") Check for updates

EEG Alpha Band Characteristics

in Patients with a Depressive Episode
within Recurrent and Bipolar
Depression

doi: 10.17816/CP6140
Original research

Nikolay Bokhan'?, Stanislav Galkin®, Hukonai Boxan'?, Cranucnas Mankuu’,
Svetlana Vasilyeva® CeeTnaHa Bacunbesa'

"Mental Health Research Institute, Tomsk National Research " HUW ncuxuyeckozo 30oposes, PIbEHY «Tomckul
Medical Center of the Russian Academy of Sciences, HAYUOHANbHbIT uccnedosamensckuli MeOUYUHCKUU
Tomsk, Russia yeHmp Poccutickol akademuu HayKk»,

2Siberian State Medical University, Tomsk, Russia Tomck, Poccus

2 Cubupckuli 2ocydapcmeeHHbIl MeQUYUHCKUU

yHusepcumem, Tomck, Poccusi

ABSTRACT

The search for biological markers for the differential diagnosis of recurrent depression and bipolar
depression is an important undertaking in modern psychiatry. Electroencephalography (EEG) is one of the promising
tools in addressing this challenge.

To identify differences in the quantitative characteristics of the electroencephalographic alpha band activity in
patients with a depressive episode within the framework of recurrent depression and bipolar depression.

Two groups of patients (all women) were formed: one consisting of subjects with recurrent depressive
disorder and one with subjects experiencing a current mild/moderate episode (30 patients), and subjects with bipolar
affective disorder or a current episode of mild or moderate depression (30 patients). The groups did not receive
pharmacotherapy and did not differ in their socio-demographic parameters or total score on the Hamilton depression
scale. A baseline electroencephalogram was recorded, and the quantitative characteristics of the alpha band activity
were analyzed, including the absolute spectral power, interhemispheric coherence, and EEG activation.

The patients with recurrent depressive disorder demonstrated statistically significantly lower values of the
average absolute spectral power of the alpha band (z=2.481; p=0.042), as well as less alpha attenuation from eyes closed
to eyes open (z=2.573; p=0.035), as compared with the patients with bipolar affective disorder.

The presented quantitative characteristics of alpha activity are confirmation that patients with affective
disorders of different origins also display distinctive electrophysiological features which can become promising
biomarkers and could help separate bipolar depression from the recurrent type.
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AHHOTALUMA

Mounck 6ronormyecknx Mapkepos Ans anddepeHLmanbHOM ANarHOCTUKA peKyPPEHTHOM 1 6UNONSPHON
Jenpeccum sBAseTcs BaXHOKN 3ajadueli COBpeMEHHON NcMXmMaTpun. dnekTposHuedanorpadus (331) BbICTYNaAET O4HUM
13 NepcnekTUBHbIX MHCTPYMEHTOB A1 peLLeHns AaHHOM 3adaun.

BbISIBUTb pasnnyumsa KONMYeCTBEHHbIX XapaKTepUCTUK anbda-puTMa 31ekTpoaHLedanorpaMmmsl y NaumeHToB
C fenpeccrBHbBIM 3MN3040M B PpaMKax PeKyppeHTHOM 1 BMNONSPHON Aenpeccun.

BblgeneHbl ABe rpynmnbl NauMeHToB (KEHLLMH): C peKyppPeHTHbIM AenpeccBHbLIM PAaCCTPONCTBOM, TEKYLLNIA
3nu304 nerkori/cpegHeit cteneHn Tsaxkecty (30 naumeHToB) 1 ¢ bunonapHbiM addeKTBHBIM PacCTPONCTBOM, TEKYLLIA
3MN304 Nerkon nnv ymepeHHoin genpeccum (30 naumeHToB). pynnbl NaLMeHTOB He noslyyany papmMakoTepanuio 1 He
pa3nn4anmcb Mo coupmanbHo-AeMorpaduryeckM nokasatensM 1 CyMMapHON OLieHKe Mo Lkane Aenpeccum FaMuibToHa.
Mposogunack 3annce GOHOBON 31eKTPo3HLedanorpaMmmel 1 aHaNN3MPOBAIUCE KONUYECTBEHHbIE XapaKTepUCTUKN
anbda-pnTMa: abCoNtoTHaAsA CneKkTpasibHas MOLLHOCTb, MeXMOAYLLapHas KOrepeHTHOCTb 1 peakLms akTUBaLMK.

Y naumeHTOB C peKyppeHTHbIM AenpecCMBHBIM PacCcTPOCTBOM MO CPaBHEHUIO C NauMeHTaMun
c bunonapHbiM addPeKTUBHLIM PacCTPOCTBOM OBHapyXeHbl CTaTUCTUYECKM 3HAUYMMO MeHbLUMe rnokasaTenu
yCpeaHeHHOM abCoNtoTHOW CNeKTpasbHON MOLLHOCTY anbda-putma (z=2,481; p=0,042), a Takke MeHbLUas CTerneHb
Aenpeccun anbda-puTMa Npu OTKPbIBaHWM rnas (z=2,573; p=0,035).

MpeAacTaBneHHble KOMYeCTBEHHbIE XapaKTePUCTUKM anbda-akTUBHOCTN NMOATBEPXKAAOT, UTO 60/bHbIE
¢ apPeKTVBHBLIMY PaCCTPONCTBAMU PA3IMYHOMO reHesa MMeLOT CBOW OT/IMYUTeNbHble 31ekTpodusnonornyeckme
0COBEHHOCTN, KOTOPbIE MOTYT CTaTb NEPCNeKTUBHBLIMU BIOMapKepaMu ANs pasnnyeHns 6UNoNsPHON U peKyppPeHTHO

Aenpeccmn.

INTRODUCTION

Differential diagnosis of recurrent and bipolar depression,
i.e., depressive episodes in recurrent depressive disorder
(RDD) and bipolar affective disorder (BAD), presents
challenges in practice, despite their obvious clinical features
and differences [1, 2]. For example, the clinical guidelines
for the diagnosis and treatment of BAD published by the
Ministry of Health of the Russian Federation in 2021 [3]
state that the diagnostic criteria for a depressive episode
in BAD and RDD do not differ; however, certain signs, such
as an onset at a younger age (as young as 25 years) or in
the postpartum period; acute onset (days or hours) of
symptoms and their rapid resolution; features of atypical
depression with hyperphagia, hypersomnia, inverted
circadian rhythm, etc.; the presence of psychotic symptoms;
a prolonged course of the disease; and low susceptibility
to antidepressant therapy, are more typical of depression
in BAD. However, in clinical practice, the above-mentioned

signs of an atypical depressive episode of BAD remain
undetected in many cases [4, 5]. At the same time,
differentiating between recurrent and bipolar depression
is key in the choice of treatment. In the absence of sure-
fire clinical criteria, the neurobiological characteristics of
depressive conditions may come to play an important
role, although their studies have so far been relatively
disappointing and in some cases even economically
unjustified [6-9].

One of the objectives in clinical neurophysiological
studies is to identify reliable markers that could not only
detect changes in the functioning of the nervous system
in various diseases, but also contribute to an objective
diagnosis of the diseases themselves, including differential
diagnosis. Electroencephalography (EEG) might be the
most promising tool so far in this endeavor. It is a non-
invasive, low-cost, and objective method for recording
brain neural activity. Unlike neuroimaging methods,



EEG provides a continuous assessment of the neural activity
associated with a particular stimulus or reaction with high
temporal resolution, even when no external changes in
behavior are observed. Consequently, EEG parameters
can be useful as biological markers of a mental illness that
trace back to specific pathophysiological mechanisms. Data
accumulated to date from high-caliber studies [10-12],
including the results of our own studies [13, 14], suggest
various EEG markers that can be used to differentiate
between unipolar and bipolar depression. However, the
question of how well they hold up to scrutiny remains open.

Atrove of data seems to indicate that the development
of depressive conditions is accompanied by a change in
the patterns of all EEG frequency ranges [15-17]. These
changes mostly affect the main EEG rhythm; the alpha
rhythm. According to a number of studies, the generation
of the alpha rhythm is associated with impulses that spread
in the intercortical and thalamocortical neural networks
and its magnitude synchronizes the functional brain
activity and determines the interplay between information
received from the afferent system and the mechanisms of
working memory, thereby regulating adaptive processes
in the body [18, 19]. Therefore, the EEG alpha frequency
traditionally attracts the attention of researchers due to
its high sensitivity to various external influences and the
subtle changes that take place in the functional state of the
cerebral cortex. Meanwhile, both the neurophysiological
mechanisms and the functional significance of the alpha
rhythm are still the subjects of debates. According to some
studies, the quantitative characteristics of the alpha rhythm
can only be fully understood after one takes into account
the spectral power and activation intensity (inhibition of
the alpha rhythm after one opens their eyes, the Berger
effect) [18, 19]. Considerable data now exists on the changes
that take place in the alpha power in depressive disorders
of various origins [10-17]. However, only a few studies
into the activation reaction in patients with depressive
disorders can be found in the literature [20].

The objective of this study was to search for differences
in the quantitative characteristics of the EEG alpha rhythm
in patients with a depressive episode within the framework
of recurrent depression and bipolar depression.

METHODS

The selection of patients for the study was carried out at
the 3rd Clinical Psychiatric Department (Department of

Affective Conditions) of the Clinic of the Mental Health
Research Institute of the Tomsk National Research Medical
Center. The EEG study was carried out at the Laboratory
of Molecular Genetics and Biochemistry of the Mental
Health Research Institute of the Tomsk National Research
Medical Center.

The study sample included a total of 60 female patients
(age, years: median 32, interquartile range 27 and 53)
admitted for treatment with a diagnosis from the cluster
of mood disorders: RDD, current episode mild/moderate
(F33.0, F33.1 according to ICD-10, n=30) and BAD, and
current episode mild or moderate depression (F31.3
according to ICD-10, n=30). Diagnostic assessment and
clinical qualification of the disorder were carried out by
psychiatrists according to the ICD-10 criteria and using
the Hamilton Depression Rating Scale (HDRS-17) for the
assessment of the severity of symptoms. The medical
history was collected, including the age of the patient,
the duration of the disease in years, the total number
of depressive episodes, and the duration of the current
episode in months.

Inclusion criteria: patient consent for the study, established
diagnosis of an affective disorder (F31.3 or F33.0-1) according
to the ICD-10, age 18-60 years.

Exclusion criteria: refusal to participate in the study,
dementia, mental retardation, other severe organic brain
diseases with severe cognitive impairment (encephalitis,
meningitis, sequelae of traumatic brain injury, etc.), and
acute or chronic decompensated somatic diseases requiring
intensive treatment.

All patients were examined during hospitalization (before
the main course of treatment), usually on days 2-3 after
admission to the hospital.

The control group consisted of 30 mentally and somatically
healthy women (age, years: median 35, interquartile range
25 and 53) who were examined using the same exclusion
criteria (The Kruskal-Wallis test (2, N=90)=6.689, p=0.158
for comparisons of the RDD, BAD, and control groups).

The EEG was performed in an electrically screened room
with dim light. During the study, the patients were in a state
of calm, relaxed wakefulness, and in the sitting position.
Two functional tests were performed: a baseline study
with closed eyes and a test with open eyes. All patients



remained under physician supervision during the EEG
recording, and the recording was discontinued if the
patient started falling asleep or EEG signs of drowsiness
were detected. The EEG was recorded using a 16-channel
encephalograph (Neuropolygraph, LLC Neurocor, Moscow)
according to the international 10-20 system, in monopolar
configuration, with a sampling rate of 1 kHz and Fz as the
ground electrode. Reference electrodes (A1 and A2) were
positioned on the ear lobes.

The average duration of the EEG recording was 5 minutes.
The obtained EEG recordings were band-pass-filtered
from 1 to 40 Hz. First, each EEG was cleaned of artifacts
(ballistocardiogram, oculographic and electromyographic
potentials) based on a visual assessment by a qualified
EEG technician. The cleaned EEG recording was subjected
to a quantitative analysis using the Neuropolygraph
Software package. Topographic maps of the alpha band
were constructed to illustrate the gradient changes in the
alpha band maxima: dominance region — brain regions
with the maximum amplitude (usually in the occipital
regions); preserved regional differences — differences in the
magnitude of the alpha rhythm in the leads; and assessment
of the fronto-occipital gradient — decreasing alpha activity
from the occipital to the frontal leads. Average values of
the absolute spectral power (uV?) and interhemispheric
coherence (AvCOH) of the alpha rhythm in the standard
frequency range (8-13 Hz) with closed and open eyes
were calculated for all EEG leads. The magnitude of the
activation reaction (the Berger effect) was determined
using the following formula:

P -P
M: ec eo
> p_ x100%,

where M_ is the magnitude of the activation reaction,
P..and P_ are the spectral power of the alpha band
averaged over all EEG leads with eyes closed and eyes
open, respectively (uV?3).

Patients with BAD

Parameter n=30

Age, years 36 [23; 53]
Disease duration, years 71[4;13]
Duration of the current episode, months | 6 [3; 10]
Number of previous episodes 3[2;7]

Total HDRS-17 score 19 [16; 24]

Statistical processing of the obtained data was carried
out using the Statistica 12 Software package (StatSoft).
The distribution was tested for normality using the
Shapiro-Wilk test. The obtained data demonstrated a non-
normal distribution. Data are presented as medians and
interquartile ranges: Me [Q1; Q3]. The Mann-Whitney
test was used to compare the demographic and clinical
characteristics between the two groups of patients. The
Kruskal-Wallis test (ANOVA) and the automatic a posteriori
pairwise comparison procedure using Dunn’s test were
used to compare quantitative alpha band characteristics
between the control and patient groups. The Spearman
rank correlation test was used to assess the presence,
level, and direction of the correlations of demographic,
clinical, and EEG variables. Differences were considered
statistically significant at p <0.05.

Our study was conducted in full compliance with the
Declaration of Helsinki of 1964, as amended in 1975-2013,
and was approved by the Local Ethics Committee at the
Mental Health Research Institute of the Tomsk National
Research Medical Center (Minutes No. 154 dated June 17,
2022, case No. 154/1.20.22). All study subjects provided
written informed consent to participate in the study and
allow the processing of their personal data.

RESULTS
The socio-demographic and clinical characteristics of
patients are given in Table 1.

A comparative analysis of the averaged absolute spectral
powers of the EEG alpha band between the control group
and patients with BAD and RDD revealed statistically
significant differences. Patients with RDD demonstrated
a reduced alpha rhythm compared with the control group
(z=3.223; p=0.003) and patients with BAD (z=2.399; p=0.042).

Patients with RDD

n=30 v P

37 [26; 52] 1819 0.749
713; 1] 1763 0.381
3[2;8] 1597 0.137
413; 8] 1711 0.501
20 [17; 25] 1608 0.277
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Figure 1. Averaged spectral powers of the alpha band in the
study groups of healthy individuals and patients with BAD
and RDD.

Note: * statistically significant differences with p <0.05 between

the RDD and control groups; # statistically significant differences with
p <0.05 between the RDD and BAD groups using the Kruskal-Wallis
test (ANOVA).

There were no statistically significant differences between
patients with BAD and the control group (z=0.976; p=0.986)
(Figure 1).

The AvCOH values of the study groups revealed markedly
decreased (z>7.121; p <0.001) relationships in all patients
compared with the control group (Figure 2). No statistically
significant differences were found between patients with
BAD and patients with RDD (z=0.951; p=0.961).

Control BAD

Figure 2. Averaged interhemispheric coherence values of the
alpha band in the study groups of healthy individuals and
patients with BAD and RDD.

Note: * statistically significant differences with p <0.05 between
the control group and patients with BAD and RDD revealed
using the Kruskal-Wallis test (ANOVA). ** AvCOH is an average
interhemispheric coherence (no dimensionality)

According to the visual assessment of EEG recordings
(Figure 3), a decrease in the generation of the alpha rhythm
in patients with RDD led to a decrease in the fronto-occipital
gradient and decreased regional EEG differences, but
the highest alpha amplitudes were still observed in the
occipital regions in the EEG recordings of patients with
RDD. The topographic map of the alpha band distribution in
patients with BAD was similar to that in the control group.

RDD

+50

Spectrum amplitude, pV

Figure 3. Topographic maps of the alpha band distribution in the control group and in patients with BAD and RDD.
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The degree of alpha rhythm suppression upon opening
of the eyes (the Berger effect) was statistically significantly
lower in the group of patients with RDD compared with
the control group (z=2.481; p=0.042) and patients with
BAD (z=2.573; p=0.035) (Figure 4). We found no statistically
significant differences between patients with BAD and the
control group either (z=0.442; p=0.991).

We could not find statistically significant correlations
of the spectral power, AvCOH of the alpha band and the
activation reaction with the age and clinical characteristics
of the patients in any of the groups (p >0.05) (Tables S1
and S2 in the Supplementary).

DISCUSSION

In this study, we assessed the quantitative characteristics
of the EEG alpha rhythm in patients with BAD and RDD
who had an ongoing mild/moderate depressive episode.
Both the non-specific physical parameters of the waves
(power and coherence) and physiological features of the
alpha oscillations (response to visual stimulation after
opening of the eyes) were evaluated.

The obtained results revealed that each study group of
patients possessed their own distinctive electrophysiological
features. In particular, patients with RDD typically had a
low absolute spectral power of the alpha band, as well

as a less pronounced activation reaction compared to
patients with BAD. According to current concepts, EEG
recordings reflect the neurophysiological mechanisms
of excitation and inhibition [22]. On the one hand, low
alpha power values indicate increased excitation in the
central nervous system of patients with RDD, as compared
with BAD. On the other hand, low spectral power values
of the alpha band in patients with RDD indicate less
synchronization (dysfunction) of the thalamocortical
connections [22]. This was additionally confirmed by an
AvCOH value that was lower than that in the controls.

A decreased alpha power in response to the opening of
the eyes (the Berger effect) is one of the informative signs
of stability of the activation reaction and, together with the
magnitude of desynchronization (alpha rhythm suppression
percentage), is associated with information processing
[18, 23], which reflects the transition from a relatively restful
state to the state of wakefulness. The magnitude of the
alpha power reduction correlates with the intensity of the
activation processes. Thus, patients with RDD typically have
a decreased intensity of the activation process compared
with relatively healthy controls and patients with BAD.
In patients with BAD, the magnitude of the activation
reaction was the same as that in the control group.

Thus, the study of the EEG alpha rhythm using a spectral
and coherent analysis revealed that patients with BAD
and RDD have specific bioelectrical brain activity patterns,
something that may subsequently allow a differentiated
approach to the assessment of the functional activity of
the brain during the first depressive episode based on the
quantitative characteristics of the alpha rhythm.

In addition to looking for differences in the alpha rhythm
characteristics between patient groups, we also assessed
the correlations of the alpha rhythm characteristics with
clinical data. However, we were unable to find any statistically
significant correlations, probably due to the fact that
subclinical manifestations of depression in both groups
required a more subtle phenomenological analysis than
the duration of the disease/episode and the Hamilton
score.

The main limitation of this study was the relatively small
size of the study sample and the absence of males in the
groups. However, it should be noted that we aimed to
balance the groups based on their socio-demographic
and clinical data. Another limitation of the study was
that, although we evaluated both the nonspecific physical
parameters of the waves and the physiological features of



alpha oscillations, the selected quantitative characteristics
of the alpha rhythm did not cover the full spectrum of
possibilities of quantitative EEG assessment. The quantitative
characteristics of the alpha rhythm are highly variable
and can hardly be fully captured through linear methods
of investigation [24]. Unlike other studies [11, 12, 16, 19,
20, 247, our analysis minimized inter-regional differences
by averaging the spectral power and EEG alpha rhythm
coherence values. Nonetheless, this approach is well
justified and is used in many studies [25, 26]. Although our
patients were examined during hospitalization (before the
main course of treatment), we did not take into account
the effect of maintenance therapy, which may well have
affected the EEG, another limitation of this study.

CONCLUSION

The data collected in this study provide additional evidence
of the specificity of the functional activity of the brain of
patients with affective disorders. The differences identified
between the patient groups in this study can serve as
a starting point for a further search for biomarkers that can
help separate recurrent depression from bipolar depression.
Using larger groups sizes, as well as including men in the
sample, in further studies will help determine whether
these differences represented the random occurrence
that can often be observed in relatively small groups.
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