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Abstract
Backgrounds: More than half of the patients with bipolar disorder (BD) had depressive episodes at the onset of BD. Despite
some suggested clinical predictors, there are no certain criteria for predicting which unipolar depression patient switch to manic
episodes during the treatment course. Electrophysiological markers can address this issue.
Methods: Pretreatment quantitative electroencephalography (qEEG) records of patients diagnosed with major depressive dis-
order (MDD) or BD at the first visit were included in the study. Patients with MDD were also grouped with manic switch (MS)
or MDD based on the diagnosis of later visits. The qEEG spectral power was analyzed across 3 groups, that is, MS, MDD, and BD.
Results: Compared to patients whose diagnosis did not change, patients with MS had accelerated high-frequency activities pre-
dominantly in the left hemisphere (central-parietal-occipital regions). In contrast, they showed increased slow wave activity pre-
dominantly in the right hemisphere (parietal-occipital regions).
Conclusion: It can be concluded that searching for electrophysiological markers, which have distinct advantages of repeatability,
noninvasiveness, and cost-effectiveness, can facilitate the prediction of the MS.
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Introduction

Bipolar disorder (BD), previously known as manic-depressive
disorder, is presented as mood swings changing from a manic
episode to a depressive episode or vice versa. The pathophysi-
ology of BD is complex, and the loss of years due to disability
constitutes a significant burden.1

The lifetime prevalence of BD is 1.02%, higher in Western
countries.2 The apparent sign of the typical BD is a manic or
hypomanic mood characterized by a marked period of abnor-
mal and persistently elevated mood, increased goal activity,
flight of ideas, psychomotor agitation, and inflated self-esteem.
In contrast, the depressive episode shows itself on the opposite
end, namely, depressed mood, indecisiveness, recurrent
thoughts, and feelings of worthlessness.3 In addition, the
onset of BD often begins with a depressive episode which
lasts longer than the manic episode.4

Clinical Factors

Despite bipolar depressive episodes being like unipolar depres-
sive episodes, that is, the same diagnostic criteria in DSM-V,
studies provide some clinical differences in symptoms,
course, and family history that can differentiate bipolar depres-
sion from unipolar depression, such as irritable moods during

antidepressant treatment, frequent suicide attempts, atypical
depressive symptoms,5 psychotic and melancholic symptoms,6

diurnal mood variation in depressive episodes,7 early age of
onset,8 and more frequent family history of BD.9

Brain Structural and Functional Difference

Given that depression and mania have reverse symptomatol-
ogy, patients with BD and major depressive disorder (MDD)
are expected to manifest distinct brain morphology and activity,
especially in primary brain regions of emotion regulation,10

psychomotor activity,11 decision-making, risk evaluation,12

self-representation,13 and most importantly brain circuitry of
thought processes, that is, anterior cingulate, dorsolateral pre-
frontal cortex, orbitofrontal cortex, and amygdala.3,14

Neuroimaging techniques such as magnetic resonance
imaging (MRI), functional MRI (fMRI), quantitative electroen-
cephalography (qEEG), event-related potentials (ERP), and
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standardized low-resolution brain electromagnetic tomography
(sLORETA) are utilized for comparing morphological and
functional differences between MDD and BD.

MRI and fMRI

A large MRI study meta-analysis comparing BD, MDD, and
healthy controls (HCs) found that patients with MDD and BD
had decreased gray matter volumes (GMW) in the medial pre-
frontal cortex (MPFC), anterior cingulate cortex, and bilateral
insula compared to controls. However, only patients with
MDD had reduced GMW in the right dorsolateral prefrontal
cortex and left hippocampus compared to HCs.15 A comprehen-
sive review of fMRI also found functional commonalities in the
bilateral insula, MPFC, and the left cerebellum for BD and
MDD. In contrast, distinct activity is observed in limbic and
occipital regions.16

Quantitative EEG

Unlike other neuroimaging techniques, qEEG is preferred since
it is more affordable, user-friendly, convenient for routine use,
and has a high temporal resolution. On the other hand, it neces-
sitates large samples due to a poor signal-noise ratio.17

The qEEG studies report that patients with MDD have a
more randomized structure than healthy controls.18 In contrast,
patients with BD had reduced alpha frequency synchronization
at frontocentral and centroparietal connections.19 In addition, a
comparative study provided different findings in that both
patients with MDD and BD differed in functional networks in
high beta band compared to HCs at the global level.20 At the
nodal level, patients with BD had altered functional networks
in high beta at the right precuneus, left cingulate, and left supe-
rior frontal area, while patients with MDD only differed at the
right precuneus.20

Finally, another resting-state study reported these diagnostic
groups did not differ in absolute power and frontal asymmetry.
Yet compared to patients with MDD, patients with BD have
increased central, temporal theta, and parietotemporal coher-
ence. The groups also differed in right theta cordance.21

Event-Related Potential

Event-related potential (ERP) studies also shed light on the differ-
ence between bipolar and unipolar depression. Several pieces of
evidence reveal patients with BD had less gamma power than
patients with HCs22 andMDD23 during auditory evoked potential
tasks. During emotional tasks, patients with BD also manifested
greater gamma power in the left posterior temporal, anterior
medial parietal, and right temporal-parietal regions compared to
the MDD,24 but both groups had reduced frontal gamma activity
compared to HCs.25 In addition, more alpha-beta activities in the
frontal, parietal, and occipital regions were seen in BD, while
increased gamma activity in bilateral temporal areas is observed
in MDD.25

Machine Learning Techniques

A machine learning study tested MRI data and found that
patients with BD had reduced GMW than MDD in the follow-
ing regions; right hippocampus, amygdala, parahippocampus,
fusiform gyrus, insula, Rolandic-frontal operculum, and
cerebellum.26

As for qEEG data, a study identified patients with BD and
MDD by machine learning approach. The extracted features
differentiating the patients were mainly in the frontal and pari-
etal cortex.27

Discrimination of Manic and Depressive Episodes

Aside from the classification of MDD and BD, qEEG can also
be utilized in differentiating manic and depressive episodes of
patients with BD. An early study stated that manic episodes
were characterized by decreased alpha power in left frontotem-
poral electrodes, whereas unipolar depression is presented with
reduced alpha power in right frontotemporal electrodes.28

Another study concluded that patients with BD show less pre-
frontal and temporal theta activities in manic episode than in
depressive episodes.3 Also, apparent prefrontal and parietal
beta-2 and beta-3 b and activities were seen in manic episodes.3

As for patients with euthymic BD, an increase in delta, theta,
alpha, and beta activities is observed and not affected by the
duration of illness and medication use.29 However, another
study associates euthymic medication-free patients with
reduced alpha activity.30

Regarding ERP studies of manic and depressive episodes, it
has been seen that patients with manic BD have reduced gamma
coherence,31 especially in the right frontotemporal area.32 In
contrast, euthymic patients altered gamma coherence in the
bilateral frontotemporal area compared to controls.33

The First Manic Switch

High rates of depressive episodes, which subtly differ from uni-
polar depressive episodes, complicate accurate diagnosis, and
appropriate treatment plans.34 A meta-analysis shows that
15% of patients diagnosed with unipolar depression may
have unrecognized BD.2 Longitudinal studies observing
patients with major depression for more than 5 years report
that approximately 5% to 10% of the patients showed the first
manic episodes after depressive episodes.35 However, the diag-
nosis of depressive patients can change after many long years.36

The risk factors of MS in BD are crucial for appropriate
diagnosis and treatment plans. The most frequent triggers for
a manic episode as antidepressant treatment, mostly tricyclic
antidepressants, transcranial magnetic stimulation (TMS) and
deep brain stimulation, seasonal changes, hormonal imbalance,
use of energy drinks acetyl-L-carnitine, biological rhythm
changes such as sleep deprivation and fasting, whereas stressful
life events were found to be contradictory factors for a manic
episode.37 The neurobiological underpinnings of the MS are
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reported as altered catecholamine levels resulting in abnormal
monoaminergic activity, upregulation of neuroplastic and neu-
rotrophic factors, hypothalamic-pituitary-adrenal axis hyperac-
tivity, and increased locus coeruleus firing rate at rapid eye
movement period with sleep deprivation.38

Although some potential clinical risk factors of the manic
shift are proposed in the literature, there are no criteria for pre-
dicting which unipolar depression patients switch to manic epi-
sodes during treatment. The present retrospective study aims to
explore any electrophysiological markers that can differentiate
depressive patients that would switch into manic episodes from
both patients with BD and MDD whose diagnosis did not
change over treatment.

Methods

The study was performed in accordance with the Declaration of
Helsinki and the International Conference on Harmonization/
Good Clinical Practice Guidelines. All participants gave
written informed consent, and the local ethics committee
approved the study.

Subjects

The present study screened electronic records of patients con-
sulted at a private psychiatry clinic between 2012 and 2021.
We have enrolled 114 patients among 2448 patients diagnosed
with MDD or BD based on the following criteria:

1. Aged between 18 and 65 years,
2. Made at least 2 visits,
3. qEEG recording at the first visit,
4. For patients with MDD, Hamilton Depression Rating

Scale-17 (HDRS-17)39 at both visits,
5. For patients with BD, Young Mania Rating Scale

(YMRS)40 at both visits, and
6. For patients with MS, HDSR-17 at the first visit and

YMRS scale at the next visit.

Totally, 47 patients with BD with manic episodes, 14 patients
with MDD who switched to manic episodes at later visits,
and 53 patients with MDD with no manic/hypomanic episodes
were determined retrospectively from the psychiatry clinic
database.

The same professional psychiatrist diagnosed all the partic-
ipants at the first visit. The diagnosis of MDD and BD was
made according to the DSM-V.41 Patients with organic or neu-
rological disorders such as epilepsy, head injury, dementia, and
mental retardation were excluded from the analysis. Also, psy-
chiatric comorbidities, including personality disorders, were
excluded. For bipolar samples, patients only with manic epi-
sodes were included. Mixed episodes are excluded.

The patients with MDD whose diagnosis changed into BD at
the subsequent visits were categorized as the MS, the rest of the
patients whose diagnosis remained same were categorized as

MDD or BD. The duration between the 2 visits was approxi-
mately 5 weeks. The diagnostic groups include patients with
both first episode and recurrent MDD and BD. The duration
of the disorders was approximately 8 years. Some patients
were drug free, yet the diagnostic groups were homogenous
for drug use. Besides, the groups were homogenous for
alcohol, cigarette, and substance use. Patients were no more
than social drinkers and none of them was diagnosed with an
addiction to alcohol, cigarette, and substance, and caffeine.
Information for the period between two visits, duration of
illness, proportion of drug use, alcohol, cigarette, and substance
use was summarized in Table 1. The details regarding medica-
tion use and doses are indicated in Table 2.

Clinical Measures

In addition to the semistructured psychiatric interview and
appropriate diagnoses made according to DSM-V, the severity
of depressive and manic symptoms was evaluated through
HDRS-17 or YMRS.

HDRS was developed by Hamilton to measure depression
severity.39 In the semistructured interview, the clinician ques-
tions the symptoms of depression experienced in the last
week. Although there are various versions, the 17-point
version was used in the study. The highest score is 53, indicat-
ing severe depression with 29 and above, moderate depression
in the 16 to 28 area, mild depression from 8 to 15, and no clin-
ical depression from 0 to 7.42

YMRS was developed by Young et al40 to assess the
severity of manic symptoms. The scale consists of 11 items.
In a semistructured clinical interview, the clinician questions
the past 48h status of the patient. The total YMRS score
varies between 0 and 60. YMRS scores are categorized as
follows: remission (0-12), minimal symptoms (13-19), mild
symptoms (20-25), moderate symptoms (26-37), and severe
symptoms (38-60).40

qEEG Recording Procedure

A 19-channel (FP1, F7, T3, T5, F3, C3, P3, O1, Fz, Cz, Pz, F4,
C4, P4, O2, FP2, F8, T4, and T6) electro-cap was used to record
resting-state qEEG recordings. The Ag-AgCl disc electrodes
were used for reference and placed on earlobes using EEG
paste and ear clips. FPz position was selected for ground elec-
trodes. To decrease impedance, the electroconductive gel was
injected onto the scalp through blunt-type dispensing fill
needles. All impedances were kept below <5 kohm.

Recordings were obtained in a silent, well-ventilated room
with dim light. All the patients were informed about the
qEEG process before the recordings. Patients were required
to sit still awake and closed-eyed state minimum eye blinks.
Approximately 7 min recordings were acquired in resting-state
condition (3 min background recording, 30 s open-eyes condi-
tion, and 3.30 min closed-eyed condition).
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Table 1. Descriptive Statistics and Group Comparisons on Demographic and Clinical Variables.

Demographics Diagnostic groups N M SD P*

Gender MS Female 10 N/A N/A .107a

Male 4
Total 14

MDD Female 28
Male 25
Total 53

BD Female 19
Male 28
Total 47

Total Female 57
Male 57

Age MS 14 37.28 11.09 .965b

MDD 53 38.39 13.02
BD 47 39.55 15.73

Total 114 38.73 13.91

HDRS-17 baseline MS 14 26.33 13.11 .458c

MDD 53 22.41 9.70
BD 47 1.74 10.10

Total 114 30.19 11.40

HDRS-17 second visit MS 14 4.69 6.04 .308b

MDD 53 2.61 4.12
BD 47 1.75 2.21

Total 114 3.66 5.24

YMRS baseline (for BD group only) MS 1 6.00 N/A N/A
MDD 4 1.00 2.00
BD 47 13.53 8.69

Total 52d 12.42 11.00

YMRS second visit (for MS and BD group) MS 14 9.35 5.07 .001c

MDD 4 4.50 5.15
BD 47 4.15 5.07

Total 65

Duration of illness (years) MS 14 6.50 3.41 .634b

MDD 53 8.45 9.19
BD 47 9.11 9.17

Total 114 8.65 8.92

Duration between 2 visits (weeks) MS 14 4.21 2.48 .097b

MDD 53 6.38 6.30
BD 47 5.24 7.44

Total 114 5.64 6.47

Drug free MS Yes 1 N/A N/A .213a

No 3
MDD Yes 14

No 22
BD Yes 7

No 28

Missing 39

(continued)
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The qEEG recordings were obtained via the
Neuron-Spectrum 4/P device.43 EEG data were sampled at
500 Hz; the signals were band-passed filtered at 0.15 to 70 Hz
and notch filtered at 50 Hz. The data were recorded at
European Data Format and transferred to Neuroguide Deluxe
program44 for artifact elimination and power spectra analysis.
All the recorded qEEG data were inspected to eliminate
muscle, eyeblink, and electrode popping artifacts. Artifacts
weremanually eliminated offline by a specialist trained by a neu-
rologist at a neuropsychiatry clinic. At least 3 min artifact-free
data were analyzed. Fast Fourier transformation was applied.
Data were averaged across the recording epochs (2 s) for each
electrode. Average absolute power was calculated for each of
the following bands: delta (1-4 Hz), theta (4-7 Hz), alpha
(8-12 Hz), alpha-1 (8-10 Hz), alpha-2 (10-12 Hz), beta
(12-25 Hz), beta-1 (12-15 Hz), beta-2 (15-18 Hz), beta-3
(18-25 Hz), high beta (25-30 Hz), gamma (30-50 Hz),
gamma-1 (30-35 Hz), gamma-2 (35-40 Hz), and high gamma
(40-50 Hz).

Statistical Analysis

All the statistical analyses were conducted in SPSS (version
25). The statistical tests were performed between 3 groups,
namely, MS, MDD, and BD. The normality was checked for
all continuous variables, that is, age, HDRS-17, and YMRS
at both visits, duration between 2 visits, duration of illness,
and qEEG absolute powers. The distribution was not normal
for these variables. The chi-square test was selected to check
the distribution of categorical variables, that is, gender, drug
use, cigarette, alcohol, and substance use differences across 3
groups. For clinical scales, depression severity was controlled
between MDD and MS groups at the first visit, while YMRS
scores were checked at the second visit between BD and MS
groups; for these analyses, the Mann-Whitney U test was
used. The significance level was set at <0.05 for these analyses.
qEEG absolute powers were analyzed via the nonparametric
Kruskal-Wallis test. It was an exploratory analysis.
Bonferroni correction was applied to Kruskal-Wallis to cancel

Table 1. (continued)

Demographics Diagnostic groups N M SD P*

Total 75

Smoking MS Yes 9 N/A N/A .164a

No 4
MDD Yes 33

No 19
BD Yes 20

No 23

Missing 6
Total 108

Alcohol MS Yes 5 N/A N/A .882a

No 8
MDD Yes 24

No 28
BD Yes 19

No 24

Missing 6
Total 108

Substance MS Yes 2 N/A N/A .172a

No 11
MDD Yes 2

No 50
BD Yes 6

No 37

Missing 6
Total 108

aPearson chi-square test result.
bIndependent sample Kruskall-Wallis test result.
cMann-Whitney U test result.
dThe baseline YMRS scores of MS and MDD patients are missing as they were diagnosed with unipolar depression at the first visit.
* P< .001.
Abbreviations: BD, bipolar disorder; HDRS-17, Hamilton Depression Rating Scale-17; MDD, major depressive disorder; MS, manic switch; N/A, not available;
YMRS, Young Mania Rating Scale.
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out the irrelevant results due to multiple comparisons.
Therefore, the significance level was set at <0.0166. Finally,
the pairwise Kruskal-Wallis post hoc test was applied to the sig-
nificant electrode-EEG band pairs. The significance level was
set at <0.05 for the post hoc analyses.

Results

Continuous Variables

Independent sample Kruskal-Wallis test showed that the groups
did not differ in age (P= .965), HDRS-17 at the second visit
(P= .308), duration of illness (P= .634), duration between 2
visits (P= .097) (Table 1).

Categorical Variables

Pearson chi-square test indicated that the groups were homog-
enous for gender (P= .107), drug-free state (P= .213), smoking
(P= .164), alcohol use (P= .882), and substance use (P= .172)
(Table 1).

Depressive Symptoms at First Visit

Mann-Whitney U test showed that the severity of depressive
symptoms at first did not differ between MDD and MS (P=
.458). The BD group was not included in this analysis since
this group was in manic episodes. (Table 1).

Manic Symptoms at Second Visit

Mann-Whitney U test showed that the severity of manic symp-
toms at the second visit differed between treated BD group and
patients switched to manic episode MS (P= .001). The MDD
group was not included in this analysis since they were in
depressive episodes (Table 1).

qEEG Absolute Power Analysis Between Groups

During qEEG recordings, patients with MDD and MS were in
depressive episodes, while patients with BD were in manic epi-
sodes. Kruskal-Wallis test with Bonferroni correction showed
group differences for 17-electrode band pairs (P< .0166)
(Table 3). In addition, Kruskal-Wallis pairwise comparison
indicated the difference between groups (P< .05) (Table 4).
These results can be grouped into four categories.

(a) MS group had higher absolute power than only the
MDD group (MS>MDD): Cz Gamma and Cz
Gamma-2 (Table 4).

(b) Both MS and BD groups had higher absolute power than
the MDD group (MS>MDD, BD>MDD): Cz
Gamma-1, P4 Delta, O1 Delta, O1 High Beta, O2
High Beta, T5 Delta, T6 Delta (Table 4).

(c) MS group had higher absolute power than both MDD
and BD groups (MS>MDD, MS>BDD): Pz Gamma,
P3 Gamma-2, O1 Gamma, O1 Gamma-1, O1
Gamma-2, T5 Gamma-2 (Table 4).

(d) MS group had higher absolute power than BD, which in
turn had higher power than MDD groups (MS>BD>
MDD): O2 Delta and O2 Theta (Table 4).

Discussion

The present study investigated differential electrophysiological
markers of depressed patients who switched to manic episodes
and patients whose diagnoses did not change. We found that
patients with MS had accelerated high-frequency activities pre-
dominantly in the left posterior hemisphere (ie, central-parietal-
occipital regions). In contrast, they showed increased slow wave
activity predominantly in the right posterior hemisphere (ie,
parietal-occipital regions).

In the literature, qEEG-based studies generally use task-
based paradigms.22–25,30–33 For instance, Velasques et al used
a prosaccade attention task for patients with manic BD and
HCs. They observed that patients with BD have reduced
gamma coherence compared to controls.31 Özerdem et al32

investigated patients with manic BD during the visual oddball
paradigm. They found that patients with mania also have
impaired gamma coherence but only in the right frontotemporal
area,32 which is reduced compared to HCs.

Further, recent studies find meaningful results on the other
qEEG measures such as synchronization,19 functional cortical
networks,18,20 cordance,21 and coherence,21 or they report

Table 2. Medication and Dose Information.

Medications N

Dose (mg)

Minimum Maximum

Antidepressants
Paroxetine 57 10 100
Fluoxetine 8 20 40
Duloxetine 11 30 60
Venlafaxine 3 150 150
Citalopram 2 20 20
Escitalopram 9 100 100
Trazodone 3 50 50
Mood Stabilizers
Lamotrigine 18 100 500
Lithium 26 300 900
Valproic acid 5 500 100
Antipsychotics
Olanzapine 12 3 20
Risperidone 9 1 8
Aripiprazole 21 5 15
Quetiapine 7 13 200
Benzodiazepines
Lorazepam 8 0.5 5
Anticholinergic agents
Biperiden 16 2 2
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qEEG activity discrimination based on machine learning tech-
niques.26,27 These studies revealed that both patients with
MDD and BD had abnormalities in functional cortical net-
works; however, they show comparable distinctions which
machine learning techniques can detect.

As for absolute power in resting-state qEEG, an earlier
review reported that patients with BD with psychosis had
higher theta and delta45 and decreased alpha powers at bilateral
central regions compared to HCs.46 Besides, this abnormality is
also seen in euthymic bipolar patients in that they had higher
delta, theta, alpha, and beta activity in the visuospatial area
than HCs, irrespective of medication status.29

Between episodic switches, patients with BD also show
functional distinct activity. An earlier longitudinal study indi-
cates that patients with BD show opposite asymmetric electro-
physiological patterns depending on mood state.47 Also,
another early study revealed left occipital alpha dominance.28

In our study, no findings were found for alpha frequency;
however, the abovementioned findings are the results of com-
parison with HCs, not MDDs. Secondly, these studies investi-
gated patients who were already diagnosed with BD.
Regarding switching from hypomania to mania, one resting-
state qEEG study longitudinally followed patients with
bipolar II to switch into bipolar I and found elevated left
alpha asymmetry as a predictor of switching hypomania to
mania.48 Another qEEG study compared patients with BD in
depressive or manic episodes longitudinally and cross-
sectionally.3 Our results coincide with this study3 in that
patients with BD in manic episodes have more high-frequency
activities at parietal regions than patients with MDD.

One interesting finding is that the patients with MS had
increased fast activity, primarily in gamma bands. Previous
studies revealed that the qEEG gamma band could differentiate
patients with BD and MDD in tasked-based paradigms. A
review of qEEG gamma oscillations on mood disorders49

states that gamma oscillations differentiate MDD from HCs,
discriminate BD from MDD, and even distinguish bipolar
depression from unipolar depression. However, these studies
found gamma activity differences between these diagnostic
groups through evoked potentials tasks rather than resting-state
qEEG.49 It should be noted that resting-state or task-based
gamma may signal distinct conclusions.

As for MDD, our nonswitching depression group showed
the least gamma power in the overall cortex. In line with our
result, an sLORETA study revealed that resting-state gamma
power was reduced in patients with MDD, particularly in ante-
rior cingulate regions,50 and increased after recovery with TMS
treatment.51 It could be noted that gamma power is more likely
to be a state marker for MDD, while for BD, studies report con-
trary results.49 Future studies could target the gamma power
change in BD and MDD after recovery. In our present research,
both the MS group in depressive episodes and the BD group in
manic episodes have more gamma power in central, parietal,

Table 3. The qEEG Absolute Powers of Patients Differed Among
Diagnostic Groups.

qEEG bands
(absolute power)

Diagnosis
(N= 114)

Kruskal-Wallis
(P)

Cz Gamma MS .010
MDD
BD

Cz Gamma-1 MS .012
MDD
BD

Cz Gamma-2 MS .012
MDD
BD

P3 Gamma-2 MS .006
MDD
BD

P4 Delta MS .004
MDD
BD

Pz Gamma MS .014
MDD
BD

O1 Delta MS .004
MDD
BD

O1 High Beta MS .009
MDD
BD

O1 Gamma MS .001
MDD
BD

O1 Gamma-1 MS .002
MDD
BD

O1 Gamma-2 MS .001
MDD
BD

O2 Delta MS .001
MDD
BD

O2 Theta MS .001
MDD
BD

O2 High Beta MS .007
MDD
BD

T5 Delta MS .003
MDD
BD

T5 Gamma-2 MS .007
MDD
BD

T6 Delta MS .001
MDD
BD

Abbreviations: BD, bipolar disorder; MDD, major depressive disorder;
MS, manic switch; qEEG, quantitative electroencephalography.
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Table 4. Post Hoc Test Results Among Three Groups; Patients With MDD, BD, and MS.

qEEG bands (absolute power) Diagnosis (N= 114)

Kruskal-Wallis pairwise (P*)

Median (IQR) MS-MDD MDD-BD BD-MS

MS>MDD
Cz Gamma MS 0.53 (0.37-0.70) 0.017 0.120 0.511

MDD 0.35 (0.29-0.48)
BD 0.45 (0.31-0.58)

Cz Gamma-2 MS 0.13 (0.06-0.24) 0.004 0.100 0.080
MDD 0.06 (0.04-0.09)
BD 0.07 (0.05-0.10)

MS>MDD, BD>MDD
Cz Gamma-1 MS 0.45 (0.32-0.55) 0.009 0.030 0.256

MDD 0.31 (0.25-0.41)
BD 0.40 (0.29-0.54)

P4 Delta MS 3.35 (2.87-4.02) 0.002 0.028 0.111
MDD 2.76 (2.58-3.10)
BD 3.05 (2.60-3.38)

O1 Delta MS 3.10 (2.79-3.71) 0.016 0.004 0.641
MDD 2.78 (2.44-3.03)
BD 3.01 (2.78-3.57)

O1 High Beta MS 0.91 (0.76-1.20) 0.006 0.030 0.200
MDD 0.70 (0.51-0.87)
BD 0.81 (0.60-0.96)

O2 High Beta MS 0.97 (0.71-1.38) 0.006 0.023 0.216
MDD 0.68 (0.57-0.85)
BD 0.81 (0.65-1.08)

T5 Delta MS 3.15 (2.78-4.20) 0.001 0.045 0.060
MDD 2.55 (2.25-2.95)
BD 2.73 (2.37-3.35)

T6 Delta MS 3.24 (3.28-3.78) 0.008 0.001 0.612
MDD 2.54 (2.22-2.89)
BD 2.96 (2.41-3.32)

MS>MDD, MS>BD
Pz Gamma MS 0.51 (0.35-0.83) 0.004 0.186 0.048

MDD 0.35 (0.27-0.43)
BD 0.38 (0.28-0.50)

P3 Gamma-2 MS 0.18 (0.06-0.30) 0.002 0.293 0.015
MDD 0.05 (0.04-0.09)
BD 0.07 (0.05-0.09)

O1 Gamma MS 0.63 (0.49-0.94) 0.000* 0.071 0.020
MDD 0.34 (0.27-0.50)
BD 0.40 (0.31-0.58)

O1 Gamma-1 MS 0.49 (0.40-0.80) 0.001 0.083 0.027
MDD 0.30 (0.23-0.42)
BD 0.34 (0.26-0.52)

O1 Gamma-2 MS 0.19 (0.10-0.32) 0.000* 0.096 0.007
MDD 0.06 (0.05-0.11)
BD 0.08 (0.05-0.13)

T5 Gamma-2 MS 0.13 (0.67-0.18) 0.002 0.269 0.018
MDD 0.06 (0.04-0.09)
BD 0.06 (0.04-0.12)

MS>BD>MDD
O2 Delta MS 3.54 (3.17-3.97) 0.000* 0.018 0.042

MDD 2.83 (2.49-3.12)
BD 3.14 (2.61-3.57)

(continued)
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and occipital regions than MDD. Given that previous studies
report that gamma power may not be a state marker for BD,49

our result implies that gamma power can be a trait marker of
bipolarity even before the first manic episode.

One of the limitations of our study is the need for a control
group. Previous MRI, fMRI, EEG, and ERP studies indicate
that patients with BD and MDD differ from each other and
HCs.15,20,22,25,29,31 Nevertheless, it should be noted that this
comparative study does not focus on differentiating
BD-MDD from HCs but rather on distinguishing depressive
patients who will switch to their first manic episode within
MDD populations. Therefore, “nonswitching MDD patients”
as a control group is more appropriate than “the healthy
control” group as in other studies of clinical predictors of
patients with BD.8,9

Another point is the small sample size of the MS group, yet
the rate of patients with MDD who switched to the manic
episode is already low, so the rate of the MS in our study is con-
cordant with reported rates.35 Nevertheless, the results should
be interpreted as preliminary for clinical relevance as the
sample size is modest. Another limitation of our study is that
some patients were not drug free; some used alcohol, some
were smokers, and some used substances that may confound
the resting state of brain activity. However, the proportion of
medication, alcohol, cigarette, and substance use is the same
across groups. Thus, the difference between groups in qEEG
activity can be reliable. Finally, we could not compare the
results with drug-free patients. Hence, we cannot be sure that
antidepressants triggered the MS or the MS occured in the
typical course of the disease. On the other hand, the treatment
of the patients with MDD is the same in the MS group.
Therefore, it could be argued that a distinct electrophysiological
characteristic is present in patients with MS not explained by
antidepressant use only. Moreover, although it has been classi-
fied differently before, antidepressant treatment-related mania
has been considered an episode of BD in DSM-V.41

Therefore, the exact reason of manic switch could be negligible
in the present research.

Treatment-related MS constitutes an ethical debate in psy-
chiatry. Our findings prove that routine electrophysiological
measurement can facilitate the prediction of the MS, hence
having an ethical significance. Quantitative electroencephalog-
raphy is an objective, affordable, and convenient neuroimaging
method for routine use in psychiatry. To prevent malpractice in

BD, we suggest that qEEG be considered for psychiatric
patients.

Historically our study is the first to use resting-state qEEG in
predicting the first MS. Our results imply that it might be pos-
sible to concentrate on preventing BD just before the outbreaks
happen. Since psychiatry is relatively limited in preventive
medicine, this electrophysiological pattern should be consid-
ered seriously. Whether the electrophysiological marker
found in this study will normalize with treatment is the topic
of future research.
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