionally, the
protocol of this review has been registered in the Interna-
tional Prospective Register of Systematic Reviews (PROS-
PERO) under registration number CRD42024502056.

Information sources

A systematic search was performed in five electronic
databases, including APA PsycINFO, Embase, Medline
(via PubMed), Scopus, and Web of Science. Further-
more, a manual check was conducted on the references
of all included studies to identify any additional eligible
studies.
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Search strategy
A set of keywords, determined by the study’s inclusion
criteria, was utilized to search for relevant studies from
inception to February 2024. In order to capture all rel-
evant studies, no restriction was imposed on publica-
tion dates.

The search details in PubMed were as follows:

("electroencephalog*"[Title/ Abstract] OR
"electroencephalog*'[MeSH  Terms] OR  "Rest-
ing state electroencephalography"[Title/Abstract]
OR '"Resting-state EEG"[Title/Abstract] OR ‘rest
EEG"[Title/Abstract] OR  "QEEG"[Title/Abstract]
OR ‘"quantitative EEG"[Title/Abstract] OR "brain
changes"[Title/Abstract] OR "brain adaptations"[Title/
Abstract] OR "brain activity"[Title/Abstract]
OR "brain function"[Title/Abstract] OR '"cortex
activation"[Title/Abstract] OR "EEG power"[Title/
Abstract] OR  "EEG  spectral  power"[Title/
Abstract] OR "coherence"[Title/Abstract] OR "EEG
coherence"[Title/Abstract] OR "connectivity"[Title/
Abstract] OR "functional connectivity"[Title/
Abstract] OR "brain networks"[Title/Abstract] OR
"delta power"[Title/Abstract] OR "theta power"[Title/
Abstract] OR "alpha power"[Title/Abstract]
OR "beta power"[Title/Abstract] OR "gamma
power"[Title/ Abstract] OR "asymmetry"[Title/
Abstract] OR "EEG  asymmetry"[Title/Abstract]
OR "electroencephalographic asymmetry"[Title/
Abstract] OR ‘"delta asymmetry"[Title/Abstract]

OR "theta asymmetry"[Title/Abstract] OR
"alpha asymmetry"[Title/Abstract] OR "beta
asymmetry"[Title/Abstract] OR "gamma
asymmetry"[Title/Abstract] OR "frontal
asymmetry"[Title/Abstract) OR  "frontal alpha
asymmetry"[Title/ Abstract] OR "FAA"[Title/

Abstract] OR "posterior asymmetry"[Title/Abstract]
OR  "lateral  asymmetry"[Title/Abstract]) = AND
("suicid*"[Title/Abstract] OR "suicid*"[MeSH
Terms] OR "suicidality"[Title/Abstract] OR "suicidal
thoughts"[Title/Abstract] OR "suicidal behavior"[Title/
Abstract] OR  "suicidal attempt"[Title/Abstract]
OR ‘"suicide attempt"[Title/Abstract] OR "suicide
planning"[Title/Abstract] OR "suicidal ideation"[Title/
Abstract] OR "suicide risk"[Title/Abstract] OR
"ideators"[Title/Abstract] OR "self-harm"[Title/
Abstract] OR  "self-injury"[Title/Abstract]) AND
("depress*"[Title/ Abstract] OR "depress*"'[MeSH
Terms] OR ‘"depressive disorder"[Title/Abstract]
OR "major depressive disorder"[Title/Abstract] OR
"MDD"[Title/Abstract]).

The basic search strategy was appropriately modi-
fied to optimize the approach for different databases
(S1 File). Data management was conducted using the
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reference management software EndNote V.21 (Clarivate
Analytics).

Inclusion and exclusion criteria
The retrieved results were exported into the EndNote
software for screening. First, duplicate articles were auto-
matically removed, and then two reviewers (FSH and FA)
screened the titles and abstracts of the remaining records
independently to identify eligible papers based on the
inclusion—exclusion criteria. If the abstract lacked suffi-
cient data for inclusion, the full text was considered. Any
disagreements between the reviewers upon including an
article were adjudicated by a third reviewer (FV) until
consensus was reached.

Studies were included in the final list for review based
on the following criteria:

Inclusion criteria:

1. Peer-reviewed journal articles with available full-text
written in English.

2. Participants diagnosed with depression or major
depressive disorder (MDD) based on a valid scale/
questionnaire for diagnosis of depression such as
the Diagnostic and Statistical Manual of Mental Dis-
orders (DSM 1V or later versions), the International
Classification of Diseases (ICD-9 or ICD-10), and so
on.

3. Papers in which resting-state EEG data was assessed
in a group of patients with depressive disorders with
suicidal ideation, suicidal behaviors, and suicide
attempts compared to a control group of healthy sub-
jects or non-suicidal depressed patients.

4. Prospective cohort, case-control, or cross-sectional
studies. Baseline data from randomized clinical tri-
als were included only if suicidal ideation, suicidal
behaviors, and suicide attempts were measured and
compared at baseline.

Exclusion criteria:

1. Non- English written papers.

2. Studies in which participants had mood disorders
other than depression.

3. Papers in which dynamic EEG signals were recorded
in responses to various tasks or cues, including
acoustic sounds, oral presentation, or resting-state
EEG, were recorded after any intervention or in
stress conditions.

4. Non-controlled studies.

5. Case report, letter to the editor, editorials, disserta-
tion, book chapter, personal opinions or commen-
tary, reviews.
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Data extraction

Two reviewers (FSH and FA) independently extracted
data from the included studies for descriptive analyses.
Any disagreements between the reviewers were adju-
dicated by a third reviewer (FV) until consensus was
reached. The following information was extracted for
each study: first author’s name, publication year, par-
ticipants’ characteristics (sex, age, state of health), the
number of participants, control/comparison group,
outcome measures, depression and suicidality diagno-
sis criteria, EEG recording setting, and findings.

Evaluating the risk of bias

The Newcastle-Ottawa scale recommended by the
Cochrane Non-Randomized Studies Methods Working
Group for assessing the observational studies was used
for the risk of bias assessment in the included studies.
This scale was developed by Wells et al. [30] for the
assessment of the quality of nonrandomized studies
using a “star system”. Observational studies (case—con-
trol and cohort studies) are judged in terms of selec-
tion, comparability, and exposure or outcome. There
are four items for selection, three items for outcome,
and one item for comparability subscale. Each item in
the selection and outcome subscales can get a maxi-
mum of one star, while the only item in the compatibil-
ity subscale can get a maximum of two stars, adding up
to a maximum of 9 stars for each study [30]. The qual-
ity of a study is judged based on the total score as fol-
lows: scores <3 =low quality, 4 <scores <6 =moderate
quality, and scores > 7 = high quality [31].

The quality assessment was done independently by
the same two authors. Any disagreements between the
reviewers were adjudicated by a third reviewer (FV)
until consensus was reached.

Summary measures and data synthesis

This review focuses on the narrative interpretation of
the results because a meta-analysis was inappropriate
due to substantial methodological heterogeneity among
the studies. For instance, although four studies evaluated
EEG asymmetry, at most two studies used similar meth-
ods (electrode pair and frequency bands) and participants
(MDD patients and controls). Also, there was substantial
variation in selected electrodes or brain regions, fre-
quency sub-bands, and patients’ sub-groups and controls
in seven studies that reported EEG spectral power.

Results

A total of 4665 references were retrieved from five
electronic databases. After removing duplicates, 2779
records remained. Screening titles and abstracts of the
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remaining articles resulted in the exclusion of 2719
records. The remaining 60 records were sought for
retrieval, from which 35 full texts were retrieved and
assessed for eligibility. Screening full-text resulted in
the exclusion of 24 articles because of the following
reasons: non-English language [32, 33], no report of
suicidal thoughts and behaviors [34—41], not recording
resting-state EEG [42—44], having no control group [21,
45-52], and being a commentary or book chapter [53,
54]. Finally, 11 studies [55-65] were included in this
systematic review. Figure 1 shows the process of study
selection.

Characteristics of the included studies
Eleven studies were included in this systematic review.
Characteristics of the included studies are summarized
in Table 1.

Studies are categorized based on outcome measures
into three groups as follows: EEG asymmetry, EEG
spectral power, and connectivity.

EEG asymmetry

Participants Four studies considered EEG asymmetry
as a primary outcome measure [55, 58, 59, 61]. Two stud-
ies recruited female adolescents aged between 12 and
25 years old [55, 59], while in the other studies, patients
were selected from both genders with a mean age of 37
to 38.67 years old [58, 61]. Two studies recruited MDD
patients with suicidal ideation (SI) [58, 61], while par-
ticipants in two other studies were people with a suicide
attempt (SA) [55, 59]. Three studies included healthy sub-
jects (HSs) as controls [55, 58, 61], while one study served
MDD patients with non-suicidal self-injuries as controls
[59]. One study used the Diagnostic Interview Schedule
for Children (DISC-C) and parents (DISC-P) for psychi-
atric assessment [55]. Exclusion of psychiatric conditions
other than depression was based on the International
Classification of Diseases and Related Health Problems
(ICD) in two studies [59, 61], and one used the Diagnos-
tic and Statistical Manual of Mental Disorders-IV (DSM)
[58].

EEG signal acquisition and processing Resting-state
EEG was collected for at least 3 min in all studies. One
study collected EEG in both open and closed eye condi-
tions [55]; the eyes open condition was considered in two
studies [58, 61], and EEG was recorded with closed eyes
in one study [59].
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Identification of studies via databases and registers

= Records identified from: Records removed before
,g Databases (n=4665) screening:
5 PubMed (558) Duplicate records removed
}E PsycINFO (496) (n=1886)
5] Scopus (1616)
= Web of Science (738)
Embase (1257)
Records screened Records excluded based on
(n=2779) > | title and abstracts screening
(n=2719)
Reports sought for Reports not retrieved
& | | retrieval (n=60) " | (n=25)
=
)
2 !
N Reports assessed for Reports excluded (n=24)
eligibility (n=35) Not-English language (n=2)
No report of suicidality (n=8)
Not recording resting-state
EEG (n=3)
Having no control group
(n=9)
Commentary or book
chapter (n=2)
=
3 Studies included in review
= -
5 | Le=1)
=

Fig. 1 The PRISMA 2020 flow diagram for the search strategy and study selection

Three studies focused on the alpha frequency band [55,
58, 61], while one considered EEG asymmetry in the
delta to beta frequency bands [59]. One study measured
asymmetry in all brain regions [59], one focused on fron-
tal and parietal regions [55], and two others selected the
frontal brain area as their region of interest [58, 61].

EEG spectral power

Participants EEG spectral power was reported in
seven studies [55-57, 59-61, 63]. Four studies recruited
only females [55, 57, 59, 60], while the subjects in three
studies were of both genders [56, 61, 63]. Participants in
two studies were adolescents with a mean age of 14 [55]
and 18.5 [59] years old; however, the mean age of subjects
in five studies was between 31 and 45 years old [56, 57,
60, 61, 63].

In two studies, only persons with suicide attempts were
compared to HSs [55] or non-suicidal MDD patients [59].
Patients with suicidal ideation were compared to HSs in
one study [61] and to low-risk patients in another study
[60]. Patients with suicidal ideation and suicide attempts
were compared to non-suicidal patients and HSs in two
studies [56, 63], while one study recruited patients with
suicidal ideation and suicide attempts compared to non-
suicidals [57].

Psychiatric assessments were based on different tools,
including ICD [59, 61], DSM-IV or V [56, 57, 63], Mini-
International Neuropsychiatric Interview (MINI) [60],
Diagnostic Interview Schedule for Children DISC-C and
DISC-p (Parent version) [55]. One study used two scales,
including DSM-IV and MINI, for clinical assessment of
patients [57].
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EEG signal acquisition and processing Resting-
state EEG recording time ranged between 2 and 10 min
in six studies [55-57, 60, 61, 63], while in one study the
duration of EEG records was not reported [59]. Signals
acquired in closed eyes condition were analyzed in four
studies [56, 57, 59, 63]; in two studies, power extraction
was applied on eyes open data [60, 61]; and both eyes
closed and eyes open conditions were considered in one
study [55].

EEG power was calculated for all frequency bands,
from delta to gamma, in one study [63]; three studies
considered delta to beta band powers [55, 59, 61]; alpha
to gamma frequency bands were considered in two stud-
ies [57, 60]; and one study focused on high gamma band
power [56]. Three studies computed EEG power at differ-
ent individual electrodes [56, 59, 63]; in two studies, aver-
age power over the frontal region was considered [57,
60]; one study focused on anterior and posterior brain
regions [55]; and in one study, the power was computed
for only F3 and F4 electrodes [61].

Connectivity

Participants Four studies addressed brain connectivity
in suicidality [59, 62, 64, 65]. Patients and healthy sub-
jects of both genders participated in three studies; how-
ever, two studies recruited 12—18-year-old adolescents
with an average age of 15.5 years old [64, 65], but the
subjects in the other study were 31.5 years old on aver-
age [62]. One study recruited female adolescents aged
16-25 years old [59]. One study compared patients with
suicide attempts to HSs [62]; in one, MDD patients with
suicidal ideation and suicidal behaviors were compared
to HSs [64]; and in one, patients with suicidal ideation
were compared to non-suicidal patients and HSs [65].
However, in one study, patients with suicide attempts
were compared to non-suicidal patients [59]. Psychiatric
assessment for depression was based on the ICD-10 and
MINI [62], MINI [64], DSM-V and IC-10 [65] and ICD-
10 [59].

EEG signal acquisition and processing All studies
recorded resting-state EEG with closed eyes lasting for 3
min [64], 7 min [65], and 15 min [62]. While one study
did not provide information regarding duration of signal
[59]. These studies adopted different approaches for con-
nectivity, including whole-brain functional connectivity
in a specified frequency band (alpha frequency range)
[62], EEG coherence at delta to beta frequency bands for
specified EEG channels [59, 64], and microstate dynam-
ics to uncover brain network alteration [65].
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Quality assessment in the included studies

A summary of the quality assessment of the included
papers is represented in Table 2. Five out of eleven
reviewed papers were classified as high-quality [55, 59,
60, 62, 63] and six were deemed to be of moderate qual-
ity [56-58, 61, 64, 65]. Regarding the selection domain,
patients were clearly defined in all studies while two stud-
ies lacked a clear definition of controls [61, 65]. The selec-
tion of control was not well documented in five studies
[56, 61, 62, 64, 65], and the representativeness of patients
was confirmed only in one study [60]. Regarding the
comparability domain, more than half of the included
studies matched groups for gender [55, 57, 59, 60, 62, 63]
while age was matched between groups just in four stud-
ies [55, 62, 63, 65]. The outcome measures were collected
using the same methods for case and control groups in
all studies, while only three studies provided information
regarding non-response rate activity [59, 61, 62].

Discussion

The current study provides a comprehensive review of
studies that used EEG to find out possible biomarkers
for suicidal thoughts and behaviors in depression. Eleven
studies were included. We organized the studies into
three groups based on the outcome measures as follows:
EEG asymmetry, EEG spectral power, and connectivity.
Due to substantial methodological heterogeneity in terms
of selected electrodes and frequency bands and patients’
states in terms of suicidal ideation and suicide attempts,
a meta-analysis was inappropriate. Therefore, this review
focuses on narrative interpretation of results.

EEG asymmetry and suicidal thoughts and behaviors in
depression

The alteration of resting-state EEG asymmetry as a bio-
marker of major depressive disorder has been investi-
gated for several decades, and most previous studies
have focused on frontal alpha asymmetry (FAA) [66].
Although some found an asymmetry resulting from
unequal alpha activity between hemispheres [67-69],
others did not find clear correlations between EEG
asymmetry and psychiatric tests [70]. The observed link
between negative emotionality and right EEG asymme-
try has brought up the question if there is any connection
between adverse thoughts and experiences, like suicidal
thoughts and suicidal behaviors and EEG asymmetry.

In this regard, the possible association of resting-
state EEG asymmetry and suicidal ideation and suicide
attempt has been addressed in healthy subjects and those
with mental disorders [46, 55]. In this review, four stud-
ies, two with high quality [55, 59] and two with moderate
quality [58, 61], considered EEG asymmetry as a primary
outcome measure. As a primary effort to examine the
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role of EEG asymmetry in suicidal thoughts and behav-
iors, Graae et al. (1996) compared the resting-state EEG
in a group of female adolescent with suicide attempts to
that of healthy adolescents. Overall, persons with suicide
attempts showed a non-significant asymmetry in favor
of greater alpha power over the left hemisphere com-
pared to normal controls who had a significantly higher
alpha power over the right hemisphere, especially at
posterior electrode sites. Grouping persons with suicide
attempts based on the diagnosis of depression showed
that the alpha asymmetry at posterior regions of the left
hemisphere was only significant in persons with suicide
attempts without a depressive disorder, which was corre-
lated with suicide intent in this subgroup of persons with
suicide attempts [55].

In another study, Iznak et al. (2021) evaluated resting-
state EEG in depressive female adolescents with suicide
attempts (SA) and those with non-suicidal behaviors.
Comparing EEG asymmetry at different frequency sub-
bands showed significant differences in alpha sub-bands
between groups. Increased alpha power was found over
the right hemisphere in those with SA, showing a sig-
nificant inter-hemispheric difference in the occipital
area across all sub-bands but in the parietal area for the
alpha-2 sub-band. However, in patients with non-suicidal
self-injuries, the power of alpha-2 and alpha-3 sub-bands
was significantly higher on left occipital, parietal, and
temporal leads [59].

Comparing FAA in MDD patients with or without sui-
cidal ideation (SI) with that of healthy subjects has sug-
gested a moderating role for SI on FAA in patients with
MDD. In line with previous studies, Rho et al. (2020)
observed higher alpha power in the left frontal lobe of
patients with depression compared with healthy subjects.
However, subgrouping depressed patients based on the
presence of SI showed significantly higher asymmetry
in the prefrontal region in those with SI compared with
patients without SI and HSs. Despite higher left asymme-
try in the lateral-frontal area in MDD patients compared
to HSs, the difference was significant only for patients
without SI. No significant difference was observed
between groups at mid-frontal area (F3-F4) [58].

Findings by Amico et al. (2023) also showed no sig-
nificant difference in FAA at F4-F3 channels between a
group of depressed patients with SI and healthy subjects
[61], a finding that is in line with the reports of Roh et al.
(2020) [58].

In short, the available literature does not provide suf-
ficient evidence for supporting the prognostic value of
FAA in SI and SA in depressed patients. Discrepancies
observed in the included studies may be in part due to
the substantial methodological heterogeneity in these
studies. At most two studies have compared patients with
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SA and/or those with SI with patients without suicidal
thoughts and behaviors or healthy controls. Differences
at selected frequency bands or brain regions might have
resulted in various results. Another source of discrep-
ancy might be the comparison group; although both
studies recruited female adolescents, suicide attempters
were compared with healthy subjects in one study [55]
and with low-risk depressed patients in the other one
[59]. Another issue that needs consideration is the assess-
ment of suicidal thoughts and behaviors. Graae et al.
(1996) assessed suicidal thoughts and behaviors using
the Harkavy, Asnis Suicide Scale, and the Pierce Suicide
Intent Scale [55], while Iznak et al. (2021) did not pro-
vide any information about suicidal thoughts and behav-
ior measures in their study [59]. Regarding the studies
considering suicidal ideation [58, 61], besides substantial
methodological differences in terms of EEG recording
and signal processing between the two studies, differ-
ences in sample size and female-to-male ratio are other
possible factors influencing the results.

However, the findings suggest that suicidal ideation and
suicide attempts modulate the brain electrical activity of
depressed patients so that the inter-hemispheric asym-
metry of patients with suicide attempts differs from that
of depressed patients with non-suicidal behaviors. Based
on the available literature, further studies considering dif-
ferent frequency bands and sub-bands and different brain
regions not restricted to the frontal area are required to
delineate the possible role of EEG power spectral asym-
metry in suicidal thoughts and behaviors in depressed
patients.

EEG power and suicidal thoughts and behaviors in
depression

Resting-state frequency power is another EEG parameter
studied as a potential biomarker of suicidal behavior in
depressed patients [56, 57]. Seven studies included in this
review, four with high quality [55, 59, 60, 63] and three
with moderate quality [56, 57, 61], assessed EEG power
as a main outcome measure.

Graae et al. (1996) considered overall EEG power at the
delta to beta frequency bands in a small group of female
adolescent suicide attempters and a sex and age-matched
healthy group. Comparing overall power at different fre-
quency bands yielded no significant difference at any
band between groups [55].

Benschop et al. (2019) investigated the resting-state
EEG of 78 female MDD patients with or without suicide
thoughts or attempts. Comparing EEG power at frequen-
cies ranging from 2—100 Hz revealed hypoactivity of beta
and low gamma in both patients with suicidal ideation
and suicide attempts, especially in frontal brain regions,
compared to low-risk patients. Further, beta and low
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gamma activity were lower over the temporal region in
patients with suicide attempts compared to those with
suicidal ideation. However, patients with suicidal ideation
were characterized by increased alpha, high beta, and low
gamma activity over the posterior regions compared with
non-suicidal patients. The activity at lower frequency
bands was not significantly different between the three
groups [57].

Arikan et al. (2019) investigated gamma band power as
a potential biomarker for suicidal thoughts and behav-
iors in a large group of patients (both males and females)
with depression. Dividing patients into non-suicidal,
suicidal ideation, and suicide attempt groups revealed a
significantly higher power of the high-gamma band at dif-
ferent brain regions over the right hemisphere in patients
with suicide attempt compared to the other groups, espe-
cially the non-suicidal MDD group. However, significant
differences between suicide attempt and suicidal ideation
groups were limited to lateral-frontal, mid-frontal, and
mid-central channels [56].

The other study by Krepel et al. (2021) [60] on 402
female MDD patients that aimed to replicate the study
by Benschop et al. (2019) found no significant differ-
ence between those with SI and low-risk individuals for
any frequency band from alpha to gamma range [57].
However, the authors reported a trend more in line with
the findings by Arikan et al. (2019) who reported higher
gamma power in patients with suicidal ideation com-
pared to non-suicidal individuals [56].

Evaluating QEEG in a small sample of depressive
female adolescents and young adults with non-suicidal
behavior and those with suicide attempts by Iznak et al.
(2021) has shown the wider distribution of the mid-fre-
quency alpha band in centro-parieto-ocipital regions
with higher spectral power, particularly over the right
hemispheres of patients with suicide attempts. Consid-
ering alpha sub-bands, the power of the high-alpha was
higher than the low-alpha band in patients with suicide
attempts, while in patients with non-suicidal behaviors,
the power of the low-alpha band was higher [59].

In a recent study by Amico et al. (2023) power spec-
tral density was computed for delta, theta, alpha, and
beta bands at F3 and F4 channels in a group of depres-
sive patients with suicidal ideation and healthy con-
trols. No difference was found between the patients and
healthy subjects in any frequency band at either channel.
The correlation analysis also did not show any associa-
tion between spectral powers and suicidal ideation in the
patients [61].

Jiang et al. (2023) also addressed EEG power at dif-
ferent frequency sub-bands in depressed patients with
and without suicidal thoughts and behaviors compared
to healthy subjects. The authors reported an increase of
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power in different frequencies, including delta, theta, and
beta bands, from non-suicidality to suicidal ideation in
depressed patients, which showed a significant decrease
after an acute suicide attempt. Changes in the power of
beta sub-bands in patients with different levels of sui-
cidality and the negative correlation of decreased beta
1 power with suicidality in MDD patients with suicide
attempts suggested the beta-frequency characteristics as
possible identifiers of suicide risk and facilitators of tran-
sition from suicidal ideation to suicide attempt [63].
Collectively, the available evidence suggests alpha, beta,
and gamma powers as potential contributors to suicidal-
ity in depressed patients. Benschop et al. (2019) found
decreased beta and gamma activity in MDD patients with
suicide attempts compared to other patients, especially
those with a low risk of suicidality [57], while Arikan et al.
(2019) reported higher power of the high-gamma band
in patients with suicide attempts at certain brain regions
[56]. However, the study by Jiang et al. (2023) found a
significant decrease in low beta power after a suicide
attempt compared to non-attempters, especially those
with suicidal ideation [63]. Although delta to beta power
were not significantly different between patients with sui-
cide attempts and healthy subjects in the study by Graae
et al. (1996) [55], Iznak et al. (2021) observed a wider dis-
tribution of the mid-frequency alpha band in some brain
regions with higher spectral power in patients with sui-
cide attempts compared to non-suicidal patients [59].
Despite these variations, the majority of these studies
show differences between patients with suicide attempts
and other groups of MDD patients and healthy subjects
in beta and gamma frequencies. These discrepancies may
arise from differences in signal processing. The reported
studies have selected different regions of interest. In two
studies power has been calculated for every single elec-
trode [56, 59], while in two other studies brain regions
composed of different electrodes have been defined [57,
63], and one study calculated averaged power over all
electrodes [55]. Variations in defined frequency bands
reported in these studies may be another source of dis-
crepancy. Arikan et al. (2019) [56] and Jiang et la. (2023)
[63] defined several sub-bands for beta and gamma fre-
quencies, while Benschop et al. (2019) investigated EEG
power upon a continuous frequency spectrum ranging
from 2-100 Hz [57]. Further, two studies reported power
in the delta to beta frequency range with different sub-
bands and took the gamma band into account [55, 59].
The number of patients, ranging from 16 to 530, in dif-
ferent studies may also have a role in various results. In
addition, age-related changes in brain oscillations must
also be considered. EEG studies have shown a linear
increase in alpha power during maturation followed by a
decrease with physiological aging [71]. Further, evidence



Shamsi et al. BMC Psychiatry (2025) 25:24

shows an increasing trend in beta power but a slightly
decreasing trend in delta and theta power with age [72].
Recruiting participants ranging from 18-85 years old
in large-sample studies without age-match comparison
might have influenced their results. Combining these
factors may somehow justify different results in various
studies. Altogether, higher frequencies, especially beta
and gamma frequencies, sound to be worth investigating
in future studies on suicide attempts in MDD patients.

The role of power spectral analysis in suicidal ideation
has been considered in five studies. Like patients with
suicide attempts, the patients with suicidal ideation also
differed in the beta and gamma power from the non-sui-
cidal patients and/or healthy subjects in two studies [56,
57]. However, the study by Krepel et al. (2021) failed to
find any significant difference at the gamma frequency
band between patients with suicidal ideation and low-
risk patients [60].

Some studies have evaluated resting-state EEG-based
power spectral density in depressive patients with sui-
cidal ideation and suicide attempts compared to non-
suicidal patients and healthy subjects. The results of
these studies recruiting both genders at different ages
suggest that suicidality, especially in the form of a sui-
cide attempt, may be associated with changes in spectral
power in fast frequencies, particularly the gamma band.
However, further research considering the same popula-
tion with age and gender match comparisons is required
to support previous findings.

EEG-based brain connectivity and suicidal thoughts

and behaviors in depression

The possible contribution of brain connectivity to sui-
cidal thoughts and behaviors in depressed patients was
considered in four studies, two with high quality [59, 62]
and two with moderate quality [64, 65].

Two studies reported EEG coherence, which meas-
ures synchrony of neural oscillations across different
brain regions, as a measure of brain connectivity [59, 64].
Iznak et al. (2021) found higher coherence in theta and
alpha frequency bands in female adolescents with suicide
attempts compared to those with non-suicidal behavior,
especially in fronto-centro-temporal regions [59]. These
findings were somehow supported by reports of Ozger
et al. (2023) who found increased delta, alpha, and beta
intra-hemispheric coherence at the frontal brain region
of patients with suicide attempts compared to those with
suicidal ideation. However, compared to healthy subjects,
patients with suicide attempts had significantly lower
theta to beta coherence over the right temporoparietal
region [64].

Further, evaluating EEG-based functional connectiv-
ity within the alpha frequency range by Bankwitz et al.
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(2023) has shown a significant increase in nonlinear func-
tional connectivity mostly in right-hemispheric posterior
brain regions in MDD patients with suicide attempt com-
pared to matched healthy subjects [62]. A finding that
might be suggestive of impaired down-regulation of brain
arousal in MDD patients.

Possible alteration in brain network connectivity in
MDD patients with suicidal ideation was assessed using
microstate analysis in the study by He et al. [65]. The
results showed increased occurrence in a microstate
associated with neural activity in the key brain regions
involved in auditory processing in MDD patients with
suicidal ideation compared to healthy controls, suggest-
ing possible abnormal auditory processing in this popu-
lation. However, non-suicidal patients showed increased
occurrence of a microstate associated with brain regions
involved in visual processes contributing to self-reflec-
tion and autobiographical memory compared to those
with suicidal ideation and healthy controls [65].

Collectively, the association of EEG-based functional
connectivity with suicidal thoughts and behaviors in
depressed patients has been considered in a few studies
using different measures of connectivity. Although one
study showed decreased alpha coherence over the right
temporoparietal region in suicide attempters compared
to the healthy subjects [64], alpha frequency range con-
nectivity analysis showed increased connectivity in the
same brain regions [62]. The method of connectivity
measures might have resulted in this discrepancy. There
is accumulating evidence in the literature indicating the
role of the right temporoparietal junction in social cogni-
tion [73, 74]. On the other hand, depressed patients with
suicide attempts have shown impairment in some aspects
of social cognition compared to healthy subjects [75].
Accordingly, decreased EEG coherence over the right
temporoparietal brain region in patients with suicide
attempts might be due to impaired social cognition in
these patients. Suicidal thoughts and behaviors in these
people may be due to their insufficient capacity to regu-
late perceived social stress [76].

EEG coherence analyses have shown increased coher-
ence at different frequency bands in patients with
suicide attempts compared to patients with suicidal
ideation or non-suicidal behaviors. In this regard, Chen
et al. (2021) also found increased functional connec-
tivity over the right prefrontal cortex in patients with
a suicide attempt compared to patients with non-sui-
cidal behaviors in resting-state fMRI [77]. Since the
frontal cortex consists of brain structures contributing
to regulation of behavioral impulsivity and response
inhibition, alteration of neural circuitry in this brain
area may be associated with a higher vulnerability to
suicidal behavior [78]. Further, increased occurrence
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of a microstate contributing to auditory processing in
patients with suicidal ideation is somehow in line with
increased functional connectivity mostly in posterior
brain regions in MDD patients with suicide attempts,
findings that suggest brain connectivity as a possible
biomarker of suicidality in depressed patients. How-
ever, further high-quality studies are required to sup-
port this idea.

Strength and limitation

We comprehensively searched five databases to explore
the possible links between resting-state EEG param-
eters and suicidal thoughts and behaviors in depressed
patients. This study is the first systematic review in this
field. However, due to the heterogeneity of the included
studies regarding participants and outcome measures, a
meta-analysis was not performed; instead, we focused on
the comprehensive interpretation of the included stud-
ies. We included studies that recruited both depressed
patients without suicidality and healthy subjects as con-
trol groups. Comparing patients with suicidal ideation
and those with suicide attempts against each control
group separately resulted in at most two studies that had
identical case and control groups, as well as the same
outcome measures, which made a meta-analysis and sub-
group analysis impossible. Another limitation was the
inconsistent definition of frequency bands across differ-
ent studies. Although spectral power was reported as a
primary outcome measure, some studies subdivided fre-
quency bands into multiple sub-bands, complicating the
interpretation of results. In addition, the available studies
have predominantly focused on linear analyses, includ-
ing amplitude and frequency analyses, while the human
brain functions as a non-linear system. Therefore, we
highly recommend incorporating non-linear analyses,
such as entropy measures that quantify the degree of
randomness in the EEG signal, in future research. Fur-
thermore, we included only papers published in English;
however, relevant research may exist in other languages,
and excluding these studies could lead to a biased and
incomplete understanding of the evidence.

Implication for the future

According to our results, using some EEG parameters
like power analysis in fast frequency bands and brain
connectivity analyses sounds promising in the study of
suicidal thoughts and behaviors in depressed patients.
However, because of the small number of studies and
high clinical and methodological heterogeneity in the
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included studies, future high-quality studies with large
sample sizes are required to provide more information in
this field. Considering both linear and non-linear analy-
ses in future research shed light on the applicability of
EEG parameters as possible biomarkers of suicidality in
depressed patients.

Conclusion

This review did not find definitive evidence linking
EEG parameters to suicidal thoughts and behaviors in
depressed patients, because of the limited number
of studies with clinical and methodological variabil-
ity. However, the findings from the included studies
indicate that EEG signals in individuals with suicidal
ideation or suicide attempts may differ from those of
patients at low risk for suicidality or healthy controls.
The existing literature suggests that connectivity meas-
ures may serve as more promising indicators than
spectral power and EEG asymmetry. However, future
research with more standardized clinical and methodo-
logical approaches is essential to further elucidate the
potential of EEG analysis in assessing suicidal thoughts
and behaviors among depressed patients.
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