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Abstract
Introduction. The high prevalence of post-COVID syndrome (PCS), which frequently manifests with emotional disturbances, cognitive impairment,
and asthenia, necessitates effective rehabilitation methods. One potential approach is electroencephalography (EEG)-based biofeedback (BFB)
therapy, though its use in PCS management has been explored in only a few studies to date.
The study aimed to evaluate the effects of EEG a-rhythm BFB training on emotional state and cognitive function recovery, and reduction of as-
thenia symptoms in PCS patients.
Materials and methods. Patients diagnosed with U09. Post-COVID-19 condition were randomly assigned to two groups of 10 participants each.
The main group underwent 1215 sessions of EEG a-rhythm BFB training using the NeuroPlay-6C headset with the Neurocorrection of COVID-19
Psychoemotional Consequences protocol, while the control group received identical training without biofeedback. Assessments performed before
and after the intervention included: emotional state evaluation (State-Trait Anxiety Inventory [STAI], Short Health Anxiety Inventory [SHAI], Beck
Depression Inventory [BDI], Psychological Stress Measure [PSM-25]), cognitive function assessment (Addenbrooke’s Cognitive Examination Il
[ACE-11I], Schulte tables, Stroop test, Tower of London test, N-back test, 10-word memory test), assessment of asthenia (Multidimensional Fatigue
Inventory [MFI]), and sleep quality evaluation (Insomnia Severity Index [ISI]).
Results. In both groups, the training resulted in a significant reduction of personal anxiety, psychological stress, depression, and asthenia. The main
group additionally demonstrated decreased health-related anxiety and improved information retention parameters. Intergroup comparison revealed
more pronounced dynamics in the main group: greater reduction of general fatigue manifestations, increased immediate word recall volume,
and improved retention of verbal information in working memory. The proportion of patients transitioning to milder symptom severity levels on
individual scales was comparable between both groups.
Conclusion. EEG a-rhythm biofeedback training can be implemented at the outpatient rehabilitation stage for PCS patients.
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OPUMMHANBHBIE CTATbIA. Knuhnyeckas HeBponorus
BOC-TpeHWHr Npu NOCTKOBMAHOM CUHAPOME

BOC-TpeHUHT B peaOMINUTALMH MMAllHEHTOB
C HEBPOJIOTUYECKUMU HapyLIeHUSIMU
[IpU NOCTKOBUAHOM CHUHJpOMe:
paHI0MHU3MPOBaHHOE KOHTPOJIMpPyeMoe
HhccjaegoBaHue
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"Poccuiickuti yenmp Hesponoauu u Heiipouayk, Mockea, Poccus;
*Hetipobomukc, 3enenozpad, Poccus;

SHHemumym evicuieti HepeHoli desmenbHocmu u Helipocuuonoeuu Poccutickoii akademuu Hayk, Mockea, Poccus

AHHOTaIMg

Beedenue. Pacnpocmpanérxocms nocmkogudrozo cunopoma (IIKC), cpedu nposieneruii komopoeo 8bicoka acmoma 8cmpeuaemocmu HapyuieHuil
IMOYUOHATbHOLL Chepbl, KOZHUMUBHBIX (hYHKYULl U nposeneHui acmeruy, mpebyem paspabomku memodos ux npeodonerus. OOHUM u3 makux
Memodog Moxem cmamb mepanus ¢ Ucnonb3osauem Guonoeuteckoti obpamroti cesu (BOC) no anekmpoanyedanoepachuu (93I), usyuenue
xomopoti 8 omHoweruu [IKC ozpanuueHo eduHuuHbLMU padomamu.

Llenwv uccnedosanus — oyerums enusHue 5OC-mpenutea no a-pummy 339 Ha goccmanoeneHue aMOYUOHANLHO20 COCMOSHUS, KOZHUMUGHDbIX
hynkyuti, cHusxenue nposenenuti acmenuu y nayuernmos c IIKC.

Mamepuanst u memodet. [layuermos ¢ duazrosom «U09. Cocmosrue nocre COVID-19» pandomusuposanu e 2 epynnet no 10 uenogex. YuacmHuku
0CHOHOLI 2pynnbl npoxodunu 12-15 mpenuposok BOC-mpenutea no a-pummy 33I ¢ nomowsvto eaprumypet <NeuroPlay-6C» no npozpamme «Heli-
poKoppexyus ncuxoamoyuorabHoix nocnedcmeuti COVID-19. B konmponsHoli 2pynne npumMeHsu me e mpeHUposKy, Ho 6e3 06pamHoli cés3u.
o u noce mperuHea oyeHusany cocmosHue amoyuoransHoli ceput (Onpocrux Cnunbepeepa—Xarura, Kpamkuii onpocHuk mpeoeu 0 300pogbe,
lxana denpeccuu Beka, Illkana ncuxonozuueckozo cmpecca), koeumueHbslx Qykyuil (AddenOpykckas wkana oyeHku KoZHUMuUSHbLX GYHKYULL
1T, <Tabnuypt [yneme», mecm Cmpyna, <Bawnu Jondonar, N-back, «10 cnoe»), napamempest acmenuu (CyOzexmueHas wikana oyeHku acmexuy) u
Kkauecmea cHa (MHdekc maxecmu UHCOMHUL).

Pesynemamot. B obeux 2pynnax nocze mpexuH2a npousOULIO 3HAUUMOE CHUXEHUE JUUHOCMHOL MpPeBoKHOCMU, NCUXONI02UUECK020 cmpeccd,
denpeccuu u acmeHuu. B 0cHOBHOL epynne make omMmeueHo CHUXeHue mpesoe 0 300p06be U YayULieHue napamempos 3anoMUHanUus uHgop-
mayuu. [lpu Mexepynnoeom cpasHeHuu 8 0CHoBHOI zpynne Habodanacs 6osee Bbipa)eHHAs OUHAMUKA CHUKeEHUS NposseHull oBujeli acmeHuu,
yeeauteHus 005EMa HenocpedcmeerH020 80CNPOU38e0eHUS C108, YOepKanus 8epdaibHoLl undopmayuu 8 paboueti namamu. Konuuecmeo nayuen-
mos, nepewedutix Ha 0osiee 1é2KuLl YPO8eHb NPOSBIEHUS CUMNITIOMOB N0 OMOE/IbHBIM WKAAM, 8 08yX 2pynnax b0 ConOCMagUMbLM.
3axmouenue. FOC-mpenure no a-pummy D3I moxem npumensmbcs Ha ambynamoprom smane peabunumayuu nayuermos ¢ [IKC.

Kniouesbie cioga: nocmrkosuOHblii CUHOPOM; ACMEHUS; HAPYWEHUS, IMOUUOHATILHOLI Chepbl; KOZHUMUBHblE HAPYWEeHUS; Ouonozute-
ckas 06pamHas cé3b no anekmposHyeanozpacpuu

IJTHyeckoe yTBep:kaeHHe. VccrenoBaHHe BBINOTHEHO HEMHBA3WBHBIM METOZIOM B COOTBETCTBUM C 3THUECKUMHU HOpPMaMHU
XeNbCHHKCKOM JieK/Iapalin mpu J00POBOIbHOM UH()OPMUPOBAHHOM MMMCbMEHHOM COTJIACHH MAalMeHTOB. [IPOTOKON KCCTemo-
BaHUsA 0100peH JIOKaTbHBIM 3TUYECKUM KOMUTETOM PoccuiicKoro LeHTpa HeBpoJoruu u HeiipoHayk (mportokon N2 9-5/22
ot 19.10.2022).

Wcrounuk ¢uHaHcupoBaHUs. ABTODEI 3asIB/SIOT 00 OTCYTCTBHUM BHELIHMX HCTOYHMKOB (MHAHCHPOBAHMS PU MPOBELEHHH
UCCIeI0BaHMAL

Koudukr unrepecos. ABTopb! 3asB/ISIOT 00 OTCYTCTBMM SIBHBIX M TOTEHLUA/bHBIX KOH(QIMKTOB MHTEPECOB, CBSA3aHHbIX
¢ myO/IMKaLvei HACTOAEH CTaThH.

Anpec nns koppecnonaenuuu: 125367, Poccus, Mocksa, Bonokonamckoe mocce, . 80. Poccuiickuii ieHTp HEBPONOTUY U Hell-
ponayk. E-mail: cherka.sova@mail.ru. Yepkacosa A.H.
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Introduction

COVID-19, which has been spreading worldwide since late
2019, has led to significant medical and social challenges, one
of these being the so-called post-COVID-19 condition or post-
COVID syndrome (PCS). This condition was first defined by
the World Health Organization using the Delphi methodology
in October 2021 [1]. According to a large meta-analysis,
the prevalence of PCS among patients who recovered from
COVID-19 was 41.79% [2].

Neurological and mental disorders are widely represented
among PCS symptoms. Meta-analyses indicate that the
most frequently reported symptoms include fatigue, sleep
disturbances, anxiety, depression, and cognitive impairment.
The reported prevalence rates of these symptoms vary
but remain consistently high [3-5]. Research is ongoing
into the causes of these and other PCS symptoms, with
proposed mechanisms including prolonged inflammation,
direct neurotoxic and neurotropic effects of the SARS-CoV-2
virus on the central nervous system, pandemic-related stress
factors, and others [6, 7].

Given the widespread prevalence of PCS, treatment and
rehabilitation methods should be developed, with their
effectiveness evaluated. Studies are being conducted on
both pharmacological therapies and non-pharmacological
interventions  [§-10]. One promising approach is
electroencephalography (EEG)-based biofeedback (BFB)
therapy — neurotraining or neurofeedback. This modality
involves regulating various parameters of brain electrical
activity through real-time feedback. Numerous studies
demonstrate the application of BFB therapy in rehabilitating
neurological patients with cognitive and emotional
impairments [11]. As many of these impairments are present
in PCS, this method may prove effective for managing its
symptoms.

In 2022, Russian authors published results from the first
controlled study evaluating the efficacy of EEG a-rhythm
BFB training in post-COVID patients with emotional
disturbances. Participants in the intervention group
(n=24) completed 18 sessions using the Neuro V system
(Neurobotics) with customized a-rhythm stimulation
exercises. The control group (n=16) did not receive BFB
therapy. Psychological assessments were performed in
both groups before and after the intervention (or without
it). At baseline, the groups showed no differences in state
anxiety, trait anxiety, depression, or psychological stress
levels. Post-intervention comparisons revealed statistically
significant improvements across all measured parameters in
the intervention group [12].

Czech researchers conducted a pilot study demonstrating
reduced anxiety and depression severity lasting at least
1 month after 5 neurofeedback sessions using the Othmer
method in a group of 10 PCS patients [13]. A study by
Korean researchers showed the effectiveness of EEG
a-thythm and sensorimotor rhythm neurofeedback as part
of a comprehensive rehabilitation program for post-COVID
cognitive and emotional impairments in older adolescents
[14]. Additionally, case reports have been published describing
the use of EEG-based biofeedback therapy for COVID-19
sequelae [15, 16].

The study aims to evaluate the effects of EEG a-rhythm
biofeedback training on emotional state recovery, cognitive
function improvement, and asthenia reduction in PCS
patients within a blinded randomized controlled trial with
active control.

Materials and methods

Study design

This blind randomized controlled trial was conducted at
the Institute of Neurorehabilitation and Recovery Technol-
ogies of the Russian Center of Neurology and Neurosci-
ences from June 2022 to June 2024 in an outpatient set-
ting. The study design is shown in Fig. 1. A total of 20
patients were enrolled and randomized into two groups
using the sealed envelope method. Prior to the BFB-train-
ing, all participants underwent neurological examination
and qualitative neuropsychological assessment using
AR. Luria’s syndromic analysis [17] to identify the struc-
ture of higher mental function impairments in PCS (these
data will be presented separately). Quantitative assess-
ments of emotional state, cognitive functions, and sleep
quality were performed before the first and after the last
training session. Participants in the main group underwent
EEG a-rhythm BFB-training, while the control group re-
ceived identical training without BFB. The following mea-
sures were implemented to ensure blinding: all patients
underwent identical diagnostic and training procedures,
including EEG headset placement and use of the same soft-
ware. Participants were not informed about the principles
of the BFB system or their group assignment. All partici-
pants received identical instructions and were trained un-
der the same conditions, except for the provision of BFB.

The study duration for participants was 21-27 days according
to the following schedule: neurological examination and neu-
ropsychological assessment (1 day), quantitative evaluation
of emotional status, cognitive functions, and sleep quality be-
fore training sessions (1 day), 12-15 training days on week-
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| Neurological examination

| Neuropsychological examination

« State-Trait Anxiety Inventory ;
« Short Health Anxiety Inventory;
« Beck Depression Inventory;

« Psychological Stress Measure

Quantitative assessment of the emotional domain
before starting therapy sessions

Screening of patients

diagnosed with U09.
Post-COVID-19 condition

using questionnaires
and the Hospital Anxiety « ACEIII;

and Depression Scale
« Schulte tables;

« 10-word memory test Stroop test;
« Tower of London test;
« N-back test

Quantitative assessment of the cognitive domain
before starting therapy sessions

« Phonological and semantic verbal fluency tests;

Sessions
in the main group
using
NeuroPlay-6C
(12-15 sessions) Reassessment
using
the same
Sessions methods
in the control group
using

Sham NeuroPlay-6C
(12-15 sessions)

Randomization into two groups using the sealed envelope

« Insomnia Severity Index
« Multidimensional Fatigue Inventory

Quantitative assessment of asthenia and sleep quality

Fig. 1. Study design.

days with weekend breaks (participants were allowed up to 3
non-consecutive missed training sessions during the course,
which had to be made up), and quantitative evaluation of
emotional status, cognitive functions, and sleep quality after
training sessions (1 day). Eighteen patients completed all 15
training sessions, while two patients ended the study at the
14™ and 12" training sessions, respectively, due to external
circumstances unrelated to the study.

The study protocol was approved by the Local Ethics Com-
mittee of the Russian Center of Neurology and Neurosciences
(Protocol No. 9-5/22 dated October 19, 2022). Participation
was entirely voluntary, with each patient providing written
informed consent.

Eligibility criteria

Study participants were recruited through announcements
posted on electronic information resources, bulletin boards
at the Russian Center of Neurology and Neurosciences, and
in special social media groups for PCS patients. A specialized
questionnaire was developed for screening, containing
questions about COVID-19 history (disease confirmation
through medical records, time since infection, severity, current
symptoms, chronic conditions, and medications). A separate
section of the questionnaire focused on detailed assessment
of anxiety, depression, asthenia, cognitive impairments,
and sleep disorders — the key symptoms of interest in this
study. The questionnaire along with the Hospital Anxiety
and Depression Scale (HADS) [18] were sent upon request
following telephone conversations with potential participants,
during which they received detailed information about study
timelines/format and could ask questions. After analyzing
questionnaires and HADS results, participants preliminarily
meeting inclusion criteria were invited for neurological

examination to confirm the diagnosis of U09. Post COVID-19
condition.

Inclusion criteria: Diagnosis of U09. Post COVID-19 condition;
subclinical or mild clinical manifestations of anxiety and/or
depression (HADS score < 16); self-reported symptoms from
the depression/anxiety group, cognitive impairment group,
and/or sleep disturbances/asthenia group associated with
COVID-19; age > 18 years; informed consent.

Exclusion criteria: Presence of other conditions that could
explain anxiety, depression, cognitive impairment, sleep
disturbances, or asthenia; use of antidepressants, anxiolytics,
or other medications affecting studied functions during dose
titration or adjustment periods.

Withdrawal criteria: Patient withdrawal of consent; patient-
reported escalation of anxiety/depression symptoms to
severe clinical manifestations.

During the study period, 87 applications for participation
received through various channels were analyzed. Forty-six
patients declined participation during the detailed telephone
briefing about the outpatient setting, geographical location,
and study duration. Nineteen patients were excluded after
questionnaire and HADS scale analysis due to meeting
various exclusion criteria. Two other patients were excluded
after neurological examination (one was referred for
psychiatric consultation, the other due to contraindicated
medication use).

Consequently, 20 PCS patients were enrolled in the
main study. Five patients had confirmed COVID-19 more
than once, with disease duration calculated from the
episode when PCS symptoms first appeared. According
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to questionnaires, 18 patients reported symptoms across
all analyzed categories, while 2 reported symptoms in
all categories except cognitive impairments. At the time
of the study, 2 patients were taking antidepressants
in stable doses; other participants were not receiving
pharmacological treatment.

EEG a-rhythm biofeedback training

Patients in the main group underwent 12-15 training
sessions of 30-50 minutes each using EEG a-rhythm bio-
feedback technology with the NeuroPlay-6C system (“Neu-
robotics”) via the built-in Neurocorrection of Psychoemo-
tional Consequences of COVID-19 protocol. The headset
and software were provided for free use. The headset is a
wireless mobile 6-channel EEG recording system (Fp1, Fp2,
T3, T4, 01, 02 channels) utilizing dry electrodes mount-
ed on a specialized headband secured around the head.
The recorded signals are transmitted to the main device
via Bluetooth. The software analyzes EEG spectral charac-
teristics to provide patients with biofeedback about their
physiological state.

During training sessions, patients sat at a table in comfort-
able chair facing a computer monitor. Each session included
a theoretical component explaining the upcoming exercises
and a practical component for their implementation. During
task performance, patients followed voice-guided instructions
focusing on breath control, muscle relaxation, mental train-
ing, and meditation practices. All training sessions were con-
ducted with closed eyes. Participants received auditory feed-
back about their physiological state during exercises. Failed
task performance triggered increasing noise that masked
background music perception. When patients returned to
the target state with registered o-rhythm activity, the noise
ceased. The main group participants learned to self-regulate
their state using BFB during training.

Control group patients completed 12-15 training sessions
(30-50 minutes each) using the Sham-NeuroPlay EEG
program simulating BFB via the built-in Neurocorrection
of COVID-19 Psychoemotional Consequences protocol. This
protocol version was specially provided by Neurobotics for
the study. Identical to the main group, control participants
wore electrode headbands and performed state regulation
exercises with the program’s voice assistant, but without
actual feedback.

Instruments for assessing patients’ condition before and
after training

To study the impact of training on the emotional state in
both groups before and after the intervention, electronically
completed questionnaires were used:

o The State-Trait Anxiety Inventory (STAI [19] adapted by
Yu.L. Khanin [20]), containing two scales: state (reactive)
anxiety and trait anxiety (symptom severity ranges: 0-29
EOiEtS — low anxiety level, 30-45 — moderate, 46-80 —

igh);

. Tl%e Short Health Anxiety Inventory (SHAI [21] adapted
by TA. Zhelonkina et al. [22]), assessing total scores
(maximum 54 points) and three subscales: health anxiety,

fear of negative consequences of illness, and vigilance to
bodily sensations;

* The Beck Depression Inventory (BDI [23] adapted by
N.V. Tarabrina [24]), evaluating total scores (symptom
severity: 0-9 — no depressive symptoms, 10-15 — mild
depression, 16-19 — moderate, 20-29 — severe, 30-63 —
very severe), along with cognitive-affective and somatic
subscales;

* The Psychological Stress Measure (PSM-25 [25] adapted
by N.E. Vodopyanova [26]), assessing total scores (stress
severity: 0-99 — low stress level, 100-155 — moderate,
> 155 — high).

To study the effect of training on cognitive functions,
both groups of participants underwent quantitative
neuropsychological assessment before and after the
experimental intervention. The assessment was conducted
by a qualified neuropsychologist using methods targeting
both general cognitive screening and evaluation of specific
cognitive functions that, according to literature data [10], are
most susceptible to impairment in PCS.

The following blank assessment tools were used:

o Screening Addenbrooke’s Cognitive Examination Il
(ACE-III) [27], validated by N.A. Varako et al. [28], which
assesses total scores (maximum 100 points) across 5
domains: attention (max 18 points), memory (max 26
points), verbal fluency (max 14 points), language (max 26
points), and visuospatial function (max 16 points);

* Phonological and semantic verbal fluency test adminis-
tered within the ACE-IIl framework but separately scored
based on the total number of correct words generated per
minute;

o Schulte tables [29], with calculated parameters including
work efficiency (mean time per 5 tables), index of work
warming-up (time for first table divided by mean time), and
psychological stability index (time for fourth table divided
by mean time) according to A.Yu. Kozyreva’s method;

o AR. Luria’s 10-word memory test [17], recording para-
meters of immediate/delayed word recall volume and the
number of trials required for complete memorization.

The Stroop test [30], which assessed interference effect
parameters under word reading and color naming conditions
(automatically calculated by the software), was administered
using the Schuhfried hardware-software complex (https://
www.schuhfried.com/en/).

Other computerized neuropsychological tests were conducted
using Psychology Experiment Building Language Battery
software [31]:

» The Tower of London test [32], which measured the total
number of moves required to solve all planning subtests
and the total time spent completing the entire test;

o The N-back test [33] under dual-task working memory
conditions (simultaneous maintenance of letter and spa-
tial stimulus sequences) with a comparison task between
current on-screen stimuli and those presented n steps ear-
lier (n = 1, 2, 3). For analysis, series with n = 2 and 3 were
considered, recording the number of correct responses
and false alarms for both letter and spatial stimuli. After
test completion, the d-prime sensitivity index (d’) [34] was

18 Annals of clinical and experimental neurology. 2025; 19(3). DOI: https://doi.org/10.17816/ACEN.1358
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calculated for each stimulus type in every series (n = 2 and
3) using the formula:

d = Z(hit rate) — Z(false alarm rate),

where hit rate = number of patient’s correct responses /
maximum possible correct responses; false alarm
rate = number of patient’s false alarms / number of
non-target stimuli; these rates were standardized using
Z-transformation.

In addition to the techniques targeting emotional and cogni-
tive domains, patients’ subjective sleep quality was assessed
using the Insomnia Severity Index (ISI [35], adapted by
E.Il Rasskazova et al. [36]), which recorded total scores with
the following severity categories: 0-7 points — normal, 8-14
points — mild sleep disturbances, 15-21 points — mode-
rate, and 22-28 points — severe. Manifestations of asthenia
were evaluated using the Multidimensional Fatigue Inven-
tory (MFI-20 [37], Russian-translated version), with regis-
tration of total scores (maximum possible score: 100) and
scores across 5 subscales: general fatigue, reduced activity,
reduced motivation, physical fatigue, and mental fatigue.

Statistical Analysis

Due to the small sample size and non-normal distribution
of data for several variables (according to the Kolmogorov-
Smirnov test), non-parametric methods were used for
statistical analysis. Intergroup differences in age and all
baseline study variables were assessed using the Mann-
Whitney U test for two independent samples. Fisher’s
exact test was used to compare groups based on the
nominal variable of participants’ sex. The training effect
within each group was evaluated using the Wilcoxon
signed-rank test (W) for two related samples (comparing
preand post-training indicators). For statistical comparison
of intervention protocols in each group, delta changes
between preand post-training indicators were calculated for
all specified variables. These changes were compared using
the Mann-Whitney U test for two independent samples.
The analysis also included patients who transitioned to
milder levels of anxiety, depression, psychological stress,
and sleep disturbances in each group (assessed using the
State-Trait Anxiety Inventory, Beck Depression Inventory,
Psychological Stress Measure, and Insomnia Severity
Index). Intergroup comparison of the proportion of such

BOC-TpeHHr Npu NOCTKOBUAHOM CUHAPOME

patients was performed using Fisher’s exact test. The
statistical significance level was set at 0.05. Calculations
were performed using IBM SPSS Statistics v.23 software.
Data are presented as median [25%, 75% quartile].

Results

Baseline Comparison of Patient Groups

Demographic and baseline clinical characteristics of the main
and control groups are presented in Table 1. The groups
showed no differences in sex, age, time since COVID-19
infection, or HADS scores used during participant screening.

Both groups underwent quantitative assessments of emotional
status, cognitive functions, and sleep disturbances prior to the
training. Comparative analysis of all variables revealed signif-
icant intergroup differences in Psychological Stress Measure
scores. Stress levels in the control group were higher than those
in the main group, with median scores in both groups corre-
sponding to moderate stress levels. Differences were also ob-
served in one parameter of the Stroop test (interference effect
during word reading condition). All other baseline parameters
showed no significant differences between groups (Table 2).

According to the scales assessing the severity of emotional
and sleep disturbances, the severity levels in both groups
were comparable (when comparing the median values within
each scale’s score ranges):

* state and trait anxiety scores indicated high levels;

¢ depression scores corresponded to a mild level;

e stress scores were at a moderate level;

* sleep quality scores suggested mild disturbances.

Cognitive screening using the ACE-IIl revealed no overt
cognitive impairments suggestive of dementia (< 88 points,
sensitivity 1.00) in either group (Table 2).

Assessment of intragroup dynamics of study participants’
condition

1. Intragroup dynamics of emotional domain

When comparing preand post-training indicators in both the
main and control groups, significant improvement was observed
across several parameters (hereinafter figures show results for
main scale scores; subscale data are described in the text):

Table 1. Demographics and baseline characteristics of two groups

Mann-Whitney

Characteristic Main group (n = 10) Control group (n = 10) U test value p
Sex 4 males, 6 females 1 male, 9 females 0.303
Age 41 [32; 50] 31 [24; 40] 30 0.143
Time since COVID-19 (months) 23 [15; 26] 16 [9; 18] 26 0.075
HADS — anxiety assessment 8 [5; 11] 8[6; 10] 32 0.190
HADS — depression assessment 9[8; 10] 7[5;11] 45 0.739
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Table 2. Comparison of two patient groups across all assessed parameters before intervention

Parameter Main group (n = 10) Control group (n=10) Mann-Whitney U testvalue  p
Emotional domain

STAI, state anxiety 49.5 [37.3; 55.0] 49.5 [37.0; 54.3] 50 1.000
STAI, trait anxiety 56 [42.8; 60.8] 50.5 [43.7; 63.5] 48.5 0.912
SHAI, total score 13 [10; 17] 13 [8.8; 21.0] 48.5 0.912
SHAI, health anxiety 4.5[3.0;7.3] 5.5[2.0;9.3] 46 0.796
SHAI, fear of negative consequences of illness 5[3.8;6.3] 3.5[3.0; 5.3] 35 0.280
SHAI, vigilance to bodily sensations 3.5[1.8;6.0] 4.51[2.8;6.5] 39 0.436
BDI, total score 11.5[8.0; 14.7] 15.5[9.8; 17.8] 35.5 0.280
BDI, cognitive-affective subscale 6 [5.0; 8.3] 86.0; 11.3] 32.5 0.190
BDI, somatic subscale 5[3;7] 5.5[3.8;7.5] 44 0.684
PSM-25 102 [87; 115] 115 [99; 120] 18 0.015
Cognitive domain parameters

AGE-Ill, total score 98 [95.5; 99.3] 98 [95.5; 98.3] 41 0.529
AGE-Ill, attention 18 [18; 18] 18 [17; 18] 39.5 0.436
AGE-Ill, memory 25.5 [25; 26] 25 [25; 25] 31.5 0.165
ACE-IIl, verbal fluency 13 [11.8; 14.0] 13 [12.8; 13.3] 455 0.739
ACE-Ill, language 26 [25; 26] 26 [25.8; 26.0] 46.5 0.796
ACE-Ill, visuospatial function 16 [15; 16] 16 [15.5; 16.0] 47 0.853
Phonological verbal fluency 17.5[14;19] 18 [17; 21.5] 40 0.481
Semantic verbal fluency 22.5[18.5; 25.3] 22.5[16.5; 26.0] 50 1.000
Schulte tables, efficiency 32.3[26.1; 41.4] 28.7 [27.1; 39.4] 44 0.684
Schulte tables, work warming-up 0.96 [0.92; 1.01] 0.99 [0.91; 1.05] 415 0.529
Schulte tables, psychological stability 0.99 [0.95; 1.08] 1.06 [0.97; 1.13] 37 0.353
10-word memory test, immediate recall volume 6[5.8;7.0] 8 [6; 8] 25.5 0.063
10-word memory test, delayed recall volume 9[7.8;10.0] 9[7.8;10.0] 34 0.247
10-worq memory test, number of trials to complete 3.5[3.0;5.3] 2.5[2.0;4.2] 49 0.971
memorization

Stroop test, interference in word reading condition 0.2[0.17;0.22] 0.11[0.09; 0.15] 22 0.035
Stroop test, interference in color naming condition 0.1[0.08; 0.17] 0.08 [0.05; 0.10] 28 0.105
Tower of London, total number of moves 150 [136; 162] 158 [151; 166] 34 0.247
Tower of London, completion time 392 [361; 533] 344 [297; 623] 34 0.247
N-back, n = 2, letter stimuli, d’ 1.2 [0.60; 2.05] 1.47 [0.68; 2.13] 46.5 0.796
N-back, n = 2, spatial stimuli, d’ 1.8 [0.80; 2.28] 1.63 [0.64; 2.13] 46 0.796
N-back, n = 3, letter stimuli, d’ 1.07 [0.48; 1.15] 1.11[0.72; 1.86] 40 0.481
N-back, n = 3, spatial stimuli, d’ 0.84[0.16; 1.17] 0.93[0.64; 1.12] 47 0.853

Sleep quality and asthenia assessment indicators

IS 9[2.8;17.0] 12.5[6.0; 17.3] 40.5 0.481
MFI-20, total score 65 [49.5; 70.5] 68.5 [55.0; 76.5] 34 0.247
MFI-20, general fatigue 16 [14.8; 16.3] 14.5[13.8; 17.0] 415 0.529
MFI-20, reduced activity 13.5[9.8; 16.3] 13.5[8.7; 17.3] 49 0.971
MFI-20, reduced motivation 9[6;12] 11.5[9; 15] 26 0.075
MFI-20, physical fatigue 11.5[9.0; 14.3] 13 [11.8;14.5] 40.5 0.481
MFI-20, mental fatigue 12 [7.5;17.3] 13 [11.8; 14.5] 44.5 0.684
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o reduction in trait anxiety (Fig. 2, A);

* reduction in psychological stress (Fig. 2, B);

* reduction in overall Beck Depression Inventory scores
(Fig. 2, C), including scores on the cognitive-affective sub-
scale (main group: W = -2.814; p = 0.005; control group:
W = -2537; p = 0012) and somatic subscale (main group:
W = -1.998; p = 0.046; control group: W = -2.537; p = 0.012);

¢ reduction in scores on the SHAI vigilance to bodily
sensations subscale (main group: W = -2.558; p = 0.011;
control group: W = -2.701; p = 0.007).

Additionally, the main group demonstrated reduced overall
SHAI health anxiety scores, which was not observed in the
control group (Fig. 2, D). No changes were observed in other
assessed variables.

2. Intragroup dynamics of cognitive domain

When comparing preand post-training indicators in the main
group, improvements were observed in the performance of
AR. Luria’s 10-words memory test: increased volume of imme-
diate word recall (W = —2.356; p = 0.018) and reduced number
of attempts required to memorize all 10 words (W = —2.565;
p = 0.010). To illustrate these changes, we present the dyna-
mics of the 10-word learning curve in Patient No. 7 from the
main group (Fig. 3). No other significant changes in cognitive
domain parameters were identified.

In the control group, cognitive changes showed bidirectional
effects: post-training improvements in total completion time
for the Tower of London test (W = -2.497; p = 0.013), but
reduced efficiency in maintaining letter stimuli in working
memory (N-back test, n = 3, letter stimuli, & — W = —-2.293;
p = 0.022). No other significant changes were observed.

3. Intragroup dynamics of sleep quality and asthenia
manifestations

When comparing preand post-training indicators in both the
main and control groups, a significant reduction in asthenia
manifestations was observed, both in the total score of the
MFI (Fig. 4) and in individual subscales:
o general fatigue (main group: W = -2.670; p = 0.008; control
group: W = -2.025; p = 0.043);

o reduced activity (main group: W = -2.677; p = 0.007;
control group: W = -2.388; p = 0.017);
¢ physical fatigue (main group: W = -2.113; p = 0.035;

control group: W = -2.120; p = 0.034);
* mental fatigue (main group: W = -2.257; p = 0.024; control
group: W = -2.094; p = 0.036).

The control group also showed improvement in the reduced
motivation subscale (W = -2.002; p = 0.045).

No significant improvements in sleep quality were
demonstrated in either group.

Intergroup comparison of intervention efficacy
When comparing delta changes (degree of improvement

across all specified variables), statistically significant inter-
group differences were observed for two cognitive measures.

BOC-TpeHHr Npu NOCTKOBUAHOM CUHAPOME

The experimental group showed greater improvement com-
pared to the control group in immediate recall scores on
AR. Luria’s 10-word memory test (U = 25.5; p = 0.036), as well
as higher efficiency in maintaining letter stimuli in working
memory (N-back test; n = 3; letter stimuli, d — U = 23.5;
p = 0.034). Intergroup differences were also observed on the
general fatigue subscale of the MFI, with more substantial
changes in the experimental group compared to controls
(U =19.5; p = 0.019). Changes across all other measured pa-
rameters were comparable between groups.

For statistical comparison of the two interventions, we ana-
lyzed the number of patients transitioning to milder severity
levels of anxiety, depression, psychological stress, and sleep
disturbances in both groups. The proportion of such patients
on each scale was comparable between experimental and
control groups (Table 3).

Discussion

In this blinded randomized controlled trial, both EEG
a-rhythm BFB training and various psychological practices
without feedback demonstrated positive outcomes, including
reductions in trait anxiety, psychological stress, depressive
symptoms, and fatigue. The BFB therapy group additionally
showed decreased health-related anxiety and improved
performance on the 10-word recall memory test. Psychological
interventions without feedback exhibited mixed effects on
specific cognitive domains.

When comparing intervention protocols, BFB therapy demon-
strated superior efficacy in reducing general fatigue, enhanc-
ing immediate word recall during learning, and maintaining
verbal information in working memory. However, both proto-
cols showed comparable results in the proportion of patients
achieving milder symptom severity levels based on emotional
state and sleep quality questionnaires.

The obtained results regarding EEG o-rhythm BFB training
align with published data on the effective use of biofeedback
therapy for anxiety disorders [38], depression [39], stress
[40], and asthenia [41] outside the context of PCS. Further-
more, existing evidence demonstrates the influence of EEG
a-rhythm BFB training on working and episodic memory in
healthy individuals [42]. The cognitive improvements ob-
served in our study may result both from the direct effects
of biofeedback therapy on the examined functions and from
the more pronounced reduction of asthenia in the main study
group, which could enhance neurodynamic aspects of cogni-
tive processing and consequently lead to increased immedi-
ate recall capacity and reduced number of trials required for
memorization in the 10-word memory test.

The results obtained from various psychological practic-
es indicate that breathing control exercises, muscle relax-
ation techniques, mental training, and meditation practices
exert an independent positive effect on several emotion-
al parameters and manifestations of asthenia, regardless
of the feedback. Consequently, the data obtained through
BFB therapy may be partially explained by non-specific
effects of the applied exercises rather than the feedback
mechanism itself.
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Fig. 3. Learning curves of the 10-word memory test before and after training for patient No. 7 in the main group.
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Fig. 4. Intra-group dynamics of Multidimensional Fatigue Inventory total scores in both groups.

Table 3. Comparison of the proportion of patients achieving transition of symptoms to milder severity levels

Proportion
Achieved improvement on STAI, state anxiety, n (%)
Achieved improvement on STAI, trait anxiety, n (%)
Achieved improvement on BDI, n (%)
Achieved improvement on PSM-25, n (%)

Achieved improvement on ISI, n (%)

Main group (n = 10)

5 (50%)
2 (20%)
6 (60%)
2 (20%)

4 (40%)

Control group (n = 10)
6 (60%)
1(10%)

5 (50%)
4 (40%)

3 (30%)
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Limitations of this study include small sample sizes (which
may account for baseline differences in psychological param-
eters between groups), lack of preliminary statistical power
calculations and sample size estimation, and absence of neu-
rophysiological analysis of EEG parameter changes preand
post-training. In this study, the control group received no
feedback, potentially raising participants’ suspicions about
the intervention given that both groups wore headsets and
received identical instructions during each session.

In future studies, the use of sham feedback in the control
group may help elucidate the specific contribution of feed-
back mechanisms. Additionally, introducing a no-intervention
group could help control for placebo effects associated with
study participation. To comprehensively assess the efficacy of
BFB therapy, patient evaluations should be conducted at spe-
cific intervals (1 month, 6 months, 1 year) post-intervention.
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